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Abstract.
BACKGROUND AND OBJECTIVE: Post-traumatic stress disorder (PTSD) is a chronic mental disorder caused by mental
or psychological trauma after sudden events of a catastrophic or threatening nature. Synaptic plasticity is the core mechanism
of PTSD and the main point of treatment of this disease.
METHODS: Male Sprague Dawley rats were randomly divided into blank control (Ctrl), SPS (single-prolonged stress) model,
SPS&S model (SPS and foot electric shock), SPS+EA (SPS plus electroacupuncture), and SPS&S+EA groups. Tranquilize
Mind and Regulate Kidney (TMRK) electroacupuncture method was performed in each rat in the SPS+EA and SPS&S+EA
groups, the treatment lasted for 20 minutes per day, simultaneously for 3 consecutive weeks. Behavioral evaluations, molecular
tests, electron microscopy, electrophysiological testing were conducted following the treatment.
RESULTS: First, electro-acupuncture can significantly improve the PTSD-like symptoms. Second, electro-acupuncture can
up-regulate the long-term potentiation (LTP) in hippocampus, repair the synaptic morphology and improve BDNF levels in
amygdala and hippocampus. Third, electroacupuncture can significantly up-regulate SYN, GAP43, and PSD95 protein levels
and mRNA expression in amygdala and hippocampus.
CONCLUSIONS: The effect of TMRK electro-acupuncture method on the regression of fear memory of PTSD rats may be
through its repair of synaptic plasticity in amygdala and hippocampus.
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1. Introduction

Post-traumatic stress disorder (PTSD) refers to a long-term persistent mental disorder caused by sud-
den and severe disasters or extraordinary threats. The core symptoms can be described as intrusive
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re-experience, increased fear and loss of confidence in the future, etc. As a state of mental and psycho-
logical imbalance [1]. The pathological core of PTSD is the formation and enhancement of fear memory.
Early fear is a predictive indicator of long-term changes in PTSD avoidance behavior [2].

Clinically, exposure therapy is often used in patients with PTSD. This method uses dissipative training
as its basic principle to intervene in the acquired fear memory. Animal experiments use regression train-
ing to suppress the animal’s fear response to conditional stimuli, but this suppressed conditional fear
response can be re-induced in a variety of situations, such as renewal, rapid acquisition, spontaneous
recovery and reinstatement [3]. Some drugs, for example, selective serotonin reuptake inhibitors, have
been used for the first-line treatments for PTSD [4,5]. Nevertheless, there is still a subgroup of PTSD
patients who have some persistent symptoms or maintain conditioned fear responses to threatens,and
finally the disease becomes chronic [6].

In recent years, acupuncture treatment for PTSD has become a research hotspot. As a common means
of PTSD, acupuncture has high efficiency, long duration of action, and low side effects, it can effectively
reduce anxiety-like behaviors and improve the impaired learning-memory ability in PTSD rats [7]. Hol-
lifield et al. first reported positive effects of acupuncture in patients with PTSD [8]. Acupuncture can
improve clinical symptoms such as anxiety, panic and low learning and memory in patients with PTSD,
and its efficacy is even better than that of paroxetine [9]. Electroacupuncture and drug therapy can im-
prove the symptoms of patients with PTSD, but electroacupuncture is superior to drug therapy [10]. In
the previous issue of “Diagnostic RCT study of PTSD after different acupuncture treatments for the May
12 earthquake”, we found that electroacupuncture improved the symptoms of fear in patients, and the
efficacy was better than that of paroxetine [11].

Synaptic plasticity is the carrier structure and molecular mechanism of learning and memory, and
is the basis of learning and memory. Animal models and human neuro-imaging findings suggested that
synaptic plasticity may be one of the underlying mechanisms of PTSD. In the study of animal behavioral
models using simulated PTSD, such as training animals to learn about fear conditions, and testing the
regression of the animal’s fear memory, synaptic plasticity is a very important indicator [12].

Amygdala plays an important role in the formation, expression and regression of fear [12], its synapses
are closely related to the function of learning and memory [13]. At the same time, synaptic plasticity
of amygdala is also the cellular basis of fear memory [14]. In brain science research, LTP is considered
to be a manifestation of synaptic plasticity, a functional basis for learning and memory, and an exper-
imental model of synaptic plasticity. Research reported that LTP of amygdala was inhibited in acute
phase of PTSD rats, and was enhanced in the late stage, revealing that amygdala dysfunction is part
of the pathogenesis of PTSD [15]. Hippocampus is recognized as a core brain region involved in the
regulation of learning and memory, its synaptic plasticity is closely related to learning and memory [16].
Memory-related signal capture and environmental memory extraction in hippocampus-dependent fear
memory rely on the synaptic plasticity in the hippocampus which transmits environmental signals to the
amygdala to complete the process of fear memory [17]. Bliss and Collingridge [18] first discovered that
after intense stimulation of the hippocampus, hippocampal neurons produce LTP, which is character-
ized by an increase in the intensity of postsynaptic response, which is stimulated by the incoming end
of a simple-single synaptic-repetitive stimulating excitability. In addition, there are studies confirmed
that LTP in the hippocampal amygdala (especially the basolateral amygdala) may be the neural basis of
stress-induced anxiety and the neural basis of conditional fear, it works together with other brain regions
to collectively regulate the situation-specific fear regression [19].

