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Abstract. Depression is a mental disorder caused by multiple factors, character-
ized by changes in behavior, cognition and emotion. This disease not only se-
verely affects the daily life of the affected people, but also interferes with their
families and the whole society. In recent five years, through the research on acu-
puncture intervention in depression model rats, it was found that acupuncture in-
tervention can effectively improve the behavioral indicators and symptoms of
depression model rats. Therefore, many researchers began to study the mecha-
nism of acupuncture intervention in depression. This paper reviews the research
progress of acupuncture intervention in depression model rats. Taken together,
by sorting out and summarizing, this paper has organized the research on the
research progress of acupuncture intervention in depression model rats in the past
five years (), and found that acupuncture is an important alternative treatment for
depression. The possible mechanisms of acupuncture’s antidepressant effects
mainly include neurotransmitters, neural cell signal transduction pathways, neu-
rons, gene expression, neuroendocrine and its metabolites, and neuroimmunity,
which also provides a glimpse into the clinical treatment of depression.
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1 Introduction

Depression (MDD), also known as depressive disorder, is a common mental mental
disease. Its clinical features include behavior, cognition and emotion [1]. Patients often
show low mood, loss of interest, guilt or inferiority, insomnia or loss of appetite, fatigue
or poor concentration [2]. Depression has become an important public health problem.
According to the statistics of the World Health Organization (WHO), about 340 million
people worldwide suffer from depression, and the cumulative suicide rate is 26.3%. By
2017, the Global Burden of Disease study identified depression as the third leading
cause of disability [3]. The traditional treatment of depression includes antidepressant
drugs and psychotherapy. Long-term use of antidepressants often leads to many side
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effects, such as sexual dysfunction, metabolic syndrome [4], and even suicide tendency
in severe cases. Furthermore, the effect of psychotherapy is to some extent unsustaina-
ble. Therefore, it is necessary to seek a lasting green therapy of non-drug treatment.
Acupuncture is considered an alternative treatment for depression. Research [5-7]
shows that acupuncture can improve the behavioral indicators of depression model rats,
such as increasing the activity time in the Open Field Test (OFT) and increasing the
sucrose preference of the Sucrose Preference Test (SPT), but its effects need to be fur-
ther elaborated. Therefore, in the past five years, many scholars have explored its mech-
anism, mainly including neurotransmitters, signal transduction pathways of neural
cells, neurons, gene expression, neuroendocrine and its metabolites, and neuroimmun-

ity.

2 Research Overview

2.1  Regulating effect of acupuncture on neurotransmitters

In recent years, an increasing number of researchers have focused on the pathogenesis
of depression, with the “biological mechanism hypothesis” being the most popular.
Based on the theoretical basis of neurotransmitter mechanism, the “biological mecha-
nism hypothesis” considers that the course and prognosis of depression are related to
low levels of 5-hydroxytryptophan (5-HT) and norepinephrine (NE) in the brain, and
therefore, the deficiency and systemic imbalance of various neurotransmitters such as
5-hydroxytryptophan and NE are the neurobiological basis of depression[8].

Sun et al. [9] established a model of post-stroke depression rats and applied the
“Tongxiang Tiao Shen needle method” and found increased levels of NE, 5-HT and
DA in the hippocampus. The experimental results showed that “Tongdu Tiaoshen” ac-
upuncture significantly improved the behavior of post-stroke depressed rats because of
the up-regulation of NE, 5-HT and DA in the hippocampus. To observe the effect of
acupuncture on the expression of monoamine neurotransmitter-related genes and neu-
rotransmitters, genes related to monoamine neurotransmitters, XU et al. [10] estab-
lished a depression model and found that acupuncture treatment could reverse the genes
of CAMP response element binding protein 1 (Crebl), glycogen synthase kinase 3a
(Gsk3a), phospholipase A2 group V (Pla2g5), the voltage—dependent N — type alB
subunit of calcium channels (Cacnalb) and nuclear receptor subfamily 4 group A mem-
ber 1 (Nrdal) in the depressed rats, which confirmed that acupuncture can effectively
reverse the behavior of depressed rats and regulate the expression of monoamine neu-
rotransmitter —related genes.

