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Mutual inhibitory effect between chlorpromazine and several con-
vulsants on convulsion Nobuo OKUDERA (Department of Physiology, Kanagawa
Dental College, Yokosuka)

Lethal dose of chlorpromazine for the dog was 38.54+8.5 mg per dog by intra-cisternal
administration. Convulsion was evoked in about half of cases given chlorpromazine intra-
cisternally, and in almost all cases given intravenously. This convulsion was inhibited by
simultaneous administration of gamma-amino-beta-hydroxybutyric acid (GABOB), gamma-
amino-beta-sulfonylbutyric acid (S-GABA), or gamma-amino-beta-phenylbutyric acid (P-
GABA). At the same time the toxicity of chlorpromazine was reduced and its lethal dose
was largely increased by simultaneous administration of the anticonvulsive dose of S-GABA.
Thus, the mutual inhibition was observed between chlorpromazine and a small dose of S-
GABA. Reversely, the convulsions caused by several convulsants, such as metrazol, sodium
glutamate, S-GABA, P-GABA, N-metylaspartic acid, were inhibited by intracisternal
administration of chlorpromazine. The convulsion evoked by methionine sulfoximine was
also inhibited by intravenously administered chlorpromazine, whereas only temporarily by
intracisternal administration. Furthermore, the toxicity of chlorpromazine was reduced and
its lethal dose was largely increased by methionine sulfoximine. It was concluded that the
mutual inhibition also exists between chlorpromazine and these convulsants.

[J. Physiol. Soc. Japan (1971) 33, 345-354)
key words : lethal dose of chlorpromazine, several convulsants, mutual inhibition

REFET 2 LEEEEZ T LEDE. 20
WEE T 5o i EETRE R % Cp &
FRicEx, 2o Cp OBEESEDLIHIC
EEhEHRE L. &bk—RICRBEHE L
bha bR kEEZ D LESEZR THVE
TRRErIET s HERbB0T, Cp b2
DEIRMEEETHOTCEREVLEELT,
AR CHBREMEL 5 2 C TOREEBZ

1. ##

i)

Chlorpromazine (Cp) 1219506z 7 5 » A T
EREN, Fo{bFEHEE T promethazine 12 &
CBLITHBY, BLDEOHE ZF I ARRABH
FENER, ZoEREKVIELRL, Laborit
&Y Lo REREE & GER L CARIRBREC AV &
nizh, 2o T UEx T4 ¥ -8 L CHFES

h, FOREHEYE U THRETLEERERK<
BuvbhTws, kTR, SEEPMCH

% { ORBIGBIENS L SN TR, ZTOHIR

WRERICHT B ERORE R, wEE—THIC
BRI TwEY. Lo, ZoWmEn
bR HEMHERI/ER T2 b0 THE 2, K
BT 3 EEER ORI RAA LT
BDT, FHREZOWEEBIRNCEREL T
Z0EEEREF LK.

Cp A X OBEHEN S 5 X EARPIC s

(HAFI454£105 2 HEA)

L, zogBicxtd s Cp oMsiHEA R L
7z,

I. % & 7 &

EEREMINI MR R & v e,

BE5 T 2RI T COKBEKRE L, pH &4
El. A X TEMRECEERICIERR L UE
WEEEL, —ERL/PHEHE
AL TERNIZEA LTe. BEIIE U CHIRA
BAEITE 7.

A X DERE T RIS 10kg jikch ol T
IR E R R — B e A T2 LR TE S,



346 Chlorpromazine & FHfEFREYE & DMIC D DAL S5 HFILMRIEN

I BEIRANICHEEA U 7 8 S E B I 1
AL TREBEBI LY, 3 vbiE-Tw3
BEE L) 15 LT, BEEAEKE
YYVHRET D LR EBRTH I EEL BN
50T, TRTEHELETRLE.

HEROWEIZER L VESH>GEHSE L,
—EREHBNI0GHBE L CRLELRTh
FESIBINEAL, ZOBERBRLITE >
THENETHEL, 5 LERORREE L -
TEEEL L. £F8iiE 2 ~3RHMcE
2T\ 5.

HRRRIC R T 2 1R & L Qi s B 2 R
e L, HfuERg KK) B & O RIS
(LK) 2z WIREYIcBig: L <, 2oz
#HLr.

FEERIC I LR, T TR R
EEER T 2WE T, MENRGIC L ) REE
BZTWE BE) L, BZoTvhg#eL
HHWE () ThEH. KEHTHEOLDOE
Bz,

1. Chlorpromazine

Cp) e PARIER

S

s

"N

l - ’ /CH3 .
CH:~CHp~CH, Ny *HCI

2. y-amino-S-hydroxybutyric acid
NH,.CH,.CH.(OH).CH,-COOH

(GABOB) EL
3. r-amino-g-sulfonylbutyric acid
NH2-CH2-(|3H-CH2COOH R
SO;H RERE
(S-GABA) (RHE22)
4, y-amino-S-phenylbutyric acid
NHZ-CHZ-(IDH-CHZ-COOH HEINE
CeHs RERE
(P-GABA) (= —9FA1)
5. Metrazol

6. Sodium glutamate

NaOOCoQH-CHZcCHZ-COOH WO
NH,

7. N-methylaspartic acid

. HOOC-CHZ—CIJH-COOH W2
(NMA) NHCH;,

8. Methionine sulfoximine

: o .
CH,+5-CH,+CH,-CH-COOH B %

NH NH,

(MS)

. & & M ##

A. Chlorpromazine D3 E
1. ®BIRAREC L2 EBEE

Cp &#ARNCHEIRE L, BRES L TH
BLLERERLICRT. ToXMac KK
IO LK B g s .

. 2. BEENBEIC X A BRE

Cp % fiNIcIoS R ToaEREL, o
XRFICES ETHEL, TORHERERL
L. R2k*FDFERETRT.

B. HuksE o Cp BRicx3 5 K8
Cp &8RN D 5 VIZBEN RS T3 2 &
2 X DB TR KRESIT, BE TR E 0K
RERR b, PO CHERBEREETS
WEY Cp I L 2@ E b MHT 52 L3 TE
5L pERMNT S, Cp LRBCHE
SR 2 BEIRNICIRE Lie. 20, EENIB
ZBY, ThbbAvichigiy g Cpick
HEEPIEIL, Rk Cp oRBEL LES
2Th, 1 REFECBLEP2TDT, Thb
huigdic Cp oFHEBT5ERARD 5
DT Vi LELT, BRONCHREYE L
Cp 2L L, V&>3wT, —EDRHE
FifEx v T Cp &S L, Cp 0EEE
BRI,



Chlorpromazine & HREEE & DI 2 B L REHEC RIS 2 ML) 347

1. y-amino-g-hydroxybutyric acid BRCHEE LT, FoRERISEHRE
(GABOB) b KIS EC b g 800~900 mg/dog T

GABOB i#tt:05BvWE <, ZoWE% 4 ofc. Z0EX Cp BRREOK20M5 Y 3
Table 1.  Lethal doses of chlorpromazine for the dog by intravenous administration

No. Body weight Lethal dose Lethal dose Given dose (mg), Motor phenomenon

(kg) (mg) /kg BW per injection
1 7 720 103 10 KK at 210 mg given
2 5 300 60 50 none
3 7 300 43 50 none
4 8 800 100 50 KK, LK at 350 mg
5 9 1,400 156 50 KK, LK at 450 mg
6 15 1,500 100 50 KK, LK at 400 mg
LK at 300 mg,
7 7.5 800 107 100 KK at 500 mg
8 76 800 105 100 LE at 400 g
9 6.5 400 62 200 KK, LK at 400 mg"
10 8 800 100 200 KK at 800 mg
. LK at 600 mg,
11 10 1,400 140 200 KX at 800 mg
Table 2. Lethal dose of chlorpromazine for the dog by intracisternal administraton
Body weight  Lethal dose Given dose, (mg)
No (ke) (mg) per injection Motor phenomenon
1 8 30 5 none
2 10 35 5 KK at 25 mg given
3 10 25 5 none
4 10 55 5 none
5 10 40 5 none
6 12 40 5 KK on face at 20 mg
7 12 30 5 none
8 12 45 5 none
9 9 40 10 KK, LK at 40 mg
10 10 30 10 none
11 10 50 10 KK at 30 mg
12 6.5 40 20 KK, LK at 20 mg
13 ‘ 9 40 20 KK at 40 mg
Mean+S. D. 38.5+£8.5

