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 Background: Acupuncture, which has many good effects and few adverse effects, is widely recognized as an alternative ther-
apy for depression in clinical practice. This study aimed to explore the mechanism of acupuncture in antide-
pressant treatment.

 Material/Methods: In this experiment, Sprague-Dawley rats were randomly divided into 4 groups: control, chronic unpredictable 
mild stress (CUMS), acupuncture, and fluoxetine groups. The CUMS, acupuncture, and fluoxetine groups were 
orphaned and subjected to chronic unpredictable stress for 6 weeks, and the acupuncture and fluoxetine groups 
were treated with their respective intervention in weeks 4-6. The body weight of rats was monitored weekly. 
After behavioral tests were completed, serum, feces, and hippocampal tissue of rats were collected.

 Results: The results showed that the acupuncture and fluoxetine treatments could alleviate the behavioral changes 
caused by CUMS. The treatments increased the total distance of rat crossing in the open-field test, prolonged 
the activity time of the open cross maze in the open arm, and improved the rate of sucrose consumption in 
the sucrose preference test. In addition, both the decreased level of dopamine (DA) and 5-hydroxytryptamine 
(5-HT) in serum and hippocampus caused by CUMS were improved after the treatments with acupuncture 
and fluoxetine, and the decreased expression of brain-derived neurotrophic factor signaling and the astrocytes 
in the hippocampus caused by CUMS were increased after the treatments with acupuncture and fluoxetine. 
Acupuncture and fluoxetine also decreased the b isoform of calmodulin-dependent protein kinase II in the hip-
pocampus, which was increased by CUMS. Furthermore, acupuncture regulated intestinal microbial disorders 
caused by CUMS, which reduced the relative abundance ratio of Bacteroidetes/Firmicutes in rats.

 Conclusions: Our experimental results indicate that acupuncture can alleviate depression-like performance in CUMS rats by 
regulating intestinal microbes and neurotransmitters.
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Background

Depression is an affective disorder characterized by persis-
tent sadness, feelings of inferiority and helplessness, and 
anxiety [1]. It has a high lifetime prevalence rate and recur-
rence [2], with an annual prevalence rate of 8% and a lifetime 
prevalence rate of 19%, and it can coexist with various med-
ical diseases [3]. According to the latest data from the World 
Health Organization, there are more than 300 million people 
with depression in the world [4]. Depression has become one 
of the main causes of human health problems worldwide [5,6]. 
Antidepressants are the dominant form of clinical treatment 
for depression, and they include selective serotonin reuptake 
inhibitors, particularly fluoxetine [7]. Most antidepressants, 
including fluoxetine, have severe adverse effects and low ef-
ficacy, and at least one-third of patients do not obtain a ther-
apeutic effect [8]. Acupuncture is an alternative therapy for 
depression, with fewer adverse effects and good therapeutic 
efficacy, as well as a low financial burden.

As a widely used alternative therapy, acupuncture for the 
treatment of depression has increasingly attracted attention 
in clinical and animal experimental research [9-11]. Some re-
searchers suggest that the ability of acupuncture to regulate 
depression may be related to the corticostriatal reward circuit 
in the brain [12]. Studies on acupuncture in rat models of de-
pression have shown that its effect on depression-like behav-
ior may be associated with the hypothalamus-pituitary-adre-
nal axis [13]. Other studies have reported that acupuncture 
can regulate inflammatory factors such as interleukin-6 [14].

Studies have also shown that intestinal microbiota can play 
an important role in the pathogenesis and treatment of de-
pression [15]. For example, continuous administration of 
Lactobacillus rhamnosus for 4 weeks improved the anxiety and 
depression-like behavior of mice [16]. In addition, intestinal 
microorganisms play a key role in the stability of intestinal mi-
croenvironment and can affect human performance through 
their metabolites propionic acid and butyric acid [17]. Whether 
intestinal microbes have a role in the mechanism of acupunc-
ture treatment for depression remains unclear.

Thirteen “ghost” acupoints are commonly used to treat mental 
diseases in acupuncture and moxibustion in ancient China. We 
previously demonstrated that acupuncture at the Shangxing 
and Daling acupoints has an antidepressant effect [18], with 
both acupoints being among the 13 ghost acupoints of the 
traditional Chinese acupuncture theory system [19]. Based on 
previous experiments and the literature, we explored wheth-
er acupuncture at the Shangxing and Daling acupoints could 
have an antidepression effect through regulation of intestinal 
microbes and neurotransmitters.

