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[Abstract] The novel object recognition (NOR) task is a behavioral test commonly used to evaluate
episodic-like declarative memory and it relies on the innate tendency of rodents to explore novelty. Here
we present a maze used to evaluate NOR memory in mice that reduces the time of the assay while
improving reliability of the measurements by increasing the exploratory behavior. This memory test,
being performed in a two-arms maze, is suitable for several strains of mice (including inbreed and
outbreed) and does not require extended training sessions allowing an accurate temporal assessment
of memory formation. This particular maze increases the mouse exploration time and reduces variability
compared to other arenas used before to assess NOR. As both long- and short-term NOR memory can
be easily and accurately quantified using this paradigm, this improved methodology can be easily
applied to study pharmacological, genetic or age-related modulation of cognitive function.
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[Background] Novel object recognition (NOR) memory task is a commonly used experimental
behavioral task aimed at studying learning and memory (Ennaceur, 2010). The main postulate behind
this behavioral task is that, in the presence of a novel and a previously presented (familiar) object,
rodents increase their exploration towards the novel object (Ennaceur and Delacour, 1988). The
increased exploration of the novel object is interpreted as indirect evidence that animals acquired a
memory of the familiar object, and thus increase their exploration to the novel one. As a consequence,
NOR paradigm is considered a reliable model to test hippocampal and temporal lobe function, as lesions
within these brain regions abolish recognition memory (Winters et al., 2008; Broadbent et al., 2010).
There are several advantages of using the NOR task. First, NOR task takes advantage of the animal’s
tendency to approach and explore novelty. Therefore, this task does not require preliminary extended
training and training can happen in a single trial session, allowing a robust temporal definition of the

different stages of the memory formation (i.e., acquisition, consolidation, re-consolidation and retrieval).
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Also, it does not require exposure to aversive or stressful stimuli stronger than novelty itself, nor it
requires food or water restriction. Altogether, these factors have contributed to the growing popularity of
this behavioral paradigm (Dere et al., 2007).

The NOR task has been replicated using a variety of environmental designs and objects in rodents.
This task has been classically performed in a large open field where rodents navigate to explore the
objects (Bevins and Besheer, 2006) or in a Y-shaped maze with very short arms were rats are exposed
to two objects that they explore without the need of extensive exploration (Winters et al., 2004). NOR
tasks that involve an open field environment require longer habituation periods (several days) that must
be performed during several consecutive training sessions (Dere et al., 2007). As a consequence, the
evaluation of long-term NOR memory seems less reliable (Sik et al., 2003). One important limitation of
the open field setting is increased variability within similar experimental groups observed in terms of the
interaction/exploratory time of the animal with the object. The high variability can be caused by spatial
and contextual confounds together with the pro-anxiogenic effects of the environment (open field) (Hale
et al., 2008). Overall, this lengthens the overall assay, reduces the accuracy of the test and entails the
use of a higher number of animal in each experimental group. On the other hand, the Y-shaped maze
used with rats, hinders the assessment of the locomotor activity of the animals, which in turn could bias
the outcome of the test due to the short length of the corridors where the object exploration takes place.

