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Acteoside Attenuates Recognition Memory Impairment in CUMS
Rats via Regulating Synaptic Plasticity and mTOR Signaling  Pathway
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SUMMARY:  We evaluated the role and mechanism of acteoside in the regulation of memory impairment induced by chronic
unpredictable mild stress (CUMS). CUMS was used to induce depression in rats and the successful establishment of CUMS model were
verified by forced swimming test and sucrose preference test. The Y-maze test and novel object recognition test assessed memory functions.
The structural changes in the cortex and hippocampus were observed by hematoxylin and eosin (HE) staining. Immunofluorescence staining
and western blotting determined the protein levels. Y-maze test and novel object recognition test showed that there was memory performance
impairment in rats of CUMS group, which was improved by the acteoside treatment. HE staining showed that CUMS exposure damaged the
structure in the cortex and hippocampus, while the acteoside treatment alleviated the structural changes. Compared with the control group,
the levels of BNDF and CREB in the cortex and hippocampus of the CUMS group were significantly decreased. Acteoside significantly
reversed the expressions of these proteins in CUMS rats. Meanwhile, compared with the control group, the levels of p-mTOR and p-
P70S6K in the cortex and hippocampus of the CUMS group were significantly increased, and these changes were significantly reversed by
acteoside. Nevertheless, the effect of acteoside on mTOR signaling was markedly blocked by rapamycin, a specific inhibitor of mTOR
signaling. Acteoside can attenuate memory impairment and ameliorate neuronal damage and synaptic plasticity in depression rats probably
via inhibiting the mTOR signaling pathway. Acteoside may serve as a novel reagent for the prevention of depression.

KEY WORDS: Acteoside; Chronic unpredictable mild stress (CUMS); Depression; Memory impairment. Synaptic plasticity;
mTOR signaling.

INTRODUCTION

Depression is a serious mental illness caused by
multiple stress factors and is characterized by high
morbidity, high disability rate, high suicide rate, and easy
relapse (Cuijpers et al., 2019). It can bring serious harm
to human survival and health (Dobrek & Glowacka,
2023). Due to the complex pathogenesis of depression,
there is still no specific therapeutic regimen in the clinic
at present (Cipriani et al., 2018). In recent years, the
number of depression patients has been increasing
gradually with the change in the social environment and
the increase in competitive pressure. The World Health
Organization predicts that depression will become one

of the most common chronic diseases in clinics, second
only to hypertension, by around the year 2030 (Kolovos
et al., 2017). Accordingly, there is an urgent need to
develop new antidepressant drugs with better efficacies
and fewer side effects.

Acteoside is one of the main active components of
the Genus acteoside (Cheimonidi et al., 2018). It has
antioxidant, anti-inflammatory, and anti-apoptosis effects
and can effectively protect the central nervous system (Gan
et al., 2018; Li et al., 2018; Chen et al., 2019b). Recently,
it has been reported that Pedicularis resupinata extract, in
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which acteoside is the main component, had antidepressant-
like effects in depression model mice (Lim et al., 2022).
Similarly, our previous study has shown that acteoside
improved depression-like behavior in rats induced by
chronic unpredictable mild stress (CUMS) (Deng et al.,
2018). In addition to depression-like behavior, cognitive
impairment is also an important symptom induced by stress
(Li et al., 2016). Studies have found that rats exposed to
CUMS displayed task-dependent cognitive impairment
(Yan et al., 2020; Alqurashi et al., 2022). However, there
have been no reports focusing on the effects of acteoside
on learning and memory.

Learning and memory are advanced functions of
the brain, and the underlying principles have received much
attention. So far, it has been widely accepted that synaptic
plasticity is the biological basis of learning and memory
function (Yan et al., 2020). Synaptic plasticity is associated
with the encoding and storage of memory function, which
requires a series of orderly changes in the number and/or
structures of synapses (Diering & Huganir, 2018). It is
widely known that the cortex and hippocampus are two
key brain regions for cognitive development and emotion
regulation (Saleh et al., 2017). Therefore, we selected the
cortex and hippocampus as the target regions in this study.

