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“Acontece com as pessoas. Não sei se

vivemos para ser felizes, sei que não

vivemos sem aprender, e que quando
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ainda que continuemos caminhando”
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​APRESENTAÇÃO
​

Neste Trabalho de Conclusão de Curso (TCC), nosso objetivo principal é aprofundar

a compreensão dos efeitos do exercício físico (EF) agudo na persistência da

memória de reconhecimento de objetos (RO) em ratas fêmeas. O TCC está

estruturado no formato de artigo científico, no qual é apresentado em três partes

essenciais: a introdução, o desenvolvimento e a discussão. Na introdução,

apresentamos o contexto e a importância da pesquisa, destacando a necessidade

de compreender os efeitos do EF agudo na memória de RO em ratas fêmeas. No

desenvolvimento, detalhamos o estudo de experimentação animal, que foi conduzido

após aprovação pela Comissão de Ética para Uso de Animais (CEUA), conforme a

Resolução 029/2021 (ANEXO I). Exploramos os procedimentos, métodos e

resultados obtidos, fornecendo uma análise aprofundada dos efeitos observados.

Por fim, na discussão, resumimos as descobertas do estudo e destacamos sua

relevância relacionando com achados prévios de outros estudos. Além disso, ao

encerrarmos este documento, fornecemos uma lista completa das referências

bibliográficas utilizadas tanto nas seções iniciais quanto nas finais. É relevante

ressaltar que o artigo deste TCC está em conformidade com os padrões de

publicação da revista Brain Research, encontrados no ANEXO II, no qual será

submetido para publicação em momento futuro.
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Highlights

● Acute physical exercise improves memory persistence in female’s rats.

● Acute physical exercise increases noradrenaline levels in the hippocampus of
female rats.

● The effects of acute physical exercise on memory are similar in both males
and females.

Abstract

Memory is a complex cognitive process with distinct stages, such as acquisition,

consolidation, and retrieval. The hippocampus plays a crucial role in memory

consolidation and retrieval. Physical exercise (PE) has been shown to enhance

memory and cognitive functions, but the available research is mainly developed with

males. So, there is limited knowledge about acute PE's effects on females' memory.

This study aimed to investigate the impact of acute PE on memory in female rats and

explore potential sex differences in PE memory modulation. Forty-two female Wistar

rats were subjected to a novel object recognition (NOR) task, with half of them

undergoing a single session of 30 minutes of PE after the learning session (memory
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acquisition). Behavioral assessments showed that acute PE improved memory

persistence in female rats, with increased discrimination of novel objects.

Biochemical analysis revealed elevated noradrenaline levels in the hippocampus

following acute PE. Notably, the positive effects of acute PE on memory were similar

between male and female rats. These findings suggest that acute PE can enhance

memory in female rats and underscore the importance of considering sex differences

in cognitive research. PE may offer a non-invasive strategy to promote cognitive

health in both males and females.

Keywords: Object Recognition Memory. Running. Hippocampus. Gender differences.
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1 Introduction

Memory is a complex process that unfolds in three fundamental stages

(Squire, 2004; Izquierdo, 2011). The first stage is acquisition, which corresponds to

the phase when information is initially obtained – it marks the first encounter with the

new information. Next is consolidation, the storage stage, during which complex

biochemical processes necessary for information to be stably stored in our memory

system take place. Lastly, retrieval can occur – the moment when information is

recalled and accessed when needed (Squire & Kandel, 2003). It is important to

highlight that the hippocampus, a crucial area of the brain, plays a fundamental role

in memory consolidation and retrieval (Squire & Kandel, 2003).

After consolidation, some memories can persist longer than others.

Interventions applied following memory acquisition, at the beginning of the

consolidation phase, have effectively prolonged information retention and improved

memory consolidation (Bekinschtein et al., 2010; Katche et al., 2016). In our research

group, we have investigated how a single session of physical exercise (PE)

performed after acquiring a novel object recognition (NOR) task affects the duration

of this memory in male rats. Our results indicate that male rats subjected to 30

minutes of treadmill exercise maintained memory longer than the control group

(Vargas et al., 2017; 2020). The primary mechanisms involved in acute PE include

the activation of dopaminergic D1/D5 (Vargas et al., 2020; Lima et al., 2021) and

beta-adrenergic (Vargas et al., 2017) receptors in the hippocampus, PKA activation

(Lima et al., 2021), in addition to a confirmed dependency on locus coeruleus

activation (Lima et al., 2023).

