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Well controlled odor stimulation. Fumiaki MoTokizawa, and
Yoichi OGAWA (Department of Physiology, Nara Medical College)
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A, 1/10(Z=w/V+w : dilution quotient)

trial C M E
1 29.3 2.6 11.26
2 29.3 2.6 11.26
3 29.3 2.6 11.26
4 29.3 2.6 11.26
5 29.3 2.7 7.85
10.57 (mean)

B. 1/30(Z =w/V+w : dilution quotient)

trial C M E
1 29.3 1.06 8.16
2 29.3 1.08 10.20
3 29.3 1.03 510
4 29.3 1.02 4.08
5 29.3 1.04 6.12

6,73 (mean)

C. 1/300(Z=w/V+w : dilution quotient)
trial C M E
1 4032 12.00 10.71
4032 12,32 8.33
4032 12.32 8.33
4032 12.48 7.14
4032 12.48 7.14
8.33(mean)

[S2 LI\

D. 1/1,000(Z =w/V+w : dilution quotient)
trial C M E
1 4032 4.32 7.14
4032 4.00 0.79
4032 3.92 2.78
4032 3.76 6.75
4032 3.84 4.76
4.44(mean)
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: air saturated with CH,

. odorant—free air _

: concentration of standard CH, gas

: measured concentration of diluted CH, gas
. error
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Microneurographic analysis of the effects of acupuncture stimulation
on muscle nerve sympathetic activity in humans : Excitation followed
by inhibition. Tomomasa MORIYAMA (Depertment of Physiology, Saitama Medical
School, Moroyama, Iruma-gun, Saitama 350-04, Japan)

Using the tibial nerves of healthy human subjects (n=22), the muscle nerve sympa-
thetic activity (MSA) controlling the soleus and its response to acupuncture stimulation
were observed.

1. Muscle nerve sympathetic activity (MSA) is spontaneous and varies in correspon-
dence with pulse and respiration. )

2. The excitation of MSA in the left tibial nerve was observed just after acupuncture
stimulation was applied (145.2439.3(SD) %, n=12).

3. The intervals of burst discharges of MSA in the left tibial nerve were elongated
(p<0.05) and the inhibition of MSA was observed (19.6+12.4(SD)%, n=12) during ac-
upuncture stimulation. Gradual recovery then took place.

4, The excitation and inhibition of MSA in the tibial nerve was observed in the leg
stimulated, the other leg and at the back of the neck to which acupuncture stimulation
was applied.

5, Nasal respirations and pulses of plethysmograms from the big toe did not change

before, during or after acupuncture stimulation.

key words : sympathetic activity, acupuncture, microneurography
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Fig. 1.

2s

Analysis of muscle nerve sympathetic activity

1. Original recodings of muscle nerve sympathetic activity (MSA)in left

tibial nerve.

2, and 3. Recordings after application of the bandpass filter 100~2 kHz,
4. Mean voltage of MSA obtained by an integrating circuit (time constant

0.1 sec).



WA REPHETE e 3 5 ol o i 713

SRR A B Ve et D FEE TR s B I A
L, EMEENCERE S, TORERY S
DB L, THEZHEM SZHL O PhRE R EE
B, TOEEETEHIETERETT I RD
W R RS R 3, T oD B A S
B HISRA 25 mm _EJF o (7 TRE B IS
D BERIATT S, CE BB EIE
TR 2 & HIE o B 5 ¥AL 2 O,
WRERALT & v 7 AT VRB R FIA UIEE A
BB X, IR U ST o R A HERR
Lic. & ORERCIE TR EE I X »
TR EE X%, Thick-THFERShs
BAROMEIEE) A 4% Ule o3 BRI SA M 2 Al
DA R A BB AET D X S b
Dy OB E) LA i s DR HED 1R B T AL
At Uit Ure. Wizciioiige (BUF, Aserh
D WA IE T & VLTRSS S RC o 22 R
FRIEE) &%) DFEER, Vallbo, Hagbarth,
Wallin!®3) & 23845 LT B #HEIc K 5 7. D
¥ 0, 1) BEAE X DRSO R LTHE
SRR BRI S SRS R B U AL
PO BERBGEIRE B L Ui & &, 2) BER
BB IEE A RPN WD v X A B L, FF
AT, AT S h b 2 &, 3)
Valsalva Test CiEEIn I Ih s & &, KX
DT e, AR D 1R ) AL 2 Bh Y i &
HOES RIS Lic Db, 799 vifdhve Az
— S S YN AL —H—TE=X—Lignb 4
ch 5 —x v a g —x (TECA 131 R-410)
S04k Ufc. FRERRERNE, WMk THE A R B
Ny, ZEREEG GRIEL, EEMO 3T
HEeh L 1ok E it Lie. $7, it
CEE LT, PRECRbR X5 R LD
b, W~ PR vigd &, 440Hz ©
TERGIE i A I X, SMID B DERE P &R
T E DA CE BT X i L.
WER OB D, FREEEED set up M b
FBAtA F T, B & & 204, BWHE 2
e AR L.

