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Background: Poststroke depression (PSD) is the most frequent neuropsychiatric consequence of stroke. Electroacupuncture (EA) has
been found to be an effective therapy for treating PSD. However, the underlying mechanisms of EA’s efficacy remain unclear. This
research aimed to investigate the effects of EA on alterations in gut microbiota and fecal metabolome in PSD rats.

Methods: Analyses of gut microbiome and fecal metabolome were performed to identify gut microbes and their functional
metabolites in a sham group, PSD group, and EA group. We conducted enrichment analysis to identify the differential metabolic
pathways in three groups. Correlations between altered gut microbes and differential metabolites after EA treatment were studied.
Results: PSD showed decreased species-richness/diversity indices of microbial composition, characterized by an increase in
Muribaculaceae, Peptostreptococcaceae, Oscillospiraceae, Ruminococcaceae, and Clostridiaceae and a decrease in Lactobacillaceae,
Lachnospiraceae, and Bacteroidaceae. Of these, the abundance of Muribaculaceae, Lactobacillaceae, Lachnospiraceae,
Peptostreptococcaceae, and Clostridiaceae were reversed by EA. Furthermore, PSD was associated with 34 differential fecal
metabolites, mainly belonging to steroid hormone biosynthesis, that could be regulated by EA.

Conclusion: Regulation of gut microbiome and lipid metabolism could be one of the potential mechanisms for EA treatment for
alleviating the depressive behaviors of PSD.
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Introduction
Poststroke depression (PSD) usually predicts poor prognosis, such as cognitive impairment, poor rehabilitation outcomes,
and increased mortality.' ™ Nearly 30% of stroke survivors have depression within 5 years of the stroke.” PSD has been
reported to be associated with increased inflammation,”* changes in neurotransmitters,” HPA-axis dysfunction,&9 and
decreased neurotrophic factors.'®'2

The gut microbiome consists of bacteria, viruses, microorganisms, fungi, and other life forms. Dysfunctions of the gut
microbiome have been implicated in neuropsychiatric disorders, such as depressive disorder, schizophrenia-spectrum
disorders, and bipolar disorder.'>"'® Previous research revealed that PSD rats had decreased species-richness indices.'”
A quantifiable monitor to inform the molecular mechanisms of diseases, metabolomics has been used as a diagnostic,
>3 identified differential

urinary metabolites, including lactic acid, palmitic acid, azelaic acid, and tyrosine, in PSD patients. All of these studies

prognostic tool of psychiatric disorders in a number of studies.'® ' Four published papers

provide a scientific basis for the exploration of therapeutical strategies for PSD.
Based on classical meridian theory, the acupuncture treatment of traditional Chinese medicine is a therapy puncturing
needles into acupoints.’*?” Electroacupuncture (EA) treatment was found to be effective for alleviating PSD with fewer
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side effects in the latest meta-analysis.?® Only one study by Peng et al*’ revealed that acupuncture can relieve depression-
like behaviors of chronic unpredictable mild stress (CUMS) rats by regulating intestinal flora. However, whether EA can
effectively regulate the gut microbiota and its metabolites of PSD remains to be verified and clarified.

This study was designed and conducted to investigate the effects of EA on the gut microbiota and fecal metabolites in
rats with PSD to explore the microbiological mechanisms of EA treatment for PSD. We selected acupoints of DU20 and
DU24, both of which belong to the DU meridian. The combined use of DU20 and DU24 has been found to effectively

relieve depressive behaviors of rats in previous studies.>*-"

Methods

Animals

Male 2-month-old 250 g Sprague Dawley rats were purchased from Huan Shuo Laboratory Animal Technology (Shanghai,
China). Approved by the Ethics Committee of Shanghai University of Traditional Chinese Medicine (PZOHUTCM210305007),
the protocol of animal procedures complied with the ARRIVE guidelines, and procedures were carried out in accordance with the
UK Animals (Scientific Procedures) Act 2010 and EU Directive 2010/63/EU for animal experiments. Figure 1 shows the
workflow. The temperature of the animal room was controlled at 24°+2°C under a 12-hour light—dark cycle. A total of 39 rats
with similar baseline performance were included after the first sucrose preference test (SPT) following 1-week acclimatization.
Of them, eight rats were categorized to the sham group, and the rest had middle cerebral artery occlusion surgery performed. In
total, 15 rats died within 48 hours after surgery. The survivors were randomly divided into a PSD group (n=8) and EA

group (n=8).

