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Electromyographic analysis of tongue muscle activities in the cat
. Kawamura-Yojiro, FuNakosHI-Masaya, Nisarvama-Tooru, Majma-Toshio *

The spontaneous activities were detected from some neuromuscular units (NMU) of the
tongue muscle in the decerebrated cat even in the resting state.

Some of these spontaneously discharging NMU showed regular and persistent discharges,
but the other showed the respiratory fluctuation in discharge frequency. The former was
distributed widely in the tongue muscles, but the latter was only in the definite part of it.
Espécially, among the latter the NMUs which were facilitated by inspiration were mostly
located in the tongue retractor, such as the styloglossus, hyoglossus and longitudinal lingual
muscles, while the NMUs which were facilitated by expiration were detected in the tongue

- protruder, such as the genioglossus muscle.

The discharges of NMU in the tongue retractors were increased by a forward stretch
of the tongue. Conversely, those of NMU in the tongue protruders were decreased by a
forward stretch of the tongue. :

These ‘responses to stretch were not affected at all by anesthesia of the surface of the
tongue with xylocaine spray. However, the responses completely disappeared after the dissection
of the lingual or glossopharyngeal nerve. Therefore, there may be some deep mechanoreceptors
in the tongue and the afferent path may pass through the lingual or glossopharyngeal nerve.
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Fig. 1.

Spontaneous discharges from the tongue muscles.

A : Regular discharges were observed without any
relation with the respiratory movement.

B : Discharge frequency increased during the in-
spiratory phase. :

C : Discharge frequency increased during the expi-
ratory phase. Upper: EMG, Lower : Respiratory

movement.

SLM. M.

Fig. 2.
Schematic diagrams indicating distribution of three
types of spontaneously discharging neuro-muscular
units in the coronal section of the tongue.
Open circle : Regular type (Fig. 1, A), Solid circle :
Inspiratory activated type (Fig. 1, B), Double circle :
Expiratory activated type (Fig. 1, C).
S.L.M. : Superior longitudinal muscle, I.L.M. : Infe-
rior longitudinal muscle, T.M. : Transverse muscle,
V.M. : Vertical muscle, G.G.M. : Genioglossus mu-
scle, H.G.M. : Hyoglossus muscle, S.G.M. : Stylog-
lossus muscle,
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BOCEABEL T LI L, BECKRETS
LT XD HFEHETESE) R T AR AL (Neuro-
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Fig. 3.
Effects of stretch on the discharge frequency of
the spontaneously discharging neuro-muscular unit
of the tongue.
A : Discharge frequency increased.
B : Discharge frequency decreased.
C : No effect.
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Fig. 4.
Effects of stretch on the quiescent neuro-muscular
unit of the tongue.
A : Slowly adapting ’on’ response.
B : Transient ’on-off’ response.
C : No effect.
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Fig. 5.
Schemtic diagrams indicating distribution of the
. Neuro-musclar Units responded to stretch of the
tongue.
Solid circlrcle : Discharge frequecy increased, Open
circle : Discharge frequency decreased. Abbreviat-
ions are same in Fig. 2.
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Fig. 6.
Disappearance of the stretch response after dissec-
tion of the ipsilateral lingual nerve.
A : Before dissection.
B : After dissection.
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Afferent impulses from tongue for autogenetic regulation
of tongue muscle activity

KawaMura-Yojiro, Funakosui-Masaya, Nisuivama-Tooru, Manma-Toshio *

1) In the lingual and glossopharyngeal nerves of the cat, a few fiber was detected to
respond to stretch of the tongue. This response was slow adaptive and the nerve impulse
sustained during stretch of the tongue. The frequency of impulses recorded from these nerve
fibers was increased in proportion to intensity of the tongue stretching. While, activities of
these nerves were depressed by contraction of the tongue muscle.

