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Development switch in neural circuitry underlying
odor-malaise learning
Kiseko Shionoya, Stephanie Moriceau, Lauren Lunday, Cathrine Miner, Tania L. Roth,1

and Regina M. Sullivan2

Department of Zoology, University of Oklahoma, Norman, Oklahoma 73019, USA

Fetal and infant rats can learn to avoid odors paired with illness before development of brain areas supporting this
learning in adults, suggesting an alternate learning circuit. Here we begin to document the transition from the infant
to adult neural circuit underlying odor-malaise avoidance learning using LiCl (0.3 M; 1% of body weight, ip) and a
30-min peppermint-odor exposure. Conditioning groups included: Paired odor-LiCl, Paired odor-LiCl-Nursing, LiCl,
and odor-saline. Results showed that Paired LiCl-odor conditioning induced a learned odor aversion in postnatal day
(PN) 7, 12, and 23 pups. Odor-LiCl Paired Nursing induced a learned odor preference in PN7 and PN12 pups but
blocked learning in PN23 pups. 14C 2-deoxyglucose (2-DG) autoradiography indicated enhanced olfactory bulb
activity in PN7 and PN12 pups with odor preference and avoidance learning. The odor aversion in weanling aged
(PN23) pups resulted in enhanced amygdala activity in Paired odor-LiCl pups, but not if they were nursing. Thus,
the neural circuit supporting malaise-induced aversions changes over development, indicating that similar infant and
adult-learned behaviors may have distinct neural circuits.

Animals rapidly learn to avoid tastes, smells, and textures of
foods associated with malaise, and this learning process produces
conditioned taste and odor aversions (Garcia et al. 1966, 1974;
Batsell and Best 1992, 1993). This learning has been demon-
strated early in development, including both the embryonic day
(ED) 18 rat and mouse fetuses, with retention time lasting weeks
(Hennessy et al. 1976; Haroutunian and Campbell 1979; Smoth-
erman 1982; Stickrod et al. 1982b; Rudy and Cheatle 1983; Smo-
therman and Robinson 1985, 1990; Alleva and Calamandrei
1986; Coopersmith et al. 1986; Molina et al. 1986; Hoffmann et
al. 1987, 1990; Miller et al. 1990; Hunt et al. 1991, 1993; Abate et
al. 2001; Richardson and McNally 2003; Gruest et al. 2004a).
Taste/odor aversion acquisition shows some specific differences
between pups and adults. First, nursing during acquisition dis-
turbs taste-aversion learning, although this diminishes as pups
approach weanling (Martin and Alberts 1979; Gubernick and Al-
berts 1984; Melcer et al. 1985; Kehoe and Blass 1986). Second, in
contrast to the long temporal parameters permitted between the
odor/taste (conditioned stimulus, CS) and illness (unconditioned
stimulus, US) in adult taste aversion, the temporal constraints
between the CS and the malaise producing US for pup learning
are very limited (Rudy and Cheatle 1983; Kraemer et al. 1988,
1989; Hoffmann et al. 1990, 1991).

There is evidence that the neural basis of odor/taste aversion
learning may change over development. In adults, the amygdala
is thought to support taste-aversion learning, though there are
discrepancies in the literature (Nachman and Ashe 1974; Burt
and Smotherman 1980; Dunn and Everitt 1988; Yamamoto and
Fujimoto 1991; Kesner et al. 1992; Yamamoto et al. 1994; Bures
et al. 1998; Schafe et al. 1998; Sakai and Yamamoto 1999; Wilkins
and Bernstein 2006). When the taste and smell components of
the complex flavors in taste aversion are separated and just the
olfactory components are assessed, the amygdala appears to have

a more consistent role in learning, especially the basolateral com-
plex of the amygdala (Bermudez-Rattoni et al. 1986; Touzani and
Sclafani 2005). The delayed and protracted development of the
amygdala suggests its participation may be minimal in early life
learning (Berdel et al. 1997; Morys et al. 1999; Berdel and Morys
2000). Olfactory information is received by the amygdala in the
early neonatal period (Schwob et al. 1986; Wilson et al. 2004),
although the amygdala’s connections with other brain areas oc-
cur later in development (Nair and Gonzalez-Lima 1999; Bouw-
meester et al. 2002a; Cunningham et al. 2002). Although brain
areas may presumably become incorporated into different behav-
ioral circuits at different ages, at least in odor-0.5mA shock fear
conditioning, the amygdala does not appear to be incorporated
into the learning until around PN10 (Sullivan et al. 2000; Roth
and Sullivan 2005; Moriceau and Sullivan 2006; Moriceau et al.
2006). The developmental changes in pharmacological attenua-
tion/potentiation of taste aversion also suggest that the underly-
ing neural circuitry supporting taste/odor aversion may change
(glutamate, Mickley et al. 2001) (opioids, Stickrod et al. 1982a).
However, the molecular cascade of intracellular event associated
with learning and memory appears rather consistent between
pups and adults for both taste/odor aversion learning and odor
learning in general (McLean et al. 1999; Gruest et al. 2004b).

