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Abstract: Excessive corticosterone (CORT), resulting from a dysregulated hypothalamic–pituitary–
adrenal (HPA) axis, is associated with cognitive impairment and behavioral changes, including
depression. In Korean oriental medicine, Pedicularis resupinata is used for the treatment of inflamma-
tory diseases such as rheumatoid arthritis. However, the antidepressant properties of P. resupinata
have not been well characterized. Here, the antidepressant-like effects of P. resupinata extract (PRE)
were evaluated in terms of CORT-induced depression using in vivo models. HPLC confirmed that
acteoside, a phenylethanoid glycoside, was the main compound from PRE. Male ICR mice (8 weeks
old) were injected with CORT (40 mg/kg, i.p.) and orally administered PRE daily (30, 100, and
300 mg/kg) for 21 consecutive days. Depressive-like behaviors were evaluated using the open-field
test, sucrose preference test, passive avoidance test, tail suspension test, and forced swim test. Treat-
ment with a high dose of PRE significantly alleviated CORT-induced, depressive-like behaviors in
mice. Additionally, repeated CORT injection markedly reduced brain-derived neurotrophic factor
levels, whereas total glucocorticoid receptor (GR) and GR phosphorylation at serine 211 were sig-
nificantly increased in the mice hippocampus but improved by PRE treatment. Thus, our findings
suggest that PRE has potential antidepressant-like effects in CORT-induced, depressive-like behavior
in mice.

Keywords: Pedicularis resupinata; acteoside; corticosterone; HPA axis; depression; neurotoxicity; BDNF

1. Introduction

Depression is one of the most serious global health concerns, with over 300 million
individuals affected worldwide [1]. The recent COVID-19 pandemic has significantly
induced mental disorders such as delirium, depression, anxiety, and insomnia, due to fear of
disease, and the effects of social isolation [2,3]. Currently available first-line antidepressants
are not completely effective and can cause a variety of undesirable side effects [4]. For
these reasons, it is urgent to search for alternative antidepressants, particularly those
involving the use of natural products [5]. Alternative approaches, including herbs such as
Hypericum perforatum (i.e., St. John’s wort) [6] or increased intake of antioxidants with fruits
and vegetables, have attracted interest as potential antidepressants [7]. According to the
American Psychological Association (APA)’s guidelines for the treatment of depression,
no difference in effects between St. John’s wort and second-generation antidepressants
in some patients with depression [8]. Thus, it is necessary to develop new antidepressant
agents with excellent efficacy and few side effects from natural products.

Excessive release of glucocorticoids, cortisol in humans, and corticosterone (CORT) in
rodents led to dysregulation of the hypothalamic–pituitary–adrenal (HPA) axis, which is
one of the most prominent neurobiological findings in the pathogenesis of depression [9].
Thus, increased HPA axis activity, glucocorticoid resistance, and increased plasma levels
of cortisol are commonly observed in depression. It was reported that about 40–60% of

Molecules 2022, 27, 3434. https://doi.org/10.3390/molecules27113434 https://www.mdpi.com/journal/molecules

https://doi.org/10.3390/molecules27113434
https://doi.org/10.3390/molecules27113434
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/molecules
https://www.mdpi.com
https://orcid.org/0000-0002-1039-1434
https://doi.org/10.3390/molecules27113434
https://www.mdpi.com/journal/molecules
https://www.mdpi.com/article/10.3390/molecules27113434?type=check_update&version=1


Molecules 2022, 27, 3434 2 of 12

depressed patients experience HPA axis disorders [10]. In addition, high levels of CORT
have been demonstrated to induce depressive-like behaviors in animal models, as indicated
by decreased sucrose consumption and significantly increased immobility time in the
forced swim and tail suspension tests [11,12]. These findings suggest that a CORT-induced
depression model is valid for evaluating the efficacy of potential antidepressants.

Pedicularis resupinata, an edible Korean wild plant belonging to the family Scrophulari-
aceae, has been used as an anti-inflammatory folk remedy in traditional Korean medicine.
It is also distributed in eastern Asia, Japan, China, Mongolia, Siberia, Sakhalin, and Kam-
chatka [13]. Antioxidant effects of P. resupinata have been mainly reported in Korea [14];
however, not much is known about the efficacy of P. resupinata. Although little is known
about the pharmacological efficacy of P. resupinata, the extract of the species of Pedicu-
laris, which contains phenylpropanoid glycoside and acteoside as the main components,
is known for its antioxidant effects [15]. Several studies have reported that acteoside has
antioxidant [16], anti-inflammatory [17], neuroprotective [18], and hepatoprotective [19]
properties. However, the antidepressant-like effects of P. resupinata extract on depressive
mood have not yet been defined. In order to explore natural extracts with antidepressant
efficacy, we conducted an in vitro assay to evaluate the neuroprotective effects of several Ko-
rean wild plants, among which P. resupinata extract showed a high neuroprotective potential,
and it was determined that acteoside was the main component of P. resupinata extract.

In this study, we aimed to investigate the antidepressant-like effects of P. resupinata
extract (PRE) in an animal model of depression established by repeated chronic adminis-
tration of corticosterone (CORT) [20]. Depressive-like behaviors were evaluated using the
open-field test (OFT), sucrose preference test (SPT), tail suspension test (TST), and forced
swim test (FST). Furthermore, hippocampal glucocorticoid receptor and brain-derived
neurotrophic factor expressions were also determined.

2. Results
2.1. Effects of PRE on OFT in CORT-Injected Mice

First, we examined the effect of PRE on CORT-induced alterations in the open-field
test (OFT). As shown in Figure 1, CORT-injected mice did not show a significant change in
locomotor activity (Figure 1a). In addition, there was no significant difference in the total
distance moved (Figure 1b), time spent in the center (Figure 1c), or periphery (Figure 1d) of
the OFT, between the PRE-treated groups. Their results indicated that administration of
PRE is not related to an increase in motor activity in CORT-injected mice.
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Figure 1. Effect of PRE on open filed test in CORT-induced depressive mice. A representative trace of
locomotor activity across 5 min (a) in the OFT. There was no significant difference in total distance
moved (b), time spent in the center (c), or periphery (d) of the OFT, between the treated groups.
Results are presented as mean ± SEM (n = 8, per group). Differences among experimental groups
were determined by analysis of variance (ANOVA) test. Con, control; CORT, corticosterone; St. JW,
St. John’s wort extract; PRE, P. resupinata extract.

