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Abstract

Polychlorinated biphenyls (PCBs) are pervasive environmental contaminants that can have

damaging effects on physiologic, motoric and cognitive function. Results from studies on PCBs

and behavior have shown that exposure can alter learning and memory processes and that these

shifts in cognitive abilities can be related to changes in hormonal and neural function. Little

experimentation has been done on the impact of exposure to PCBs on social and emotional

development. Previous work has shown that exposure to PCBs in children can alter play behavior.

Importantly, exposure to PCBs has been found to change aspects of maternal–offspring

interactions in rodents. The present study examined the impact of PCBs on maternal odor

conditioning in rat pups 12–14 days of age. A modified version of the conditioned place

preference paradigm was used that incorporated a maternal-associated odor cue (lemon scent) as

the conditioned stimulus. PCBs significantly depressed the preference for the maternal-associated

cue but did not impair discrimination for a novel odor. These effects could arise due to changes in

the social dynamics between the dam and offspring after co-exposure to PCBs. For example, dams

exposed to PCBs during gestation have been found to show elevated grooming directed towards

pups exposed to PCBs. This change in maternal care can have dramatic effects on behavioral and

hormonal systems in the developing rat pup. In conclusion, perinatal PCBs alter important social

behaviors of both the mother and pup, and these alterations could have long-lasting effects on

behavioral, cognitive and emotional development.
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1. Introduction

Polychlorinated biphenyls (PCBs) are environmental endocrine disruptors that can have

significant impact on the development of diverse physiological and psychological functions
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[1–3]. Manufacturing of PCBs was terminated in the USA in 1977 but they persist in the

global environment [4–6]. Humans and other animals are continuously exposed to low levels

of PCBs from soil, air and food sources [7,8]. In populations in which there are large

amounts of fish consumption, PCBs can bioaccumulate and noticeably alter physical and

motor development [9,10]. Studies on natural animal populations consistently find

moderate-to-high levels of PCBs in many diverse animal groups [range in concentration

from 3 to 500 ng/g; [11–13]] and it is principally unknown as to how this exposure

influences development of psychological function. Lower, continuous exposure could be

leading to less noticeable insults that impact more complex behaviors.

Persistence of PCBs can be well appreciated from a recent report by the United Nations

Environment Programme and the World Health Organization [14]. In this report, PCBs are

recognized as a major threat to human health with exposure occurring from ingestion of

contaminated food substances and in lesser amounts from air or water sources. Adverse

effects include lower birth weights in children, shorter gestational periods, impaired

autonomic function, weak reflexes and attentional deficits [1–3, 15]. Developing fetuses and

newborns are the most vulnerable, obtaining more concentrated PCBs from the placenta or

from breast milk during suckling [16,17].

Previous studies in humans exposed to PCBs following accidental spills have found

significant alterations in motor, sensory and cognitive abilities [15,18–20]. Animal models

have supported these findings. Exposure to PCBs alters general motor function in mice and

rats [21,22]. Other work has focused on the cognitive impairments caused by exposure to

PCBs [2,23,24]. Meserve and colleagues [25–27] have focused on the relationship between

cognition and PCB-induced hormonal and neural alterations. Studies found that animals

exposed to PCBs have depressed choline acetyltransferase activity [25] and deficits in

working and spatial memory as revealed by performance in the radial arm maze and Morris

water maze tasks [26,27]. Several of these cognitive behavioral alterations have been found

to be most prominent in juvenile animals (15–30 days of age) compared to young adulthood

(~60 days of age).

Few studies have been completed that solely focus on social functional alterations after

chemical exposure. Simons and colleagues (2005) found that administration of PCB to

pregnant dams altered maternal care directed to the rat pups [28]. An elegant follow-up

study by Cummings and colleagues (2005) used cross-fostering to tease apart the maternal

and pup contributions to the altered care [29]. The pups’ exposure to PCBs led mainly to the

alteration in nursing bouts and maternal autogrooming while increases in time on the nest

and allogrooming were mainly due to the dynamic interaction of PCB exposure to both pups

and mom. Related human/clinical work examines a host of social behaviors in different

settings such as the home or school environment [30,31]. Other social-related research has

focused on the effects of PCBs on reproductive behavior and fertility [32,33]. One of the

recent reports on social behavior described the effects of PCBs on social play interactions in

