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Background: A hallmark of cardiovascular disease (CVD) is impaired cytoplasmic calcium handling of cell. Previous studies showed that increasing vagal tone ameliorated cardiovascular damages. Nevertheless, the effects of vagal activation to the calcium regulation are unclear.
Objectives: The present studies investigated whether vagal activation benefited for cellular calcium homeostasis in CVD.
Methods: The in vivo ischemia/reperfusion (I/R) and in vitro hypoxia/reoxygenation (H/R) models were adopted. Vascular function, calcium concentration and protein expression were detected by a myograph system, confocal microscopy and western blot, respectively. Specific protein knockdown was performed with siRNA.
Results: Our studies demonstrated that acetylcholine (ACh) significantly ameliorated dysfunctional vasoconstriction and reduced calcium-sensing receptor expression and activity in H/R arteries. Choline, a muscarinic ACh receptor agonist, markedly improved abnormal expression of calcium-cycling proteins though inhibiting calcium-calmodulin-dependent kinases in I/R arteries. These effects of vagal activation may be contributed to depress cytoplasmic calcium overload. In addition, we observed that ACh inhibited the formation of endoplasmic reticulum-mitochondria junctions to attenuate mitochondria calcium overload in H/R endothelial cells, indicating that ACh is involved in inter-organellar calcium transport. Furthermore, we paid attention to the calcium downstream signaling. Results showed that ACh could suppress apoptosis of myocardial cells via inhibition of calpain and calpastatin. 
Conclusion: ACh not only depress cytoplasmic calcium overload, but also reduced calcium downstream proteic activity and endoplasmic reticulum-mitochondria communication. Our findings firstly clarified the potential roles of vagal activation in calcium regulation, and further help to develop novel therapeutic strategies targeting enhancing vagal activity for the treatment of CVD.
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