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The effects of acupuncture on 
sleep disorders and its underlying 
mechanism: a literature review of 
rodent studies
Seri Lee  and Seung-Nam Kim *

College of Korean Medicine, Dongguk University, Goyang, Republic of Korea

Sleep is a set of physiological processes mainly under neurobiological regulation 
that affect several physiological systems, and sleep disorders are a condition where 
normal sleep patterns are disturbed. Clinical studies have confirmed the effects of 
acupuncture on sleep duration and quality. Although many studies have explored 
the therapeutic effects of acupuncture on sleep disorders, the mechanisms are 
unclear. We  investigated the mechanism of acupuncture efficacy in a rodent 
model of sleep disorders and evaluated the therapeutic effects of acupuncture 
treatment. According to our results, sleep disorders are associated with several 
brain regions and neurotransmitters. Furthermore, this review showed that 
neurological processes, such as catecholamine and BDNF signaling pathways, 
can be regulated by acupuncture, which is a crucial aspect of the acupuncture 
mechanism in sleep disorders.
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1. Introduction

In most humans, sleep accounts for approximately 20–40% of the day. Sleep is a set of 
physiological processes under neurobiological regulation that affects several physiological 
systems (Grandner, 2017). Therefore, sufficient sleep is essential for the health of individuals 
(Kumar, 2008). Sleep disorders are characterized by disturbances in normal sleep patterns 
(Karna et al., 2023). The six major categories of sleep disorders are insomnia, sleep-disordered 
breathing, central hypersomnolence disorders, circadian rhythm sleep–wake disorders, 
parasomnia, and sleep-related movement disorders (Sateia, 2014). Sleep problems are associated 
with adverse health outcomes such as obesity, cardiovascular diseases, mental health, and 
neurodegenerative diseases (Hale et al., 2020).

Sleep disorders, such as insomnia or hypersomnia, are frequently observed in 
neurodegenerative conditions (Malhotra, 2018) including Alzheimer’s disease (AD) and 
Parkinson’s disease (PD). In individuals with AD, frequent symptoms of sleep disturbances 
include reversal of day-night sleep patterns, frequent nighttime awakenings, increased daytime 
sleep, decreased rapid eye movement sleep, and decreased slow wave sleep (Rose and Lorenz, 
2010). Regulation of sleep and wakefulness relies on complex functions of several brain areas 
and neurotransmitters, many of which have been shown to be affected in patients with PD 
(Stefani and Hogl, 2020). Accordingly, sleep is a complex and active neural process involving 
several brain structures, such as the hypothalamus, brain stem, amygdala, thalamus, pineal 
gland, and basal forebrain (Murillo-Rodriguez et al., 2012). Although diverse methods have 
been used to treat sleep disorders, they lack efficacy and safety (National Institutes of Health, 
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2005). However, alternative treatments for sleep maintenance are still 
being developed.

Acupuncture is a therapy based on the insertion of a needle at a 
specific point, and clear evidence of its efficacy in Western medicine 
has been reported (Kaptchuk, 2002). The efficacy of acupuncture in 
improving sleep duration and quality has been confirmed in clinical 
studies (Cao et  al., 2009). Acupuncture in insomnia treatment 
improves sleep quality and psychological health (Yin et al., 2017). The 
therapeutic effects of acupuncture in sleep disorders are closely 
associated with neurological diseases. In particular, acupuncture in 
PD affects neurotransmitters and their receptors, resulting in 
increased dopamine, γ-aminobutyric acid (GABA) inhibition, and 
decreased glutamate levels (Tamtaji et  al., 2019). Moreover, 
acupuncture improves sleep in PD patients (Aroxa et al., 2017; Li 
et al., 2022).

Although many studies have explored the therapeutic effects of 
acupuncture on sleep disorders, the mechanisms underlying these 
effects on sleep disorders are unclear. We evaluated the therapeutic 
effects of acupuncture treatment and investigated the mechanism of 
acupuncture efficacy in a rodent model of sleep disorders.