children in a Dutch cohort [34]. This study revealed that boys with a higher level of PCBs

scored higher on the feminine scale and lower on the masculine scale of a questionnaire

indirectly gauging play activity. For girls the opposite relationship was observed with

individuals with higher levels of PCBs showing more masculine behaviors. The findings
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have led to publication of several critiques [35,36]. Several problems exist when examining

natural, human populations including exposure to a variety of pollutants (PCBs, dioxin and

others) and the usage of an indirect measure of social behavior. The present study reports on

early mother–offspring interactions that may facilitate later social behavior such as play

interaction and aid in the production of normal cognitive and emotional development. One

innovative aspect is inclusion of the determination of the impact of toxicants on pup

behavior and not maternal care per se. There are few studies that have examined early social

tendencies or behaviors of the developing offspring this early in the lifespan [37–40]. By

using an animal model to explore this issue, we can control for the type and concentration of

exposure to PCBs and make comparisons between groups treated identically except for

toxicant exposure.

2. Methods

2.1. Animals

All animals (adults and pups) were housed in 12 hour light/dark cycle at 24 °C. Breeding

rats were obtained from Harlan–Sprague–Dawley distributors (Indianapolis, IN, USA).

Female rats weighing 225–275 g were mated to males of the same strain. Females were

determined to be pregnant as confirmed by a sperm positive vaginal smear. After parturition,

rat pups were housed together with the dam in their natal group.

2.2. Exposure to PCBs

From the first day of pregnancy, pregnant females were housed individually and fed either

standard laboratory chow or chow with PCB mix of 47/77 added at either 12.5 ppm or 25

ppm (w/w). PCB 47 (2,2′, 4,4′-tetrachlorobiphenyl) and PCB 77 (3,3′ 4,4′-

tetrachlorobiphenyl) were obtained from AccuStandard, Inc., New Haven, CT., USA. This

mixture of PCBs was used because it has been found in previous work to significantly alter

thyroid hormone function [41], and it mimics possible combinations of ortho-substituted and

non-ortho-substituted congeners found in nature and in exposed animal populations. Stock

PCB mixture was dissolved in absolute ethanol, mixed with 100 g of rat chow (Mowlan

Teklad, Madison WI, USA), and ethanol was allowed to evaporate. Equal amounts of PCBs

47- and 77-containing diet were mixed together and formulation of 12.5 ppm and 25 ppm

doses was completed by adding the appropriate weight of this concentrated mixture to

sufficient unaltered diet to give a weight of 1000 g, then thoroughly mixed by prolonged

tumbling in a sealed container. Food consumption of each animal was determined by

weighing the remaining food daily. This protocol has been used in several of our (L.A.M.)

previous studies and we are confident that the animals ingest the food at normal rates

compared to normal laboratory chow intake (see supporting data below). Control animals

were continued on standard rat chow after conception.

2.3. Conditioned odor preference

2.3.1. Apparatus—(Postnatal Days (PND) 12–14) A two compartment conditioned place

preference (CPP) apparatus was used and composed of a Plexiglas chamber (8×18 cm; width

× length) with a floor of parallel metal rods that allowed for air flow from below where two

glass containers were located at each end. The chamber was arranged such that a 3 cm strip
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separated the regions over the two glass containers. One cottonball was placed inside each

glass container. The cottonball in one of the containers was sprayed with 1 ml pure lemon

extract. The cottonball of the second glass container was sprayed with 1 ml of water to

control the humidity between compartments.

2.3.2. Habituation phase—Prior to the conditioning sessions, an exploration/habituation

trial was completed. In this trial each rat pup (PND 12) was observed as they explored the

environment of the conditioned place preference apparatus. The exploration/habituation

period lasted for 1 min.

2.3.3. Conditioning—Conditioning trials took place on PND 13. Three thirty minute

odor-conditioning trials were completed for each litter. Each conditioning session was

preceded by 3 h of maternal deprivation in which pups were placed along with their

littermates in a 30×20×10 cm plastic tub located inside a temperature and humidity

regulated environmental chamber. Temperature for the pups during isolation was maintained

at 35 °C and relative humidity was maintained at approximately 50%.

