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Background: Myocardial ischemia reperfusion injury (MIRI) is an important mechanism
of post-myocardial infarction injury and a main cause of death in patients with ischemic
heart disease. Electroacupuncture (EA) pretreatment is effective for the prevention and
treatment of MIRI, but mechanisms mediating the effects of cardiovascular disease EA
treatments remain unclear.
Objectives: To determine whether the lateral hypothalamus (LHA) and the cerebellar
fastigial nucleus (FN) are involved in the protective effects of EA stimulation on MIRI.
Methods: EA pretreatment was performed for 7 days before the establishment of
the MIRI model. ST-segment changes on electrocardiograms were recorded and the
Curtis–Walker arrhythmia score was used to evaluate changes in reperfusion injury.
Hematoxylin–eosin staining was applied to evaluate the pathological and morphological
changes in myocardial tissue. c-fos expression in the LHA and FN was determined by
immunofluorescence staining. Glutamic (Glu) and γ-Aminobutyric acid (GABA) levels
were measured using a high-performance liquid chromatography-electrochemical method.
Results: EA pretreatment reduced ST-segment elevation, arrhythmia scores, and
morphological changes in MIRI myocardial cells in rats, and decreased the c-fos protein
expression in LHA/FN nuclei. MIRI was associated with an imbalance between GABA and
Glu levels, whereas EA pretreatment increased GABA levels and decreased Glu levels in
the LHA/FN.
Conclusion: FN and LHA are involved in the EA-mediated attenuation of MIRI.
Pretreatment with EA plays a protective role in the myocardium by regulating Glu and
GABA release in the LHA and FN.
Keywords: Electroacupuncture, Lateral hypothalamic area, Cerebellar fastigial nucleus,
Myocardial ischemia reperfusion injury, Heart meridian

INTRODUCTION
The aging population and lifestyle-related changes have
resulted in the progressively increasing incidence of global
ischemic heart disease over the years [1]. Timely restoration
of vascular supply to ischemic myocardial tissue is the goal of
effective treatment for ischemic heart disease [2]. However, in
myocardial ischemia–reperfusion injury (MIRI)—a common
complication of ischemic heart disease with very serious
complication potential—myocardial damage, arrhythmia,

and cardiac dysfunction occurs following vascular reper
fusion. In addition to tissue and cellular metabolic dys
function and structural alterations, brain injury is a cause
of post-MIRI mortality [3,4]. MIRI is a significant public
health concern. The hospital mortality rate of patients with
post-myocardial infarction MIRI ranges from 6% to 14% [5]
and, in 2020, MIRI-related mortality constituted 10% of the
coronary heart disease mortality rate [6].
Thus, the prevention as well as safe and effective treatment
of MIRI remains an important issue that the medical
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community needs to urgently address. Currently, MIRI
treatment includes remote ischemic pretreatment, drug
postconditioning, and percutaneous coronary intervention
(PCI) [7-9], and most of these methods have some limitations.
The risk of myocardial infarction increases more than 20%
after PCI [10]. Inadequate treatment of ischemia–reperfusion
injury results in microvascular cardiac disease, which cannot
be treated by modern cardiovascular interventional medicine,
and accounts for more than 90% of cardiovascular diseases
[11]. Effective therapies to prevent reperfusion injury have
proven elusive. Therefore, MIRI remains a major medical
problem [12].
Electroacupuncture (EA) is a novel therapy that has been
developed by merging traditional Chinese medicine with
modern electrical technology. EA pretreatment embodies
the idea of “treating before sickness” in traditional Chinese
medicine. In traditional Chinese medicine, the heart
meridian is closely associated with heart function, spiritual
consciousness, and brain function; thus, stimulating the heart
meridian can regulate heart and brain function. Shenmen
(HT7) is the original acupoint of the heart meridians,
whereas Tongli (HT5) is the collateral acupoint of the heart
meridians. Stimulation of both Shenmen and Tongli induces
good regulatory effects on cardiac function. Although the
mechanisms underlying MIRI attenuation by EA pretreat
ment have not been fully elucidated, several clinical and
experimental studies have shown that EA pretreatment can
effectively prevent and treat MIRI [13-16]. We previously
confirmed that acupuncture can transmit information to
the brain through stimulation of the body surface, integrate
information in the brain, and regulate the neuroendocrine
immune system for the prevention and treatment of diseases
[17-19]. Thus, acupuncture at the heart meridian point could

