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Abstract.

Background: Object recognition task (ORT) is a widely used behavioral paradigm to assess memory in rodent models, due
to its easy technical execution, the lack of aversive stressful stimuli, and the possibility to repeat the test on the same animals.
However, mouse exploration might be strongly influenced by a variety of variables.

Objective: To study whether innate preferences influenced exploration in male and female wild type mice and the Alzheimer’s
disease (AD) model 3xTg.

Methods: We first evaluated how object characteristics (material, size, and shape) influence exploration levels, latency, and
exploration modality. Based on these findings, we evaluated whether these innate preferences biased the results of ORT
performed in wild type mice and AD models.

Results: Assessment of Exploration levels, i.e., the time spent in exploring a certain object in respect to the total exploration
time, revealed an innate preference for objects made in shiny materials, such as metal and glass. A preference for bigger
objects characterized by higher affordance was also evident, especially in male mice. When performing ORT, exploration was
highly influenced by these innate preferences. Indeed, both wild type and AD mice spent more time in exploring the metal
object, regardless of its novelty. Furthermore, the use of objects with higher affordance such as the cube was a confounding
factor leading to “false” results that distorted ORT interpretation.

Conclusion: When designing exploration-based behavioral experiments aimed at assessing memory in healthy and AD mice,
object characteristics should be carefully evaluated to improve scientific outcomes and minimize possible biases.
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INTRODUCTION and itis tightly related to learning, which is the ability
to acquire new skills, actions, bearing, significance,

Memory is the faculty of our brain to store and and concepts. Different types of memory have been
recall information learned by experience during life, described and, among these, recognition memory is

considered a subtype of declarative memory used to
recognize already encountered items, people, and sit-

- 5 - uations [1].
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performed. A great contribution has been provided
by studies in animal models such as rodents and
non-human primates. However, while recognition
memory can be accessible through oral and writ-
ten language in humans, when using animal models
an accurate ethological knowledge of the species is
needed. In this context, behavioral paradigms aimed
at investigating recognition memory are based on
the spontaneous exploration of novel items. If two
stimuli are simultaneously presented to a rat or a
mouse and one of these two items was already
experienced by the animal whereas the other one
is new, the animal would spend more time explor-
ing the novel item [2, 3]. The Object Recognition
Task (ORT) relies on this concept, and it is one of
the most used behavioral paradigms to study recog-
nition memory, its impairment in neurodegenerative
disorders such as Alzheimer’s disease (AD), and the
efficacy of cognitive-enhancing drugs [4]. Different
ORT paradigms have been adopted, but beside the
specific protocol used, the test usually consists of
two phases: 1) familiarization or training phase, in
which the animal encounters two (or more) identi-
cal objects; 2) testing phase, in which the animal is
exposed to one (or more) novel objects. The time
spent exploring the familiar versus the novel object
during the test phase is used as an index of recog-
nition memory. Although ORT is relatively easy to
perform, does not require expensive equipment nor a
long animal training, or positive/negative reinforce-
ment, several variables can influence the test risking
to invalidate the results [5, 6]. For example, recog-
nition performance might be affected by the context
[71, the exposure time to the objects during the famil-
iarization phase or the delay between familiarization
and test phase [3], the number and characteristics
of presented objects [8—10] or their position [11],
animal strain [12], and sex [13, 14]. Among these
aspects, we focused on the characteristics of the
objects used to evaluate memory in animal models
of AD. In fact, it frequently occurs that the differ-
ence in exploration of the familiar versus the novel
object does not depend upon a difference in memory
performance but on an innate preference for a cer-
tain object due to its intrinsic characteristics. If so,
the exploration time will change a priori because of
the higher attractive properties of the object and ORT
results will be doubtful or not reliable. Here, we first
studied whether exploration was influenced by expo-
sure to objects of different material, size, and shape
in wild type mice. Based on these findings, we eval-
uated how these innate preferences influenced ORT

performances in male and female wild type mice and
the 3xTg mouse model of AD.

MATERIALS AND METHODS

Animals

We used young male and female wild type mice
(C57BL/6J) and 3xTg (APPSwe, PSIM146V, and
tauP301L) AD mice [15] aged 7-8 months. Mice
were kept in the animal facility of the University of
Catania, maintained on a 12-h light/dark cycle (with
lights on at 6.00 AM) in a temperature (23 = 1°C) and
humidity (57 £3%) controlled ventilated cabinet.
Mice were housed in IVC standard cages enriched
with a plastic object used as a nest and crease paper.
Food (standard diet cubes) and water (filtered drink-
ing water by particle filter, active carbon filter and
UV light) were available ad libitum. The experiments
complied with the ARRIVE guidelines, were carried
out in accordance with the EU Directive 2010/63/EU
for animal experiments, and received approval by the
Institutional Animal Care and Use Committee.

