S8 eks] =74 A144d A3Z 2010 6€

AAA olate] A5 B AL B BT

A Study on the Bio-response to the Underthreshold Stimulation

5 A

Gyu—Shik Che”

kO

ok
25

Ao mx

bl SRS ATE Foel WalAL ek 2 1A olF ABAGWATL FAHOE
HEgIt g B ERAAE oldd wAS RHOE BH) AN QuES A% o
Ag HolBE olgdlel ol THFA Atk B, ol AFE AAY B =ReAE 9% o] A7
7 wsE e e YAA ool okl 1 ol5hel ASE RS ol /1A F=AY W
FAVSIE, olskel fAbgol SASNe] BAST B RN ANt} AF L BAT A%E ehio] Qo
29 A7 FA9 7127} HEE Atk

=N
iy
EY

Abstract

The signal transmission of human body is processed by the action potential from each cell unit. This kind
of action potential is taken place and transmitted by the ions through cell membrane, and ultimately explained
as an electrical signal concept. The fact that the information is established as an electrical status as well as
various senses from the bio-organozm has been addressed through several studies.

By the way, this nervous transmission relation has been described and analyzed qualitatively in the mean
time. I established new algorithm to analyze these relations quantitatively and implemented them using existing
bio-data in this paper. The study, however, was limited to underthreshold potential to excite the nervous system
against the outer stimulation.

This is very much analog to electrical transient of the switching circuit, and therefore, I analyzed it based
on this analog. I made it clear that the results derived here is the basis further study topic.

Keywords : threshold exciting membrane action potential Nernst equation biological potential Millman's theorem
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Table 1. electrolyte density of biological membrane
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Fig 1. electrical equivalent circuit of exciting

membrane

I A RNa, RK, RCL& 247} Na+, K+, CL-
ool FaHHE Aol AOIL 1 A Na
gK, gCL 2 o] &o] & Fash= =5 Yehl= A
E%Ei/\ ]1:]_ Cm< w8 FAE= _,‘x]._ o] 9J3t
*Q”’J'(capacnance YePHTE ENa, EK, ECL& 9]
7t o] 28] BYEAY Ee Aol Ex 7 AA Y
A9 B uH9f(membrane potential)©]Th 1]
gNa, gK= A AA] gK >gNa, gC L o]3l, THA] gNa
>>gK gCLQl & E‘ﬁ‘ A7 wsks 7o

&, gCLE AAAY SEA0 BAIglo] F FA]
& 5 s =R )y 3}% g= 7

AlaEeto] AR O g A713 FAolaL S4E 7t
A2 el 788, 74 o] 259 Yol s Ao
of gt A F, BIAA EHEL vis 7|F
O = g o e M9 ot 2 Nemst®] 4
oz FANT F AUrh[2]

RT no
o7)4, R 7]A144+8.3141/molK), T+ Hh&
T, Z= O R7KFo) 2L +, S0]2 ), F= Faraday
24479.648x104K/mol), ZLE]3L ni9} no= Zt ©]-2-9
ot e} ot 9o X9 BFE(AEEAAY &F
e w8 AY Ze)olth
g, Nat, K+, CL- o] A7 Yehl= 24

9 Bl B3t T T2 AFA gPozAE e ¢
2 Goldman-Hodgkin-Katz 2][2]¢] St}

(2

F o PKT] + Py INaT] + Pyl
(2.2)

po BT, Pl + Py Na']y + Palal],

o37]M R, T, Fi= Nemst 4]0 9} o] 24z} 714
A, AUR%, Faradayd<rolth. P A
(0<P<1)ZA] ©]22] Fof thsh T3} (permeability) =
Ve B2t AYE 2 g9 DHsHA AHE dolth
A7) ML) AL PK=2x10-8(ms), PNa=2x20-10(m/s),
PCL =4x10-§(m/s)|ch. [ ]2 o] &9 F=(HFsA=
dFE)E el itk HA i AE UE, oe

SRS FAIT

N

r

-2

fitok

S

9= SV E o] 3709 HEA S ENa, EK,
ECL 3} o] Ao] z¥z} wpd 9lo] drht G35 v)=
7HAYE 2 gNa, gK, gCL)ol &3l 2
FEoll A Ehe] WL <] Fof e &4
719 Sl o R +2, o RE -
A 7] WzolH, o]dd o]fE AAIHE
(polarized) et ghr}. whebx] 2hE
o] X)) A B uFET |t = o] 574
A Bofu A =2 & g8 (de-polarization) 2 &
(excitation)©] L} 8l(fire)$HChar stk 17 2-19]

A8z 128 5re] ARYAL Agau

I Iy T Ix+ 1 =0 (2.3)
o] ®th 7], B 97t oHEE A = =AY
o] Wzl QS we Al sd) AEI) B2A] &

24
oug ICm oo] Ho} 4(2.3)2 v 2ol 7teFst

Iy, I +15=0 (24)

91 Ao 2 Afl B9 B9} 2 WA ML



442

tdsk
(E_ENa) n (E_E[() i (E_Ea) _
RNa RK RCl

(E— E/\a)gjva +(E- E[s')gl(+ (B— Ecz)ga =0

o Btk o] A& Relad, B B 27l A

A9} AdEse Rawld o tem pe
Millman®] Aol o5k gto] Hrh
= InaENa T 9Bk T 90
Ive TIx T 90