In the past few years, researchers have observed the effects of acupuncture on synaptic structure and
synaptic transmission efficiency through morphological and electrophysiological methods. A large num-
ber of studies have shown that acupuncture can alleviate central synaptic loss and synaptic ultrastructural
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damage, enhance synaptic transmission efficiency, and promote the function of synaptic plasticity of neu-
rons to a certain extent [20]. Electron microscopy results suggested that electroacupuncture can improve
the microstructural changes of the synaptic interface, such as narrowing the synaptic gap width, increas-
ing the PSD thickness, and reducing the curvature of the synaptic interface [21]. These structural changes
suggested an increase in synaptic transmission efficiency, and also indicated that acupuncture not only
promotes the formation of new synapses, but also promotes the modification of synaptic structures. In
addition, electrophysiological recordings in body and brain slices have also observed that acupuncture
can facilitate the induction of hippocampal LTP and enhance basal synaptic transmission and LTP inten-
sity [22–25].

In view of the above discussion, our study targets PTSD, with modeling by SPS and SPS&S, and puts
forward the hypothesis that “the effect of acupuncture on PTSD may be related to the repair of damaged
synaptic plasticity in amygdala and hippocampus”, thus to confirm the hypothesis.

2. Methods and materials

2.1. Subjects

All of the experiments were carried out in accordance with the National Institutes of Health Guide for
the Care and Use of Laboratory Animals (National Academies Press, Washington, DC, USA), The study
protocol was approved by the Biomedical Ethics Committee of Chengdu University of TCM for animal
use and protection. Adult male Sprague Dawley rats (2 month old, 180–220 g, n = 50) were obtained
from Model Animal Research Center of Nanjing University (licence no. SCXK 2015-0001). The rats
were housed in plastic cages and five per cage, kept under hygienic conditions at room temperature
(23◦C) and relative humidity of 60% with 12/12-h light/dark cycle, ad libitum access to food and water.
The experiment started after 1 week’s acclimation. The rats were randomly divided into five groups:
Control (n = 10), SPS (n = 10), SPS+EA (n = 10), SPS&S (n = 10), SPS&S+EA (n = 10).

2.2. Model

2.2.1. SPS model
This study adopted the internationally recognized SPS model, which was recommended for PTSD

modeling by the ‘Advances in Basic and Clinical Research’ International conference held by the
Japanese Ministry of Education in 2005. SPS modeling induces psychological stress and physiologi-
cal stress to simulate PTSD-like symptoms in rats. In the current experimental protocol, each rat was
first restrained via placement inside a plastic tube for 2 hours, immediately following restraint, each rat
underwent a 20-min forced swim, after the forced swim and placement in a cage for 15 minutes, each rat
was anesthetized with ether in a cylinder until losing consciousness. The SPS procedure was based on
previous studies [6]. After modeling, the rat was returned to its cage, and was conventionally housed/fed
until later experiments were conducted.

2.2.2. SPS&S model
The SPS&S and SPS&S+EA group were subjected to the footshock after SPS modeling: they were

placed in a square electric shock box made of plexiglass (470 mm × 470 mm × 470 mm) with the
conductive metal filament at the bottom for the electric shock of the foot. After 196 s of adaptation, the
rats were given a current of 1 mA of intensity (jumping or barking) for 4 s, rested for 60 s and sent back
to the cage.
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Table 1
Locations and operations of electroacupuncture in the 3 acupoints

Acupoint location Operation
Shenting (GV24) On the anterior midline and on the fronto-parietal

seam of the rat
Insert needle obliquely in an upward direction
to a depth of 2 mm

Baihui (GV20) Center of the parietal bone Insert needle obliquely in an upward direction
to a depth of 2 mm

Shenshu (BL23) 7 mm away from the lateral spinous processes of
second lumbar vertebrae on left and right sides

Insert needle vertically to a depth of 8 mm

2.3. Electroacupuncture treatment

The SPS+EA and the SPS&S+EA group underwent electroacupuncture treatment on the fifteenth day
after modeling. Rats need to be fixed before treatment, place the rat on a 6 × 12 cm wooden pedal, 50 cm
from the ground. With the abdomen facing down, fix the limbs on the pedal with medical tape, and the
neck, chest and waist are fixed with adjustable nylon Velcro.

