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A B S T R A C T

Insomnia can cause damage to function and other medical and mental illnesses, and it is also a risk factor for
increasing medical care costs. Although simple behavior intervention is feasible in primary medical institutions,
the lack of corresponding technical training has obviously restricted its use, patients' autonomy dependence is
generally poor, and early missions have some difficulties. Relatively speaking, acupuncture in traditional therapy
is more likely to be accepted, but the mechanism is still unclear. In this study, a model of insomnia was con-
structed using chlorophenylalanine (PCPA) in 6-week-old male SD rats. Electroacupuncture was used to stimulate
Baihui (DU20), Shenmen (HT7), and Sanyinjiao (SP6), and the behavior, histopathology, cAMP/CREB/BDNF,
PI3K/Akt pathways and the expression of sleep-related factors were observed. Our study showed that IL-1β, PGD2,
MT, IL-10, IL-6, TNF-α, IFN-γ and CORT in rats could be regulated after electroacupuncture stimulation. The
expression of TrkB, PI3K, Akt, P-TrkB, p-Akt, cAMP, CREB, and BDNF can also be up- or downregulated.
Apoptosis-related Bax, Bad and Caspase-3, as well as the monoamine neurotransmitters 5-HT, DA, NE and EPI,
were also modulated by electroacupuncture. Taken together, these data illustrate the potential of DU20, HT7 and
SP6 as a multitargeted therapy for insomnia in rats. The novelty of the study lies in the description of the
Traditional Chinese Medicine stimulation methods different from Chinese Herbs: electroacupuncture stimulates
acupoints of sleep factors, cAMP/CREB/BDNF, PI3K/Akt pathways and the multipath and multitarget body
response regulation mechanism of apoptosis.
Insomnia is a common clinical disorder that is characterized by
difficulty falling asleep or staying asleep, and it is accompanied by ir-
ritability or fatigue when awake. The prevalence rate of insomnia is
approximately 10–20%, of which approximately 50% of cases are
chronic [1]. Insomnia can lead to impaired functioning and other
medical and psychiatric disorders, and it is a risk factor that increases
healthcare costs. The causes of insomnia include genetic, environ-
mental, behavioral, and physiological factors that ultimately lead to
hyperexcitability. Effective treatments include behavioral, cognitive,
and pharmacological interventions. Benzodiazepines, non-
benzodiazepines, antidepressants, and melatonin agonists are widely
used in the treatment of insomnia. However, these treatments have
negative impacts on patient cognitive function and can cause addiction
and central nervous system depression [2, 3]. Although simple behav-
ioral interventions are feasible in primary medical institutions, the lack
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of corresponding technical training significantly limits their use, patient
adherence is generally poor, and early education is also difficult.
Compared with other treatment methods, the use of acupuncture in
traditional therapy is more acceptable, and related studies have also
shown that acupuncture can improve insomnia symptoms, sleep time,
and daytime function [4, 5]. Although previous studies have described
the mechanisms by which acupuncture regulates immune cytokine
production, oxidative defense systems, and neurotransmitters [6, 7, 8],
insomnia involves a variety of complex mechanisms, and further
research is needed to improve the acupuncture-insomnia regulatory
system.

Acupuncture and moxibustion follow particular guidelines related to
acupoint compatibility, and choosing different acupoints according to
different theories is the basis of traditional Chinese medicine (TCM).
TCM believes that the brain is the house of the primordial spirit and the
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point where all yang meets, and the brain is a key organ that regulates
insomnia. The Baihui point first seen in the "Acupuncture and Moxi-
bustion A and B Classic" is located in the depression in the middle of the
top of the head, 5 inches away from the front hairline. It can harmonize
the yin and yang balance of the whole body. At the same time, TCM
believes that the lower part of Baihui is where the brain is located, and
the brain is the "sea of marrow", which is also the "house of the primordial
spirit", which governs the human body's mental activities such as
thinking, consciousness, memory, etc., and there are 14 governor vessels
where Baihui is located. The only meridian that is directly related to the
brain collaterals. Therefore, Baihui is an important point for regulating
the mind, which can treat various brain diseases. Thus, the Baihui point
(DU20), which is located at the highest part of the brain, is the first
choice. On the other hand, TCM believes that the heart controls the gods
and is the viscera of insomnia onset. The ancient Chinese literature
"Jingyue Quanshu" also clearly put forward the concept of "Shen's peace
and sleep". The "Golden Mirror of Medicine" also clearly clarifies that
acupuncture at the Shenmen point can soothe and calm the mind. In the
development of TCM acupuncture, the soothing effect of Shenmen has
become the "first-class main point" for the treatment of insomnia.
Therefore, as an important acupoint for regulating consciousness, Shen-
men (HT7) should also be selected to treat insomnia. TCM believes that
the liver, spleen and kidney are closely related to qi, blood, and yin and
yang of the whole body, so the Sanyinjiao (SP6) point, which is related to
these three viscera, is the third selected acupoint. Therefore, according to
the theory of TCM, this study will try to explain the mechanism by which
acupuncture functions in the treatment of insomnia by stimulating the
three acupoints mentioned above (DU20, HT7, and SP6; referred to as
DHS).

