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Abstract
In the novel object recognition (OR) paradigm, rats are placed in an arena where they encounter
two sample objects during a familiarization phase. A few minutes later, they are returned to the
same arena and are presented with a familiar object and a novel object. The object location
recognition (OL) variant involves the same familiarization procedure but during testing one of the
familiar objects is placed in a novel location. Normal adult rats are able to perform both the OR
and OL tasks, as indicated by enhanced exploration of the novel vs. the familiar test item. Rats
with hippocampal lesions perform the OR but not OL task indicating a role of spatial memory in
OL [1]. Recently, these tasks have been used to study the ontogeny of spatial memory but the
literature has yielded conflicting results [2, 3]. The current experiments add to this literature by: 1)
behaviorally characterizing these paradigms in postnatal day (PD) 21, 26 and 31-day-old rats; 2)
examining the role of NMDA systems in OR vs. OL; and 3) investigating the effects of neonatal
alcohol exposure on both tasks. Results indicate that normal-developing rats are able to perform
OR and OL by PD21, with greater novelty exploration in the OR task at each age. Second,
memory acquisition in the OL but not OR task requires NMDA receptor function in juvenile rats.
Lastly, neonatal alcohol exposure does not disrupt performance in either task. Implications for the
ontogeny of incidental spatial learning and its disruption by developmental alcohol exposure are
discussed.
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1. Introduction
Previous research concerning the developmental emergence of hippocampus-dependent
learning and memory has largely focused on reinforcement-driven tasks, such as Pavlovian
fear conditioning and appetitive maze learning [4–6]. Typically, performance of the
hippocampus-dependent variant emerges later in ontogeny than control tasks that do not
require the hippocampus. For example, auditory fear conditioning emerges by postnatal day
(PD)16–18, followed by contextual fear conditioning, which emerges around PD23 [4, 7–9]
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and T-maze delayed alternation develops later than position discrimination [5, 10]. These
findings have been attributed to a delay in hippocampal development and function, which
causes spatial learning to develop later than non-spatial forms of learning.

Incidental learning encompasses an animal’s natural exploratory tendency when presented
with novel environmental stimuli [11, 12]. There are spatial and nonspatial variants of
incidental learning. The standard object recognition task (OR) includes exposure to two
identical objects (sample phase). Following a delay, the animal is presented with a familiar,
as well as a novel object (testing phase). The spatial variant, the object location task (OL) is
identical to the object version; however, the testing phase includes a familiar object situated
in a novel spatial location [1, 13–18]In both cases, preference for the novel object or the
object in a novel location is a result of incidental learning occurring during the sample phase
and exploratory behavior during the testing phase. One-trial object recognition paradigms
provide an opportunity to examine incidental conjunctive processing functions of the
hippocampus without the need for repeated conditioning trials or reinforcement
contingencies. Incidental learning is thought to be more sensitive than reinforcement-driven
learning to disruptions of hippocampal function [12].

Different brain regions contribute to performance of the OR and OL tasks, at least during
adulthood. Perirhinal cortex (PER) is required for OR task performance, while the
hippocampus (HPC) is required for OL performance [1, 15–18]. Studies of the OR task and
hippocampal NMDA-receptor (NMDAr) function have produced mixed results, depending
on the delay interval between the sample and testing phases [19]. For example, NMDAr
antagonists administered either systemically or intrahippocampally prior to acquisition of
the OR task disrupts performance with delays ranging from 1 to 24hr. [20–23]. However,
OR performance remains intact following intra-hippocampal infusions with a 5-min delay
between the sample and testing phases [22]. Similarly, intra-perirhinal cortex infusion of
AP5 prior to the sample phase impairs OR after a 3 hr but not a 5-min delay [24]. Studies in
adult rats implicate the role of NMDArs in the OL task, [25, 26]; however, the effect of
NMDAr antagonists in the OR and OL task has, to our knowledge, not been examined
during development.

The sensitivity of incidental conjunctive learning to hippocampal injury [12] makes it of
great value to study developmental neurobehavioral disorders that involve the hippocampus
[27, 28]. For example, developmental alcohol exposure produces teratogenic effects in
various brain regions, such as the cerebellum and hippocampus [29, 30] and impairs
neurobehavioral function, including spatial memory in humans [31, 32]. Fetal alcohol
spectrum disorders (FASDs) affect approximately 2–5 in 100 young children in the U.S. and
abroad [33]. In rat models of FASDs, in which alcohol exposure is limited to PD4-9, the
third trimester equivalent of human pregnancy, converging neuroanatomical and behavioral
evidence reveals hippocampal CA1 [34–36] and CA3 pyramidal cell loss [34]. Ethanol
administration restricted to PD7-9 also impairs performance in hippocampus-dependent
maze and fear conditioning tasks [37–39], possibly through inhibited induction and
transmission of long-term potentiation (LTP) and reduction of hippocampal NMDArs [40–
42].

The current report extends previous work from our lab addressing spatial learning and
NMDAr function during development and the effect of neonatal alcohol exposure on this
function [27, 28, 43–45]. The OR and OL tasks are being developed here as a probe for
examining these issues with incidental learning paradigms. Previous research concerning the
developmental emergence of various object recognition paradigms has provided mixed
results [2, 3] and the developmental role of NMDArs in the non-spatial OR and spatial OL
tasks has not been examined. Recent findings from our lab demonstrate that PD7-9 ethanol
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administration impairs performance of a contextual fear conditioning task that involves
incidental learning [27]. Thus, the OR and/or the OL tasks may provide converging evidence
for incidental learning deficits as a function of developmental alcohol exposure.