Table 3. Lethal dose of chlorpomazine by simultaneous administration of GABOB (Cp 1:

GABOB 10)
Body weight  Lethal dose Given dose of
No. (k) of Cp (mg) GABROB Motor phenomenon
1 7 24 240 none
2 8 30 300 none
3 8 49 490 none
4 8 32 320 none
5 13 72 720 none

Mean=+S. D. 41.4+195
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%. #z¢Cp L GABOB % 1 #100%I&1c &
Ui E A X OREIRN Iy EIBE- L CE S
BIcELETCOREERkDB L, T0EIX Cp 0
BERELEXDZLNTES (£3). Zoidd
v Cp oEFRIAGRERKTRBW ST L
BREECH B, #F2OBELBL TFA L
ERRD NP o7, LB LUShof]th
gest g s h¥, GABOB ¢ x5 Cp &itn
IHEHERZH & 228 bhviz.
2. y-amino-S-sulfonylbutyric acid

(S-GABA)
Table 4. Lethal dose of Cp by simultaneous
administration of S-GABA (mg)
S-GABA
~— 5mg 10mg 20mg 40mg
No.
1 440 240 240 310
2 320 240 200 270
3 320 360 240 300
4 240 320 360 280

Mean+S.D. 33082 290460 26069 290*18

Body weight 8 ~10 9~10 7~10 6.5~75
(kg)
Table 5. Lethal dose of Cp by simultaneous
administration of P-GABA (mg)
P-GABA
~— 10 mg 20 mg 40 mg
No.
1 50 40 60
2 40 40 50
3 40 60 60
4 50 40 50
Mean£S.D. 45458  45+10.0  55+5.8
(mg)
Body weight 7.0~7.8 6.5~7.0 7.5~8.0
(kg)
Table 6. Effects of chlorpromazine to the clonic

convulsion caused by electroshock applied to cra-
nium with 60V for 5 sec

KK duration after
Body weight Administered Cp administration

No. (kg) Cp (mg) (sec)

1 6.0 20 5
2 6.5 20 7
3 65 20 10
4 7.0 20 10

S-GABA o/ EEHBRANCERETHZ L
XY GABOB iz H#EL T & bIZhR S H]
ERMSED bh T3, 2z S-GABA 0
B, /b b 5mg, 10mg, 20 mg,
40mg &, Cp 40mg %45 1 [ES & L C R
ch 2z, £0%EEI0GE &z Cp &o5HR

HBLTZoRBREBLE L. RICRT LD

iz Cp % S-GABA & [FIRRICH 2 72 id &V Hfl
BB L Cikic KBS 2 i 0 WFEWasEIC
B oz, Lad S-GABA o&EiX 5mg
TEZTH Y, vwShoflh Cpick 5 E#x
B ootz
3. y-amino-p-phenylbutyric acid (P-
GABA)

P-GABA 1, S-GABA & [Flfic /)8 Ceh
R AMETCH BT EBMLN TSI,
ZoWEn10, 20, 40mg % Cp 40mg LA
I BERNICRE L, 20%I2EI0S B & 1T
Cp # 10 mg S0 BHHkE L T2 0B R % Bl
#£1L7. P-GABA zRIFCEZIHE, &6
R WWCEENIED bl o7, Cp 0¥
BEICHLTERES IR T & 5 ik P-GABA
40mg % FFFIC 5 2 I EIC 0 HORFHEOR
BWHERL 72 35, P-GABA 10mg, 20 mg TiX
SRR D bR o7z,

C. Chlorpromazine o¥Higs#{ER

— R TEEEE L b B b O DOFIC DR
IR I 5 2, KERET S LHOT
LB TWERD S, Cp OBEEITE
B E252 o TLELEEENPR L
50DT, ZOWEEVERETHILICLVE
FRIEIEN SO TCRAECHEERLT, VA
BOEECEEE B 2 & 8, REBEERIC
Cp ZBRNCHEEL T, BZ o T 2E#ED
B e g8 L.

S5 FlEERE LT, FEIB@REC X 3ERIC
W15 Cp oBEBE L. RRNBIROBE
% 60V wk L, ZEADOHEE LicghRER
*RE, SHEBET S L30~60fhE< KK
BRLNED., 2rcznk3icLTKK:EEB
ZEETHEDLIC Cp 20 mg RERNITHEAL
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Jo. B6RbNBX 5k Cp 2EALTE~
101z KK i3 4& 1k Uiz,

T T THE A& OLFERRIBIC X ) EEE T B
L, TorEict+ s Cp oW e &%
L.

1. Metrazol

Metrazol # BakNIcEAT 3 L afic KK
ERB T (&) EERHEDh S T O
BRI E 2 D v BRL, ZoREEREIXESE
FTRLEX-TELE o TV 5., 2Z2TFD
metrazol 200 mg # - X DEEIRAICIEAL, &
HEOKKRBZ o2t %, BHbicCp 20mg %
BERPICEEA LTz, & 03 b e
FBIWRT L oIC 27~35 ) L xtf > metrazol
100 mg #EZHY T3 0T, KEHOWMHH
B bz,

2. INEIVEY —F

TVEI VY —FLREREICEY, ¥k
BRNREIC L VEBY B THWET D 5.
BEEPBEEIT X D 1530 5114368 BN R 5
nD, 22 TFHEEY R SRS HSERO
TNEIVERY — F e RN X R
% LR Cp 20 mg HEENIC G272 (R
9). CpBEICI VLN INVE I VEEY —
FEEImHl S he.

3. S-GABA

S-GABA i bidom< pRE 2 3 b K
EWETAMET D ARKERYEZ B LH-
TEBEBZTYWETH 5 2 & BabhTy
510, Z OREBRIFEIL s EH ST X D 200~300
mg, FEER X6 RIR TH 5. £ Z T S-GA-
BA#% 200mg -3 > 1043/EkE < 2 [E, 4EH400
mg EIERNICEALVEERBZ 27225 T
Cp 30 mg ZEEMEPMICEA L. RIOKE b
% &9 RO Copick VL2
EHHEL T3,

4. P-GABA

KED P-GABA ZfiRNICE X 2BA, &K
BERITILE, BzERvwIeAdy, &
> T, S-GABA |z Hrli Ui 23
{22~308Tdh »7V. =z ¢ P-GABA % 5

Table 7. Clonic convulsion caused by intra-
cisternal metrazol administration

No. Metrazol Latency Duration 0 oii6ion

(mg) (sec) (sec)
1 100 505 30 KK
2 100 215 33 KK
3 200 28 52 KK
4 300 16 125 KK
5 300 13 117 KK
Table 8. Effects of chlorpromazine on the

convulsion caused by intracisternal metrazol ad-
ministration

Body KK duration after
No. weight Mfr;fa)z"l Cp (mg) Cp administration
(ke) & (sec)

1 6 200 20 35
2 6 200 20 27
3 7 200 20 35
4 8 200 20 27

Table. 9  Effects of chlorpromazine on the

convulsion caused by intracisternal sodium gluta-
mate administration

Body  Sodium KX duration after
No. weight glutamate (mg) Cp administration
(kg) (mg) (sec)

1 6 100 20 3
2 85 200 20 8
3 14 200 20 7
4 8 300 20 5

Table 10. Effects of chlorpromazine on the

convulsion caused by intracisternal S-GABA
administration

Body s gaABA C o KK duration after

No. W(eklg)ht (mg) (mg) szsz:gmmstratlon
1 100 400 30 15
2 105 400 30 6
3 115 400 30 10

%2, KK 28z LzbnicEbiz Cp 30mg
BIRACEREL, Z0RBOELET S % TOR
Bz L. EREesFIcRT. P-GABA
iy S-GABA i EEH v, Cp
B vimflEh s ERLd 5.