Conditioning sessions consisted of placing the pups into one of two different conditioning

groups. Each PCB-exposed litter and control litter was divided into the 2 different

conditioning subgroups. Animals within each experimental (PCBs) or control litter were

randomly chosen from the group to be placed into either:

Group 1. Dam-odor group. This group was placed with the mother in a 40×23×13

plastic tub. The mother was sprayed with lemon extract (1 ml) on the ventral surface

prior to placing her in the tub.

Group 2. Odor-alone group. This group was placed into the same size tub with four

cottonballs each sprayed with 0.25 ml of the same lemon extract.

At the end of the third conditioning session, the ventral surface of the mother was well

washed using soap and water and she was returned along with the pups to the home cage.

2.3.4. Testing—(PND 14): Test days immediately followed the conditioning day. Each

testing session consisted of giving individual rat pups equal access to both sides of the CPP

chamber for a 5 minute session. All test sessions were recorded on DVDs for future slow

motion action scoring by observers blind to the experimental conditions. Rats were run in

counterbalanced order so that half of the animals experienced the lemon odor over the left-

side glass containers and half of the animals experienced the lemon odor over the right-side

glass containers.

2.4. Novel odor approach

Immediately after the conditioned odor preference test, each rat was tested in the novel odor

approach test. Novel odor approach was completed using a 37×7.5 cm (length × width)

straight alley with start and goal ends. Pups were tested individually in the straight alley and

placed in the start end of the alley at the beginning of each trial. At the goal end of the alley,

a small jar contained a cottonball that had been sprayed with either 1 ml of lemon extract or

with 1 ml of peppermint extract. The small bottle faced the start end of the alley in each
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trial. The alley was covered with a strip of Plexiglas to prevent the rat pups from escaping

and to reduce the dispersion of the odor from the apparatus. At the beginning of the trial, the

rat pup was placed in the start end facing the goal end. The time to reach the goal end was

recorded for each subject. The animal was considered to have made it to the goal box after

its nose crossed the plane of the goal box. If the pup did not reach the goal box within 60 s,

then 60 s was recorded as the score for that trial. All pups received a trial for the lemon and

for the peppermint extract odors. Separate alleys were used for the two different odors.

Exposure order to the two odors was counterbalanced for each litter tested.

2.5. Behavioral scoring

Rat pup behavior from the conditioned odor preference test was scored from DVDs using a

computer behavioral scoring program (Rockwell Instruments). The scoring software allowed

the viewing of the behavior and the accurate measuring of both the time spent in the left and

right compartments and the number of compartment entries the rat pups made into the

individual locations. Rats were deemed to have entered into one of the compartments when

their snout and two forelimbs crossed the plane into the compartment.

2.6. Statistics

We completed a series of analyses of variances (ANOVAs) on the data. For the maternal

and pup weight data, we performed a mixed design (3×2×2×3) ANOVA with the within

subjects factor of week of measurement (Weeks 1–3) and between subjects factors of

gender, level of exposure to PCBs and littersize. In order to use littersize as a factor, we

divided the litters (range from 8 to 18) into three categories small, medium and large. The

small range=8–11 pups; medium range=12–14 pups and large range=15–18 pups. The two

extremes have a larger range due to the fewer litters within that range. We completed an

ANOVA on maternal food intake using these same factors. For the conditioned odor

preference we completed a four factor ANOVA on the time duration and compartment

entries using the within subjects factors of lemon and no-odor compartments and the

between subject factors of exposure to PCBs, conditioning experience, and gender. Finally,

we performed an ANOVA on the conditioned approach data using the between subject

variables of exposure to PCBs (3 levels). All ANOVA analyses that reached significance

(p<0.05) were followed with pairwise t-tests to examine the differences between the

different groups and within-subject factors.

3. Results

3.1. Body weights

Data were obtained from seven control litters, six PCB 12.5ppm litters and eight PCB

25ppm litters. Litter sizes ranged from 11 to 18 pups in the control group (mean littersize

=15.4), 11–17 pups in the PCB 12.5ppm group (mean=13.3) and 8–15 pups in the PCB

25ppm group (mean=12). There was no significant difference in numbers of pups/litter

among the different groups (p=0.28). We inspected weights of the dams from all three

groups both prenatally and postnatally during ingestion of PCBs. We analyzed maternal

body weight gain over time with a three factor ANOVA (PCB and littersize as between

group factors and time as the repeated measures factor). We did find a major impact of time
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on weight in that there was a significant difference in percent weight gain of the dam from

Week 1 to Week 3 gestation (F(2,32)=18.54, p<0.001) (Fig. 1A). There were no significant

differences dependent upon the factors of toxicant exposure (p=0.29) or littersize (p=0.28).

