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Mouse  models  are  increasingly  used  to investigate  genetic  contributions  to developmental  disorders  in
children,  especially  newborns.  In particular,  early  cognitive  assessment  in newborn  mice  is  critical  to
evaluate  pediatric  drug  efficacy  and  toxicity.  Unfortunately,  methods  for behavioral  tests  in newborn
mice  are  scarce.  Therefore,  developing  such  tests  for  newborn  mice  is  a priority  challenge  for  neuroge-
netics  and  pharmacological  research.  The  aim of  the  present  study  was  to  develop  a conditioning  method
well  suited  to  high-throughput  cognitive  screening  in newborn  mice.  To  this  end,  we  developed  an  odor-
preference  conditioning  test  using  ambient  temperature  as  an unconditioned  stimulus  (US) and  artificial
odors  as  conditioned  stimuli  (CS).  First, we  showed  that  mouse  pups  move  toward  the thermoneutral
temperature  when  offered  a choice  between  a thermoneutral  and  cold  environment,  thus  showing  ther-
motaxis.  Second,  we  conducted  a classical  conditioning  paradigm  in pups  aged  six  to  ten  days.  In  terms
of  central  nervous  system  development,  this  period  corresponds  to  extreme  prematurity  to  early  post-
onditioning
dor preference

term period  in  humans.  During  acquisition,  the  pups  were  alternatively  exposed  to odor  CS paired  with
either cold  or  warm  temperatures.  Immediately  after  acquisition,  the  pups  underwent  a  two-odor  choice
test,  which  showed  preference  for the  odor  previously  paired  with  the  warm  temperature,  thus  showing
conditioning.  The  proposed  paradigm  is easy  to conduct,  and  requires  modest  experimenter  interference.
The  method  is  well  suited  for high-throughput  screening  of early  associative  disorders  in newborn  mice.
. Introduction

As mice are the preferred mammalian species for genetic stud-
es, methods for behavioral phenotyping are important instruments
o investigate the functional significance of specific genes and their
ole in cognitive disorders [1].  The development of methods for
ssessing behavior in adult mice has received considerable atten-
ion [2], in sharp contrast to methods for behavioral assessment in
eveloping, especially newborn mice. Unfortunately, the paucity
f methodological tools suitable for newborn mice hampers the
dentification of early predictors of adult learning and memory

eficits [3]. Furthermore, mice are increasingly used for modeling
nd investigating neurodevelopmental disorders, especially autism
4], in which early cognitive assessment is clinically relevant [5].  In

∗ Corresponding author at: Laboratory of Biological Psychology, University of Leu-
en, Tiensestraat 102, box 3714, 3000 Leuven, Belgium. Tel.: +32 16 326010; fax:
32 16 326099.

E-mail address: bieke.bollen@psy.kuleuven.be (B. Bollen).

166-4328/$ – see front matter ©  2012 Elsevier B.V. All rights reserved.
oi:10.1016/j.bbr.2011.12.030
© 2012 Elsevier B.V. All rights reserved.

addition, as emphasized by regulatory agencies1, early behavioral
assessment is mandatory to evaluate pediatric drug efficacy and
neurotoxicity, because of differences of receptor expressions and
functions between immature and mature organisms. For all these
reasons, developing cognitive tests for newborn mice is a priority
challenge for neurogenetics and pharmacological research.

The aim of the present study was to develop a simple, easy
to standardize classical conditioning protocol suitable for high-
throughput screening of associative abilities in newborn mice.
Previous studies showed that pairing artificial odors (conditioned
stimuli, (CS)) and stroking with a brush (unconditioned stimu-
lus, as a surrogate of maternal licking and grooming) induced an

effective conditioned odor preference in newborn mice [6]. This
conditioning method proved efficient to show learning deficits in
newborn mice with brain lesions similar to that of preterm infants,

