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The descending motor nerve conduction of voluntary swallowing is mainly launched by primary motor cortex (M1). M1 can
activate and regulate peripheral nerves (hypoglossal) to control the swallowing. Acupuncture at “Lianquan” acupoint (CV23)
has a positive eﬀect against poststroke dysphagia (PSD). In previous work, we have demonstrated that electroacupuncture (EA)
could regulate swallowing-related motor neurons and promote swallowing activity in the essential part of central pattern
generator (CPG), containing nucleus ambiguus (NA), nucleus of the solitary tract (NTS), and ventrolateral medulla (VLM)
under the physiological condition. In the present work, we have investigated the eﬀects of EA on the PSD mice in vivo and
sought evidence for PSD improvement by electrophysiology recording and laser speckle contrast imaging (LSCI). Four main
conclusions can be drawn from our study: (i) EA may enhance the local ﬁeld potential in noninfarction area of M1, activate the
swallowing-related neurons (pyramidal cells), and increase the motor conduction of noninfarction area in voluntary swallowing;
(ii) EA may improve the blood ﬂow in both M1 on the healthy side and deglutition muscles and relieve PSD symptoms; (iii) EA
could increase the motor conduction velocity (MCV) in hypoglossal nerve, enhance the EMG of mylohyoid muscle, alleviate the
paralysis of swallowing muscles, release the substance P, and restore the ability to drink water; and (iv) EA can boost the
functional compensation of M1 in the noninfarction side, strengthen the excitatory of hypoglossal nerve, and be involved in the
voluntary swallowing neural control to improve PSD. This research provides a timely and necessary experimental evidence of
the motor neural regulation in dysphagia after stroke by acupuncture in clinic.

1. Introduction
“Dysphagia” is deﬁned as an obstacle to the ﬂow of liquids/pills from the mouth to the esophagus. Dysphagia is a serious problem in various neurologic diseases, and it is
associated with an increase in morbidity and mortality [1–
6]. Stroke is the most common neurologic cause of dysphagia. Severe dysphagia is usually observed during the ﬁrst 2–
4 weeks after stroke, and a prevalence of 29%–81% has been
documented. However, minor disorders of swallowing have
been reported at a prevalence of 91% in the stroke patients

[5, 7–9]. Dysphagia can result in signiﬁcant complications,
such as malnutrition, aspiration pneumonia, and poor quality of life [10–12]. A large number of functional and structural abnormalities are present in dysphagia patients in
each of its phases, such as the oral cavity, pharynx, larynx,
or esophagus [13–15].
To initiate and regulate swallowing, a combination of
feedback and motor planning is required [16]. Most scholars
believe that the cortical swallowing center is concentrated
mainly in the primary sensorimotor cortex, anterior cingulate gyrus, and insula [17]. The characteristics of injury to
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the cortical swallowing center are multifocal and bilateral,
damage to which can aﬀect the subthreshold excitability of
nucleus tractus solitarii and nucleus ambiguous in the central
pattern generator (CPG) for swallowing and reduce its regulation of swallowing function [18]. M1 can regulate the
processing and transmission of neural information in the
brain. Yuan and his colleagues found that the excitability
and area of the motor cortex associated with swallowing
were increased in the left hemisphere and alleviated the
swallowing dysfunction of patients if the right motor cortex
was injured [19]. That result showed that dysphagia
improvement required maintenance of bilateral pathways.
However, most studies mainly involved in healthy people
or a small sample of patients with dysphagia, while experimental studies exploring the underlying mechanisms are so
limited. Therefore, further research is required to understand
how the motor cortex conducts through the descending
motor nerves, aﬀects swallowing function, and how blood
ﬂow changes in the brain and deglutition-muscle groups after
dysphagia occurring.
The life quality of the patients suﬀering from poststroke
dysphagia (PSD) can be aﬀected severely if the PSD is caused
by cortical ischemic injury, but various early rehabilitation
programs can improve this situation [20]. Interventions for
patients with dysphagia include electromyographic biofeedback, Mendelsohn maneuver, repetitive transcranial magnetic stimulation, and surface neuromuscular electrical
stimulation. The mechanism underpinning neural regulation
of swallowing is poorly understood. Hence, the relevant
treatment and research methods are limited to only local
changes in neural regulation of swallowing function, and
the eﬃcacy of some treatment methods has not been demonstrated. However, as a conventional therapy for stroke rehabilitation in China, acupuncture has been used extensively
as a complementary or alternative therapy worldwide [21].
In PSD patients with cortical hemisphere injury, several studies have suggested that acupuncture may be helpful for
patients’ recovery [22, 23]. Animal experiments have shown
that electrical stimulation can induce continuous swallowing
[24]. In previous work, we have demonstrated that electroacupuncture (EA) could regulate swallowing-related motor
neurons and promote swallowing activity in the essential
part of central pattern generator (CPG), containing nucleus
ambiguus (NA), nucleus of the solitary tract (NTS), and
ventrolateral medulla (VLM) under the physiological condition ([25]; You H et al., 2018; [26]). Some researchers
have also found that electrical stimulation can reorganize
the motor-cortex neurons involved in swallowing. Only
M1, thalamus, and insula are activated after transcutaneous
electrical stimulation in pharyngeal muscle; in addition,
cortical recombination mediated by electrical stimulation
improves swallowing function, which is closely correlated
to the occurrence and parameters of electrical stimulation
[27–29]. M1 has a crucial role in the neural pathway that
controls voluntary swallowing. Although its role in the voluntary oral phase of swallowing is undisputed [30], its precise role in motor control of the pharyngeal phase is not
clearly deﬁned, and the descending neural regulation of
swallowing is also not clear.