Electroacupuncture was performed in each rat at the acupoints of Baihui (GV20), Shenting (GV24),
and Shenshu (BL23, bilateral). Several documents and methods were utilized to determine acupoints
within the test rats. Specifically, the Acupoint Standard for Experimental Animals, the Map of Acupoints
for Experimental Animals, and the map of animal acupoints in Experimental Acupuncture, combined
with comparative anatomical methods, were used. Table 1 shows the exact locations and operations of
the 3 acupoints. Instruments used in the electroacupuncture included 32 G Hwato disposable acupunc-
ture needles (0.25 mm diameter × 25 mm length, Suzhou Medical Appliance Factory, Jiangsu, China)
and HANS-200 Acupoint Nerve Stimulator (Nanjing Jisheng Medical Treatment Technology Co., Ltd
(Jiangsu, China) (Table 1).

During electroacupuncture, the GV24 and left BL23 acupoints were stimulated in one setting by con-
necting the GV24 acupoint to the anode and the left BL23 acupoint to the cathode. Similarly, the GV20
and right BL23 acupoints were stimulated separately by connecting the GV20 acupoint to the anode and
the right BL23 acupoint to the cathode. Electroacupuncture of all regions was performed 20 minutes
a day simultaneously for 3 consecutive weeks, resulting in a total of 21 applications per target area.
Parameters of electroacupuncture included a 2/100 Hz dilatational frequency wave with an automatic
shift between 2 Hz and 15 Hz of stimulation (3-second duration of each shift), and a current intensity of
1 mA.

2.4. Behavioral analysis

All groups underwent behavioral testing on the next day after the completion of electroacupuncture in
the following sequence: Locomoto Activity, Radial Six-Arm Water Maze Test, Elevated Plus-Maze, and
Fear Conditioning Test. The researchers performing the behavioral tests were blinded to the experimental
grouping of the animals.

2.4.1. Locomoto Activity
The test was used to investigate for anxiety-like behaviors as reported previously [26]. The rats were

placed in a spontaneous activity test box (40 × 40 × 50 cm), and its activity while exploring the new
environment was monitored for 30 min by placing a camera above the open-field apparatus, then the
rats were taken out and returned to the cage. The horizontal activity distance of the rats was obtained by
offline analysis by the video tracking system.
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2.4.2. Radial six-arm water maze test
Assessment of spatial learning and memory functions using the test as reported previously [27,28].

Briefly, a black circular pool (200 cm in diameter, 60 cm in height) was filled with water at room
temperature. A hidden black platform was submerged about 2 cm below the water level, and the camera
is located 200 cm above the center of the pool. The testing was performed in a room with different
pictures posted on the room walls to serve as cues for rats. Before the experiment, the rats were allowed
to swim for 90 s without a platform in the pool, and then released into the pool with platform from
different orientations and allowed to swim to find the escape platform. The rat was given 90 s to locate
the platform in both the learning phase and the memory test phase. The rat was guided to the goal arm
if it failed to locate the platform within 90 s. Then the rat was allowed to stay on the platform for about
30 s to observe the room before it was placed into the pool for the next trial.

2.4.3. Elevated plus-maze
Anxiety-like behavior was evaluated using the test as described previously [29]. Briefly, our maze is

made of a black fiberboard with a four-armed plus-shaped platform (two opposing arms, 50 cm long and
10 cm wide) raised about 50 cm from the ground. Each rat was placed in the central neutral area (10
× 10 cm) with its head positioned toward the open arm. The camera recorded the behavior of each rat
within five minutes, and then the rat was removed from the platform and returned to its cage. The EPM
platform was wiped with 10% alcohol solution and allowed to dry after each trial. The number of times
the rats entered the open and closed arms and the retention time in both arms were recorded separately
within 5 min.

2.4.4. Fear conditioning test
The testing was performed as reported previously [30,31]. The testing was performed in 2 chambers

of similar size and material (A and B) starting on the day after the Elevated Plus-Maze was conducted.
Contextual fear conditioning was only performed in chamber A, and cued fear conditioning was per-
formed in both chambers A and B. Chambers A and B provided different context stimuli. Chamber A
provided auditory stimulus and mild electric footshock, and chamber B provided only auditory stimulus.
Proportional freezing duration of each rat induced by either auditory stimulus (cue) or context (chamber
environment) was used as an index of conditional fear. In addition to acquisition of fear conditioning,
animals were also tested in extinction and recall paradigms. Extinction was measured by placing rats in
chamber A without foot shocks. One training session involved 10 placements (blocks). Four consecutive
sessions were performed for contextual fear memory and 3 consecutive sessions for cued fear mem-
ory. After the extinction paradigm was completed, a recall paradigm was performed, in which rats were
exposed again to foot shocks, followed by extinction-like training sessions.