1 Food and Drug Administration (FDA): Nonclinical Safety Evaluation of Pediatric
Drug Products; http://www.fda.gov/cder/guidance/5671fnl.htm; European Medical
Agency (EMA): Guideline on the need for non-clinical testing in juvenile animals of
pharmaceuticals for pediatric indications, http://www.emea.europa.eu.

dx.doi.org/10.1016/j.bbr.2011.12.030
http://www.sciencedirect.com/science/journal/01664328
http://www.elsevier.com/locate/bbr
mailto:bieke.bollen@psy.kuleuven.be
http://www.fda.gov/cder/guidance/5671fnl.htm
http://www.emea.europa.eu/
dx.doi.org/10.1016/j.bbr.2011.12.030
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nd to assess functional efficacy of experimental neuroprotective
reatments [7,8]. However, odor-stroke conditioning is difficult to
tandardize, due to strong experimenter effects on stroking, which
rompted us to broaden the range of available conditioning meth-
ds in newborn mice.

Here, we describe an original conditioning method, using ambi-
nt temperature as an unconditioned stimulus (US), which is easy to
mplement and which overcomes the experimenter-related prob-
em inherent to odor-stroke conditioning. We  hypothesized that

ice, like most altricial animals, show very limited thermoregula-
ory capacities during early postnatal development, and that they

ainly rely on behavioral strategies, such as huddling and thermo-
axis to maintain body temperature [9–12]. This being confirmed,
e hypothesized that newborn mice would be able to associate

rtificial odors with ambient temperature, in keeping with their
roven ability to associate odors with biologically relevant stim-
li, such as stroking [6] or lack of oxygen [13]. Experiments were
onducted in neonatal mice of 3–10 days of postnatal age. Com-
ared with human infants, this period roughly corresponds to very
reterm (about 25 weeks of gestational age) to term infants [14].

. Material and methods

.1. Animals

In the thermotaxis (N = 28), the first conditioning study (N = 64), and extinction
tudy (N = 15), mouse pups were obtained from 16 C57BL6 female mice (Janvier,
e Genest-St-Isle, France) housed at 24 ◦C with a 12 h/12 h light/dark cycle and fed
d  libitum. Sixteen litters were used (mean number of pups per litter: 6.7 ± 2.2).
ups  were tested at postnatal ages P3 (n = 12), P6 (n = 38), P7 (n = 20), P8 (n = 3), P9
n  = 24) and P10 (n = 10) (P0, the first day of life), with mean weight per age 1.9 ± 0.2,
.7  ± 0.5, 3.6 ± 0.6, 3.7 ± 0.1, 4.9 ± 0.6, and 5.2 ± 0.4 g, respectively.

In  the second conditioning study (replication), mouse pups were obtained from
ight Swiss female mice (Janvier, Le Genest-St-Isle, France) housed at 24 ◦C with a
2  h/12 h light/dark cycle and fed ad libitum. Eight litters were used (mean number
f  pups per litter: 13.3 ± 4.4). Pups were tested at postnatal ages P5 (n = 22), P6 (n = 8),
7  (n = 79) and P8 (n = 8), with mean weight per age 3.8 ± 0.2, 4.2 ± 0.3, 3.6 ± 1.0, and
.3 ± 0.4 g, respectively.

Experiments were carried out in accordance with the European Communities
ouncil Directive of November 1986 (86/609/EEC) regarding the care and use of
nimals for experimental procedures, in compliance with the regulations of the
inistère de l’Agriculture et de la Forêt, Service Vétérinaire de la Santé et de la Protection

nimale (permission # A 94-028-21). Experimental protocols were approved by the
nimal Experiments Committee of the University of Leuven and the Institut National
e  la Santé et de la Recherche Médicale (INSERM) Institutional Review Committee.

.2.  Acquisition setup

Acquisition took place in a custom apparatus (Fig. 1A) composed of two cylinder-
haped recipients filled with water. The water was thermoregulated to maintain the
emperature at either 26 ◦C or 33 ◦C. Each recipient contained a cylindrical metal
hamber that was immersed in the water, and equipped with a metallic grid floor,
hich was secured 2 cm above the bottom of the chamber. An odor-containing cot-

on  wad placed in an aluminum foil dish was positioned underneath the grid. This
ystem allowed exposing the pups to paired odor and thermal stimuli.