In this study, the rat model of depression was
induced by CUMS. The effects and possible underlying
mechanisms of acteoside on the learning and memory
functions in depression rats were investigated. Moreover,
the cognitive changes during the development of
depression were also studied to reveal their association
with the disease pathogenesis. Our findings support that
acteoside may serve as a novel reagent for the prevention
and treatment of depression.

MATERIAL AND METHOD

Study animals. The Sprague Dawley rats, weighing 200-
240 g, were obtained from the Hunan SJA Laboratory
Animal Co., Ltd. (No.: SCXK-Xiang 2011-0003). These
rats were maintained under a 12-h light/dark cycle (lights
on/off at 07:00/19:00) with ad libitum access to food and
water. This study was conducted in strict accordance with
the recommendations of the National Institutes of Health's
Guide for the Care and Use of Laboratory Animals. The
research protocol with animal experimentation was
approved by the Animal Care and Use Committee of the
Luohe Medical College. All efforts were made to minimize
the pain and numbers of the animals used in this study.

CUMS depression model establishment. After
acclimatization for 1 week, the rats were subjected to

CUMS for 4 weeks (Wang et al., 2021a). Stress factors
included fasting (for 24 h), water deprivation (for 24 h),
reversal of day and night (for 24 h), swimming in hot water
(45°C, for 5 min), swimming in ice-cold water (4 °C, for 5
min), tail suspension (for 20 min), tail clipping (for 2 min),
and wet bedding (for 24 h). Different stress factors were
given every 2 days and the stress factors given each time
were random and unpredictable. Control rats were kept at
standard conditions. The model establishment was verified
with the forced swimming (FS) test and sucrose preference
(SF) test.

Animal treatment and grouping. For assessment of
memory performance, rats were randomly divided into
control, CUMS, CUMS+Fluoxetine (CUMS+Flu), and
CUMS+Acteoside (CUMS+Act) groups (n=12 each
group). Fluoxetine (20 mg/kg; positive control; Eli Lilly
Co., Ltd., Suzhou, China) or acteoside (60 mg/kg; Cat.
No. 133-131216; purity ≥ 98 %; Nanjing Guang Run
Biotechnology Co., Ltd., China) was intraperitoneally
administrated to the rats in the CUMS+Flu or CUMS+Act
group, respectively, once every two days for 3 weeks. The
dose of acteoside was determined based on our previous
study (Deng et al., 2018). The same amount of saline was
given to the rats in the CUMS and control groups. The Y-
maze test and novel object recognition (NOR) test were
performed at 24 h after the last drug administration in a
blinded manner.

To evaluate the involvement of mTOR signaling in
the improving effects of acteoside on learning and memory,
rats were randomly divided into control, CUMS,
CUMS+Acteoside (CUMS+Act), and CUMS+
Acteoside+Rapamycin (CUMS+Act+Rap) groups (n=6
each group). Acteoside was given as above described.
Rapamycin (8 mg/kg; Beyotime Biotechnology Co., Ltd.,
Shanghai, China) was intraperitoneally given to the rats in
the CUMS+Act+Rap group. The drug administration was
performed once every two days for 3 weeks. The dose of
rapamycin was determined based on a previous study
(Johnson et al., 2013). The normal saline was given to the
rats in the CUMS and control groups at equal volumes.

Behavioral tests

FS test. The FS test was carried out 24 h after CUMS
model establishment using a transparent plastic container
with an upper diameter of 40 cm and a lower diameter of
33 cm. The water depth was 30 cm and the water
temperature was (24±1)°C. The rats were slowly placed
into the plastic container with their heads facing the
container wall and allowed to swim freely. The immobility
time of the rats within 5 min was recorded. The animals
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were considered immobile if they floated on the water
without moving their limbs, breathed with their heads
above the water, or paddled occasionally to keep their
bodies from sinking.