Neural Plasticity
In the present study, the mice suﬀering swallowing
dysfunction after stroke were treated by EA. We aimed
to observe the descending motor nerve regulation mechanism and blood ﬂow changes involved in voluntary swallowing, so we could further illuminate how EA intervene the
motor neural control of voluntary swallowing to improve
PSD in mice.

2. Materials and Methods
2.1. Ethical Approval of the Study Protocol. This study was
carried out in accordance with the principles of the Basel
Declaration and recommendations of the guidelines of the
Guangzhou University of Chinese Medicine Committee for
Care and Use of Research Animals. The protocol was
approved by the Guangzhou University of Chinese Medicine
Committee for Care and Use of Research Animals.
2.2. Animals. Animals were provided by the Animal Laboratory Center of Guangzhou University of Chinese Medicine
(Guangzhou, China; experimental animal certiﬁcate number:
44005800008103; animal license number: SCXK (Yue) 20130034).
Male C57BL/6J mice (8 months, speciﬁc pathogen-free,
25–33 g) were housed in individual cages under standard laboratory conditions. Food and water were supplied ad libitum.
A total of 12 mice from 67 mice were randomly selected
as a normal group to test laser speckle contrast imaging
(LSCI), electroencephalogram (EEG), electromyography
(EMG), water intake, and substance P (SP) concentration.
The rest 55 mice were used to build a PSD model by photochemical method. EA and sham EA were applied on the
PSD model. For EA, the needle was retaining, and electric
stimulation lasted 15 min, but for sham EA, no electric stimulation was given. EA (acute) was only stimulated for one
day; EA (chronic) was stimulated continuously for three
days. 18 mice were randomly selected into three groups:
sham EA, EA (acute), and EA (chronic) to test LSCI and electrophysiology recording, which were compared before and
after stimulation. 24 mice randomly selected four groups:
model, sham EA, EA (acute), and EA (chronic) to test electromyography (EMG), water intake, and SP concentration.
7 mice from 67 mice were excluded because the model was
not successful.
2.3. PSD Model. We referred to the modeling method of
Michael Schroeter [31]. Mice were ﬁxed with a holder. Tail
veins were injected with Rose Bengal solution (1.5%;
Sigma–Aldrich, Saint Louis, MO, USA) at 10 μL/g body
weight. After injection, anesthesia was induced with 4% isoﬂurane. Then, anesthesia was maintained with 2% isoﬂurane
using a mask.
Mice were ﬁxed on stereotaxic apparatus (RWD Biotechnology, Shenzhen, China). The skull was exposed, and the
correct M1 coordinates were located (1 mm lateral and
0.16 mm posterior to the bregma; depth from the brain surface, 1 mm). A laser (wave length: 530 nm; power: 15 mW)
was used to irradiate an area of ~2 mm2. After 8 min of irradiation, the scalp was sutured, and mice were placed back in
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Figure 1: Evaluation of some indexes between the poststroke dysphagia (PSD) model and normal mice. (a) The PSD model process and
cerebral infarcts position. (b) Laser speckle contrast imaging (LSCI): the brain and lower jaw in normal and the model group. (c) Grip
strength test: normal vs. model: ∗∗p < 0:01. (d) Motor cortex perfusion: time = 300 s, target 1 = noninfarction, target 2 = infarction, target
area = 1:8 mm2 , normal vs. model (target 1): ∗∗p < 0:01, target 2 vs. target 1 (model): ∗∗p < 0:01. (e) Electromyography (EMG) of
mylohyoid and real-time spectrum in normal vs. model group, time = 40 s, bin = 1 s. (f) Swallowing muscle perfusion: time = 300 s, target
area = 20 mm2 , normal vs. model: ∗∗p < 0:01. (g) Swallowing counts: time = 60 s, normal vs. model: ∗∗p < 0:01. (h) Drink water at
diﬀerent times: time = 0 min, 15 min, 30 min, 45 min, and 60 min. Normal vs. model: ∗∗p < 0:01. (i) Total water consumption: normal vs.
model: ∗∗p < 0:01.

their cages to recover from anesthesia. Swallowing-related
muscle function and water intake were evaluated in conscious mice (Figures 1(a) and 1(g)–1(i)).
2.4. EA Parameters. Anesthesia was induced using 4% isoﬂurane. Mice were laid supine and ﬁxed. Anesthesia was
maintained with 2% isoﬂurane using a mask. First routinely
sterilized neck skin, then we located CV23. We inserted an
acupuncture needle to the upper margin of the midline of
the mandible. Another needle was inserted 2 mm adjacent
to CV23. The needling depth of CV23 is 5 mm. An EA apparatus (continuous wave; current, 1 mA; frequency, 2 Hz; time,
15 min per day; HANS-200A/100B; HANS, Beijing, China)
was attached to the acupuncture needle: acute EA treatment
for 1 day and chronic EA treatment for continuous 3 days
(Figure 2(a)).
2.5. Grip Strength Test. The grasping power of mice limbs was
measured by a grip tester (YLS-13Al; YiyanTechnology &
Development, Shandong, China). Mice of identical age were
employed in this experiment only if their toes were not
damaged.
Mice were placed carefully on a grip power board. Their
tails were held, and mice were pulled back gently in the horizontal direction. The mice were pulled back with even
greater force after they grasped the plate, causing them to
loosen their claws. The instrument recorded the maximum
grip strength of mice limbs automatically. This experiment
was repeated twice for each mouse in each group, and the
average value was taken.
2.6. LSCI. Mice were anesthetized with 2% isoﬂurane and
then ﬁxed on stereotaxic apparatus (RWD Biotechnology).

