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Abstract

The present study investigated whether repeated early postnatal exposure to the predator odor 2,5-

dihydro-2,4,5-trimethylthiazoline (TMT) alters behavioral responses to the stimulus later in life, at 

postnatal day (PN30). Long-Evans rat pups with their mothers were exposed for 20 min daily to 

TMT, water, or a noxious odor, butyric acid (BTA), during the first three weeks of life. Mothers 

exposed to TMT displayed more crouching and nursing behavior than those exposed to BTA, and 

TMT exposed pups emitted more ultrasonic vocalizations than BTA exposed pups. At PN30, rats 

were tested for freezing to TMT, water, or BTA. Rats exposed to TMT during the postnatal period 

displayed less freezing to TMT than rats exposed postnatally to water or BTA. Our data indicate 

that early-life experience with a predator cue has a significant impact on later fear responses to 

that same cue, highlighting the programming capacity of the postnatal environment on the 

development of behavior.
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 INTRODUCTION

Early-life experiences have profound, lasting impacts on behavior throughout the lifespan. 

Positive experiences in early-life (e.g., nurturing care) are associated with long-term 

adaptive benefits for neurobiological function and behavior (Claessens et al., 2011; Levine, 

1957; Lyons & Macri, 2011; Meaney, Aitken, van Berkel, Bhatnagar, & Sapolsky, 1988; 

Winkelmann-Duarte et al., 2011). On the other hand, aversive experiences (e.g., 

maltreatment or low parental care) in early-life are generally associated with long-term 

deleterious effects across molecular, neuroanatomical, and behavioral domains (Gunnar & 

Quevedo, 2007; Lupien, McEwen, Gunnar, & Heim, 2009; Roth, 2012). Although emphasis 

on negative outcomes to adversity is far more common, early experiences with adversity 
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have also been associated with both short and long-term reductions in emotionality and 

stress reactivity.

Initial studies in rodents indicated that brief, daily infant separations from the caregiver (< 

15 min) during the first 3 weeks of life (a procedure referred to as neonatal handling) 

attenuated stress-induced responding in adulthood (Levine, 1957; Levine, Alpert, & Lewis, 

1957). Studies have since replicated and extended these observations across species to show 

that brief periods of infant separation reduce the responsiveness of the hypothalamic-

pituitary-adrenal (HPA) axis, increase cognitive performance, and reduce emotionality—

effects attributable to the enhanced maternal care that the brief separation paradigm elicits 

(Claessens et al., 2011; Kosten, Lee, & Kim, 2007; Lyons, Parker, & Schatzberg, 2010; 

Macrì, Zoratto, & Laviola, 2011; Stamatakis et al., 2008). Children raised in an 

impoverished environment or exposed to maltreatment can overcome adversity to exhibit 

improved problem-solving skills, active coping strategies, and the capacity to confront their 

fears (Cicchetti, 2010; Luthar, 2006; Masten & Obradović, 2006).

In rodents, olfactory cues play a large role in the postnatal environment and have been 

extensively investigated in the context of learned fear (for a recent review see (Rincón-

Cortés & Sullivan, 2014)). Particularly, in odor-shock conditioning, pups exposed to a 

neutral odor paired with a mild foot-shock before postnatal day (PN) 10 approach rather 

than avoid the odor (Roth et al., 2013; Roth & Sullivan, 2001). However, similar to adults, 

odor-shock conditioning after this period produces an aversion. Recent evidence has shown 

that odorizing the mother’s nipples from PN0-18 can attenuate odor aversion to that same 

odor when it is presented in adulthood (PN65-70) (Sevelinges, Levy, Mouly, & Ferreira, 

2009; Sevelinges et al., 2007). Furthermore, adult rats with a history of aversive odor 

conditioning during infancy normalize their depressive-like behaviors and 

electrophysiological deficits in paired-pulse inhibition within the amygdala and piriform 

cortex when the infant-learned odor is reintroduced during testing in adulthood (Sevelinges 

et al., 2011). Taken together, these studies highlight how experiences with odors during 

infancy can influence future behavioral and neurobiological responses to the same stimulus.