SP test. The SP test was conducted 24 h after the FS test.
Briefly, the rats were caged individually. First, rats
underwent adaptive training, with two bottles containing
200 mL of 1 % sucrose solution in each cage for 24 h.
Then, fasting and water deprivation were performed
immediately for 24 h following the sucrose adaptive
training. After that, one bottle containing 200 mL of pure
water and one bottle containing 200 mL of 1 % sucrose
solution were placed in each case. The positions of the
two bottles were changed 0.5 h later. The sucrose
consumption and pure water consumption were recorded.
The SP of each rat was calculated using the formula of
SP ( %)=[sucrose consumption/(sucrose consumption +
pure water consumption) ]×100 %.

Y-maze test. The Y-maze consisted of three identical arms
(35 cm length × 8 cm height × 15 cm width) positioned
120 degrees apart from each other. The rats were gently
placed at the end of one arm. The times and sequences of
each rat entering the three arms within 5 min were
recorded. An alternation was defined as consecutive
entries to three arms without overlapping triplets. The
alternation percentage was calculated with the following
formulation: Alternation ( %)=[(alternation times)/(total
times of arm entries - 2)]×100 %.

NOR test. The NOR test was performed in a black opaque
plastic box (80 cm × 60 cm × 40 cm). The NOR test
consisted of two phases: the sampling phase and the
retention test phase with a 24 h interval. Rats were
acclimated to the environment at 24 h before the sampling
phase. In the sampling phase, the rats were allowed to
explore the two identical objects for 10 min and the total
time spent on exploring both objects was recorded. In the
retention test phase, the rats were allowed to explore two
different objects (one was familiar, while the other one
was novel) for 5 min. The time spent on exploring each
object, and the total time spent on exploring both objects,
were recorded. The recognition index was calculated by
the formula of [time spent on exploring the novel object
/ (time spent on exploring the novel object + time spent
on exploring the familiar object)]× 100 %.

Sampling. At 24 h after the behavioral test, half of the rats
in each group were anesthetized and perfused with 4 %
paraformaldehyde (PFA). The other half of the rats in each
group were sacrificed by decapitation. Then, the brain tissues,
including the cortex and hippocampus, were collected.

Hematoxylin and Eosin (HE) staining. The morphology
of neurons in the cortex and hippocampus was detected
with the HE staining Kit (Beyotime) following the
manufacturer ’s protocol. Briefly, the cortex and
hippocampus tissues were fixed with 4 % PFA overnight
and sliced into 20 µm sections. After that, the sections were
incubated successively with hematoxylin and eosin staining
solution. Finally, the sections were mounted and
observed with a microscope (Olympus, Tokyo, Japan).

Immunofluorescence staining. The tissue sections were
permeabilized with 0.3 % Triton X-100 for 2 h, followed
by blocking with 10 % BSA for 1 h. Subsequently, the
sections were incubated with the rabbit anti-brain derived
neurotrophic factor (BDNF) (1:500 dilution; Abcam) or
mouse anti-cAMP-response element binding protein
(CREB) (1:500 dilution; Abcam) polyclonal primary
antibody overnight at 4 °C. After washing with PBS, the
sections were incubated with a secondary antibody at room
temperature for 2 h. The nuclei were stained with DAPI
(Beyotime) for 5 min. Fluorescence was detected and
observed under a fluorescence microscope (Olympus).
Three discontinuous brain slices were randomly selected
from each rat, and three fields were randomly selected from
each slice under a 200 × microscope. The average number
of fluorescence-positive cells was calculated with the
Image Pro Plus 6.0 software (Media Cybernetics, USA).

