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Releasing mechaniém of plasminogen activator of vascular wall —By
the method of perfusuon of the isolated hind leg of dog Masami Isuur
(Department of Physiology, Kobe Umverszty School of Medicine) .

In the course of perfusmg the vascular system of the isolated hlnd leg of dog ‘with
Hanks’ salt solution, various vasoactive drugs were administrated to the femoral artery,
and plasminogen activator activity of the perfusate of the venous side and change of~
flow rate were observed. i : ‘

1. In the. case of administration of the vasoconstnctors, the drugs (noradrenalme, '
adrenaline, and vasopressin) with strong vasoconstrictive action were capable of releasing
plasminogen activator from the Vessel wall but the drug (serotomn) with the weak action
was not capable. i : .

2. In the case of administration of the vasodilators, acetylcholine, h1stamme, brady-
kinin and eledoisin were capable of releasing plasminogen activator from the vessel wall,
but isoproterenol and papaverine were not capable. Change of flow rate was not observed
with any of them.

3. The total amount of plasmmogen activator released by the vasodilators was about
5~ 7 times as much as that released by the vasoconstrictors.

4. The minimum effective dose of the vasodilators to release plasmmogen activator
was about one-hundredth the dose of the vasoconstrictors. : :

5. Releasing of plasminogen activator of the vasoconstrictors and the vasodllators
was prevented by the specific blocker of the respective drugs. '

: (J. ‘Physiol. Soc. Japan (1974 36, '499- -507)

key‘Wordsl: fibrinolysis, plasminogen activator, - vasoactive drugs, vascular ‘wall.

£

. F

HERD b0, BRI ORI s RHERE R
BBIX, M¥EOFEIMER M 5 Lic EE A &E
Bich - TV 3. ZORMERBHE (RIS BB
X, WOZo0ORIFE X Y iEH ks h, Z0fE
ARRBBEINS L—BHcHEERTy5. £
‘ D—ik Ak o plasminogen proactivator
. % plasminogen activator (plg-act) {z#x#+
BRIETH 5. o—oxfEFEEcE 2 bhT
% plg-act (fiEE plg-act) & FEBRIL A I
HT B RIETH 5.

Biis% o plasminogen proactivator 2% plg-
act izBE#T 5 RS OMEHT I, streptokinase &
T4y T L S OBRFEDD, T g 5 [ 56

3

CRAFIA94E 7 29 A 41D

XIFETF % 4 L T OIEHALEIT OBFFED10 %581
ThEVEDBNTE, .

—7%, I%EE plg-act @ﬁﬁ%mqﬂf\@ﬂtﬂi%
YEI1: Biggs et al®, Kwaan et alib1), Gen-
ton et al®, Rahn & von Kaulla!¥, -Hole-
mans? 4z k- THIZES M T & 72" 2hd o
W R B U, BRGS0 BF Tl
4R plg-act ZJERMAPICHHT 5 Z & BNKE
LM ShTE . LHLIhDdORER
AEERACT, BIRNCEL ORWEREL,
BRI ORBIEEOEILE BT T oLV OB
izl L2350 Tholz. Lo T, iR
ik LR N ER MR /EA U T LB
plg-act ZERMMPICHHE LD, &5k

HHER © ROWRE 2 B LTI I fE R

plg-act: 2SR ICHH LD ZPT% Tho
7‘&"
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% T, IAEE plg-act OIFERIML P ~D K
BIEEBIAT 5101k, TEEZPE ) EMEL
7RT, LabaBTERZ»E D AWM
ERoEBRREEY, EELFECEMRLT
&8 plg-act ZEHRMPIC T 28 P2 R
HIBERD S,

L7 o TARFFE TiX, BBEFiz 4 X D %
Jik B SVERC B T 4 B U, SRR R AR
38°C, pH7.35~7.45, Po,280~230 mmHg,
Pco, 9 ~11 mmHg iz} L‘fc Hanks' ¥ c#
WTsHEEEAT e L. ZORKE
& O MAATEBISE 2 35 L CEEME e plg-act
ERERILPICKL T 28 A3 Likic, B
KHEAT, ThdoEWic X s mERE plg-act
DPFLR ML ~ D FEHE DR & 3 A 7.