Footshock sensitivity test was performed on the second day after the completion of the fear condi-
tioning testing. The rats were placed in the A box for 3 minutes, and then footshock (0.05 mA) was
administered, which was escalation by 0.05 mA. Recording minimum current intensity when the rats
began to notice (staring at the electric shock rod does), flinch (the paws are quickly lifted from the shock
rod) and vocalize.

2.5. Electrophysiological testing in hippocampus

2.5.1. Rat fixation and localization
After the behavioral analyses, the rats in each group were anesthetized with 20% urethane (i.p), then

the incisors of rat were fixed on tooth holder of the three-dimensional brain stereotactic device (DW-5).
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Put the rat’s head in the middle of the two slides and placed the ear rod in the left and right ears external
auditory canal. Then fix the screws on the two ear rods after observing the same scales. After the rat
is fixed, the head surgery was performed. Separated the subcutaneous tissue, peeled off the fascia and
muscle, and clean the skull surface with hydrogen peroxide, then the periosteum was pushed to expose
the bregma, lambdoid suture and sagittal suture. Put the positioning needle on the bregma, then the
stimulating electrode S (3.8 mm on the right side of the center line, 4.2 mm behind the Bregma) and the
recording electrode R (2.5 mm on the right side of the center line and 3.4 mm behind the Bregma) were
placed, the cortex of the two electrode insertion sites was exposed and the dura was peeled off.

2.5.2. PS recording and LTP induction
Adjusted the depth of the recording and stimulation electrodes. Positive voltage stimulation (2.5 ∼

5 mv, 50 ms) was given every 10 to 20 s. The test stimulus (0.033 Hz) was used until the optimal field
excitatory postsynaptic potential appeared, then the position of the electrode was fixed. At the optimal
field excitatory post-synaptic potential, the stimulation intensity of 30%–40% of the maximum response
was used. The intensity of the excitatory postsynaptic potential in the base field was recorded for 30 min
to ensure the stability of the basic synaptic transmission. LTP induced with high frequency stimulation
(HFS) (200 Hz), a total of 3 string stimulations, each stimulus consisted of 20 pulses with a 30 min
interval between the strings. LTP signal was continuously recorded for 60 minutes. The recording signal
was collected by BL-420 Biological Experimental system, and analysized by Sigmaplot software.

2.6. Electron microscopic analysis

2.6.1. Brain tissue preparation for the electron microscopic analysis
After an overdose of sodium pentobarbital (200 mg/ml dissolved in 10% ethanol) animals were tran-

scardially perfused with ice cold 0.9% physiological saline followed by 4% paraformaldehyde contain-
ing 0.2% glutaraldehyde in 0.1 M phosphate buffer (pH 7.4). The brains were removed and post fixed
overnight in the same solution at 4◦C, but without glutaraldehyde. The brains sections were in inm-
mersed in osmic acid (1% OSO4 in PB for 30 min) and then, dehydrated in graded ethanol (the 70%
ethanol contained 1% uranyl acetate). After complete dehydration in ascending ethanol series, the sec-
tions were immersed in propylene-oxide and then, into a mixture of propylene-oxide and Durcupan resin.
Finally, they were flatembedded in Durcupan resin (Fluka-Sigma–Aldrich, Hungary). After polymeriza-
tion at 56◦C for 48 h, the sections were viewed under a light microscope, and areas of interest were
chosen for re-embedding and electron microscopic sectioning. The ultrathin (60 nm) sections were cut
with a Leica Ultracut UCT microtome and collected on formvar-coated single slot copper grids, stained
with uranyl-acetate and lead citrate [32].

2.6.2. Quantitative analysis of the synapses
Ten photos were randomly selected from each group for measurement, and analyzed by MoticImages

Advanced 3.0 (MicroOptic Industrial Group Co. Ltd) image analysis system. The synaptic interface
curvature, PSD thickness and active zone length, and synaptic gap width were measured.

2.7. Western blot (WB) analysis

Total protein was extracted from brain tissue or cells with RIPA lysis buffer (Beyotime, Shanghai,
China). Equal amount of protein were separated by SDS-PAGE and transferred to a PVDF (Millipore,
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Schwalbach, Germany). After blocked with 5% nonfat milk for 2 h at room temperature, the membrane
was incubated with primary antibodies overnight at 4◦C, followed by incubation with HRP-conjugated
secondary antibody for 1 h at room temperature, the protein bands was detected by chemiluminescence
(Pierce, Rockford, IL, USA).

2.8. ELISA

The brain tissue was extracted for ELISA assays. Rat BDNF ELISA Kit (BOSTER Biological Tech-
nology, Wuhan, China) was used to assess the levels of BNDF proteins in brain tissue according to
manufacturer’s protocol.

