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Introduction: Increased activation of the sympathetic nervous system is one of the key factors contributing to development and maintenance of arterial hypertension. The mechanism remains poorly understood, but may involve brainstem hypoperfusion, as shown by low brainstem parenchymal PO2 in Spontaneously Hypertensive Rats (SHR). Hypoxia leads to release of gliotransmitters ATP and lactate in the medulla, leading to activation of pre-sympathetic neurons and subsequent increase in sympathetic vasomotor tone. This study aims to provide evidence of tissue hypoxia, glial activation and altered vascular density in the brainstem of hypertensive rats compared to normotensive animals. 
Methods:  Immunohistochemistry was used to provide anatomical evidence of hypoxia, labelled with HIF-1A and pimonidazole. Microglial and astrocytic activation was visualised with CD11B and GFAP immunofluorescence. Direct intravascular staining with DiI was used to assess vascular density. Optical densitometry and semi-quantitative histological analyses were performed.
Results:  Significantly higher extent of hypoxia was demonstrated in Rostral Ventrolateral Medulla (RVLM) of adult SHRs compared to age-matched normotensive Wistar rats. Pre-sympathetic neurons were shown to express a marker of tissue hypoxia. Hypertensive animals had increased levels of astrocytic and microglial activation in the RVLM and Nucleus Tractus Solitarius, as well as profound vascular rarefaction in the medulla. Hypoxia and astrogliosis were shown to occur before the onset of hypertension in young SHRs.

Conclusion: Brainstem hypoxia, gliosis and disrupted microvascular architecture may contribute to the pathogenesis of arterial hypertension by activating the pre-sympathetic circuitry. Our evidence provides a new avenue for identifying therapeutic targets for essential hypertension. 
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