.3.  Test setup

The test apparatus was  a place preference system previously described [6–8,13].
riefly, this apparatus (Fig. 1B) was composed of two identical Plexiglas boxes sep-
rated by a Plexiglas beam, which delimited a neutral zone. Each box contained an
luminum dish with an odor-containing cotton wad. The two boxes and neutral zone
ere covered by a 13 cm × 20 cm metallic mesh floor (1.5 mm × 3.0 mm meshwork).

emperature on the mesh was maintained at 24 ◦C.
.4. Conditioned stimuli

Banana and peppermint odor were chosen on the basis of a spontaneous odor
reference test in a small number of mice (data not shown), during which no prefer-
nce for one of these odors was observed. We used 0.5 ml  of peppermint odor (97%
enthyl acetate; Aldrich, Steinheim, Germany) and 0.25 ml  of banana odor (97%

utyl propionate; Aldrich, Steinheim, Germany).
search 229 (2012) 250– 256 251

2.5. Procedure

Acquisition trials consisted in placing the pup over the CS+ odor, i.e. the odor
associated with warmth (33 ◦C, this temperature is considered to be close to ther-
moneutrality in newborn rodents [15,16]), during 90 s (s) and over the CS−  odor,
associated to cold (26 ◦C), also for 90 s. Thermographic studies in newborn rats indi-
cate that 26 ◦C corresponds to maximal thermogenesis by brown adipose tissue (a
thermogenic organ located in the interscapular region) and can therefore be consid-
ered cold [16]. Pups were not handled during this 90 s period. Acquisition consisted
of  three CS+/US presentations alternating with three CS− presentations. To control
for  initial differences in preference for the two odors, banana was the CS+ and pep-
permint the CS− in half the pups (the banana CS+ group) and vice versa in the other
half  (the peppermint CS+ group). The pups were randomly extracted from the litter
one  by one and were assigned to the banana CS+ group or the peppermint CS+ group.
The  first acquisition trial was a CS+ trial in half the pups and a CS− in the other half.

Immediately after acquisition, the mouse pup was placed in the test apparatus
and subjected to five successive tests for conditioning (each test lasted 60 s). During
each test, the pup was placed on the neutral zone (along the axis of this zone) and
the experimenter measured the time spent over each odor. After each one-minute
test  trial, the pup was  removed from the apparatus and immediately positioned for
the following test trial. The temperature in the test apparatus was  maintained at
24 ◦C. A cold temperature was chosen to motivate the pups to search for warmth. A
pup  was considered to prefer an odor when it moved at least its snout toward that
odor beyond the edge of the neutral zone. Thus, a movement of the head was suf-
ficient to assess odor preference. As soon as a pup’s snout crossed one of the edges
of the neutral zone, a timer was started to measure the time spent over the CS. In
practice, positioning of the snout over an odor zone was systematically accompa-
nied by movements of the head, the shoulders and the anterior paws. The starting
position during the first test was  counterbalanced across animals and the direction
in  which the pup was placed on the neutral line was  changed (i.e., 180◦ rotation)
at  the beginning of each subsequent test. The mesh was  carefully wiped between
testing. The position of the odors was not changed in order to avoid mixing the
odors. The experimenter also used different gloves for manipulating odors and for
handling mouse pups to avert possible confounds. The acquisition setup was care-
fully brought to the correct temperature before acquisition trials started and was
also rigorously checked during acquisition trials. Only minor deviations of 0.5 ◦C to
the  postulated temperatures of 26 ◦C and 33 ◦C were allowed.