I. RBRMHBLOFE

A. EBHH

EREM L LTI, EERRAX, FES~
4kg O b O % Fvie. BERE L LTI,
Hanks' balanced salt solution X » phenol
red ZRELbDEAVZ. RFEL LTUT
DY O k@72 ¢ 1. Fibrinogen, Armour
Hdiow o g 48 o Cohn's fraction 1. 2.
Thrombin, FFHMEHASH I VRES h e
7 3 thrombin. 3. Urokinase (UK), #x4&
I FY+FX V#EfEhice + urokinase.
4. Trans form amino methyl cyclohexane
carboxylic acid (t-AMCHA), #—figk4
#H X vEEftshiz. 5. Adrenaline, =itfkst
&ttfl. 6. Noradrenaline, =it ##H & #:
#d, 7. Vasopressin, Sigma t1#. 8. Sero-
tonin, YaHbSE3E Bk 4 # 8 o serotonin
creatinine sulfate. 9. Acetylcholine, ZF—
B A acetylcholine chloride. 10.
Histamine, P23 IS &HdH0 hista-
mine dihydrochloride. 11. Bradykinin, San-
doz # X v 4t X 17z, 12. Eledoisin, Calbio-
cem ##lo> eledoisin related peptide dihy-
drochloride dihydrate. 13. Isoproterenol,
FALZEE G &t fle> 1-isoproterenol hy-

drochloride. 14. Papaverine, :H:(bk% 3§
B &8 papaverine hydrochloride. 15.
Dibenamine, (s mktStdlo dibe-
namine hydrochloride, 16. Atrorine, H3iZ#l
&Rl o atropine sulfate. 17. Diphen-
hydramine, B fn kR LI VYL S h
diphenhydramine salicylate.

B. EBRFE

A ZADMEEAIC XY FALEZ—N o F 1Y
v & 30mg/kg 5 L, MRERT TREBEHH
B 3 ~4cm R EEERE ML, KRR
BIRR O REBEARZ B L. 2T, o
U % Dale-Schuster o EpiEEiciERzEL
RELSMmM ORY =F Ly« F o —TE2EAR
BICHAL, MRS EHRCTT 20, ERK
E%&E 160 mmHg, B 110 mmHg, Ak
84/min & L, #KMER% Hanks' % CHR

L7z, ¥EH ¥ o pH ik 7.35~7.45, Po,, Pco,

i34 4 280~230 mmHg, 9 ~11mmHg 27
Bl HeTHERSmmOR)=F Ly« F
2—TEHRUCEA LD, Fa—~THA
& Y AR ok & Ik, REEE SRR
L7c. #1310 Hanks' J&CHEEMER % ER
L, M¥ERSEEE A EBRELLRAT, B
KE % Bi& 110 mmHg, £{K60 mmHg & 1,
ZORBTUTERET-o (F1).

FrlRM & Vi U< < 2 ERBRT EIREANC b
Tz bl EEi. ERb, BEoOTR
RRBFSZITOR TR E S 2ERHT S
o, BIRAR ORI OERKER V) = F v
Yoo F a—7 LY EHEIC THEFRRL, X
% iz Po,, Pco, % Corning Digital Model 160
THIE L 7e. XBRFZOEEEIIERAFET

CEHAIL 72,

S O 51T 3 % 10 ml o Hanks' ¥
KL, BRlORY =F Ly e Fa—T7'k
D ERE CTIOI0R IR E Ui, HEBRIRXEIR
foF = —7 XV EpELHER, RUBRLEHLE
%ISR T 2 531, % 0% 7 4% TR
U7z, SBERREREAR L flic B 283 o
BEERE, THRBT4~6EE L. B
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Fig. 1. Scheme of the perfusion system.
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Fig. 2. Standard curve of the urokinase acti-

vity on lysis area.

MRG0 F = — 7 X W FHH L TL k&
% 3 L ml/min ©5R Lic. #RBRIKOSRIATENE
13 Astrup & MiillertzD) pfE#7 + 7Y VI
B CHIAE U7c. SRATE T UK o ez
v L CTAunits/ml TR L 72 (K2).

M. = 8& & R

A. EBFR OB

AEBRFMT CHREME R L 2 REHER L,
Z O R EHARE & ORI > Po;, Pco, 2
E L. BERM o Po, i3 280~230 mmHg,
Pco, 12 9 ~11 mmHg T& - 7z. #FHARflo Po,
1% 180~130 mmHg, Pco, /% 11~17 mmHg ©
»ole. XEEFZED, #EoERE LI
+59%0HEANIC L EE T, DBOERICE
VTS EIERREAI O Po,, Peo, R UMERKOEREZE
bz ERR L FAFOHEREEZHB TV 5.