Long-term insomnia increases the incidence of hypertension, coro-
nary heart disease, Alzheimer's disease, anxiety, depression, neurosis,
menopausal syndrome, chronic indigestion, anemia, atherosclerosis and
other related diseases and seriously affects human lifespan. People with
insomnia are five times more likely to suffer from depression and
anxiety than the general population, have a multiplied risk of cardio-
vascular disease, and have a significantly higher risk of death. The
medical resource consumption of insomnia patients is approximately
12 times that of those without insomnia, the incidence of insomnia in
females is higher than that in males, and insomnia in females is 1.7
times higher than that in males in people over 45 years old [9, 10].
Insomnia has multiple regulatory mechanisms. 5-Hydroxytryptamine
(5-HT) mainly exists in the cerebral cortex and synapses of mam-
mals. It is a central sleep-promoting substance [11]. In addition, IL-1β
is a sleep-promoting factor that can promote nonrapid eye movement
sleep. The expression of IL-1β is in the form of night high and day low,
which is positively correlated with the degree of sleep. Insufficient
secretion of IL-1β reduces rebound after spontaneous sleep or sleep
deprivation [12]. The PI3K/Akt pathways can promote the secretion of
IL-1β. Recent studies have found that apoptosis occurs in the brains of
sleep-deprived animals [12, 13], and brain apoptosis markers in rats
are also positive, including BCL-2-related death-initiating protein,
apoptotic protein precursor, and Caspase- 9, which start the pathway
within the mitochondria, leading to cell apoptosis [14]. Because
apoptosis is involved in the whole process of insomnia [15] and
neuronal death caused by apoptosis is the main pathological feature of
familial insomnia [16], medicinal plants that can regulate apoptosis
also have the effect of regulating insomnia [17]. Therefore, in this
study, our goal was to demonstrate the body response regulation
mechanism of sleep factors, cAMP/CREB/BDNF, PI3K/Akt pathways
and apoptosis of acupoints stimulated by electroacupuncture. To
further improve the acupuncture-insomnia regulation system. The
novelty of this study is based on the theory of TCM, the selected
acupoints, and the modern systematic research methods, multipathway,
multitarget elaboration of the mechanism of electroacupuncture in
regulating insomnia. This study will add evidence for the effectiveness
of TCM complementary therapy, acupuncture.
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1. Materials and methods

1.1. Experimental reagents

Para-chlorophenylalanine (PCPA) was purchased from Shanghai
Genye. The 0.9% NaCl solution was adjusted to a weakly basic pH (pH
7.0–8.0) with NaOH and HCl to prepare a PCPA suspension (5% Tween-
80) for use in this study. 7,8-Dihydroxyflavone (7,8-DHF) was purchased
from MCE, pentobarbital sodium was purchased from Sigma Merck,
dimethyl sulfoxide (DMSO) was purchased from Solepipe, and PEG300
was purchased from MCE. Eosin was purchased from Solarbio, hema-
toxylin was purchased from Servicebio, nisin staining solution was pur-
chased from Servicebio, neutral resin was purchased from Shanghai
Sinopharm, the In Situ Cell Death Detection Kit, the DAB concentrated kit
was purchased from Solarbio, hematoxylin was purchased from Serv-
icebio, the Marker was purchased from Helix, and the BCA protein con-
centration assay kit was purchased from Solarbio. ELISA kits for
interleukin-1β (IL-1β), prostaglandins D2 (PGD2), melatonin (MT),
corticosterone (CORT), IL-6, IL-10, tumor necrosis factor alpha (TNF-α),
interferon-gamma (IFN-γ), and brain-derived neurotrophic factor (BDNF)
were purchased from Bioswamp. TRIzol was purchased from Ambion,
and PrimeScript II Rtase was purchased from TAKARA. Antibodies
against Bcl-2, Bax, Bad, Caspase-3, TrKB, PI3K, Akt, cAMP, CREB, BDNF,
GAPDH, p-TrKB, p-Akt and p-CREB, as well as goat anti-rabbit IgG, were
purchased from CST.

1.2. Rat insomnia model and treatment

Fifty six-week-old male SD rats were selected and housed under
specific pathogen-free (SPF) conditions. All animals were obtained from
Hunan Slaughter Jingda Laboratory Animal Co. The rats were adaptively
reared for 7 days. The rats were divided into five groups for the experi-
ments. The control group (n ¼ 10) was randomly selected and injected
intraperitoneally with 10 ml/kg saline, and the PCPA group (n¼ 10) was
injected intraperitoneally with PCPA at a concentration of 60 mg/ml in a
volume of 10 ml/kg once a day for two consecutive days. The PCPA þ
DHS group (n ¼ 10) was treated as follows. On the second day after the
model was established, the rats were fixed with a flat rat fixator, and 1-
inch acupuncture needles (Hua Tuo brand) of 0.25 mm � 25 mm
thickness were inserted into the rats at the Baihui (2 mm diagonally to-
ward the front skin), bilateral Shen Men (3 mm directly), and bilateral
Sanyinjiao (2–3 mm directly) positions. Then, the rats were connected to
an electroacupuncture instrument after twisting the needles for 1 min
with flat tonic and flat diarrhea. The waveform was sparse and dense, the
frequency was 2/15 Hz, the electroacupuncture intensity was 1 mA, and
the needles were maintained in their positions for 30 min. These pro-
cedures were repeated once per day for 5 days. On the 4th day, 30 min
after the completion of acupuncture, the open field experiment was
performed, and 30 min after the last acupuncture, the positive reflex
experiment was performed. In the PCPAþ7,8-DHF group (n ¼ 10), the
TrkB agonist 7,8-DHFwas injected intraperitoneally at a concentration of
10 mg/ml on day 2 after the model was established. In the PCPA þ
DHSþ7,8-DHF group (n ¼ 10), the TrkB agonist 7,8-DHF was injected
intraperitoneally at a concentration of 10 mg/ml on day 2 after the model
was established, and needling was performed 6 h later (same procedure
as in the PCPA þ DHS group) once per day for 5 days [18].