Material and Methods

Animals and Groups

Forty specific pathogen-free male Sprague-Dawley rats, approx-
imately 5 weeks old and weighing 100-120 g, were provided 
by Shanghai SLAC Laboratory Animal Co., Ltd. (qualified no. 
SCXK 2017-0005, Shanghai, China). The animals were kept at 
the Animal Laboratory of Medical College of Xiamen University 
in a standard laboratory environment (temperature 22±2°C, 
55±5% relative humidity, from 8: 00 AM to 8: 00 PM, simulat-
ed by alternating light cycles during the day and night. All rats 
were provided with free access to adequate water and food. 
All experimental operations were in line with international an-
imal experimental ethics and requirements, and they were ap-
proved by the Animal Ethics Committee of Xiamen University 
(License No. XMULAC20170376).

All animals were fed adaptively in the laboratory for 1 week 
before the start of the formal experiment. The body weight 
of rats was measured weekly throughout the experiment, and 
the sucrose preference test and the open-field test were car-
ried out to ensure that the baseline levels of all animals were 
the same. Eight rats with different baselines were excluded. 
Thirty-two rats with the same baseline were randomly divided 
into 4 groups: control (N=8), chronic unpredictable mild stress 
(CUMS; N=8), acupuncture and CUMS (AP; N=8), and fluox-
etine and CUMS (Fx; N=8).

CUMS Model Procedure and Treatment

The CUMS model, which was originally developed by Paul 
Willner, is widely used in the experimental study of depres-
sion in animals [20,21]. The rats in the control group were fed 
in cages and given free access to water and food. The rats in 
the other 3 groups were raised in a single cage, and the mod-
el was established for 6 weeks. The stresses were as follows: 
wet padding (24 h); food and water withheld (24 h); cold wa-
ter swim (4°C, 5 min); restraint (3 h); noise stimulation (80 dB, 
3 h); tail clamping (2 min); day and night inversion (12 h); and 
cage tilting (45°, 24 h).

The Fx group received fluoxetine intragastrically (2.1 mg/kg; 
PHR1394-1G, Sigma-Aldrich) every day 1 h before the CUMS 
in the fourth week [22]. The AP group was also treated with 
acupuncture every day 1 h before exposure to CUMS in the 
fourth week. Acupuncture was administered at the Shangxing 
and Daling acupoints by inserting steel needles into the 2 
acupoints of the skin to 3- to 5-mm depth. All needles used 
were disposable aseptic steel needles with a specification of 
0.18×13 mm (0.18-mm diameter; Hanyi, Beijing, China). At the 
Shangxing acupoint, the needle was inserted at an oblique an-
gle (45°) to 3-5 mm, and at the Daling acupoint, the needle 
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pierced the skin vertically to a depth of 2-3 mm. Needles were 
kept in place for 20 min. The acupuncture stimulation intensi-
ty was increased by rotating the needle clockwise (180°) and 
counterclockwise (180°) every 5 min.

After all behavioral tests, all rats were euthanized with pen-
tobarbital combined with rapid bloodletting. Blood was col-
lected from the abdominal aorta, placed at 4°C overnight, and 
centrifuged at 3000 rpm for 15 min, and the supernatant was 
extracted. Colons were cut open and feces were collected. The 
brain was removed from the skull, and the hippocampus was 
quickly separated. All operations were carried out on ice, and 
samples were quickly frozen in liquid nitrogen and then stored 
at -80°C. The procedures are shown in Figure 1.

Behavioral Tests

Behavioral tests, including the sucrose preference test and the 
open-field test, were performed 3 times. The first time was 
in the first week before CUMS modeling, and we used the re-
sults to exclude rats with different baselines or congenital de-
pression. The second time was in the fourth week to eliminate 
rats with no significant change after 3 weeks of CUMS model-
ing, and the last time was in the seventh week.

