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Abstract

The objective of this study was to examine the cardiac action potentials in the genetically induced di-
abetic WBN/Kob rats by using a mathematical model on the action potential. The final goal was to obtain
theoretical insight into the ionic mechanisms responsible for the ventricular action potential in rats with
genetic diabetes.

Our computer programming was conducted mainly according to the equations used in the model de-
scribed by Pandit et al. (2001). The in vitro data of cardiac action potentials were used by mainly citing
our previous papers already published by Tsuchida & Watajima (1994, 1997). The comparative studies be-
tween the theoretical data and the in vitro data were performed. According to our in vitro data, we had
observed the decrease in the transient outward K current (Ito) by 40% , therefore we decreased the sim-
ulated Ito by 40% in the present computer simulation. This manipulation increased the action potential du-
ration of 50% repolarization (APDs,) by 119% . The in vitro data had indicated the prolongation of APDx,
by 113% . Thus, the computer-simulated data coincided with the in vitro data obtained from WBN/Kob
rats. In addition, this manipulation induced the small decrease in the peak intracellular Ca concentration
(Ca_i), and the prolongation of the duration of the increase in the Ca_i. The steady-state outward K cur-
rent (IKss) was increased and the duration of its increase was prolonged. The inward rectifying K cur-
rent (IK,) was not changed in the peak value, but the course of the current flow with time was prolonged.
The L-type Ca current (ICalL) was decreased, but its inactivation was slowed. The NaCa exchange cur-
rent (INaCa) was shifted inwardly. Sarcolemmmal Ca pump current (ICaP) was shifted outwardly, and
the outward increase in the ICaP with time was prolonged. It is considered that the above mentioned vari-
ous changes of ion movements were induced by the change of Ito secondarily. In conclusion, the computer
simulation could reproduce the data obtained from our in vitro experiments in rat cardiac myocytes with
genetic diabetes. Therefore, the simulation is a very useful mean to analyze the ionic current mechanisms

in the rat cardiac action potential.
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<himxml versions" 107>
= namae it ek "0.0">

cparamater sama s "durstion” inftisl_velie="0.3" unlts="gec" /=

“paramater rames "diMIn” inftisl_veiue="0.000801" units="8" /»

“paramaeier rames "dtMunC ksl _velues"0.9001" vt ="8" />

A= YOy lnitial_vakss="0.1" unis="dimensbonless® /o
<parameier sames "slapiedTIime” Ridel_vabma="0" unli="ma" />
<parameler same="timeStep® inllal_value="0" unita="ma" />
= «Model mame ="madal”
classhame = "erg.almlo, ki RatLefYentricslarMyocytes, M
£vnriabis nemes"y" inftlel_valus=").5TETONE-3" units="" f»
wnriabis name="Ca_I" inlisl_velus="7. 9003 51E-5" unlls="mM" /=
“vpriatis names"Ha_I" Inkisl_velues"10TIF1BE+1" units="mM" /=
<wnrinbis names"TNECE" uits="ph_per_tm*~1" />
evnriabie names"K_I" inftial_velse="L.I0TTF1E+ 2" units="mM" fx
€1-  svariable neses"C” iniblsl velus="=§ 0801480417 waltge™ai™ /3 =
“vpriabis naemes"E" initie]_velses"=T5" unity="mi"
Lparamater g =" Ko" Inftisl_vahues"5, &7 units ="mM" /=
. <wariabis nemes"Tm" units="" /=

_<variabis nares"Th" unks="" />
<wariable name="T]" unls="" />
cvpriabie name="MHa_m" inita]_vabst="4.184 108E-3" unli="mM" />
evariabie name="Ha_h" inktisl_valre="5.7158138-1" ynii="mM" /=
<wariable name="Ma_J" inftial_valse="5.T10382E-1" unitz="mM" />
swariabls namE="Ha_m_" unli="mM" =
<wariabie naene="Ha_h_" uilts="mM" />
sowariabie naere="Ha_]_" unlts="mM" fx
wowariable namE="THE" uniti="nd_par_em~1" />
wariabis name="THEK" usity="pA_par_em~3° />
<wariably name="dd" lnitial_valee="21. 171001 e-06" unitsa" />
@wardabis name="T11" initisl_value="R. 8905 IE-1" unlts="" />
<variably name="T12" initisl_value =" R 0REIRE-1" unis="" /=
<wariable naene="Ca_msct” in®isl_value="8,913102E-1" unts="" /=
“vnriables names " Inltis]_valye =" 1907 1T1E-3" unli="" /=
“wpriabie names"Eea" ntal_values L 142TETE-1" wnlti="" f»
<wariabis name = THL" units="pA_par_cm*2" /»
“variabie nawes "y Ingisl_values™LA91519E-3" uniti="" /=
cvpriabie e =" e inkisl_value="9. 8454 TE-1" unti="" />
“vprinble e s "Ealow™ initis]_valye="5. 421 198E-1" unki="" {»