regulate the activity of neurons in the lateral hypothalamic
area (LHA) and the cerebellar fastigial nucleus (FN) to
alleviate MIRI [20]; however, the specific mechanisms need to
be further explored.
The cerebellum is involved not only in the regulation of
somatic motor function, but also in cardiovascular, digestive,
and other visceral functions [21]. The hypothalamocerebellar
pathway plays an important role in the integration of the
somatic–visceral response [22], which provides a possible
basis for defining the mechanisms mediating the integration
of the somatic–visceral response. Neuroscientific studies
have confirmed that the presence of a direct fiber projection
between LHA and FN that comprises γ-aminobutyric acid
(GABA) and glutamate (Glu) fibers [23]. The GABA and
Glu levels in hypothalamic neurons are closely associated
with the effects of acupuncture [24,25]. Moreover, GABA
and Glu levels in the cerebellum are linked to the effects of
acupuncture on blood pressure [26]; however, it is unclear
whether this cerebellar effect is achieved through the LHA–
FN neural circuit. Furthermore, the central integration
mechanism of FN, LHA, GABA, and Glu in the anti-ischemic
myocardial effect of acupuncture is yet to be elucidated.
In this study, in order to further explore the connection
between the cardiac meridians, heart, and nervous system,
we observed the effects of acupuncture pretreatment on
GABA and Glu levels in the FN and LHA of MIRI rats.
Moreover, we undertook a literature review to explore the
possible mechanisms that mediate the participation of the
FN and LHA in the anti-acute-MIRI effect of acupuncture
and the mechanism whereby acupuncture controls the
hypothalamocerebellar neural circuit for regulating visceral
function (Fig. 1) and compared the identified mechanisms in
the context of the results.
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Fig. 1. Overall hypothesis (A) and study flow diagram (B).
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MATERIALS AND METHODS
In this study, we used in vivo microdialysis combined with
a high-performance liquid chromatography-electrochemical
detection technique (HPLC-ECD) in a rat model of MIRI.

1. Animals and treatment groups

Sixty male Sprague–Dawley (SD) rats (2 months old,
weighing 220-250 g) without specific pathogenic infection
were supplied by Anhui Medical University (SCXK (AnHui)
2017-001), and we maintained the rats in the same conditions
in separate cages for 1 week. Next, the rats were numbered
and randomized into five groups using a randomization table
as follows: sham operation group (sham), MIRI model group
(Model), acupuncture pretreatment + MIRI group (EA), FN
lesion + acupuncture pretreatment + MIRI group (FN lesion),
and LHA lesion + acupuncture pretreatment + MIRI group
(LHA lesion). After the experimental process, the animals
were euthanized in strict accordance with the guidelines for
the treatment of experimental animals issued by the Ministry
of Science and Technology of the People’s Republic of China
in 2006, with care to minimize the pain and discomfort of
animals and to reduce the number of animals used.
The study protocol was approved by the Animal Ethics
Committee of Anhui University of Chinese Medicine
(AHUCM-rats-2020028).

2. Reagents and instruments

The fol low ing instr uments were used: Powerlab
multichannel physiological recorder (ML118, Australia
Ad Instruments), automatic dehydration machine (ZT12M, Hubei Matt), tissue-embedding machine (YB7LF, Hubei Matt), Leica slicer (RM2016, German Leica),
f luorescence microscope (CX41,OLYMPUS), rat brain
stereotaxis (Sweden CMA), microdialysis pump (CMA/400,
Sweden CMA), Milli-Q Ultra-Pure Water system (IQ7000,
Millipore USA), electrochemical detector (DECADEII,
Holland ANTEC), cryogenic microcollector (EFC-82, Japan
EICOM), cryogenic regulator (EFR-82, Japan EICOM), brain
stereotaxic skull drill (78001, Reward), Microdialysis probe
(membrane length 4 mm, Reward), probe catheter (RWD/12,
Reward), microinjector (CMA1mL, CMA, Sweden), and
electroacupuncture instrument (SDZ-V, Suzhou Medical
Supplies Factory Co., Ltd.)
The following reagents were used: artificial cerebrospinal
fluid, disodium ethylenediamine tetraacetate, kainic acid,
ascorbic acid, anhydrous acetic acid (20180812), and sero
tonin hydrochloride (BO1022DA14; from Shanghai Yuanye
Biotechnology Co., Ltd.), rabbit source c-fos first antibody
(208942, UK Abcam), γ-aminobutyric acid standard (A21528,
American Sigma), glutamic acid standard (V1001, American

Sigma), chloral hydrate (201805 National Pharmaceutical
Group Chemical Reagent Co., Ltd.), imported sheep serum
working solution (WK173310, Beijing Zsbio), fluorescent
second antibody (GR3203087-1, UK Abcam), DAPI
staining solution (071618190213, Shanghai Beyotime), antifluorescence quenching sealing solution (111318190306,
Shanghai Beyotime), hematoxylin dye solution (20200725,
Zhuhai Baso), and eosin dye solution (20200727, Zhuhai
Baso).