Studying acute PE is crucial to understanding the immediate and transient

effects that physical activity can have on different physiological and cognitive

processes (Lima et al., 2021). While chronic PE refers to regular and prolonged

practice over time, acute PE represents a single session of intense and immediate

activity (Smith et al., 2013). Both, acute and chronic PE are important to brain and

cognition, it increases levels of brain-derived neurotrophic factor (BDNF), enhances

neurogenesis, and promotes synaptic plasticity (Oliff et al., 1998; Lee and Son, 2009;

Vaynman et al., 2006; Venezia et al., 2019) – essential factors contributing to

memory improvement.
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According to our findings, other studies have also demonstrated that acute PE

positively regulates brain processes and enhances memory (Bouchet et al., 2017;

Diederich et al., 2017). However, despite extensive research on the effects of PE on

memory, especially its significant role in enhancing persistence, there remains limited

knowledge about its effects on females. In this sense, it is crucial to investigate

possible sexual dimorphism, as sex differences in the central nervous system can

significantly impact various biological activities and behaviors, such as stress

responses and cognitive performance (Bangasser, 2014; Yagi & Galea, 2019).

This study aims to investigate and comprehend the impact of acute PE on

memory in female rats. Here, we examine how a single session of PE, conducted

after NOR memory acquisition, influences the duration and retention of information.

Moreover, our research aims to explore whether sex differences in the central

nervous system play a significant role in the effects of acute PE on memory. Through

our analyses, we intend to explore how acute PE can affect the memory retention

capacity in female rats. By doing so, we aim to contribute to a more comprehensive

understanding of the mechanisms involved in this process.
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2 Materials and methods

Forty-two female Wistar rats (3 months old, 170–230 g) were obtained from

the University of Santa Maria Central Vivarium (RS, Brazil) and used for this study.

The animals were housed in individual cages (n = 4 per cage) and maintained under

controlled laboratory conditions, including a 12-hour light/dark cycle (with the light

cycle starting at 7 AM), a temperature of 23 ± 2 °C, and relative air humidity of 50 ±

10%. Water and food were provided without restriction. All experimental procedures

followed the “Principles of Care of Laboratory Animals” (NIH Publication No. 80-23,

1996).

2.1 Behavioral experiment

We conducted a behavior experiment to investigate the effects of acute PE on

recognition memory in female rats. The animals were randomly assigned to one of

both experimental groups: (i) control (n = 12) or (ii) acute PE (n = 13). The control

group did not exercise and were solely subjected to the NOR task. The acute PE

group rats underwent treadmill habituation and a maximal work rate test before

initiating the NOR task protocol.

All animals were habituated (20 minutes per day for 4 days), trained (5

minutes on one day), and tested (24 hours and 7 days after training) in the NOR task.

After training in the NOR, rats in the acute PE group were subjected to a single

30-minute PE session in a treadmill built for rodents, performed at an intensity level

of 60-70% of their previously measured maximal work rate.

For the NOR test sessions, conducted 24 hours and 7 days after training,

different sets of objects were used, each containing a novel and a familiar object.

Following each NOR test, the animals underwent behavioral control tests: the open

field (OF) to assess locomotion and exploration and the elevated plus maze (EPM) to

evaluate the animal's anxious behavior.

2.2 Biochemical experiment
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In a biochemical analysis, we assessed the influence of PE on noradrenaline

and dopamine levels in the hippocampus of female rats. The animals were randomly

separated into three experimental groups as follows: (i) naive (n = 5), (ii) control (n =

5), and (iii) acute PE (n = 9).

The naive group consisted of wild animals that underwent no specific protocol.

As mentioned earlier, the acute PE group underwent treadmill habituation and a

maximal work rate test 5 days before commencing the NOR protocol. All animals,

except those in the naive group, were habituated for 20 minutes per day over 4 days

and then trained for 5 minutes on one day in the NOR task.