<wiriaile name = "TEahyw" witi="" /=

<wirlaiie names="Tto" units="mA_per_cm X" /=

<wirlabie names"Caas" initis]_vake="R.73T212E-5° uniti="mM" /=
<viriabis rames "CAISR" laitial_value = "5 807B4RE-T" wili="mM" /=
cwirisbis rames "CAMSR" initis]_vales="E.600742E-1" uniti="mM" /=
“variabie sames="y" intisl_vale =" S70700E-3" unlts="" /=
cvarishie pames "HTRPHCE® uniti="" />

<variable pames="LTRPMCE" unitss"" />

Cwlriabl amesPCL" ital_wake = "6 J4RT 0 E-1" unla="" i=
cwariabl pames"Pol” it vale =" ITSABE-4" unRi="" /=
cwiriabis AamesPol” Inite)_vales"5.00 1540 E-18" niti="" /=
Cwhfiabl Aames PO it _vake =" 04 TAT1E-1" unki="" />
awanable names THlow® lnital_value="0.0" unki="" /=

«variable name="TNa" unks="nk_par_cm~1" /=

AC¥arAEEW Aames"TCAL" unkts="mi_per_cm~1" =

cwiriabie pames"THE" unks="pA_par_tm~1" /= °

£paraTaber name="Tensbon® units="" /=

<piramaber nawe="Totim® units="my" /=

<parameter names"targat 1 scale” Infil_value="1.07 />
Zparameter name="target 3 scald® Ingl_value="100.0" />
<parameter name="target 3 icale” intlal_value="1.07 />
<parameter name="target 4 scale” Intal_values"10.07 />
<pmEameter names="target 5 scale” inbal_walees" 107 /¥
= KIS names"Currentl” unkts="nd_per_cm~1">
Sparameter name = mis" initial_vakee ="-0.15" fx
& ErAMETE mameE="max” inftisl_velues"0.3" M
o COHTpOE L Rl =" patiern” initel_value="0.008" /=
 parameles same="orghn" inital_vakes="1000.0° />
o T el _m-r'lin.ﬂ Initial_vakes="8000.0" />
< nakiys
= =ariyd rgmas Time™ peite="">
<link pame="min® Inkisl_value="../ . fmin® /=
<link names"max" intisl_values"../..fmax® [=
<parameter rame = arighn® lnithl_vekes="17000.07 >
<parameter rame="langth" nitisl_vakee="13000.07 />
scomponent name="dees plot label” initial_veiue="Talse" />
L afmaiee
Alpraphs
= agraph neme="Currastl">
alink namE="Tanget 1° inosl_value="model FICEL" /=
<l name="tanpet 1° inital_valuee="model fItn" /»
<link namie="tanpet 3" inisl_value="model /IMNa" />
dlinl naTE="TanpEt 4° noal_valees"model fICEP /=
«pEFAMEEr Aame = "trget 1 scale” InNDal_valse="1.0° />
<paramater rame="target 1 scale” insal_vake="1.0" />
“parameter name="target 3 scale” innal_vaka="1.00 />
<paramater name="tArgat 4 seNle” isimal_vake="1000.0 /=

F1m a.-.u. LT AR "uq.l: T sale®
Eal namsstcarger B soale®
“PAramgter namgsTiargat §oacale” LRdTlal_walue=Ti00.0% Jr e