With this study, we assessed the behavioral and neural de-
velopment of odor-malaise learning using LiCl, which induces
illness in young pups (Haroutunian and Campbell 1979; Spear
and Rudy 1991). The ability of nursing to disrupt odor-LiCl con-
ditioning was also explored. We used rats from an age of com-
plete dependence on the mother through an age of emerging
independence at weanling. We focused on two brain areas, the
amygdala, which is implicated in adult odor-malaise learning
(Bermudez-Rattoni et al. 1986; Batsell and Blankenship 2002;
Holland and Gallagher 2004; Pickens et al. 2005; Touzani and
Sclafani 2005) and the olfactory bulb, which has previously been
implicated in infant odor aversion and preference learning (Coo-
persmith and Leon 1984, 1986; Coopersmith et al. 1986; Woo
and Leon, 1987; Wilson and Leon 1988; Sullivan et al. 1989,
2000; Wilson and Sullivan 1990, 1991, 1992; Sullivan and Wil-
son 1991; McLean et al. 1999; Okutani et al. 1999; Yuan et al.
2002; Moriceau and Sullivan 2004).
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2Corresponding author.
E-mail rsullivan@ou.edu; fax (405) 325-2699.
Article published online before print. Article and publication data are at http://
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Results

Behavior
Odor in the presence of LiCl illness supports odor-aversion learn-
ing throughout development (Fig. 1), and these results replicate
previous work on odor-malaise learning in pups (Hennessy et al.
1976; Haroutunian and Campbell 1979; Smotherman 1982;
Stickrod et al. 1982b; Rudy and Cheatle 1983; Smotherman and
Robinson 1985, 1990; Alleva and Calamandrei 1986; Cooper-
smith et al. 1986; Molina et al. 1986; Miller et al. 1990; Abate et
al. 2001; Richardson and McNally 2003). Similar to previous
work, nursing modifies odor-LiCl-induced aversion at all ages
tested and produces an odor preference in pups 7–8- and 12–13-d
old, but blocks the aversion learning in PN23–PN24 pups (Martin
and Alberts 1979; Gubernick and Alberts 1984; Melcer et al.
1985).

Figure 1 depicts performance in the Y-maze test and indi-
cates that Paired odor-LiCl pups without the presence of a
mother learned an odor aversion at all ages, and nursing pups
learned an odor preference at the two youngest ages. No learning
was seen in controls. ANOVA revealed a main effect of training
condition (F(3,60) = 95.333, P < 0.0001), and a significant interac-
tion between training condition and age (F(6,60) = 5.983,
P < 0.0001). Post hoc Fisher tests for each age showed that each of
the paired groups were significantly different from each of the
control groups, except for the PN23–PN24 Paired nursing pups
that did not differ from controls.

Olfactory bulb
Odor-LiCl induces olfactory bulb learning changes in the two
younger ages regardless of whether an odor preference or aver-
sion was learned (Fig. 2) (Sullivan and Wilson 1991; Wilson et al.
1991). No olfactory bulb learning-induced changes were detected
in weanling (PN23–PN24) aged pups, which replicates earlier
work with LiCl on weanling rats (Coopersmith et al. 1986).

Figure 2 depicts olfactory bulb 2-DG uptake in PN7–PN8,
PN12–PN13, and PN23–PN24 pups, and indicates that odor-LiCl
conditioning induced enhanced 2DG uptake in the olfactory
bulb of pups learning either an odor aversion (Paired) or an odor
preference (Paired LiCl nursing pups) at the two younger age
groups. No olfactory bulb changes were detected in controls or
the older PN23–PN24 pups. ANOVA revealed a main effect of
training condition (F(3,60) = 32.313, P < 0.0001), a main effect of
age (F(2,60) = 56.436, P < 0.0001), and a significant interaction be-
tween training condition and age (F(6,60) = 7.344, P < 0.0001).
Post hoc Fisher tests for the PN7–PN8 and PN12–PN13 showed
that each of the paired groups were significantly different from
each of the control groups.