1.3. Behavioral observations and experiments

Changes in the coat color, activity, response, defecation, diet, water
intake and body mass of the rats in each group were observed once every
2 days. Open field experiments: On day 4, 30 min after the acupuncture
intervention, the rats were acclimatized in a wooden box for 1 min, and
the number of times the rats crossed the grid, the number of times the rats
stood, the time spent in the central grid, the number of grooming be-
haviors and the number of feces in each group within 3 min were



Table 1. Primer sequences.

Primers Sequence Amplified
fragment size (bp)

TRKB-F CCAACCATCACATTTCTCG 260

TRKB-R TGTCTCTCGTCCTTCCCATA

cAMP-F CACTGTCACTGCTATTGCTCC 277

cAMP-R TTCACTACCCCCTGTTCCTT

CREB-F AGTGCCCAGCAACCAAGT 113

CREB-R GGGAGGACGCCATAACAA

BDNF-F GAGCGTGTGTGACAGTATTAGC 171

BDNF-R CCTTCCTTCGTGTAACCCA

GAPDH-F ACCCACTCCTCTACCTTCG 108

GAPDH-R CACCACCCTGTTGCTGT
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recorded. Between the two experiments, the inner wall and bottom sur-
face of the field box were cleaned. Reversal reflex experiment: Thirty
minutes after the last acupuncture, the rats in each group were injected
intraperitoneally with sodium pentobarbital (40 mg/kg) and placed on a
plate in a supine position. The sleep latency and sleep duration of the rats
were observed and recorded. A lack of turning behavior for 1 min was
considered to indicate the disappearance of the turning reflex. The sleep
latency was measured from the time of injection to the disappearance of
the righting reflex. The duration of sleep was measured from the time of
injection to the time when the rats laid on their backs, automatically
turned their bodies over, and did not turn over again for 1 min, which
was considered to indicate the restoration of the righting reflex. The
disappearance of the righting reflex was considered to indicate the
moment when the rats fell asleep. The return of the flip-right reflex
indicated awakening. After the behavioral observations and experiments,
blood was obtained from the abdominal aorta after intraperitoneal
anesthesia with 3% pentobarbital sodium, and hippocampal and brain-
stem tissues were isolated and preserved [19, 20].

1.4. Hematoxylin and eosin staining (HE)

Fixed rat hippocampus and brainstem tissues were placed flat side
down at the bottom of a plastic embedding box for dehydrated immer-
sion wax embedding. The tissue samples were then frozen at -20 �C and
sectioned (3 μM) [21] when the tissue reached proper hardness. The
tissue sections were dewaxed in water, washed with water for 2 min and
stained with hematoxylin solution for 6 min. The hematoxylin solution
was removed with running water for 2 min, and then, the sections were
incubated with 1% hydrochloric acid alcohol for 3 s. After washing with
water, the blue-promoting solution was added and incubated for 10 s to
change the color to blue. After washing with water for 30 s, 0.5% eosin
solution was added and incubated for 3 min. The sections were washed
with water for 2 s followed by 80% ethanol for 30 s, 95% ethanol for 30 s,
anhydrous ethanol for 2 s, xylene (I) for 3 s, and xylene (II) for 3 s. Then,
the sections were sealed with neutral gum. The sections were imaged by
microscopy, and images of the relevant parts of the sections were
captured by the Leica Application Suite graphics system.

1.5. Nissl staining

The rat hippocampus and brainstem tissues were dewaxed, embedded
in wax and sectioned (3 μM). After spreading and baking, the tissue
sections were routinely dewaxed in water and stained for 5 min with
Nissl staining solution. The sections were then washed, dried in an oven
at 65 �C and sealed with a neutral resin. The sections were imaged with a
microscope, and images of the relevant areas of the sections were
captured by the Leica Application Suite graphics system. The nisomes
stained dark blue, the nuclei were light blue, and the background was
essentially colorless.

