’ten Tusscher — Panfilov’ + Mechanics Model

STATE VARIABLES

Definition Initial value Unit
\% membrane potential —84.79 mV
d voltage-dependent activation gate (icqr) 3.575-107°  dimensionless
f2 fast voltage-dependent inactivation gate (icqr) 0.9994 dimensionless
fCass intracellular C'a®™ inactivation gate (icqr) 0.99998 dimensionless
f slow voltage-dependent inactivation gate (icar) 0.9843 dimensionless
Ryrime proportion of closed I,.; channels 0.9903 dimensionless
Casgr sarcoplasmic reticulum Ca?t concentration 3.26 mM
Cagg subspace Ca®t concentration 0.00018 mM
CaTnC Ca®*-troponin complexes concentration 0.00112 mM
h fast inactivation gate (ing) 0.7326 dimensionless
J slow inactivation gate (ing) 0.7314 dimensionless
m activation gate (inq) 0.00188 dimensionless
Xrl activation gate (ix,) 0.00023 dimensionless
Xr2 inactivation gate (ix;) 0.46662 dimensionless
Xs activation gate (ixs) 0.00336 dimensionless
r voltage-dependent activation gate (i) 2.6-1078 dimensionless
S voltage-dependent inactivation gate (i) 0.999998 dimensionless
K; intracellular KT concentration 134.42 mM
Na; intracellular Nat concentration 11.16 mM
Ca; intracellular Ca?t concentration 0.000076 mM
l1 deformation of C'E against its slack length 0.386 pm
lo deformation of PFE against its slack length 0.386 pam
I3 deformation of X SFE against its slack length 0.058 pam
v velocity of CE deformation 0 pm/ms
w velocity of PE deformation 0 pm/ms
N cross-bridges concentration 5.69-107%  dimensionless
CONSTANTS

Definition Value Unit
stiMamp amplitude of s 52 pA/pF
StiMgur duration of 74z, 1 ms
stiMper periodicity of @sim 1000 ms
StiM st start of is1im 10 ms
F Faraday constant 96485.3415 C/M
R gas constant 8314.472 mJ. K-t M~!
T temperature 310 K
Cm cell capacitance 0.185 uF
Ve cytoplasmic volume 0.016404 mm?




CONSTANTS (CONTINUED)

Definition Value Unit
Vir sarcoplasmic reticulum volume 0.001094 mm®
Vs subspace volume 0.0000547 mm?
Ca, intracellular Ca?t concentration 2 mM
K, extracellular Kt concentration 5.4 mM
Na, extracellular Nat concentration 140 mM
JCal, maximal ic,;, conductance 0.00005 1/(F-s)
JbCa maximal i, conductance 0.000592 nS/pF
Kpca Ca,; half-saturation constant of i,cq 0.0005 mM
9IpCa maximal i,c, conductance 0.1238 pA/pF
Bufs, total sarcoplasmic 10 mM
buffer concentration
Bufss total subspace 0.4 mM
buffer concentration
Buf, total (except CaTnC) cytoplasmic 0.13 mM
buffer concentration
EC Cagpr half-saturation constant of k., 1.5 mM
Kug., Cagp half-saturation constant 0.3 mM
for sarcoplasmic buffer
Kyuyg., Cagg half-saturation constant 0.00025 mM
for subspace buffer
Ky, Ca; half-saturation constant 0.00085 mM
for cytoplasmic buffer
Vieak maximal ;.. conductance 0.00036 ms~!
Vel maximal I,..; conductance 0.1224 ms™?
Vafer maximal I ¢., conductance 0.00456 ms™!
Ky half-saturation constant of I, 0.00025 mM
Vinazup maximal I, conductance 0.00765 mM/ms
klprime R to O and R1 to I I,.,; transition rate 0.15 mM~2. ms~!
k2prime O to I and R to R1 I,.; transition rate 0.045 mM~1 ms~!
k3 O to I and R to R1 I,; transition rate 0.06 ms™!
k4 Ito O and R1 to I I, transition rate 0.005 ms™!
maxe, maximum value of keqer 2.5 dimensionless
MiNg, minimum value of k.qqr 1 dimensionless
1L in parameter of Iy, function 0.02 dimensionless
Se parameter of Na(CaTnC, N) function 1.0 dimensionless
TnCiot total concentration of TnC 0.07 mM
ka cooperativity parameter 28.0 mM~!
Qoff maximum rate constant 0.17 ms™!
for CaTnC dissociation
QAon rate constant for CaTnC association 35.0 mM~1. ms~!
INa maximal iy, conductance 14.838 nS/pF
Jona maximal 7,5, conductance 0.00029 nS/pF
gK1 maximal iz conductance 5.405 nS/pF
IpK maximal i,x conductance 0.0146 nS/pF
JKr maximal 7g, conductance 0.153 nS/pF