2. Methods

2.1. Search strategy

We included studies published in English that investigated the 
effects of acupuncture on sleep disorders in animal models. The 
literature was retrieved from EMBASE, MEDLINE, PubMed, and 
the Research Information Service System from inception until April 
2023. The keywords for the search were as follows: “(acupuncture 
OR electroacupuncture) AND (mice OR mouse OR rat OR rats) 
AND (sleep disorders).” Studies were included based on the 
following criteria: subjects (animal models of sleep disorders), 
interventions (acupuncture), and outcomes (electroencephalograms 
(EEGs) and mechanism). Studies written in languages other than 
English, those without acute disease models of sleep disorders, or 
those not needing acupuncture were excluded. Two authors (Lee and 
Kim) independently extracted the data. The first author, publication 
year, type of animal, type of sleep disorder and disease model, type 
of acupuncture, corresponding parameters, and target outcomes 
were retrieved to evaluate the therapeutic effect of acupuncture on 
sleep disorders.

2.2. Quality assessment

The risk of bias was assessed using the Systematic Review Center 
for Laboratory Animal Experimentation’s risk of bias (SYRCLE’s RoB) 
Tool (Hooijmans et al., 2014). The SYRCLE RoB tool contains 10 
entries related to selection bias (random sequence generation, baseline 
characteristics, and allocation concealment), performance bias 
(random housing and blinding), detection bias (random outcome 
assessment and blinding), attrition bias (incomplete outcome data), 
reporting bias (selective reporting), and other biases (other sources of 
bias). Each entry was marked as “Low risk of bias,” “High risk of bias” 
or “Unclear.” Two authors (Lee and Kim) independently evaluated the 
RoB scores of 17 studies. The Review Manager (RevMan) version 5.4 

software (The Cochrane Collaboration, 2020) was used to calculate 
the risk of bias.

3. Results

3.1. Study inclusion and quality assessment

Among the 43 initially identified studies, 22 studies were removed 
due to not being written in English and not including acupuncture for 
treatment. Following full-text screening, four studies that did not 
provide animal models of inappropriate sleep disorders were excluded. 
A final total of 17 studies were included in the present study. Quality 
assessments of the 17 studies were performed by two individual 
assessors. All studies were rated as having a low risk of sequence 
generation bias because they mentioned that the animals were 
randomly grouped. The studies started with animals of similar weights 
that were maintained under similar environmental conditions. The 
baseline values of the two groups were similar. Four studies were 
evaluated as having a high risk of bias in the “incomplete outcome 
data” domain: not given total number of rats used in the experiment 
or no explanation for variation of differed number of rats in each 
experiment. All the studies included the results of their experiments; 
however, we were unable to determine whether these statements were 
adequate for the conclusion. Two studies had a high risk of other 
biases: one study provided insufficient information on 
electroacupuncture (EA), and one study did not mention the depth of 
the acupuncture needle during treatment. None of the studies 
provided information regarding allocation concealment. Flow 
diagram and quality assessment results were summarized in 
Supplementary data (Supplementary Figures S1, S2).

3.2. Study characteristics

The characteristics of the included studies are summarized in 
Table 1. Among the 17 studies, all used rats except for one that used 
mice. EA was the most frequently used intervention. Acupoints 
located at different sites in the body appear to have multiple uses. 
Among them, HT7 had the highest number of acupoints.

3.3. Therapeutic effect and its underlying 
mechanism

We selected 17 studies and highlighted the mechanisms 
underlying the effects of acupuncture. The mechanisms of each study 
are summarized in Table 2. Several neurotransmitters and brain sites 
have been shown to be duplicated in different studies; however, the 
upregulation of their protein expression levels vary. Therefore, some 
acupuncture types and acupoints were also duplicated, especially 
electroacupuncture, which has been shown to be commonly used for 
treatment of sleep disorders, such as acupoint HT7.