1.6. Transferase-mediated dUTP nick end labeling

The fixed rat hippocampal and brainstem tissues were dewaxed,
embedded in wax, and then sectioned (3 μM). TUNEL staining was per-
formed after spreading and baking the sections. The slides were first
incubated at a constant temperature of 65 �C for 1 h, incubated in xylene I
for 15 min and then incubated in xylene II for 15 min. Then, the dewaxed
sections were incubated in 100% alcohol, 95% alcohol, 85% alcohol and
75% alcohol for 5 min and washed with tap water for 10 min. The sec-
tions were incubated with proteinase K working solution at 37 �C for 15
min. The sections were washed twice with PBS, and 50 μL of enzyme
solution was added to 450 μL of labeling solution and mixed thoroughly.
Then, 50 μL TUNEL reaction mix was added to the sections and incubated
for 60 min at 37 �C in a wet box in the dark with a cover. The cells were
washed 3 times with PBS, 50 μL DAB substrate was added, and the cells
were incubated for 10 min at room temperature. The sections were
3

washed 3 times with PBS, counterstained with hematoxylin, dehydrated
and cleared. Finally, blocking, microscopic observation, and image
acquisition were performed. The positive apoptotic cell nuclei stained
brownish yellow or gray, and nonapoptotic cell nuclei stained blue.
1.7. Western blotting

The proteins were extracted, and the protein concentration of each
group was determined using a BCA kit. Then, 20 μg of protein was added
to gels (prepared with 12% isolate and 5% concentrate), and the proteins
were separated by electrophoresis as follows: 80 V for 40 min for con-
centration and 120 V for 50 min for separation. Then, the proteins were
transferred to membranes at 90 V for 50 min, and the membranes were
blocked with 5% skim milk powder at room temperature overnight at 4
�C [22, 23]. Antibodies against Bcl-2 (1:1000), Bax (1:1000), Bad
(1:1000), Caspase-3 (1:1000), TrKB (1:1000), p-TrKB (1:1000), PI3K
(1:1000), Akt (1:1000), p-Akt (1:1000), cAMP (1:1000), CREB (1:1000),
BDNF (1:1000) and GAPDH (1:1000) were added and incubated at room
temperature for 1 h. After washing the membrane, goat anti-rabbit
immunoglobulin G (IgG) (1:20,000) was added and incubated for 1 h
at room temperature. The ECL luminescent solution was added and
placed in a fully automated chemiluminescent analyzer for color devel-
opment, and the grayscale values of the relevant bands were measured by
TANON GIS software, with three replicates in each group.
1.8. Enzyme-linked immunosorbent assay (ELISA)

The levels of the sleep-promoting factors IL-1β, prostaglandin D2
(PGD2), and melatonin (MLT) as well as those of the wakefulness-
promoting factor corticosterone (CORT) in the peripheral blood serum
of rats were measured by ELISA kits. The levels of the inflammatory
cytokines IL-6, IL-10, TNF-α, and IFN-γ in serumwere also measured. The
procedures were carried out in strict accordance with the instructions.
The absorbance (OD) of each well was measured at 450 nm, and the
absorbance of blank wells was adjusted to zero.
1.9. Quantitative reverse transcriptase PCR (qRT‒PCR)

One hundred milligrams of hippocampal and brainstem tissue sam-
ples from each group of rats were placed in 1 mL of TRIzol for the
extraction of total RNA. cDNA was synthesized by reverse transcription,
and PCR amplification was performed using cDNA as a template. The
reaction procedure was as follows [24]: 95 �C for 3 min; 40 cycles of 95
�C for 5 s, 56 �C for 10 s, and 72 �C for 25 s. The CT values were obtained
at the end of the reaction, and statistical analysis was performed using the
2-ΔΔCT method with GAPDH as an internal reference. The PCR primers
were synthesized by Wuhan Tianyi Huayu Gene Technology Co., and the
sequences are listed in Table 1.