Object preference assessment

Object preference assessment was performed by
using an apparatus of our design and construction,
consisting in an arena (45 x 45 x 40 cm) made by
white matte polymethyl methacrylate non reflec-
tive panels. The floor of the arena was coated with
a self-adhesive anti reflective film to further avoid
reflections. Illumination was provided by a perpen-
dicular diffused light source located 65 cm from the
floor of the arena (Fig. 1). Based on preliminary stud-
ies, we chose to use two 6 W light bulbs providing
80 lux on the floor of the arena. Mice underwent a
two-day period of habituation to the arena, where
they were allowed to explore the environment for
5 min per day. Then, each mouse underwent four days
of testing in a random order. The animal was put
into the arena with three objects different in mate-
rial, size, shape, and allowed to explore them for a
total time of 10 min. After each trial, the arena and
the objects were cleaned with 70% ethanol and dried
with absorbent paper. For each object we measured:
1) horizontal exploration, considered as the mouse
pointing its nose toward the object at a distance not
>2cm, with the mouse standing with all four paws
on the floor of the arena [t explor horiz (s)]; 2) verti-
cal exploration, considered as the mouse exploring
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Fig. 1. Arena used to perform behavioral studies. A) Computer rendering of the apparatus. The arena is represented in a sectioned view to
allow the visualization of objects placement. Light bulbs are inserted in a lid mounted perpendicular to the arena to ensure a diffuse and
homogeneous illumination, avoiding object shadows as much as possible. B) Screenshot obtained from the recording camera placed on top

of the arena.

the object with the two anterior paws lean on the
object and the two posterior paws on the floor of the
arena [texplor vert (s)]; 3) on-top exploration, consid-
ered as the mouse exploring the object standing on it
[t explor on-top (s)]; 4) on-top non exploration, time
spent sitting or standing on the object, without explor-
ing it [t on top (s)]; 5) latency to first approach to each
object [latency (s)]. Based on these measurements we
calculated Exploration levels and Exploration type.

t explor [objectl] x 100
t total

Exploration levels =

where t=time and:

e texplor [object]] =t explor horiz [object1] (s) +
t explor vert [objectl] (s)+t explor on-top
[object1] (s)

e ttotal =texplor [objectl] (s) + t explor [object2]
(s) +t explor [object3] (s)

e Exploration type: horizontal, vertical or on-top,
where:

t explor horiz [object1] x 100

Horizontal Exploration type =
P P t explor [object 1]

t explor vert [object1] x 100
t explor [object 1]

Vertical Exploration type =

t explor ontop[object1] x 100

On top Exploration type =
11 fop Bxplotation bype t explor [object 1]

Mice with a total exploration time <5s were
excluded [16].

Choice of objects

All the 3D printed objects were realized as previ-
ously described in polylactic acid (PLA) [17]. Briefly,
after their design by a computer aided design software
(Solidworks, France), 3D models were sliced and
converted in g-code by a slicer software (Simplify3D,
USA). For 3D printing we used a Prusa-inspired 3D
printer customized according to our needs to obtain
a 100 wm resolution on z-axis and a printing nozzle
diameter of 200 pm.

To assess the preference for materials, we used
three cylindrical objects with similar size made by
three different materials: glass, metal, and PLA. To
assess the preference for size, we used three 3D
printed cylinders made of PLA, with increasing size.
The small object (25 x 22.5 @ mm) measured half
of the medium object (50 x 45 @ mm), whereas the
big object was one third bigger than the medium one
(75 x 67.5 @ mm). To assess the preference for shape,
we used a pyramid, a cube, and a truncated sphere in
PLA. The objects were designed to have comparable
dimensions (mean height=54 +2.9 mm).

Object recognition task
ORT test was performed as described previously

[18] by using the same environmental conditions
described for the Object Preference Assessment.
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After 3 days of habituation (5 min/day), mice under-
went the training phase (T1). The mouse was put
into the arena and allowed to explore two identical
objects placed in the central part of the box, equally
distant from the perimeter and the center for 10 min.
Twenty-four hours after T1, mice underwent the sec-
ond trial (T2) to test memory retention for 10 min. In
T2, mice were presented with two different objects,
respectively a “familiar” (i.e., the one used for T1)
and a “novel” object. To understand whether innate
preferences might influence memory, we alternated
the use of preferred objects identified in the Object
Preference Assessment. In different series of exper-
iments, we used: 1) Familiar objects: two identical
metal cylinders in T1; Novel object: PLA cylinder in
T2; 2) Familiar objects: two identical PLA cylinders
in T1; Novel object: metal cylinder in T2; 3) Familiar
objects: two identical PLA cubes in T1; Novel object:
PLA sphere in T2; 4) Familiar objects: two identi-
cal PLA spheres in T1; Novel object: PLA cube in
T2; 5) Familiar objects: two identical PLA spheres
in T1; Novel object: PLA pyramid in T2. Animal
exploration was defined as the mouse pointing its
nose toward the object from a distance not <2 cm.
We calculated:

Discrimination index =

t explor [novel object](s)—t explor [ familiar object](s)

t explor [novel object](s)4-t explor[ familiar object](s)

Exploration was scored using a personal computer
and mice with a total exploration time <5s were
excluded [16].

