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a b s t r a c t

Background and Objective: Perimenopausal depression is caused by the impaired function of the ovarium
before menopause and with a series of symptoms. Electroacupuncture (EA) therapy has been demon-
strated to improve clinically depression. However, the mechanism underlying its therapeutic activity
remains unknown. This study aimed to investigat the effects of EA treatment on the hippocampal neural
proliferation through Wnt signaling pathway.
Methods: Chronic unpredictable mild stress (CUMS) combined with bilateral ovariectomy (OVX) were
used to establish a rat model of perimenopausal depression. The open field test (OFT) and sucrose
preference test (SPT) were used to assess depression-like behaviors in rats. ELISAs were used to measure
estrogen (E2), luteinizing hormone (LH) and gonadotropin-releasing hormone (GnRH) levels in the
serum. RT-PCR and Western blot assay were utilized for measuring the mRNA expressions and protein
expressions of GSK-3b/b-catenin.
Results: Four-week EA treatment at three points including “Shenshu” (BL23), “Baihui” (GV20) and
“Sanyinjiao” (SP6) simultaneously ameliorated depression-like behaviors in rats with CUMS and OVX,
whereas rescued the decreased serum level of E2 and prevented the increased serum levels of GnRH and
LH. EA treatment ameliorated CUMS and OVX-induced alterations of glycogen synthase kinase-3b (GSK-
3b) and b-catenin mRNA levels, b-catenin and phosphorylated b-catenin (p-b-catenin) protein levels.
Conclusions: The results showed that EA treatment promoted hippocampal neural proliferation in
perimenopausal depression rats via activating the Wnt/b-catenin signaling pathway, indicating that EA
may represent an efficacious therapy for perimenopausal depression.
© 2020 Medical Association of Pharmacopuncture Institute, Publishing services by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Depression is characterized by a persistent feeling of sadness,
loss of interest, sleep disorder, unexplained weight gain or loss,
hypo- or hyperactivity, inability to concentrate, feeling of guilt and
worthlessness, and suicidal thoughts [1]. Perimenopausal depres-
sion is caused by the impaired function of the ovarium piror to
menopause. Approximately 30% of women experience perimeno-
pausal depression and unpleasant hot flashes in the
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perimenopausal period[2]. An efficacious treatment for depression
is urgently sought. Clinical studies have implicated the impaired
function and atrophy of hippocampus in depression, and currently
antidepressant drugs have also been demonstrated to improve
hippocampal atrophy in depression [3], indicating an important
role of hippocampal neurons in depression [4].

Many studies have demonstrated that rodents and humans
undergo similar ovarian senescence, beginning with irregular
cycling and declining fertility, and ending with total depletion of
ovarian follicles. Meanwhile, the acupuncture points in rodents are
similar to those in humans. Non-specific acupuncture stimulation
could reduce nerve stress and restore abnormal physiological and
biochemical processes by activating regulatory functions [5,6]. For
example, acupuncture could induce analgesia to improve
depression-related behaviors in rodents [7]. The distribution of
acupuncture points used to treat perimenopausal depression is
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relatively wide. Liu et al [8] performed “Baihui” and “Anmian”with
electroacupuncture (EA) once daily for three consecutive weeks
after chronic unpredictable stress. EA treatment significantly
reversed the behavioral deficit of depression in a rat model and the
decreased glial fibrillar acidic protein (GFAP) level, affecting glial
atrophy in the hippocampus. Cheng et al [9] found that the reduced
estrogen (E2) increased levels of gonadotropin releasing hormone
(GnRH), luteinizing hormone (LH) and follicule stimulating hor-
mone (FSH), which were all decreased after EA treatment. EA at
“Sanyinjiao” and “Guanyuan” could increase E2 level by activating
the hypothalamus-pituitary-ovary (HPO) axis in castrated rats. In
addition, Sun et al [10] found that “Shenshu” and “Sanyinjiao” could
alleviate symptoms in patients with perimenopausal depression.
Acupuncture treatment relieved depressive symptoms by regu-
lating symptoms such as anxiety, retardation, sleep disorder and
cognitive disorder, and had better long-term efficacy. Therefore,
this experiment chose “Shenshu” (BL23), “Baihui” (GV20), and
“Sanyinjiao” (SP6) as the target of EA points in the present study.

