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Objective. This study was aimed at observing the effect Jiao-Tai-Wan in menopausal depression. Methods. In this paper, we used
ovariectomized mice subjected to chronic unpredictable stress as a menopausal depression model. After the chronic stress, mice
were administrated with JTW (3.3 and 6.6mg/kg) and imipramine (10 mg/kg) for 14 days. On the 14th day, mice were subjected
to the behavior test like the forced swim test, tail suspension test, and locomotor activity or were sacrificed to assess the protein
changes in different brain regions. Results. The administration of JTW at doses of 3.3 and 6.6mg/kg (p.o.) significantly shortened
the duration of immobility in forced swim and tail suspension tests. There was no obvious difference in locomotor activity
among all the groups. The western blot analysis data indicated that treatment with JTW (3.3 and 6.6 mg/kg, p.o.) prominently
increased the A R protein and the downstream protein ERK1/2 levels in the prefrontal cortex and hippocampus. However, the
administration of JTW did not influence c-Fos protein in either the prefrontal cortex or hippocampus. Conclusion. Our findings
suggest that JTW plays a vital role in ameliorating menopausal depression symptoms in the A;R-ERK1/2 pathway in the

prefrontal cortex and hippocampus.

1. Introduction

The relevance of gender differences in major depressive dis-
order (MDD) is well-known: the risk in women is twice as
high as that in men [1], especially during menopause. Meno-
pause is an inevitable phase in women’s life, and it can cause
a series of physical problems, such as hot flashes, headache,
insomnia, and mood swings [2], which may affect quality of
life. Evidence indicates that hormone fluctuations, but not
absolute estradiol levels, are considered to be involved in
depression and that the use of exogenous estrogen might mit-
igate depressive symptoms in perimenopausal women [3].
Although estrogen primarily modulates the level of serotonin
[4], which is a key neurotransmitter in depression, the onset

of side effects has been of concern in menopausal women
receiving this therapy [5]. In addition, classic antidepressant
drugs, such as tricyclic antidepressants (imipramine), have
serious side effects, such as nausea, vomiting, a decreased
level of consciousness, and tachycardia [6]. Hence, the dis-
covery of safe and effective pharmacotherapy to improve this
symptom in women is urgently needed.

Jiao-Tai-Wan (JTW) is a well-known prescription used
in patients with many kinds of disease for a long time. JTW
is composed of Coptis chinensis (CC) and cinnamon (CIN)
[7], both of which can lower neurological inflammation and
ameliorate the behavior of cognitive dysfunction [8, 9].
Increasing evidence has pointed out that cognitive function
is a measure of the progression of depression [10].
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Additionally, a study elucidated that JTW played a vital role
in alleviating depression-like behavior through the monoam-
inergic response and the anti-inflammation pathway [11].
Therefore, we can speculate that JTW may have the power
to improve depressive symptoms in menopausal women.
However, information on this activity of JTW in menopausal
women is still unknown.

To date, researchers have found that major depression is
related to improved adenosine A, receptor (A;R), extracellu-
lar signal-regulated kinase 1/2- (ERK1/2-), and c-Fos expres-
sion [12-14]. Adenosine, as a neuromodulator, is the
metabolite of ATP production, which is important for affect-
ing synaptic transmission and neuronal excitability in the
central nervous system (CNS) [15]. Some studies have indi-
cated that adenosine receptors could be prime candidate tar-
gets in the regulation of cognitive processes, sleep intention,
and major depression amelioration [16-18]. In the A R
transgenic mouse model, Serchov et al.’s study showed that
enhanced A R levels have antidepressant effects in a
depression-like model [12]. A 10-year follow-up study found
that caffeine, an adenosine nonselective antagonist, can
reduce the risk of depression in women but not men [19].
Considering the abovementioned findings, we wondered
whether JTW would show antidepressant-like effects by reg-
ulating the concentration of A R, which is rarely studied. In
the present research, we also investigated the effect of JTW
on regulating the concentration of the popular proteins
ERK1/2 and c-Fos in depressive-like ovariectomized mice.

2. Materials and Methods

2.1. Animals. Female 6-week-old outbred ICR mice weighing
20-22 g were obtained from the Animal Center of Shanghai
Branch, Chinese Academy of Sciences. The mice were housed
five per cage under standard colony conditions, with con-
trolled ambient temperature (22 + 1°C), humidity (50 + 10
%), and a 12 h natural light/dark cycle. Mice had free access
to food and water and were allowed to acclimate for 5 days
prior to the experiment. All procedures were performed in
compliance with the National Institutes of Health Guide for
Care and Use of Laboratory Animals (Publication No. 85—
23, revised 1985), as approved by the Wenzhou Medical Col-
lege Committee on current ethical regulation for Animals
Care and Use.