The skull was exposed. A laser was focused on the target area.
Recording was lasted for 5 min. We observed changes in total
cerebral blood ﬂow to selected infarction area and noninfarction area (area: 1.8 mm2) of the motor cortex and compared
blood perfusion changes in each group.
Mice were laid supine and ﬁxed. Fur near the mylohyoid
muscle was removed by using depilatory cream. The laser
was focused on the swallowing muscles (area: 20 mm2).
Recording was lasted for 5 min. We observed the blood perfusion changes around the swallowing muscles.
2.7. Recording of the Discharge of M1 Neurons In Vivo. Anesthesia was maintained with 2% isoﬂurane, and mice were
ﬁxed on stereotaxic apparatus. The skull was exposed after
routine sterilization. The left M1 coordinates were located
(bregma: −0.16 mm; LR: 1 mm; H: 1 mm). Then, 2 × 4 + 1
matrix electrodes were implanted in the target brain region
to observe spontaneous discharges through a multichannel
recording system (Plexon, Dallas, TX, USA). Spikes and
LFP were recorded for 5 min in each group. An oﬄine sorter
(Plexon) was used to ﬁlter signals. Processed signals were
analyzed statistically using NeuroExplorer™ (Nex Technologies, Lexington, MA, USA).
2.8. Recording of Hypoglossal Nerves In Vivo. Mice were ﬁxed
supine. Anesthesia was maintained with 2% isoﬂurane. The
cervical hypoglossal nerve was isolated carefully and then
drawn out with a thin wire (Figure 3(e)). Bipolar platinum
recording electrodes were hooked up to the hypoglossal
nerve. A drop of paraﬃn oil was placed over the surface of
the nerve. The reference electrode was inserted into nearby
subcutaneous tissue. After waking from anesthesia, water
feeding was initiated with a 5 mL microsyringe. Changes in
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Figure 2: The brain and lower jaw blood perfusion changes at before and after electroacupuncture in the PSD model.(a) Electroacupuncture
parameters: continuous wave, 1 mA, 2 Hz, and 15 min. Acupoint: Lianquan (CV 23). (b) The brain and lower jaw of LSCI in each group: sham
EA = lack of electric stimulation, after EA (acute) = EA stimulation once, and after EA (chronic) = EA stimulation for 3 days. (c) Motor cortex
perfusion: time = 300 s, target 1 = noninfarction, target 2 = infarction, target area = 1:8 mm2 , normal vs. others group (target 1): ∗∗p < 0:01.
Target 2 vs. target 1: ∗∗p < 0:01 in others group except normal. Before EA vs. after EA (acute) (target 1): #p < 0:05; before EA vs. after EA
(chronic) (target 1): ##p < 0:01. Before EA vs. after EA (acute) (target 2): ∗∗p < 0:01, before EA vs. after EA (chronic) (target 2): ∗∗∗ p <
0:001. After EA (acute) vs. after EA (chronic) (target 2): ##p < 0:01. After EA (acute) vs. after EA (chronic) (target 2): △△p < 0:01. (d)
Swallowing muscle perfusion: time = 300 s, target area = 20 mm2 , compared with normal, ∗∗p < 0:01 in others group. Before EA vs. after
EA (acute): ##p < 0:01. Before EA vs. after EA (chronic): ###p < 0:001. After EA (acute) vs. after EA (chronic): △△p < 0:01.

activity of hypoglossal nerve was evoked and recorded by
Spike2 in mice swallowing (Fig. S4).

mylohyoid muscle: s, and conduction velocity: v = s/t
(Figure 4(a)).

2.9. EMG Recording in the Mylohyoid Muscle In Vivo. Anesthesia was induced with 4% isoﬂurane. Mice were ﬁxed
supine on stereotaxic apparatus at 45°. Pure water (4 mL)
was extracted with a 5 mL intragastric syringe and placed in
a microinjection pump (Stoelting, Wood Dale, IL, USA).
The angle of the lavage needle was adjusted for placement
under the tongue. A recording electrode was inserted into
the mylohyoid muscle. The reference electrode was inserted
into the masseter muscle. After waking up from anesthesia,
mice were given water (2 μL/s, 5 s). The EMG activity of
the mylohyoid muscle was evoked and recorded by the
Spike2 software (CED, Cambridge, UK) when mice were
swallowing water.

2.11. Water Intake. Five groups of mice (n = 6) were fed separately and were deprived of water for 1 day. On day 2, each
group was given drinking water ad libitum, and we recorded
the changes in water intake at 15, 30, 45, and 60 min, as well
as the total water intake in 1 day.

2.10. MCV. Mice were placed under 2% isoﬂurane anesthesia
in the supine position. One side of the hypoglossal nerve was
separated, and the mylohyoid muscle was exposed. The
hook-shaped stimulation electrode was placed in the hypoglossal nerve trunk, the recording electrode was placed in
the mylohyoid muscle, and the reference electrode was
placed in the nearby tissue. Pulling the hook electrode of
hypoglossal nerve trunk for 1 second, the evoked EMG was
observed (threshold: 0.02 mV, duration: 30 ms). The time
from the stimulation point to the ﬁrst evoked action potential
was the latency: t, the distance from the nerve trunk to the

