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Abstract 

OBJECTIVE: To investiage the effect of 

electroacupuncture (EA) at a single acupoint of Shenmen 

(HT7), Baihui (GV20), Sanyinjiao (SP6) and at combined 

acupoints of Shenmen (HT7) and Baihui (GV20) and 

Sanyinjiao (SP6) on the PKA/CREB and BDNF/TrkB 

signaling, as well as neuroapoptosis and neurogenesis in 

hippocampus and elucidate the underlying mechanism of 

single and combined acupoints on ameliorating spatial 

learning and memory deficits in a rat model of primary 

insomnia. 

METHODS: Primary insomnia was modeled by 

intraperitoneal injection of para-chlorophenylalanine 

(PCPA) once daily for 2 d. EA was applied at Shenmen 

(HT7), Baihui (GV20), Sanyinjiao (SP6), or Shenmen 

(HT7) + Baihui (GV20) + Sanyinjiao (SP6) (combined) for 

30 min daily for 4 d. Spatial learning and memory function 

was evaluated by the Morris water maze (MWM) test. 

Protein expressions of hippocampal cAMP-dependent 

protein kinase (PKA)-Cβ, phosphorylated cAMP-

responsive element-binding protein (p-CREB), brain-

derived neurotrophic factor (BDNF), and tyrosine kinase 

receptor B (TrkB) were evaluated by Western blotting. 

Neuronal apoptosis in the hippocampus was detected 

with the transferase-mediated dUTP-X nick end labeling 

assay. Endogenous neurogenesis was examined with 

bromodeoxyuridine staining. The MWM test and 

hippocampal p-CREB, BDNF, and TrkB protein levels in 

the combined acupoints group were evaluated after the 

administration of a PKA-selective inhibitor (H89). 

RESULTS: Spatial learning and memory were 

significantly impaired in rats with insomnia. The spatial 

learning deficits were ameliorated in the Shenmen (HT7), 

Baihui (GV20), Sanyinjiao (SP6), and combined groups; 

this improvement was significantly greater in the 

combined group than the single acupoint groups. The 

spatial memory impairment was improved in the 

combined, Baihui (GV20), and Shenmen (HT7) groups, 

but not the Sanyinjiao (SP6) group. The expressions of 

PKA-Cβ, p-CREB, BDNF, and TrkB were decreased in 

rats with insomnia. All these proteins were significantly 

upregulated in the combined group. PKA/p-CREB protein 

levels were elevated in the Baihui (GV20) and Shenmen 

(HT7) groups, whereas BDNF/TrkB expression was 

upregulated in the Sanyinjiao (SP6) group. The staining 

results showed significant attenuation of hippocampal cell 

apoptosis and increased numbers of proliferating cells in 

the combined group, whereas the single acupoint groups 

only showed decreased numbers of apoptotic cells. In the 

combined group, the PKA inhibitor reversed the 

improvement of spatial memory and upregulation of p-

CREB expression caused by EA, but did not affect its 

activation of BDNF/TrkB signaling. 

CONCLUSIONS: EA at the single acupoints Baihui 

(GV20), Shenmen (HT7), or Sanyinjiao (SP6) had an 

ameliorating effect on the spatial learning and memory 

deficits induced by insomnia. EA at combined acupoints 

exerted a synergistic effect on the improvements in 

spatial learning and memory impairment in rats with 
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insomnia by upregulating the hippocampal PKA/CREB 

and BDNF/TrkB signaling, facilitating neurogenesis, and 

inhibiting neuronal apoptosis. These findings indicate that 

EA at combined acupoints [(Baihui (GV20), Shenmen 

(HT7), and Sanyinjiao (SP6)] achieves a more 

pronounced regulation of hippocampal neuroplasticity 

than EA at single acupoints, which may partly explain the 

underlying mechanisms by which EA at combined 

acupoints exerts a better ameliorative effect on the 

cognitive dysfunction caused by insomnia. 

© 2023 JTCM. All rights reserved. 

Keywords: sleep initiation and maintenance disorders; learning; 

memory; hippocampus; neuronal plasticity; acupoints 

combination 

1. INTRODUCTION 

Insomnia is the most common subjective sleep complaint 

in adults, affecting 30% to 50% of the general adult 

population.1 Insomnia is characterized by persistent 

difficulty in initiating and/or maintaining sleep or a lack 

of restorative sleep,2 and is associated with daytime 

cognitive functional impairments in attention, executive 

function, emotional regulation, learning, and memory.1,3 

The cognitive impairment induced by sleep deprivation 

(SD) is well-established in human adults and rodents.4,5 

In clinical practice, insomnia is linked to significant 

impairment of daytime cognitive performance; patients 

with insomnia reportedly have greater performance 

deficits6 and impaired memory capacity,7 which greatly 

decreases quality of life and activity efficiency and 

negatively affects physical and mental health. 