2.2. Effect of PRE on SPT in CORT-Injected Mice

The repeated CORT injection significantly decreased the percentage of sucrose con-
sumption, compared with the sham group (p < 0.05). However, it was shown that the
reduced percentage of sucrose consumption was significantly restored in the group treated
with St. John’s wort extract (p < 0.05). Similarly, PRE at a dose of 300 mg/kg significantly
increased the percentage of sucrose consumption (p < 0.05) (Figure 2).
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Figure 2. Effect of PRE on sucrose consumption in CORT-induced depressive mice. CORT injections
significantly decreased sucrose consumption, while treatment with PRE at doses of 300 mg/kg
significantly increased it. Results are presented as mean ± SEM (n = 8, per group). # p < 0.05 versus
the sham group; * p < 0.05 versus the CORT-injected Con group. Con, control; CORT, corticosterone;
St. JW, St. John’s wort extract; PRE, P. resupinata extract.

2.3. Effect of PRE on PAT in CORT-Injected Mice

Memory impairment is commonly seen in many stress-related disorders, including
depression [21]. Thus, we examined the effect of PRE on memory impairment caused by
CORT injection in mice. As shown in Figure 3, CORT-injected mice exhibited memory
impairment, as the step-through latency time (s) was significantly decreased, compared
with the sham group (p < 0.001). However, administration of PRE at doses of 100 and
300 mg/kg significantly improved the step-through latency time (s). These effects were
similar to those observed for St. John’s wort (p < 0.05).
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Figure 3. Effect of PRE on passive avoidance test in CORT-induced depressive mice. CORT injec-
tions significantly decreased step-through latency time (s), while administration of PRE at doses of
300 mg/kg significantly increased latency time. Results are presented as mean ± SEM (n = 8, per
group). ### p < 0.001 versus the sham group; * p < 0.05 and ** p < 0.01 versus the CORT-injected Con
group. Con, control; CORT, corticosterone; St. JW, St. John’s wort extract; PRE, P. resupinata extract.

2.4. Effect of PRE on TST and FST in CORT-Injected Mice

Repeated CORT injections had a significant effect on mice behavior in the tail suspen-
sion test (TST) and forced swim test (FST) [22]. The CORT-treated control group exhibited
depression-like behavior characterized by significantly increased immobility time in TST
and FST. An increase in immobility time is interpreted as depression-like behavior in ani-
mal models of depression [23]. As expected, the group that was administered St. John’s
wort extract at a dose of 300 mg/kg showed a significant decrease in immobility time,
compared with the control group, which was similar to previously published preclinical
studies [24]. Similar efficacy was exhibited by the administration of PRE at a dose of
300 mg/kg in the TST and FST (Figure 4). These results indicate that administration of PRE
had antidepressant-like effects in a CORT-induced depression model.
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Figure 4. Effect of PRE on tail suspension test and forced swim test in CORT-induced depressive
mice. CORT-injected mice had significantly increased immobility and decreased activity, including
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swimming, while mice treated with PRE at doses of 300 mg/kg showed significant improvements,
with a decreased immobility (a,c) times (s) and increased activity (b) and swimming (d) times (s).
Results are presented as mean ± SEM (n = 8, per group). ## p < 0.01 and ### p < 0.001 versus the sham
group; * p < 0.05, ** p < 0.01, and *** p < 0.001 versus the CORT-injected Con group. Con, control;
CORT, corticosterone; St. JW, St. John’s wort extract; PRE, P. resupinata extract.

2.5. Effect of PRE on GR and BDNF Expression

After FST, the hippocampal tissue from each mouse was isolated from the whole brain
for Western blot analysis. Depression has been correlated with alternations in glucocorticoid
receptor (GR) signaling [25]. Prolonged or excessive exposure to CORT leads to neuronal
damage, particularly in the hippocampus, which is enriched with GR [26]. GR can be
phosphorylated at serine 211 (Ser211) and enhanced Ser211 had a stronger correlation with
depression [27]. Indeed, chronic glucocorticoid stress, which stimulates GR activation,
causes downregulation of the expression of brain-derived neurotrophic factor (BDNF) [28].
As shown in Figure 5, the hippocampal BDNF levels were significantly decreased, whereas
total GR (tGR) and GR phosphorylation at Ser211 were significantly increased in the CORT-
treated control group. However, PRE at a dose of 300 mg/kg significantly increased BDNF
levels and decreased tGR and Ser211 levels within the hippocampus. These results indicate
that administration of PRE improved the alternation of the GR expression and increased the
activity of BDNF, thereby alleviating depressive behavior, including memory impairment.
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Figure 5. Effect of PRE on glucocorticoid receptor activity in CORT-induced depressive mice. Hip-
pocampal Western blot analysis revealed that CORT injections significantly decreased BDNF (a) ex-
pression and increased tGR (b) and Ser211 (c) expression in the hippocampus, while treatment with
PRE at 300 mg/kg significantly attenuated the effect. Results are presented as mean ± SEM (n = 4,
per group). # p < 0.05, ## p < 0.01, and ### p < 0.001 versus the sham group; * p < 0.05, and ** p < 0.01
versus the CORT-injected Con group. Con, control; CORT, corticosterone; St. JW, St. John’s wort
extract; PRE, P. resupinata extract.

3. Discussion

In the present study, we determined that PRE administration was sufficient to induce
antidepressant-like effects in a well-established CORT-induced mouse model of depres-
sion [20]. We found that PRE administration facilitated antidepressant-like behavior and
significantly reduced immobility time in TST or FST, without affecting locomotor activ-
ity. Moreover, PRE attenuated the CORT-induced overactivation of GRs and improved
cognitive function by increasing BDNF levels. These neuroprotective effects were also
confirmed in human neuroblastoma SH-SY5Y cells. These results suggest that PRE could
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ameliorate stress-hormone-induced depressive behaviors by modulating GR-mediated
BDNF expression in mice.

HPA axis dysfunction is a well-known risk factor for depression, including cognitive
impairment [29]. The fact that patients with depression exhibit cortisol hypersecretion due
to disturbance of the glucocorticoid negative feedback system [30] suggests an association
between HPA axis dysfunction and depression [31]. It has also been reported that expo-
sure to high levels of CORT causes damage to the brain, particularly the hippocampus,
one of the brain regions where GRs are highly concentrated [32], leading to symptoms
such as cognitive decline or depression. Patients with depression have been reported to
have smaller hippocampal volume, compared with healthy controls [33]. Similarly, in
animal studies, chronic stress or repeated injections of high-dose CORT induce HPA axis
dysfunction, resulting in depression-like behavior, which is modulated by antidepressant
treatment [34,35]. Immobility in behavioral tasks related to animal models of depression
has been coined as behavioral despair or learned helplessness [36]. Increased immobility
in TST or FST is well-known to parallel human depression-related symptomology, and
this state of immobility is significantly improved when treated with antidepressants [37].
We determined that immobility time was significantly increased in TST and FST in mice
receiving 40 mg/kg of CORT daily, and this study showed a similar trend to that of a
previous study [38]. As expected, we found that the PRE-treated group had significantly
reduced immobility time in TST and FST, without any changes in locomotor activity, espe-
cially at the 300 mg/kg dose; this antidepressant-like effect was similar to that of the group
receiving St. John’s wort extract as a positive control.