In addition, no interaction effects were obtained between the different factors (Fig. 1A;

p=0.13–0.65). Postnatally, we found similar results for maternal weights (Fig. 1B). There

was a significant increase in weight from Week 1 to Week 3 after parturition (F(2,34)=6.09,

p<0.01) but no significant differences among the different conditions (p =0.11) or between

litters of different sizes (p=0.24) (see Fig. 1B).

Pups were weighed as a group (litter) for the first 3 weeks after birth (see Fig. 2). There was

a significant gain in the litter weight during the first 3 weeks after birth (F(2,34)=273.6,

p<0.001). This weight gain was not significantly different among the litters from the

different conditions (p=0.17) or among the different litters based on size (p=0.13). We also

examined the weights of the pups individually at a juvenile time period (PN Day 25). A

significant effect of condition was found between PCBs-exposed and control animals

(F(2,210)=5.4, p<0.01). Surprisingly, the difference reflects an actual larger weight for the

PCBs-exposed animals (mean=58 g) compared to the control animals at this time point

(mean=50.5 g). In addition we found no significant difference between male and female

animals at this age and a lack of an interaction between exposure to PCBs and gender. There

was no significant difference for the littersize factor for the pups at this later age (p=0.53).

3.2. Ingestion of PCBs

We recorded daily intake of normal chow and chow laced with PCBs for the dams prior to

parturition (see Fig. 3A) and the dam while nursing the pups postnatally (see Fig. 3B). We

converted scores to percentage change in intake on Days 4, 10 and 18, as compared to Day 1

either following conception or after parturition. There was a significant increase in chow

intake from the first to the last time point sampled (dam alone, F(2,34)= 19.05, p<0.01 and

dam+pups (F(2,34)=26.39, p<0.01). There was no significant effect for exposure to PCBs

on food intake and no significant interaction between intake over time and PCBs-exposure

condition.

3.3. Conditioned odor preference: time duration

For the analysis of conditioned odor preference, we examined both the duration of time

spent by the pups in either lemon-scented or the non-scented compartments of the test

apparatus and the number of entries the animal made into either of these compartments

(Figs. 4 and 5). Our analysis obtained significant effects for the time duration as a within-

subjects factor. Overall, animals spent significantly more time in the lemon-scented

compartment (F(1,249)=8.3, p<0.01). Importantly, the statistical results revealed a main

effect for exposure to PCBs supporting a difference between the various groups

(F(2,249)=3.39, p<0.05). No significant differences were found for the gender factor

(p=0.33) so all future analyses combined data from the male and female rat pups within a

given treatment condition. Significant interaction effects were found for time duration and

ingestion of PCBs (F(2,249)=6.0, p<0.01) and time duration and associative history (dam or

cottonball) (F(2,249)=9.7, p<0.01) as well as a three way interaction for time duration,

exposure to PCBs and associative conditioning history (dam or cottonball) (F(2,249)= 4.27,
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p<0.05). These results signify that the animals demonstrated a specific preference for the

lemon-scented location but that preference depended upon both the exposure to PCBs and

the associative learning history. Paired t-tests within each group identified a significant

difference between lemon and no-odor time in the control group paired with the dam

(t(49)=4.04, p<0.01) but not the subgroup paired with cotton. These animals displayed a

significantly longer time period in the scented compartment compared to the no-odor side

(see Fig. 4). Interestingly, the group exposed to low dose PCBs (12.5 ppm) had a significant

difference as well but in the inverse direction (see Fig. 4; t(34)= −2.39, p<0.05). No other

pairwise comparisons were significant except the PCB 25ppm group exposed to cottonball

and they showed an elevated time duration in the no-odor compartment compared to the

lemon-scented side (t(47)= −3.59, p<0.01).