Neural circuits are capable of structural and/or functional 

modification known as neuroplasticity, which is 

fundamental to memory and learning.8 Learning, 

memory, and neuroplasticity are largely dependent on 

the hippocampus in rodents and humans.4 During 

memory formation, activity-dependent synaptic 

plasticity is induced at appropriate synapses;9 thus, 

enhancement or blockade of synaptic plasticity has 

commensurate effects on learning or memory.9 Long-

term potentiation (LTP) is a cellular form of synaptic 

plasticity comprising a sustained enhancement of 

excitatory synaptic efficacy thought to underlie the 

mechanism of learning and memory.10 cAMP-dependent 

protein kinase (PKA) is a signal transduction molecule 

that is critical for the expression of some forms of LTP 

in the hippocampus, and for the regulation of 

hippocampus-dependent learning and memory.9-11 Once 

activated, the catalytic subunit of PKA (PKA-Cβ) 

translocates to the nucleus, where it phosphorylates the 

transcription factor cAMP-responsive element-binding 

protein (CREB) and promotes the synthesis of proteins 

that contribute to structural and/or functional changes at 

synapses required for the maintenance of late-phase LTP 

and induction of long-term memory.12,13 Emerging 

evidence suggests that PKA/CREB signaling play 

crucial roles in mediating LTP and memory,14 and 

inhibition of PKA hinders the maintenance of LTP in an 

activity-dependent manner.15 

Brain-derived neurotrophic factor (BDNF) is activated 

by a number of transcription factors (including CREB) 

and is another important mediator in the process of 

hippocampal LTP and learning and memory.16 

BDNF regulates the induction and maintenance of stable 

LTP, and most BDNF actions on LTP are attributed to 

the activation of tyrosine kinase receptor B (TrkB) 

receptor, which has been detected in multiple areas in the 

hippocampus.17 In addition to the relationship of BDNF 

with LTP, increasing evidence suggests that the 

BDNF/TrkB system is involved in improving learning 

and memory deficits by enhancing hippocampal 

neurogenesis18,19 and inhibiting neuronal apoptosis.20 

Sleep disorders affect the stability of the hippocampal 

cellular composition. In particular, the subgranular zone 

in the dentate gyrus (DG) of the hippocampus is one of 

the regions of neurogenesis in the adult brain.21 Studies 

have shown that SD impairs spatial memory in mice, 

accompanied by decreased hippocampal neurogenesis in 

the DG and increased apoptosis in CA1 and CA3 

regions,22 and attenuates cognitive performance and 

promotes hippocampal neuronal apoptosis in rats and 

humans.23,24 

In Traditional Chinese Medicine theory, insomnia is 

called ‘Bu Mei’.25 The Evidence-Based Guideline 

of Chinese Medicine for Insomnia recommends 

treatment at three main acupoints for insomnia: Shenmen 

(HT7), Baihui (GV20), and Sanyinjiao (SP6).26 In 

clinical practice, combined acupoints are most frequently 

used, as the use of combined acupoints produces 

synergistic reactions to enhance the clinical effect.27 We 

previously reported that electroacupuncture (EA) at the 

combined acupoints of Shenmen (HT7), Baihui (GV20), 

and Sanyinjiao (SP6) achieves a better effect in 

alleviating insomnia than EA at single acupoints.28 

However, it is unclear whether EA ameliorates the 

learning and memory impairments caused by insomnia. 

Furthermore, no study has investigated whether EA at 

combined acupoints produces better cognitive 

improvements than EA at single acupoints by modulating 

neuroplasticity via regulating the hippocampal 

PKA/CREB and/or BDNF/TrkB signaling, neurogenesis, 

and apoptosis in rats with insomnia. 

This study aimed to investigate the effect of EA at 

combined acupoints versus single acupoints in 

improving learning and memory impairments in rats with 

insomnia, and investigate the underlying cellular and 

molecular mechanisms to aid in the selection of 

acupoints to treat insomnia-induced cognitive 

dysfunction. 

2. MATERIALS AND METHODS 

 Animals 

Adult male specific pathogen free-grade Sprague-

Dawley rats [(220 ± 20) g], six to seven-week-old, were 

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/synaptic-efficacy
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supplied by Beijing Union Medical College (certificate 

of quality No. SCXK[Jing] 2019-0010). The rats were 

housed under standard laboratory conditions (12 h 

alternate light-dark cycle) at a controlled temperature 

[(25 ± 3) ℃ and humidity (45% ± 5%) with free access 

to standard diet and water before and throughout the 

experimental period. The experimental protocols were 

approved by the ethics committee of the Institute of 

Acupuncture-Moxibustion, China Academy of Chinese 

Medical Sciences (reference No. 20190010) and 

conformed to the Guidelines for Laboratory Animal Care 

and Use of the Chinese Ministry of Science and 

Technology (2006) and the National Institutes of Health 

Guide for Care and Use of Laboratory Animals (1996). 