Establishment of PSD Model

Transient middle cerebral artery occlusion surgery>> was conducted. After anesthetization, a midline neck incision was
made at to expose the right common carotid artery (CCA), external carotid artery (ECA), and internal carotid artery
(ICA). We placed two closely spaced permanent knots at the distal part of the ECA to prevent the backflow of blood and
cut the ECA between the knots. The tied section of the ECA was incised to insert the monoflament after the
microvascular clip had been placed in the ICA temporarily proximal to the CCA junction. The filament was advanced
up to 17-20 mm into the MCA from the CCA junction. The suture was removed to establish reperfusion after 1.5 hours
of ischemia. Rats undergoing the same surgical procedure without suture insertion belonged to the sham group.

Three days after surgery, rats in the PSD group underwent a CUMS regimen®> for 5 weeks in a single cage. Any two
of the following 10 stressors were performed daily: water deprivation for 24 hours, food deprivation for 24 hours,
overnight illumination, soiled cage for 24 hours, cage tilt (45°) for 24 hours, restraint for 4 hours, restraint at 4°C for 2
hours, noise for 8 hours, stroboscope lighting for 12 hours, cage shaking for 15 minutes.

CUMS regimen
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Figure | Time schedule of the experiment.
Abbreviations: CUMS, chronic unpredictable mild stress; WO, beginning of CUMS regimen; WI-W5, CUMS performed daily for 5 weeks; W3-WS5, acupuncture
treatment conducted daily for 2 weeks; SPT, sucrose preference test; LAT, locomotor activity test; EA, electroacupuncture; FSC, fecal sample collection.

1582 " Neuropsychiatric Disease and Treatment 2023:19

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Cai et al

Electroacupuncture Treatment

We selected acupoints of DU20 and DU24 for PSD treatment (Figure 2). The selected acupoints were inserted with
stainless steel acupuncture needles (Energy, 40 mm in length and 0.25 mm in diameter; Jiajian Medical Supplies, Jiangsu,
China) to a depth of about 2 mm with an electric current at a frequency of 2 Hz using an EA device (Hwato SDZ-II;
Suzhou Medical Supplies, Jiangsu, China) for about 20 minutes per session. One session was conducted per day. During
EA, rats were slightly anesthetized with isoflurane. The selection of acupoints and electric current frequency of EA were
determined by our previous studies,*>' which were verified to have better efficacy for alleviating depressive behaviors
of PSD rats. EA treatment started from the end of the third week of CUMS and lasted daily for 14 days. Each EA
treatment session was applied to the rats before the CUMS session on the same day. Only rats in the EA group were

treated with EA, and rats in the sham and PSD groups did not accept EA intervention.

Behavioral Tests
The behavioral tests consisted of sucrose preference test and locomotor activity test, both of which were performed on
the last day of CUMS and acupuncture treatment.

Sucrose Preference Test

The sucrose preference test (SPT) was used to assess anhedonia in the animals. Before water deprivation for 24 hours,
animals were provided with two bottles of 1% sucrose solution for 24 hours followed by one bottle of 1% sucrose solution
and another bottle of purified water for 24 hours with bottle positions switched after 12 hours. After 24 hours’ water
deprivation, one bottle of 1% sucrose solution and another bottle of purified water were provided to each rat for 1 hour.
Sucrose intake (g)/(sucrose intake [g] + purified water intake (g]) was used to calculate the sucrose preference rate.

DU24
DU20

Figure 2 Acupoint locations of DU20 and DU24 on the rat body.
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Locomotor Activity Test

A dark box (100x100%50 ¢cm) and an automatic data-acquisition system (Xinruan Information and Technology, Shanghai,
China) were used in the locomotor activity test. There were 25 equal square quadrants at the floor of the box. The system
automatically measured locomotor activity when at least three paws were presented in a quadrant. Each rat was

monitored individually for 5 minutes. We cleaned the box thoroughly before the next rat was tested.

Sample Collection

At around 8:00 am one day after behavioral tests, fresh feces of rats were collected using the sterilization centrifuge
tubes. At least 50 mg fecal samples were collected from each group for the analysis of fecal microbiome and metabolites.
Then, the fecal samples were immediately stored in liquid nitrogen before transferal to a —80°C refrigerator.