5. N-methylaspartic acid (NMA)
NMA iz k 35843 GABOB 3 X (% homo-



33

carnosine I k> Tl &ENin vz &b,
BiROEBE KT 2HETHBLELLN
TwBY,. zoMEic X 5EER N S-GA-
BA, P-GABA iz X > THIill&ah 5 Z L 3380
BRI, NP OEE O MER T 5
RS THETH S, 2 TCIOWERE
2TBZLESR Cp e X v+ 3 2 228
TEBPEIDPERT HRDRBEOERET
o7 (F12). bbb 14.7Tmg © NMA %4
RicEz 5 L 1EBROBROBICEENBZ
ofz. Z0EH Cp 20 mg 2HEENICE LD L
3~ 98¢ KK 23l & iz, NMA Bijlhi% §
WRICIEA LTe i3 5\ Ol 1 430 g,
FEFRELTRBZ DL H B2,
6. Methionine sulfoximine (MS)

'

Table 11. Effects of chlorpromazine on the
convulsion caused by intracisternal P-GABA
administration

Body KK duration after

4y P-GABA Cp ation af
No. weight Cp administration
“(kg) ‘ (me) (mg) (sec)
190 200 30 7
2 105 220 30 10
3 9.0 240 30 23
Table 12. Effects of chlorpromazine on the

convulsion caused by intracisternal NMA admini-
stration

Body MA KK duration after
No. weight (mg) Cp (mg) Cp administration
(kg) € (sec)
1 8.5 -14.7 20 9
2 8.5 14.7 20 5
3 .9 14.7 20 3
4 10 14.7 20 3
Table 13.

‘administration
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MS iz Mellanby iz X > THRRE &R, =
OWBEARXicE2B L, KT, BlkE XU
BHBECSHIC L > CHEBE B Z 70, i
DESWELEY, ZOEBRREbD TEL,
10~20pfiz B8 LU, A XAEE TWBHE—E
DOREEEE B CEERIEE B TWETH
3., Lt MSTRZ LcREIBHEETTOL
ZhrvhksiEEER-ThimT sz L
BTER WD,

22T, ¥ MSoRESHET H 5 0.5mg
A XOBENICEAL, KEBOBZ 50%%F
L, o o7 b= AT Cp #ERMNIICES L
7o, #1BRT X 9 Cp ik MS iz k 5%
et s. KKERE LK oms L
b HRKKOBERBIR NPT,

MS pEz#L Cp & HKANICEE LT
%, Fw MS 3.6mg &BERAICE X KESIE
>7cHET Cp & 20mg B2 HEEBOW
HixaRkRohkdr ok, 22T Cp 0BEH

U L30mg FEMBENICERE L. oRAESs

10~30fpTce gy, —HIflahizX s ciAx
50, FORBELBZ Y, Cp OBEHENES
TSR R b X 5 i3 5 #il
BR» bREP T, MS 0ESHEETEDD
05mg ¥ 52 THZ LBzt L Td, Cp
30 mg BERAIR 1T & o T2 OEEBIT I &
iz ot (£14).

Xl oEEWEH Cp OBIERIZH L T
e 2 R 52 B ERT 5D iH104r
R Cp 30mg S OB IR L SEiC
FEHETHE L RROIE3L5IE0E
1% 210~360mg & Cp BAEEICH L T2 D
FETEMCHERL, FEHoBBHELRLN.

Effects of chloromazine (i. v.) on the convulsion caused by intracisternal MS

. No. Body weight MS (mg) Latency for convulsion Cp(mg) Duration of convulsion

min) i.v.  after Cp administration

(mg) 8 (hrs
1 65 05 14
2 65 0.5 20
3 7.0 05 17
4 7.0 05 1
5 75 0.5 9

32 50 KK 12sec LK 12sec
50 50 KK 7sec LK 12 min
35 100 KK 5 sec
19 100 KK 8sec
30 100 KK 6sec
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Effects of chlorpromazine on the convulsion caused by intracisternal MS

Latency for convulsion First Cp dose Lethal dose

Body weight
No. kg) MS (mg) (hrs min) (mg)  of Cp (mg)
1 6.5 0.5 8 42 30 270
2 7 3.6 2 0 30 210
3 8 3.6 3 0 30 270
4 8 3.6 3 0 30 300
5 11 3.6 4 25 30 260
6 12 3.6 3 0 30 330
Table 15.  Lethal doses of chlorpromazine by simultaneous administration of various
anticonvulsants
Given dose of anti- , _Cases of KK
convulsants (mg) LD of Cp (mg) Total cases
Cp 3851 85 6/13
Cp+GABOB 240~720 41,4195 0/5
Cp+S-GABA 5 330 +82%
10 290 +60%*
20 260 +69* 0/16%*
40 290 -+18%*
Cp+P-GABA 10 45 + 5.8
20 45 =+10.0 0/12*
40 55 4 5.8%
*PL19% 4
V. = - Cp BEREEHXTVH0T, BREERDK

Cp BrovxoA4F—L LTHREELH
VHERTVS, = OWER BT 8 ~12kg @
A XOBEHENICERET5 L, ZOEERI 385
+85mg THBH Z L RBBEI Nz, TOBRKRE
EHED Z LD NERE L BREOBRIIHA
BT, Lab CpleiaBRK#crs
LOTHVZ L, K#E kbl wHEOR
HEPHTLOREL BVZ LB LHLMT
H5.

ZOEEBRTIESHE CIHEINE L E o
*#E8+ 5 - » iz GABOB, S-GABA, P-
GABA om@mfiiEr Cp 2FRMCE 2 5%
BERAB. Th b OfEETRIEL THISN
Y. ThboE e Cp BB EE R
4 X OWEAICEZ THET 3 L voShodd
CHEBEB I bY, hoopEN Cp mi
EWHITAZLRHLO A TH B EHiT S
GABA & Cp & RIRHC -2 7o EBRIT I TAR

FEBRE VEHL T &b 2 OREEITERIET
THHOIL, SREOBMERR DL L » o
7.7z Cp 2 EbiBMLTEZ, ThiET
o Cp itz » & #E L. 5~40mg
S-GABA zREc 25z kick Y, Cpn
WEITERICHEA LK., L LBy bERICH
W o B IHEIWE T Z 0ERRRED bh
¥, P-GABA 40 mg CEMCEKERDOHAN
W bhiz, 20RO X DEIXERICE
% 7z P-GABA oHHEOHRIERICHK T3 L
Ex bhitvork, RloKEREORECTR
ENB@EY ThHBHW, PEoRE»LOED
S-GABA & Cp E#OWHME TH 5 & Rk
i, Cp X 2FMEBEFIE LD 2R EMWET
HBELEVHITLNTES.

Wi Cp B DML EEE B THETD
50T, —ROEBYWEOE T HMHE, Tib
b, KETHE, PECHE LI BEND S
DTRIRCIPLEZ, TOMOKENEEL G2
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TEBEBzL, zoLxEbIic Cp 252,
ZOEBOBHFEMEBR L. BRERI6
BIET 5.

Cp KRz DX HIcHLPIEELIHIT S
YERREED biviz. Bz S-GABA 3/& T
CpomiEriHiL, Cp oEMEEBE LY S
ERBR® 25, ZoWBEErKECELXEEI
B aESCH LT, Cp ks @<
w3, FICEAS P-GABA it b8 b h 3
2, ZHiES-GABAICH L TEPICE. MS
D XD i BRRORCRERRIEEYE I LT
1%, FRE Y 5 %7 Cpia MSiz k v 5E
iy a0k, Cp 2ERANCEE L
£z Cp ofFWER IR Z < —ii T, —I5i
PHlEn s N EBELKK 2824, 2o
FOB AT ERT 5 2EH S TR,
oA MS & Cp o BifRiz MSes#s Cp
BR—Erac il 5 LRk Cp oFiEE: MS
BEFE LD Cp OBFREIZEL AL T
5.
Eikoin< Cpixv s\ 2 o bl &
ViR Z Sz gy 7 ORI T R
EAFEALETRTHHEIL T3, Z OWfifER
% Cp OB BRHIERAO—RLE b EX BB HFIC
MS 0 X5 nn&bd CEHREEREICHL T
b—ISORBIMEWER RS Y, Zo MSik &
Cp oEMHEELIBHL S, FfFEoz &
7 Cp iz & it 5 Hug@EmE oEfic
LA bh, Cpicd» TRz 5T GABOB,

Table 16. Effects of chlorpromazine on the
duration of convulsion caused by various con-
vulsants

KK duration ~ =~ KK duration
Convulsant with single (mg) after Cp admini-
threshold dose ‘™8’ stration (sec)

Electroshock  30~60 sec 20 5~10
Metrazol ca 60 sec 20 27~35
Swg$mm >60sec 20 3~8
S-GABA ca 60sec 30 6 ~15
P-GABA 22~30 sec 30 7 ~23
NMA >60sec 20 3~9
MS >10hrs 30 10~30, but

temporarily

S-GABA, P-GABA o & 5 i@y Eilc &
S>THEI&h, %7z S-GABA 1x Cp 0oFEi%
FELAWBHLTS., &bic Cp 3KED S-
GABA, P-GABA #51z X aicxL T b
WHEEREZ AL T3, Tibb, ZhbiEh
WA A AR A58 b,

Cp b MERBRBMICEZ DL VA VHD
fERPR R B399, duiRiEfEA L LT, 17
BoBEL, BIESOME, MEBRARE
RO, WMo UCRR e, &Rkl
OIEME ERR 5B, F£7 apomorphine iz
LV Lzl 2 I3 5. KMERIC B
JAERRIT Fvr Y AER, Hi= v ER
BEEEL, EHICHEERLE LTLETRH,
NV SEEBREEPRONS.