The effect of Mongolian medical warm acupuncture (MMWA) 
on insomnia is related to the regulation of miR-101a and PAX8. 
MMWA increased the expression of miR-101a which inhibited 
PAX8 expression in the hippocampus of a rat model of insomnia 
The levels of 5-HT, Acetylcholine (ACh), and GABA increased and 
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those of dopamine (DA), norepinephrine (NE), and glutamate 
(Glu) decreased in the hippocampus, hypothalamus, and prefrontal 
cortex (Bo et al., 2017). Mongolian warm acupuncture (MWA) in a 
rat model of insomnia improved sleep and the expression levels of 
Egr1, Btg2, and brain-derived neurotrophic factor (BDNF) in the 
hypothalamus increased in the MWA treated group (A et al., 2019). 
Manual acupuncture (MA) stimulation enhanced the sleep disorder 
phenotype in a rat model of insomnia and had a substantial effect 
on the recovery of the gut microbiota. Melatonin levels in the pineal 
gland increased and DA, 5-HT, and NE levels in the serum 
decreased in the MA treatment group at the DU20, SP6, and HT7 
acupoints (Hong et al., 2020). Improvement in sleep was confirmed 
with MMWA treatment in a rat model of insomnia. Differential 
levels in the hypothalamus of four proteins related to nerves, 
including prolargin (PRELP), microtubule-associated protein 1 B 
(MAP1B), transmembrane protein 41 B (TMEM41B), NMDA 
receptor synaptonuclear-signaling, and neuronal migration factor 
(NSMF), are involved in the MMWA treatment of insomnia (Xu 
et  al., 2020). The effect of electroacupuncture treatment (EA) 
improving sleep disturbance was evaluated in rats with insomnia. 
The hypothalamic levels of DA, corticotropin-releasing hormone, 
adrenocorticotropic hormone (ACTH), and cortisol (CORT) 
increased in the EA group treated at the BL18 and ST36 acupoints. 
Moreover, EA treatment increased D1R and D2R mRNA levels (Xie 
et al., 2021). The DU20, HT7, and SP6 acupoints were used for EA 
treatment in a rat model of insomnia. The EA treatment group 
showed higher 5-HT levels and lower DA, NE, and EPI levels in the 
hippocampus and brainstem than the insomnia group. The 
expression of Bcl-2 was upregulated, whereas Bax, Bad and 
Caspase-3 were downregulated. EA affects the TrkB, PI3K/Akt, and 
cAMP/CREB/BDNF pathways (Cao et al., 2022). The anti-insomnia 

effect of MMWA has been observed in rats with insomnia as 
MMWA treatment decreased ACh and NE levels and increased 
5-HT and GABA levels in the serum. The gut microbiota improved, 
and cAMP and GABA transporter 1 (GAT-1) levels in the brain 
stem were reduced (Yu et al., 2022).

The treatment of sleep-deprived rats with acupuncture affected 
their learning and memory. The expression levels of the presynaptic 
marker synaptophysin (SYP) and BDNF in the hippocampus of the 
acupuncture group treated with HT7, EX-HN1, and SP6 were higher 
than those in the sleep deprivation (SD) group (Zheng et al., 2017). 
The effects of EA on memory were assessed using an SD rat model. 
Compared with the SD group, the EA group treated at the GV20 and 
ST36 acupoints showed higher p-synapsin I, p-CaMK II, and tyrosine 
hydroxylase levels in the hippocampus (Chen et al., 2020). Compared 
with the SD group, more neurons were observed in the CA1 and CA2 
regions of the hippocampus in the EA group treated at the EX-HN1 
acupoint. The expression levels of SYP and the postsynaptic marker, 
postsynaptic density (PSD) 95, increased in the EA group compared 
to those in the SD group. Furthermore, EA activates the BDNF/TrkB/
Erk pathway (Pei et al., 2021). Two acupoints, GV20 and GV14, were 
used for EA treatment in a REM sleep deprivation (REMSD) rat 
model. EA alleviates damage to the synaptic ultrastructure and 
upregulates dendrite branching and length in the hippocampus in the 
REMSD rat model. Structural synaptic plasticity in REMSD model 
rats was attenuated by EA regulation of miR-132-3p and 
p250GAP. Moreover, EA elevated the expression of Rac1 and Cdc42 in 
the hippocampus. EA treatment increases the expression of Rac1 and 
Cdc42, which are connected to miR-132 (Hao et al., 2022). The EA 
group treated with EX-HN3 and HT7 in a rat model of chronic sleep 
deprivation reduced DA expression via the VTA-NAc DA pathway (Xi 
et al., 2023).