Open-Field	Test

The open-field test can be used to detect spontaneous activity 
and depression-like behavior of rats [23]. The rats were placed 
in a black open box (100×100×40 cm) in which they could run 
freely, and the bottom of the box was equally divided into 4×4 
squares [24]. Each rat was placed in the center of the bottom 
of the open box and was then allowed to move freely for 5 
min. An infrared camera was placed perpendicular to the top 
of the open box for recording the activity of the rats in all ar-
eas. Two experimenters who did not know the experimental 
grouping or the type of intervention recorded the number of 
squares crossed (horizontal score) and the number of upright 
explorations (vertical score), as well as the number of mod-
ification behaviors of rats and times that they defecated. At 
the end of each test, the box was cleaned with 75% ethanol 
for odor elimination to ensure that the experimental results 
of other rats would not be affected.

Sucrose Preference Test

We describe a protocol for the measurement of anhedonia in 
mice [25]. Before the beginning of the formal sucrose experi-
ment, we first carried out the adaptation part of the sucrose 
experiment. Each rat was provided with a bottle of pure water 
and a bottle of 1% sucrose solution at the same time for 48 h. 
The positions of the 2 water bottles were changed every 12 h. 
After that, water was withheld for 24 h. Then, we began the 
formal experiment, recorded the drinking of sucrose solution 
and pure water in each rat within 12 h, and then calculated 
the sucrose preference. Sucrose preference rate (%)=[sucrose 
solution consumption/(sucrose solution consumption+pure 
water consumption)]×100.

Elevated	Plus	Maze	Behavioral	Test

The elevated plus maze test is a widely used method to assess 
anxiety behavior of rodents [26]. The elevated cross labyrinth 
used a suspended device 1 m above the ground, consisting of 
2 open arms (50×10×40 cm), a central area (10×10 cm), and 2 
closed arms (50×10×40 cm). At the beginning of the test, the 
rats were placed in the central area with their heads facing 
the open arms. A high-resolution infrared camera suspended 
directly above was connected to the behavioral test system to 
record statistics, including the distance and time that rats were 
in the open and closed arms. After each rat experiment, the 
equipment was washed with 75% ethanol to eliminate odor.

Enzyme-Linked	Immunosorbent	Assay

The levels of dopamine (DA) and 5-hydroxytryptamine (5-HT) 
in serum and the hippocampus were measured by enzyme-
linked immunosorbent assay (Elabscience, USA). All experimen-
tal operations were carried out following the manufacturer’s 
instructions for the use of the kit. First, 300 μL of washing so-
lution was added to soak the enzyme plate for 30 s, the so-
lution was then discarded, and the micropores were dried on 
the absorbent paper. Next, 50 μL of detection buffer and 50 μL 
of 2× diluted standard were added to the standard well on 
the plate. Then, 50 μL of detection buffer and 50 μL of stan-
dard dilution solution were added into the blank well, 80 μL 
of detection buffer and 20 μL of serum samples were added 
into the sample well, and 50 μL of diluted detection antibody 
was added to all wells. The plate was incubated at room tem-
perature for 1.5 h, and the detection solution was discarded. 
Three hundred microliters of washing solution were added to 
each well, and the plate was washed 6 times and patted dry. 
Then, 100 μL of horseradish peroxidase (HRP)-labeled strepta-
vidin was added to each well, and the plate was incubated at 
room temperature for 30 min. The wells were emptied, 300 μL 
of washing solution was added to each well to wash 6 times, 
and the plate was patted dry. Finally, 100 μL of chromogenic 
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Figure 1. The experimental flow chart.
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substrate was added to each well, the plate was incubated in 
darkness for 5 min, and 100 μL of stop solution was added to 
each well. Within 30 min, the optical density value at 450-nm 
wavelength was detected by the enzyme labeling instrument 
to determine the absorbance value of the sample.

Reverse	Transcription-Polymerase	Chain	Reaction

The mRNA coding sequences of calmodulin-dependent protein 
kinase II (b-CaMKII), N-methyl-d-aspartate receptor (NMDAR), 
and brain-derived neurotrophic factor (BDNF) were identified 
from the Consensus Coding Sequence database of the National 
Center for Biotechnology Information (NCBI). The polymerase 
chain reaction (PCR) primers were developed before the re-
verse transcription (RT)-PCR process.