Predators and predator odors (e.g., cat fur, cat odor, and fox feces) offer a unique tool by 

which defensive behaviors in rodents can be studied across development (Apfelbach, 

Blanchard, Blanchard, Hayes, & McGregor, 2005). A major strength of predator odors is 

that exposure to the odor elicits species-specific defensive responses that do not require prior 

learning (Rosen, 2004; Rosen, Pagani, Rolla, & Davis, 2008; Wiedenmayer, 2009). Rodents 

display fear behaviors to the predator odor upon the first presentation which, generally, do 

not habituate with repeated presentations (Takahashi, Nakashima, Hong, & Watanabe, 2005; 

Wallace & Rosen, 2000). Similar to learned fear, however, the behavioral responses to 

predator odors emerge during development (Kabitzke & Wiedenmayer, 2011; Moriceau, 

Roth, Okotoghaide, & Sullivan, 2004; Wiedenmayer, 2009).

Recent work has investigated the effect of prolonged postnatal predator odor exposure on 

future learning, memory, anxiety, and defensive behaviors (Chen, Shen, Liu, & Li, 2014; 

Kenny, Wright, Green, Mashoodh, & Perrot, 2014; Mashoodh, Sinal, & Perrot-Sinal, 2009; 

Post, Dahlborg, O’Loughlin, & Bloom, 2014). Mashoodh and colleagues found that rats 
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repeatedly exposed to cat odor from PN1-21 decreased their suppression of grooming over 

time and exhibited changes in corticosterone secretion across sexes (Mashoodh, Wright, 

Hebert, & Perrot-Sinal, 2008). Notably, six days of cat odor exposure beginning 

immediately after birth elevated nurturing maternal behaviors (e.g., nursing, licking/

grooming) during the first postnatal week (Mashoodh et al., 2008). Hacquemand and 

colleagues (Hacquemand, Pourie, Jacquot, & Brand, 2010) extended this to another predator 

odor, 2,5-dihydro-2,4,5-trimethylthiazoline (TMT), a synthetic compound derived from the 

anal secretions of the red fox (Vernet-Maury, Polak, & Demael, 1984), to show that 

prolonged postnatal exposure to TMT reduced avoidance and anxiety-related behaviors (e.g., 

testing in the open-field and elevated plus maze tests) in female mice during adulthood 

(males were not tested). Interestingly, three weeks of postnatal exposure to TMT was also 

found to enhance spatial learning in adulthood (Hacquemand, Jacquot, & Brand, 2012). 

Collectively, these studies suggest that prolonged predator odor exposure in early 

development has a strong influence over maternal behavior in the short-term and pup 

behavior in the long-term.

In the present pilot study, we used an adaptation of the method reported by Hacquemand and 

colleagues (Hacquemand et al., 2010) to test the prediction that exposure of rat mothers and 

their offspring (male and female) to the predator odor TMT for the first three weeks of 

postnatal life (PN1-21) would reduce fear behavior (i.e., freezing) to TMT at PN30. Given 

that maternal behaviors have a lasting influence on offspring behavior, we also evaluated 

maternal behavior and pup vocalizations during TMT exposure sessions.

 MATERIALS AND METHODS

 Subjects

All experimental procedures were approved by the University of Delaware’s Institutional 

Animal Care and Use Committee and conducted in accordance with the US National 

Institutes of Health Guide for the Care and Use of Experimental Animals. A total of 106 

subjects (53 males, 53 females) born from 18 dams were used in the present study. Pups 

were generated in-house from outbred Long-Evans dams from Harlan breeders. Dams were 

bred with males in our colony and were allowed to raise at least one litter of pups before the 

start of the experiment to control for confounds associated with first-time mothers. On the 

day of birth, termed PN0 dams and their pups were left undisturbed. On PN1, litters were 

culled down to equal numbers of males and females (maximum of six males and six 

females). Animals were weaned between PN21-23 and housed in same-sex pairs. 

Throughout experiments, all animals were housed in clear polypropylene cages in a 

temperature-controlled colony room on a 12h light/dark cycle (lights on at 6:00AM) and 

give given ad libitum access to food and water.

As will be described below, subjects were exposed to TMT, water or butyric acid (BTA) 

during PN1-21 and then tested in their behavioral response to TMT, water or BTA starting at 

PN30. The combination of those exposures yielded nine exposure-test conditions: TMT-

TMT, TMT-H2O, TMT-BTA, H2O-TMT, H2O-H2O, H2O-BTA, BTA-TMT, BTAH2O and 

BTA-BTA. A total of 106 subjects were sorted into these conditions to ensure that each 

contained no more than two males and two females from the same litter. The resulting 
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conditions and subject totals are as follows: TMT-TMT (10 males, 10 females, 20 total), 

TMT-H2O (6 males, 4 females, 10 total), TMT-BTA (4 males, 5 females, 9 total), H2O-TMT 

(7 males, 8 females, 15 total), H2O-H2O (4 males, 6 females, 10 total), H2O-BTA (2 males, 

2 females, 4 total), BTA-TMT (6 males, 6 females, 12 total), BTA-H2O (6 males, 6 females, 

12 total) and BTA-BTA (8 males, 6 females, 14 total).