TABLE 1 Study characteristics.

Author Disease Animal Intervention Methods Acupoint

Bo et al. (2017) Insomnia rat MMWA 15 min, 7 days Dinghui, Heyi, Xin

A et al. (2019) Insomnia rat MWA 15 min, 7 days GV20, ST36

Hong et al. (2020) Insomnia mouse MA 1 min, 7 days DU20, SP6, HT7

Xu et al. (2020) Insomnia rat MMWA 15 min, 7 days Dinghui, Heyi, Xin

Xie et al. (2021) Insomnia rat EA 2 Hz, 6–7 mA, 15 min BL 18, ST36

Cao et al. (2022) Insomnia rat EA 2/15 Hz, 1 mA DU20, SP6, HT7

Yu et al. (2022) Insomnia rat MMWA 15 min, 7 days Dinghui, Heyi, Xin

Zheng et al. (2017) Sleep deprivation rat MA 40 min EX-HN 1, HT7, SP6

Li et al. (2018) Sleep deprivation rat EA 2 Hz, 120 s GV20

Chen et al. (2020) Sleep deprivation rat EA 2/100 Hz, 03 mA GV20, ST36

Pei et al. (2021) Sleep deprivation rat EA 20 min, 4 days EX-HN1

Hao et al. (2022) Sleep deprivation rat EA 2 Hz, 1 mA, 15 min/day for 7 days GV20, GV14

Xi et al. (2023)
Chronic sleep 

deprivation
rat EA 2 Hz, 1.5 mA EX-HN 3, HT7

Yi et al. (2015) Sleep disruption rat EA 10 Hz GB20

Seo et al. (2021) Sleep disruption rat MA 85 Hz, 1 min HT7

Seo and Ryu (2022) Sleep disruption rat EA 2 Hz, 20 min HT7

Li et al. (2011) Sleep disturbance rat EA 2 or 100 Hz ST36, SP6

EA, electroacupuncture; MA, manual acupuncture; MMWA, Mongolian medical warm acupuncture; N/A, not applicable.
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EA treatment suppresses epilepsy and improves sleep disruption 
at the GB20 acupoint in rats with epilepsy. NREM sleep reduction is 
blocked by EA treatment, and the therapeutic effect is mediated by 
opioid receptors in the central nucleus of the amygdala (CeA) (Yi 
et al., 2015). The effect of mechanical acupuncture instrument (MAI) 
treatment was induced by the HT7 acupoint in a rat model of sleep 
disruption. MAI stimulation reduced c-Fos expression in arousal 
regions, especially the medial septum/vertical limb of the diagonal 
band of Broca (MS-VDB) (Seo et al., 2021). EA treatment of HT7 cells 
alleviates endoplasmic reticulum (ER) stress in the medial septum of 
rats with sleep disruption. HT7 stimulation increased the expression 
of mBDNF and regulated ER stress via pTrkB in mBDNF (Seo and 
Ryu, 2022).

4. Discussion

This study explored the beneficial effects of acupuncture in animal 
models of sleep disorders and the underlying mechanisms. According 
to the results of our study, sleep disorders are associated with several 
brain regions and neurotransmitter levels. Various brain regions and 
expression levels that represent the acupuncture mechanism described 

in the main results are shown in Figure 1. Sleep is closely intertwined 
with physiological processes, typically in the brain (Lin et al., 2014). 
Previous studies have presented the neuroprotective activity and 
neurotransmitter regulation of acupuncture therapy (Su et al., 2020). 
BDNF is a protein that is extensively distributed in the cartilage tissue, 
bone, endocrine system, and central nervous system (CNS) 
(Greenberg et al., 2009), and is widely involved in neural plasticity 
(Park and Poo, 2013; Colucci-D'Amato et al., 2020). Studies have also 
demonstrated that acupuncture induces advantages in the central 
nervous system (CNS) through BDNF activation and signaling 
pathways (Lin et  al., 2014). Two studies confirmed the effect of 
acupuncture on BDNF expression levels (Zheng et al., 2017; A et al., 
2019). Moreover, various downstream pathways, such as the TrKB, 
PI3K/Akt, cAMP/CREB/BDNF (Cao et al., 2022), and BDNF/TrkB/
Erk pathways (Pei et  al., 2021), were found to be  influenced by 
acupuncture treatment. BDNF appears to be essential for mediating 
neuroprotective effects and may play a role in neuronal plasticity 
(Colucci-D'Amato et al., 2020). Therefore, the effects of acupuncture 
on the regulation of BDNF appear to be  important for its role in 
treating sleep dysfunction.

