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Yerba Mate and chlorogenic acid reduce anxiety and
cognitive deficits caused by detraining in mice

Yerba Mate y dcido clorogénico reducen ansiedad y déficits cognitivos
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Abstract

____________________________________________________________________________________|
Objective: This study aimed to investigate whether the administration of Yerba Mate (YM) and
one of its bioactive components, chlorogenic acid, can reverse detraining-induced negative
behavioral changes in mice.

Methodology: Mice were randomly assigned to five experimental groups (n=10): a sedentary
group, a trained group, a detraining group, a detraining group treated with yerba mate, and a
detraining group treated with chlorogenic acid. The trained group underwent a swimming
training regimen for 8 weeks (5 days/week, 60 min/day), while the detraining groups
completed the same swimming program for 4 weeks before discontinuing exercise for the
subsequent 4 weeks. Mice were weighed weekly throughout the treatment period. After 8
weeks, the subjects were tested in a series of behavioral assays, including the open field test,
object recognition task, light-dark box, and tail suspension test.

Results: Significant differences were observed in the relative weight of epididymal fat
between the detraining group and the other experimental groups. Physical activity was shown
to promote an antidepressant effect in trained mice; however, prolonged detraining
eliminated this effect. Additionally, detraining led to increased anxiety-like behavior
compared to the trained group and impaired memory relative to both the sedentary and
trained mice. Interestingly, these detraining-induced deleterious effects were partially
reversed by treatment with yerba mate or chlorogenic acid. No differences were found in the
open field test. Conclusions: Yerba mate and chlorogenic acid partially reverse the behavioral
changes and cognitive decline associated with detraining.

Keywords
_____________________________________________________________________________________|
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Resumen

Objetivo: En el presente estudio, investigamos si la administracién de Yerba Mate (YM) y uno
de sus componentes bioactivos, el dcido clorogénico, son capaces de revertir los cambios de
comportamiento negativos inducidos por el desentrenamiento

Metodologia: Para este propdsito, los animales fueron divididos aleatoriamente en cinco
grupos experimentales (n=10): el grupo sedentario, el grupo entrenado, el grupo de
desentrenamiento, el grupo de desentrenamiento tratado con yerba mate y el grupo de
desentrenamiento tratado con acido clorogénico. El grupo entrenado fue sometido a un
entrenamiento de natacién durante 8 semanas (5 dias/semana, 60 min/dia), mientras que los
grupos de desentrenamiento realizaron el mismo programa de natacién durante 4 semanas y
luego discontinuaron el ejercicio por 4 semanas. Los animales fueron pesados semanalmente
durante el tratamiento. Después de 8 semanas, los sujetos se sometieron a una bateria de
pruebas de comportamiento, incluyendo: campo abierto, tarea de reconocimiento de objetos,
caja de luz-oscuridad y prueba de suspension de la cola

Resultados: Hubo cambios significativos en el peso relativo de la grasa epididimal entre el
grupo de desentrenamiento y los otros grupos experimentales. También se demostré que la
actividad fisica promovié un efecto antidepresivo en los ratones entrenados. Sin embargo, el
desentrenamiento prolongado elimina este efecto. Ademas, el desentrenamiento causa un
aumento en el comportamiento similar a la ansiedad en comparaciéon con el grupo entrenado
y un deterioro de la memoria en comparacién con los ratones sedentarios y entrenados.
Curiosamente, estos efectos perjudiciales inducidos por el desentrenamiento son
parcialmente revertidos por el tratamiento con yerba mate o acido clorogénico. No se observo
ninguna diferencia en la prueba de campo abierto.

Conclusiones: Por lo tanto, la yerba mate y el acido clorogénico revierten parcialmente los
cambios de comportamiento y el deterioro cognitivo causados por el desentrenamiento.

