The Interaction of Calcium and Metabolic Oscillations
in Pancreatic 5-cells

UMBC REU Site: Interdisciplinary Program in High Performance Computing
Mary Aronne’, Samantha Clapp?, Soohwan Jung®, Abigail Kramer®, William Wang”
GA: Janita Patwardhan', Faculty mentor: Bradford E. Peercy', Client: Arthur Sherman®
'UMBC, “Georgia College and State University, “Edmonds Community College, “*Kent State University, ® Vanderbilt University, “NIH

Synchronization Index

Diabetes 1s a disease characterized by an excessive Synchronization 1s measured on a scale from zero to one, with one representing complete 7 VS
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Dual Oscillator Model - S FedlEmRr
Simulations were run for one hour starting with a distribution of 1nitial conditions with a 5 x5 X 5 cube of cells, equal-50-percent

bursting pattern, increasing voltage and calcium coupling, pairwise J i values 1n three different modes, Cal, CaD, and mixed
Cal and CabD.
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FTE I In Cal regions increasing calcium coupling in- Increasing voltage coupling increases synchroniza-
d[Cal] creases synchronization. tion in CaD modes.
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Coupling Voltage & Calcium Coupling

The system of ODESs can be defined as . . . . .
dy In CaD regions increasing calcium coupling

— = f(t,y) + Gy desynchronizes voltage.

Coupling complex cells together has interesting dy-
namic effects. When in Cal mode, increasing cal-

dt cium coupling with no voltage coupling increases
synchronization. In CaD modes, increased voltage
coupling with no calcium coupling increases syn-
chronization. However, in CaD modes, voltage cou-
pling with high calcium coupling causes desynchro-
nization in voltage. Mixed modes tend to behave

where f(t,y) represents the dynamics of each cell
and Gy accounts for the impact of coupling on [3-
cells.

like Cal modes.
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