The tissue samples of about 100 mg were weighed, ground with 
liquid nitrogen, and extracted with 1 mL of Trizol reagent at 
room temperature for 5 min. The samples were then centrifuged 
at 12 000 rpm for 10 min at 4°C, and the supernatant was col-
lected. Next, 0.2 mL of chloroform was added to each 1 mL of 
the supernatant, and the mixture was incubated at room tem-
perature for 3 min and centrifuged at 12 000 rpm for 10 min 
at 4°C. The sample was divided into 3 layers. The top layer was 
taken, 500 μL of the aqueous phase was absorbed, and 250 μL 
of anhydrous ethyl alcohol was added. The mixture was then 
transferred to the adsorption column. Next, 500 μL of resultant 
deproteinized solution was centrifuged at 12 000 rpm for 45 s, 
and 500 μL of rinse solution was added for 2 rinses, followed 
by centrifugation at 12 000 rpm for 45 s. The RNA was eluted, 
and the concentration was determined by agarose gel electro-
phoresis. One microgram was extracted from each sample for 
reverse transcription, and each sample was detected by b-ac-
tin and primers, respectively. Finally, 2 μL of PCR products was 
detected by agarose gel. The electrophoresis conditions were 
140 V, 15 min, gel imaging. We analyzed the gel using ImageJ 
software (National Institutes of Health, Bethesda, MD).

Western Blot Analysis

The hippocampal tissue protein was put into RIPA buffer con-
taining protease and phosphatase inhibitors and ground to a ho-
mogenate. This procedure carried out on ice. About 30 μg of the 
protein homogenate was placed in a tube, and 4× loading buffer 
was added before the tube was placed in a boiling water bath for 
10 min. Afterward, the sample was centrifuged at 10 000 rpm 
for 10 min. The protein sample was separated by electrophoresis 
on a 10% SDS-PAGE gel, and the separated proteins were then 
transferred from the gel to a polyvinylidene fluoride (PVDF) mem-
brane by electroporation. Afterward, the PVDF membrane was 
immersed in a blocking solution containing 5% skimmed milk 
powder and incubated at room temperature for 1 h. Then the 
membrane was washed in phosphate-buffered Tween (PBST) for 

5 min, 3 times. Diluted anti-BDNF (1: 2000, Millipore, USA), anti-
b-CaMKII (1: 2000, Santa Cruz, USA), and anti-NMDAR (1: 2000, 
Millipore, USA) antibodies were added to the membrane, which 
was subsequently incubated overnight at 4°C. The next day, the 
membrane was washed with PBST for 20 min, 3 times, and HRP-
labeled second antibody (Proteintech, USA) was added, followed 
by incubation at room temperature for 1 h. Afterward, the mem-
brane was washed in PBST for 10 min, 3 times. Finally, the PVDF 
membrane was reacted with freshly prepared enhanced chemi-
luminescent agent solution for 2 min, and the PVDF membrane 
was quickly exposed and developed in the darkroom.

Immunofluorescence

Brains were rapidly removed, frozen at -80 °C, and cut into 
2-mm coronal slices in a rat brain matrix. After 10% formalin 
fixation, hippocampal tissue samples were processed into par-
affin-embedded blocks and 5-μm-thick sections were cut for 
immunostaining. Hippocampal CA1 region sections were depa-
raffinized and treated with EDTA antigen repair buffer (pH 8.0). 
Antibodies used were anti-ionized calcium binding adaptor 
molecule 1 (IBA-1; anti-Iba1 rabbit pAb, Servicebio, HRP anti-
rabbit IgG (HRP-conjugated goat anti-rabbit IgG, Servicebio), 
anti-glial fibrillary acidic protein (anti-GFAP; anti-GFAP rabbit 
pAb, Servicebio), and Cy3 anti-rabbit (Cy3-conjugated goat an-
ti-rabbit IgG, Servicebio). Finally, the sections were sealed with 
the antifluorescence solution (G1401-5ML, Servicebio), and the 
immunofluorescence images were observed and recorded with 
fluorescence microscope (NIKON ECLIPSE C1, NIKON DS-U3).