CONSTANTS (CONTINUED)

Definition Value Unit
Prna relative ix, permeability to Na™ 0.03 dimensionless
IKs maximal ix conductance 0.392 nS/pF
Jto maximal i;, conductance 0.294 nS/pF
Knaca maximal 7 nycq 10000 pA/pF
Kgat saturation factor for iyqca 0.1 dimensionless
Kmeg Ca; half-saturation constant for in.ca 1.38 mM
Kmpyai Na; half-saturation constant for iy.ce 87.5 mM
« factor enhancing outward nature of iyqcq 1 dimensionless
¥ voltage dependence parameter of iyqcq 0.35 dimensionless
KNa Na; half-saturation constant for iyqx 40 mM
Kok K, half-saturation constant for i,k 1 mM
Pynok maximal iy x 2.724 pA/pF
A scale parameter of Fop 350.0 AFU
a; exponential coefficient of Fgg 14.6 pm™?!
51 linear coefficient of Fgg 4.2 AFU
Q9 exponential coefficient of Fpg 14.6 pm™?!
B linear coefficient of Fpg 0.009 AFU
Qs exponential coeflicient of Fxgg 55.0 pm~!
3 linear coefficient of Fixsg 0.11 AFU
Qtyp, exponential coefficient of Fy g, 16.0 pm™?!
Qop., exponential coefficient of Fy g, 16.0 pm~?!
Bop, linear coeflicient of Fy g, 0.1 AFU- ms/pym
Bup, linear coeflicient of Fy g, 0.1 AFU- ms/pym
Qlys, exponential coefficient of Fy g, 46.0 pm™?!
Qs exponential coefficient of Fy g, 39.0 pm™?!
Bus, linear coeflicient of Fy g, 20.0 AFU- ms/pum
Bos. linear coeflicient of Fy g, 60.0 AFU- ms/pym
Umaz parameter of p function 0.0055 pm/ms
a parameter of p function 0.25 dimensionless
dp, parameter of Pg,, function 0.5 dimensionless
ap parameter of G, function 4.0 dimensionless
ag parameter of G, function 1.0 dimensionless
ky parameter of M4 function 0.6 dimensionless
I parameter of M4 function 3.3 dimensionless
g1 parameter of n; function 0.6 pm™?!
g2 parameter of ny function 0.52 dimensionless
nly parameter of ny function 0.5 dimensionless
nlpg parameter of n; function 55 pm
nlgc parameter of n; function 1 dimensionless
nlg parameter of n; function 0.835 dimensionless
nlg parameter of ni function 1 dimensionless
nl, parameter of ny function 5 dimensionless
So parameter of L,, function 1.14 pm
Sos5 parameter of L,, function 0.55 pm
So46 parameter of L,, function 0.46 pam




CONSTANTS (CONTINUED)

Definition Value Unit
Ko parameter of x function 2.1 dimensionless
K1 parameter of x function 0.55 dimensionless
Ko parameter of x function 0.0 dimensionless
mg fraction of strongly attached Xb 0.9 dimensionless
in steady state isometric conditions
Q1 parameter of ¢ function 0.0173 ms~!
q2 parameter of ¢ function 0.259 ms ™!
qs3 parameter of ¢ function 0.0173 ms !
g4 parameter of ¢ function 0.015 ms ™!
agQ parameter of ¢ function 10.0 dimensionless
Ba parameter of ¢ function 5.0 dimensionless
Tt parameter of ¢ function 0.964285 dimensionless
r0 preload 2.552 AFU
(fOI‘ Linit = QO%LmaI)
Fope afterload 6.89 AFU
(for 10%Fisom)
Kphys_rel parameter of Vjpys_re; function 0.05 ms™!
Aphys_rel parameter of Vjpys_re; function calculated pam
tphys_rel parameter of Vjpys_re; function calculated ms
DETphys_rel parameter of Vppys_re; function 230 ms

istim, stimulating current.