047 LI A REmRR IS B, #%H, A7 34
VTP L, BERBCE BN IS T 5 Y

DE—7xHPTEL LD 7 )y 7 LIEIRE,
BMIE -~ LI 34 7 v — & % L mean DIEH
%I (time constant O.1sec) & LT v Vv =2 —
ZWCENEE L, 60sec = & DBERMCE L A I
5774 (Fig. 1) &, 60sec = Lol & LT
#3773 (NIHON KOHDEN, EI-601G, INT)
& ot A

B. IRid K URFRDREE

R T {5 2 RE MR TR B oD gt & M D 25
—HE b7 b P VO AXFEHONKE Y,
277 w7 (NIHON KOHDEN, TL-612T) 4 {#
AL, PIREREN Y — 3 ARIRRE , 77
» 7 (NIHON KOHDEN, TR-612T) g L,
1450 & & D IRFABCOMER A 51 Uiz,

C. S

SRR R AR T U b LT L B IR D
TohC, KD 3 APTEBEAL.

1. EWTE O RRETT CRIEEBIIRD 5
i B AL, FEAR D KRECH 24 3 53 L
©, $al04HME L.

2. EWTECARES KB X0, X
S oD [ AL R 1T - T

3. HUTH O TR CREIEFTRAE, ADK
FES W G B 21T - e

A LB 0.2mm, 8 x48mm o 2
F U ARTHS. ROBACEELTIE, WML
A AHEE AR (B Imm/sec) $5Z & kb
W A PR TE BT ZE LI & 5
L. ok, HBEEE RS IR
Bz i b0 PIURC Il CTn B AT,

. # R

A, FeEREMIES O B BrigiE B

FERGRG OO ARG RRIE Y, IRHAD v X A%
RO Y R A E—5 LT BT 5% (Fig. 2).
PRAFCAE—IH Z LIS LT %0, RO Y
A 2GR Z L e BB T A O T e L
FEOWN—IT B & XIHHEREREIET) O KIG
k& ey (Fig. 2—a), JRIAHEIRDO P DR D
Rtz & s, (Fig. 2-b) ¥ 7o, R UH
st U AR O 2 RO IR T 05 LEl Y — 8



714

HZE R IE B R B S o ik

Fig. 2. The burst discharges of MSA were almost pulse-synch
excitations tended to appear periodically during certain phases of

ronous (arrow b), and
the respiratory cycle

(arrow a). Traces are from abouve : mean voltage MSA (time constant 0.1 sec) ; pulse
wave from left big toe ; respiratory movement from nose (inspiration upwards),
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Fig, 3.  The variation curve of muscle nerve sympathetic activity (MSA) in left tibial

nerve. The excitation was observed just after acupuncture stimulat

ion started (arrow on)

and the inhibition was observed in the course of acupuncture stimulation to the left leg.
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Fig, 4.

The variation curve of MSA in right tibial nerve. The grater inhibition was

observed in a contralateral leg (B) than the ipsilateral leg (A)to which: acupuncture

stimulation was applied.
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Fig, 5, The variation curve of MSA in left tibial nerve. The excitations and inhibi-

tions were observed at the back of the neck to which acupuncture stimulation was

appplied.
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‘The intervals of burst discharges in MSA were elongated from 5.0sec at the

control level to 7.2 sec (*p<0.05) during acupuncture stimulation.
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SHENM-EF F-HA WM-BEFR
THREFA-EHFH-E K T
(KEREE Bt R B HE)

.k L & I

bhbhiX1975% 1 b S8 % THEBEERO
—HBEL T2 v . —2EFT-TE.
DR, 2vEL—ZDEFELL5 XX, =
V-2V —BREBYOERCHESY
BIBHX L CEL. —BeAeHEENE S T
3, ToFEEARFNCERTCEIE, T8
BDOIV/E L —KevIalb—vg VIIEET
H5. —BREBEZEORNBEO O EFEHC
RERTEDIDOTH D, EHmEBRKA LW, B
BBENZOFHEYD 2T AL LTHRE Y
FBT 58 UHBANEHTES. ThbiH
WCavta—Reviav—vgaviEThE
CuELZI. SEit= VY . — 2 OEEERES
X777 4 v 7 ZBEEXFIHLT, W< on
DEBENBESHEEALL, EFCHETIAS
T o7

A& S X058, NEC PC-9801, N88-
BASIC %R icdt, SEO v 73 &0, &
ML EEZFESTWERWDT, VAT ACEKE
THa<v PSP BEThE, SEE~0B
WX THS. WThieLTd, viav—
Ve VRT A= vTurs0%, BED
B LBEN GBS JORBOE BRI D LE
2bhb. SEOHERIEG XBE LDV o
V—v g VHEL L STWT, UToHEE%
.