 Dam and Pup Odor Exposures (PN1-21)

Starting on PN1 dams and their offspring were exposed to TMT, H2O or BTA in their home 

cages 5 days a week (with the exclusion of weekends), until PN21. These sessions consisted 

of transportation of home cages to a ventilated fume-hood, a 10-min acclimation period, 

followed by 20 min of odor exposure. Liquid samples of TMT (300 µmole total, 150 µmole/

19.4 µl per strip), H2O (40 µl per strip) or BTA (900 µmole total, 450 µmole/39.6 µl per 

strip) were applied to two strips of filter paper attached to opposite sides of the home cage. 

These volumes of TMT and BTA were chosen based on previous studies in our lab which 

revealed consistent behavioral effects of the compounds (Asok, Ayers, Awoyemi, Schulkin, 

& Rosen, 2013; Ayers, Asok, Heyward, & Rosen, 2013; Wallace & Rosen, 2000). A third 

less TMT was used compared to BTA because TMT is three times more volatile than BTA 

(Hotsenpiller & William, 1997). During exposures a microisolator lid was placed on top of 

each cage and a white noise (“waterfall setting“ provided by HoMedics Sound Spa Sound 

Machine) played in the background. During exposure dams had free access to food and 

water. After each 20-min exposure, the odor samples were removed and cages were allowed 

to air out under the fume-hood for 10 min prior to being returned to the colony.

 Maternal and Pup Behavior

Maternal behavior during odor presentations was video-recorded and later scored by two 

trained observers. Cumulative time licking/grooming the pups and crouching over the pups 

(including nursing) were scored for 6 out of the 21 total exposure sessions (two sessions 

during first postnatal week, two sessions during second postnatal week, two sessions during 

third postnatal week). Pup responses were also measured by digitally recording 40 kHz 

ultrasonic (Batbox III D, NHBS Ltd., UK) vocalizations over each 20-min exposure session. 

Vocalizations were tallied based on their presence in 1-min time bins (regardless of duration) 

and data came from the same six exposure sessions examining maternal behavior.

 Freezing During Odor Testing (PN30-31)

Beginning on PN30 all subjects were tested for their behavioral response to TMT, BTA or 

H2O. All behavioral testing during this period occurred in four rectangular Plexiglas 

chambers (16.5 × 12.1 × 21.6 cm) with metal grid floors nine stainless steel bars 4mm in 

diameter and 1 cm apart. Chambers were positioned on a Plexiglas frame inside a fume hood 

with overhead illumination. Chambers were divided by opaque plastic inserts to prevent rats 

from seeing each other. A camera positioned approximately .6 meters away from the 

chambers recorded activity in each chamber and transmitted the signal to a nearby Dell 

Computer. Freezing behavior was recorded using FreezeFrame software (Actimetrics, 

Wilmette, IL), set to four chamber/1 mode at 3.75 fps, and was quantified by FreezeView 

software (Actimetrics) as previously reported by our lab (Asok et al., 2013; Rosen, West, & 

Donley, 2006). Freezeview was configured to score freezing as the cessation of all 
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movement for periods 1 s or longer. Freezing behavior was defined as the cessation of all 

bodily movement except for breathing (Blanchard & Blanchard, 1969).

On PN30, subjects were acclimated to the testing environment for 5 min. On PN31, odor 

testing was performed in the testing environment by adding odorant samples (TMT or BTA) 

to two pieces of filter paper (2 cm2) affixed to the left and right test chamber walls prior to 

placing the subject into the chamber. Recording of freezing behavior began upon placement 

in the chamber and continued for 10 min. The odorants and their concentrations matched 

that of the earlier odor exposure: TMT (300 µmole total, 150 µmole/19.4 µl per strip), BTA 

(900 µmole total, 450 µmole/39.6 µl per strip). 300 µmole of TMT was chosen because this 

amount consistently produces robust freezing behavior (Wallace & Rosen, 2000). 900 

µmoles of BTA was chosen because TMT is three times more volatile as BTA (Hotsenpiller 

& William, 1997), and thus the molecules of exposure to TMT and BTA were similar. 