B. Mm% {EM# o plasminogen activator ff
HER o

MAEVEBEE %, Bk mERICH LT, [EE

Fibrinolytic Activity
Flow Rate

o

Fig. 3. Effects of various vasoconstrictors on
the fibrinolytic activity and flow rate. Solid line :
Fibrinolytic activity. Dotted line : Flow rate.

B % b 2 M ISR R OERIEA & b S M
LIRS L e KB L TR 2z 7.
L i INHESE DO %R

M IKESE & L Tnoradrenaline, adrenaline,
serotonin, vasopressin # i\ 7z. £ M4 UUHE
I 5B I B & N B BRIR D OISR O
e Z2E b, R OERIRR OFR R, HERR
A0 TIREFROHM Z 7R LD T, £0
RO 1FIEK 3 ITRLT.

Noradrenaline 50 pg, adrenaline 50 pg %
G451 C v K152 I R IR RO S (R
TLIRU®, FRCHETEES R Bl
SRt i, KSORRICHERIKRE K LIET
L, BMEEMEEEKEEZTR L. K1 %RICH
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FREZREE LIS, F50BEED L
OEFRIRERICEE UTe. SRATE PRI R o 18
Likic, KEBBETE R KT
Serotonin 50 pg #HE U724, HEREED
BFEEE A EED DN, HEHRED OBRTE
HDIE LA EBETERDP o7, &5iz 100pg
o serotonin 5. 4 FlDLFlIzE v TREED
HREE.

Vasopressin 5 units #5. L7234, #5.5

Uradghinin Eledoiuin 00

g

Fibrinolytic Activity

Fig. 4.

Fibrinolytic Activity
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Effects of various vasodilators on
fibrinolytic activity and flow rate. Solid line :
Fibrinolytic activity. Dotted line : Flow rate,
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Fig. 5. Effects of isoproterenol and papaverine
on the fibrinolytic activity and flow rate. Solid
line : Fibrinolytic activity. Dotted Iline : Flow
rate.

FEAIL5E#E & Y HEFIR R IR T Lik Lo, 4930
BBICERBIETL, 70880 T iR
EHEEFED B d o 7o BTGB BHG
FILSEMHE X EFR R IC B S h, 930481
BREBY, TOBRBAIIKTL, 154580~
2HtkicBETER ko,
2. MR DR

MG HEEESK & L T acetylcholine, histamine,
bradykinin, eledoisin, isoproterenol, papave-

rine % M v 7z. Acetylcholine, histamine,
bradykinin £ 50 ug #5204 3 ¥ 4 A,
eledoisin 50 pg 5. 3 {5 EEFEIEAS, isopro-
terenol, papaverine 4% 50 pg $¥ 51041 o R
EADOEHNIC I T, HBRIETICBES ik
BEMEOREIFZE L, B X OVERIE & O R
Bz ERFEOHEAEZ R LIZDOT, ZOND
2H1%K 4, 5i1TRLE.

LR T o MAEIERERE 5%, R OZ
Bz & A BB R h o7, WBRIETFO#
YsiEMEVE, acetylcholine, histamine, brady-
kinin, eledoisin $¢5. ¢, HEEIRENISEIE &
DVBIEE bk U, MI5~30P%icRkAL 7
D, #15515F~ 1 5345441 ildet 5 L v )
—IWHEDTE 8 =7 R e N E— U ER
L7z (K 4).

—7J5, 1isoproterenol, papaverine £ % ¥
LTI R BETE A r o L
U JR]— {5 kE 4% ¢ isoproterenol, papaverine
BHETD 5\ id#E441c acetylcholine % k5.
LBy, SRR I ARATE MR B & 20 icfBls
T&7% (X5).

3. MR X D M & o fes
AL E O R E

Adrenaline, noradrenaline, vasopressin,
acetylcholine, histamine, bradykinin, eledo-
isin 4% % D5 TR I & R 7o ERTE
AL E D 5 5, #1~1.5CTAunits/ml »
TEMEZ R Lo kB % Lassen!®) o st~ ¢
7Y AR Fr O 103 M t-AMCHA % & i
¥ A 7Y CERECHTL, % O8EEES
WELL 25, HREETEBgshEy
olce Db, mEMEMIRESLC X ) #EfkT
B S h 7o 2 R T B 1 plg-act & &
BT ELNTES.