2.9. Immunohistochemical (IHC)

All rats were executed, the brains were rapidly removed and washed with PBS, then immersion
fixed in 4% PBS-buffered paraformaldehyde for 12h and then embedded in paraffin. The paraffin sec-
tions immunohistochemical staining was performed using UltraSensitiveTM SP (Mouse/Rabbit) IHC Kit
(Maxim, Fuzhou, China) according to the manufacturer’s protocol.

2.10. Quantitative real-time PCR (RT-PCR)

Total RNA was extracted using TRIzol reagent (Invitrogen, CA, USA). RNA was reverse transcribed
to cDNA with the PrimeScript R© RT Reagent Kit Perfect Real Time (Takara, Otsu, Japan). qPCR was
performed using a SYBR Green PCR Kit (Takara, Otsu, Japan) according to the manufacturer’s instruc-
tions. Expression values were normalized to the control endogenous GAPDH. Primer sequences used
were listed as follows: GAPDH (forward: 5′-AGT GCC AGC CTC GTC TCA TA-3′; reverse: 5′-GAC
TGT GCC GTT GAA CTT GC-3′), gap43 (forward: 5′-CAA ACC GGA GGA TAA GGC TCA-3′;
reverse: 5′-TGC ATC GGT AGT AGC AGA GC-3′), PSD95 (forward: 5′-GTT GCA GGT GAA TGG
AAC AGA G-3′; reverse: 5′-CCG ATG TGC GGG TTG TCA G-3′), BDNF (forward: 5′-AAT AAT
GTC TGA CCC CAG TGC C-3′; reverse: 5′-CTG AGG GAA CCC GGT CTC AT-3′), SYN (forward:
5′-GAG CGA AAC AAG CAG AAC CC-3′; reverse: 5′-ACC TCG TGG AGA CGC TTT AC-3′), TrkB
(forward: 5′-TGC TCA AGT TGG CGA GAC AT-3′; reverse: 5′-GTC CCA GGA GTT CAG CTC
AC-3′). Fold change values were analyzed using 2–Ct calculation (User Bulletin, Applied Biosystems).

2.11. Statistical analysis

The latency data, spontaneous activity data and fear conditional data in the RAWM experiment were
statistically analyzed by two-way ANOVA. The Post hoc test was performed using the Tukey HSD
method; The number of stay in target quadrant were performed with a Kruskal-Walls test followed by
the Mann-Whitney U-test for multiple comparisons, and the remaining data were statistically analyzed
using the Student’s t-test. Apart from number of stay in target quadrant, other data were presented as
mean ± SD and statistical analysis was performed using GraphPad Prism 6 software. The significance
level was set to P < 0.05.

3. Results

3.1. Efficacy evaluation of electroacupuncture to improve PTSD-like behaviors

In the Radial Six-Arm Water Maze Test experiment, analysis of variance showed that there was a
significant efficacy on the latency of SPS+EA and SPS groups as well as SPS&S+EA and SPS&S groups
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Fig. 1. Effect of electroacupuncture on latency (A), exploration distance (B), number of stay in target quadrant (C) and explo-
ration distance (D), Representative searching swimming paths by rats in different groups(E) during RAWM experiment in rats.
The number of stay in target quadrant were performed with a Kruskal-Walls test followed by the Mann-Whitney U-test for
multiple comparisons. Apart from number of stay in target quadrant, other data were presented as mean ± SD, (n = 10). ∗p <
0.05, ∗∗p < 0.01 compared with SPS group; # p < 0.05, ## p < 0.01 compared with SPS&S group; ∗p < 0.05, ∗∗p < 0.01 (C,
D).

(P < 0.01); post hoc analysis showed that SPS+EA group and the latency of rats in SPS&S+EA group
was significantly lower than that of the corresponding model group during the second day (P < 0.01),
the third day (P < 0.01) and the fourth day (P < 0.01). In the spatial search experiment, rats in the
SPS+EA group and the SPS&S+EA group were significantly more prominent in the target quadrant
than in the corresponding model group (P < 0.01). The above results indicate that electroacupuncture
improves spatial learning and memory (Fig. 1).

Locomoto Activity was assessed in an open field arena for all groups. Results indicated no significant
difference among groups during the beginning of testing block. In blocks 2–6 of free exploration, the
SPS and SPS&S rats moved less and shorter distances than the SPS+EA, SPS&S+EA and Ctrl groups
(block 2, p < 0.05; blocks 3–6, p < 0.01).

Comparison of responses toward different electric footshocks with different current intensity showed
no significant differences regarding current levels that elicited notice reactions, withdrawal reactions
(flinch), and/or vocalization (vocalize) among all groups (p > 0.05).

