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Lampiran 1 Sistem Persamaan Diferensial Dinamika Kelistrikan Membran Seluler

Neuron Talamus (Kumaravelu et al. 2016) (Benet Bertran 2019)

aVrn
Cm o =l — Ix — Inag — It — Lgien + Ismc
dh __ hoo (Vrn)—h dr _ Too (Vrr)—T
dt th(VTh) dat 7 (Vh)

Tabel 5 Persamaan model neuron Talamus

Arus Persamaan

I, g * Wrp — EL)

It gex (075 % (1 —h))* % (Vpn — E)

Ing Ina * M Vrn) * hx (Vi — Eng) Th = )Jlrb Vrn)
h\VTh h\YTh
1
Moo = Z —(Vrpt46)
1+e (VT¥+37) a,=0,128 x e £r
1 4
he = (Vrpt41) bh = T
L 1+e s
I * p2(Vpp) x7 x (Vpp, — E
T 9t * peVrn) (Vrn — Ep) ‘l'r=0,15*(28+
1
P = —(Vp+60) —(VTh+25))
1+e 6.2 e 10,5 —
1
Too = (Vrp+84)
1+e 4
lgien daien * (Vin = Esyn) * 5 =g e
Ismc

iH (sin (%)) x (1 -
H (sin (@)))
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mleuron Globus Pallidus internus (GPi) (Kumaravelu et al. 2016) (Benet Bertran

isauopu| Jodog

AussaAun gdi

2019)
dVgpi
==l — I — Ing — It — Ica = lanp = Isngi = Igegi = largi + lappgi
R _ 0,1x(nes (Vgp)—n) ah _ 0,05+(heo(Vgpi)=h) dr _ ToWep)T
BEoOEC Tn(Vgpi) dt tTh(Vgpi) dt 7 (Vepi)

=€ (—I¢q — It — k¢a[Cal)

dusaaaug) gy i vidio Y2 [rY)

us Persamaan
L 9 * Wepi — E)
4
_ K gk * 1" * (Vgpy — Ex) _ 0,27
3 Tn =005+ ~(Vgpi+40)
£3535 _ 1 1+e -1z
Mo =
1+e 14
ol 3
s 28 5 va  Ina * Mo (Vep) * h* (Vep; — Eng) _ 0,27
- 1 Th = 0,05+ ~(Vgpi+40)
s SE _ “1z
2 ED Moo = (v pi#37) 1+e
" Bao 1+e 10
poo_ 1
3 3% © = (Vgpi+s8)
g 2 ~_ 1+e 12
< ~ [T gt * ago(VGPi) *T* (VGPi - Et) T = m
5 8 1 1re 2
g 3 Ao = —F——
= = oo —(V,pi+5
,— ‘_: 1+e ( GF2’1.+ 7) Tr — 15
_ _ a 9ca * 5 WVepi) * Vepi — Ecq) s = 1
2 3 @ -(Vgpi+35)
i l1+e 2
: 9aup GPi AHP P
gi Isngi * (VGPi - Esyn) * S S =Gsym * e, e_t_rtd
_\ T
- egi Ggegi * (VGPi - Esyn) * S S =Gsym * tta e_t_rtd
T
1gi gdlgi * (VGPi - Esyn) *S s = gs—yn * t-ta * e_t_rtd
T
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Neuron Globus Pallidus externus (GPe) (Kumaravelu et al. 2016) (Benet Bertran

2019)

dVGPe
Cm dt

dn _ 0,1x(neo(Vgpe)—n)

==l — Iy = Iyqg — Ir —

- Inge + Iappge

dh _ 0,05%(heo(VGpe)—h)