Cp oFEMHRIEATH B2 OBEIER D,
{McERT 5200, H5VbPRRICRBIT 2%
YEOHEW L vhh, EicHBRERARERD
e bvbh a2, FHRICBT 3R EEY
BXRHALPTERVERCBYT, TRTE%D
EETRIRICIRT 5 2 L3 T & v LB ARG
ROWH LT B LFE LR LD Y, =0
REMHLAACETOEEEAGA DL T
%. %7 apomorphine {Ef ®ERF 3 chemo-
receptor trigger area Z &I+ 5 L v 5
Hd 0D, FRIZRT B HRERIER OBk
ek, Cp pn% K oFFNcEAL T3
LEZTFRI R AN,

Cp LFAFRFICEIITRIMRL THE2 A O
B oMz A eAOREFERRR Ty
3. K EEROJEW SIS, apomorphine @
@ikt AHEFEREE b ENRTH Y, i
5 9, hexobarbital (Evipan) $5.iz X % ik D
AT Cp 2Rpeiic k552 kit kY
B 5 IicF LT\ 52, Lasagna, McCann®
12 L iE amphetamine (2 k%<7 2 LD;,
HMEE © 110 mg/kg THH P, 3[LE—
SOEBCEHEET S & 15 mg/kg L BFELEN
EHICHERTS. il TcCp b2z 5
b, SEFEEFAEFENO Y A THHEM~Y X & H
U< 110mg/kg & amphetamine {23} 3 %
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LDg, 338Kk L T\ 5. Phenobarbital ¢3¢, Cp
LRRROBEDR D B2, T OEEITITE O RREE
BRLE R 0K #L, Cp EE#ikEs L
ChVETAEY Thoz.. 2D X 512 Cpix
amphetamine izt LEHEREHE 525, <
NHREMERERER vz L3 El~ Y A
315 LDsy BRELR VI & TH5.
EEOBEURETZ O X RBESYE
BAERICET BB T Y. BOEREK
DFEEE D < & TERE L EWHEE BRIk
bETNEE B, 22 T EOREP B,
RN AR RIR T /e <, kg
£& 2 i ABLER L b BRI E KE
L, Cp iz o¥fricxts s 8fEnkE <L,
R TCHIEES L ELD. ERICAVIL S
T 2 2o MR RRFICHEET 5 L EHE
CHEEBZ L, TOWM~OEYEOFFM:
EEFE LY, Cp m@risiL, %z Cp

T IE ST Cp BRI AT R EL

BTLNTES.

V. # i

L 4 XOMBNICES L Cp ORERE

38.54+85mg Th o,

2. Cp& BHIRN S id B IRNIC B 535 L
BORBZBZENBdY, ot S-GABA,
P-GABA, GABOB @@ iE% Cp & [k
CHEz25zZick vIflShie.

3. »En S-GABAL Cp 2FKcE 2 %
Zrizxy, Cp oBERIEL {HBKRKLE.

4, Metrazol, 1 % 3 LY — &, S-GA-
BA, P-GABA, NMA, MS %k ¥ick vz L
et s Cp iximfly 5.

5. MS sz Cp iz & v —Hpgic il s h
%7, [ Cp oFtki: MS oFfE L v
LSWFL, BRI,

6. MS gf#icxt+ 5 Cp, 7 b0uz Cp g
ot 5080 S-GABA i snsEr &
T L FRC Cp 0FEEETEE L 5 AN
HIWEFZRL, %72, S-GABA, P-GABA &
et L < Cp iidER 2~ o<, o0&

BRTHLHEIEERZRLTVWS & vz 5.

R BIEEL, KIABLD 7 HHIEE, HdHEs
o 0 E U TeB S RSB BIR, )| Rk
B, WAL LEO X DB L BT 5 a3
i, HIREbD Y E U W) IRk B, B
EFEE VEER RS oBERRLET. £k
MEERREZRELTT X - RHEEKRR A,
= — ¥4 HRetl s X C/PNBERTERR ST

LitEERLET.
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t-AMCHA, Rifi#F, ZaiNsimEORKRERSRERC
M3 3 in vitro 3 LT, in vivo (JEXK) [Ck B8k 612.12

0

K WEREEFHE A=)
Comparative studies on the antifibrinolytic effect (in vitro and in
vivo) of t-AMCHA, phenyl-t-AMCHA, trasylol Soko MORIGUCHI (Department
of Physiology, Kobe University School of Medicine)

The purpose of this study was to compare basically the anti-fibrinolytic effect of t-
AMCHA (trans form of amino-methyl-cyclohexane-carboxylic acid), phenyl-t~AMCHA
(phenyl derivative of t~AMCHA) and trasylol in minding the evaluation of their clinical
availability. From this reason, antifibrinolytic activities, in vitro and in vivo, of those agents
were examined using the various test systems. Besides, antithrombin tests were made because
phenyl-t-AMCHA was found to show strong antithrombin activity. Actually, the anti-
thrombin activity of phenyl-t~AMCHA disturbed the comparative studies in the test system,
prepared from fibrinogen with the addition of thrombin, so that the concentrated solution
of phenyl-t~AMCHA was not able to be tested on it’s antifibrinolytic activity. The experi-
mental condition was much limited but it was indicated that, at a concentration of the
same dilution, antifibrinolytic activity was still demonstrated in t~AMCHA, but hardly in
phenyl-t-AMCHA either technically or principally. Action of trasylol was dominant in its
antiplasmin activity as reported.

A new technique was devised for the in vivo test, aiming to simulate the natural fibrin-
removing reaction in vivo (the use of SK or UK was avoided); mice with the ascites reten-
tion caused by the Ehrlich tumor inoculation received thrombin injection intraperitonealy,
which resulted in the local fibrin formation followed by the fibrin disappearance due to
the activation of plasmin within a few hours. To those mice, t~AMCHA and trasylol were
intraperitonealy administered with thrombin and the fate of the fibrin was followed up. It
was proved that t-AMCHA was effective in arresting the disappearance of the fibrn formed,
but trasylol was far less effective, suggesting the differance in the nature of the action
between those two inhibitors. Finally, the perspective of those three inhibitors was in brief
discussed. (J. Physiol. Soc. Japan (1971) 33, 355-363]

key words : plasminogen inhibitor, fibrinogen, antithrombin activity, t~AMCHA, trasylol.

1. B
1953EAFROTAKHE & LT, FA LI

- 5 EACA (epsilon amino-n-caproic acid)
DRER, BT, TOFEETH DS HITHS
71 t-AMCHA (trans form of amino-methyl-
cyclohexane-carboxylic acid)9 % S,
IS OEERIGH b ES, b IRCHARREE O
PAFS ORI, RIEFE Schicd 5 ITH %
7z.

