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(B AEREES (1974) 36, 163-175)

BUINME(CX S B Ringer RM@M Tk L VA + B
DELE(TDWT 612.741 : 612.014. 463

Bl R B RNKEEIES EE R

Effects of the change of ion concentrations in Ringer solution and
the cation replacements on the contraction of muscle fibers Hozumi
BEPPU (Department of Adaptation Physiology and’ Biophysics, Institute of Adaptation Meditine;
Shinshu University, Matsumoto) s

Effects of cations in nge.r solution and the similar cations replaoed with the normal .

components were exammed, mainly, on the contraction’ patterns of the skeletal muscles of -

bullfrogs.

1. A 10xNaCl Ringer induced contractures, ‘and the tension of a-ca. 500 ﬁber pre- -
paration was 159 g/cm?.

2. Every sample, except the preparations thicker than 500 fibers, showed a decrease
in contraction heights within a few minutes after the 2x NaCl-Ringer replacement.

3. Contraction heights of the twitch curves decreased within a few quarters of an
hour after the 1/2 NaCl-Ringer replacement.

4. In a 10x KCl-Ringer solution, no contractures were observed. An additional KCl
of 10 to 20 mM did produce contractures.

5. A decline in contraction was observed in 1/2 to 1/10 KCI Ringer, but the decline
was less than that in high-potassium Ringer.

6. Contraction heights increased gradually by the application of high- as well as low-
calcium Ringer. Prolonged relaxation was especially noticed after low-calcium Ringer appli-
cation. ‘

7. Monovalent cations, Li and Rb, were respectively good substitutes for Na and K.

8. Divalent cations, Ni and Ba, showed unfavourable effects on contractions, but Mg
was substituted with Ca though for a short period.

(J. Physiol. Soc. Japan (1974) 38, 163- 175)
key words : monovalent cations, divalent cations, contraction.
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Li¥s.
I.% & # &

EEEIY, 2007w 1L 220 g DEEDOEBRANT =V
o EMEL L, 20°CX p30°Co RO T TIF
bhic. FHBER L cBEEL, REE
B &, M. sartorius, M. semitendinosus, M.
rectus abdominis &nEREZHIH L. HIH
#%, B, WRE 6°C) kRFShik. kK
L, BEH» Ringer ¥ » fH p% 13, NaCl
117.4 mM, KCI 2.0 mM, CaCl, 2.0 mM, Tris
buffer 10mg <, pHiX 74 ThH 3. v BV
HiEAE, &%, 304, 1004, 5004%H]
BOKSICHBES NI HRHERT & 9. ER
BB 1X, HANE VC-T7oscilloscope ©, MSE-
40 (BSUNIBEERE) & trigger L, pulse jz—
E» delay #213 C, isolator # 4+ L, #Ho
iz @B L. Tetanus 2L TIix, Hl
DR X, SAEE, pulse ik, tetanus FIFKERMH
PEIRERMICEY ML, TORERLET
Bkl LD Fk, #Bhi, BEARE
MP-3 A, ADH-2  fiv,, va—F—EEs
FUOBBEHE L —F A L. BRESGE
Bir—BieT s wici, ¥r—7H1E0BE
¥E TE-10 $HFH L.

MR, oK E, HAJEE SB-IT
(HBSEHERE) oYy 7 7 v FICERKL, F
WmE EREL, 121F, isometric o4 Tk
Shic. ERBOMBOREBEBET 2546,
EEms b EAZFEFICERY, BEERICIIHE
BLAMERE BT, BREEEEE, i
O—EO BT, EICHEE & Y B HER
O—8, Tabb, KEOMICE - THEE
fToiz.

#wiz, Ringer yEOMMRAEILOBIC, INHE
BERED X I BT BV TR L
RO, v i¥RkE, 1) i NaCl Ringer
¥, 2) 1/10 NaCl Ringer #%, 3) 1/2 NaCl
Ringer ¥, 4) 24% NaCl Ringer #§, 5)
104%# NaCl Ringer ¥, 6) Jii KCl Ringer
¥%, 7) 1/10 KCI Ringer #%, 8) 1/2 KCI

Ringer #, 9) 2{% KCl Ringer y, 10) 10
f KCI Ringer %, 11) fi CaCl, Ringer &,
12) 1/10 CaCl, Ringer #&, 13) 1/2 CaCl,
Ringer ¥, 14) 2{% CaCl, Ringer ¥, 15)
10/Z CaCl; Ringer D15 EHTH 5. Ei,
B 4+ vEBEBEK & L T, NaCl sl
<, 1) LiCl Ringer % (NaCl=10), 2) 2{%
LiCl Ringer #, 3) 10f% LiCl Ringer ¥&,
KCl iz LTk, 4) RbCl Ringer #% (KCl=
0), 5) 104z RbCl Ringer J§&# @A L.
Wi A A v e st LTk, 1) MgCl
Ringer #, 2) 104% MgCl, Ringer ¥, 3)
NiCl, Ringer #, 4) 10#% NiCl, Ringer #&,
5) BaCl, Ringer #%, 6) 1mM BaCl, i
Ringer W oOFIENBBES . LB T,
BEHIR L L CRIEEOBRE N EFShZ &
i B. 72’2 L, Ji NaCl Ringer O REE
%, saccharose G+ % ¥4, saccharose
¥, 220.0 mM, 1/10 NaCl Ringer ¥ T i3,
198.7mM fEH L.

M £ & & R

A, Na 17 B%

1. 2{% NaCl Ringer }% T, #ERZT
RTESUNI, BIWEROB &R L),
BEL, twitch TIE U & { BoH/ATH,
tetanus FEICH L TiX, FO%K205, Kt
B bhie. BIUNERE % E% Ringer §k T
DHD LTS L, BRI, HEEET
L, TR (Xo) & EaimigEe (Xn) o
ETF&RTERARDN TS,

2. 1/2 NaCl Ringer T, A & 500421
ToEATE, ¥HaRic, oSO
LrRBD O, Fio, FREEEFR L. 5004
oKk, 1EH, 2BBL, KE
PC%F!EH/T?E}: ol

3. 1710 NaCl Ringer #% <%, 500 &,
10042, &30ADFIEAR L LE+4 ic T, HIX
HWEESBD L, KRR TR EL TH
bhi-. B%Eix saccharose CH#E L. &
iz, #9100 &g sartorius f @, twitch
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TRISCHRL B oA TY, tetanus FIT
BREHET 5L, Totk, WI0LHIHEL R
BH BNz, 1/10 NaCl Ringer #% o & i3,
BB B SUNICREERRE 7 5 72 7,
saccharose & CEZBEFELY+ 5 &, BIUE
BOBAR X VBRCELh S Z ERFED O
o, Thbb, BEEOFEESE LBEAKIE,
BIHER L X Y RREC b i » THRETS
7z (Fig. 1).

4. BINHEER 5T, 1/10NaCl Rin-
ger #%, 1/2 NaCl Ringer #%, 2 4% NaCl Rin-
ger &P L U5 % NaCl Ringer i<, 5438
XUV104 Hic, BHESE 22L& T % &,
Fig. 2 oz izl oz,

5. 5% NaCl Ringer #1234y & L,
tetanus Filik% 5% 5 &, IHER OFH D
BAHhbh, Fi, 1042 NaCl Ringer ¥ ¢ix,
KRR BEEMCATEEOWNE & R L o
(Fig. 3).

B. KAz vBt%
1. 10f KCl Ringer # <1, =o{EH

(A) (8)
f \ AR m
: (2)

—
{ \ (o)) (D)
[ng \ | 5 )
I ; (2)
Isec

Fig. 1. Schematic representation of twitch
curves in 1/10NaCl Ringer with or without
osmotic correction. (A) and (C) Normal Ringer.
(B) 1/10 NaCl Ringer without osmotic correction,
(1) after 2-minute immersion of the preparation
in the solution of 1/10 NaCl Ringer, (2) after 3-
minute immersion of the preparation in the solu-
tion of 1/10 NaCl Ringer. Material : sartorius (ca.
500 fibers), stimulus conditions : 20 V, 0.1 msec.
(D) 1/10 NaCl Ringer with osmotic correction, (1)
after 15-minute immersion, (2) after 25-minute
immersion. Material : semitendinosus (ca. 200

fibers), stimulus conditions : 20 V, 3 msec.

E#ROSBEIET L, BIUES 38800, 500
R OFGHMER TL0HRIH, 100 K Tix, 105347
#%, 30ARTIE, 5OBIE CIMEDOHEEIED D
M. IGHE, SR ORE, FicE Y, Ko
TBRABHE R REN, Tbb, E¥Ringer
BTOWER & i+ 5 &, BIFICH T, BIE
OLE, EEOETEHY, X, Xr ok
HERTHEEL s -7z (Fig. 4).

2. 2% KCl Ringer # <%, IE%Ringer
BOBA & B EEL L7 ShES, WSS L0

% X
I00F o© O )

50k

m - (2 (3 (9 (5
Fig. 2. Effect of various concentrations of

NaCl on the contraction height (X) schematically
represented. (A) Twitch height induced after 5-
minute immersion. (B) Twitch height induced
after 10-minute immersion. Materials : sartorius,
semitendinosus (from ca. 100 to 300 fibers). Ab-
scissa : (1) 1/10 NaCl, (2) 1/2 NaCl, (3) normal
Ringer (1xNaCl), (4) 2xNaCl, (5) 5x NaCl.

time in sec

Fig. 3. Effects of 10x NaCl Ringer and 10 x
LiCl Ringer on contractures. (1) Contractures of
the semitendinosus induced by 10 x NaCl Ringer -
(ca. 500 fibers). (2) Contractures of the semitend-
inosus induced by 10 x LiCl Ringer (ca. 500 fibers).
Ordinate : contraction height (g). Abscissa :time
in seconds.



166 A5INHE & Ringer ¥R DMK

EEcE bz,

3. 1/2 » 3k, 1/10KCl Ringer ¢
X, M ERRMERE O IUHER OB ER I, K
W DTIE, BiicBibiviz.

4, Bt KCl Ringer # <%, IE% Ringer
KL, & TCREREERRINLCVE,
HMeboTX, 3. LEROERMERL, &
By BED LFERULEND, BHMTITRE
BB L 75 -7 (Fig. 5).