Statistical analysis

Data were expressed as mean = standard error
mean (SEM). Statistical analyses were performed by
using Systat software (Chicago, IL, USA). We used:
two-tailed #-test for comparisons between two groups,
one-way ANOVA with Bonferroni post-hoc for com-
parisons among different groups, two-way ANOVA
for interactions between variables. To assess if mice
were able to discriminate between the two objects,
we compared the performance obtained in our exper-
imental groups with a fictive group (mean value of 10
independent experiments = 0; standard error = 0.7), as
previously described [6].

The level of significance was set at p <0.05.

RESULTS

Assessment of preference in exploring objects of
different materials

To investigate whether mice showed a preference
for a certain material, they were exposed to three
cylinders of similar size but different materials, i.e.,
metal, glass, and PLA (Fig. 2A), randomly positioned
in the arena.

Exploration levels (time of exploration of each
object/total exploration time) analyses showed that
mice spent more time exploring glass (43.21 +2.04%
total exploration time) and metal (41.524+2.12%)
objects in respect to PLA ones (15.25+1.31%), as
confirmed by ANOVA (F(2 57y=70.74, p<0.0001;
Bonferroni’s p=0 for PLA versus glass or metal;
Fig. 2B).

We then evaluated different types of explo-
rations to understand the possible influence of
object affordance on Exploration Levels. To this
end, we distinguished among horizontal exploration,
vertical exploration, and on-top exploration. We
found that animals spent more time in explor-
ing the three objects by horizontal exploration
(one-way ANOVA F 2 57)=63.609, p<0.0001; Bon-
ferroni’s p=0 for horizontal exploration versus
vertical or on-top), regardless the object mate-
rial (two-way ANOVA exploration type*material
interaction: F4 171)=0.055, p=0.994; Fig. 2C). To
evaluate the affordance of the chosen objects, we
scored the time spent on-top without exploring them
(on-top non exploration time). We found that mice
climbed on top of all the three objects, suggesting
that the cylinder is an object with higher affor-
dance. In particular, mice spent a higher percentage
of non-exploration time on-top of the metal cylinder,
reflecting a general preference for the metal material
(metal: 42.01 & 6.44%; glass: 29.91 £ 5.36%; PLA:
13.07 £3.8%; F(2,57y=7.47, p=0.001; Bonferroni’s
p=0.001 for on-top non exploration between metal
and PLA; Fig. 2D).

Finally, to evaluate if animals were particularly
attracted by an object, we scored latency, i.e., how
many seconds were needed for the mouse to approach
a certain object for the first time. As expected, we
found a lower latency for glass (8.554+1.9 5s)
and metal (20.65+8.42 s) in respect to PLA
(56.7£11.98 s), suggesting that mice were prefer-
entially attracted by these materials (F(2,57)=0.001;
Bonferroni’s p=0.001 and 0.012 for metal and glass
versus PLA, respectively; Fig. 2E).
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Fig. 2. Mice preferred to explore objects made in metal or glass. A) Metal, glass, and PLA objects used to evaluate preference for materials.
B) Exploration levels (time of exploration of each object/total exploration time) was higher for metal and glass compared to PLA objects
(n=20 sex-balanced animals). C) Horizontal and vertical exploration were mainly used to approach the objects. Exploration modality was
not affected by object material. D) Mice spent more time on top of the metal object. E) Latency to the first approach indicated that mice
were preferentially attracted by metal and glass objects. F) Exploration levels as well as Exploration type G), On-top non exploration H)
and Latency for different materials I) did not change between males and females. Data expressed as mean £ SEM. *p <0.05, **p <0.001,

0t p < 0.0001.

We then analyzed results in respect to sex, to eval-
uate possible gender differences. We found no differ-
ences between females and males in: 1) preferences
for material (Two-way ANOVA sex*object material
interaction: F(3 54)=0.559, p=0.575; Fig. 2F); 2)
exploration type (Two-way ANOVA sex*exploration
type interaction: F 54y=0.868, p=0.425; Fig. 2G),
3) on-top non exploration (Two-way ANOVA sex*on-
top non exploration interaction: F s54)=0.384,
p=0.683; Fig. 2H); 4) latency for different mate-
rials (Two-way ANOVA sex*latency interaction:
F(2’54) = 1.161, P =0.321; Fig. 21).