3. Interventional procedure

Before the MIRI experiment, rats in the EA group were
pretreated with EA (for 7 days) whereas rats in the LHA and
FN lesion groups received acupuncture intervention 3 days
after the LHA/FN nucleus lesion. Based on a previous study
[27], the “Shenmen” (HT7) and “Tongli ” (HT5) sections of
Shaoyin Heart Meridian of the hand were selected as the
acupoint positioning standard for experimental acupuncture
and moxibustion treatment in rats. The acupuncture points
were selected from HT7, located along the ulnar margin
with transverse striation on the medial wrist of the forelimb,
and HT5, located in the medial forelimb, 1 mm above the
transverse carpal striation. To minimize the stress induced
by animal restraint, the rats received preprocedural light
anesthesia with isoflurane in oxygen flow. Sterile acupuncture
needles (diameter, 0.3 mm; length, 25 mm) were inserted into
the Shenmen (HT7)-Tongli (HT5) points to a depth of 2 mm.
Bilateral Shenmen (HT7)-Tongli (HT5) points were connected
to the EA treatment instrument (SDZ-V; continuous wave,
frequency 2 Hz, intensity 1 mA, duration ≥20 minutes per
day for 7 days). MIRI was induced on the eighth day.

4. Animal model

In this study, the MIRI model was established in rats
by the physical ligation and push tube method [28]. Rats
were anesthetized with sodium pentobarbital (100 mg/
kg intraperitoneal) 24 h after the final EA and fixed in
the supine position. A standard II lead electrocardiogram
(ECG) was recorded in real time using the Powerlab
physiological recorder. The skin between the left third and
fourth intercostal spaces of the rat was cut, the muscle was
bluntly separated, and the pleura was bluntly separated with
hemostatic forceps and opened. The pericardial capsule
was cut to expose the heart, and a 2 × 6 round needle with
a No. 6–0 medical nylon monofilament thread at 2 to 3
mm below the left atrial appendage was used to bypass the
anterior descending coronary artery and was drawn out from
the paracone groove of the pulmonary artery. A pressure
equalizer polyethylene (PE) tube was placed on the silk thread
and a slip knot was used to establish an ischemia model.
The left ventricular anterior wall swelled outwards, and the
www.journal-jams.org
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elevation of the ST-segment and T-wave inversion on the ECG
were used to confirm myocardial ischemia. The left anterior
descending artery (LAD) was ligated for 30 minutes, followed
by 120 minutes of reperfusion. During reperfusion, the
elevated ST segment decreased by more than half, indicating
that the I/R model was established successfully. Rats in the
model, EA, FN lesion, and LHA lesion groups underwent
MIRI surgery. In the sham group, there was no ligation after
thoracotomy and the needle was inserted only once at the
corresponding site.

5. Nucleus lesioning

In this experiment, a nuclear lesion of the rat was induced
by the chemical method. In the FN and LHA lesion groups,
kainic acid was injected into the bilateral FN and LHA,
respectively. Rats were anesthetized with an intraperitoneal
injection of pentobarbital sodium (100 mg/kg) and fixed on
the brain stereotaxic instrument and the nucleus coordinates
of the FN or LHA were established (FN: Bregma: −11.6 mm,
LR: 1.0 mm, and H: 5.6 mm, LHA: Bregma: −2.8 mm, LR: 1.5
mm, and H: 8.3-8.5 mm), in accordance with the rat brain
atlas [29]. After determining the location of the nucleus, a
hole was drilled into the skull, a microinjector was slowly
inserted into the predetermined site, and 0.4 μL kainic acid
(dose: 1 g/L) was slowly injected into each side of the relevant
nucleus (Fig. 2). The needle was retained for 5 minutes post
injection, and was then slowly removed before suturing the
wound. Three days after surgery, significant neuronal cell
death was observed in the FN and LHA regions.