GR is a phosphoprotein that becomes hyper-phosphorylated upon binding to glucocor-
ticoids [39]. Excessive GR activation by high concentrations of CORT impairs hippocampal
neurogenesis, suggesting that normalization of GR function is critical to the antidepressant
effect [40]. It has been reported that the expression of hippocampal GR is significantly up-
regulated by exposure to chronic mild stress-induced depression in animal models [41]. GR
activation is critically dependent on the phosphorylation status of specific serine residues
such as Ser211 [42]. It has been reported that phosphorylation at Ser211 facilitates nuclear
translocation and increases GR transcriptional activity [43]. Our results also showed that
total GR protein levels were increased by chronic CORT exposure, suggesting that pro-
longed exposure to CORT resulted in the upregulation of GR expression and increased GR
phosphorylation at Ser211, whereas PRE normalized the CORT-induced increase in GR
protein and GR phosphorylation at Ser211. BDNF, a member of the neurotrophin family,
is highly expressed in the hippocampus and is mainly involved in cognitive function and
mood changes [44]. Clinical studies have demonstrated that BDNF is an important factor
in the pathogenesis of depression [45]. It has been reported that low serum BDNF levels
in patients with depression, were significantly increased by antidepressant treatment [46].
We determined that the level of hippocampal BDNF was significantly decreased in the
CORT-treated control group, which was correlated with cognitive decline in the passive
avoidance test (PAT), following CORT injection in mice. As expected, we found that PRE
prevented the CORT-induced reduction in BDNF levels in the hippocampus, and PRE treat-
ment promoted cognitive improvement, as evidenced by increasing step-through latency
time in the PAT.

Plants of the genus Pedicularis are rich sources of natural compounds, fatty acids,
alkaloids, steroids, lignans, neo-lignans, tannins, ionones, phenylpropanoid glycosides,
phenylethanoid glycosides, flavonoids, xanthones, iridoids, secoiridoids, phenyl-glycosides,
organic acids, polyols, saccharides, and amino acids [47]. P. resupinata has been identified
for their phytochemical compounds, alaschanioside A, alaschanioside C, syringaresinol-4-
O-β-d-glucoside, verbascoside, 2,3-O-diacetyl-martynoside, leucosceptoside A, plantare-
naloside, euphroside, boschnaloside, gardoside methyl ester, and geniposidic acid [47,48].
In particular, phenylpropanoid glycosides are a class of natural substances of plant origin
with interesting biological activities and pharmacological properties [49]. There have been
studies on the biological activities of phenylpropanoid glycoside, which are potent antiox-
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idants [50] and free radical scavengers [51]. It has been reported that oxidation-derived
reactive oxygen species increase monoamine oxidase in neurons and astrocytes, leading to
deficits in memory function and depression [52]. The antioxidant effect is the major function
of acteoside, one such phenylpropanoid glycoside, and has widely been demonstrated [53].
Serval studies showed that acteoside might protect C57 mice against MPTP-induced neu-
ronal damage [54] and suggested that the neuroprotective effect of acteoside might be
related to its function of reducing ROS levels. Our HPLC analysis confirmed that acteoside
was the main compound from PRE. Although we did not perform HPLC-based activity
profiling of compounds from PRE, with our HPLC analysis, at least, we could state that the
antidepressant-like effects of PRE might be associated with high contents of the acteoside.
A limitation of this study is that our in vivo findings present a portion of the animal’s
behavior results, and the dose does not reveal the bioavailability of the active compounds
of PRE. Thus, the efficacy of active PRE compounds needs to be tested in vivo. Moreover,
further studies are necessary to determine whether active compounds from PRE act on
the central nervous system through blood–brain barrier penetration. Taken together, our
results indicate that PRE upregulates BDNF levels against CORT-induced depression-like
phenotypes by regulating the HPA axis through normalizing GR function via inhibition of
Ser211-mediated GR phosphorylation.

4. Materials and Methods
4.1. Sample Preparation

MeOH extract of Pedicularis resupinata (PRE, voucher specimen No. KPM032-051) was
obtained from the Korea Plant Extract Bank of the Korea Research Institute of Bioscience
and Biotechnology (Daejeon, South Korea). The plant was collected from Jeollabuk-do,
Korea, in 2007. The dried plant (100 g) was added to 1 L of methyl alcohol 99.9% (HPLC
grade) and extracted at room temperature by using an ultrasonic extractor (SDN-900H,
SD-ULTRASONIC, Seoul, Korea). After filtration and drying under reduced pressure, the
methanol extract (PRE, 3.09 g) was obtained. PRE was dissolved in 50% HPLC-grade
MeOH and analyzed by HPLC (Jasco, Tokyo, Japan) using a Waters Symmetry ® C18
column (4.6 × 250 mm, 5 µm). The mobile phase was established using 0.2% formic acid (A)
and ACN/MeOH (60:40, v/v) (B), via gradient elution. The chromatographic separation
was processed with a solvent (A) gradient that decreased from 80% to 50% within 40 min of
running time and then increased to 80% with a 45 min running time. The injection volume
of PRE was 10 µL with a flow rate of 1 mL/min and was detected at 280 nm using a PDA
detector. The concentration of acteoside was 0.78 ± 1.15 (mean ± SD) mg/g. Representative
chromatograms of acteoside and PRE are shown in Figure 6.

Molecules 2022, 27, x FOR PEER REVIEW 8 of 13 
 

 

 

Figure 6. HPLC chromatogram of (a) acteoside as a standard compound and (b) Pedicularis resupi-

nata extract. The concentration of acteoside was 0.78 ± 1.15 mg/g PRE. 