 Experimental design 

2.2.1. Experiment 1 

To compare the effects of EA at combined acupoints on 

the amelioration of cognitive deficits and hippocampal 

neuroplasticity with those of EA at single acupoints in a 

rat model of primary insomnia, we used the random 

number table method to randomly divide 66 rats into six 

groups: normal, model, EA-Baihui (GV20), EA-

Shenmen (HT7), EA-Sanyinjiao (SP6), and EA-Baihui 

(GV20) + Shenmen (HT7) + Sanyinjiao (SP6) 

(combined acupoint) (n = 11 per group). 

2.2.2. Experiment 2 

To assess the roles of PKA/CREB signaling in the 

cognitive improvement and BDNF/TrkB signaling 

activation resulting from EA at combined acupoints in 

rats with insomnia, the random number table method was 

used to randomly assign a further 28 rats to four groups: 

normal, model, combined acupoints + normal saline 

(combined + NS) group, and combined acupoints + H89 

(PKA inhibitor, Sigma-Aldrich, St. Louis, MO, USA) 

(combined + H89) group (n = 7 per group). 

 Establishment of a rat model of insomnia 

Insomnia was induced by intraperitoneal injection of 

PCPA (an inhibitor of 5-hydroxytryptamine biosynthesis, 

C8655, Sigma-Aldrich, St. Louis, MO, USA) suspended 

in 0.5% normal saline at a dose of 300 mg/kg between 

08:00 and 09:00 am once a day for 2 d.29 After PCPA 

injection, the rats lost their circadian rhythm and did not 

sleep for the entire day, suggesting that the insomnia 

model was successfully created.30 

 Surgery and drug administration 

Rats were anesthetized with 2.0% isoflurane and fixed 

with a stereotaxic instrument (RWD, Shenzhen, China). 

The stainless steel guide cannula was implanted bilaterally 

into the CA1 regions (AP: －3.8 mm; ML: ± 2.2 mm; DV: 

2.7 mm), as previously described.31 H89 was 

intrahippocampally infused through the guide cannula by 

an injector (1 mm beyond the tip of the guide cannula) 

that was connected by polyethylene tubing to a 5 µL 

Hamilton micro-syringe. Rats in the combined + H89 

group were infused with H89 at a concentration of 5 μmol/L, 

1 μL/side, at a speed of 0.3 µL/min by a microinjection 

pump (RWD, Shenzhen, China). Rats in the combined + 

NS group were intrahippocampally infused with the 

same volume of saline at the same speed. At the end of 

the infusion, the injector was left in place for an 

additional 1 min to allow diffusion from the injector tip. 

H89 or saline was administered 3 h before applying EA 

treatment once per day for 4 d. 

 EA intervention 

Under light anesthesia with 1.5% isoflurane, the EA 

groups underwent EA stimulation following the insertion 

of acupuncture needles (0.25 mm × 25 mm; Huatuo, 

Suzhou Medical Co. Ltd., Suzhou, China) at Baihui 

(GV20), bilateral Shenmen (HT7), bilateral Sanyinjiao 

(SP6), or Baihui (GV20) + bilateral Shenmen (HT7) + 

bilateral Sanyinjiao (SP6) at a depth of about 2-3 mm. 

Baihui (GV20) is located in the center of the parietal 

bone32 in the frontal lobe of the anterior precentral 

sulcus.33 The remaining points were located in 

accordance with an atlas of experimental animal 

acupuncture points.34 Shenmen (HT7) is located at the 

end of the transverse crease of the ulnar wrist of the 

forepaw.35,36 Sanyinjiao (SP6) is located 10 mm above 

the prominence of the lateral malleolus of the hindlimb.37 

After insertion, the needle handles were connected to a 

HANS-200 EA device (Nanjing Jisheng Medical 

Technology Co., Ltd., Nanjing, China) and stimulated 

for 30 min at an alternating frequency of 2/15 Hz and 

an intensity of 1 mA. The treatment was conducted 

from day 1 to 4 after modeling. The model group 

underwent the same anesthetic procedures, but without 

EA treatment. 

 Morris water maze (MWM) test 

The MWM test was used to measure spatial learning and 

memory ability, as previously described,38,39 and was 

performed on the 3rd day after PCPA injection. The rats 

were trained from days 3 to 5, and the testing took place 

on day 6. The test consisted of two parts: the orientation 

navigation trial and the spatial exploration trial. A 

circular pool (1.2 m wide, 35 cm high) filled with water 

containing a platform located 2.0 cm below the water 

surface was equally divided into four quadrants. During 

the orientation navigation trial, rats were randomly 

placed in one of the quadrants facing the wall of the pool 

and allowed to swim for a maximum of 90 s until they 

discovered the hidden platform. If the rat failed to locate 

the platform within 90 s, it was manually guided to the 

platform and allowed to rest on the platform for 20 s; this 

process was repeated four times a day starting from 

different quadrants with a 2-min interval for 3 

consecutive days. After the final experiment, the hidden 

platform was removed and rats were placed in the pool 

in the same quadrant and allowed to explore for 60 s. The 
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time spent in the quadrant previously containing the 

platform was measured to evaluate the level of spatial 

reference memory for the given task. All behavioral 

tracks from the trials were recorded and analyzed using 

video tracking software. 