Variations in hormone level during the perimenopausal period
can reduce women's capacity to respond to changes in the external
environment. Mood changes are a major symptom of menopausal
syndrome [11]. Hormone replacement therapy has been widely
used and is clinically efficacious, but its use is limited by side effects.
An efficacious therapy without side effects is still sought.
Acupuncture therapy was proposed for the treatment of 64
different diseases, including depression by world health organiza-
tion (WHO) at a conference in Milan, Italy in November 1996. EA
therapy has been demonstrated to efficiently alleviate menopausal
syndrome and depression [12,13]. Xu et al [14] explored the
possible mechanism of EA on hippocampal synaptic plasticity. EA
treatment was administered once daily for 3 weeks at “Baihui” and
“Yintang”, which ameliorated depression-like behaviors by
restoring hippocampal synaptic plasticity compared with the sham
group. However, the mechanism by which EA therapy improves
depression remains undetermined. Since hippocampal neuro-
genesis has been implicated in depression, this provides a new
insight into the antidepressant effects of EA therapy. In fact, the
Wnt signaling pathway has previously been implicated to play an
important role in neural development, which participated in the
process of neural cell differentiation, proliferation, migration,
apoptosis, and regulated neural connectivity by controlling axon
pathfinding, axon remodeling, dendrite morphogenesis and syn-
apse formation [15,16]. However, the role of Wnt signaling in
mechanism by which EA may influence hippocampal neural pro-
liferation remains largely unknown. Therefore, in this study
glycogen synthase kinase-3b (GSK-3b) and b-catenin in the hip-
pocampus were measured to investigate the relationship between
hippocampal neurogenesis and Wnt signaling in the perimeno-
pausal depression rat model. The study showed that EA treatment
promoted hippocampal neural proliferation via the Wnt signaling
pathway, which might further illuminate the therapeutic effect of
EA therapy in perimenopausal depression.
2. Methods and Materials

2.1. Animals

Thirty Female Sprague Dawley (SD) rats (aged 56-62 d, weighing
200 ± 10 g) were purchased from Beijing (Weitonglihua C.O., SCXK
2012-0001). Rats were housed under SPF conditions with free ac-
cess to water and food at the Animal Care Laboratory (22-26�C,
40%-50% humidity, and 12 h/12 h light/dark environment, Liaoning
University of Traditional Chinese Medicine). All the rats were
habituated to adaptive feeding for 3 weeks before the experiment
begun (Fig. 1).

Rats were randomly divided into 5 groups including naïve,
control þ chronic unpredictable mild stress (CUMS), ovariectomy
(OVX) þ CUMS, OVX þ clomipramine hydrochloride (CH) þ CUMS,
OVX þ EA þ CUMS. The rats in control þ CUMS group received
intragastric injection and were subjected to CUMS only. The rats in
OVX þ CUMS group were subjected to OVX and CUMS. The
OVX þ CH þ CUMS group received intragastric administration of
20 mg/kg CH daily for 28 days after OVX and CUMS. The CH was
dissolved in saline. The OVX þ EA þ CUMS group received EA
treatment after OVX and CUMS. The rats in all groups were housed
under standard laboratory conditions. At the beginning of the
experiment, CUMS animals were transported to another sound-
proof room individually, which avoided the effect of the actual
manipulation of rats, then returned to the original room after
CUMS. All experiment procedures were approved by the Liaoning
University of Traditional Chinese Medicine (TCM) according to
Animal Ethics rules.

2.2. Bilateral OVX

Surgery was performed as described previously [17]. The rats
were fasted for 24 h, but provided free access to water before sur-
gery. They were weighed by anesthetized with intraperitoneal in-
jection of 10% chloral hydrate (0.3 ml/100 g), then the skin was
sterilized with commercially available alcohol and iodine. The fur
over the dorsal lumbar area was shaved. A longitudinal incision
(1e2 cm) was made at the midline of the lower abdomen, and the
ovaries were removed. The wound was closed with 2-3 drops of
penicillin (8� 106 U penicillin in 5 ml saline). The skin incisionwas
closed by stainless steel wound clips (2 or 3 each side). The same
procedure was performed on each side. No treatment was per-
formed in the naïve group, while the control þ CUMS group
received the same surgery procedure and some adipose tissues
around ovaries were removed, but the ovaries were not removed.

2.3. CUMS

The rats in the naïve groupwere isolated individually. Other rats
except the naïve groupwere subjected to CUMS paradigmmodified
from a method described previously by Willner et al. [18]. The
paradigm consisted of seven different procedures including appli-
cation of a clamp 1 cm from the tail end for 1 min; swimming in 4�C
coldwater for 5min; swimming in 45�C hot water for 5min; 24 h of
food deprivation and 24 h of water deprivation; restricted activity
for 1 h; cage tilting and damp sawdust for 24 h (200ml of water per
individual cage, sufficient to make the sawdust bedding wet);
circadian disruption by inversed light and dark cycle. Rats were
individually housed and subjected to a randomly chosen stressor
daily for 21 days was shown in Table 1, and the same stressor was
not given for two consecutive days. Every stressor was used 3 times
at the average.