Western blotting. The cortex and hippocampal tissues
were lyzed with RIPA lysis buffer (Beyotime).
Subsequently, protein concentration was tested by a BCA
Protein Assay Kit (Beyotime). After that, proteins were
subjected to SDS-PAGE and transferred to PVDF
membranes. The membranes were blocked for 15 min at
room temperature with blocking buffer (Beyotime) and
then incubated with primary antibodies overnight at 4 °C.
The primary antibodies included rabbit anti-BDNF (1:1000
dilution; Abcam), mouse anti-CREB (1:1000 dilution;
Abcam), rabbit anti-p-mTOR (1:1000 dilution; CST),
rabbit anti-mTOR (1:1000 dilution; CST), rabbit anti-p-
P70S6K (1:1000 dilution; CST), rabbit anti-P70S6K
(1:1000 dilution; CST), and rabbit anti-b-actin (1:5000
dilution; Gene Tex). The membranes were then incubated
with secondary antibodies for 1 h at room temperature. b-
actin was used as an internal reference to analyze the target
protein levels.

Statistical analyses. The SPSS 20.0 statistical software
and GraphPad Prism 6.0 statistical software were used for
statistical analysis. Data are expressed as mean ± SD.
Statistical analyses were performed using the student’s t-
test or one-way ANOVA followed by SNK-q post hoc test.
P < 0.05 was considered statistically significant.
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RESULTS

Depression model is established by CUMS in rats. To
determine the establishment of CUMS depression model
in rats, we first performed the FS test, a classic test to assess
depression in rats. As shown in Figure 1A, after 4 weeks
of CUMS exposure, there were increased immobility times
in the CUMS group as compared to the control group
(P<0.01). This response reflected behavioral hopelessness,
a central symptom of depression. We further performed
the SP test, another classic test to evaluate the state of
depression. We found that, after 4 weeks of CUMS
exposure, significant decreases in sucrose intake were
observed in CUMS rats as compared with control rats
(P<0.01) (Fig. 1B). The decrease in sucrose intake
suggested that CUMS rats were experiencing anhedonia,
i.e. the loss of pleasure associated with sucrose intake.
Hence, the results of these behavioral tests demonstrated
that 4 weeks of CUMS exposure could indeed induce
depression-like behaviors in the rats, indicating the
successful establishment of the depression model.

Acteoside attenuates recognition memory impairment
in CUMS rats. We next determined whether acteoside
affects the recognition memory performance of CUMS
rats by using the Y-maze test and NOR test, which are
generally used to assess learning and memory capacity.
As shown in Figure 2A, CUMS caused a significant
decrease in the alternation percentage (P<0.01), which was
reversed by the fluoxetine and acteoside treatments
(P<0.05, P<0.01). Similarly, the NOR test showed that
CUMS led to a significant reduction in the recognition
index (P<0.01), and this reduction was reversed by the
fluoxetine and acteoside treatments, respectively (both
P<0.05) (Fig. 2B). Thus, these results indicate that CUMS
could impair the learning and memory functions of rats,
while acteoside could attenuate the recognition memory
impairment in CUMS rats.

Fig. 2. Detection of learning and memory functions with the Y-
maze test and NOR test. The learning and memory functions of the
control, CUMS, CUMS+Flu, and CUMS+Act groups were detected
with the Y-maze test and NOR test. Comparisons of the alternation
percentage (A) and the recognition index (B). Compared with the
control group, ** P<0.05; compared with the CUMS group, #
P<0.05, ## P<0.01.

Fig. 1. Detection of depression-like behaviors with FS test and SP
test. The depression-like behaviors of the control and CUMS groups
were detected with the FS test and SP test. Comparisons of the
immobility times (A) and the sucrose preference (B). Compared
with the control group, ** P<0.01.