2) The activities of several spots in the sensory nucleus of trigeminal nerve, nucleus of
tractus solitarius, dorsal nucleus of vagal nerve, bulbar reticlar formation and in the nucleus
of hypoglossal nerve were activated by stretch of the tongue. On the contrary, activity of some
spots in the hypoglossal nucleus were inhibited by stretch of the tongue.
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Fig. 1.
Response of a functional single fiber in the lingual
nerve.
A : Response induced by forward stretch of the
tongue. Trace with spikes, electrical activity of the
nerve ; smooth trace, tongue movement.
B : No response of the same fiber to touch stimu-
lation. At the signs, touch stimuli were given to
the surface of the tongue by a small soft brush.

| g6C

Fig. 2.
Accerelation of a spontaneous discharge of the single
fiber in the lingual nerve induced by forward stre-
tch of the tongue. Upper trace, tongue movement ;
lower trace, electrical activity of the nerve.
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Fig. 3.
Response of a single fiber in the glossopharyngeal
nerve induced by forward stretch of the tongue.
Upper trdce, tongue movement ; lower trace, elec-
trical activity of the nerve.

Fig. 4.
Patterns of response of the glossopharyngeal nerve
fibers to contraction of the tongue.
A : Response of the single glossopharyngeal nerve
fiber during sustained stretch of the tongue.
B : Responses of two fibers in the same prepara-
tion during contraction of the tongue.
C : Response of a single fiber during contraction
of the tongue. In each figure upper smooth trace
represents tongue movement,
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Fig. 5.

A schematic diagram of distribution of the spots
in the medulla which responded to forward stretch
of the tongue. Solid circle : Spot with facilitatory
response, Open circle : Spot with inhibitory respo-
nse. NTSNeV : Nucl. tractus spinalis n. trigemini,
N VII : Nucl. n. facialis, NXb s : Nucl. dorsalis n.
vagi, N XII : Nucl. n. hypoglossi, NTS : Nucl. tr.
solitarii, Oi : Nucl. olivaris inferior, Flm : Fasci-
culus longitudinalis medialis, FR : Formatio reticu-
laris, Py : Pyramis.

lIv . | | |lllk‘ ! ! . ~,|!|! !I

I sec

Fig. 6.
Facilitation at the spot in the semsory nucleus of
the trigeminal nerve. Upper trace, electrical activity:
lower smooth trace, tongue movement. Arrow in the
histologic section indicates the position of the recor-
ding electrode in the nucleus.

LI LBITH S, ZoMEEORHRITIIMT
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ZORK 9 spikes/sec DOIRBEAFHEL, R
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Fig. 7.
Facilitation at the spot in the nucleus of the hypo-
glossal nerve. Upper trace, electrical activity ; lower
smooth trace, tongue movement.” Arrow in the
histologic section indicates the position of the recor-
ding electrode in the nucleus.

-—
| sec. 200y

Fig. 8.
Inhibition at the spot in the nucleus of the hypo-
glossal nerve. Upper trace, electrical activity : lower
smooth trace, tongue movement. Arrow in the
histologic section indicates the position of the recor-
ding electrode in the nucleus. ‘

—_—
1sec.  200uv

Fig. 9.
Facilitaton at the spot in the dorsal nucleus of the
vagal nerve. Upper trace, electrical activity : lower
trace, tongue movement. Arrow in the histologic
section indicates the position of the recording elec-
- trode in the nucleus.
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Fig. 10.

Schematic diagram of the proprioceptive innerva-

tion of the tongue.
: Tongue, 2 : Genioglossus muscle,

[S

: Hyoglossus muscle, 4 : Styloglossus muscle,
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On the measurement of intracellular potential
Part 1. Potential changes at the Ag-AgCl electrode
Part 2. Liquid junction potential of microelectrode

Tanikuni-Katsumi , Fusjimotro-Katsuyoshi , Kawasata-Gorou *

1. The potential difference between the Ag-AgCl (silver-silver chloride) electrode or
glass—capillary electrode (microelectrode) and some electrolyte solutions (test solutions : KCl,
NaCl and Ringe solution) was measured with a valve-voltmeter (Du Bridge and Braun
Circuit, using UX~54) according to the following schema.