2.4. EA treatment

According to the publication “Experimental Acupuncture” [19],
the locations of three acupuncture points were determined
including “Shenshu” (BL23, 5 mm next to the second lumbar
vertebra, 6 mm depth), “Sanyinjiao” (SP6, 10 mm upper in the inner
malleolus tip of hind limb, 5 mm depth) and “Baihui” (GV20, the
center of parietal bone, 2 mm depth). The rats werewrapped with a
cloth bag, and left the nose, mouth, hind limbs, and tail exposing. In



Figure 1. Experimental timing. OVX ¼ Ovariectomy; CUMS ¼ Chronic unpredictable mild stress; EA ¼ Electroacupuncture; SD ¼ Sprague-Dawley.

Table 1
Specific schedules of CUMS.

Stressor
day

Tail
clamp

Food and water
deprivation

Cage tilting and damp
sawdust

Swimming in hot
water

Swimming in cold
water

Restricted
activity

Reversal of light and
dark

1 *
2 *
3 *
4 *
5 *
6 *
7 *
8 *
9 *
10 *
11 *
12 *
13 *
14 *
15 *
16 *
17 *
18 *
19 *
20 *
21 *

*Respents that the rats were subjected the stressor daily. CUMS ¼ Chronic unpredictable mild stress.
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order to perform acupuncture on the hind limbs precisely, the cloth
was suspended. After insertion of the acupuncture needle, rats
were connected to the electroacupuncture apparatus. Two pairs of
electrodes were connected to Sanyinjiao and Shenshu in the same
side to prevent electrical current from passing through the heart.
The negative pole of another pair of electrodes was connected to
Baihui, and the positive pole was connected to the rat tail. An
electrical current of 18 Vwith high/low frequency in 4 Hz and 20 Hz
was added. EA was administered daily (20 min per time) for
28 days.
2.5. Estrous cycle assessment

To assess OVX, the estrous cycle was observed using vaginal
smears with Giemsa staining [17]. Three days after surgery, the
vaginal smears were collected daily for 5 days by inserting saline
rinsed cotton to a depth of 0.5-1.0 cm within the vagina while the
rat was held and fixed by hand. The cotton was smeared on a glass
slide to dry, and fixed in 100% ethanol for 3-5 min after natural
evaporation drying, then followed by incubation with Giemsa
staining (Beijing Donglinchangsheng Biotechnology Co., Ltd., Cat-
alog No. AR-0751/AR-0752) for 10-30 min and saline rinse. The cell
shape was observed under microscopy with 200� magnification
after the slides were dried which washed by saline.
2.6. Open field test (OFT)

The time spent in the center and distance traveled during the
OFT were used to assess depression-like behaviors in rats. The
Plexiglas chamber was equipped with a camera on the top. The
open field apparatus (100 cm � 100 cm area and 40 cm high wall)
was divided into 25 squares by black lines. An area consisting of the
inner five squares (20 cm � 20 cm) which attached to the wall of
apparatus was designated as the central part, whereas the area
surrounding the center was designated as the peripheral zones.
Rats were allowed to move freely in the open field. Rats were
habituated to the room containing the open field equipment for 2 h,
and then the tests were performed between 9 a.m. and 11 a.m. They
were placed in the chamber to explore 3 min freely, and the loco-
motor activity was monitored by the camera to avoid disturbing
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their performance. The 75% ethanol was used to clean the chamber
after each test to prevent the scent of previous rat from affecting
later rat. The test was conducted after EA or CH treatment
respectively.

2.7. Sucrose preference test (SPT)

Rats were individually housed and fasted before the test. To
habituate the bottles and sucrose, each rat was housed separately
and presentedwith two bottles filledwith 1% (w/v) sucrose (Sigma-
Aldrich, MO, USA) dissolved in tap water for 24 h. Subsequently,
one bottle was exchanged to tap water, and the other bottle was
filled with 1% sucrose for another 24 h. During the test, rats were
presented with one bottle containing tap water, and another con-
taining 1% sucrose for 24 h. Within each group, the side of sucrose
presentation was randomly assigned for half number of the group.
Bottles were weighed before and after these substitutions. The
sucrose preference was calculated according to the percentage of
the sucrose intake in total liquid intake: Sucrose preference
(%) ¼ [Sucrose consumption (g)/Water þ Sucrose consumption
(g)] � 100 [20].

2.8. Tissue collection

Rats were fasted for 24 h. After rats were anesthetized with 10%
chloral hydrate, the abdominal aortat was isolated and blood was
collected using negative pressure. Hippocampal tissue was isolated
from one half of the brain. The tissue was weighed and homoge-
nized in a certain ratio (Tissue weight: PBS volume ¼ 1:9, for
example, 1 g of tissue sample corresponding to 9 ml of PBS) to the
precooled PBS homogenate, which followed with centrifuged at
3000 r/min for 10 min, and the supernatant was stored at �80�C.
The other half of the hippocampal tissue retained for
immunohistochemistry.

