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Basic Study
Acupuncture at Back-Shu point improves insomnia by reducing inflammation and

inhibiting the ERK/NF-kB signaling pathway.

Acupuncture at Back-Shu point improves insomnia.

Mingming Zhang, Jingwe Zhao, Zhigiang Li, Jingwe Zhao, Xiyan Gao

Abstract

BACKGROUND

Insomnia is a disease where individuals cannot maintain a steady and stable sleep state
or fail to fall asleep. Western medicine mainly uses sedatives and hypnotic drugs to
treat insomnia, and long-term use is prone to drug resistance and other adverse
reactions. Acupuncture has a good curative effect and unique advantages in the

treatment of insomnia.

AIM
To explore the molecular mechanism of acupuncture at Back-Shu point for the

treatment of insomnia.

METHODS

We first prepared a rat model of insomnia, and then carried out acupuncture for 7
consecutive days. After treatment, the sleep time and general behavior of the rats were
determined. The Morris water maze test was used to assess the learning ability and

spatial memory ability of the rats. The expression levels of inflammatory cytokines in




serum and the hippocampus were detected by ELISA. qRT-PCR was used to detect the
mRNA expression changes in the ERK/NF-kB signaling pathway. Western blot and
immunohistochemistry were carried out to evaluate the protein expression levels of

RAF-1, MEK-2, ERK1/2 and NF-xB.

RESULTS

Acupuncture can prolong sleep duration, and improve mental state, activity, diet
volume, learning ability and spatial memory. In addition, acupuncture increased the
release of 1L-1p, 1L-6 and TNF-a in serum and the hippocampus, and inhibited the
mRNA and protein expression of the ERK/NF-kB signaling pathway.

CONCLUSION
These findings suggest that acupuncture at Back-Shu point can inhibit the ERK/NF-kB
signaling pathway and treat insomnia by increasing the release of inflammatory

cytokines in the hippocampus.
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Core Tip: In this study, insomnia was a condition that was unable to maintain a stable
sleep state or to sleep. Western medicine mainly uses sedative and hypnotic drugs to
treat insomnia, which easy to produce drug resistance and some adverse reactions.
Acupuncture has excellent efficacy and unique advantages in the treatment of
insomnia. This study aimed to investigate the molecular mechanism of back-

shu acupuncture for insomnia.




INTRODUCTION

Insomnia is a common clinical disease. Sleeping difficulty and short sleep time are
typical clinical symptoms of insomnia. Insomnia not only seriously affects patients'
daily activities and work, but also leads to a reduction in their living standards. Some
patients also have anxiety, depression and other negative psychological emotions.
Long-term sleep disorders can easily induce immunity and memory loss, increase the
risk of cardiovascular and cerebrovascular diseases, and threaten the life and health of
patients ['l. At present, sedatives, hypnotics, antidepressants and other psychiatric drugs
are mainly used to treat insomnia. However, high drug dependence and a high
incidence of adverse reactions limit their clinical application [2l. Traditional Chinese
medicine believes that insomnia is a type of restlessness caused by liver gi stagnation
and spleen damage. Traditional Chinese medicine prescriptions and external treatment
with traditional Chinese medicine have remarkable effects on this disease [3l.

The pathogenesis of insomnia is still unclear, and may be related to the dysfunction of
neurotransmitters, inflammatory cytokines, neuroendocrine factors, melatonin, signal
transduction pathways, neurotrophic factors and intestinal flora in the brain. The ERK
pathway belongs to the MAPK family and mediates various physiological and
pathological processes such as cell proliferation, differentiation, apoptosis, oxidative
stress and immune inflammation. It plays an essential regulatory role in tumor
pathogenesis, various inflammatory diseases, mental disorders, insomnia and other
diseases!* 5. The ERK signaling pathway can be activated after receiving stimulation
signals, which activates the downsﬁeam transcription factor nuclear factor kappa beta
(NF-xB), affects the secretion of inflammatory cytokines (interleukin (1L)-1p, 1L-6,
tumor necrosis factor (TNF)-a), and induces functional changes, thereby leading to
insomnia and increasing the risk of chronic inflammatory diseases (¢ 7 8]. Abnormal
activation of the ERK signaling pathway can also aggravate apoptosis and
inflammatory injury in cardiomyocytes, leading to cardiac diseases. The administration

of corresponding inhibitors can enhance myocardial reoxygenation capacity, inhibit




apoptosis and the inflammatory response, reduce myocardial ischemia, and promote
the recovery of cardiomyocyte function [% 10L Clinical studies have found that
acupuncture at back-shu point has an excellent therapeutic effect on insomnia,
effectively improving depression, anxiety, memory loss, immunity decline and other
clinical symptoms caused by insomnia ['1l. Experimental studies have confirmed that
the pathogenesis of insomnia is closely related to the ERK/NF-«B signaling pathway (12,
We hypothesize that inhibition of ERK/NF-kB signaling pathway activation may be a
potential target in the treatment of insomnia.