Here, we propose a maze consisting in two arms separated by 90 degrees that has been equally
called in previous publications as L- or V-Maze (Puighermanal et al., 2009 and 2013; Busquets-Garcia,
et al., 2011, 2013, 2016, 2017 and 2018; Aso et al., 2012; Hebert-Chatelain et al., 2016; Aloisi et al.,
2017). This maze has long corridors to minimize the context surrounding the objects and to reduce the
weight of other possible cues rather than the objects themselves. These features direct the animal’'s
exploratory behavior towards the objects and facilitates the interaction of the animal with the object.
Moreover, the arms in this maze are relatively narrow, thus reducing the possible anxiety-related bias of
the open field environment. Altogether, this version of the maze maximizes the exploration time of the
objects relative to the surrounding context and increases the accuracy of the test. This improved setting
has been now successfully used to evaluate short- and long-term memory depending on the retention
time defined between the training session and the test session (3 h and 24 h, respectively) in both
inbreed (C57BL/6) and outbreed (CD-1) mice (Puighermanal et al., 2009 and 2013; Aso et al., 2012;
Busquets-Garcia et al., 2011, 2013, 2016, 2017 and 2018; Hebert-Chatelain et al., 2016; Aloisi et al.,
2017). Also, it improves both the variability of the assay and the reproducibility, which in turn reduces
the number of mice required, the length of the sessions and the overall complexity of the protocol.
However, this new NOR protocol have the limitation that it has to be adapted (e.g., light intensity, room
noise, room space or objects used) every time that it is used in a novel mouse strain or when it is set up
in a new animal space. Thus, it needs a pilot experiment to verify all these parameters and it might not
be as flexible as an open field arena. Sor far, this specific NOR task has been used in access memory
performance in a mouse model of Alzheimer (8 months or 18 months) (Aso et al., 2012), to study the
acute effects of stress on recognition memory (Busquets-Garcia et al., 2016), the memory deficits in a

mouse model of Fragile X syndrome (Busquets-Garcia et al., 2013; Aloisi et al., 2017) and the
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modulation of memory by the endocannabinoid system (Puighermanal et al., 2009 and 2013; Hebert-
Chatelain et al., 2016; Busquets-Garcia et al., 2017; Robin et al., 2018; Oliveira da Cruz et al., 2019).

Materials and Reagents

1. Disposable paper towels

2. Mice: 8-12 weeks old C57BL/6J and/or CD1 mice (Charles River, France or any company that
provide mice for laboratories)
Water
70% ethanol

Equipment

1. The NOR maze (see Figure 1)
We have designed and built this maze in the lab. The material used to build the maze was black

or dark grey matt plexiglas.
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Figure 1. Maze to assess NOR memory. Dimensions are in cm.
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the very
end of the
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Height:
15

Starting
point

2. Two pairs of objects (see below for information regarding the objects)
These pairs of objects must be first validated in mice (see Procedure) to guarantee no intrinsic
preference or aversion.
Experimental room with adjustable light (30-50 lux)
Real-time video acquisition system

Casual Stopwatches or any computer application to count the exploration time

Software

1. Any video Acquisition Software
2. Behavior Scoring Panel-(c) 2008 by A. DUBREUCQ Version 3.0 beta. A home-made software

that allow us counting the exploration time.
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Note: If possible and to avoid any confounding factor, it is recommended that the experimenter

is not present in the same room where the mouse is performing the task.

Procedure

A. Habituation session

This step is performed to familiarize mice with the maze. The habituation session lasts for 9 min.

1.

Turn on the video recording system and set the parameters for data acquisition: Make sure that
there is constant uniform lightning conditions in the maze (areas of interest, contrast for mouse
detection, efc.) and in the room throughout the session (habituation, training and test sessions).
Place the animal in the maze without objects at the starting point (crossing-point between both
arms, Figure 1).

At the end of the session, remove the animal from the maze and return it to its home-cage.
Then, clean maze and the objects with 70% ethanol and move to the next animal (back to Step
A2).

Note: In order to avoid that odor cues from previous mice alter mouse exploration, it is crucial
to carefully clean the surface of the maze and objects between each session with a 70% ethanol

solution.

B. Training session

The training session is performed 24 h after the habituation session. The training session lasts for

9 min.

1.
2.

Turn on the video recording and data acquisition system.
Place two identical objects in the extremities of the maze in direct contact with the wall (see
Figures 1 and 2).