2.12. SP Concentration in Serum. Blood was obtained from
the eyeballs of mice in each group after relevant experimental
recording was completed. The extracted blood was placed at
room temperature for 2 h and centrifuged at approximately
3500 × g for 15 min (at 4°C or room temperature for prechilled samples). After centrifugation, the supernatant was
collected. The SP concentration was measured using an
ELISA kit (ENZO Life Sciences, Farmingdale, NY, USA).
Changes in the serum SP concentration in each group were
compared.
2.13. Linear Correlation Analysis. Linear regression analysis
was carried out on swallowing counts, water intake, SP concentration, swallowing-related pyramidal cell spike counts,
and hypoglossal nerve spike counts.
2.14. Statistical Analyses. Statistical analyses were undertaken
using SPSS 23.0 (IBM, Armonk, NY, USA). The diﬀerence
between groups was analyzed by one-way ANOVA. The
homogeneity of the variance was tested before comparisons
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Figure 4: Motor conduction velocity of hypoglossal nerve. (a) Stimulation electrode: hypoglossal nerve trunk; recording electrode: mylohyoid
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between groups were made. The least-square diﬀerence test
was used for homogeneity of variance, and the Tamhane’s
T2 test for heterogeneity of variance. p < 0:05 was considered
as statistically signiﬁcant.
M1 neurons were analyzed by Oﬄine Sorter™ and NeuroExplorer. Analyze methods including Raster, PCA, autocorrelation, and power spectral density were used.
The method of identifying neurons in M1 through autocorrelation analysis [32] and the characteristics of pyramidal
cells were as follows: (1) low mean discharge frequency (0.5–
10 Hz) and irregular discharge pattern; (2) the ISI histogram
showed that the short ISI (3–10 ms) was dominant, and
exponential attenuation was present after 3–5 ms ISI; and
(3) wide waveform (>300 μs). The characteristics of interneurons were as follows: (1) high mean discharge frequency
(>5 Hz); (2) the ISI histogram presented delayed spikes and
slower attenuation; and (3) narrow waveform (<250 μs).

The infarction area of M1 perfusion showed signiﬁcant difference between each group (n = 6 mice/group, p < 0:01).
After EA (acute) was increased than before EA in the infarction area (n = 6 mice/group, p < 0:05); after EA (chronic)
was signiﬁcantly increased than before EA (p < 0:01) and
after EA (acute) (p < 0:01) (Figure 2(c)). These results show
EA could supply blood perfusion in the infarction area and
alleviate the infarction area.
In the lower jaw, swallowing muscle perfusion showed
signiﬁcant diﬀerence between each group (n = 6 mice/group,
p < 0:01). Compared with before EA, the blood perfusion of
after EA (acute) was increased (n = 6 mice/group, p < 0:01),
after EA (chronic) was dramatically increased (p < 0:001);
compared with after EA (acute), after EA (chronic) was
signiﬁcantly increased (p < 0:01) (Figure 2(d)). These results
demonstrate EA could improve the blood ﬂow of the
lower jaw.

3. Results

3.3. The Neurons in Noninfarction Area of M1 Were
Activated by EA in PSD Mice. We implanted the multichannel electrodes into the noninfarction area of M1, compared
spike counts in each group at before and after condition
(Fig. S3A, S3B). First, we observed the normal group (n = 6)
at before and after recording: in total 5 units, 2 units were
deﬁned as interneurons, and 3 units were deﬁned as pyramidal cells (Fig. S1A, S2A). Before vs. after, spike continuous
(SPKC) and local ﬁled potential (LPF) showed no diﬀerence
(before: interneurons account for 70.35%, and pyramidal
cells account for 29.65%; after: interneurons account for
64.90%, and pyramidal cells account for 35.10% (Fig S3D)).
In addition, we stimulated the model group (n = 6) with
sham EA (lack of electric). In total recording 3 units, 2 units
were interneurons, and 1 unit was pyramidal cell (Fig. S1B ,
S1C; Fig.S2B, S2C). Before sham EA vs. after sham EA, SPKC
and LFP were obviously decreased (before sham EA: interneurons account for 82.99%, and pyramidal cells account
for 17.01%; after sham EA: interneurons account for
81.75%, and pyramidal cells account for 18.25% (Fig. S3E)).
Third, we stimulated the model group (n = 6) with EA (acute:
1 day): recording 3 units, 2 units were interneurons, and 1
unit was pyramidal cell (Fig. S1D, S2D). Before EA vs. after
EA, SPKC and LFP were obviously increased. Before EA,
interneurons account for 84.27%, and pyramidal cells
account for 15.73%; after EA (acute), interneurons account
for 66.38%, and pyramidal cells account for 33.62% (Fig.
S3F). Finally, we sustained EA (chronic: 3 days) to stimulate
the model group: recording 3 units, 2 units were interneurons,
and 1 unit was pyramidal cell (Fig. S1E, S2E). After EA (acute)
vs. after EA (chronic), SPKC and LFP were relatively stable.
After (chronic), interneurons account for 65.40%, and pyramidal cells account for 34.60% (Figure S3F). These results
indicate EA could evoke noninfarction neurons activities; the
eﬀect of chronic EA was lasting and stable than acute EA.
In the power spectral density, compared with the model,
sham EA was diﬀerent (p < 0:01); EA was signiﬁcantly diﬀerent (p < 0:001); compared with sham EA, EA was diﬀerent
(p < 0:01). The results show that EA increased the energy of
LFP (Figure 3(a)). At the same time, we found that the total
spike counts of each group in M1 (n = 6, time = 300 s) were