2.2. Drug and Drug Administration. The main ingredients of
Jiao-Tai-Wan are Coptidis rhizome and cinnamon, which
were extracted three times in a ratio of 10:1 by boiling and
digesting, and solid particles were kept. The solid particles
of Jiao-Tai Wan were diluted with distilled water to a final
concentration of 3.3 mg/kg and 6.6 mg/kg, according to the
mass ratio of human to mouse, and given orally (p.o.). Imip-
ramine is a positive drug, purchased from Hunan Dongting
Pharmaceutical Co., Ltd. (Hunan, PR China), was diluted
to 10 mg/kg with distilled water, and administered intraperi-
toneally (ip.). In this paper, JTW (3.3 and 6.6 mg/kg) and
imipramine (10 mg/kg) were administered daily for 14 days.
The behavioral testing commenced 60 min after the last drug
treatment.
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2.3. Surgery. At the beginning of the experiment, mice were
ovariectomized. Ovariectomy was performed under pento-
barbital sodium (50 mg/kg, i.p.) anesthesia. Surgery was per-
formed after mice showed a reduced respiratory rate and
blunted responses when the foot pad was softly pinched. A
midventral incision was made, the oviducts were then ligated,
and the bilateral ovaries and ovarian fat were removed. The
sham groups were subjected to the same surgical procedure
except for the removal of the ovaries. The surgical incision
was closed with sutures, and the mice were allowed to recover
for 1 week with daily observed postsurgical recuperation.

2.4. Forced Swim Test (FST). The forced swim test was con-
ducted according to the procedure that has been described
previously [20], with minor modifications. Briefly, the mice
were individually subjected to a pretest for 15min in glass
containers (height: 25 cm, diameter: 10 cm) containing water
up to 19 cm at 24 + 1°C. After 24 h, mice were again placed in
the same system for a period of 6 min (out of which 2 min
was for habituation). The duration of immobility was
recorded during the last 4 min of the test by two independent
observers blinded to the experiment. Immobility was defined
as the mice floating motionless in the water and ceasing
struggling, while making only small movements necessary
to keep the head above the water.

2.5. Tail Suspension Test (TST). The tail suspension test was
based on the procedure that has been described previously
[20], with minor modifications. Mice were individually sus-
pended 50 cm above the floor by adhesive tape (approxi-
mately 1cm from the tip of the tail). The duration of
immobility was determined during the final 4 min of the 6-
min testing period by two independent observers blinded to
the experiment. Immobility behavior was defined as the mice
remaining completely motionless.

2.6. Locomotor Activity. Locomotor activity was measured by
electronic counters in five activity chambers (DigBehav,
Jiliang Co., Ltd., Shanghai, China), with a minor modifica-
tion [20]. When the paws of mice contacted or disconnected
from active beams, which were in a random configuration,
beam breaks were converted into pulses, which were propor-
tional to the locomotor activity of mice and were automati-
cally kept as the cumulative total counts of motor activity.
Each mouse was placed in the chambers for 15min and
allowed to acclimatize for 5min. Then, locomotion counts
were recorded for a period of 10 min.

2.7. Chronic Unpredictable Stress Procedure. The mice were
subjected to the chronic unpredictable stress protocol devel-
oped by [21, 22], with minor modifications. Mice were
exposed to 2 different stressors twice daily between 8:00 am
and 16:00 pm over a period of 14 consecutive days. The order
of the stressors used was as Table 1.

On day 14 (60 min after the drug or vehicle administra-
tion), mice were used for experiments including the forced
swim test (FST), tail suspension test, and locomotor activity
or were sacrificed to assess the protein changes in different
brain regions.
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F1GURE 1: Experimental timeline for drug treatments. After surgery, mice were administrated with JTW for 14 days. All the behavioral tests
were performed 24 h after last drug treatment; then, the mice were sacrificed and biochemical assays were performed.