Palabras clave
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Introduction
|
Since Ancient Greece, physical activity has been recognized for its benefits to human
health(Paffenbarger et al., 2001). According to the World Health Organization, the physical activity can
be defined as any bodily movement generated by skeletal striated muscles and requiring energy
expenditure(Physical activity, n.d.). Numerous scientific studies show that regular physical activity
reduces the risk of chronic diseases, among which are: obesity, diabetes mellitus, sarcopenina,
cardiovascular disorders, osteoporosis and cancer(Ahmed et al., n.d.; Carbone et al., 2019; Mctiernan
etal,, 2019; Pinheiro et al,, 2020; Rodrigues da Conceigdo et al., 2024; Gomez Chavez et al., 2022; Orba-
Pinheiro et al., 2024; Corvos-Hidalgo et al., 2024 ). Nevertheless, physical activity during adulthood
reduces the prevalence of psychiatric disorders, such as anxiety and depression disorders, as well as
preventing and/or delaying the progression of neurodegenerative diseases, such as dementia and
Alzheimer's disease(DIshman et al., 2021; Huang et al., 2022; McDowell et al., 2019; Pisani et al,,
2021).

However, prolonged interruption of training, known as detraining, reduces the benefits induced by the
training protocol in both animals and humans(Mazzucatto et al.,, 2014; Tavassoli et al., 2022). This
phenomenon is well characterized especially in former athletes, who become more susceptible to
weight gain and increased body fat percentage after training interruption(Izquierdo-Gabarren et al.,
2010). In addition to the negative metabolic effects, there are studies that demonstrate that detraining
is also detrimental to muscle function and cardiovascular adaptation(Chen et al,, 2022; Murach et al,,
2020; Petek et al,, 2022). However, there are few studies that assess the impacts of detraining on
mental health and memory.

Based on these assumptions, some strategies have been carried out in order to reduce the deleterious
consequences of detraining, such as: caloric restriction and supplementation with
nutraceuticals(Friedman et al.,, 2018; Teich et al,, 2017). An elegant study published by Teich and his
colleagues found that the curcuma treatment is able to partially reverse weight gain, body fat
percentage and glucose intolerance in rats underwent to detraining(Teich et al., 2017). In this context,
due to its thermogenic and antioxidant properties, yerba mate (YM) could potentially be used to
reduce the impacts of detraining. YM is a plant native to South America, naturally found in Argentina,
Paraguay, Uruguay and Brazil, known worldwide and consumed in the form of mate, tereré and mate
tea(Bracesco et al, 2011). Several bioactive, phenolic compounds such as chlorogenic acid,
methylxanthines and saponins have been associated with several beneficial effects on human health,
such as: improvement of the lipid and glycemic profile, modulation of human antioxidant enzymes, as
well as thermogenic effect, showing potential to assist in the weight loss(Riachi & De Maria, 2017).

As there are few studies on the impacts of detraining on affective behaviors and memory in both
humans and animal models, we investigated if the administration of yerba mate and one of its
bioactive componentes, chlorogenic acid, are able to reverse the behavioral changes negative induced
by detraining.

Method
'

Plant and CGA (Chlorogenic Acid )Preparation

Both Claudio Kovaleski and Silvio Kovaleski producers from the “Ervateira Chiru” (Chapecd, SC, Brazil)
provided YM leaves. Dried and roasted YM was roasted at 1800C for 10 min as previously reported.
More details with respect to the plant can be found in elsewhere(Riachi et al, 2018). Roasted YM
infusion was prepared as follows: Boiling distilled water (500 mL) was added to the plant (8.751 g),
mixed, capped and filtered under gravity after 15 min based on previous study(Coelho et al., 2019).
The concentration de YM infusion to be administrated to the mouse was as follows: Take into account
the average weight of both a human being and a mouse, 70 Kg and 46 g, respectively, a final volume of
0.3285 mL was obtained to gavage administration. Concentration of 26.285 mg mL-1 was adjusted to a
volume of 0.1 mL to reduce the stress of the mice during gavage.
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The content of CGA (0.896 mg mL-1 YM infusion) in the YM used in the present study was described
previously elsewhere(Coelho et al,, 2019). An aqueous solution of CGA standard was prepared and 0.1
mL of this solution was administrated via gavage. This volume contained approximately 0.0716 mg of
standard CGA which paralleled with CGA value found in the volume of YM administrated to mice.