3.1. Impaired Blood Flow and Swallowing Function in PSD
Mice Model. To induce the PSD model, we used the photochemical method to cause infarction area in right M1, then
to evaluate the model (Figure 1(a)). Compared with the control group, the grip power in the model decreased signiﬁcantly in the grip strength test (n = 6 mice/group, p < 0:01),
which suggested that symptoms of stroke caused by ischemia
in the motor cortex (Figure 1(c)). By observing the brain and
the lower jaw with laser speckle contrast imaging (LSCI), we
found the right of M1 showed an obvious focal ischemia, and
the blood perfusion of lower jaw was lower in the model
(Figure 1(b)). Compared the target 1 (infarction area) with
the target 2 (noninfarction area), the M1 perfusion was signiﬁcantly diﬀerent (n = 6 mice/group, p < 0:01). Compared
with normal, the target 1 of the model was obviously
decreased (n = 6 mice/group, p < 0:01), and swallowing muscle perfusion was signiﬁcantly decreased (n = 6 mice/group,
p < 0:01) (Figures 1(d) and 1(f)), which suggested that the
blood ﬂow in the brain was changed in the PSD model.
Observing the EMG of mylohyoid in the model, we found
that the real-time power spectrum and swallowing counts
were reduced (n = 6 mice/group, p < 0:01) (Figures 1(e) and
1(g)), and water intake and total water consumption were
also decreased, compared with the control group (n = 6
mice/group, p < 0:01) (Figures 1(h) and 1(i)). These results
indicate swallowing and water intake dysfunction were
caused by the PSD model.
3.2. Eﬀect of EA at CV23 on Cerebral Blood Flow and Lower
Jaw in PSD Mice. LSCI showed diﬀerent cerebral blood ﬂow
and lower jaw at before and after EA or sham EA change
(Figure 2(b)). The blood ﬂow showed signiﬁcant diﬀerence
between infarction (target 1) and noninfarction (target 2)
group (n = 6 mice/group, p < 0:01). After EA (acute), blood
perfusion was increased in the noninfarction area (n = 6
mice/group, p < 0:01), and after EA (chronic), it was signiﬁcantly increased, compared to before EA (p < 0:001) and after
EA (acute) group (p < 0:01). These results illustrate EA could
promote the blood perfusion of M1 in the noninfarction area.
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Table 1: The diﬀerent number of response neurons in each group of
mice.
Groups
(n = 6)
Interneuron
Pyramidal
Total

Model

Sham EA
(acute)

EA
(acute)

8
2
10

9
4
13

10
8
18

EA
Normal
(chronic)
13
10
23

14
15
29

also changed; model was obviously decreased than normal
(p < 0:01), but after EA, the spike counts were signiﬁcantly
increased (p < 0:001); it shows that EA can promote population neuronal activity of M1 in PSD mice (Figure 3(b)).
We identiﬁed the number of pyramidal cells in the motor
cortex and observed their peak value and spike counts. The
number of pyramidal cells in each group (n = 6) was
normal = 15, model = 2, sham EA = 4, EA ðacuteÞ = 8, and
EA ðchronicÞ = 10 (Table 1). Compared with peak value at
before and after in each group (0.5 mV, 1 ms, n = 6), each
group was signiﬁcantly diﬀerent, compared with normal
(p < 0:01); after sham EA of peak value and spike counts were
increased than before sham EA (p < 0:01 and p < 0:05, separately); after EA (acute) and after EA (chronic) of peak value
and spike counts were obviously increased than before EA
(p < 0:001 and p < 0:01, separately); after EA (chronic) of
peak value and spike counts were decreased than after EA
(acute) (p < 0:01 and p < 0:05, separately). These demonstrated that EA could promote the potential intensity of pyramidal cells, chronic EA ﬂattens the potential intensity of
them (Figures 3(c) and 3(d)).
3.4. The Eﬀects of EA on Hypoglossal Nerve in PSD Mice. To
observe spike counts of hypoglossal nerve, we found that
each group (n = 6) was signiﬁcantly diﬀerent than normal
(p < 0:01). Compared the model, spike counts of sham EA,
EA (acute), and EA (chronic) were increased (p < 0:05, p <
0:01, and p < 0:01, separately). Compared with sham EA,
EA (acute) and EA (chronic) were obvious increased
(p < 0:01). Compared with EA (acute), EA (chronic) was
decreased ðp < 0:05Þ (Figure 3(f)). These results show that
EA could excite the swallowing-related (hypoglossal) nerves,
and chronic EA may inhibit peripheral nerves overexcitation
and restore them to a nearly normal level.
3.5. The Eﬀects of EA on MCV in PSD Mice. The hypoglossal
nerve is one of the peripheral nerves innervating the swallowing of the mylohyoid muscle. We veriﬁed the eﬀect of motor
cortex injury on peripheral nerve discharges by stimulating
the hypoglossal nerve trunk to induce the EMG of the muscle. It was found that the latency of action potential induced
by dysphagia after stroke was signiﬁcantly prolonged
(p < 0:01) (Figures 4(c) and 4(g)), indicating that the motor
conduction ability of hypoglossal nerve decreased signiﬁcantly due to the M1 injury (p < 0:01) (Figure 4(h)). However, both acute and chronic EA treatment could obviously
shorten the latency of the motor conduction (p < 0:01)
(Figures 4(e)–4(g)), gradually increase the MNCV (p < 0:01
) (Figure 4(h)), and recover the hypoglossal nerve function.