2.8. Western Blot Analysis. Mice were decapitated, and the
hippocampus and prefrontal cortex were rapidly dissected
and stored at —70°C. Tissue samples were homogenized in
RIPA buffer supplemented with protease and phosphatase
inhibitors and centrifuged at 13,000 rpm for 30 min at 4°C.
The supernatant was quantified using a bicinchoninic acid
assay kit (Beyotime Institute of Biotechnology Co., Ltd.,
Shanghai, China) for total protein concentrations. Samples
were heated in a metal bath for 5min, and after cooling
down, the protein was loaded onto SDS-PAGE and trans-
ferred to polyvinylidene difluoride membranes. Membranes
were then blocked with 5% fat-free milk for 1 h at room tem-
perature and washed three times with Tris-buffered saline
with 0.1% Tween 20 (TBST). Then, the samples were incu-
bated with the appropriate primary antibodies overnight at
4°C (anti-c-Fos, 1:1000; anti-A;R, 1:1000; anti-ERK1/2,
1:1000; anti-vinculin, 1:1000). After washing, the mem-
branes were incubated with a 1:10000 dilution of mice or
rabbit peroxidase-conjugated secondary antibodies at room
temperature for 1 h. After that, the membranes were washed
with TBST three times. The detection quantification of par-
ticular proteins was determined with a ChemiScope (Power-
Pac™ Basic, Singapore) analysis program. All bands were
standardized with the internal reference vinculin.

2.9. Statistical Analysis. All statistics were performed using
GraphPad Prism 6 (GraphPad Software Inc., San Diego CA,
USA). The values are presented as the means+ S.E.M.
One-way analysis of variance (ANOVA) following a post
hoc Dunnett test was used to determine the significant differ-
ences among groups. To compare two groups, data were
analyzed by an unpaired ¢-test. A value of p < 0.05 was con-
sidered to be significant.

3. Results

3.1. Effects of JTW on the Duration of Immobility in the FST
and TST in Perimenopausal Depression Model Mice. The
experimental procedure is shown in Figure 1. We assessed
the chronic effects of JTW on the immobility time of peri-
menopausal depression-like behavior in forced swim and tail

suspension tests. In the ovariectomy groups, we did not
observe any behavioral changes in the FST and TST com-
pared to the behaviors of the vehicle-treated sham-operated
group. As shown in Figure 2, exposure to chronic unpredict-
able stress significantly increased the duration of immobility
in FST and TST in the vehicle-treated ovariectomized mice
compared to vehicle-treated sham-operated mice (p < 0.01).
The duration of immobility in the FST and TST was robustly
and significantly altered after JTW (3.3 and 6.6 mg/kg, p.o.)
was chronically administered for 2 weeks (p < 0.05). Accord-
ing to the results, the dose of 6.6 mg/kg was more effective
than the lower dose (3.3 mg/kg, p.o.) in the FST and TST.
All the results coincided with the results of the positive con-
trol drug imipramine (10 mg/kg, i.p.) in that immobility time
was significantly reduced in both the FST and TST.

3.2. Effects of JTW on Locomotor Activity in Menopausal
Depression Model Mice. To rule out the potential effects of
JTW on overall movement in antidepressant-like behavior
tests, mice were assessed in the open-field experiment to eval-
uate locomotor activity. As Figure 3 shows, the locomotor
activity in vehicle-treated ovariectomized mice was not influ-
enced compared to that in the vehicle-treated sham-operated
group. Moreover, neither JTW (3.3 and 6.6 mg/kg, p.o.) nor
imipramine (10 mg/kg, ip.) significantly affected locomo-
tion, with mice showing similar locomotor activity to that
in the vehicle-treated sham-operated group. Both doses obvi-
ously decreased the duration of immobility in the FST and
TST.

3.3. Effects of JTW on A R Expression in the Prefrontal Cortex
and Hippocampus. To investigate whether the chronic
administration of JTW changed the AR expression in the
prefrontal cortex and hippocampus, we performed a western
blot experiment. As shown in Figures 4(a) and 5(a), A;R
levels were remarkably downregulated in the prefrontal cor-
tex and hippocampus in vehicle-treated ovariectomized mice
subjected to chronic unpredictable stress compared to levels
in the vehicle-treated sham-operated group (p < 0.05). After
2 weeks of treatment with JTW, the A R expression was
slightly higher after the administration of the 3.3 mg/kg dose,
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F1GURE 2: The effects of JTW on the duration of immobility in the forced swimming (a) and tail suspension (b) tests. Mice were administered
vehicle, JTW (3.3 and 6.6 mg/kg) or imipramine (10 mg/kg) once daily for 14 consecutive days. On the last day, mice were subjected to the
behavioral tests after 30 min drug administration. Values are the mean + S.E.M. with 6 mice in each group. Compared with vehicle-treated
ovariectomized mice, “p < 0.05; compared with vehicle-treated ovariectomized mice subjected to chronic unpredictable stress, *p < 0.05

and **p < 0.01.
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FiGure 3: The effects of JTW on locomotor activity. Mice were
administered vehicle, JTW (3.3 and 6.6 mg/kg), or imipramine
(10 mg/kg) once daily for 14 consecutive days. On the last day,
mice were subjected to the behavioral tests after 30min drug
administration. Locomotion counts were recorded for 10 min.
Values are the mean + S.E.M. with 6 mice in each group. There
were no obvious differences compared with vehicle-treated
ovariectomized mice subjected to chronic unpredictable stress.

and this reduction returned to baseline levels with the
6.6 mg/kg dose (p < 0.05). The effects coincided with those
of the positive control drug imipramine (p < 0.01).