Amygdala
Odor-LiCl learning induced significant changes in the amygdala
in weanling pups (Fig. 3). Figure 3 depicts odor-LiCl amygdala
2-DG uptake and indicates that odor-LiCl conditioning induced
enhanced 2DG uptake in the amygdala of weanling aged rats
(PN23–PN24) but not in the younger ages. PN23 pups receiving
Paired odor-LiCl while nursing (failed to learn) showed amygdala
activity similar to controls. No statistical differences were found
for any amygdala nuclei at PN7–PN8 or PN12–PN13. Statistical
analysis showed PN23–PN24 pups showed enhanced amygdala
activity in the basolateral, lateral, cortical, medial, and central
nuclei (Basolateral: ANOVA revealed a main effect of training
condition [F(3,60) = 7.403, P < 0.0005], a main effect of age
[F(2,60) = 62.151, P < 0.0001], and a significant interaction be-
tween training condition and age [F(6,60) = 7.990, P < 0.0001];
Lateral: ANOVA revealed a main effect of training condition
[F(3,60) = 7.809, P < 0.0005], a main effect of age [F(2,60) = 46.900,
P < 0.0001], and a significant interaction between training con-
dition and age [F(6,60) = 7.862, P < 0.0001]; Cortical: ANOVA re-
vealed a significant interaction between training condition and
age [F(6,60) = 2.541, P < 0.05]; Medial: ANOVA revealed a main
effect of training condition [F(3,60) = 4.707, P < 0.01] and a sig-
nificant interaction between training condition and age
[F(6,60) = 4.474, P < 0.0005]; Central: ANOVA revealed a main ef-
fect of training condition [F(3,60) = 3.094, P < 0.05] and a signifi-
cant interaction between training condition and age
[F(6,60) = 3.569, P < 0.005]). Post hoc Fisher tests showed the
PN23–PN24 Paired odor-LiCl group was significantly different
from each of the control groups and the Paired LiCl-odor nursing
group for each amygdala nuclei.

Discussion
Here we show odor-malaise aversion learning in rat pups
throughout development, with the olfactory bulb supporting
this learning in early life and switching to the amygdala in wean-
ing-aged pups (PN23). Thus, the neural pathway supporting
odor-malaise conditioning changes with development, suggest-
ing that similar behaviors in development are not always sup-
ported by the same neural structures.

Olfactory bulb neural changes associated with infant rat
odor preference and aversion learning
The olfactory bulb appears to code for odor learning, although it
processes odors with positive and negative hedonic values simi-
larly, acquired only during infancy and retained into adulthood
(Coopersmith and Leon 1984, 1986; Coopersmith et al. 1986;

Figure 1. Mean number of choices toward conditioned odor in the
Y-maze test following Paired odor-LiCl, Nursing Paired odor-LiCl and con-
trol odor-saline and LiCl groups by age. Asterisks represent significant
differences (P < 0.05); bars represent standard error.

Figure 2. Mean relative olfactory bulb 2-DG uptake during odor-LiCl
conditioning by age. Asterisks represent significant differences (P < 0.05);
bars represent standard error.
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Woo and Leon 1987; Wilson and Leon 1988; Sullivan et al. 1989,
2000; Wilson and Sullivan 1990, 1991, 1992; Sullivan and Wil-
son 1991; McLean et al. 1999; Okutani et al. 1999; Yuan et al.
2002; Moriceau and Sullivan 2004; Roth et al. 2006).

Piriform cortex may encode olfactory hedonic value
The olfactory bulb appears to process odors with positive and
negative hedonic values similarly, suggesting that this informa-
tion is encoded elsewhere. Our data with learned odors suggests
that pre-weanling pups code the odor’s hedonic value in the
piriform cortex, which is part of the olfactory cortex. Specifically,
the anterior piriform is associated with odor preference and the
posterior piriform is associated with aversion (Roth and Sullivan
2005; Moriceau et al. 2006; Roth et al. 2006). However, addi-
tional assessment of the piriform cortex’s role in pup olfactory
valence is required.