Following the NOR training, rats in the acute PE group underwent a single PE

session for 30 minutes, according to the intensity of 60-70% of their previously

measured maximal work rate. The rats were euthanized thirty minutes after the

exercise session or in equivalent time for other groups, and the hippocampus was

dissected for subsequent measurement of dopamine and noradrenaline levels using

high-performance liquid chromatography (HPLC).

2.3 Acute physical exercise (PE)

Acute PE was conducted using an ergometric treadmill designed for rodents

(Insight Ltda São Paulo, Brazil). The animals were habituated to the treadmill for four

days to minimize the potential effects of novelty and/or stress. During the first two

days, the animals were introduced to the treadmill at a speed ranging from 2 to 5

m/min for 10 minutes. On the third and fourth day of habituation, the treadmill speed

was increased to 8 m/min.

Following the habituation phase, the animals underwent a maximal work rate.

For this test, the animals were placed on the treadmill at an initial speed of 1 m/min,

with a subsequent increase of 5 m/min every 3 minutes. The point of exhaustion,

indicated by the maximum speed achieved by each animal, was recorded.

The acute PE was conducted following the NOR training at an intensity level

of 60-70% of the previously measured maximal work rate, and it lasted for 30

minutes (Vargas et al., 2017; Vargas et al., 2020; Lima et al., 2021).
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2.4 Novel object recognition (NOR)

We employed the NOR task to assess recognition memory, a well-established

method (adapted from Ennaceur & Delacour, 1988). This task capitalizes on the

natural tendency of animals to explore novel objects more than familiar ones within a

familiar context. Various objects were used in the experiments, represented by the

following letters: A - magic cube, B - plastic cup, C - circular can, and D - Lego

pieces. The animals did not exhibit any preference for a specific object in a pilot

study.

The experimental setup consisted of a wooden box with a transparent glass

front measuring 60cm x 60cm, in which the animals underwent a 20-minute daily

habituation period for four consecutive days. Following the habituation period, two

distinct new objects (A and B) were introduced in the box, allowing the animals to

explore them freely for a 5-minute training session. Memory assessment took place

24 hours after the training session; we introduced a familiar and a novel object (A

and C). To gauge the persistence of memory, an additional test session was

conducted 7 days after the training session (objects A and D). During these sessions,

the animals were again presented with the opportunity for free exploration of the

objects. The objects were consistently placed in the same positions during all the test

sessions. Consolidation or persistence is observed by greater exploration of the new

object to the familiar one. In previous studies, in control male rats, this protocol

allows memory consolidation, but not persistence, of memory (Lima et al., 2019;

Neves et al., 2018).

To gauge the duration of exploration, a video camera positioned above the

testing area captured the animals' activities within the unoccupied experimental

space. Subsequently, an impartial experimenter, unaware of the study's details,

employed a manual stopwatch to measure the time allocated to exploration.

Exploration was characterized by the animals' engagement in activities such as

touching or sniffing objects using their front paws and noses. Behaviors like sitting on

the objects or turning around them were not considered exploratory actions. To

prevent any potential olfactory biases, thorough cleaning was done on the objects

and the apparatus using 70% alcohol.
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2.5 Open field (OF)

To ensure that the exploratory and locomotor activity of each animal remained

consistent and did not exert any influence during subsequent tests, we conducted a

behavioral control protocol for the OF after the memory test sessions. To evaluate

their exploratory and locomotor activity, the animals were placed in an OF apparatus,

which consisted of a white-painted wooden box measuring 60 cm x 60 cm and

divided into 12 equal quadrants by black painted lines. The behavior of the rats was

recorded by a video camera positioned over the apparatus in an empty

experimentation room. We recorded measurements of animal rearing and crossings

during a 5-minute observation period, according to Hall & Ballachey (1932).

2.6 Elevated plus maze (EPM)

To assess anxious behavior, the animals were placed on the EPM platform,

and we recorded the number of entries and time spent in both open and closed arms

during a 5-minute session. A video camera above the apparatus captured the rats'

behavior in an empty experimental room. Anxious behavior was indicated if the

animals spent more time in the closed arms than in the open arms, according to

Pellow et al. (1985).