3.4. Effects of JTW on ERK1/2 Expression in the Prefrontal
Cortex and Hippocampus. The expression of the ERK1/2 pro-
tein was determined in the prefrontal cortex and hippocam-
pus using representative western blot experiments. As
illustrated in Figures 4(b) and 5(b), chronic stress induced
an obvious reduction in ERK1/2 protein expression in
vehicle-treated ovariectomized mice compared to levels in
the vehicle-treated sham-operated group (p <0.05) in the
prefrontal cortex and hippocampus. This alteration was effi-
caciously prevented by the administration of JTW (3.3 and
6.6 mg/kg, p.o.) for 14 days (p < 0.05). Imipramine, as the
positive control drug, confirmed our results.

3.5. Effects of JTW on c-Fos Expression in the Prefrontal
Cortex and Hippocampus. Furthermore, we sought to deter-
mine whether treatment with JTW for 14 days would alter
the expression of c-Fos in the prefrontal cortex and hippo-
campus. To our knowledge, c-Fos expression is related to
neuronal activity [23]. As displayed in Figures 4(c) and
5(c), there were no significant differences between c-Fos
levels in vehicle-treated ovariectomized mice subjected to
chronic unpredictable stress compared to those in the
vehicle-treated sham-operated group. Furthermore, the
expression of c-Fos was not different in mice subjected to
JTW versus imipramine treatment.

4. Discussion

Numerous population-based studies have shown that women
in the transition to menopause are more vulnerable to
depression. In a 6-year follow-up study of 460 women who
had no previous history of depression, Cohen et al. revealed
that those in the menopausal period were much more likely
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F1GURE 4: Effects of JTW on protein of A;R (a), ERK1/2 (b), and c-Fos (c) expression in the prefrontal cortex. Mice were administered vehicle,
JTW (3.3 and 6.6 mg/kg), or imipramine (10 mg/kg) once daily for 14 consecutive days. On the last day, mice were sacrificed after 30 min drug
administration. Values are the mean + S.E.M. with 6 mice in each group. Compared with vehicle-treated ovariectomized mice, *p < 0.05;
compared with vehicle-treated ovariectomized mice subjected to chronic unpredictable stress, *p < 0.05 and **p < 0.01.

to suffer from obvious depressive symptoms than those who
remained in the premenopausal period [24]. Also, in the
Penn Ovarian Aging Study, the risk of depression during
the menopausal transition was almost three times higher
than that during the premenopause stage [25]. However,
there are a few drugs directed against menopausal depressive
states in middle age women that are presently used as clinical
antidepressants. It is well-known that menopausal women
with depressive symptoms usually use estrogen replacement
treatment, but some women cannot tolerate the side effects,
such as a greater risk of cancer incidence [20]. Additionally,
evidence has indicated that women experiencing mood dis-
orders in the menopausal phase could not tolerate combined
hormone replacement therapy and treatment with antide-
pressants [26]. Thus, candidates naive to antidepressants
who are able to ameliorate symptomatic menopausal depres-

sion by effective and secure character means must be
considered.

Stressful incidents are pivotal factors for mood disorders.
Unpredictable chronic mild stress, as a classic and acceptable
model, was used in this paper, as this type of stress is similar
to the daily stress experienced by human beings [27].
Research on depression found that animals showed
depressive-like behavior after exposure to unpredictable
chronic stress, which was ameliorated by traditional medi-
cine such as trans-resveratrol or other types of antidepres-
sants [28]. Diminishing levels of ovarian hormones not
only influence reproductive function and sexual differentia-
tion but are also related to psychiatric symptoms and learn-
ing memory abilities [29]. Numerous researchers have
confirmed the model of bilateral ovariectomy as the classic
method to investigate the pharmacological and toxicological
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FiGure 5: Effects of JTW on protein of AR (a), ERK1/2 (b), and c-Fos (c) expression in the hippocampus. Mice were administered vehicle,
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compared with vehicle-treated ovariectomized mice subjected to chronic unpredictable stress, *p < 0.05 and **p < 0.01.