BF, HEHbikkk-oT t-AMCHA =27
AEEDS, e KB o streptokinase (BLF SK
LHET) B A Z L iRE-oTAELTL D

S

(REAMSEILA10H )

caseinolysis 3 X U8 TAMe esterolysis (tosyl-
arginine~-methyl ester esterolysis) % i3
BL#aLD, t-AMCHA L i3# ->c—H&#
SYREWE ORBEPER E N, —F, 40
WEIRRRHH X VB Y & e trasylolOg,

kallikrein, plasmin %, &4 ¢ proteinase %
WE+ 5 2 L BBESIAIDD, oL D
proteinase DEFH{NETNTNEBRIRE h 5%
Eich b, FrokEo SKick - TEHLL T
{ % caseinolysis, TAMe esterolysis %% 7R
4 proteinase 2L Tk, ZOAEEAEZ LN
CREEAENERIFOL TR Y. viekzh
3, ThRENET TH 5 0%, BEOKRE
LORBEFBEELIBLOTHIONH, Fh
MEBHISh Ty VBRI B. Licdo
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T, AW BTk, LEREwESLEICE
L, Uinh, HB L ORREEIRS LB 5

T b B R RIREE R O IR & ATt
BRIz LREME LR, LEL, Z0OE
OFFRIE, R EERGHCEEL Ty

<ﬂ%ﬁ%&ﬁbyﬁ@%@#ﬁk%ﬁ&%érr
7. Thibb, §iE t-AMCHA =2 5vig, 1)

antithrombin ERA B » ;5,@@73{, 2 fibri-
nolysis iz 3% ¥iifilzh#i%, plasminogen o

activation BRIz & 5 D>, plasmin #DH D

&9 5 o,  3) urokinase (T UK &
W), SKOBETEIC X - TGk L7z plasmin
DHENBES & vbh T B,
f;%ﬂlfﬁﬂxﬁ%%%’?o@ﬁ) D 35 UCBL, in vitro
EBIZ X v, t-AMCHA }:I:lﬁi’;'&ﬁ L. &
bz, 4) FHLWHEEIC LY in vivo B X

% Wlisgat b oM Uiz, SK, UK 2 8i#ic A

THEH, &) T AL T CRIEEE
9 B50TIHEL, SK &k UK v ) AEE
2L o TORMICIRE L 72 v ROFEEBEL
B, ERRL LT, HEYAREY, Zo
MEksic thrombin 2B AF 5 Z Lick - THEL
T BTN, T b b AEESEIERES & L
THLUT VS BEEE, 2oL EEEPEE L

?5%#T1,;h5®mﬁwgmaolﬁm,

fERERTPERFTLOTHS.
DEDFEBRZI VX ONIMRAO BT, R
CEEB Shizz i, invitro opkR L in vivo
DENBCPESFEERTPEHALIC S
e TH5H. ThHOWEEBELT, Vb
¥ % antiproteinase HfgFic, & LICHELEBRE
TREFEEND D LWTFRENT. BHE
HIRER OB ZNET 2 Bl ) 2 B H
MIO—mPRENTIDOLELLD.

1.2 B ¥ &
A, EBRPE
1. EREW : KE 20~28g oMo ICR
= REHERLE. :

2. Trans-4-aminomethyl cyclohexane
carboxylic acid (t-AMCHA) : —HUsKRz

4o Cohn's fracton I %,
~bﬁkr@H74ihﬂpH7$kéﬁbT&ﬁ
EDXDH e

THER L.

rethk ViRt e e MR, BRI RIEK T,
; BxOREICHERL THAL 7.

3. Phenyl—trans—4¥aminomethyl cyclo-

. hexane carboxylate HCI (phenyl t-AMCHA):

F—RHHA S X VRSN MERE, AR

?mﬁﬁmfﬁﬁoﬁﬁuwﬁbfﬁﬁbt

‘4. Trasylol: Bayer #: X v #fits h 7z
%®%,E@%ﬁﬁmf,ﬁﬁ®ﬁﬁV%%L

- TR L.

5, Fibrinogen : Armour Laboratory (2]
borate saline

Lz,

6, Tmmmm=ﬁﬁﬂﬁﬁﬁ§&®¢k
w Uy %, borate saline buffer (pH74 %
etk pH7.8) I L CHERI L 7c.

7. Streptokinase (SK): Lederle Lab. A.
C.C.o Varidas,e.%, AT AT, Ba
DWEEICEMLTHEM L.

8. Urokinase (UK): 3 F y+4=#ilo
WRE, EHHEEKT, BxORECERL

, 9. Buffér : Borate saline buffer pH7.4:
Palitzsch® pER#iE 5 FEEiC TR L /2.

Borate saline buffer pH 7.8 : Norman!® o
R B F I TR U TR L e,

10. Euglobulin fraction : Norman! ¢
S FEEBEC Lie, R +5ifo
BERAIMAR X D 2 TeiiE &, MK T0R5ICHRIR
L, LB ULEDS 1 %EMERACHTL
pH52 r L 7. ZhE k&304 HME L iz
BIKBROSBERER T, 2 b N ekl
i, BHIOMIEOHRO LB AT X,
FIRHCEREE Y — ¥ 2L T, pH7.41c7R%
L, hEZ RS THEM L.

B. HIEHE

1. Thrombelastograph (TEG) iz X %]
EZ) ) ’ . o D
Fibrinogen 8.4 mg/ml, thrombin 2.5 u/ml
T, BaOWREOHMEYEL Mz < TEG %
RIEL, FoBvAmE o thrombin (cxhi 5 B
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ERRE LT,
2. In vitro R 2 HHRAEIER O HIE
a, Standard vplate ¥ : Astrup and
Miillertz® oFE#E 5 Fkic L 72 % » fo. F
W, fix o EE o t-AMCHA, phenyl t-
AMCHA i X O trasylol % fibrinogen solu-
tion (borate saline buffer pH7.8 T¥ M L
7z) L —¥Eiz plateiciB AL TR %, thrombin
%% T standard plate Z/EfIL, Bi&isps
7%, t-AMCHA X O phenyl t-AMCHA ©
1% 107~10"2 M, trasylol <% 0.1~100u/ml
b Xoic Lz plate kiz, Bax0EED
urokinase % 0.03ml FFL, 37°C c18H:H
WE®R, BREEEZWEL, BEXER (mm?)
TRbLI.
b. Heated plate # : Léssenn)@jﬂk
Wl ole, Bt A IEMEL SR
standard plate #{EfiL, zh#% 85°C =304y
ML T, BB IZ{RBFEL T\ 5 plasminogen
LEMHAE L plate ZER L. o
heated plate |z euglobulin+SK % 7= 1%,
euglobulin+UK % 0.03mlFFL T, RBijEe
FIRRICTIE 2 1T 78 o T2,
c. Clot lysis # : @AW DT 3
FHEEIZ Liedd o7z, kH ¢ euglobulin solu-
tion 0.1 mlicfE~« DEE D SK 0.1 ml, ey
& 0.1ml, borate saline buffer pH7.4 0.3
ml, 0.339, fibrinogen solution (bofate saline
buffer pH7.4 <¥# L 72) 0.3 ml, 50 u/ml
thrombin 0.1ml % iz TEFfL, Zh%37°C
DEAFIZH oL, fibrin BRELCEET S
KR ZJE L 72,
3.- In vivo 2 B 2 HHREIERA ORIE
WRE 59z 5 Ehrlich kB~ v 20
JETK R DFRUSREIC 63~ 2 FLARVE B O il h 5
FRE L. T/ibb 200 F{Eo Ehrlich jE#1
MEERELCIORED <Y 28XV, AR
10ml FFEL T3 00REROHEL, EE
WicHE 1ml 23S U T %, 200u/ml
o thrombin 05m! ZEENICESR L, —
ERRRIC = — 7 VIEfERC RS, BIELT

fibrin BiZEeY HL, ¥k & & THR, FEL
7z. Control i E D4 v iz saline %
HLbDThs, ENEROFEME, 3[E
Do 6Dy ADEHETH B, FEIHEL
Y £100mg PLETha b o, FHECHEM
L VERE, X RfER A CERFITIE. ©
Fhb 5 E0ER LV EHELZEN L.

M. % & & R

A. TEG iz & 25858 » thrombin i
T e

TR TEG c—iE&o fibrinogen &
X Ot thrombin iz X - Tz bh b r (reaction
time), k (clotting speed), ma (maximum
amplitude) #—REic 3+ 2 B TROEREZIT
5. - 7c. — & o thrombin 2.5u/ml % T,
fibrinogen &#% 6.3mg/ml LY 9mg/mliz
BEEs L, rHIVkcEEi, ma
% fibrinogen o JEE DRI & ILICHIINL Te.
Fibrinogen &% 8.4 mg/ml TAERIZ B4/
ma 25mm %95 LNTERL DT, KIT,
fibrinogen &% 84 mg/ml ¥ —EiZLTHE
T thrombin &% %{t &% &, thrombin 23
0.38 u/ml @ X 5 7sfk\ JREE <X, Fig. 1 0t
< ma P/pEL, Lk bEEL TV 3 25,
thrombin QEEOHEM L Lic ma O¥Ne v
B IOk 0FHERED bh, 1.5u/ml TiRL
nERGRRE N, &bz thrombin % 1.5
u/ml PLEic#MU22, bz ma, 1, k &
b2 ki <, ZoEe fibrinogen % EE & ¥
311X, thrombin iz, 15u/ml THELSTH S
TiBbhol. Thex, EEE, BARE
¢ thrombin % 2.5 u/ml, fibrinogen 3 8.4
mg/ml [ZHD TRDERE TR - 7.

