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ARTICLE INFO ABSTRACT

Keywords: Anxiety is being increasingly diagnosed in the elderly population. In this sense, epidemiologic
Elevated plus maze data have linked late-life anxiety disorders to increased cognitive decline, morbidity, and even
Open field

mortality. In addition, studies have already reported the influence of the environment on the
association between aging and anxiety. Therefore, the present study aimed to conduct a
comparative analysis between Elevated Plus Maze (EPM) and Open Field (OF) tests as methods for
evaluating mice’s anxiety-like behavior, considering environmental and age variables. For this,
eighty Female albino Swiss mice aged 6, 12, and 18 months were housed in an impoverished
environment (IE) and enriched environment (EE). Following this, the animals were tested in EPM
and OF tests. The environment and age affect the anxiety-like behavior of the mice in the OF, with
a difference between the animals of 6 and 18 months, only in the EE (p < 0.021). However, in the
EPM, it does not occur. Despite that, the environment affected the distance traveled by the mice in
the EPM, where the IE animals showed greater exploratory activity than the EE, only in the 18-
month group (p < 0.001). No environmental influences were detected in the OF. Concerning age,
in the EPM, animals in the 18-month-old group traveled shorter distances compared to the 6-
month group (p < 0.001) and the 12-month group (p < 0.001), only in EE. In turn, in the OF
there was a decrease in the distance traveled in the 18-month group compared to the 6-month
group (p = 0.012), only in the IE. Thus, the divergences between the results of EPM and OF
instigate a better evaluation of the parameters analyzed in each test.

Aging
Enriched environment

1. Introduction

Anxiety disorders are baring increasingly diagnosed in the population, especially in elderly people [1]. This disorder is defined as
the anticipation of a future threat and can be considered a habitual and adaptive emotion of everyday life, as it incites a survival
instinct that keeps an individual away from risky situations [2]. In this sense, epidemiologic data have linked anxiety disorders in late
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life to increased cognitive decline, morbidity, and even mortality [2].

Preclinical studies have been performed to elucidate the influence of environmental in anxiety-like behavior [3]. In this sense, the
type of environment for housing animals in laboratory research, especially mice, is also discussed [4]. Evidence shows that an
impoverished environment (IE), poor in stimuli, limits the inherent natural behaviors of species, leading to stress, preferring an
enriched environment (EE). EE consists of a type of manipulated environment that aims to include environmental modifications to
improve an animal’s psychological well-being, going beyond its basic needs. It can be achieved through larger and more complex
domestic cages, with objects to promote play, such as running wheels or climbing apparatus [5]. Such modifications induce sensory
and motor stimulation that leads manifestation of natural behaviors of species, promoting a sense of control over the environment and
a better ability to deal with stress [5,6].

Morphologically, EE induces changes in the nervous system, including increased brain volume, reduced apoptosis of nerve cells,
increased neurogenesis, and neuronal plasticity [7]. These findings seem to have positive effects on learning and memory, in addition
to decreasing anxiety-like levels and contributing to greater exploratory activity [8-10].

Another important point is the increasing prevalence of the diagnosis of anxiety in elderly individuals and the possible conse-
quences of this disorder on the quality of life of this population [11]. Clinical and preclinical studies point to a greater cognitive deficit
in anxious elderly, demonstrating that anxiety in the elderly contributes to hyper agitation, dementia, and neurodegenerative diseases
[12].

Therefore, the age variable is also relevant to be studied in cases of anxiety. Elevated Plus Maze (EPM) and Open Field (OF) tests are
among animal models commonly used to assess anxiety-like behavior and exploratory activity [13]. They are based on the natural
aversion of rodents to exposed environments, where an unprotected or completely open elevated area is an anxiogenic challenge [14,
15].

Thus, as both tests are considered the most used to assess anxiety-like behavior, the present study, through an experimental murine
model, aims to investigate whether they are equally sensitive to the effects of age and environment variables, translating results similar
or not.

2. Methods
2.1. Experimental groups

Eighty Female albino Swiss mice were housed under different conditions represented in Fig. 1. (A-C), part in an impoverished
environment (IE), Fig. 1 (B), and part in an enriched environment (EE), Fig. 1 (C). The IE consisted of plastic cages of standard di-
mensions (32 x 39 x 16.5 cm), lined with rice straw, and covered with metal grids. The EE consisted of two-level wire cages (50 x 50
x 50 cm), equipped with tunnels, bridges, sliding wheels, and toys, which were changed periodically, keeping the animals exposed to
new stimuli.