2.9. Enzyme-linked immunosorbent assay (ELISA)

ELISAs were used to measure E2, LH and GnRH levels in the
serum according to the manufacturer's instructions (Shanghai
Lanpai Biotechnology Co., Ltd.Shanghai, China).

2.10. Quantitative real-time PCR (qRT-PCR)

Total RNA was extracted from hippocampal tissues using Trizol
(Invitrogen). The RNA concentration was calculated using the value
of OD260 (OD260 ¼ 1 represents 0.04 mg RNA/ml). RNA concentra-
tion (mg/ml) ¼ [OD260 � dilution factor � 0.04 mg/ml]. OD260/
OD280 ratio indicated the purity of RNA. Take 1 mg of RNA as a
template, according to the calculated RNA concentration. The cDNA
was synthesized using a ProtoScript® II First Strand cDNA Synthesis
Kit (NEB, 600838), according to the manufacturer's instructions.

The synthesized cDNAwas appropriately diluted with nuclease-
free water, and used in the following qRT-PCR reaction according to
the Brilliant II SYBR Green QPCR Master Mix Kit (Agilent,
NM_032080.1 and NM_053357) as follows: 95�C, 10 min; 40 cycles
Table 2
PCR primer.

Symbol Gene Bank Forward primer (50-30)

GSK-3b NM_032080.1 GGGCACCAGAGCTGATCTTT
b-catenin NM_053357 CACCATCGAGAGGGCTTGTT
GAPDH NM_008084.2 GGCACAGTCAAGGCTGAGA

GSK-3b ¼ Glycogen synthase kinase-3b; PCR ¼ Polymerase chain reaction; GAPDH ¼ Gl
for 95�C, 20 s; 59�C, 20 s; 72�C, 30 s. The images were visualized on
a 1% agarose gel with Ethidium Bromide (EB) and analyzed by the
4100 Gel imaging system (Tanon Science and Technology Co,
Shanghai, China). The primers used in the experiment were
described in Table 2. Fluorescent readings from qRT-PCR reactions
were quantitatively analyzed by determining the difference be-
tween the GSK-3b/b-catenin CTs and the internal GAPDH control
(delta Ct).
2.11. Western blot

Tissues were homogenized in lysis buffer and phosphatase in-
hibitor cocktail (P1260, Beijing Solarbio Science & Technology).
Homogenates were centrifuged at 13000�g at 4�C for 15 min and
supernatants were collected. Proteins were analyzed using BCA
work solution assay (BioRad, Hercules, CA). Proteins were sepa-
rated by 6% SDS-PAGE TM gels, transferred to PVDF membranes at
100 V for 1.5 h. After blocking with 5% BSA, the membranes were
incubated with the primary antibody goat anti-rabbit IgG (1:500,
Santa Cruz), rabbit b-catenin (1:1000, Cell Signaling Technology),
rabbit phosphorylated b-catenin (p-b-catenin) antibody (1:1000,
Cell Signaling Technology), b-actin (1:500, Santa Cruz, CA) over-
night at 4�C. After washing with TBST for 3 times, membranes were
incubated with the secondary antibodies including anti-rabbit and
anti-goat for 2 h at room temperature. Blots were developed using
chemiluminescent detection reagents, and chemiluminescent
bands were detected on an Image Station FluorChem Q (Nature
Gene Corp) and quantified using Image J software.
2.12. Statistical analysis

All statistical analyses were performed using SPSS 19.0 software.
The data was tested for normality and expressed as mean ± SD.
More than two groups were compared using One-Way analysis of
variance (ANOVA) followed by LSD post-hoc test at a ¼ 0.05. When
the variance is equal (p > 0.05), LSD test was used; while the
variance is not uniform (p < 0.05), Tamhane's T 2 test was used. The
differences were considered statistically significant if p < 0.05.
3. Results

3.1. Vaginal smear results

Estrous cycles of each rat were monitored daily by microscopic
examination of vaginal cytology beginning at the vaginal opening.
Vaginal smears were categorized into 4 stages: proestrus, estrus,
metestrus and diestrus. As shown in Fig. 2, in the naïve group,
vaginal smears mainly contained nucleated epithelial cells in the
stage of proestrus; irregular keratinized epithelial cells in the stage
of estrus; irregular keratinized epithelial cells, nucleated epithelial
cells and white blood cells in the stage of metestrus; white blood
cells in the stage of diestrus. After OVX surgery, vaginal smears did
not have mature exfoliated cells, showing no change in estrous
cycle for five consecutive days in Fig. 2.
Reverse primer (50-30) Product size

GCCGAAAGACCTTCGTCCA 252 bp
CGCACTGCCATTTTAGCTCC 155 bp

ATG ATGGTGGTGAAGACGCCAGTA 150 bp

yceraldehyde-3-phosphate dehydrogenase.