Possible drug Possible drug administration to
administration to study its study its effects in
effects in ACQUISITION CONSOLIDATION/RETRIEVAL

3h-STM

24h q

q

=

Figure 2. Scheme of the object recognition protocol. There are three different sessions

Two consecutive days to
study
RECONSOLIDATION

(habituation, training and test) and each session lasts 9 min. Short- or long-term memory can

be assessed depending on the inter-session interval between the training and the test session.
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3. Place the animal at the starting point facing towards the edge of the two arms (crossing-point
between the two arms).

4. Use the stopwatches, to record the time that the mouse spends exploring each object (see
below). During this session, rodents usually spend around 50% of the total exploratory time for
each one of the objects.

5. Atthe end of the training session, remove the mouse from the maze and leave it undisturbed in
its home-cage.

6. After cleaning the maze as explained in the “habituation session” of the maze, start the training

session for the following animal.

Pharmacological treatments

Pharmacological treatments can be used to study cellular and molecular mechanisms involved in
different memory phases of NOR. For instance, in order to test the effect of a particular
pharmacological treatment on memory acquisition (Figure 2), the drug must be administered before
the training session. The administration time must be adjusted by taking in consideration the
pharmacokinetics of the substance. Moreover, it is important to verify that the drug has no locomotor
effects as it may influence the task outcome independently of the memory performance (e.g.,
impaired locomotor activity may affect exploration and consequently the capacity of the animal to
move towards the objects to explore them). To study the effect of a pharmacological treatment on
memory consolidation, the drug should be administered after the training session. Finally, to assess
memory re-consolidation, mice are re-exposed to the same training conditions (same combination
of objects during a 9 min session) 24 h after the first training session and the drug can be

administered before or after the second training session.

C. Testing phase

The test session could be performed 3 h after training to evaluate short-term memory, or 24 h after

training to evaluate long-term memory. The training session lasts for 9 min.

1. Turn on the video recording and data acquisition system.

2. Clean the maze.

3. Place one of the familiar objects at the end of one arm and the novel object at the end of the
other arm. The position of the novel object (i.e., right vs. left arm) must be counterbalanced in
between mice to avoid any possible confounding cue in the room that results in a preference for
one of the arms of the maze.

Place the animal at the starting point, as previously mentioned above.
As in the previous sessions (habituation and training sessions), the observation is accomplished
by a closed-circuit camera attached to a recording system to avoid unnecessary stress or

uncontrolled cues to the animal (see Video 1).

Copyright © 2020 The Authors; exclusive licensee Bio-protocol LLC. 5


http://www.bio-protocol.org/e3651

Bio-protocol 10(12): e3651.

.-
blo'prOt(XZOI www.bio-protocol.org/e3651 DOI:10.21769/BioProtoc.3651

4 MM 4 —e 00:00:05 / 00:05:05

Video 1. Representative video showing object exploration in both arms of the maze

6. Use two stopwatches and assign each stopwatch to record the exploration time for each object.
The experimenter, blind to the experimental conditions, measures the exploration time for each
object analyzing the image obtained by the closed-circuit camera. Simultaneously, the video is
recorded for documentation purposes together with video-tracking of general activity (time spent
in each arm, number of entries in each arm and distance travelled).

7. Atthe end of the test session, remove the animal from the maze and return it to the home-cage.
After cleaning the maze with water, start with another animal (back to Step C3).

8. After the session, export the experimental data and analyze the results (see Data analysis).

Note: If the total exploration time is very low (< 5-10 s) in the training and/or test sessions the results

of these mice are not considered for the experiment. This may happen due to:

a. The object is not adequate for the task (i.e., it may induce stress or anxiety to the animals).
Verify that the object was properly cleaned as it could contain the odors of a previous animal
and re-evaluate the objects to understand if there is intrinsic preference or aversion.

b. The animal does not explore the maze because of a locomotor deficit or it does not explore the
maze due to a pharmacological treatment and/or a genetic manipulation. If there is a clear

locomotor alteration during the performance of the task, exclude the animal from the analysis.