Microelectrode | Test solution | KCl-agar | 3M « KCI | HgCl « Hg
(or Ag .« AgCl) . .

2. The potential at the Ag-AgCl electrode keeps up with the Nernst’s equation when
the concentration of chloride ion in the test solution is changed. In an experiment to observe
the potential of the cell membrane in changing an ionic composition of the physiological
solution which is used to bath the excised tissue or cell, one must be careful not to immerse
the Ag-AgCl electrode directly in the bathing solution.

. 3. That the liquid junction potential between the 3 M « KCl-solution and the test solu-
tion is negligibly small can be concluded theoretically from Henderson’s and/or Planck’s
equation. When the outside diameter of the microelectrode is less than 1z, however, the

potential at the microelectrode-tip can not be neglected.
4. In this experiment, it ranged 0-35mV (N=130) and its frequency distribution was
not normal. The potential value of the microelectrode having a high electrical resistance was

not always large.

5. An influence of the negative charge at the glass'capillary—tip upon the ionic mobility

in the 3M « KClI solution would be a cause of the not negligible liquid junction potential

above stated.
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HgHgCl | 3M.KCl | KCI-%&K | iK% | AgCl-Ag----vooe- (1)

P1 P2 PS

S

P,

Hg+HgCl | 3M.KCl | KCl-#2X | #jf | KCl-3K | 3M-KCl | AgCl-Ag-------- (2)

Py

MR E ) o RBANTHRENBER T, L
FTo@fdzEicTsizw P, P 05k
SF e, EREBO KCl EEI3E=LTHS.
Hg -HgCl (HRE®R ImEREFROHG,
vA—ABE L, AgeAgCl i (8 « HEILER
BAE. LTz XdicEL) I, RLaei
it e L, KCIEEBMRL CE-7c. BRI
1% Ringer # i3 »y, KCl %7213 NaCl W&
L.

BAEFREREFNTH - T, B NERR
EHEZEE (], UX54-A) &, mEIE (K
¥, 1Q20) k, KB R E (BE, RE
1.8X107WA, FA#I78 ) HEHLTHIELE
WP (Du Bridge & Broun [HK) o1,
OThs. AN 1mV THEK 26mm OEHED
BAURES I, 200mV LT CAS LA
TR TERREIC B L 72D,

B. ZEBRER

AR o (2) kBT, BikE 3M.KCl
EtaE, Pl Py BIU P, & Py MR
LB Thbb, ZoRBAROBMET P L P
DERBENOEEE2 2% Th5D. TOBMER
Pii—iE L ThiE, Ag-AgClBERROMER, #ic
AgCl nEMizrBo&FH (CI” oiFE) KX
S TEREENRENY, 1EKOBHCOCTHRS
o, FELACETHS. L, B
BT TTIE, 10-60 YO T v SR —v
LoMEROMBREN Lo, £IT, 2
DR EBMEERN o 08 L L. —FHEA
EHO A %G LB AOERONIEE 0
BEFTBHZELTRT, COERTEREOE
ELTAT mVEigoERAES iz, LirL, A
o k> I BAZEOBEICE, FHEO 0 AR
VETH DGRV, REOKELP KD S
WhERDTHS. ¥ LC, BEDBNICE
HeBUES LT 5 MEFITH S,

P,

Ps Ps

ny

160

100

%0

Fig. 1.
Ordinate : Potential value at the Ag—AgCl electrode
in the test solution. Abscissa : Logarithm of Cl™—
concentration in that solution. O and @, NaCl
solution. x, KCI diluted with 0.23 M sucrose so-

lution.

The straight line was drawn by the least mean
square method (Interrupted one was not. (D illust-
rated for a comparison of the results with another

schema).