1. V3, b9A 2 0B BIEERIE

2. BBV 2RTGFE L0 ERE

3. 74 v 7B 2HEAERA I 1 kLih#E

7

4. EREFREARVROIKERR

5. AR L 3ENBEAROEL

6. B A VBEESGCORBEARSE

7. EBVELL

8. Fo VEEILE LB

9. fEENEGER (Na-K Rv )

LSEDT v ST ATEAT A — R ERER
LBETTIC LY, 2EHEN “EHE
CRDELD” CENTED LSRRI kR LL.
7w 5 ADKREGEAA T - X B BER
GETH-T, TORBLERCERTHFE
#E5TWwB. Thil step by step k& HFF
ENhDFETHHMN, FTrr7oaliiookk
D—RETH5.

1. 7A/SLOoRR

(LT 7w 75 2pXER 4 13 Appendix
R L)

P1. U3y MAINCENBILERB

19777 IR F BT, ok B 15 B R
~NORBRIC XD, —< b2 E v 2 el
Prigogine {3k D X 57c Y 3 v F¥ 4 2 LT
a3 5 bERIEEE 2 Y. chidfie~<r
F—DTY 2 o L VERPELILELELDTH
50T “Brusselator” t4&F b5,
O X5 RE)T 5 SRRALERIEDO T
P3HYILBRIETHS.

4, BaA, BipvE, DLt
PO LTH. LR LPFHEHELT, XEYHR
ROBIRCcELHSDETH. A, B, E, D
F—Befichs b0 : L, —~HEDRIEDH
ELB.

A-X-E

B+X—Y+D

2X+Y-3X (1)
iRt kehs. o X e YoRgEs
BRI 2.5 . R EEEAO BRI Lo
5bD L1, Bt dRIGEEER ¥4 T
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1358, PRHEDX S XIOY 0BLEEX
ROX 5%,
dX/dt=A—X—Bs+X +XsXxY
dY/dt=B+X— X*XxY (2)
o LE, B>1+A*OLHETX LY DRH
ZEEDs, BB Y $ v b 72 AR BIRE)
ThH. ChEavEL—F eIl —vgy
VTCHENDD.
(2) Ao LN dt OB EOB/NE 1L
KA TEREIhS.
dX=dt*(A—X—B#X+X+X*Y)
dY =dt*(B+X—X*Xx*Y) (3)
THEX, YibEz bh % & dt HBofEk
Basic o fRAXEBI TR %.
X=X+dX
Y=Y+dY (4)
FLTYIav—v g v X EYDORGREY
BHECEENCETRTEIV. CoFe 3

4.000

NYE - FEOMRA

dt %o
dX, dY, X, Y, oFt#

F77HEEICX, Yi
Javy b¥ 5

2.000

\ |

0 2.000
Y

4.000 6.000

K1, U3y b 7 ARABILERIGY § 2 V— ¥ 3 ¥ (Brusselator, by Prigogine et al).
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A% T B —F 4 — PRERE, HEEDLOK
5.

X, YREEOE®ART T v /5 A% EfT
T5 & WPGHCBRS BB Y 3y by A
I BIEEETA(RL).

P 2 EABZHW2RTFERLOEEBRE

a v — 2 ELERE AV CHER Lo AR
TR, ZRERBD 7T =2 —v v a s
Fa kLl HEEORTIRED 35 © 360" D
HF£EOFAN 1 A5 » 73> Random motion
L, IWEBREI ET LT . ¥, Tof
D—ODRFOBBFFCE X 5K Li.
K2 AcHEREhi By v ) EXNRE
LT ARTHS.