mechanisms of menopausal depression [30]. In this paper,
we performed bilateral ovariectomy surgery following unpre-
dictable chronic mild stress in mice, as a model of meno-
pausal depression, which was already performed by Ma and
his/her coworkers on 2013 [31], to investigate the effect of
JTW on menopausal depression symptoms and its mecha-
nism. JTW consists of Coptis chinensis (CC) and cinnamon
(CIN), which have been shown to be effective in ameliorating
cognitive impairments by decreasing the level of neurological
inflammation [32]. In contrast, a study of the Aphrodite cap-
sule, which contains cinnamon, noted a statistically obvious
alleviation of menopausal symptoms in 50-60-year-old post-
menopausal women [2]. Recently, Zhe et al. revealed that
JTW significantly changed observed behaviors in the TST
and FST without inhibiting the exploration of the center in

the OFT [11]. However, there is a lack of direct evidence on
the effect of JTW on menopausal depression or on the molec-
ular basis of its response in the brain. Our study showed that
mice exposed to chronic unpredictable stress for 2 weeks fol-
lowing ovariectomy showed progressively longer durations
immobile in the TST and FST, a behavior which was interest-
ingly modified by the administration of JTW (3.3 mg/kg and
6.6 mg/kg), which regulated the concentration of AIR,
ERK1/2 and c-Fos protein in the brain.

The adenosinergic system is popular and is able to mod-
ulate mood symptoms, playing an important role in different
kinds of psychiatric diseases, such as depression [18] and
anxiety [33]. To our knowledge, this is the first study to reveal
that chronic treatment with JTW (6.6 mg/kg) significantly
decreased the duration of immobile time in both the FST



and TST, by enhancing the level of A R in different brain
regions (hippocampus and prefrontal cortex) in menopausal
depression-like mice. Moreover, our results did not show
obvious differences in the behavior experiments or biochem-
istry analysis between the OVX mice and the sham group
that received vehicle after chronic stress. The inhibition of
the central nervous system might also affect the change in
immobility time in the TST and FST. To rule out this inter-
ference, we performed a locomotor test for further confirma-
tion, and no difference in locomotion was found in any
group. In line with our observation, AR might occupy a vital
position in the field of menopausal depression, especially in
treatment with JTW, which may be accepted as an alternative
medicine for women. Our results coincided with those of
other studies that knocked out adenosine receptors or chan-
ged the concentration of adenosine and inosine, significantly
showing depressive-like behavior in the FST and TST after
chronic stress [34]. In the depression model of sleep depriva-
tion, increased AR levels could evoke an antidepressant
effect [35]. In addition, the antidepressant effect of imipra-
mine was consistent with enhanced A1R expression, which
decreased the duration of immobile time in the depression
model [12]. In this context, the adenosine A1 receptor is con-
sidered to be a promising target for protective or therapeutic
treatment in depressive disorders.

Although the A1R pathway was found to be important in
depression, we also considered ERK1/2 and c-Fos to be
involved. In learning, memory, and neuroplasticity, ERK sig-
naling channels have been studied extensively, which indi-
cates that ERK1/2 changes after stress stimulation and
antidepressant treatment [36]. Interestingly, there is a
research that clarified that the homerla induction is a crucial
joint mechanism mediating the antidepressant effects in
which pathway the protein of A1R was a key factor. Further-
more, the AR agonist MRS5474 improved the level of
ERK1/2 and hormerla which implied that AR have the abil-
ity to mediate the concentration of ERK1/2 [12]. This report
corroborated our result that ERK1/2 was significantly
enhanced in the hippocampus and prefrontal cortex in men-
opausal depression-like mice after treatment with JTW
(6.6 mg/kg), due to the fact that there is no relevant reports
that studied the change of AR and ERK1/2 after treatment
of Jiao-Tai-Wan in a menopausal depression mice model.
Thus, in this paper, we examined alterations in ERK1/2 levels
after treatment with JTW in menopausal depression-like
mice. In our experiment, we also did run the western blotting
of p-ERK1/2 for countless times with nothing that appeared.
We tried different methods, and different experimenters
came out with the same consequence. We were so confused
with the result, so we decided to look into the relative pro-
teins like Elk-1, ATF, Ap-1, c-Fos, and c-Jun which were
mediated by the p-ERK1/2. As we know, AR caused synaptic
plasticity in neurons and so did the protein of c-Fos which
has the ability to affect the plasticity-relative genes [37].
Then, we supposed that A;R might influence the concentra-
tion of c-Fos to improve the disease of depression through
the intermediate substance ERK1/2/p-ERK1/2. As the result
presented, there was nonresponsive c-Fos in the hippocampus
and prefrontal cortex after the treatment of Jiao-Tai-Wan. So,
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we guess that the stimulation and treatment of Jiao-Tai-Wan
could affect the concentration of ERK1/2 but are not strong
enough or we did not seize the right time to see the change
of p-ERK1/2 and c-Fos. According to the cited references,
external stimulus type and strength can affect the expression
of c-Fos, which might be a marker of nociception [38, 39]. It
is essential to figure out the changes in p-ERK1/2 and c-Fos
after JTW treatment in menopausal depression-like mice in
our further work, and we will consummate the pathway.