2.2 Regulating effect of acupuncture on cell signal transduction
pathway

Depression is associated with the activation of the body’s inflammatory response sys-
tem. Acupuncture can down-regulate the serum and encephalitis cytokines of rats with
chronic stress depression [11]. Pu et al. [12] established a CUMS rat model to and found
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that the expression levels of NF-kB, iNOS and NO in the prefrontal cortex of rats are
significantly lower than those in the model group, suggesting that acupuncture may
play an antidepressant role by down-regulating the levels of NF-xB, iNOS and NO in
the prefrontal cortex. Through CUMS rat model, Li et al. [13] found that P-ERK1/2
protein expression level and BDNF protein expression level were significantly up-reg-
ulated in the acupuncture group, which suggests that acupuncture may improve the de-
pression of rats by upregulating the phosphorylation of p-ERK1/2 and increasing
BDNF protein in the prefrontal lobe.

Li et al. [14] established another CUMS rat model, and found that compared with
the model group, the hippocampal Raf, P-Raf, ERK, P-ERK, RSK, CREB and PCREB
of rats in EA group were significantly increased, which indicates that ear acupuncture
may play an antidepressant role by regulating the Raf/ERK/RSK/CREB signaling path-
way in the hippocampus. To investigate whether EA can improve the state of depressed
rats by regulating p38MAPK signal pathway, LIU et al. [15] established a model for
post-stroke depression rats, and conducted EA stimulation in Baihui, Dazhui, Neiguan
and Taichong respectively. It was found that the levels of serum TNF-q, IL-13,TRAF6
and IL-1BR, the protein expressions of TRAF6, IL-1BR and p38MAPK in the hippo-
campus of the rats in the model group were significantly higher than those in the blank
group. On the contrary, the above indexes of rats in the acupuncture group were signif-
icantly lower than those in the model group. These results suggest that acupuncture may
improve the state of post-stroke depression rats by regulating p38MAPK signal path-
way.

2.3  Regulating effect of acupuncture on neurons

Synapses.

Chronic stress and depression lead to region specific changes in synaptic form and
function. Changes in synaptic plasticity during stress and depression may be related to
signal transduction pathways (such as NOS-NO, camp-PKA, RAS-ERK, PI3K-Akt,
GSK-3, mTOR and CREB) and upstream receptors (such as NMDAR, TrkB) and
P75NTR [16]. Shen et al. [17] used CUMS rat model and acupuncture of “Yintang”
and “Baihui”, and found that all indexes in the open field test of rats in the EA group
were significantly increased, synaptic ultrastructure was improved, and the expression
of nNOS and nNOS mRNA in hippocampus was decreased. In a word, acupuncture
intervention may play an antidepressant role by reducing the expression of nNOS in
hippocampus and affecting synaptic plasticity.

Regulating effect of acupuncture on hippocampal nerve.

Research shows reducing hippocampal nerve can lead to depression, and acupunc-
ture treatment can effectively reduce hippocampal neuronal apoptosis thus protecting
neurons [18]. BDNF is a neurotrophic protein that participates in the regulation of nerve
cell function by activating TrkB. Xu et al. [19] established a CUMS rat model and found
that acupuncture of “Baihui” and “Yintang” can improve TGF- 3 3 (fold change =1.61,
1.61), reduce the protein level of bFGF (fold change =0.61, 0.45). It can be seen that
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acupuncture intervention can increase TGF by- B 3 protein expression level and benign
regulatory neuroprotective factor bFGF can improve the behavioral symptoms of
chronic stress depression model rats. Sun et al. [20] used CUMS rat model and found
that acupuncture of “Baihui”, “Yintang” and bilateral “Sanyi sexual intercourse” can
significantly reduce the levels of ROS, cytochrome C, caspase-3 and apoptosis-induc-
ing factor (AIF) in hippocampus. The experimental results showed that the depressive
state of rats was significantly improved. Therefore, acupuncture intervention may play
an antidepressant role by decreasing the mitochondrial ROS content rat hippocampus
mitochondria and the expression levels of key factors of apoptosis pathway (cyto-
chrome C, caspase-3, AIF).