Assessment of preference in exploring objects of
different size

To investigate whether exploration might be
influenced by object size, mice were exposed to
three cylinders defined as small, medium, and big
(Fig. 3A). Exploration levels analysis showed that
mice preferentially explored the big object (46.37 +
1.4% total exploration time), followed by the medium
size object (37.7+1.58%), whereas they had lit-
tle interest in the small one (15.93 £ 1.43%). Thus,
preference paralleled the object size as confirmed
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Fig. 3. Mice preferred to explore big and medium size objects. A) Small, medium, and big PLA cylinders to evaluate preference for size.
B) Exploration levels indicated that mice spent more time exploring the big object followed by the medium size one (n =20 sex-balanced
animals). C) Exploration type depended upon object size. The small object was mainly approached by horizontal exploration, the medium
and especially big object also by vertical and on-top exploration. D) The medium and big objects were used for on-top non exploration. E)
Latency to the first approach indicated that mice were preferentially attracted by medium and big objects. F) Total exploration time did not
differ between males and females. F) Females equally explored the medium and big object, whereas males preferred the big object. G) No
sex differences were recorded in exploration type, on-top non exploration H), and Latency for different size objects I). Data expressed as

mean = SEM. *p <0.05, **p < 0.01, **p < 0.001, ***p < 0.0001.

by statistical analyses (F(2,57)=112.762, p <0.0001;
Bonferroni’s p <0.0001 for big and medium versus
small and big versus medium; Fig. 3B).

Object size also influenced exploration type (two-
way ANOVA exploration type*material interaction:
F,171)=17.404, p<0.0001; Fig. 3C). We found a
significant difference between the modality used to
explore the small object versus the medium and
the big one (Fig. 3C). Horizontal modality was
mainly dedicated to the small object (F(2,57) = 16.820,

p<0.0001; Bonferroni’s p=0.001 between small
and medium; p<0.0001 between small and big;
Fig. 3C), whereas vertical and on-top exploration to
the medium and big object (vertical: F 57)=6.594,
p=0.003; Bonferroni’s p =0.026 between small and
medium; p=0.003 between small and big; on-
top: F(2,57)=9.37, p<0.0001; Bonferroni’s p =0.038
between small and medium; p<0.0001 between
small and big; Fig. 3C). Also, the big object was
equally explored by horizontal and vertical modality
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(Fig. 3C). Analyses of on-top non exploration con-
firmed this difference, due to the fact that mice could
only climb bigger objects, being unable to sit on the
small one (small: no time spent on-top; medium:
30.2£5.93%; big: 44.25£7.37%; F(2,57)=17.489,
p<0.0001; Bonferroni’s p =0.001 between small and
medium; p <0.0001 between small and big; Fig. 3D).

The preference for objects with higher dimensions
and affordance was confirmed by the lower latency
for the medium and big object (small: 108.35 +12.9
s; medium: 34.2+6.65 s; big: 31.7 :18.86 s; F(2 57
=7.18, p=0.002; Bonferroni’s p=0.006 and p=
0.005 for small versus medium and big, respectively;
Fig. 3E).

Analyses of performance in female and male mice
confirmed that object size influenced exploration
time, although a sex-related difference was found
(Two-way sex*object size interaction: F(» 54) =8.056,
p=0.001; Fig. 3F). In particular, both females and
males preferred to explore the medium and the
big object compared to the small one. However,
females spent more time than males in exploring the
medium object (p =0.004; Fig. 3F), whereas males
spent more time than females in exploring the big
object (p=0.036; Fig. 3F). Conversely, no sex dif-
ferences were found when analyzing exploration
type, as both females and males preferred horizontal
exploration (Two-way sex*exploration type interac-
tion: Fo 54)=1.324, p=0.274; Fig. 3G). Concerning
on-top non exploration, both sexes preferred the
medium and big object not being able to climb the
small one (Two-way ANOVA sex*on-top non explo-
ration interaction: F2 s54)=0.072, p=0.931; Fig. 3H).
Latency was not different in males and females (Two-
way ANOVA sex*latency interaction: F(2 54)=0.191,
p=0.827; Fig. 31).

Assessment of preference in exploring objects of
different shapes

To assess whether shape might influence prefer-
ence and exploration modality, mice were exposed to
three objects of similar size, material (PLA) and color
(grey), but different shape, i.e., a pyramid, a cube, and
a truncated sphere (Fig. 4A).

Exploration levels analysis showed that mice
preferentially explored the pyramid (37.20 +2.22%
total exploration time) and the cube (41.45 £2.76%
total exploration time) in respect to the trun-
cated sphere (21.33 £2.02% total exploration time)
(F2,57y=20.2, p<0.0001; Bonferroni’s p<0.0001
comparing sphere with pyramid or cube; Fig. 4B).

Animals preferred the horizontal exploration mod-
ality compared to the vertical or the on-top explo-
ration (F2,57)=39.299, p<0.0001; Bonferroni’s
p<0.0001 comparing horizontal versus vertical or
on-top; Fig. 4C). The preference for horizontal explo-
ration was evident for all of the three objects, whereas
on-top exploration was mainly dedicated to the cube,
due to the difficulty in climbing the pyramid or the
truncated sphere (F(2 57)=23.749, p<0.0001; Bon-
ferroni’s p <0.0001 comparing cube versus pyramid
or sphere; Fig. 4C). This was confirmed by anal-
yses of on-top non exploration (pyramid: no time
spent on-top; cube: 47 £ 8.07%; truncated sphere:
4.08 £ 1.87%; F(2,57)=29.608, p<0.0001; Bonfer-
roni’s p<0.0001 comparing cube versus pyramid
or sphere; Fig. 4D). Finally, objects’ shape did not
influence latency (pyramid: 25.85 &+ 10.42%; cube:
24.75+6.02%; truncated sphere: 13.09 % 3.47%;
F(2,57) = 0.833, pP= 0.44; Fig. 4E).