Following odor exposure, subjects were returned to their home cages and the test chambers 

were cleaned with a 5% ammonium hydroxide solution. Due to the volatile nature of the 

odorants, a 15-min wait period was included between each odor testing session. Following 

testing, rats were returned to the animal colony.

 Statistical Analysis

Statistical analyses of maternal behaviors (i.e., crouching/nursing and licking/grooming) and 

pup ultrasonic vocalizations were conducted separately. Because of technical difficulties, all 

of the videos of H2O exposure during infancy and several of the videos from different litters 

and various observation periods of TMT and BTA could not be scored. This precluded us 

from performing any analysis during H2O exposure and repeated measures ANOVAs on 

maternal crouching/nursing and licking/grooming and pup ultrasonic vocalizations during 

the TMT and BTA exposure sessions. We therefore conducted independent sample t-tests 

only on those observation periods of TMT and BTA that appeared as if there might be group 

differences in maternal behavior after graphing the data. In addition, we compared the 

amount of crouching/nursing, licking/grooming and pup ultrasonic vocalizations during the 

first week and a half against those behaviors during the last week and a half of odor 

exposure. For each dam the mean behavior during observations 1–3 were compared to the 

mean behavior during observations 4–6. A mixed model ANOVA was conducted—between 

measure of BTA versus TMT and within measure of means of 1–3 versus 4–6 observations 

followed by t-tests on comparisons that might be different.

For freezing behavior at PN30-31, the mean percent time spent freezing during the 10 min 

odor exposure test was used as the measure of fear. Freezing to TMT, H2O and BTA were 

analyzed separately with one-way ANOVAs because TMT induces considerably more 

freezing than H2O and BTA and could obscure statistical differences between the postnatal 

exposure groups. Following a significant ANOVA, a HSU’s multiple comparison with best 

test was performed. Data from the H2O-BTA group was not used in the BTA freezing 

analysis because there were only four subjects in the group and they all came from a single 

litter. Thus, a t-test was performed between the TMT-BTA and BTA-BTA groups. All 

statistical analyses were considered significant at p <. 05.
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 RESULTS

 Maternal and Pup Behavior

The means ± sem of crouching/nursing behavior during BTA and TMT exposures are shown 

in Figure 1A. From the graph it appeared that differences might be found in observation 

period 1. A t-test revealed a significant difference with dams exposed to TMT (n = 5) 

spending more time crouching/nursing than those exposed to BTA (n = 5), t(8) = 2.99, p = .

017.

There also appeared to be a switch in the amount of time crouching/nursing in BTA and 

TMT mothers in observation periods 1–3 compared to periods 4–6. The amount of time 

crouching/nursing of BTA and TMT mothers was averaged for observations 1–3 and 4–6 

separately, and then used for repeated measures ANOVA. The between and within effects 

were not significant (F(1,10) < 1, ns), but the interaction effect was highly significant 

(F(1,10) = 13.47, p = .0043. Post-hoc analysis did not find a difference in crouching/ nursing 

in BTA exposed mothers (t(5) = 1.87, p = .12). However, there was a significant decrease in 

crouching/nursing behavior in TMT exposed mothers when comparing periods 1–3 to 4–6 

(t(5) = 3.37, p < .02). Figure 1B displays these results in graphic form.

For licking/grooming behavior, from Figure 2A, it appeared that licking/grooming might 

only be different for observation period 6. A t-test revealed a marginal difference, with dams 

exposed to TMT (n = 6) spending less time licking/grooming than those exposed to BTA (n 
= 6), t(10) = 1.98, p = .075. Analysis of observations 1–3 versus 4–6 did not find any 

significant effects (Fig. 2B).

Finally, Figure 3 shows the means ± sem of ultrasonic vocalizations emitted by pups during 

the six individual observation periods and the collapsed 1–3 and 4–6 periods of odor 

exposure. T-tests for observation periods 1, 2, and 5 were performed. There was a greater 

occurrence of vocalizations in TMT exposed pups compared to BTA exposure during each 

of these observation periods: observation period 1 (TMT and BTA exposed n = 6 each 

group, t(10) = 3.10, p = .011); observation period 2 (TMT and BTA exposed n = 6 each 

group, t(10) = 2.457, p = .034); and, observation period 5 (TMT (n = 5) and BTA (n = 6) 

exposed, t(9) = 2.641, p = .027). Using a Bonferroni correction for three t-tests, increased 

vocalizations during TMT exposure in observation period 1 were still significantly different 

from vocalizations during BTA exposure. Comparisons of observation 1–3 and 4–6 

confirmed there were more vocalizations to TMT than to BTA during observations 1–3 

(t(10) = 2.44, p = .035), by not observations 4–6 (t(10) < 1, ns).

