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Abstract 

Background:  Electroacupuncture (EA) is generally accepted as a safe and harmless treatment option for alleviating 
depression. However, there are several challenges related to the use of EA. Although EA has been shown to be effec-
tive in treating depression, the molecular mechanism is unclear.

Objective:  To reveal the therapeutic effect of EA and its possible mechanism in the treatment of depression.

Search strategy:   We performed a systematic search according to PRISMA guidelines. We electronically searched 
PubMed, Web of Science (WOS), the China National Knowledge Infrastructure (CNKI), Wanfang Data Information Site 
and the VIP information database for animal studies in English published from the inception of these databases to 
December 31, 2019.

Inclusion criteria:  Electronic searches of PubMed, WOS, the CNKI, Wanfang and the VIP database were conducted 
using the following search terms: (depression OR depressive disorder OR antidepressive), (rat OR mouse) AND (acu-
puncture OR EA).

Data extraction and analysis:  The data were extracted primarily by one author, and a follow-up review was con-
ducted by the other authors.

Results:  Twenty-eight articles met the inclusion criteria. The most commonly used method for inducing depression 
in animal models was 21 days of chronic unpredictable mild stress. For the depression model, the most commonly 
selected EA frequency was 2 Hz. Among the 28 selected studies, 11 studies observed depression-related behaviors 
and used them as indicators of EA efficacy. The other 17 studies focused on mechanisms and assessed the indexes 
that exhibited abnormalities that were known to result from depression and then returned to a normal range after EA 
treatment. Treatment of depression by EA involves multiple therapeutic mechanisms, including inhibition of HPA axis 
hyperactivity and inflammation, regulation of neuropeptides and neurotransmitters, modulation of the expression 
of particular genes, restoration of hippocampal synaptic plasticity, increased expression of BDNF, and regulation of 
several signaling pathways.

Conclusions:  This review reveals that the mechanisms underlying the effect of acupuncture involve multiple 
pathways and targets, suggesting that acupuncture is a wholistic treatment for people rather than for diseases. Our 
findings also explain why acupuncture can treat various disorders in addition to depression.
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Introduction
Depression is a common disease characterized by emo-
tional dysfunction, and the main symptom is a signifi-
cant and enduring low mood [1]. According to the World 
Health Organization (WHO), by 2020, depression will be 
the 2nd most damaging public health threat worldwide 
[2]. Depression not only affects the nervous system but 
can also induce lesions in multiple systems [3]. Moreover, 
the incidence of depression is increasing, while the cure 
rate is decreasing [4]. The clinical application of West-
ern medicine approaches for the treatment of depres-
sion is limited due to their side effects. Some articles 
have reported the occurrence of adverse effects such as 
sexual dysfunction, gastrointestinal reactions, anxiety 
symptoms, sleepiness and suicidal tendencies follow-
ing the use of Western antidepressants [5–9]. Acupunc-
ture is a complimentary treatment option that involves 
inserting stainless steel needles into the skin at specified 
points called acupoints to physically stimulate the body. 
Traditional Chinese acupuncture treatment has been 
shown to have an effect on nervous system diseases [10, 
11]. Electroacupuncture (EA), which is based on tradi-
tional Chinese medicine acupuncture, uses an electrical 
device connected to a needle to send electrical currents 
to the acupoint and thereby help stimulate it. Because it 
is modifiable, safe and does not pose a risk for addiction, 
EA provides advantages for the treatment of depression 
[10–12]. As a vital therapeutic modality in complemen-
tary and alternative medicine, EA treatment has been 
verified to be safe and efficacious in patients with depres-
sion in previous clinical studies  [13, 14]. Numerous stud-
ies have shown that EA is well tolerated by patients and 
as safe and effective as routine care. EA has displayed 
potent antidepressant-like effects in many clinical studies 
[15]. In an 8-week controlled clinical trial, EA as a ther-
apy for depression appeared to result in greater symp-
tom improvement with respect to anxiety and feelings of 
despair than selective serotonin reuptake inhibitor (SSRI) 
treatment [16]. Another clinical study reported that EA 
and fluoxetine have similar curative effects on depres-
sion. EA has a faster onset of action and higher response 
rate and induces greater improvements than fluoxetine 
[17]. Additionally, Duan et al. reported that EA at GV20 
can modulate abnormal aberrant amygdala networks in 
depressed patients, providing further imaging evidence 
to support the modulatory mechanisms of EA in depres-
sion [14].

Although EA has been confirmed to alter psychologi-
cal function, the mechanism of EA in depression has not 
yet been clarified. Considering the important effects of 
EA intervention on emotional systems and its implica-
tion in depression, the present study focuses on studies 
that use EA to treat depression in animals. The available 

literature on the mechanism of EA therapy in depression 
in animals in recent years is reviewed. Our goal is to bet-
ter illuminate the therapeutic effect of EA treatment and 
its possible mechanism in the treatment of depression.