No differences were found between males and
females in preference for different shapes (Two-
way ANOVA sex*object shape interaction: F3 54)=
3.031, p=0.057; Fig. 4F). Analyses of results showed
a difference in exploration type between females
and males (Two-way ANOVA sex*exploration type
interaction: F 54)=6.732, p=0.002; Fig. 4G). In
particular, females preferred horizontal exploration
(p<0.0001; Fig. 4G), whereas males spent a simi-
lar amount of time in exploring objects by horizontal
and vertical exploration (p=1; Fig. 4G). However,
male mice showed a higher on-top non exploration
for the cube compared with females (p=0.038;
Fig. 4G). No differences were found in latency (Two-
way ANOVA sex*latency interaction: F(2 54)=0.064,
p=0.871; Fig. 4I).

Innate object preference prejudiced ORT results
in wild type and Alzheimer’s disease mice

Based on the Object Preference assessment, we
investigated how the choice of objects influenced
results of exploration-based behavioral test com-
monly used to investigate memory. To this end, we
performed ORT in wild type and AD mice to evalu-
ate recognition memory by assessing the differences
in exploration of a familiar versus a novel object [4,
18]. In particular, we exposed mice to the objects
toward which mice showed an innate preference and
to neutral objects. We selected the most representative
objects of a certain category and showed an exam-
ple of ORT performed by using two objects with an
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Fig. 4. Mice preferred to explore objects with higher affordance. A) PLA pyramid, cube, and truncated sphere to evaluate preference for
different shapes. B) Exploration levels indicated that mice spent more time exploring objects with higher affordance such as the pyramid
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vertical exploration. H) On-top non exploration for the cube was higher in males. I) Latency for different shapes did not change between
males and females. Data expressed as mean + SEM. *p <0.05, ****p <0.0001.

evident difference in brightness (metal versus PLA)
or affordance (cube versus sphere).

In a series of experiments, we evaluated the impact
of objects made by different materials. During the
training phase (T1), mice were exposed to two iden-
tical metal cylinders for 10 min. After a 24-h interval,
mice were exposed to a metal cylinder (familiar
object) and PLA cylinder (novel object) (Fig. SA).
We found that both wild type and AD mice spent
a similar amount of time in exploring the familiar
and the novel object during the testing phase (7-test
wild type: t(18)=1.274, p=0.219; AD: t(13)=0.818,

p =0.424 between familiar and novel object; Fig. 5B).
Analyses of Discrimination Index confirmed that
there was no difference between wild type and AD
mice (0.09£0.07 versus 0.06 +0.07; t(18)=0.282;
p=0.781; Fig. 5C) and that both genotypes were
(apparently) unable to learn since Discrimination
Index was not different than zero when compared
with the fictive group (z-test wild type: t(18)=0.936,
p=0.362; AD: t(18)=0.673, p=0.510; Fig. 5C). No
differences were recorded in total exploration time
(t18)=0.445, p=0.662; Fig. 5D). Males and females
of both experimental groups behaved similarly when
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analyzing the time spent in exploring the familiar
and novel object (Two-way ANOVA sex*familiar-
novel object interaction in wild type: F(1 16y =1.020,
p=0.328; in AD mice: F(j,16=0.052, p=0.822;
Fig. 5E) and Discrimination Index (sex*genotype
interaction: F(j 16)=0.104, p=0.751; Fig. 5F).

Thus, in this experimental condition, wild type did
not present the increase in exploration of the novel
object expected when memory is intact.

Conversely, when we used two identical PLA cyli-
nders as familiar objects during the training phase,
and a PLA cylinder paired with a metal cylinder as a
novel object during the testing phase (Fig. 4G), both
wild type and AD mice spent more time in explor-
ing the novel object (¢-test wild type: t(jg)=6.256,
p<0.0001; AD: tgg)=3.363, p=0.003 between
familiar and novel object; Fig. SH). These results
were confirmed by analyses of Discrimination Index
that suggested no significant differences between
wild type and AD performances (0.36 £0.08 ver-
sus 0.20£0.08; t(g)=1.320; p=0.203; Fig. 5I).
Notably, both genotypes resulted able to learn as Dis-
crimination Index was different than zero when
compared with the fictive group (#-test wild type:
tag)=3.372, p=0.003; AD: t(18y=2.363, p=0.030;
Fig. 5I). Total exploration time did not differ between
the two genotypes (t(18)=0.750; p=0.463; Fig. 5]).
No gender differences were found in time spent
exploring the familiar versus novel object (Two-
way ANOVA sex*familiar-novel object interaction
in wild type: F(j,16)=0.004, p=0.952; in AD mice:
F(1,16)=0.008, p=0.929; Fig. 5K) or Discrimina-
tion Index (sex*genotype interaction: F(;, 16y =0.486,
p=0.496; Fig. 5L).