 Western blot analysis 

The hippocampus tissues were lysed with a Sonic 

Dismembrator (Thermo Fisher Scientific, Waltham, MA, 

USA) in radioimmunoprecipitation assay lysis buffer. 

The soluble tissue lysates were transferred into new tubes. 

Equivalent amounts of lysates (20 µg) were separated by 

sodium dodecyl sulfate polyacrylamide gel 

electrophoresis, transferred to nitrocellulose, and probed 

by immunoblotting using standard procedures. Primary 

rabbit antibodies against PKA-Cβ (1∶200), p-CREB (1∶
200), BDNF (1∶300), and TrkB (1∶300) were used 

(Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA). 

Secondary antibodies conjugated to horseradish 

peroxidase, including anti-rabbit IgG and anti-goat IgG, 

were obtained from Jackson ImmunoResearch 

(Lancaster, PA, USA). Luminol reagents were obtained 

from Millipore (Billerica, MA, USA). 

Chemiluminescent signals within the linear range of 

detection were quantified using Labwork 4.6 image 

analysis software (Gene Company Limited, Hongkong, 

China). The expression ratios were normalized in 

accordance with β-tubulin levels. 

 Transferase-mediated dUTP-X nick end labeling 

(TUNEL) 

Apoptosis was quantified by TUNEL staining as per the 

manufacturer’s instructions (Roche, Basilea, Switzerland) 

with the following modifications. The hippocampal 

sections were incubated with proteinase K (15 µg/mL) 

for 30 min and were then incubated in 3% hydrogen 

peroxide/methanol for 10 min in the dark at room 

temperature to block endogenous peroxidase activity. 

After being washed three times (5 min each time), the 

sections were incubated with the TUNEL reaction 

mixture for 1 h at 37 ℃. After the sections were mounted 

on slides and 200 µL of fluoromount-G with 4',6-

diamidino-2-phenylindole (DAPI) (Southern Biotech, 

Birmingham, AL, USA) was placed on the slide with a 

coverslip, the number of TUNEL-positive neurons was 

counted in three hippocampal sections per animal. 

Representative section photographs were taken using a 

laser scanning confocal microscope (FV1000; Olympus 

Corporation, Tokyo, Japan). Digital images were 

processed with the ImageQuant TL 10.0 software system 

(GE Healthcare Life Sciences, Pittsburgh, PA, USA). 

 5-Bromo-2′-Deoxyuridine (BrdU) injection and 

immunodetection 

BrdU (Sigma-Aldrich, St. Louis, MO, USA) was diluted 

in warm saline (0.9% w/v NaCl in sterile H2O) by gentle 

vortexing to make a sterile solution of 10 mg/mL. The 

rats were intraperitoneally injected with BrdU solution 

(200 mg/kg body weight) 24 h before the last EA 

treatment on day 6,40 and were perfused 30 min after the 

last EA treatment. 

The tissue sections were washed in 0.1 M phosphate 

buffered solution (PBS) blocked with 5% donkey serum for 

30 min and incubated with BrdU primary antibody (1∶
1000, Abcam, Cambridge, UK) at 4℃ overnight. After 

being washed with 0.1 M PBS, the sections were 

incubated with donkey anti-mouse IgG (Alexa Fluor 488; 

Thermo Fisher Scientific, Waltham, MA, USA) for 2 h 

in the dark at room temperature. The sections were 

washed and mounted on slides. Approximately 200 μL 

of Fluoromount-G with DAPI (Southern Biotech, 

Birmingham, AL, USA) was placed on the slide with a 

coverslip. Representative section photographs were 

taken using a laser scanning confocal microscope 

(FV1000; Olympus Corporation, Tokyo, Japan). Digital 

images were processed with the ImageQuant TL 10.0 

software system (GE Healthcare Life Sciences, 

Pittsburgh, PA, USA). 

 Statistical analyses 

Data were analyzed with SPSS version 22.0 (IBM Corp., 

Armonk, NY, USA). All values are presented as mean ± 

standard deviation ( x   s). One-way analysis of variance 

followed by the least significant difference test was used 

for multiple comparisons between groups. P < 0.05 was 

considered statistically significant. 