4.2. Animals and Treatments 

ICR mice (male, 7 weeks old, weighing 25–28 g) were purchased from KOATECH 

Animal Inc. (Pyeongteak, Korea). The mice had ad libitum access to food and water in a 

climate-controlled chamber (temperature, 21 ± 2 °C and light–dark cycle, 24 h, lights on at 

07:00, and lights off at 19:00). All mice (n = 4 per cage) were habituated to the facility for 1 

week prior to starting the experiments. All animal experiments were approved by the In-

stitutional Animal Care and Use Committee of the Korea Food Research Institute (KFRI-

M-19016). To induce depression-like behavior, a high dose of CORT was intraperitoneally 

(i.p.) injected according to a previous study. CORT (Sigma-Aldrich, MO, USA) was dis-

solved in 0.9% (w/v) saline containing 0.1% dimethyl sulfoxide (DMSO; Sigma-Aldrich) 

and 1% Tween-80. St. John’s wort (80% MeOH extract, dried powder of Hypericum japon-

icum), which was the positive control, and PRE was dissolved in distilled water. The mice 

were randomly assigned to six groups (n = 8): (1) sham, (2) control, (3) St. John’s wort 300 

mg/kg, (4) PRE 30 mg/kg, (5) PRE 100 mg/kg, and (6) PRE 300 mg/kg. Mice in the control 

and sample-treated groups were orally administered CORT (40 mg/kg, i.p.) once daily, 

while those in the sham group were treated with an equal volume of vehicle. After 3 weeks 

of treatment, the mice were tested in depression-related behavioral tasks, beginning 1 h 

after sample administration, as per the experimental scheme (Figure 7), and were then 

sacrificed for Western blot analysis. 

Figure 6. Cont.



Molecules 2022, 27, 3434 8 of 12

Molecules 2022, 27, x FOR PEER REVIEW 8 of 13 
 

 

 

Figure 6. HPLC chromatogram of (a) acteoside as a standard compound and (b) Pedicularis resupi-

nata extract. The concentration of acteoside was 0.78 ± 1.15 mg/g PRE. 

4.2. Animals and Treatments 

ICR mice (male, 7 weeks old, weighing 25–28 g) were purchased from KOATECH 

Animal Inc. (Pyeongteak, Korea). The mice had ad libitum access to food and water in a 

climate-controlled chamber (temperature, 21 ± 2 °C and light–dark cycle, 24 h, lights on at 

07:00, and lights off at 19:00). All mice (n = 4 per cage) were habituated to the facility for 1 

week prior to starting the experiments. All animal experiments were approved by the In-

stitutional Animal Care and Use Committee of the Korea Food Research Institute (KFRI-

M-19016). To induce depression-like behavior, a high dose of CORT was intraperitoneally 

(i.p.) injected according to a previous study. CORT (Sigma-Aldrich, MO, USA) was dis-

solved in 0.9% (w/v) saline containing 0.1% dimethyl sulfoxide (DMSO; Sigma-Aldrich) 

and 1% Tween-80. St. John’s wort (80% MeOH extract, dried powder of Hypericum japon-

icum), which was the positive control, and PRE was dissolved in distilled water. The mice 

were randomly assigned to six groups (n = 8): (1) sham, (2) control, (3) St. John’s wort 300 

mg/kg, (4) PRE 30 mg/kg, (5) PRE 100 mg/kg, and (6) PRE 300 mg/kg. Mice in the control 

and sample-treated groups were orally administered CORT (40 mg/kg, i.p.) once daily, 

while those in the sham group were treated with an equal volume of vehicle. After 3 weeks 

of treatment, the mice were tested in depression-related behavioral tasks, beginning 1 h 

after sample administration, as per the experimental scheme (Figure 7), and were then 

sacrificed for Western blot analysis. 
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supinata extract. The concentration of acteoside was 0.78 ± 1.15 mg/g PRE.

4.2. Animals and Treatments

ICR mice (male, 7 weeks old, weighing 25–28 g) were purchased from KOATECH
Animal Inc. (Pyeongteak, Korea). The mice had ad libitum access to food and water in a
climate-controlled chamber (temperature, 21 ± 2 ◦C and light–dark cycle, 24 h, lights on at
07:00, and lights off at 19:00). All mice (n = 4 per cage) were habituated to the facility for
1 week prior to starting the experiments. All animal experiments were approved by the
Institutional Animal Care and Use Committee of the Korea Food Research Institute (KFRI-
M-19016). To induce depression-like behavior, a high dose of CORT was intraperitoneally
(i.p.) injected according to a previous study. CORT (Sigma-Aldrich, St. Louis, MO, USA)
was dissolved in 0.9% (w/v) saline containing 0.1% dimethyl sulfoxide (DMSO; Sigma-
Aldrich) and 1% Tween-80. St. John’s wort (80% MeOH extract, dried powder of Hypericum
japonicum), which was the positive control, and PRE was dissolved in distilled water. The
mice were randomly assigned to six groups (n = 8): (1) sham, (2) control, (3) St. John’s
wort 300 mg/kg, (4) PRE 30 mg/kg, (5) PRE 100 mg/kg, and (6) PRE 300 mg/kg. Mice in
the control and sample-treated groups were orally administered CORT (40 mg/kg, i.p.)
once daily, while those in the sham group were treated with an equal volume of vehicle.
After 3 weeks of treatment, the mice were tested in depression-related behavioral tasks,
beginning 1 h after sample administration, as per the experimental scheme (Figure 7), and
were then sacrificed for Western blot analysis.
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4.3. Open-Field Test (OFT)

The mice were placed in the center of an open field maze (50 × 50 × 50 cm), and their
movements were recorded using a video camera; behaviors, total distance, and time in the
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center and periphery zones were tracked for 5 min using the SMART video tracking system
(SMART v3.0, Panlab SL, Barcelona, Spain).

4.4. Sucrose Preference Test (SPT)

SPT was performed 24 h after OFT, following a previously established protocol. Two
bottles containing the 1% sucrose solutions were placed in a cage for 24 h. Next, one of the
bottles of the sucrose solution was placed with water for 24 h. The mice then were placed in
cages individually with free access to the two bottles for 24 h, and the consumed volumes
were recorded. Sucrose preference was calculated as follows: consumption (%) = [sucrose
intake/(sucrose intake + water intake)] × 100.

4.5. Passive Avoidance Test (PAT)

PAT was performed using the passive avoidance apparatus (GEMINI, SD instruments,
San Diego, CA, USA), as previously described. The PAT experiment was conducted across
2 days. In the training trial, each mouse was placed in a safe zone with a closed door.
After acclimatization for 1 min, the door opened automatically, and the mice were allowed
to enter the dark zone. When the mice entered the dark zone, an electrical foot shock of
0.5 mA for 3 s, was elicited. On the next day, the mice were again placed in the safe zone,
and the latency to enter the dark zone was recorded.

4.6. Tail Suspension Test (TST) and Forced Swim Test (FST)

In the case of TST, each mouse was suspended by its tail using adhesive tape and
attached to a hook that automatically measured its movement. The immobility time during
the 6 min test was measured using an automated TST apparatus (BioSeb, Chaville, France).
In the FST, the mice were forced to swim for 6 min in a transparent Plexiglas cylinder (height,
13 cm; diameter, 24 cm) filled with water to a depth of 10 cm (temperature, 22–24 ◦C). The
immobility time during the last 4 min was measured using a SMART video tracking system
(SMART v3.0, Panlab SL, Barcelona, Spain).