Body temperature (by means of a thermocouple probe placed at the level of the
interscapular region) and weight of the mouse pup were measured before acqui-
sition. Acquisition and test trials were conducted by the same experimenter. The
behavior of the pups during the test was  recorded using a webcam and scored by
an  experimenter that was blind for the experimental group.

2.6. Thermotaxis

Thermotaxis was  assessed by measuring the pups’ place preference when placed
in a choice situation between cold and thermoneutral environments [10]. The test
apparatus described earlier (Fig. 1B) contained no odors during the test for thermo-
taxis. Instead, the two small boxes were filled with water. The temperature of the
water was adjusted so that on one side of the test apparatus the temperature just
above the grid was approximately 33 ◦C, while on the other side of the test apparatus
it  was  around 26 ◦C (only small deviations of 0.5 ◦C were allowed). Preference for one
or  other side was assessed as described above for the conditioned odor preference
test.

2.7. Replication

Because behavioral tests in adult mice are strongly influenced, by genetic
background, housing and testing conditions [17], we examined whether neonatal
thermal conditioning may operate in different experimental conditions and in a dif-
ferent mouse strain. Conditioning tests were conducted in a second center, using a
modified version of the acquisition setup using thermoregulated water and a differ-
ent  presentation of odors (i.e. around, rather than below the pup). In this way, the
pup was  placed on a metal floor (compared to a grid in the first experiment) and thus
in  more direct contact with the thermal stimuli. Also, in an attempt to strengthen
conditioning, we  slightly modified the protocol by increasing the number of tri-
als: the duration of each acquisition trial was 45 s (instead of 90 s). In this way, the
number of exposures to the CS+ and CS− was doubled (six CS+/US–CS− alternations
instead of three), without prolonging acquisition (9 min). The conditioning proto-
col was replicated using two odor pairs (banana–peppermint and banana–lemon).
These odor pairs were chosen on the basis of spontaneous preference experiments
in  Swiss mouse pups (data not shown): 1.5 ml  peppermint (97% menthyl acetate;
Aldrich, Steinheim, Germany), 0.5 ml of banana (97% Butyl propionate; Aldrich) and
1  ml  of lemon odor (97% Limonene, Aldrich).
2.8. Statistical analysis

The time spent on each odor, was subjected to analysis of variance (Repeated
Measures ANOVA) with CS (CS+ versus CS−) and test number (5 levels) as the
within-subject factors and group (CS+ banana versus CS+ peppermint) as the
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Fig. 1. Acquistion and test setup. (A) Acquisition setup. Two round Plexiglas cylinder-shaped recipients (diameter 21 cm, height 17 cm)  were topped with a metal construction
(diameter 24 cm), which contained a cylindrical metal chamber (diameter 8 cm,  height 10 cm)  that was  immersed in the water of the recipient. In this chamber a metallic
grid  floor (diameter 8 cm) was secured 2 cm above the bottom of the chamber. An odor-containing cotton wad  placed in an aluminum foil dish was  positioned underneath
the  grid. The temperature of the water was maintained at either 26 ◦C or 33 ◦C by use of a rod-shaped 100 W aquarium-heating element (Scuba) and by adding hot or cold
water  to the tubs. (B) Test setup. The system was composed of two  identical Plexiglas boxes (4 cm high, 12 cm long, and 9 cm wide) separated (lengthwise) by a Plexiglas
b these components were hold in place by a surrounding Plexiglas box (8 cm high, 21 cm
l th an odor-sprinkled cotton wad. The two boxes and the neutral zone were covered by a
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eam  (4 cm high, 12 cm long, and 2 cm wide), which delimited a neutral zone. All 

ong,  and 14 cm wide). Each of the two little boxes contained an aluminum dish wi
3  cm × 20 cm metallic mesh floor (1.5 mm × 3.0 mm meshwork) and placed in a ho

etween-subject factors (Statview 5, Abacus Concepts, Berkeley, CA). Figures were
reated using GraphPad Prism 5 (GraphPad Software Inc., San Diego, California, USA).
n  experiments where different age groups were included, age was also included
s  a between-subjects factor. Litter had no significant effect, neither as a main
etween-factor nor in interaction with other factors, and will not be mentioned
urther.