2.7 Quantification of noradrenaline and dopamine

Dopamine and noradrenaline levels were quantified using HPLC. For this, the

bilateral hippocampi were rapidly dissected from the brain on an ice-cold surface.

The homogenate, containing acetonitrile and 0.5 HCl, underwent centrifugation at

10,000 RPM for 10 minutes at a controlled temperature (4ºC). The resulting

supernatant was filtered and then transferred to an amber vial, kept at 4ºC for 2

hours until analysis by HPLC-DAD.

Quantitation analysis was carried out using an A-10 AltusTM solvent and

sample module and an A-10 AltusTM PDA detector, both PerkinElmer. The system
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had a 5 µm Inertsil ODS-3 column (4.6 × 250 mm) and a guard cartridge. The

compounds were separated using the mobile phases of water acidified with

phosphoric acid to pH 2.56 and methanol, with an injection volume of 20 µL.

Compounds were identified by comparing their retention time and DAD

spectrum with reference standards from the analytical curve. The analytical curve

was constructed with noradrenaline (198 nm) and dopamine (198 nm) and comprised

7 points at concentrations of 0.05, 0.1, 0.5, 1.0, 2.0, 5.0, and 10.0 mg/L for each

compound.

2.8 Comparison of the effects of acute PE on memory in male and female rats

We meticulously compared memory data between females and males,

drawing from a previously published experiment (Lima et al., 2021) where an

identical experimental protocol was employed. In both studies, we adhered to the

same rigorous experimental design involving adult Wistar rats to scrutinize the impact

of acute PE on NOR memory. The uniformity extended beyond the experimental

design to encompass the environmental settings, objects utilized, experimental

conditions, experimenters involved, and the meticulous analysis of data.

2.9 Statistical analysis

We assessed the data for normal distribution using the Shapiro–Wilk test. The

NOR results were expressed as the percentage of total time spent exploring each

object. We employed a one-sample Student's t-test, assuming a 50% theoretical

mean, to evaluate whether animals spent more than 50% of their total exploration

time on the novel object, indicating memory retention. Additionally, we conducted

between-group comparisons by converting NOR data into a discrimination index (DI

= [(t novel - t familiar)/(t novel + t familiar) x 100]; where 't' represents the time spent

exploring the object). The data were analyzed using a t-test. A higher DI implies a

greater ability to discriminate between objects and spend more time exploring the

novel object.

Control analyses, including total object exploration time, OF, and EPM results,

underwent a t-test or Mann-Whitney test according to normality and were employed

17



as control parameters. HPLC results were normalized based on the mean

percentage relative to the control, and the data were analyzed in triplicate and

compared using Kruskal-Wallis, followed by Dunn’s multiple comparison tests.

One-sample Student's t-tests were applied for males, assuming a 50% theoretical

mean. We employed a two-way ANOVA with Sidak's multiple comparisons test to

compare males and females. Significance was established at P < 0.05 for all

analyses.
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3 Results

3.1 A treadmill exercise session improved memory persistence in females

We evaluated the acute PE effects on NOR memory (Figure 1A). After the

habituation period, all animals were submitted to a NOR training session, which

served as a learning experience. During this 5-minute training session, they explored

two novel objects, denoted as A and B. Memory assessments were conducted at two

distinct time points: 24 h and 7 days post-training, to assess memory consolidation

and persistence, respectively.
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Figure 1 Acute physical exercise (PE) enhances memory persistence in female
rats over time. (A) Experimental design. NOR = novel object recognition; OF = open

field; EPM = elevated plus maze. (B, D, and F) Memory assessment based on the

percentual of total exploration time spent in each object in NOR. (C, E, and G) Group

comparisons using the novel object's Discrimination Index (DI). Data are expressed

20



as mean ± standard deviation (SD). * P < 0.05 in One-sample t-test; # P < 0.05 in t

test (n = 12, to control; n = 13, to acute PE).