Elevated Plus-Maze: Percentage of time spent in the open arms and the number of entry to the
open arms were significantly lower in the SPS and SPS&S groups when compared to the SPS+EA,
SPS&S+EA and Ctrl groups (p < 0.01) (Fig. 2).
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Fig. 2. Effect of electroacupuncture on Locomotor activity (A), Foot shock sensitivity (B), and the percentage of open arm
retention time (C) and open arm entries (D) during EPM test in rats. The results were presented as mean ± SD, (n = 10). ∗p <
0.05, ∗∗p < 0.01 compared with SPS group; #p < 0.05, ##p < 0.01 compared with SPS&S group; ∗p < 0.05, ∗∗p < 0.01(C,
D).

The above findings suggested that electroacupuncture significantly increased locomotor activity and
reduced levels of anxiety-like behavior in PTSD rats.

Assessment of conditional fear response: No significant difference in the proportional time of freez-
ing was found among the groups 3 minutes before the acquisition of contextual fear conditioning and
training (baseline, p > 0.05). During the training of fear conditioning, freezing percentage became
more pronounced from blocks 1 to 5 in all groups. In the extinction paradigm, freezing time decreased
within each training session (10 blocks) and also over the course of the 4 or 3 training sessions in all
groups. ANOVA and post-hoc tests consistently showed significantly less freezing in the SPS+EA and
SPS&S+EA group compared with the SPS and SPS&S group in all blocks of all training sessions (p <
0.05 or p < 0.01), with the exception of blocks 6 and 9 of the second training session in assessment
of contextual fear conditioning. In the recall paradigm, it resulted in a disproportionate and statistically
significant increase in freezing time in the SPS and SPS&S groups when compared with the SPS+EA,
SPS&S+EA and Ctrl groups (p < 0.01). ANOVA and post-hoc tests showed that the percentage of freez-
ing time in the SPS+EA and SPS&S+EA groups was significantly less than the SPS and SPS&S groups
(p < 0.05). These finding suggests that EA significantly improved extinction of conditional fear memory
and reduced conditional fear recall in PTSD rats (Figs 3 and 4).

3.2. Efficacy evaluation of electroacupuncture for repairing synaptic plasticity in amygdala and
hippocampus of PTSD rats

3.2.1. Efficacy of electroacupuncture on repairing amygdala, hippocampal synaptic morphology and
up-regulating BDNF expression

Compared with the control group, the PSD thickness of the SPS and SPS&S groups was significantly
reduced (p < 0.05, p < 0.01 in amygdala, p < 0.01, p < 0.01 in hippocampus), the curvature of the
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Fig. 3. Effect of electroacupuncture on percentage of freezing of fear conditioning acquisition (A), Fatigue (B–E) and Recon-
struction Detection (F) during Scene fear conditioning training in rats. The results were presented as mean ± SD, (n = 20).
∗p < 0.05, ∗∗p < 0.01 compared with SPS group; #p < 0.05, ##p < 0.01 compared with SPS&S group.

synaptic interface was significantly decreased (p < 0.01, p < 0.01 in amygdala and hippocampus),
and BDNF levels in the amygdala were significantly decreased (p < 0.01, p < 0.01 in amygdala and
hippocampus). Compared with the Ctrl group, there was an up-regulation (p < 0.01) of synaptic gap
width in the SPS&S group, but no significant difference in the SPS groups (p > 0.05 in amygdala
and hippocampus). Electroacupuncture treatment (SPS+EA and SPS&S+EA) significantly up-regulated
PSD thickness (p < 0.05, p < 0.05 in amygdala; p < 0.05, p < 0.01 in hippocampus), improved
synaptic interface curvature (p < 0.05, p < 0.05 in amygdala; p < 0.01, p < 0.01 in hippocampus), and
up-regulated BDNF in amygdala Levels (p < 0.01, p < 0.01 in amygdala and hippocampus). There was
no significant regulation of synaptic gap width in amygdala (p > 0.05, p > 0.05), but in hippocampus,
the SPS&S+EA group can significantly reduce the synaptic gap width (Figs 5 and 6).

