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Excitability
— |

A J. W. Moore and K. S. Cole,
Resting and action potentials of the
squid giant axon in vivo, ] GP

I (1960).

Fiocure 2. A, squid axon membrane action potentials in vive. The rate of recovery
from the undershoot increased as shown with time after tMe initial cutting of the mantle.
Temperaturc 20°C. B, action potential in a mantle prcparalion showing a somewhat
larger and much more rapid recovery from the undershoot. This record was taken
during the midsummer slump and gave a typically lower peak action potential.

The Nobel Prize in Physiology or Medicine 1963 was awarded jointly to Sir
John Carew Eccles, Alan Lloyd Hodgkin and Andrew Fielding Huxley "for
their discoveries concerning the ionic mechanisms involved in excitation and
inhibition in the peripheral and central portions of the nerve cell membrane',



Pancreatic insulin secretion

Terese Winslow, Lydia Kibiuk
htep://stemcells.nih.gov



Gap junctions

Mariana Ruiz, Wikimedia Commons

* Gap junctions facilitate a direct electrical and
chemical connectivity



Homogenized models of islets



Homogenization: the microscopic problem

Goel, Sherman and Friedman, The islet tridomain equations, SIAM MMS (2009).



Homogenization: the microscopic problem



Homogenization: the macroscopic equations



The cell-problem for syncytial coupling

e The same calculation is useful for computing both, the
effective diffusion coefficient (to, say intracellular calcium)
as well as the effective electrical conductivity.



Syncytial coupling in the islet: cell
problem solutions



“Doughball” coupling in the islet: an

alternative model



The cell-problem for doughball coupling



Doughball cell problems in the islet



Homogenized coetticients as a function of
gap-junctional permeability



Low conductivity can explain wave
propagation failure



Partially propagating waves at very low
conductivity



Conclusions

[t seems that both synchrony as well as wave propagation
failure in islets can be explained

if the conductivity is modulated over two orders of
magnitude.

Using a reasonable estimate of large/small sizes of gap
junctional plaques, a syncytial model seems to admit a
conductivity change of only about V5.

The doughball model (parameterized by g_gap), on the
other hand, allows a much wider span of conductivities in
the tissue.

The doughball model might be a more effective model of

gap junctional connectivity in islets.




Open questions

e A fuller, systematic comparison of syncytial and

doughball models

* A derivation of g_gap from an underlying
MICroscopic geometry

* Embedding the gap junctional models in more
realistic islet dynamics
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