ICa - IAHP - Isnge,ampa - Isnge,nmda - Igege

ﬂ _ T (Vgpe)—1

dt tn(Vgpe) dt th(Vgpe) dt r(Vgpe)
d[Ca]
i =€ (=l¢q — It — k¢glCal)
Tabel 7 Persamaan model neuron GPe
Arus Persamaan
I, g * Wgpe — EL)
Ix Ik * n* (Vepe — Ex) Th
0,05 0.27
Neo = ! =005+ ~(Vgpe+40)
oo —(Vgpe+50) 1+e -12
1+e 14
Ing INa * ms, (Vgpe) * h * (Vgpe — Th 0.27
ENa) _ ]
) =0,05+ 1+ ~(Vgpe+40)
_ -12
Moo = -(Vgpe+37) ¢
1+e 10
_ 1
heo = (Vgpe+ss)
1+e =2
It ge * a5 Vgpe) * 1 % (Vgpe — Er) Teo = m
1 1+e 2
L N e ——
1te (VG};e+57) Tr — 15
Icq Yca * Sgo (VGPe) * (VGPe - ECa) So = m
1+e 2
kca
Lanp anp * Vgpe — Eapp) * (kcac-l-kl)
Isnge,ampa YIsnge,ampa * (VGPe - Esyn) *S t, =tg + ::i? * ln:_d
_ t-tg
— Zta L, _ 1
S=Fsyn*— *e€ f= (p-ta) _(—td)
-e T +e
Isnge,nmda Isngenmda * (VGPe - Esyn) *S t, =tg + R

Td—Tr Tr




/8

t—t, _ttq f o 1
S = Gomr e EOEARCER)
-e T +e

- t—tg
lgege Ygege * (VGPe - Esyn) * S S =Gsym * 7l o7
T
_ t—t
lizge Jazge * (VGPe - Esyn) * S S = Gsyn * t—tq xe rd

Neuron Subthalamic Nucleus (STN) (Kumaravelu et al. 2016) (So et al. 2012)

(Shaheen & Melnik 2022)

av.
Cm% ==l —Ing — Iy

dn | 0,75%(Noo (VsTN)—T) dh _ 0,75%(hoo (VsTN)—h)

— It —Icq — lanp _Ig

esn T 1 appsn

_ 0,2%(roo(VsTN)—T)

- (VsTN)

2 I tn(VsTN) a Th(VsTn)
de _ 0,08+(coo(VsTN)—C) dal€a] _ _ 7
dt - TC(VSTN) dt =€ ( ICa IT kCa [Ca])

Tabel 8 Persamaan model neuron STN

Arus Persamaan
I, g1 * Very — EL)
Ix Ik * n* (Vsrn — Ex) T, = 1+100

1

Moo = <1+e(_VSTg,+32)>

(1wel(-25%)

Ina Ina * m3, (Vorn) * h * (Vsrny — Eng)
1

1+e(—VST1A;+3O)>

o

1

"~ (rrelemer=)

= 1+500
h = Vern+57
1+e(—7_3 )

I7 It * ago(VGPe) * boo(r)z *1 % (Vgpe — Et)
1

Ao = (1+e(_VST7I?;+63)>

1 1

<1+e(—%)> - (1+e(9))

by, =

1

Too = <1+e(VST1;+67)>

7,1+17,5

)

T, =
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Ica gea * *Vsrn) * (Vsry — Ecq) S 1+10
c

1 (e

Coo = <1+e(—VSTIg+ZO))

I kCa
AHP Ganp * Vorn — Eapp) * po—
Ca 1
_ _ T Ty T4
Igesn Ygesn * (VSTN Esyn) *S L, =t + S *In ,
t— td _t_td 1
s = F———xe T _
gsyn T f —

