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Electrical signaling in cardiac muscle
cells triggers calcium (Ca®") release
from the sarcoplasmic reticulum (SR)
through Ca*" release units (CRUs).
CRU'’s can activate spontaneously under
certain conditions, such as high SR load
and increased CRU release probability,
sometimes resulting in a large wave-like
release. We use a mathematical model
to explore the timing and organization
of spontaneous Ca*™ release as this can
lead to an irregular heart beat.

Changes In voltage differences across
the cell membrane cause Ca®* to en-
ter the cytosol, triggering SR to re-
lease Ca“®T through CRU's. This be-
gins the process of Ca®"-induced-Ca“™-
release (CICR), which results in Ca?™
binding to contractile proteins and a
contraction of the heart.
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The following system of PDE's is solved
using the Finite Volume Method.
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where the cell Is modeled as a rectangu-
lar prism with a lattice mesh of CRU's.

Measurements of calcium concentration
along a single line in space in the cell
were measured versus time, allowing us
to group a dynamic into one of the fol-
lowing three classifications:
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We implemented voltage by using a sim-
plified version of the Morris-Lecar model
scaled to oscillate with a period ~500ms.
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e Increasing SR calcium load leads to

more calcium waves, with blowout
when SR concentration is too high
with higher SR calcium diffusion coef-
ficient and CRU probability of release
sensitivity.

e Adding buffers to the SR model

makes waves less likely to occur when
all other parameters are kept consis-
tent.

e Increased depolarization of the
plasma membrane leads to increased
Ca*T influx into the cell and thus
triggers greater SR calcium release
into the intracellular space.

e Full technical report: HPCF-2015-25
hpcf.umbc.edu > Publications
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