In this study, a rat model of insomnia was established by intraperitoneal injection of p-
chlorophenylalanine (PCPA). The rats were treated with acupuncture at back-shu point
and injection of the ERK/NF-xB pathway inhibitor U0126, respectively. The sleep
status, learning and memory ability, body weight, mental state, response to external
interfererﬁ and other general behaviors were observed before and after treatment. The
secretion levels of proinflammatory cytokines such as IL-1p, IL-6 and TNF-a in serum
and the hippocampus, and the protein expression of ERK/NF-kB signaling pathway
markers were detected to verify whether acupuncture at back-shu point could inhibit
the ERK/NF-kB signaling pathway to relieve insomnia, providing new insights for the

clinical treatment of insomnia.

MATERIALS AND METHODS

Animals

Forty male SPF SD rats aged 12 wk weighing 200+20 g were selected and were given
water and food ad libitum. The rats, purchased from Henan Laboratory Animal Center,
were housed at a room temperature of 20-24°C, and relative humidity of 40%-60%. The
40 rats were randomly divided into 4 groups: control group (Con), model group
(Model), acupuncture group (Acupuncture), and U0126 group (U0126), with 10 rats in
each group. Rats in the Model group were continuously injected with PCPA suspension
(1 mL/kg) by intraperitoneal injection. Rats in the Con group were injected with the

same amount of normal saline. Rats in the Acupuncture group received acupuncture 7




days in advance, which was performed continuously for 7 days. Rats in the U0126
group were injected with U0126 (0.2 mg/kg/d) (Alfa Chemical, Zhengzhou, Henan,
China) via the tail vein 7 days in advance, once a day.

Drug treatment

Ultrapure water was heated to between 30-40°C sodium bicarbonate powder (Tianjin
Hengxing Chemical Reagent, Tianjin, China) was slowly added to prepare a 5%
NaHCO3 aqueous solution, and 0.9% physiological saline was added to dilute to a
weak alkaline solution (pH 7-8). PCPA was then added, and sonicated for 10 h to obtain
a PCPA suspension.

Evaluation of the insomnia model

Twelve hours after PCPA suspension injection on day 3, three rats were randomly
selected from the Con and Model groups to receive pentobarbital sodium (45 mg/kg).
The rats were placed in the supine position on the experimental table to observe the
righting reflex. Disappearance of the righting reflex for 1 min was considered the sleep
latency, the time to recovery was the sleep time, and the rats varus 3 times within 30 s
was the end index. The sleep latency and sleep time of rats were recorded, respectively.
Acupuncture intervention

The acupoints on both sides were the "Xin Yu," "Gan Yu," "PI Yu," "Fei Yu," and "Shen
Yu." Xin Yu: the 5th thoracic vertebra on the lower intercostal side; Pi Yu: the 12th
thoracic vertebra on the lower intercostal side; Gan Yu: the spinous process of the 9th
thoracic vertebra is opened 3 mm below; Fei Yu: the 3rd thoracic vertebra on the lower
intercostal side; Shen Yu: the lower side of the 2nd lumbar spine. After disinfection, the
operator held a millimeter needle (0.25x15 mm) in the right hand, which was quickly
inserted into the acupoint to 6 mm. The needle was retained for 10 min, and then
removed. Acupuncture began at 9:00 a.m. every day for 7 consecutive days.

Morris water maze (MWM) test

The rats in each group were placed into the water maze for adaptive training 1 day
before the experiment. The positioning navigation experiment was used to train the

learning and memory ability of the rats. The rats were placed in quadrants I, I, III, and




IV daily. The test time for each quadrant was 70 s. The escape latency period was the
time from placed in the water to finding the landing platform. If the platform was not
found within the specified time, the animal was actively placed on the platform for 15 s
to induce learning and memory ability. The SuperMaze software recorded the
movement trajectory and escape latency using a camera. The spatial exploration
experiment was used to evaluate the spatial memory ability of the rats. The rats were
placed in water from the contralateral side of quadrant III and allowed to freely explore
for 60 s. The SuperMaze software recorded the movement trajectory of the rats using a
camera.