Taken together, our results demonstrated that JTW has
the same capabilities as antidepressants in the FST and
TST, which may be due to changes in the levels of A;R and
ERK1/2 proteins. This is the first paper to investigate the
function of JTW in menopausal depression-like mice and
the involvement of the AR protein. Additionally, p-
ERK1/2 and c-Fos protein may be affected, if we can predom-
inate the appropriate stress intensity and best timing before it
is metabolized. These findings are particularly relevant con-
sidering that they may open a new pathway to better explain
the mechanism of the effect of JTW on depression. Further
studies are focused on synaptic plasticity after the treatment
of JTW and complete the pathway involved in AR,
ERK1/2, p-ERK1/2, and the downstream protein like c-Fos
which maybe related with different timing in menopausal
depression-like mice.

Data Availability

All data generated or analyzed during this study are included
in this article.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Authors’ Contributions

Lina Xiang and Yuan Feng contributed equally to this work.
So Yuan Feng is the co-first author.

Acknowledgments

This study was supported by the National Natural Science
Foundation of China (no. 81673733).

References

[1] S. G. Kornstein, E. A. Young, A. T. Harvey et al., “The influ-
ence of menopause status and postmenopausal use of hor-
mone therapy on presentation of major depression in
women,” Menopause, vol. 17, no. 4, pp. 828-839, 2010.

S. Taavoni, N. N. Ekbatani, and H. Haghani, “Effect of Tribu-

lus terrestris, ginger, saffron, and Cinnamomum on meno-

pausal symptoms: a randomised, placebo-controlled clinical

trial,” Prz Menopauzalny, vol. 16, no. 1, pp. 19-22, 2017.

[3] W.K. Marsh, J. T. Bromberger, S. L. Crawford et al., “Lifelong
estradiol exposure and risk of depressive symptoms during the
transition to menopause and postmenopause,” Menopause,
vol. 24, no. 12, pp. 1351-1359, 2017.

2

—



BioMed Research International

(4]

‘@
o

9

—

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

S. F. B. Lokuge, J. A. Foster, C. N. Soares, and M. Steiner,
“Depression in women: windows of vulnerability and new
insights into the link between estrogen and serotonin,” The
Journal of Clinical Psychiatry, vol. 72, no. 11, pp. el563—
el1569, 2011.

V. Beral, Million Women Study C, D. Bull, J. Green, and
G. Reeves, “Ovarian cancer and hormone replacement therapy
in the Million Women Study,” Lancet, vol. 369, no. 9574,
pp. 1703-1710, 2007.

Y. Liu, G. Jia, L. Gou et al., “Antidepressant-like effects of tea
polyphenols on mouse model of chronic unpredictable mild
stress,” Pharmacology, Biochemistry, and Behavior, vol. 104,
pp- 27-32, 2013.

H. Wang, S. Quan, and Y. Sheng, “Effect of Jiaotai pill on
serum cytokine in rats with insomnia induced by para-
chloroamphetamine acid,” Guangzhou Zhong Yi Yao Da Xue
Xue Bao, vol. 25, pp. 525-527, 2008.

H. F. Ji and L. Shen, “Berberine: a potential multipotent natu-
ral product to combat Alzheimer's disease,” Molecules, vol. 16,
no. 8, pp. 6732-6740, 2011.

J. J. Kim, J. Jiang, D. W. Shim et al,, “Anti-inflammatory and
anti-allergic effects of Agrimonia pilosa Ledeb extract on
murine cell lines and OVA-induced airway inflammation,”
Journal of Ethnopharmacology, vol. 140, no. 2, pp. 213-221,
2012.

Z.Z. Wang, Y. Zhang, Y. Q. Liu et al., “RNA interference-
mediated phosphodiesterase 4D splice variants knock-down
in the prefrontal cortex produces antidepressant-like and
cognition-enhancing effects,” British Journal of Pharmacology,
vol. 168, no. 4, pp. 1001-1014, 2013.

Q. Zhe, W. Sulei, T. Weiwei, L. Hongyan, and W. Jianwei,
“Effects of Jiaotaiwan on depressive-like behavior in mice after
lipopolysaccharide administration,” Metabolic Brain Disease,
vol. 32, no. 2, pp. 415-426, 2017.