Changes in neurotransmitter levels such as DA, 5-HT, NE, Glu, 
and GABA in various brain regions lead to neuropsychiatric, 

TABLE 2 Effect of acupuncture on sleep disorders and its underlying mechanisms.

Author Disease Site of sample collection Mechanism EEGs

Bo et al. (2017) Insomnia
Hippocampus, hypothalamus, 

prefrontal cortex

miR-101a, 5-HT, ACh, GABA ▲

PAX8, DA, NE, Glu ▼
N/A

A et al. (2019) Insomnia Hypothalamus Egr 1, Btg2, BDNF ▲ N/A

Hong et al. (2020) Insomnia Pineal gland, serum
melatonin ▲

DA, 5-HT, NE ▼
N/A

Xu et al. (2020) Insomnia Hypothalamus
PRELP, MAP1B, TMEM41B, NMDA, 

NSMF ▲/▼
N/A

Xie et al. (2021) Insomnia Hypothalamus
DA, CRH, ACTH, CORT, D1R, D2R 

mRNA ▲
NREM ▲

Cao et al. (2022) Insomnia Hippocampus, brain stem
5-HT, Bcl-2 ▲

DA, NE, EPI, Bax, Bad, Caspase-3 ▼
N/A

Yu et al. (2022) Insomnia Brain stem, serum
ACh, NE, 5-HT, GABA ▲

cAMP, GAT-1 ▼
N/A

Zheng et al. (2017) Sleep deprivation Hippocampus SYP, BDNF ▲ N/A

Li et al. (2018) Sleep deprivation Cerebral cortex N/A
α wave frequency ▲

β wave frequency ▼

Chen et al. (2020) Sleep deprivation Hippocampus
p-synapsin I, p-CaMK II, tyrosine 

hydroxylase ▲
N/A

Pei et al. (2021) Sleep deprivation Hippocampus
SYP, PSD95, BDNF/TrkB/Erk pathway 

▲
N/A

Hao et al. (2022) Sleep deprivation Hippocampus Rac1, Cdc42 ▲ N/A

Xi et al. (2023) Chronic sleep deprivation Hippocampus DA ▼ N/A

Yi et al. (2015) Sleep disruption Central nucleus of amygdala opioid receptors ▲ NREM ▲

Seo et al. (2021) Sleep disruption MS-VDB c-Fos ▼ NREM ▲

Seo and Ryu (2022) Sleep disruption Medial septum mBDNF ▲ REM ▲

Li et al. (2011) Sleep disturbance N/A N/A
NREM, REM, total sleep 

time ▲

EA, electroacupuncture; MA, manual acupuncture; MMWA, Mongolian medical warm acupuncture; N/A, not applicable.
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autonomic nervous system, and sleep disorders (Zhao et al., 2021). 
Because neurological processes are involved in sleep–wake regulation 
(Scammell, 2015), the interaction of diverse neurotransmitter systems 
is widely related to sleep dysfunction (Moszczynski and Murray, 
2012). Acupuncture therapy, which has beneficial effects on 
neuroprotection, has been shown to improve serum and hippocampal 
5-HT and DA levels in depression model rats (Li et  al., 2021). 
Interestingly, several studies have shown increased levels of 5-HT 
expression in different sites, such as the serum (Yu et  al., 2022), 
hypothalamus (Bo et al., 2017; Xie et al., 2021), and hippocampus (Bo 
et al., 2017; Cao et al., 2022) following acupuncture treatment. Among 
these studies, one showed an improvement in both 5-HT and DA 
expression levels (Xie et al., 2021). Moreover, according to previous 
reports, dopaminergic neurons are typically found in the midbrain, 
particularly in the VTA (Juarez Olguin et al., 2016). In this review, the 
VTA-NAc DA pathway was demonstrated to be regulated through 
acupuncture stimulation in one study (Xi et al., 2023). Two studies 
have reported decreased levels of DA and increased levels of 5-HT (Bo 
et  al., 2017; Cao et  al., 2022). In contrast, one study reported 
downregulated levels of DA and 5-HT (Hong et al., 2020). This review 
demonstrates that catecholamines are regulated by acupuncture in 
animal models of sleep disorders.

