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Abstract

In this paper, we designed a myocaldial ischemia
model based on L-R dynamic model including
hyperkalemia and anoxia. Using the model, we
simulated the effects of ionic concenturation [K'l,
and intracellular [ATP) on action potential in
single cardiac cell.

Also we envaluated this model by comparing the
simulated results with that of other researches. In
futher research, we are going to consider the
effect of acidosis quantitatively.
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Ina ¢ fast sodium current

Ik ' time~dependent potassium current
Iy ¢ time-independent potassium current
I ¢ plateau potassium current

Iy ¢ time-independent background current
Is ¢ slow inward current

imv]
150

100

50

o]

-50

-1000 100 200 300 400 500 600 700 {ms]

29 3 L-R1 2490 o5 739 85 A9

Y3 o¥DE vinsnd i3 g9 8%
A% 2o: Y33 plateauF-£9 2*147} 2o} AA
o Jl7l-e H¥YL & 4 Stk

2-4. L-R dynamic 249 (L-R I =4)

L-R dynamic model 9l*+ B-R modelg WA A
71 L-R I model B0 x ©l& Ads 2d8 L-R1
modell A A RJA Ca™’ oj&o] #AF R

(Ca” 9] CICR#A)E ©$ A7 FA 83l o} g7
pump$} exchanger® EHAA U AAH &%
AE wdg o

meta] o] RdA FE ‘?l'i‘l- REe % 39
7} %ldﬂw: F9to] ol HAFEC| dynamic 3lA
H3lEe AL tSa Zof I‘éli} 314 o}

d[BY/dt=-(Ig*Acap)/(Vc*Zp*F) o))

[Bl& ¢]2B Foli Ig= ©]2B o BAHE RE
AEol gt Acap & capacitive membrane area,
Vce [B]9) HZ volume ¥, Zzg¥ ion BY
valance, F< Faraday 44-°lc}.

L-R II modelol A RE o]29 ME9 slajrledx

= 14F0] ALE, 2% 94 2%9 37 °ColiA
ZA3 9 welvy g Bol AMEEH U
7ZL-R I &9 o]2AHR
Ina @ the fast Na® A&
Lat © L-type Ca®"& E3stE A%
Icatt = Ica + Ica.k + Ica.Na
I BEARIREY Hue A weel

Yzt Ca™"e ¥:dx &g a8
T-3e) A77} Al°‘*} "]3}9&‘4.

Ik : the time-dependent K*

Ix; © the time-independent K' %i-rar

Ikp @ the plateau K* AF

Inax © the Na'-K' pump

Im : total [Ca"l-activated transient inward
current. Inaca + Insco® B2} ETH

Inaca © the Na'-Ca®" exchanger

Instcay © the nonspecific Ca®'-activated A5

Ipca : the sarcolemmal Ca® pump

Icap : the Ca® background AH

1}. Ca" buffer

L-R O ¥4d9& myoplasm® buffer(Calmodulin,
Troponin)®+ SRS Ca™ 9] $3x8.8 It}
23y myoplasm®] bufferd 9L =j$ 2o}k, SR
(Sarcoplasmic recticulumn)ol 9% Ca”"#&3 #4
9] 7153 HejlA ZEAHQ 71-3} SRALe] oA 9
Ca" 9] °]%, SR# myoplasm® buffering #3& A
937 $i8) L-R I 299 1 7[5S H7FAA

{mv}
50

-50

-100

o] 100 200 300 400 500 600 700 800 [ms}

29 4. L-R I 299 93] 78d ¥FAY

2-5. 42 39 2d
HA2s¥A EFdde oz ddgz wssied
53] A A7t 2A A3 (K'lo)d 7t

&), o] FEA] upstroke velocitys ZA3tn,

LFOERE LT



19974z EAEaris =2F M19¥ M2z 97/11

APDE ZH&agth oot 2 #F A9 sl 9
S FE gdue 2 ZA Ao ddk AR Ko
9 F= 712 93 Yehte hyperka- lemia, &
A [ATPLe] 42 QA3 T3l anoxia, AH
pHY ZAad WE asidosise)tl. £ dFoA=
hyperkalemia ¢} anoxia E4< L-R I =do] H&
AlA A2 8 s AEH A j

3. 49 ¢ 1%

2 d7ddMe L-R I 29§ o3t WA Y
deiel % AAE TEAIN R, A AF Te
MEES 2dd) At 42 HE d3e C Ao
2 7Esirh

3.1 A7|AEYgFHeE acute ischemiao] PTFL
= M A

7}. [K'109] %7} (hyperkalemia)

K'Y 93 AlgHA 387 AsA K'Y
ol EFE AE ol 8o kg AL £ FF
Aoz F 29 dHloEH e HEdo 1¥se ARE
AT

In= Gu*Klo*(V—Eg)

"G r=0.75%/ [Klo/5.4mS/ cm?