16S rRNA Gene-Sequence Analysis

An Omega soil DNA kit (Omega Bio-Tek, Norcross, GA, United States) was used to separate and extract microbial DNA from
fecal samples. The bacterial 16S rRNA gene was amplified by the primers 338F (5'-ACTCCTACGGGAGGCAGCAG-3") and
806R (5'-GGACTACHVGGGTWTCTAAT-3"). The PCR program was completed by a thermal cycling PCR system
(GeneAmp 9700; ABI, USA). Trimmomatic filtered the quality of the original fastq files. FLASH was used to merge the
data. The similarity of operational taxonomic units (OTUs; version 7.1, http://driveS.com/uparse) based on a 97% criterion
was classified by UPARSE. UCHIME was used to identify and remove the chimeric sequences. We used the Silva (SSU123)
16S rRNA database to execute the RDP classifier algorithm (http://rdp.cme.msu.edu) program to analyze the classification of

each 16S RNA gene sequence. The a-diversity was assessed by species-richness indices (Ace, Chao, and Sobs) and species-
diversity indices (Shannon, Simpson). Principal-coordinate analysis was used to evaluate the whole difference and similarity
of bacterial communities among three groups. The Wilcoxon rank-sum test was used to identify microbiota discrimination
between any two groups.

Fecal Metabolome Analysis

LC-MS analysis was performed using the UHPLC-Q Exactive HF-X system of Thermo Fisher Scientific. Fecal
samples were weighed. The metabolites were extracted using a 400 pL methanol:water (4:1 v:v) solution with
0.02 mg/mL L-2-chlorophenylalanine. The mixture was allowed to settle at —10°C and treated with a Wonbio-96¢ high-
throughput tissue crusher (Shanghai Wanbo Biotechnology) at 50 Hz for 6 min, followed by ultrasound at 40 kHz for 30
min at 5°C. The samples were placed at —20°C for 30 min to precipitate proteins. The supernatant was carefully
transferred to sample vials for LC-MS analysis after centrifugation at 13,000 g at 4°C for 15 min. All samples were
stored at 4°C during the period of analysis. A Thermo UHPLC-Q Exactive HF-X mass spectrometer was used to collect
the mass spectrometric data, which was performed in Data Dependent Acquisition mode. The detection was carried out
over a mass range of 70-1050 m/z. We used orthogonal partial least-squares discrimination analysis to visually
discriminate between groups. The differential metabolites discriminating between groups were identified by orthogonal
projections to latent structures discriminant analysis (variable importance plot [VIP] >2, P<0.05). The Kyoto
Encyclopedia of Genes and Genomes Pathway database was used to carry out pathway analyses.

Statistical Analysis

SPSS 21.0 was used to carry out the statistical analyses. One-way ANOVA was used to analyze continuous variables,
such as sucrose preference and locomotor activity counts, which were presented as means + SEM. Wilcoxon’s rank-sum
test was applied to analyze a-diversity. Adonis analysis was used to analyze B-diversity. The correlation between changes
in gut microbes and differential fecal metabolites was determined by Spearman correlation analysis. P<0.05 was
considered statistically significant.
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Results

EA Treatment Alleviates Depressive Behaviors of PSD Rats

As shown in Figure 3, rats in the PSD group showed decreased sucrose preference and reduced locomotion counts at the
end of the CUMS regimen compared with the sham group (n=8 per group, P<0.01). EA treatment was able to
substantially increase sucrose preference and locomotion counts of PSD rats (n=8 per group, P<0.01), which indicated
that EA treatment could effectively alleviate PSD.

Effects of EA on Species Diversity and Richness in PSD Rats

In sum, 1,477,882 high-quality reads across all samples were obtained, with an average length of 413. All these reads
were clustered into 983 OTUs. The a-diversity values consisting of Shannon, Simpson, Ace, Sobs, and Chao were
compared among groups. Ace, Chao, and Sobs were used to evaluate species richness, while species diversity was
characterized using Shannon and Simpson. Both microbial richness indices and diversity indices were different among
groups, with no significant distinction. The PSD group had lower Chao, Ace, Sobs, and Shannon indices than the sham
group, indicating that PSD was characterized by decreased species richness and diversity (Figure 4A-C, P>0.05).
Compared with the PSD group, EA treatment improved the species richness and diversity of PSD rats by increasing
the Chao, Ace, Sobs, and Shannon indices (Figure 4D and E, P>0.05).

