
SYMPOSIA  Wednesday October 4, 2011  Session 10: NCX Partners in Ionic Homeostasis 

 
 

 
The Na/H exchanger in ischemic brain damage 

 
Sun D 
University of Pittsburgh, Pittsburgh, PA 15213, USA 
 
 
Presenter: Dandan Sun (sun@neurosurgery.wisc.edu) 

 
Our recent studies reveal that Na+/H+ exchanger isoform 1 (NHE1) plays an essential role in 
regulation of pHi in neurons and glia (astrocytes and microglia) via removal of H+ in exchange of 
Na+. In particular, our current study demonstrates that activation of NHE-1 in dendrites presents a 
major pathway for Na+ overload. The postsynaptic neuronal dendrite is selectively vulnerable to 
hypoxic-ischemic brain injury. Dendritic beading and injury are an early hallmark of neuronal injury 
in the absence of neuronal death. Na+ influx and mitochondrial dysfunction are important in the 
acute dendritic injury. We found that neuronal dendrites exhibited higher pHi regulation rates than 
soma as a result of a larger surface area to volume ratio. Stimulation of NHE-1 caused dendritic 
Na+

i accumulation, swelling, and a concurrent loss of Ca2+
i homeostasis in ischemic conditions. 

Blocking NHE-1 activity not only attenuated loss of dendritic mitochondrial potential and Ca2+ 
homeostasis but also preserved dendritic membrane integrity. Secondly, activated microglia 
produce a “respiratory burst”  via NADPH oxidase, which is accompanied with a large amount of 
intracellular H+ generation. NHE-1-mediated pHi regulation was accelerated and caused pHi 
elevation. Interestingly, inhibition of NHE-1 not only abolished pHi regulation but also reduced 
production of superoxide anion as well as expression of cytokines and inducible nitric oxide 
synthase. Taken together, these results reveal a concurrent activation of NHE-1 in microglia in 
response to proinflammatory stimuli. The study suggests that NHE-1 functions to maintain 
microglial pHi homeostasis allowing for sustained NADPH oxidase function and “respiratory”  
burst. Taken together, inhibition of NHE-1 activity pharmacologically or via genetic ablation may 
offer neuroprotection against the acute cerebral ischemic injury via blocking these cellular events. 
Therefore, better understanding of the appeared paradoxical role of NHE1 in the CNS following 
ischemia will be beneficial for developing a more effective approach to stroke treatment. 
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