Considering that the life span of a mouse is 24 months [16], animals from each environment were divided by age, where the
6-month-old group represented young animals (n= 16 for IE and EE), the 12-month-old group was middle-aged (n= 16 for IE and EE)
and, finally, the 18-month-old group a senile animal (n= 7 for IE and n= 9 for EE), with different animals for each age.

The temperature was controlled (23 + 1 °C) and the light-dark cycles lasted 12 h, with the light period from 6:00 p.m. to 6:00 a.m.
and the dark period from 6:00 a.m. to 6:00 p.m. The animals provided by Instituto Evandro Chagas were handled according to the
"Principles of Laboratory Animal Care” (National Institutes of Health), at Laboratory for Research in Neurodegeneration and Infection,
University Hospital Joao de Barros Barreto, of the Federal University of Pard, Brazil. The experimental protocol was tested and
approved before the study began by the Ethics Committee on Experimental Animal Research (from the Institute of Biological Sciences,
Federal University of Pard, Brazil, CEPAE-UFPA: 223-14).

Fig. 1. Impoverished environment and enriched environment

Note. (A-B) Impoverished environment: (A) Plastic cages, covered with a metal grid, allowing free access to water and feed. (B) Mice in a housing
containing minimal stimuli, lined with rice straw. (C) Enriched environment: two-level housing containing ropes, tunnels, bridges, rods, racing
wheels, and toys. The objects were changed or replaced weekly, and the animals had free access to water and food, arranged on different floors.
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2.2. Behavioral testing of mice

The animals were evaluated for anxiety-like behavior through the EPM and OF tests, in each aging group. Then, each animal was
kindly introduced into the central platform of the EPM apparatus and later into the center of box for 5 min. EPM apparatus consisted of
two arms, one open and one closed of 30 x 5 cm each, in the opposite positions and joined at a5 x 5 cm central platform. The closed
arms (CA) are surrounded by 17 cm high walls and open arms (OA) do not have walls. The entire apparatus, which is represented in
Fig. 2, is wood-made and painted with black paint suspended 75 cm from the floor. OF apparatus consisted of an open box with 30 x
30 x 40 cm, covered in a gray casing and a black background, which can be seen in Fig. 3 (A-B). After each session, devices were
sanitized with 70% ethanol solution to remove olfactory clues, as well as organic waste from the animal.

Tests were recorded using a video camera (Philips® SPC 611NC) installed on the ceiling of the behavioral room and connected to a
computer to record images. To process and analyze behavioral parameters detected in videos, the computer software ANY-maze Video
Tracking System (StoeltingCo©) was used. The tests were performed with the same protocol in handling procedures, with the same
levels of luminosity measured using a photometer (4-5 cd/mz) and at the same time of day (dark cycle) for all groups.

In the EPM, one of the parameters used to assess anxiety-like behavior is the time spent in each arm (open arms, closed arms, and
central platform), expecting a spontaneous tendency to avoid unprotected OA, concentrating permanence in CA. The total distance
traveled, and the distance traveled minute by minute were also used.

In the OF, the computer program virtually divided the box floor into two different square zones of approximately equal sizes:
central zone (CZ) and peripheral zone (PZ) (Fig. 3C). This division allowed the analysis of time spent in each zone expressed in seconds,
in addition to the distance traveled in each zone. In the same way, a spontaneous tendency of the animal is expected to avoid the
unprotected central zone and to concentrate its permanence in the peripheral zone, thus allowing the evaluation of anxiety-like
behavior. In addition, it was evaluated the total distance traveled and the distance traveled minute by minute.

Statistical analysis was based on the video records of each session, extracted by ANY-maze Video Tracking System (Stoelting©). The
normality of quantitative data was tested with the Shapiro-Wilk test. Regarding the behavioral parameters, significant differences
between the groups were evaluated with two-way and one-way Analysis of Variance (ANOVA) tests, depending on the analyzed
parameter, and Tukey’s post hoc test, assuming an interval of 95% confidence (p < 0.05). The influences of age and environment were
investigated, and analyses were performed with the Jamovi® software.