5. KCl j&p% 30 mM, 60 mM, 100 mM
LmEsETwL ok, WEEAEC, EHEMLE
R CHIELTAS L, ol {EB%HD

X

N, (3) (2) ~e

31 r A L A - .
| 2 3 4 5 6

time in min

Fig. 4. Effects of 10x KCl on twitch tension
of fibers with various sizes. (1) Semitendinosus
(ca. 300 fibers), (2) sartorius (ca. 100 fibers), (3)
semitendinosus (ca. 30 fibers). Ordinate : contrac-
tion height. Abscissa:time in minutes. Stimulus
conditions : (1) 30 V, 5 msec, (2) 40V, 20 msec, (3)
40V, 20 msec.

i ofe. ZoENE, 1174 mM NaCl Ringer
BRI L BHRELRIC Th 57z,

6. Tetanus iz Th, twitch D4
LA, 10 KCI Ringer ¢, Kol I
iz v, XC BIW XI' BEOERABZRBD b h
7z. %7c, 10£% KCl Ringer &<, BIUHER©
VH&RE, tetanus FiE T, WEETEHRT DL,
1004f1#% ¢ semitendinosus # T, #1045
RISBR@E» bhiz.

7. Bt KCl Ringer # o tetanus %, twitch
DY L FIkE, EH Ringer il HI7
ERRENICN, WBHOLER, FWMEED

FAEOFRERELENS, EHEMICI, KRB
BARE LR STz,

C. Caqr#+ B

CaCl, g bicxt+ 2 IR o 2k id i
<, & CaCl, Ringer #% %, & CaCl, Ringer
E<SYh, Fic, Bic ik Bl CaCl, Ringer ¥ <
b, WEFmoLEARED bRk, IEL, HE
ﬁﬂi?ﬁ%@&ﬁf?k‘i%ﬁ’wuw bhlk. THhbb,
{& CaCl, Ringer g oit, Xr fE0ET, B X

4 Xr {}]

sl @

2k

I (3
g9 (g
1 2 X

Fig. 5. Effects of K-free Ringer on contrac-
tion velocity, relaxation velocity and contraction
height. (1) Normal Ringer, (2) 20 minutes after
K-free Ringer immersion, (3) 24 hours after nor-
mal Ringer immersion, (4) 24 hours after K-free
Ringer immersion, Ordinate : Xc (average contrac-
tion velocity), Xr (average relaxation velocity).
Abscissa : X (contraction height).

OSBRI IERE R & h 5 3, 7 CaCl,
Ringer #g<ik, MRS X OHEINI 8k
L, FHMABEEEICITIE & A EBERA BN
ol

1. 104 CaCl, Ringer ¥&cix, BEDE
F, 776, m%ﬁﬁ@igjtﬁ)wu » b5z
(Fig. 6).

2. 2% CaCl, Ringer #& <%, IE% Rin-
ger WTOFBIIWIE & B k525, B
IR R E OBMNMRS v, EX Ringer &<
DT L W LT REE 5D - 7.
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-9
m
(2)
------------- E )
8 10

time in min
Fig. 6. Time course of change of contraction
height following the application of 10x CaCl,
Ringer. (1) Sartorius (ca. 500 fibers), (2) semitend-
inosus (ca. 30 fibers). Ordinate : contraction height.

Abscissa : time in minutes. Stimulus conditions :
(1) 30V, 1msec, (2) 40V, 20 msec.

3. 1/2CaCl, Ringer ¥ <ix, & CaCl,
Ringer D4 L FHkic, BUNHERES O HA R
@iz, 1/10 CaCl, Ringer J& <k, IS
DEEREL, FRULOFMEHOERE I XY,
Xr EOEFHED & hie (Fig. 7).

4, B CaCl, Riner yix, 1/10 CaCl,
Ringer Db 0 X b, FitiEHIOERITEH
LY, BIUEREbEA LK.

5. & CaCl; Ringer (10f%) ¥ X Ui
CaCl, Ringer WoHA, HICHMEIHER X
KL, twitch BT BERLEFET2S 0 T
otz 72721, & CaCl, Ringer o 3§
o0 F 2R CaCl, Ringer o4k v, Xe—
XEHTOERO NP K TS 7. & CaCl,
Ringer #, i CaCl, Ringer #%, % Ringer
ol 5L, Fig 8 0T L SR MR &
.

Fibb, Xe—X EEHT, & CaCl, Ringer
#%, B CaCl, Ringer ¥ X O'IE® Ringer %%
NTORREHE T 5 &, zhbir Xe=aX
(a>0) BRTR & h 5. 20k, & CaCl,
Ringer #&D %% aix, B CaCl, Ringer # o
ZFhE IV KTHo7. 7%, B CaCl; Ringer
a5, EF Ringer #icd £ L, 10431% <
U HEE DD H3 B Bz (Fig. 9).

D. Liqtzrops

(4)

(5)
| 2 3 4 5
time in min

Fig. 7. Effects of 1/2 and 1/10 CaCl, Ringer
on twitch tensions of various fibers. {1) 1/2 CaCl,
Ringer : sartorius (ca. 500 fibers), (2) 1/2 CaCl,
Ringer : semitendinosus (ca. 100 fibers), (3) 1/2
CaCl; Ringer : semitendinosus (ca. 30 fibers), (4)
1/10 CaCl, Ringer : sartorius (ca. 200 fibers), (5)
1/10 CaCl; Ringer : semitendinosus (ca. 30 fibers).
Ordinate : contraction height. Abscissa : time in
minutes. Stimulus conditions : (1) 40 V, 0.1 msec,
(2) 40V, 0.1 msec, (3) 40V, 0.1 msec produced no
contraction thus the pulse duration was increased
up to 60 msec. (4) 40V, 0.1 msec, (5) 40V, 0.6
msec.

Xc
4k

()
3k

/
2F (3) — (2)
e

I 3 L 2 I3 2

| 2 3 4 X

Fig. 8. Comparison of calcium effects appeared
on the Xc-X plane for tetanus tension. (1) High-
calcium Ringer (10x CaCly), (2) Ca-free Ringer,
(3) normal Ringer (CaCl,:2 mM). Ordinate : ave-
rage contraction velocity. Abscissa : contraction
height. Stimulus conditions : (1) 10 V, 0.5 msec,
20 cps and 3sec;(2) 10V, 0.4 msec, 20 cps and
3sce; (3) 10V, 0.5 msec, 20 cps and 3 sec.

1. LiCl Ringer & (NaCl=0) v, twitch
B &I % L, EX Ringer ko o XY
IHEHARE R L, BAM, HoRBERE
BB7h o fz. %7z, LiCl Ringer Wiz T,
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tetanus W& RET B &, twitch HHOSE
DX 5z, FE¥ Ringer lgn b0 LB L TH
BRI A b b o 7 (Fig. 10).

2. 24z LiCl Ringer yi& (NaCl=0) T
1%, 24%o NaCl Ringer % ic & L BB & H
B, ERBEDLD, GRHETHOREBITR L
o7 FEEX, 2{%o NaCl Ringer {&RD¥%;
A0S, BRI AR T, WEEOET,
Xe, Xr {HOIET &R EHEH» bR

3, 104 LiCl Ringer ¥§<ix, ¥z &£
s, BUNBREIC X 5B OB TS

b3

i

2400!0 5!0!520

_I—c—m— time in min
e 0x N R-l r————N R.
Fig. 9.

Time course of tetanus tensions in-
duced by high calcium (A) and calcium free (B)
Ringer. NR. :normal Ringer, CaR. (10x):10x
CaCl; Ringer, Ca-free R.:CaCl, free Ringer.
Material : semitendinosus (ca. 100 fibers). Ordinate :
contraction height. Abscissa : time in minutes.
Solution changes are indicated by the steps in
the lower traces. Stimulus conditions : (A) 20V,
0.4 msec, 20 cps and 3sec; (B) 10V, 6 msec, 30
cps and 3 sec.

”ﬂ‘ﬂl.

FEMIEDNT, FHHEO R RBD bhl.
4, 54& LiCl Ringer i 24y & L,
tetanus ¥ &ET 3 L, EHRIER OB R
m»?fb B%’LT’
E. Rb 4+ v
1. RbCl Ringer # (KCl=0) iz ¢, ¥
IR & 5067 % &, ERRIEA ik, EXE
Ringer gL b=, HoREOZEI» 2 <, B
BObLTEIBETED Y, BESLTIIES
DOWP#F & hfe. RbCL Ringer 3¢, 100
ATREE OBMERE T 5 105 RE 0 ERE 0

W s kL OEEORE Rk, R
DILHEE S b, FYEREIC b EFH B
Zv. 7o, 2088 RbCl Ringer ¥ ic 8+
L, Rbx Kix, 50%MrB#Ehs Lvbhy
TV BN, F0kloniaEo RbCl R0
KIEOBRbLILFRENL T vEeEL BN,

2. 24z RbCl Ringer # (KCI=0) i
T, BIEERER&ET 3L, BEZLEVE
FHL, 3045 CHIUESDBRDBH DI E D,
IE# Ringer #&ic % ¥ ¥ &, BOUER
L, BMELEET S A» D, 2440 RbCl Rin-

X
L (3]
(3)
(2) s

S ilie 4

’__.—":__Q—" 4)
| 2 3 4 5 6

( msec
Fig. 10. Comparison of effects on twitch ten-

sions between the control and LiCl Ringer. (1)
Normal Ringer effect (semitendinosus : ca. 100
fibers), (2) LiCl Ringer effect after 20-minute
immersion (semitendinosus : ca. 100 fibers), (3)
normal Ringer effect on the second day (sartorius :
ca. 100 fibers), (4) LiCl Ringer effect on the se-
cond day (sartorius: ca. 100 fibers). Ordinate :
contraction height. Abscissa : stimulus pulse dura-
tion in msec.

gﬂ&@%@ﬁ,KQ@%@&ﬁUbt%@?
borAHishs Fig 11)

3. 10fz RbCl Ringer % (KCl=0) i
<, HIEEEEET 5L, 40455 TR
i, INEES 1B L T10f% RbCl Ringer j& &
E# Ringer koflic, ZRXFEH 6T, 1065
RbCl Ringr #0553, OLEDKT, i
BHIOLRENS b h . i, 100 KCI
Ringer ¢4 bhic & 5 mIUEEOEW, M
B L5, FHIHEEE, FbiEE o
LB S RERA b (Fig. 12).



#5IUAE & Ringer ¥ DL 169

41 X ({}]
3 20 ((3p
HE o

‘1 2 3 4 X

Fig. 11 Effects of 2 x RbCl Ringer on twitch
tensions of sartorius muscles. (1) The controls in
normal Ringer, (2) the test results for 10-min
immersion of the preparation in 2 x RbCl Ringer,
(3) the results for 40-min immersion of the pre-
paration in normal Ringer after the 10-min im-
mersion in 2 x RbCl Ringer. The symbols are as
follows : X (contraction height), t(pulse duration
in msec), Xc(contraction velocity) and Xr (relaxa-
tion velocity).

L

()
2 4 6 8 ¢t
) 2 3

X

ok m

5-
L

c
Qﬁ (2)
xe W
lor (2)
0.5 -L./‘/O/'/‘

X

Fig. 12. Effects of 10 x RbCl Ringer on twitch
tensions of sartorius fibers. (1) Normal Ringer
control, (2) 10xRbCl Ringer effect after 20-
minute immersion. The symbols are the same as
in Fig. 11.

