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OBRERPETETH B ITES v, LirL
CARZLRES R DR VER BB
FETHIZ LRBICERTEY, £ oHiE
BThs. EsHEREROARYOMFITD
POERPoTEDTHBH, FTRNFHRBCR
Thd C THr 2 HREDRIL L 5k () <
BB VAL RSTDTH .

B. “2HERE O DIFEE B BHRG
BV THED THL PR -T2,

2REMIE L X — OB OME (IUE) %
B F ORI E T b o T THEREMERE,
EEERE LD L, EEEZObOERRI T
YER 2, EBERIC L » THRZ Shiei
el b3 3BV T3EAL
DRRVCEFIEEREE L 0, £< 20BENE
BERICT 3 2BOMRTXEShT3Z L
Th 5.

LZATHTEL R 2RI T2h Tk
AR T O NRGERE O MR E R
ESRDO») vdZLThs. SHAERE
DMHFEIENC O T OHFRICITFED R b O
BB, ZOBESIT VERGAEES MR
TXESh, ZOMONEERE T EREMRTX
BaEhs) tvigz, vwbhid N1EMRREIRE
DR PEEHESLE-TVWAZ LhbE
BILTHBERD. LELSSHEMROR
WERR BREOBERIIERD I VB
THRRTTHB ZeAHLPREIE, PR
HFREECRBVTHLIDZ LR YRCYRES L&

2bh3, ZH L TARBEOEEZOLOZ
R4 THEREMERR) DBlicEsREELEL
Lreznv. BEIE ZOXBEHAOERE
EFHRTEL0O8H B, Thik TELEH T
HB. T TR EAEEE L XERER < BERIR
WETS, LyrbooEEgEhcRETS
7oz Ay wiEE ChoTRZS Z &
BT CRERABENPZ L THB. R LEHD
DESIFRE) 72 R h 2kEREORBIC X
o> THILELEGOIEMES 5 0 & RicE X
V. Lichio THEG T 7oy
AR % THEREMEREER) Th o TR
BZTL0THY, BEMRXZZONEE
WDV BB CEBPHLYTHET TS &
5 T2RMIRZE OHRPYUKRE 520 Td
3 (Ty=ANy R ¥ RPTICHE D R
ERrHRMROERTCHARLEL V- TE
DXL OHEBTHB).

g CLREERZEBC 2 B, ThbD
TLBARHER X 2 ho BEIREZ 3 THRE
HHETH 5, REHBERCEREMRIZEH
EHROIIFPHEITEETDOIDNDTH- T,
M2 RAHRERER) PHRPUKREDLRS Z &
WTEB. ZORBARESRTS L o LT
LEEWLES, TE) b EAMRE 1 BR
B BBOREBICES. ZhixiEED HE
RICED PR A THEEMMR) Tho T,
Thick-> CHBPEZ 5, BRI SE
R MR O B BIEIRE 258 » 5 K i iEHE
INE, PO SBIMGEREEC TR L
BTELPD, 2BHREIEOBAPLKE 2
DThHB. FOMTELLERL EHEHRE
ChZOFRNBYIKRES Z L BHATE 3,

TWHR T Y 9%, EHR GETR) <F
EEWB L, TZTHHEMEEUM L CL/NE
D RRICDWMBEZ o T5, LrbZo
BICERIE 2T % L S LR KBEO/WH D
5. ZOEBRERT TRFRKEELIW Bd5
TEeEFRTLOC, rhix THEESW 5
HRELDTHS. ZORFHERGCR LTI
RETC O REBHELSE B IR VL, T
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Tl TETHRE 2RET 5 & ZORPTE
ERSWHREZ BT & BERNCRLH T
BP b, ThOMRERFEMMESWERET T
THSREMAER) BT B b0 TH BT L IXHL
PChB. X5 UTHEMRILZ O BB
ELTEBROTEVEDEITHLOTHD L AR
i, BTh T2 BRRRE oRPUIRE S
OThBH, nB [H PR TLUNEEEM
BLEBRCEI 3O THHEOWTHY, £
e . R LR RE DO
EFICES T A RXVEEE TH DT L
i, ERICE o THBRBDTHS. LN
Tz T%fZﬁﬁﬁimJO%ﬁm%%ia
LRTIDPAI.. BT

TH%JWWﬁikaVTQE%@%Zﬁ
B BBETH B LREFEOBY THS. -
ZZTREROIICHATIONRETHS L
B5. b bitkoBIMENE L IEHEOE
FIERE L%, BENEIDTHSHHHED
Mgk Y, ALEORRE RS & 5D 5B
ROTERG L BN AFHTH S LELTEX
2BV, E D LT T OIS RRIR T i AREIRER
LinBnb, BLBECHE NS, BD5
LB D ZBECHEN Y, BRESELVR
BTLEEZ UL ZORE SERLT S, el
Y LZRRC BT HITES BRES &
BT BB T B, ThbOEERICY
(&ﬁﬁ%ﬁ)ﬁﬁ@ﬁ%m@&:a&%?aﬁ
BILBTELS.

LERTRTOBBERD ?%ﬁ@fﬁﬁﬁw
ﬁy#ﬁ%#kvﬁk,%%k%ﬁﬁwwﬁh
SEBERHRARME TS T OV N LA T 5 — ROk
MR DRRAMEEN D Y, T bR
BEEHRMBILAMTEOPRLN T 5.
%5 LT HEMENIIEO BB 2T 5 LEIL
BN L, HEEZRD 5 LEASERTSE
iy, F2 ERRE oS EKRE 5 O
ThDH. THLT2EMEIEOERZBTO
Er i MIRE Z LR E, —ERANCHE
2 fE P s (The theory of the dual in-
nervation of bodily organs) 2SER>z 4% & B

% e e e .

- C.. BHH O ﬁaﬁ%ﬁimwﬁwmA
if?%mﬁ;f%h@%%#ﬁ%ﬁéﬁrw
7o “KEOTH” LHRCLE. :
TR LIREE T B R O FRHE (Criterion) L 72 5,
WHHELERE (Emotional expression) & 1,
TROTWBDTHBN, FUPESRRG LI
oD ThH5., TRhTREFLVICITEA
T—fRE R B R -  ABE LT B R E
Pz, () zoRENEREED NE
s BEREBIA) (constant concomitant) C7zif kv
BEhbh i, FlzEELYERRLTIRAHS
&P LVRRLBTRE TS (LfIEK) &
PO L5, BEMRICE2EENEL (B8
R B EMRKE) B35 X5 RERES
BTEThHB. BHECHELTEZZZLLD
Yy BIbhvZ dbd B L5 AAEREL
X, B MErOBRIIDELELEY, 1F
Mo TE¥E s LIRRLNERD (2) B
CRERET 5 RBRRIE{L —E D TEE L)
(Stereotyped pattern) %o TwWaB Wi &
Thd, —EDPEEHRLEZT, B TvaH0
HRBERS X5 nRAEHELSRIFEICRED
v By s TRE L3 EREOER kM
ﬁ%r&ofﬂﬁbtﬁ%ﬁowmeMTb
B ewhZ Litks.

CER TRV E & CEROE %T%%OE?k
tDo%k%xBntW%%fkﬁ kbk@
FHOLOTHEIPEVI L,

L B Roh sk
- a; 478 (behavior) DA T—HESH B b D
T, HiR, B, tohoER BliEgokc
DTS &h, B0 THEIF 3 X 5L 0)
FEREBELZDONE L0 Bz %), BErE
ThD. THERHSPTERGO T

By ThrihEEMRCY > TR ARET
BB, ZORBHEBLRERLSEEOT

MEATE) (emotional. behayior) L IEAL T, F
15 L FEE &LTEoTV6M@%%éK&5
ﬁ&f&a

f%ﬁo%ivinm%im wz&@
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BRenpBEOX S BIBENEE 5 L, BRIO
PHEAPEFECHRD O NS, ZhICK L TR
EDPEREOEEPEBZS &, HHRRECEE
U, BELCWEAE TEREILT BTk
(i ZNTHEBUEZETIEERE g
ok & TRBMEER o 2RIKBIL T 5.
ZObOEL D E SR k- <R
TBHLDLEELN TV .

2. BismLSOEE k@uéﬁm
nem%rﬁﬁ@&u;or&ﬁ%hﬁ_é%
DT, ThbEHREORE (I, BSW)
BEDIY HBCEBOEY T EEAOLOT
5. ZhboBTECERICHEEL RS
5H0THD b, MEHEEEMRRE &
EEZENTEBLDOTHS.

LT ETIND DREHENLY, BT LD
IRIBEOEZME) CHREZPE VI L, = 5 1%
TP vE A ERBEOHHANRETH G
Wbd. Fo5 MEELEMHHRS v o &Mr
BoThaiz, BEVEBE S a T8 ik
TOEMERYRE DS RV, FlilBoe 0T
BEVOH, BTLLWE DT TR, Zh
X E DR O FE (situation) DIRBITKTFET B D
T, BEOHEBOTREARICSARD. Lk

>T 178l i 5B B CIRRICR S

TRIBZLEP2TNED, BEOERLIZ
BY2RECOTHS.

YDOThB. 55 L CEERRS B,
FRIXTERDOBES P B2 1781 b
DR b, RicESECk - TRz 3
bDT, Liehlo TEOEBPERIFCLO
LRLhB I ED LY, BEEEe EE
BEEMESR) ThHOKR, FEREI TREVD
i, EABCHBATRE » & v SEENES
B, ZOZEHRVOETH TE 2REMDL
ATz e ncERVIOCT BT, BR
REORHEANRTERVILICAZDTH S,

& B0VERRE O R B AR EL O S
Lo THODTIORENEREN S O Th

ZHIERLTHT B
BCRBZILTH D HHORKE LR
HOERBBRE TH P, BHCETS

VLB, D IR, Y, AERE e
Lz

%, Fhbb HOBAE BN R
EEMRIZL 20 TR, FhZEEOR:
BRFICIERT 5 HEMRIC X 3 IUE 0k s
Bk Thsr L voZ Lick Y, 4TE iz
BAEMICZOEBHEREZR T T 5 BEGO
MR EENRERS) ThBT it B, L
R TIROLBERBOBERICE B3 EAThH
BILICEBZPLTHSE. &5 LTHED ME
EEREMES L LTRE L V2 3 RENEL

, MERGEED CHEERTCE C 3 TR
g(@ﬁ)ﬁﬁﬁ@ﬁﬁﬁjtwf&éjkw
b5z Liciss.