Thus, in this experimental condition, AD mice
did not present the expected impairment of mem-
ory. Overall, these experiments suggested that the use
of an attractive metal object either used as familiar
or novel object prejudiced results of ORT that erro-
neously indicated an impairment of memory in wild
type mice or a normal memory in AD mice.

In a second series of experiments, we evaluated
whether objects of different shapes might influence
ORT. During the training phase mice were exposed
to two identical PLA cubes (Fig. 6Aa). As expected,
no differences were found in exploration levels of
the two cubes (wild type: to2)=1.465, p=0.154;
AD: t2)=1.794, p=0.087 between familiar and
novel object; Fig. 6B) or in total exploration time
(t22)=0.294, p=0.771; Fig. 6C). After 24 h, mice
were exposed to a PLA sphere as a novel object
(Fig. 6Ab). We found that both genotypes spent

a higher amount of time in exploring the familiar
object (r-test wild type: t(22) =9.435, p <0.0001; AD:
t(18)=2.937, p=0.008 between familiar and novel
object; Fig. 6D), with no differences in total exp-
loration time (t22)=0.392; p=0.699; Fig. 6E). Dis-
crimination Index confirmed that wild type and AD
mice behaved similarly, both preferring the explo-
ration of the familiar object (-0.324+0.04 versus
—-0.17 £ 0.08; t(22)=1.613, p=0.121; Fig. 6F). This
was particularly evident for wild type mice that
showed a Discrimination Index different than zero
but negative (comparison with the fictive group: r-test
wild type: t20) =2.913, p=0.001; Fig. 6F). No differ-
ences were found in males and females in time spent
exploring the familiar versus the novel object (Two-
way ANOVA sex*familiar-novel object interaction
in wild type: F(1,20)=0.602, p=0.447; in AD mice:
F(1,200=0.023, p=0.882; Fig. 6G), as confirmed by
the analyses of Discrimination Index (sex*genotype
interaction: F(j 209y =0.136, p=0.716; Fig. 6H).

This result was opposite to that normally expected,
since wild type mice should dedicate more time in
exploring the novel object, whereas AD mice, due to
their memory deficit, usually spent the same amount
of time in exploring the familiar and the novel object.
Thus, in this experimental setting, the use of objects
with higher affordance such as the cube during the
training phase did not allow a correct evaluation of
memory.

We then inverted the objects and used two iden-
tical PLA spheres as familiar objects and a PLA
cube as a novel object (Fig. 6Ib-c). Also in this case,
no differences were found in Exploration levels of
the two spheres during the training phase (wild type:
to2) = 1.432, p=0.166; AD: t2) = 1.921, p=0.368
between familiar and novel object; Fig. 6J) or in total
exploration time (t20)=0.021, p=0.983; Fig. 6K).
However, a higher total exploration time in T1
was recorded in wild type mice exposed to cubes
(Fig. 6C) inrespect to spheres (Fig. 6K) (t(22) =3.037,
p=0.006).

