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The potential differences between two solutions with different
concentrations of electrolytes using filter paper as a bridge.

Koshiro INOMATA, Mitsuyo SUZUKI, Masaaki HOSHI,
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Abstract

This study investigated how the magnitude of potential differences between two solutions
containing different concentrations of electrolytes is affected by the type of filter paper used
as bridge between the two solutions The following results were obtained

(1)Potential differences were obtained with filter paper as the bridge between two solutions
with different concentrations of electrolyte The potential difference was comparable to the
bias voltage in the circuit The mechanism of generation of the potential difference was
attributed to the concentration cell It is suggested that filter paper acts as a semipermeable
membrane similar to the living cell membrane or an ion electrode membrane

(2)There was no significant potential difference with agar drum (dissolved with saline) as the
bridge This result appears to be a result of an absence of ion transfer with in the agar drum

(3)The magnitude of the potential difference varied with the type of filter paper used for the
bridge Variations in the magnitude may be attributed to differences in ionic transfer in filter
paper

(4)There were potential differences between resting and stimulated saliva, and between
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saliva and phystological saline It is considered that fluids such as resting and stimulated saliva,

and physiological saline act as electrical generators

Key words Potential between two fluids, Filter paper bridge, Bias voltage, Resting saliva,

Stimulated saliva
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X, AHEBBCHCLZLICE>T, L
oM & AT BIEK O B ESTFET %
Z k&, ZOBEMNETRHRERY G50
TR OBE L D b RE W & 2
LT &7z, & OIRFHRFER & R BURHERR & O
FIC O BAENFAET DI E R M LT,
Lo, EBICAWV S 2MOBENEBEMNEDK
IR EDRLTELZEZ 5D IXDOVT, %
Eracat s hTnin,

KPR TIE, BEEDOH BRECHRET 2
BAEOKRKE ST 2BBHC S 20O
BEWHSIIZT 72012, AMOREE L BAZ=E
DR ESOBREAFCELEEED 280D
WTHET L7z,

KB F &

BEZDODI2ERMOBMZEZ, BESYD
HECECTHE L2, ZOBEZFig. LR
9 Sample (1) 8L USample () ¥, Zih
Zhsample cup (FE : 2ml) X7z LIEE
DREDOHER TH S, —DAH (1F © 5 mm,
FX 1 40mm) O—¥H% Sample (1) &, %
Sample (II) WBREL, EEBE L, EEBICH
Wiz AT, MTT7 RNV Ty 7 HEEEO b
DTH2, BuEFHHOBER (L) iF, ©
== Fa—7 (AE: 1mm, X 50mm) A
iR EHEL, SHREAEHI LD
ZRWTz, BELZHROMERIEX, ©=—
F 2 — 7 Ol & D NENCKT 1 nmpfase L 72 RE

(72)

U7z, ZOEMBO—E, WikHEOERE %
W T B R #Et U 72, BHHER (G) 123,
ATHEHIA 10" QLA 2 F 3 2 v BB EE
Bigds (MEZ-7200, HAXEBTEAE) 2 Hw
7o BALDEERIZIZ, A>T 7(8
K14-2-S, ZHIgs+EE) % Avrz,

KB ER

Fig.1®MSample (1) Z50mM,Sample (II)
150mM O BHFEK Z Wz L, 280 —i %
Sample ( |) 12, g% Sample (1) WZEFHIZ
RE LTz, 35 L AOMD S ERHIREIC
FREABE L, WEERIBS L, DR,

1al

Filter
paper .l e
ﬁfﬁFDL
Sample Sample

(1) (1

Fig 1 Diagram of system for detection of poten-
tial differnces between Sample( ! ) and Sam-
ple(ll)

L Thread electrode of vinlyl tube,(1mm inside
diameter)with cotton thread, and 1ts lumen
filled with physiological saline

E Ag-AgCl electrode(8mm 1n diameter, NT
-211U,NIHON KOHDEN)

G Microelectrode amplifier with imput resis-
tance more than 10"'Q(MEZ-7200, NIHON
KOHDEN)
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Potential differences for different types
of filter paper

Table 1

Type of filter paper Voltage
(ADVANTIC) difference
Quantitative No 3 12mVv
filter paper No 5A 31
(ER5#) No 5B 27
No 5C 27
No 6 24
No 7 51
Qualitative No 1
filter paper No 2
(EHEA#) No 131
Hardend
filter paper No 4A 44
(BHA#)
Chromatography
paper No 51A 62
(I 574-FA B #E)

RRBAEDLHTE 2, BAEIIMER S
SH20MBIIFIZ—EDEIEL T2, T DR
DEMEZHEL, ChEBEMEOREILL
72o

B/ 5MOBHEEBMZORE SO
Bfa % Table 1iZ~d, Chi VBT LD
w2, BAIZEOKE SIA2MOBHICE > THEL
S EEol, MBRKERBMNEMVHRTELZD
X, EBwc 7o~ b7 7 74—
(Chromatography paper,No.51A) # f\ 7235
ETholz, MR/ BEMEIX, EHEAS
#% (Qualitative filter paper) ®No2% Fi\>7z35
BThHolzo KEBRTHOVI 2D LT,
E M A # (Quantitative filter paper) Tit&k T
EBMER, ZOMOABOBETHRTE
N RERR LT,