C. MmEIHEES L ORI H & & 5
plasminogen activator & o i

AEER T BRI X D i s hie
plg-act DATEMEZ KO FETRD (F1)
M8 VRSB B B AR B 15Fb I i L T & 7215
Mo 2pmkRkz Ve L, = o ikl ml
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»Hiz v o plg-act FEM:D CTAunits 2 A L
5k, (VA el nTeE
5. ZOX3 I LTERMARKES ¥ o plg-
act O&EMELHEL, TOPHEEZRIC
& U 7. plg-act T2 EE TH 5
adrenaline, noradrenaline, vasopressin D
BTk & Iz plg-act OATEME OEBER
FOMEERE 18+ 6, 176, 16+ 5CTA
units ©H -7%. —F, plg-act M+ 3%
IEITH % acetylcholine, histamine, brady-
kinin, eledoisin D#E TH & hiz plg-act
OETEEOTHER CEERZERA 4 116=
28, 9618, 120425, 119427 CTAunits T&
7. Pk, I 4 IR #E 3K (adrenaline, nora-
drenaline, vasopressin) O#ETHHE N 5
plg-act £ X v % MAHLIESR (acetylcholine,
histamine, bradykinin, eledoisin) O#¢5 Tk
Hi&h3 plg-act BOFBHI 5 ~THREVT
ERERINS.

D. Adrenaline, noradrenaline & acetyl-
choline, histamine, bradykinin & >E%#
HBOLE

Adrenaline, noradrenaline, acetylcholine,
histamine (¢ bradykinin £ % 0.05ug, 0.5
ug, 5ug, 50 pg BB L, FIYH plg-act 2
kT 3 RAOBRERBERIT LR 21T
L.

Adrenaline, noradrenaline (I#EFZEA 3 ]
DEFIT 50 pg DR ERIC LV 1T » THERE
iz plg-act % L 7. —7%, acetylcholine,
histamine, bradykinin 1% 30 & F—EERER
3FoEFITh T » 05ug ORERIT XY
plg-act # BEFMEHIC kM L7z, BAE, acetyl-
choline, histamine, bradykinin i adrenaline,
noradrenaline X Y $ #1005 & 5 & T
plg-act ZEmEP KT HZE KR EN
7z.

E. #EHFEOBR

MEEBZEN 4 % D receptor LEHEEAL
T M & B plg-act &AL I+ 5 DD,
b %\ i%, receptor WBAE7 Lic (FERRRRIME

AT) plg-act ZEHT20rERE LG,
Tl

Dibenamine (a-blocker), atropine 35 & (f
diphenhydramine (antihistamine) £ 4 o Bl
#eh ik plg-act R SRRV EEHEPD
721, WOERET-7z. HoltRLieLo

Table 1. The total sum of plasminogen acti-
vator released by various vasoconstrictors and
vasodilators

Total F.A.

Adrenaline . 50 ug 18+ 6 CTA units
Noradrenaline 50 17+ 6
Vasopressin (5 u.*) 16+ 5
Acetylcholine 50 116+ 28
Histamine 50 96+ 18
Bradykinin 50 120+ 25
Eledoisin 50 119+ 27

F. A. : Fibrinolytic activity.
u.* : International unit (s), (1u.=10 gg).

Table 2. The minimum effective dose of
vasoconstrictors and vasodilators

005yug9| O5yg 5 pg 50 pg

Adrenaline _— — — -+
Noradrenaline —_ — f— +
Acetylcholine —_— + + _|_

Histamine —_— + + ' +
Bradykinin — -+ 4+ +

(4)---Fibrinolytic activity was observed.
(—)---Fibrinolytic activity was not observed,

noradrenaline 50 pg D5 CHEBRIET i plg-
act IEMENBIEESN 5 2 L 2HRLEZOD,

dibenamine 100 ug % #% 5 L, 5BRICHEV
noradrenaline 50 pg %#:5$ % L noradre-
naline » plg-act KHIEAZ & & A CBIEE
TERAL o . FREEO6IRLEXS I
acetylcholine 50 ng ##5.1c & % plg-act HH
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{EH ix atropine 100 pg TFHIE & hu7z. Dibena-
mine, atropine o Z OEH D 3 5] DR
BARTHRROBERE L/ T 5.

iz, diphenhydramine o{Ef #3332
7z, histamine 50 ug o BAHES. THEEGTIKH
i plg-act K ENB Z L2HERLZOD,
diphenhydramine 100 pg ##5 1L 5 B#%iIcFH
O histamine 50pg 2 5 L7z, 20 %4

Fibrinolytic Activity
Flow Rate

A J

i
2 28 min

Fig. 6. Effects of dibenamine and atropine on
the action of noradrenaline and acetylcholine.
Solid line : Fibrinolytic activity, dotted line :
Flow rate.