3. RESULTS 

 EA at combined acupoints exerted a synergistic 

effect in ameliorating cognitive impairment induced by 

insomnia 

The spatial learning and memory ability of the rats were 

measured by the MWM test on day 6 after the 

establishment of insomnia. All rats learned to find the 

hidden platform, and the latency time required to locate 

the platform was reduced by varying degrees in each 

group in the orientation navigation trial (P < 0.05; Figure 

1A). However, the model group took significantly longer 

to find the platform than the EA-Shenmen (HT7), EA-

Baihui (GV20), EA-Sanyinjiao (SP6), and EA-combined 

acupoints groups (P < 0.05; Figure 1A). The results 

suggested that the spatial learning capacity was 

significantly deteriorated in rats with insomnia compared 

with normal rats; however, EA treatment significantly 

reduced the time required by rats with insomnia to locate 

the platform on day 6. Furthermore, the EA-combined 

acupoints group spent much less time locating the 

platform than the EA-Shenmen (HT7), EA-Baihui 

(GV20), and EA-Sanyinjiao (SP6) groups (P < 0.05). 

When the hidden platform was removed in the space 

exploration trial, the rats with insomnia passed through 

the original position of the platform much fewer times 

than the normal rats (P < 0.05; Figure 1B), suggesting 

that the rats with insomnia had impaired spatial memory. 

However, after EA treatment, the EA groups except EA-
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Sanyinjiao (SP6) crossed the original position of the 

platform significantly more times than the model group 

(P < 0.05). These findings suggested that the rats with 

insomnia had cognitive impairment, and that this 

insomnia-induced cognitive impairment was ameliorated 

by EA at the single acupoints Shenmen (HT7), Baihui 

(GV20), or Sanyinjiao (SP6), but was more effective 

when performed at the combined acupoints of Shenmen 

(HT7), Baihui (GV20), and Sanyinjiao (SP6).  

 EA at combined acupoints enhanced the 

hippocampal expression of PKA/CREB and 

BDNF/TrkB signaling 

Western blot analysis showed that the protein expression 

levels of PKA-Cβ and p-CREB were decreased in the 

model group compared with the normal group (P < 0.01 

and P < 0.05, respectively). Compared with the model 

group, the expression levels of PKA-Cβ and p-CREB 

were upregulated in the EA-Shenmen (HT7) group (both 

P < 0.05, respectively), EA-Baihui (GV20) group (both 

P < 0.05, respectively), and EA-combined acupoints 

group (P < 0.01 and P < 0.05, respectively). 

Compared with the normal group, the expression levels 

of BDNF and TrkB were reduced in the model group (P 

< 0.01 and P < 0.05, respectively), and were higher in the 

EA-combined acupoints group (P < 0.01 and P < 0.05, 

respectively) and EA-Sanyinjiao (SP6) group (both P < 

0.05, respectively). Compared with the model group, the 

expression level of TrkB was increased in the EA-

Shenmen (HT7) and EA-Baihui (GV20) groups (both P 

< 0.05, respectively) (Figure 2). 

 EA at combined acupoints increased the attenuation 

of neuronal apoptosis in the hippocampal CA1 region 

TUNEL staining was performed to assess the neuronal 

apoptosis in the hippocampal regions. An increased 

number of apoptotic cells in the hippocampal CA1 region 

were detected in the model group compared with the 

normal group (P < 0.01). The EA-Shenmen (HT7), EA-

Baihui (GV20), EA-Sanyinjiao (SP6), and EA-combined 

acupoints groups had decreased numbers of apoptotic 

cells in the hippocampal CA1 region compared with the 

model group (P < 0.05, P < 0.05, P < 0.05, and P < 0.01, 

respectively) (Figure 3A, 3C). Furthermore, the number 

of apoptotic cells was lower in the EA-combined 

acupoints group than the EA-Shenmen (HT7), EA-

Baihui (GV20), and EA-Sanyinjiao (SP6) groups (all P 

< 0.05, respectively). 

 EA at combined acupoints facilitated neurogenesis 

in the DG region 

Compared with the normal group, the mean number of 

BrdU-positive cells (green, reflecting cell proliferation) 

was significantly reduced on day 6 after PCPA injection 

in the model group (Figure 3B). The mean number of 

BrdU-positive cells in the hippocampal DG region was 

increased in the EA-combined acupoints group (P < 

0.05). The EA-Shenmen (HT7), EA-Baihui (GV20), and 

EA-Sanyinjiao (SP6) groups had similar numbers of 

BrdU-positive cells compared with the model group 

(Figure 3B, 3D). 