Methods
Search strategies
We searched the PubMed, Web of Science (WOS), the 
China National Knowledge Infrastructure (CNKI), Wan-
fang Data Information Site and the VIP information data-
base using the terms depression OR depressive disorder 
OR antidepressive AND rat OR mouse AND acupunc-
ture OR EA. Our search was limited to animal research 
published in English from the inception of these data-
bases to December 31, 2019.

We selected articles that described studies of the effects 
of EA on depression in animal models. Clinical stud-
ies of depression were excluded, as were review articles 
based on the literature and studies of animal models of 
other types of mental illness, such as anxiety, neurosis 
and schizophrenia. We also excluded studies that did 
not focus on rat or mouse models and that did not use 
an EA-related treatment approach. The full texts of the 
articles meeting the inclusion criteria were obtained and 
read carefully.

Data extraction
The study design data were extracted and classified using 
a predefined data extraction form that determined the 
animal used (sex, species, and strain), depression ani-
mal model type (type of stress), type of intervention (the 
acupoints used and method of stimulation) and outcome 
measures (depression-related behavioral tests, appear-
ance characteristics, electrophysiological indicators, his-
tologic examination and biochemical measurements). 
The data were extracted primarily by one author, and a 
follow-up review was conducted by the other authors.

Results
We retrieved 1163 articles and read the titles and 
abstracts. There were 969 Chinese articles and 194 Eng-
lish articles. Of these 194 English articles, 138 articles 
were replication studies, and 5 articles were reviews or 
meta-analyses of the literature. Nineteen articles were 
irrelevant to our research: (1) The main focus was not a 
depression-related disease; (2) The animal model was not 
a model of depression; or (3) The outcomes indicators 
were not related to depression. The remaining 32 articles 
were reviewed, and 4 were excluded because they did not 
use EA therapy (only traditional acupuncture). Therefore, 
the remaining 28 articles were included in the review 
(Fig. 1).
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According to the data analysis, most animal experi-
ments utilized the GV29/EX-HN3 (Yintang) and GV20/
DU20 (Baihui) acupoints to treat depression. The anode 
was inserted into GV29, and the cathode was inserted 
into GV20. It can be inferred that GV20 and GV29 are 
considered the best acupoint modules for depression. 
In most studies, the EA frequency was held constant at 
2 Hz, but the pulse width and intensity and needle reten-
tion time varied according to the specific design of each 
experiment.

We analyzed the animal models of depression used in 
the 28 studies (Table 1). Of these studies, 3 used Wistar 
Kyoto (WKY) rats as a well-studied model of depres-
sion, 2 used the chronic mild stress (CMS)-induced 
depression rat model and 15 used the chronic unpredict-
able mild stress (CUMS)-induced depression rat model. 
The remaining 4 articles used a chronic restraint stress 
(CRS)-induced depression rat model, a pain-depression 
rat model, a poststroke depression (PSD) rat model and 
a model of depression induced by injection of 6-hydroxy-
dopamine into the right medial forebrain bundle (MFB). 
In short, the most commonly used depression models 
were the CUMS model and WKY rats. During the CUMS 
procedure, animals are exposed to a variable sequence of 
mild unpredictable chronic restraint stress, preventing 

habituation. Rats are randomly exposed to one of the 
following stressors: food and water deprivation, cage tilt 
and rotation, lights on/off, cold stress, swimming stress 
and crowding or isolation [18]. The WKY rat strain has 
been characterized as a genetic model of depression. 
WKY rats show various depressive symptoms that mimic 
those observed in humans, such as exaggerated immobil-
ity in the FS and low social activity [19]. This strain also 
shows resistance to the antidepressant effects of selective 
serotonin reuptake inhibitors, suggesting that it may pro-
vide insight into the mechanisms that confer resistance 
to antidepressant treatment.

All 28 studies investigated the effects of EA on depres-
sion (Table  2). Of these studies, 11 assessed the effect 
of EA on depression-related behavior, including per-
formance in the forced swim test (FST), open-field test 
(OFT), Morris water maze (MWM) test, and sucrose 
preference test (SPT), and body weight [20, 21, 23, 24, 
27, 29, 34, 42–45]. Four other studies assessed changes 
in neuropeptides and neurotransmitters, including the 
protein and mRNA expression of galanin (Gal) and 
tryptophan hydroxylase (TPH), and serotonin (5-HT) 
levels [21, 25, 30, 45]. Three additional studies assessed 
changes in hippocampal synaptic plasticity [21, 22, 35]. 
Moreover, 2 studies assessed changes in proinflammatory 

Fig. 1  Flow diagram of the study selection process
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cytokine levels [26, 40], and 2 studies assessed changes 
in the hypothalamic-pituitary-adrenal (HPA) axis [26, 
40]. Three other studies assessed changes in BDNF levels 
[27, 36, 46], while 6 studies evaluated the effects of EA on 
signaling pathways, including the AC-cAMP-PKA, Shh, 
extracellular regulated protein kinase (ERK), and mito-
gen-activated protein kinase (MAPK) signaling pathways, 
and dopaminergic synapses [28, 31, 32, 39, 41, 45]. The 
final 2 studies investigated changes in the expression of 
multiple genes after EA therapy in depressed rats [37, 47].