Figure 2. Vaginal smears. (A) Proestrus in the naïve group. There are nucleated epithelial cells (arrow) in the stage of proestrus. (B) Estrus in the naïve group. There are irregular
keratinized epithelial cells (arrow) in the stage of estrus. (C) Metestrus in the naïve group. There are irregular keratinized epithelial cells, nucleated epithelial cells, and white blood
cells (arrows) in the stage of metestrus. (D) Diestrus in the naïve group. There are white blood cells (arrow) in the stage of diestrus. (E) and (F) Vaginal smears in the OVX + CUMS
group. After OVX surgery, the representing images showed white blood cells (arrows), but not epithelial cells. OVX ¼ Ovariectomy; CUMS ¼ Chronic unpredictable mild stress.
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3.2. Effect on the serum hormone levels of perimenopausal
depression rats

In the control þ CUMS group, the rats were subjected to CUMS
and the ovaries were not removed. So serum hormone tests showed
there were slightly fluctuating, but no significant difference,
compared with the naïve group (p > 0.05). After OVX surgery,
serum level of E2 was decreased significantly in the OVX þ CUMS
group (Fig. 3A, naïve: 5.89 ± 0.30; OVX þ CUMS: 1.83 ± 0.11). CH or
EA treatment ameliorated serum level of E2 (Fig. 3A,
OVX þ CH þ CUMS: 3.05 ± 0.13; OVX þ EA þ CUMS: 3.54 ± 0.33;
df¼ 4, F¼ 360.38, p < 0.05). Comparedwith the naïve group, serum
level of LH was increased after OVX and CUMS (Fig. 3B, naïve:
428.69 ± 6.72; OVX þ CUMS: 1112.99 ± 3.31). CH or EA treatment
reduced serum level of LH (Fig. 3B, OVX þ CH þ CUMS:
538.52 ± 15.70; OVX þ EA þ CUMS: 480.75 ± 10.59; df ¼ 4,
F ¼ 4335.27, p < 0.05). Compared with the naïve group, serum level
of GnRH was increased after OVX and CUMS (Fig. 3C, naïve:
62.08 ± 3.52; OVX þ CUMS: 172.26 ± 4.02). CH or EA treatment
reduced serum level of GnRH (Fig. 3C, OVX þ CH þ CUMS:
102.46 ± 1.30; OVXþ EAþ CUMS: 85.57 ± 2.95; df¼ 4, F¼ 1661.65,
p < 0.05).

3.3. Effect on the depression-like behaviors of perimenopausal
depression rats

In the open field test, the exploration activity in the center zone
of OFT chamber was assessed as a measure of depression-like be-
haviors in rats before and after OVX and CUMS and/or EA treat-
ment. We found that the rats in the OVX þ CUMS group spent less
time in the center zone of OFT chamber than that of rats in the
control þ CUMS or naïve group, suggesting that OVX and CUMS
increased depression level. CH and EA increased the time spent in
the center zone of OFT chamber (Fig. 4A, OVX þ CUMS: 3.85 ± 1.77;
OVX þ CH þ CUMS: 8.15 ± 2.23; OVX þ EA þ CUMS: 7.67 ± 3.09;
df ¼ 4, F ¼ 3.93, p < 0.01). Similarly, rats in the OVX þ CUMS group
traveled less distance compared with control þ CUMS group, while
EA rescued the decrease in the distance compared with
OVX þ CUMS group (Fig. 4B, OVX þ CUMS: 1447.04 ± 593.99;
OVX þ CH þ CUMS: 4461.56 ± 548.03; OVX þ EA þ CUMS:
2641.14 ± 236.57; df ¼ 4, F ¼ 36.22, p < 0.01).

Next, the effect of EA on anhedonia behaviors of the perimen-
opausal depression animal model was assessed using SPT. We
found that the rats in OVX þ CUMS group showed significantly
lower sucrose preference than control þ CUMS group. However,
four-week CH and EA treatment significantly increased the sucrose
preference from the third week compared with OVXþ CUMS group
(Fig. 4C, OVX þ CUMS: 64.77 ± 6.10; OVX þ CH þ CUMS:
81.18 ± 3.07; OVX þ EA þ CUMS: 81.03 ± 1.67; df ¼ 4, F ¼ 26.1,
p < 0.01). Taken together, these results suggested that EA treatment
could rescue the depression-like behaviors caused by OVX and
CUMS in the perimenopausal depression rat model.