PEXY, EF/cAEERAVIHEEICE, 5
MOBBEICL > TR TEXL2EMEDOKE I
Bz s ZEBHESPICE o Tz AEBRTHVR
BHED I TIE, NoS1A, No7H 5 W iZNodA%RE
BcHAVWNIE, R REREMNELHRTE

Table 2 Potential differences between Sample
(1) and Sample (11)
Sample ( | ) contained with various con-
centration of NaCl
Saple (1) contained with 50mM NaCl

A Filter paper No 5C

Sample |  Samplelll Voltage difference
150mM 50mM -26mV
100 50 -14
50 50 0
30 50 1
10 50 57
5 50 141

B Filter paper No 4A

Sample | Sample || Voltage difference
150mM 50mM -4 3mV
100 50 -28
50 50 0
30 50 23
10 50 98
5 50 1756

5 EDBRENT,

Fig.1®Sample ( II') i250mM®D &K % 7z
L, ShuEHE¥EEL L, Sample (1) KX D
BEORE/KEZH L, Sample (1) X33
BEEZLBEMNEZORESOBRERR LI, &
B IZE Y A #ENo5C (Table 2A) & 2 W IHEE
% #ENo4A (Table 2B) % w7z,

Table 2& DEAS s & 512, WTHDHHD
BELEMER, BROBREZIKTFL THEX
Lize £77, BEOEWHICH 2EBMIZ, BE
DEVWHICHLEMICH L THICATEERL
120 B, EMESHNSC L D FE 2HNo4A % E
BZHWIBED K E LBENGHRTE
720 ZORAEZ, BTRD Table 1DOHHE L —8 T
%o

Fig.2iX, Sample (1) OREDEE % 1}
W, BAZEDOKE S EHtEc LT, Table2iZR
LIciEs 7oy b L bDTHS, EWEAHK
NoSCEBBICAVIRFICEEHR T ELEAED

(73)
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mV myv
s - o A
Y, =-944]logx + 16 5 5L
) L (Filter paper 4A)
3 -0k
o O
g y, =-506logx + 855 0 - Saliva(resting)—Saliva(stimulated) A
ia) (Filter paper 5C) i S
3z -2 - -5 - )
-;)b B
S o | [ | !
Z 4= ¢ 1 2 3 mmn
Tart acid 930223
o | | | | Fig 4 A Average potential difference as in Fig 3
B
30 50 100 150 mM
Sai at , B The solhid hine 1s that in Fig 3C The
aline concentration ® broken line 1indicates the compensated
Fig 2 Magnitude of potential difference versus potential difference subtracting the bias
NaCl concentration voltage from the actually measured

value(solid line)

Saliva({resting)— Saliva(stimulated)

C

L |

* 1 2 3 min

Tart acid 030223

Fig 3 A Diagram of the recording system of electrical changes in the papilla parotidea, and between
resting and stimulated saliva
B Average potential difference with time required to collect 0 2ml saliva C potential difference
between resting and stimulated saliva detected with filter paper(No 4A)as a bridge

Res (BEN) CRI\BOBEOBERIE, RO Eak BESY) LiES (Fig 3A) %5 U

PR TRE N5, HTRREOMOEAMZEL (Fig 3B) 8 X 0B
Y,=—5 06logX+8 55 (1) U 7o LRI, & RIS R DI F64E L 7o
FIERIC, BE2HNAAZ MW7 B G ORMR MEOKE S0 (Fig 3C) %[RRI sk
i, Lic—PITH %, HTRALTOENIE, #HH
Y,=-9 44logX+16.15 (2) B2 (3%) IC & Z2RBMELLOM N ICHEAEDIL
ThHb, mVIZE L7z, — 75, BRELL 7o LHRPER & )3

Fig 313, B TIREOEIC BT 2 E MDD PR & ORI A U B, BERoE TR
(74)
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B OB L D PREL, RAETHK 8mV

Thotze LL, MEDOBMITIFIZFEKELZE
Bifmezas L (ZDOFig 3, 4 3HEER%

Sl ED1flEmRLTz),

% =

AKERIZBWT, BEEZODH >REKEOE
B aEEH L LBUESRD SN, TOK
XXBPAMOBHICL > THELLIERBZ &
HE & iz o 72,

A EER 2 F Vv 7250mM 2 5 150mM D & 7K
i, WINOBEOHELERT TREIZ TN
TNateCl - KBHELIDRETHERLET %, D&
D, RIEOBEEVLACLPbLST, BEKZ
nERESHCHETH Y, BAERIFEL
B, Lo, BEDOELRZ ZO>OREK
PEECHEELELTY, BROZTNENIZ
BRANCHHETH D00, WEOEICEMER
BHELZWIETTH S, BE, FHENREKE
ﬁ@%f%’%ﬁbzﬁﬁwt%A, BAEITIFEA