Finally, we summarized the mechanism of EA in the 
treatment of depression (Fig.  2). There were 4 dimen-
sions (synaptic plasticity dysfunction, the HPA axis, 
inflammation and gene expression) that required 
detailed analysis. One of the factors that causes depres-
sion is the hyperactivity of the HPA axis. EA can reduce 
corticotropin-releasing hormone (CRH) mRNA expres-
sion in the hypothalamus and the expression of CRH 
and adrenocorticotropic hormone (ACTH) in the hypo-
thalamus and pituitary gland, thereby reducing corti-
sol expression in the adrenal glands and inhibiting the 
HPA axis. Monoamine neurotransmitters (serotonin, 
dopamine and noradrenaline) play an important role in 
depression and normal mood development [48]. EA can 
restore synaptic plasticity by regulating the expression 
of monoamine neurotransmitters in the hippocampus 
and then alleviate depression symptoms. Specifically, 
it can induce bidirectional regulation of the expression 
of serotonin transporters (5-HTTs) and serotonin-1A 

(5-HT1A), increase the expression of Gal and TPH in the 
hippocampus and restore synaptic plasticity. EA acts on 
3 main signaling pathways to exert its effects in depres-
sion. First, it can downregulate the expression of cyclic 
adenosine monophosphate (cAMP) and protein kinase 
A (PKA) to affect the AC-cAMP-PKA signaling pathway. 
Second, EA can regulate the Ptch1-Shh-Smo pathway by 
downregulating the expression of the inflammatory fac-
tors IL-6, TGF-α, TGF-β and IL-1β. Finally, it upregu-
lates the expression of protein kinase c (Prkc) and ERK 
to affect the MAPK pathway. EA also modulates depres-
sion by regulating the expression of some genes (Vgf, 
Igf2, Tmp32, Loc500373, Hif1a, Folr1, Ucp3, Cplx3, Dbp, 
and Cdh12). Generally, in rat models of depression, EA 
can inhibit excessive excitement of the HPA axis, reduce 
inflammatory cytokine levels, improve the expression of 
brain-derived neurotrophic factor (BDNF), restore hip-
pocampal synaptic plasticity, induce bidirectional regula-
tion of neuropeptides and neurotransmitters, and induce 
signal transduction pathways and genome expression to 
exert a beneficial effect in the treatment of depression.

Discussion
To date, most animal studies on the therapeutic effect of 
EA on depression have been conducted in China. In most 
of these studies, the effect of EA on animal body weight 
was observed, and then a series of behavioral tests were 
carried to measure emotional and physical function. The 
FST is a common test of behavioral despair that is widely 

Table 1  Models of depression

WKY Wistar Kyoto, CUMS chronic unpredictable mild stress, CRS chronic restraint stress,6-OHDA 6-hydroxydopamine, PSD poststroke depression, MS maternal 
separation, SPF specified pathogen free, CL clean animal

Animal Model type Modeling time Microbiology level Sex Strain References

Rat WKY - SPF Male Wistar [20–22]

CUMS 56 days
28 days

SPF
SPF

Male
Male

Sprague–Dawley
Wistar
Wistar

[23]
[24]
[25]

CUS 70 days
49 days
28 days

SPF
SPF
SPF

Male
Male
Male

Sprague–Dawley
Sprague–Dawley
Sprague–Dawley

[26]
[27]
[28]

CUMS 21 days SPF
CL

Male
Male

Sprague–Dawley
Wistar
Sprague–Dawley

[29–33]
[34–37]
[38]

CUMS 14 days SPF Male Sprague–Dawley [39]

CRS 21 days
28 days

SPF
SPF

Male
Male

Sprague–Dawley
Sprague–Dawley

[40]
[41]

CMS 28 days
77 days

SPF
SPF

Male
Male

Sprague–Dawley
Sprague–Dawley

[42]
[43]

Pain-depression dyad 3 days SPF Male Sprague–Dawley [44]

PSD 3 days SPF Male Sprague–Dawley [45]

6-OHDA-lesioned - SPF Male Sprague–Dawley [46]

MS 21 days SPF Male Wistar [47]
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used to evaluate antidepressant-like effects in rodents 
[49]. The OFT is a commonly used test to qualitative and 
quantitatively measure the general locomotor activity and 
willingness to explore of rodents. This test is designed to 
measure anxiety and depression as well as behaviors such 
as locomotor activity and exploration [20]. The MWM 
test is used to evaluate spatial learning and memory [22]. 
The sucrose intake test is a behavioral task used to assess 
the degree of anhedonia in rats [39]. Furthermore, the 
mechanism of EA treatment in depression was further 
explored. In depression, EA exerts effects on neuropep-
tides and neurotransmitters; proinflammatory cytokines; 
serum copper, zinc, calcium and magnesium levels; the 
HPA axis; BDNF; signaling pathways; the genome; and 
hippocampal synaptic plasticity.