4.7. Western Blotting

Hippocampal brain tissues were homogenized in RIPA buffer containing a protease
and phosphatase inhibitor cocktail. The quantified proteins (20 µg) were separated by 10%
sodium dodecyl sulfate–polyacrylamide gel electrophoresis and transferred onto polyvinyli-
dene fluoride membranes (Millipore, Billerica, MA, USA). The membranes were blocked
with 4% skim milk in Tris-buffered saline with 1% Tween-20 for 40 min, and subsequently
probed with the following primary antibodies: BDNF mouse monoclonal antibody (1:1000
dilution, sc-65514, Santa Cruz Biotechnology, CA, USA), glucocorticoid receptor (1:1000
dilution, sc-393232, Santa Cruz Biotechnology, CA, USA; GR phosphorylation at serine 211
(Ser211, 1:1000 dilution, #4161, Cell Signaling, MA, USA), and anti-β-actin rabbit polyclonal
antibody (1:1000 dilution, #4967, Cell Signaling, MA, USA) overnight at 4 ◦C in 3% skim
milk in TBST. After incubation with the horseradish peroxidase–linked secondary antibody
for 2 h, immunoreactive proteins were detected using a chemiluminescence detection
system (LI-COR Biosciences, Lincoln, NE, USA) and then analyzed using ImageJ software
(NIH, Bethesda, MD, USA).

4.8. Statistical Analyses

Statistical analyses were performed using Student’s t-test for two-sample compar-
isons and one-way analysis of variance, followed by Tukey’s post hoc test using Prism 8
(GraphPad Software, Inc., San Diego, CA, USA) for multigroup comparisons. All data are
presented as the mean ± SEM. Differences were considered significant at p < 0.05. The
sample size of 8 mice for each group was justified on the basis of a pilot experiment showing
that the sample SD (s) for measurements of immobility time was about 5% of the measured
value and the average immobility time expected difference (d) between vehicle-treated
mice and PRE-treated mice was about 50 s. Assuming that α = 0.05 and 1 − β = 0.9, the
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formula used was n (sample size) = 1 + 21 × (s/d)2 [55]. The formula gave 7.89, which was
increased to 8 in case of unexpected experimental problems.

5. Conclusions

To our knowledge, this is the first study evaluating the antidepressant-like effects of
PRE on CORT-induced depressive-like behaviors in mice. We found that PRE prevented
CORT-induced depression-like behavior and improved cognitive function. These effects
may be caused by the regulation of GR function via inhibition of Ser211-mediated GR
phosphorylation and BDNF levels, which are involved in the inhibition of neuronal loss.
Our results suggest the beneficial effects of PRE on the development of depressive behaviors
in mice and, therefore, provide potential natural antidepressants.

Author Contributions: D.W.L. and C.L. designed the study. D.W.L. and D.H. performed the HPLC
analysis and cell and animal experiments. D.W.L. and C.L. wrote the manuscript. D.H. and C.L.
contributed expert opinions to the manuscript correction. All authors have read and agreed to the
published version of the manuscript.

Funding: This research was funded by the Main Research Program of the Korea Food Research
Institute, funded by the Ministry of Science and ICT (Grant Number E0210201-02).

Institutional Review Board Statement: This study was conducted according to the guidelines of the
Korea Food Research Institute and approved by the Institutional Animal Care and Use Committee of
the Korea Food Research Institute (protocol code KFRI-M-19016).

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available on request from the
corresponding authors.

Conflicts of Interest: The funders had no role in the design of the study; in the collection, analyses,
or interpretation of data; in the writing of the manuscript; or in the decision to publish the results.

Sample Availability: Samples of the compounds are not available from the authors.

References
1. Ali, A.M.; Alkhamees, A.A.; Hori, H.; Kim, Y.; Kunugi, H. The Depression Anxiety Stress Scale 21: Development and Validation of

the Depression Anxiety Stress Scale 8-Item in Psychiatric Patients and the General Public for Easier Mental Health Measurement
in a Post COVID-19 World. Int. J. Envior. Res. Public Health 2021, 18, 10142. [CrossRef] [PubMed]

2. Zhang, S.X.; Miller, S.O.; Xu, W.; Yin, A.; Chen, B.Z.; Delios, A.; Dong, R.K.; Chen, R.Z.; McIntyre, R.S.; Wan, X.; et al. Meta-analytic
evidence of depression and anxiety in Eastern Europe during the COVID-19 pandemic. Eur. J. Psychotraumatol. 2022, 13, 2000132.
[CrossRef] [PubMed]

3. Mazza, M.G.; De Lorenzo, R.; Conte, C.; Poletti, S.; Vai, B.; Bollettini, I.; Melloni, E.M.T.; Furlan, R.; Ciceri, F.; Rovere-Querini,
P.; et al. Anxiety and depression in COVID-19 survivors: Role of inflammatory and clinical predictors. Brain Behav. Immun. 2020,
89, 594–600. [CrossRef] [PubMed]

4. Racagni, G.; Popoli, M. The pharmacological properties of antidepressants. Int. Clin. Psychopharmacol. 2010, 25, 117–131.
[CrossRef] [PubMed]

5. Ma, K.; Baloch, Z.; Mao, F.B. Natural Products as a Source for New Leads in Depression Treatment. Evid.-Based Compl. Altern.
2022, 2022, 9791434. [CrossRef] [PubMed]

6. Pirotta, M.; Willis, K.; Carter, M.; Forsdike, K.; Newton, D.; Gunn, J. ‘Less like a drug than a drug’: The use of St John’s wort
among people who self-identify as having depression and/or anxiety symptoms. Complement Ther. Med. 2014, 22, 870–876.
[CrossRef]

7. Liu, X.Q.; Yan, Y.; Li, F.; Zhang, D.F. Fruit and vegetable consumption and the risk of depression: A meta-analysis. Nutrition 2016,
32, 296–302. [CrossRef]

8. Guideline Development Panel for the Treatment of Depressive Disorders. Summary of the clinical practice guideline for the
treatment of depression across three age cohorts. Am. Psychol. 2021. [CrossRef]

9. De Kloet, E.R.; Vreugdenhil, E.; Oitzl, M.S.; Joëls, M. Brain corticosteroid receptor balance in health and disease. Endocr. Rev. 1998,
19, 269–301.