 Administration of a PKA inhibitor reversed the 

ameliorative effect of EA at combined acupoints on the 

spatial memory impairment of rats with insomnia 

After the application of saline, rats treated with EA at the 

combined acupoints showed obvious improvements in 

spatial learning and memory on the 4th day of EA 

treatment, indicated by the reduced latency in locating 

the platform (P < 0.05) and the increased number of 

times the position of the platform was crossed compared 

with the model group (P < 0.01) (Figure 4). The 

administration of the PKA inhibitor H89 abolished the 

Figure 1 Evaluation of the effects of EA on spatial learning and memory dysfunction of rats with insomnia using the MWM test 

A: escape latency time of the six groups in the orientation navigation trial on days 1-4. B: platform crossing times of the six groups in the space 

exploration trial on day 4. Normal: control group, Model: injected with PCPA, Shenmen (HT7): model mice with EA at Shenmen (HT7), 

Baihui (GV20): model mice with EA at Baihui (GV20), Sanyinjiao (SP6): model mice with EA at Sanyinjiao (SP6), Combined: model mice 

with EA at Shenmen (HT7), Baihui (GV20) and Sanyinjiao (SP6). PCPA: para-chlorophenylalanine; EA: electroacupuncture; MWM: Morris 

water maze. aP < 0.05, compared with the normal group; bP < 0.05, compared with the model group; cP < 0.05, compared with the Shenmen 

(HT7) group; dP < 0.05, compared with the Baihui (GV20) group; eP < 0.05, compared with the Sanyinjiao (SP6) group (n = 11). Data are 

presented as mean ± standard deviation. Statistics by one-way repeated measures analysis of variance followed by the least significant 

difference test. 
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effect of EA at the combined acupoints on platform 

crossing times (P < 0.05) (Figure 4B), but did not 

significantly affect the effect of EA treatment at the 

combined acupoints in improving the escape latency (P > 

0.05) (Figure 5A). Furthermore, compared with the 

combined + NS group, the p-CREB expression was 

decreased in the combined + H89 group (P < 0.05), 

whereas the BDNF and TrkB protein levels were not 

significantly altered (Figure 4C, 4D). These results 

indicated that PKA/CREB signaling may be necessary 

for EA at the combined acupoints to improve the spatial 

memory impairment induced by insomnia, but not for its 

activation of hippocampal BDNF/TrkB signaling.  

4. DISCUSSION 

This is one special study to investigate the underlying 

mechanisms of the improvements in spatial learning and 

memory after EA at single acupoints versus combined 

acupoints in a rat model of primary insomnia based on 

the regulation of hippocampal neuroplasticity by 

modulating PKA/CREB and BDNF/TrkB signaling, 

neurogenesis, and neuronal apoptosis. Our study had 

several important findings. First, EA at the combined 

acupoints of Baihui (GV20), Shenmen (HT7), and 

Sanyinjiao (SP6) exerted a more significant effect than 

EA at the three single acupoints in improving spatial 

learning and memory impairments in rats with insomnia. 

Figure 2 Effects of EA stimulation on the expressions of PKA-Cβ, p-CREB, BDNF, and TrkB 

A: PKA-Cβ; B: p-CREB; C: BDNF; D: TrkB. PKA-Cβ: catalytic subunits Cβ of cyclic AMP dependent protein kinase; Normal: control group, 

Model: injected with PCPA, Shenmen (HT7): model mice with EA at Shenmen (HT7), Baihui (GV20): model mice with EA at Baihui (GV20), 

Sanyinjiao (SP6): model mice with EA at Sanyinjiao (SP6), Combined: model mice with EA at Shenmen (HT7), Baihui (GV20) and Sanyinjiao 

(SP6). p-CREB: phosphorylated cAMP-responsive element-binding protein; PCPA: para-chlorophenylalanine; BDNF: brain-derived 

neurotrophic factor; TrkB: tyrosine kinase receptor B. aP < 0.01, compared with the normal group; bP < 0.05, compared with the model group; 
cP < 0.05, compared with the Sanyinjiao (SP6) group; dP < 0.01, compared with the model group; eP < 0.05, compared with the Baihui (GV20) 

group; fP < 0.05, compared with the Shenmen (HT7) group; gP < 0.05, compared with the normal group (n = 6). Data are presented as mean ± 

standard deviation. Statistics by one-way repeated measures analysis of variance followed by the least significant difference test. 
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Second, EA at the combined acupoints activated both 

hippocampal PKA/CREB and BDNF/TrkB signaling, 

whereas EA at the single acupoints only activated either 

one of these pathways. Third, EA at the combined 

acupoints not only inhibited neuronal apoptosis more 

significantly than EA at the single acupoints, but also 

Figure 3 Effects of EA stimulation on the neuronal apoptosis and neurogenesis in the hippocampus (immunofluorescence, × 200, × 100) 

A: representative images of TUNEL staining (red) and DAPI (blue) in the hippocampal CA1 region to identify apoptotic cells (A1-A6, × 200). 