16S rDNA Bioinformatics Analysis

The genomic DNA was extracted from rat fecal samples using a 
DNA extraction kit (Magen, Guangzhou, China). The 16S rDNA 
V3-V4 region of the ribosomal RNA gene for each sample was 
amplified by PCR. Primers used for 16S rDNA were as follows: 
341F: CCTACGGGNGGCWGCAG; 806R: GGACTACHVGGGTATCTAAT. 
Using the manufacturer’s instructions, the DNA quantified us-
ing ABI StepOnePlus Real-Time PCR System (Life Technologies, 
Foster City, CA, USA). Purified amplicons were pooled in equi-
molar and paired-end sequenced (PE250) on an Illumina plat-
form according to standard protocols. The raw reads were de-
posited into the NCBI Sequence Read Archive database. The 
analysis of the operational taxonomic units (OTUs) was per-
formed under 97% similarity level, and multivariate analysis 
and tests for significance were also performed. A 16S rDNA 
analysis was performed utilizing the Kyoto Encyclopedia of 
Genes and Genomes (KEGG) pathway database.

Statistical Analysis

Each data set is expressed in the form of the mean±standard 
error of the mean. The software for statistical analysis was 
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SPSS 21.0 for Windows 10. When each group of data accord-
ed with normality and met the homogeneity of variance, one-
way analysis of variance was carried out for intergroup statis-
tics. In addition, the Games-Howell test was used for post hoc 
analyses. If the data did not conform to normality, we used 
nonparametric testing for different groups for statistical anal-
ysis. P<0.05 was considered to define statistical difference.

Results

Behavioral Tests

As shown in Figure 2, there was a significant difference in 
body weight between the control group and the CUMS group 
(N=8). After the intervention treatment began, the AP and Fx 
groups both showed significant weight gain compared with 
the CUMS group. Compared with the Fx group, the AP group 

recovered more slowly, but the gap between groups gradu-
ally narrowed after the fifth week. In the sixth week, the AP 
group was close to the Fx group. Compared with the control 
group, the total distance in the open-field test of the CUMS 
group was reduced, as were the activity time of the open cross 
maze in the open arm, and the sucrose preference test. The 
AP and Fx treatment groups demonstrated a reversal of these 
behavioral changes.

The	Effects	of	Acupuncture	on	the	Levels	of	DA	and	5-HT

As shown in Figure 3, compared with the control group, the 
5-HT content in the hippocampus and serum of the CUMS 
group was decreased (P<0.001, P<0.001). After the rats re-
ceived acupuncture treatment, the 5-HT content in the hippo-
campus and serum increased compared with the CUMS group 
(P<0.001, P<0.001). Fluoxetine treatment also led to increased 
5-HT content in the hippocampus and serum compared with 
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Figure 2.  Behavior tests were conducted for the rats in 4 groups. (A) The body weight of rats in the 4 groups. (B) The body weight of 
rats before the chronic unpredictable mild stress (CUMS). (C) The body weight of rats after the treatment. (D) The results of 
the open-field test. (E) The results of the elevated cross maze test. (F) The results of the sucrose preference test experiment. 
Compared with the control (Con) group, * P<0.05, ** P<0.01, *** P<0.001; compared with the CUMS group, # P<0.05, ## P<0.01, 
### P<0.001. Data represent mean±standard error of the mean. AP – acupuncture; Fx – fluoxetine.
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the CUMS group (P<0.001, P<0.001). Compared with the con-
trol group, the DA content in the hippocampus of the CUMS 
group decreased (P<0.05). The DA content in the serum also 
decreased, but not significantly (P>0.05). In both the AP and 
Fx groups, the DA content in the hippocampus and serum in-
creased compared with the CUMS group (P>0.05), but the in-
creases were not significant in either group (P>0.05).

The	Expression	at	the	mRNA	Level	of	b-CaMKII/NMDAR/
BDNF

As shown in Figure 4, in comparison with the control group 
(N=6), the expression of b-CaMKII mRNA in the hippocam-
pus of the CUMS group was significantly increased (P<0.01), 
while BDNF and NMDAR mRNA expression decreased (P<0.05, 
P<0.05). In the AP group, compared with the CUMS group, the 
expression of b-CaMKII mRNA decreased (P<0.05) and NMDAR 
mRNA expression increased (P<0.05). The BDNF mRNA expres-
sion increased, but the difference was not statistically signifi-
cant (P>0.05). Compared with the CUMS group, the expression 

of b-CaMKII mRNA in the rats in the Fx group was significantly 
decreased (P<0.01), while the expression of BDNF and NMDAR 
mRNA was significantly increased (P<0.01, P<0.05).