3.2.2. Efficacy of electroacupuncture on improving LTP in Hippocampus
As shown in Figure, the average value of the basic fEPSP before HFS was taken as the reference

value (100%). After the HFS stimulation, the average amplitude of the normal group (Ctrl) fEPSP was
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Fig. 4. Effect of electroacupuncture on percentage of freezing of fear conditioning acquisition (A), Fatigue (B–D) and Recon-
struction Detection (E) during Clue fear conditioning training in rats. The results were presented as mean ± SD, (n = 20).
∗p < 0.05, ∗∗p < 0.01 compared with SPS group; #p < 0.05, ##p < 0.01 compared with SPS&S group.

maintained (276.35 ± 15.08) % at 30 min, and at 60 min and 90 min, it still maintained at high levels,
which are (204.33 ± 10.90)% and (173.49 ± 9.33)% separately.It indicated that LTP could be success-
fully induced under the experimental conditions.Compared with the Ctrl group, the fEPSP of the SPS
and SPS&S groups were significantly suppressed at each time point, suggesting that the LTP in the hip-
pocampus of the PTSD model was significantly inhibited, consistent with the decline in learning and
memory ability. Compared with the SPS and SPS&S groups, the amplitude of fEPSP in the SPS+EA
group and the SPS&S+EA group increased significantly at each time point, suggesting that the LTP in
the electroacupuncture groups was significantly improved, which was consistent with the improvement
of learning and memory ability (Fig. 7).

The results above suggested that electroacupuncture treatment can improve the learning and memory
ability of PTSD rats, which may be related to its up-regulation of LTP in hippocampus, maintenance
of synaptic morphology (mainly up-regulation of PSD thickness, improvement of synaptic interface
curvature) and up-regulation of BDNF levels in hippocampus and amygdala.

3.2.3. Molecular effects of electroacupuncture on synaptic plasticity in amygdala and hippocampus of
PTSD rats

IHC, WB, RT-PCR were used to observe the effects of electroacupuncture on the transcriptional lev-
els and protein expression levels of synaptophysin (SYN), growth-associated protein 43 (GAP43) and
postsynaptic density 95 (PSD95) in amygdala and hippocampus of PTSD rats.
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Fig. 5. PSD thickness (A), Synaptic gap width (nm) (B), Curvature of synaptic interface (C) and BDNF levels (D) in amygdala
from rats in the indicated groups. Electron microscopy of Amygdala (E). scale = 500 nm. The results were presented as mean
± SD, (n = 3). ∗p < 0.05, ∗∗p < 0.01.
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Fig. 6. PSD thickness (A), Synaptic gap width (nm) (B), Curvature of synaptic interface (C) and BDNF levels (D) in hippocam-
pus from rats in the indicated groups. Electron microscopy of Hippocampus (E). scale = 500 nm. The results were presented
as mean ± SD, (n = 3). ∗p < 0.05, ∗∗p < 0.01.
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Fig. 7. The average fEPSP amplitude of hippocampal brain regions in each group of PTSD models.

Fig. 8. Effect of electroacupuncture on the expression of SYN, GAP43 and PSD95in amygdala from rats in the indicated groups.
(A–D) Expression of SYN, GAP43 and PSD95 were analyzed by immunofluorescence cytochemistry (scale bar, 50 µm). The
results were presented as mean ± SD (n = 3). ∗p < 0.05, ∗∗p < 0.01.

Compared with the Ctrl group, SPS and SPS&S groups down-regulated SYN, GAP43, and PSD95
protein levels and mRNA expression, which were significantly up-regulated by electroacupuncture treat-
ment (SPS+EA and SPS&S+EA groups), and all comparisons were significantly different (p < 0.01)
(Figs 8–13).

4. Discussion

According to the relevant data of the behavioral test, it can be known that the two modeling meth-
ods can obviously induce anxiety, depression and fear-like behaviors and can significantly reduce spatial
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Fig. 9. Effect of electroacupuncture on the expression of SYN, GAP43, PSD95 in amygdala from rats in the indicated groups.
(A–D) Expression of SYN, GAP43, PSD95 were analyzed by Western Blot. The results were presented as mean ± SD (n =
3). ∗p < 0.05, ∗∗p < 0.01.

Fig. 10. Effect of electroacupuncture on the mRNA expression of SYN, GAP43, PSD95 in amygdala from rats in the indicated
groups. (A–C) mRNA expression of SYN, GAP43, PSD95 were analyzed by Real-time PCR. The results were presented as
mean ± SD (n = 3). ∗p < 0.05, ∗∗p < 0.01.

learning and memory ability in rats. According to the fear-related behavioral data, the percentage of stiff-
ness in the SPS&S group was higher than that in the SPS group at different time points, suggesting that
the fear behaviors were more obvious in SPS&S modeled rats. Through this experiment and reviewing
previous studies, it is not difficult to find that all model animals could show symptoms similar to PTSD,
but each kind of modeling method cannot cover all the symptoms and biological changes, because of the
variable and individualized differences in PTSD. However, various animal models can be used not only
to study similar symptoms and biological changes of PTSD, but also to combine the results of various
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Fig. 11. Effect of electroacupuncture on the expression of SYN, GAP43 and PSD95 in hippocampus from rats in the indicated
groups. (A-D) Expression of SYN, GAP43 and PSD95 were analyzed by immunofluorescence cytochemistry (scale bar, 50 µm).
The results were presented as mean ± SD (n = 3). ∗p < 0.05, ∗∗p < 0.01.

models to obtain a more comprehensive research progress on the disease. In the experimental research,
different modeling methods should be selected according to the different emphasis of the PTSD symp-
toms for the experimental design. Therefore, the main problem of current research is how to effectively
combine individual findings in animal models and serve patients with PTSD.