4. Rb 14 F L EE%, KCl 04 L FEE,
30 mM, 60 mM, 100 mM & » #¥f1& ¥ 7z Rin-
ger KT, I VIENRD bhie. HiETSA
DORMERX, |BETT40~50mM Th 7. =
ofEik KCl oERE X vV ° REETh -
To. YRERE, DXV EBEMAOLLEA LR
otz

5. RbCl Ringer iz, 5 HED#EHE
Wk EHT 5L, Fig. 13 02, ME
o ERRH Y, B KE <, IEEOK
T, oL TR RERBED bk,

6. 104 RbCl Ringer # < o tetanus
<%, & KCl Ringer oL En v, X
MR OIET, FEHNEEEMEOBD, g0
EEEXFED I,

F. {1 4 v 0pE

1. MgCl, Ringer ¥ (CaCl,= 0) i,
bTEPERECETES D, HiEHOEREN
B o3, EHE Ringer IBnH4 & P F
BINHEEE B X R EEHEEZ R L., IE
# Ringer & & MgCl, Ringer ¥, 1E# Rin-

X
5 (1)
3 (2) ist day
1
5

n 3rd day
3 —
1k / (2)
°r w
3k 5th day
Ip (2)

2 4 6 8 10 -
msec
Fig. 13. Successive changes of contraction

heights taken against the stimulus pulse duration.
The samples were immersed in normal Ringer
(1) and RbCl Ringer (2) respectively. Ordinate :
contraction height. Abscissa : stimulus pulse dura-
tion in msec. Material : sartorius (ca. 200 fibers).
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ger ¥ 6, MgCl, Ringer #%, FUIEH Rin-
ger kL, 1053WETH oL, MEDHEEE L
TeRER, REREER—DEE R L. &5
12, PHUCHEERES, 3B X O FEbielEE » E5

X

3 -
(3) (2) {}

2F o

[} e

ol
] 10 L] %
Fig.;14. Effects of MgCl, Ringer on the con-

traction height “X” and stimulus pulse duration
“t” (msec) for twitch tensions. (1) The control in
normal Ringer, (2) the test results obtained 10
min after replacing normal Ringer with MgCl,
Ringer, (3) the results obtained 20 min after
replacing the test solution with normal Ringer.
Material : semitendinosus (ca. 100 fibers).

l.o 9 . o (3)
o (2

o5} ;//////00)
[ 2 3 X

Fig. 15. Effects of MgCl; Ringer. Average
contraction velocity (Xc) and relaxation velocity
(Xr) were taken against contraction height (X).
(1) The results in normal Ringer, (2) the results
obtained after 10 min immersion in MgCl; Rin-
ger, (3) the results obtained 20 min after having
replaced the test solution (2) with normal Ringer.
Material : semitendinosus (ca. 100 fibers). (1), (2)
and (3) are the data from the sample. Stimulus
condition : 20V, 3msec for the right points, 20
V, 0.5 msec for the left points.

Ringer #% & MgCl, Ringer §& G323 L,
FER—DOFB L F—nfEZ R L, EFRinger
BOBA L REZ BP0, &b, BAME
{b2H s L, 3 HREREIH%, BHERD AP
-7z (Fig. 14), (Fig. 15).

2. 104 MgCl, Ringer ¥ (CaCl,= 0) ©
X, BECKRTREOEHLE LM, EF
Elxaoh ¥, BEMCBET S L, ES
OB HZ BT, 10f MgCl, Ringer ¥k &
IE¥# Ringer IO EBAIK ST, FER L UE
WUHEREE % ik % &, 10fF MgCl, Ringer
Wik, MECET, X Xc HOETFRDb
FTrizH bz (Fig. 16).

3. NiCl, Ringer # (CaCl,= 0) Ti%, B4
& R U, SR THIER OB R A2 bh
B c, WHEBOIRT, FHIUHEREE OB
b, PIHREEEOIE TR b h e (Fig.
17).

4, 10ff NiCl; Ringer ¥ <i%, RR{ES_E
F L, B BIUER IR L, B TRE
g LIz, 2 72 L, twitch BBctY B K

X
Py s (A)
0 @/ fw
2k
' o
0.6 1.0 1.5
msec
15 p Xe (8)
{})
10}
5k (2)
| 2 3 4 X
Fig. 16. Comparison of different effects bet-

ween the control and the 10xMgCl; Ringer
solution. Material : semitendinosus (ca. 100 fibers).
(1) Normal Ringer, (2) after 20-minute immersion
of the preparation in 10x MgCl,. (A) Ordinate :
contraction height. Abscissa : stimulus pulse dura-
tion in msec. (B) Ordinate : average contraction
velocity. Abscissa : contraction height.
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X
2 POS.
’
T
r
L4
L 4
1t s
!
4
1 2 3 4 5
((}) I 2)
Fig. 17. Time course of NiCl; Ringer effect

on twitch tension (X). (1) NiCl; Ringer, (2) normal
Ringer. Material : sartorius (ca. 100 fibers). Ab-
scissa : time in minutes. Stimulus conditions : 20
V, 0.2 msec.

X
A
1LOE
m
OS5
10 20 30 40 50 60
time in min
~ Fig. 18. Effects of 10xNiCl; Ringer on the

twitch and tetanus tensions of semitendinosus
fibers (ca. 300 fibers). A :twitch height produced
by 20V pulses with 3 msec duration, (1) normal
Ringer, (2) 10xNiCl,; Ringer. B: tetanus pro-
duced by stimuli:50V, 3 msec, 40 cps and 5 sec.
(3) 10 x NiCl, Ringer.

JHRERE A2 tetanus FORE #E ¥ & h
7= (Fig. 18).

5. BaCl, (1 mM) #hn Ringer #%<ix,
FUEDET, BIUEROBMIAH Y, BaCl, f
Jin Ringer ¥, BUHREFIERE, BEbic,
EH Ringer #iz ¢ ¥ ¥ 1F, KESREEL®
(Fig. 19).

% bz, BaCl, #&in Ringer Wgic > iF, 5
4y, 1043, 2043 L REEIRORRIE % 38 - CUNHEHEAR
kW, ToOWEEE Xc—XPH, BLUXr—

X
3 ’\
@), (@
2t o
Lo- &
1L ()] (2)
o -] (o] -]
time in min
Fig. 19. Time course of contraction heights

examined in normal and BaCl, (1 mM) Ringer.
(1) and (3) : Normal Ringer, (2) and (4) : BaCl,-
added Ringer. Material : semitendinosus (ca. 200
fibers). Ordinate : contraction height. Abscissa :
time in minutes. Stimulus conditions : 20V, 3
msec for (1) and (2) ; 20 V, 9 msec for (3) and (4).

XEH CiiskT 5 &, Rl & tic Bk ke
KL, £5—% 0EBX Xc=aX, Xr=aX &
DiE a OFFIZ, B, ARGOEEL LT L
BH Bz

V. & %®

HUEOERAS BT 58S, 4TEHO 7 —
V8w bh, o Xc=constant & 753 %
ok A, X=constant » 7% % ® it B, Xc=
aX (a>0) £7%5% 0 C, Xc=aX (a<
0) L55b0ix C 2AHLENLN, 20E
Bz D TR BIE LI 25 TH 5309,
L2 AT, BRORERIZ OV TE 2, Fig 5,
8, 11, 12, 15%ofiixfih b CEIOELE R
LT\w5%, Ba 1mM Fhnoflcix C'El 43
bhTvd. i, F—RE ORI T 3R
Wesh#R %2, Ringer EKRFEHH L oKD
5L, CEICHE - TEILBHDRTL 39,
&, FHEROEFIET 3 AR
TORFFE, Ringer PIE®), %< oWfFEHiz
Lo TIRbR T3, 2OMRE b OICHE
EoWTik, BEEAD & 5 7z EENEL
2, —ikicx, Avbhsicd o, B, &
BMEICH T 2 KA L OBz oW T, B
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22, HEY, Lehninger'®), Sandows). & iz
Xy, manfFhabh, %7z, Shanesi), Lor-
kovic®, LEM& 2 & b, —HRE5 3 bR
HHHTV3S. ¥, =flif 4 OMEERD
EEM BRI L T X, JUKY, Nihei?,
Frank!D, Nanninga® %z X v, i@l
BEBSHh T35, 4, Ringer JROFEARE
o, BOFRELE, BUFRS BEZE
fes&3 L, AEROML, ek aEx O
BRBDNBR, TOREL, BrOBOAE
VIRHT ARSI > ThEEENE DT,
Fl—A 4 v BEOHETLNHT LLHEIL—ED
FREPRD DD LIRS VO, EREX
WE LR, TEBIEERE, BEHMREEIC X
->T, BHEOELE ST B LBmbATY
3L, AR, MIRNOBEL, MEN
DBRFIC L VBT LI —~Th 3 LA RER
TVRWD, LT, BEMICELVER
wid, RUCESTIRAV. —F, 4F 0%
BEEPMCERSE, SHRE, MRS
B, BEC—HTHL50TrediciE, H—
BEREARIFE L VeV R B, TDLHR
BAZ, HERBREROMEE LTREHETH
50T, 2HOEF O K IT X, KEE, 30~
5004 & L T, ZOHBMERIHTEAF D%
REBRA L. :
AS—SORELE, SRCBT BHEAF LD
N, LT LVEDI, ERBcRT 5%
DA ZF v DORBEFFBOOPEVCETH B,
LziE, Ca oEEMR, LEXLEERHIRT
WBR, FOMBA~DOREATE I Y RE T,
free i1 DA VINBB), 7=, SfgEo Ca
Oz, WA Ca 0Bz ERTILO
T, Ca oERZ L VERIRITREI D
iwix, EDTA 2B, BiCa %47k 5 HEE
2z o3, TOHFETYS, #MlRo Ca %
FRBETBIRTE ALY, B CakofEH
LFEEL7b o, Mk Ca i hi
TLEBERTAICTERY. B Ca oS
#¥5%0E, Fig. 8 wRilickoic, & Ca
DFPRL—FELTVBZLiX, —REBDTHE

BRbh 3, CaputoE® 0EBRTHI @ X

5 BEFFRIIRDEN TS,

AF i, %, BRORRERTENY T
BRHECHELA-T FHLYHRERT
LvnsEzy, LELEfTRE b Ty 3. flz
i3, R, BOBRIBEE IR LT,

Eoc Nat4K*

Ca+++Mg+++Hf
@68 %9 %ﬁﬁﬁgﬁﬂBhTV‘ébgM), _‘jj%
¥ orastirI RT i,
e €Y s
RT Na™F - 2)

Th BT &b, BEESAhTORW., £efo
microsome DA 4 UEEREIC OV T,

Ca+t+Mg-+K=constant «-«--eeeeeeeeeen (3)
THBI RO TV 30 7k, —Kic
X, 2RO 3 U BB,

1 _ Pl 11
TSR S sy “

DT & EEMENERIT 52, ZORT (Pl ik
TS ORI OB A A > 1 OEEE, (Pl i
RO K S 18 B, (R) a1 4 VIRE,
Pilex 1%, MBS OBA A § OBETH 51D,
%7z, Na oS ~0 < AHLIKBEL T2
¥, K& LioMicHEEEARszTsE v 5%
&4 50, HEBRE MR 4 v L {5
4 4ok LTEgET 5 &, Cax Na
& HIRIETLIC R U CHRBAIC/ER LD, Ba &
K 0@t LS IRTL L s fER T 3® & v
bhTws., ETMBA 408, —lilA+
VIREEERBLETZ L RIESEMNOERLD D
S T30,

Lz AT, 7V kr —VEoIREER T,
Na, K&k v, L5, Mg 0EENSRT
ThTwaR, pxafo Ringer #gic Mg
PEEREARVOE, EFORBEKL TV Er~
AMEDA T VREOBORKECVENTHD L
2 X5, BTk, ERcRT a5 A VR
ik, BEEOMHER, BRIAZEHNRT Ve
DD L 51z, Ebbhiviid, FEEEN
BERETT b0 L, BREROERG T
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L5, BRENCERTZ boLBEL N
5.
R RN AIERE RTA A i LT, B
BOFRRMII K TH 508, BERMEERERT
b OIDOVTIE, BEHEOFEMZ/NTHS LW

HTEN, PV ETHSH. BiFOH
LLTi, Na & Li, 721K & Rb oz
BdhFoh, HFopleLTiE, Ca & Mgo
BREXL T b5 h 3. RU—MOBA 4T
Na ¢ K offficix, AI#ERED TRz &b
MHASHhTW3D, #iL, K & RboEgo
flic X 3 A #tED X &izov T, Sandow,
Relman & o EC i EMRER R H 509, %
7z, Ca & Sr OFHHERFFEDBRICH L T
X, B TECEOREDL H B0,

B1giz, Ringer YRR D ZYHEIC > THE
EtsL, BxoBERZzhZnEE0EE
BARR D D, BEOWKEX, Thbixdt+s
TR bDTHL L VBT LTk, Fk
SOBEMOBER & i HEWEEE Lo
T, S bicEEMIC, WikKELXWLEC Yy 7
Vo X0k s R0k d BBy E2 5
PEBANCT B DI, FRRomL, S
FEERLLE LBNE TR 5 Ehic, BEE
B, B, ¥R EEE BN T, Rit:
BB LBRSBBETHBLELONS.

V. #& i

1. 104 NaCl Ringer ¥ <13, &EARZH
WEEAEL, FOoEME, 159g/cm? BETH -
7z.

2. 24 NaCl Ringer ¥, £EHRIZ,
FTRT, BSUNCEIREE OB &R L.
HEBEoRET, —iBttic Xe o LRRED
bh, BlEos% X, X o FaEbIE.
%7z, 54%» NaCl Ringer # < tetanus %@
X¥BHL, ELCIEROBARA b,

3. 1/2 NaCl Ringer & <i%, ¥ 1045 BL N
T, ZOBIGEERED L.

4, B NaCl Ringer #, 3 X 181/10NaCl
Ringer <k, BIUGHEEOBDZ, FEHECHE

{Hbhie.

5. KA v oo v T ik, 1042KCl
Ringer (20 mM) #&cix, W A L A4 v
B, &bz, 10~20mM, KCI JE %1 1 &
¥5L, WRENFEBL L, 10#% KCI Ringer y%
T, BRI OREREE 2 5 L, #9100
R OGHRHET, 1053, 2F5 124045814 T, B
INHEE DOWHENRTED b b, Twitch, tetanus
dtiz, % KCl Ringer o8 Xc B r o
Xr OIEOBINE & % 7.

6. 1/2 % X 08 1/10 KCl Ringer # <1, ¥
IHER OB FED b h 5. LrL, & KCI
Ringer ko BAich L, R 0HEbNE 12 5
l(\. .

7. % CaCl, Ringer ¥ <1, BUESIZ -
AL, E7f& CaCl, Ringer k¢4, —mMIic
i EAEBPRERKE. 2771, & CaCl, Ringer
Wik, twitch, tetanus i g Hio E &
BHbhiz.

8. LiCl Ringer #% (NaCl=0) i, F#
Ringer 0¥ & FELL L 7 UG HIMR 2 57 L,
BHE, BOREBRIARRLELAD» 5D,

9. 2f#» LiCl Ringer % (NaCl=0) <
X, 2f#» NaCl Ringer izBL 72 B & A
®, BREEOD, ERET, ISR
DBEY, HORBIIRRE R o/, RERIZ2E
o NaCl Ringer #& L L L Twv 72D, ‘

10. KizxtL, Rb CE#LULES, R
HNOEHICESL Tix, twitch $ X O tetanus
DUHER:, SEHUHEEE, 38 X O EHabigkEs
DEREROETX L, KEEL, +HEHRF
BrEZONK. 2L, ERNEo Rbick 3
B, Xr EOET, WEEOET, B
U XCEDET, BED LH#8S v, E# Rin-
ger EOBA L VIRIBIEIARR & ko 7e.

11. CaCl; iextL, MgCl, ic TE# L 72 4
A3, BECKTELEY, ERFfOBE#HIZA
BBThor.

12. NiCl, Ringer ¥ (CaCl,=0) <%, [
fEo EH, BEHoER, <bic, EREIN
iz, BIUHEEORDBED bh, CaCl, it
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BEHIIAFRETH - 7.
13. Bayin (1 mM) Rlngerf& <X, —iB

HiliEE ok, BECETARB® bh 3
7§§! %O(&‘m\ék‘—a W%ﬁ%@ﬁpb)tﬂk‘_-

ez beh i D, WAL EHELL & R
2l b - o FHARERCELBHORE R L
F. Eie, HEPTE > kZEROK < E L
mLEgET.
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Lysine-Sepharose chromatography [C L3 KA FE
plasminogen proactivator Q{&4F1k 612.115-085

oA JE — B, kB B F
(#F FBE R TP D TR

A small molecule proactivator of plasminogen derived from the
macromolecule one by Lysine-Sepharose chromatography Jun-ichiro
Yamamoro and Yoko NAGAMATSU (Laboratory of Physiology, Faculty of Nutrition,
Kobe-Gakuin University, Kobe)

There are many disputes about the activation mechanism of fibrinolysis in human plasma
by streptokinase (SK). The dispute has been focussed on the mode of action of SK. That
is, whether SK reacts directly with plasminogen itself or SK reacts with the factor (pro-
activator of plasminogen), different from plasminogen.

Takada et al.i91" gel filtrated human plasma through Sephadex, obtaining two kinds
of SK responsible factors with different molecular weights. Their further investigation
into the factors'®2® proved the macromolecular factor to be proactivator, different from
plasminogen. But the relationship between this proactivator of plasminogen and the small
molecule proactivator of plasminogen remains obscure.

The aim of the present paper is to clarify whether the macromolecule proactivator of
plasminogen (proactivator A) may shift to the small one (proactivator B). The authors gel
filtrated human plasma fragtion I through Sephadex to obtain proactivator A and B,
successively fractionating these proactivators of plasminogen by Lysine-Sepharose chro-
matography, and re-gel filtrating by Sephadex. The result obtained indicated that pro-
activator A became a smaller one having the same molecular weight as that of proactivator
B, and that both proactivator A which became smaller and proactivator B showed about
100,000 in molecular weight after gel filtration.

These results seem to lead to the conclusion that the basic proactivator in human plasma
may be proactivator B with the molecular weight of 100,000.

(J. Physiol. Soc. Japan (1974) 176-185)
key words : plasminogen-proactivater, proactivator, streptokinase, Lysine-Sepharose
chromatography.

%lﬁ%’a’:é bickiL, Kline o Plg L gk

I. F Ei

Streptokinase (SK) iz & % & F fi8EHRER D
EHEF OV TR OFER1H 5. 2D
far SK RAE#ERKET3HEF%, plasmino-
gen (Plg) Z0o b0 THB &+ 22, %7213 SK
FIHERTFE L T Plg LREORFTh 3
plasminogen-proactivator (Proact) #f8&E+
ZNREVIRTHD.

Takada et al1®1Dx, v b f#% Sephadex
THNBBL, SK M52 LTk VAEE
REOIRILD %, HTERORDZODS5HE
5. HOOVELHTFRERORI VHETT O

(REFN494E 1 A 22 32403

L7z, 50 Lhid, = oRFRmEsn
iz Kline @ Plg &3 & v, 300,000 0475
b 0¥ VBT S Y, plasminogen-acti-
vator (Plg-Act) oRiEsREWE, +7bb Pro-
act ¢H Y, ko Proact i2E/)~v—Th
L5,

—%, Takada et al.l®, Yamada et al.2D
i3, MEOMBLEBTEHFEORZ LD
SK ISR (LI Proact LIER) 1zowT
B L7z, #5113, wThoRFicsvTb4y
FED/MS v Proact 2w 27zic bbb
T, HORETIEGFEDOKE v Proact %57
DB LR TERP oM. ZOHEIZE b MR
OEAA 7 Proact 134 F & D /N & v Proact
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THBZEETFRL TS, LT, b
mERP DS FRORS 255D Proact HE O
BREALHCTA I LIEEARETH 5.

A& OB, SFREOKE Proact 23
53 FRED/NE - Proact w847 T2 2B EH
BHPILEIETBLDOTHS.

#UT Deutsch & Mertz? iz k WSS < hi-
Lysine-Sepharose iZ#¥AR DS BEER 1z IE
WicENERETH B, ZEH 512 o Lysine-
Sepharose # v~ T, 2 f&f o Proact 0%
DRI % A AT

FWE DR TIX, Sy FEOK & v Proact
¥ Lysine-Sepharose chromatography # 47
%5 T LIk VESTFREL, FRONAES
Proact LRICAFEZFRTES5CE - 2. 7
BEVABIZL VRO Z b0 Proact o4y
FEI3 31249 100,000C % - 7.

I. #H&LvHE

A ¥ B

1. vvyo747Y/)—% BFg kL
Tix Miles Laboratory o 3 fi# Fraction
I (Lot. No.58) % @M Liz. #EFI#TIC, 0.04M
NaCl % & 70 0.18 M 7iEeseEisg (pH 7.75) <
0.4% ici2% X 5 TR LTz

2. ebDT4 TV =4 H-Fg) L L
Tix, L FUHEHElE&ttho e b ot Frac
tion I (Lot. No. 6397 A) & L=,

3. bmyEy (Th) LTk, VYofF
BTN rEr (FREEIEERRNSH) 2 EROM
B ER C 10u/mlic/z 5 X 5 ICHEM LI,

4, Streptokinase (SK) %, Varidase (Le-
derle Laboratories) % 1,000 u/ml iz £3-AH
KT LTz,

5. Urokinase (UK) %X, v v ¥ F+ —¥%
(2 F U +F#&H) & 250 Ploug unit/ml (2L
# UK o Hfiix 3= Ploug unit % ffv-3)
isd X5 ICEBRERKTHEM L.