Figure 1. Effects of DHS stimulation on rat behavior. Figure 1A, the body weight of the rats in the model group decreased significantly compared with that in the
control group (P < 0.05). The general status of the rats was observed every 2 days after the model was established, and there were no significant changes in the rats in
the model group. The rats in the PCPA þ DHS group, PCPAþ7,8-DHF group and PCPAþ7,8-DHF þ DHS group showed significant improvement in general status, and
their diet, water intake and defecation habits gradually normalized. On days 5, 7 and 8, the weight of the rats in each group was observed (Figure 1B). Compared with
the control group, the body weight of the rats in the model group decreased significantly (P < 0.05). Compared with the model group, the body weight of the rats in
the PCPA þ DHS, PCPAþ7,8-DHF and PCPAþ7,8-DHF þ DHS groups was significantly increased (P < 0.05). Figure 1C shows the movement trajectory of each group
of rats. Compared with the control group, the model group had more frequent movements and more intensive movement trajectories in the open field, indicating that
the model rats had increased anxiety in the open field. In contrast, the motor trajectories were sparse in the DHS and 7,8-DHF intervention groups compared to the
model group, indicating that rats experienced significantly less anxiety in the open field. By analyzing the indicators of motion in the open field (Figure 1D), compared
with the control group, the total distance and mean speed in the model group were significantly higher (P < 0.05); compared with the model group, the total distance
and mean speed in the PCPA þ DHS, PCPAþ7,8-DHF and PCPAþ7,8-DHF þ DHS groups were significantly lower (P < 0.05). We then performed a pentobarbital
sodium flip-flop reflex experiment (Figure 1E). Compared with the control group, sleep duration was significantly lower (P < 0.05) and sleep latency was significantly
higher (P < 0.05) in the model group. In contrast, after DHS and 7,8-DHF interventions, sleep duration increased (P < 0.05), and sleep latency decreased (P < 0.05).
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Figure 2. Effects of DHS stimulation on histopathology and the expression of sleep-related factors in rats with insomnia. A and C show the hippocampus, and B and D
show the brainstem. (a), (b), (c), (d), and (e) show the control, PCPA, PCPA þ DHS, PCPAþ7,8-DHF, and PCPAþ7,8-DHF þ DHS groups, respectively. Figure 2A and B
show HE staining. The morphology of the hippocampus and brain stem cells in the control group was normal, the boundary between the molecular layer and the outer
granular layer was clearer, and the arrangement of the vertebral cell layer was normal. In the PCPA group, the nuclei of the neurons in the brainstem and hippocampus
were deeply stained, the cytoplasm was dissolved, the volumes of a large number of vertebral cells were reduced, and the intercellular spacing was significantly
increased. After DHS or 7,8-DHF intervention, the neurons in the brainstem and hippocampus were well aligned, with reduced nuclear fixation and cytoplasmic lysis
and more well-arranged pyramidal cells with fewer vacuoles and normal intercellular spacing. Figure 2C and D show the morphology of neurons in the hippocampus
and brainstem tissues of the rats in each group as observed by Nissl staining. The hippocampus and brainstem cells in the control group were normal in shape, neatly
arranged, and lacked neuronal damage or loss, and the cytoplasm and nucleus were clear. The hippocampal and brainstem neurons in the PCPA group were enlarged,
and the structure of the vertebral cell layer was disordered. After DHS or 7,8-DHF intervention, most cells in the brainstem and hippocampus were normal in shape,
with no significant reduction in the number of cell layers, an increase in cerebrospinal fluid, and only a small amount of neuronal loss and gliosis. Figure 2E and F show
the levels of related factors in the peripheral blood of rats. Compared with the control group, the serum levels of IL-1β, PGD2, MT, and IL-10 in the PCPA group were
significantly decreased (P < 0.05). The levels of IL-6, TNF-α, IFN-γ and CORT were significantly increased (P < 0.05). The serum levels of IL-1β, PGD2, MT and IL-10
were significantly increased after PCPA þ DHS or PCPAþ7,8-DHF intervention (P < 0.05), and the levels of IL-6, TNF-α, IFN-γ and CORT were significantly decreased
(P < 0.05).
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1.10. Data statistical analysis

The experimental data were analyzed using SPSS 19.0 software, and
the results are expressed as the mean � standard deviation (mean � SD).
One-way ANOVA (one-way ANOVA) was used to compare data among
multiple groups, and the LSD test was used for two-way comparisons
between means. The difference was statistically significant at P < 0.05.

2. Results

2.1. Effects of DHS stimulation on the behavior of rats with insomnia

Evaluation of insomnia models by observing animal behavior has
been widely used [19]. PCPA is a specific, potent, irreversible tryptophan
hydroxylase (TPH) inhibitor that can reduce slow-wave sleep in animals
[25, 26]. The behavior of rats was observed on the second day of PCPA
injection, and we found that the rats had dull hair, alopecia, increased
daytime activity, disrupted circadian rhythms, increased aggression, and
significantly decreased body weight after the model was established, as
shown in Figure 1A. After DHS or 7,8-DHF intervention, the rats’ diet,
water intake, and defecation habits gradually returned to normal, and
their body weight also recovered, as shown in Figure 1B. Similarly,
compared with the PCPA group, the movement trajectories of the rats in
the DHS or 7,8-DHF intervention groups were sparse, indicating that the
anxiety of the rats in the open field was significantly reduced (Figure 1C,
D). Then, we performed a sodium pentobarbital trigger reflex experiment
(Figure 1E). After DHS or 7,8-DHF intervention, the sleep time and sleep
latency of the rats were improved to some extent.
Figure 3. DHS stimulation inhibits neuronal apoptosis in rat hippocampus and brain
(d), and (e) show the control, PCPA, PCPA þ DHS, PCPAþ7,8-DHF, and PCPAþ7,8
brainstem of the rats in each group was examined by TUNEL staining. Compared with
neurons of the rats in the PCPA group was significantly increased, the staining was
pocampal and brainstem neurons in the DHS and 7,8-DHF groups had fewer stained
was used to measure the expression of apoptotic proteins in the hippocampus and br
the control group, the expression of Bcl-2 in the hippocampus and brainstem of the mo
Bax, Bad and Caspase-3 were significantly upregulated (P < 0.05). Compared with the
rats subjected to DHS or 7,8-DHF intervention were significantly upregulated (P <

downregulated (P < 0.05).
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2.2. Effects of DHS stimulation on histopathology and the expression of
sleep-related factors in rats with insomnia

The histopathological observation of the hippocampus and brainstem
of rats by HE staining showed that the nuclei of neurons in the brainstem
and hippocampus of the PCPA group were darkly stained, the cytoplasm
was dissolved, the volumes of a large number of vertebral cells were
reduced, and the intercellular spacing was significantly increased, as
shown in Figure 2A, B. After DHS or 7,8-DHF intervention, the neurons in
the brainstem and hippocampus were well aligned, with reduced nuclear
fixation and cytoplasmic lysis, and more well-arranged pyramidal cells
with fewer vacuoles and normal intercellular spacing were observed. As
shown in Figure 2C, D, Nissl staining revealed that the hippocampus and
brainstem neurons in the PCPA group were enlarged, and the structure of
the pyramidal cell layer was disordered. After DHS or 7,8-DHF inter-
vention, most cells in the brainstem and hippocampus were normal in
shape, with no significant reduction in the number of cell layers, an in-
crease in cerebrospinal fluid, and only a small amount of neuronal loss
and gliosis.