P3 749008 2ERMERN1 R

BoAE

BEABEC L > ThHBEY I av—v v
TEETH 5. B> Tit Fick ofi#sk%
RAus. Ticby, h () A0 B E IR
(-de/dx) e B L, T RRiOBEZEL (de/
dt) kHh it (d)/dx) w4 %. Bo#
INREEVETD L,

~j=dn__pdec
=4 = P&
dec _ dJ o
& Vax (5)

D 250X R dx & L0 B/PRER
DWTHE VIR LEHET 5 & & CRE OERZL
My Ialb— bTES. ZHIIFY AL~
T, W—REECKIBEDOY I aVv—v gV
i b (K3 A).

LHED e 75 (P 3)Ti, ROUCAE
BEZEND D, Thi—RTHAOIEC LD
B—ie-o T BBYRT. XikiEgT,
YENTEE L LTW5. COEFAMTESER
M RBRT5 &, BER(R) LBEH(C)nb
5 R-CeLn (N3 B). —FHOEENL
it ST BE Y~ 5 M I h 58
ELTRZBIS. . :

P 4. BAEEREANERHOLERERE

D X o, KT 5B ROBEN—
ETHHEEETED LERIL, EF1ELT
TOWHEEEROEMTERTRTH T LTHRE
T&5%(X4B).

I HhBe | iR L 37,

DB T =2—v g V.
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77 w7 T

B3, A) 1IGHAoILE. Bl mEg, Bl S0k o, ERE e
U AR C, PIRRIE S 58N Y I 2 v— 1 &hb, B) viav—v,vo

[Blg e 5,

IDYIal— g VORISR 4
DALY, BRERSENTED (M
4A).

PEHNERREVE, RO K35 Tedife Lead
LTI H L0 TH D, T O M CIEENIE
B LRI B IRRD BN St EIRARGE
PSRN Z B EREECLTL B EnL
DT r IS ADEFTCHFTES.

PS5 NEmcLIENEEANEOEL

VEERRRSIRE & UCIE R A/ IR IR 7 [ 03 i
TeoteBa, ERRESRIL R -0
Eie . BEWRITNNRET S &, BEEEL
X ABERSET 50T, RNREST S
3%, coieT v fuvi- i
L DARBZENTESL(NEA). WHFL OB

% & 7 A RKBUL BB T RRE & e 520
KPR 27 — LIRB v —DAEERE & LT
FBTB. ShEmA Y —HodiEch- T,
2Ry =k A T CEg LT & 5 (K5 B).
Fisbh B 3 B In 2 TEFIC AR
I BRI b b0 &35, Zh
XX 5 Bo MM CRIERMA T, KIS
7 — D—RHPEWE r TERSIh, WEIREZR
FEINLLDERBE ENT & 5. Kedem &
Katchlsky o7k EEOMFERA LA G5 & &
1, KR r=(1—0os)cs £T5E, =5FAL
—FT B LD LMD, T 2T os ILRRIRH, s
XRFORE LS. ThbbRFTF O Rk Js
L X AR EALRRNTREhS.
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A, A) BNREARIEROE € v, B) Bkl Baad s REERihTn b
B, BORS LS TOREDRIIGBIN Y < o v = b SRTUS, R —ERIED
LB,
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Jv—ﬂ/\/\/;]

B)

Js"‘>

T 7 1

R5. BEEErikiksBslES »Ss L, BEHBENRERAE e X v E k3 5.
A) Yiav—v, v l§l, EFREARBETES—B ULE E, BXFRCRlcMo
BREARIHBH IR, B) FEERKEF L | GRS INEBRCHAT S0 L LTGRT

HEBRBERTH VTS,

Js=PydCs +(1—0s)csly

dx
dCs__ 1 dJs
& -V dx ®)

appendix Tt (1 —0s)=02 L LT\W5.
P 6. BAAVRBREZOEHET COLYNELL
-3

P4 LP 5 CENMSREYE L, &
TP 6 )i AT AR I DK 5.
RO ENE—E &5 Henderson o {5 &
B &, REMIIEBEME LTELBZ &
NTELY. ThbbEe A+ vavErz—
EE L, A X VIR VEBMAFETS VR
TARELD. ChIBKHEMEE ceFL
E¥h T3, ZDEFARCEKNTA + Vik
BOBE) I BERER OFERT v o e 1
LIEBMCHS. BEBIMIEARCEMIKLE
Bz b X hRAETSH. BREBENFOE
BCRR6ALESB. WwTFhoeFAanhbba
F Vi, BROBDEDIKRRTRERSL LD
Lies. _

Jna=wnCrna(dpna+FAg )

JK=(I)1((_3K(A‘UK+FA¢))

Jei=wcice1(dpci—Fdg)

727
e ANA—
s "n
I=F(Jya+Jx—TJe1) (7)
BEEMABIIKRANTRENS.
ddg _ 1
“dt " Cm (8)

ZCCAFvDayv Ry v AL oci (ZE{f
Eg TIlT 0iciz1%F2) Th - T, ci=4dci/dln ¢
1% Kedem & Katchalsky iz ¥ hEgm I hi-xt
BOFHBETHS. CENEEIR »—
58 & L7z Henderson D fREH HE 1D & D
E—FKT 5.