Effects of EA on Microbial Composition in PSD Rats

Analysis of B-diversity was performed to determine the effects of EA on microbial composition in PSD rats. It was revealed
on principal-coordinate analysis that gut microbial composition was significantly different among the three groups (Figure 5A;
n=8 per group). The differential OTUs between any two groups were analyzed by the Wilcoxon rank-sum test (Figure 5B and C).
Compared with the sham group, PSD was characterized by 108 OTUs, which mainly belonged to Tannerellaceae),
Ruminococcaceae (eight OTUs), Rikenellaceae (three OTUs), Prevotellaceae (six OTUs), Peptococcaceae (two OTUs),
Oscillospiraceae (six OTUs), Muribaculaceae (10 OTUs), Monoglobaceae (three OTUs), Lachnospiraceac (21 OTUs),
Helicobacteraceae), Erysipelotrichaceae), Erysipelatoclostridiaceae (three OTUs), Elusimicrobiaceae), Eggerthellaceae (15
OTUs), Deferribacteraceae), Christensenellaceaec (four OTUs), Bacteroidaceae), Anaerovoracaceac (four OTUs),
Anaerofustaceae), and Actinomycetaceae (one OTU) at the family level (Table S1). Compared with the PSD group, EA
treatment was characterized by 52 OTUs, mainly belonging to Ruminococcaceae (four OTUs), Rikenellaceae (three
OTUs), Prevotellaceae (three OTUs), Peptococcaceae (one OTU), Oscillospiraceae (one OTU), Muribaculaceae (two OTUs),
Monoglobaceae (one OTU), Marinifilaceae (two OTUs), Lachnospiraceac (eight OTUs), Eggerthellaceae (12 OTUs),
Desulfovibrionaceae (two OTUs), Christensenellaceaec (two OTUs), Butyricicoccaceae (one OTU), Bacteroidaceae(two
OTUs), and Anaerovoracaceae (one OTU) (Table S2). Figure 5D presents the microbial compositions at the family level.
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Figure 3 The therapeutic effect of EA treatment on depressive behaviors of PSD rats. (A) Sucrose preference; (B) locomotion counts (n=8 per group, one-way ANOVA for
(A and B). *P<0.01.

Abbreviations: PSD, poststroke depression; EA, electroacupuncture.
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Figure 4 Effects of EA on species diversity and richness in PSD rats. (A=C) Species richness indices (Ace, Chao and Sobs); (D and E) species diversity indices (Shannon and
Simpson). Eight per group, Wilcoxon rank-sum test for (A-E).
Abbreviations: EA, electroacupuncture; PSD, poststroke depression.

Muribaculaceae, Lactobacillaceae, Lachnospiraceae, Peptostreptococcaceae, Oscillospiraceae, Ruminococcaceae,
Clostridiaceae, Bacteroidaceae, and Prevotellaceac were relatively abundant in all groups. We found an increase in
Muribaculaceae, Peptostreptococcaceae, Oscillospiraceae, Ruminococcaceae, and Clostridiaceae and a decrease in
Lactobacillaceae, Lachnospiraceae, and Bacteroidaceae in the PSD group compared to the sham group. Of these, the abundance
of Muribaculaceae, Lactobacillaceae, Lachnospiraceae, Peptostreptococcaceae, Clostridiaceae was reversed by EA.

Effects of EA on Fecal Metabolites in PSD Rats

As shown in Figure 6A, the fecal metabolic phenotypes were significantly different among the three groups (n=8 per group).
Compared with sham, 34 differential fecal metabolites were found in PSD rats, with 13 metabolites increased and 21
metabolites decreased (Table S3, VIP >2, P<0.05). Pathway analysis revealed that ovarian steroidogenesis, steroid-
hormone biosynthesis, biosynthesis of plant hormones, and chemical carcinogenesis were the most significantly enriched
pathways (Figure 6B, P<0.05; Table S5, P<0.05). There were 40 differential fecal metabolites in the EA group compared with
the PSD group, of which 22 metabolites were increased and 18 metabolites were decreased (Table S4, VIP >2, P<0.05). The
most significantly enriched pathway was steroid-hormone biosynthesis (Figure 6C, P<0.05; Table S6, P<0.05).