Most of the experiments used the GV29 (Yintang)/
EX-HN3 (Yintang) and GV20 (Baihui) acupoints for EA 
treatment. Notably, a total of 19 studies used 2-Hz EA, 
and 5 studies used 100-Hz EA. There is evidence showing 
that 2- and 100-Hz stimulation may provide therapeutic 
effects through different mechanisms. The effect of 2-Hz 

EA is mostly related to the neuropeptide system, includ-
ing corticotropin releasing factor, somatostatin, galanin, 
etc. [30, 38]. The function of 100-Hz EA may be related 
to the neurotrophic factor system, especially BDNF [36, 
46]. In addition, it should be noted that the efficacy of EA 
at 2-100 Hz depends on the disease [50]. Wu et al. found 
that EA had analgesic effects at 2 Hz, 15 Hz and 100 Hz 
but that only 100-Hz EA significantly relieved depressive 
behavior [44]. Yang et al. compared the effects of 100-Hz 
(high-frequency) EA and 2-Hz (low-frequency) EA on 
depression [27]. They found that 2-Hz EA combined with 
low-dose citalopram significantly improved performance 
in the sucrose preference test and FST. Therefore, we 
speculate that when EA is selected as a single treatment, 
100-Hz EA is more effective than 2-Hz EA in relieving 
negative symptoms. However, 2 Hz EA may be more suit-
able for combination therapy with low-dose antidepres-
sants and may produce a greater antidepressant effect 
than single treatment.

The results of behavioral tests showed that the immo-
bility time in the FST was significantly decreased and the 

Fig. 2  Mechanisms of EA for depression
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distance of horizontal/vertical movements and number 
of entries into the center area in the OFT and the num-
ber of platform crossings and the surrounding area in the 
MWM were significantly increased in animals subjected 
to EA [20, 23, 24, 27, 29, 34, 34, 44]. In addition, other 
experiments revealed that EA treatment improved the 
body weight and sucrose preference index of depressed 
rats [24, 27, 34]. Of note, some studies have also pointed 
out that the combination of EA and a low dose of an 
antidepressant (citalopram/chloroimipramine) can pro-
duce greater therapeutic effects than either treatment 
alone [34, 42, 43]. Moreover, another study indicated 
that 100  Hz and the ST36 (Zusanli) SP6 (Sanyinjiao) 
acupoints may be the optimal parameters for improving 
physical pain and attenuating depressive-like behavior 
[44]. Importantly, EA at the auricular concha region (EA-
ACR) has been shown to decrease the depressed rats’ 
mean heart rate and mean blood pressure [29]. Moreover, 
Zhou et  al. [33] indicated that EA can regulate copper 
and zinc levels in depressed rats, exerting a potentially 
similar antidepressant effect as maprotiline.

Increasing evidence shows that the biological mecha-
nism of depression involves synaptic plasticity, especially 
in the prefrontal cortex and hippocampus [51]. Accord-
ing to relevant research, the 5-HT system plays an impor-
tant role in the treatment of depression [52]. Duan et al. 
[25] postulated that the antidepressant efficacy of EA 
treatment is achieved by enhancement of 5-HT synthe-
sis, upregulation of 5-HT1A levels, and increasing 5-HT 
content in the brain and synaptic gaps. Additionally, Han 
et  al. indicated that EA may alleviate depression-like 
behaviors and reverse the impairment in cornu ammonis 
1 (CA1) synaptic plasticity in the hippocampus by down-
regulating the expression of 5-HTT and 5-HT1A recep-
tors in depressed rats [21]. This research illustrates that 
EA can restore hippocampal synaptic plasticity by regu-
lating 5-HT receptor levels. Hippocampal synaptic plas-
ticity is responsible for learning and memory. Persistent 
changes in synaptic efficacy, long-term potentiation (LTP) 
and depression are considered cellular substrates under-
lying learning and memory processes [53]. She et al. [22] 
reported that tetanic stimulation failed to induce LTP 
and that the expression of NMDA receptor 2B (GluN2B) 
protein was significantly decreased in depressed rats, 
while EA reversed the impairment of LTP and restored 
GluN2B protein expression to normal levels. These data 
indicate that EA can enhance the expression of GluN2B 
to promote LTP and alleviate depression-like behavior. 
Zhang et al. observed a significant loss of PSD and dam-
age to the mitochondrial ultrastructure and pyramidal 
cell layer in the hippocampus in CUMS rats. After EA 
intervention, the hippocampal pyramidal cell layer was 
restored, PSD increased and mitochondria were repaired 

[35]. These findings suggest that EA enhances antide-
pressant effects in depressed rats by protecting synaptic 
and mitochondrial functions in the hippocampus. These 
findings also indicate that the mechanism of SSRIs might 
involve alterations in hippocampal synaptic plasticity.