B (1) @B v T, kg NaCl AW,
KClk¥#nE £ 723 %50 Ringer K& L, T
HEAKET 023M BEEW (AffH Ringer
LESE) TFEY, ThEhORERToO Cl-
Eowk e LcBMEL 0BFRERLED
ORELIETH S, MEPEMET, LMok
WEDOEREAEL LTHERE L, 513 Ag
AgCl BIOBANRECEEXEL L. HOEBER
i, 0&on Ag-AgCl BRI DV TOHEIERE
I VRN 2RI VRDIZL DT, HIZFEA
LATT, Clm PR L0EZELcH L T56 mV
OEATH B, Bk, HIERX 2) itk 3H
EEOH (Ringerif &, BEFETZ W& 105/
RL7zbo) B LE.

IR A STV, BREEE K:SO0K
WRE LIz 2%, BRELBNELOBICE
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EOBEREDbNEP . BEKETHE
BT oXKEEE Rk E L 2o (2) «©
X B EAEE, Clm EEE0.001M oBa LThA
ERITLTH oz, B, Ag-AgCl BROMAY
WCERIZ T 2T 5 LM &5 REITES
s,

C. & %

MEoER 2) KBV T, BEr Z 0ERIC
FEorzbonowvFhic LT Ps & Py »HHAR
L, 72 P, & Ps L MBI 23T ThH 5.
FThbb, HiEELE L0 P & P Lofl
BRTH-T, BWLO O ECELWIZTTH
5. EBICE VT 0 DA OBER Tlenld, £
BREORA L RT ), Fizix, 3M-KCl-#%#
KAHEER Y 3 M-KCl REEHK & oz, X
DEF-> TV B EBMBED DI, FHIC X - TR
BB 2RO L0 LEDNG. RIKEKE
K Lize &, #H 7z T iz BHOBELER
WX, FIABEPLERLIEDSOT DY A
Frved, JRFPIVET A HCOs &b
BEROICLTS, T W IEFIEHERICRE
V. Fisbh, ZOBREOEERRIEREOR
Re#z Th k<, COERT C- g
0.001M o & & oREED, KBKEBEKRE L
T EDHELEPLTBEZ EhbHELT,
ZOREO L X OEJEL, Er0BFE LR
Y FEDRVERI . Lizh - THREBRE
LLT 2mV Bk O BEFRED LT ITRS
. Eie, H¥ke 3M.KCI-2EX & 0 R
EHiE, WO K L Cl- oBahEicEn
HBHLE LT, BB Henderson o729
PlanckpaR L Y BHEh 3. Z0HMIIBET
W, VEDLIAHZOERORMEKRELSE
AT AETIE AL, EEOBRECEERTVS
HOETE.

Wiz (1) 28T, Pid—iEe UTRIK
% 3MKCl 24 3 7 51X P, & Py (34H5%
L, Paidtst @) oPlcB L v Ex 32 08
T&5. Thbb, Z0LEOBEMETENLL
DO0THB. BE» 3M-KCl Blsfoo & &, P,
DEME Py OB EORICEEOZERIS B IC