Calcium currents:
icar, L-type Ca?T current;
ibca, background Ca?t current.

Calcium translocations:

I,c1, Ca®T release from the sarcoplasmic reticulum (SR) via ryanodine
receptors to the subspace (595);

I fer, Ca®* diffusion from SS to the cytoplasm (C);

Ticqs, a small Ca®T leakage from the SR to the cytoplasm;

Ly, Ca®T pumping from the cytoplasm to the SR.

O, open conducting state of I,..;; R, resting closed state of I,..;; I, inactivated
closed state of I,.¢;; R1, resting inactivated closed state of I,.¢;.

Calcium buffers:

CaB, buffering by other than CaTnC' intracellular ligands;

CaTnC, Ca?t-troponin C complexes complexes;

IIn,, dependence defining cooperativity of the contractile proteins;

Ny, average fraction of the attached cross-bridges per one CaTnC complex;
CaSRB, calcium buffering in SR;

CaSS B, subspace calcium buffering.

Sodium currents:
iNa, fast Nat current;
ipNa, background Na™ current.



Potassium currents:

iK1, inward rectifier K current;

140, transient outward current;

ixr, iKs, rapid and slow delayed rectifier current;
ipk, plateau KT current.

Pumps and exchangers:

ipca, sarcolemmal Ca®* pump current;
iNaca, Nat-Ca?* exchanger current;
iNak, Na™—K™T pump current.
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Figure 1: Rheological scheme in the TP+M model

Forces: AFU - arbitrary force unit;

Feg, contractile element (sarcomere) (C'E) force;

Fsp, serial elastic element (SE) force;

Fpg, parallel elastic element (PFE) force;

Fxsg, extra serial elastic element (XSFE) force;

Fys,, Fvs,, viscous elements (V.S1, V52) forces.

l1, deviation of contractile length from its slack length.

lo, deviation of parallel elastic element length from its slack length.

l3, deviation of extra series element length from its slack length.

I = Iy + I3, deviation of the sample length from its slack length.

p, dependence of the average cross-bridge force on the sarcomere
shortening/lengthening velocity.

Pstar, dependence of the steady-state sarcomere force on the sarcomere
shortening/lengthening velocity.

Glstar, dependence of the steady-state sarcomere stiffness on the velocity.
M 4, means end-to-end interaction between adjacent tropomyosin segments in
the case if both of them affected by the respective CaTnC complexes
formation.

n1, probability of that a myosin head can 'find’ a vacant site on the actin
filament.

L,., instantaneous length of thick and thin filament overlap zone.

K, function required for variation the ratio between rates of cross-bridge
attachment and detachment.



q, stationary relation ’stiffness-velocity’ for the sample.

Liynit, initial length of the sample.

Lynq., corresponds to a sarcomere length equal to 2.23 um.

Fisom, maximum of isometric force at given Ly, ;.

Vihys_ret, dependence of sample length return during physiological relaxation.
kphys_rel, Physiological relaxation velocity.

Gphys_rel, Physiological relaxation amplitude calculated as a difference between
end-systolic and initial lengths of the sample.

tphys_rel, time to start physiological relaxation fixed at the moment when
Fsampte = 70.

DeTphys_rel Period of physiological relaxation.

MODEL EQUATIONS

TNNP BLOCK (with modifications)

MEMBRANE POTENTIAL

—stimgmp if (tz’me — LMJ - StiMper > stimstmt) and

stiMper
1 Stim = . ; . . .
Stim and <tzme — L%J . Stlmper < stiMgiart + stzmdw>
0 otherwise
dene = _Tl (ik1 + 90 Fikr +iks T iCaL + INaKk + INa + tby, + INaCa + Gy + ipx + ipoa T 4Stim)

REVERSAL POTENTIALS

ENGZLFT-IH %2‘;