ZH TRz @&E&Eﬁ#&&%k,%?@
Fo2&bEoni HEEDE] Bbahe
WHk, FRLEBZDOTHS. mEVMERED 1
Fle LT 13K oE#ER-T, ZhokiE
ERBIEC, 1) BRGOINEIBRD NS (&
BESIWLL Y, WHRESHLHRARY, 3
FHIHEEZRD bR THESTKA L 85, HE
5T b B IR OUES RS Sh T MRk
WLIEB) BEB) 2) DEOESLED b
NEPLMER RT3, 3) mETEREOB
BHEFO LN O CHAREET U, MHEESE
T5. 4) HLFEOEEIIHEDONS. 5)

=\Mﬁvﬁﬁwﬁmﬁéné(mzw@%%®%

WHRIE S T O RE ).
WO LN THENES. 1) BEErLOT KU
FUVUBWHRERD NG, 8) P THEDOH
RO 5h 5 0 CEILSEATS. 25LT

6) SEEH O INHED:

ORREDRIL B HILER, B, mgcie
DOHEEOTILER Z+ M) 2RLCV5.
EeBBEEREOFE LT Y6 ofEr
BMoTznoREERD L, 1) BEE I
BEH LD (FEE LCBESEME Bk
PULT) BNFalins, MIRESLFF K5
DHRERICEE L 25, BEHIGELTDOh
ZHDEFLRS) 2) DEOESIIHRD b
5. 3) MmE O BB bh TS
M s cEROFERBML). 4) ¥
LEDOEFIFDO OB (L LEBO TR
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TREBHLNED LW &iX, LVRYRICS
Zzbhd PETZZ L bH#mENB). 5)
WO SWATD b5 (F X SEHEIWH
WEIShTaREEL). 6) ST OUHETED
LNTEHOSEBHES  (THDEDL XE2)).

7 FRoOSwBRmD 5hs (M) 8) ir
¥ BERHED b W CTEABIEKRT 3. 9)

BoSWHREIEIEh 3. 10) WRETIIBEER
Mmibahsn L, BT 5 2HRT 5.
P X5 B ORE LB, WLED, Bk
B T il B AR S, DR,
%, SR, TR, W%, WREHTEMLEE
BERERBEC S B ERLTV5.

e

B ORI B RN OMH P 5T DO

Z 5 LTk o (Criterion) & 75 % PIAHY
B, ThbbEORER —BHOBEI
T 5 HFERERERTH- T, ZOHD0H D
BERE IR OMILERH TH Y, OHE
BCIBEOMEMEETH S L 5 BRIERL
T By, Lo TRIEE NE#EEERmE
M4, (Emotional autonomic pattern-reffex)
LRERZ LR TES. TH5 LT MEBoEREL
7 5REIEEM] & v ) EOEEIC R
o 5 —o OIRARIE, B ORI BA
BREEOTEHICE > THD TRIPNZDOTH-
T, ThiCk > THRBECET 3R 8D TE
LVELBCRS THHAILBOIDTH S,

A

1

- >
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The effect of corhin on viral replication. and DNA syntheSIs in
mammalian cells. Yoshiko CHIKATA (Department of Physiology, Okayama University

’Medzcal School, Okayama)

 The effect of cornin extracted from bovine cornea and rabblt skeletal musc]e on viral
replication and on DNA synthesis in cultured mammalian cells was studied. Results are

summarized as follows :

1. Cornea—cornin inhibited the replication of herpes simplex viruses in cultured ce]ls._
The DNA synthesis of host cells was also inhibited without infection. On the other hand,
the intraperitoneal injection of the cornin did not induce antiviral activity in mice.

These data suggested that the inhibition of viral replication was not mediated by produc-
tion of interferon, but it possibly was an indirect effect of damages which the host cells

received.

2. In the presence of 0.5 percent cornin extracted from cornea or musc]e, the incorpora-

- tion of 3H-thymidine into DNA fraction was inhibited by 30-50 percent in two cell lines.

derived from green monkey kidney and rat liver. The inhibitory effect of cornin, however,
lasted only for several hours before the proliferation of cells recovered.

ARG D MEFERE &\ 5 RIREICBA L T, Hayflick
O, HEOLEEZELEMRICE, BEED
SHEEERD 5T L ERBRICEHA L. Le
L, ¥72&biz, EERERICE T 5 EED
EEMCHARR, RO B R R 7
&, ERRERS, MbrolEcloT, 4
ZHETEDO A 22 TV B Z LIkFEN S Lo,
EEEROFMICE L T, MEmTE, T
v ohD v 7L v —EEESh T, Jacob
201z X o THRH & Wi S —ig I
THZEREELTVS. £, BRX 7 v 4
24 Ko cyclic AMP i, o5 Y a—» 4
DI K OB RE o BRSO FHED
DB EETRI>ZLVHEHSN, EETIX, #
2 BAREBROFHICEET 5 XA WE D
—DLEZLNDL IR oTe. AVEVERN
LTBREROFE 2172 5 BEHHc BT
B, WL oD RVE Y DOERR, cyclic AMP
ZEMLLT, PRIFEHCERSNIOL
LTw33, LaL—F, MRSHOFEOE

- (#4548 6 A20 A2

a. Physml Soc. Japan (1970) 32, 803-812)

HIZEL TR, BeAEMbbhroTRVE
Vo THBETRVRIECHS. BEOoH
EE S ZUEEY R Y, EEr bl Eh
T3, RBOR-E VBRI b OEE
724\, Bullough®O73)83, fHB O MO HE
FEICET AR AT AF VAR TVSYE L
LT, MR NT, 7 FvT ) vRORIEE
BANVEV LV L ROEHIER 21T 5
EAMEOYE chalone %, REZOMOMERB>
SHIH L. ke, EHENTHLLHE
RO, ThXThEROWEICL I
BHCHBESHORE TR TwEEVIE
251%, fuic b TerayamasD36) o g HIEE
430 DNA & ERF R ECABRS. —F
Szent-Gyorgyi 4124040k, N7 7V THHE
LEYNT N2 B ET, BRI SZENRY
B (retine) L4yZHEMEWHE (promine) SIFEFEL,
WEDAT v AR X > THEIEOFTEHITRbh
T3 L oELF R ERED, SEMEY
B L’C, methylglyoxal @%ﬁ{z&& E,Hj LT
V3. “

ﬁ#%mulor,%m*:oﬁﬁmemm
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Shi- cornin %, ZF0%, L OMEB» O
HEh®, v=I#ias0EED, 7y b E
ERFO4ZHnHD, Ebrlich JEK@MRE O HE5E
il 7 B 10230, RSy U CHiile s ik
BEEo-TwaZ LBHLRITE o . wI3h
DEAT D, DNA SGROWRBH LT 5.
Cornin JZ#EEEZHUkEH L, 70%%>5 90% O
=& ) — VIBEET2 I IBRSE T, S L
BEHEESEERI L bP o T30,

Lz ATEE, HEopEiEoc0Lo kL

T, VANVADEEEWAZ DAV F—T =0y

BREHENTVS., AV F—T v ViZyAN
A ORI L 15> THEOMBICARS

BN, TANAPSCE, A E—T =n VE

ErHRTZ0CAVARMEPRH S h TR

D, UANAERBOTHERL v IEANE

BTG, AV F—T=mrEDh, LAT
N OHEFOF CBELAMT bhTwsI0.
TRHOZ EPLEERE, U VAR>S
L7 comin 2, ZDXoUHA vV EF—~T =0V
SHH L LTOMERD 2P E I pEHRANE
5, HEPHBERHDLNEP o, BIEHE
» DNA ARGNEIC X D 74 v RO BEFEAH
bz LR TAEE X . 5K
cornin @ in vitro 2 3 IF 5 'EILEMW MR O
DNA &pkici JETHfighRic > v THik D
BPERE 2 OTIZREETS.

I.#H#E & T &E

A. fJE cornin 3 X U5 cornin O

DRICBE SN FEDR LR T, v
A, A vy XBKH» D comin ZHIHL
V. TH ) —VEBETO%) 0% DRIICED B
RO SR, SEEHREOE ARES model
KCF-62) #fEH 1L, 12,000rpm CiT/-7z.

WL, =&/ =N, AE) =N, TR,

= —FVOIEICEEE L. WEE, Hiklkgic
&, MM cornin 234y 0.3g, #H cornin 23
% 3g Thotc. W cornin TEHY AL 2L
{EHeD0, FNETR o7k, BRERL
bR ERCH L. EHCE L TR, &

~ cornin DOYEWE % millipore filter HA (pore size

0.45 p) CIAME L7z.

B. AR X UEESE

B Lz, 2 F Y FABEmsk o Vero
Wf, 5 v - AFEEsko RLN-10 #REED, o
A VA D titration D7z H D =T b U ROFIEE
Eufaz > i LB ThH 5.

Vero ik v fuiE% 5 %2t YLE
(YLE.BS5) CHE#ERLE L, 0.125% trypsin
%7 EDTA (1:5,000) v Tz iTk-
7z. RLN-10 #ifg 0 #54%, lactalbumin % 0.5
%Nz 7= D SRR 7 v iE20% & #wim L
7, whp3n LD.BS20 T, #ftizik 0.25%
trypsin Vv 7. =7 b U ROFIRBEERM
OREHNE, =V ViEE10% S T LESH (LE.
CS10) ¢, 90mm ¥ —VIicHEZZH, CO,
TRERECHER L.