T. Serchov, H. W. Clement, M. K. Schwarz et al., “Increased
signaling via adenosine Al receptors, sleep deprivation, imip-
ramine, and ketamine inhibit depressive-like behavior via
induction of Homerla,” Neuron, vol. 87, no. 3, pp. 549-562,
2015.

B. Kuzniewska, E. Rejmak, A. R. Malik, J. Jaworski,
L. Kaczmarek, and K. Kalita, “Brain-derived neurotrophic fac-
tor induces matrix metalloproteinase 9 expression in neurons
via the serum response factor/c-Fos pathway,” Molecular and
Cellular Biology, vol. 33, no. 11, pp. 2149-2162, 2013.

Y. Dwivedi and H. Zhang, “Altered ERK1/2 signaling in the
brain of learned helpless rats: relevance in vulnerability to
developing stress-induced depression,” Neural Plasticity,
vol. 2016, Article ID 7383724, 18 pages, 2016.

M. P. Cunha, F. L. Pazini, ]. M. Rosa et al., “Creatine, similarly
to ketamine, affords antidepressant-like effects in the tail sus-
pension test via adenosine Al and A2A receptor activation,”
Purinergic Signal, vol. 11, no. 2, pp. 215-227, 2015.
Z.L.Huang, Y. Urade, and O. Hayaishi, “The role of adenosine
in the regulation of sleep,” Current Topics in Medicinal Chem-
istry, vol. 11, no. 8, pp. 1047-1057, 2011.

D. S. P. Boison, H. Y. Shen, J. Feldon, and B. K. Yee, “Adeno-
sine hypothesis of schizophrenia—opportunities for pharma-
cotherapy,” Neuropharmacology, vol. 62, no. 3, pp. 1527-
1543, 2012.

M. P. Kaster, A. O. Rosa, M. M. Rosso, E. C. Goulart, A. R. San-
tos, and A. L. Rodrigues, “Adenosine administration produces

(19]

(20]

(21]

(22]

(23]

(24]

(25]

[26]

(27]

(28]

(29]

(30]

(31]

(32]

(33]

an antidepressant-like effect in mice: evidence for the involve-
ment of Al and A2A receptors,” Neuroscience Letters, vol. 355,
no. 1-2, pp. 21-24, 2004.

M. Lucas, F. Mirzaei, A. Pan et al., “Coffee, caffeine, and risk of
depression among women,” Archives of Internal Medicine,
vol. 171, no. 17, pp. 1571-1578, 2011.

Y. Xu, B. S. Ku, H. Y. Yao et al,, “The effects of curcumin on
depressive-like behaviors in mice,” European Journal of Phar-
macology, vol. 518, no. 1, pp. 40-46, 2005.

V. S. G. R. Murua, M. E. Andrea, and V. A. Molina, “Shuttle-
box deficits induced by chronic variable stress: reversal by
imipramine administration,” Pharmacology, Biochemistry,
and Behavior, vol. 38, no. 1, pp. 125-130, 1991.

Y. L. PENG, Y. N. LIU, L. LIU, X. WANG, C. L. JIANG, and
Y. X. WANG, “Inducible nitric oxide synthase is involved in
the modulation of depressive behaviors induced by unpredict-
able chronic mild stress,” Journal of Neuroinflammation,
vol. 91, p. 75, 2012.

J. N. Moretto, A. M. Dufty, and H. E. Scharfman, “Acute
restraint stress decreases c-fos immunoreactivity in hilar
mossy cells of the adult dentate gyrus,” Brain Structure ¢
Function, vol. 222, no. 5, pp. 2405-2419, 2017.

L. S. Cohen, C. N. Soares, A. E. Vitonis, M. W. Otto, and B. L.
Harlow, “Risk for new onset of depression during the meno-
pausal transition: the Harvard study of moods and cycles,”
Archives of General Psychiatry, vol. 63, no. 4, pp. 385-390, 2006.

E. W. S. M. Freeman, L. Liu, C. R. Gracia, D. B. Nelson, and
L. Hollander, “Hormones and menopausal status as predictors
of depression in women in transition to menopause,” Archives
of General Psychiatry, vol. 61, no. 1, pp. 62-70, 2004.

H. D. Nelson, L. L. Humphrey, P. Nygren, S. M. Teutsch, and
J. D. Allan, “Postmenopausal hormone replacement therapy:
scientific review,” JAMA, vol. 288, no. 7, pp. 872-881, 2002.
R. Garcia, “Stress, metaplasticity, and antidepressants,” Cur-
rent Molecular Medicine, vol. 2, no. 7, pp. 629-638, 2002.