2.4  Regulating effect of acupuncture on gene expression

MiRNA may be involved in the pathophysiological process of depression, especially in
regulating the gene expression of key elements in synaptic plasticity, neurogenesis and
signal transduction pathways. MiRNA can play an important role in regulating synaptic
plasticity by influencing the translation process of mRNA or its stability [21]. Zhao et
al. [22] established a CUMS rat model and stimulated “Yintang” and “Baihui” with
EA. They found that the levels of mirNA-16 and SERT in the hippocampus and raphe
nucleus decreased in EA group, suggesting that the changes of mirNA-16 in the brain
regions are related to the occurrence of depression, and acupuncture intervention may
play an antidepressant role by inhibiting the expression of SERT in the brain regions.
Huang et al. [23] established a CUMS rat model and acupuncture the “Shisan Ghost
Points”, and found that the overexpression of fcamKii protein and mRNA in the lateral
habenula of rats was inhibited. This result indicates that acupuncture may play an anti-
depressant role by down-regulating the overexpression of fcamKii protein and mRNA
in the lateral sellar nucleus of rats. In order to explore the therapeutic effect and mech-
anism of the three-acupoints balance acupuncture of Mongolian medicine on depres-
sion, Saiyin et al.[24] used the three-acupoints balance needling on rats of Mongolian
medicine to conduct acupuncture intervention on CUMS rats, and found that the ex-
pression of p11/tPA/BDNF pathway and miRNA-16 in hippocampus and middle raphe
nucleus (MRN) of chronic stress depression model rats changed after acupuncture in-
tervention. This results may be related to the up-regulated expression of p11 and tPA
proteins and BDNF mRNA in hippocampus and MRN and the down-regulation of
miRNA-16 in hippocampus, indicating that the p11/tPA/BDNF signal pathway con-
trolled by miRNA-16 is involved in the antidepressant effect of acupuncture.

2.5 Regulating effect of acupuncture on neuroendocrine and its
metabolites

Hypothalamic-pituitary-adrenal (HPA) axis hyperfunction is closely related to the onset
of depression [25]. The brain is stimulated under pressure and sends signals to the hy-
pothalamus to release adrenocorticotropic hormone (CRH), the adrenal gland releases
adrenocorticotropic hormone (ACTH), and the adrenal gland releases cortisol (CORT)
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and glucocorticoid (GC).If CRH is excessive, the pituitary gland will increase the se-
cretion of ACTH and GC, leading to HPA axis hyperfunction and depression. At pre-
sent, the specific mechanism of HPA axis dysfunction in patients with depression is
still unclear, which is also one of the research directions of the pathogenesis of depres-
sion in the future.

Le et al. [26] constructed a CUMS rat model and found that EA can significantly
down-regulate CRH mRNA expression, reduce ACTH and CORT concentrations, in-
dicating that EA may play an antidepressant role by inhibiting the excessive activity of
HPA axis in rats. Based on CUMS rat model, Shi et al. [27] found that after acupuncture
intervention, the levels of 5-HT in the hippocampus and BDNF in the serum increased
significantly, and the levels of adrenocortical hormone decreased significantly, indicat-
ing that acupuncture may play an antidepressant role by increasing the levels of 5-HT
in the hippocampus and BDNF in the serum, and downregulating the levels of adreno-
cortical hormone. Jiang et al. [28] established a perimenopausal depression model of
rats, and found that acupuncture of “Baihui”, bilateral “Shenshu” and bilateral “three-
yin moxibustion” can increase the sucrose consumption rate of rats, compared with the
model group, the content of CRH, ACTH and CORT in serum of rats in the EA group
decreased. The content of B-EP was increased, suggesting that acupuncture intervention
may improve the depression state of the perimenopausal depression rats by regulating
HPA axis and B-EP content.