6. Sephadex %, Pharmacia o Sepha-
dex G-150 3 X 8 G-200 #fEA L. BHIic
B LBk, 0.2M NaCl #5414 0.1 M

N ) 2 -EMRER (PH8.0) Th 5.

7. Lysine-Sepharose % Deutsch &
MertzD o Fkic L7223\, Sepharose 4B %
CNBr oiF#{b L, Zhic L-Lysine 24 &
TR L.

8. Plg #&xhs v BFgikonXoiclL
TER U 7e. LEROMBRSEIRICIAM L 72 0.4
% B-Fg %, FIiEEE CEH{L L 7= Lysine-
Sepharose % 5 AlicHi L, JBTET 3 Plg % Ly-
sine-Sepharose iz %k 3% & ¥, FEWESHEE
Plg #& %74 B-Fg & L.

9. GFENEDCTDIER LzF v 32
HRUTObL0Thot. JFATAT IV (K
AR S, 2 T& 45,000), ¥ o mig 7 v
7 X v (Armour Laboratories, 4y7& 67,000),
~F YV % F—+ (Sigma, yeast type III, 433
& 96,600), FLEEHX /K 5% B% 5% (Sigma, rabbit
muscle type I, 4yF& 135,000), 7 —F%
k7 » (Pharmacia, 4yF& 2,000,000),

10. trans-aminomethyl cyclohexane car-
boxylic acid (t-AMCHA) 135 — U3k &
TVt hiBREER L.

11, Zoffl A Lz ik v $h b A4
T’ TH ol

B. 5 ¥
1. “uvaniE
Bist® Sephadex # ¢, Flodin & Kil-
lander®) @ FEEIc ¥ L TFF - 7=. Pharmacia
DHEEN D 7 b E2EHL, # 10°C o@pEIk
ERMS RO ERETHE L. SEII
ZHFAEV#H X, & # o automatic fraction
collector #{FEH L.
2. BB (BEE) WEHEOWE
Proact JEM#:o #i & 12 1%, Astrup & Miil-
lertz9 I v« 7 4 7Y » (B-F) Eik %
BERA L. #Be LTk 0.1 ml o@EHikic 0.1
ml ¢ SK (1,000 u/ml) #EFfIL, * 0.03ml
# FREFERICET L.
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free JEfmE B-F SEiREEA L. RBtE LT
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Lysed area
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2001

100

UK unit ( Ploug unit )

Fig. 1. Plots of UK unit (Ploug unit) against
lysed area. 0.03ml of UK solution (variable in
unit) was placed on unheated bovine fibrin plate.
Lysed area was measured after 18 hours at 25°C.
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BET LR, BHARETH B, BHIEZBME
CEFIERTE 3, &) 25T t-AMCHA
DERLTOR. LER> TRERTIRZINEMRE
L7z, BEEEOBIEIZEIHROFHEIZ Lieh

SK fibrinolysis on unheated
o-0,, / plate
°\o"\
A

UK fibrinolysis on Plg free
plate and heated plate

4 . y
: ' \°~o\°_,
: -'.. /X—X‘ °\°\
: Shri \
0 L LTI T T A o
40 50 60 70 80 90 100 10 120

Tube number

Fig. 2.

Sephadex G-200 gel filtration pattern (upward elution) of human plasma frac-

tion I. Fraction I (400 mg/30 ml Tris-HC! buffer) was gel filtrated through Sephadex G-
200 at 10°C. Tube No. 42-62 were mixed and termed Fraction A. Tube No.80-98, Frac-
tion B. Column dimension : 5.0 x 67 cm. Eluant : 0.2M NaCl in 0.1 M Tris-HCI (pH 8.0).

The amount taken in a tube was about 1

0 ml each. Mean flow rate: 35 ml/hr. Ordinate:

Optical density at 280 nm and lysed area. Lysed area represents the mean value of duplica-

tion. Abscissa : Tube number.

lysed area
(mm?)
1300

Fraction A

lTris-H C t-AMCHA

|7

1.0+200

0Dy ;-.,.—-Protein

0.

o

1100 'f\

15
Tube number

Fig. 3.

/ _——SK fibrinolysis on unheated plate

o \
UnretaFded fraction FractionA’

\
°

\

UK fibrinolysis on Plg free plate
and heated plate

Lysine-Sepharose chromatogram of Fraction A. Pooled Fraction A (3,400 Ploug

unit) was applied to the column of Lysine-Sepharose. The retarded fractions (tube No.

14-17) were mixed and termed “Fraction

A”. Column dimension : 1.1 x11cm. Eluant :

0.2M NaCl in 0.1 M Tris-HCl (pH 8.0). Eluate: 0.01M t-AMCHA in the buffer. The

amount taken in a tube was 3ml each.

Mean flow rate : 20 ml/hr. Ordinate : Optical

density at 280 nm and lysed area. Abscissa : Tube number.
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Lysed area
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Fig. 4.

} Tris-HCL t-AMCHA |

Unretarded fraction Fraction B’
| m—— |

%

No,
N,
.

———SK fibrinolysis on unheated plate

UK fibrinolysis on Plg free plate
and heated plate

O,

20 25

Lysine-Sepharose chromatogram of Fraction B. Pooled Fraction B (2,100 Ploug

unit) was applied. The retarded fractions (tube No. 12-16), “Fraction B”” Column dimen-
sion : 1.1 x 11cm. Eluant : 0.2M NaCl in 0.1M Tris-HCI (pH 8.0). Eluate: 0.01M t-AMCHA
in the buffer. The amount taken in a tube was 3ml each. Mean flow rate: 20 ml/hr.
Ordinate : Optical density at 280 nm and lysed area. Abscissa : Tube number.
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THERBETD Proact {EHa ki, W3
Proact o£&yEME, Fig. 5 BLX U6 L ko
X 5 it L Tkwiz. Fraction collector 4
tube H1> Proact iEM:#HIFED HETRD,
Z OfE (unit/ml) 24 tube Hh3tE o B (ml)
%) T4 tube @ Proact ML L7z, %v
T4 tube o Proact iEiEZNE L T BEL
Proact yEM L L7z, v

Hi%% A 3 XU B o4 Proact i&1, JE%
E4 Proact EME L RIMkIC, Hffi (unit/ml) iz
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Lysed area
(mm?)

1.0+200
Vo Ve

! l

0Dy

ono SK fibrinolysis on unheated plate
oo / \°”’,/,/
05100 e /./‘ \.-o\
\ o L UK fibrinolysis on Plg free plate
! o ge0” \ and heated plate

/ Protein \‘-\,n\
0 gEms 35 40 45 B0 55 g0 es

Tube number

Fig. 5. Sephadex G-150 gel filtration pattern (upward elution) of Fraction A’. Fraction
A’ was gel filtrated through Sephadex G-150 at 10°C. Column dimension : 2.6 x 74 cm.
Eluant : 6.2M NaCl in 0.1 M Tris-HCI (pH 8.0). The amount taken in a tube was about
5ml each. Mean flow rate : 16 ml/hr. Ordinate : Optical density at 280 nm and lysed area.
Lysed area represents the mean value of duplication. Abscissa : Tube number. Vo : void
volume. Ve : elution volume of plasminogen proactivator.

Lysed arzea
_300( mm?) Vf
Vo / \, __—SK fibrinolysis on unheated plate

1.0200 l / \-\

0D

K fibrinolysis on Plg free plate

054100 and heated plate

Tube number

Fig. 6. Sephadex G-150 gel filtration pattern (upward elution) of Fraction B’. Fraction
B’ was gel filtrated through Sephadex G-150 at 10°C. Column dimension : 2.6 x 74 cm.
Eluant : 0.2M NaCl in 0.1 M Tris-HC! (pH 8.0). The amount taken in a tube was about
5ml each. Mean flow rate: 16 ml/hr. Ordinate : Optical density at 280 nm and lysed area.
Lysed area represents the mean value of duplication. Abscissa : Tube number. Vo : void
volume. Ve : elution volume of plasminogen proactivator.

Table 1. Recovery of activity

starting applied Proact unretarded retarded
fraction (Bloug unit) Proact(P.U.) | Proact(P.U.)
Fraction A 3,375(100%) 890(26%) 495(15%)

Fraction B 2,100(100%) 4ho(21%) 1090(52%)
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Studies on the refractory period and the supernormal phase of the
nerve fiber Masao Matumoro, Takamasa Kiramura and Michiko HanBA
(Department of Physiology, School of Medicine, Gunma University, Maebashi, Japan)

As experimental materials using the sciatic nerve of the bullfrog and the electric nerve
model (ENM) devised by Matumoto et al., the refractory period and the supernormal phase
of the nerve fiber and ENM were compared. The circuit used for application of the cur-
rent and leading out the action potential or the potential change elicited in the material
was the same in its principle with that used by Tasaki in the experiment on Ranvier’s node.

The experimental results, namely the threshold variation (refractory period or super-
normal phase) which occurred during or after the action potential or after the application
of the depolarizing or hyperpolarizing current was the same both on the sciatic nerve and
ENM. From these results, the following was introduced : ENM was an artificially
composed physical system, so the origin of the threshold variation in these cases would
be elucidated by analysis of the current flow in each component of ENM considering no
direct reference to the chemical reaction, and the obtained result would be applied to the
refractory period or supernormal phase of the nerve or nerve fiber.

(J. Physiol. Soc. Japan (1974) 36, 186-198)
key word : refractory period of nerve and ENM.
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MDD vttt o0 L[ % 2 F2 BRI HERR L7z
L0THS. Ll ENM 33EE cambhiz
FHRERHE D BRAOMEE B X R EIC N 5
BRIAKICHET MV B LA LT RTOAILS
TR & KRR O M & R L IRIRICIR
EOZENHED B, Lo TREH, 8
W O T L EEHESIC B B & KR
BEBEbhsZ LT TicmbhTvin, &
b OBHRIZ>WT ENM & AFHREOWFIC
B 3RBOWRREFHMIC R LTINS
T 2RE OO T 52 L 28Tk, &
WERXEL LTI oERFEROBRETD 5.

I.% & 7 &

AL BB

FEEEE L CHV 0BT L 048
iR L BRI ENMDTH - T, h
LOWYVAFHEEITOT L L Thole.