Y. Yu, R. Wang, C. Chen et al., “Antidepressant-like effect of
trans-resveratrol in chronic stress model: behavioral and neu-
rochemical evidences,” Journal of Psychiatric Research, vol. 47,
no. 3, pp. 315-322, 2013.

L. H. Li, Z. C. Wang, J. Yu, and Y. Q. Zhang, “Ovariectomy
results in variable changes in nociception, mood and depres-
sion in adult female rats,” PLoS One, vol. 9, no. 4, article
e94312, 2014.

A. Gasbarri, M. C. Tavares, R. C. Rodrigues, C. Tomaz, and
A. Pompili, “Estrogen, cognitive functions and emotion: an
overview on humans, non-human primates and rodents in
reproductive years,” Reviews in the Neurosciences, vol. 23,
no. 5-6, pp. 587-606, 2012.

X. Ma, R. Wang, X. Zhao et al., “Antidepressant-like effect of
flaxseed secoisolariciresinol diglycoside in ovariectomized
mice subjected to unpredictable chronic stress,” Metabolic
Brain Disease, vol. 28, no. 1, pp. 77-84, 2013.

T. Sartorius, A. Peter, N. Schulz et al., “Cinnamon extract
improves insulin sensitivity in the brain and lowers liver fat
in mouse models of obesity,” PLoS One, vol. 9, no. 3, article
€92358, 2014.

M. L. C. El Yacoubi, M. Parmentier, J. Costentin, and J. M.
Vaugeois, “The anxiogenic-like effect of caffeine in two exper-
imental procedures measuring anxiety in the mouse is not
shared by selective A (2A) adenosine receptor antagonists,”
Psychopharmacology, vol. 148, no. 2, pp. 153-163, 2000.



10

(34]

(35]

(36]

(37]

(38]

(39]

L. M. Crema, L. F. Pettenuzzo, M. Schlabitz et al., “The effect of
unpredictable chronic mild stress on depressive-like behavior
and on hippocampal Al and striatal A2A adenosine recep-
tors,” Physiology & Behavior, vol. 109, pp. 1-7, 2013.

D. J. Hines, L. I. Schmitt, R. M. Hines, S. J. Moss, and P. G.
Haydon, “Antidepressant effects of sleep deprivation require
astrocyte-dependent adenosine mediated signaling,” Transla-
tional Psychiatry, vol. 3, no. 1, article €212, 2013.

J. Xu, Y. She, N. Su, R. Zhang, L. Lao, and S. Xu, “Effects of
electroacupuncture on chronic unpredictable mild stress rats
depression-like behavior and expression of p-ERK/ERK and
p-P38/P38,” Evidence-based Complementary and Alternative
Medicine, vol. 2015, Article ID 650729, 8 pages, 2015.

Y. Xu, J. Pan, J. Sun et al.,, “Inhibition of phosphodiesterase 2
reverses impaired cognition and neuronal remodeling caused
by chronic stress,” Neurobiology of Aging, vol. 36, no. 2,
pp. 955-970, 2015.

J. Sonnenberg, F. Rauscher, ]. Morgan, and T. Curran, “Regu-
lation of proenkephalin by Fos and Jun,” Sciences, vol. 246,
no. 4937, pp. 1622-1625, 1989.

B. Takayama, S. Kikuchi, S. Konno, and M. Sekiguchi, “An
immunohistochemical study of the antinociceptive effect of

calcitonin in ovariectomized rats,” BMC Musculoskeletal Dis-
orders, vol. 9, no. 1, p. 164, 2008.

BioMed Research International



	Jiao-Tai-Wan Ameliorates Depressive-Like Behavior through the A1R Pathway in Ovariectomized Mice after Unpredictable Chronic Stress
	1. Introduction
	2. Materials and Methods
	2.1. Animals
	2.2. Drug and Drug Administration
	2.3. Surgery
	2.4. Forced Swim Test (FST)
	2.5. Tail Suspension Test (TST)
	2.6. Locomotor Activity
	2.7. Chronic Unpredictable Stress Procedure
	2.8. Western Blot Analysis
	2.9. Statistical Analysis

	3. Results
	3.1. Effects of JTW on the Duration of Immobility in the FST and TST in Perimenopausal Depression Model Mice
	3.2. Effects of JTW on Locomotor Activity in Menopausal Depression Model Mice
	3.3. Effects of JTW on A1R Expression in the Prefrontal Cortex and Hippocampus
	3.4. Effects of JTW on ERK1/2 Expression in the Prefrontal Cortex and Hippocampus
	3.5. Effects of JTW on c-Fos Expression in the Prefrontal Cortex and Hippocampus

	4. Discussion
	Data Availability
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments

