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Abstract. Alzheimer’s disease (AD) is a progressive neurodegenerative disorder and the A�PP/PS1 transgenic mouse model
is a commonly used experimental model to mimic the pathological and cognitive impairments in AD. As a classic method to
evaluate spatial learning and memory, the Morris water maze is widely applied to study the cognitive deficits in rodent AD
models. However, the assay procedure is relatively complicated and requires a properly equipped environment. The novel object
recognition test is a relatively simple and straightforward method to test working memory in rodents. However, whether the
latter can be used as a common tool for evaluating the therapeutic effects of drugs in the A�PP/PS1 transgenic AD mouse
model remains unclear. In the present study, we assessed the cognitive impairment of A�PP/PS1 AD mice with the novel object
recognition test. In parallel, Morris water maze was performed and compared with the novel object recognition study. Both
assays worked equally well in evaluating the cognitive defect of A�PP/PS1 mice. Furthermore, we drew similar conclusions
from the novel object recognition assay as from the Morris water maze in assessing the therapeutic effects of two previously
reported compounds, donepezil and naltrindole, on AD. We found the novel object recognition to be a facile assay with almost
no stress to mice and think it could be used as an ideal primary screening assay to evaluate drug effects on A�PP/PS1 AD model.
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INTRODUCTION

Alzheimer’s disease (AD) is a progressive neu-
rodegenerative disorder, with cognitive, memory, and
behavioral impairments. In AD patients, plaques
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composed of the aggregated amyloid �-peptide (A�)
and tangles containing the hyperphosphorylated tau
protein distribute across certain regions of the brain
[1]. In order to mimic the pathological development
of AD, several mouse models have been introduced.
Similar to AD patients, these mice suffer from progres-
sive decline in learning and memory. One popular AD
model is the amyloid-� protein precursor/presenilin 1
(A�PP/PS1) double transgenic mice. These mice
carry a mouse/human chimeric A�PP containing the
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K595 N/M596 L Swedish mutations and the exon 9-
deleted form of human PS1, a core component of the
�-secretase complex. Increased sequential cleavage of
A�PP by �-secretase and �-secretase promotes A�
generation and plaque formation. An age-dependent
increase of A� depositions has been documented in
A�PP/PS1 mice and these animals display cognitive
deficits at the age of 6 months [2, 3].

Many behavioral tests have been created to eval-
uate the cognitive deficits relevant to AD pathology
in rodent models. The Morris water maze is the most
commonly applied method to test the spatial memory
in rodents [4]. Tests concerning contextual memory,
such as fear conditioning, is widely used to measure
hippocampal functions [5] and can also be applied in
AD mouse models [6]. Y-maze and T-maze, in com-
bination with positive or negative stimulus which help
to define conditional, trial-specific information that is
used by the animals to select between response options
[7], are often used to test working memory in AD
animal models [3, 8]. The novel object recognition
test was first proposed by Ennaceur and Delacour in
1988. This test is based on the spontaneous behav-
ior of rats to interact more with a novel object than
with a familiar one [9]. Unlike Morris water maze, this
test does not concern the spatial reference memory of
the animals. The experiment consists of two phases.
In the training phase, rats are allowed to explore two
identical objects. In the testing phase, one of the two
identical objects is replaced by a novel one. Depend-
ing on the length of the delay between the two trials,
the rats will either explore the novel object for a longer
time period, indicating memory for the familiar object;
or will explore the novel and familiar objects for the
same amount of time, indicating a lack of recall or
loss of memory for the familiar object presented dur-
ing the initial trial. This assay was used to detect the
deficits in learning and memory in scopolamine- or
A� peptide-induced AD models [10, 11], or trans-
genic (TgCRND8 and Tg2576) AD models [12, 13].
A recent report also used novel object recognition to
show cognitive improvement by compound treatment
in the A�PP/PS1 mice [14]. However, no detailed com-
parison has been made between the classic Morris
water maze and novel object recognition tests, and
whether or not the latter can be used as a common
tool for evaluating the therapeutic effects of drugs
in A�PP/PS1 transgenic AD mouse model remains
unclear.