(tp—tq) (tp—ta)
—e =T +e

Lampiran 2 Nilai Parameter Konduktansi Maksimal dan Potensial Pembalikan lon

Tabel 9 Parameter semua neuron

Parameter Thalamus STN  GPi GPe Ref.
gL (mS/cm?) 0,05 225 0,1 0,1
gk (mS/cm?) 30 45 30 30 (Benet Bertran 2019)
gna(mS/cm?) 120 30 120 120 (Alavi et al. 2021)
gca(MS/cm?) - 05 015 0,15
gr(mS/cm?) 0,5 05 05 0,5
ganp (MS/cm?) - 20 30 30 (So et al. 2012)
EL(mV) -60 -60  -55 -55
Ex (mV) -90 -80  -80 -80 (Alavi et al. 2021)
Ena (MV) 50 55 55 55 (Benet Bertran 2019)
Eca(MV) - 140 120 120
Er (mV) 0 0 0 0 (Soetal. 2012)
Eanp (MV) - -80  -80 -80 (Kumaravelu et al.
lapp (WA/CM?) - 19/30 3,2/15 3/1,5 2016)
K1 - 15 10 10 (Benet Bertran 2019)
kca - 225 15 15 (Alavi et al. 2021)
€ - 5e-5 00,0001 0,0001

Lampiran 3 Nilai Parameter Konstanta Waktu dan Kinetika Transmisi Sinaptik

Tabel 10 Parameter sinaps neuron Talamus

Parameter Kondisi Normal Kondisi Parkinson Ref.
Jgith (MS/cm?) 0,112 1,5
Esyn (MV) -85 -85 (Kumaravelu et al.
gsyn (MS/cm?) 0,3 0,3 2016)
7 (ms) 5 5

tq (Ms) 5 5
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Tabel 11 Parameter sinaps neuron STN

~ Parameter  Kondisi Normal Kondisi Parkinson Ref.
Ogesn (MS/CmM?) 0,4 2,2
Esyn (MV) -85 -85
Osyn (MS/cm?) 0,3 0,3 (Kumaravelu et al.
7r (Ms) 0,4 0,4 2016)
74 (MS) 7,7 7,7
tq (Ms) 4 4

Tabel 12 Parameter sinaps neuron GPi

Parameter GPi Kondisi Normal Kondisi Parkinson Ref.
Parameter sngi
Osngi (MS/cmM?) 0,15 0,275 (Benet Bertran
Usyn (MS/cm?) 0,43 0,43
7 (Ms) 5 5 (Kumaravelu et
tq (Ms) 1,5 1,5 al. 2016)
Parameter gegi
~ Ogegi (mS/sz) 0,5 0,5
Esyn (MV) -85 -85 (Kumaravelu et
~ Osyn (MS/cm?) 0,3 0,3 al. 2016)
7 (ms) 5 5
tq (Ms) 3 3
Parameter d1gi
Gaigi (MS/cm?) 05 0,02
Esyn (mV) -85 -85
Gsyn (MS/cm?) 0,3 0,3 (Kumaravelu et
7 (ms) 5 5 al. 2016)
ta (Ms) 4 4

Tabel 13 Parameter sinaps neuron GPe

Parameter GPe Kondisi Normal Kondisi Parkinson Ref.

Parameter snge,ampa

Osnge,ampa (MS/cM?) 0,15 0,15 (Kumaravelu
et al. 2016)
Esyn (MV) 0 0
syn (MS/cm?) 0,43 0,43 (Kumaravelu et
zr (MS) 0,4 0,4 al. 2016)
74 (MS) 2,5 2,5
tq (Ms) 2 2
= Parameter snge,nmda
gsnge,nmda (mS/sz) 0,001 0,001

Egn (MV) 0 0
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Osyn (mS/cmz)

0,43 0,43

7r (MS)

2 2

74 (MS)

67 67

Apasaaanuf) g1 i vpdi> Y o)

e
.
vy
-
£
<
L
%
%.

ta (Ms)

2 2

(Kumaravelu et
al. 2016)

Parameter gege

Ugege (mS/sz)

0,55 09

(Soetal. 2012)
(Alavi et al.
2021)

Esyn (mV)

-85 -85

gsyn (MS/CmM?)

0,3 03

7 (ms)

5 5

ta (Ms)

1 1

(Kumaravelu et
al. 2016)

Parameter d2ge

azgi (MS/cM?)

03 0,6

Esyn (mV)

-85 -85

Osyn (MS/cm?)

03 03

7 (ms)

5 5

ta (Ms)

5 5

(Kumaravelu et
al. 2016)
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