Enzyme-linked immunosorbent assay (ELISA)

After the last behavioral experiment, the rats were anesthetized by intraperitoneal
injection of 10% chloral hydrate (30 mg/kg), placed supine on the rat board, blood was
collected from the abdominal aorta, the animal was decapitated, and the hippocampus
was isolated, homogenized, centrifuged, and the supernatant obtained. The expression
levels of IL-1p, IL-6 and TNF-a in rat serum and the hippocampus were detected by
ELISA according to the manufacturer’s protocol (Multisciences, Hangzhou, Zhejiang,
China). The absorption was measured at the wavelength of 450 nm.

Quantitative real-timme PCR (qRT-PCR)

Total RNA in the hippocampus was extracted with Trizol reagent (Servicebio, Wuhan,
Hubei, China). RNA concentration and purity were detected using a Nanodrop 2000
spectrophotometer. 1 pg RNA was reverse transcribed into cDNA according to the
manufacturer’s protocol (Servicebio, Wuhan, Hubei, China). The obtained cDNA was
used as the template in qRT-PCR according to the instructions. The primer sequences
were as follows:

GAPDH: F: CTGGAGAAACCTGCCAAGTATG; R: GGTGGAAGAATGGGAGTTGCT;
Rafl: F: TGTTTGATGGCTCCAGTTGC; R: AGCGTGCTTTCTTACCTTTIGTG; MEK2: F:
TGAATGAGCCACCTCCCAAG; R: ATAGCCAGCCAGCGAAGTCC; ERK1/2: FE:
TTCAGGACCTCATGGAGACGG; R: GCCACATACTCGGTCAGAAAGC; NF-xB: F:
GGGACTATGACTTGAATGCGG; R: CAGCCAGGTCCCGTGAAATA.




Western blot

Total protein in the hippocampus was extracted for Western blot detection. The protein
samples were mixed with RAF-1, MEK-2, ERK1/2, NF-kB, and B-actin as an internal
reference (all obtained from Servicebio, Wuhan, Hubei, China).

Immunohistochemistry

The paraffin sections were deparaffinized for antigen retrieval, washed three times with
PBS, 5 min each time, and then serum-blocked and then added to primary antibody
RAF-1 (1:200), primary antibody MEK-2 (1:200), primary antibody ERK1/2 (1:200),
primary antibody NF-kB (1:200), and incubated overnight at 4°C. The sections were
washed 3 times with PBS, 5 min each time, diluted secondary antibody (1:1000) was
added, incubated at room temperature for 50 min, washed 3 times with PBS, 5 min each
time, DAB color developing solution (Servicebio, Wuhan, Hubei, China) was added
dropwise, hematoxylin was used as the counterstain and returned to blue, then
dehydrated and made transparent. After drying, the sections were mounted and
observed under the microscope.

Statistical analysis

SPSS 24.0 software was used for statistical analysis of the experimental data,
measurement data were expressed as mean * standard deviation (mean + SD), and the
t-test (comparison between two groups) or LSD analysis of variance was used when
normal distribution and homogeneity of variance were satisfied. For comparisons
between multiple groups, Dunnett's-T3 test was used to compare uneven variance, and

P <0.05 was considered statistically significant.

RESULTS

Acupuncture at back-shu point improved the general state and prolonged sleep time in
rats

PCPA was injected intraperitoneally in rats to construct an insomnia model. Compared
with the Con group, the sleep latency of rats in the Model group was prolonged and the

sleep time was shortened, indicating that the insomnia rat model was successfully




established (Figure 1). PCPA can cause general status and behavioral changes in rats ['3],
Rats in the Model group showed a poor mental state, fighting and biting each other,
with reduced food intake, increased drinking water, dull and damp hair, and poor hair
glossiness. After acupuncture treatment, aggressive behavior in rats decreased, food
intake increased, and water intake decreased (Table 1). Compared with rats in the
Model group, the sleep latency of the Acupuncture group and the U0126 group was
shortened and the sleep time was prolonged (Figure 1). In conclusion, acupuncture at
Back-Shu acupoints improved cognitive behavioral changes and emotional disturbances
caused by insomnia.