CTAunits/ ml ml/ min,
15+ “Histamine -{100
Oug
>
x
E T TP | B
46 1.0~
<
O
= 450 2
> o
2 os s
£ 0o E3
5 a
i w
ol— —eedf —lo
1 L_fF ! 1 ‘
o 777 24 roin,
Fig. 7. Effects of diphenhydramine perfusion

on the action of histamine. Solid line : Fibrinolytic
activity, dotted line : Flow rate.

histamine o plg-act #H{ER % diphenhy-
dramine T 1/3 DLUF il & huiz 3, noradre-
naline {z%}+ % dibenamine o # k
acetylcholine (zxf+ % atropine o{EH iz
L, diphenhydramine ¢ histamine jz%{3 %
plg-act SHINHIER X5 -7, =2 T 7
12T kkic diphenhydramine 2% & 7 U

15 pg/ml OWEIC I 5 X 5 FERIET ICRE,
1043 F3## L7z, histamine 50 pg % 5.
4% & histamine » plg-act HHERIZES
[ZRHIE & A7z,

—J, AR T acetylcholine %3 noradre-
naline %, noradrenaline 73 acetylcholine %
R T 2 ER» & v, Fic acetyl-
choline, noradrenaline 73 histamine #{E¥R
M T 2EAR® 2 Ex b AW TV %
72¥, acetylcholine o plg-act # H {£ B #3
dibenamine ¥ X (8 diphenhydramine pHIk
Sh B, £7- noradrenaline o plg-act jig
HfER 2> atropine, dibenamine TRHIE & h
% 7, & b iz histamine o plg-act
{ERd s atropine, diphenhydramine TFHIE&
hNapn et Uk, 20k kHIkE
e Bgsh i » o . DEoERLY
noradrenaline, acetylcholine, histamine %4
% 7 receptor LiES L 7cHER plg-act %
Wi L s s h s,

V. & #®

AWFGEE, A EE plg-act & EEEIR ML
BHEEFME RN 3 & i, b
T, ZhbHIPIC X 5 mEEE plg-act OIEBR ML
PA~ORHEEE T2 L2 BN E L.

FRREMEZZITT 2%, FFFETIIA XD
Rl & fuwk X v UMW BE S 5 & dtic, SRR
MR OISy 2 Hanks' iz &2 T
IR R & W3 2 EBOF B E R L. Lk
0o T, AREERR T kB E 5 XIA T2 &
plasminogen proactivator yE& M b it & FE
WAHT D LN TE. BRIy 2 RE
Lizkpic R h s L gtEic Bl S h 24 0fE
Wr LRATHZ LN TEL. Lieh-> TAH
TR LS R I AT B3 & 8 5. L7356,
8T & B G—HERIER 0% bs L O plg-act
O g —3 B EBIIE o fE BRI 63 2 EHEE
MeBBFTIERREIRYETHDLEZD.

— AW R T1E, BRI O Po; 13280~230
mmHg, Pco, 1% 9 ~11 mmHg, #k{Hjo Po.
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1% 180~130 mmHg, Pco, i111~17 mmHg <
Bole. TORRL Y BIEDOT AL FTETAT
PR TWib AT LRNTES. SHIERK
DEEELEERFBEEBL TOTPE5%
DEFENICE FEoic. ZORVITBWT, &
ERERRIEEZNICATHETESI DL
HIBELH 5.

FIORRTEEORIERR 7 4 7 VRIET
b 5w, bTpo plg-act FHOERE R
BZLRITERVEVIFRESS. LILA
EBRTiX, 74 7Y YR ET plg-act EEA
ROBEENS » F 5 b, £RBFEHOED
plg-act FEEic OV THERRM LTI Y, 0
HIERCHRSAERO BN Z SN2 EEX
5.

19644k Rahn & von Kaulla® j3pfEEr T T
£ X OEfRAIc adrenaline, carbachol, atro-
pine ##5-+ % &, MR O plg-act FHEDTT
B L L. £7219644E Cho & Choy®
V% If % /E {§9% (adrenaline, noradrenaline,
isoproterenol, acetylcholine) n#iRN#E 5 T
fu¥g o plg-act FHERTIET 22 L 2WEL
e &bieTh bWl plg-act FEHETUHE
VER 134 % » blocker 372 b, a-blocker &
XUt atropine THIEEhAVER» IR, Th
5 blocker iz fi¥gH @ plg-act FHEHEZJLHES &
BEARD B LM L. LaL, EHFOER
Gi3, adrenaline, noradrenaline, acetylcho-
line izix plg-act HEARED b1 T 25,
isoproterenol, a-blocker, atropine {2t %®
VER 138 iz b - 7z. Rahn & von Kaulla
$X1 Cho & Choy LEHLDZ DX HE
BREEOMR Y R L KR ERFROE
LB LEEIEZ TS, FEOEBRTIEA
X yBEAE A R & Hanks' 3% CHEME L7c 7
BE LR EELFRECER L EX L
#35. L L Rahn & von Kaulla, Cho &
Choy x4tk flv TEBREIT- 2, &E
Lo ER R ESEnERC/ER L T plg-
act ZHHT3HA L EBE LS EELE
BERT 3 bkl 2B oREE