It is inferred that dysphagia after stroke can aﬀect the
swallowing-related peripheral motor nerve, and EA could
improve the conduction disorder caused by M1 injury, thus
promoting the swallowing function recovery.
3.6. The Eﬀects of EA on Swallowing Counts and EMG in PSD
Mice. Compared the EMG and real-time spectrum in each
group (0.02 mV, time = 40 s), we found EMG, and power
spectrum in the model and sham EA were lower than EA
(acute) and EA (chronic). There was no little diﬀerence
between EA (acute) and EA (chronic) in EMG, but power
spectrum of EA (acute) was stronger than EA (chronic)
(Figure 5(a)). In swallowing counts (n = 6, time = 60 s), the
model was lower than any other groups (p < 0:05 and p <
0:01, separately). Compared with sham EA, EA (acute) was
signiﬁcantly increased (p < 0:01); compared with EA (acute),
EA (chronic) was decreased (p < 0:05) (Figure 5(b)). These
results illustrated that EA could enhance the swallowingrelated muscle and increase the swallowing counts in
PSD mice.
3.7. The Eﬀects of EA on Drink Water and SP Release in PSD
Mice. All of mice were deprived of water for 1 day. On day 2,
each group was given drinking water ad libitum (n = 6), and
we found the obvious changes in water intake at 15, 30, 45,
and 60 min (Figure 5(d) and Table 2). In total water consumption, the water intake of model was the lowest than
any other group (p < 0:001, p < 0:05, and p < 0:01, separately). Compare with sham EA, EA (acute) was signiﬁcantly increased (p < 0:01); compared with EA (acute), EA
(chronic) was obviously increased (Figure 5(e)). The SP concentration of the model was decreased compared with normal (p < 0:01). After EA (acute) and EA (chronic), the SP
release was increased than the model (p < 0:05 and p < 0:01,
separately) (Figure 5(c)). The results were conﬁrmed that
EA could promote the SP release and water intake and
improve the swallowing function of PSD mice.
3.8. Swallowing Counts and Water Intake Are Correlated with
Pyramidal Cell of M1 and Hypoglossal Nerve in PSD Mice.
We undertook linear correlation analysis of swallowing
counts, spike counts in pyramidal cell, hypoglossal nerve
spike counts, water intake, and SP in PSD mice by EA. First,
we found the swallowing counts were positively correlated
with water intake (p < 0:001, r = 0:6451) and SP (p < 0:001,
r = 0:6737) (Figures 6(a1) and 6(a2)); it shows that the more
swallowing counts, the more water intake and SP release in
PSD mice. In addition, we found the pyramidal cell spike
counts in M1 were positively correlated with swallowing
counts (p < 0:001, r = 0:6213), water intake (p < 0:001, r =
0:9105), and hypoglossal spike counts (p < 0:001, r = 0:6311
) (Figures 6(b1), 6(b2), and 6(c1)); it demonstrates that pyramidal cell in M1 aﬀects hypoglossal nerve to increase the
swallowing counts, which could promote SP release and
recover the amount of water when the PSD mice swallowed.
At last, hypoglossal nerve spike counts were positively correlated with swallowing counts (p < 0:0001, r = 0:8244) and
water intake (p < 0:0001, r = 0:6583) (Figures 6(c2) and
6(c3)); it shows that swallowing-related peripheral nerves
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Figure 5: Electroacupuncture stimulation improves swallowing counts, SP release, and water intake in mice. (a) The changes of EMG and
real-time spectrum in each group: EA (acute) > EA (chronic) > sham EA > model, time = 40 s, peak value = 0:02 mV. (b) Swallowing counts
in each group: time = 60 s, compared with the model, ∗p < 0:05 in sham EA (acute) and ∗∗p < 0:01 in EA (acute) and EA (chronic).
Compared with sham EA (acute), ##p < 0:01 in EA (acute). Compared with EA (acute), △p < 0:05 in EA (chronic). (c) Substance P:
compared with normal, ∗p < 0:05 in EA (acute) and ∗∗p < 0:01 in the model, sham EA (acute), and EA (chronic). Compared with the
model, #p < 0:05 in EA (acute), ##p < 0:01 in EA (chronic). EA (acute) vs. EA (chronic): △△p < 0:01. (d) Mice drink water within 1 hour:
normal > EA (chronic) > EA (acute) > sham EA (acute) > model. (e) Total water consumption: compared with normal, ∗∗∗ p < 0:001 in
the model and ∗∗p < 0:01 in sham EA (acute) and EA (acute). Compared with model, ∗p < 0:05 in sham EA (acute), ∗∗p < 0:01 in EA
(acute), and ∗∗∗ p < 0:001 in EA (chronic). Compared with sham EA (acute), ∗∗p < 0:01 in EA (acute). Compared with EA (acute), ∗∗p <
0:01 in EA (chronic).
Table 2: Water intake changes at diﬀerent time periods in each group of mice.
Groups (n = 6)

Model

Sham EA (acute)

EA (acute)

EA (chronic)

Normal

0

0

0

15 min

0
0:2 ± 0:089∗∗

∗ ## ΔΔ

1:967 ± 0:327 / /

0
2:417 ± 0:491

30 min

0:183 ± 0:098∗∗

0:5 ± 0:179∗∗ /#

1:25 ± 0:274##/ΔΔ/▲▲

1:167 ± 0:258

∗

∗

0 min

∗∗ ##

0:993 ± 0:333 /

45 min

0:133 ± 0:082

0:083 ± 0:075

60 min

0:067 ± 0:052∗∗

0:067 ± 0:052∗∗

∗∗ ## ΔΔ

1:633 ± 0:383 / /

0:667 ± 0:258∗∗ /##
0:5 ± 0:447

#

0:583 ± 0:376 /
Δ

(hypoglossal) directly aﬀect the swallowing counts and water
intake in PSD mice. Based on the above correlation results,
we conclude that EA could activate the swallowing-related
pyramidal cell of the noninfarction area in M1, then directly
aﬀect hypoglossal nerve to neural regulate the swallowing
counts and promote SP release, ultimately improved swallowing dysfunction in PSD mice.