In summary, the purpose of this study was to examine the effects of age, NMDAr
antagonists, and neonatal alcohol on OR and OL in juvenile rats. Experiment 1 evaluated the
ability of normally-developing weanling and juvenile rats to perform both tasks. The amount
of habituation to the empty chamber was manipulated in order to determine how much
exposure to the spatial environment was optimal for task performance. Experiment 2
determined whether or not antagonism of NMDArs would impair performance in either or
both of these tasks. Based on prior studies with systemically administered MK-801 in spatial
learning tasks, we predicted administration prior to acquisition would impair the OL, but not
the OR task. Finally, Experiment 3 examined the effects of neonatal alcohol exposure with a
dose and window of administration found to be effective in disrupting hippocampal-
dependent forms of learning.

1. Experiment 1A: Behavioral determinants of developmental object and
spatial location memory

Previous research concerning variations of the OR and OL object recognition paradigms
during development has produced mixed results [2, 3, 46–48], highlighting the need for a
more systematic approach for examining these tasks. Thus, Experiment 1A sought to
compare the OR and OL tasks as a function of empty chamber habituation and sex by using
an age during the late stage of postnatal development when performance in these tasks
would be expected.

2.1 Materials & Methods
2.1.1 Subjects—The subjects were Long Evans rats bred at the University of Delaware,
Office of Laboratory Animal Medicine (OLAM). Time-bred pregnant females were housed
in clear polypropylene cages (45×24×21cm) with standard bedding and ad lib access to food
and water. Offspring date of birth was determined by checking for births during the light
cycle (12:12) and, if newborn pups were found, that day was designated as PD0. On PD2,
litters were transported from the breeding facility to the local animal housing rooms in the
laboratory. On PD3, litters were culled to 8 pups (typically, 4 males and 4 females) and were
paw-marked by a subcutaneous injection with non-toxic black ink. On PD21, pups were
weaned and housed with same-sex littermates in 45×24×17cm cages (except where noted).
On PD28 (2 days prior to habituation), rats were individually housed in smaller white
polypropylene cages (24×18×13cm) with ad lib access to food and water for the remainder
of the study. Rats were randomly assigned to the OR or OL task. If same sex littermates
were assigned to the same task, they were placed in distinct habituation groups (Group 1 vs.
Group 3; Habituation Group), so that no more than one same sex pup from the same litter
was assigned to any given experimental condition (Task x Habituation Group). When
assigning same-sex littermates to experimental groups was unavoidable, data were averaged
together and counted as single observation.

2.1.2 Apparatus—All behavioral procedures were carried out in 1 of two circular arenas
measuring 78.7 cm in diameter, with 48.9 cm walls, elevated 26.7 cm from the floor. The
arena was constructed of wood with white polyester resin panels constituting the floor and
walls. The arena was situated in a well-lit room allowing the rats to see distal visual cues.
There were also 2 proximal cues placed inside the top of the wall of the arena; a black ‘X’
made with electrical tape (10.5×9in; north position) and a circular cross-hatching pattern
made from contrasting strips of colored paper (8.5in diameter; west position). These cues
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were situated far enough from the rats to prevent physical contact. Two squares of reusable
Velcro (hook component) were attached to the floor of the arena (Velcro USA Inc.,
Manchester, NH) in order to secure the objects to the arena floor and prevent the rats from
displacing them. The relative dimensions and positioning of objects is shown schematically
in Figure 1.

Objects used for exploration were obtained from various sources, however, it was necessary
that all objects were easily cleaned and made of nonporous material (Figure 2). Objects
differed in their surface textures, colors and dimensions, yet maintained relative size. The
flat base of each object was fully covered with reusable Velcro (loop component). Object C
was found to elicit the highest mean spatial preference in Experiment 1, thus this object was
used exclusively for the OL task in subsequent experiments.

2.1.3 Habituation—Prior to behavioral testing on PD31, animals were habituated to the
arena for either 1 or 3 sessions. At the beginning of each habituation session, animals were
handled for 3-min in the animal housing room, weighed and carted to the behavioral testing
room in their home cage. Each habituation session consisted of placement within the empty
arena for 10-min. For all habituation sessions (and behavioral testing), the rats were placed
in the center of the arena, facing the north position. Prior to each placement, animals waited
in the corridor while the arena was cleaned with 70% ethanol. The possible habituation
sessions occurred on the morning and afternoon of PD30 (Sessions 1 and 2, respectively)
and during the morning of PD31-32 (Session 3). Animals received either 1 (Group 1) or 3
(Group 3) habituation sessions. Animals in Group 1 were weighed as animals in Group 3,
but were not carted to the behavior testing room on P30 (when Group 3 animals received
their first two habituation sessions).

2.1.4 Novel Object Recognition (OR)—On the afternoon of PD 31 (Session 4), rats
were tested on either the standard novel object recognition (OR) task or on a novel object
location recognition task (OL, see Figure 3). For the OR task, each rat was weighed and
carted to the animal testing room. Following cleaning, rats were placed in the arena for 5-
min where they encountered two identical sample objects (Sample Phase). At the end of the
Sample Phase, rats were placed back in their home cages for a 5-min delay (±15 s). For the
Testing Phase, animals were returned to the arena for 3-min where one of the familiar
objects was replaced with a novel object (Figure 3). For both Sample and Testing phases,
exploration was defined as an active event in which the rat was pawing at, sniffing or
whisking with its snout directed at the object from a distance of under ~1 cm. Sitting on or
next to an object was not counted as active exploration. In addition to the arena, all objects
were cleaned with 70% ethanol between each session. Following the completion of Testing,
animals were returned to the animal housing room. Object identity, arena configuration and
arena number were counterbalanced with each Sex and Habituation grouping variable.

2.1.5 Novel Location Recognition (OL)—For the OL task, all procedures were
identical to the OR task except that during the Testing phase, rather than presentation of a
novel object, rats encountered both familiar objects, with one object located in a different
place among the arena (Figure 3).