(N (8)R&—HEre 5% LB as iR &
HDT, BB Z ENTEDN, 22T
BEFE L. Thbb, HEHEEOER
FRE 01, FWPRE C BSIVEEETF v e
2= dm LBALE 4) BRI E L, BORDOA F
vtk BB AR TS, BuEl, B
O F VBB, Fho g R L
BROBE(LEE %, step by step I B &# K
LT, ZOEBY Y I aVv— 5. 414 v
ITEBAIEIC X b negative feedback i as
50T, RERRBMCEDLEL. Tnrsa
TIEEBRBE ona i ox i wer 21 :25: 5 ¢
LTWw5. A4 vRBELELIeiEE LEY
Xe5(K6B)
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P 1. EEEM

BB BRI & VIREECKET S
B E LTELLhADT, ElelA 4 vD
BB o K HRELTELLTS. flaic—
FEOIMBMLARE LTWBEHT (Fr7 7

AP6xIUR6A, BER). Ehtks % 1L
THHREEELD. BRSBTS Lk
A A VA ZE L LIERE S A RS (Cm) i EH
PIELUTHEEMNIEL, B4y, B
VORKDH LW AW eB D . BALE

JNa gNH
AN\~ ,
At L
[Na Cna F
_],. —
Jx dk
Apk TCK |__ E g ) R {
Jei dcl
Aluc'LCCI T L— F—f ‘-———+
_l— l— AT_ XaFJi
Cm
OB
RSO N aRE 135
B) WBNONagE O]
HmADK A .005
HEAOK BE 18
Ne @REAOCLEE 14
RO CLIRE .015
H\ct
Em
K

A TFE—EFTE. Na, K, Cl OBEAAOREEEZ BT ENTEET,
6. A) A4 vikEkoBEEEFA, Zhhb (7) RErh B, ShXBESREEER &
Eaay 5o LHATES. B) ILSEMMER, BEREBEAE—E L KET % &, Nernst-Planck
DIEERIIESTE T, MabRoe (M RERALRLS, OV I v—¥ gV T step
by step IEBMEL (8) R& KD T, BRENEH LD ETHELTLS. :
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DENHBAAM LI IEDRS.
BMVRELTCWS & &, — Mk Nat ©
ity BB &, ERMIBSEOS~, &
bic Nat oF:@M: T, K o0&k ki
5 LBAIREILEEM S VBSEOH~, TLT
Kt o #@thad bicd T LBMED LD
EB. 7w I TFATREAR-AA—"ET L
CXy, #EBELELIEB IO L. &
NIXESBABEOEEN Y IaVv—Ya ¥V
El o TnWB(HT).
P 8. FFrUEHICEDREA
4 A VIREC BRI M » e HED Y I -
V= g VEELD. ZRILVAT ADARY —
S EVHD, 14 VIRESY — BK TR
7—&, BERAY - LORTRY —BIELT
WhEFTHERKET ALY X hBENTVS.
Tna=0nCra(dptna+FA¢p) + (1—0na)Cralv
Jx=oxCx(dpx+F4¢ )+ (1—ox)cx]v

Jnva=wciCe1(dpci—Fd¢g) + (1—0ci)Cerlv
I=F(Jya+Jxk—Jc1)
Jy=L,(4P—dzx
+23(1—ai)ci(dpi+2z:iFdg))  (9)
ORx(NRLHETH L Thrdn, 4
* VI BERC A LB I b -
Twb. FABERONCERLELRT vy
LEOENEEIR T 5.
CORBHOACHALINL %, Starling 1%
FE3t e LT, AERCOWTKRARRE L.
Jv=Lp(4p—A4r) (10)
L# L Kedem & Katchalsky i X % JEE#r
BNFEOEEND, FEMERRE LHERS LS
BHER LT, RO X 5BEShEY.
Jy=Lp(4dp—4z+33(1—0s)Csdps)
=Lp(dp—Xlosdrs) (11)
S35 (1985) X h & BARERS &8RS L
- AR RCHE L,