4. Discussion
Stimulation the “Lianquan” acupoint (CV 23) by EA and
feeding water induce the excitability of voluntary swallowing,
in order to promote the motor cortex noninfarction neurons
excitement and compensation the motor cortex function on

0:667 ± 0:516

## ΔΔ

0:5 ± 0:316

0:717 ± 0:449 /

## ΔΔ

Notes: ∗ p < 0:05 and ∗∗ p < 0:01 versus normal; p < 0:05 and p < 0:01 versus model; p < 0:05 and
#

# Δ

0:633 ± 0:273 /

ΔΔ

p < 0:01 versus sham EA; ▲▲ P < 0:01 versus EA (acute).

the infarction side. The motor cortex on the noninfarction
side transmitted motion excited to NTS and NA of the central pattern generator (CPG) that generate the swallowing
reﬂex. At the same time, EA eﬀects were exciting peripheral
hypoglossal nerve, restoring the swallowing function of
mylohyoid muscle, thereby to improve the dysphagia in oropharyngeal phase (Figure 7).
Dysphagia is characterized as being worse for liquids
than solids [33]. M1 has a substantial role in the neural control the voluntary swallowing. Deglutition initiation and
especially the oral phase of voluntary swallowing require
the integrity of the motor areas of the cerebral cortex. We
found that pyramidal cells were activated in noninfarction
area of M1 by EA and that this action was associated with
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Figure 6: Linear correlation analysis of related-swallowing indicators in PSD mice. (a1) Swallowing counts were positively correlated with
water intake, ∗∗∗ p < 0:001, r = 0:6451. (a2) Swallowing counts were positively correlated with substance P, ∗∗∗ p < 0:001, r = 0:6737. (b1)
Spike counts in pyramidal cell were positively correlated with swallowing counts, ∗∗∗ p < 0:001, r = 0:6213. (b2) Spike counts in
pyramidal cell were positively correlated with water intake, ∗∗∗ p < 0:001, r = 0:9105. (c1) Spike counts in pyramidal cell were positively
correlated with hypoglossal nerve spike counts, ∗∗∗ p < 0:001, r = 0:6311. (c2) Swallowing counts were positively correlated with
hypoglossal nerve spike counts, ∗∗∗∗ p < 0:0001, r = 0:8244. (c3) Water intake was positively correlated with hypoglossal nerve spike
counts, ∗∗∗∗ p < 0:0001, r = 0:6583.

swallowing. In addition, stimulation of conception vessel
(CV) 23 by EA could improve the blood ﬂow in M1 and
around deglutition-muscle groups, promote blood supplementation in tissue, and restore voluntary swallowing. Also,
EA may reactivate peripheral nervous of voluntary swallowing, strengthen neural control of the hypoglossal nerve,
release relevant neurotransmitters, recover voluntary swal-

lowing gradually, and improve the PSD caused by unilateral
M1 injury.
During voluntary swallowing, the cortex and subcortical
areas play important roles in triggering and controlling the
sequence of swallowing movements, especially in the oral
phase [34]. Researchers have recognized the function of the
cerebral cortex in swallowing control by observing patients
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Figure 7: The EA stimulation involves in the motor neural control of motor cortex and hypoglossal nerves to improve the voluntary
swallowing in poststroke dysphagia mice.

with cortical dysphagia. However, the compensatory mechanism and functional recombination of dysphagia are not
clear. Several experimental studies have suggested that the
cerebral cortex has obvious hemisphere lateralization in
response to swallowing. The locus of cortical control of swallowing lies anterior caudal to M1. The motor cortex is a crucial area for planning swallowing, and the oropharyngeal
motor area is the central area which initiates swallowing [1,
3, 19, 35–40]. Therefore, patients with PSD may experience
compensatory neurologic recombination in M1.
Consistent with this hypothesis, we found that the number and kind of neurons, spike counts in the noninfarction
side of M1 in PSD mice reduced signiﬁcantly (Figure 3(b);
Table 1), so the compensatory mechanism could not be activated. After EA therapy immediately (acute) and EA for 3
days (chronic), pyramidal cells (which are the main projection neurons in the cerebral cortex) in the noninfarction side
were activated to compensate the role of M1 in the infarction
side (Figures 3(c) and 3(d)). Moreover, the activation of pyramidal cells promoted the increase in swallowing counts and
water intake in PSD mice (Figures 6(b1) and 6(b2)). These
data demonstrated that CV23 stimulation may activate the
swallowing-related neurons (pyramidal cells) of M1 in the
healthy side and improve voluntary swallowing.
The submental musculature oﬀers the opportunity to
assess M1 excitability during the diﬀerent motor components
of swallowing because it has a central role in the oral and
pharyngeal phases of swallowing [30]. We recorded and
compared the EMG of the mandibular swallowing muscles
when drinking water in each group. Both acute and chronic
EA treatment could stimulate the swallowing muscles in
PSD mice, promote an increase in swallowing counts, and

