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A mathematical study on artificial stimulation to pancreas in type 2 diabetes
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In this research project, in order to develop a new remedy for type 2
diabetes, we propose a model of electric stimulation to pancreas. In particular, we investigate a
mathematical model of a pancreatic beta cell which is related to insulin secretion for controlling
blood glucose level. We obtained the following two results. 1) We observed a phenomenon promoting
insulin secretion by simulating a reaction of beta cells to white Gaussian noise, that is, the
frequency of bursting of the beta cell increases with increasing the amplitude of noise. 2) We
proposed a model of the background current of the beta cell and reproduced behavior of the beta cell
by simulation consistent with the experiment of the background current.



¥ X CcC—19,. F—19—1, Z2—19,

1. WFFEBHAR Y WD 5

TN [E T2 AUBERIFITIZ DO P ELZE D
1,800 7 ATV E Vbt WEEITHE % e
TTCWD, BT, A AU EE & R T
OO LD 2 OOIWERIEN N FH T
DM A AN R IPERE T E O N
e bICBREORBENKE S BAREIE
HAbtEo, 2oz, RHERD 72 < QOL
Za W5 XD T2 BB R L
DEIFEIL, BESTOREN OB Ao
NRE L BOEFZT T < R I B
DOEEREL 2o TW5D, HEBEPETORRYE
O BERIF TR, HEEIR T L7 Aifaic
*F L CEOHAE - WA X 5 FAEERENT
T —FIZEILLONETH DA, B
JaWfgeD S LR 5 ENRMNETHY . Zh
WIS R R 5 2 T 5,

2. WMHEDHM

PLED X 97RO b & AR TIE, 2
AURE PRI O FARER & LT, BRANRE
RIRET DH, 2L EY oD ITESH]
WKL VBN DA A oWk
BRI LWV H=RTIETH DN, Bk TIX
BEICINEETH 2 - BN 7 70 —F
2 K DHIPEREE IR TR D, AFFEIE
FLoMF LI NE TR B MoK EE T
JCET D Z AT X7 ZHIE - #7217 -
TETEL, ZOHMAETE)N L, EEEORER
FRIRIFICA b - BRANRY — v & 5P
ETINETHEFTHZEEHMET S, *
LT, BERFET VT v OB il E
F—HERWT, L0 EAEOBEWESMH
W s — U RGHEZ RS BT,

2. WDk

1) BERE (f 2V > 5u) (2B D B
MOBEENIEDF AT I 7 2%, HHET
NERWEY I a2l —32 3 X VWERT 5,
KR, BE B MR DIEEMELIZBNT, 1
A VUWNZHBI D B B N — A R IE K LR
N5 EEEE OREN OIREBIH S 25 L5,
ZZTCIEE g Ml EET v L LT, Chay
WX TRESINTZMO TR ETVEE 2
B FP. EB O ES A PR ER B X
NTEFEKRNRNE = /BT H, ZDDIT,
AAY CERICHY T D7 va—2 (FE)
WX DA ERAS Clix e < . MR AFET D
AT T X RJNDA KT B R T
HZEizky, BEEMNOLAFT I ABNE
BREtd 5, WIT, BE B MRE~D EZATE DR
HBHeeTr Ve LT, HEME & BRI )

CK—19 (Gt

FIEEAICHM Lo E Mo 2
Sal—ya ik mEt s,

2) WD A AV W ITk & 72 A A
F ¥ XANEE L TWDLZ LN TS,
VAR BRI DA A ) U5 HFEET S 2
ETHEA SN TV DIERIERA 4T v %
VX, Z OB O X0 B HER O 55 ik 2 B
. ARV W ERETHEEZEZ BT
W5, IEBRIRMERA A F v xLD—28E L
T H &3 TW 5 TRPM2 (Transient Receptor
Potential Melastatin 2) F ¥ R/Vi%. 7/ =
— AR, 7 VF ATV IEbEEN D &
ATP EZMEH Y U LT v XVOEHLE L HIC
BN DO E B 72532 ENMBIL T
5y LPL, TOHELWAT=ALTEED
o TR, F Z T, TRPM2 F v R /L DO
TN EREES 5 L TLTRPM2 F % RV A3
WA G 2 DB ZBIENICRE L-,
BTV E LTI, BB MO REN 28 & R
TETNE L THBLILTWD Keizer-Magnus
ETNVE AW, BEXAEESERIZBWLTL,
e B AR 1) FRILMEEN 2 Bl S H, 2)
N— A NI DA A A S, 3) N— R b
FrotM A2 IE R SE D Z LRI TV D,
% Z CTEJ Keizer-Magnus EF /LB WTY
—ZIHE L TCTTRPM2 v RV ZE AL, #H
ETNVEMEL, EOEEET T,

4. fFFERLE

1) Chay EFILDNT A —Z ZH I+ H 2 &
Wk, A F v FvorxDaryZr B2
BEWE L LT SN—Z FIE KA EIE AT RE
ThorZ erxxAL (M),

