BOX 35.1

EXPERIMENTAL ANALYSIS OF VENTILATION

Neuroscientists are constrained by what they can measure. Noninvasive experiments in humans reveal the phenomenology of breathing—for example, the relationship between ventilation and blood CO2 levels. Brain imaging may reveal which regions are involved, but at present, spatiotemporal resolution is too coarse to show networks,much less neurons or synapses. Respiration lends itself to study because mammals suitable for experimentation breathe much like humans. Breathing continues following anesthesia or decerebration, and the neural patterns remain following paralysis (and mechanical ventilation), making possible experimental procedures requiring highly invasive techniques, such as single neuron recording. Compared to studies of neurons in culture or in tissue slices, experiments in whole mammals have serious limitations: (1) movements of the heart and lungs make certain types of single neuron recording, as well as modern imaging techniques such as fMRI, difficult in the brainstem and spinal cord; (2) the blood–brain barrier is intact,making precise control of brain extracellular fluid impossible; and (3) acute experiments in large mammals, such as cats, dogs, and goats, are expensive and can last 36 h or more, requiring the dedicated and concurrent efforts of several investigators. Fortunately, the robust features of breathing that allow it to persist when other behaviors are suppressed by anesthesia or decerebration permit further reduction in the experimental preparation that removes these limitations. Moreover, a respiratory-related rhythm persists in the brainstem and spinal cord removed from a neonatal rodent and even in a particular slice of brainstem isolated from this preparation. Using such slices, one can correlate exquisite measures of a neuron’s intrinsic and synaptic properties and projections with measures of endogenous behavior, such as its firing pattern. With many common and otherwise useful in vitro preparations, such as the hippocampal slice, such correlations cannot be made because no endogenous behavior in vitro relates to known behavior in vivo. In general, en bloc in vitro, or slice, preparations play an important role in the study of basic cellular, synaptic, and integrative mechanisms underlying respiratory motor behavior.
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