: - T ; | '
: 1: Ay I F
. 12:-Aug/F
3:Em
ﬂ ( L:ApglF
ol _ (mV)

|

Ll

4 i

L

-100.0

TIME

M7. M6 :AUKKEMERDS Y al—¥a VERWT, 14 viEEeEhI L5
L, EREMEOBEEMNEEY I av—TAHZ ENTES.
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Jv=Lp(dp— 4=
+3(1—0i)ci(du+z,Fdg))  (12)

Llle. ZZCABROBB ICBKEZLE
BEEZE (dP—4r) oftuc, %1+ vOBSRIL
BRT vy VE (du+ziFAp) e B+ 5
A 5T b, T FlE K ik Kedem &
Katchalsky O CTREW T BRFERE 1 &
FHBE ¢ OB THS. COBBERICE K
LERT v o VENBEBRTE LWL, B
K[KEBEEROAB R LTS,

4, ECcHZhAMIKE (k) ofKE%
ViL, ZoBEER ¢, BS9EY ni(=cV)E
T5E, BRGOEE ) X1bK D bR
. —HABRKER BT, ToRE58» b
> T, BEEL, LFERT vy Bl
Lig\wd D &35 L EREM LS (e

100.0

54P8&P 9, BFiEER).

MR EIEEREOEAL EOBEARRE
EEL, chififEs LTH 2, via
V—va vETS L, FrrvEHeEs88%
BB ENTED. ZAFVRIVBERT v
¥ LD, MEELBKE, EHHNRR
FEEAXTRTZ LLTETHS. EPNRBREE
LIRBEEZ LBRILERT v LERER
THHETHS. ZOEILFEEHEHCESILES
TV MERFELLY, BEELOLD L
5. Tighb, Fr v PECRAEmRL
b, RERBDEML LR LS. LrLE
REEDLER TR, 1A+ V% L BEENA o+
VOALERT v v o M EBMENR D AV, B
KERBEE LSV E 5 FT, BRI ERET
BT LD,

1: A,uNaIF
2:-Ape IF
1 3:Em

b 4:AuylF
(mvV)

a:cellular volume
< initially 1ml

b: reaction power
. initially 1 mwW/g

-100.0

TIME

X 8. BEEERSH->T, HIEERT V¥ bR » CobMRESR, EHRxXyitys .
ZETFF vEEOBEA» S ELERC T, EReF b8 53 ETHER (9~13) %
THWAHEERLEY I 2 V= T&5. BEBBERGERCTAZ LT, TRCDOET v
WY AR FFVET VY VZFEW(RY), SIRAEAMATS. KIGEEET S ETEY
RT VYo VOFRE L HRAEOBEARNY $ o v—F ZhB ().
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P 9. #eB#i=% (Na-K pump)

AT — DEEE L\ 5 BEEOE 2 FXEEH
MBI HIBETH ENTE, ZOBA, 5D
oA+ VERIIMERERIG S 7 —O—# &Y
LY uRTHZELTEBSh, BIEETLETS
ZEncE Y. ATP Kih & Na & K ok
DAL 31 2L1LT, ThhrbEL EIZH
EHBARLTO L 51iss.

Jr=(Xr—3dpn.+24px—z;F4¢ } /Rr
Jy=Le(4dp—4r
+33i(1=0)ci(dpi+2:F4¢))
Jna=(1—0ya)CnaJ v+ OnaCra(duna+Fdg)
—3Jr
Jx=(1—ok)ck]v+oxcx(dux+F4gp)
+2Jz
Jer=(1=ac1)CciJv+wciCei(dpci—Fdg)
I=F(Jna+Jx—Jc1) (13)

ZOBEMRERIBIEVR R THNE D, b5
EFRRBEROZ ENTESD. Vo VPHERE
WHBLEEND, RIENRED LT5L4KT
vy ML, FILOEERERE A 5. Na &
K oWl EREE HRFF S h, ho—3E
OBIEFEEMLEEShD Lok s (N84
).

I-& » Y IC

ABPEETO—H L LCEEEE LB M
DEBE R FE STt =V I a VY. —& &
W, FEFERSOY I v—v v T e ST A

BYEBL LY. COFEVvAIVY—v VT RS
7 Ak, TPRER TR TIEBEYEALL TN v
g THEEES) L OBSOREOE F 1
BN LEZD. ThHOBRBIIERNEBTHE
RAEBEHEFOF A T —Er A\ EEFE
5. —HCcRBRENEOFENLLBLR:
B HER A HGI-25%8, =0 step by step
EREMTH LR FEOBMCEIL OO TH
5. ZOFEERGD L, FEENESELD
LE, BORBDODBEBEDEENIN VTR, *
OFEBEIBFIEMCEL b0 LS. &
hbviav—vg VERIE, RROPIELXN
BEEHT ETID IVWBERH Z LatTE
HHoLELI.
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3) SIS, ThERIEF], #FOEE, HTHF(1985)
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Appendix : BASIC (N88 BASIC) 704 5 14

K775 AIEERHOLE Y AL Lic. BEZERDOZEL ARBLELRDS.