Ex_(RT/F)*In([Klo/[K1) 2)

[mv]
0

T

-100

0 160260360460560560760&30900[ms]
2 5. [K'ol #3le] o3 8% H9

2H AE 34 BF A9 Ygue T4 B, C,

Dst 2ol [K'l7t Z7igtel wel APD7E ZH4AsT

A A7t F2Pe B9Zoh o] AFE Harris

et al¥o)s) ANY AHg FAET

E 2. K)o A 8F HAYelM9 2 o] s

s=d K} | IK], | [Ca); | [Cal, [[ATPI;
(mmol/1)
ACGBEAEN | 145 | 54 | 012 | 18 | 55
B 145 6 0.8 3 5.5
C 145 | 75 0.5 1.8 55
D 145 | 9.5 05 1.8 55

Y. anoxia®} metabolic blockade ([ATP1;&}3H2)
Anoxia®@ gl s ME Ui Aavt REF
o @z} [APTIi7} Zashe Aoz AR 7%

At & BT o] RS AFHSE A EY
o]k 42 (3), (¢ Zoew Thakorgel <o @
7R
Ix arp=08,0ofar V= Ex-arp) (3)
ot Ade WEo|n g, = unitary conductance
olt}. farp BAFE Karp MIY fractione 2 A
g

1

ks
1+ (taze)

Peyny= ¥ )

Ii-atpre ATPEE-] ol F3PE Karp d9)
AFE Jehd, Peay ATPOl 9@ Ca Alde]
AFol 9FS Fv= AAEAN 7129 [l BEFH
o2 F%L Fvh lawd 729 Lkare $4€ L-R
I 2de HE3 R} Fg &5 3y A&
ANEH oA syt

[mV]

50

-100

0 16026036046055660760860900[ms]
a9 6. [ATPL ¥3ld) digk &% e A3}
# 32 AlEHIAA mEtuE ghelw [ATPIVF #

2848 anoxiaZt A3 Eo] APD7} FopdL B4
Atk 22y AT AYele TS FA deoh

¥ 3. [ATPli7} action potentialdll "X & JFoz
Q1% o]l FEH

e
= [Kl | [K), | [Ca) | [Cal, |[ATP)
(mmol/1)
AR 145 5.4 0.12 1.8 55
B 145 54 0.12 1.8 5
C 145 5.4 0.12 1.8 45
D 145 54 0.12 1.8 4

E3] 4(3)9 farpe ATPERZ} Aido] dZAA
Li-atr®ll BEE v ATE AE A 7] 93
ALe-3 setnEas BEE ol Fxdd, 4 (3)
A ngJp=0.6%7§EE]“5 g% AY7t 50%2 74 EA
21=

o MEJIR9} 9 R[K'],9] acidosis (pHY] )

A 38 849 39 acidosise M EU R}
2|89 protono] FHPLZ WPl 53] extra-
cellular acidosise Inod] ZA (%] W3ko 234mV
o]F)8} gR I3 FAHE [K'L(125mmol/L)& &4
At} ¥ intracellular acidosist Iyl T4 S

220

9793 343U



AT YA AZoAY HF AN B

Z g}, 0] acidosisoll 93] pH 6594 I,
Icany®E5F 25% A E inactivation H+<d o] E L
e Aty AE dolest glolA #F A9 #
ol o] oz AP ojol & HAjo|ct,

2}. Hyperkalemia®} anoxia®] B¢ E4 1d

H doides A3 #ddd & 938 F+ hyper-
kalemia ¢ anoxia®) B3 EAS 79I Y8 &
48} o] % HEvgE HIA7EAN BF AYE
TEIAY.