Animal Experimental Design

Fifty male Swiss Webster mice of 90 days old (~40 g) derived from the Barra Mansa University Center
colony were used in this study. After an acclimatization period of 15 days, the mice were housed in
plastic cages (30 x 19 x 13 cm). All animals used in this work were housed at a controlled temperature
(20 *2 °C) with daily exposure to a 12 h light-dark cycle and free access to water and commercial
rodent diet (Presence ®).

The animals were randomly divided in five experimental groups (n =10). The sedentary (SED) group
was composed by animals that were never underwent to physical activity. The trained (TRN) group
was represented by the subjects that were submitted to physical activity for 8 weeks, whereas the
detrained group was composed by the animals that were submitted to physical activity for 4 weeks,
followed by another 4 weeks of detraining. After 4 weeks of experiment, the animals of SED and TRN
groups were treated with 0.9% saline by the gavage method. According to the treatments that were
submitted, the detrained group was subdivided into 3 groups

a) Detraining (DET) Group. After 30 days of experiment, the animals were treated with 0.9% saline by
the gavage method.

b) Detraining Treated with Yerba Mate (DET+YM) Group: animals that were submitted to physical
activity for 4 weeks, followed by another 4 weeks of detraining. After the training period, the animals
were treated with 200mg/ml yerba mate by the gavage method.

c) Detraining Treated with Chlorogenic Acid (DET+CA) Group: animals that were submitted to physical
activity for 4 weeks, followed by another 4 weeks of detraining. After the training period, the animals
were treated with 2mg/ml chlorogenic acid by the gavage method.

Animals from trained and detraining groups were submitted to a progressive adaptive swimming
training of three days (first day - 25 min, second day - 30 min and third day - 45 min). After adaptative
training, a chronic swimming protocol was carried out as follow: 30 min for first week, 45 min for
second week and 60 min for the following weeks(de Souza et al.,, 2021). After this period, the trained
group continued to be submitted to the exercise protocol for another four weeks. Glass aquarium at
31°+1°C was used for swimming.

The animals were weighed weekly during treatment. After 8 weeks, the subjects underwent a battery
of behavioral tests, including: open field, object recognition task light-dark box, tail suspension test. At
the end of experimental design, in all cases, the mice were anesthetized by an injection of thiopental
(90 mg/Kg, i.p.) and euthanized by decapitation. After euthanasia, the epididymal adipose tissue was
dissected and weighed.

Ethics committee

This investigation was carried out according to the Guide for the Care and Use of Laboratory Animals
published by the US National Institutes of Health (NIH Publication No.85-23, revised 1996) and the
protocol was approved by Animal Experimental Ethics Committee of the “Barra Mansa University
Center” (Barra Mansa, R], Brazil) under number 001/2022.

Behavioral tests

The tests were performed at one-day interval, and the order of tests within the battery was
determined according to the progressive degree of invasiveness. Except for the object recognition test,
all testing was performed between 7 and 13 a.m. During each test, the experimenter remained outside
the testing room. Each test was recorded, and behavior parameters were analyzed by at least two
observers.

Open Field Test
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Each mouse was placed individually in the center of a white acrylic cage (30 cm x 30 cm x 15 cm) and
allowed to explore the cage for five minutes. During this time, number of squares crossed, number of
rearing (standing on hind legs with paws pressed against the wall of the arena), time of grooming, time
in the center zone and center ratio (center distance to total distance ratio) were assessed. At the end of
testing, the number of fecal pellets was also counted, and the arena was cleaned with a 10% ethanol
solution. In this test, locomotor activity is indicated by the total distance traveled in the apparatus,
while the vertical activity is assigned by the number of rearing. Concerning defecation, this parameter
appeared, under some circumstances, to represent an emotional behavior. Lastly, anxiety-like
responses were linked to time in the center zone and center ratio, whereas grooming time indicates
higher stress responsiveness(Roth & Katz, 1980; Walsh & Cummins, 1976; Prut & Belzung, 2003; Dos-
Santos et al.,, 2023).