10 CONSOLE,,0  :SCREEN 3,1  :CLS 3: SCREEN, 0
20° WINDOW (0,—150) — (620, 119)  : VIEW (50, 0)— (620, 399)
30° LINE(0,—100)— (0, 99) : LINE) (0, 0)— (640, 0)

40 GOSUB =*INITIALIZE
50 GOSUB *MAIN

60 STOP : END

P1

100 *MAIN

110 REM P1 Brusselator

120 INPUT X, Y 1, 2.7 DS ofEEX ANRSD

130 A=1:B=27:DT=0.02
140 FOR I=0 TO 500

150 X=X+DT#(A—X—B+X+X+X*Y)
160 Y=Y+ DT*(B+X —X+X*Y)

170 PSET(Y#100, 400—X*400)

180 NEXT

190 RETURN

P2

100 *MAIN

110 REM P2 Randon Walk
120 DIM A(100) : DIM B(100)

130 FOR N=1 TO 100 100D g% 3 <
140 A(N)=280+INT(20«RND)

150 B(N)=150+INT (20+RND)

160 PSET(A(N), B(N)), 6

170 NEXT

180 FOR K=1 TO 500 100BO S EBEIE S
190 FOR N=1 TO 100

200 P=243.14159+RND

210 X =INT(20«COS(P))

220 Y=INT(20+SIN(P))

230 PSET(A(N), B(N)), 0 D AR

240 A(N)=A(N)+X : B(N)=B(N)+Y

250 PSET(A(N), B(N)), 6 FLWEERESR
260 IF N=1 THEN X=1:Y1=Y

270 NEXT

280 IF K>>10 THEN LINE(A(1)—X1, B(1)—Y1)—(A(1), B(1)), 5
290 NEXT LA DB E E <
300 RETURN

P3

100 *MAIN

110 REM P3 Fick diffusion ; Gaussian distribution

120 K=20

130 DIM C(K+1) : DIM F(K+1)

140 R=20/K : V=5/K : DT=.005 IR THRBI L

150 FOR N=0 TO 3 :C(N)=.35: NEXT
160 FOR N=4 TO K : C(N)=0 :NEXT
170 FOR J=1 TO 5000 BEAR AL



180
190
200
210
220
230
240
250
260
270
280
290

P5
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340

Pé6
100
110
120
120
130
140
150
160
170
180
190
200
210
220
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FOR N=1 TO K
F(N)=(C(N—-1)-C(N))/R
NEXT
FOR N=0 TO K
C(N)=C(N)+ (F(N)—F(N+1))*DT/V
NEXT
PSET(0,350—C(0)%100), 2
FOR N=1 TO K
LINE— (N%600/K,250— C(N)*1000), 2
NEXT
NEXT
RETURN

*MAIN

REM P5 Conc. gradient with volume flow
K=20

DIM C(K+3) : DIM CF(K+3) : DIM F(K+3)

JV=1:C(0)=.35: C(K+1)=.02 : C(K+2)=.02 "Z{LI®THBZ &

R=10/K : V=,5/K : DT=.005
FOR N=1 TO K : C(N)=(K—N)*33/K+.02 : NEXT
FOR J=0 TO 100
FOR N=1 TO K
F(N)=(C(N=1)—C(N))/R+.2+C(N—1)*JV
NEXT
FOR N=1 TO K—1
C(N)=C(N)+ (F(N)—F(N+1))«DT/V
NEXT
PSET(0, 20) : LINE— (1000/K, 20)
FOR N=1 TO K+2
LINE— ((2-+N)*500/K, 370—CF(N)*1000), 0
CF(N)=C(N)
NEXT
PSET(0, 20) : LINE— (1000/K, 20)
FOR N=1 TO K+2
LINE— ((24N)#500/K, 370—C(N)*1000)
NEXT
NEXT
RETURN

*MAIN

REM P 6 Membrane Potential

*Transport equation

Initial values and parameters

RT=.0812%300 : F=96500 ;: V=.001 : S=2000

NAO=.135 : KO=.005 : CLO=.14 HECELD
NAI =.01 :KI =.18 : CLI =.015 '}

EM=0 : DT=.001

CM=.002 :WNA=IE—10 :WK=25E—-09:WCL=5E-10

’Calculation
’