8 U7 Ab MBI plg-act 2T 5 % &
NEZExZHNE. Z®Z & XY Rahn & von
Kaulla 3 X 0t Cho & Choy 38 T atropine
isoproterenol, a-blocker % #¢5 U7cRric g
& izl o plg-act FEHETTHE IR SO %~
DRIGDREREERICES Wb D L EHIZE
25DTdH 5. &bic Cho & Choy® (3fE «
DI & BARICEE L, MigS o plg-act &
PR RIE Lk R, & UTERMFC hista-
mine % KH T BERO® Y2 L #K P ©
plg-act FEHEZFIES®E S Z L X Y A @ plg-
act {EMITHEICE D FERRFEZEHLI TS0
i3 histamine ©h 3 LB L. L LEHD
52 Bk < I%, noradrenaline, acetylcholine,
bradykinin ¢ plg-act # H fE A 12 diphen-
hydramine Tix&<IEEhEd» - . &6
iz acetylcholine, histamine, bradykinin,
eledoisin » i3 % plg-act O &IFEHEXIRE
FBRETH . Zho R LY histamine
D BB S EE 7 plg-act HHERAHE TS 5
LB LLIBECDOTHS.

19674, 19684 Holemans et al®9 kA X
DEENER L OB E B L, Locke #R3s X UMD
WCHEER L, MAATEBEEE RV T, mEEE plg-
act FHHSER RS L. * ORSRMEIHESR
121X plg-act BHERIRE & A B <, MEHE
BE3KIC plg-act IKH{ER BB b BT L, K
ORI plg-act HiH VR BRI ©
IEHB L RS Th 5 LRERLREZ. Ll
Holemans et al. o EpREER CIXEREEHE ~0
RO, XIREE AVTFICERL T
BY, ThOEEDEND AR TAEENCHEE
Bd 5 LARC, AVviciEEEEL»Eon
THY, ZORRLBARNCHGKEET S L
ZEEZBkzk\v. Thbb, BHLEOH
RHKIC & Y FEE plg-act B tHEh B & F
%7z 51T isoproterenol, papaverine ##5.1
TeAic b plg-act IEHESERIKTICED b h
%51 ¥ © % 5. Holemans et al. |3 isopro-
terenol, papaverine O{EfIZ- DV TOREHZ
7o TV ARVE, EFoFEBR Tid isopro-
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terenol, papaverine iz plg-act O HH{ER
BFEDSNAEDP 5 7o, Lo THEEE plg-
act DM IEREEMIME OIREHS L R %
THDLEFHBLIBVDTHS.

EHIARFEORERIY, ROX S HBMET
MAFEE plg-act BEFRBP I EhD LB 2
T3, F—ig, BEOEREZINEIE2EY
TIRUGRE S o3 adrenaline, noradrenaline,
vasopressin (i i & plg-act OFEHER B
B b I, IHEH DT serotonin i ik %
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Slow component of flash-evoked potentials in the
cat’s optic chiasma

Isao URAMOTO and Sigehiro KIYONO *

Department of Physiology, Institute for Developmental Research,
Aichi Prefectural Colony, Kasugai, Aichi 480-03

Flash-evoked potentials (FEPs) have been
extensively studied since longh34. In the
cat’s optic chiasma they were reported to
be commonly and mainly composed of an
initial positive deflection followed by fast
positive-negative oscillations. Further, back-
ground illumination has been found to
modulate FEPs. Recently, we happened to
notice that there exist two different types
of FEPs in terms of a slow component,
whose peak latency being 70~90 msec,
depending upon the background light-dark
conditions. Although this is a very simple
finding, there are no observations of this
line as far as we know, the preliminary
results with a speculative discussion con-
cerning its origin are reported here.