According to TCM theories, PTSD is the result of internal and external factors. The external causes are
mainly catastrophic stimuli from the outside world, the internal factors are mainly the lack of physical
endowment and the disorder of visceral function caused by strong panic. “The brain is the seat of the
mentality”, charging consciousness, the central part of the emotional activity is the brain. And the kidney
is the foundation of the congenital constitution, which has a regulating effect on the human body’s
emotional activities. Essence in the kidney is the material basis for the formation, development and
function of the brain and for maintaining the mental activity and behavior of the entire human body.
Traditional Chinese Medicine Classics Chinese Medicine Summary · Brain Disscusion Based on the
Kidney recorded: the marrow is the bridge between the brain and the kidney, the essence in the kidney is
the material basis of the brain and the body’s activities, the brain acts as the center of emotional activity,
andits normal function depends on abundant kidney essence.

Su Wen · Yin Yang Theory: “The kidney has the fuction of concentration and remembrance and corre-
sponds to fear”. Based on clinical manifestations and observations of pathological signs and a summary
of the evolution of pathogenesis, we believe that “correspond to fear” first refers to people with kidney
deficiency are prone to psychological reactions, and second refers to fear often hurts the kidney [33].
Chinese Medicine Prescription Notes and Answers Set: “The spirit and mentality are hidden in the kid-
ney, and the lack of kidney essence leads to mentality loss”, indicating that only with sufficient energy
in kidney can we deal with all kinds of bad stress and maintain physical and mental health.

In summary, in response to the decline of fear memory, we should start from tonifying the kidney and
waking up the brain. In the clinical research on PTSD, we have confirmed that electroacupuncturing
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Fig. 12. Effect of electroacupuncture on the expression of SYN, GAP43, PSD95 in hippocampus from rats in the indicated
groups. (A-D) Expression of SYN, GAP43, PSD95 were analyzed by Western Blot. The results were presented as mean ± SD
(n = 3). ∗p < 0.05, ∗∗p < 0.01.

Fig. 13. Effect of electroacupuncture on the mRNA expression of SYN, GAP43, PSD95 in hippocampus from rats in the indi-
cated groups. (A-C) mRNA expression of SYN, GAP43, PSD95 were analyzed by Real-time PCR. The results were presented
as mean ± SD (n = 3). ∗p < 0.05, ∗∗p < 0.01.

Baihui, Shenting to refresh the mind and nerves, Shenshu to regulate the kidney, significantly promoted
the decline of fear memory [11,34]. As the most commonly used traditional treatment for neurological
diseases, electroacupuncture is to give a suitable pulse current while acupoints treatment,it can improve
the spatial learning and memory ability of patients with PTSD, and may have protective effects on
hippocampal neurons [35]. Our previous study suggested under electroacupuncture treatment, the local
consistency of the BOLD signal in the affected brain area was increased [36], the glucose metabolism
changed accordingly [37], the clinical symptoms improved significantly as well. Based on previous clin-
ical confirmation, we still choose the above treatment program in this study. In addtion, the treatment



S442 M. Li et al. / Study on the mechanism of TMRK electroacupuncture in repairing synaptic plasticity

program has been proved to be a superior solution, so we did not set up a control group of western
medicine or other therapies in this study, as this study focused on the mechanism of acupuncture effec-
tiveness. Certainly, we again confirmed the advantages of electroacupuncture in improving PTSD like
symptoms through a series of behavioral tests,and these results are more objective than clinical trials.

The relevant indicators of synaptic plasticity in this experiment suggesed that compared with the
ctrol group, the synaptic efficacy of the hippocampus and amygdala brain regions of the PTSD model
rats was significantly impaired, and the TMRK electroacupuncture method significantly repaired the
damaged synaptic morphology, activated the inhibited LTP and the expression of key proteins, so this
experiment initially clarified a relevant neurobiochemical mechanism of fear memory regression by
TMRK electroacupuncture, layed the foundation for future translational medical research on prevention
of fear-related mental illness.

However, synaptic plasticity is a complex, multi-directional regulation system, including neurotrans-
mitter-receptor, neurotrophic, energy metabolism, cell adhesion, protein pathway, etc. This experimen-
tal group will further deepen the research in future experiments. At present, this direction has been
supported by the National Natural Science Foundation of China and is under study. In addition, the
specificity between the amygdala and hippocampal synaptic plasticity and the PTSD fear memory re-
gression needs to be further explored.
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