2.1.6 Data Collection & Analysis—A video camcorder (Panasonic Corporation of
North America) was used to record activity and exploration during habituation and testing
sessions. Video-recordings of sessions were subsequently scored off-line by an observer
blind to the experimental conditions. This was performed manually by running a timing
program (Arun Asok, University of Delaware) whereby manual depression of a cursor
would activate a timer corresponding to each of the objects (left and right). Data were
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analyzed in this manner in three successive 1-minute blocks of the test session, as well as the
total 3 minute period. A subset of the data were analyzed by a second experimentally blind
observer for determination of inter-observer reliability. Correlation analyses showed high
observer reliability (r =.75 – 1.0, all p s <.01), and t-tests revealed no significant differences
between any rater (all ps >.33).

Raw exploration times for each object were converted to an exploration ratio. This is the
proportion of time spent exploring the novel object or novel place during each minute of the
3-min Testing phase divided by the total time spent exploring both objects [tnovel / (tnovel +
tsample)[1]]. All statistical analyses were conducted using STATISTICA 12 software. Mixed
factorial analysis of variance (ANOVA) was conducted with Habituation (Group 1 vs.
Group 3), Task (OR vs. OL) and Sex as between subject factors. The exploration ratios
(overall and single-minute) were used as the dependent variables. Post-hoc (Newman-Keuls)
analyses were conducted where appropriate. Additionally, one-sample t-tests were used to
compare exploration ratios of each group against a ratio (0.5) indicating no preference [1].
Data collected during the Sample phase were also analyzed to examine the amount of time
spent exploring between groups.

2.2 Results
2.2.1 Subjects—Subjects were 103 Long-Evans rats derived from 17 litters. Averaging
together same-sex littermates that were assigned to the same group, reduced the number of
observations from 103 to 78. Data from an additional 9 animals were excluded from the
analyses. Two were excluded due to technical failure (Spatial Task, Group 1, F, n=1; Spatial
Task, Group 3, M, n=1) and 2 were removed because total object exploration during the
testing phase was <1 sec. (Object Task, Group 1, F, n=1; Object Task, Group 1, M, n=1);
and data from five animals were excluded from the analyses for meeting the criteria of a
statistical outlier (Object Task, Group 1, F, n=1; Spatial Task, Group 1, M, n=1; Spatial
Task, Group 1, F, n=1; Spatial Task, Group 3, F, n=2). Outliers were defined by individual
session testing data with total exploration ratios that exceeded ± 1.96 standard deviations
from the group mean. Analyses were conducted on the remaining 69 subjects (Object Task,
Group 1, n=16; Object Task, Group 3, n=18; Spatial task, Group 1, n=15; Spatial Task,
Group 3, n=20).

2.2.2 Sample Phase (Figure 4)—In order to determine whether differences in novelty
exploration could be explained by variation in baseline exploratory levels during the sample
phase, the total amount of exploration during the sample phase for Task, Habituation and
Sex were analyzed using a mixed factorial ANOVA. ANOVA revealed a main effect of
Group [F(1,61)=8.06, p<0.007], with increased sample time exploration in subjects given 3
compared to 1 habituation sessions.

2.2.3 Testing Phase (Figure 5)—A factorial ANOVA on the total exploration time ratio
with Sex, Habituation and Task as factors, revealed a main effect of Task [F(1,61)=46.69,
p<0.001], with significantly greater exploration time ratios for the Object compared to the
Spatial task. Exploration ratios (and the number rats showing exploration) declined
somewhat across minutes of testing.

One-sample t-tests on exploration ratios compared to chance performance revealed high
novel object preference, regardless of habituation group. For both Group 1 and Group 3,
object novelty preference decreased throughout the testing session, suggesting the 1st min
exploration scores may be a better predictor of novelty preference [Group 1 total time:
t(15)=10.13, p<.001; 1st min: t(15)=4.8, p<.001; 2nd min: t(12)=2.74, p<.018; 3rd min:
t(10)=1.05, p>.318; Group 3 total time: t(17)=18.48, p<.001; 1st min: t(17)=10.53, p<.001;
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2nd min: t(16)=3.54, p<.003; 3rd min: t(14)=2.73, p<.017]. Group 1 and Group 3 displayed
significant spatial novelty preference [Group 1 total time: t(14)=2.17, p<.048; 1st min:
t(14)=2.82, p<.014; 2nd min: t(14)=0.74, p>.471; 3rd min: t(13)=−.039, p>.704; Group 3
total time: t(19)=5.51, p<.001; 1st min: t(19)=2.69, p<.015; 2nd min: t(19)=3.46, p<.003; 3rd

min: t(16)=0.14, p>.887]. However, spatial novelty learning and performance was decreased
compared to object novelty, suggesting the spatial novelty assessed here may be a weaker
form of learning.

3. Experiment 1B: Ontogeny of object and spatial location memory
The ability of animals to express learning of spatial tasks develops around PD21 in the rat,
whereas performance of non-spatial control tasks develops earlier (e.g., [4–6, 49].
Experiment 1B extends the findings of Experiment 1A by examining object vs. spatial
novelty in PD21 and 26 rats. This experiment seeks converging evidence on previous
developmental studies of spatial learning that examined spatial learning that is “incidental”
rather than “reinforcement-driven” [11, 45, 49].

3.1 Materials & Methods
3.1.1 Subjects—The animal care and maintenance were the same as in Experiment 1A. In
order to avoid imposing the weaning manipulation during behavioral testing, animals in
Group PD21 remained with the dam until completion of testing on PD23. Animals in Group
PD25 were weaned on PD21 and individually housed on PD23, as previously described.
Weaning did not affect the age comparison (see Results below) and weaning does not affect
OL or OR performance on PD25 [50].

3.1.2 Apparatus and Procedure—The apparatus and procedure used for Experiment 1B
was the same as in Experiment 1A in every respect except that all subjects received a total of
3 habituation sessions and the home cage for PD21 rats involved group housing with their
dam. PD21 rats were transported to and from the behavioral testing rooms in individual
white polypropylene cages (the same as those described as the home cages for PD26 rats).