Four adult cats were used. They were
anesthetized with Nembutal (40 mg/kg, i. p.)
and fixed to a stereotaxic apparatus. Pupils
were dilated with 19 atropin and eyelids
were held open with retractors. Diffuse
flashes of light at 0.3~0.4 Hz with duration
of 0.5 msec were provided by a xenon dis-
charge bulb driven by a photic stimulator.
The bulb was placed 5cm in front of the
eyes. A bipolar electrode, made of two
insulated steel wires (200 z in diameter) with
exposed tips one mm apart, was inserted
into the optic chiasma. Final electrode
positioning was accomplished using the
largest FEPs along the track as a guide.
FEPs of less than 0.5 mV were discarded.
FEPs were recorded in the two conditions :
comalete darkness and background illumina-
tion (360 lux in front of the eyes). Dark or
light adaptation for more than 5 min was
interposed between the two conditions. The
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transfer of the condition was repeated
several times while a set of FEPs was
recorded. Ten to 15 superimposed and in-
dividual FEPs were photographed from a
cathode ray oscilloscope and 15~50 FEPs
were averaged by ATAC (501-10, Nihon
Kohden).

FEPs were found to be classified into two
types, A and B. The majority (about 75%)
of FEPs comprised, as had been reported so
far, an initial positive deflection followed by
fast oscillations which were mostly observed
within 50 msec after a flash of light. What
we were interested in was a slow positive
component which was present under back-
ground illumination and disappeared in
complete darkness. We called tentatively
this type of FEPs recorded in the cat’s optic
chiasma Type A. The remaining FEPs,
minority in number (25%), showed the
opposite behavior in terms of this slow
component : a slow positive deflection fol-
lowed the major positive-negative deflec-
tions in the complete dark condition and
disappeared in the presence of background
illumination. We called them Type B. The
typical examples are presented in Fig. 1.

In Type A, the peak latency of the slow
component ranged 68.6~79.3msec and 79.4~
87.7msec in Type B. FEPs of both types
could be recorded from one and the same
animal, but only one type from one search-
ing track. Since the histological verification
has not been done yet, one could not guess
spatial localization, if any, of Types A & B
in the optic chiasma.

As for the genesis of the slow component
of FEPs one probable candidate is the slow-
conducting ganglion cells in the cat’s retina
having been recently reported by Stone &
Hoffmann® who termed them W-cells.
These cells were classified into two groups
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Fig. 1. Two types of FEPs in the cat’s optic
chiasma. Ten FEPs were superimposed on the
cathode ray oscilloscope for both Type A (top row)
and Type B (bottom row). Positivity of an active
electrode was represented by downward deflec-
tion. The start in each trace was synchronous
with the onset of photic stimulation. Calibration :
30 msec and 0.5mV.

Type B

2)5) : suppressed-by-contrast and excited-
by-contrast. The majority of W-cells showed
the latter responsive properties ;these cells
were excited when a flashing spot was
given in the receptive field against illumina-
tion. Other W-cells had opposite properties.
It should be noted that the slow component
of FEPs were mostly observed when a
flash of light was given against illumina-
tion (Type A) while in minor cases (Type

509

B) it was absent in the same condition.
Discharge latency of W-cells in the cat's
retina could be estimated at 80~100 msec
from the figures in Stone & Hoffmann's
paper. Comparing the value of the peak
latency of the slow FEP component with
the estimated value of firing latency of W-
cells, one could speculate a temporal cor-
relation between the two events. Hoffmann?
has reported that W-cell axons run exclusi-
vely into the superior colliculus through
the optic chiasma in cats. In the experiment
now being undertaken, we have observed
two types of FEPs in the superior colliculus
corresponding to those obtained from the
optic chiasma, but the two types have never
been seen in the lateral geniculate body
which receives no W-cell axons (unpubli-
shed). These observations afford an indirect
support to suggest a certain correlation
between the slow component of FEPs and
very slow-conducting cells in the cat's
retina.

The authors thank Dr. Muneyuki Ito for his
kindly reading the manuscript.
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The depence of Na-efflux on the external Na concentration
at various membrane potentials in squid axons

Hiroshi KITASATO and Koichi MURAYAMA *

Department of Physiology, Kyoto Prefectural University of Medicine,

Kyoto, 602, Japan

Recent developments of investigations on
membrane suggest that a cell membrane is
a lipid bilayer with globular proteins of
which hydrophilic groups are arranged in
the central part and continue to the mem-
brane surfaces®). Considering the structure
of membrane, it is reasonable to suppose
that ions are not incorporated into a rather
homogeneous hydrophobic lipid layer but
selectively transfered to the specific struc-
tures composed of globular proteins burried
in the lipid bilayer, i.e. the hydrophilic
groups in globular proteins compose ionic
pathways. The previous work on Nitella
cells® showed that the affinity to K* of K
pathways remained constant while the value
of gx increased with depolarization. Present
experiments were aimed at determining
whether the change in the affinity to Na* of

Na pathways is associated with the change

in the state of the gate control system for
Na pathways.