. Results

.1. Thermotaxis

We investigated thermotaxis in 28 mouse pups from 3 litters
t P3 (n = 12), P6 (n = 11), and P9 (n = 5). Mouse pups spent signifi-
antly more time on the thermoneutral side of the grid (33 ◦C) than
ver the cold side (26 ◦C, main effect of temperature: F1,25 = 21.56,

 < 0.0001, Fig. 2A). This preference did not significantly depend on
ge (temperature-by-age interaction: F2,25 = 1.12, p = 0.343, Fig. 2B).
ouse pups in general spent more time outside of the neutral

one with increasing age (non-significant trend: main effect of age:
2,25 = 2.28, p = 0.124). The results show that, at an early age, mouse
ups are able to discriminate between different ambient temper-
tures and are capable of moving toward the temperature that is
hysiologically most appropriate.

.2. Thermal conditioning
Then, we examined whether mouse pups were able to learn
 preference for an odor previously paired with a thermoneu-
ral temperature over an odor paired with a cold temperature.

Fig. 2. Thermotaxis in neonatal mouse pups. (A) Main effect of temperature. All age
groups (P3, P6, P9) were pooled together. (B) Age-by-temperature interaction effect.
See  text for statistical analyses. ***p < .0001. Values are means ± SEM.
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ig. 3. Thermal conditioning in neonatal C57BL6 mouse pups. (A) Main effect of C
ffect  per age group. (C) CS-by-CS+ odor interaction. No significant interaction is ob
rials.  See text for statistical analyses. **p < .001, ***p < .0001. Values are means ± SE

ouse pups (n = 64) were tested immediately after acquisition at
6 (n = 19), P7–P8 (n = 24) and P9–P10 (n = 21). The results show

 clear preference for the odor that was previously paired with
he thermoneutral temperature (CS+) compared to the odor (CS−)
aired with the cold temperature (main effect of CS: F1,58 = 41.532,

 < 0.0001, Fig. 3A). The odor used as CS+ (banana or peppermint
dor) did not significantly influence the conditioned preference
CS by CS+ odor interaction effect: F1,58 = 1.16, p = 0.287, Fig. 3C).
lso, age did not significantly influence the conditioned preference

no significant CS by age group interaction F = 0.983, p = 0.390,
1,58
ig. 3B). The general activity, i.e. the time spent outside the neu-
ral zone during the test, did differ significantly between age
roups (F2,58 = 6.88, p = 0.002). This finding is primarily due to less

ig. 4. Extinction effect over repeated trial blocks. Block 1 represents the time spent on
reference test was  repeated every hour for 4 h (Blocks 2–5). Partial analysis on each trial 

ad  no significant effect, neither as a main between-factor nor in interaction with other fa
ee  text for statistical analyses. *p < .05. Values are means ± SEM.
 represent the time spent (mean over test trials) on the CS+ and CS− odor. (B) CS
d. (D) CS-by-test trial interaction. The results show no extinction effect across test

exploratory behavior in a few animals from the P7–P8 age group
and does not invalidate our results since mouse pups from this age
group, despite their lower level of exploration, show a preference
for the CS+ odor over the CS− odor. We  observed no extinction
effect over the course of the five successive tests (CS-by-test trial
interaction: F4,232 = 0.75, p = 0.557, Fig. 3D).

