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a Pancreas

Pancreatic duct
Gallbladder

Lobules
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Common bile duct

Accessory pancreatic duct

Duodenal papilla

Duodenum
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agTaaig[stasis], "standing still”

Opolog[homoios], "similar”

MAINTAIN = "staying the same"
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Endocrine system

Claude Bernard: the father of endocrinology

Claude Bernard stated that the endocrine system
regulates the internal milieu of an animal.

The “internal secretions” were liberated by one part
of the body, traveled via the bloodstream to distant
targets cells.

Paracrine

::D Autocrine

» The concept that hormones acting on distant target cells to maintain the stability
of the internal milieu was a major advance in physiological understanding.

» The secretion of the hormone was evoked by a change in the milicu and the
resulting action on the target cell restored the milieu to normal.

The desired return to the status results in the maintenance of homeostasis



Pancreatic 1slets (endocrine system 1n pancreas)

Pancreatic duct

Pancreas

* Regions of the pancreas that contain three types of endocrine cells.

* Discovered in 1869 by German pathological anatomist Paul Langerhans. |
* 3 million islets distributed in the pancreas of a healthy adult human. panreae o
* The islet measures an average of about 0.1 mm (109 um) in diameter.
* Islets are physically isolated and secrete hormones directly into blood flow ::W:;H””))
* Hormones are secreted with a pulsatile manner Pancresticduct
Pancreatic Tissue ~ Wikipedia
Endocrine cells

a cell Glucagon 20 ~ 30 % Increasing glucose

B cell Insulin 60 ~ 70 % Decreasing glucose

o cell Somatostatin ~10 % Controlling activity of a and P cell

Composition is different depending on species



10 mM

W

P

10 min

Model for single S-cell

dv, ,
T =~ lica= I = lis = Iiurn = 2 '8 Vi= V)
t j dc;
i — =—¢lalic,~Ms—Mp—-My+M,,)
lica=8caM=Vi= Vca), o =NN==N), dt
G
dG;,
lix=gxNi{(Vi= Vi), ds; =N +rn=ry
Ts—=8,-S;, dt
dt
lis=g8sS{(V;= V), 21—-2
8karp() =1 4
likarp) = 8krpPilVi— Vi) [Gi(t =t )IGK) fp(J) + 1
8ca=3.6 Vea=25 mV Vy=-20 mV Oy=12 mV 7=20 ms
gx=10 Vg=-75 mV Vy==17T mV Oy=5.6 mV A=0.8
‘g=4 Ay,:l ‘\’3:—32 mV "95=8.0 mV “7=60's
@=13X10"°°M/V s “y,=1 "7,=030's ‘ngary=10° Q=15x10"" m?
€=0.01 €,=0.01 ¢,=1.0x10™ Veyy=10 pm? Ver=0.4 pm?
21=3.0 2=0.6 Gg=2.8 mM b=25 'S,,,L,‘:S.(ux 1077 mol
"MP=246 uM/s "MP=126 uM/s ky=84 57! Ks=0.27 uM Kp=0.50 uM
Cp=4.1X1073 M/s K,=7.8 mM "Ry=1.2x 10" mol/s a,=20x107 57! [H*]=10"740M
€;=5.8X%10* M/s K;=1.4 mM ,=53%x10"* M/s K,=17 mM [K,]=10"7% M
“ky=1.8%107 57! “H,=1.4x107 mM "H,=1.4x10"* mM “1,=90 s “m=4.0
“Hy=0 mM “Cy=10"* mM °C,=6.0x107° mM

Take home message #2

“Things should be as simple as possible but not

simpler”..
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Modeling for glucose homeostasis

Glucagon
~ Blood External
//i\\ 0—o o = (lucose infution
0 AN = Level rate
i—o G(t) 1(t)
Insulin

Taegeun Song and Junghyo Jo, Phys. Biol (2019)



Glucagon
Blood External
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@//;\\o d—o o = (lucose infution
° Ly = Level rate
é—o G() I(t)
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Amplitude & phase

| Period

N

8 mM

E

™ 0.2 ratio

10 min

* Gy, —» Glucose Insulin
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do

n

+ dt

‘ #(G) = psinh (Ga_(fg)

N
G;, —= Glucose Insulin I = N_lznzl r(G)(1 + cost,)

=, — 1(G)cosO,

r(G) = 0.25[1 + tanh[(G — G})) /6G"]]

M “‘m_\ T
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Experiment
PLoS ONE 12 (2): e0172901(2017)



Interaction|  Sign Mediater Reference

a—a |A,,=1 Glucagon, Glutamate [121-124)

a— 3 | Ay, = 1 | Glucagon, Glutamate, Acetylcholine | [39, 60, 62, 125)

a—=+d | Az =1 Glucagon, Urocortin3 [63-66, 76]
3 —a |A.s = —1|Insulin, GABA, Zn’*, ATP. Serotonin | [8. 24, 67-73, 126]
B—=8 | Aga=1 Insulin, GABA, ATP [127-132)
| B—=d | Asa=1 Insulin, Urocortin3 [74-76)
@ 0 d—a |Au=-—1 Somatostatin [4,5,8,9,55]
_ d—3 |Ags=—-1 Somatostatin [4.5,8,9,52,133)