Moreover, mounting evidence suggests that proinflam-
matory cytokines play an important role in neurogenesis 
and neuroprotection. Chronic neuroinflammation due 
to the release of proinflammatory cytokines contributes 
to depression [54]. Psychological and physical stressors 
can activate immune and inflammatory processes, con-
tributing to depressive symptoms [55]. Proinflammatory 
cytokines and some components of the inflammasome in 
the hippocampus have been implicated in the pathophys-
iology of depression [56, 57]. Guo et al. [40] reported that 
EA can downregulate the levels of interleukin-6 (IL-6) 
and IL-1beta in the hippocampi of depressed rats, dem-
onstrating that the proinflammatory cytokines IL-1beta, 
IL-6, and TGF-beta mediate the onset of depressive 
symptoms and further suggesting that EA can poten-
tially alleviate depression through a mechanism involving 
immunological modulation. Yue et al. [26] indicated that 
EA treatment can significantly decrease neuroinflam-
mation in the hippocampi of depressed rats, such as by 
decreasing the expression of NLRP3 inflammasome com-
ponents (ASC and caspase-1) and activating microglia 
and ATP-gated transmembrane (P2 × 7) receptor, Iba-1, 
IL-18, IL-1β, TNFα and IL-6 expression. The research-
ers speculated that EA can reverse depression-induced 
IL-1β-related microglial activation, which may be medi-
ated by P2 × 7-NLRP3 inflammatory signaling.

The HPA axis is a core neuroendocrine signaling sys-
tem involved in physiological homeostasis and the stress 
response. The HPA axis has been implicated as one of 
the key factors in the pathogenesis of depression. Conse-
quently, HPA axis dysregulation is generally regarded as 
the diagnostic criterion in the early stages of depression 
[58]. Chen et al. [38] reported that EA markedly reduced 
serum corticosterone (CORT) and ACTH levels. In addi-
tion, Le et al. [34] reported that EA treatment decreased 
hypothalamic CRH mRNA expression as well as ACTH 
and CORT levels in the plasma. Many researchers 
regard neuropeptide systems (corticotropin-releasing 
factor, neuropeptide Y, galanin, vasopressin, substance 
p, somatostatin, etc.) as modulators of the behavioral 
states observed in mood disorders such as depression 
[59]. Based on this theory, Mo et al. [30] found that EA 
treatment upregulated the levels of hippocampal gala-
nin in depressed rats to produce potential antidepressant 
effects. These data show that EA treatment can inhibit 
HPA axis hyperactivity, a potentially key mechanism in 
the etiology of antidepression. Consistent with this con-
clusion, a recent study revealed that ACTH and CORT 
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levels in the plasma were higher in a rat model of mater-
nal separation-induced depression than in healthy ani-
mals and that EA treatment reversed the increase in the 
concentration of ACTH and CORT in rats with maternal 
separation-induced depression [47].

As the most widely studied brain neurotrophin, BDNF 
promotes synaptic plasticity and neuronal growth and 
has been proposed as a biological marker of brain neu-
roplasticity; BDNF plays a key role in memory and cog-
nition [60]. Some reports suggest that conventional 
antidepressants mediate antidepressant-like efficacy by 
upregulating BDNF expression in specific regions. Meta-
analyses have shown that BDNF concentrations are lower 
in patients with depression than in healthy controls and 
that levels increase with successful antidepressant treat-
ment [61]. In conclusion, BDNF is an essential deter-
minant of antidepressant efficacy [62]. Consistent with 
the above theory, experiments have shown that EA can 
increase the expression of BDNF in the sera and hip-
pocampi of depressed rats [27, 36]. Furthermore, related 
investigations have revealed that EA might modulate the 
BDNF-TrkB (tropomyosin-related kinase receptor B) 
interaction in the mesolimbic dopaminergic pathway to 
alleviate depressive-like symptoms [46]. All these data 
show that EA can prevent depression-induced decreases 
in BDNF signaling.

There is strong evidence that chronic stress leads 
to abnormal expression of stress-induced genes and 
that abnormal gene expression in turn worsens psy-
chological disorders, resulting in a vicious cycle that 
affects the treatment of depression [63–67]. A previous 
study revealed multiple gene imbalances in the brains of 
depressive patients and speculated that polygenic dis-
orders in the brain are a pathological factor of depres-
sion [68]. The use of rat genomic gene chip technology 
to evaluate the mechanism of EA could illuminate the 
multichannel, multitargeted and integrated regulatory 
effects of EA [69]. Duan et  al. [37] profiled hippocam-
pal gene expression changes in rats after EA therapy 
using gene chips and found that in the depression model 
group, the expression of genes related to inflammation/
immunity and oxidative stress was increased, while the 
expression of genes related to transcription/translation, 
neurotransmission/signal transduction, metabolism, 
enzymatic reactions, metabolism and protein biosynthe-
sis was decreased. These changes resulted in hippocam-
pal structural and functional damage followed by the 
onset of depression symptoms. However, after EA treat-
ment, the expression of these genes tended to return to 
normal. This study examined 8 genes (Vgf, Igf2, Tmp32, 
Loc500373, Hif1a, Folr1, Nmb, and Rtn) by RT-PCR, and 
the results indicated that EA modulated depression by 
regulating the expression of these particular genes. The 