In the present study, we assessed the cognitive
impairment of A�PP/PS1 AD mice with the novel
object recognition test. In parallel, Morris water maze

was performed and compared with the novel object
recognition study. Both assays worked equally well in
evaluating the cognitive deficits in A�PP/PS1 mice.
Furthermore, the novel object recognition assay led to
similar conclusions as the Morris water maze in assess-
ing the therapeutic effects of two previously reported
compounds, donepezil and naltrindole (NTI), on AD.
We found novel object recognition to be a facile assay
with almost no stress to mice, and that it could be used
as an ideal primary screening assay to evaluate the drug
effects on A�PP/PS1 AD model.

MATERIALS AND METHODS

Animals

A�PP/PS1 mice carrying a chimeric mouse/human
A�PP with the K595 N/M596 L Swedish mutations
and the exon-9-deleted variant of human PS1 on a
C57BL/6 background were obtained from Jackson
Laboratory (stock number 004462). Wild type (WT)
littermates were used as control. Animals were housed
up to 5 in each cage under the standard conditions. Mice
had free access to food and water under a 12 h/12 h
light/dark cycle (light on from 09 : 00 to 21 : 00). One-
week before behavioral tests, animals were habituated
in a room with reversed 12 h/12 h light/dark cycle
(light off from 09 : 00 to 21 : 00). All procedures were
in accordance with institutional guidelines for animal
care and administration.

Drug treatment

Donepezil hydrochloride and NTI were obtained
from Eisai China Inc., and Sigma, respectively. The
drugs were dissolved in distilled water. Four month
old AD mice were randomly divided into 3 groups.
Vehicle group (n = 10, 6 males and 4 females) received
distilled water daily (0.2 ml per mouse). The remain-
ing 2 groups received daily oral administration of
donepezil (2 mg/kg, n = 11, 6 males and 5 females) or
NTI (5 mg/kg, n = 13, 7 males and 6 females) for 3
months. Their WT littermates (n = 14, 7 males and 7
females) received water orally. Behavioral tests were
performed after 3 months of treatment. The treat-
ment continued during the tests until the mice were
sacrificed.

Novel object recognition

The novel object recognition test was modi-
fied from a previously described method [13]. The
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Fig. 1. a) Schematic representation of novel object recognition assay. Following pre-habituation and habituation in the empty boxes, mice were
allowed to explore an identical pair of objects placed in the boxes for 10 min as the training session. After 1 h stay in the home cage, the mice
were returned to the arena where two objects, one familiar and one novel, were placed. The time mice spent in exploring the two objects was
recorded. The arrows indicate the novel objects in the two boxes. b) The diagram of the Morris water maze pool with the platform (black dot)
and the five starting positions in daily trials and the probe trial (gray dots). The dash lines separate the four quadrants of the pool and the dash
line circle indicates the area of five times the platform diameter centered at the platform location.

detailed procedures are schematically represented
in Fig. 1a. The apparatus consists of an evenly
illuminated sound-proof box with a plexiglass box
(25 cm × 25 cm × 25 cm) inside. The mouse behav-
ior is recorded with a video camera. The procedure
includes 4 phases: pre-habituation, habituation, train-
ing, and testing. On the 1st day, animals were brought to
the testing room 30 min before the experiment to famil-
iarize with the environment. Mice were then allowed
to freely explore the box in the absence of objects for
5 min. On the 2nd and 3rd day, mice were habituated
to the empty box for 20 min per day. On the 4th day,
each mouse took a training trial followed by a test-
ing trial. During the training trial, two identical objects
were placed at two opposite positions within the box at
same distance from the nearest corner. The mice were
allowed to explore the identical objects for 10 min and
then returned to their home cages. One hour later, ani-
mals were placed back to the same box, where one of
the two familiar objects was switched to a novel one, to
start a 5 min testing phase. All objects used in this study
were different in shapes and colors but identical in size.

They were fixed on the floor of the box to avoid move-
ment. To preclude the existence of olfactory cues, the
entire box and objects were always thoroughly cleaned
with water after each trial.

Object exploration time was defined as the length of
time when animal directing its nose within 2 cm dis-
tance to the object, or sniffing or pawing the object.
Sitting or standing on the object was not recognized as
exploration. The exploration time was analyzed man-
ually using 2 stop watches. In the training session, the
location preference in the training phase and recog-
nition index (RI) in the testing phase were calculated
using the following formula:

Location preference = Time exploring one of the
identical objects/Time exploring the identical object
pairs × 100%

Recognition index (RI) = Time exploring novel
object/(Time exploring novel object + Time exploring
familiar object) × 100%

Location preference was used as an environmental
control, which should be 50%, to rule out the influ-
ence of the location of the object. Animals with a total
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exploration time of less than 3 s during testing session
were excluded from analysis.