During the training phase, wild type mice spent
a higher % of time in exploring the novel object
(t-test: t(22)=5.322, p<0.0001), whereas AD mice
dedicated the same amount of time in exploring the
two objects (t20)=0.814, p=0.425 between famil-
iar and novel object; Fig. 6L). Total exploration time
was unchanged (t21)=0.081; p=0.936; Fig. 6M).
Analyses of Discrimination Index confirmed the dif-
ference between wild type and AD mice (0.27 £ 0.07
versus 0.04 £ 0.08; t21)=2.136, p=0.045) and that
only wild type mice were able to learn (s-test
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Fig. 5. The use of metal objects biased results of object recognition task in wild type and AD mice. A) Objects used during the T1 training
phase (a) and the T2 testing phase (b). B) Both wild type and AD mice dedicated the same amount of time in exploring the familiar and the
novel object (n=10/10 sex-balanced animals). C) Discrimination Index indicated an impairment of recognition memory in both wild type
and AD mice. D) Total exploration time was similar in wild type and AD mice. E) Males and females of both genotypes spent a similar
amount of time in exploring the familiar and the novel object; F) No gender differences were found in Discrimination Index of wild type
and AD mice. G) Objects used during the T1 training phase (a) and the T2 testing phase (b) in another series of experiments. H) Both wild
type and AD mice dedicated a higher amount of time in exploring the novel object (n = 10/10 sex-balanced animals). I) Discrimination Index
indicated a normal recognition memory in both wild type and AD mice. J) Total exploration time was similar in wild type and AD mice.
K) No gender differences were found in exploration of novel versus familiar object and L) Discrimination Index in wild type and AD mice.
Data expressed as mean = SEM. ***p <0.005, ***p < 0.0001, # difference with zero (comparison with fictive group).
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Fig. 6. Shape of the objects affects results of object recognition task. A) Objects used during the training (a) and the testing phase (b). B)
Mice spent the same amount of time in exploring the two identical objects during the training phase. C) No difference was found between
wild type and AD mice in total exploration time. D) Both wild type and AD mice dedicated a higher amount of time in exploring the familiar
object (n=12/12 sex-balanced animals). H) Total exploration time was similar in wild type and AD mice. F) Discrimination Index indicated
a strong impairment of recognition memory in both genotypes, particularly evident for wild type mice. G) No gender differences were found
in exploration of novel versus familiar object and H) Discrimination Index in wild type and AD mice. I) Objects used during the training
(a) and the testing phases (b,c). J) Mice spent the same amount of time in exploring the two identical objects during the training phase. K)
No difference was found between wild type and AD mice in total exploration time. L) Wild type mice dedicated a higher amount of time in
exploring the novel object, whereas AD mice explored indifferently the familiar and the novel object (n=12/11 sex-balanced animals). M)
Total exploration time was similar in wild type and AD mice. N) Discrimination Index indicated a normal recognition memory in wild type
mice, and impairment in AD mice. O) No gender differences were found in exploration of novel versus familiar object and P) Discrimination
Index in wild type and AD mice. Q) Exploration times of familiar and novel object during the testing phase (setting ¢) showed that wild
type but not AD mice spent a higher amount of time exploring the novel object (n=10/10 sex-balanced animals). R) Discrimination Index
indicated a normal recognition memory in wild type mice, and impairment in AD mice. S) Total exploration time was similar in wild type
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versus fictive group wild type: t209) =2.695,p =0.014;
AD: t(19)=0.429, p=0.673; Fig. 6N). No gender
differences were found in exploration (sex*familiar-
novel object interaction in wild type: F(; 20y =0.356,
p=0.558; in AD mice: F(j,18=1.026, p=0.325;
Fig. 60) and Discrimination Index (sex*genotype
interaction: F( 19)=0.056, p =0.816; Fig. 6P).

Thus, when we used the sphere in the training
phase and the cube in the testing phase, ORT results
allowed to distinguish between a normal cognition
in wild type animals and the expected impairment in
AD mice.

Even if this choice of objects could be appropriate,
considering that the use of objects with higher affor-
dance such as the cube might represent a bias, we
performed another series of experiments maintaining
the sphere as a familiar object and substituting the
cube with the pyramid as a novel object (Fig. 6Ic).
These experiments confirmed that the use of neu-
tral objects is the most appropriate as wild type mice
spent more time in exploring the novel object, i.e.
the pyramid, compared to the familiar object (z-test:
t1g) =10.318, p <0.0001; Fig. 6Q), whereas AD mice
dedicated a similar amount of time in exploring the
two objects (¢-test: t(18)=0.691, p=0.498; Fig. 6Q).
The Discrimination Index was different between wild
type and AD mice (0.30 £ 0.03 versus —0.03 £ 0.07;
t-test: t(18)=3.914, p=0.001; Fig. 6R), and indi-
cated that only wild type animals were able to learn
(t-test versus fictive group wild type: t(1g)=3.775,
p=0.001; AD: t(18)=0.363, p=0.721; Fig. 6R). No
differences were recorded in total exploration time
(t18)=0.487; p=0.632; Fig. 6S) nor gender differ-
ences in exploration levels (sex*familiar-novel object
interaction in wild type: F(q 16y =0.246, p=0.627; in
AD mice: F(j,16)=2.428, p=0.139; data not shown)
and Discrimination Index (sex*genotype interaction:
F(1,16)=0.605, p=0.4438; Fig. 6T).

Thus, the use of neutral objects allowed distin-
guishing between normal and impaired memory in
wild type and AD mice, avoiding the possible biases
due to the use of attractive objects toward which mice
manifest an innate preference.

DISCUSSION

Exploration is an innate behavior aimed at provid-
ing information about the environment and particular
items or individuals. Given its ubiquitous nature
across species, exploratory behavior has been consid-
ered a powerful tool to study cognitive and affective

performance in pre-clinical research. A variety of
tests aimed to investigate memory are based on
novelty exploration [19]. Several objects, such as
pyramids, parallelepipeds, cubes, hemispheres, trun-
cated pyramids but even complex objects such as
coffee mugs, cans, Playmobil and Lego toys, PVC
pipes, glass vases and candlesticks, have been used
to perform ORT or other exploration-based studies in
rodents [20]. The choice of materials is also variable,
since objects used can be made of glass, porcelain,
metal, plastic, rubber, and wood [20].

In this manuscript, we have confirmed that intrinsic
object qualities might influence exploration behavior
and affect the results of test aimed at investigating
memory in animal models.