Figure 1 Effects of acupuncture at back-shu point on sleep latency and sleep duration

in rats. * P < 0.05, compared to the Con group; # P < 0.05, compared to the Model group.

Effects of acupuncture at back-shu point on the behavior of insomnia rats

We carried out location experiments to evaluate the memory ability of rats. With the
increase in training times, the average escape latency of rats in each group gradually
shortened, showing that rats with increased training, remembered the platform.
However, the trend in average escape latency in rats was basically the same. After
treatment, compared with the Con group, the escape laency of the Model group was
prolonged. Compared with the Model group, the escape latency of rats in the
Acupuncture group and U0126 group was shortened (Figure 2A). The spatial
exploration experiment was used to evaluate the spatial memory ability of rats. The
movement trajectories of rats in the Model group showed that the movement
trajectories of rats in the four quadrants were basically the same. In contrast, the
trajectories of rats in the Con group and the Acupuncture group were primarily
concentrated in quadrant Il (Figure 2B). Compared with the Con group, the time taken
to cross the original platform and the quadrants of the original platform were
significantly reduced in the Model group. Compared with the Model group, the
number of large crossings of the original platform and the quadrant of the original

platform increased in the Acupuncture group and the U0126 group (Figure 2C). These




results indicated that acupuncture treatment improved the learning and memory ability
of rats and promoted the recovery of learning and memory function.

Figure 2 Effects of acupuncture at back-shu point on the behavior of rats. A: Average
escape latency of rats; B: Spatial exploration movement trajectories of rats; C: Spatial
exploration results of rats. * P < 0.05, compared to the Con group; # P < 0.05, compared

to the Model group.

Acupuncture at back-shu point increased inflammation in insomnia rats

Inflammatory cytokines act as mediating signals between the sleep-wake cycle and the
immune system. Abnormal secretion of inflammatory cytokines can cause sleep-wake
cycle disorder and lead to insomnia. As shown in Figure 3A-C, compared with the Con
group, the secretion of inflammatory cytokines (IL-1B, IL-6 and TNF-a) in serum of t
Model group were decreased. After acupuncture and U0126 treatment, the secretion of
IL-1B, IL-6 and TNF-a in the serum of rats were significantly increased. In the rat
hippocampus, we found the same trend in inflammatory cytokine secretion (Figure 3D-
F).

Figure 3 Acupuncture at Back-Shu point increased secretion of inflammatory
cytokines in rats. A-C: Secretion of IL-1p, IL-6 and TNF-a in serum; D-F: secretion of IL-
1P, IL-6 and TNF-a in rat hippocampus. * P < 0.05, compared to the Con group; # P <
0.05, compared to the Model group.

Acupuncture at Back-Shu point inhibited the ERK/NF-«B signaling pathway

The ERK/NF-xB signaling pathway is closely related to the body's immune system. It
plays an important role in the synaptic plasticity of neurons in brain regions, which
mainly regulates learning and memory processes. U0126 is a highly potent inhibitor of
ERK1/2, MEK-1, and MEK-2. The qRT-PCR results showed that compared with the Con
group, the mRNA expression levels of RAF-1, MEK-2, ERK1/2 and NF-«B in the
hippocampus of the Model group were increased. In addition, acupuncture and U0126

significantly inhibited the expression of these genes (Figure 4). The protein expression




levels of the ERK/NF-kB signaling pathway related genes were detected by Western
blot and immunohistochemistry, and the results were consistent with the trend in
mRNA expression (Figure 5A-B, Figure 5C-D). In conclusion, we believe that
acupuncture at back-shu point can improve insomnia in rats by inhibiting the ERK/NF-
kB signaling pathway.

Figure 4 Relative mRNA expression levels of RAF-1, MEK-2, ERK1/2 and NF-«B in
rat hippocampus. * P < 0.05, compared to the Con group; #P < 0.05, compared to the
Model group.