Data analysis

A. Quantification of object exploration
Exploratory time is scored manually by an experimenter blind to the experimental design during the
training and test sessions. The manual scoring is preferred due to the current difficulty for automated
systems to accurately discriminate between tail and head and to correctly count exploration time.
Nevertheless, we acknowledge that deep-learning based approaches for pose estimation (Mathis
et al., 2018; Nath et al., 2019) may provide a reliable way to automatize exploration quantification

in the near future.
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Exploration of an object is scored when: the animal nose is facing directly the object (< 2 cm) as
described before (Robin et al., 2018; Oliveira da Cruz et al., 2019). Exploration is not scored
when: the animal does not interact with the object or it stands on the top of the object without facing
the object.

Note: If the animal does not interact with both objects at least once during the complete duration of

the session, the session is not valid.

Analysis of Object Exploration

In order to evaluate differences in the exploration during this task when comparing two or more
experimental groups, 2 types general analysis can be performed: 1) Discrimination Index (DI); 2)
Familiar vs. Novel analysis. In addition, the total exploration time is also expressed to control
variability in overall exploration between experimental groups. The Dl is calculated with the following

formula:

DI = [Timenovel — Timetamitiar))/[( Timetamitiar) + (Timenover)]

Additional variables can be measured: time spent in each arm, number of entries in each arm and
distance travelled. Exploration data can be represented in mean + SEM. Two-way Student’s t-test
and one-way ANOVA statistical analysis are the statistical tests used in these experiments.
Comparisons are considered statistically significant when the level of significance is lower than 0.05.

Expected Results

In the experimental conditions reported in this protocol, the general exploration time observed is
around 15-40 s for each object during a typical training session. If the mice discriminate between
the familiar and the novel object, the exploration time in the test session will be around 10-35 s for
the familiar object and around 30-60 s for the novel object (Figure 3 and Table 1). If the recognition
memory is impaired, as we described in Tetrahydrocannabinol (THC)-injected mice (Puighermanal
et al., 2009), mice will explore the same amount of time both novel and familiar objects during the

test session (20-40 s), and so they will not discriminate between them (Figure 3 and Table 1).

Discrimination Index Familiar vs. New object Familiar vs. New object
CD1 mice C57 mice
e \ehicle -e- Familiar -o- Familiar

8 THC 80 -= Novel 80+ —= Novel
3 0 ; 0
° &£ £
£ o 60 o 60
c £ — E
S - F .
= S 407 s S 40+
E 8 g
2 207 ad
o w o= w
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cD1 C57BL/6J Vehicle THC Vehicle THC

Figure 3. Representative graph of an example of the NOR task. Further details in Table 1.
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Table 1. An example of the expected data and analysis. Representative example of an experiment using a pro-amnesic dose of delta9-
tetrahydrocannabinol (THC, 10 mg/kg, i.p., light colour) in CD1 and C57BL/6J mice, or its vehicle (VEH, dark colour) as control, administered after the
training session. The exploration time (seconds) in the familiar object (F); the exploration time on the second object in the training session (F’); the
exploration time in the novel object (N); the total exploration time (ET = F + F’ or ET = F + N); the percentage of exploration time devoted to each object
during the training and the test sessions (% ET = [ F/ET ] x 100; % ET = [F'/ET] x 100; %ET = [N/ET] x 100); the discrimination index is calculated for the
test session (DI = [N — FJ/[N + F]).