The	Expression	of	b-CaMKII/NMDAR/BDNF	Signal

The results shown in Figure 5 indicate that, compared with 
the control group (N=3), the expression of BDNF and NMDAR 
protein in the hippocampus of the CUMS group decreased 
(P<0.05), the expression of b-CaMKII protein increased signif-
icantly (P<0.05), after the acupuncture treatment, compared 
with the CUMS group, the BDNF and NMDAR protein expression 
increased (P<0.05, P<0.01), and the b-CaMKII protein expres-
sion decreased (P<0.01). For the Fx group, compared with the 
CUMS group, BDNF and NMDAR protein expression increased 
(P<0.01, P<0.05) and b-CaMKII protein expression decreased 
significantly (P<0.001).
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Figure 3.  Statistical graph of 5-hydroxytryptamine (5-HT) and dopamine (DA) content in rat serum and hippocampus samples. (A) 5-HT 
content in hippocampus. (B) 5-HT content in serum. (C) DA content in hippocampus. (D) DA content in serum. Compared with 
the control (Con) group, * P<0.05, ** P<0.01, *** P<0.001; compared with the chronic unpredictable mild stress (CUMS) group, 
# P<0.05, ## P<0.01, ### P<0.001. Data represent mean±standard error of the mean. AP – acupuncture; Fx – fluoxetine.
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Expression	of	GFAP	and	IBA-1

Results shown in Figure 6 indicate that, compared with the 
control group (N=3), the content of astrocytes in the hippocam-
pus of rats in the CUMS group was reduced (P<0.001). In the 
AP and Fx groups, the astrocyte content was increased com-
pared with the CUMS group (P<0.01 and P<0.001, respective-
ly). Compared with the control group, the content of microglia 
in the hippocampus of the CUMS group decreased (P<0.01). 
In the AP group, the microglia content was significantly high-
er than in the model group (P<0.05). For the Fx group, the mi-
croglia content was not significantly higher than that of the 
CUMS group (P>0.05).

Acupuncture	Reduces	CUMS-Induced	Intestinal	Flora	
Imbalance

The effect of acupuncture on the diversity and richness of in-
testinal flora was assessed in CUMS rats (N=5). The Shannon 
diversity index was calculated to indicate the diversity in each 
group. Different samples and the relative abundance of intes-
tinal microorganisms at the portal level were analyzed accord-
ing to OTU Venn.

The results are shown in Figure 7. Based on relative abundance, 
Bacteroidetes and Firmicutes were the most dominant intesti-
nal microbiota among the 3 groups. The ratio of Bacteroidetes/
Firmicutes has been considered to be an important indicator 
that is positively correlated with depression. In our study, the 
abundance of Firmicutes was much lower in the CUMS group 
relative to the control and AP groups, and the abundance of 
Bacteroidetes was higher. The ratio of Bacteroidetes/Firmicutes 
was increased in CUMS group.

We conducted a KEGG analysis to compare the differences 
in the metabolic pathways between the 3 groups. The dif-
ferences identified through the KEGG analysis were mainly 
manifested in cofactors and vitamins, cell growth, and death. 
In addition, we conducted a Kruskal-Wallis rank sum test for 
differences in the metabolic pathways. The differences were 
mainly manifested in metabolism of cofactors and vitamins, 
carbohydrate metabolism, and amino acid metabolism. The 
results are shown in Figure 8.
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Figure 4.  Statistical graph of the expression of b-CaMKII/NMDAR/BDNF mRNA in the hippocampus of rats. (A) Expression of BDNF 
and b-CaMKII mRNA in the hippocampus by reverse transcription polymerase chain reaction (RT-PCR). (B) Expression of 
NMDAR mRNA in the hippocampus by RT-PCR. (C) Analysis of BDNF mRNA. (D) Analysis of b-CaMKII mRNA. (E) Analysis 
of NMDAR mRNA. Compared with the control (Con) group, * P<0.05, ** P<0.01, *** P<0.001; compared with the chronic 
unpredictable mild stress (CUMS) group, # P<0.05, ## P<0.01, ### P<0.001. Data represent mean±standard error of the mean. 
AP – acupuncture; BDNF – brain-derived neurotrophic factor; b-CaMKII – b isoform of calcium/calmodulin-dependent protein 
kinase II; Fx – fluoxetine; NMDAR – N-methyl-d-aspartate receptor.
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Discussion