We then examined the levels of sleep-promoting and wake-promoting
factors in the peripheral blood of the rats. As shown in Figure 2E, F, the
serum levels of IL-1β, PGD2, MT, and IL-10 in the PCPA group were
significantly decreased (P < 0.05), while the levels of IL-6, TNF-α, IFN-γ
and CORT were significantly increased. The serum levels of IL-1β [27],
PGD2, MT and IL-10 were significantly increased, while the levels of IL-6,
TNF-α, IFN-γ and CORT were significantly decreased after PCPA þ DHS
or PCPAþ7,8-DHF intervention. The effects of the combination of DHS
and 7,8-DHF intervention were the best.
stem tissues. A shows the hippocampus, and B shows the brainstem. (a), (b), (c),
-DHF þ DHS groups, respectively. Neuronal apoptosis in the hippocampus and
the control group, the number of stained cells in the hippocampus and brainstem
darker, and apoptosis was increased. Compared with the PCPA group, the hip-
cells, lighter staining, and decreased apoptosis (Figure 3A, B). Western blotting
ainstem tissues of the rats in each group, as shown in Figure 3C. Compared with
del rats was significantly downregulated (p < 0.05), and the expression levels of
PCPA group, the expression levels of Bcl-2 in the hippocampus and brainstem of
0.05), and the expression levels of Bax, Bad and Caspase-3 were significantly



Figure 4. Effects of DHS stimulation on
the PI3K/Akt pathway. (a), (b), (c), (d),
and (e) show the control, PCPA, PCPA þ
DHS, PCPAþ7,8-DHF, and PCPAþ7,8-
DHF þ DHS groups, respectively. The
mRNA expression of TrkB in rat hippo-
campus and brainstem tissues was
measured by qRT‒PCR (Figure 4A).
Compared with the control group, the
mRNA expression of TrkB in the hippo-
campus and brainstem tissues of the
PCPA group was significantly decreased
(P < 0.05). The mRNA expression of
TrkB in the DHS or 7,8-DHF group was
significantly higher than that in the
PCPA group (P < 0.05). The effect of the
combined DHS and 7,8-DHF intervention
was better than that of the single in-
terventions (P < 0.05). The Western
blotting results were consistent
(Figure 4, B). Compared with the control
group, the protein expression of p-TrkB
in the PCPA group was significantly
decreased (P < 0.05). The protein
expression of p-TrkB in the DHS or 7,8-
DHF group was significantly higher
than that in the PCPA group (P < 0.05).
Compared with the PCPA group, the
relative protein expression levels of PI3K
and p-Akt were significantly lower than
those in the control group (P < 0.05).
The relative protein expression of PI3K
and p-Akt in the DHS or 7,8-DHF group
was significantly higher than that in the
PCPA group (P < 0.05). The effect of the
combined DHS and 7,8-DHF intervention
was better than that of the single in-
terventions (P < 0.05).
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These results indicate that DHS stimulation can improve neuronal
morphology in the hippocampus and brainstem and the levels of sleep-
related factors in the serum of rats with insomnia.

2.3. DHS stimulation inhibits neuronal apoptosis in the hippocampus and
brainstem tissues of rats

TUNEL staining is a common method to detect cell apoptosis staining.
The principle is that when cells undergo apoptosis, some DNA endonu-
cleases will be activated. These endonucleases cleave genomic DNA be-
tween nucleosomes, and apoptosis can be observed by labeling these DNA
fragments [28]. We examined neuronal apoptosis in the hippocampus and
brainstem of each group of rats by TUNEL staining. The number of stained
cells in the hippocampus and brainstem neurons of the rats in the PCPA
group was significantly increased, the staining was darker, and apoptosis
was increased, as shown in Figure 3A and B. After DHS or 7,8-DHF
intervention, the number of stained cells in hippocampal and brainstem
neurons decreased, the staining was lighter, and apoptosis was decreased.

Western blotting was used to measure the expression of apoptotic
proteins in the hippocampus and brainstem tissues of the rats in each
group (Figure 3C). DHS or 7,8-DHF intervention upregulated the
expression of Bcl-2 and downregulated the expression of Bax, Bad and
Caspase-3. This means that DHS can inhibit neuronal apoptosis in the
hippocampus and brainstem tissues of rats.
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2.4. Effects of DHS stimulation on the PI3K/Akt pathway

TrkB expression in rat hippocampus and brainstem tissues was
measured by qRT‒PCR, and the expression of TrkB, PI3K, Akt, P-TrkB,
and p-Akt was measured by Western blotting (Figure 4). Compared with
the PCPA group, the mRNA expression of TrkB was increased in the DHS
and 7,8-DHF intervention groups, and the protein expression levels of p-
TrkB, PI3K and p-Akt were also increased. These results seem to indicate
a regulatory effect of DHS stimulation on the TrKB and PI3K/Akt
pathways.