1. AB B Lz 2t - THRY
L, Ringer gpicBLEENH4om BEOE
Sl LR IcEE Lis. B (Fig. 1)
FERF®), RO S35 Bl 4 o Ranvier
DR E v TiT - B0 B4 LB
TREBRIC D X5, SFMEE=>0%ICE
To b o CREE Ui, BEss IcBEE Lz igic o
WTALB, ALCoMIRZERFILLB LI
LCHERE R 50, @7 ra—1ErHv
THEGRENRSVL 91T Liz. A, BB X
VC o 3FEICIFEBOACHRIRO BB E L
B oM E IR X OHEE R O FTE O
RS U7z, s A=z Ringer 3%, B, C
=iz KCl \ gz Az, Z OB A 3 #bE
HEOSMA, BB LIOCEAMIZHEYT 2L R
L5 B0 THEERAED R, SMUR S HEE
WS EBEA L, PRSI SIEBI BN R H
SHEALFHEOREBIZRZ EELBNS.

2. AeBrabik & i f v 72 ENM 11 Fig. 2
DEIRENTLES R LD TH T, FiLH D
N5 L OB R AE O SEBR A S MR B
ThBH. IMich iz b B E NS 7 B Tl
D BRIMEREZEY, b5 CIIEEEMNENE

SRS

ke T B J> VKC'I._

Tzl
f

-

ke THTINTT Y ke

(Im

(W)

Fig. 1. Isolating box with the sciatic nerve
set through the isolating walls. (I), Tasaki’s me-
thod used for leading off the action potential of
the single node of Ranvier. (II), plane view of the
isolating box used in the experiment. (III), side
view of the isolating box without silver electrodes.
(I'V), photograph of the isolating hox (see text).

SEBEHE L. ENM i3+ Clod~r s
&L, MR LR B Tambh Ty
PBRIKLEPFILAEDET LI AR RERT
5 BRER TAGY, BEHE LREFOHSAD
BWbh 5 O THEERHEIC 310 5 AR, BEEH
OXOTERDREEERT 2720, £7 ENM
LABHRICB T IR S OHEAENRRIET R
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Fig. 2. Equivalent circuit of the nerve fiber
(left) and the electric nerve model, ENM (right).
A : equivalent circuit of the surrounding tissue
of the nerve fiber. B : equivalent circuit of the
excitable membrane.

Oscill. 1 Oscill, 2

I ) N N1 A O

Ep

Fig. 3. Circuit used for application of the cur-
rent to the nerve or ENM and for leading off
the potential change (1) and the connection of
ENM to the circuit (2) (see text).

HE® HR LTz,
B. BiftEEAB X OESHES O FEE K
B S RS ICEE L, S o0BMRE,,
Es,Ec 5 6 Es—Ec 2 bHMEREZEH L,
ﬁﬂ%’b%ﬁé@%ﬁé@]fi Es—Ez 22 6%@: %Eﬁ?
. ZokwicfvizEE Fig 3 )k

ELOTHoTc. TOEBEIALDL Ranvier
BRIV T - ERICA LD L Z20F
HIREFETH - T, Ea—Ec »OEHLLER
EEEFERE Ea—Es WBh 2 B3,
PR O NEIC T L 7o BT LI K & <3
{TENTEHEBETH S, FHEREL B
THEEOEST Ry, BAIEB LB EE 0 &
WIEHL Ry e slic s h e nBEAEEC, C: 2
ER LRI SR EROBEEIC X > TERL
ebDTHD. EHEH R WHSOBEEZ 2
O, BERER X OCBRICEN S BLOWHE, b
BVCREFRSNEBEOKIEER 5 5720
BhEIRE & Lic. #EHL Re AT RM/DEVEE L
ez OEEEEHER L AR ER K ok
o THRE Llc. —RICHRERRMES ) D IESHEAL
2B GRBERETNOFEIRAE#ETH 50
T, AFEHETHEERT L. ERICE -
TREZEOHM L BEO =S DERK & EED
METHEA 3 LPMETH DT, Thb
# =->» stimulator (isolator) x5 5% 5 = &
NTE D X O, Thfhicad 2uFaei
oo s BEALEER © K& &, Hz
check +3 7z ® oscilloscope [238#E T 55 F
LT 7. FRAESEICEE Lic B s flv 7z
B, 5V ENM 2 flviegBavThi
DEIFRICE 7. KEFOERICRB VT ENM
12 Ry=0, Co=0, Ri=c0 &1, BB
FALCHD, EFHEMEOFEIALBIDL
f7o7c (Fig. 3(2). EBYEME OFLEITRAR L
L T1000 cps mzsfE, WH LicEROHIM, F
[/, K& & %5577 trace & 4tz oscilloscope %
B cieLic.

M. = B m #&

EBRFRAIE F T A B RS & 0 ENM % 4
B UTHV e mEROR R & g B L.
EBFICz bV oRVvE &, WEICBT S
REAFAETLDZ L EEKL, MHICBVT
BEREL BRSO VTR o heHTT 5
Z L LTz I BHRAGE, BE S i ov T
&, FhENEEOSA X YIRS E I
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B L UHBERASMECHIHTH 5 L7228, E
BRIz TR O R & & & ERICHIE L
Ba, »5CIRE—0ER GRS LB £ v
TR DIFBEMI/NE WHEIXFEPI KT,
FRBRKECEERENITH B LA L.
RBHIBMEE T4 T35 E I T X THAOEE
Wk - THLNW B KIGE BEic L.
A. B—BEDOD L ORIBH
1. HAWERIC L > THLIE—FEDD

Fig. 4. Action potential (AP) or potential
change elicited by the definite stimulating current
applied at a different time point after the action
potential elicited by the stimulation of the catho-
dic pulse near the threshold. Records above N
and ENM in the figure are records obtained on
the sciatic nerve and ENM respectively (the same
in the following figures).

In records N In records ENM

Stimulating
pulse 40mV, 0.5msec 280mV, 0.2msec
Test pulse 40mV, 0.5msec 280mV, 0.2msec
Interval bet- 1. 1.5msec Smsec
ween pulses 9 35msec 10msec

3. 4.5msec 12msec

4. 6 msec 20msec

5.9 msec

& DRIBBE OIRIEE 7 512, IEBYBALO FHEA:
@#@ D k;&‘(‘,%i k—k‘”f%”ﬁ%ﬁ*%i) = 4 ,y T
DR S OHIMREL 2 21c Lichi - TEL
Y, SVicBEOREBCRE -7 (Fig. 4). &
BB ERBR L TR O O SIS
BRI OV TIREE 2 0ER (test pulse)
KEBRIEDKE SEEW D 2 L S REECHI
MeEDH#r -7, Thbb, EHEMNO LG
BORB O & TR O D Oz &
NIRRT 3 RO, BERSHYRV-EA
THIEB A OREBIC DT OBLA T B 12
DThHoTeOTLOBBIHT BT 5 L
Fo & VD, -/, 20k > 75 M v ek
T ER B ENDZRETHS 5. TS
BT 23D THET 2 FETHHDT
IR Dz LixEgT 5.

mE, RIRL, B3 VIZLAFIcak~< 2 #kic
DT OEBAEIE R — I b s T
HY, EIH—FREMERO Ranvier oz
DCTTORIZ MDY, KD &0k & —
HT2RETH B2, ENM icov T o %EERA
LT 2 D ICERERE R L2b 0 Th
5.

2. BEHEBR B ot o FME 5 B4 HETE
WIC X - Tt - 7o R 4 BB ARBR HORE s & »
o/ BELVREZOLDICECYD S L ik
b b, BN B oREEo -
F Tlb LRSS OV T L EETH
DLW SIS, DERIHRE BT 0 R
IHIC O WTRIERERR b v ok 2 o
HICE D00 L. 285 R B AR
ERORIMEIC >V TIT e - 7o BB B Fig.
SIRT & A MBBERAIC X - T - 72
HEBOREBERL sl Bix i ohinn o7,
BRI X - THRA® spike BB b i g
BT, WERHED 5 bICEAE L v b o035
S>TWhew L Bbh sy, BREKBICED
N TEBBALO TR OF% D IZifV S T2
BRI L TR &E WIREBIBA B b,
T L YV BICIER/PNE AL - THUX
i D, TOBE—EDOKRE ST - 7= (Fig. 6).
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N ENM

AP or potential change elicited by the
definite stimulating current applied at a different
time point after the action potential of the
maximum size elicited by the break of anodic

Fig. 5.

current.
In records N In records ENM

Hyperpolarizing
pulse 100mV, bmsec 190mV, 2msec
Test pulse 38mV, 0.5msec 110mV 0.2msec
Interval bet- 1. 25msec 7 msec
ween pulses 2. 14msec 5 msec

3. 8msec 3 msec

4. bmsec 1.7msec

5. 3msec 1.3msec

6, —— 0.7msec

L2 L ENM 3 B—BERICHYE T 2 b0 TH
Bhb—ERE L% OEBICI T 5 HEE
NFOREL D & BICBOERICBT 2RI
I viEvEST bbb Fig 6 REhiekd
BESEA LA VTREII Fig b wiREhi
ronEREBz b

potential change. of the

Fig. 6.
nerve elicited deﬁmte stlmulatmg c
apphed at a. :

ing pulse : 60 mV, 0.3 msec. Test pul
0.2 msec. Interwal between pulses 85

Wﬁ ﬁkﬂ&' Ty
®w&%ﬁKMKniﬂﬁ%zﬂkﬁéﬁﬁﬁ
MEREENRTYSY, FoRlics L TEE

<7C8“7),<:>

LAVERMEL RS . T b o iR
ELRVE 1 ORERG - THb R 5x
BB 2 ORRYERRICH L CHIEIEMA o nE
D7D IEE OHA X VAIHBEA KV, FRIE
FOBEI 525 ViFAETHE 2 OFIEERIC
SLTE L ORBERC L > THEL, #HR
JEENC B B X VBB ECTHB 5. &
D X D HRHEDS B B EIFTET I T T ORRHE
W1 ORIMERIC X - THEE LTRSS
WRigicd 256 & VAR . Zhb o
TZOBEKREWCEHEMIPELS Z EICn
THHH. TOLIICLTH—BEERL LS
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NWHENMo 4 L iz R 245058 bh (Fig. 6)
BT EMNEMBEN G, 5 1RAKER L LTHER
B E B 3B L 5 EKFES Z
i< Fig. 5 RpEh3XonfEREn 5.
R o i AP Afibhicd & o #iE o)
WIS 2B L T3, BE LR, Tikb
b AP BN o LB ER T2 LB
2 Bh50 THOHIECE Y TREDD L,

t In reéords N ’Ii’r recordsﬂ}:\:l\vIM

Depolarizing

pulse 10mV, 30msec 110mV, 10msec
Superimposed

pulse 20mV, 0.5msec  40mV, 0.2msec
Interval from 1. 3msec 0 msec

the initiation o  7meec 2 msec

of the dep. . -

pulse to the 3. 1lmsec 5.5msec

test pulse 4. 20msec 7 msec

WL AP o b L oIz R T 3 HlEo Ak &
SR ST AIERLTEAT LR TER
WLDTHB. LehR-TAPob LoHiE
HIEEERT 2B OFIIE B L 50X
WwWEEZLBND.
B. BETHICED & hE
1. ERRRGE P ORI 021 ; BT O]

BB R IR oM EEE D 5 2 &
X, BRPoBERe ThicESE L TEH I
EfofMeEz LdhEZnelhvedsr 5. L
EBoTINLEEROEHE, ThbbiFnE
WA CEA O & BRIt 5 & LR
Thd. 2T, BRFHEPCSTHE—OHR
WMERCR L THR KGO E SR HIET

N ‘ ENM

AP or potential change elicited by the
definite (stimulating) current applied at a different
interval from the break of the definite cathodic
current.