3.1.3 Data Collection & Analysis—All data acquisition and analyses for Experiment 1B
were the same as Experiment 1A. Statistical analyses included ANOVA with Age Group
(Group PD21 vs. Group PD25), Task (OR vs. OL) and Sex as between subjects factors. As
in Experiment 1A, one-sample t-tests were used to compare exploration ratios of each group
against chance performance.

3.2 Results
3.2.1 Subjects—Subjects were 78 (37 M; 41 F) Long-Evans rats derived from 14 litters.
Instances in which rats in the same litter were represented by the same grouping variables
(Task, Age, Sex) were averaged as previously described. This reduced the number of
observations to 65. After accounting for same-litter sampling, data from four animals met
the criteria as a statistical outlier (previously described) and were excluded from the
analyses (Object Task, PD 21, F, n=1; Spatial Task, PD 21, F, n=1; Object Task, PD 26, F,
n=1; Spatial Task, PD 26, M, n=1). Data from the remaining 61 subjects were used in the
analyses (Object Task, PD 21, n=14; Object Task, PD 26, n=17; Spatial task, PD 21, n=13;
Spatial Task, PD 26, n=17).

3.2.2 Sample Phase (Figure 6)—Comparison of the baseline exploration levels in the
sample phase between Task, Age and Sex was conducted using a mixed factorial ANOVA.
The ANOVA showed no significant main effects or interactions (all ps >0.13), showing that
there was no statistical difference in exploration time between rats tested on PD21 (44.63 ±
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2.99 sec) or PD26 (51.9 ± 3.5 sec) which could have accounted for the differences in novelty
preference at testing.

3.2.3 Testing Phase (Figure 7)—A factorial ANOVA conducted on the total exploration
time ratio with Sex, Age, and Task as factors, revealed a main effect of Task [F(1, 53)=8.46,
p<0.006], with significantly greater exploration time ratios for the OR compared to the OL
task. No other main or interaction effects were significant (ps > 0,48).

One-sample t-tests on exploration ratios compared to chance performance (0.5) revealed
high novel object preference, regardless of age [PD21 total time: t(13)=5.96, p<.001; 1st

min: t(13)=6.63, p<.001; 2nd min: t(12)=3.07, p<0.10; 3rd min: t(13)=1.16, p>0.26; PD26
total time: t(16)=6.31, p<.001; 1st min: t(16)=6.32, p<.001; 2nd min: t(16)=3.42, p<.004; 3rd

min: t(16)=1.13, p>.274]. Both ages, PD21 and PD26, showed significant spatial novelty
preference as well. However, the spatial novelty learning and performance was not as high
as that of object novelty [PD21 total time: t(12)=3.16, p<.009; 1st min: t(12)=3.3, p<.007;
2nd min: t(12)=1.91, p>.08; 3rd min: t(10)=0.66, p>.523; PD26 total time: t(16)=2.13, p<.
049; 1st min: t(16)=0.47, p>.64; 2nd min: t(15)=1.14, p>.271; 3rd min: t(14)=1.32, p>.206].

Taken together, Experiments 1A and 1B indicate that both incidental object and spatial
learning are present as early as PD21. Performance on OR was higher than on OL at all ages
but performance on neither task changed significantly in strength across the weanling/
juvenile period. We discuss this finding in relation to other developmental studies of
incidental learning below (Discussion).

4. Experiment 2: The effect of NMDA receptor antagonism on object vs.
spatial novelty

NMDA receptor function in areas such as the hippocampus and prefrontal cortex has been
implicated in the postnatal development of various forms of contextual and spatial memory
(e.g., [45, 51]. In Experiment 2, PD31 rats received systemic administration of an NMDA
receptor antagonist or vehicle prior to acquisition in the novel object and spatial recognition
tasks in order to determine whether learning and performance of these tasks (especially
spatial novelty) is NMDA-dependent in juveniles, as seen in adult rats [25, 26].

4.1 Materials & Methods
4.1.2 Subjects and Apparatus—Animal care, maintenance, and apparatus were all the
same as in Experiment 1A.

4.1.3 Handling—All handling procedures for Experiment 2 were the same as in
Experiment 1A. However, a subset of subjects (n=21) were inadvertently not handled prior
to placement in the arena for Sessions 1–3 (experimenter error). Because data from these
subjects did not differ from their handled counterparts, they were included in the analysis.

4.1.4 Habituation—All habituation procedures were the same as Experiment 1B (the 3-
exposure condition from Experiment 1A).

4.1.5 Drug Treatment—MK-801 (dizocilpine maleate) was commercially purchased from
Tocris (Ellisville, Missouri) and dissolved in 0.9% sterile saline prior to the experiment.
MK-801 was given via intraperitoneal injection of 0.06 mg/kg in a volume of 1.0 ml/kg.
Control rats received an intraperitoneal injection of 0.9% sterile saline in a 1.0 ml/kg
volume. This dose was taken from our previous studies of weanling-juvenile rats [52].
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4.1.6 Novel Object and Location Recognition—Both task procedures were
completed identically to Experiment 1A except that animals were given MK-801 or saline
injections 30–32 min prior to the Sample phase of Session 4. All rats waited in the animal
housing room between drug treatment and behavioral testing.

4.1.7 Data Collection & Analysis—All data acquisition and analyses for Experiment 2
were the same as in the previous experiments. Statistical analyses included ANOVA with
Treatment Group (MK-801 vs. Saline), Task (OR vs. OL) and Sex as between subjects
factors. All other statistical analyses were conducted as in Experiments 1A and 1B.