We investigated extinction in an exploratory study in a separate
small group of animals (C57BL6, N = 15, at P6 (n = 8) and P9 (n = 7)),
in which the preference test was repeated every hour for 4 h. Sepa-
rate analyses of the different test blocks indicated that pups showed

a preference for the CS+ odor only immediately (F1,13 = 14.53,
p = 0.002) and 1 h after acquisition (F1,13 = 7.66, p = 0.016). During
the subsequent 3 tests no conditioned preference was observed

 the CS+ and CS− immediately after acquisition (averaged over 5 test trials). This
block showed a significant preference for the CS+ over the CS− in Block 1 and 2. Age
ctors, so data were pooled. No significant CS-by-CS+ odor interaction was observed.
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Fig. 5. Thermal conditioning in neonatal Swiss mouse pups. (A) Main effect of CS in banana–peppermint experiment, bars represent the time spent (mean over test trials)
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n  the CS+ and CS− odor. (B) CS-by-CS+ odor interaction in banana–peppermint ex
xperiment, bars represent the time spent (mean over test trials) on the CS+ and
nteraction is observed. **p < .001, ***p < .0001. Values are means ± SEM.

F1,13 = 0.44, p = 0.52, F1,13 = 1.75, p = 0.209, F1,13 = 0.00, p = 0.988
espectively, Fig. 4). These observations point toward an extinction
ffect, but the test block-by-CS interaction (F4,52 = 1.05, p > 0.05) did
ot yield significance in this small sample of pups.

.3. Replication of conditioning in different setting

The thermal conditioning protocol was applied by another
xperimenter in a different laboratory, using a modified pro-
ocol of the thermal conditioning paradigm in Swiss mouse
ups instead of C57BL6 pups. Two different sets of odors were
sed as CS+/CS− pairs (N = 51 (all aged P7) for banana–lemon
nd N = 55 (at P5 (n = 22), P6 (n = 8), P7 (n = 28), and P8
n = 8)) for banana–peppermint conditioning). Also in this dif-
erent setting, mouse pups spent significantly more time on
he odor paired with the thermoneutral temperature (CS+) than
n the odor associated with cold (banana–peppermint experi-
ent: F1,47 = 26.15, p < 0.0001, Fig. 5A; banana–lemon experiment:

1,49 = 13.99, p = 0.0005, Fig. 5C). Again, no significant CS-by-CS+
dor interactions (banana–peppermint experiment: F1,47 = 2.29,

 = 0.094, Fig. 5B; banana–lemon experiment: F1,49 = 1.65, p = 0.205,
ig. 5D) were found. In the banana–peppermint experiment, no
ain or interaction effect of age was observed (main effect of age:

3,47 = 1.17, p = 0.333; age-by-CS interaction: F3,47 = 1.88, p = 0.147).
. Discussion

We took advantage of the thermotaxic behavior of newborn
ice to design an associative learning test for neonatal mice, using
ent. No significant interaction is observed. (C) Main effect of CS in banana–lemon
dor. (D) CS-by-CS+ odor interaction in banana–lemon experiment. No significant

artificial odors as conditioned stimuli and ambient temperature as
the unconditioned stimulus. Neonatal mouse pups preferred the
odor that had previously been paired with a thermoneutral ambient
environment to an odor paired with a cold ambient temperature,
hence showing conditioning. Thus, ambient temperature proved to
serve as an adequate unconditioned stimulus for neonatal mouse
pups in a classical conditioning learning test. The conditioning
proved effective and reproducible from 5- to 10-day old pups.

The differential conditioning paradigm used in our study incor-
porated both within-subject (CS+ versus CS−)  and within-odor
controls (both banana and peppermint served as CS+ and CS−). This
procedure allowed us to establish conditioned preference, separate
from non-associative effects, such as a pre-existing preference for
one of the two odors. A more detailed discussion on spontaneous
odor preferences can be found elsewhere [6].  The lack of extinction
across the five test trials done immediately after acquisition, as well
as the presence of the conditioned preference after 1 h, indicate that
the conditioning effect is robust. The replication of the conditioned
response in another experimental setting, on mice of a different
strain, with a different acquisition setup and protocol, yielded sim-
ilar results. This further underlines the robustness of the proposed
learning protocol.