When ions travel through long pores, ions
moving outwards may collide with those
moving inwards, and such collisions result
in the decrease in unidirectional fluxes. The
frequency of the collisions depends on the
density of ions in the pathways specific for
the ion species. Since the density of Na*
in Na pathways is determined by both the
affinity of Na pathways and Na concentra-
tions in the bathing solutions, under the
condition of constant internal Na concentra-
tion the dependence of Na-efflux on the
external Na concentration should be deter-
mined solely by the affinity of Na pathways.
Thus, if any changes in the affinity of the
Na pathways result from the change in
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membrane potential, it should be expected
that the efflux vs. [Na), curve shifts in
either direction with the change in mem-
brane potential. '

Experiments were performed on Dory-
theuthis bleekeri throughout. A freshly
removed hindmost stellar axon was cleaned
and mounted on a chamber which was .
separated into three compartments by septa.
A glass capillary of 60~70 ¢ diameter con-
nected with a microsyringe was inserted
into the central part of the axon through
one cut-end, and 0.5 gl of an artificial inter-
nal solution containing ??Na and phenol-red
was injected. The method of injection is
similar to that used by Brinley & Mul-
lins. After withdrawing the capillary,
another glass capillary filled with 500 mM
KCI (which was used for supplying cur-
rent) was inserted from the same cut-end.
From another cut-end a capillary electrode
for measuring membrane potential was
inserted. These two -electrodes were con-
nected to a negative feed back circuit by
which the membrane potential of that part
of the axon in the central compartment was
controlled. The central compartment was
perfused with a variety of test solutions.
The perfusates was collected in a test tube
each 2.5min and the radio-activities of the
collected perfusates were counted by a well-
type scintillation counter. The Na concentra-
tions used for the present experiments
were 450, 125, 45, 12.5 and 4.5 mM (pH was
7.2). All the solutions contained 0.2 mM
2, 4-dinitrophenol in order to inhibit an
active transport of Na*. Flux measurements
were started at 45min after injection of
2Na. Temperature was 10°~15°C.

As seen in Fig. 1, when membrane poten-
tial was shifted toward hyperpolarizing
direction the Na-efflux decreased, while
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Fig. 1. One example of the relation between

Na-eflux and membrane potential at the external
Na concentrations of 4.5, 12.5, 45, 125 and 450
mM. Upper diagram shows membrane potential
and lower diagram Na-efflux in pmole/cm?sec.
22Na effluxed from axon was collected each 2.5
min under the voltage clamped conditions and
counted by a well-type scintillation counter.
Solid points represent the values of Na effluxs,
and horizontal bars are the means of effluxes
measured at the same membrane potential and
in the same solution, respectively.

increased with depolarization. As far as the
membrane potentials at which a specimen
was effluxed were the same, the Na-effluxes
from an identical specimen are almost
equal in value independently of the exter-
nal Na concentrations, although they differ
in value from specimen to specimen. The
Na-efflux at resting potential averaged from
five specimens in normal artificial sea water
was 3.11+0.37 pmole/cm?sec (mean and SD).
The value is comparable to that reported
by other investigators®¥. The normalized
relations between Na-efflux and the external
Na concentration obtained from five experi-
ments are summarized in Fig. 2 in which
the Na-effluxes at [Na),=450 mM were taken
as unity. Points and vertical bars in Fig. 2
indicate means and standard deviations of
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Fig. 2. Normalized relations of Na-efflux to
the external Na concentration at various mem-

' brane potentials. Open circles represent the means

of the ratios of effluxes to those at [Na),=450
mM. Vertical bars are standard deviations of
ratios.

ratios. As seen in Fig. 2, the differences
among Na-effluxes at different [Na), were
statistically insignificant at any membrane
potentials examined.

These results suggest that the affinity to
Nat* of Na pathways is so low as almost all
the Na pathways are not filled by Na* even
at the outer solution-membrane interface,
and a steady depolarization does not cause
observable increase in the affinity. Accord-
ing to the Hodgkin-Huxley equation® the
steady depolarization by 20mV from rest-
ing potential causes the changes in h and
m from 0.596 to 0.087 and from 0.029 to
0.369, respectively. Present results, how-
ever, imply that the changes in the state
of the gate control system for Na pathways
represented by the changes in h and m is
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not associated with the change in the
affinity of Na pathways.
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