sIMPLE MODELS EXPLAIN

COMPLEX PHENOMENA IN
GLUCOSE METABOLISM

AND INSULIN SECRETION.



Biphasic Insulin Secretion

= Instantaneous rise in glucose

—_
Lav]

Mean + SEM

oo

o NGT FH- (n=85]
& NGT FH+ (n=100)
o IGT FH- (h=39)
m [GT FH+ (n=59)

~ Plasma Glucose (mmol/L]
B

[=]
[=]

£
[=]
(=]

g
m
2
3
&
3
i
S
®
=
3
2

Plasma Insulin (pmol/L)

L

Geometric Mean (85% CI)

30 60 90 120 3 40 50
Time (min} TIME (MIN)

Zawalich WS and Zawalich KC. Species differences i
induction of time dependent potentiation of insulin secretion.
Metabolism, Vol 49, No 10 (October), 2000: pp 1318-1325 Endocrinology 137: 1664—1669, 1996.

T.W. van Haeften, W. Pimenta, A. Mitrakou, M. Korytkowski, T. Jenssen, H. Yki-Jarvinen, and J.E. Gerich




PDose-dependent Response

= Different Thresholds
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dime-dependent Inhibition
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Different dynamics of insulin secretion in MINUTES

LR T the perfused pancreas of mouse and rat
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dime-dependent Potentiation

m Stimulus-Rest-Stimulus
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RAFAEL NESHER N0 EROL CERASI

IRl pU/min

glucose mM

Ficure |  Effect of two 30-min pulses of 27.7 mM glucose
on insulin secretion in perfused pancreas in fasted (O - -

or fed ®) animals. Mean=5EM of 10 and 5 exy
ments, respectively.

Fed-vs-Fasted

VALDEMAR GRILL, ULF ADAMSON, and EROL CERASL, Department of
Endocrinology, Karolinska Hospital, 5-104 01 Stockholm 60, Sweden

1. Clin. Invest. © The American Society for Clinical Investigation, Inc., 0021-9738/78/0401-1034




Desensitization

= Prior long-term stimulation
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Mathematical Models

dP(G,t)/dt = o< (P[G0] — P[G, £])
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Mathematical Models
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Mathematical Models

m Chen etal., 2008
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My Model’s Inspiration

m Cobelli etal., 2007
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Channel Model

= Insulin Granules

Preparation Channel Secretion Channel
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Viathematics of Channel Model

m Convection-Reaction Equations.

Total secretion rate.
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Compare to Experiments

= Potentiation
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Compare to Experiments

= Time-dependent Inhibition

= Can be extended for potentiation cases.




Modifications

m Quick Release Pool
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Desensitization

Closed loop

Slow replacement
Loop empties
Secretion rate declines

Desensitization of the Insulin-Secreting g Cell
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Fed vs. Fasted

= Increased release from reserve pool

= Increased neogenesis
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secretion Threshold depends on
Insulin Content

= Highly Nonlinear Problem.




clusion

rovides proper structure.