B =l g

_R-T 1 Ko+ Prna-Na
Bres =T RS P Ny

Eg, =93 R-T 'FR'T -In gg‘z



L-TYPE Ca?T CURRENT

2:(V—15)-F
(V — 15) 2 (0.25 -Cags -~ RT — Cao>

Z.C’aL:gCrLL'd'f'fQ'.fCass'4' R-T . 2.(V—15)-F
e RT -1

L-TYPE Ca?t CURRENT. d GATE

Yd = —s50—v
14+¢e 20

Ta =1 aq-Ba+d

dd — dinf —d
dttme Td

L-TYPE Ca?t CURRENT. f2 GATE

f2ing = 40'(%/7+35 +0.33
1+e 7

—(V+27)32 31

Tro =562-e7 20 + 80

»—v t+ VT30
l+e 10 1+e 10

dfs  _ f2imp — f2

dtime T2

L-TYPE Ca?>* CURRENT. fCags GATE

fCassiny = LQ +04
14 Cass
0.05
TfCass — 80 +2




L-TYPE Ca?* CURRENT. fCags GATE (CONTINUED)

dfcass _ fcassinf — fCass
dtime — TfCass

L-TYPE Ca?" CURRENT. f GATE

1
fing = — V+20
1+e 7
—(V+27)2
7p=11025-¢— 2%+ —200 180 Lo
14e 10 14 10
df _ fing = f
dtime Tf

Ca?T BACKGROUND CURRENT

ibC’u = Gbca * (V - ECa)

Ca?t PUMP CURRENT

i — gpcaCai
pca Cai + KpCa

Ca?t DYNAMICS

el = Vier - O - (CQSR — C’ass)

. Vmazy,
bup = ——353
up

1+ —=

Ca;

Ueak = Vieak * (CG/SR — Cai)

= Vrfer : (Cass — CG,Z)

e fer

O = k1. Oais . Rpm'me
k3 + k1 - CaZ,




dRprime

dtime = —k2- Ca’ss ’ Rprime + k4 - (1 - Rprime)

k1l = klprime
—  kcasr

k2 = k2prime - kcasr
MAT s — MiNgy
1+ EC Y
Casr
B _ 1
Cabufe 1 M
(Ca; + Kbufc)z

kcasr = maxg, —

Bcabutsr = . Bufslr “Kpug,,
(Casg + Kvbufm-)2
BCabufss = BUfsls 'Kbuf
1+

(Cass + Kpuy.,)”

NAZM

L, -CalnC
1 if Ny <0
My, =4 T4 if Ny<1

I1,,,;n otherwise

ACaTnC _ o, . (TnCiyy — CaTnC) - Ca; — agyy - H+ O Ty - CaTnC

dCas, . . ,
dtigle = Beabufsr * (fup — (iret + ileak))
dCass _ o =1-dcar - Cm | Gper - Vs _imfer'Vc
dthé = BCabufss < 2.1. (‘1/55 F + TCVSS sr ‘/SS
— Bufc . C’ai
CaB = Cay + Kouy.
— BufST‘ N Casr
CaSRB = Cag F Kot
CaSSB = Bufss - Cass

- Cass + -K-bufSS



FAST Na©T CURRENT

iNa:gNa'mS'h'j'(V_ENa)

FAST Na©™ CURRENT. h GATE

1
V471.55\ 2
(1—|—€ 7.43 )

hinf =

—(V+80)
0.057-¢ 68 if V < —40

ap =
0 otherwise
2.7 0079V 1 310000 - 93485V if V < —40
_ 0.77
Bn = V+10.66
0.13- (1 +e —ILT

) otherwise

_ 1
™= an + B
dtime — Th

FAST Nat CURRENT. j GATE

1
V+471.55\ 2
(1+e 7.43 )

(—25428 - 224V — 6,948 - 1070 - e 00BNV (1 4 37.78)

1 & (03I (VF79.23)

0.02424 . ¢—0-01052V
1 + ¢ 0-1378-(V+40.14) if V< —40

B = 0.6. 0057V .
W otherwise

o 1
KTy

dj _ jmf — .7
dtime Tj

10

itV < —40

otherwise



FAST Na'T CURRENT. m GATE

1
Minf = —56.86_V \ 2
(1 4 e 9.03 )
1
Qm = —60—V
1+e 5
_ 0.1 0.1
Brm vViss T V=50

1+e 5 1+ e 200

Tmzl'am'ﬁm

dm _ Mipf —M
dttme — Tm

Nat BACKGROUND CURRENT

ibNu. = Gbna * (V - ENa)

INWARD RECTIFIER KT CURRENT

gy = 0.1 -
1 4 0-06-(V—Ex ~200)

5 3. £0-0002:(V—Ex+100) | ,0.1-(V —Ex —10)
K1 =

11 e 05 (V=Ex)