RO BERERIE T IX, replicate culture 4T
fv, BEGHEC X0 MRRECE B L 722D,

C. 22T A ARG L RO RIE

B s 7 A v A (herpes simplex virus)
%, ESEPHEENERFVANVA Dy Fx
o TEIMERE M S i HF ¥Rt
%. Vero #ija% 4 x10°/ml HEECAICHE L
= 7, 48R4 Hanks'-PBS ¥R TRl
FEEEHEY, mo.i 051285k CHRN LK
WA NVRE, 3T°C T1lEEERES & . &
#% Hanks'-PBS T 3 [EgE\ 10ml ok
(YLE.BS0.2) #h%, 248 incubate L7z.
e REM R 1T 1, ARE cornin % 0.1%, JRG:
F# o DNA &k 2HET 57w, *H-thymidine
(0.5 4C/ml) %% 7z. Cornin iz X %MD ¥
WMBOEBEFNLHAE, VANVARED2
BEfRTIC, cornin %0.1% & teki CHIRL & in-
cubate LTIz, Y6245 B IC 8k o
—¥E LY, FIATAA-TENVTERBL,
—80°CIZ R L TR L. FRE, 0.029% EDTA
FRCCHIROEER £ £V, FRCREL
Iz. . .

VEERCZIOBEDP =Y b VK% trypsin
WUER U C 2 o MR 2 10 ml (RERIEK 4 X
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10N% v+~ vIichiz Z AC, 24B5[] incubate
L, MlED Y~ 2Eofc. ~VRATAL VR
JBGe Vero WS DOERIENIL, 5 EIHRERE ¥
VIRUTIREIRE 2, 1020510 (2 ¢ 5 B
Bic, yolk saline THRL THIBRO L —tic
Mz, 37°C T« 1 REIRE & & 7o, &R, 1
% Noble agar (Difco) & ¢e LE.CS10%fnx
48F5[H] incubate U, X &z neutral red 0.0001
%kEle agar-LE 2 BB L <24 %I,
TANADEIEC L > THELET T v 7 22
7% % {fi (plaque forming unit : PFU) % 3k
o, RBAHRRE O RERIE D IFERICET THRRL
B ERD 7.

D. DNA &rkofizE

7 A VARG Vero #IBDEEIE, giRo S
X, BA#oNEREic *H-tymidine %0
Z, AR EED. vA NV RORY
75, MExY 5 cornin DFEEFRHBH
A%, MBEOEL - 2 %2488 HiC cornin &
SH-thymidine (0.5 xC/ml) % & TekEiicaTH L
T, &BIC24p5fH incubate L7c%%, MKz
O, FRMEERVEL TBEKE2. Z0
BB A B Schmidt, Thannhauser @ 53|z
X - TDNA &yE # #iH L, &%k 2N NH,OH
Sml WS, HBEHEEEZRIE L. JE
X Brey® o v v Fr—7 —¥EH 10ml 22
05ml 2Nz, Wy v Fr—varvivy
# — (Packard, model 3003) % F{ v CT47 7z -
To. BRESHBEOBEDORIE, FRA7rn—pYy
Z— (Aloka) 24 L T3 D, EERBHE
#, 1.0ml ofE%E SH-cytidine ¥5%% (4,904 cpm/
ml) iz TEHEEL, Rpto TR X 5
BESHE L. BEcHvYEY ostkhl,
Burton 0 J5%:8 iz X - T DNA #E& L, H-
tymidine DE Y = »EZDNAY b OMFEM L L
TR 2.

I. # S

A UANAOHIAICES k& TR comin
DR
0.1%® f comin OFAET, % ek HALHE

Table 1. Effect of cornea—cornin on rep]ication
of herpes viruses in Vero cells
PFUx 1073
Concentration
of cornin (%) in cells in medium
0 2080 8.33
0.1 870 9.17
0.1* 855 11.3

*Cells were treated with cornin for 24 hr
before infection.

Table 2. Effect of cornea~cornin on the incor-
poration of 3H-thymidine into Vero cells infected
with herpes viruses

Cells &ﬂgﬁﬁﬁ‘% cpm/pgDNA %
Uninfected 0 5350 100
0.1 4370 82
0.1% 4630 87
Infected 0 5140 96
0.1 3580 67
0.1% 4800 89

* Cells were treated with cornin for 24 hr
before infection.

2k Y, Vero HEHFTHOAARIT LD
HWRER LD X 5 BRI 55 % %7z (Table
1) RRYLER24RER B OB A T, BRIEPICDH
5o B BEl (PFU) IR £/ 8L, HEDE
RHLbobhiadpole. L LR GRS L
TV 5 A VA ORBELAMIZ, cornin |2 X 3 BijjL
HTY, cornin FET THRBECIMEIShT
VB ERbofz. AUERCH VT, *H-
thymidine OFzY Z 2 ZHIE Li-fEE % Table
2WRT. ZZTHEShADIZ, HBELT
AT IERYRICB VT, *H-thymidine oFx
Y T B3 cornin iZ X B HiLBOEA 1, cornin
DEETTHLRBECHFsh w32 LTh
B NVRZATANVARROBICIE, M
HoODNABBRELTXIVEZAL F e r—n
BT, *H-tymidine »FE Y THERIT B L
EbhTva®., BRDO DNA SRR LE
3 cornin OFENT, FNEICLBEELV L
FRNFET COFPARELBEoTV 5 2 L o
b, MAEEDO YA NVACELETEEORIC
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Table 3. Antlvu:al activity in serum of mouse
injected with cornin :

- Dilution Number of Inhlbltxon (%)

NSerum* plaquest
Control 1: 10 52
1: 40 60

1:160  57(56.3) 0 {control)

8 hr after injection of cornin

1:10 24 57
1: 40 80 ) 0
1:160 72 0
24 hr after injection of cornin o
1: 10 65 -0
1: 40 63 0
1:160 .56 0

* Serum ‘was obtained from mouse (dd) 8hr and
24hr after intraperitoneal injection of cornea—
«cornin (50 mg). ** Plaque forming activity of vesi-
Cular stomatitis, virus in L cells treated with the
serum for 20 hr before injection was assayed.
*%% Cells were damaged.

“Table 4.> Effect of cornea-cornin on the incor-
poration of labeled precursors of DNA, RNA and
.protein”into,; Vero cells. . ; .

“Precutsor gfréziﬁ;a"(ﬁz cpm x 1073%% g2
" 3H-thymidine 0 10.80 100
) 0.1 7.68 71

05 5.06 47

0.1* 8.04 74

0.5% — —

“3H-uridine 0 - T 432 100
S 01 - 328 76
05 - 358 . 83

01* 389 90

» 0.5% 368 85

4C-leucine 0 3L9 100
S 0.1 295 93

05 31.3 98

0.1% 414 130

0.5% 30.7 96

* Cells . were treated for 24 hr before labeling.
‘**Incorporatxon of 3H-thymidine was calculated in
cpm-per 1 gg of DNA and those of 3uridine and

.4C-leucine were calculated in cpm per total TCA~

,insoluble»fractiqn.qf cells in a cult}xre bottle.

RERNECE D B0 LI

;F ZCARE cornin: 50 mg gvvxgggz;mk
BEL, MPCH bbby A VATERE,
L fmiaic e U7 vesicilar stomatitis virus ¢
HEFEIRIZI R X D e L. BREMEORIEE
X, ~WRAYTANVADRECEL TITho
72. LU, Table 3.z &<, cornin #
E#DmiE & ““&MEDEF@FEJL%M?% & Zsb 6
Whirol. .-

©B. “@?Liﬁ%;ﬂﬂﬁ@@ DNA A}ﬂth_ B X ?
cornin D ol

Veroffifs ﬁﬁ?é‘}ﬁi 1T X iE -+ AfE cornin
e % DNA, RNA, BLUEBHAROEY
AV TEAR7 (Table 4). FEMEMAFHA cornin
% Fi\vC Ehrlich /KRBT 2 & e & Rtk
DNA&RAIZ i, RNASE b b3 e
ﬁéhfwé’bmbﬁﬂﬁﬁm&abgmi
BT WL,

LETT, v MFEESkRo RLN-10 -ﬂﬁﬁﬁﬁf
Fiv- ¢ DNA & RT3 X 1E 3 cornin DR % 3
~jc (Table 5). F7v¥XHAL YK L
#3W cornin {25V T, Vero g, RLN-1041

Table 5. - Incorporation of *H-thymidine into-
cells in the presence of cornea-cornin

i Concentration - E
Cell of cornin (%) cpm( ‘ungNA . %
Vero 0 10807 © 100
01 7678 G
_ 05 5723 53
"RLN-10 . 0 20253 100
) : ' - 01 22825 - 78
05 19871 68
Table 6.  Incorporation of ®H-thymidine into.

cells in the presence of muscle-cornin

Cell Cpnoentration cpm/ugDNA %
Vero 0 4085 100
05 1932 47
. 1.0 789 - 19
RLN-10 0 3601 100
05 1871 52

1.0 ‘ 62 117
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Hao DNA Arkic B 2 2 & % 5jc (Table 6).
Zh b DRSPS, cornindEIZhEE, 0.5%
DREZBNT, 30%»550%ThHs vz &
5. .
DX SR EE > commin OEETER

Control

0.5%

1.0%

Control

iF % M0 B G EIC L VIR b 0B
Fig. 1, Fig. 2 ©b 5. MBEOWHZ Z 2EHLE
72% & in vitro ORI T—RICH LD BB
population density DE VT L BEEOEND
Bz rEERLEThERS RV, RLN-10
HARD L 2405 [ 5> B 4SRRI IC 2 CEIE L, O
MNEPLFACEECHELZZICD. Thbb,
cornin D BEFEMFIFIFIE—BETH 5 L &R
WLTv5. FUEL, AEEDOHRECS
5 RLN-10 g0 #EEIC R XiET Y /Mg
cornin DEEIC LA LILS.