HRYAY)E o thrombin (T3 5 BEZ N
Blcwic, M OREOTHRIEYE &Nz THl
#EL7#. Fig. 2 » control i 84mg/ml »
fibrinogen iz, 2.5u/ml @ thrombin %
%, WHBE R D i EBNREKE N 7.

% phenyl t-AMCHA # 10°M ic 725
SEmaicd DT, control [t ~_T 1, ki3
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EFICIEEL, ma bELLIBHLTS. [
T 10°M o t-AMCHA, 100 u/ml o trasylol
T control LEICICHE > Tvd, ZDOZ ek
Voo PR E ¢ X, t-AMCHA, trasylol iz
antithrombin /EfA37z { T, phenyl t-AM-
CHA 2%, B/ antithrombin fERAH %
ZEBHBPT oI,

Wiz, 10*M ¢ phenyl t-AMCHA i3,
ma % control LiZiERICIci 52, 1, k ik
ERERE L TV B, L oT, ZORET
1%, 383 % heated plate 3, clot lysis #;,
B IO in vivo 2B 1) 5 BRI ANRIRER - 2.
LHL, JiEodE k, standard plate ;¢
3, BIER, WETHox, o fibrin 3
2l plate K ERTHR S EEL Tk,

10-°M o phenyl t-AMCHA X, 1, ki
FEAHLIEEL T3 2, control @R
27 o TWw5b, Lich - T phenyl t-AMCHA
LTI, LT 10°M DIT o #E <l
Bl '

B. Standard plate #:ic X 2 BEYE O
SRR

Fibrinogen 8.4 ™8/

Thrombin

R~

L5% m {
2.5/ ;1 {
Fig. 1. Relation of the thrombin concentration

" to the thrombelastographic curves. The final
concentration of the bovine fibrinogen used was
8.4 mg/ml. The concentration of the thrombin
varied from 0.38u/ml to 2.5u/ml. The system
contained 2.5 u/ml thrombin showed r 1.5 mm and
k 1.5 mm and ma 25 mm, which was used as the
¢ontrol system in the experiments shown in Fig. 2,

iz, plasminogen activation Wiz RB T
5EMEE MR LRI T 5%, KOERE
Tt ote. FREOWHIYEOEFEL 7z stan-
dard fibrin plate FEiz, urokinase %y T
U, ZOWEMRER % iiia L.

Fibrinogen 8.4 ™& .+ Thrombin 2,5 ¥

control

phe-AMCHA 10-3 a1

phe-AMCHA 10-4 A1

phe-AMCIHA 10-5 M

Tiasylol 100 W )

t=ANMCHA 10°3 01

Tﬁjp

Fig. 2. Effect of the inhibitors on thrombelasto-
graphic curves. The final concentration of fibri-
nogen and thrombin : 8.4 mg/ml and 2.5u/ml
respectively.

(mm?)

Cont,
1000

16°M t-AMCHA

K Trasytol

E L716™M phe-AMCHA
a 500 e 3
P 10°M 1-AMCHA
3

o] s T e -1 Trasylo!

ol 5 160 56.0
Concentration of UK (Y1)

Fig. 3. Lysis area of standard plates with in-

hibitors. Urokinase was used for fibrinolysis : Each
value shown represents an average of results
obtained by the lysis tests repeated 4 times using
2 different plates,
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AEBRE, fibrin R4 5321, =20
&%, +/hbb, urokinase 23 standard plate
HicfF7E7T % plasminogen #EMALY 2 i
L, Ei{tshic plasmin 2 fibrin #5#E3
LEBERD B, Thex, TORCHEET DM
B = o iR 5 MR R kAt L
ez bicin s,

L L, iz ik <X % heated plate #:i,
plasmin 28 fibrin 243+ 2 8EOH % B3
TLENTEBY R, AERL ORBIC X Y plas-
minogen activation EEOMEINH I N E D
PEWETE 5.

Fig. 3 11, standard plate iz urokinase
EHTLEbOTH A, 107°M o t-AMCHA,
lu/ml @ trasylol X 107*M ¢ phenyl
t-AMCHA 23, E» 0k, REECMEIZIRE
ERLT.

C. Heated plate #:iz X 258 BER

HIEER & Fi%, &A% heated fibrin
plate iz % » B A L, Fig. 4 11 euglobulin
+UK, Fig. 5 i euglobulin+SK % /Ef s+
7eWD S5 7 ¢ 5, Phenyl t-AMCHA %%
Wiz fe fibrin SERGE, BUCEE L TR
Eah, ARIARFETD -, Trasyloliz,
heated plate ¥4, Fiito standard plate
HRIC X B & FAfROIHIRRZ R L T 2205,
t-AMCHA 3 UK 3 X U8 SK o JEEE 2 8804
% &, standard plateic k384 L HEL T,
PHEPRESRO L 5 IETL T 5. Z0HEE
X v, AREBRRS, plasmin oifliEfED » %
MHrMEEE-TvwaZ L Xy, t-AMCHAZ
plamin Zo b DoWHI X b T LrEEL
2\, & LT plasminogen ¢ activation
process ZEEVIIHIZIR & 78 L, trasylol i
plasmin 2o $ DicH LT, BCIEWER 27~
T LRERERE .

D. Clot lysis iz X 3 JiigIEER

HiELER O plate ik, BREMHOE & &
V) ECRAMERDS. Thdx, XVEER
W 5T % clot lysis iz X v, Kl
BoOFEEmE Lo Fig. 6 ThHs, o

(mm?) ° 10 t-AMCHA

100

o Cont.

_ - 1 Ym Trasylol
50 -
107t 1-AMCHA

+ 10 Umi Trasylol

Tyvsis area

005 as 5 50
Cocentration of UK (Ym)

Fig. 4.  Lysis area of heated plates with in-
hibitors. Urokinase and euglobulin fraction of
human serum was used for fibrinolysis : Each
value shown represnts an average of results
obtained by the lysis tests repeated 4 times using
2 different plates.

(mm?)

Cont.
100 10°3M t-AMCHA

1072M 1-AMCHA
=" 1 Ymi Trasylo!

T.yeis area
o
o

_.-» 10 Yml Trasylol

..........

100 Wmi Trasylo!

005 05 5 50 500 5000
Concentration of SK (%mi)

Fig. 5. Lysis area of heated plates with in-
hibitors. Streptokinase and euglobulin fraction of
human serum was used for fibrinolysis : Each
value shown represents an average of results
obtained by the lysis tests repeated 4 times using
2 different plates.

#8131, standard plate OFERICIZIEF—3L,
EE 3 E RS 5 B, t-AMCHA 107
M, trasylol 10u/ml, phenyl t-AMCHA 3,
fibrin BOEME AL LT, 100°M TR
LIEEAER ORISR D o T

E. In vivo 23613 5 FissEiE A

Fig. 7 o4z, thrombin 2@~ 7 2D
BEIERNICEAL TH b ORF@ERL,
thrombin 1z X Y $E @ L7 fibrin & HED
HWLgBL-ER%7RT. Control ¥+ b b
thrombin &, inhibitor o4V iz saline # &
ALTGA, v fibrin Bk, oK@ LE
iegomL B Lz, 100u/ml o trasylol
BLW10*M o t-AMCHA ## 5 L7#T
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v, thrombin J:54% 180 SEEEL TH, Wl
fibrinfid oo % % T Lisd o7, 50u/ml
trasylol 3 X 10* M o t-AMCHA %z #5
L7-BE<ix, thrombin EHE%Z 18045 1 B v
T, BIERUCEE fibrin RO ERLE.
10 u/ml trasylol #ix, 180 4y control 2k
271 ¢, %7jz phenyl t-AMCHA %, fibrin 3j
R EHET 2%, EfsfREms L
NTCERPofe. TOFF 7Y trasylol i
in vivowx, in vitroizHhiR L T, IR
3L AL, t-AMCHA % in vivo o,
in vitro » [, RUCHREAMIRERL 2.

(min)

&y

== :;(,,_—.

10°M 1-AMCHA

40

30 1 10u./ml. Trasylol
/
!

Lysis time

|
! 40"™ t-AMCHA
! J10°M phe-AMCHA

' / Tu/ml Trasylol
X! N0 1-AMCHA

\
\
‘\
“\ 1
: %cw

Y 6160 1000
f.c. of SK (u/ml)

Fig. 6.  Clot lysis time with inhibitors. Clot

lysis was caused by streptokinase activated eu-

globulin fraction of human serum.

o

(mg.)