6. Cardiovascular assessment

The ECG of the rats was recorded using the Power Lab 8/30
recorder systems. The displacement of the ST segment for
15 min was analyzed at each time point. The Curtis–Walker
arrhythmia score method [30] was used to evaluate the
score after reperfusion in each group (score 0-4: normal=0,
atrial arrhythmia or occasional ventricular extrasystole = 1,
frequent ventricular extrasystole = 2, ventricular tachycardia

FN

[1-2 series] = 3, ventricular tachycardia [> 3], or ventricular
fibrillation = 4).

7. Detection of pathological changes of myocardial
tissue by Hemolysin–Eosin (HE) staining
HE staining was applied to assess the pathological and
morphological changes in the myocardial tissue. Myocardial
tissues were fixed in 4% paraformaldehyde for 24 hours,
and 3- μ m slices were dewaxed and stained with HE.
Morphological changes of the myocardium were observed
under light microscopy.

8. Immunofluorescence analysis

The expression of c-fos in LHA/FN was examined by
immunofluorescence staining. After 120 min of reperfusion,
rats were anesthetized with sodium pentobarbital (100 mg/
kg administered intraperitoneally). The heart of the rats was
transcardially perfused with 0.9% saline followed by 4%
paraformaldehyde, and the brain was harvested and fixed
by perfusion with 4% paraformaldehyde for 24 hours before
being embedded in paraffin. After dehydration, embedding,
and slicing, six sections of each sample containing the target
area of the brain were selected for staining. Tissues were
fixed for 30 minutes, washed thrice with PBS, and blocked
for 30 minutes with 10% goat serum. After the serum was
removed, the primary antibody anti-c-fos (1:500, goat;
Santa Cruz) was added and incubated for 1 hour followed
by washing three times with PBS at 37℃. A fluorescencelabeled secondary antibody (Abcam, ab150077, GR32030871) was added to the brain slices and the section was then
stained with DAPI (Beyotime, C1005, 071618190213). Finally,
an anti-fluorescence quencher was used to seal the sections.
Fluorescence images of target brain areas were scanned and
photographed using the OLYMPUS automatic virtual slice
scanning system (VE120). c-Fos-positive cells were counted
using ImageJ. The mean number of c-fos positive cells per
LHA and FN nuclei for each animal was determined by
averaging the total counts from different rats in each group.

FN

LHA
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Fig. 2. A schematic for KA injec
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RESULTS

9. Microdialysis

Using the EICOM microdialysis system, the microdialysis
probe was inserted into the corresponding nucleus and
fixed. Six rats each in the sham, model, and EA groups were
selected for the collection of brain microdialysate of LHA and
FN. In the FN lesion and LHA lesion groups, LHA and FN
brain microdialysates, respectively, were collected. Artificial
cerebrospinal fluid was extracted using a 1-mL microinjector,
one end of the probe was connected to the perfusion system,
and the other end was placed in a cryogenic microcollector
to collect the dialysate. The online microdialysis system
continuously infused 10 μmol/L artificial cerebrospinal fluid
at a 2.0 μL/minute flowrate. A tube of dialysate was collected
every 15 minutes and the intercellular fluid from each area of
the brain was microsampled. GABA and Glu levels in LHA
and FN dialysates were quantified by the HPLC-ECD system.

10. Statistical analysis

All statistical analysis were performed using GraphPad
Prism version 8 (GraphPad Software Inc., USA), and values
are expressed as mean ± standard deviation (mean ± SD).
When the data were normally distributed and the variance
was uniform, a single-factor analysis of variance was used
and the LSD method was used for intergroup comparison.
When the measurement data did not conform to a normal
distribution or the variance was non-uniform, a nonparametric test was used. A statistically significant difference
was established with p < 0.05.