2.6  Regulating effect of acupuncture on neuroimmunity

At the beginning of the 20th century, the relationship between the immune system and
major mental illnesses was proposed. Stress can induce the activation of immune re-
sponses, lead to abnormal inflammatory level and persistent proinflammatory state, and
affect homeostasis and a series of depressive symptoms [29]. Sha et al. [30] established
a depressed rat model and conducted acupuncture intervention. They found that com-
pared with the model group, the GFAP content in the hippocampus was significantly
increased, and the GFAP content in the prefrontal cortex was significantly reduced.
Meanwhile, compared with the model group, the serum IL-10 of the rats was signifi-
cantly increased. Acupuncture can regulate the expression of GFAP in astrocytes (AST)
in hippocampus and prefrontal cortex of rats, improve the AST function in hippocam-
pus and prefrontal cortex, and increase the content of serum anti-inflammatory cytokine
IL-10, which is beneficial to play an antidepressant role. Lu et al. [31] found that the
levels of nitric oxide (NO), prostaglandin E2 (PGE2), nitric oxide synthase (iNOS) and
cyclooxygenase 2 (COX-2) in hippocampus and prefrontal cortex of CUMS rats sig-
nificantly decreased after acupuncture intervention. Therefore, acupuncture can signif-
icantly inhibit the activation of NF-kB in the rat brain, suggesting that the antidepres-
sant effect of acupuncture may be mediated by regulating the inflammatory mediators
of NF-kB in the brain. In addition, Lu [32] in another acupuncture intervention experi-
ment that in the hippocampus, prefrontal cortex and serum proinflammatory cytokines,
interleukin 1 beta ([beta] IL - 1), the mRNA expression levels of interleukin-6 ([IL-6])
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and tumor necrosis factor-a ([TNF-a]) significantly decreased, suggesting that acu-
puncture intervention may play an antidepressant role by inhibiting the expression of
proinflammatory cytokines.

3 Discussion

Although the name of depression is not clearly recorded in traditional Chinese medicine
(TCM), the depression referred to in western medicine may be included in the “con-
straint syndrome” and “globus hyertericus” of TCM. “Lingshu” is one of the earliest
references for acupuncture treatment of diseases similar to depression. Through contin-
uous accumulation and development, TCM has formed a relatively complete system of
treatment based on syndrome differentiation. The clinical treatment of depression with
western medicine has achieved certain effects, but there are also some side effects,
complications and drug dependence. In the course of clinical experiments, acupuncture
intervention, such as acupuncture at “Baihui” and “Yintang”, has been widely recog-
nized for the treatment of depression. Different from western antidepressant drugs, ac-
upuncture intervention therapy can regulate the systemic mechanism of anti-depres-
sion, with multiple ways and targets, good efficacy, small side effects, high safety and
low price. Therefore, the exploration of TCM based treatment may be one of the break-
throughs in clinical treatment.

As the basis of basic medical research, animal experiment is an important spring-
board for the combination of TCM and modern medicine. The innovation of this paper
consists in the search and summary of the research progress of acupuncture intervention
in depression model rats in the past five years, mainly from six aspects: neurotransmit-
ters, nerve cell signal transduction pathways, neurons, gene expression, neuroendocrine
and its metabolites, and neuroimmunity to further explore the internal mechanism of
acupuncture treatment of depression from multiple levels, mechanisms, and targets.
These successes also tell us that we can also explore the underlying causes of depression
mechanism from the perspective of acupuncture points, methods and classical theories
of TCM, and combine the progress of modern medicine with TCM.

At the same time, we can also carry out more abundant animal experiments in the
future[33] and develop depression into the leading disease of TCM clinical treatment
by combining different treatment methods of TCM. In addition, future research can
establish different animal models to simulate different incidence and clinical manifes-
tations of the same disease based on different TCM evidence symptoms of the same
disease. Moreover, the model can then be combined with TCM treatment, thus opening
the door for TCM acupuncture to treat depression.

4 Conclusion

To sum up, by sorting out and studying the research progress of acupuncture interven-
tion in depression model rats in the past five years, it is found that acupuncture n is an
important alternative therapy for depression. The possible mechanisms of acupuncture
antidepressant effects mainly include neurotransmitters, neural cell signal transduction
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pathways, neurons, gene expression, neuroendocrine and its metabolites, and neuroim-
munity, which sheds a light on the clinical treatment of depression.
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