Morris water maze

The water maze consists of a circular pool (1.2 m
in diameter) filled with water (22 ± 1◦C). White, non-
toxic plastic beads were spread over the surface in
order to make the water surface opaque and to have
a good contrast to the black color of the C57BL/6
mice. A CCD camera was installed above the pool and
connected to a computerized tracking system. Distal
visual cues were fixed to the room walls. Four posi-
tions around the pool were artificially specified as north
(N), south (S), east (E), and west (W) and the pool was
divided into four quadrants (Fig. 1b). In the hidden
platform training session, a white platform (8 cm in
diameter) was placed in the middle of the SW quad-
rant and 1 cm beneath the surface of the water. Mice
were trained 4 times a day. Each mouse was placed
into the pool facing the wall with the start location at
N, E, NW, or SE positions, and the sequence of the
starting location was randomly balanced. In each trial,
the mouse was given a maximum of 60 s to escape to
the platform. The animal succeeded in finding the plat-
form within 60 s was kept on the platform for 15 s. If
the mouse failed to find the platform within 60 s, it
was guided to and allowed to stay on the platform for
15 s. The training session was conducted for 6 con-
secutive days in which the platform was never moved.
The latency to escape was calculated as the average
time to find the platform of the 4 trials within one day.
Memory retention was evaluated on the 7th day with
a probe trial in which the platform was removed. The
mice were put into the pool at the NE position, and
allowed to swim freely in the pool for 60 s. The swim-
ming paths of the mice were recorded. The time spent
in the target quadrant where the platform used to be, or
the area of five times the platform diameter centered
at its former location was measured. Meanwhile, the
times the mice crossed the area where the platform had
been placed were counted and the swimming speed was
calculated.

Brain tissue preparation

Mice were anesthetized with 10% chloral hydrate
and perfused with saline. The brain was quickly
removed and one hemisphere was dissected and fixed
in freshly prepared 4% paraformaldehyde at 4◦C
overnight. Then the brain hemisphere was soaked
in 10%, 20%, and 30% sucrose sequentially for

24 h. Tissue was embedded in tissue embedding
medium (30% sucrose, 30% ethylene glycol) and
snap-frozen on dry ice. The brains were cut into
14 �m thick serial sections in the coronal plane
with a freezing microtome at −20◦C. Tissue sections
were then stored in the section protection solution at
−20◦C.

Thioflavin S staining for Aβ aggregation

Thioflavin S, a dye commonly used to stain �-
sheet structures [15, 16], was used to visualize the
amyloid plaque in cortex and hippocampus. A series
of tissue sections of similar brain regions from dif-
ferent mice were selected for staining. The sections
were washed 3 times with 0.1 M phosphate buffer
(PB, 0.1 M KH2PO4 and 0.08 M NaOH, pH = 7.4)
for 5 min and then incubated in 0.1% thioflavin S
for 8 min followed by washing in 70% ethanol for
5 min. Then the tissue sections were incubated in PB
for 5 min and mounted on the slides. Images were
acquired using Olympus IX71 fluorescence micro-
scope. The thioflavin S positive area in the brain
sections was analyzed using Image-Pro Plus 5.1 soft-
ware. All mice were subjected to the staining and for
each mouse, 6∼8 sections of each brain region were
analyzed.

Immunohistochemistry

After washing thrice with PB, the brain sections
were permeabilized in antibody dilution buffer (0.2%
Triton X-100 and 1% BSA in PB) for 20 min at room
temperature. Then the brain sections were incubated
with rat anti-GFAP primary antibody (1 : 2000, Invit-
rogen) overnight at 4◦C. After washing, the sections
were incubated with Alexa Fluor 488-congjugated
goat anti-rat antibody (1 : 1000, Invitrogen) for 1 h
at room temperature in the dark. The percentage of
GFAP positive area in the sections was analyzed
using Olympus IX71 fluorescence microscope and
Image-Pro Plus 5.1 software. All mice were sub-
jected to the immunohistochemistry staining and for
each mouse, 6∼8 sections of each brain region were
analyzed.