0.4

Sham
Model
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LHA lesion + EA
FN lesion + EA

2. Acupuncture pretreatment attenuated
arrhythmia scores

Compared to the sham group, the arrhythmia score was
significantly increased in the model group (p < 0.01); however,
the arrhythmia score in the EA group was significantly lower
than that of the model group (p < 0.01). The arrhythmia score
of the LHA/FN lesion group was higher than that of the EA
group (p < 0.01) (Fig. 4).
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There were no statistically significant differences in the ST
segment between the sham, model, EA, FN lesion, and LHA
lesion groups before ligation (p > 0.05, respectively; Fig. 3).
The post-ligation and reperfusion ST segments in the model,
EA, FN lesion, and LHA lesion groups were significantly
higher than in the sham group (p < 0.05, respectively),
suggesting that myocardial ischemia and reperfusion caused
abnormal elevation of the ST segment. At 30 minutes of
ligation and 120 minutes of reperfusion, the elevation of the
ST segment in the EA group was significantly lower than
that in the model group, indicating that EA pretreatment can
significantly inhibit the MIRI-induced abnormal elevation of
the ST segment. Interestingly, the ST-segment elevation was
higher in the LHA/FN lesion group than in the EA group
30 minutes after ligation and 120 minutes after reperfusion,
indicating that the inhibitory effect of EA pretreatment on the
elevated ST segment was affected by the FN/LHA nucleus.
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Fig. 3. The change of ST segments in different groups.
Data were expressed as mean ± SD, *p < 0.05, **p <
0.01, compared with sham group, #p < 0.05, ##p < 0.01
compared with model group, ∆p < 0.05, ∆∆p < 0.01,
compared with EA group. n = 12; Sham = control group;
Model = myocardial ischemia reperfusion group; EA =
electroacupuncture treatment group; LHA lesion + EA =
electroacupuncture (EA) in LHA lesioned group; FN lesion +
EA = electroacupuncture (EA) in FN lesioned group.
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Fig. 4. Comparison of arrhythmia scores between rats
in different groups. Data are expressed as mean ± SD,
*p < 0.05, **p < 0.01, n = 12. Sham = control group;
Model = myocardial ischemia reperfusion group; EA =
electroacupuncture treatment group; LHA lesion + EA =
electroacupuncture (EA) in LHA lesioned group; FN lesion +
EA = electroacupuncture (EA) in FN lesioned group.
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Fig. 5. Myocardial tissue of rats in different group (HE staining, 400×, scale 20 μm), representative images for sham group
(A), model group (B), EA group (C), LHA lesion + EA group (D), FN lesion + EA group (E). Sham = control group; Model =
myocardial ischemia reperfusion group; EA = electroacupuncture treatment group; LHA lesion + EA = electroacupuncture (EA)
in LHA lesioned group; FN lesion + EA = electroacupuncture (EA) in FN lesioned group.
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Fig. 6. The c-fos protein expres
sion in LHA of rats in different
groups. Red represents c-fos
positive cells and blue represents
DAPI immunostaining. Locali
zation of LHA brain region in
rats (A), quantification data for
the c-fos positive cell numbers
(B) and representative images
for sham group (C), model
group (D), EA group (E) and
FN lesion + EA group (F). Data
were expressed as mean ± SD.
*p < 0.05, **p < 0.01, n = 3,
Sham = control group; Model =
myocardial ischemia reperfusion
group; EA = electroacupuncture
treatment group; FN lesion + EA
= electroacupuncture (EA) in FN
lesioned group.
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3. Acupuncture pretreatment alleviated apoptosis
of cardiomyocytes

Normal morphology with tight and well-ordered arrange
ment of cardiomyocytes without necrosis of muscle fibers
was observed in the sham group. The model group showed
enlargement of the myocardial fiber space, leukocyte infil
tration, rupture of myocardial fibers, interstitial edema,
cardiomyocyte proliferation, and dissolved and disordered
myocardial fibers. In the EA group, a small amount of the
fibers of myocardial tissue were loosely and irregularly
arranged, indicating that EA pretreatment alleviated apop
tosis of rat cardiomyocytes. Cardiomyocyte and muscle fiber
damage was moderately more serious in the LHA/FN lesion
group than in the EA group (Fig. 5).

4. Acupuncture pretreatment attenuated c-fos
protein expression in the brain FN and LHA
regions

The c-fos protein expression in the LHA region was
significantly higher in the model group than in other groups
(p < 0.01; Fig. 6). The c-fos protein expression in the EA group
was significantly lower than in the model group (p < 0.01)

A

and was significantly higher than in the FN lesion group
(p < 0.01). These results suggested that FN was involved in
acupuncture pretreatment for ameliorating MIRI. Similarly,
c-fos protein expression in the FN region of the model group
was significantly higher than in other groups ( p < 0.01; Fig. 7).
The c-fos protein expression in of EA group was significantly
lower than in the model group (p < 0.01), but was significantly
higher than that of the LHA lesion group (p < 0.01). The
findings suggested that LHA was involved in acupuncture
pretreatment for ameliorating MIRI and that the FN and
LHA interact and participate in the regulation of acupuncture
pretreatment to improve cardiac function.