Fig. 8.

In records N In records ENM
12mV, 2.5msec 110mV, 2 msec
35mV, 0.3msec 140mV, 0.5msec
Interval from 1. 5.5msec 5 msec

the end of the 9 4 mgec 3 msec
dep. pulse to

Dep. pulse
Test pulse

the test pulse S 2.5msec 2.4msec
4. 1.5msec 2.2msec
5 — 0.5msec

Z ki k o TERREHEAN oM OB E R
L7z

B TR E TR A o« o T, EHIE
DEHE RS OB (—F) EEEERICER
LTz 5y, FegEim (581 oEk) o
R OB EP BEE L THL 2BROBD O
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BETOHEE t LThiE, tBRhESVELD
bBEDRE CRFIERERECKRCZY, 20
BT tAKIT R BT Lo TREI/MMCE
D, BbAKXXETNMNESTZRBEIARETH -
7o (Fig. 7). FpleBuRBAAA DR EH & & 5

FUS S REBWCEER T 5 O XM IE A o i
WEBbDERBENDHN, BFLEO5CTL-T
BZhE@EEH AT TED TH S

AP or potential change ehcxted b}, the
deﬁmte (stlmulatmg) current. applied at the. deﬁ

Fig. 9.

mte interval from the break of the depo]ar' ng
current “of a “deéfinite intensity” but .a different
duration (subthxeshold) !

In records N In records ENM

Dep. pulse 1. — 0.5msec, 110mV
2. 1lmsec, 18mV 2msec, 110mV
3. 2msec, 18mV 3msec, 110mV
4. 8msec, 18mV 5msec, 110mV
Test pulse 100mV, 0.3msce 135mV, 0.5msec

Interval from
the end of the
dep. pulse to the

test pulse 0.8msec 0.7msec

5. BHREGRED AP BHRIE, tHBELR
BT L hs o TRISH/NT 2 % 0 THE R
LA L AT I LN TEDN, Thik
accommodation TH B LW 5 Z LTk b,

2. FATHIBCEMBAS O L DR RICE
B HEE ; —E0T S B X UHIR 0B ER
BRI L 7212 0FE 4« ORISR BRI O K
& &3, —ERENL > BOMEEORE L

KEFETH 5. FIERBAKSOIER ICE
BB R 23, o#IRRIER s <
AECELA RV EROBAOThERL TED
@5, Fig. 8l b a0 L {—EDE
PRI 2 R I /N TREBICEF O E &
KR, KIS &R TER OEICRE

Fig. 10. AP or potential change elicited by
the definite (stimulating) current applied at the
definite-interval from the break of the depolariz-
ing current of a different intensity but the defi-
nite duration (subthreshold).

In records N In records ENM

Stimulating

pulse 1. 15mV, 0.2msec —_—
2. 28mV, 0.2msec 35mV, 2msec
3. 36mV, 0.2msec 65mV, 2msec
4. 48mV, 0.2msec 95mV, 2msec
5. 60mV, 0.2msec  105mV, 2msec
6.  — 130mV, 2msec

Test pulse 40mV, 0.3msec 150mV, 0.5msec

Interval from
the end of the stim.
pulse to the test

pulse 1.7msec Imsec
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HRERIZBEROBA LA T BB, KIES
hEvBEoEs, ERECES £ oM
HERE - BOBAX VBETHS. BT
PRI P HE - Tt 0 ST EARTHRREE 2ME - BIRTIE
WEE BT RETH BN, FMEROME
LEZTHLIVTHSH.

3. WBEIRBA RS O —ER I B 1T B
ﬁ@k%?%ﬁ@%é@%%;%lu@mfg
FlEER MT) % a)%&&~%m%%%
@%ﬁ%%xt% b ; LB

N ENM

Fig. 11. AP or potential change elicited by
the definite (stimulating) current superimposed at
a different time point on the anodic current.

In records N In records ENM
30mV, 30 msec 150mV, 8§ msec
35mV, 0.5msec 150mV, 0.3msec

Hyper. pulse
Stim. pulse

Interval from 1. 1.5msec 0.5msec

the initiation 2. 4 msec 1.7msec

of the hyper.

pulse to the 3. 11 msec 2.0msec

test pulse 4. 18 msec 2.3msec
5. 24 msec 4.5msec
6. 26 msec 6 msec
7. 28 msec 7 msec

EEEZIBECOCTEBET S L, anifd
REROHENRIVIKATHELE, boifai
REER L VKT ZHA B TR L
FE X VEHCRISIR L VI TH 7= (Fig. 9,
10).

W5y MR & R

1. B RRETRFHGE O AR
W5y PR TR BT & S L g
MEzED LS LThE, HRERLEHLLE
MOREFICO>WTEZ RTRER SR VDT
%% kvrm@ﬁﬁ%fﬁ%Wkﬁéoﬁé

N ENM

Fig. 12. AP or potential change elicited by
the difinite (stimulating) current applied at a
different interval from the break of the anodic
current (subthreshold for the anode break excita-
tion).

In records N In records ENM
100mV, 1 msec 140mV, 0.2msec
40mV, 0.5msec 120mV, 0.2msec

Hyper. pulse
Dep. test pulse

Interval from the 1. 12 msec 5 msec
end of hyper. 9§ mgec 1.5msec
pulse the to

the initiation 3. 3 msec 0.7msec
of the test pulse 4. 1.5msec 0.2msec
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BB LD o TN 2 B3N 78 - 7
&ﬂﬁﬁﬁﬁ&&%’ﬁ&ﬁ@~ﬁ@ﬁ%ﬁi
THE L. T OBITBSBERPIRVIHEICIX
FISFEOURE Y, HoBer—EnRE S
¥ k72 (Fig. 11).

2. @AMRER FT) BRME ORI
WA MEBFRB R —E TR & B X O o
WMEREWH LSS, FRERIORIANT
H B, EEFRERN L}(kf& Y RAIZE Ui t8,

definite interval from the break of anodic current
of a different intensity but the definite duration
(subthreshold for the anode break excitation).

In records N In records ENM
Hyper. pulse —_— 55mV, 2msec
5mV, 2msec 75mV, 2msec

120mV, 2msec
205mV, 2msec

1
2
3. 8mV, 2msec
4., 20mV, 2msec
5
6

. 40mV, 2msec 260mV, 2msec
. o 290mV, 2msec
Dep. test pulse 30mV, 0.8msec  75mV, 0.3msec
Interval from the
end of the hyper.
pulse to the dep.
test pulse Imsec 0.4msec

iﬂ, )h i Hﬂ

T A% (1)

R DG L LT/ NE L B D DVICEE OBA
nERNITTE o7 (Fig. 12). @5 mER S -5
Az z 0B X VERH RS,

3. BoWEROMS (BE, HiH) LB
B O —TERE I BT 2 HHE
W4y HR T B A LR — TE R LT B
TEA L7-iER (T ek 2 sosiE
SBEBRDOBENP—ECTCHNT EOHEBE

definite interval from the break of anodic current
of the definite intensity but a different duration
(subthreshold for the anode break excitation).

In records N In records ENM

Hyper. pulse 1. 45mV, O05msec . 80mV, 0.lmsec
2. 45mV, 1 msec 80mV, 0.2msec
3. 45mV, 2 msec 80mV, 0.3msec
4. 45mV, 5 msec 80mV, 0.5msec
5. 45mV, 8 msec 80mV, 1 msec
6.#45mV, 8 msec 80mV, 2 msec
7. —— 80mV, 5 msec

Test pulse 100mV, 0.2msec

Interval from the
end of the hyper. pulse’
to the test pulse 0.5msec

* the test pulse was not applied.

SOmV, 0.3msec

0.3msec
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ZE, BEA—ETOINETOBENKTH S
BERIGEZKR T -z (BHRkESsET) (Fig
13, 14).

D. 1EEEMLORGEF £ 72137 OB R
EIRE B LIc5A ORI

BBV - 72 & F 7213 TR A E % B
B U7 LRI E < Y, B ETRBK
BAITHBRAPMEL 5 Z LT Tloli Rz &
IAHTHDIN, AERITZEEOD LEITB VT
IR E < 2 28/, T 7ab b TRz
@ﬁ1 EREEAL THESE2ERTH S
COGEBEZS>OEAERE B\ TR O %
éﬁ§v01%1®%ﬁ(ﬁﬁ%ﬁ)&A,%
2 OMWAEE B, # 3 OB (test pulse)
#CtLl, A, B, COBEZZRZER V,,
Vi, Ve, b0 BHOBMZ Zh 2 h ta,
ts, te, A& B, BLCofifE%E =h#h Tas,
Tec THRbFZ L L L. Z00BHicowT
INBOEFEDS b—2E ) 2 8%, hoERE
B—EEIC PR - e BACEIBEEEBELEL

PMEFIZBOTIN DD 5 b AT
BRTHA 9&%1%% LD 2, 3IEOVT
U

1. A, C, Tap, The #—EfEIZ} B Vs

(ts 1E—1E) 2E 2186
Al X > THEWIE - 7123548, = OEBITH
SARGHcEOBFM L RICERICRES. 0
L O RGEICAIL X - THNIEBEM O T
OB OERB 2 M i Bk - 72
BEBAEHA SN O X D REEIE -
HRLBOBEVAKTHIIED 512 ERIEH
MGG Lo vice& %k, bl
b7 % (Fig. 15). B 25503 A i3 Mt R s
KL, BBRBEBZIC LA TBAML b
NAEVCESITES 2. B 2BED. v
WA B & B U7z 720 C BRI 3Bl %
Lok, FER e ET LA L B
FTZEbTES. Ve k@YoM i, B
W& o T BRI BT BRI ERREEO 2 h
CHELLTHZ L, ThbbREHNEFE
L XS RIEICT 2 Z L LARETH - 7.
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Fikg 15. AP or potentlal 'c "nge ellclted by
the definite anodic current of a different intensity
but the definite dmatxon ‘applied at the definite
time point on the foregomg action potentlal and
by the definite (stimulating) current applied at a
different interval from the break of ‘the anodic
pulse.

