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Abstract:

Parasympathetic stimulation has been shown to protect the heart from the development of arrhythmias. The increased incidence of sudden death in the diabetic population has been associated with the decreased parasympathetic responsiveness of Diabetic Autonomic Neuropathy (DAN). The goals of these studies are to develop a new animal model for DAN in a type I diabetic mouse and to use this animal model to establish a new molecular mechanism for parasympathetic dysfunction in diabetes. Heterozygous Akita mice have a point mutation in the ins2 gene (Ins2Cys96Tyr) which interferes with insulin processing. These animals develop hyperglycemia at 4 weeks of age which reaches a plateau at 4-5 months. To study the parasympathetic response, EKG transmitters were implanted into 6 month old Akita and wiltype mice and EKGs recorded using DataquestART software (DSI). The negative chronotropic response to carbachol after sympathetic blockade in Akita mice was markedly decreased compared to wildtype: duration of bradycardia, 3.6±0.1 min (±SEM, N=4) compared to 12.1±0.4 min (±SEM, N=5) in WT, P<0.01; 80% recovery time of from bradycardia, 4.4±1.8 min (±SEM, N=4), compared to 10.8±1.8 min (±SEM, N=5) in WT, P<0.05. When compared to WT, protein extracts from atria of Akita mice analyzed by Western blot analysis demonstrated a 50% decrease in expression of a subunit of the G-protein coupled inward rectifying K+ channel (GIRK1) which mediates IKAch and is responsible for hyperpolarization of the membrane and decreased heart rate in response to carbachol. Compared to wildtype, whole cell patch clamp recordings from acutely dissociated atrial myocytes from Akita mice demonstrated a markedly decreased carbachol-activated inward rectifying current with characteristics of IKAch with a peak value of -184 pA/pF compared to -636 pA/pF in WT. These data are the first to demonstrate an animal model for DAN and an abnormality in gene expression in cardiac diabetic neuropathy.  This mouse for DAN should permit the study of molecular mechanisms for DAN in type I diabetes and novel therapeutic approaches targeted to this mechanism.
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