4.2 Results
4.2.1 Subjects—Subjects were 58 (30M; 28F) Long-Evans rats derived from 9 litters.
Data from a total of 3 animals were excluded from the analyses. Data from 1 animal was
removed due to a total of <1 sec. sample object exploration (Spatial Task, SAL, F). Data
from 2 animals were excluded from the analyses for meeting the criteria as a statistical
outlier, as previously defined (Spatial Task, SAL, F, n=1; Object Task, MK, M, n=1).
Analyses were conducted on the remaining 55 subjects (Object Task, MK, n=13; Object
Task, SAL, n=15; Spatial task, MK, n=15; Spatial Task, SAL, n=12).

4.2.2 Sample Phase (Figure 8)—In order to determine whether differences in novelty
exploration could be explained by variation in baseline exploratory levels between drug
groups, the total amount of exploration during the sample phase for Task, Treatment and
Sex were analyzed using a mixed factorial ANOVA. ANOVA revealed no main or
interaction effects of any grouping factor (all ps > .10)

4.2.3 Testing Phase (Figure 9)—A factorial ANOVA on the total exploration time ratio
with Sex, Treatment and Task as factors, revealed a main effect of Task [F(1,47)=7.11,
p<0.02], with significantly greater exploration time ratios for the Object compared to the
Spatial task and a main effect of treatment [F(1,47)=7.02, p<0.011] with greater exploration
times for Group SAL compared to Group MK. A significant Task X Treatment interaction
was also found [F(1,47)=5.55, p<0.023]. Newman-Keuls tests indicated significantly greater
total spatial novelty scores for Group SAL compared to Group MK (p<.002) and
significantly higher scores for the Object compared to the Spatial Task for Group MK (p<.
003). No other main or interaction effects were significant (all ps>0.21).

One-sample t-tests on exploration ratios compared to chance performance revealed high
novel object preference, regardless of Treatment group. As in Experiment 1A, object novelty
preference decreased throughout the testing session, suggesting the 1st min exploration
scores may be a better predictor of novelty preference; and this was evident for both MK
and SAL groups. [Group SAL total time: t(14)=6.77, p<.001; 1st min: t(14)=12.33, p<.001;
2nd min: t(14)=1.61, p>.0.13; 3rd min: t(14)=3.07, p<.009; Group MK total time:
t(12)=20.86, p<.001; 1st min: t(12)=18.72, p<.001; 2nd min: t(12)=12.26, p<.001; 3rd min:
t(12)=9.39, p<.001]. In contrast to the OR task, drug treatment significantly impaired
performance on the OL task. Group SAL displayed significant spatial novelty preference;
however, Group MK indicated no difference in spatial preference scores compared to chance
performance [Group SAL total time: t(11)=3.93, p<.003; 1st min: t(11)=3.23, p<.001; 2nd

min: t(11)=2.45, p<.033; 3rd min: t(9)=3.41, p<.008; Group MK total time: t(14)=0.41, p>.
687; 1st min: t(14)=1.7, p>.111; 2nd min: t(14)=0.04, p>.97; 3rd min: t(14)=0.07, p>.946].
The lack of novel spatial recognition for Group MK, but not Group SAL, highlights the
influence of NMDAr function in this spatial task variant. That this effect is not evident in the
object task suggests that the drug did not impair OL performance by interfering with
sensory, motor, and motivational processes that are common to both the OR and OL tasks.
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5. Experiment 3: The effect of neonatal alcohol exposure on object and
spatial location memory

Neonatal alcohol exposure has been found to disrupt a variety of spatial learning tasks,
including context representations incidentally acquired during the Context Preexposure
Facilitation Effect (CPFE) [27, 28]. Using an identical alcohol dose and window of exposure
(PD7–9), Experiment 3 asked if these findings would extend to another incidental form of
spatial learning, novel location recognition.

5.1 Materials & Methods
5.1.1 Subjects—The animal care and maintenance were the same as in previous
experiments.

5.1.2 Alcohol Dosing—Pups were given a single binge dose of alcohol (5.25g/kg; Group
5.25g) or were sham intubated (SI; Group SI) for 3 days from PD7 through PD9. All
procedures were completed following those previously reported from this lab [27].
Beginning on PD7, pups were placed onto plastic containers resting on a heating pad, set to
the lowest setting. Alcohol was mixed with a custom milk formula prior to administration
[53] at a dose of 5.25g/kg/day (23.93% v/v). All pups were weighed to determine the
solution volume to be administered (0.0278 mL/g). Single binge-like dose administration
occurred via intragastric intubation. A 1 mL syringe used to infuse the solution was attached
to a thin tube (PE10), which was lubricated with commercially available corn oil. The tube
was gently passed down the esophagus and into the stomach where the solution was infused
over a 5–10s interval. Alcohol administration was followed 2h later by an equal volume of
the milk formula only. A second formula infusion was administered only on PD7. Sham
intubations involved the identical process, except that no solution was infused.

5.1.2 Blood Alcohol Concentration Analysis—Two hours after the first alcohol/sham
administration (PD7) a blood sample was collected in a heparinized capillary tube from
Group 5.25g following a small tail clip. Blood samples from Group SI were collected then
disposed. Samples from Group 5.25g were centrifuged and plasma was collected and stored
at −20°C. Blood alcohol concentrations (BACs) were determined using an Analox GL5
Analyzer (Analox Instruments, Luneburg, MA) as previously described [54].

5.1.2 Apparatus & Procedure—All equipment, handling, habituation, and task
procedures were identical to those used previously, including the 3-habituation-session
condition used in Experiments 1A, 1B, and 2.

5.1.3 Data Collection & Analysis—Weight gain over the dosing period (PD7–9) was
analyzed with a repeated measures ANOVA with the between subjects factors of Sex and
Treatment Group and the within-subjects factors of age. Additionally, body weights during
testing (PD31) were examined with a factorial ANOVA with Sex and Treatment Group as
factors. A one-way ANOVA assessed differences between group BACs and Sex.

Statistical analyses included ANOVA with Treatment Group (5.25g vs. SI), Task (OR vs.
OL) and Sex as between subjects factors. All data acquisition and analyses were also the
same as described previously.