#z >, RLN-10 #ijaiz cornin Z{Ef &%
BENT, HHAH L cornin EETeIHE 3
3 X O 6 R, 37°C T incubate L TRz
B h OWEFEMRIZIE 2 A~/ (Fig. 3, Fig. 4).
FIRsic, RLN-10 #fass full sheet 23 %E L
TV BEERCFADOH T incubate L7z cornin %
BLERIC o v T bR, 20RR, HA
cornin %, 3B preincubation TiXiHiEIC
BB H LN P o7, 6 BRI 5 L]
PR EIZ LA EHKoTz. AR cornin b 3 FR
LL ko preincubation T & ICEEDET 27
375 6 BFfE], X 51T 9FfH® preincubation T
LEEFCHREA BN S DT, FHA cornin X
DERREETHD LR B.

Fig. 1 DNA &rkinglizhic>vwT b, 0.5% DA
110 110
Vero RLN-10
Control .
Centrol
1x10° 140 ﬁ
2 1 ) u104 i L :
5 1040 2 - 48 s 0 24 48
Fig. 2
Fig. 1-Fig. 2. Effect of cornea-cornin (Fig. 1) and muscle-cornin (Fig. 2) on the growth

of Vero cells and RLN-10 cells. Vero cells were cultured in YLE medium supplemented
with 5 % bovine serum (YLE-BS5) with or without cornin (0.5%, 1.0%) and RLN-10 cells
were cultured in LD medium supplemented 20% bovine serum (LD+BS 20) with or without
cornin (05%, 1.0%). Ordinate : Number of cells per tube. Abscissa : Time in hours. '
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6x10°

3 104 1 g
o 10 20
Fig. 3

2»105r

10" 1 4
0 10 20
Fig. 4
Fig. 3-Fig. 4. Effect of preincubation on the

activity of muscle-cornin (Fig. 3) and cornea-
cornin (Fig. 4). RLN-10 cells were cultured in
LD«BS20 (A), in LD«BS20 with cornin (B), in
1LD-BS 20 with cornin ‘preincubated at 37°C for
3hr (C) or 6 hr (E), and in LD+BS 20 with cornin
preincubated with growing cells at 37°C for 3hr
(D) or 6 hr (F). Concentration of muscle-cornin was
05% and that of cornea-cornin was 1.0%. Or-

dinate : Number of cells per tube. Abscissa: Time

in hours.

-— .
=)
[3;]

owoO MM

cornin @ £ £ F ¢, .RLN-10 #ifg~o *H-
thymidine DR Y = H# & B &8> THIE L
0, WHEMRROGE & L BT 2REP
Z bk, Lo

%7z, AR cornin ORE, 3R, 6 R
@ preincubation DS, ML L & b incubate
L7c D EEDIET AR E <, cornin DFFHERE
FHRMBECEES NV EnZ L, M
ik o TRELEh Lz L BELBNS.
P cornin A1, HERAYERER ICEES Kb
N, BoEVHRBZLEBTERP T

Nisida 2291k, cornin [ZIEEIREBIZB L &R
RTINS T LEREL TS, £
-, SHEDOELTHKITH % dithiothreitol
(DTT) - cornin % AUIE L, EFEINEIZIER IR
HDONBENPE I pETH (Fig. b). Ei, ##
M oRERRIMELZEA TR Y, RLN-10 g
DAY VIER20%FEMEN TS, 2T
CHFETORMOEFIC L 5 BEER 2D,
48 YEREM G o> cornin O HEFEIIHIZIE 2T
7z (Fig. 6). ZoHfA, 5REEOEMLFERET
%, Mo *H-thymidine B Y & HICZB{E3 2
BBV LR ok DT, cornin iZ X 54k
BE 5T, TORBEORMICELT
B X E 7. wIhOBE4S b cornin OFHRNR
B b HRERE 2T,

m = =
7 A VAR DMEISNT, A v F—T =

v VEARHETIYE L LTI, WEANESE

19), HEE XV Eh 3 statolon? 2 helenin
39), mitogen ¢ phytohemagglutinin®), EH4&
BRFpEEARID cycloheximide®®), SRR Y 7 =7
VIR Y, AR DOPD D, RIRTE
g% RNA 23 % 5 VT 2310102, —ARgy

CRNA b4 v 2EEzHESLOBRH B L

bh T3,
Cornin [T 2T &, % DILERHEE S AEE
M ED, MMCA v E—7 =n VEELH

LT, U4 VADRIEEIIHT 5 WSS

% bz, =2 GET, in vito T Vero fifg
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AR cornin ZEHEERASET, ~vR2Y
ANVADHEFACR I ETHEETH .~
ATANAREEER IR S R, R, &
BRI <, fEEMEo DNA Az

DRBZERBD b, &bk, vU ALK
cornin ¥ E LT H I Dy A M 2 EED F
ABHEDONEP oLV OREP, Al
cornin {TIZHIMIC T B A v —7 = v L
PBRBBE T LR ERT. Lo T, cornin
X BRI D DNA A RME O & s Dk
Y, EEMROMANTHEET S DNA v 1 v
ATHBNVRATANVADEFEE, EEMNIT
WHILI e ZE22Z L TED. hOREEM L
LTiX, cormin icA v % —7 = v UBETEL
T3z ebE2LDbNS, HHlOS L ¥ —T 2
v ORI, MROEEEMZ2L08b 5
ZELVREShIDD, BMCEoT, A
WAL BEREIEI O — > D RF I ST 5 = L
WTERDE), (7, AU F—T =u ik
REL VI eELIE, T UAED S
L7z cornin HOMWEDA v & —7 = v L,
hetero DRI TO YA V2 DOEIEEH» 12 V. O
BEMZ 2 Z LB LEy. AEBROEEN
b, in vitro THSHNF cornin OFL YA L
AEhFIL, 1EE Mo DNA SRS S hir
LI DEEBLEZ D FREYTHSH.

TCICHRE & N BE L OSBIEIERT &
cornin ODFZHIFIRIZ >V T, VBWS L
HB & IR S LT v 5 1022002900,

BT, BEEWIX, B L7z Ehrlich gk
BRI 331 5 f5A cornin @ DNA & RRHNE
PRICOCTHRE Lic. EEOEBII, in vitro
TSN T2 o0 BB O K E%ELEE
T, fA cornin 35 J MAE cornin B %,
DNA %9 ¢ H-thymidine DY = %z 1 v
FARTVB. EEHEOHEE LizfFHE cornini
EROADOBRELR DB LCHB T L,
TERRERR Z e 82, ZofEE, B
EREORELHET 22 L13T & i v 3,
Ehrlich 7k @M% 0.25% @ cornin G#125%
O 23%1F, Vero, RLN-10 #ifgix 0.5% o

1

3x10°%

10%

Control

Fig. 5. Effect of DT T—treatment on the activity
of muscle-cornin. RLN-10 cells were cultured in
LD«BS 20 with or without cornin and (—) DTT-
treated cornin (---) (05%, 1.0%). DTT-treated
cornin was prepared by incubating with DTT
(0.01 M) at pH 8.0 for 1 hr and washing off the
excess DTT with ethanol., Ordinate : Number - of
cells per tube. Abscissa : Time in hours.

3x10° ['

10°}

i _—= } Control
;=:::::f::::}1o%

———-————___-

10* 1 L .
0 24 48 72
Fig. 6.  Effect of serum on the activity of mu-
scle-cornin. RLN~-10 cells were cultured in LD-
BS 20 (—) or serum free LD (---), with or without
cornin (1.0%), for the first 5 hr and culture media
were replaced by LD.BS20. Ordinate : Number
of cells per tube. Abscissa : Time in hours.
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cornin ©30%d» H50%DIHEIEZ T T v 5.
DNA & RnElg R L <, #A comnin &
f4JE cornin ¢, Vero #ifg & RLN-10 H#ijg T,
HEDOEZELAERCEITHS. LL,
HRICB LT 150 B 7 v FFlgEED LiE
PR3 L Ci%, £5P cornin 1 0.5%EEE T
80%LL EoEIRE R TR E X T 310,
Thid, KRS, BEHEERESLELDN
% 3SHEOFFHIBIC K5 cornin DOHHIZIEMN
Ry, XvEEoMBE S EZT#E LD

LEELT v B 0 LRI, MioEETL
cornin Ik 5 RO BRETFEL TS b
D BRI, "

Cornin D EFEIIEIZIRIT, 27 Y REET,
RO 5 bIRFEEPMET LT Z L ibd
ol T, BREMOLERL Y > THEES
BHEEOWRL, Ebo& AT 5o 0RE
rEZLNE D, .

Cornin D ¥EMAMET U, AL HEHE & [EIH 5
BREACoWT, £, cornin ORIPHELS
v, 1) mEwpT 3TC KikehadZ itk
Y EMERS R L. 2) M comin %
RELT B EF, i comin LIERTHE
FRFEELTVA. 3 Maofstic Xk Y R E
L&z, mERELLNS. DTT I X
Y cornin DHEFEMHIFRALIEmOL ONLT
L, cornin ORIMEICRH 5 iEMICX, -SH
EOBEMTL2OFZEY ZHE T 50O TR
mehLBbhs., Fio, HHLRDSMEER<
TritkoTh, MEHEE LFxe0T, &
®ix, ERARME, WERESYOET, LIVK
= RPEDESLOND I OICTHILATE
o, BrOBRRL Lo THHETAS Z L IT X
Y, cornin OIEREICHEDPEMERD L I v
HRFZEIE, £ PHREROBREICD S, AR
cornin ¢ DNA &kl % 2 25, trypsin 4L
7, RNaseiLHHIC X » T, & bEERbh3ER
BDh BN, MEVEEIE, BEES L EBES
OEHBEEL T B LBFFREN TV 5
10), :

WCHBOR» bFEZ THB L, cornin DI

FEIEIZhRIX, Vero & RLN-10 0= DHIAE
DT, SLECRA L, RLN-10 #ifEs24
ERLLA I EE &R+ @ 12 LT, Vero HifE
REE LB, Zhid, Mgk Y cornin ©
BRI RIC T 5 BRI EDD BT L '
SRLTH Y, DNA Sl & OREE? bIL
HEZ D ORBMEEDOERD b bDT
BEREVTHA I . Eiz, HFEH cornin Dff
A2 sEOMEL LT, cominiZxT5%
RS, BV A 7 v EOFERCR D Nk
EHREbBEEL, £ 5 Th WEAEVPELDN
5. BIEEOBRETHB L ThiE, comin OIER
R, BEEELTHTETEY, BRETZEED
LD THoTH, EREDO 5 b CRETSHE
5, EAEZT Do B E 251 ¢
BT EMTED, ZDX Y AEFERERICSVT
v%, cornin MEFEIIHIAIE, DNA & aHH
LroX o niRich s, £k, RNA G
2, U =Flici v TIBREMICEIER S ickidE
BRROTHD L OBRIZES PR EL LD
2, FFEESN-METHLEX® 5
5.