In records ENM
15mV, 0.1msec
40mV, 0.5msec
40mV, 0.5msec

3. 155mV, 0.2msec 140mV, 0.5msec

4. 220mV, 0.2msec 280mV, 0.5msec

5. 260mV, 0.2msec  320mV, 0.5msec

In records N
First stim. pulse 45mV, 0.2msec
Hyper. pulse 1. 70mV, 0.2msec
2. 116mV, 0.2msec

Second stim.
pulse 45mYV, 0.2msec

Interval between
the first and

35mV, 0.1msec

the second pulse 1.2msec 0.05msec
Interval between
the second and
third pulse lmsec lmsec

2. A, B, CXUTas 2—EkL Tse
EEZ YA
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FROBAICIEBORS LA, Z0%
&rBE—ERkL T Bz, BBk
%GWﬁﬁwﬁﬁ%ﬁﬁ&ﬁﬁ#hﬁ,B@%
LIt X > TE2EMENS. ThbbBME
v (—5) BAE BN b e ORI
OB Pl RETH - T, BOBERICBY
< LA < R W & SR IER ©
PLDFNIES iz, BRARWERICEBO
E%Mﬂﬁ%ﬁﬁx(ﬁﬁﬁxﬁﬁkiwmﬁ
oEicE %4 Fig 16) L ER OE X D R

N ‘ ENM

Fig. 16. AP or potential change elicited by
the definite anodic current applied at a definite
time point on the action potential, and by the
definite (stimulating) pulse applied at a different
time point after the break of the anodic current.

In records N In records ENM
First stim. pulse 45mV, 0.2msec 130mV, 0.2msec
Hyper. pulse 100mV, 1.2msec 140mV, 0.2msec
Second stim. pulse 45mV, 0.2msec 130mV, 0.2msec

Interval from the
end of the first
stim. pulse to the

hyper. pulse 0.8msec 0.5msec

Interval from the 1. 1 msec 0.1msec

end of the hyper. 2 18msec 0.3msec

pulse to the

second stim. pulse 3. 3 msec 0.7msec
4. 7 msec 1.2msec
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Fig. 17. AP or potential change of ENM
elicited by the definite ancdic current applied at
a defiinite time point on the action potential, and
by the definite (stimulating) pulse applied at a
different interval from the break of the anodic
current. First stim. pulse : 140 mV, 0.1 msec. Hy-
per. pulse: 165 mV, 0.8 msec. Second stim. pulse :
140 mV, 0.1 msec. Interval from the end of the
first pulse to the initiation of the hyper. pulse :
0.6 msec. Interval from the end of the hyper.
pulse to the second stim. pulse: 0.4, 0.6, 1.2, 2.5,
45 and 6msec in 1, 2, 3, 4,5 and 6 respectively.
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ENM

Fig. 18. AP or potential change elicited by
the definite anodic pulse applied at a time point
on the foregoing action potential and the resting

state (1).

. In records N
Dep. pulse 80mV, 0.5msec

In records ENM
20mV, 0.lmsec

Hyper. pulse 90mV, 2.5msec 240mV, 0.5msec

Interval between
pulses

e N

Fig. 19. AP or potential change elicited by
the definite anodic current applied at a time point
on the foregoing action potential and the resting
state (2).

In records N

Imsec

0.2meec

ENM

In records ENM

Stim. pules 100mV, O0.lmsec 140mV, 0.1msec
Hyper. pulse 140mV, 0.5msec 500mV, 0.5msec

Interval between
dep. and hyper. pulse

Imsec

0.1msec
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Sweating in the cynomolgus macaque (Macaca Jfascicularis)
exposed to ambient temperature of 40°C

Hiromi TOKURA and Kohachiro SUGIYAMA*

Primate Research Institute, Kyoto University, Inuyama, and Department
of Physiology, Nagoya City University Medical School, Nagoya*, Japan

Sweating is the effective avenue of heat
loss in man at hot ambient temperature.
In the Japanese macaque, the most nor-
therly species of monkey in the world,
neither panting nor effective sweating oc-
curs at heat exposure of 38°C3), It is intere-
sting to see whether sweating plays an
important role in regulating the body tem-
perature of the cynomolgus macaque, the
tropical inhabitant in southeast Asia, at hot
ambient temperature. In the present experi-
ments, the sweating responses of the palm
and chest were measured in the cynomolgus
macaque exposed to ambient temperature
of 40°C.

The subjects were three adult male cyno-
molgus macaques (Macaca fascicularis) (M-
1, M-2, and M-3) weighing 4 ~ 7 kg and the
experiments were performed between July
and October, 1972. The monkeys were hou-
sed for about 1 year prior to the experiment
in an animal room at 234-3°C. They were tra-
ined to sit quietly in primate-chairs. Cutaneous
water loss was measured by CaCl, method®.
One plexiglass capsule (13 mm in diameter)
was fixed on the palm and another one (20
mm in diameter) on the chest with alpha
cyanoacrylate. Compressed, dried air cur-
rents were passed through the capsules. The
rate of the air current was 1 L/min. These
currents were charged by moisture from
the skin, and led through vinyl-tubes into
small U-tubes containing calcium chloride.
Thus, water from the skin was absorbed to
calcium chloride and the weight of the small
U-tube was measured every 10min. The
measurements began 3 hrs after the animal
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was transferred to a microclimate chamber
at 20°C. Then the ambient temperature (T,)
was linearly raised to 40°C over one hour,
simultaneous with the measurements of
sweat production. Rectal temperature (T;.)
and skin temperature on the palm (Touim)
and chest (Tehe.:) Were also measured using
copper-constantan thermocouplese every
minute.

At T,=20°C, the T,. of the three monkeys
was between 35.8° and 37.6°C. While T, was
raised from 20° to 40°C over one hour, T,.
remained at the 20°C exposure level for the
first 10~30 min before T, reached 31~34C".
Then, as T, was raised further, thermal
equilibrium was lost and T,. began to rise
lineraly until the end of the experiments.
At T,=20°C, cutaneous evaporation was bet-
ween 0 ~26.7mg/20 cm?/10min on the palm
and 0 ~9.6 mg/20 cm?/10 min on the chest.
As T, was elevated to 40°C, the S, gra-
dually increased and reached to a plateau
at the range of 76.4 to 172.6 mg/20 cm?/10
min. The increase of S on the other
hand, was very low, i.e. between 19.7 and
36.9 mg/20 cm?/10 min. The panting was not
observed. The sweat response in M-1 is
shown in Fig. 1.

The relationship between T,.;. and Soatm
and also between Te.: and S,... in each
animal is shown in Fig. 2(A) and 2(B),
respectively. A good correlation was found
between Ty.m and S,.im, and also between
Tenese and Scpesr. These findings might in-
dicate that the sweating responses are deri-
ved mainly from an increase of Toaim and
Tenest. To further clarify these results, we
did the following experiment. The monkey
was held in the monkey-chair at T,=17°C.
The hair of 20 square centimeters was locally
removed from the left thigh and the chest.
For visualization of sweat, the iodine-starch
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Fig 1. Spaim, Sches:, Tre, Tpalm and Tenest of
M-1 exposed to 40°C Ta.

method of Wada and Takagaki was used.
The radiant heat from a 100 w electric bulb
was held about 3cm above the locally
shaved skin of the thigh. The skin tem-
perature of radiated area was betweem 35
and 40°C. Several sweat droplets. appeared
n the thigh after about 3 min of exposure,
but no sweat droplet was found on the
chest. Thus, the sweating response appeared
only in the thermally stimulated skin area
and did not occurred in the chest. The heat
loss center, therefore, did not seem to act
positively in producing the sweat. This fact
supports our contention that the sweating
discharge is mainly due to the increase of
skin temperature. This phenomenon has
been reported in dogs alreadyD.

In sacred baboon (Papio hamadryas), and
stump-tailed macaque (Macaca speciosa),
thermal balance can be maintained mainly
by cutaneous evaporative cooling at hot
ambient temperatureb®. But, the cyno-
molgus macaque also did not pant, produce
the large amount of sweat enough to
maintain T,. constant at T,=40°C. This
species, though tropical animal, lives in the
forest, ambient temperature of which may
not be so high. Therefore a powerfull heat
loss mechanism in this species might not
be needed in his history of evolution.

The authors thank Dr. T. Nakayama for much
valuable advice throughout this work and Dr. K.
Hotta for his critical reading of this manuscript.

This study was supported in part by the grant
for Joint Research Program of Primate Research
Institute, Kyoto University.
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Fig. 2. Relationship between the skin tem-
perature and the sweating rates. (A) Relationship
between Tpaim and Spaim. Correlation coefficient
and regression equation :r=0.94, ¥ =8.0X—160.0
for M-1;r=0.99, Y =4.0X—72.5 for M-2; r=10.80,
Y =1.3X—11.5 for M-3, respectively. (B) Relation-
ship between Tchest ‘and Schest. Correlation coeffi-
cient and regression equation r=0.86, ¥ =3.0X—
92.0 for M-1; r=0.90, Y =28X—804 for M-2 ;

r=0.85, Y =25X-76.8 for M-3, respectively.
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Cerebellar Cortex : cytology and organization
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+ Neural mechanisms in somesthesis « Pain and temperature sensibilities « The auditory periphery + Central
neural mechanisms in hearing » The eye « Physiology of the retina « Central neural mechanisms in vision
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* The cerebellum ¢ Motor functions of the cerebral cortex s THE AUTONOMIC NERVOUS SYSTEM: THE
HYPOTHALAMUS AND THE INTEGRATION OF BODY FUNCTION « The autonomic nervous system and its role
in controlling visceral activities » The hypothalamus and control of integrative processes » VOLUME /s THE .
CIRCULATION « The cardiovascular system « The heart « The electrocardiogram « The heart as a pump «
Principles of hemodynamics » Normal circulatory function « Autonomic and peripheral mechanisms of control
» The cardiovascular control system « Capillaries and lymphatics « Regional circulations » Pulmonary circula-*
tion » Blood volume « The blood « Hemostasis » KIDNEY AND BODY FLUIDS « Volume and composition of
the body fluids « Mechanisms of urine formation « Urine formation in the diseased kidney « The cerebro-spinal
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© exchange ¢ Energy balance and food intake * Physiology of muscular exercise » Body témperature regulation
 Regulation and control in physiology « RESPIRATION » Mechanical and physical aspects of respiration » The
atmosphere and gas exchange with the lungs and blood » Transport of oxygen and carbon dioxide by the blood
« Neurogenic factors in control of respiration » Chemical control of respiration at rest « Interactions of physical,
chemical, and nervous factors in respiratory control « Abnormal types of respiration « Anoxia, altitude and
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