During the training session, animals in the control (P = 0.2703, t = 1.161, df =

11; Figure 1B) and acute PE (P = 0.1498, t = 1.539, df = 12; Figure 1B) groups

exhibited similar exploration times for the objects – about 50% of total exploration

time. Similarly, when evaluating the DI, no difference was observed between the

groups (P = 0.7183, t = 0.3652, df = 23; Figure 1C). This outcome was expected

since both objects were unfamiliar to them at this experiment stage.

During the 24-hour test, animals from both the control (P = 0.0490, t = 2.212,

df = 11; Figure 1D) and acute PE (P = 0.0002, t = 5.409, df = 12; Figure 1D)

explored the novel object for more than 50% of the total exploration time. However,

when assessing the DI for this time, animals that underwent acute PE demonstrated

significantly greater discrimination toward the new object than the control group (P =

0.0237, t = 2.415, df = 23; Figure 1E). These results imply that while both groups

exhibited memory consolidation, the acute PE group displayed superior object

discrimination.

In the 7-day test, the control group explored about 50% of the total exploration

time for each object (P = 0.1445, t = 1.571, df = 11; Figure 1F), indicating a potential

decline in memory retention. However, in contrast, the acute PE (P = 0.0026, t =

3.79, df = 12; Figure 1F) group explored the new object for more than 50% of the

total exploration time. Nevertheless, there was no significant difference between the

groups in the DI at this time point (P = 0.4465, t = 0.7752, df = 23; Figure 1G). These

findings suggest that our protocol is sufficient to induce memory consolidation but not

persistence in control female rats and that acute PE after learning improves memory

retention in this experimental group.

We conducted control tests following the memory assessments to ensure that

memory test behavior remained unaffected by exploration, exploratory, or anxiety

behavior disparities. Our findings revealed no significant differences between the

groups concerning these evaluated parameters (P > 0.05); Table S1 in the
supplementary material).
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3.2 A treadmill exercise session increases the levels of noradrenaline in the

hippocampus compared to naïve group

In addition to the behavioral experiments, some animals, immediately after

acute PE or at an equivalent time to the other groups, were euthanized and had their

hippocampus removed. Samples were subjected to analysis using HPLC (Figure
2A).

Figure 2 Acute physical exercise (PE) increases the noradrenaline levels in the
hippocampus but not increase the dopamine levels. (A) Experimental design.

NOR = novel object recognition. (B) Noradrenaline and (C) dopamine

neurotransmitter levels in the hippocampus of female rats. The data were compared

by calculating the mean percentage relative to the control group and are presented

as mean ± standard deviation (SD). Significant differences were indicated by distinct

letters (P < 0.05) as determined by the Kruskal-Walli’s test, followed by Dunn's

multiple comparison tests. The analysis was performed in triplicate (n = 5, to naïve; n

= 5, to control; n = 9, to acute PE).
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Hippocampal noradrenaline levels differed between groups (P = 0.0122, K(3,57)

= 8.820; Figure 2B). We observed a significant increase in noradrenaline

concentration in samples after acute PE compared to the naïve group (P = 0.0113,

Figure 2B). However, no differences were observed in the comparison’s naïve vs

control (P = 0.0876; Figure 2B) and control vs acute PE (P > 0.9; Figure 2B). About

the dopamine hippocampal levels, we did not observe any statistically significant

differences (P = 9.194, K(3,51) = 0.1681; Figure 2C).

3.3 The effect of acute PE did not differ between males and females

In addition to the analyses conducted on females in this study, we compared

memory results with data from a previous experiment that used the same NOR

memory test protocol and acute PE in male rats, as detailed in a previous article by

our research group (Lima et al., 2021).

In both experiments, the animals underwent the NOR task protocol, which

included habituation sessions to the apparatus, training sessions, tests conducted 24

hours after training, and tests conducted 7 days later. After training, animals in the

acute PE group engaged in a 30-minute treadmill session immediately after training.

Conversely, animals in the control groups did not undergo any physical exercise

interventions (Figure 3A). Overall, it is evident that the behavior and memory

performance between males and females are similar.
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Figure 3 Acute physical exercise (PE) similarly enhances memory persistence
in female and male rats. (A) Experimental design. NOR = novel object recognition.