Fig. 3. Detection of the morphology of neurons in the cortex and hippocampus with HE staining. Representative images were shown.
Arrows indicate neuronal pyknosis. Scale bar, 50 µm.
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Acteoside modifies hippocampal structural damage in
CUMS rats. It is well known that the cortex and
hippocampus are the key brain regions for cognitive
development and emotion regulation (Fuchsberger &
Paulsen, 2022; Guo et al., 2022). Thus, we investigated the
effect of acteoside on the morphology of neurons in the
cortex and hippocampus in the CUMS rats by HE staining.
As shown in Figure 3, in the control group, the structure of
neurons was intact, with clear boundaries and visible nucleoli
in the cortex. The neurons were arranged closely and neatly
in the hippocampus. In the CUMS group, the structure of
neurons was denatured. There were vacuoles and some
spindle- or triangle-shaped pyknosis. The nucleoli
disappeared. The hippocampal neurons were arranged
loosely. Compared with CUMS group, the structures of
neurons in the CUMS+Flu and CUMS+Act groups were
improved. Only a few cells were pyknotic and hippocampal
neurons were arranged neatly. The results indicate that
acteoside, to some extent, could repair neuronal morphology.

Acteoside improves synaptic plasticity in CUMS rats.
Synaptic plasticity is the neurobiological basis of learning
and memory (Fuchsberger & Paulsen, 2022; Wang et al.,
2022). To determine the involvement of synaptic plasticity
in the attenuating effects of acteoside on recognition memory
impairment in CUMS rats, we then detected the levels of
BDNF and CREB, which are related to the neuronal
development and synaptic function, by immunofluorescence
staining. As shown in Figures 4A-4E, BDNF and CREB
levels in the cortex and hippocampus of CUMS rats were
reduced compared with that in the control group (P<0.01).
In contrast, their levels were elevated after acteoside and
fluoxetine treatment (P<0.05, P<0.01). These results imply
that acteoside may ameliorate neuronal and synaptic damage
in the CUMS rat brain by regulating the expression of BDNF
and CREB. Furthermore, western blotting results also
demonstrated elevated levels of BDNF and CREB after
acteoside treatment, confirming the effect of acteoside on
synaptic plasticity (Fig. 5A-5C).

Fig. 4. Expressions of synaptic plasticity-related proteins in
depression rats. Immunofluorescence staining was performed
to detect BDNF expression in the cortex (A) and hippocampus
(B) as well as CREB expression in the cortex (C) and
hippocampus (D) in each group of rats. Scale bar, 50 µm. (E)
Quantification of BDNF- and CREB-positive cells in the
cortex and hippocampus. Compared with the control group,
** P<0.01; compared with the CUMS group, #P<0.05,
##P<0.01.
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Acteoside inhibits mTOR signaling in CUMS rats. We
next explored the mechanism by which acteoside improved
synaptic plasticity in CUMS rats. The mTOR is a well-
documented molecule in regulating the BDNF signaling
pathway, and it has been reported that acteoside was related
to the inhibition of mTOR signaling in H2O2-induced nerve
damage (Qu et al., 2022). Therefore, we hypothesize that

Fig. 5. Expressions of synaptic
plasticity-related proteins in depression
rats. Western blotting was performed
to detect the expressions of BDNF and
CREB in the cortex (A) and
hippocampus (B) in each group of rats.
(C) Quantification of BDNF and
CREB levels in the cortex and
hippocampus. Compared with the
control group, ** P<0.01; compared
with the CUMS group, #P<0.05.

acteoside may inhibit the mTOR signaling, thus activating
the BDNF signaling and improving synaptic plasticity. As
expected, western blotting showed that acteoside treatment
decreased the phosphorylation levels of mTOR and P70S6K
both in the cortex and hippocampus of CUMS rats
significantly (P<0.05, Fig. 6A-6C). Furthermore, rapamycin,
a specific inhibitor of mTOR signaling, was used to verify

the effect of acteoside on mTOR
signaling in CUMS rats. It was
found that the inhibition effect of
acteoside on mTOR signaling was
markedly relieved by rapamycin,
confirming the important role of
mTOR signaling in mediating the
effect of acteoside on CUMS.
Therefore, acteoside might improve
synaptic plasticity in CUMS rats by
inhibiting the mtor signaling
pathway.