R AK1
oK ling = ax1 + Br1

g1 = g1 - K iy - \/%’[ (V- Ek)

Kt PLATEAU CURRENT

_ g - (V = Ek)

Ipr 25—V
1+e598

RAPID TIME DEPENDENT Kt CURRENT

iKT:gK’F'\/%'XT].'XTQ'(V—EK)
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RAPID TIME DEPENDENT KT CURRENT. XR1 CGATE

orling = 126—v
14+e 7
Qgrl = 4?25_\/
l1+e 10
erl = %
14+ eT115

Terl = 1. Qgrl erl

dXr1 _ wrliyp — Xrl
dtime — Tarl

RAPID TIME DEPENDENT K1 CURRENT. XR2 GATE

1

Tr2inf = V188
1+e 24
Qgr2 = %
1+e 20
6mr2 = %
1+e 20

Ter2 = 1 Qgpo - ﬁa:r2

dXr2  2r2ipmy — Xr2

dtime Txr2

SLOW TIME DEPENDENT KT CURRENT

Z‘Ks = 0JKs 'X32 : (V*EKS)

SLOW TIME DEPENDENT KT CURRENT. XS GATE

LSinf = ——5=v
1+e 14
o, — 1400
5=V
14+e76
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SLOW TIME DEPENDENT K+ CURRENT. XS GATE (CONTINUED)

1
Bos = —v=35

1+e 15
Tos = 1 Qs - Bos + 80

dXs _ TSinf — Xs
dttme — Txs

TRANSIENT OUTWARD Kt CURRENT

ito:gto'r's'(V_EK)

TRANSIENT OUTWARD K+ CURRENT. R GATE

1
Tinf = — 20—V
1+e 6

—(V440)2
T =9.5-e 1800 +0.8

dr _ Tinf —T
dttme — Tr

TRANSIENT OUTWARD K1 CURRENT. S GATE

1

Sinf = V120
14+e 5
—(V445)2 5
7'S:85~6W+ﬁ+3
1+e 5
ds _ Sinf — S
dttme — Ts

Nat-Ca?t EXCHANGER CURRENT

v-V-F 3 (yv=1)-V-F 3
KNaCa' e RT 'Nai'cao_e RT 'NQO'CGZ"Q

toce = 3 G=DVF
(KmNai+Nao).(cha+Cao). (1+Ksat‘€ RT )
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Nat-K* PUMP CURRENT

KO . N(Zi
—0.1.V.F —V-F
(Ko + Kpi) - (Na; + Kpng) - (1401245 - ¢~ BT +0.0353 - ¢ RT)

iNak = Pnak -

Ca?T DYNAMICS

dC i Z.leotk_iu' 'Vsr . ib a+z Q_Q'iNuCa -Cm dCaTnC
dta :BCabufc’ (( chp) + lzfer — ( = be V. F ) - C(l:ltn

KT DYNAMICS

dK; —-1- (iKl JritoJr’iKTJriKeripK JriStime'iNaK) Cm
dtime — 1-V. - F

Nat DYNAMICS

dNa;  —1- (iNa+ibNa + 3 iNaK +3'iNaCa) .Om
dttme — 1-V.-F
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MECHANICAL BLOCK

FORCE

Fep=X-p,-N
Fop = i - (et — 1)
Fpp = fa- (e®2'2 —1)
Fxsp=fs- (e®' —1)
v

Fvs, =kp,

vis

1‘71\/52 st -(w—v)

vis

Fsample = FXSE

CONTRACTION MODES

2
S .
E isometry
B ete.,  eeeeeee isometric twitch
<
[
N — — afterloaded twitch
S
o
%. —— physiological twitch
§
“\ >
: isotony .
Fae e
of 1% %
gl 1 25
§] isotony \%% 2

-
{s]
3
?
=

S

Sample length (I)

isometric
relaxation

Figure 2: Contraction modes in the TP+M model
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isometry
isotony if (Fsqmpte > Faye)and (l <ly- (1 +1- 10_4))
contractionmoede =
isometric_relaxation if (I is end — systolic length) and (Fsqmpie > 70)
physiological relazation starts after isometric relaxation when (Fygmpre < r0)
LENGTH
l=1s+413
diy
dtime ~ Y
diy  _
dtime ~ ¥
V - aphys,rel . kphys,rel . 6(7kphysfrel‘(tf(tphysfv‘el7pe7‘physf7‘el/2)))
phys_rel — (1 + 6(*kphys,rcz'(t*(tphys,rcz*perphys,rel/2))2
—w if contractioneqe = isometry and isometric_relaxation
dtdil%e = 0 if contraction,eqe = isotony