AR ER oK . 1

LT% 2mV SR & 3 1 iE, &1 KoftEhns
Pi=2mVThs. P, b Paid FEBKETH S
B3, FERHMEICENDHZHAL LA K E vk
m,hﬂfﬁ%%mﬁ%¥%k%zfﬁ%m
L BET T, 1R AgeAgCl Bl L
n@%#éﬁ@%@ﬁ%&a@m@ Bh (B
MEBATE) 23, WD Clm B IC L - CHEBH
b, Cl BEOLIMEEMICE L T56mV
MECHEMTHLLZLERLTVS. ZoHE
OBALOLEENL, Clm B+ 2 BHREME L
T, Nernst DX+ % & Bbi a5, Age
AgCl B Cl” FREHIC—ETD I LA
B, m1IKCRBT 5, ZhEnoBERN
EAbRVORIO L ThsrH. EEME
LT, #ILEMOEERT, M ER 2R
TR0 A+ VR E» 2556, TNEE
¥ LTo AgeAgCl Bz, KCI-#X &4
FICEBSNETICANS Z L 3T B & T
5. bz, FEGARTHE KC RE
EETA, Ag-AgCl BREROBMIIREDT S
(positivity 239" % ). MiJFo#ILEAE, Age
AgCl BMOBIMEREL LTADEE R - T
B, FNERKIARETH - Th, E T
FOMIMEN/PEL Y, WOmEREEND.
L b & OB B Clm ¥E o108 ket L
T 56mV BETH Y, Zlox@ic@Esh
FAEIEEILTE Y, KT & Cl- oy
LV e S EgE Ladhdss nv.

I. #IEROERHBEED

Fl—DBMRETRIENRLD 2 DORIBOW
MREES (LB L Vb h 3.
potential L\ 5 T % LV A%, R « f5AEHET
BOB®CHERINZZ LB TI I TR
WABMEVDRV) X, %o Nernst Ol
KhoTHEXBNE. L LBUNBREO RSB D
AEB L XSS B L, AEMIY L
EPICRECRRENN, BUNERINO KCl #
W & Ringer #8& ORICHBNBFEN LT L
B 5. THITRMEN (tip potential) kM
NT, bRbHOEETHEORED % BE

junction
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1) TIED, ML TREONE 1 LTDb
0z, Tra—VEBE EITERE 3MKCl
B TRIEER LT KCl BEE -k, &
Moo 2 7- T o AER T,

Ag+AgCl | 3M-KCl | # | 3 M-KCl-%¢K | 3M.KCl | HgCl-Hg--+-(3)

P, P, P,

Py oEWE, fioLFHU T, Pt
THBEICT 5 RE (RWEM Tho. Age
AgCl 13BN o KCl 3R>z b o
T, KSR 02mm BEfECERHCTHS.
iz, 0.001-3 M-KCI %721 NaCl 751 & &
A Ringer % v 7o, EAZEOREEX
MU TH 32, BEEAMOEREHET A
bhaEmBLryyr 77 2ERLTH
Bl &bds. WNBROETIE, RS
CHUNERAM A (FAXE MZ-3BHE) I
XY HE LIz,

55 2 PO BARIRET (BiRh) & 5k i B ALofE
(fitddh) 2 OMRER LIS O TH D, —MICi
INBEHRO SRR T B ICRE - T, F 0T
I+ 5. Lo L, BB E B
FLLRECRIBEME L 25 LIRS 2.
Ringerlg & IR & Ui & & 0 JBAnE, HE
5MQ LY 60 MQ x-To B 130 412 o
T, 0-35mV <0 flicii-7=afizkL.
WL BB KCl Bl o BAL A K
(70 =2 — VBRI X - T KCL#iRE o i
BNBBRTIBMAIAECZ L 2D 5. FRO
KCIBENME Tz L BbIB).

EIRE, 1AROBMIC OV TRIEOEE %
PET L EORIBBMOEIEFIRLIZLOT
» 5. Kok NaCl KA, BEMR T
KBS T, EROTROUPBMZENKE
{BDZEERRFLTVS, EHBOMBRICOVT
%L T 5.

E. JIREMOFEE

B (3) kv, HMiEE 3M-KCl & Lz
%6 Py & P, ERERMBECHENTHEET
Bethid, BNERL P L P, L P Lok
BRThs. Lich-T, Pk Py ofEdz

P, Ps

0,
60 v

oo

40 °

°
°

20,

20 40 60 80 Mn

‘ Fig. 2.
Relationship between the potential at the tip of
microelectrode in Ringe solution (ordinate) and its
electrical resistance (abscissa, in megohm). The tip-
diameter of each electrode was less than 1 micron.