Fig. 2. Illustration of the Elevated Plus Maze apparatus with its dimensions.
Note. The apparatus is suspended 0.75 m from the ground and consists of two opposing arms, one open and one closed of 0.30 x 0.05 m each. The
closed arms are surrounded by 0.17 m high walls and the open arms have no walls.
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Fig. 3. Illustration of the Open Field apparatus.

Note. (A) Representation of the test scenario, with a monitoring system for video capture and apparatus used in the test, being possible to test 4
animals concurrently, but without communication between them or behavior interference. (B) Dimensions of the box, 0.3 x 0.3 x 0.4 m. (C) Virtual
division of the Open Field apparatus floor into central and peripheral zones, with approximately equal areas.

3. Results
3.1. Time in the closed arm and peripheral zone

To evaluate the anxiety-like behavior, the parameter used was the time spent by the animals in each arm (OA and CA) in EPM and in
each zone (CZ and PZ) in OF. In EPM, no significant differences were identified when evaluating the influence of age and environment
on anxiety-like behavior, independent of the arm. In OF, as CZ and PZ are complementary zones, a significant difference was found
related to time spent in CZ and PZ between the 6 and 18-month-old animals, only in EE (F [2.74] = 3.97, p < 0.021). Fig. 4 (A-B) shows
the graphical representation of data obtained in the areas where animal is expected to concentrate its permanence, CA of the EPM,
Fig. 4 (A), and PZ of the OF, Fig. 4 (B).

3.2. Total distance traveled

According to the results presented so far, few differences were observed between the EPM and OF tests, or even those induced by
age and environment. In this sense, we performed a complementary analysis based on the total distance traveled, expressed in meters.

(A)  Elevated Plus Maze (B) Open Field
250 250
© 200 B 2007 M 6 months
% - e 150 * M 12 months
i 8 _
§ 5 _% I 18 months
Ke] o
2 100 £ 1007 Significances:
2 £ *6 months
F 50 F 504
0- IE EE - IE EE

Fig. 4. Anxiety-like behavior of young, middle-aged, and senile albino Swiss mice submitted to an impoverished and enriched environment.
Note. (A) Time (s) in the closed arm of the Elevated Plus Maze and (B) time (s) in the peripheral zone in the Open Field test. Both tests had a total
duration of 300 s. Values are expressed as mean =+ standard error, highlighting the significant differences (p < 0.05): (*) significant differences
about 6 months. Significance values were obtained through Analysis of Variance (ANOVA) 2 criteria (age and environment) and post Tukey test. IE —
impoverished environment; EE — enriched environment.
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EPM showed significant differences in the total distance traveled between the groups, where the interaction of variables age and
environment was observed (F 274) = 7.52, p = 0.001). In the EPM, at an 18-month-old, there were significant differences in the total
distance traveled when comparing animals from IE and EE (F [1.74] = 9.45, p < 0.001), which was not observed at 6- and 12-month-old.
18-month-old animals in IE showed greater distance traveled than those in the EE. Regarding age, in EE, a decrease was detected in the
distance traveled at 18 months old with significant differences when compared to 6-month-old animals (F [2.74) = 10.54, p < 0.001)
and to 12-month-old. (F [2.747 = 10.54 p < 0.001).

The OF revealed a significant difference in distance traveled between 6- and 18-month-old in IE (F [2.73; = 6.92, p = 0.012), with no
interaction between age and environment. There was a decrease in the distance traveled in 18-month-old group compared to 6-month-
old group.

An analysis of the distance traveled in the closed arm and the peripheral zone was also performed. The results obtained in the closed
arm were like those found when considering the entire apparatus, indicating a predilection for this area. In the OF test, no significant
differences were identified unlike when the entire apparatus was considered. The graphical representation of the data obtained is
shown in Fig. 5 (A-D).

3.3. Distance traveled minute by minute

Exploratory activity was also evaluated through minute-by-minute distance traveled in each of the tests. In EPM and OF, for both
environments and at 6 and 12-month-old, a higher pattern of exploratory activity was observed in the 1st minute decreasing in
subsequent minutes. The 18-month-old animals in the EPM did not follow this pattern, as there was no significant reduction in the
distance covered at the first minute of the test. The graphical representation of the data is shown in Fig. 6 (A-L).

4. Discussion

This study aimed to investigate whether EPM and OF are equally sensitive to the effects of age and environmental variables,
translating similar results or not, in an experimental murine model.