5.2 Results
5.2.1 Subjects—Subjects were 96 (47M, 49F) Long-Evans rats derived from 14 litters.
Averaged data from same litter oversampling of Task, Treatment, Sex occurred on 2
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instances (Spatial Task, SI, F, n=2). Data from 1 animal were excluded due to experimenter
error (Object Task, SI, M, n=1). Data from a total of 6 animals were excluded from the
analyses. Data from 2 animals were removed due to a total of <1 sec. testing object
exploration (Object Task, 5.25g, M, n=1; Spatial Task, 5.25g, M, n=1). Data from 5 animals
were excluded from the analyses for meeting the criteria as a statistical outlier (Object Task,
5.25g, M, n=1; Object Task, SI, M, n=1; Spatial Task, 5.25g, F, n=1; Spatial Task, 5.25g, M,
n=2). Analyses were conducted on the remaining 86 subjects (Object Task, 5.25g, n=19;
Object Task, SI, n=23; Spatial task, 5.25g, n=19; Spatial Task, SI, n=25).

5.2.2 Blood Alcohol Concentration Analysis and Body Weights—A 2 (Treatment
Group) X 2 (Sex) X 2 (Days) repeated measures ANOVA revealed significant main effects
of Sex [F(1, 80)=4.01, p<0.05], of Treatment Group [F(1, 80)=22.17, p<0.01], and of Days
[F(1, 80)=525.3, p<0.01], in addition to a significant Days X Dosing Condition interaction
[F(1, 80)=510.1, p<0.01]. The main effect of Sex demonstrated that females had reduced
body weights compared to males (15.7g ± 0.31 vs. 16.5g ± 0.32, respectively). Newman-
Keuls post-hoc tests of the Days X Dosing Condition interaction showed that weights did
not differ across groups (p>0.36) on PD7 (Group SI, 14.7g ± 0 .24; Group 5.25g and 15.1 ±
0.28). On PD9, Group 5.25g (14.7g ± .29), weighed significantly less than Group SI (18.9g
± .34; p<0.01).

A 2 (Treatment Group) X 2 (Sex) factorial ANOVA performed on PD31–32 weights
revealed significant main effects of Treatment Group [F(1, 79) = 10.03, p< 0.01] and Sex
[F(1, 79) = 16.04, p< 0.01]. Group 5.25g weighed less than Group SI (89.6 ± 2.1g vs. 96 ±
1.6g, respectively) and females showed reduced body weights compared to males (89.1g ±
1.6 vs. 98g ± 2.0g, respectively).

BACs taken from blood samples of Group 5.25g on PD7 was not influenced by Sex (p>
0.69). Samples taken from Group 5.25g (n=37 out of 38) showed an average BAC of 412.0
± 7.56 mg/dl.

5.2.3 Sample Phase (Figure 10)—In order to ensure developmental alcohol exposure
did not affect baseline exploratory levels, the total amount of exploration during the sample
phase for Task, Treatment, and Sex were analyzed using a mixed factorial ANOVA.
ANOVA revealed only a main effect of Task [F(1,78)=8.0, p<0.006] and no interaction
effects involving any other grouping variable (Fs<0.77).

5.2.4 Testing Phase (Figure 11)—A factorial ANOVA on the total exploration time
ratio with Sex, Treatment and Task as factors, revealed a main effect of Task
[F(1,78)=17.49, p<0.001], with significantly greater exploration time ratios for the Object
compared to the Spatial task. There were no other main or interaction effects involving any
grouping variable (Fs<0.83).

One-sample t-tests on exploration ratios compared to chance performance revealed high
novel object preference, regardless of treatment [Group SI total time: t(22)=8.16, p<.001; 1st

min: t(22)=8.56, p<.001; 2nd min: t(19)=3.19, p<.005; 3rd min: t(20)=2.81, p<.02; Group
5.25g total time: t(18)=6.2, p<.001; 1st min: t(18)=10.82, p<.001; 2nd min: t(17)=1.09, p>.
292; 3rd min: t(16)=1.98, p>.066]. Both Group SI and Group 5.25g indicated significant
spatial novelty preference [Group SI total time: t(24)=1.20, p>.241; 1st min: t(22)=2.54, p<.
019; 2nd min: t(22)=−0.09, p>.929; 3rd min: t(22)=−.138, p>.891; Group 5.25g total time:
t(18)=4.11, p<.001; 1st min: t(18)=3.37, p<.004; 2nd min: t(18)=1.04, p>.31; 3rd min
t(17)=2.23, p<.04]. Intact novel spatial recognition for Group 5.25g suggests that this task is
not sensitive to neonatal alcohol during this treatment window (PD7–9) and with our current
spatial task parameters.
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6. General Discussion
Four experiments behaviorally characterized the non-spatial OR (novel object recognition)
task and the spatial OL (object location) task during development in the rat. Experiment 1A
demonstrated the ability of normal-developing juvenile rats to perform both the OR and OL
tasks. Experiment 1B extended these findings to pups as young as PD21. Experiment 2
determined that performance of the OL but not OR task requires NMDA receptor function.
Lastly, Experiment 3 found that neonatal alcohol exposure does not disrupt performance in
either task.

Experiment 1 showed that the ability of rats to perform both the OR and OL tasks is
apparent by PD31. Previous reports have demonstrated performance of the OR task by
PD18–24, with delays ranging from 1min to 1hr between the sample and testing phases [2,
3, 47, 48, 55, 56]. However, data concerning when spatial object recognition emerges is
conflicting [2, 3, 48]. Based on these reports, Experiment 1 tested a juvenile age (PD31)
which was expected to show evidence of novelty exploration in the OL task, in order to
confirm test parameters in our lab. Subsequently, the optimal conditions (3 total habituation
sessions, object identity for the OL task) were used to examine the ontogeny of these tasks
(Experiment 1B).