N
80 A
60

40

~
~

Eal v 003 o 5 i 05
Mol.

Fig. 3.
Two samples showing the liquid junction potentials
at the tip of microelectrode in 0.001-0.3M NaCl
solution. The curves were drawn from Henderson’s
equation assuming the adequate ionic mobilities and
concentrations. As for these assumptions, see in
the text below.
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BREXTH - TR L Bbhs. Ll
B (3) icks i 5 Ag-AgCl i & 5 (2)
FREFE L hvicw, o CEBARED 2
WOREMEERT T ILE 7 b v RIBEN
1L b O B RIREAL (P2) 2MEDTH B,
Y LA T 2 EBWEEEHHO Ag-AgCl i
{o205%E, PIoEPE{TEZ 0B
CTRERL R, 2 TESORE, BENE
DHD 0 E1E, BOBOOE/ OV, +E
BRo#TH, #R ) e sHhikz 3 M-KCl
LL, ZOBENTEEO R E AR -
TARL LSS P=0 oBAOfELTS.
2D 5 3 HoBAER, ToFRE

TEMB R & 3T 5 B OMEROALE & 2 b HH Lie
fEcdh 5.

—&k BIFAYE &@&Wi*ﬁ() 2>
Eié.ﬁtﬁﬁwﬁﬁgﬁﬁﬁﬂﬁﬁ%ék
%% Nernst 21 V.

RT u—v C,
“aF " utv C,

ZZie Gk CEmEg ([ ]) oiFg,

RT (Clul —_ C1V1) e (Czllz - CZY_Z)‘

B= R Gt ) =

7%-72 I/’ CICE C2 ‘i I ﬁﬁk H?&miﬁgy ul(‘:
ik l#Ehco, wi v, ERIEPFTOBA

F LA A OBEIETH 5. EORE (FA)

FIEEE: LT, [HEAOBEMICLY B
bhs. [#z 3MKCl » L, [#% 01M-
NaCl (4 1fifi Ringer 8 & 12 1 %58) & +5
L, n=1, C,;=3.0, C,=0.1, u;=v,;=v,=65,

o

&Cu,—Ciuy 1og( = ) logé

(Cau,+ szz)

—— R Ao 11

u kv, TREREA T LBA A OBE)
B, niE A A VAl TiexHRES, R & FiaiEk
(8.3144 X 107 & 96500, dimension ) Thb.
Enfs (EA) &, HS1eEE (0) 2L
FHElkHMoBMCIY EZBNS.

Wik KCl th s L&k n=1 T, 18Co

L&

E (mV)=58 +~=7- log G i)

coTtul vk KL G oBEET,
u=64.6 v=65.16 (L¥FEMICES. LITH
v)

C,=3.0 C,=0.001 #5¥ E=-085
=3.0 0001<C2<30 A=Y 4
—0.85<E<0
Thbb, 44 AEENBECE LV EEE
T5ub1E, WHEEHNE LTEX (2) ki
5P%, T OFEROFAN TRz 72520.85mV
T, BEOKEHMOBAIE (positive).
F7z, AICHAET > BMERIK T, ERED
HEAR U v 413, Henderson o %7z
¥ Planck o cREEEBNI»EZ 6 L Tw
%. ¥%, Henderson O iz >V TIhk A5
L, WkE oo cEMREL LT,

C, (111+V1)
Cavy T ®

u =435 T, ZhbE (6) KicfKA LT
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Fig. 4.
Graphic method for calculating the liquid junction
potential from Planck’s equation. The hyperbolic
curve corresponds to a part of equation (9) in the text.
The intersecting point with the straight line (log

y =x) gives a value for. the calculation.
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On the measurement of intracellular potential
Part 3. Liquid junction potential of the protein solution

Tankuni-Katsumi , Fusimoro-Katsuyoshi , Kawasata-Gorou *

1. The liquid junction potential between the 3 or 0.15M (mo]z;r) KCl solution and
some test solution was measured with valve-voltmeter and an applicability of Planck’s equ-
ation was discussed. As the test solution, 0.15 M+KCl-or NaCl solution containing isethionic
acid (sodium salt) or bovine-albumine (ca. 7%, pH 7) was used mainly.