400| §.-c--+ Ot SO U 100 Y4y Trasylol
5 s 1G°M. 1-AMCHA
°
€300 TN N N Sl
.5 _______________ Sq‘%anmsylal
- ——— 16°M. 1-AMCHA
‘s 200
£100 T 0K Trasylol

T~ 10°M. Phenyl- AMCHA
control

%5 30 €0 90 120 150 180 (min)

Time after thrombin injection into .
peritoneal cavity

Fig. 7. In vivo effect of inhibitors on ascites
tumor—induced fibrinolysis. The final concentration
of antifibrinolytic agents are shown in this Fig,
Thrombin solution was injected into peritoneal
cavity of mice bearing Ehrlich ascites tumor ; its
final concentration in the ascites was adjusted to
be 10u/ml. Each clot from ascitic plasma of the
4 ~ 6 mice slaughtered at a certain interval was
weighed after desication. Each value represents
the mean for 4 ~ 6 mice,

V. & ®

22y, t-AMCHA, phenyl-t-AMCHA 3
X O trasylol #, in vitro, in vivo ofE & D
EBRTHBMHA L. 2 bhioiig, v
DRNMEIC XY, R, ERED B i
EHEICL Y, TOMHBERR-TL DL
HHEEEFF L. t-AMCHA 23 v T, Av
TSR OIERE R BB 3 BT 5
%, standard plate # 10-2M, heated plate
# 1072M, clot lysis # 10*M <% b in vivo
DIEIRNER I, 100*M LHES h e t-
AMCHA 3, plasmin {F#:% HE 3 % heated
plate ZLETZOYRBBELE B Z & L D,
plasmin % ® b 0 EMET 2EMEEL, £
SOBERD 5 & 5 @02, 7
plasminogen ¢ activation process D #Jic
HBZLIHALHIT H 5. Trasylol 11, i
ERBROERRT, HHEOYRCE T 2 B E
%, standard plate # 1u/ml, heated plate
¥ 1~10u/ml, clot lysis #% 10u/ml © %
Y, in vivo OJFIRPFERFRZ T 50u/ml &
EMEX bz, 1) activation process &
standard plate #, plasmin o 3 o OIEM:
ZHlE+ % heated plate FTEofijivic b [FIFREE
OMFBREERTZ L, VLY, 2) activation
process #IBLRL T3 2E2 b 5 clot
lysis T, ZEMME TS & v 5 HEER,
trasylol #3 activation process X v ¥, plas-
min % O bOEHT2HEHEFOLELS
&, —ISRHEMCHAE NS, Phenyl-t-AM-
CHA 3, antithrombin fEH23M<, 0k
AR B 5BETE, FUREDRIZFEAL ER
EBhpole. TOT X, BFHEHLCIL
LY, Thbb, kfkFEisHEE LK
BT, EEE & REP R BE (2
TH5ECHRBERBERC T, LT
OISR B BB E L 2 v, EEL
FRYADS FIRRIC B IR T B R RITxt L T,
~Y v e t-AMCHA B o % RAH RS
DORRARTTD O h T v 3, ZOR, HkEHE
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#l, FARBRIOREE, R D, mEOE
ARERYTY, BRick Y, BEREEN—
BCEHEN TS, ZhbDEEREZB L
&, —jiEo antithrombin g & antiplasmin
TER & AR5 b >—FKAO@ERNE, Ho TR
EENEbLDERDH. DI OEOFERK
ORI, MORRHETFL Y 5 BRI
ST 5 BEICRRN R IEWERE b oW BEOH
RTREPES » L v 5 RErESRRET
5.
Wi, in vivo DfEKFE BV e ERAEIC
DWTEHEBT S, F#ilkciB T, Ehrlich fEk
R~ 2R, Zhic thrombin
EEETZLVCHIERREFALLCERBCOV
TRz, ZORB, —REbD TRk E
BRRTHAZLIBELLEVY, BRERED
RN BT 2R RE OB OB, £
HEWIC S, BREZL»SDRELLRVE
ERMETHEZ LWL 2 T B, AWE
2, ERROBAKNBRHERRHEER LB H
W, AHR D — R Tn IR PR HE SRR O AR
BT 5 S 0L R TBACSIH LB T
b5, .
t-AMCHA %, in vivo RickB\VT%, in
vitro B & FOPEIEIC AL FEET D S
Nhish oo, ZhiZKL, trasylol ik, K%
TRZEOWHHERREL <BL T3 (t-AM-
CHA XU trasylol o#Eix, {hd gk
NEHTHLDT, MEOEBXHTRIELED
FEEICHEMICET A LIXTER V). Z0&EE
135 { DEERIEBRIC X {—E L Tw52, A
FRIT X o Tik U TERBIC IR I R
Shizbotvz X .
L7eh->T, ZOHEHA I 2 v T, FLOX
B, BIUARROBRIVEEETTH 24
EYRdH A5, I ibrin AER S h B,
Sherry 5201%, plasminogen 23 fibrin iz 3%
Ehd Lk, Ogston b0, BRkE iz 7
4 7"V vHiNIZ plasminogen 2%, #ikic k-
TEBATALHEL. »ThicL 5, fibrin
HWRSEY 501, o fibrin odic Ao

T\ 5 plasminogen %3, #MBE V¥ A-T&ic

activator iz & o TiFEHbL & hiz fibrin g0
plasminic 1 54 D ThH % L —IEEZ BN,
—7J5, antiplasmin BZRBIEEEh TV 5ER
fifric BT, plasmin AEHILE R, AR
M OFREEA H 75 D e i fiibrin SR AR
HIELITIETHZLIBOTENTHS. &
7z, 7ot % plasminogen % plasmin (&M
fbLz LTh, REfm#Eo plasmin &
Bk v, #hp fibrin 3i% 45683 2 TRk
EEZICLC. Thbb—RCEL OB T
&ix, fibrin BENE© plasminogen-plasmin
EHAES LV OBMETH D, T X ) nilE
< fibrin SEOSEIELES, hEIET 58
B L 1T, plasmin inhibitor (trasylol), acti-
vator inhibitor (t-AMCHA) owvFhix v
SR 7E 5 5 . FibrinBloSBoEL v,
activator iz X v &b & h 5 fibrin #irho
plasminogen & fibrin OFEHAYEE B 25 I %
KESELTw3 &+ 1 iE, B4SF 0 plasmin
inhibitor AEHIC L YV Z ORI AT S Z
I Y, EOEANEL WL SRR
Wb b., = hic KL, activator inhibitor
i, activator?3 7 4 7'V vy oplasminogen
B IEMEALT 5 R0ic inhibit + 2%, ZoMEiix
BECATEOND LWET S LbTELD.
ZD XD IEBET B EHIE, AT, trasylol
2% in vitro & in vivo ORfEIC K& nEER &
CizowkestL, t-AMCHA 3% A L[ CHnH
PRERLUEBRE, —RORAERABL L
HTELI. :

V. # #

1. Thrombelastograph# Fv, thrombin
iz X 5 fibrinogen-fibrin conversion % ;RiE
LLUTHRIT % &, BHBEE107°M o phenyl-
t-AMCHA 12 r 8 X Ok 0iEE, ma i %
O AL MEWERE R L. LL, 107
M o t-AMCHA » 3\ %, 100u/ml o tra-
sylol (#h Zh B & » 7 antifibrinolysis 4/
BRTIEE) 1%, {Thd thrombelastograph
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HhRIC (T & DR 5.2 Indp o Te.

2. LE3WE % Tz lz plasminogen-
rich-fibrin SR (B#EEAR) w332 UK off
BRI EREL T 58, 50% I & kT IRE
%, phenyl-t-AMCHA % 10—*M, t-AMCHA
1x 1073M, trasylol 13 1u/ml ©h -7, L
L phenyl-t-AMCHA o4, fibrn IR
AEL, fibrin 0Kz EbEr.

3. Plasminogen-poor-fibrin 4% (n#LsE
W) et s A£EEE D UK 20z 7o plasma
euglobulin VEOMAEMEFERE T 558
1Tl o7e.

Phenyl-t-AMCHA % %% iz 7z fibrin 3
B, BCERL TEME, BESh, WEEAR
AT o7z, t-AMCHA 3 X OF trasylol iz
i OBRE 7 <, B 50% il & Sk IRES
102M t-AMCHA, 10u/ml trasylol T&% -
7.