Figure 5 Acupuncture at Back-Shu point inhibited the ERK/NF-kB signaling pathway
in rats. A: The expression of ERK/NF-kB pathway-related proteins in rat hippocampus
was detected by western blot; B: The relative prtﬁein expression level of RAF-1, MEK-2,
ERK1/2 and NF-xB in rat hippocampus; C: The expression levels of ERK/NF-kB
pathway-related proteins in the hippocampus in rats were detected by
immunohistochemistry, scale bars = 100 pm (%200); D: The gray values of RAF-1, MEK-
2, ERK1/2 and NF-«xB. * P < 0.05, compared to the Con group; # P < 0.05, compared to
the Model group.

DISCUSSION

Insomnia is a common disease that not only reduces patients' life quality, but also
causes other physical diseases, significantly impacting patients' lives 4. Due to their
reproductive ability, easy feeding, easy modeling and experimental operation, and
similar sleep-wake cycle and biological regulatory function to humans, rats were
selected to construct the insomnia model in this study. PCPA can inhibit sleep and
affect the expression of serotonin (5-HT). As an inhibitor of tryptophan hydroxylase, an
essential enzyme in the process of 5-HT biosynthesis, PCPA can reduce the
concentration of 5-HT in the brain and serum by inhibiting it, thus causing disorder of
the sleep-wake cycle [3l. After intraperitoneal injection of PCPA in rats for three
consecutive days, the rats showed circadian rhythm disorder, frequent daytime activity,

wet and dark hair, increased aggression during stimulation, and mutual fighting and




biting behaviors, which lasted for one week, which was consistent with the clinical
symptoms caused by insomnia, indicating that the insomnia model was successfully
established.

In traditional Chinese medicine, insomnia belongs to the category of "sleepless" and the
back-shu point is the acupoint on the bladder meridian, which is closely related to the
brain. Currently, the five acupoints most commonly used in treating insomnia by
acupuncture at back-shu point are Xin Yu, Gan Yu, PI Yu, Fei Yu, and Shen Yu [16l. This
study found that continuous application of acupuncture at back-shu point for seven
days can promote appetite, prolong sleep time and improve the mental state, activity,
and excessive behavior. The results of the MWM test showed that compared with the
Model group, the ability of positioning navigation and space exploration of rats in the
Acupuncture group and U0126 group improved to varying degrees, the latency in
seeking platform escape was shortened, and the number of swims across the platform
was increased. In conclusion, the results show that acupuncture at back-shu point can
improve the cognitive behavior changes and emotional disorders caused by insomnia,
improve learning and memory ability in rats, and promote learning and memory
function recovery

The sleep-wake cycle is bidirectional in the immune system. Activation of the immune
system will change the sleep state, which can lead to increased sleep duration, and lead
to the occurrence of insomnia [17l. Cytokines in the sleep-wake cycle and immune
system mediate between signals, and through the receptor act on the peripheral
nervous system (PNS) or the central nervous system (CNS) neurons, astrocytes and
microglia, through afferent nerve fibers and blood to the brain signals, cause
inflammation and then insomnia ['8]. In recent years, the role of inflammatory cytokines
in maintaining the NREM sleep cycle has been extensively studied in animal
experiments. Anti-inflammatory factors (IL-4, IL-10) can reduce the duration of NREM
sleep, and proinflammatory factors (1L-1f, IL-2, IL-6, TNF-a) can promote the duration
and depth of NREM sleep (1% 20: 21, The results of the present study showed that
compared with the Con group, the proinflammatory cytokines, IL-6, 1L-13 and TNF-a




in the Model group rats' serum and hippocampus were significantly decreased (P <
0.01), suggesting that insomnia can result in a proinflammatory cytokine secretion
imbalance, affect the body's immune system, resulting in sleep cycle disorder,
consistent with previous research results. Compared with the Model group, the
secretion of IL-1f3, IL-6 and TNF-a in the Acupuncture group and U0126 group were
significantly increased, suggesting that acupuncture at back-shu point may participate
in the regulation of sleep and the immune system, improve the secretion of
proinflammatory cytokines, maintain the balance of cytokines, and promote recovery of
the body's immune system and the improvement of insomnia.