Vohys_ret —w  if contractionmeqe = physiological relazation
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CE VELOCITY

— (N Ky -py+alpy - kp

l yp, v <0
alp, =
g Qup, Otherwise

{ Buop, - e®rrihif v <0

Qypg-l 3
Bup, - €vret  otherwise

VR (an - B €2 ag - By e ) )

—()\-K,g-pv—i—alpp

AN - Pprime,, + k'P ’

vis

if contraction,,eqe = isometry and isometric_relaxation

— (A Ky -po +alpy -kp,,, 0>+ az-fr- e - w)

AN - Pprime,, + kPmS ’

if contraction,oqe = 1S0tonic

v? +ag- P €a2<l2 “w— a3 P ea3.l3 : (Vphys,rel - w))

A-N - Pprime,, + kP ’

vis

if contraction,eqe = physiological _relaxation

dv  _
dttme — Px
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PE vELOCITY

Qps, fw<w
alps =

s, Otherwise

Bvsl cevn(l2=h) - if <w
ks’uis =

Bus. - e%vsa(l2=1)  otherwise

9 Qg - ﬂl . ea1-(l2—l1) . (w _ ’U) + (ao - ﬂZ . eaz-lz +ag - ﬁd A ea3~l3 Cw
¢X N alps ' (w B U) B ngmS ) ’

if (contraction,eqe = isometry and isometric_relaxation)

ks,.. - (¢X —alps - (w — U)Q) —ay - Byt Ly — ) —ag - By e
ks . ’

vis

dtime if (contractionmede = isotony)

by — alps - (w —v)* —

CagBree BT () fag Ba €™ w—ag B e (Vongsrel — W)
ksvis

)

if (contractionmeqe = physiological relazxation)
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AVERAGE CROSSBRIDGE FORCE

v = UTSI
v 2
()
')/2 = vmaz
- i
3-a-d, (a+1)-v
U’H’L(L.L
a- (1 + v >
— ifv<0
a —
Pstar = Umaz
2
b d 2dh (a ) otherwise
a h_<v>+a Y ds
72 Umnag Vma
0.6 - .
L if (v < 0)
Pstar .
04-a+1)-v if (0<wv)and (v <)
—— +1
Gstar = a - Umax
v—v1 \*P
Psta'r' . e_aG.('Umam) .
(04-a+1)-v otherwise
— +1
G Umazx
a-(04+04-a)
case; = ;
Vmaz - ((a+1)-0.4)
2
1.2
a'1'<1+0.4-a+ v+0.6.< v ))
VUmax Umax
caseg =
()
Umaz a — 1+
Umaz Umaz
cases = %#—le
= . . _ ap—1
o= TN (Mt e (1 ) (52))

caser if v < —Vmaz
) cases if (—Umas <v)and (v <0)
Pprimes =\ gses  if (0 <wv)and (v < wy)
casey otherwise

Dy = @
Gstar
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CROSSBRIDGE KINETICS

CaTnC\"*
L I
MA _ ( TTLCtOt ) ( M)

CaTnC\" 4
TnCiot s

tempp1 = (g1 -l +92) - [ nla+ plonla
(7nlc+'rL1Q~e—"1B'll)"1u

0 if tempnl <0
ny =< temp,, if temp,1 <1
1 otherwise

L+ 50

Soas + S0 ith < Soss

So + Soss

Sors £ 5 otherwise

K1+ kg 5— ifv <0
K = max .
K1 otherwise

Ust = Tst * Umax

_g2-v

T ifv<0
. %Jﬂm if (v<wg)and (0 <)
g4 wg otherwise
(1 + ﬁ@(v—vt))
Umaz

kpv :K'Ko'qv'mO'Gstar
kmv :HO‘Qv'(l*H'mO'Gsmr)
Ky=ky, - Ma-n1-Los (1—N)—kp, - N

dN  _
dttme — T°F

Partial conversion from CellML 1.0 to TgX was done using COR (0.9.31.1409)
Copyright 2002-2018 Dr Alan Garny
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