3.4. Effect on the GSK-3b and b-catenin mRNA expression of
perimenopausal depression rats

To further explore the reason of EA treatment in promoting
neurogenesis in the hippocampus, the experiment detected the
crucial genes of Wnt signaling, which were well known as the
critical pathway involved in cell proliferation and differentiation.
The amplification efficiency was 95%-100%. Result from the melt
curve we could see that the curve had only a single characteristic
peak. It indicated single peak for each pair of primes used in this
study suggesting the good specificity of the primers, and the primer
design was reasonable. In the OVX þ CUMS group, GSK-3b mRNA
expression in the hippocampus was decreased compared with the
naïve group (Fig. 5A, naïve: 1.00 ± 0.08; OVX þ CUMS: 0.39 ± 0.02;
p < 0.01). However, EA or CH treatment significantly increased GSK-
3b mRNA expression compared with OVX þ CUMS group, which
was comparable to naïve group (Fig. 5A, OVX þ CH þ CUMS:



Figure 3. The effect of EA treatment on the serum levels of E2, LH, and GnRH after OVX and CUMS. (A) The representing graph showed the serum levels of E2 in the naïve,
control + CUMS, OVX + CUMS, OVX + CH + CUMS, and OVX + EA + CUMS group. (B) The representing graph showed the serum levels of LH in the naïve, control + CUMS, OVX + CUMS,
OVX + CH + CUMS, and OVX + EA + CUMS group. (C) The representing graph showed the serum levels of GnRH in the naïve, control + CUMS, OVX + CUMS, OVX + CH + CUMS, and
OVX + EA + CUMS group. N ¼ 6 in each group. Data were expressed as mean ± standard deviation (SD). *p < 0.05 compared with the naïve group; ^p < 0.05 compared with the
control + CUMS group; #p < 0.05 compared with the OVX + CUMS group. LH ¼ Luteinizing hormone; E2 ¼ Estrogen; GnRH ¼ Gonadotropin releasing hormone; OVX ¼Ovariectomy;
CUMS ¼ Chronic unpredictable mild stress; EA ¼ Electroacupuncture; CH ¼ Clomipramine hydrochloride.
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0.70 ± 0.03; OVX þ EA þ CUMS: 0.76 ± 0.13; df ¼ 4, F ¼ 75.18,
p < 0.01). On the other hand, b-catenin was measured, which was
the downstream gene of GSK-3b. The data revealed the increased b-
catenin mRNA expression in the hippocampus in OVX þ CUMS
group compared with that in naïve group (Fig. 5B, naïve:
1.00 ± 0.03; OVXþCUMS: 1.88 ± 0.08; p < 0.01). However, EA or CH
treatment rescued the increased b-catenin mRNA expression after
OVX and CUMS (Fig. 5B, OVX þ CH þ CUMS: 1.37 ± 0.09;
OVX þ EA þ CUMS: 1.33 ± 0.15; df ¼ 4, F ¼ 111.07, p < 0.01).

3.5. Effect on the b-catenin and p-b-catenin protein expression of
perimenopausal depression rats

Next, the protein level of p-b-catenin in the hippocampus was
examined since it was reported to correlate with Wnt signaling
[21]. Western blotting results showed that total b-catenin protein
expression in the hippocampus was increased after OVX and CUMS
(Fig. 6A and D, naïve: 42.35 ± 3.70; OVX þ CUMS: 55.73 ± 0.62;
p < 0.01), while EA or CH treatment ameliorated the increased b-
catenin protein expression in the hippocampus (Fig. 6A and D,
OVX þ CH þ CUMS: 46.61 ± 2.77; OVX þ EA þ CUMS: 48.27 ± 2.84;
df ¼ 4, F ¼ 31.03, p < 0.01). However, although the p-b-catenin
protein expression was decreased in the OVX þ CUMS group
compared with naïve group (Fig. 6B and D, OVX þ CUMS:
20.53 ± 3.58; naïve: 30.04 ± 5.62; df¼ 4, F¼ 5.6, p < 0.01), EA or CH
treatment didn't rescue the effect and level in the OVX þ CUMS,
OVX þ CH þ CUMS or OVX þ EA þ CUMS group did not differ
significantly (p > 0.05). We revealed that OVX þ EA þ CUMS group
significantly increased the ratio of p-b-catenin to total b-catenin
compared with the OVX þ CUMS group (Fig. 6C).
4. Discussion

This study aimed to explore the effects of EA on hippocampal
neural proliferation and Wnt signaling in perimenopausal depres-
sion rats, which were established by OVXþ CUMS induction, and to
examine the contribution of Wnt signaling pathway to this process.
The results demonstrated that EA treatment ameliorated the
increased depression-like behaviors induced by OVX þ CUMS, and
activated Wnt signaling of hippocampus inducing GSK-3b and b-
catenin expression to regulate neural proliferation. Taken together,
the findings indicated that EA treatment might represent an effi-
cacious therapy for perimenopausal depression.