10. Keller, J.; Gomez, R.; Williams, G.; Lembke, A.; Lazzeroni, L.; Murphy, G.M.; Schatzberg, A.F. HPA axis in major depression:
Cortisol, clinical symptomatology and genetic variation predict cognition. Mol. Psychiatry 2017, 22, 527–536. [CrossRef]

11. Gregus, A.; Wintink, A.J.; Davis, A.C.; Kalynchuk, L.E. Effect of repeated corticosterone injections and restraint stress on anxiety
and depression-like behavior in male rats. Behav. Brain Res. 2005, 156, 105–114. [CrossRef] [PubMed]

http://doi.org/10.3390/ijerph181910142
http://www.ncbi.nlm.nih.gov/pubmed/34639443
http://doi.org/10.1080/20008198.2021.2000132
http://www.ncbi.nlm.nih.gov/pubmed/35186214
http://doi.org/10.1016/j.bbi.2020.07.037
http://www.ncbi.nlm.nih.gov/pubmed/32738287
http://doi.org/10.1097/YIC.0b013e3283311acd
http://www.ncbi.nlm.nih.gov/pubmed/20305568
http://doi.org/10.1155/2022/9791434
http://www.ncbi.nlm.nih.gov/pubmed/35154354
http://doi.org/10.1016/j.ctim.2014.07.007
http://doi.org/10.1016/j.nut.2015.09.009
http://doi.org/10.1037/amp0000904
http://doi.org/10.1038/mp.2016.120
http://doi.org/10.1016/j.bbr.2004.05.013
http://www.ncbi.nlm.nih.gov/pubmed/15474655


Molecules 2022, 27, 3434 11 of 12

12. Lee, B.; Shim, I.; Lee, H.J.; Yang, Y.; Hahm, D.H. Effects of acupuncture on chronic corticosterone-induced depression-like behavior
and expression of neuropeptide Y in the rats. Neurosci. Lett. 2009, 453, 151–156. [CrossRef] [PubMed]

13. Fujii, N. Chloroplast DNA phylogeography of Pedicularis ser. Gloriosae (Orobanchaceae) in Japan. J. Plant Res. 2007, 120, 491–500.
[CrossRef] [PubMed]

14. Lee, Y.M.; Bae, J.H.; Jung, H.Y.; Kim, J.H.; Park, D.S. Antioxidant activity in water and methanol extracts from Korean edible wild
plants. J. Korean Soc. Food Sci. Nutr. 2011, 40, 29–36. [CrossRef]

15. Wang, P.; Kang, J.; Zheng, R.; Yang, Z.; Lu, J.; Gao, J.; Jia, Z. Scavenging effects of phenylpropanoid glycosides from Pedicularis on
superoxide anion and hydroxyl radical by the spin trapping method(95)02255-4. Biochem. Pharmacol. 1996, 51, 687–691. [CrossRef]

16. Lee, H.D.; Kim, J.H.; Pang, Q.Q.; Jung, P.M.; Cho, E.J.; Lee, S. Antioxidant Activity and Acteoside Analysis of Abeliophyllum
distichum. Antioxidants 2020, 9, 1148. [CrossRef]

17. Qiao, Z.G.; Tang, J.X.; Wu, W.; Tang, J.; Liu, M. Acteoside inhibits inflammatory response via JAK/STAT signaling pathway in
osteoarthritic rats. BMC Complem. Altern. Med. 2019, 19, 264. [CrossRef]

18. Wang, H.Q.; Xu, Y.X.; Yan, J.; Zhao, X.Y.; Sun, X.B.; Zhang, Y.P.; Guo, J.C.; Zhu, C.Q. Acteoside protects human neuroblastoma
SH-SY5Y cells against beta-amyloid-induced cell injury. Brain Res. 2009, 1283, 139–147. [CrossRef]

19. Cui, Q.L.; Pan, Y.N.; Zhang, W.; Zhang, Y.A.; Ren, S.M.; Wang, D.M.; Wang, Z.Z.; Liu, X.Q.; Xiao, W. Metabolites of Dietary
Acteoside: Profiles, Isolation, Identification, and Hepatoprotective Capacities. J. Agric. Food Chem. 2018, 66, 2660–2668. [CrossRef]

20. Zhao, Y.; Ma, R.; Shen, J.; Su, H.; Xing, D.M.; Du, L.J. A mouse model of depression induced by repeated corticosterone injections.
Eur. J. Pharmacol. 2008, 581, 113–120. [CrossRef]

21. Kalueff, A.V.; Murphy, D.L. The importance of cognitive phenotypes in experimental modeling of animal anxiety and depression.
Neural Plast 2007, 2007, 52087. [CrossRef] [PubMed]

22. Badr, A.M.; Attia, H.A.; Al-Rasheed, N. Oleuropein Reverses Repeated Corticosterone-Induced Depressive-like Behavior in mice:
Evidence of Modulating Effect on Biogenic Amines. Sci. Rep. 2020, 10, 3336. [CrossRef] [PubMed]

23. Renard, C.E.; Dailly, E.; David, D.J.; Hascoet, M.; Bourin, M. Monoamine metabolism changes following the mouse forced
swimming test but not the tail suspension test. Fundam. Clin. Pharm. 2003, 17, 449–455. [CrossRef] [PubMed]

24. Crupi, R.; Abusamra, Y.A.K.; Spina, E.; Calapai, G. Preclinical Data Supporting/Refuting the Use of Hypericum perforatum in
the Treatment of Depression. CNS Neurol. Disord.-Drug 2013, 12, 474–486. [CrossRef]

25. Jovicic, M.; Maric, N.P.; Soldatovic, I.; Lukic, I.; Andric, S.; Mihaljevic, M.; Pavlovic, Z.; Mitic, M.; Adzic, M. The role of
glucocorticoid receptor phosphorylation in the model of negative affective states. World J. Biol. Psychia. 2015, 16, 301–311.
[CrossRef]

26. Liu, B.J.; Zhang, H.Y.; Xu, C.Q.; Yang, G.A.; Tao, J.A.; Huang, J.H.; Wu, J.F.; Duan, X.H.; Cao, Y.X.; Dong, J.C. Neuroprotective
effects of icariin on corticosterone-induced apoptosis in primary cultured rat hippocampal neurons. Brain Res. 2011, 1375, 59–67.
[CrossRef]

27. Bei, E.; Salpeas, V.; Pappa, D.; Anagnostara, C.; Alevizos, V.; Moutsatsou, P. Phosphorylation status of glucocorticoid receptor, heat
shock protein 70, cytochrome c and Bax in lymphocytes of euthymic, depressed and manic bipolar patients. Psychoneuroendocrino
2009, 34, 1162–1175. [CrossRef]

28. Numakawa, T.; Odaka, H.; Adachi, N. Actions of Brain-Derived Neurotrophic Factor and Glucocorticoid Stress in Neurogenesis.
Int. J. Mol. Sci. 2017, 18, 2312. [CrossRef]