In adults, the piriform codes for olfactory hedonic value,
although valence is distributed throughout the olfactory path-
way, as well as the amygdala, thalamus, prefrontal cortex,
nucleus accumbens, and hippocampus (Price and Slotnick 1983;
Staubli et al. 1984; Hamrick et al. 1993; Litaudon et al. 1997; Otto
et al. 1997; Cousens and Otto 1998; Eichenbaum 1998; Wilson
1998, 2001, 2003; Saar et al. 1999; Ongur and Price 2000; Schoen-
baum et al. 2000; Datiche et al. 2001; Linster and Hasselmo 2001;
Mouly et al. 2001; Gottfried et al. 2002; Paschall and Davis 2002;
Tronel and Sara 2002; Yuan et al. 2002; Cardinal et al. 2003;
Holland and Gallagher 2004; Sevelinges et al. 2004; Wilson et al.
2004; de Araujo et al. 2005; Jones et al. 2005, 2006; Pickens et al.
2005). However, it is unclear whether pups have the same neural
distribution of learned hedonic value as adults, since the brain is
still undergoing considerable development in the age range as-
sessed here. Specifically, while it is difficult to define an age at

which a brain area becomes functional, especially since this age
may vary based on the behavior assessed, some brain areas im-
portant in coding hedonic value may not be functional at all ages
assessed here. For example, prefrontal cortex anatomical matu-
ration occurs between PN8 and PN14, with amygdala connec-
tions increasing from PN7 to PN13 and transition to the “adult-
like” bilaminar cellular organization by PN13–PN17 (Verwer et
al. 1996; Bouwmeester et al. 2002a,b). At least based on extinc-
tion behavior, which involves the prefrontal cortex, this brain
area emerges between PN12 and PN17 (Stanton et al. 1984; Mor-
gan et al. 1993; Lilliquist et al. 1999; Nair and Gonzalez-Lima
1999; Nair et al. 2001; Milad and Quirk 2002). Hippocampus
anatomical development is further delayed, and hippocampal-
dependent learning emerges near weaning (Matthews et al. 1974;
Nadler et al. 1974; Baudry et al. 1981; Lobaugh et al. 1989; Muller
et al. 1989; Bekenstein and Lothman 1991; Lilliquist et al. 1993;
DiScenna and Teyler 1994; Rudy 1994; Rudy and Morledge 1994;
Nair and Gonzalez-Lima 1999; Kudryashov and Kudryashova
2001; Nair et al. 2001). Thus, based on anatomical maturation of
brain areas associated with coding hedonic value, the anterior
and posterior piriform may indeed code hedonic value in early
life.

Amygdala neural changes associated with weanling rat
odor aversion learning
The involvement of the amygdala has been implicated in odor/
taste aversion conditioning (Nachman and Ashe 1974; Burt and
Smotherman 1980; Bermudez-Rattoni et al. 1986; Dunn and
Everitt 1988; Yamamoto and Fujimoto 1991;Kesner et al. 1992;
Yamamoto et al. 1994; Schafe et al. 1998; Sakai and Yamamoto
1999; Bahar et al. 2004; Holland and Gallagher 2004; Touzani
and Sclafani 2005; Wilkins and Bernstein 2006). The delayed
incorporation of the amygdala into the malaise learning circuit is
not unexpected. Amygdala development is protracted, with peak
neurogenesis occurring during the first week of life (Berdel et al.
1997; Morys et al. 1999; Berdel and Morys 2000) and minimal
connections with other brain areas (Nair and Gonzalez-Lima
1999; Bouwmeester et al. 2002a,b; Cunningham et al. 2002). It
should also be noted that the amygdala output appears to have
sequential development, such that components of the fear re-
sponse become incorporated sequentially into behavior as pups
mature (Richardson et al. 1995; Hunt and Campbell 1997; Hunt
et al. 1997).

Amygdala in fear and malaise learning
Our data combined with the development of olfactory fear con-
ditioning suggests that the amygdala becomes incorporated into
different learning circuits at different ages. Compared with fear
conditioning with odor-0.5mA shock, which incorporates the
amygdala into the learning circuit by PN12, odor-LiCl amygdala
involvement is delayed. Immaturity of LiCl afferents to the
amygdala may contribute to this age difference in amygdala par-
ticipation in learning, although other factors may also contrib-
ute, such as hormonal or neurotransmitter system development.
To our knowledge, these anatomical development issues have
not been explored. However, participation of the amygdala in
infant fear conditioning appears dependent on levels of cortico-
sterone (Moriceau and Sullivan 2006; Moriceau et al. 2006). Spe-
cifically, 0.5 mA fear conditioning can be induced to emerge
precociously by 2 d if systemic or intra-amygdala corticosterone
is provided during conditioning, or delayed by depleting pups’
corticosterone or delivering an intra-amygdala corticosterone re-
ceptor antagonist (Moriceau et al. 2006). Blocking opioids during
consolidation can also precociously induce the amygdala to par-