2. Assuming that an ionic activity in the test solution is the same as in the simple
electrolyte solution not containing the protein and that an ionic mobility is decreased in the
former, the potential can be calculated from Planck’s equation. Its value is determined by
the decreasing grade of mobility and ranges from 0 to 2.6 mV in the case of 3 M.KCl solution
and, from 0 to 174 mV in 0.15 M.KCl. The potential at the test solution is lower, negative,
in both cases.

3. The presently measured potential can be represented by the following schema :

3M.KCl | Test Solution | 0.15 M«KCI
When the test solution was 0.15 M«KCl solution containing the albumine, the potential
at the right side of the schema was higher, positive, by 1.2-1.7 mV. And, when 0.15 M«NaCl,
it was negative by 1.9-2.1 mV. If it was assumed that the mobility of anion decreased by
1025 in the test solution and that the mobility of cation was not changed, the calculated
potential was compatible with the measured one.

4. It seemed likely that the absolute value of the potential was decreased when the pH
of the test solution was lowered and that the small change in the concentration of the dis-
solved protein did not affect the present potential. The assumption that the negative charge

of the protein is the cause to decrease the ionic mobility would be reasonable.

A. FX (XBHER)

MR OB F 7 2 BMEEBEHE AN
T, ZTOMBNBMERET 254, BHEN
OKCIEHE &g & oMICIkRIESE S (I
BEBL) RRETS. zoRECHLT, M
AT OEANEE Y 5.5 5 2 Lk RS
ESNDN, ZORERERMICHS Z LXK
Hods. .

EBED D CIEE 2 SRRk e KCL 3%
e OWREICS v T o THE & 51T,
Cole & Curtis (1942) X 1 # D EREED

L RSR A A 2 He
Second Department of Physiology Yamaguchi
University Medical School.
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{J. Physiol. Soc. Japan (1965) 27, 454-462)

axoplasm (EFENWE) L BMENO 0.6 M-KCl
YRUE L ORI E ST 65 mV T, HBFOEA
DE (positive) AL TaD. ZofE
Efshreb o T, RNERTFOBAF ik
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25% L L, Y DT%IE 1ML EELT, HiE
ShEBRICEEX Y £ o EEE R {EE
E=Fer myutn.v), niZ A4, u, vid¥
BEE, 7 IEE, Fid#%), Henderson O3 (#
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ik K St olA 2 vy, CIo BUtok
AFvEUHERET S LIFEETHS. L
Tedo TREBEP GBS EA 4 v oBE
B VIEED, TOBERUTHINE ) Pt
MThoT, HEEHL ZOHBEIAHET



A - A - RN E AL WG I : 455
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ERIZo» 5 KCl BIE0BES» 2T, £
Bl ENBBAOEOENPS, £ F h O
Eo KCl BEiK & #HRNK e OMRFERE S 2K
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I VEERBENE KD LOTHD. HEESH
7M. 145mV ThH-, T, PIRICH L TEM
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WL BMEOBIEN L SN TV 50, PRI
HEIBEADETIAWMEBELERLD L, ZORT
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EREHR LTS, ERmEOER LZHUNE
KA 5 2 OAFFEICKE T 5 KRB (B
BB kb7 VIZLTh, BROFTIH
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WLIRIFEE) LTV T I vEREA EF A
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EeHTABMEO RIHFEE L ULTICT S
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B) LLi. 20Eh,
PLizb o, FEEEL KCl L oRSEE, 1+
FF LVEEY — FHE (CH,OH.CH,SO,-Na) ¥
nEEFEHLE., BHEE0LEWE pH X 0.15
ENOEERE 7o i3 Y — F R U BT
+T Mol/l HO TRL7-.
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TG OREMEEEL LT, TNEhORIE
ICDVTEBAEE R BRI RED LBV T
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THBHN, BOBOOERERL 1mV 0