29. Karstens, A.J.; Korzun, I.; Avery, E.T.; Kassel, M.T.; Keelan, R.; Kales, H.; Abercrombie, H.; Eisenlohr-Moul, T.; Langenecker, S.A.;
Weisenbach, S. Examining HPA-axis functioning as a mediator of the relationship between depression and cognition across the
adult lifespan. Neuropsychol. Dev. Cogn. B Aging Neuropsychol. Cogn. 2019, 26, 507–520. [CrossRef]

30. Mizoguchi, K.; Ishige, A.; Aburada, M.; Tabira, T. Chronic stress attenuates glucocorticoid negative feedback: Involvement of the
prefrontal cortex and hippocampus. Neuroscience 2003, 119, 887–897. [CrossRef]

31. Jia, Y.; Liu, L.; Sheng, C.; Cheng, Z.; Cui, L.; Li, M.; Zhao, Y.; Shi, T.; Yau, T.O.; Li, F.; et al. Increased Serum Levels of Cortisol and
Inflammatory Cytokines in People With Depression. J. Nerv. Ment. Dis. 2019, 207, 271–276. [CrossRef] [PubMed]

32. Mason, B.L.; Pariante, C.M. The effects of antidepressants on the hypothalamic-pituitary-adrenal axis. Drug News Perspect. 2006,
19, 603–608. [CrossRef] [PubMed]

33. Colle, R.; Cury, C.; Chupin, M.; Deflesselle, E.; Hardy, P.; Nasser, G.; Falissard, B.; Ducreux, D.; Colliot, O.; Corruble, E. Hippocam-
pal volume predicts antidepressant efficacy in depressed patients without incomplete hippocampal inversion. Neuroimage Clin.
2016, 12, 949–955. [CrossRef]

34. Iijima, M.; Ito, A.; Kurosu, S.; Chaki, S. Pharmacological characterization of repeated corticosterone injection-induced depression
model in rats. Brain Res. 2010, 1359, 75–80. [CrossRef] [PubMed]

35. Naert, G.; Ixart, G.; Maurice, T.; Tapia-Arancibia, L.; Givalois, L. Brain-derived neurotrophic factor and hypothalamic-pituitary-
adrenal axis adaptation processes in a depressive-like state induced by chronic restraint stress. Mol. Cell Neurosci. 2011, 46, 55–66.
[CrossRef] [PubMed]

36. Castagne, V.; Moser, P.; Roux, S.; Porsolt, R.D. Rodent models of depression: Forced swim and tail suspension behavioral despair
tests in rats and mice. Curr. Protoc. Neurosci. 2011, 49, 58. [CrossRef]

37. Zhang, Y.; Wang, Y.T.; Lei, H.; Wang, L.; Xue, L.; Wang, X.; Zhu, X.Z. Optimized animal model to mimic the reality of stress-induced
depression in the clinic. BMC Psychiatry 2017, 17, 171. [CrossRef] [PubMed]

http://doi.org/10.1016/j.neulet.2009.01.076
http://www.ncbi.nlm.nih.gov/pubmed/19429024
http://doi.org/10.1007/s10265-007-0083-2
http://www.ncbi.nlm.nih.gov/pubmed/17479347
http://doi.org/10.3746/jkfn.2011.40.1.029
http://doi.org/10.1016/S0006-2952(95)02255-4
http://doi.org/10.3390/antiox9111148
http://doi.org/10.1186/s12906-019-2673-7
http://doi.org/10.1016/j.brainres.2009.05.101
http://doi.org/10.1021/acs.jafc.7b04650
http://doi.org/10.1016/j.ejphar.2007.12.005
http://doi.org/10.1155/2007/52087
http://www.ncbi.nlm.nih.gov/pubmed/18288249
http://doi.org/10.1038/s41598-020-60026-1
http://www.ncbi.nlm.nih.gov/pubmed/32094406
http://doi.org/10.1046/j.1472-8206.2003.00160.x
http://www.ncbi.nlm.nih.gov/pubmed/12914547
http://doi.org/10.2174/1871527311312040006
http://doi.org/10.3109/15622975.2014.1000375
http://doi.org/10.1016/j.brainres.2010.12.053
http://doi.org/10.1016/j.psyneuen.2009.03.002
http://doi.org/10.3390/ijms18112312
http://doi.org/10.1080/13825585.2018.1495309
http://doi.org/10.1016/S0306-4522(03)00105-2
http://doi.org/10.1097/NMD.0000000000000957
http://www.ncbi.nlm.nih.gov/pubmed/30844940
http://doi.org/10.1358/dnp.2006.19.10.1068007
http://www.ncbi.nlm.nih.gov/pubmed/17299602
http://doi.org/10.1016/j.nicl.2016.04.009
http://doi.org/10.1016/j.brainres.2010.08.078
http://www.ncbi.nlm.nih.gov/pubmed/20813098
http://doi.org/10.1016/j.mcn.2010.08.006
http://www.ncbi.nlm.nih.gov/pubmed/20708081
http://doi.org/10.1002/0471142301.ns0810as55
http://doi.org/10.1186/s12888-017-1335-x
http://www.ncbi.nlm.nih.gov/pubmed/28477622


Molecules 2022, 27, 3434 12 of 12

38. Lim, D.W.; Han, T.; Um, M.Y.; Yoon, M.; Kim, T.E.; Kim, Y.T.; Han, D.; Lee, J.; Lee, C.H. Administration of Asian Herb Bennet
(Geum japonicum) Extract Reverses Depressive -Like Behaviors in Mouse Model of Depression Induced by Corticosterone.
Nutrients 2019, 11, 2841. [CrossRef]

39. Quax, R.A.; Manenschijn, L.; Koper, J.W.; Hazes, J.M.; Lamberts, S.W.J.; van Rossum, E.F.C.; Feelders, R.A. Glucocorticoid
sensitivity in health and disease. Nat. Rev. Endocrinol. 2013, 9, 670–686. [CrossRef]

40. Pariante, C.M. Glucocorticoid receptor function in vitro in patients with major depression. Stress 2004, 7, 209–219. [CrossRef]
41. Wei, K.; Xu, Y.Z.; Zhao, Z.X.; Wu, X.; Du, Y.J.; Sun, J.; Yi, T.; Dong, J.C.; Liu, B.J. Icariin alters the expression of glucocorticoid

receptor, FKBP5 and SGK1 in rat brains following exposure to chronic mild stress. Int. J. Mol. Med. 2016, 38, 337–344. [CrossRef]
[PubMed]

42. Anacker, C.; Zunszain, P.A.; Cattaneo, A.; Carvalho, L.A.; Garabedian, M.J.; Thuret, S.; Price, J.; Pariante, C.M. Antidepressants
increase human hippocampal neurogenesis by activating the glucocorticoid receptor. Mol. Psychiatr. 2011, 16, 738–750. [CrossRef]
[PubMed]