Figure 4. The effect of EA treatment on open-field test (OFT) and sucrose preference test after OVX and CUMS. (A) The fraction of the first 3 min that rats spent in the open-field
test central zone. (B) The distance travelled during the OFT. (C) The sucrose preference measured before OVX and CUMS, and after EA or CH treatment. N ¼ 6 in each group. Data
were expressed as mean ± standard deviation (SD). *p < 0.05, **p < 0.01 compared with the naïve group; ^p < 0.05, ^̂ p < 0.01 compared with the control + CUMS group; ##p < 0.01
compared with the OVX + CUMS group. OVX ¼ Ovariectomy; CUMS ¼ Chronic unpredictable mild stress; EA ¼ Electroacupuncture; CH ¼ Clomipramine hydrochloride.
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OVX and CUMS were used to establish a rat model of peri-
menopausal depression in current study [22]. Many studies
confirmed that female SD rats showed four estrus cycles and sexual
maturity at around 65 days of age. In this study, rats were precul-
tured to 77 days or older to ensure sexual maturity in rats. The
Figure 5. The effects of EA on hippocampal GSK-3b mRNA and b-catenin mRNA leve
expression. (B) The relative hippocampal b-catenin mRNA expression. N ¼ 6 in each group.
naïve group; ^̂ p < 0.01 compared with the control + CUMS group; ##p < 0.01 compared w
stress; EA ¼ Electroacupuncture; CH ¼ Clomipramine hydrochloride.
vaginal smear of normal rats had periodic changes in the estrous
cycle, which was one of the physiological characteristics of female
rats. After OVX surgery, rats had the menstrual cycle disorder. We
detected the vaginal exfoliated cells of rats for five consecutive days
after OVX, and found that vaginal exfoliated cells disappeared in the
ls in perimenopausal depression rats. (A) The relative hippocampal GSK-3b mRNA
Data were expressed as mean ± standard deviation (SD). **p < 0.01 compared with the
ith the OVX + CUMS group. OVX ¼ Ovariectomy; CUMS ¼ Chronic unpredictable mild



Figure 6. The effects of EA on hippocampal b-catenin and p-b-catenin protein levels in perimenopausal depression rats. (A) The quantitative analysis of b-catenin expression
in (D). (B) The quantitative analysis of p-b-catenin expression in (D). (C) The ratio of p-b-catenin to total b-catenin in perimenopausal depression rats. (D) Representative Western
blot of b-catenin and p-b-catenin staining in the hippocampus. N¼ 6 in each group. Data were expressed as mean ± standard deviation (SD). *p < 0.05, **p < 0.01 compared with the
naïve group; ^̂ p < 0.01 compared with the control + CUMS group; ##p < 0.01 compared with the OVX + CUMS group. OVX ¼ Ovariectomy; CUMS ¼ Chronic unpredictable mild
stress; EA ¼ Electroacupuncture; CH ¼ Clomipramine hydrochloride.
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OVX þ CUMS, OVX þ CH þ CUMS and OVX þ EA þ CUMS groups,
which had similar performance during perimenopause patients in
clinical too. Meanwhile, the serum hormone levels of rat were also
assessed to ascertain the success of OVX model. In the perimeno-
pausal period, follicles continue to decline, which lead to the
decrease of E2 level. The feedback inhibition of hypothalamus and
pituitary is weakened, and the secretion of LH and GnRH are
excessive. The results of this investigation showed that the serum
hormone levels significantly changed in the OVX þ CUMS rats. The
content of E2 decreased, LH and GnRH increased at different de-
grees, which indicated the hormonal disorder. EA and CH treatment
improved E2 level, decreased LH and GnRH levels to different de-
grees. The difference was statistically significant. EA and CH treat-
ment could improve the hormone level and adjust the HPO axis
function to alleviate the symptoms. After modeling successfully, we
used OFT and SPT to detect behavioral changes of rats. OFT is a
classical method for determining the behavior of rats in depression,
which can evaluate the spontaneous activity and active exploration
qualitatively and quantitatively. OFT is also used to assess anxiety
by observing the time spent in the center zone. Rats preferred to
hide in the shadows on the edge of the apparatus, and at the same
time had exploration behaviors in the open field.When the rats had
less anxiety, they stayed longer in the center to evaluate the degree
of anxiety. SPT is the most reliable behavioral index in depression,
mainly manifested as lack of pleasure. SPT was carried out for 24 h
at night in the absence of external human activities. Rats lost in-
terest in sweets which meant a certain degree of depression. The
data from OFT and SPT were consistent. Before modeling, there was
no difference between the rats in each group. After modeling, the
behavioral tests in other groups were significantly worse than the
naïve group, indicating that the rats showed decreased autonomic
behavior and lack of pleasure similar to clinical patients. The results
of OFT and SPT demonstrated the increased anxiety levels in the
perimenopausal depression rats could be prevented by EA treat-
ment, which indicated the success of the combination model of
OVX and CUMS, and the efficacious effect of EA treatment.