We found that shining objects made of metal or
glass elicited a greater curiosity in mice, consistent
with previous studies [10, 20]. In fact, although rats
and mice have limited color vision and show poor
color discrimination, they are able to discriminate
between stimuli that differ in brightness [21, 22].
This implies that, when using these objects to per-
form ORT or similar studies, the experimenter might
not distinguish between memory performance and the
innate attraction towards shiny objects. Our results
demonstrated that when pairing a metal with a PLA
object, ORT results were clearly biased. When the
metal cylinder was used either as a familiar or a novel
object, both wild type and AD mice spent more time
in exploring it during the testing phase. Therefore,
if a shiny object is used as a familiar object, one
can wrongly interpret that wild type mice had mem-
ory impairment. Conversely, if it is used as a novel
object, results might be read as AD mice having a
normal memory. Thus, the use of metal objects is not
recommended, especially if paired with plastic ones.
It would be more appropriate to randomly alternate
metal and glass as familiar or novel objects, and not
to use them together with neutral objects made in
plastic or, as in our experiments, in PLA. Otherwise,
PLA objects might be used alone, considering that
total exploration time is maintained in an acceptable
range and that, if brilliant objects are not present dur-
ing the test, mice will spend more time in exploring
PLA objects, as previously demonstrated [18].

When studying exploration behavior related to
objects of different size, we found that the objects
with big and medium dimensions appeared more suit-
able for exploration, even if the bigger object was
mainly used for climbing or sitting. Conversely, the
small object resulted the less explored and attrac-
tive. This is in line with previous studies suggesting
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that object size influenced exploration and preference
[23] probably because an object with a similar size
to the animal, results in a higher affordance. Indeed,
affordance is referred to what animals could per-
ceive, recognize, and memorize of an object [10], and
depends upon the relationship between the properties
of objects and the abilities of animals [24]. Therefore,
affordance is influenced by those characteristics of
the object that attract the animal because of a possi-
ble interaction with it [25]. In general, an object with
higher affordance is the one that the mouse could
lean on, climb onto, grasp, or perform other actions
belonging to common rodent activities, or an object
able to elicit sensory perceiving. Consistently, our
findings showed that the small object, approachable
only by horizontal exploration, was less explored in
respect to the medium and the big object that could
be also explored by vertical and on-top exploration.
Consequently, if the aim of the study is to evaluate
memory, it would be better to choose an object with
high affordance that mice are interested to explore
but with characteristics that do not allow an excessive
active interaction to avoid distraction and a decrease
of exploration time. In agreement with previous find-
ings, a medium size object, i.e., comparable to mouse
dimension, should be preferentially chosen [26], and,
in any case, it would be better not to associate objects
of different size in the same experimental protocol.

Concerning possible sex-differences, we found
that females equally explored the medium and the
big object, whereas males preferred the big object.
Although we cannot explain this different behav-
ior, we can speculate that it might depend upon the
mouse size, being males bigger than females (mean
weight =33 & 2 versus 26 &+ 2 grams).

Affordance also addressed the preference related
to the object shape. Previous studies have demon-
strated that mice explored objects that can be climbed
significantly longer than objects that can only be
touched [10]. In our experimental setting, mice
mainly explored the cube and the pyramid, compared
to the truncated sphere. However, they spent a higher
amount of time sitting on the cube that was used as a
sort of “observation tower” to explore the surrounding
environment.

This behavior was particularly evident in male
mice and influenced exploration type. In fact,
while female behavior mirrored the common explo-
ration type preference (horizontal > vertical >on-
top), males displayed no differences between
horizontal and vertical exploration, and spent more
time standing on the cube to visualize the surrounding

environment. This might be related to sex differ-
ences in navigation and object exploration [1, 2]. In
fact, it has been previously demonstrated that females
navigate using both landmarks and Euclidean geom-
etry, preferentially encoding information based on
objects characteristics and locations, whereas males
are inclined to use geometric cues using the shape of
the environment as a reference [3, 5, 6].

Here, the use of objects with high affordance such
as the cube affected ORT results especially in wild
type mice that spent a very high amount of time
exploring the cube during the testing phase. This
resulted in a clear inversion of Discrimination Index
that indicates memory impairment. Furthermore, the
higher time spent in exploring the familiar cube
versus the novel object, determined a false alter-
ation of novelty preferences, which is a characteristic
of autism spectrum disorders and other stereotyped
behaviors [27]. This bias was avoided by using a
different object that, although with good affordance,
cannot be climbed, i.e., the pyramid.

In conclusion, in line with previous findings, we
have shown that intrinsic characteristics of the object
used affect total exploration time, latency, recogni-
tion and Discrimination Index. Objects in PLA, with
a similar size to that of the animal and shapes pre-
serving a good affordance resulted more appropriate
to perform behavioral tests based on exploration.
These findings should be considered when perform-
ing memory tests based on novelty to provide reliable
data.
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