Correlations Between Gut Microbiota and Fecal Metabolites after EA Treatment

As depicted in Figure 7, correlation analysis was performed to explore the associations between altered gut microbiota
with fecal metabolites after EA treatment. Overall, 98.11% (52 of 53 OTUs) of altered microbial OTUs were significantly
associated with the 40 differential metabolites (7>0.6, P<0.05), mainly belonging to steroid-hormone biosynthesis (three
metabolites), nicotine addiction (two metabolites), synaptic vesicle cycle (two metabolites), Cs-branched dibasic acid
metabolism (two metabolites), arginine biosynthesis (two metabolites), alanine (two metabolites), aspartate and gluta-
mate metabolism (two metabolites), taste transduction (two metabolites), carbapenem biosynthesis (two metabolites),
pathways of neurodegeneration (two metabolites), neuroactive ligand-receptor interaction (two metabolites),
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Figure 5 Effects of EA on microbial composition in PSD rats. (A) PCoA analysis at the OUT level (n=8 per group, Adonis analysis). (B) Microbiota discrimination (PSD vs
sham, n=8 per group, Wilcoxon rank-sum test). (C) Microbiota discrimination (EA vs PSD, n=8 per group, Wilcoxon rank-sum test). (D) Taxonomic composition of gut
microbiota at the family level; (n=8 per group, Bonferroni post hoc analysis). *P<0.05; **P<0.01.
Abbreviations: EA, electroacupuncture; OTU, operational taxonomic unit; PCoA, principal coordinates analysis; PSD, poststroke depression.
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Figure 6 Effects of EA on fecal metabolites in PSD rats. (A) PLS-DA analysis (n=8 per group, principal-component analysis). (B) KEGG enrichment pathways (PSD vs sham,
n=8 per group, Bonferroni post hoc analysis). (C) KEGG enrichment pathways (EA vs PSD, n=8 per group, Bonferroni post hoc analysis).
Abbreviations: EA, electroacupuncture; PLS-DA, partial least squares discriminant analysis; PSD, poststroke depression.

biosynthesis of various secondary metabolites (two metabolites), glycerophospholipid metabolism (two metabolites),
arginine and proline metabolism (two metabolites), and ABC transporters (two metabolites). EA treatment was char-
acterized by significant changes in gut microbiota and fecal metabolites. The alteration of gut microbiota was closely
correlated with the metabolism of PSD rats.

Discussion

A highly diverse community of microorganisms that live in the digestive tracts,>*°

gut microbiota are much more
abundant than somatic and germ-line cells.’® Gut microbiota can control the central nervous system via various
mechanisms, such as changes to neurotrophic factors and neurotransmitters, which regulate metabolite production.
Through the microbiota, the brain and gut can influence each other’s functions via neuroendocrine, sensorineural,
molecular, and neuroimmune pathways. Brain—gut—microbiota cross talk is closely associated with suchneuropsychiatric
disorders as depression, anxiety, bipolar disorder, and schizophrenia.*”*® Gut microbiota can impact brain function and
behavior through the brain—gut-microbiota axis.**** Jiang et al'” revealed that alterations in both gut microbiome and
fecal metabolites were associated with depression after stroke.

Our study compared the gut microbiome and fecal metabonomics among three groups (sham, PSD and EA). The gut
microbial phenotypes of PSD rats were significantly different from sham rats. Furthermore, depressive behaviors of PSD
rats were greatly alleviated by EA treatment, which significantly changed the gut microbial phenotypes of PSD rats.
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Correlation between gut microbiota and fecal metabolites after EA treatment
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Figure 7 Heat map of correlation coefficients of gut microbiota and fecal metabolites (n=8 per group, Spearman correlation analysis). *P<0.05; **P<0.01; ***P<0.001.
Abbreviations: EA, electroacupuncture; OTU, operational taxonomic unit; PCoA, principal coordinates analysis.

Altered gut microbial OTUs after EA treatment were significantly associated with all the metabolites. EA

2941 which is consistent with

alleviated depression-like behaviors by regulating Lactobacillaceaec and Bacteroidaceae,
two previous studies. Crucial metabolic pathways were revealed in further analysis. The results of our study indicate that
EA can regulate the gut microbiome, which is associated with changes in the steroid-hormone biosynthesis pathway. Our
findings are consistent with Jiang et al’s'’ in that the gut microbiome is associated with the development of PSD, the
mechanism of which is related to the regulation of lipid metabolism due to PSD rats being particularly enriched with
steroid biosynthesis.