researchers used microarray analysis and RNA sequenc-
ing and found that EA can alter mRNA and miRNA 
expression in depression rat models [27, 37]. Zheng et al. 
[47] used genome-wide RNA sequencing to explore the 
altered gene sets involved in circadian rhythm and neu-
rotransmitter transporter activity in depressed rats and 
found that the expression of these gene sets tended to be 
reversed after EA treatment. The researchers found that 
downregulation of the expression of protective genes 
(Ucp3, Cplx3, Dbp and Cdh12) was reversed by EA treat-
ment. Conversely, upregulation of the expression of dam-
aging genes (LOC102555-167, LOC10-2555866, Npepo 
and Syt6) was reversed by EA treatment. These 2 studies 
suggest that EA ameliorates depression-related manifes-
tations by regulating the expression of multiple genes.

 The influence of EA on signaling pathways can be 
effectively studied on the basis of the modern theory of 
cell signaling. This theory also provides new ideas for 
clinical treatment from the molecular perspective. Most 
studies on the effect of EA on depression have focused 
on individual indicators of the chronic stress-related 
HPA axis, inflammation, serotoninergic system or dopa-
minergic system. Few studies have assessed the overall 
regulatory effect of EA on depression. Pathway analysis 
could reveal the most important biochemical metabolic 
pathways and signal transduction pathways associated 
with differentially expressed proteins. To determine 
the mechanism of EA in depression, 6 studies assessed 
the levels of signaling pathway-related factors that were 
imbalanced during depression and were subsequently 
normalized after EA treatment. Cai et al. [45] found that 
EA effectively resisted the effects of oxidation by reduc-
ing malondialdehyde (MDA) levels and increasing glu-
tathione (GSH) levels in PSD rats. EA also reduced the 
levels of inflammatory cytokines, including IL6, TNFα, 
and IL1β. Furthermore, the upregulation of 5-HT levels 
verified that EA had an antidepressant effect. Moreo-
ver, the significant upregulation of Shh, Gli1, Smo, and 
Ptch1 expression in the EA group suggested that EA 
activated the hippocampal Shh signaling pathway. This 
study suggests that EA can effectively relieve depressive-
like behaviors by suppressing inflammation and oxidative 
stress via activation of the hippocampal Shh signaling 
pathway. Liu et  al. [31] reported that EA reversed the 
decrease in the cAMP level as well as the change in the 
ratio of adenylyl cyclase (AC) to PKA in depression 
model rats as effectively as fluoxetine. The results showed 
that the AC-cAMP-PKA postreceptor signal transduc-
tion pathway might be crucial for the ability of EA to 
alleviate depression symptoms. Additionally, EA greatly 
increased the number of phosphorylated extracellular 
signal-regulated kinase (p-ERK)/Nestin double-posi-
tive cells, the p-ERK level, the p-ERK1/2 ratio, the ratio 



Page 12 of 17Han et al. Chin Med           (2021) 16:10 

of p-ERK1/2 to ERK levels, the p-p38 level, the ratio of 
p-p38 to p38 levels, and ERK phosphorylation. The above 
experiment demonstrates that EA attenuates depression-
like behaviors induced by stress in rats, in part by activat-
ing the ERK signaling pathway [28, 32, 39]. Yang et al. [41] 
reported that microtubule-associated proteins (Mapt) 
and Prkc are important for the MAPK signaling path-
way. EA downregulated the expression levels of Prkc and 
upregulated the expression levels of Mapt in depressed 
rats. These findings indicate that EA can alleviate depres-
sion through modulating the MAPK signaling pathway. 
Dopamine transporter (DAT) and tyrosine hydroxylase 
(Th) are involved in dopaminergic transmission. Nota-
bly, western blot analysis showed that the expression of 
Th was tended to decrease and that the expression of 
DAT tended to increase in the depressed rats, although 
the differences were not significant; these changes were 
reversed by EA intervention. The researchers speculated 
that EA might increase Th expression and decrease DAT 
expression to induce the release of DA into the synaptic 
cleft, resulting in the activation of the reward system and 
gave positive reinforcement for antidepressant therapy.