3.4. Conditioned odor preference: compartment entries

The ANOVA on entries in to the odor or non-odor sides revealed a significant difference

between the number of entries into the two sides (F(1,249)=5.27, p<0.05) and a 3 way

interaction between entries, exposure to PCBs and associative learning history

(F(2,249)=3.30, p<0.05). Main effects for the between group factors of associative learning

history and gender were significant (associative learning: F(2,249)=19.8, p<0.001 and

gender: F(1,249)=5.75, p <0.05). Pairwise t-tests identified differences within each

condition. Control animals paired with the dam had significantly more lemon entries (see

Fig. 5; t(49)=2.5, p<0.05) while low dose PCB-exposed animal (12.5ppm) paired with the

dam showed the opposite result with higher entries for the no-odor side (t(33)= −2.31,

p<0.05).

3.5. Novel odor approach

The ANOVA revealed a significant main effect for the odor (F(1,150)=12.09, p<0.01) but

no main effect for exposure to PCBs (p > 0.2) and no interaction effects between the scent

and exposure to PCBs factors (p>0.5). Pairwise tests revealed a significant difference in the

approach latencies only for the PCB 25ppm group (see Fig. 6; t(70)=−3.68, p<0.01) but the

latencies for the other two groups displayed trends in a similar direction (p<0.15).

4. Discussion

The majority of studies examining the influence of toxicants on behavior test adult

organisms or if they explore early development, they focus on general sensory or motor

processing as a dependent variable [19,42,43]. If social behavior is investigated, it has been

heavily weighted towards an examination of the caregiver and the changes in parental care

directed towards the offspring during neonatal or juvenile stages [44–46]. Direct

examination of the psychological abilities of offspring like the rat pup has been widely

neglected. We used a maternal odor-conditioning paradigm to inspect whether or not

exposure to PCBs to rat pups would change a preference for an olfactory cue previously

paired with mother. The test is very similar to the well-established conditioned place

preference (CPP) paradigm used to study basic reward processing that can become impaired

in eating disorders, drug addiction and mental illness [47,48]. The CPP test has been used

frequently because of its reliability and validity in measuring the reward value of stimuli and
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outcomes over time and across different situations [49]. In the present work, our intent was

to evaluate the incentive value of the maternal cue for the young rat pups.

Our results suggest that exposure to PCBs decreases the preference for the maternal cue.

Pups exposed to perinatal PCBs did not remain in the cue-associated location longer relative

to the non-cue related location and for the lower dose of PCB (12.5 ppm) the pups actually

spent significantly longer time in the non-cue location. These shifts in maternal cue

preference were observed without significant changes in body weight, feeding or olfactory

function. We tested olfaction in a limited manner in the present study and future work is

necessary in order to conclude that these doses of PCB do not alter this sensory ability. To

understand the alterations completely, a more global view on how PCBs alter early social

interactions must be discussed.

Recent work has documented that exposure to PCBs can alter maternal care [28,29].

Surprisingly, some aspects of maternal care are enhanced in dams exposed to PCBs and

some of the changes in behaviors rely on both direct exposure of the dam and exposure to

the pups to PCB, as was used in the present experiment. For example, dams exposed to

PCBs spent more time on the nest and more time grooming (and licking) the pups compared

to dams not exposed to PCBs. This maternal effect was greatest when pups were exposed to

PCBs as well [29]. The authors interpreted these findings as a maternal strategy of the dams

to overcome the deleterious effects of the PCBs on their offspring. Increases in licking and

grooming by mothers have been shown to reduce harmful effects of early stressors and

exposure to contaminants [50]. The influence of the quality of care has been examined in

great detail in a variety of animal groups including humans [51–54]. Clinical work on

developing children has documented that quality of early care can influence individual

variability in terms of exposure and expression of stress-induced illness [55]. Children who

have experienced severe neglect or abuse display deficits in cognitive and emotional

functions that endure for an extended period [56,57].

Early experiences can also be beneficial to developing organisms. If social interactions and

attachment are appropriate or even enhanced, then early care can actually lead to a better

ability of the developing organism to overcome stress and show high resiliency over time

[58]. This ‘stress inoculation’ can arise following nurturing behaviors within the social

organization of the family with reductions in stress-induced illness and, on the preventive

side, enhanced resistance to the harmful effects of stress [59,60].

Animal work in this field has identified key indicators of harmful and helpful early parental

care as well as uncovered the particular behaviors of dams that are effective. Maternal

licking (and grooming) is one of the most effective actions that the dams can direct toward

young offspring [61,62]. This behavior can have dramatic effects on stress hormone levels

[61], brain mechanisms related to anxiety [62] and fear reactivity in aversive situations [63].