- wanli¥ name="Curreatd" unlli="nA_par_em*3">
= parameter name="mis" nitlsl_vale="-1.5" />
< paramealer rame="max" inkisl_value="1.0° /=
«gampecant rama="pattarn” inkial_value="0,00" />
<parameter name="arighn® inltal_valye="11504.0" />
“parameier rame s langth” inftial_value="B000.0" /+
=iy >
- <awii rames"Time" enits="s">
<limk pame="min” infial_values., /o fmis S
o Tl e EENT WS AN
<parameler rame="orighn" inftel_velee="17008.0° /'
<parameter name="length” inftis]_veius="12000.0% /=
< maisdx
A i
<[ BpRPape
- «sbopWeich nemes"stop watch” infisl_value="0.07 unli="realfvirtual®
clamakames="grg-slmBio.slm s nabyrer. ShoapWatoh " =
< AT = IORETimE" il _vaket="0" uniti= maec”
< pargersber name = "lapTime" Infilal_value="0" usti="masc/calc" />
<link name="slapsedTime" intial_value="/&lspaadTima" />
<HhpWatch
< randeinr

cdal20liopnimodel_full's

wparmersiber e s"T_B" wrdss "pA_par_cm® 2" =
S pareTher names"IBNa" initial_vakst="0,005" unfi="pA_per_em~I" =
< parmTeEber namee =" IBCE" inikial_value =0, 001" uniti="pA_par_gm* 2"/
< parmTber names"IBKT inkisl_value="0.005" uniti="pA_per_sm~2" /=
wvariable rame="TCaP” units="nA_per_ctm~1" >
o parRTELE RamE="pertod” inklsl_values="1" unis="g"
« frssdal
- agraptfage name="page" initisl_valug="0.8"
clatahama = "org.abmBl, sl mana by rer.graph. Y lawer >
< [EFBMELET names"min® inEll_value="0.07 />
& PEFEITHELEY NaITHE S PRAK” it _valees"0L3" /=
< parametEr namesinberval® istal_valoes"0.0° uniti="a" /=

<parameter names"HtlaSins” inflal_value="18.0" unky="pt" />
<parameier name s legendSize® bl wakss="12.0" walti="pt" />
<parameter rames"axisSize” intisl_value="14.0° unti="pt" /=
<piameter names"labalSine® Intial_value="120° unti="pt" />
= <graph namea"Vm® cassiame = ong.simBloakm saslyser. graph. Graph®>
<link name="target 1° inftisl_vahse="model/E* />
<link name="Tnterval” nitsl]_valee=".fintsral” /=
= € EEEY namE="VM" unitss"my" dassiames "org.simBlo, simosnalyzergrapho sy >
< parameter rame="orighn” initisl_veles="1000,0° />
<parameter rame="length" initisl_vaiue="B000L0" />
< parameisr rame="min" nfis_valug="-85.0° />
o pETETEIET famE=Tmax” inkil_value="50.0" />
ke
- wanigk farme="TIme" rili="8" tlatshae="ong.simBlo.sin. analyzer.graph Al >
«lisl name="min" intial_value="~/ ../ mis" /»
<ok name="mux" inital_vaks="._7,, fmax" />
<parameter rame="arighn” initisl_velue="2500.0° />
«paramater rame="length" initisl_velug="121009.0° />
«companent name="doss piot label InRlal_value="falss" />
< faxhids
<fgraph>
- epraph na=a="5tm">
<link nama="target 1" inflial_value="model/ Iathm” />
<prrameter rame="target 1 scale” nitisl_vakm="1.0" />
- <EEiEY name="Stm" unts="">
<parameter rames min® initisl_valuee™-15 f>
<parameter pames"max" inkial_values"4" >
<mmpanent rame="pattarn” inkial_values"0,08 f>
<parameter name =" arigin® inftlsl_veue="11000.0" />
<parameter name="langth” inftlsl_value="B000.0° />
< faxhs
- £l Aame="TIMma" ynky="a">
«link ARm="min" sl _vake ="l /min" >
iftl Pl TR A value s, .. f T
«paramber name="origin® inkial_values*25850,0° [>
< parmmaber nema = "lamgth” Inkisl_valus="13000,8" /»
“epmpenant name="does plot labal™ initisl_welss = "trus” />
<A
</graphs
= Zgragh fame="Currentl">
<link rama = "target 17 inkial_value = "model fIKs™ >
<link fama s "target 3° inklsl_value="model 1K1 />
<lifk Same="target 17 inElsl_values "modslf TNGK" />
<hlink rame s “target 4" inkial_value="model I_B" />
<link ramae s “target 57 Inkisl_vakse ="model fINSCa" /=



