Vagus nerve stimulation ameliorates cortical spreading depolarization via enhancement of glymphatic function
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Introduction. Vagus nerve stimulation (VNS) is approved for the treatment of migraine. Previous studies demonstrated that cervical VNS (cVNS), via activation of the nucleus tractus solitarii (NTS) pathway, could ameliorate KCl-induced cortical spreading depolarization (CSD), the well-known triggering mechanism of migraine aura, and neuroinflammatory responses. However, the effects of auricular VNS (aVNS) on CSD susceptibility and neuroinflammation and its underlying mechanisms in mice are still largely unknown. Furthermore, CSD could be associated with slowing of glymphatic system flow. To date, it is unclear whether aVNS could suppress CSD via enhancement of glymphatic function.
Aims. This study aimed to investigate the effects and its possible underlying mechanisms, especially focused on NTS-dependence and improvement of glymphatic function, of aVNS on CSD susceptibility and cortical neuroinflammation in mice.
Methods. Using a KCl-evoked CSD mouse model, this study examined the effects of aVNS on CSD frequency and CSD-induced cortical expression of cyclooxygenase-2 (COX-2). The contributions of NTS and glymphatic system to the effects of aVNS were verified by pharmacologic blockade of these two targets.
Results. Our results showed that aVNS could elicit a significant suppression of KCl-evoked CSD frequency and decrease in cortical COX-2 level. We further found aVNS significantly increased the number of c-Fos+ neurons in the NTS. Moreover, the ameliorative effects of aVNS on CSD frequency and neuroinflammation could be inhibited by microinjections of lidocaine into the NTS. These findings substantiated the involvement of NTS-dependent mechanisms in the effects of aVNS.  In addition, we also found aVNS could facilitate the function of cerebral glymphatic function as evidenced by early influx of cerebrospinal fluid with FITC-dextran tracer in aVNS group. Moreover, TGN020, an AQP4 channel inhibitor, could effectively reverse the ameliorative effects of aVNS on CSD frequency and COX-2 expression induced by KCl. 
Discussion. We conclude that aVNS may ameliorate KCl-evoked CSD generation and COX-2 expression and enhance the glymphatic function via a NTS-dependent mechanism. However, the causal relationship between aVNS-enhanced glymphatic function and NTS-dependent mechanism requires further clarification.