Figure 3. Mean relative amygdala nuclei 2-DG uptake during odor-LiCl
conditioning by age. Asterisks represent significant differences (P < 0.05);
bars represent standard error.
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ticipate in fear conditioning (Roth et al. 2006). A similar process
involving a hormonal or neurotransmitter system may be impor-
tant for the inclusion of the amygdala in odor-malaise condition-
ing. LiCl does activate the hypothalamic-pituitary-adrenal axis
(Sugawara et al. 1988; Spencer et al. 2005), which has been im-
plicated in both adult and infant malaise conditioning (Hen-
nessy et al. 1976; Smotherman et al. 1976; Smotherman 1985;
Kent et al. 2002; Tenk et al. 2006). However, corticosterone does
not appear necessary for odor/taste aversion (Smotherman et al.
1980; Smotherman 1985), although this requires further explo-
ration.

Unique infant constraints on malaise learning
Although odor-malaise learning is robust, even in the fetus, nurs-
ing during conditioning can dramatically change this aversion
learning to preference learning, or at least block learning (see Fig.
1) (Gubernick and Alberts 1984; Melcer et al. 1985). The mecha-
nism for this is unclear, although its presumed significance is to
transmit food odors/tastes from the mother’s diet to pups to en-
hance later food selection and consumption of presumably safe
foods (Bilko et al. 1994; Galef Jr.1997; Mennella et al. 2001).

Other infant rat learning constraints have been shown sug-
gesting that pups have an attenuated ability to learn odor aver-
sions and inhibitory responses, thus preventing pups from learn-
ing to avoid/inhibit responses to the maternal odor. Indeed, this
early malaise odor-avoidance learning is in sharp contrast to the
attenuated olfactory fear/avoidance/inhibitory conditioning, as
well as lack of fear expression to predator odors seen in neonatal
rat pups (Collier and Mast 1979; Haroutunian and Campbell
1979; Blozovski and Cudennec 1980; Stehouwer and Campbell
1980; Bialik et al. 1984; Misanin et al. 1985; Camp and Rudy
1988; Takahashi 1992; Myslivecek 1997; Sullivan et al. 2000;
Wiedenmayer and Barr 2001; Roth and Sullivan 2003, 2005; Mo-
riceau and Sullivan 2004, 2005, 2006; Moriceau et al. 2004,
2006). The emergence of these learning abilities and fear to
predator odor is coincident with the emergence of amygdala
function.

Additional learning constraints become apparent when the
mother is present. Specifically, maternal presence can dampen
pups’ response to pain induced by shock as indicated by a de-
creased behavioral response (Richardson et al. 1989). Pain deliv-
ered while nursing increased latency to escape, which was not
altered by opioids (Blass et al. 1995). Nursing or simple maternal
presence dampens the release of the stress hormone corticoste-
rone (Stanton et al. 1987; Moriceau and Sullivan 2006). The
mother’s ability to block stress induced corticosterone release
results in a block of fear conditioning (odor-0.5mA shock) and
produces an odor preference in PN15. This maternal blockade of
fear conditioning can be overridden with an intra-amygdala in-
fusion of CORT (Moriceau and Sullivan 2006). The ability of so-
cial bonding related experiences to change an aversive stimulus
to a preferred stimulus appears unusual, but is not uncommon
(for review, see Insel and Young 2001). For example, sheep and
rats show aversions to their offspring, which is overridden for
expression of maternal behavior (Fleming et al. 1999; Keller et al.
2005).

Summary and implications
These data, along with previous research, suggest that the func-
tional integration or dissociation of brain areas into a learning
neural circuit can underlie maturational changes in learning.
These data illustrate that the infant is not an immature version of
the adult but has been molded through evolutionary pressures to
be uniquely adapted for its particular stage of development
(Rovee-Collier 1997; Hofer and Sullivan 2001).