The MAPK signaling family is divided into the ERK, JNK, ERK5/BMK1 and P38 MAPK
signaling pathways, of which the ERK-mediated MAPK signaling pathway is
considered a classical MAPK signal transduction pathway[2l. The ERK signaling
pathway transfers extracellular signals into cells through the RAF-MEK-ERK cascade
effect, and then regulates the expression of downstream key target NF-xB, which affects
the occurrence of diseases. RAF-1, MEK-2, ERK1/2 and NF-kB are essential targets in
the RAF-MEK-ERK-NF-xB pathway, which regulate cell proliferation, apoptosis,
differentiation and other physiological activities, and participate in the pathogenesis
and clinical symptoms of insomnia % 24251, This study showed that compared with the
Con group, the mRNA and protein expression levels of RAF-1, MEK-2, ERK1/2 and
NF-kB in the hippocampus of the Model group were signific&‘ntly increased (P < 0.01),
and the number of positive cells increased, suggesting that the pathogenesis of
insomnia may be related to activation of the ERK/NF-kB pathway. To further
investigate whether acupuncture at back-shu point improves insomnia by inhibiting the
ERK/NF-xB signaling pathway, U0126 was injected into the tail vein of rats. U0126, a
highly efficient pathway inhibitor that selects ERK1/2, MEK-1, MEK-2 and other
families, can simultaneously inhibit ERK and MEK through a non-competitive pathway,
have an impact on the RAF-MEK-ERK cascade reaction, further inhibit cell apoptosis,
migration, invasion, and regulate the expression of related proteins (2526, Studies have

shown that U0126 can effectively inhibit the proliferation, migration and apoptosis of




cancer cells in vivo, and antioxidant protection of neuronal cells; thus, it is widely used
in the treatment of nerve damage, sleep disorders, decreased learning and memory
abilil‘y,a‘nd cancer caused by hypoxia and ischemia [27:28 2], Compared with the Model
group, the mRNA and protein expression levels of RAF-1, MEK-2, ERK1/2 and NF-xB
in the Acupuncture group and U0126 group were significantly down-regulated (P <
0.01), suggesting that acupuncture at back-shu point and injection of U0126 inhibited
activation of the ERK/NF-xB signaling pathway.

CONCLUSION
CONCLUSION

In summary, acupuncture at Back-Shu point can promote appetite, prolong sleep time,
improve learning and memory ability, maintain the balance of proinflammatory
cytokinpasecretion, and improve rats' mental state, activity and excessive behavior. We
believe that the pathogenesis of insomnia may be related to activation of the ERK/NF-
kB signaling pathway. Acupuncture at back-shy_point may inhibit conduction of the
ERK/NF-kB signaling pathway, down-regulate the mRNA and protein expression of
RAF-1, MEK-2, ERK1/2 and NF-kB in the pathway, increase the secretion levels of
proinflammatory cytokines IL-1p, IL-6 and TNF-a, maintain the balance of cytokines,
and protect nerve cells. Thus, acupuncture may promote the body's immune system

recovery and play a role in the treatment of insomnia.

ARTICLE HIGHLIGHTS

Research background

Insomnia is a disease where individuals cannot maintain a steady and stable sleep state
or fail to fall asleep. Western medicine mainly uses sedatives and hypnotic drugs to
treat insomnia, and long-term use is prone to drug resistance and other adverse
reactions. Acupuncture has a good curative effect and unique advantages in the

treatment of insomnia.




Research motivation

To explore the molecular mechanism of acupuncture for insomnia.

Research objectives
To explore the molecular mechanism of acupuncture at Back-Shu point for the

treatment of insomnia.

Research methods

We first prepared a rat model of insomnia, and then carried out acupuncture for 7
consecutive days. After treatment, the sleep time and general behavior of the rats were
determined. The Morris water maze test was used to assess the learning ability and
spatial memory ability of the rats. The expression levels of inflammatory cytokines in
serum and the hippocampus were detected by ELISA. qRT-PCR was used to detect the
mRNA expression changes in the ERK/NF-kB signaling pathway. Western blot and
immunohistochemistry were carried out to evaluate the protein expression levels of

RAF-1, MEK-2, ERK1/2 and NF-xB.

Research results

Acupuncture can prolong sleep duration, and improve mental state, activity, diet
volume, learning ability and spatial memory. In addition, acupuncture increased the
release of 1L-1p, 1L-6 and TNF-a in serum and the hippocampus, and inhibited the
mRNA and protein expression of the ERK/NF-kB signaling pathway.

Research conclusions
These findings suggest that acupuncture at Back-Shu point can inhibit the ERK/NF-kB
signaling pathway and treat insomnia by increasing the release of inflammatory

cytokines in the hippocampus.




Research perspectives
This paper provides new ideas for the treatment of insomnia from the perspective of

acupuncture.
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