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A dose-effect study on the improvement of post-stroke swallowing function and neural

synaptic plasticity by different acupuncture stimulation intensities

Yang Xinyu"?, Chai Chang', Li Yanjie"”, Jiang Jingjing', Xu Wanyue', Li Dechen', Liang Qixin' (' School of Rehabilitation
Medicine, Henan University of Chinese Medicine, Zhengzhou 450046, China; “Department of Rehabilitation, Henan
Provincial Hospital of Traditional Chinese Medicine, Zhengzhou 450002)

[ABSTRACT] Objective To observe the effects of different acupuncture stimulation intensities on swallowing
function in rats with post-stroke dysphagia (PSD), so as to explore the mechanism of different acupuncture stimulation
intensities in regulating neural synaptic plasticity in PSD. Methods Male SD rats were randomly divided into sham
operation group, model group, 90° high-frequency acupuncture group, 90° low-frequency acupuncture group, 180°

high-frequency acupuncture group, and 180° low-frequency acupuncture group, with 15 rats in each group. A PSD rat
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model was established by middle cerebral artery occlusion/reperfusion (MCAQO/R). From the second day after surgery,
acupuncture intervention was applied at “Lianquan” (CV23) and “Renying” (ST9). Twirling angle (90°, 180°) and daily
treatment frequency (once daily, twice daily) were used as variables of acupuncture stimulation dose, forming four
intervention protocols: 90° high-frequency, 90° low-frequency, 180° high-frequency, and 180° low-frequency. The
needle manipulation frequency was uniformly set at 60 times/min, with 15 s of manipulation each time; the needle was
retained for 30 min per session, with manipulation performed at 0 min and 15 min of needle retention; the high-
frequency groups received treatment twice daily with an interval of no less than 6 h, for 21 consecutive days. Body
mass, food intake, and water intake were recorded 24 h after modeling; cerebral infarct volume was detected by TTC
staining; changes in swallowing function were evaluated by swallowing behavioral tests; morphological changes of
neurons in the nucleus tractus solitarius (NTS) were observed by HE staining; serum levels of brain-derived
neurotrophic factor (BDNF) and basic fibroblast growth factor (bFGF) were measured by ELISA; positive expression of
BDNF and bFGF in the NTS was analyzed by immunofluorescence staining; protein expression levels of synaptophysin
(SYP) , postsynaptic density protein-95 (PSD-95) , and growth-associated protein-43 (GAP-43) in the medulla
oblongata were detected by Western blot. Results At 24 h after modeling, body mass, food intake, and water intake
of rats in each group were decreased compared with the sham operation group (P<0.01), suggesting successful model
establishment. Compared with the sham operation group, the model group showed a significant increase in cerebral
infarct volume (P<0.01) , a decrease in swallowing frequency and a prolonged swallowing latency (P<0.01) ,
accompanied by impaired neuronal morphology in the NTS; meanwhile, serum and NTS BDNF levels were significantly
down-regulated (P<0.01), bFGF levels were significantly up-regulated (P<0.01), and the expression of SYP, PSD-95,
and GAP-43 in the medulla oblongata was down-regulated (P<0.01). After acupuncture intervention, compared with the
model group, the above indicators in each acupuncture group were reversed (P<0.05, P<0.01). Two-way ANOVA
showed that twirling angle and treatment frequency had significant main effects on swallowing function, cerebral infarct
volume, and related molecular indicators (P<0.01). Under the same twirling angle, high-frequency acupuncture was
superior to low-frequency acupuncture (P<0.01); under the same treatment frequency, 180° twirling was superior to 90°
(P<0.01), among which the 180° high-frequency acupuncture group showed the most significant efficacy. Conclusion
Acupuncture at CV23 and ST9 can improve swallowing function, alleviate brain tissue damage, and is accompanied by
changes in the expression of neurotrophic factors in the NTS and synapse-related proteins in the medulla oblongata. Its
mechanism may be related to improving the microenviroment of the brainstem center related to swallowing and
promoting the remodeling of neural synaptic plasticity. Within the parameter range of this study, 180° twirling combined
with high-frequency stimulation showed a relatively better intervention effect.
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Table 1 Neurological deficit score criteria
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Fig. 1

Comparison of body mass, 24 h food intake, and 24 h water intake of rats in the 6 groups at 24 h after modeling

(z+s, 15 rats/group)
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Fig. 3 Comparison of swallowing function of rats in the 6

groups (r+s, 15 rats/group)
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Fig. 6 Comparison of BDNF fluorescence intensity in the nucleus tractus solitarius of the medulla oblongata of rats in the 6

groups (immunofluorescence staining,zr+s, 3 rats/group)
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Fig. 7 Comparison of bFGF fluorescence intensity in the nucleus tractus solitarius of the medulla oblongata of rats in the 6

groups (immunofluorescence staining,x+s, 3 rats/group)
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