Materials and Methods

Subjects
We used male and female pups born of Long-Evans rats (Harlan)
in our animal vivarium. Pup ages were PN7–PN8 (pups are mostly
confined to the nest), PN12–PN13 (pups are venturing outside
the nest, but still require the mother for survival), and PN23–
PN24 (weanlings, pups were still living with the mother). Moth-
ers were housed in polypropylene cages with an abundant
amount of aspen wood shavings for nest building, and kept in a
20°C environment with a 12-h light/12-h dark cycle. Food and
water were available ad libitum. Litters were culled to 10–12
males and females on PN1 or PN2, with PN0 designated as the
day of birth. The University of Oklahoma Institutional Animal
Care and Use Committee, which follows guidelines from the Na-
tional Institutes of Health, approved all animal care and experi-
mental procedures.

LiCl conditioning
Training occurred in 27°C (weanling) to 30°C (infants) � 0.1°C
environment with temperature at the start of training main-
tained throughout conditioning. Pups were placed in the train-
ing chamber and given 10 min to recover from experimental
handling. Malaise was confirmed by observing pups for defeca-
tion number, consistency, and color during and after (1 h) con-
ditioning. Pups were returned to the nest until testing the next
day.

The training chambers were (45.5 l � 30.5 w �45 h cm)
opaque Plexiglas boxes. Pups were randomly assigned to one of
the following conditions: (1) Paired without mother and (2)
Paired with mother. Both paired groups had LiCl (0.3 M) of 1% of
body weight injected 5 min after the start of the 30-min odor
presentation. (3) LiCl only: injected with LiCl 5 min after being
placed in the training box. (4) Odor only: exposed to odor and
injected with isotonic saline (1% body weight) 5 min after the
start of the odor. The 30-min odor was presented on a Kim-wipe
(25 µL of McCormick Pure Peppermint with alcohol removed just
before use) and placed beneath the metal mesh floor. A new odor
Kim wipe was replaced halfway through conditioning. Pups were
injected with LiCl 5 min after the start of the odor. The mother
(nonbiological) present during conditioning was anesthetized
(1.5–3 mL urethane; 0.25 g/mL ip), which also prevents milk
ejections. The mother was placed in the training box on her side
to provide pups access to her nipples for nursing. To ensure
nipple attachment, pups from all training conditions (including
those not in the nursing training condition) were separated from
the mother for 2–4 h before the experiment. All paired odor-LiCl
nursing pups nursed during conditioning.

2-DG autoradiography
Half of the pups in each training condition were used to assess
the neural circuitry associated with learning. Pups were injected
with 14C 2-deoxyglucose (2-DG; 20 µCi/100g, sc) 5 min prior to
conditioning; 45 min after the injection, pups were decapitated
and their brains quickly removed, frozen in 2-methylbutane
(�45°C), and stored in a �70°C freezer. For analysis, brains were
sectioned (20 µm) in a �20°C cryostat, with every second section
placed on a coverslip and exposed for 5 d along with standards
(Carbon 14 standards 10 � 0.02 mCi, American Radiolabeled
Chemicals, Inc.) to X-ray film (DiRocco and Hall 1981; Cooper-
smith and Leon 1986; Sullivan and Wilson 1995). The olfactory
bulb does not require staining since anatomical landmarks are
clearly visible with 2-DG, with 2-DG uptake in the peppermint
specific area of the glomerular layer expressed relative to the
bulb’s periventricular core (Greer et al. 1981). Specific amygdala
nuclei were identified by counterstaining sections with cresyl
violet and by making a template of that brain area for use with
the autoradiographs. The 2-DG uptake was expressed relative to
2-DG uptake in the corpus callosum (which did not vary with
conditioning group) to control for differences in section thick-
ness and exposure (Sullivan et al. 2000). Brain areas examined
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were the basolateral, lateral, cortical, medial, and central amyg-
daloid nuclei.

Y-maze testing for odor aversion and preference
The Y-maze testing was conducted the day following training to
assess odor learning, with each arm containing the conditioned
odor vs. familiar clean-nest shavings. The Y-maze consisted of a
start box (7 � 9 cm) separated by removable doors from the two
alleys (22 � 9 cm) that extended at 45° angles. One arm con-
tained the aspen wood odor used in the nest as bedding (20 mL
of clean, aspen shavings in a petri dish), while the other arm
contained the peppermint odor (25 µL of peppermint extract on
a kimwipe placed in a ventilation hood for 5 min). Each pup was
placed in the start box and given 5 sec before the alley doors were
removed. Each subject had 60 sec to make a choice, which re-
quired the pup to enter one of the alleys. All pups tested made a
choice within 60 sec. Each subject was given five sequential trials,
and the floor was cleaned between each trial. Pup orientation was
counterbalanced between trials. Observations of each pup were
made blind to the training condition.
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