@ s ——————————————— 2

;
Ew B
: 3
. ;
N [
:
[ s

55
00 3000 4000 5000 6000 0 1000 2000 3000 4000 5000 6000
tis] s

1:3ard s AGRIZ L D F KNS —
g2 3id

THIT. BEORIZIE U TA v A Y v ESIT
HEWIBENMET L TWAMICB TS,
RBA R TFIEIZ L - TA AV W ek
THZENTEIDI LEERBTH=D, B
PRIGIRHEA~DIGH &0 5 B8 D B 2R R
tWz2 b, Fl2, vIalb—TarE{To
BIRETNDXEA T I 7 X% J)FREEED
ST T2 Z 128D, FERRRE— O
B REEEZH LML, ZHUCEh., Eo
AF o F v RN E D HEEDOE WK E
TR TNEHET D ENTE,

wiz, BRAOFREET L E LT, At
MEE L BN T L ~HIII L, Z 0D
EAMASERZZLickn ., A0 7 LT
NDEEN ORENEAL O EEMT 5 Z &n



Dot (IK2),
-15
-20
-25
-30

> -35
-40 |
-45
50
55

0 2000 4000 6000 8000 10000
time

M2 BEMEEICXK DAL 7B

FRlZ, AN D372 W RRE CARKLRA 72 N — 2
NEKERTIE T B2 RZBWTANA
7 EOBEMENE Loz (K3),

1900 0.0006

1850 0.0005

1800 0.0004

1750 0.0003

1700

- 0.0002
1650 =
0.0001

1600

gK.V)

1550 0

1500
1500 1550 1600 1650 1700 1750 1800 1850 1900

e
X3 :ar 7B R DAL TEOBY
=g

-0.0001

D ORERIT, BERIFHREIC &0 B
e L B Ml LT AT A
FVMAER L TANRS 7 BEEMsE5 L
WO ZEERELTERY ., HERNEE DK B
MR ~Z RN & 105 & 7 2 ATREME DS RS
TE 2,

2) Keizer-Magnus 5 /LD Y —Z7IHL LT
TRPM2 F ¥ RV DOHEEZBHA L, HHEET V%
B LTMR, ERAEEEERNGELONT
LR LT3 ODOFREHFHRTEHZ LE2RL
776

-10
-15

| |
NN
o o

-30
-35
-40
-45
-50 .
-55

-60
10000 11000 12000 13000 14000 15000

time [ms]
X4 : TRPM2 F v RV ZEE LI-HEE DK
BN DAL

membrane potential v[mV]

EBHIT, ZE L7 TRPM2 OB T 5 /L 25
TRRR TN T A= TlAE Lo, £ D
HBOTRPM2 F v LD a & 7 7 ANErIEE
AL EFICRELSEELE 5 X TRPM2 T ¥ /LD
WHREENAL S N — A bR R & < 8%
G252 EWNRENTz,

-4 -45
6 -50
8 55

-10
-12 -60
-14 -65
-16 -70

-18
-75

15 2 25 3 35 4

[Aw]saip jennuarod Bunsal

05 1

TRPM2 channel conductance gL[pS]

g TRPM2 channnel reversal potential VL[mV]

X5 : TRPM2 F % > R DAy H T B AT
x4 2% R EBAL LIS B FENL O AL

INLOMRBIZEY, BELZEB Mo
TRPM2 T ¥ /L& E[E L= HHET LD %Y
PEDMEEE ST, £7-. TRPM2 F ¥ RV DR B
M OB RIZ G 2 D L F) D TEPEEMIC
IRENTZ, 2D LD FERFAEEZIZRBW
THEBRILIZ LD rem2 T v RV 2 TEME
b5 Z2LI2E0 AR U WERT 2
EDTEDLAREMEDRFTI TE 5,

5. EladEEmLF
(WHTERFEE . WFTEoHE R O TEH 12
E 7Y

(MEsERm ) (BE 610)
1) H. Ando, K. Takehara, M. U. Kobayashi,

Time—delayed feedback control of
diffusion in random walkers, Physical
Review E, Vol. 96, 012148, (2017), ##t
H

2) H. Ohnishi, Y. Shimada, K. Fujiwara, T.
Tkeguchi, Chaotic Neurodynamical search
with small number of neurons for solving
QAP, Nonlinear Theory and Its
Applications, IEICE, Vol. 8, pp. 255-265,
(2017), #&HAH

3) PNRHR, B5H#, BRETORER, MO A,
Izhikevich = 2 —wa LV EFICEBIT 504 A
WE & T A AR, 1 R E e G

A, Vol. J100-A, pp. 195-204, (2017), %
A,

4) T. Kobayashi, Y. Shimada, K. Fujiwara,
T. Ikeguchi, Reproducing Infra—Slow
Oscillations with Doparminergic

Modulation, Scientific Reports, Vol. 7,
2411, (2017), EHAH.

5) H. Ando, K. Fujiwara, Numerical
Analysis of Bursting Activity in Isolated
Pancreatic B-cell Model, Nonlinear
Theory and Its Applications, IEICE, 7,

217-225, (2016), ZHif.