Wnt signaling pathway is highly conserved and closely corre-
lated with CNS development [23], playing critical role in the pro-
liferation and differentiation of neural stem cells in adult
hippocampal neurogenesis [24]. Many studies demonstrated that
GSK-3b/b-catenin signaling had been implicated in both the path-
ophysiology and treatment of depression [25,26], Wnt/b-catenin
signaling could regulate proliferation and differentiation of adult
hippocampal neural stem cells in vivo and vitro [27]. During the
early development of embryo, the Wnt signaling pathway could
inhibit the differentiation from embryonic stem cells to neural stem
cells. During the subsequent differentiation of nervous system, the
continuous activation of Wnt could promote the differentiation



Q. Jing et al. / Journal of Acupuncture and Meridian Studies 13 (2020) 94e103102
from neural stem cells to sensory nerve cell. GSK-3b and b-catenin
are key proteins in Wnt signaling, which comprise a degradation
complex to p-b-catenin to be ubiquitined. In the cytoplasm, GSK-3b,
Axin, casein kinase 1ε (CK1ε) and protin phosphatase-A (APC) form
a polyprotein complex that promotes b-catenin degradation. CK1ε
phosphorylates 45-bit serine of b-catenin through Axin. GSK-3b
phosphorylates other sites at the amino terminal of b-catenin. b-
transducing repeat-containing protein (b-TrCP) is an ubiquitin
protein that recognizes the phosphorylation site of b-catenin and
connects it with the ubiquitin proteasome to degrade b-catenin,
thus limiting cellular level of b-catenin to ensure the physiological
and biochemical functions of normal cells [28]. The level of free b-
catenin in normal cytoplasm is extremely low, which is not suffi-
cient to produce Wnt signaling. When the component of signaling
pathway changes in quality and quantity, b-catenin rapidly in-
creases and moves into the nucleus, which affects the proliferation
and differentiation of stem cells. When the activity of GSK-3b is
inhibited, thereby blocking the phosphorylation and degradation of
b-catenin in the cytoplasm by degradation complex to promote the
accumulation of b-catenin furtherly, and then transfer into the
nucleus. The entry of b-catenin into the nucleus indicates activation
of Wnt signaling pathway. The antidepressants have been
demonstrated to suppress GSK-3b and promote b-catenin expres-
sion [24,29]. In clinical, EA treatment for depression is effective,
which can significantly reduce the symptoms of perimenopausal
depression [10]. TCM theory considers the pathogenesis of peri-
menopausal depression is the deficiency of kidney essence. Under
the guidance of the ” Kidney-Brain theory”, this study chose
Shenshu, Baihui and Sanyinjiao to treat perimenopausal depres-
sion. Three groups of acupoints respectively belong to the upper,
middle and lower part of the body. EA therapy could activate the
kidney essence, and push kidney essence toward brain to play the
role of tonifying the kidney and brain, calming the mind and
relieving depression. The results showed that EA promoted cell
proliferation by regulating Wnt signaling pathway [30]. However,
there are limited studies on the mechanism of EA treatment for
depression focusing on Wnt signaling pathway. Considering the
prevalence of perimenopausal depression, the goal of the present
study was to determine whether Wnt signaling was required for
the antidepressant-like effects of EA in perimenopausal depressive-
like rats. GSK-3b mRNA expression was decreased but b-catenin
was enhanced after 28 d EA treatment, which showed the activa-
tion of Wnt signaling pathway. Meanwhile, the protein level of b-
catenin was increased but p-b-catenin was decreased, also
demonstrated the activation of Wnt signaling pathway. b-catenin is
a downstream protein of GSK-3b. In this study, the mRNA and
protein expression levels of b-catenin were significantly increased
in the OVX þ CUMS group, which showed consistency. EA treat-
ment reduced themRNA and protein expression levels of b-catenin.
As the expression level of b-catenin gradually decreased, showing
the Wnt signaling pathway was gradually moving from the acti-
vation state to the inhibition process. The expression of b-catenin
showed antidepressant effect, suggesting that EA can stimulate
neurogenesis by Wnt/b-catenin signaling pathway to protect hip-
pocampal neurons from depressive rats, and produce antidepres-
sant effect at a certain degree. In summary, this investigation
reported that EA treatment at three points including “Shenshu”,
“Baihui” and “Sanyinjiao” improved depression-like behaviors, and
protected against the impairments associatedwith perimenopausal
depression induced by OVX and CUMS, the underlying mechanism
of which might be the promoting adult hippocampal neural pro-
liferation by EA through Wnt signaling pathway. The treatment of
depression remains challenging due to the low diagnosis rate and
limited knowledge of depression patients. EA, as an external use
way, is a potential therapy which is safe and effective without side
effects. It can not only treat perimenopausal depression, but also
play a preventive role. This study provided a new insight to treat
perimenopausal depression patients in clinical.
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