Object recognition task

We used the open-field apparatus as the context to perform this experimental protocol. That way, each
animal was introduced in the apparatus in the absence of objects or another behavioral stimulus for 5
minutes, for just 1 day. On the day after the end of the habituation period, the animals were subjected
to a training session for memory acquisition. Two cell culture flasks filled with sand (A1 and A2) were
placed at opposite corners of the apparatus used for the test. Thus, each animal was positioned
individually in the arena center, and the familiarization session was stopped when there has been a 20
s exploration of both objects and when a 10 min period is over. After 6 hours, the animals were
exposed again to the test context for object recognition. In this step used to assess the ability of them
to retain information, it was used as a familiar object (A3) and a new object (B), a tower of bulding
bricks. As in the training session, the retention test also lasted 5 minutes(Leger et al., 2013).

It is noteworthy that between each animal tested, the apparatus and the objects were properly
sanitized with alcohol 70% to counteract any olfactory clue. Moreover, the exploration was only
considered when the animals put the nose at up to 2 cm towards objects. Any other kind of physical
contact, such as to lean, or climb over objects, was not considered as exploration. The basic
measurements were the time spent by rats in exploring each object during the retention test. From
this basic value, absolute and relative discrimination index could be calculated. The variable e is the
total time spent investigating both objects during the retention test. The absolute discrimination index
depicts the absolute difference in exploitation between the new and the familiar objects. The relative
discrimination index index shows the proportion of e devoted to the novel object(Akkerman et al.,
2012).

Light-Dark Box Test

The animals were individually placed in an acrylic cage (45 cm x 27 cm x 27 cm) unequally divided
into two chambers by a black partition containing a small opening. Two-thirds of this chamber was
illuminated (200 lux), and the remaining section was closed and dark. Mice were placed inside the
dark side and allowed to freely move between the two chambers for 5 min. During this time, the time
spent on the light side, number of transitions and latency to first entry into the light side was recorded.
In this test, these parameters are associated with anxiety-like behavior (Crawley & Goodwin, 1980).

Tail Suspension Test

In this protocol, the mice were suspended 100 cm above the stand by adhesive tape placed
approximately 1 cm from the tip of the tail. The test was videotaped for five minutes. During this
period, the time of immobility and latency to the first immobility episode were evaluated. The
immobility assumes a low resilience, and consequently, a high level of depression-like behavior
(Porsolt, Le Pichon, & Jalfre, 1977).

Statistical analysis

All results are presented as the means + SE. The assumption of normal data distribution was assessed
with the Shapiro-Wilk test. If the data did pass the normality test, parametric comparisons were
performed. In this case, we used one-way ANOVA combined with Tukey Post Hoc test. Grubbs’ test was
used for detecting outliers. Differences were considered statistically significant when p < 0.05.
GraphPad Prism 8 statistical software (La Jolla, CA, USA) was used for all statistical analyses.
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Results
|

Body Weight Gain and Epididymal Adipose Tissue Weight

Although we did not verify differences in body weight gain (Figure 1A), there were significant changes
in the epididymal fat relative weight between the experimental groups [F (4, 44) = 8.28, p < 0.001].
According to the Tukey post hoc test, the TRN mice had lower relative weight of epididymal fat when
compared to the SED group. In addition, DET group had a higher relative weight of epididymal fat
when compared to the other groups (Figure 1B).