Fig. 6. Expressions of mTOR signaling pathway-related
proteins in depression rats. Western blotting was performed to
detect the expressions of p-mTOR, mTOR, p-P70S6K, and
P70S6K in the cortex (A) and hippocampus (B) in each group
of rats. (C) Quantification of p-mTOR and p-P70S6K levels in
the cortex and hippocampus. Compared with the control group,
* P<0.05; compared with the CUMS group, #P<0.05.
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DISCUSSION

During CUMS, experimental animals are separated
from their companions, and subjected to a variety of
unpredictable mild stresses for a long time, realistically
simulating various unexpected difficulties that people
would face independently in daily life (Xiang et al., 2020).
CUMS can simulate symptoms of depression, including
motor ability, exploratory behavior, and decreased social
communication ability (Qiao et al., 2016). Therefore, it has
been generally believed that the CUMS depression model
is highly effective and is recognized as one of the widely
used depression models. In this study, we confirmed that
CUMS could indeed induce depression-like behaviors in
the rats via the FS test and SP test, indicating the successful
establishment of the depression model.

The Y-maze and NOR behavioral tests have been
widely used to assess animal learning and memory
functions, the reliabilities of which have also been
confirmed (Lu et al., 2019; Luvuno et al., 2020). Our
previous study has shown that acteoside could improve
depression-like behaviors in rats (Deng et al., 2018). In
addition to depression-like behavior, cognitive impairment
represents another important symptom induced by stress
(Li et al., 2016). In this study, the learning and memory
functions of CUMS depression rats were detected with the
Y-maze and NOR tests. Our results showed that rats in the
CUMS group had a significant decrease in the alternation
percentage than those in the control group. Moreover, rats
in the CUMS group had a significantly decreased
recognition index compared with the control rats. These
results indicate that CUMS could impair the learning and
memory functions of model rats.

Acteoside, one of the main active components in
the Genus acteoside, has been reported to reduce blood
glucose and lipid levels and exert anti-aging and anti-tumor
effects (Shiao et al., 2017). In the present study, our results
showed that acteoside administration significantly
improved the learning and memory functions of CUMS
depression rats. The effects were similar to those of
fluoxetine, which is a widely used antidepressant (Hojo et
al., 2017) and was used as a positive control drug herein.

Synaptic plasticity is the neurobiological basis of
learning and memory, and the morphology and number of
neurons are the important basis to measure synaptic
plasticity (Duman et al., 2016). Meanwhile, the cortex and
hippocampus play crucial roles in the development of
cognitive abilities and the regulation of emotions (Ge et
al., 2021). In the present study, we investigated the effect
of acteoside on the morphology of neurons in the cortex

and hippocampus of CUMS rats. The results indicated that
acteoside, to some extent, could repair the neuronal
morphology. Subsequently, we found that acteoside could
enhance synaptic plasticity by up-regulating the levels of
BDNF and CREB.

BDNF, a marker for new synapses, is associated with
the promotion of neuronal survival, development, growth,
and differentiation, as well as the regulation of synaptic
plasticity and nerve regeneration (Kowian´ski et al., 2018).
It has been shown that the decreased BDNF expression
levels reduced learning and memory functions (El Hayek
et al., 2019). BDNF binds to its specific receptor TrkB,
which induces the coupling and self-phosphorylation of
TrkB. Meanwhile, phosphorylated TrkB is known to
activate the transcription factor CREB, further activating
BDNF expression (Nadimi et al., 2020). In this study,
acteoside was first shown to affect learning and memory,
implying its positive role in the regulation of the BDNF
signaling pathway. Subsequently, immunofluorescence
staining and western blotting results revealed that acteoside
treatment upregulated the expressions of BDNF and CREB
in the CUMS rats, confirming the activation of the BDNF
signaling pathway.