 Freezing Behavior at PN30

Freezing to H2O, BTA or TMT at PN30 is presented in Figure 4. Freezing to H2O was low 

and did not differ between the three early exposure odor groups, F (2,29) = .62, p = .54). 

Freezing to BTA was also low in rats exposed to either BTA or TMT from PN1-21. Freezing 

to BTA did not differ between these groups of rats, t(21) = 1.31, p = .20). In contrast, pups 

exposed to TMT during the postnatal period froze significantly less to TMT at PN30 than 

pups exposed to H2O or BTA during the postnatal period, F(2,44) = 4.19, p < .022. Post-hoc 

analysis revealed that freezing in the TMT-TMT group was significantly less than freezing 
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of the H2O-TMT and BTA-TMT rats, whereas freezing in the H2O-TMT and BTA-TMT 

groups did not differ. Additionally, there was no significant effect of sex on freezing 

behavior to TMT (F(1,41) = 0.15, p = .70) and no postnatal exposure by sex interaction 

(F(2,41) = 0.05, p = .95). The data indicate that early postnatal TMT exposure reduces 

freezing to TMT equally in male and female PN30 rats.

 DISCUSSION

The present study adds to a growing body of literature demonstrating long-term effects of 

early-life exposure to predator odors (Hacquemand et al., 2010, 2012; Kenny et al., 2014; 

Mashoodh et al., 2008, 2009). Our findings demonstrate that exposure of mothers and pups 

to the fox odor TMT alters maternal behaviors, increases pup ultrasonic vocalizations, and 

reduces freezing to TMT when reexposed at PN30. Haquemand et al. (2010) also showed 

long-term reductions in fear and anxiety after early TMT exposure. Specifically, PN1-21 

exposure of mice to TMT produced a decrease in a number of anxiety and fear-like 

behaviors during exposure to TMT in adulthood, including less avoidance of TMT, reduced 

immobility and freezing to TMT, and more time in the open arms of an elevated plus maze 

immediately after a 5 min exposure to TMT. Our findings of reduced freezing at PN30 are 

consistent with their findings and now extend this phenomenon to developing rats, both 

males and females. Interestingly, our significant decrease in freezing and Haquemand et al.’s 

decrease in immobility to TMT was not a total lack of freezing/immobility, but only a 

diminution. Rodents thus still display fear-like responses to TMT after early postnatal 

exposure, but their fear to this stimulus is decreased. This might have adaptive importance. 

Speculatively, early exposure to fox odor in the wild would help rodents adapt to an 

environment where foxes live and hunt. The pre-exposed rodents would be still cautious, but 

not immobilized, in this environment. The reduced, but not eliminated, fear and anxious 

behavior would likely be adaptive (i.e., vigilant, but not hypervigilant) and also not 

maladaptive (i.e., no fear of foxes) in an environment where rodents and foxes forage and 

live. Our data suggest early-TMT exposed rats are still wary and afraid of the fox odor (they 

still show substantial freezing) but about 20% less than the early BTA exposed rats.

In contrast to TMT-induced freezing, BTA did not elicit freezing above groups of rats 

receiving early postnatal water exposure and tested for freezing to water at PN30. The 

differential induction of freezing during exposure to TMT compared to H2O and BTA is 

similar to that found in adult rats, where TMT reliably elicits greater levels of freezing than 

BTA, but freezing to BTA is not greater than to H2O (cf. (Asok et al., 2013; Rosen et al., 

2008; Wallace & Rosen, 2000)). Taken together, this suggests that the reduced freezing to 

TMT in later life is specific to experiencing the predator odor in infancy and not a result of 

prolonged exposure to any aversive odor (e.g., BTA). The data are also consistent with 

recent views of psychological resilience and stress responsiveness that have embraced the 

notion that “matching” adverse early-life experience with similar adversities in later-life 

produces better outcomes, while “mismatches“ between experiences may have more 

deleterious results (Bock, Rether, Groger, Xie, & Braun, 2014; Claessens et al., 2011; 

Hacquemand et al., 2010; Lyons & Macri, 2011; Lyons et al., 2010; Macrì & Wüurbel, 

2006; Schmidt & Duman, 2010; Sevelinges et al., 2011; Tang, Akers, Reeb, Romeo, & 