Figure 1. Figure 1 shows body weight (A) and epididymal fat relative weight (B) of trained and detraining mice. The detraining groups were
treated with saline, chlorogenic acid or yerba mate. The trained mice had lower relative weight of epididymal fat when compared to the
sedentary group. There were significant changes in the epididymal fat relative weight between detraining mice treated with saline and the
other experimental groups. * represents p < 0.05 and ***, p < 0.001. Data represent the mean # standard error of the mean. n=10.
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Behavioral Analysis

In the open field test, no significant differences were found either in parameters related to anxiety-like
behavior or in those associated with exploration (Figure 2).

Figure 2. Figure 2 shows the behavioral parameters of the open field test test in trained and detraining mice. The detraining groups were
treated with saline, chlorogenic acid or yerba mate. In this protocol, no differences were observed between the experimental groups. Data
represent the mean * standard error of the mean. n=10.
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In the object recognition task, it was demonstrated significative changes in the absolute [F (4, 43) =
4.09, p = 0.006] and the relative [F (4, 42) = 4.27, p = 0.005] discriminative indexes between
experimental groups (Figure 3). According to the Tukey post hoc test, the absolute discriminative
index was lower in the DET group than in the SED and DET group. The treatment with yerba mate or
chlorogenic acid partially reversed this alteration in the DET groups. The relative discriminative index
was also lower in the DET group than in the SED and TRN group. In this variable, the yerba mate
treatment reversed totally the mnemonic deficit. No difference was observed in the total exploration
time of the objects.

Figure 3. Figure 3 shows the behavioral parameters of the object recognition task in trained and detraining mice. The detraining groups were
treated with saline, chlorogenic acid or yerba mate. In this protocol, it was verified a cognitive impairment in the detraining group treated
with saline 0,9%. The treatment with yerba mate fully reversed this mnemonic deficit. * represents p < 0.05 and ***, p < 0.001. Data
represent the mean * standard error of the mean. n=10.
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We also recorded interesting data in the light-dark box paradigm (Figure 4). In this test, we observed a
significant difference in the time spent in the light side [F (4, 37) = 2,691, p = 0.04]. According to the
Tukey post hoc test, the TRN group had an increased time in the light side than DET group (14.6 + 0.79
s.vs.20.7 £ 1.65 s, p =0.002). No difference was observed in the other parameters.

Figure 4. Figure 4 shows the behavioral parameters of the light-dark box test in trained and detraining mice. The detraining groups were
treated with saline, chlorogenic acid or yerba mate. In this protocol, it was verified anxiety-like behavior in the detraining group. treated with

saline 0,9%. The treatment with yerba mate or chlorogenic acid partially reversed this anxiety-like behavior. * represents p < 0.05. Data
represent the mean * standard error of the mean. n=10.
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Regarding tail suspension test (Figure 5), we verified a significant difference in time of immobility [F
(4,40) = 3,06, p = 0.02]. According to the Tukey post hoc test, the TRN group had a decreased time of
immobility when compared with SED group (36.6 + 5.53s.s.vs. 67 + 8.37 s, p = 0.04).
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Figure 5. Figure 5 shows the behavioral parameters of the tail suspension test in trained and detraining mice. The detraining groups were
treated with saline, chlorogenic acid or yerba mate. In this protocol, it was verified antidepressant behavior in the trained group. * represents
p < 0.05. Data represent the mean + standard error of the mean. n=10.
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Discussion

According to our results, although there were no statistical differences in weight gain, the DET group
had a higher relative weight of epididymal fat compared to the SED, TRN and the DET +CA groups.
According to Sertié and co-authors, the physical detraining is correlated with increased glucose
transport and oxidation in periepididymal white adipose tissue in rats. Probably, this increased
glucose oxidation rate allowed an increase in energy supply for triacylglycerol synthesis(Sertié et al.,
2015). This process might be related to the increases in tissue-specific insulin sensitivity(Sertie et al.,
2013). CGA treatment reverses this effect since it induced lipolysis, upregulated AMPK and browning
gene expression and downregulated peroxisome proliferator-activated receptor y (PPARy) at both
transcriptional and protein levels(Vasileva et al, 2020). In general, these actions are similar to
exercise training-induced irisin in browning of white fat.

