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Biphasic insulin secretion in response to glucose, consisting of a transient first phase followed by a progressive second phase, though a well described feature in mosst species of pancreatic islets, is poorly understood. Using single canine -cells we have compared the time courses of electrical activity and insulin granule exocytosis to biphasic insulin secretion. Short trains of action potentials, similar those found during first phase insulin secretion, trigger phasic exocytosis from a small pool of insulin granules, likely an immediately releasable pool docked near voltage activated Ca2+ channels. In contrast, plateau depolarizations to between -35 and -20 mV resembling those during second phase insulin secretion, trigger tonic exocytosis from a larger pool of insulin granules, likely a highly Ca2+-sensitive pool farther from Ca2+ channels. Both phasic and tonic modes of exocytosis are enhanced by glucose, via its metabolism. However the latter pool, perhaps consisting of “newcomer” granules attracted to transient release sites is particularly enhanced by cAMP, PKC activation and by brief pre-depolarizations that enhance cytosolic Ca2+ without triggering release. Hence, in canine β-cells may present a novel model where two distinct components of exocytosis, tuned to two components of electrical activity, may contribute significantly to biphasic insulin secretion.  Aspects of this model may contribute to biphasic secretion in other species such as pigs and humans.   