CD1 mice C57BL/6J
Training Test Training Test
Mouse F F’ ET F N ET DI Mouse F F ET F N ET DI
1 42 45 87 35 67 102 0.31 1 55 45 100 18 49 67 0.46
2 54 36 90 19 41 60 0.37 2 27 23 50 22 70 92 0.52
3 39 34 73 12 39 51 0.53 3 16 18 34 12 43 55 0.56
4 40 36 76 18 52 70 0.49 4 21 24 45 13 40 53 0.51
5 53 58 111 26 45 71 0.27 5 25 24 49 15 47 62 0.52
6 43 49 92 19 72 91 0.58 6 29 33 62 21 64 85 0.51
7 61 56 117 10 47 57 0.65 7 44 42 86 17 37 54 0.37
Mean 474 | 449 | 923 | 19.9 | 51.9 | 71.8 | 0.46 Mean 31 29.8 60.8 16.9 50 66.9 0.49
%ET 51.4 | 48.6 - 27.7 | 723 - - %ET 51 49 - 25.2 74.8 - -
Mouse F F ET F N ET DI Mouse F F ET F N ET DI
1 37 32 69 25 32 57 0.12 1 28 32 60 27 39 66 0.18
2 39 46 85 22 33 55 0.2 2 34 28 62 26 22 48 -0.10
3 30 38 68 27 24 51 -0.06 3 29 45 74 33 34 67 0.01
4 51 52 103 54 59 113 0.04 4 35 28 63 21 23 44 0.04
5 49 50 99 37 45 82 0.1 5 39 46 85 26 31 57 0.09
6 57 42 99 19 16 35 -0.09 6 45 51 96 29 31 60 0.03
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7 43 51 94 12 14 26 0.08 7 29 38 67 41 38 79 -0.04
Mean 43.7 | 444 | 88.1 28 31.9 | 59.9 0.06 Mean 34.1 38.3 72.4 29 31.1 60.1 0.03
%ET 49.6 | 50.4 - 46.8 | 53.2 - - %ET 471 52.9 - 48.3 51.7 - -
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Notes

Mice are housed for a minimum of 5 days in the experimental room where the behavioral task
is set to take place. Animals are commonly housed collectively (3-6 animals per cage) in a saw
dust environment with nesting material (cotton cube), water/food ad libitum and controlled
temperature (21 £ 1 °C) and humidity (55 + 10%). Lighting is maintained at 12-h dark/light cycles
(on at 7:00 a.m. and off at 7:00 p.m.) and experiments take place in the beginning of the light
phase (typically 9:00 a.m.-2:00 p.m.). Home-cages should not be changed, and animals should
not be disturbed during the previous days preceding the task as it may affect their performance.
Housing facility should be located in the vicinity of the testing rooms as the stress and novelty
of transport may alter exploration.

Choosing suitable objects is an essential step in this task. At least two distinct pairs of objects
are needed. Features such as texture (stone, wood, plastic, metal) (Figure 4), color tonality and
shape should be carefully considered when selecting objects to be used in this task. It is
important to verify that animals spend a similar amount of time interacting with each object in
the training session. Any preference or aversion for the objects should be avoided since it could
represent an important bias for the interpretation of the results. In order to avoid this possible
bias, preliminary experiments must be performed presenting to the animals both objects
simultaneously and analyzing the exploration time for each one. The time exploring each object
should be similar (around 50% of the total exploration time devoted to each object) when both
objects are presented for the first time to the mice. The exploration time for each object can be
influenced by the shape and physical characteristics of the object. However, objects must be

different enough from each other (color tonality, texture, shape) to facilitate the discrimination

between both objects in the test session.

Figure 4. Objects used in our NOR paradigm. In this image you can find different examples
of the objects used in our NOR paradigm. As you can see, different colors, shapes and materials

can be used.

It is important to avoid odor cues and it is therefore mandatory to clean the maze and objects

between animals and especially between experiments using different experimental conditions.
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4. It can happen that control animals do not show appropriate discrimination of the novel object.
This can be due to a specific preference for one object or it could also be caused by the different,
uncontrolled, conditions between the training and test sessions (e.g., animals were disturbed by
animal caretaker during the period between the training and test sessions) or by olfactory cues
left by other mice and not well cleaned in between animals and/or sessions.

5. Very rarely, the mouse can jump out of the maze. To prevent these events, a transparent plastic

cover can be placed above the maze.
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