[mv]
50

s0) B\ \A 1

100 N N R
100 200 300 400 500 600 700 800 oo [Ms)

1]
% 7. Hyperkalemia$} anoxia®) E3<Q A3k

AE AHA3Ee 8% A9 olx, BE anoxiag ™9
% A9z AT Ade wlglel ATP 7HAwe
E 4 3Utt. Co D hyperkalemia®t anoxia®] 23§
Al YL FEF Ay, FrlA g9z s
ATP Z4&7F dojyi hyperkalemia® <18] -3 =
A7t deEe RE FIY £ ded o 43E
A A Y @43 fA% Aol

¥ 4. Hyperkalemia®} anoxia®] E3#<Q 98
AlE#oldetr] sl ALE-3 gebvE gL

e
S e [Klo | [Cali | [Cal, [[ATP]:
(mmmol/1)
A3 145 54 0.12 1.8 55
B 145 54 0.8 3 5
C 145 6 0.5 1.8 5
D 145 6 0.5 1.8 45

AlEHolA AFE Fi €5 A4 FUdY A"
Aty Ar1d H3be extracellulard] K'e 3oz
A8 doldg & F AR K'Y FHL 42 &
g B0 AZAX2RY KEdd 98 dygao
T @A Aok ¥ gEM 8% 29 gad 9
< F¥ FP 8%+ time independent potassium
current,(Ir)d 7Y€ € F ok 2Ev A2 &
¥ B¢ 5 A8 BolR e Ko vtz
£ APD #4E UFAAFA EIZE Karp A9
< 5% Learrs H7F8IE Hu o 2HE A2 9
¥ d4E FEE F U

32 AAF A2 §¥ Y TES AT HF AA
2 d3oA nzg getrg ooz A HY
o %S F= A8 F7 HvEHE dFHA
o B3] A2 ¥ Fol dolubE HEZY ATPY
A, free Mg'™™9 =7}, catecholamine releases©]
ol HFo me F¥Y ATPS Eohe olg A

s

5729 BAY acidosis(AHZ)0] o]l& A ©lx
£ 9%, inward Ca” channel® &% Mgl %,
[Ca™]9] 4%, Na' activated K'current$} free fatty
acid activated K'currente] @A|®¥So] A #ed)
FEFE F7) WFo o]l5Y FES FFHoE 4
33 dAFA A2 Y 4L TFEY F YL A
oty o vjolrt A A4 2 g EAHA iF
oY AT AT BF A FEL AT g ol
AFTY #AE 75t 433 A2 g% A
HAE TFEE & A& Aoth

4. 4 e

B =AM E LRI 29E o] &@d 48 AR
qre] A4 ¥ 4S8 298 o 4 ¥ @
Aol 8918 M7t A(hyperkalemia, acidosis, anoxia)
2 258 4 dey oddd g5HYs =05
Za, A A9 A, APDe] 74 o7 e
ig=

(K'lol %7kstd APD7F Zasdtn GARAY7}
A5 §5HY JElGE 4 4 AR Hhyperka-
lemia). =% L-R II 229 Ix-arp AF 2L H7}
sto] [ATPIZF #4842 APD} Z4stes d4-%
ZFEY & Uoianoxia). 1Y AZ HE 29dF
pHe FFoz QA% B ZF(acidosis) B EFH o
oJejo] RE oz AF} 3lA B3t} oz o9
o3 AF7F gL HPsojor AAH HE Y
s FHE 5 Ye Aotk

5 2331 % &

[1]1 Robert Plonge and Roger C.Barr, Bioelectrici-
ty (A quantitative approach)

[2] Beeler and Reuter, “Reconstruction of the
action potential of ventricular myocardial
fibers”, J.Physiol.,, 268, PP.177-210, 1977

[3] Ching-hsing Luo and Yoram Rudy, "A model
of the Ventricular Cardiac Action Potential”,
Circ. Res., 68, 1501-1526, 1991

[4] Luo and Rudy, "A dynamic model of the
cardiac ventricular action potential”, Circ.
Res., 74, 1097-1113, 1994

[5] Thakor et al. “Simulation of action potentials
from metabolically impaired cardiac
myocytes”, Circ. Res., 79, 208-221, 1996

[6] Shaw and Tudy, "Electrophysiologic effects of
acute myocardial ischemia”, Cicr. Res., 80,
124-138, 1997

[7] Gettes LS. Cascio WE, "Effect of acute
ischemia on Cardiac electrophysiology”, The
Heart and Cardiovascular System, 2021-2034,
1992

[8] Michiel J. Tanse and Andre G. Kleber, “Elec
trophysiological Changes and Ventricular Arx
ythmias in the Early Phase of Regional Myoca
rdial Ischemia”, Circ. Res., 49, 1069-1081, 1981

2e? @

TR ST