The behavioral changes induced by acupuncture treat-
ment in depressed animals have been evaluated by 
meta-analyses and systematic reviews [70]. This article 
provides an update on the literature (through December 
2019), adds the findings of research from recent years, 
and provides a comprehensive systematic review of the 
mechanism of EA in depression (as assessed by behavio-
ral tests, molecular biology experiments, genomic analy-
sis, etc.). Based on the strong evidence discussed in this 
review, we believe that EA exerts its antidepressant effect 
by regulating a variety of neurotransmitters to promote 
cholinergic nerve transmission, activate catecholamine 
and 5-hydroxytryptaminergic synaptic transmission, 
reshape neural synapses, simultaneously regulate a vari-
ety of neuropeptides (approximately 20–30) to activate 
the AC-cAMP-PKA cascade within the central nerv-
ous system, further enhance neurotrophic protein signal 
transduction, inhibit oxidative stress, inhibit the inflam-
matory response, and thus regulate the overall emotional 
state [71, 72]. We expect that this review will provide 
useful prospective theoretical bases for clinical acupunc-
ture treatment. The study has some limitations. First, the 
mechanisms of rapid and chronic antidepressants might 
be different. Relevant clinical trials have reported that the 
efficacy, response rates and onset times of EA and antide-
pressants are different [17]. It can be inferred that there 
are differences in the mechanisms of EA and antidepres-
sants. We believe that a possible mechanism underlying 
the rapid action of EA is stimulation of the brain through 
promotion of synaptic function or neuronal activity in 
the brain. There have been few studies on the effects of 

EA on depression, and most basic experiments have 
only compared the therapeutic effects of EA and antide-
pressants. Therefore, this article mostly focused on the 
mechanism of EA in the treatment of depression. How-
ever, with the increasing acceptance of EA, research on 
the different mechanisms of EA and antidepressants in 
depression will be very valuable. Future research should 
not only focus on the therapeutic effect of EA in depres-
sion but also the mechanistic differences between EA and 
antidepressants.

Prospects for the use of EA of depression
Depression is a complex mental disorder that involves 
various brain nuclei, multiregional neuronal associations 
and diverse transmitters. However, the precise pathogen-
esis of depression is still unknown, and studies attempt-
ing to elucidate the mechanism of EA treatment for 
depression are still insufficient.

P11 and the LHb
The habenula is involved in multiple processes that are 
affected in major depressive syndrome, such as reward 
processing, cognition, stress adaptation, sleep and circa-
dian rhythm regulation and biological rhythms [73–75]. 
Studies suggest that the habenula plays a major role in the 
long-term modification of monoamine transmission and 
behavioral responses to stress and that dysfunction of the 
lateral habenula (LHb) is associated with psychiatric dis-
orders, including major depression [76]. Based on these 
experiments [77–79], we can speculate that the LHb 
interacts with the 5-HT system, modulates N-methyl-
D-aspartic acid (NMDA) and aminomethyl phosphonic 
acid (AMPA) receptors, and has a bidirectional con-
nection with the HPA axis to regulate the stress-related 
adaptive response to depression. Thus, the LHb is a 
potential target for EA intervention in depression. We 
hope that future studies will elucidate the mechanism of 
EA in depression, specifically in relation to the habenula.

Furthermore, studies have revealed that p11 levels in 
the LHb are decreased in depressed suicide patients [80]. 
P11 (S100A10) is a multifunctional protein that interacts 
with serotonin receptors; therefore, p11 in the LHb is an 
important molecular determinant regulating depression. 
Chronic stress precipitates increased neuronal activity 
in the LHb, leading to a decrease in dopaminergic and 
serotonergic neurotransmission and inducing depressive 
symptomatology, all of which are inhibited in the pres-
ence p11 [77]. The LHb is a brain region that is crucial for 
regulation and resilience in depressed patients, but the 
molecular determinants responsible for the key role of 
the LHb in depression remain elusive. Therefore, future 
research could focus on the effect of EA intervention on 
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p11 in the LHb, which may help elucidate the molecular 
and cellular basis of depression.

The CA1, CA2, CA3, DG regions
Many 5-HT receptors are associated with depression and 
vary across brain regions [21]. In one study, qRT-PCR was 
used to evaluate the expression of 5-HT receptors and 
P11 protein in the prefrontal cortex, hippocampus, amyg-
dala and raphe nucleus in depressed suicidal patients. 
According to this study, differences in 5-HT1A, 5-HT1B 
and p11 mRNA expression between the frontopolar cor-
tex and hippocampus were relatively widespread and 
were dependent on sex [80]. The hippocampus, as an 
important brain region in the limbic system, plays a key 
role in cognitive function and emotional regulation. The 
hippocampus is composed of the hippocampal gyrus and 
dentate gyrus (DG). The hippocampal gyrus includes 
the CA1-CA4 regions, which are mainly composed of 
pyramidal neurons. The DG region is mainly composed 
of granule neurons. Clinical studies have reported that 
the volume of the CA1-CA3 and DG regions in the hip-
pocampi is smaller in depressed patients than in the 
unaffected population [81]. A high level of spontaneous 
apoptosis in the CA1 and DG regions has been found 
in patients with major depression [82]. In addition, the 
number of new neurons and the volume of the granu-
lar cell layer in the DG region in depression model rats 
are significantly reduced, as is the number of neurons 
in the CA3 region   [83]. Researchers have reported that 
the antidepressant effects of fluoxetine are mediated by 
increased neurogenesis in the adult DG region [84]. The 
DG region is an important brain region for the regen-
eration of new neurons. At present, the absence of new 
neurons is considered one of the key factors in the patho-
genesis and treatment of depression [85, 86]. It has been 
confirmed that changes in hippocampal structure and 
function are related to depression. However, the specific 
part of the hippocampus that is associated with depres-
sion remains unclear. In recent years, a large amount of 
research has focused on the CA1 region, while the CA2, 
CA3 and DG regions have been less studied. Therefore, 
we suggest that future studies on acupuncture-based 
treatment of depression should explore in detail the spe-
cific functions of hippocampal brain regions (including 
the CA1–CA4 and DG regions).