Stress can have significant effects on conditioned place preferences in rats. Footshock-

induced stress enhances CPP for the location paired with opiate drug morphine [64].

Aversive social interactions (social defeat) reinstate an extinguished place preference in

mice [65]. Glucocorticoids seem to play a large role in the enhanced preferences during the
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CPP test seen in stressed rats because alteration of the adrenal output that decreases GC

levels, significantly reduces this effect [66,67].

It could be that in non-PCB-exposed rat pups stress of maternal separation during

conditioning regulates the conditioned preference for the maternal odor location. Pups

exposed to PCBs and reared by PCB-exposed dams might express a lessened effect of this

regulation. This reduced effect of the stress of separation could lead to a reduced maternal

preference during the test session day. In some ways, the pups reared by mothers exposed to

PCBs have been ‘inoculated’ to the stressor of the conditioning paradigm. This stress

protection could be even more potent if the direct effects of PCB exposure might reduce

baseline or stress-induced corticostreone levels. An examination of corticosterone after

exposure to PCBs has documented this type of relationship. Several studies have found that

exposure to PCBs reduces stress hormone levels in a variety of animals in the wild [68] and

in the laboratory setting [69–71]. Meserve and colleagues systematically examined the

relationship in 15 day old rat pups [72]. They administered PCBs (Aroclor 1254, 250 ppm)

via the maternal diet from conception and on PND 15 found decreased basal corticosterone

levels in PCB-exposed pups. In addition, the group found a reduced stress-induced release of

corticosterone using an ether-stress paradigm [72]. Overall these effects could combine and

lead to a hyporesponsive rat in terms of the responding to or seeking out a cue that had been

previously paired with mother.

Another important hormone that might be involved in the present results is the nonapeptide,

oxytocin. Exposure to PCBs alters oxytocin function [72,73]. To our knowledge, the sole

previous study that has examined maternal–pup bonding using this similar task actually

found decreased cue preference after administration of oxytocin antagonists [37]. This study

used the same age pups and identical conditioning procedures as the present study. It could

be that exposure to PCBs alters the important temporal dynamics of oxytocin synthesis or

release that fosters the attachment between mother and offspring [74]. It is clear that PCBs

influence multiple hormones and neuro-chemicals during development. Our study points to

significant effects after low dose exposure. An important implication of this work is that

these alterations in early development can have extended effects on behavior and general

coping style [75]. Links between alterations in HPA axis sensitivity and coping style [76–

78] and PCBs might clarify how influences can be so diverse and long-lasting. To

understand the overall effects, it is essential to combine information from physiology and

behavior at different levels. Our work extends this trend and builds on previous related

studies.
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Fig. 1.
Weights of dams during the 3 week periods before (A) and after (B) parturition. There was a

significant weight gain over the 3 week period but no significant effects of exposure to

PCBs. *p<0.05, **p<0.001 and ***p<0.001 for this and all following figures within this

manuscript.
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Fig. 2.
A. Litter weight after birth for all groups. Again a significant effect of time was apparent but

no significant effect for the ingestion of PCBs. B. Juvenile weights showed that pups

exposed to PCBs were actually heavier than controls.
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Fig. 3.
Ingestion of PCBs before (A) and after (B) parturition. Rat chow was ingested at an equal

rate in both control and PCB groups. Rat chow in the PCB-exposed groups was laced with

PCB mix 47/77 at either 12.5 or 25 ppm (w/w).
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Fig. 4.
Conditioned odor preference results for time spent in the scented or unscented compartments

for each group. The bars are divided into 2 groups for each PCB exposure level. These

include the subgroup paired with the dam during the conditioning session (Dam) and the

subgroup in the control setting (Cot for scented cottonballs). Within these subgroups,

animals were either spending time in the lemon-scented compartment (Lem) or the non-

scented compartment (No).
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Fig. 5.
Conditioned odor preference results for number for entries into the scented (Lem) or non-

scented (No) compartment. Subgroups are represented in a similar fashion as Fig. 4.

Cromwell et al. Page 18

Physiol Behav. Author manuscript; available in PMC 2014 August 20.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Fig. 6.
Novel odor approach data depicting the time latencies to approach the odor stimulus for

each group. Animals from each group were faster to approach the familiar odor compared to

the novel odor.
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