It was also shown that physical activity promoted an antidepressant effect in male mice. However, the
prolonged detraining abolishes this effect. Additionally, detraining causes an increase in anxiety-like
behavior and a memory impairment when compared to the trained group. Interestingly, these
deleterious effects induced by detraining are partially reversed by treatment with yerba mate or
chlorogenic acid. To explain these results, we have three non-mutually exclusive hypotheses: the
activation of hippocampal BDNF-tyrosine kinase B (TrkB) signaling, the irisin levels and the
cholinergic function augmentation.

BDNF is a neurotrophic that is essential to the growth, differentiation, survival and synaptogenesis of
neurons in brain regions involved in emotional and cognitive function(Miranda et al.,, 2019). This
neurotofin binds to the TrkB receptor and the p75 neurotrophins receptor (p75NTR), with a higher
affinity for TrkB(Colucci-D’amato et al, 2020). Activation of p75NTR promotes apoptotic and
neurodegenerative processes, while activation of TrkB induces protective and anti-apoptotic effects(S.
Der Chen et al,, 2017; Kraemer et al., 2014). Lower levels of BDNF are related to cognitive deficit and
depressive state in patients with psychiatric or neurodegenerative disorders(Bawari et al, 2019;
Castrén & Monteggia, 2021; Lima Giacobbo et al., 2019; Ventriglia et al., 2013; Zuccato & Cattaneo,
2009). In this context, physical activity induces an increase in the BDNF levels in both healthy and
depressed patients. This effect depends on the intensity, duration and type of physical
activity(Pedersen, 2019; Schmolesky et al, 2013). Thereby, in our study, we believe that
antidepressant effects induced by swimming training may be related to activation of the BDNF-TrkB
pathway in the hippocampus. These results are consistent with other studies that have already been
published.

On the other hand, as mentioned above, the detraining abolished the antidepressant effects induced by
the swimming training. Moreover, the detraining promoted memory capability impairment and
anxiogenic effects when compared to TRN group. These results are similar to those published by
Radak and colleagues (2006). According this group, detraining reduces BDNF levels and cognitive
enhancement induced by swimming training(Radak et al., 2006). Similarly, it was also verified that
abrupt interruption of prolonged spontaneous exercise decrease expression of mRNA encoding BDNF
and TrkB in certain hippocampal areas in rats(Widenfalk et al., 1999). Thereby, a disruption of BDNF-

T111§B signaling could explain the negative effects caused by the detraining.
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The present work also raises the reasons by which yerba mate and one of its main constituents,
chlorogenic acid, are able to reverse the negative effects promoted by detraining. Both in vivo animal
experiments and in vitro cell experiments have shown have shown that chlorogenic acid is able to
activate the BDNF-TrkB pathway(Liu et al., 2020; Yao et al., 2019). According Zhao and coworkers, the
chlorogenic acid inhibits the serotonin transporter and indoleamine 2,3-dioxygenas. These actions
increase the bioavailability at synaptic clefts of serotonin. Consequently, there is activation cAMP-
CREB-BDNF signaling pathway and reduction of chronic restraint stress-induced prefrontal cortex
injury and depression-like behavior in rats(Zhao et al.,, 2022). Possibly, these chlorogenic acid actions
could explain the reversal of the anxiogenic effect and the cognitive deficit induced by the detraining.
Further studies will also be needed to explain the chlorogenic acid and yerba mate actions on the
expression and activity of plasmins responsible for the conversion of pro-BDNF to BDNF.