7

1 0.15M-KCl

MR ORI A MfLAE 2 ¥

AIZBTHEWEE B2 5 270709, FiEk
EHTHERRD S o . RO FHEEXEE
F DA F AERB XA VBEIE IOV,
B e BB {RE WKHE) 3% 7, Henderson
DX I DG 3M.KCl $ X% 0.15 M-KCl

LR e ORI ERY, MEOEER L

YOTHD. BEHOMFFIX, 015M.-KCl ]

2 3 MeKCl BRIk L CEBMMEY (ega-

tive) & XI1XHA, B\ (positive) L ZIXETH
5. .

RICEEBALTORVR, FoT7ArT7 I vk

&t 0.15M-KCl #7212 NaCl

WD pH % 54-6.3 2 Lz

Be, BEIOERMET I

L INER r ot BEBEHIOFHWE

FilS R e A R S o Qo D

B3, B LB TR E

{, pH roficEER M

BERDBZLIITERDP S

7o. B o pH offn,
Z ERIBORDETH > T—>
11 ] Tost L] DRIRIC O CTEFE L
3M-KCl solution 3M-KCI PR TR,
Fig. 1. C. # g2

Simplified dlagram of recording arrangement :

Hg+HgCl | 3M-KCl | Test solution | 0.15M.KCI | 3M.KCl | HgCl-Hg

Because of ‘a negative charge, agar is not used in the bridge.

1. #EA 0.15 M-KCl D &

Electro-motive force with some test solutions
(3M-KCl | Test Solution || 0.15M.KCl)

E. M. F. (mV)
Group Test Solution g
Measured Calculated*
1.5 mM.HCI 1.1~ 21 1.9
1 { 15 mM.HCI 2.3~ 4.0 8.3
0.15 M.NaCl ®-0.9~-1.8 -3.7
CH,OH-CH,SO;Na (0.15 M) 2.3~ 3.2 10.3
2 { CH,OH-CH,SO;Na (0.1 M in 0.06 M.KCl) 1.3~ 2.3 6.1
CH,OH-CH,SO;Na (0.01 M in 5 mM.KCI) 0~ 05 1.8
0.15 M-KCl with Albumine 1.2~ 1.7 1.3
3**{ 0.15 M.NaCl with Albumine . -1.9~-2.1 -2.5
Human Plasma +0.5 —

* From Henderson’s liquid junction equation, with some assumpt]ons

** Concentration of protein, 7% ; pH, 6.5~7.5.

® The negative sign shows the negativity of 0.15 M.KCl, opp051te to 3M.«KCl solution.
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Fig. 2.

A graphic method to evaluate the liquid junction
potential between 3 M+KCl solution and test solu-
tion. In the latter, it is assumed that the mobilities
of cation and anion are decreased. The decreasing
grade are a (ordinate) and b (abscissa), respectively.
Introducing an arbitrary figure, written at the upper
or right side, to the potential value in the Planck’s
equation, a linear relation between a and b can be
obtained. See equation (1), (2) and (3) in the text.
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I hiE Cl- oIFEFEII AT &« 7 E R
DEIFEAIE L TEHE LV S, 22T, 2=
BT C=C; &L, 320541 3) Xz
U 2L AKFELE LTHCZLORES
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Fig. 3.

Evaluation of the liquid junction potential between
0.15 M-KCl solution and test solution. The method
to draw these figures is the same as Fig. 2. In the
left (A), it is assumed that the ionic activities are
the same in the two solutions, and in the right (B),
that the activity of anion is decreased by 10% and
that of cation is not changed.
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