AR K7 Wl 222 YA JES
AlE 1 EE EKOl 7PHE L9 3-8 7A@
RN = AAE LY 325 A

=

=

o] =

g RASE BE ENaoll 7V o) ghe ZhETH
A

gl

T

flr

& 4 Q) o] O ZHE HA| Aol = gKI}
02 EKY o] HrFojolA

E=FE;<0 (2.6)

7} Ha1, SEAJY= gNaZ} 2= ENag] ko]
A2 o]0 A

E=FEy, >0 @7

o] BT}, o YEALY A4 Al
29 2200 Yk of| o]l

=T )
N
-
g

rir (m rfc; 19,

(¢]
(overshoot) S R.o|A k. 7L SHg
AL 28 22004 B 5 e uhe} 2ol gNavt AA

I
o

olt}. gNa7} At AL Nat A'd(channel)©] FziA
so] o)) WFER FASHE Nar ol2o] o 2
2 Y50l ee AE Yujdith o] & st g5
FHE QHGE AE|7F EH o] WY 15k E3l
9 Na+Ad& oAl 2o]A Ha1, o]o]x] gK7} #AA

ke ets] =A] #1448 A3z 2010 6€

A B U)o FEE EASHE K+ ©]0] Nat+ Al
3 i 2 uhe] o%2 S Hed ol et
A4S KAl do] dyrka g} Krolo] Bt 9%
2 o|FaH HH OHFEHIY whfRe] HYe
SPAsHAl Hle AlE= AE7E Ec a9E W $

of

& AAelg 259 97T 54 & T
34| %= B3 7|(refractory period)E 7}ZIT}. o] &5
7= AdE E-8719 Ad E&717F Sl

msee 4

28 2. BEHYITY

Fig 2. waveform of action potential

AAA olste] BEFH FE=9] Adle A
AA9 24 g Rmo} 2HE#F Cmo2 AAEE AF

4

T=RC (3.1)

[o
N
=
i

AukA <l 13} R-C3Z &AM AI7HS
FA=e vk o) $UkERE O
|24 BAgeE FHglol

i
o,
B
-

(L= O A1)
ol oo oo Mo g
e ot —
a e
g8 Lo
Bm\‘
N,
H
o,
o o

Hsgong o AE BIAY 9 2, o]
& EKol 7174914 o 90mv7} Bk, Bl S71 4
% Rme AUS AAG 29 Fa] AFoA,
A% 5718129 3709 A3 HIPAT 2ok o
2




A4 5 QAN olatel Aol e AA g AT

1 1
RNL = = (32>
Ine T 9xT 90 9Kx
7} Hr.
WX A
o o L !
G) [cm % R,-‘\a RK % RC]
Cm i
In _: Ea -{ Ex '-'l"" Ea
o

(a) 2ol S7tal2

x WS 1 p,
O ——
_[ Cm l l

Im G) C’" T 1;

(b) C, 2% &z =Y Srt #
T8 3. AR o|stel Ab=of| Cst SR 2
Fig 3. equivalent circuit for the subtreshold

stimulation

oA, 32E ©&d] Rm=R¥} Cm=Co.E AT
13322 AZEch w2ba o7]e] mojghe A
TS Q) Rol|A 71elE o] gz v

du e

v, V,—E

m

i R

=1, (33)

av,, 1

i rCV"T RO (84)

7} A o] mENAHAS F= UHE A
SHANN=EFT FeIHIEs=-RZH)=
TEII] wZ e 3 F Fgsle] dukEjE ks
3, I ool AAIZRA o SAE Fae A

o] 5o} 27124 Vm(O)ES tHY3te] Awsta
k=-ImRO|P.E

v, (t)=E+I R(1—e %°) (35

o] k. 1) ol A olajel A%omz
AFo] AW} Ak, =009

V,0)=E (36)

24 o e FE A Cmol o]n] 85} e
7)ol oot 1) BRI SR g At
A 31 Cm Y] AGASE §ik 2 o] eholA
Cm& AgHelEE Qe AF e 5% AY
%9 Bl B2 aeEE AoAs o] g

e

V(eo)=1,R+FE 3.7

7} w0} Eefo] 2 JF AL ERTH ImRYE 3
g ghol 9] HF:holtt F 4(3.5)9] -+ A
FQ ET baselines 9Plstal, F WA A<

t
(1—e ") =09 0 0, =0 ] 10T}, A}
07 t=0Y W)= baseline A E7} HAL t=c0
= 7]l ImR TH+S U3 (E+ImR)o] HTh
SHA, t=tooll A AFA=S T8I 18 3994

e,
2

Cd VTHL I/WL - E o 0 (3 8)
dt R ‘
ojmg o]Z A3
av, 1 E

it T mRCV"T RO



444
7t RRtel s

t

V, (t)= E+ke ° (3.10)

o] oA, FAZEHS ]88k

L
vV, (t)=E+ke "¢
o] T3 AL, AAZAE o] &3ty
tU
k=1 R(" —1)& T34 st

t, t

(t)=E+1I,R(e" —1)e #°
o] Atk o]de] Y& 19 o= HASH 17 4

6=

A I V}:;

() T Ll

(=4n¥)

T8 4 AR ofste] MFAIS SH

Fig 4. response of subtreshold current stimulation
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