In recent years, it has been discovered that some actions promoted by physical activity are induced by
a myokine called irisin. This myokine is mainly produced by skeletal muscle after exercise and
exposure to cold, and its gene expression is mediated by the transcription factor PGC-1a(Flori et al.,
2021; Perakakis et al., 2017). The irisin levels is positively correlated with antidepressant effects,
working memory, hippocampal BDNF levels and hippocampal cell proliferation(Pesce et al.,, 2021).
Based on this premise, the administration of irisin-neutralizing antibody abolishes the cognitive
improvement and the increase in BDNF levels induced by exercise in mice underwent to physical
inactivity. Thus, the beneficial actions caused by exercise could be induced by irisin. Interestingly,
Souza and colleagues found that the administration of roasted yerba mate increases irisin levels in
sedentary mice(de Souza et al,, 2021). In this context, in our work, the reversal of the harmful effects of
detraining caused by the yerba mate or chlorogenic acid treatment could also be related to the
modulation of irisin levels.

Finally, we need to highlight that acetylcholine is an important neuromodulator involved with memory
and learning. It is well known that acute exercise increases cholinergic input in the cortex and
hippocampus (Kurosawa et al., 1993). Moreover, the chronic exercise prevented the loss of cholinergic
inputs in the hippocampus in aged mice(Xu et al.,, 2019). The swimming training also decreased AChE
activity in the medial prefrontal cortex and hippocampus and, consequently, improvements in learning
and memory(Farzi et al, 2019). Similarly, chlorogenic acid also inhibits cholinesterase activity.
According Know and coworkers, the chlorogenic acid prevents scopolamine-induced amnesia by
inhibiting acetylcholinesterase and reducing free radicals in the hippocampus and prefrontal cortex of
mice(Kwon et al, 2010). Therefore, the cognitive function improvement in the detraining group
treated with chlorogenic acid and yerba mate can be explained by the modulation of the cholinergic
system.

To explain the reversal of anxiogenic behavior in the detrained animals treated with yerba mate, we
must resort to a work published by Santos and colleagues. According to this group, the chronic
treatment with hydroethanolic extract of [lex paraguariensis promotes anxiolytic effects in Swiss mice.
According to the authors, the same dose capable of inducing anxiolytics, also promote increased
activity of acetylcholinesterase in the hippocampus(Santos et al., 2015). Such results are consistent
with data obtained in the literature, in which acetylcholinesterase knockout mice have anxiogenic
behavior, characterized by a lower percentage of permanence in the open arms in the elevated plus
maze test(Mineur et al,, 2013). Thus, it is also possible that the anxiolytic actions of llex paraguariensis
may be explained by its modulation in cholinergic pathways associated with the affective behaviors.

Conclusions
__________________________________________________________________________________________________________________|
In conclusion, based on our results, yerba mate and chlorogenic acid partially reverse the behavioral
changes and cognitive decline caused by detraining. Further studies will be necessary to demonstrate
the molecular mechanisms related to the beneficial actions of chlorogenic acid and yerba mate,
especially those involving the BDNF- TrkB signaling. In addition, although the actions of chlorogenic
acid and yerba mate are similar, we need to emphasize that the protective properties of the whole
extract of Ilex paraguariensis against detraining are the result of the combined effects of all its natural
antioxidant compounds, and not only of the properties of chlorogenic acid.
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The findings of the study on the effects of yerba mate and chlorogenic acid during detraining have
significant practical implications, underscoring the importance of maintaining a regular physical
activity program to prevent adverse outcomes such as weight gain and compromised mental health.
Incorporating natural supplements like yerba mate may serve as an effective strategy to mitigate the
negative impacts of exercise interruption, benefiting both physical and mental health.

For future research, it is crucial to explore the biological mechanisms underlying the beneficial effects
of yerba mate and chlorogenic acid, as well as to conduct longitudinal studies in human populations to
validate the results observed in animal models. Analyzing the effectiveness of different dosages and
assessing combined approaches involving exercise, diet, and supplementation may reveal synergies
that promote both mental and physical health, contributing to more effective integrated interventions.
These research directions are fundamental for enhancing our understanding of the effects of
detraining and associated nutritional interventions.
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