43. Zhang, K.; He, M.Y.; Wang, F.; Zhang, H.T.; Li, Y.T.; Yang, J.Y.; Wu, C.F. Revealing Antidepressant Mechanisms of Baicalin in
Hypothalamus Through Systems Approaches in Corticosterone-Induced Depressed Mice. Front. Neurosci-Switz. 2019, 13, 834.
[CrossRef]

44. Teixeira, A.L.; Barbosa, I.G.; Diniz, B.S.; Kummer, A. Circulating levels of brain-derived neurotrophic factor: Correlation with
mood, cognition and motor function. Biomark Med. 2010, 4, 871–887. [CrossRef]

45. Fernandes, B.S.; Gama, C.S.; Cereser, K.M.; Yatham, L.N.; Fries, G.R.; Colpo, G.; de Lucena, D.; Kunz, M.; Gomes, F.A.;
Kapczinski, F. Brain-derived neurotrophic factor as a state-marker of mood episodes in bipolar disorders: A systematic review
and meta-regression analysis. J. Psychiatr Res. 2011, 45, 995–1004. [CrossRef] [PubMed]

46. Shimizu, E.; Hashimoto, K.; Okamura, N.; Koike, K.; Komatsu, N.; Kumakiri, C.; Nakazato, M.; Watanabe, H.; Shinoda, N.;
Okada, S.; et al. Alterations of serum levels of brain-derived neurotrophic factor (BDNF) in depressed patients with or without
antidepressants. Biol. Psychiatry 2003, 54, 70–75. [CrossRef]

47. Frezza, C.; Venditti, A.; Toniolo, C.; De Vita, D.; Serafini, I.; Ciccola, A.; Franceschin, M.; Ventrone, A.; Tomassini, L.; Foddai,
S.; et al. Genus: Systematics, Botany, Phytochemistry, Chemotaxonomy, Ethnopharmacology, and Other. Plants-Basel 2019, 8, 306.
[CrossRef]

48. Zhang, Z.X.; Xie, W.D.; Jia, Z.H. Glycosides from two Pedicularis species. Biochem. Syst. Ecol. 2008, 36, 467–472. [CrossRef]
49. Pieretti, S.; Saviano, A.; Mollica, A.; Stefanucci, A.; Aloisi, A.M.; Nicoletti, M. Calceolarioside A, a Phenylpropanoid Glycoside

from Calceolaria spp., Displays Antinociceptive and Anti-Inflammatory Properties. Molecules 2022, 27, 2183. [CrossRef]
50. Chae, S.; Kang, K.A.; Kim, J.S.; Hyun, J.W.; Kang, S.S. Trichotomoside: A new antioxidative phenylpropanoid glycoside from

Clerodendron trichotomum. Chem. Biodivers. 2006, 3, 41–48. [CrossRef]
51. Lopez-Munguia, A.; Hernandez-Romero, Y.; Pedraza-Chaverri, J.; Miranda-Molina, A.; Regla, I.; Martinez, A.; Castillo, E.

Phenylpropanoid glycoside analogues: Enzymatic synthesis, antioxidant activity and theoretical study of their free radical
scavenger mechanism. PLoS ONE 2011, 6, e20115. [CrossRef] [PubMed]

52. Lim, D.W.; Park, J.; Jung, J.; Kim, S.H.; Um, M.Y.; Yoon, M.; Kim, Y.T.; Han, D.; Lee, C.; Lee, J. Dicaffeoylquinic acids alleviate
memory loss via reduction of oxidative stress in stress-hormone-induced depressive mice. Pharmacol. Res 2020, 161, 105252.
[CrossRef] [PubMed]

53. He, J.; Hu, X.P.; Zeng, Y.; Li, Y.; Wu, H.Q.; Qiu, R.Z.; Ma, W.J.; Li, T.; Li, C.Y.; He, Z.D. Advanced research on acteoside for
chemistry and bioactivities. J. Asian Nat. Prod. Res. 2011, 13, 449–464. [CrossRef] [PubMed]

54. Pu, X.; Song, Z.; Li, Y.; Tu, P.; Li, H. Acteoside from Cistanche salsa inhibits apoptosis by 1-methyl-4-phenylpyridinium ion in
cerebellar granule neurons. Planta. Med. 2003, 69, 65–66. [CrossRef] [PubMed]

55. Dell, R.B.; Holleran, S.; Ramakrishnan, R. Sample size determination. ILAR J. 2002, 43, 207–213. [CrossRef]

http://doi.org/10.3390/nu11122841
http://doi.org/10.1038/nrendo.2013.183
http://doi.org/10.1080/10253890500069650
http://doi.org/10.3892/ijmm.2016.2591
http://www.ncbi.nlm.nih.gov/pubmed/27221032
http://doi.org/10.1038/mp.2011.26
http://www.ncbi.nlm.nih.gov/pubmed/21483429
http://doi.org/10.3389/fnins.2019.00834
http://doi.org/10.2217/bmm.10.111
http://doi.org/10.1016/j.jpsychires.2011.03.002
http://www.ncbi.nlm.nih.gov/pubmed/21550050
http://doi.org/10.1016/S0006-3223(03)00181-1
http://doi.org/10.3390/plants8090306
http://doi.org/10.1016/j.bse.2007.12.001
http://doi.org/10.3390/molecules27072183
http://doi.org/10.1002/cbdv.200690005
http://doi.org/10.1371/journal.pone.0020115
http://www.ncbi.nlm.nih.gov/pubmed/21674039
http://doi.org/10.1016/j.phrs.2020.105252
http://www.ncbi.nlm.nih.gov/pubmed/33086080
http://doi.org/10.1080/10286020.2011.568940
http://www.ncbi.nlm.nih.gov/pubmed/21534045
http://doi.org/10.1055/s-2003-37029
http://www.ncbi.nlm.nih.gov/pubmed/12567282
http://doi.org/10.1093/ilar.43.4.207

	Introduction 
	Results 
	Effects of PRE on OFT in CORT-Injected Mice 
	Effect of PRE on SPT in CORT-Injected Mice 
	Effect of PRE on PAT in CORT-Injected Mice 
	Effect of PRE on TST and FST in CORT-Injected Mice 
	Effect of PRE on GR and BDNF Expression 

	Discussion 
	Materials and Methods 
	Sample Preparation 
	Animals and Treatments 
	Open-Field Test (OFT) 
	Sucrose Preference Test (SPT) 
	Passive Avoidance Test (PAT) 
	Tail Suspension Test (TST) and Forced Swim Test (FST) 
	Western Blotting 
	Statistical Analyses 

	Conclusions 
	References