5. G
 lu and GABA in LHA/FN participate in EA
pretreatment to attenuate MIRI

The Glu level in the LHA was significantly higher, whereas
the GABA level in the model group was significantly lower
than that of other groups (p < 0.01). The Glu level was lower,
whereas the GABA level in the EA group was significantly
higher than in the FN lesion group (p < 0.01; Fig. 8). In the
FN of the model group, the Glu level was significantly higher
whereas the GABA level was significantly lower than that of

B
c-fos+ positive cells

150

FN

**

**

**

100
50
0
Sham

C

Model

EA

FN lesion
+ EA

D

200 m

E

200 m

F

200 m

200 m

Fig. 7. The c-fos protein expres
sion in FN of rats in different
groups. Red represents c-fos
positive cells and blue represents
DAPI immunostaining. Locali
zation of FN brain region in rats
(A), quantification data for the
c-fos positive cell numbers (B)
and representative images for
sham group (C), model group
(D), EA group (E) and LHA
lesion + EA group (F). Data were
expressed as mean ± SD,*p <
0.05. **p < 0.01. n = 3; Sham =
control group; Model = myo
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group; EA = electroacupuncture
treatment group; LHA lesion +
EA = electroacupuncture (EA) in
LHA lesioned group.
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Fig. 9. HPLC chromatogram of Glu and GABA. Represen
tative images for standards (A, B) and dialysate (C). 1 and 2
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other groups (p < 0.01). In the EA group, the Glu level was
lower whereas the GABA level was significantly higher than
that of the LHA lesion group (p < 0.01; Fig. 8). The HPLC
chromatogram of Glu and GABA is shown in Fig. 9.
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MIRI is caused by restoration of the blood supply after
myocardial ischemia. Prevention of MIRI is of great signi
ficance in the treatment of acute myocardial infarction.
MIRI is common in patients with cardiovascular disease and
in patients undergoing cardiopulmonary bypass and heart
surgery [31]. Currently, pretreatment is often used in the
treatment of MIRI and involves short-term non-destructive
stimulation before injury onset in order to improve the
tolerance of tissues or organs to subsequent permanent
and fatal injury, and is considered one of the most effective
mechanisms of endogenous protection [32]. EA pretreatment
can attenuate MIRI and improve the quality of life of patients
[13-16]. Basic research and clinical experiments indicate
that the biochemical, morphological, and genetic indices
of cardiomyocytes are altered following EA pretreatment,
which can activate endogenous self-protective mechanisms
and resistance against disease damage that may occur in later
stages [33]. Our results showed that EA pretreatment reduced
the elevation of the ST segment in the ECG, arrhythmia
scores, and alteration of the morphology of myocardial cells
of MIRI rats, similar to the findings of previous studies
[34-37]. However, the specific mechanism remains to be
elucidated.

The Central Mechanism of Acupuncture Pretreatment

The hypothalamus is an important center coordinating
visceral responses, with LHA and other nuclei involved in
the regulation of cardiovascular activity [38]. FN is also an
important structure affecting cardiovascular, respiratory,
and gastrointestinal activity [39]. Several studies have shown
that FN participates in preventive and therapeutic neurogenic
mechanisms to protect the heart, brain, and other important
organs [40]. Electrical stimulation of the rostral cerebellar
FN has a protective effect in surgically induced myocardial
infarction in rats, and this may be due to increased vagal and
decreased sympathetic tone [41]. FN and LHA are closely
related to cardiovascular function. Our findings showed that,
in the MIRI group, the expression of nuclear c-fos protein
in the LHA and FN was significantly higher than in other
groups, and decreased markedly following EA pretreatment.
Meanwhile, the expression of c-fos decreased in the LHA/
FN lesion group, suggesting that the central mechanisms
of EA pretreatment in attenuating MIRI was related to the
interaction between LHA and FN regions.
Neuroscientific research has shown that there are direct
projections of GABA and Glu fibers between FN and LHA.
Glu is an excitatory neurotransmitter that is present in
high levels in brain tissue, whereas GABA is an inhibitory
neurotransmitter. Some studies have shown that Glu and
GABA in LHA may derive from axonal endings or glial cells
of the FN. High-frequency electrical stimulation of FN can
inhibit the electrical activity of LHA neurons and increases
the levels of neurotransmitters in the stimulated area. The
inhibitory effect of high frequency electrical stimulation on
LHA neurons can be achieved through direct fiber projections
of FN-LHA [42-44]. Moreover, the effect of acupuncture is
closely related to the regulation of neurotransmitters such as
GABA and Glu in specific brain regions [45,46], which may
be an important means for acupuncture to regulate body
function and treat diseases.
Our results showed that the ST-segment displacement
and the arrhythmia score increased significantly, Glu levels
in the LHA and FN increased significantly, and GABA
levels in the LHA and FN markedly decreased in MIRI rats.
The myocardial fiber space was enlarged, cardiomyocytes
proliferated, leukocyte infiltration increased as did rupture of
myocardial fibers, and interstitial edema, and the myocardial
fibers were absent or disordered in MIRI rats. These findings
indicated that the myocardial blood supply in MIRI rats
was insufficient, the release of amino acid neurotransmitter
GABA in LHA and FN decreased significantly, and the
release of Glu increased significantly. Overall, MIRI was
associated with an imbalance between GABA and Glu levels.
The ST-segment displacement and arrhythmia score of
MIRI rats decreased significantly, the content of GABA in
FN and LHA increased significantly, and the content of