A1: normal group; A2: model group; A3: EA-Shenmen (HT7) group; A4: EA-Baihui (GV20) group; A5: EA-Sanyinjiao (SP6) group; A6: EA-

combined group. Scale bar: 100 µm. B: representative images of immunofluorescent staining for BrdU (green) and DAPI (blue) in the 

hippocampal DG regions (B1-B6 is × 100). B1: normal group; B2: model group; B3: EA-Shenmen (HT7) group; B4: EA-Baihui (GV20) group; 

B5: EA-Sanyinjiao (SP6) group; B6: EA-combined group. Scale bar: 250 µm; C: quantification of TUNEL staining in the sections; D: 

quantification of BrdU-positive cells in the sections. EA: electroacupuncture; TUNEL: transferase-mediated dUTP-X nick end labeling; DAPI: 

fluoromount-G with 4',6-diamidino-2-phenylindole; DG: dentate gyrus; BrdU: 5-Bromo-2′-Deoxyuridine. aP < 0.01, compared with the normal 

group; bP < 0.05, compared with the model group; cP < 0.05, compared with the Shenmen (HT7) group; dP < 0.05, compared with the Baihui 

(GV20) group; eP < 0.05, compared with the Sanyinjiao (SP6) group；fP < 0.01, compared with the model group; gP < 0.05, compared with the 

normal group (n = 5). Data are presented as mean ± standard deviation. Statistics by one-way repeated measures analysis of variance followed 

by the least significant difference test. 
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promoted hippocampal neurogenesis, which was not 

achieved by EA at the single acupoints.  

Our results demonstrated that in contrast to normal rats, 

the rats with insomnia showed increased escape latency 

and decreased platform crossing times in the MWM test, 

indicating spatial learning and memory deficits and 

cognitive impairment. EA at the combined acupoints of 

Baihui (GV20), Shenmen (HT7), and Sanyinjiao (SP6) 

significantly reversed these deficits; EA at the single 

acupoints of Baihui (GV20), Shenmen (HT7), or 

Sanyinjiao (SP6) also significantly decreased the escape 

latency, but to a significantly lesser degree than EA at the 

combined acupoints. EA at the single acupoint of 

Sanyinjiao (SP6) did not lead to a significant change in 

the platform crossing times compared with the model rats. 

Overall, the behavioral results showed that EA at Baihui 

(GV20), Shenmen (HT7), or Sanyinjiao (SP6) alone has 

a potentially positive impact on the learning and memory 

dysfunction induced by insomnia, and EA at the 

combined acupoints produced a more significant 

synergistic effect.  

In Traditional Chinese Medicine theory, Baihui (GV20) 

belongs to the Du meridian (the governing vessel) and is 

located on the highest place of the head where the Yang 

meridians meet.41 Acupuncture at Baihui (GV20) clears 

the mind, lifts the spirits, tonifies Yang, strengthens the 

ascending function of the spleen, eliminates interior wind, 

and promotes resuscitation.42 Thus, Baihui (GV20) is 

used in the treatment of neurological and psychiatric 

diseases such as stroke,43 Alzheimer's disease,44 and 

insomnia.26 Sanyinjiao (SP6) belongs to the spleen 

meridian, which has the functions of tonifying Yin and 

blood, and coordinating and reinforcing qi and blood 

owing to its intersection with the liver and kidney 

meridians.45 Sanyinjiao (SP6) is frequently used in the 

treatment of insomnia and other anxiety-related 

emotions.42 Shenmen (HT7) is the original acupoint of 

the heart meridian, and nourishes the heart and 

tranquilizes the mind.45 The combination of Baihui 

(GV20), Sanyinjiao (SP6), and Shenmen (HT7) exerts 

the effects of harmonizing Yin and Yang, calming the 

heart, and soothing the nerves.45 

At the molecular level, both PKA/CREB and 

BDNF/TrkB signaling play crucial roles in hippocampal-

dependent cognitive function, and the two signaling 

pathways regulate neural plasticity, learning, and 

memory separately or in combination.46 Several animal 

experiments have indicated that SD selectively impairs 

Figure 4 Effects of EA at the combined acupoints on spatial memory and learning function, and on hippocampal p-CREB, BDNF, and TrkB 

expression in the presence of a PKA inhibitor 

A: escape latency of the four groups in the orientation navigation trial on days 1–4. B: platform crossing times of the four groups in the space 

exploration trial on day 4. C: representative Western blots of p-CREB, BDNF, TrkB, and the corresponding β-tubulin band. D: densitometric 

analysis of p-CREB, BDNF, and TrkB protein levels in the normal, model, combined + NS, and combined+H89 groups. Normal: control group; 

Model: injected with PCPA; combined + NS: model mice with EA at Shenmen (HT7), Baihui (GV20) and Sanyinjiao (SP6) intrahippocampally 

infused with NS (1 μL/side); combined + H89: model mice with EA at Shenmen (HT7), Baihui (GV20) and Sanyinjiao (SP6) intrahippocampally 

infused with H89 (5 μmol/L, 1 μL/side). p-CREB: phosphorylated cAMP-responsive element-binding protein; BDNF: brain-derived 

neurotrophic factor; TrkB: tyrosine kinase receptor B. H89: PKA inhibitor. aP < 0.05, compared with the normal group; bP < 0.05, compared 

with the model group; cP < 0.01 compared with the normal group; dP < 0.01 compared with the model group; eP < 0.05 compared with the 