ENA=LOG(NAO/NAI)  : MNA=(NAO—NAI)/ENA
EK =LOG(KO/KI) : MK = (KO—KI)/EK
ECL =LOG(CLO/CLI)  :MCL =(CLO—CLI)/ECL
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LNA=WNA+MNAx%S
LK =WKs+MKx*S
LCL =WCLxMCL#S

FOR I=0 TO 520
XNA=RT+ENA+F+EM/101.3
XK =RT+EK+F+EM/101.3
XCL =RT+ECL—F+EM/101.3
JNA =LNAxXNA
JK =LK+XK
JCL =LCL*XCL
JE =F%(JNA+JK-JCL)
EM =EM-—JE«DT/(CM#S)
PSET (I, EM*1000)

NEXT

RETURN

*MAIN
P 7 Action potential NA=3, K=4, Cl=5, E=6
FOR I=0 TO 630
IN$ =INKEY $ :IF IN$ =" ¥ THEN GOSUB *HELP, SUB
FOR N=3 TO 5
E=LOG(CO(N)/CI(N)) : M=(CO(N)~CI(N))/E
L=W (N)*M=S ! X=RT+E+Z (N)*F+EM/101.3
J(N)=Lx*X : CI(N)=CI(N)+ J(N)*DT/V
P=RTx101.3+Z (N)+E/96.5
PSET(I, 200—P), N
NEXT N
J(6)=F*(J(3)+J(4)—J(5)) :EM=EM-—]J(6)*DT/(CM%S)
PSET(I, 200+EM=%1000)
NEXT I
STOP
RETURN
*HELP. SUB
IF FF=0 THEN W(3)=1E—-09 : FF=1 : RETURN
IF FF=1 THEN W(3)=1E—-11: W(4)=5E—10: FF=2 : RETURN
IF FF=2 THEN W(4)=25E—-10: FF=0: RETURE
RETURN

*INITIALIZE
RT =.0821%300 : F=96500"! 1 V=.001
CO(3)=.136 : CO(4)=.004 :CO(5)=.14
CI(3)=.01 . CI(4)=.18 : CI(5)=.015
EM=0 : DT=.001 : CM =.00001
Z(3)=1 1Z(4)y=1 1 Z(5)=-1
W(3)=1E-11 :W(4)=25E-10 :W(5)=5E-11
RETURN

and P9
*MAIN
REM p8 & P9 Donnan and Active Transport processes
FOR TIME=-20 TO TEND

X 1=AFFINITY : X2=P+RT«PR/V

FOR N=3 TO 5
E(N)=LOG(CO(N)/CI(N)) DC=CO(N)—CI(N)
M=DC/E(N) : L=W(N)*M

1 $=2000
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X=RT*E(N)+Z (N)*F+EM/101.3
R(N) = (1—S(N))*M 1 J(N)=L#X
X 1=X 1—-RR(N)*X
X 2=X 2—RT+DC+R(N)*M
NEXT N
J(6)=0  :J(1)=LR«X1  :J(2)=LV#X2 :V=V+J(2)*DT
FOR N=3 TO 5
J(N)=J(N)+R(N)*J(2) —~RR(N)*J (1)
CI(N)=CI(N) + J(N)*DT/V
J(6)=J(6)+F*J(N)*Z (N)
NEXT N
P=— (V—.001)/COMPL
EM=EM— J(6)+DT/CM
PSET(TIME, —J(1)*5E+08), 1 : PSET(TIME, —V#50000!), 2 : PSET(TIME, EM#1000), 6
FOR N=3 TO 5 : PSET(TIME, —Z (N)*RT+E(N)*1.05), N : NEXT N
IF TIME>>100 THEN LR=0 : IF TIME>300 THEN LR=2.5E—10

NEXT TIME
RETURN

*INITIALIZE

TEND =600 : DT=12

AFFINITY =15000+4.2/101.3 : PR(3)=3 {RR(4)=—2 : RR(5) =0
RT=.0821#300 :F=96500!  :V=.001 : $=2000

CO(3)=.145 :CO(4).005  :CO(5)=.15 DNVHTFA

CI(8) =.015 :CI(4)=.18  :CI(5)=.015 VNV AL

P=0 { PR=.1xV : EM=0

CM=5%03 IW(3)=S*1E—11 :W(4)=S25E—10 :W(5)=S+5E—~11
LV=S«x1E—09 = :LR=25E—10 S 1S(3)=9 :S(4)=9  :S(5)=.98
Z(3)=1 1 Z(4)=1 1 Z(5)=—1 : COMPL =,0001

RETURN
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