The purpose of this study was to explore the mechanism of acu-
puncture in regulating depression in CUMS model rats. CUMS 
is widely used as a rodent depression model [27]. We previ-
ously carried out studies to confirm that acupuncture can re-
verse behavioral changes in depression model rats, affect the 
nitric oxide-cyclic guanosine monophosphate signaling path-
way, and have an antidepressant effect [18]. We created a rat 
model of depression through CUMS standard procedures and 
established the effectiveness of the model through open-field 
and sucrose preference tests. These tests mainly assess core 
symptoms of depression, such as lack of pleasure. The exper-
iment found that the depressive-like symptoms induced by 
CUMS, such as loss of weight and appetite and reduced activ-
ity, were alleviated in the AP and Fx groups [28]. The results at 
the molecular level showed that acupuncture and fluoxetine 
could alleviate the behavioral changes caused by CUMS. In ad-
dition, levels of both DA and 5-HT in serum and the hippocam-
pus were improved, and the expression of BDNF signaling and 
the number of astrocytes in the hippocampus were increased.

Low levels of DA or 5-HT have been proved to be connected 
with depression [29,30]. Studies have shown that 5-HT and 
BDNF are closely related to regulation of neurogenesis, synaptic 

plasticity, and neuronal survival [31], and there is a certain con-
nection between these 2 signals [32]. Our experimental results 
are consistent with the current evidence that 5-HT can alle-
viate depression. AP can significantly increase the content of 
5-HT in the brain hippocampus and the serum of depression 
model rats, and AP upregulated the content of BDNF/NMDAR 
and the mRNA of BDNF/NMDAR in the hippocampus tissue of 
depression model rats. BDNF is a major neurotrophic factor in 
brain, which plays an important role in the survival and guid-
ance of neurons [33]. BDNF is required for the survival and 
normal functioning of neurons in the brain [34]. Astrocyte cul-
tures derived from the hippocampus have been shown to pro-
mote neurogenesis [35]. Astrocytes have a high level of GFAP 
expression, and GFAP has become one of the most frequent-
ly used astrocyte markers [36]. IBA-1, a protein that is specif-
ically expressed in activated microglia, can also be an astro-
cyte marker [37]. Studies have shown that CUMS may cause 
neurological impairment [38]. We tested the activity of astro-
cytes and microglia in hippocampus by GFAP and IBA-1. The 
expression of astrocytes in the AP and FX groups was found 
to be significantly higher than in the CUMS group. Increased 
bCaMKII can play a role in blocking the BDNF receptor. b-CaM-
KII in the hippocampus of the CUMS group was overexpressed, 
and acupuncture was found to improve this phenomenon.
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Figure 5.  Statistical graph of b-CaMKII/NMDAR/BDNF protein expression in the rat hippocampus. (A) Expression of BDNF proteins 
in the hippocampus by western blotting. (B) Expression of b-CaMKII proteins in the hippocampus by western blotting. 
(C) Expression of NMDAR proteins in the hippocampus by western blotting. (D) Analysis of BDNF proteins. (E) Analysis of 
b-CaMKII proteins. (F) Analysis of NMDAR proteins. Compared with the control (Con) group, * P<0.05, ** P<0.01, *** P<0.001; 
compared with the chronic unpredictable mild stress (CUMS) group, # P<0.05, ## P<0.01, ### P<0.001. Data represent 
mean±standard error of the mean. AP – acupuncture; BDNF – brain-derived neurotrophic factor; b-CaMKII – b isoform of 
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The present study shows that disruption of intestinal micro-
organisms reduces hippocampal neurotransmitter levels, such 
as 5-HT and BDNF [39,40]. Intestinal microflora disorders have 
been shown to be important factors associated with depres-
sion [41]. Many clinical studies and animal experiments have 
found that emotional responses are significantly correlated 
with changes in intestinal flora. Decreased fecal flora diversi-
ty has been observed in patients with depression [42,43]. Our 
study suggests that acupuncture can reduce depression behav-
ior in CUMS rats by regulating intestinal microbes. According 
to the bioinformatics analysis of 16S rDNA sequencing, the 
abundance of intestinal microbes in CUMS depression model 
rats decreased, and acupuncture regulated the changes of in-
testinal microbial diversity induced by CUMS. The 16S rDNA 
analysis revealed that the bacterial biodiversity of the CUMS 
group was significantly lower than that of the control group, 
while that of the AP group was higher compared with the CUMS 
group. No significant changes in the composition of intesti-
nal flora were found between the 3 groups. Bacteroidetes and 
Firmicutes are the most abundant microorganisms in the host 

