Vagus nerve stimulation ameliorates cortical spreading depression via activation of locus coeruleus
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Introduction. Cortical spreading depression (CSD), suggesting to cause inflammatory responses and vascular changes in cerebral cortex, is the underlying mechanism of migraine aura and may serve as a therapeutic target of migraine. Vagus nerve stimulation (VNS) has been approved for the treatment of neurological disorders including migraine. We have previously demonstrated that VNS caused suppressive effect, associated with activation of the locus coeruleus (LC), on CSD frequency and cyclooxygenase-2 (COX-2) expression in cerebral cortex. However, the role of LC in VNS-elicited attenuation of CSD-induced neuroinflammation remains to be elucidated.
Aims. This study aimed to investigate whether auricular VNS (aVNS), a non-pharmacologic therapy approved for migraine treatment, could ameliorate the CSD-induced responses in cerebral cortex via LC-dependent mechanism.
Methods. Auricular VNS (five consecutive 2-minute stimulation at 25 Hz, 0.42 mA with 5 minutes apart) was delivered to unilateral auricular concha of C57BL/6 mouse (6-8 weeks) anesthetized by 4% isoflurane (maintained with 1.5%). CSD was induced by topical application of 300 mM KCl on skull thinned with an electric drill.
Results. Our results revealed that aVNS significantly suppress KCl-evoked CSD frequency (/h) (6.6 ± 0.5 vs. 4.2 ± 0.8, p < 0.05) and attenuate CSD-induced increase of cortical COX-2 level (fold change of sham control) (0.93 ± 0.19 vs. 0.58 ± 0.12, p < 0.05). In addition, aVNS could increase the number of cFOS+ neurons in LC (per 10000 m2) (1.9 ± 1.5 vs. 6.8 ± 0.3, n=2). It suggests aVNS may attenuate CSD-induced neuroinflammation via activation of the LC. We further found that aVNS-elicited attenuation of CSD frequency and COX-2 expression could be inhibited by chemical lesion of the LC with intraperitoneal injection of DSP4. In conclusion, our results suggest aVNS may ameliorate KCl-evoked CSD generation and COX-2 expression via activation of LC-dependent pathway.
Discussion. Our previous study demonstrated that cervical VNS can attenuate CSD-induced increase of COX-2 expression in cerebral cortex via activation of the nucleus tractus solitarii (NTS) in rats. It requires further study on whether aVNS-triggered LC activation is mediated by NTS-dependent mechanisms.