Statistical analysis

All data were expressed as means ± S.E.M. Two-
way ANOVA test was used to analyze the escape
latency in Morris water maze. The statistical sig-
nificance of other comparisons was analyzed with
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one-tailed Student’s t-test. p < 0.05 was considered as
statistically significant.

To further establish the correlation between the
novel object recognition and Morris water maze exper-
iments, we introduced scatter plot to analyze the data of
each mouse obtained from the two behavioral tests. X-
axis represents the recognition index obtained from the
novel object recognition and Y-axis represents various
performance parameters of the same mouse in Mor-
ris water maze, including platform location crosses,
time in target quadrant, and time in the area of five
times the platform diameter centered at the platform
location. Mice with data points located in the lower
left field showed memory deficits in both tests, while
mice with data points located in the upper right field
performed good in both tests.

RESULTS

Selection of suitable object pairs for the novel
object recognition test

Different features of the objects, such as size, shape,
material, presence of protrusions/intrusions, texture
of the surface and brightness of the color, greatly
influence the interaction between the rodents and the
objects [17–20]. To make sure that the mice were not
attracted more to one object than the other, we care-
fully selected the object pairs with the protocol shown
in Fig. 1a with WT mice. We chose objects with a sim-
ple shape, washable materials (e.g., odorless plastic or
metal), similar size as mice, and colors with compara-
ble brightness for pre-screening. As shown in Fig. 2a,

Fig. 2. Donepezil and NTI treatment improve the recognition index of A�PP/PS1 mice in novel object recognition test. Various object pairs
were pre-screened according to the protocol described in Fig. 1. a) Example of unsuitable object pairs. Mice preferred one object (the green
wooden cube) in the pair. b) Example of suitable object pairs. Mice showed no preference of the object, but explored the novel one (arrow)
more. c, d) Performance of mice in novel object recognition after donepezil and NTI treatment. WT littermates (n = 14) and AD mice treated
with vehicle (n = 10), donepezil (n = 11), or NTI (n = 13) were subjected to the novel object recognition test using pre-selected object pairs. c)
The location preference is calculated as the percentage of time a mouse spent in exploring one of the two identical objects within the 10 min
training session. d) The recognition index is calculated as the percentage of time a mouse spent exploring the novel object in the 5 min testing
session. Data represent mean ± S.E.M. **p < 0.01 versus WT; ##p < 0.01 and ###p < 0.001 versus AD vehicle controls (Student’s t-test).
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the green wooden cube and plastic sphere were not a
good pair since no matter which object was chosen
as the novel one (arrow), the mice always preferred
the wooden cube. In contrast, when using the plas-
tic dice and plastic sphere as an object pair, the mice
spent more time exploring the novel object (arrow)
and gave similar recognition index regardless of the
objects (Fig. 2b). Many object pairs were tested and
only the suitable ones were used in the experiments
below.

Novel object recognition is a facile behavior test
for evaluating drug effects in AβPP/PS1 mouse
model

We used two chemicals, donepezil, a clinically
approved drug (trade name Aricept) for AD, and NTI,
a DOR antagonist reported to alleviate the behavioral
deficits of AD mice in Morris water maze [21], to vali-
date the performance of novel object recognition assay.
The wild type littermates were given water as control.
The assay was carried out according to the timeline
shown in Fig. 1a. We found no significant difference
in the time that mice spent exploring the two identical
objects placed in diagonal locations during the train-
ing phase, indicating the location of the objects does
not affect the exploration behavior of mice (Fig. 2c).
In the testing phase with two different objects (one
novel, the other familiar), WT mice explore the novel
object for a longer time period with RI at approxi-
mately 68%, indicating their memory for the familiar
object. In contrast, AD mice treated with vehicle had
a significantly lower RI at 55%, which is consistent
with their impaired cognitive function. When given
daily for 3 months, both donepezil (2 mg/kg) and NTI
(5 mg/kg) significantly increased the RI in AD mice to
approximately 70% and 71%, respectively, reflecting
the therapeutic effect of these drugs on AD animals
(Fig. 2d).