(B, D, and F) Memory assessment based on the percentual of the total exploration

time spent in each object. (C, E, and G) Group comparisons using the novel object's

Discrimination Index (DI). Data from males were collected in previous experiments

(Lima et al., 2021). The protocols used were the same. Data are expressed as mean

± standard deviation (SD). * P < 0.05 in One-sample t-test; # P < 0.05 two-way
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ANOVA followed by Sidak’s multiple comparisons test (females: n = 12, to control; n

= 13, to acute PE; males: n = 8, to control; n = 9, to acute PE).

During the training session, male rats in both groups explored the unknown

objects for about 50% of the total exploration time (P = 0.2011, t = 1.411, df = 7,

control; P = 0.6513, t = 0.4694, df = 8, acute PE; Figure 3B), as females according to

data previously mentioned in the previous session. No interaction (P = 0.7396, F(1,38)

= 0.1121; Figure 3C) or effects of PE intervention (P = 0.3768, F(1,38) = 0.798; Figure
3C) or sex (P = 0.3327, F(1,38) = 0.9628; Figure 3C) were found.

In the 24 NOR test, as females, male rats in both control and acute PE groups

exhibited memory consolidation by exploring the novel object for over 50% of the

total exploration time (P < 0.0001, t = 8.018, df = 7, control; P = 0.0481, t = 2.330, df

= 8, acute PE; Figure 3D). In DI, two-way ANOVA revealed no significant differences

for PE intervention (P = 0.9599, F(1,39) = 0.0025; Figure 3E) or sex (P = 0.3246, F(1,39)

= 0.9955; Figure 3E), but interaction was observed (P = 0.0031, F(1,39) = 9.913;

Figure 3E). Notably, in control groups, the DI of the female was significantly lower

than that of the male (P = 0.0312; Figure 3E), suggesting that males may exhibit

better discrimination of the NOR.

In the 7 days NOR test, we assessed memory persistence. Similar to females,

males in the control group showed physiological forgetfulness, exploring novel and

familiar objects for a similar time (P = 0.6, t = 0.5491, df = 7; Figure 3F). Likewise,

male animals subjected to acute PE exhibited memory persistence, exploring the

novel object longer (P = 0.0363, t = 2.512, df = 8; Figure 3F). In DI, two-way ANOVA

revealed no significant interaction between groups (P = 0.3178, F(1,37) = 1.025; Figure
3G) and no effect of sex (P = 0.2336, F(1,37) = 1.466; Figure 3G). However, a

significant effect of intervention was observed (P = 0.0491, F(1,37) = 4.141; Figure
3G). No differences were found in post-hoc multiple comparisons.

In summary, this analysis suggests that both males and females exhibit

memory consolidation and persistence following acute PE, implying that this

intervention may benefit individuals of both sexes.
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4 Discussion

In this study, we investigated the effects of acute PE on the memory of female

rats, with a particular focus on NOR memory. We utilized the NOR task to assess the

rats' memory at two different time points after training: 24 hours and 7 days. The

results revealed that the group of rats subjected to acute PE exhibited a significant

improvement in memory persistence compared to the control group. This effect was

evident through the increased discrimination regarding the new object during the test

session conducted 7 days after training. The findings of this study indicate that a

single session of PE can potentially enhance memory persistence in female rats.

The improvement in memory persistence can be partially understood through

the effects of exercise on the release of norepinephrine, a neurotransmitter that plays

a fundamental role in memory consolidation (Sara, 2009). Biochemical analysis

revealed a significant increase in norepinephrine levels in the hippocampus of rats

after an acute session of PE compared to the naïve group but not the control group.

According to a previous study (Titualaer et al., 2021), we hypothesized that learning

in the NOR task itself might have contributed to the increased neurotransmitter

levels. However, the naïve and control did not differ in their norepinephrine levels,

suggesting a more prominent role of norepinephrine in the acute response to PE on

memory. Surprisingly, no significant differences in dopamine levels were observed in

our study, differing from previous findings in male rats (Vargas et al., 2020). Using

more robust techniques, like microdialysis or c-fos in immunohistochemistry, in future

studies would be valuable for drawing comprehensive conclusions about the

catecholaminergic involvement of acute PE in the female hippocampus.