F7r, ZhbOERICH W cornin ik,
BOBOKHEKD 55, —EOT Vo —VRE
CUWTAHETH Y, WL TH-LLDOTIX
Evo T, ZoSEOEO DNA & RRHHE
F, »3CEREEMFRTCOVT 4%, &
SICERMLARLERL TP RTMEE LR
.

V. & #

1. X v & h 5 MRS ZNGIYE
cornin O ¥ A )V AT B LIETEHE LA
FERR, AR Y Y HIH L7z comnin i%, in vitro T
ANVRAYTA VA DRFEEEIT 55, < TR
A v B —T v VEERHRTBHRE
27z,

2. Cornin j3#ifg> DNA ARk &HH+2
HEREES TH Y, MEORANTHEIET 2
DNA U A VRATHB~NVRATA VAL, B
R IE Sz EL NS,
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3. In vitro CYHEHEMMERL D DNA &5kic
B LET cornin OIEIEIENE, 0.5%IEEET,
2458 *H-thymidine OELY = % 2l 7284
30%7 550% Ch > 7e. & OHEIEIEE, B
B TRAICEDNTY &, MEOWEREIZEEL
TL B8, MIIEE->T, EEOBEICERS
Bivie. Tivb OREIOVTHRE L.

- MR BIERS, HiEEEE ok, WHEH BHIT,
M BT, & O CWELFRELRER Y A L
AV 7y Fy OBNTHEELCEIEH OR %2
BLET.
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Analysis of the activation mechanism of fibrinolysis by protamine
sulphate. Masamitsu IcuHinASHI, Takafumi MoriGucHI, and Hisashi MIHARA
(Department of Physiology, Kobe University School of Medicine)

In the present experiments, we investigated the effect of protamine sulphate on the
fibrinolytic activity. The results obtained were as follows : Protamine sulphate itself was
unable to lyse either standard or heated fibrin plates ; neither did it accelerate the action
of plasmin or plasminogen activator. The fibrinolytic activity of human plasma euglobulin
was slightly accelerated by the presence of protamine sulphate. The fibrinolytic activity of
mixtures of human euglobulin and streptokinase was enhanced in the presence of protamine
sulphate. The fibrinolytic activity of dry human plasma euglobulin incubated with stre-
ptokinase in the presence of protamine sulphate was found to be higher than that of dry
human euglobulin and streptokinase incubated before the addition of protamine sulphate.

The fibrinolytic activity of dog intact plasma euglobulin was enhanced by the presence
of protamine sulphate, the maximum being at a final protamine sulphate concentration of
0.2 mg/ml. The fibrinolytic activity of human intact plasma euglobulin in the presence of
protamine sulphate was higher than that of dry human plasma euglobulin in the presence
of protamine sulphate.

The results suggest that protamine sulphate may not only enhance the fibrinolytic activity
induced by contact activation but also that induced by protactivator activator (streptokinase).

1. B

a3 VERBRICHREERYD 5 = & 2
19294 Waldschmidt-LeitzD) &z X b #)w T
Hahic. 20k, $LOWEEFCLY, In
B UREBHRMRTROT 4 TV ) —F Rk
SRBD L, 74TV =T USRIEREE
THEDZE, ~RNY URTHWERERE T 5 Z &
N &Ebig, 19524Eizik, von Kaulla |z X iR
WIEER D 29 Z L BBEShz.

—75, JTEENTOM 2466 - 7o DR ~
AU UPRIOERTY v ¥ L UREBBSMER S h
B, FIgcEETHL EE s L8 LT
LEEHEShTws. 20oHmOERE LT,
1) Pfngg, mfic~ Y vREHE T 359
D, 2) fMR, 74TV —Fy, Fofo
BERF ORI,  3) BUERRBEROIE
HFTEEOWDRFESH, RBILTVIE

S

(HRFn454E 6 F20R 241D

(J. Physiol. Soc. Japan (1970) 32, 813-821)

RTHB. B ICRIETEME T SRR R A,
MRIEPEORR L 720 5 B AEEHES b
Y, BEBCEEEhTET3.

AL T, v I UHBROBEE~DE
&% in vitro TREL, 7w ¥ I VRS
FrrT5REEE LR & ¥, B> pro-
activator ZBRE R LEMLT 2B E T3
v ) EREREL, A ¥ T open-heart
surgery IZRB\VTC, v ¥ I URERESSICHE
THHMIEH LT, MEOE» D OERERL
7z.

I.R B 5 &

A. EBVE
1. Streptokinase (SK): Lederle # #il o>
varidase & A AHIKIC THEM LI b0 2l
AL
2. Urokinase (UK): I F Y42 #-# o
urokinase % AT AMEKICHEMRE L CEBRICHE
MLz
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3. 7479 ) — % v :Armour #H#lo

bovine fibrinogen (Cohn's Fraction 1) % borate
saline buffer (pH 7.8) ¥ L THEH Lz,

4, b+ v ¥y A O bovine throm-
bin ZABEHJAEKIC T 20847/ml iz B X
DI LI b O REH L. ,

5. 7w X I VEEER : NBC #o protamine
sulphate (salmine) # IR KICTELD
PBECTSELTEN L. :

6. W7 7 FN—F—  EEGAEKT
FeS R Lie v XEIREREC, TOERD
20/ m 0.15 M KCl —0.02 M tris (pH 7.4) %W
(2~4C) &Nz, Janke and Kunkel #-filo>
ultra turrax homogenizer TI10FP[EEERE, (KIE
5 (2 ~ £°C) 126043 eI HkiE4% 9000 . p. m. 2T
1045 RHRIBE LS BER TR o e, TORELE
IZ20F oMK &ZmE TRRRL, & (LR
5 1%EE 2 HRACETL, pH52 T L .
Zh & KEN 305 MBS 3,000r.p.m 2T
105 ERRE OB R TR, 2 bhicibE R
BICHCEEBRERD 5 £525 0 borate saline
‘buffer cHRL, MERT 7 FR— & — R
LA L.

7. $215¥% : Borate saline buffer ;% Norman
DEB LI HEC L > TERL, 747V /) —
FURRBSERRCER L.

8. mifft bim#E: REMEOHEL i
#H75mg kMK Iml OFGCHERLELLOE
R LK.

9, Intact dog plasma : 7 ¢ 7V ¥&MED
A X OFMEERE Y, AU =F v o BMEFHAER
T, 50mM o di sodium-EDTA, F7-i%, 3.8
% sodium citrate 1 2%t L, MK 9 BEDEE
CRMUED T, 50001 p.om. CEEREOHE
(2~4C) 21053 TV, Mz x, BEILE
RV zF L UVBOFBICRFE L. Z0X5IT
LTz =M% intact plasma & RS,

10. Intact human plasma (intact .t b Ifi
) AEERCAEIRT, b bRk DR
Lz, L .
1. =2— 7w 7Y R : #fic 2020

BOKEBLIHMAREMZ THRRL, IJERL
BAD 1 %EERERACHT L, pH521C L.
N EKENIIOSREIKEBR, 3000r.p.m. T

CLOGRMRIRR LA BE AT, 2 DivielbiE

W EH O fikk & [F#&& ¢ borate saline buffer (pH
78) Nz, EEBRLZbOEEH LK.
B. JEHE
MEEEORIE X, BT 2 7V VERER
IO, T 4TV vEREBRE X oz, T4 T
Y SERGRE, Astrup & Miillertz?2 ORR#EYE %
FHEEYR LI REDOFRIC Lich o, il
27 ¢ 7V VML, Lassen 0 FERIC L dd
v, BT 7Y vFiRE 85°C 1T304 m
BMLT, 74 7Y VEBECEEN TSRS T A
I)—FURBMHEELEbORER L. Th
D7 4 7Y TR IR 0.03ml 2ET
L, 37°C cI8EEffE®, 717V vFiRE
OUMEEREREL, T OEHEREEEEL
ULCHEE L. BROWE R, TEFMELY
A3, PEEOREXER (mm?) TRAL, K
FLUWROBARIERBIVERE, ThEh
2TCHRL, TOREEBMEREL Lic.