flora [44]. Bacteroidetes can produce polysaccharide A, which 
may be involved in ligand-receptor interactions modulating 
the immune response [45]. A recent study showed that the 
ratio of Firmicutes/Bacteroidetes in the intestines of patients 
with depression is increased [46]. The ratio of Bacteroidetes/
Firmicutes was increased in CUMS group. While long-term CUMS 
resulted in the dysregulated Bacteroidetes/Firmicutes, it was 
regulated by acupuncture treatment. We concluded that acu-
puncture treatment can reduce the relative abundance ratio of 
Bacteroidetes/Firmicutes in CUMS rats. According to the KEGG 
enrichment analysis, we found that compared with the CUMS 
group, the AP group had improvements in the related path-
ways of cell growth, apoptosis, and metabolism, which can af-
fect the brain-gut axis and improve depression-like behavior.

In general, our study established that Shangxing and Daling 
acupoints possess antidepressant effect in the CUMS rat. 
Intestinal microbes and metabolites can affect the 5-HT and 
BDNF factors in the nervous system through a series of immune 
responses [47,48] and subsequently affect the entire nervous 
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Figure 6.  (A) Immunofluorescence confocal microscopy imaging hippocampus CA1 regions, magnification ×200. (B) Expression of 
GFAP in the hippocampus. (C) Expression of IBA-1 in the hippocampus. Compared with the control (Con) group, * P<0.05, 
** P<0.01, *** P<0.001; compared with the chronic unpredictable mild stress (CUMS) group, # P<0.05, ## P<0.01, ### P<0.001. 
Data represent mean±standard error of the mean. AP – acupuncture; Fx – fluoxetine; GFAP – glial fibrillary acidic protein; 
IBA-1 – ionized calcium binding adaptor molecule 1.
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Figure 7.  Effect of acupuncture on the diversity and richness of intestinal flora in chronic unpredictable mild stress (CUMS) rats. 
(A) The Shannon index value indicates the diversity of samples. (B) Principal coordinates analysis (PCoA) for the distance 
between samples (b diversity) calculated using unweighted UniFrac distance. (C) A Venn diagram of the operational 
taxonomic units (OTUs) analyzes samples of different groups. (D) Relative abundance analysis at the phylum level. 
(E) Relative abundance of Firmicutes at the phylum level. (F) Relative abundance of Bacteroidetes at the phylum level. 
(G) Relative abundance of Bacteroidetes/Firmicutes at the phylum level. Compared with the control (Con) group, * P<0.05, 
** P<0.01, *** P<0.001; compared with the CUMS group, # P<0.05, ## P<0.01, ### P<0.001. Data represent mean±standard error 
of the mean. AP – acupuncture; Fx – fluoxetine group.
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system. Acupuncture treatment can have an antidepressant 
effect through this route [49]. The present study provides new 
insights into the treatment of depression. However, there are 
some limitations that need to be improved. Specifically, just 
2 acupoints may not be representative of all 13 ghost points; 
however, it is unrealistic to use acupuncture for all 13 ghost 
points in a single experiment. We aim to choose other points 
from among the 13 ghost points in our future research. In ad-
dition, more brain regions should be considered beyond the 
hippocampus, and the internal relationship between differ-
ent indicators should be explored. Further research is essen-
tial to discover the exact mechanism underlying the regulation 
of gut microbiota and neurotransmitters and neurons, which 
can support the hypothesis more fully and thus make acu-
puncture more useful in the treatment of psychiatric disorders.

Conclusions

In conclusion, our research shows that acupuncture can re-
verse depression-like behavior in CUMS model rats. The anti-
depressant effect may arise from regulation of DA and 5-HT 
neurotransmitters and effects on b-CaMKII/NMDAR/BDNF sig-
naling. Further, acupuncture also improves the intestinal mi-
croflora disorder caused by CUMS, which may be associated 
with the antidepressant effect of acupuncture.
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