To compare male and female rats, we analyzed the results obtained in a

previous study, which has already been published, using the same methodology used

for males. This analysis was then compared with the results observed in females in

the present study, a methodology already established in the literature (Fulvio, J.M.,

Akinnola, I., & Postle, B.R., 2021). An interesting finding from this study is that the

positive effects of acute PE on memory seem to be consistent across both males and

females. Both groups exhibited enhanced memory persistence after PE, indicating

that this approach might be equally effective for both sexes. This finding aligns with

other research, emphasizing that gender differences in brain function responses can
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be subtle (Bangasser, 2014). However, confirming this in practice is crucial, since

many physiological aspects present sexual dimorphism, underscoring the

significance of including both males and females in studies investigating the effects of

PE on memory. Our study aligns with research that underscores the importance of

considering sex and biological variability in neuroscience (Shansky & Woolley, 2016;

Choleris et al., 2018).

It is well-established that female hormones influence hippocampal memory;

however, NOR memory appears to occur in female rats regardless of their cycle

phase (Tuscher et al., 2015), although specific emphasis on memory persistence in

this context is lacking. In our study, we chose not to assess the estrous cycle, a

potential limitation, but a decision to better align with a more ecological approach.

Furthermore, research has demonstrated that even when female rats are used in

neuroscience experiments without cycle consideration, their data exhibit no more

variability than male rats across behavioral, electrophysiological, neurochemical, and

histological measures (Becker; Prendergast; Liang, 2016). An interesting point of

view is that the estrous cycle need not be a primary concern (Shansky, 2019). This is

explained by the fact that both testosterone and estrogen are potent

neuromodulators that influence memory processes (Shansky, 2019). Moreover, given

that the variability observed in a cohort of male animals is considered acceptable

from a scientific rigor standpoint (as historically acknowledged), a similar level of

variability should be deemed acceptable in a cohort of females (Shansky, 2019).

In conclusion, this study illustrates that a single session of acute PE can

significantly enhance memory persistence in female rats. This improvement in

information retention can be linked with changes in noradrenaline levels in the

hippocampus, emphasizing the possible role of this neurotransmitter in memory

consolidation. Furthermore, the results indicate that these positive effects of exercise

on memory do not differ between males and females. Overall, these findings

underscore the potential of PE as a non-invasive strategy to improve information

retention and promote cognitive health, with relevance to female populations.
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Supplementary material

Table S1 No significant differences in behavioral control measures were
observed across the various experimental groups. This included the total

exploration time during the novel object recognition (NOR) task (measured in

seconds), as well as locomotor activity (number of crossings) and exploratory

behavior (number of rearings). Additionally, anxiety-related behavior, including entries

into and time spent in the open arms (in seconds), exhibited similar patterns across

all groups. The data were presented as mean values ± standard deviation (SD), and

statistical analysis used a t-test or Mann-Whitney test according to their normality. No

statistically significant differences were observed (P > 0.05).

Control Acute PE P value

Total object exploration
time (s)

Training 67.69 ± 27.96 74.14 ± 30.40 0.56

24 h test 73.75 ± 32.71 66.69 ± 43.25 0.65

7-day test 67.54 ± 18.82 64.62 ± 24.12 0.38

Crossings (n)

24 h test 51.00 ± 28.64 61.60 ± 25.59 0.35

7-day test 44.25 ± 20.01 62.89 ± 23.59 0.05

Rearings (n)

24 h test 10.00 ± 3.68 13.73 ± 6.53 0.08

7-day test 6.37 ± 4.28 10.36 ± 6.15 0.67

Entries in open arms
(n)

24 h test 13.06 ± 23.10 6.30 ± 1.49 0.44

7-day test 8.23 ± 1.85 8.54 ± 1.97 0.68

Time in open arms (s)

24 h test 142.7 ± 33.99 150.8 ± 23.00 0.51

7-day test 128.6 ± 28.07 123.9 ± 23.03 0.66
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ANEXOS

ANEXO I - Certificado de aprovação de protocolo para utilização de animais de

laboratório
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ANEXO II - Diretrizes da Brain Research
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