M. ¥ B R #&

A. BERETEHTE 7 7 Z I VERBROE
& ‘ . ‘
1, Protamine sulphate iz X %7 47V v
BRER > T
AR AEk 04ml i2, protamine sulphate
Y& & ¥% 100, 10, 1.0, 0.1, 0.01 mg/ml (=72
L, 100 mg/ml [ZIREHK) DOZhEh% 0.1ml
Nz, £&% 05ml & Lz 0.03ml AR
LUMET 4 7Y v RCET L, REELEE
BELE. 2ORE, wihof@ERicB v T
b, EER X UCMBEROBHEIRD b T,
protamine sulphate 121k, /< LHEEY «
TY U RERTBIERIEL, Ek, FTRI
) =T UEBER LB LA E R
7.
2. FTRAIVIEEBT 47 ) VIR
{Z%t3 % protamine sulphate: (D B2
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b b 8% X Y #ERR L7z euglobulin 0.3ml iz,
5u/ml SK 0.1ml %%, 37°C {EEAMEH T
5 4y NE4LHE & DJEEED protamine sulphate
0.1ml &Mz THZREROEERD 0.03ml .
RBTEE R BT « 7Y VIR TRE Lz,
ZORER Fig. 1 R+ Z & K, protamine
sulphate X, 523y 07 47 Y ‘/%ﬁﬂ’ﬁﬁﬁ
LT, TOEREHERSELZRIBD
¥, BRBED 20 mg/ml T, R ?fﬂ%m
EBH BTz, '

30 FTRI )= e TIFR—-F—IT
%P4 % protamine sulphate DZjR

FPTAI )= e TIFR—-F — L LT
UK #f#EH L. UK 2.0u/ml, 0.2u/ml © %
h#FEh 0.2ml [cfEx D B ¢ protamine sul-
_ phate %% 0.1ml # Mz, & & WABEHRKE
A 02ml #fizx <, £&% 05ml &L, Zh
b DRI OV TIRET ¢ 7Y VR LW
REBERE Lz, 20o#E, Fig 2 R+
<K, UK okkREE 1u/ml itk 2EEY 4
7Y VRO YEFEVER T %t L, protamine sul-
phate %, #KRBE 20 mg/ml T2z Y O
R ER Lens, UK oA eliRs ¥ 5%
FERBD LN, o7

4 W7 7 F_R—F—LkBSTAI)
— 7 g b3+ % protamine sulphate D&
kS

v FEEEEIE 2 5 015 M KCl 39k ic <hl
Hlz, b s R T 7 F -5 —
0.4 ml \2f& &« DPEEE D protamine sulphate I
0.1ml #¥EIL, #OBRAEDOBEEES 7 1
T Y VIRICTHRE L.

ZOFER Fig. 3 WWRTI<EBT 7 72—
F—D7 47 ) IEBERI 3 L, protamine
sulphate 1%, ZOYMIEM Z RT3 R/
{, protamine sulphate DKFIEEEH 20mg/ml
TEBRCEHIER 2R L.

5. t b euglobulin 53 D
% protamine sulphate DZ)HE

o &X|Z, proactivator SRR Y M IR

SYERL L7- euglobulin 43 0.3ml iz, 4D

EMC R

[
5 mnt
a oeof,
£
—
8
i
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s Human g
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©
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2 0 0002 00z 02 2 20 MY
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Conc. of Protamine Sulphate

Fig. 1. Effect of protamine sulphate on plasmin.
Broken line indicates the fibrinolytic activity of
mixtures of 0.3 ml human euglobulin fraction pre-
treated with 0.1 ml of 1u/ml SK, with 0.1 ml of
various solutions of protamine sulphate. Solid line
indicates the fibrinolytic activity of mixtures of
0.3m] of dog euglobulin pretreated with 0.1 ml of.
UK (5u/ml) with 0.1 ml of various solutions of
protamine sulphate. Ordinate indicates fibrinolytic
activity as estimated by the heated fibrin plate
method. Abscissa indicates final concentrations of
protamine sulphate.

mnf

0O 0002 Q02 02 20
Conc. of Protamine Sulphate

2 M9

Lysed Area on Standard Fibrin Plate

Fig. 2.  Effect of protamine sulphate on uro-
kinase-induced fibrinolysis. The fibrinolytic activity
of mixtures of 0.2ml of UK solution with 0.1 ml
of various solutions of protamine sulphate and 0.2
ml of physiological saline was measured. The final
concentration of UK was 0.4 u/ml. Ordinate in-
dicates fibrinolytic activity as estimated by the
standard fibrin plate method. Abscissa as in Fig. 1.
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EEED protamine sulphate ¥k 0.1 ml # %M
L, &5 0.1ml oEEHELKEML T2
£ 05ml &L, ZhZhoEEn 003ml o

3
g3

o

- Lysed Area on Standard Flbrin Plate
n
(5]

6 odboi 60l ol 10 10 |C')0m%l
Conc. of Pratamine Sulphate

Fig. 3. . Effect of protamine sulphate on tissue
activator fibrinolytic activity. - The fibrinolytic
activity of 0.4 m] tissue extract samples prepared
from rabbit kidney medulla with 0.15 M KCl~
0.02 M tris buffer solution, and mixed with 0.1 ml-
of - various “solutions of - protamine sulphate, was
measured. Ordinate and abscissa as in Fig: 2.
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Conc. of Protamine Sulphate

Fig. 4. Effect of protamine sulphate on the
fibrinolytic activity of human euglobulin in the
presence and absence of SK. Broken line indicates
the fibrinolytic activity of mixtures of 0.3ml
euglobulin fraction obtained from dry human
plasma, 0.1 mlof saline and 0.1 m] yarious soluitions
of protamine silphate. The mixtures were in-
cubated at 37°C for 5 min. Solid line indicates the’
fibrinolytic activity of mixtures of 0.3ml the
euglobulin’ fraction, 0.1 ml of SK (1.0 u/ml), and
0.1 m] of various solutions of protaiine sulphate,
after incubation at 37°C for 5min. Ordinate and
abscissa as in Fig. 2.

T AIRENIHREEET b b,

BIRTEM R RIE Lie. 20REE Fig. 4 O
TR+ Z & { protamine sulphate DI
0.1mg/ml D& Z 5T, b euglobulin 4y
W OMAER B L. .

. 6. SK fERicxl¥+ % protamine sulphate
DR . '

©¥IZ, t b euglobulin SyHEICE &2 pro-
activator #¥E{{b+ 5 HEIT streptokinase #
Mz, &6lcz ORIC, protamine sulphate %
iz T, BIREREEE L. T b b, 03
ml @ euglobulin 4y & ¢, 1u/ml SK 0.1ml
iz, Sbic, FaOEED protamine sul-
phate 0.1ml /1%, ZhbDBEAIKRE 3TCoO
fEIRAME D © 5 SREIMNER, ZhEhORETE
PEFPE LI Fig 4 0FBTETE T I & <,
protamine sulphate D#&RIEEE 0.2 mg/ml T,
DIV BROCERIREER A bR, OB VRE
EEE, EROERCHDNE SK0RIL LD
euglobulin ORRIXIEMALAIRIC, Fig. 4 O
o protamine sulphate J#EEA 0.2 mg/ml © &
protamine
sulphate 0 % DA OHISERLZIR EHIT, -
MELZEL Y bREPEKREY. Thbb,
Z @Oz i, protamine sulphate 2tk SK o
BRI 2 R T 2R 5 5 2 L BT
BE .

ZZT, SLRIO[EHLHPCTHENT
DEDEBRE{TE - 7.

-+ euglobulin 43 0.3ml iz 1.0u/ml &
SK % 0.1ml, &z, # & OJREE O protamine
sulphate % 0.1ml jix, 37°C oEEAME I
T 5 MR E, ORBEEEERE L. ¥
b, SK 25 euglobulin {3 % # ic
protamine sulphate 237 L TWzRico\WT
DHREERZ L ole. ZOFER, Fig 5IicER
TRENT AT & £ protamine sulphate D&
RE 0.2mg/ml © Lz 5iC peak & b O
HRTEM 2R Lic. 7

S ¥iz 03ml ot k euglobulin iz 1.0 u/ml
SK 0.1m! %z, 37°C iz T 5 FRERAMH
THNEARE 4« DPEEE D protamine sulphate 0.1
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ml Z2ME T, & h ZhOEARDBIETEM: % R
Bl Thbb, 2041, SK BEET
5 RIz protamine sulphate 23fEE L TV d -
. TORER, Fig 5 o TRT L, &
BRI BIRCRIETER R Lie. 2 0®ER,
SK ¢ proactivator JE{EALIER 23 L T,
protamine sulphate 3% D {EH 2R3 245
ERELTw3 LEEShS.

7. £ X intact plasma » & {ERE L 7=
euglobulin 43[& |z %} % protamine sulphate @
DR

v bfgic L T, SK K EREE A X
intact plasma 2» & {ERR L7z euglobulin 43/ 0.3
ml iz, 0.1ml DABEIEK, SbICELD
i&&@ protamine sulphate 0.1m! %% <,
TNENOEROKRBERERE L. 20k
& Fig. 6 i&;73Z & <, protamine sulphate ¢
BE 0.2mg/ml iz B VW CTHEDLEL A X euglo-
bulin OMEERZHEASEL., Z0OZ L2
b, protamine sulphate 23 SK KD g &

£ mm
o 80
£
b
Xe]
[
- (Eug+SK+PS)
5 50
©
e TS
2 T -
(7] o “.‘
s o (Eug+SK+PS ™
[=4 ™
&
g 0
<‘ LAl
2 0 o002 002 02 20 20 o4,

Conc, of Protamine Sulphate

Fig. 5. Fibrinolytic activity of mixtures of
human euglobulin fraction, streptokinase and pro-
tamine sulphate. Broken line indicates the fibri-
nolytic activity of dry human plasma euglobulin
incubated with streptokinase, the protamine sul-
phate being added after incubation. Solid line
indicates the fibrinolytic activity of dry human
plasma euglobulin incubated with streptokinase
and protamine sulphate. The quantities used in
each estimation were 0.3ml human euglobulin,
0.1ml of SK (1.0u/ml), and 0.1ml of various
solutions of protamine sulphate. Ordinate and
abscissa as in Fig. 2.
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Fig, 6. Effect of protamine sulphate on dog
euglobulin fibrinolytic activity. The fibrinolytic
activity of mixtures of 0.3 ml euglobulin obtained
from intact dog plasma, 0.1 m! of physiological
saline and 0.1 m! of various solutions of protamine
sulphate was measured, after incubation at 37°C
for 5 min. Ordinate and abscissa as in Fig. 2.
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Fig. 7. Effect of protamine sulphate on fibri-
nolytic activity of human plasma euglobulin
obtained from intact and dry human plasma. Bro-
ken line indicates the firbinolytic activity of 0.4 m!
of dry human plasma euglobulin mixed with 0.1
m] of various solutions of protamine sulphate.
Solid line indicates the fibrinolytic activity of 0.4
ml of intact human plasma euglobulin mixed with
0.1 ml of various solution of protamine sulphate.
Ordinate and abscissa as in Fig. 2.
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} plasma b, SK RIS TH 4 X plasma
DS BIER Lz euglobulin DB ¥ATEM:
ELEREE B LV IHIBREBRZ DI,