It is worth exploring how acteoside stimulates the
BDNF signaling pathway and improves synaptic plasticity.
The mTOR signaling is involved in a variety of pathological
and physiological processes (Blackwell et al., 2019). In
addition to protein kinase functions, mTOR is an important
signal transduction molecule that plays a key role in the
formation and development of the brain, and the generation
of synapses (Carabulea et al., 2023). P70S6K is a major
downstream effector of Mtor (Eda et al., 2022). However,
whether the activation of the mTOR/P70S6K signaling
pathway plays a neuroprotective role or aggravates nerve
tissue injury in brain injury remains controversial. It has
been reported that selective activation of mTOR could
improve learning and memory (Chen et al., 2019a; Tian et
al., 2020). However, other studies have shown that memory
deficits could be alleviated by inhibiting the mTOR
signaling pathway (Chen et al., 2018; Pascual et al., 2021).
Given that mTOR is both the upstream signal and the
downstream signal of the BDNF pathway (Pascual et al.,
2021; Wang et al., 2021b), the interaction between the
mTOR signaling and the BDNF pathway is involved in
synaptic plasticity, affecting learning and memory. In this
study, we found that proteins of the mTOR signaling were
decreased in the CUMS rats treated with acteoside,
implying the possibility that acteoside suppresses the mTOR
signaling. Therefore, it can be concluded that the effect of
acteoside on synaptic plasticity may be closely related to
the inhibition of the mTOR signaling pathway.
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CONCLUSION

In conclusion, our results demonstrated that acteoside
attenuated the CUMS-induced memory impairment in
CUMS depression model rats. These effects could be
attributed to improved neuron structure in the cortex and
hippocampus regions. The potential mechanism may be the
improvement of synaptic plasticity by inhibiting mTOR
signaling. Our study suggests that acteoside may become a
promising new reagent for both the prevention and the
treatment of depression.

Ethics Approval. This study was conducted in strict
accordance with the recommendations of the National
Institutes of Health's Guide for the Care and Use of
Laboratory Animals. The research protocol with animal
experimentation was approved by the Animal Care and Use
Committee of the Luohe Medical College.
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RESUMEN: Evaluamos el papel y el mecanismo del
acteoside en la regulación del deterioro de la memoria inducido
por estrés leve crónico impredecible (ELCI). Se utilizó ELCI
para inducir depresión en ratas y el establecimiento exitoso del
modelo ELCI se verificó mediante una prueba de natación
forzada y una prueba de preferencia de sacarosa. La prueba del
laberinto en Y y la prueba de reconocimiento de objetos
novedosos evaluaron las funciones de la memoria. Los cambios
estructurales en la corteza y el hipocampo se observaron
mediante tinción con hematoxilina y eosina (HE). La tinción
por inmunofluorescencia y la transferencia Western
determinaron los niveles de proteína. La prueba del laberinto
en Y y la prueba de reconocimiento de objetos novedosos
mostraron que había un deterioro del rendimiento de la memoria
en ratas del grupo ELCI, que mejoró con el tratamiento con
acteósidos. La tinción con HE mostró que la exposición a ELCI
dañó la estructura de la corteza y el hipocampo, mientras que el
tratamiento con actósidos alivió los cambios estructurales. En
comparación con el grupo de control, los niveles de BNDF y
CREB en la corteza y el hipocampo del grupo ELCI
disminuyeron significativamente. Acteoside revirtió
significativamente las expresiones de estas proteínas en ratas
ELCI. Mientras tanto, en comparación con el grupo control, los
niveles de p-mTOR y p-P70S6K en la corteza y el hipocampo
del grupo ELCI aumentaron significativamente, y estos cambios
fueron revertidos significativamente ELCI por el acteoside. Sin
embargo, el efecto del acteoside sobre la señalización de mTOR
fue notablemente bloqueado por la rapamicina, un inhibidor
específico de la señalización de mTOR. El acteoside puede
atenuar el deterioro de la memoria y mejorar el daño neuronal y
la plasticidad sináptica en ratas con depresión, probablemente

mediante la inhibición de la vía de señalización mTOR.
Acteoside puede servir como un reactivo novedoso para la
prevención de la depresión.

PALABRAS CLAVE: Acteoside; Estrés leve crónico
impredecible (ELCI); Depresión; Deterioro de la memoria.
Plasticidad sinaptica; Señalización mTOR.
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