Glu decreased significantly after EA pretreatment at heart
meridian points. Furthermore, compared to the EA group,
the GABA content in the FN of the LHA lesion group and the
LHA of the FN lesion group was lower than that of the EA
group, and the Glu levels were higher than in the EA group.
These changes were significantly reversed by EA pretreatment
at the heart meridian acupuncture points, suggesting that
acupuncture may play a protective role in the myocardium
by regulating the release of GABA and Glu in FN and LHA.
LHA/FN play an important role in improving MIRI of EA
pretreatment. These results provided an important basis for
exploring the cerebellar hypothalamic pathway involved in
the effects of acupuncture.
The abovementioned findings showed that EA pretreatment
can not only reduce MIRI, but also promotes the release of
GABA in FN and LHA of MIRI rats and inhibits the release
of Glu. After damaging FN or LHA, the LHA-FN neural
connection was impaired, and the regulatory effect of EA
was significantly reduced. These results suggest that the
amino acid neurotransmitters GABA and Glu are closely
related to the protective effects of the heart meridian EA
on myocardial ischemia. Furthermore, the LHA-FN neural
circuit participates in the effects of acupuncture pretreatment
on alleviating myocardial injury by regulating the release of
GABA and Glu in LHA-FN.
The hypothalamic sympathetic lymphocyte pathway of FN
GABAergic or glutaminergic neurons mediates the regulation
of FN immune system function [42,47]. There are direct
GABAergic and glutaminergic fiber projections between
FN and LHA. Therefore, it is possible to that the LHA-FN
GABAergic/glutaminergic nerve circuit is the key route for
cerebellar participation in the acupuncture pretreatment
effects to alleviate MIRI. Acupuncture pretreatment may
protect the myocardium by regulating GABA and Glu levels
in the LHA-FN nerve circuit and through the hypothalamicsympathetic nerve pathway.
However, this study focused only on the role of the hypo
thalamus and FN in the mechanism of acupuncture. Other
regions and brain nuclei may also be involved in the effects
of acupuncture. For example, studies on the cerebellum
and brainstem have shown that they are closely related to
cardiac function. At the same time, the cerebellum and
brainstem are closely connected to upstream pathways in
neuroanatomy. Therefore, the nuclei of brainstem and their
connection with cerebellum play a role in the mechanisms
induced by acupuncture to regulate cardiac function. During
myocardial infarction, the cardiac sympathetic nerve is
activated, the heart is overloaded, the myocardial contractility
is significantly reduced, and the cardiac pump function is
impaired [48]. The effect of acupuncture on the peripheral
nervous system through the central nervous system is worth
www.journal-jams.org
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elucidating.
Future research should include additional neurobiological
techniques, such as virus tracer or photogenetic, chemical,
or genetic techniques to better understand the regulation
of neural circuit activity by specific neurons in related
brain regions, and to provide new evidence clarifying the
mechanisms of acupuncture effects from the perspective of
neural circuit regulation.

CONCLUSIONS
FN and LHA are involved in the mechanisms whereby
EA pretreatment at the heart meridian attenuates MIRI. EA
pretreatment confers myocardial protection by regulating the
release of Glu and GABA in the LHA and FN.
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