8. EifEt bR, intact b PO ZH
FRhh bz euglobulin 43T ORI
- % protamine sulphate D% D g

t } intact plasma 75 fERL L7 euglobulin
3T 0.4 ml [2fE & DY D protamine sulphate
0lml & h &DORABROBBERZHEL
7z (Fig. 7T 0FE#). —FF, BARZELALEH
BEhTw3 LELbUAERYE Nk, bIE
R L7z euglobulin 0.4 ml iz, BrDEED
prb;camine sulphate 0.1 ml iz, ZHhFhD
BUSTEMZRE L. 2 ofER Fig. T OB
K% Z b &, protamine sulphate DKRIBE
0.2mg/ml CREOHEMHLER A BN. §
7541, protamine sulphate i%, intact plasma
P HAER Ll euglobulin B L TX DI
WIRATEEE AR EA L v 3 LEESHh
Jo.oo

V. & =

BT, ERPRSMVEMEER T, ALOMEER LR
%, WBRHLE TR L, BERT 5 2o i
heparin {Efl & 1+ % BHT protamine sul-
phate 23 E & T Vv 5. LA L, protamine
sulphate iz X 2Hhfngic, »x - CTREHIME
% Z L 3319584 von Kaulladiz kv #E S
T3, LadZ ORI MHmEEESTIEL
TVB I LRV OPORFRI NV —F12 L D
5T EN TV BDOIDI,

—J5, protamine sulphate [ZHEHESRIRAMAIE
FNd 5 2 & p319424: Myloniz X Y ki s,
1048421 von Kaulla iz X ¥ protamine sulphate
RREREET 5 2 L P RESh. Ly
L, 196048 iz % E. S. Olesen 7%, protamine
sulphate £ VE v b ffEe, ENVE Y M IE
P BAER L7z euglobulin SEICHIZ TH, M
EHESE bR ERE L.

+z 7w, EER=>0—RFE Lz protamine
sulphate ORERICHT BRR L HIIT 570

iz, %5, #xOPEE O protamine sulphate @
EAR BT 4 7V VAR, BET 4T P
WICH T LT, 186, 37°C DERMC T i
BLED, 747V VHOBRIELBDHN
Birotr. = OFESR » 5, protamine sulphate
X7 47V VEEMIER, X 5 iz plasminogen
activator fEfIbE LRV EBHORL K o
Jz. Z I TIZ, proactivator % LELERE
LT, kI plasma % & {ERR L7z euglobulin 47
iz protamine sulphate % fiix TRRATEE 2K
T UIcHER, Fig 4 oldicrTI e, #%
R BSREREELEREE T2 L H b
Liote. OB protamine sulphate 3
proactivator % G-I B AERMEERERL T W
%. L7 L7255, protamine sulphate 7%, :'
DX HIBBAMERORLMELE L b,
open-heart surgery Fic HiER 3 5 12 O#RATEME
T m o e HILASEZ 5 2 & R HEE LEE .
FrToER, REEEEPEL L THRERT
v % urokinase, streptokinase, #HERT 7 F X —
» —5OByETEE kicxt L T, protamine sul-
phate X X0 X d RiEAEHE T 5 » B BEL
7-. Fig. 2, Fig. 3 »» b #4724, protamine
sulphate X, UK, #fk7 7 F¥_—% —0 plas-
minogen FEHEALICH LT, #KRM\E S 1 mg/ml
PLETHRWITHISRERBOOHTHoTe. L
1, Fig. 5 225 SK 2% proactivator - % {&{:
{5 3¢ protamine sulphate 2337545 &,
protamine sulphate % SK O/ &S5
TERRR SN, FITELIRIOREND
et 5 BT, SK 23k + euglobulin 5 &
F%+ 5B, protamine sulphate 237FE7ET 53
&L, SK kb I euglobulin ® RSB - 7ot
iz protamine sulphate %Nz 7z8HE& D BTSN
PHBE L. TORE, Fig bR+ 2 & <
protamine sulphate %, SK & euglobulin @
oY, Tibb, proactivator 2 SKick?V
EHLShaBIcET 5 L, ZOREEEL
R HRS . Thbb, TORERND,
protamine sulphate % SK ¢ proactivator FE{
b S bicHEmsEs L EESh, -
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I bz Fig. 4,5 0REEMS, BIUVBEDOSK &
b b -euglobulin @ % TiE & A CHETEM X
7% {, ¥ 7z protamine sulphate & t h euglobulin
kD MEHEELIHERCTHE . L2 L, b k-
euglobulin iz SK & protamine sulphate o &4y
B %Nz 7341, protamine sulphate &
PREED 0.1 mg/ml DFFTH 75 iRV IRIATE I &
Bl Lo bExOEMIIHEALS SK & pro-
tamine sulphate £ OHMRIMELL L © 3%
EERLI. 2D b H % BE Cprotamine
sulphate 23 SK DR & #H TV % Z & AR
Shie.

UEbEo#EREME, E. S, Olesen® B8V E v
b 1f13E % i - 7212 protamine sulphate |2 13#3
WIEHEALER 2B ol v Y MERLT
DIMCERENE D, Thbb, EVEY ML
Wiz, SK RRHEATE R ICH <, ¥fc intact
plasma > Twi VWi ELONB T L 2D,
HRCRIC X SIS et LT Y protamine
sulphate DEHRITIT L A s o7z LRSI R
5. —7%, von Kaulla 3 & k -plasma %> ¢
DFERTHS. Fhbb, proactivator & A
72FRIZ%4 5 protamine sulphate DZ)E % HaFE
LicDTH Y, LiehioT, HHEOERBEEL
FRELI.

D&, SK KGN ICE A X ~intact
plasma 2~ 54E gk L 7z euglobulin 4YHEic pro-
tamine sulphate %z % &, Fig. 6 kL2
<, euglobulin MEIEMZ A SET. %
T, T DO¥A D protamine sulphate DFRIETE
YEALBIEE S 2 i+ 5 T, t b-intact
plasma 2> & {ERK L7z euglobulin » BfhA KT
Bl EHEERSNcEBbh58Ee b sk
2 BAERR L7z euglobulin O#IAEMICHT 5
protamine sulphate OB EHB LIz, O
#&, Fig. 7 12;r+Z L <, protamine sulphate
X intact plasma » &{ERR L 7 euglobulin &
PEITR U TR IR X 0 4ERR L 72 euglobulin o
BRESTEMEIC 3 4 5 DL EICBRVIE AR 2R L
7z. T ORERIE, intact plasma 5 B{ERR L 7z
euglobulin 43Iz i3 active 7% contact factors

BV ELFEETIILEEZXZARE D &,
protamine sulphate SERZRAGICIL contact RiE
A SEHE 2 SRR DO 2 R & ¥ 5
LEZDEIELHHANTES.

ZZ T, BEEREL b o heparin)S BHl—HE
RIS & HET 5 & H Funahara et al.19)
SOWE, FRARTHRE Lo, BERE
8 dextran sulphate 23K JEEE 0.1 mg/ml ©
contact FRiC X HAREIEHALEZ RS & 202
LEND, BACRIFENCHE S RERIEMELE,
haparin, dextran sulphate, protamine sulphate
EOMBEEGHFORRACI-T, PRIFES
haboLH#gEsns. .
ST, BEO X 5 B HER~OHEBE LD
protamine sulphate 23E5FREYIC heparin HFID
Bric ¥ OBRERVTEE M Bl LTy
EhEERELTAHALY. ALUDHEEDS &, &
VI VB RE YD LR BATY, boREE
REFIERILENS. £, BROBRIC
X VSRR T L A SRR OB
TN TETH, FHREIC X s RAETEELS
Rohs. ZoBH, BAMIC X ) REEE
WERB LB STy 5, Thbb, FiHR
BEMEEH» & @ euglobulin ORYATEM XTI
LTw 5 L#HEL, £0RELE LT contact
fibrinolysis coupling system »:MEB) L CHEETE
MEEb LTV 2 LHAL T3, & T open-
heart surgery {2 33\, protamine sulphate #
B3I, @y @ heparin A7EME LEERE T
C X BMBERBH ZIMEIL T 5. ZORHT
¥ 5. X #17= protamine sulphate {2 & D heparin
BFn& N3 &, heparin 12 X 2R ES
T, BERETIC X SRR REN T 5
LEIBNS. SHIRIDE, ERER»SH
57 = & <, protamine sulphate JXHEflRA
TORBEEERAZHBARSE T, X VR-#it
WIEHNE 5 LM SN 5. %7z, protamine
sulphate %, proactivator {EMLICH L TD,
ZORHEEREES. 22T, HMRICLD
BYATEME(LIX, proactivator FAT 5 L5
HOBELEX AbE 5 L B,
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PLE® = &b, protamine sulphate 2.k %
heparin  FFHEIC & b1 5 RETTHER, Mo
mEERSE28ER, +iabb, WM 74
Y ) —Fv, FOMOEBERT OB, HH
wEVHBOMBE LER-T, H5VEMR
BIERZ N B OBEROEREL b2-T, 5
RrEELHLCRBT S Lo LHfESh, T
OF RIS BEETREMETHELELD
ha. ‘

V. #&

1. Protamine sulphate {37 ¢+ 7V V3 ZHE
BLIshoTr.

2. Protamine sulphate % plasminogen acti-
vator fEfl&#H L o7,

3. Protamine sulphate 3 plasminogen acti-
vator (urokinase, #ER7 7 F— & —) OIEH
PR S AR KRIBE 2mg/ml DL
1%, plasminogen activator {fEf &Ml L
Tz,

4. Protamine sulphate ;% plasmin @ {E A
B SEAHEEFED O L o .

E-

5. Protamine sulphate 1%, © b I0#E» BIE

R Lic=— 27 w7 ) v EOREEEZBER
PoERSE .