2.5. Effects of DHS stimulation on the cAMP/CREB pathway

We then examined factors associated with the cAMP/CREB/BDNF
pathway. As shown in Figure 5A, the mRNA expression levels of cAMP,
CREB and BDNF were significantly upregulated in the DHS or 7,8-DHF
group compared with the PCPA group. The level of BDNF in peripheral
blood serum was measured by ELISA (Figure 5B), and the level of BDNF
was also significantly increased after intervention. The same results were
obtained using Western blotting. As shown in Figure 5C, cAMP, p-CREB
and BDNF protein expression was upregulated by DHS or 7,8-DHF
intervention. These results suggest that DHS stimulation may alleviate
the mechanism underlying PCPA-induced insomnia in rats via the cAMP/
CREB/BDNF pathway.



Figure 5. Effects of DHS stimulation on the cAMP/
CREB pathway. (a), (b), (c), (d), and (e) show the
control, PCPA, PCPA þ DHS, PCPAþ7,8-DHF, and
PCPAþ7,8-DHF þ DHS groups, respectively.
Figure 5A shows that compared with the control
group, the mRNA expression levels of cAMP, CREB
and BDNF in the hippocampus and brainstem of the
PCPA group were significantly downregulated (P <

0.05). Compared with the PCPA group, the mRNA
expression levels of cAMP, CREB and BDNF were
significantly upregulated in the DHS group and 7,8-
DHF group (P < 0.05). The levels of BDNF in pe-
ripheral blood serum were measured by ELISA
(Figure 5B). The serum BDNF level of the PCPA
group was significantly lower than that of the control
group (P < 0.05). The serum BDNF levels in the DHS
group and 7,8-DHF group were significantly higher
than those in the PCPA group (P < 0.05). Western
blotting also revealed that DHS or 7,8-DHF inter-
vention upregulated the protein expression of cAMP,
p-CREB and BDNF (p < 0.05) (Figure 5C).
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2.6. Effects of DHS stimulation on monoamine neurotransmitters

5-HT can promote the accumulation of hypnotic peptide substances in
the hypothalamus and simultaneously act synergistically with neuro-
transmitters such as norepinephrine (NE) and dopamine (DA), induce the
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brain to enter a sleep state, and have a dual regulatory effect on the sleep-
wake cycle [29]. Continuing to evaluate the effect of DHS stimulation on
monoamine neurotransmitters, as shown in Figure 6, the DHS or 7,8-DHF
intervention group had significantly higher levels of 5-HT and lower
levels of DA, NE, and EPI than the PCPA group. This result indicates that



Figure 6. Effects of DHS stimulation on monoamine
neurotransmitters. Neurotransmitter lever of hippo-
campus (Figure 6A) and Neurotransmitter lever of
brainstem (Figure 6B). Compared with the control
group, the contents of 5-HT in the hippocampus and
brainstem of the PCPA group were significantly
decreased (P < 0.05), while the contents of DA, NE
and EPI were significantly increased (P < 0.05). The
level of 5-HT in the DHS or 7,8-DHF group was
significantly increased (P < 0.05), and the levels of
DA, NE and EPI were significantly decreased (P <

0.05).
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DHS stimulation can effectively inhibit the excitability of the central
nervous system and improve the sleep quality of rats with insomnia.

3. Discussion

Insomnia leads to a variety of different behavioral manifestations
[30], including jumping, bumping, irritability, mania, excitement, hair
loss, listlessness and other behavioral abnormalities [19]. This effect may
occur because psychiatric conditions are closely related to sleep distur-
bances [31]. Therefore, benzodiazepine receptor agonists and some an-
tidepressants, antihistamines, antipsychotics, and melatonin are often
used in the treatment of insomnia [32]. To elucidate the experimental
evidence regarding the use of acupuncture to treat insomnia, this study
evaluated the hair, daytime activity, circadian rhythm, aggression, body
weight, diet, water intake, and defecation habits of rats with insomnia.
We found that DHS stimulation had a corrective effect on undesirable
traits. In addition, gene knockout experiments found that the deficiency
of 5-HT reduced the awakening level of the central nervous system [29].
DA is an important regulatory factor for central nervous system neurons
and synapses, which are mainly mediated by D1 and D2 receptors.
Among them, dopamine D2 receptor (D2R) is an important receptor to
maintain awakening. The D2R agonist has a two-way effect, that is,
increased sleep at low doses and high-dose-induced awakening [33, 34].
Norepinephrine (NE) can associate awakening behaviors with other
awakening paths by actively activating the cerebral cortex and edge
systems [35, 36]. Our research has found that DHS can also reduce the
release of the excitement monoamine neurotransmitters DA, NE, and EPI,
which is similar to previous research on the treatment of depression rats
[37]. However, we expanded the scope of the treatment of electro-
acrolescence to insomnia. Of course, perhaps the same diseases that
affect monoclonal neurotransmitters, such as Alzheimer's disease,
tinnitus, anxiety, and chronic fatigue, can also be treated with electro-
acupons. Related aspects still need more research.