In parallel, we tested the mice in the classic Mor-
ris water maze to compare the performance of these
two different methods. The average latencies for the
mice to find the platform in the water maze are shown
in Fig. 3a. All mice showed diminishing latency over
the 6 training days with the first day at approximately
50 s. As expected, WT mice showed significantly
shorter escape latency than the AD mice treated with
vehicle (p < 0.001), confirming the impaired spatial
learning in the AD mice. Compared to the AD vehicle
group, the NTI group showed significantly decreased
escape latency, indicating the improvement in spa-
tial learning (p < 0.01). Donepezil also significantly

reduced the escape latency in AD mice, which is in
agreement with its well-established therapeutic effect
in AD patients. In the probe trial, the escape plat-
form was removed and the swimming path of each
mouse was recorded and analyzed. The WT mice
showed a focal search in the target quadrant where
the platform used to be located. Similar search pat-
terns were observed in NTI- or donepezil-treated
mice. In contrast, the vehicle-treated AD mice showed
an aimless searching strategy (Fig. 3b). The analy-
sis of platform crossing, time in target quadrant and
time in the area of five times the platform diame-
ter all showed a significant difference between WT
and AD vehicle group (Fig. 3c–e). Donepezil-treated
AD mice showed a significant increase in the number
of platform crossing compared to the vehicle con-
trol group, whereas the NTI-treated group showed a
similar tendency. However, both drug-treated groups
showed only an increased tendency in time spent
in the target quadrant or in the area of five times
the platform diameter, suggesting the lack of sen-
sitivity in this method. There was no significantly
difference in swim speed between groups (Fig. 3f).
These data suggests that the results from the novel
object recognition test is consistent with the results
generated from Morris water maze, and that the
novel object recognition test is an easier and poten-
tially more sensitive method to evaluate compound
effect.

NTI or donepezil treatment alleviates
the pathological signs in the brain
of AβPP/PS1 mice

A� deposition and astrocyte activation in the brain
are typical pathological signs of AD patients and ani-
mal models. The A�PP/PS1 mice have been reported
to show A� deposition in the cortex and hippocam-
pus at 6 months of age [2]. The mice used in the
behavioral tests were sacrificed and A� deposition and
astrocyte activation were investigated to confirm the
therapeutic effects of the drugs. AD mice developed
a significant numbers of plaques at 8 months, while
no A� plaque was observed in the WT mice (Fig. 4a).
NTI-treated mice had significantly less A� deposits
in both cortex and hippocampus (Fig. 4a, c and d),
which agreed with our results from behavioral tests and
previously proposed mechanism that NTI reduces A�
generation [21]. Donepezil, as an acetylcholinesterase
(AchE) inhibitor, showed less prominent influence
on A� plaque formation in hippocampus but signif-
icantly reduced the plaque formation in cortex. A�
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Fig. 3. Donepezil and NTI treatment improve the spatial learning and memory of A�PP/PS1 mice in Morris water maze task. Mice participated
in the novel object recognition test were used in this assay. a) The average latency to escape to the hidden platform. ***p < 0.001, ##p < 0.01
(two-way ANOVA test). b) Representative swimming paths from different treatment groups. The black dot indicates the previous platform
location and the dash line circle indicates the area of five times the platform diameter centered at the platform location. c) The times of platform
crossing. d-e) The percent of time mice spent in target quadrant or in the area of five times the platform diameter in the probe trial. **p < 0.01 and
***p < 0.001 versus WT; #p < 0.05 versus AD vehicle controls (Student’s t-test). f) The swimming speed of mice from different treatment groups.

deposition is usually associated with inflammatory
responses [22]. In the AD mouse model, A� plaques
are usually surrounded by large numbers of acti-
vated astrocytes, which appeared as GFAP positive
clusters in brain sections [23]. Compared with vehicle-
treated AD mice, the NTI-treated group showed a
significant reduction in GFAP positive areas (Fig. 4b

and e), while the donepezil-treated group only dis-
played a tendency of reduction. These data agree
with the previous study that blocking DOR activation
leads to decreased �-secretase activity and reduced
inflammation reaction in brain [21]. However, the
lack of a significant reduction of astrocyte activa-
tion by donepezil might reflect the character of this
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Fig. 4. Pathological analysis of the brain sections from A�PP/PS1 AD mice. a) Thioflavin S staining of amyloid plaques in the cortex and
hippocampus. b) Astrocyte activation revealed by GFAP staining in the cortex. c–d) Quantitative analysis of plaque area in a. e) Quantification
of GFAP positive area in b. Bars indicate mean ± S.E.M. (n = 10∼13 per group). For each mouse, 6∼8 brain sections from either cortex or
hippocampus were analyzed. *p < 0.05 versus AD vehicle group (Student’s t-test).

compound as an AchE inhibitor rather than an inflam-
mation inhibitor.