The present study identified different influences of the environment on anxiety-like behavior in the OF, but not in the EPM. At this
point, Sparling et al. [5] considered that there is no unanimity in the literature about the impact of environmental enrichment on
anxiety-like behavior in studies with both tests.

In the OF, 18-month-old animals raised in the EE spent less time in the peripheral zone when compared to the 6-month group. In a
study carried out by Shoji and Miyakawa [17], mice of different ages (2, 11, 17, and 23 months) did not show a predilection for a
certain zone in the first 5 min of the test. However, this same study extended the OF to 120 min and, only then, identified a shorter time
spent in the peripheral zone for senile animals showing a decrease in anxiety-like behavior. It is worth noting that, in the present study,
the duration of the OF was 5 min, as recommended by other studies [18,19].
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Fig. 5. Distance traveled by young, middle-aged, and senile albino Swiss mice, submitted to impoverished and enriched environments.

Note. (A-B) Total distance traveled (m): (A) in the Elevated Plus Maze and (B) in the Open Field test. (C) Distance traveled (m) in the closed arm of
the Elevated Plus Maze and (D) distance traveled (m) in the peripheral zone of the Open Field test. Values are expressed as mean =+ standard error,
highlighting the significant differences (p < 0.05): (#) significant differences between environments; (*) significant differences to 6 months and (+)
about 12 months. Significance values were obtained through Analysis of Variance (ANOVA) 2 criteria (age and environment) and post Tukey test. IE
— impoverished environment; EE — enriched environment.
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Fig. 6. Albino Swiss mice exploratory activity in each group formed.

Note. (A-F) Distance traveled minute by minute (m) of the animals in an impoverished environment, being (A, C, and E) in the Elevated Plus Maze
and (B, D, F) in the Open Field test, where (A and B) represent 6 months, (C and D) 12 months and (E and F) 18 months. (G-L) Distance traveled
minute by minute (m) of the animals in an enriched environment, being (G, I and K) in the Elevated Plus Maze and (H, J, L) in the Open Field test,
where (G and H) represent 6 months, (I and J) 12 months and (K and L) 18 months. Values are expressed as mean =+ standard error, highlighting the
significant differences (p < 0.05): (+) significant differences about the 1st minute, (#) to the 2 nd min, (*) to the 3rd minute, and () at the 4th
minute. Significance values were obtained through Analysis of Variance (ANOVA) and after Tukey’s test. EPM - Elevated Plus Maze; IE —
impoverished environment; EE - enriched environment; 6 M-6 months; 12 M-12 months; 18 M-18 months.

On the other hand, Nolte et al. [20] reported results that contradict our findings. In the study, 24-month-old mice submitted to 30
min in the OF remained longer in the peripheral zone compared to 3 and 12-month mice. Thus, given the divergences in the findings on
the anxiety-like behavior when using the OF, there is a need for better standardization regarding the methodology used, especially
regarding the duration of the test.

In the EPM, no significant differences were observed in the time spent in the CA and OA of EPM when comparing ages, which agrees
with the findings of Shoji and Miyakawa [17] but differs from those of Gokdemir et al. [21].

In the analysis of distance traveled, the EPM showed an interaction between age and environmental factors influencing the
exploratory activity. The 18-month-old animals kept in IE traveled a greater distance during the test than the EE animals at the same
age. This can be explained by the fact that, since these animals were kept in a poor stimuli environment, exposure to EPM was realized
as a novelty, leading to a greater exploratory activity different from those from EE. On the other hand, the findings by Tarasova et al.
demonstrate that animals kept in EE had a greater exploratory activity [9]. No environmental influences were detected in the OF.

In the EPM, the aging animals in EE traveled a shorter distance when compared to 6- and 12-month-olds revealing the influence of
aging on exploratory activity. These findings agree with other studies where it was observed that older animals traveled shorter
distances compared to younger ones in several behavioral tests, including EPM [17,22].

The OF showed a significant decrease in the distance traveled only between the 18-month-old animals compared to the 6-month-
old in IE. In this way, environmental enrichment seems to attenuate the effects of aging in exploratory activity. The differences in terms
of age agree with the findings of Shoji and Miyakawa [17], that reported a decreased exploratory activity in older mice compared to
younger ones. However, another study using OF demonstrated that mice maintained similar patterns of exploratory activity at all ages
[20], while an increase in exploratory activity in senile animals has also been reported [21].