C s e

d—=d | Ay =17 - unk nown

oL G)-1 ), +KEAM rp.cos(6,,,-6,.),

Ex) Experiment for A, g

100 0.5mM glucose 0.5mM glucose + insulin 9,10 =W, ~ gno(G) cosd, no ¥ KE Sln( o 0"0)’
S 80
&
R Hormone define
S

40t
n = Time (mi in = 20 Hno' = Tno.(COSOnO. + 1)
ime (min)

PL0S One.7, €32282 (2012)



) | Biophysical model of glucose homeostasis

I(t)
Hq l HB ’;10 = [ f (G) - ’IIO'] + KE AO'U no' COS(@”C‘ IlO')
—~ -9 —
8)10’ = )IO' - g)IO'(G)COS no + A E Sln( no' 8)10’ ) 2
v Pancreas v
:.405 | 9> G=2A [GO E - (1+cos@ ) - GE s (1+cos6, ﬁ)} +1(7).
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Controllable synchronization !
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Specific coupling structure, efficient and tight blood
glucose level control via controlling synchronization !
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Born

Died

George Box

18 October 1919
Gravesend, Kent, England

28 March 2013 (aged 93)
Madison, Wisconsin

Famous aphorism

Essentially,
all models are wrong,
but some are useful.

Empirical Model-Building and Response
Surfaces, p. 424, Wiley. ISBN 0471810339.

Let me make it useful !



U {Failure of glucose homeostasis : diabetes mellitus

-

Type 1 DM : failure to produce enough insulin ( ~10% )
@ :;tet::tational
&@ Federation Type 2 DM : insulin resistance, a condition in which cells fail to
respond to insulin properly ( ~90%)

O Gestational diabetes : woman without diabetes develops
world diabetes day high blood sugar levels during pregnancy

14 November
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OhealthNews, Kyoung Hee University Healthcare system

Diabetes mellitus is a chronic disease, for which there is no known cure in general



Artificial pancreas

Closed loop

N \
IS P
o

1963, insulin pump

1977, Biostator

Cf. The GOD ver.

4
300 million X 1000 cells X Volume gw(moum)?’ X density 1 g/cm3 ~ 1 g



Portable Artificial Pancreas

Target range
(70 - 140 mg/dL)

L

Fault detection,
monitoring and
control algorithms

Insulin pump

Continuous
glucose sensor

s




The JDRF Artificial JDRE multi-center
Pancreas .
.. trial of closed-loop
Soloandul control-to-range
launched s
S
IVclosed- || Albisser; | |The Minimal Modell| scglucose | |p insulin Human trials | e\, jaunches
loop Pfeiffer; of Glucose Kinetics sensing pumps with system AP@Home
control || The Biostator®| | Bergman & Cobelli | (MiniMed || (renard) designed
(Kadish) CGMS) entirely in silico:
| (Kovatchey,
Cobelli, Renard)
EEEEEEEEEEEEEEEEEER IIIIIIIILIIIIIIIIIIIIIII
1920s 1960s 1970s 1980s 2000 2006 2008 2010
T J Ll tl L N ]« N
' Insulin First use of CSII The EC First studies
discovered,; " ) (Tamborlane; ADICOL | |of automated||| NIH launches
(Frederick The Auto Syringe Pickup) ’ Project SC closed AP initiative
Banting) (Dean Kamen) P (Hovorka) loop (Steil)
[ [
FDA accepts the . .
UVA/Padova metabolic First st.m.:lles
. combining
simulator as a .
. mechanical AP
substitute .
. . with drug
to animal trials
treatment

(Kovatchev & Cobelli)

2016.09.28 : FDA approved the Medtronic Minimed 670G



Absorption Delay
~100 min

People

> Pum .
P q Diabetes

with

Controller

Action Delay
20 min in pph.
~100 min in Liver

Sensor Glucose

Interstitium Delay
~15 min

J Korean Diabetes 2017;18:141-149
https://doi.org/10.4093/jkd.2017.18.3.141
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0,, = wg — pu(h) cos b,

. -
n=1

\
1 P et )

u(h): any monotonic function varying btw+p,

Time[® ']

|
1 0.5 0
v

Prefer choice of ¥, we can find entrainment without periodic signal



) LDemonstration of the controlling synchronization J

%Z cosop=x X = (u(h)X —wo)Y

1 o w . h
Nznsln9n=y Y:on—'M(z)(XQ—Y2+1)

Realization ! ¢ = w, — p(h) cos b,
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Thank you very much for your attention !

Welcome to any question !

(Judah1982@gmail.com)