RO NI o T (RS, KFEK), LrL
$%%TTL#i9k%ﬁm6ﬁ%mwt%
&, S hRBAENITED 57z (Table 1,2),
ZDBEMEFKEWCET 2R E AMOMHEIT,
BREOTEA 4 U BRBRENT 20EPITL D EH
Zohbd,

KEMIZ, RERTL D —HICRoMmERE U
Tf<%wéﬂfw&w®$%%%ﬁ?é&
FERDOERBTI ifﬂ“ﬁ&)ff’fﬁd\& B Z LRSS
nigpolzDid, EMEOBENIZEA LRV
:ta;%aﬁﬁfgé —7, A EEMHL
L728BE0E, B0 X 525 E A L CHER
DETLIIENEOONE, DD, A2OE
BTREHETHBKE EHIINaT ECLl-DEE
BRBEPE D, ZOBEPKEREBEMEORE
ErbvloTeHEzOND, MET L L, A
REBE LB GOBMEDOTRLEE, BZ 5L
BBl AROBFICL s EEzoND, 2

OREICBEL T, &5 KFElRREPHET
b5,
EEELTHV S AoBEICL - T, #E
LEMNDOKRKESINELL ZEDPHONIIR S
7z (Tablel)s ZOHRIZ, BEH/BT 5 EH
UL7zNa*t e ClrOBEED 5 WIZRZEEL 5 #
OFEFEIZI->TERERZ LI EFEZON
%, Flz, REREEORWERPMEWIEER I
LCHEIZANEZRL TWEE (Table2) i,
Na*@OFWBClI L D BEMELE L, NatB Z D&
RZEOFREZIRLTWE EHEZ NS, K
ORI LV RET LEMNEDRKEZINELR S
DI, A|MOFEMZ S FICEFEDOEVLHREAD
—OThiEFEzZohb, ZOHIKEL TiX
LS I BREIBLETH %,
DLERNIEZBFYUTHH ELIES, S
IR L i A VBEBDED L 5 A4 4
VKT HEIRE AR RS THT AL
DIRBENS, 512, BECAKERAVI L
X ICFHAETHBMNER, WY IERMERFO
INA 7 ABAL (Bias voltage) NS T 2 D &
Ezohbd, Tihbb, HiEREZEERL {/FE)
SR B eolE, ASTOFENE S % BRI R
M€ THhd, INEFABRICRERTHW %
B (Fig.1) »E L EFT 5701213, EX
BNCAROL U 7REE 2 B I L T 5 LR T X
%, Lich3o>T, EOBMEDKE X (EHES)
EHIB DL, Z OIRALL 72 EAL & FEHIE S
SELS I RITNER & Wb, FERSE, K
REEEYR O & EAE EE XH50mMTH D, FlE
EEIEWE D # NLIZF100mM TH 5 2 & 2E L
foo HERICE 2 N2 2EMEOBRE 2 REDOR
FEWCiE X2, IR & RSN O I
FETHBEBMEDREAMEYZ 8mV (Fi1g.3) L
T, ®mEH (Y, tEmREE (X) OFRA%
ROBERDL ST D,

Y;=-26 5logX+45 1 (3)

UL, 2OY 2, bako A 7 AEALH
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GENTNVE, LichoT, N T ABRZ2E
Lilwize s olES (Y) i3 (3) X»r o
H2BNodAZ I ED (2) XE5[ 8T
ZZEEDEKROONDE, DFED

Y=Y,-Y,

= (-26 5logX+45 1)-(-9 44logX +

16.15)

=-17 06logX+28 95 (4)
Elb, (4)RcU7eh-> 7T, Fig 3COEREIL
B EEHIET 3 &, Fig 4BOSHTRT LD
a0, mAMEES 2mVick o, ZOEBRT
RUTAED P ER TR UZZERE L Y BOfE
WiEwbDEEZ SRS, LL, WIELI K
KEE, HTBREOSOBEMORAME (11mV,
Fig 4A) O 20EWEEZRTICT E Lo
Tzo ZODFEZ, LHEHIFHERK & R BRFERE O I
RETHIEMEOHEERELZWRT LI L
T, HTFIREOECHIE T& 2 BLGAMT %
bDOEFEZOND, T LT HLHRAEER
& RIBARFHER & OFRICFIE S 2 EAAE X, B
MR OEHREDREED L KFFT H5DT
72, BEHPICEFIFN T E2TOBA 4 >~
LAt v BEDE, TbbEROSIDRN
T btotal chargesiC k> TEREBINE LD
EEZBHND,

&

BEZOD 2BERHOBBICAEER, 5
MoBEHEBMNEZOKRE SOBEFREREL, XU
TORRERG,

1) BFEOREICEND LB OM % EET
LEBIAMER NS &, BAENEET S
ZEDHERTE Tz, ZOBEMEFBLEIEET
D34 7 AEN (Baias voltage) (CFHY T %
LFEZohb, ZOBMER, BREMEFHE
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%)%%wt% Wik, BAERIZEAERE
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LS EZST, 2D i, 2o X -
TAX Y OBEBMUENRL S L E2TRBRT 5,

4) BB 7o LFIEE & RIS, 72 o OF
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