The present report shows that the OL task can be performed in pups tested as young as
PD21. Recently, Ainge & Langston reported the emergence of an object-in-place (OiP;[16])
task by PD30; however this ability was not seen in pups at PD24 [2]. In comparison, Kruger
et al. demonstrated performance in the OL task by PD15–17 [3]. This discrepancy may be
due to the variation in task demands. Kruger et al. incorporated an OL task similar to the one
used in the current report, in which a familiar object was moved to a different spatial
location which was never experienced during the sample phase. Ainge & Langston,
however, presented two distinct objects during the sample phase and two identical objects
during the testing phase. In this manner, one of the testing objects was presented in the same
location as in the sample phase, but the other object was situated in the location that was
previously occupied by the different object. The OL task used in the current report differs
from the OiP task used by Ainge and Langston in two ways. First, in the latter task,
processing both object identity and object location information is necessary whereas
processing object identity information is not required in the OL task. Secondly, in order to
make their task hippocampal dependent, Ainge & Langston used different start locations on
different trials or between the sample and test phase of a trial. This is thought to promote the
association between objects and their locations in an allocentric spatial framework [57]. In
support of Kruger et al., then, the current findings extend this previous developmental work
by demonstrating the ability of developing rats tested on PD21, 26 and 31 to distinguish
familiar objects that have changed spatial location. Further research is needed to determine
how differences between the paradigms used by Ainge & Langston versus Kruger et al., and
the present study may account for the variation in developmental onset of spatial processing
of objects.

The ability of PD21 rats to recognize familiar objects presented in a novel location indicates
that incidental spatial learning has emerged during the weanling period of development.
Another form of incidental learning, the context preexposure facilitation effect (CPFE) is a
variant of contextual fear conditioning in which acquisition of the context representation,
association of the representation with shock and retrieval of that association occur on
separate days [58]. Typically, rats given exposure to the shock context on the first day
display increased levels of freezing to the same context during testing on the final day. The
contextual memory acquired on the first day is incidental due to the absence of
reinforcement. The CPFE develops around PD21 [7, 49] and requires HPC function during
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acquisition of the context on PD24 [45]. The finding that neonatal hippocampal lesions
disrupt OL performance by PD15–17 [3] contrasts with the absence of the CPFE at this age.
One difference between these two incidental learning paradigms is the addition of a long-
term consolidation component in the CPFE, compared to the OL task. It may be that pups as
young as PD15–17 would not be able to perform the OL task if a longer delay were imposed
between the sample and testing phases (e.g., 24-hr). In general, though, the ontogenetic
profiles of the incidental learning OL task presented here are consistent with other
reinforcement-driven and incidental hippocampal- dependent tasks [5, 59–62]

The NMDA glutamate receptor subtype has been widely implicated in synaptic plasticity
and various forms of behavioral learning and memory [63, 64]. Since the OR and OL tasks
recruit brain areas containing a high density of NMDArs [65], Experiment 2 sought to
determine the role of these receptors in both tasks. Experiment 2 showed that NMDAr
function is necessary for performance in the OL but not OR task. However, other studies
report impairment of OR following NMDAr antagonist administration depending on the
retention interval. In contrast to the 5-min delay used here, systemic and intrahippocampal
NMDA antagonists administered prior to acquisition in the OR task disrupt performance
with delays ranging from 1 to 24hr [20–23, 25, 66]. It may be that the OR task becomes
increasingly difficult as the delay increases, possibly requiring greater NMDAr involvement
and/or additional brain structures (e.g., HPC and/or PFC; but see, [67]).

In adult animals, NMDAr antagonists disrupt performance on variants of the OL task when
administered both systemically [25] or via localized AP5 infusions into dentate gyrus, CA3
and CA1 [26]. Conversely, Ozawana et al. report enhanced performance following systemic
administration of D-cycloserine (DCS; an NMDAR agonist) either before or after encoding
or prior to testing [68]. The role of NMDArs has also been implicated in other hippocampal-
dependent incidental learning tasks during adulthood, including spontaneous alternation and
the CPFE [69, 70]. However, the current report is the first to administer an NMDAr
antagonist during performance of both the OR and OL tasks in juvenile rats. The sensitivity
of the OL task to NMDA disruption at this age confirms previous studies from our lab
involving various reinforcement-driven spatial tasks that engage a variety of brain regions
[43, 51, 71]. The present findings extend this developmental work from our lab by
highlighting the function of NMDArs in the OL versus OR tasks.

To our knowledge, the current report is the first to examine the developmental effects of
neonatal ethanol exposure in either the OR or OL task in juvenile rats. When testing occurs
in adulthood, prenatal alcohol exposure has no effect in a reinforced delayed non-match to
sample (DNMS) object recognition task, with delays of up to 5-min between the sample and
testing phase [72]. Intact OR performance has also been demonstrated during adulthood
following ethanol injections administered on PD7, with a 30-min delay [73]. On the other
hand, one study using mice reported impaired performance following PD7 ethanol injections
in the OL task during adulthood, using a 24hr retention interval [74]. Similar alcohol-
induced deficits are evident in the CPFE which requires that incidental spatial learning is
retrieved after a 24-hr retention interval [27, 28], see above. In light of the current findings,
then, it may be that neonatal alcohol exposure would impair the OL task if a longer delay
was imposed between the sample and testing phase.