Our results show that mouse pups move toward the thermoneu-
tral temperature when offered a choice between a thermoneutral
and cold environment. These results extend the presence of ther-
motaxis in mouse pups, as previously described in rat [10,18],

rabbit [12] and hamster pups [11]. It is vital for mouse pups’
and other altricial animals’ survival to maintain an adequate body
temperature. Because of their immature thermogenic capacities
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odent pups rely heavily on behavioral strategies, such as huddling
nd thermotaxis, to maintain body temperature in absence of the
am [9,11,19,20].

The main result of the present study was that mouse pups
ere able to associate artificial olfactory stimuli with ambient

emperature. Conditioning was established after only three short
cquisition trials, indicating a remarkable sensitivity of thermo-
axic responses to learning processes. This sensitivity might reflect
he biological significance of orienting toward the dam, the litter
r in absence of both, toward a physiologically appropriate tem-
erature, using other signaling (olfactory) cues. The present results

ndicate that warmth is a potent reinforcer in immature mammals.
he present finding that neonates are able to associate odors with a
emperature stimulus is a novel finding, not only in mice, but to our
nowledge, also in other species. Recently, Kojima and Alberts [21]
onducted several conditioning experiments using thermotactile
timuli and showed that warm ambient temperature alone did not
nduce a huddling preference for a conditioned odor in 15-day-old
at pups. However, a non-significant trend was observed, which
uggested that warm ambience might be rewarding to younger,
ore thermally vulnerable pups. This possibility is supported by

he present data that show effective conditioning in mouse pups
ged P6–P10.

Other proposed methods of classical conditioning in rodent
ups require important experimenter manipulation, for example
troking [6–8] or oral milk infusion in nutritive conditioning exper-
ments in rat [22]. These methods are therefore poorly suited
or high-throughput behavioral screening. Ambient temperature
s a direct, easily controllable reinforcer, whereas the valence of
troking, which is thought to mimic  maternal care, is difficult to
ontrol. Therefore, using ambient temperature as an unconditioned
timulus adds to the standardization of the conditioning proto-
ol. Also, using ambient temperature as an unconditioned stimulus
onsiderably reduces experimenter intervention during acquisi-
ion, which is the main bottleneck for increasing throughput.
xploratory experiments showed that preference scores during
he test could be calculated automatically using a custom video-
racking system, and that a single experimenter may  run three pups
imultaneously using this method.

The present test for conditioning, which was conducted imme-
iately after acquisition, did not shed light on the long-term
etention of the conditioned response. As a rule, retention of the
onditioned responses is very short in newborn mammals [23],
lthough longer retention was obtained using food reinforcers [23]
r resumption of maternal care after separation [24]. Because the
rimary aim of our study was to design a conditioning protocol
uitable for high-throughput screening, we focused on the short-
erm effects of conditioning, which proved consistent and easy to
bserve. The results from the exploratory extinction study suggest

 1 h retention of the conditioned preference.
The present results did not clarify the neural substrate of

dor/temperature conditioning. Moriceau and Sullivan [25] studied
dor-shock conditioning in a rat attachment model and propose a
pecific neonatal odor learning circuitry during the first ten days of
ife, which involves the olfactory bulb, where learning is encoded,
nd the noradrenergic locus coeruleus. However, Bouslama et al. [7]
howed that neonatal brain lesions caused by intracerebral ibote-
ate injection disrupt odor-stroke learning. Taken together, these
esults suggest that early postnatal conditioning based on pairing
n odor with an US involves numerous and possibly widespread
rain regions. The identification of these regions requires further

nvestigation.

Cognitive phenotyping at early stages of mouse develop-

ent has numerous applications, which concern the identification
f genetic determinants of cognitive development, and also,
s mentioned, the modeling of neurodevelopmental disorders.

[

[
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High-throughput cognitive phenotyping is also mandatory to test
possible adverse effects of candidate pediatric treatments on cog-
nition at preclinical level. Of note, the early detection of cognitive
disorders may  be clinically relevant in neurological disorders of
adulthood or aging, because early- but also late-onset neuro-
logical disorders might be in part born at early developmental
stages [26].
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