In this review, various acupoints were used for acupuncture 
treatment. Among these acupuncture points, HT7 was the most 
frequently used. According to recent studies, HT7 has been used for 
neuropsychological disorders such as amnesia, epilepsy, and insomnia 
(Wattanathorn and Sutalangka, 2014). In this study, stimulation of 
HT7 mediated memory improvements and ACh and DA levels were 
enhanced by HT7. However, the acupoints ST36 (Tao et al., 2016), 
GV20 (Wang et al., 2014), and SP6 (Wu et al., 2015) have also been 

used to mitigate sleep dysfunction. Interestingly, these acupoints have 
been known to have neuroprotective effects on various neurological 
disease animal models. Sleep patterns and insomnia symptoms seem 
to correlate with brain injury (Korostovtseva, 2021) and an imbalance 
in neurotransmitters (Levenson et al., 2015; Holst and Landolt, 2018). 
Therefore, this difference in mechanism suggests a distinct and 
specific effect of acupuncture on the treated acupoints. Along with the 
effects of acupuncture therapy, multiple acupoints and their potential 
roles in various mechanisms may be crucial for establishing a strategy 
for treating sleep disorders.

Understanding sleep regulation may encourage the management 
of neurocognitive disorders (Miller, 2015) and chronic diseases (Reis 
et  al., 2018). Although this review had a small sample size, 
we attempted to explore the potential effect of acupuncture on sleep 
disorders in neuropsychology and to understand its mechanism in 
animal models. Accordingly, the present study is meaningful and 
important in exploring the correlation between acupuncture and 
neuropsychological disorders in animal models. However, multiple 
interconnections between acupuncture, sleep problems, and 
neuroscience still need to be described. We hope that this report will 
provide a basis for exploring the mechanisms of action of acupuncture 
in neuropsychological disorders.
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FIGURE 1

Visualization of mechanisms via acupuncture stimulation in multiple brain regions. (A) Multiple brain regions that acupuncture mechanisms are 
involved in this report. Various brain regions were detected such as prefrontal cortex, hypothalamus, hippocampus, pineal gland, brain stem, and 
medial septum. (B) Expression levels such as neurotransmitters, proteins, or genes which are involved in multiple brain regions according to this report. 
Each color pretends the up/down regulations of expression levels, and the size of the circle pretends the number of catecholamine types analyzed in 
each brain regions. In the prefrontal cortex, miR-101a, 5-HT, Ach, GABA were up regulated, and PAX8, DA, NE, and Glu down regulated. In, medial 
septum, mBDNF were up regulated and c-Fos were down regulated. In the hypothalamus, miR-101a, 5-HT, Ach, GABA, Egr 1, Btg 2, BDNF, DA, CRH, 
ACTH, CORT, D1R and D2R mRNA, were up regulated, and PAX8, DA, NE, Glu, were down regulated. PRELP, MAP1B, TMEM41B, NMDA, NSMF were 
shown have differential expression levels. In the hippocampus, miR-101a, 5-HT, Ach, GABA, Bcl-2, SYP, BDNF, p-synapsin I, p-CaMK II, tyrosine 
hydroxylase, PSD95, BDNF/TrkB/Erk pathway, Rac1, Cdc42 were up regulated, and PAX8, DA, NE, Glu, EPI, Bax, Bad, Caspase-3 were down regulated. 
In the pineal gland, melatonin was up regulated and DA, 5-HT, NE were down regulated. In the brain stem, miR-101a, 5-HT, Ach, GABA, Bcl-2, NE, were 
up regulated, and PAX8, DA, NE, Glu, EPI, Bax, Bad, Caspase-3, cAMP, GAT-1 were down regulated.
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