combined + NS group (n = 7). Data are presented as mean ± standard deviation. Statistics by one-way repeated measures analysis of variance 

followed by the least significant difference test. 
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PKA/CREB-dependent forms of synaptic plasticity,47 

decreases the protein levels of BDNF and TrkB in the 

hippocampus,48,49 and suppresses the expression of 

hippocampal CREB and BDNF;50 all of these effects 

result in learning and memory impairments. Consistent 

with these reports, our results revealed that both 

hippocampal PKA/CREB and BDNF/TrkB signaling 

were significantly inhibited in the rats with insomnia 

with cognitive impairment. However, EA at the single 

acupoints of Shenmen (HT7) or Baihui (GV20) enhanced 

PKA/CREB signaling, EA at Sanyinjiao (SP6) facilitated 

BDNF/TrkB signaling, and EA at the combined 

acupoints synergistically activated both PKA/CREB and 

BDNF/TrkB signaling. These findings are in agreement 

with previous reports that have shown that EA at Baihui 

(GV20) and Dazhui (GV14)  ameliorates learning and 

memory dysfunction by activating hippocampal 

PKA/CREB signaling and its downstream apoptosis-

related proteins in rats with cerebral hypoperfusion,51 

and that acupuncture improves cognition and synaptic 

plasticity in rats with traumatic brain injury by enhancing 

BDNF/TrkB signaling in a CREB-independent 

manner.52 Furthermore, when the phosphorylation of 

CREB was inhibited by the PKA inhibitor H89, we found 

that EA at the combined acupoints still enhanced the 

expression of the BDNF/TrkB system, but failed to 

ameliorate the spatial memory dysfunction. This finding 

not only indicated that EA at the combined acupoints 

separately facilitated PKA/CREB and BDNF/TrkB 

signaling, but also demonstrated that the activation of 

PKA/CREB signaling was essential for EA at the 

combined acupoints to improve spatial memory. Taken 

together, our results suggested that EA at different single 

acupoints or at the combined acupoints activated 

PKA/CREB signaling, BDNF/TRKB signaling, or both, 

and was accompanied by the improvement of cognitive 

function. 

The hippocampus plays a critical role in learning and 

memory processes,53 and adult neurogenesis and 

neuronal apoptosis affect the hippocampal cellular 

composition and cognitive functions. Newly generated 

neurons in the hippocampal DG contribute to 

maintaining or improving learning and memory 

functions,54,55 whereas increased apoptosis of 

hippocampal neurons results in learning and memory 

dysfunction.56 In particular, hippocampal CA1 pyramidal 

neurons are more vulnerable than other hippocampal 

neurons,57 and SD induces LTP deficits and neuronal 

apoptosis in the hippocampal CA1 region.23,58 However, 

inhibition of neuronal apoptosis in the hippocampal CA1 

area alleviates learning and memory deficits in mice.59 

Therefore, in the present study, we examined the effects 

of EA on neurogenesis in the DG and neuronal apoptosis 

in the hippocampus CA1 region. Our results revealed that 

rats with insomnia showed significantly increased 

apoptosis of CA1 hippocampal neurons and decreased 

neurogenesis in the DG. Furthermore, both EA at the 

single acupoints of Baihui (GV20), Shenmen (HT7), or 

Sanyinjiao (SP6) and EA at the combined acupoints 

significantly inhibited the neuronal apoptosis, whereas 

only EA at the combined acupoints increased 

neurogenesis. This finding is in agreement with previous 

studies that have shown that EA ameliorates learning and 

memory impairment by inhibiting the apoptosis of 

hippocampal CA1 neurons51,60 and facilitating 

neurogenesis in the DG.61 EA at the combined acupoints 

of Baihui (GV20), Shenmen (HT7), and Sanyinjiao (SP6) 

simultaneously enhanced the neurogenesis and reduced 

neuronal apoptosis, which may partly explain the 

possible underlying cellular mechanisms by which EA at 

the combined acupoints exerted better cognitive 

improvement than EA at the single acupoints. 

In conclusion, our findings suggest that EA at the 

combined acupoints of Baihui (GV20), Shenmen (HT7), 

and Sanyinjiao (SP6) achieved enhanced synergistic 

effects compared with EA at these single acupoints in 

ameliorating the spatial learning and memory 

impairment induced by insomnia. The underlying 

mechanisms of the difference in the ameliorating effect 

may be that EA at the combined acupoints exerted more 

comprehensive regulation of cognition-related 

neuroplasticity by activating both PKA/CREB and 

BDNF/TrkB signaling, and by promoting neurogenesis 

as well as attenuating neuronal apoptosis in the 

hippocampus to enhance the hippocampal LTP and 

memory formation. Future research is warranted to 

further elucidate the precise neurobiological regulatory 

mechanisms by which EA ameliorates the cognitive 

impairment induced by insomnia, thus contributing to the 

development of acupuncture in clinical settings. 
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