Studies have shown that during insomnia, accompanied by the acti-
vation of small gel cells and hyperplasia and apoptosis of nerve cells [16],
one of the important causes of a large loss of neurons is the large amount
of nurnic cell apoptosis. Due to the irreplaceability of nerve cells, after
the number of losses reaches a certain amount, organic damage to the
brain occurs, which affects brain function. Although the specific mech-
anism of apoptosis still needs to be further clarified in the specific
mechanism of insomnia, the importance of apoptosis in the insomnia
process is self-evident. Our data show that DHS can increase the
expression of BCL-2, reduce the expression of BAX, BAD, and Caspase-3,
and reduce apoptosis in TUNEL chromatics. These results all prove that
DHS can reduce apoptosis in insomnia rats. In addition, the PI3K/AKT
pathway participates in the regulation of various cell functions, such as
cell proliferation, differentiation, apoptosis, and glucose transfer. Previ-
ous studies have shown that starting AKT phosphate can reduce the
expression of CASPASE 3 and BAX and stimulate BCL-2 expression,
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inhibiting the apoptosis of rats induced by the same cysteine [38]. This
means that the PI3K/AKT pathway can directly inhibit the occurrence of
apoptosis upstream. In addition, BDNF, as a member of the neurotic
factor family, participates in the plasticity of multiple neurons in multiple
brain areas. There is much evidence that experiencing psychological
pressure will reduce the expression of BDNF, and a lack of neurotic
nutritional support will lead to severe depression [39]. Our research
found that DHS can increase the expression of BDNF, which may be
another mechanism by which DHS regulates insomnia. The CAMP/Creb
pathway is widely distributed in the central nervous system and is of
great significance for the survival and growth of neurons and the for-
mation of long-term enhancement of synapses [40]. The CAPM effect
element promoter can be combined with CREB to initiate gene tran-
scription, which promotes downstream proteins such as neurotipides,
that is, early gene family proteins (such as C-FOS and C-JUN), and BDNF
protein synthesis, which in turn regulates the differentiation, apoptosis
and survival of neurons [41]. In other words, in addition to adjusting
BDNF, we also proved that the upstream CAMP/CREB pathway can be
adjusted by DHS, and nerve apoptosis can be adjusted by CAMP/CREB
pathway [42]. Some immune function indicators respond to insomnia
and damage immune function [43]. Cyclicals involved in regulating
sleep-awakening rhythm are mainly tumor necrosis factor (TNF), inter-
feron (IFN), collodated stimulus factor (CSF), leukocyte (IL),
carbon-based toxin, and conversion growth factor (TGF-P). Among them,
IL-1, IL-12, IL-8, TNF-α, IL-18 and other inflammatory reaction factors are
related to sleep. Other inflammatory reactions, such as IL-10, IL-4, and
IL-13, may affect slow wave sleep and even cause insomnia [44]. The
HPA axis is a nerve endocrine system that regulates the stress reaction of
the body. Long-term chronic stress can activate the almond core, thereby
activating the HPA axis and causing the activation of the HPA axis, and its
excessive activation has a close relationship with the development of
insomnia. As the end product of the HPA axis, CORT is recognized as the
HPA shaft activity indicator [45]. Morning IL-6 levels in the saliva
correlate with sleep efficiency during the night and nighttime wakeful-
ness, and IL-1β levels correlate with sleep duration and sleep onset la-
tency; thus, both cytokines are indicators of sleep efficiency and quality
[27]. While PGD2 is a potent endogenous hypnotic agent, its
sleep-inducing mechanism has been well characterized [46]. MT has
been used to improve sleep in patients with insomnia primarily because
patients who take melatonin do not experience negative effects the next
day or exhibit signs of addiction. The MT(1) and MT(2) melatonin re-
ceptors ramelteon are effective in increasing total sleep time and sleep
efficiency, as well as reducing sleep latency, in patients with insomnia
[47]. CORT can induce depression [48] and is involved in the occurrence
and development of comorbidities of insomnia, anxiety and depression
[49]. In short, we have proven that DHS can significantly increase the
levels of IL-1β, PGD2, MT, and IL-10, which reduces the levels of IL-6,
TNF-α, IFN-γ, and CORT. These data provide favorable support for the
effectiveness of DHS in regulating insomnia.
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4. Conclusion

TCM has always been considered to have a multicomponent and
multitarget regulatory mechanism. However, the multitarget mechanism
of other TCM regulation methods has rarely been studied in depth. In this
study, under the guidance of TCM theory, Stimulation DU20, HT7, and
SP6 were selected as treatment methods. We found that DHS stimulation
has a clear effect in improving the characteristics and behavior of rats
with insomnia, such as hair, activity, diet, drinking, and defecation. DHS
can also increase the levels of insomnia IL-1β, PGD2, MT, and IL-10 and
reduce the levels of sleep-related factors such as IL-6, TNF-α, IFN-γ, and
CORT, and the pathology of rats can also be improved. In addition, DHS
can adjust the apoptotic function of insomnia rats and brain stem tissues
through the PI3K/AKT pathway and CAMP/CREB pathway and can also
produce benign regulatory effects on mononamine neurotransmitters. In
short, our research ranges from rat behavior, monoamine neurotrans-
mitters, the PI3K/AKT and CAMP/Creb pathways, apoptosis, MT), BDNF,
cytokines, and cytokines. We believe this provides strong evidence for
the global application promotion of DHS. Treatment methods such as
electroacupuncture or acupuncture have been recognized by most
countries, including the United States. The next step should be to explore
the technical specifications and training of more effective promotion and
application in primary medical institutions to make more people benefit.
At the same time, more clinical evidence should also be collected to in-
crease evidence.
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