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The focus of our research is to understand how the brain maintains its chemical environment
when faced with an acid-base disturbance and how that regulation affects control of breathing.
The cells in the brain that control breathing sense CO2 and H+ concentrations in the tissue, so
any change in brain acid-base status will affect respiration. The brain protects itself from pH
changes that occur in the blood (due to disease or injury) by moving acids or bases across the
blood vessels and cells, capillary endothelia and glia. We are studying regulation of the specific
transport mechanisms, that is, proteins, which move these acids and bases. This work includes
mathematical modeling of gas and ion transport. Our experiments use an analytic electron
microscope method to measure cellular concentrations of relevant elements as well as tracer
elements to monitor flux by transport proteins. These experiments are performed by inducing pH
changes and measuring the effects of inhibiting transport proteins in cultured cells as well as
anesthetized animals.

In collaboration with faculty in Internal Medicine and Radiology, we are developing a new
imaging technique for the lung based on magnetic resonance imaging with a hyperpolarized
gas, helium or xenon, which has the potential to reveal how air moves into a diseased lung and
how blood flow allows optimal gas exchange. With faculty in Electrical Engineering, we are
developing a new solid-state infrared sensor to measure carbon dioxide exhaled from the lungs
and for environmental measurement. We are also collaborating with faculty in Mechanical
Engineering to develop a new artificial heart pump with magnetic bearings.
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