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Temporal and stage-specific regulation of glucose homeostasis by transcutaneous auricular
vagus nerve stimulation in prediabetic mice

Zhu Rongjin, Li Yajing, Zhou Zhou, Luo Min, Su Yangshuai, Jing Xianghong (Institute of Acupuncture and Moxibustion,
China Academy of Chinese Medical Sciences, Beijing 100700, China)

[ABSTRACT] Objective To observe the regulatory effect of transcutaneous auricular vagus nerve stimulation
(taVNS) on blood glucose homeostasis in prediabetic mice, so as to explore the underlying mechanisms. Methods
The study consisted of two sub-experiments targeting low-risk and high-risk prediabetes. In each experiment, male

C57BL/6J mice were randomly divided into normal, model, and taVNS groups (n = 12 per group). Mice were fed a high-
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fat diet for 1 week or 8 weeks to establish low-risk and high-risk prediabetic models, respectively. For the low-risk
model, taVNS was applied from the 4" day (20 min/day, once daily) ; for the high-risk model, taVNS was applied from
the 5"week (20 min/session, 3 times/week). Fasting blood glucose, glucose tolerance, insulin, glucagon, alanine
aminotransferase (ALT), and aspartate aminotransferase (AST) levels were measured. Morphological changes in the
pancreas and liver were evaluated via HE staining. Western blot was used to detect endoplasmic reticulum
stress-related proteins in pancreatic B-cells to assess insulin synthesis capacity. PCR was used to detect glycogen
synthesis-related indices in hepatocytes to assess insulin sensitivity. Immunofluorescence was used to observe the
number of choline acetyltransferase (ChAT)+/phosphorylated extracellular signal-regulated kinase (p-ERK)+ co-labeled
neurons in the dorsal motor nucleus of the vagus (DMV). Results (1) In low-risk prediabetic mice, compared with the
normal group, the model group showed significantly increased blood glucose, glucose tolerance, and serum insulin
levels (P<0.001, P<0.01, P<0.01); the protein expressions of activating transcription factor 6 (ATF6), endoplasmic
reticulum to nucleus signaling 1 (ERN1) , and eukaryotic translation initiation factor 2-alpha kinase 3 (EIF2AK3) in
pancreatic B-cells were significantly increased (P<0.01, P<0.01, P<0.001). Compared with the model group, the
taVNS group showed significantly reduced blood glucose starting from day 4 (P<0.01), further increased insulin levels
(P<0.01) , and significantly down-regulated the expressions of ATF6, ERN1, and EIF2AK3 (P<0.01, P<0.01, P<
0.001). Meanwhile, the number of ChAT"/p-ERK" co-labeled neurons in the DMV was significantly increased (P<0.05).
(2) In high-risk prediabetic mice, compared with the normal group, the model group showed significantly increased
blood glucose, glucose tolerance, and insulin levels (P<0.01, P<0.001, P<0.001), along with enlarged islet volume,
distinct hepatic inflammatory infiltration, and significantly elevated serum ALT and AST levels (P<0.05, P<0.001).
Compared with the model group, taVNS group show significantly decreased blood glucose from week 6 (P<0.05) ,
improved glucose tolerance (P<0.05), reduced islet volume, alleviated hepatic inflammation, and decreased serum
ALT and AST levels (P<0.05, P<0.05). Furthermore, the mRNA expressions of phosphoglucomutase 1 (Pgm1), UDP-
glucose pyrophosphorylase 2 (Ugp2), and glycogen synthase 2 (Gys2) in hepatocytes were significantly up-regulated
(P<0.01, P<0.05, P<0.01). Conclusion

through stage-specific mechanisms. In the low-risk stage, the mechanism is mainly related to alleviating endoplasmic

taVNS can effectively restore glucose homeostasis in prediabetic mice

reticulum stress and restoring insulin synthesis capacity of pancreatic B-cells; in the high-risk stage, it exerts its effects
by promoting hepatic glycogen synthesis, thereby enhancing hepatic insulin sensitivity.
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