Gut‐brain axis
Based on the pathogenesis of depression, depression is 
not only a brain disorder but is also closely related to the 
function of various parts of the body, especially the endo-
crine system and immune system  [87]. Modern lifestyles 
have become the basis of immune system dysfunction, 
and disorders of gut microbiome composition can lead 

to depression [88]. In recent years, studies have revealed 
a strong bidirectional relationship between the gut and 
brain. Changes to the gut microflora strongly affect psy-
chological function. The levels of lactobacilli, bifidobacte-
ria, Firmicutes, Faecalibacterium and Ruminococcus are 
decreased in depressed patients compared with healthy 
individuals, while the levels of Protobacteria, Bacteroides, 
and Proteobacteria are increased [89, 90]. This suggests 
that the microbiomes of depressed patients exhibit low-
diversity dysbiosis. To test whether depressed patients 
have a specific gut microbiota composition and to deter-
mine the impact of such a microbiotic composition, the 
feces (depressed microbiota) of depressed patients were 
transplanted into germ-free mice. The experimental ani-
mals were found to have depressive symptoms, and it was 
speculated that gut microbiota dysbiosis might be one 
underlying factor of depression   [91]. According to tra-
ditional Chinese medicine, acupuncture can regulate the 
whole body, even when the treatment is applied to the 
head. Acupuncture can bidirectionally regulate the brain 
and gut, which is consistent with the modern concept of 
the gut-brain axis. Therefore, further studies should focus 
on the impact of EA intervention on the gut microbiota 
in depression model rats and explore whether the bidi-
rectional regulatory effect of EA on the gut-brain axis can 
be harnessed to alleviate depression.

Neural network activity
Some large-scale brain networks, including default 
mode networks, frontal parietal and dorsal atten-
tion networks, and salience networks, are considered 
potential neural substrates of depression [92, 93]. A 
study on depressed patients with anxiety revealed 
increased resting-state activity in the anterior insula, 
and these results suggest that alterations in cortico-
limbic networks may play a critical role in the patho-
genesis of depression [94]. Another study revealed that 
an increase in intrinsic neural oscillations in the right 
bilateral dorsolateral prefrontal cortex in the resting 
state is a characteristic change in the depressive state 
and merits further investigation as a potential imaging 
marker for depression [95]. Additionally, clinical stud-
ies have reported that EA has a faster onset of action 
than other treatments in depression and can modulate 
abnormal aberrant amygdala networks in depressed 
patients [14, 17]. Transcutaneous auricular vagus nerve 
stimulation can significantly increase amygdala-dorso-
lateral prefrontal cortex connectivity, which is associ-
ated with the degree of depression [96]. These results 
suggest that the antidepressant effect of EA might be 
related to the inhibition of abnormal discharges from 
the LHb and the regulation of the reward system. 
These studies indicate that the regulatory effect of EA 
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on the limbic-paralimbic-neocortical network is also 
an important mechanism for the treatment of depres-
sion [97]. With the advancement of functional mag-
netic resonance imaging (fMRI), further research on 
the regulatory effect of EA on neural network activity 
in depression may provide important information.

Conclusions
Research on the therapeutic effect of EA in depres-
sion has progressed considerably in recent years. It 
has been established that EA treatment involves mul-
tiple therapeutic mechanisms, including inhibition 
of HPA axis hyperactivity, increased expression of 
BDNF, regulation of neuropeptides and neurotrans-
mitters, promotion of signaling pathways, modula-
tion of the expression of particular genes, reductions 
in proinflammatory cytokine levels and restoration of 
hippocampal synaptic plasticity. However, a compre-
hensive theory of the mechanism by which EA can 
treat depression has not yet been proposed. Therefore, 
it is imperative that future researchers work to iden-
tify innovative scientific principles to explain the effec-
tiveness of EA in depression. Depression is related not 
only to the brain but also to the overall function of the 
human body. Previous studies have not identified the 
specific brain regions involved in depression or the 
relationship between these regions and the response of 
the body. We suggest that EA may exert a therapeutic 
effect in depression by acting as a trigger for network 
regulation in the brain. This implies that the regula-
tory function of EA is holistic in nature. Additional 
research on the mechanism of EA in depression could 
focus on the characteristics of EA from a multiangle 
and multitarget perspective. We await further results 
to present useful prospective theoretical bases for clin-
ical acupuncture treatment.
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