The current set of experiments sheds light onto various mechanisms involved in memory of
object identity and object location during development. The finding that performance of the
OL task is present by PD21, along with our previous reports demonstrating the CPFE by this
same age, provides converging evidence for the development of incidental spatial learning
around the time of weaning. Experiment 2 extends previous studies of adult rats by
demonstrating a role of NMDArs in the OL but not OR task during the juvenile period of
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development. Finally, the current report is the first to examine the effect of neonatal alcohol
exposure on performance in these tasks in the juvenile rat. While results from Experiment 3
indicate a lack of an alcohol effect at a short retention interval, it is possible that alcohol
would disrupt performance if a longer delay is imposed between the sample and testing
phases (e.g., 24hr [74]). The results reported here provide a foundation for additional
empirical work characterizing the ontogenetic emergence, the role of NMDARs and
neonatal ethanol exposure in memory for object identity and their spatial locations.
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Abbreviations

BAC blood alcohol concentration

CPFE context preexposure facilitation effect

FASDs fetal alcohol spectrum disorders

GD gestational day

NMDAr NMDA-receptor

OiP object-in-place task

OL object location task

OR object recognition task

PD postnatal day

SI sham intubated
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Highlights

• Object and spatial novelty recognition is evident around the time of weaning

• Spatial recognition requires NMDA receptor function in juvenile rats

• Neonatal alcohol exposure does not impair novel object or spatial recognition
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Figure 1.
Relative Dimensions. Relative dimensions of the open field arenas for 2 possible
combinations of object placement. For the object recognition (OR) task, objects were
positioned in standard locations (S) during both the sample and testing phase. For the object
location (OL) task, objects were positioned in S for the sample phase. During testing, one
object was moved to a novel location (n). Quadrants are labeled 1,2,3,4. Configuration 1
(left); Configuration 2 (right).
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Figure 2.
Stimulus Objects. Photographs of objects used (A, B and C) in the OR and OL tasks.
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Figure 3.
General Procedure. The general procedures used in the standard novel object recognition
(OR) and novel object location recognition (OL) tasks. (A) Schematic of the OR task in
which 2 identical objects were presented during the sample phase (5-min). Following a 5-
min delay, one of the familiar objects was replaced with a novel object at testing (5-min).
(B) Schematic of the OL task in which 2 identical objects were presented during the sample
phase (5-min). Following a 5-min delay, one of the familiar objects was moved to a novel
location at testing (5-min).
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Figure 4.
Mean (+/− SE) Object exploration time (s) during the 5-min Sample Phase for Experiment
1A. OR (left panel) and OL tasks (right panel). Group 1 = 1 habituation session to the empty
arena; Group 3 = 3 habituation sessions. OR, Group 1 n=16; Group 3 n=15; OL, Group 1
n=18; Group 3 n=20.
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Figure 5.
Mean (+/− SE) Exploration ratios during the 3-min Testing Phase for Experiment 1A. OR
(left panel) and OL tasks (right panel). From left to right, Epoch includes total testing time,
1st min, 2nd min and 3rd min. Group 1 = 1 habituation session to the empty arena; Group 3
= 3 habituation sessions. Both groups show significant preference for the novel object and
novel location. Group n s for the total time, 1st min, 2nd min and 3rd min of testing for OR:
Group 1 n=16, 16, 13, 12; Group 3 n=18, 18, 17, 15; OL: Group 1 n=15, 15, 15, 14; Group 3
n=20, 20, 20, 17. Dotted line indicates chance performance. Significant differences from
chance performance are indicated for each group (*p < .01; #p < .05).
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Figure 6.
Mean (+/− SE) Object exploration time (s) during the 5-min Sample Phase for Experiment
1B. OR (left panel) and OL tasks (right panel). No significant differences were found
between age group for either task. OR, PD21 n=14; PD26 n=17; OL, PD21 n=13; PD26
n=17.
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Figure 7.
Mean (+/− SE) Exploration ratios during the 3-min Testing Phase for Experiment 1B. OR
(left panel) and OL tasks (right panel). From left to right, Epoch includes total testing time,
1st min, 2nd min and 3rd min. Both age groups show significant preference for the novel
object, as well as novel location. Group n s for the total time, 1st min, 2nd min and 3rd min
of testing for OR: PD21 n=14, 14, 14, 13; PD26 n=17, 17, 17, 17; OL: PD21 n=13, 13, 13,
11; PD26 n=17, 17, 16, 15. Dotted line indicated chance performance. Significant
differences from chance performance are indicated for each group (*p < .01; #p < .05).
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Figure 8.
Mean (+/− SE) Exploration time (s) during the 5-min Sample Phase for Experiment 2. OR
(left panel) and OL tasks (right panel). No significant differences were found between
treatment groups for either task. OR, SAL n=15; MK n=13; OL, SAL n=12; MK n=15.
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Figure 9.
Mean (+/− SE) Exploration ratios during the 3-min Testing Phase for Experiment 2. OR (left
panel) and OL tasks (right panel). From left to right, Epoch includes total testing time, 1st
min, 2nd min and 3rd min. MK-801 impaired performance of the OL task but not the OR
task. Group n s for the total time, 1st min, 2nd min and 3rd min of testing for OR: SAL
n=15, 15, 15, 15; MK n=13, 13, 13, 13 and OL: SAL n=15, 15, 15, 15; MK n=12, 12, 12,
10. Dotted line indicated chance performance. Significant differences from chance
performance are indicated for each group (*p < .01; #p < .05).
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Figure 10.
Mean (+/− SE) Exploration time (s) during the 5-min Sample Phase for Experiment 3. OR
(left panel) and OL tasks (right panel). No significant differences were found between
treatment groups for either task. OR, SI n=23; 5.25g n=19; OL, SI n=25; 5.25g n=19.
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Figure 11.
Mean (+/− SE) Exploration ratios during the 3-min Testing Phase for Experiment 2. OR (left
panel) and OL tasks (right panel). From left to right, Epoch includes total testing time, 1st
min, 2nd min and 3rd min. Both treatment groups show significant preference for the novel
object and novel location. Group n s for the total time, 1st min, 2nd min and 3rd min of
testing for OR: SI n=23, 23, 20, 21; 5.25g n=19, 19, 18, 17 and OL: SI n=25, 23, 23, 23;
5.25g n=19, 19, 18, 19. Dotted line indicated chance performance. Significant differences
from chance performance are indicated for each group (*p < .01; #p < .05).
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