Of note, the microbial composition of PSD rats revealed decreased species-richness and -diversity indices compared with the
sham group. Gut dysbiosis is characterized as an abnormal alteration in gut microbiome diversity with a decrease in beneficial
microbes, which affects neural and immune homeostasis, resulting in depressive behaviors.**** In our study, compared with
sham, PSD were characterized by Tannerellaceae, Ruminococcaceae, Rikenellaceae, Prevotellaceae, Peptococcaceae,
Oscillospiraceae, =~ Muribaculaceae, = Monoglobaceae, = Lachnospiraceae,  Helicobacteraceae,  Erysipelotrichaceae,
Erysipelatoclostridiaceae, Elusimicrobiaceae, Eggerthellaceae, Deferribacteraceae, Christensenellaceae, Bacteroidaceae,
Anaerovoracaceae, Anaerofustaceae and Actinomycetaceae, six of which were consistent with the results of a previous
study'” where PSD rats showed altered gut microbiome characterized by Lactobacillaceae, Lachnospiraceae,
Erysipelotrichaceae,  Streptococcaceae,  Veillonellaceae, = Ruminococcaceae, = Muribaculaceae,  Enterococcaceae,
Burkholderiaceae, Mycoplasmataceae, Enterobacteriaceae and Eggerthellaceae compared with both sham and stroke group by
LEfSe analysis. Compared with sham rats, we observed an increase in Muribaculaceae, Peptostreptococcaceae, Oscillospiraceae,
Ruminococcaceae, Clostridiaceae and a decrease in Lactobacillaceae, Lachnospiraceae, Bacteroidaceae of PSD rats.

Furthermore, EA treatment reversed the abundances of Muribaculaceae, Lactobacillaceae, Lachnospiraceae,
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Peptostreptococcaceae and Clostridiaceae, suggesting that EA can improve depressive symptoms of PSD by reducing the
abundance of pathogenic microbes and increasing the abundance of beneficial microbes.

In addition, disturbances of fecal metabolomics in PSD were found in our study. Most of the discriminating fecal
metabolites in PSD rats belonged to pathways of ovarian steroidogenesis, steroid-hormone biosynthesis, chemical
carcinogenesis, and biosynthesis of plant hormones. Three of these four enriched pathways pertain to lipid
metabolism, consistent with a previous study that the lipid-related metabolic pathway (steroid biosynthesis) was
the most enriched among 19 pathways revealed in PSD. Cristina et al** reported that metabolic adaptations were
motivated, thus increasing caloric efficiency under a series of stress. Ha et al’s study®* found that the livers of
animals enhanced energy storage under chronic stress, responding to the great demand of lipid metabolism.
Associated with neurological diseases,*’ cholesterol can be converted into steroid-related hormones, including
estrogens, androgens, and glucocorticoids. Virtanen et al*® found that low high—density lipoprotein cholesterol
predicted lower risk of long-term depressive symptoms. Another study?’ revealed that corticosteroids were asso-
ciated with an increased risk of depression. As a result, PSD may be closely related to abnormal lipid metabolism.
We found that EA treatment can regulate steroid-hormone biosynthesis. A previous study*® showed similar results:
acupuncture treatment effectively alleviated depression by altering hepatic lipid metabolism through attenuating the
insensitivity of leptin.

A couple of limitations in this research should be noted. Despite the finding that PSD is associated with gut dysbiosis
and EA can improve gut microbiota imbalance, fecal transplantation experiments could be considered to provide more
evidence for the causal relation. Moreover, we found the most significantly identified metabolic pathway of PSD, which
can be regulated by EA treatment, but the key regulatory targets should be explored in future research.

In conclusion, this study revealed that the gut microbiome and fecal metabolome might play an important role in the
pathogenesis of PSD, which could be associated with the brain—gut axis. Differential gut microbiomes may be related to
the regulation of lipid metabolism. The regulation of the gut microbiome and lipid metabolism could be one of the
potential mechanisms for EA treatment alleviating the depressive behaviors of PSD. Our findings give a fresh perspective
on the mechanisms in EA treatment for PSD.

Data Sharing

The original contributions presented in the study are included in the article/Supplementary Material. Further inquiries can
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