6) E. Estrada, E. Vargas—-Estrada, H. Ando,
critical
dynamics,

Communicability angles reveal

edges for network consensus



Physical Review E, 92(5), 52809,
A He

(2015),

(Fa%&) GE181F)
1) SRR, B, RS, o
BT T VT K DME B M TRPM2 F v /L
EMEOfHE, B HHREBEYES 2018 Fis
REFhHEGR U, (2018).
2)M. Aoki, Y. Shimada, K. Fujiwara and T.
Tkeguchi, Effect of connectivity weights
of  inhibitory neurons in neuronal
avalanches, Proceedings of the 2017
International Symposium on Nonlinear
Theory and its Applications, (2017)
3)K. Fujiwara, H. Ando, T. Ikeguchi,
Masashi Yoshida and M. Kakei,
Mathematical Model of TRPM2 Activation in
Pancreatic f -cells, Proceedings of the
2017 International Symposium on Nonlinear
Theory and its Applications, (2017)
4) EAREE, IEEHAT, & HH, BRI AR,
i OB, PRARTEED U X A AR AR B SR D B
1%, BIEHIEE TS ST,
5) WM, B H#, LT K, iAo
i, Izhikevich == —n T NVIZBIT D/
A RERHIINZ X DEFMED L5, B
WEFE 2017 YV A =7 ¢ RSk
%, (2017).
6) JERJFUE KRS, 2 HOLFR, Hh O f, HHE S,
JNEHIESC, TRPM2 T ¢ 2R /L D AL R O HO
T IVIENT, B ARBERP PR E R AN E S
A, (2017).
) bERE, ZHGLAR, BRECEORAS, FHH
B, JIEHES, R B Mila D T T vz ks
T35 A4 XOEBIONT, B EREBRES
= HhbrgEEE, (2017).
8) HA HEE, MEEHIT, HH O, BE E
AR, o 8, BERE T L A T AR
RGO, EFITHBEE TS BH KRS
A, (2017)
9) K. Naiki, Y. Shimada, K. Fujiwara and
T. Ikeguchi, Synchronization in a Coupled
Izhikevich Neuron Model, International
Symposium on Nonlinear Theory and Its
Applications, (2016).
10)T. Kobayashi, Y. Shimada, K. Fujiwara
and T. Tkeguchi, Analysis of Synaptic
Dynamics during Infra—Slow Oscillation,
Proceedings of International Symposium on
Nonlinear Theory and its Applications,
(2016).
1D)K. Fujiwara and T. Tkeguchi,
Computation of Visual Neurons in LGN-V1
Transmission, International Symposium on
Nonlinear Theory and Its Applications,
(2016).
12) AR MR, EH R, BRE KRS, #ho fH
f54 Izhikevich =2 —ua U EFILIZBIT S
AA ALY, EFEHFHRBETS RERS
Al Em SCEE,  (2016).

(2017).

13)H. Ando, K. Fujiwara, Influence of
ionic currents on a simple model for
pancreatic beta cells, International
Symposium on Nonlinear Theory and Its
Applications, (2015).

14)T. Kawai, Y. Shimada, K. Fujiwara and
T. Tkeguchi, Common noise—induced
synchronization of chaotic dynamics and
geometrical structures of attractors,
International Symposium on Nonlinear
Theory and Its Applications, (2015)

15) K. Fujiwara and T. Ikeguchi, Neuronal
Activities of Response Onset and Offset
in Macaque Visual Neurons, Proceedings of
International Symposium on Nonlinear
Theory and Its Applications, (2016)

16) T. Kobayashi, Y. Shimada, K. Fujiwara
and T. Tkeguchi, STDP Learning Can
Explain Infra-Slow Oscillation,
International Symposium on Nonlinear
Theory and its Applications, (2015)

17) T. Kawai, T. Kurihara, Y. Shimada, K.
Fujiwara, K. Jin’ no and 7. Ikeguchi,
Common Noise—Induced Synchronization of
Relaxation Oscillators, IFAC Conference
on Analysis and Control of Chaotic
Systems, (2015).

18)H. Ando, M. U. Kobayashi, A Feedback
Control of Fluctuations in Simple
Molecular Dynamics, IFAC Conference on
Analysis and Control of Chaotic Systems,
(2015).

6. WFJEARAE

(1) WFgefkE
% B 5LhZ& (ANDO, Hiroyasu )
P KT - VAT DIEHRR - HEER
WFE#7 20553770

(2) oy Az

JEJF B OKER (FUJIWARA, Kantaro)
WK - EEEEN L= —a AT
U Yz AE B TERRE - FHTHESR
WeEF5 . 00557704

(3) HHEMF I

AER IE3C (KAKEI, Masafumi)
BIRERKRT: « 75 - 228

W7eE &S 90214270

(4) HHEAF IR

# B 8% (IKEGUCHI, Tohru)
HORERRL KSR « T80 - #dz

WoeE &S 30222863