6. Protamine sulphate ki%aki%ﬁo.lmg/ml
© SK DIATEEZEAR S Ei.

7. Protamine sulphate jZA X fu#fd & VERK
Lica—27 w7 ) v OBREEEEEASE .

8. Wit FEEPSIERLIc2~TwTY
v ORBETEEICHT S & Y, intact v s
BIER Liz2—2 v 7 U v OREEREL
T, protamine sulphate {Z 7D REREE
Tz.

Ko, %, /1w Bl vRRwiciARE
K r SEREEL ET.
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A simultaneous measurement of the membrane voltage,
current and tenswn on the bullfrog ventricle under
l voltage clamp condition . -

Masayosi GOTO, Yosiko KIMOTO and Yuki KATO *

Department of Physiology, School of Medicine, Kyushu University, Fukuoka

Most quantitative information relating mem-
brane voltage to contractile force in myocar-
dium was obtained on mammalian ventricles
when the membrane potential was controlled
accurately by the voltage clamp technique
D2)3)4), No corresponding study, however, has
so far been done on the myocardium of cold-
blooded animals in which distinct differences
in excitation—contraction coupling system are
known. The present authors have examined a
simultaneous measurement of the membrane
voltage, current and tension on the bullfrog
ventricle under voltage clamp condition success-
fully but with some limitations.

A thin strip of the ventricular trabeculae
{about 0.7x 4 mm) was isolated from the bull-
frog heart and mounted in a perfusion bath at
room temperature. Fig. 1 shows a schematic
diagram of the bath and experimental circuit.
The bath consisted of five Lucite compartments

{1, 2, 3, 4 and 5) which were separated. by‘

four rubber membranes. The preparation was
pulled through tightly fitting holes in the
rubber membranes. The large terminal com-
partments (1 and 5) were filled with 200 mM
KCl solution to produce complete depolariza-
tion®). The intermediate compartments (2 and
4) were continuously perfused with isotonic
glycerol solution, and the central compartment
{3), with normal or test solution. The advantage
for using glycerol solution instead of sucrose
was that the diffusion rate of glycerol was fast
to minimize stray currents but it was slow to
penetrate the muscle membrane®).

The membrane potential was measured as a
potential difference between the compartments
3 and 5 (E, and E,). The potential after
amplification to about ten times with a high

* BEEE, KATRT, SR  ANKEEE
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Voltage
10k P45Au ——o°
- P65AU PA

Current
—o0

- Tension
—p3 SG —o0

Fig. 1. Schematic illustration of the experi-
mental circuit. The chamber consists of five com-
partments (1, 2, 3, 4 and 5). Thick vertical lines
show rubber membranes and white rectangles, Ag-
AgCl plate electrodes (E;, E; and Es). Further
explanations are in text.

input impedance preamplifire (Nihon Kohden,
MZ-3 B) was compared with desired potential
of clamp pulse (CP) and holding voltage (HP)
by adding the three voltages at the summing
point of a high gain, inverting operational
amplifier (Philbrick, P45AU). The output of
this amplifier was connected to the compart-
ment 1 (E,), through a safety resistance and
switch. When the switch was closed and
resistance was shorted, the circuit was in
voltage clamp condition.

The central compartment (3) was kept at
nearly earth potential by the aid of an opera-
tional amplifier (Philbrick, P65AU), which was
used for current measurement. The tension on
the muscle was measured by a strain gauge
(Nihon Kohden, SB-1T) attached to one end
of the preparation in the compartment 5, while
a central portion of the muscle was fixed at a

&t
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Fig. 2.

A) Superimposed records of the current (upper trace) and voltage (lower trace)

at threshold levels under voltage clamp conditions. a ; Examination with short pulses, and
b ; with long pulses. An arrow denotes a of repetitive response. B) Simaltaneous records of
the voltage (v), current (i) and tension (c) when pulse duration was prolonged. Vertical
bars are calibrations of 10 #A and 30mV for A, and 10 #A, 30 mV and 0.02g for B.
Horizontal bars, calibrations of time, 40 msec for a, 100 msec for b and 400 msec for B.
Holding potentials were —70mV for A and —80mV for B.

hole in the plate electrode E,. The membrane
potential, current and tension thus obtained
were displayed on a triad-beam oscilloscope
(Nihon Kohden, VC-T).

Fig. 2 A illustrates a few records on threshold
determination with short (10 msec) and long
{1000 msec) clamp pulses. The short voltage
pulses appeared rectangular enough for our
experimental purpose, showing a time constant
of the rise and fall of less than 0.5 msec.
Corresponding current records show capacitive
and stray currents together with all-or-none
appearance of active inward current when
clamp voltage exceeded a critical level. The
peak inward current was a few ten A and
the time to the peak was 20~30 msec. With
longer clamp pulses similar characteristics were
also observed at threshold levels, although the
active inward current was more or less affected
by long continuing depolarization.

Fig. 2B shows simultaneous recordings of
the voltage, current and tension when the
pulse duration was lengthened from 0.1sec to
1sec. The holding potential (—80mV) and
pulse voltage (50mV) were kept constant
‘throughout. As seen in the figure the tension
‘as well as the time to peak tension increased
‘markedly with pulse duration. When tetrodo-
toxin (107¢ g/ml) was applied, fast -inward
«cutrent diminished remaining slow one behind
as expected, however, the tension development
was not markedly affected.

" The experimental limitations were as follows.

The ‘width of each glycerol gap was 1 mm and
that of the central compartment was 0.3 mm
which was the smallest value that could be
used for stable tension recording. This value
was- almost  the same as the space constant,

'0.37 mm of the frog ventricle?, and produced
‘a considerable error in voltage determination.

However, when the strip within the gap was

treated as an open circuited short cable®), the

maximum error produced was estimated to be
13%. Another limitation was on the tension

recording. The tension obtained was not iso-

metric but rather isotonic, since relatively long
muscle segments in the compartment 4 and 5

‘were present in series. Further improvement

are necessary to conquer these limitations. . .
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An electrode system for chronic recording of direct
cortical response =

Toyohiko SATOH * .
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The recording of the direct cortical response
is a very useful means for the study of the
cerebral cortex, as it enables us to observe the
activities of the superficial layer and those of
the deeper structures not only simultaneously,

but also separatelyl). There is increasing need
for the study of the activity of the cerebral

cortex in the animal in unanesthetized, freely
behaving state. In order to record the direct
cortical response in free-moving animals, it is
indispensable to keep over a long period of
time the tip of the electrodes in a stable
contact with the surface of the cortex without
causing any damage to the latter. A conven-
tional cotton-wick electrode cannot be used in
this case, because the position of the electrode
may change from time to time. On the other
hand, direct application of thin wires to the
exposed cortex would cause damage to the
tissue. The present report is concerned with a
simple method for construction of a suitable
electrode system for stimulation of and for
recording from the surface of the cerebral
cortex in freely moving animals.

Methods

Several lubricated steel wires of a diameter
of about 0.3 or 0.4 mm were embedded parallel
to each other in a mass of dental acryl. It must
be sure that they are completely separated each
other by the resin. After hardening of the
resin, the wires were drawn out to leave
perforations in the block of resin. The block
was facetted by a grinder to give appropriate

shape and size. The base of the block was filed

-concave to match with the convex surface of
the cortex to be studied. AgCl-coated silver
wires of 200 in diameter were inserted into
the perforations in the block to reach a level
close to, but not protruding from the basal

* ERREEE ¢ BAIEIR RS MR I
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Fig. 1.  Schematic representation of the electrode
system. Left ; a block of dental acryl with 9 per-
forations into which Ag-AgCl electrodes are in-
serted. Right ; cross—sectional view of the electrode
system which was fixed to the skull in close con-
tact with the cortical surface.

A ‘ B

s

Fig. 2. Direct cortical responses recorded from
the posterior lateral gyrus of the cat in acute and
chronic conditions with the use of the electrode
system shown in Fig. 1. A ; response obtained
during operation under pentobarbital anesthesia
upon stimulation with a rectangular pulse of 0.01
msec in duration and of 30 V in intensity. B ; 2
weeks later in the same animal as in A under
unanesthetized unrestrained condition. Stimulation
parameters ; 0.01 msec, 45 V. Calibration ; 500 £V,
20 msec.

surface, and cemented to the dorsal surface of
the block. After trepanation and removal of
the dura, the electrode system, i. e. the block
holding Ag-AgCl wires in the perforations,
was softly touched to the exposed cortex and
fixed to the skull with resin (Fig. 1). The



other end of the silver wires was soldered to
a small socket through which they could be
connected to stimulator and amplifier. Finally,
the electrode system and the socket were
covered again with dental acryl.

Comments

This electrode system was mounted on 8 cats
and found to be durable on an average for as
long as 2 weeks as revealed by stable response
configurations during the period (Fig. 2). His-
tological examination after the experiment
showed no sign of cortical damage. The advan-
tages of this electrode system are the follow-
ing : 1) As the cortical surface is free from
injury, stable cortical responses can be reliably

825

. obtained in behaving animals for a long period.
~ 2) The cerebrospinal fluid filling the perfora-

tions by capillary action increases the efficient
surface of the electrode resulting in a con-
siderable reduction of the resistance. 3) Pairs
of stimulating and recording electrodes can be
chosen at will among many implanted within
a small area.
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