McEwen, 2006).
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In addition to the long-term effects on freezing behavior, exposure to TMT during infancy 

elicited more ultrasonic vocalizations from pups than BTA exposure did. Pup ultrasonic 

vocalizations are generally considered distress calls and can be elicited by a number of 

factors, including isolation, caregiver maltreatment, and low body temperatures (Blaze & 

Roth, 2013; Blumberg & Alberts, 1991; Hofer, 1996; Hofer & Shair, 1978; Portfors, 2007; 

Wohr & Schwarting, 2008). During the early TMT exposures, we observed mothers 

exhibiting increased crouching and nursing behaviors, which then decreased during the latter 

observations periods, a phenomenon likewise seen in another study with cat odor (Mashoodh 

et al., 2009) and when pups have been separated from mothers for a short period of time 

(Pryce, Bettschen, Bahr, & Feldon, 2001; Raineki, Lucion, & Weinberg, 2014). While 

maternal behavior is known to have an important role in mediating changes to HPA-axis 

signaling and future behavior in offspring (Lyons et al., 2010), recent evidence in rodents 

(Macrì & Wüurbel, 2006; Tang et al., 2006) and primates (Parker, Buckmaster, Sundlass, 

Schatzberg, & Lyons, 2006) suggests that long-term behavioral changes can be related to the 

infants experiencing the stressful event itself (Lyons et al., 2010). Developing rats (between 

PN5-12) do show defensive responses (including immobility) and changes in ultrasonic 

vocalizations to innate fear odors (Moriceau et al., 2004; Shair, Masmela, & Hofer, 1999; 

Tanapat, Galea, & Gould, 1998; Wiedenmayer & Barr, 2001), though pup defensive 

responses or ultrasonic vocalizations to TMT have not been tested before. It is interesting to 

note that the reduced freezing behavior to TMT at PN30 could be due to maternal responses 

to TMT, changes in maternal behaviors (i.e., nursing), pups’ responses to TMT, handling of 

the litters, or an interaction of these factors. Future studies of this phenomenon could 

examine the relative contribution of these factors to the behavioral changes seen in pups at 

PN30.

In conclusion, our findings indicate that predator odor exposure early in development can 

have a strong influence on maternal and pup behaviors during exposure as well as fear 

behavior in later life. This preliminary study provides a foundation for further investigation 

into the long-term behavioral, endocrine, and neurobiological effects produced by early 

predator odor exposure. Follow-up studies utilizing convergent behavioral (e.g.: risk 

assessment, avoidance, food or drink intake) and physiological measures may elucidate the 

adaptive value of the behavioral changes seen following early-life exposure to threatening 

stimuli, and whether changes are present in the next generation.
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FIGURE 1. 
(A) Mean time of maternal crouch/nursing behavior over three weeks of postnatal exposure 

to the predator odor TMT or the control odor BTA. Asterisk denotes significant difference in 

behavior during TMT versus BTA during observation period 1. (B) Mean time crouching/

nursing during observations 1–3 and 4–6. The asterisk denotes significantly more crouching/

nursing during TMT compared to BTA. The double asterisks denote a significant difference 

in crouching/nursing to TMT in observations 1–3 compared to 4–6. The difference in 

crouching/nursing during BTA did not differ across observations. Error bars are ± S.E.M.
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FIGURE 2. 
(A) TMT-exposed mothers did not exhibit significantly more licking/grooming, but showed 

a marginal decrease during the 3rd postnatal week (observation period 6). (B) No differences 

were found with the analysis of observations 1–3 compared to 4–6. Error bars are ± S.E.M.
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FIGURE 3. 
(A) Mean pup ultrasonic vocalizations were increased in pups exposed to TMT during 

observation periods 1, 2, and 5 compared to BTA, signified by the asterisks. The double 

asterisk at observation 1 indicates a significant difference after Bonferroni correction. (B) 

The asterisk indicates that the occurrences of vocalizations to TMT significantly differed 

from those to BTA during the combined observation periods 1–3. Error bars are ± S.E.M.
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FIGURE 4. 
Odor exposure to TMT during infancy selectively reduced freezing to TMT at PN30. The 

graph shows that rats exposed to H2O, BTA or TMT during infancy responded similarly 

with low levels of freezing to H2O and BTA at PN30. The X denotes that the H2O-BTA 

group was not analyzed because the group was comprised of four rats from the same litter. 

In comparison, at PN30, rats exposed to TMT during infancy froze significantly less to TMT 
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than did rats exposed to H2O or BTA during infancy (denoted by the asterisk). Error bars are 

± S.E.M.
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