Cognitive deficits of AD mice observed in novel
object recognition correlate well with that found
in Morris water maze

A straightforward way to access the correlation
between these two assays is to prepare figures with

the X-axis and Y-axis representing the performance
of novel object recognition and Morris water maze,
respectively, and analyzing the data with linear regres-
sion. However, as shown in Fig. 5, data from these
behavioral tests were rather discrete and were not suit-
able for regression analysis. Although difficult to draw
a regression line from these scattered data point, we
were still able to distinguish different distribution pat-
terns of the data generated from AD or WT mice. Most
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Fig. 5. The correlation between the novel object recognition test and Morris water maze test. The novel object recognition indexes of mice
from the WT (n = 14), AD vehicle group (n = 10) and donepezil-treated group (n = 11) were plotted against various parameters generated from
the Morris water maze test. a) The relationship between the recognition index and number of platform location crosses. b) The relationship
between the recognition index and time in target quadrant. c) The relationship between the recognition index and time in the area of five times
the platform diameter. d) The relationship between the recognition index and swim speed.

of the data from AD mice scattered at the lower left
field, while most of the data from WT mice located at
the upper right field. These distribution patterns remind
us of the scatter plots commonly used in FACS data
analysis with two fluorescent labeling (double positive
located at the upper right field, while double negative
located at the lower left field). Therefore, enlightened
by the scatter plot from FACS analysis, we analyzed
our data in a similar way. According to the distribu-
tion pattern of AD and WT mice, each scatter plot can
be divided into four quadrants using 55% (50% if by
chance) of the RI as the separation point on the X-
axis, and 2 times of platform crossing, 30% (25% if
by chance) of the time in the target quadrant, and 20%
(approximately 10% if by chance) of the time in the
area of five times the platform diameter centered at the
platform location as the separation points on the Y-axis.
More than 60% of the WT mice performed well in both
novel object recognition and Morris water maze tests
and their data fell into quadrant A in all three types of

analysis. Only about 10% of the WT mice performed
poorly in both tests and fell into quadrant B (Fig. 5a–c
and Table 1). In contrast, only 10% of the AD mice
fell into quadrant A and the majority (50–70%) fell
into quadrant B (Fig. 5a–c and Table 1), indicating the
poor performance in both assays due to their cogni-
tive defects. When plotting swimming speed against
recognition index, no separation patterns of AD and
wild type mice were observed (Fig. 5d).

The drug-treated group was also analyzed in the
same plot. As expected, donepezil-treated AD mice
showed a distribution pattern more similar to the WT
mice rather than the vehicle-treated AD mice. More
than 45% of the donepezil-treated AD mice appeared
in quadrant A and only a small portion (less than
20%) remained in quadrant B. Similar result was also
obtained with NTI (data not shown), indicating the
therapeutic effects of the drug. These results suggest
that data generated with the novel object recognition
test correlate well with the data from Morris water
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Table 1
The correlation between the novel object recognition test and Morris water maze test. The percentage of animals performed well (corresponding

to the quadrant A in Fig. 5a–c) or poorly (corresponding to the quadrant B in Fig. 5a–c) in both tests

Correlations Recognition index & Recognition index & Recognition index &
Platform location crosses Time in target quadrant Time in five time diameter platform

Groups/ WT AD + AD + WT AD + AD + WT AD + AD +
Quadrants (%) vehicle (%) donepezil (%) (%) vehicle (%) donepezil (%) (%) vehicle (%) donepezil (%)

A
Mice performed

well in both test
60.7 10.0 45.5 64.3 10.0 54.5 64.3 10.0 45.5

B
Mice performed

poorly in both
test

10.7 70.0 9.1 0 50.0 9.1 7.1 70.0 18.2

maze, and both assays are suitable to study cogni-
tive deficits in AD mouse models and to evaluate
therapeutic effects of drugs. Since the novel object
recognition test is a relatively simple, sensitive, and
friendly assay for mice, it could be used as the pri-
mary behavioral test for evaluating AD therapeutic
compounds in A�PP/PS1 mice.