The present study included an analysis of the distance traveled minute by minute in EPM and OF tests, considering the apparatus as
a whole. There was a decrease in the distance traveled over the minutes of both tests showing significant reductions in exploratory
activity, which has already been reported by de Siqueira Mendes et al. [23]. Such decrease occurred abruptly in OF, while in EPM it
occurred gradually. Since OF apparatus consists of an open area without so many possibilities or alternatives, the animal tends to
quickly explore the environment, a fact represented by the high distances traveled in the first minute. However, the significant dif-
ferences from the second minute onwards about the first show an adaptation to the test proposal quickly losing interest in exploring the
apparatus. The same is not observed in EPM, which can be explained by the conflict experienced by the animal between the motivation
to explore a new environment and the desire to avoid OA of apparatus [24]. In addition, the decrease in exploratory activity was
slightly altered in the EPM for 18-month-old animals raised in IE, with no significant difference in the distance covered in the apparatus
between the test minutes.

About the experimental animal models, it is known that EPM and OF tests are widely used to assess anxiety-like behavior in
addition to being able to measure parameters related to exploratory activity [14,15]. They are based on the natural aversion of rodents
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to exposed environments, where unprotected or completely open elevated areas are considered anxiogenic agents. The time spent in
each of the zones, as well as the distance traveled during the tests, are some aspects to be estimated to assess anxiety-like behavior and
exploratory activity [25,26].

However, when it comes to anxiety-like behavior, the findings obtained by EPM and OF were contradictory. As already mentioned,
our results showed that the EPM was not able to identify significant differences in the time spent in OA and CA between animals of
different ages and kept in different environments, while the OF showed a significant difference between 6-month and 18-month-old
animals kept in EE, where senile animals spent less time in the peripheral zone.

For a possible explanation, it must first be considered that anxiety can be classified as an anxiety state or an anxiety trait, based on
its duration and consistency. The anxious state reflects situations that create anxiety at a given moment when facing a threat. On the
other hand, the anxious trait characterizes stable anxiety over time, which reflects a threat perceived by an individual but not by
others. Thus, an anxious individual will show a greater anxiety trait than a healthy individual [27,28].

Therefore, EPM and OF tests are recommended to assess the state of anxiety-like behavior, since they create an anxiogenic envi-
ronment for the animal. However, EPM seems to be more effective in this regard since the test apparatus can cause more anxiety than
OF [29]. The animal in EPM is suspended, without protection, when exploring the OA, which is very different from what happens in
OF. It is also worth noting that, primarily, EPM is commonly applied for pharmacological studies, such as for the evaluation of
anxiolytic drugs. Thus, given everything that has already been mentioned and considering again that the present study did not identify
changes in the anxiety-like behavior through EPM and, in OF, it identified differences, finally some hypotheses can be raised.

First, it is questioned whether EPM is adequately sensitive to assess the influence of age and environment on anxiety-like behavior,
knowing that the animals were within their natural conditions, or if its application would be more opportune in situations with
variables that act directly on anxiogenic behavior, such as the use of anxiolytic drugs. In addition, as it is a test that assesses the anxious
state resulting from a threat that it momentarily imposes, a lasting anxious trait resulting from aging may not be identified. In
agreement, studies mention that the only test proposed as an animal model to assess anxiety traits is the free-exploratory paradigm [10,
27,30]. Regarding OF, it is contested how much the apparatus used can induce an anxiogenic behavior, which can be identified
statistically, suggesting its effectiveness is more evident in the evaluations of exploratory activity since it does not impose the same
threat level as the EPM.

A final point to be highlighted is the use of only female species in our study. Although gender is discussed in the literature, recent
studies suggest that there are no qualitative differences between males and females when it comes to anxiogenic analysis [31]. On the
other hand, the choice to use female animals is also a matter of convenience for our laboratory, since there are reports in the literature
of increased aggression, particularly among male mice, in the enriched environment [4]. In addition, although there is a difference
between the animals due to age and estrous cycle, it is assumed that this influence may be equally distributed between the tests since
they are the same animals. Therefore, any difference observed leads us to believe that it is due to the sensitivity of the tests to these
variables.

Finally, given the reported findings, the differences in the results found between the EPM and OF tests further instigate the dis-
cussion about the use of such tests to evaluate similar parameters related to anxiety-like behavior and exploratory activity.
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