change water intake signiﬁcantly (Figures 5(b), 5(d), and
5(e)). Simultaneously, stimulation of CV23 by EA could also
improve the local blood ﬂow of swallowing muscles, and
blood perfusion in the noninfarction side in M1 was also
increased signiﬁcantly (Figure 2). The pharyngeal musculature is thought to be represented bilaterally but asymmetrically, suggesting hemispheric dominance in the motor
control of these muscles [41]. For a healthy person, when
swallowing water, the peak activation was occurred ≥12 s
after the onset of swallowing, but, in patients with cortical
dysphagia, peak activation occurs much later than 12 s [6].
We have observed this phenomenon in animal experiments.
Hamdy et al. showed that to induce changes in excitation of
the motor cortex with prolonged electrical stimulation of
the pharynx for ≤15 min [3], the sensory input to the cortex
must be manipulated, and compensatory recombination of
the intact hemisphere must be undertaken to restore swallowing function in the pharynx [3, 28]. Hence, we undertook
speciﬁc stimulation conduction of CV23 to strengthen PSD
treatment using EA for 15 min.
Some studies have shown that acupuncture has a certain
eﬀect in this respect. Acupuncture at the corresponding acupoints can not only enhance nerve reﬂex but also promote
muscle coordination and ﬂexibility and achieve the purpose
of improving swallowing [42–44]. “Lianquan” acupoint is
between hyoid bone and thyroid cartilage, and the branches
of swallowing nerve and hypoglossal nerve are located in its
deep part. Deep needling can directly stimulate the swallowing muscle group and glossopharyngeal terminal nerve, and
the reﬂex enhances the excitability of medulla oblongata,
which is beneﬁcial to the recovery of swallowing reﬂex arc.
“Lianquan” acupoint is located in the control area of motor
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ﬁbers of hypoglossal and swallowing nerves. Therefore, we
choose “Lianquan” acupoint to observe the eﬀect of poststroke dysphagia with theoretical basis.
The peripheral nervous receives signal from the central
motor nerves and plays an important role in the voluntary
swallowing. Pharyngeal phase starts by action of the pharyngeal plexus (which comprises the glossopharyngeal (IX),
vagus (X), and accessory (XI) nerves) and the hypoglossal
nerves on each side from the ansa cervicalis [45]. During
swallowing, the hypoglossal (XII) nerves are responsible for
the extrinsic and intrinsic muscles of the tongue. In addition,
ﬁbers from the cervical plexus in association with the hypoglossal nerve forms the ansa cervicalis will innervate the geniohyoid muscle [46, 47]. Jean suggested that the main motor
nuclei involved in swallowing motor activity are the hypoglossal nucleus, and the nucleus ambiguus, hypoglossal, glossopharyngeal, and trigeminal nerves are the main motor
nerves [48]. A lesion of the hypoglossal nerve can cause dysarthria, dysphagia, and tongue paralysis [49]. Sundman et al.
suggested that the three mechanisms underlying dysphagia
were delayed initiation of the swallowing reﬂex, impaired
pharyngeal muscle function, and impaired coordination
[50]; these symptoms of dysphagia are attributed to the damage of several central nuclei associated with swallowing [51,
52]. Related studies show that the loss of innervation of these
muscles which the hyoid and anterior digastric muscles help
to open the jaw and raise the hyoid during swallowing may be
one of the causes of dysphagia in rats [53]. Therefore, there
must be a certain relationship between the M1 responsible
for initiating the swallowing reﬂex and the hypoglossal nerve
innervating the digastric and lingual protrudor muscles in
the neural regulation of dysphagia after stroke.
In this experiment, we found that the hypoglossal nerve
activity has signiﬁcantly decreased (p < 0:01, Figure 3(f));
the EMG of mylohyoid muscle was also inhibited (p < 0:01,
Figures 5(a) and 5(b)), and the latency of evoked EMG activity by stimulation the hypoglossal nerve trunk was obviously
prolonged (p < 0:01, Figures 4(c) and 4(g)) after the M1
injury, suggesting that the damage of motor cortex could
aﬀect the muscles innervated by hypoglossal nerve. Electrical
stimulation of the hypoglossal nerve trunk cannot quickly
induce action potentials, indicating that the central nervous
regulation of swallowing is much greater than the peripheral
local innervation. Acute or chronic EA could activate this
nerve in PSD mice (p < 0:01, Figure 3(f)). The excitability
of hypoglossal nerves was related to the spike counts of pyramidal cells in M1 on the healthy side (Figure 6(c1)), illustrating that EA promotes the excitation of M1, especially
pyramidal cells, and then increases the discharge of hypoglossal nerve (p < 0:01), which has signiﬁcantly shorten the
latency of mylohyoid muscle and increases the MCV
(p < 0:01); thus, the swallowing counts and water intake were
further improved in dysphagia mice (Figures 3(f), 4(e)–4(h),
5(b), and 5(e)). It is revealed that EA could enhance the MCV
of swallowing-related and help the body recover the swallowing function.
SP is a neurotransmitter that promotes the swallowing
reﬂex in animals, and reduction of its secretion is related to
inhibition of the swallowing reﬂex [54]. We showed that
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the SP concentration in serum was reduced dramatically
in PSD mice, but after EA, it increased signiﬁcantly
(Figures 5(c) and 6(a2)). These data suggested that EA could
promote SP release to improve swallowing function. Scholars
have reported that SP can enhance swallow and cough reﬂexes
and may also have a role in the response of the pharyngeal
mucosa to local stimulation [55, 56]. Paul and colleagues
showed that 78.6% of patients treated successfully by pharyngeal electrical stimulation showed a poststimulation increase
in SP levels, whereas 88.9% of cases without clinical improvement of dysphagia had stable or decreased SP levels [57]. We
postulate that pharyngeal electrical stimulation and EA stimulation have a close relationship in terms of the increase in SP
levels. Thus, EA may trigger SP release, which results in
peripheral sensitization of sensory neurons. This action would
facilitate the motor swallowing response in the upstream swallowing network and enhance the excitability of the noninfarction side in M1 to aid recovery from PSD.
This study only observed the role of motor conduction
and neural control of motor cortex-hypoglossal nerve by
EA in PSD mice, but the ascending sensory conduction of
EA stimulation is not involved. How EA involving sensory
nerve conduction regulates the swallowing disorders may
become the potential study in the future.
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