DISCUSSION

AD is a neurodegenerative disease characterized by
the depositions of A� plaques and the formation of
neurofibrillary tangles [24]. In addition to the patho-
logical changes in the brain, deficits in learning and
memory are other parameters to assess the progression
of AD in animal models. Morris water maze is a classic
method to examine the spatial learning and memory
in rodents and is widely applied to study the behav-
ioral deficits in AD animal models. However, setting
up the water maze in a specific pathogen free animal
facility is a complicated procedure and the testing con-
dition is somewhat stressful to the animals. A more
simple and friendly behavioral test would be helpful
to evaluate a large number of potentially beneficial
compounds in AD animals. In the present study, we
carefully compared the novel object recognition test
with the Morris water maze, and clearly demonstrated
that the novel object recognition test is a facile and
sensitive behavioral test in A�PP/PS1 AD model.

The novel object recognition test is based on the
spontaneous behavior of rodents to explore novelty
and is a pure working memory test free of reference
[9]. Hippocampus is important in the formation of
recognition memory in both human and animals [25].
Perirhinal cortex has also been proposed to play a
key role in object recognition [26]. There are two
main advantages of the novel object recognition test
compared to other behavioral assays. Firstly, it is a

relatively simple and friendly test for the animals. It
does not require spatial learning and the application
of positive or negative reinforcement stimuli. One big
problem in water maze or fear conditioning test is the
involvement of negative reinforcement stimuli, such
as deep water or electric shocks. These stimuli may
cause stress or even depression in mice. Stress has
been considered as a major risk factor that negatively
affects learning and memory [27, 28]. The features of
the object recognition test are comparable to the mem-
ory test currently used in humans, since human tests
are usually conducted in gentle manners. Secondly, the
object recognition paradigm requires a shorter time
period and is much easier to be repeated. The simple
procedure permits a large number of mice to be tested
simultaneously. In addition, this test can be introduced
repeatedly to the mice to monitor the progression of
memory impairment alone with aging or drug therapy.
Due to these advantages, the spontaneous novel object
recognition test has been used to study learning and
memory in a number of disease models. The Tcl mouse
model of Down syndrome showed selectively impair-
ment in short-term memory but not long-term memory
in the novel object recognition test [29]. The PAHenu2

mouse model of phenylketonuria also displayed cog-
nitive deficits in object recognition and early 5-HTP
treatment prevented the discrimination deficits [30].
Cognitive deficits in schizophrenia were also detected
in novel object recognition test in the STOP Null mouse
model [31]. This test has also been used to study the
Hurler syndrome [32] and Rett syndrome [33]. In the
field of AD, a few reports have shown that novel object
recognition is sensitive to test drug effects in AD ani-
mal models [12, 34], which is in agreement with our
results.

Though simple and straightforward, the experimen-
tal conditions of this test should still be carefully
optimized. Compared to rats, mice generally have
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much shorter memory retention time (up to 1 hour)
[35]. Different mouse stains also displayed variations
in the exploration activity and memory retention time
[36]. Therefore, it is necessary to test the exploration
activity and obtain the memory curve of different AD
mouse models in advance. Other facts, including gen-
der [37] and housing conditions (social isolation or in
groups) [38], should also be carefully tested. Another
crucial point of the novel object recognition test is
the distinction between novelty exploration and object
preference. That means the preference of the two pairs
of objects used in the experiment should be equally
tested in the training session and mice should not
explore one pair of the objects more than the other
pair. Important features of the objects including shape,
texture, height, color, and odor should be evaluated.
Previous studies have reported that the rats showed a
preference for objects that have affordances for com-
mon rat activities [17], so large or tall objects are not
recommended to be used in the test. Objects with a
complex surface such as having holes on them attract
more attentions than objects with a flat surface. And
mice tend to spend more time exploring bright objects
than the dark ones because they can discriminate differ-
ent lightness [19]. Interestingly, an object memory test
involving the spatial memory, namely object location
test, has also been introduced [39]. In the testing phase
of this location test, one of the two identical objects in
the training phase is moved to a new position.

In summary, the novel object recognition test is a
facile behavior test for A�PP/PS1 AD mice which
relies on animals’ innate preference to explore a novel
object without the involvement of positive or negative
stimuli. The experimental condition is friendly to the
animals and is very close to that of human behavioral
tests. It could replace the Morris water maze as the pri-
mary behavioral test in evaluating new drugs for AD
treatment.
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