4. wicwiEo UK of v ic SK 2R L,
Fo /el U AR plasminogen-poor-
fibrin SEARIC/ER &€, BE50% Ol & R ¥R
Bk, t-AMCHA & UK oA LRT {107
M#E L2, trasylol 1 1u/ml CHLHTH
7. Phenyl-t~-AMCHA i3 BifE 0Bz L D
HEARHRTH - T,

5, fExDPEEDNSKL—EE&D L k plasma
euglobulin %&te®ic X % fibrin-clot-lysis
time JIEHEE AVIichE, TEHEEZER S
%R, t~-AMCHA < 107*M, trasylol ©
&, 10u/ml ¥ -7. Phenyl-t-AMCHA <
v%, fibrin SioZEME Ei#EE LT, 10°M TR
DU EIEEEROBIR D B - 7.

6. Ehrlich yfifi & BEEEAIC 5 2 7100
D= v A DOERERIC thrombin 2 EH LcEE
AU B REREpS fibrin SRV 2 REE L L, HITRC
fixOPEED SYWEERU S ERANCERL,
AU 7 fibrin SO YMEENE & 75 7F fibrin B0 &
BHIEIC X VB L. 107°M t-AMCHA s
XY, 100u/ml trasylol {2 180431 b D
fibrin $ij4E & BECIEI L7z, BT < 1804
T4 B L, 100*M t-AMCHA o#jlik, 50

u/ml trasylol iz48¥4 L7=. Phenyl t-AMCHA
V%, fibrin SR E RET 5 7o ERE R IHID
BEDHZLEIRRETH o

WEkbed D, KIAERESEESY, HHK
Bl o RS ERRCIEL L OBER BT o &
dhie, BMOBELHAMOPNZEHL, HbETHE
BEMOZHNEZLE VS LET.
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Oxygen intake and cardiac output during maximal
treadmill and bicycle exercise

Miharu MIYAMURA and Yoshiyuki HHONDA *

Departmeni of Physiology, School of Medicine, Kanazawa University,

Kanazawa

Maximum oxygen intake is generally
considered to be the best indicator of
aerobic work capacity in man which in turn
is determined by the capacity of the cardio-
respiratory systems to adjust to allow the
maximum delivery of oxygen to the tissues.
To obtain this oxygen intake, two methods
are commonly employed : One is the me-
asurement by means of maximal treadmill
exercise, and the other is by bicycle ergo-

“meter exercise. However, some investi-
gators have reported that the maximum
oxygen intake measured by the former
shows higher value than that by the latter.
Therefore, we compared the maximum
oxygen intake between at maximal treadmill
and bicycle exercise, and the difference
was analyzed in terms of circulatory
dynamic factors as well as of oxygen-
transport capacity in the circulating blood.

Exercise was carried out on a motor
driven treadmill and on a mechanically
braked bicycle ergometer. Optimum speed
for treadmill or intensity for ergometer
was decided so that the subjects became
exhausted during 4 ~ 8 minute work. Tread-
mill test was conducted with constant
slope of 8.69, in both “constant loading”
(Tc) and “stepwise incremental loading” (T4)
technique. Bicycle ergometer test was per-
formed by MONARK type ergometer. The
pedaling rate was kept constant at 60
revolution/min by the use of a metronome
in both “constant loading” (Ec), and “step-
wise incremental loading” (Ei) technique.

Oxygen intake was determined by the
Douglas bag technique : Expired gas was
collected every minute by a vinyl bag until

* ENEN, AHRT  SIRKFERERAEE
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exhaustion. Pulmonary ventilation was me-
asured by a wet gasmeter, and gas analysis
was duplicately performed by the Schol-
ander micro-gas analyzer. Cardiac output
was determined by the CO, method devised
by Jernerus et al.” and Klausen®. Heart
rate and respiratory frequency were read
from the polygraphic recordings. Healthy
17 male university students were served
as subjebct. Successive experiment for each
subject was conducted on separate day,
usually one week apart.

Table 1 summarized the average values
and standard deviation for pulmonary ven-
tilation (Vg), respiratory frequency (f),
maximum oxygen intake (Vo, max.), cardiac
output (Qt), heart rate (HR), stroke volume
(SV), and arterio-venous oxygen difference
(A-VO,D)in four different loading exercises.
Vo, max. varies according to various types
of muscular activities as stated by Astrand
1. In the present experiment, the Vo, max.
in treadmill exercise is higher than that
in the bicycle exercise (Table 1), and the
difference was highly significant (Table 2).
These results are similar with the results
reported by the previous investigators46),

Since Vo, max. is proved to be highly
correlated with cardiac output by the pre-
vious studie®, cardiac output is considered
to be one of the important factor in oxygen
transport capacity. In this study, the average
values of cardiac output on maximal tread-
mill exercise were higher than on bicycle
ergometer exercise : Either in incremental
loading or in constant loading. These diffe-
rences were statistically significant (Table
2). The lower cardiac output on maximal
ergometer exercise was considered to be
due to the decreased peripheral blood
flow hindered by excessive mechanical
straining for muscle groups in the lower
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Mean values and standard deviation for pulmonary ventilation, respiratory

frequency, maximum oxygen intake, cardiac output, heart rate, stroke volume, and arterio—
venous oxygen difference on maximal treadmill and bicycle exercise with incremental loading

and constant loading

Ve f Vor max. O HR sV A-VO,D

Ty 136 55.0 3.95 24.6 192 128 161

+147 +6.1 +0.40 +2.0 +7.0 +11.0 +8.0
T. 136 53.6 3.89 24.5 188 130 158

4+20.9 +6.9 +0.48 +2.3 +8.0 +12.9 +8.8
E; 124 53.7 3.37 23.2 179 130 145

+125 +6.9 +0.31 +19 = 466 +11.9 +7.4
E. 145 60.0 3.58 23.6 183 129 152

4:20.9 447 4-0.44 +2.0 +8.3 4-11.4 +938

Table 2. Statistical examinations for interindi- References

vidual differences

Vo; max. O. HR SV A-VO.D

T; & E, sokok sk ok L ook
T: & E. ok 0 okkk L. ok
T & T. T

T. & E. Hotok * * . *

T. & E: Hpk sk okl L, ok
E: & E. fok % L ok

#k=p0.01, **=pL0.02, *=p<0.05,

<+ =not significant

extremity?. Hermansen et al.® previously
reported similar results. Furthermore, they
reported that A-VO,D was same during
maximal treadmill and bicycle exercise.
However, the statistical difference in A-
VO,D between maximal treadmill and
bicycle ergometer exercise was found in
our study (Table 2). It may well be that
there exists difference in amount of active
muscle mass between both exercises. More
amount of active muscle mass may be
required during maximal treadmill runn-
ing than in maximal bicycle exercise. Thus,
the lower Vo, max. of the present study
during ergometer exercise is suggested to
be accounted for both less Qt and A-VO,D
than treadmill exercise.
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Load-velocity relations under various contractile forces
in the frog skeletal muscle

Hidenobu MASHIMA *
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Tokyo

The load-velocity relation of the isotonic
contraction was originally investigated by
introduced the Hill¥). He equation :

(PHa)(4+0)=b(P,+a) «ooeeeeerevnnenes 1)
or P,—P =(Po—|—a)?’|’_77 .................. @)

where P is load, v is shortening velocity,
P, is maximum tension, ¢ is heat constant,
and b is rate constant of energy liberation.

On the other hand, Mashima and Tsuchiya
5 showd a possibility to maintain the con-
tractile force of the skeletal muscle at a
certain steady level below P, by applying
high-frequency alternating current (a. c.)
at a certain intensity in potassium-rich
solution. The purpose of the present study
is to determine the load-velocity relations
under various levels of contractile force
and to generalize the Eq (1) as it holds in
any contractions occuring under contractile
force below P,.

The preparation used was a small bundle
dissected from the semitendinosus muscle
of the frog, Rana nigromaculata. The bundle
was made under binocular microscope until
the diameter became 500~800sx This
preparation was mounted horizontally in
the Ringer bath (7 x 3 x1.5cm) between
a pair of platinum foil electrodes and
stimulated transeversely with a. c. or square
pulses through a high-output stimulator.
The pelvic tendon was penetrated by a
stainless steel needle at the tip of an
isometric lever with RCA 5734, and the
tibial tendon was connected in the same
way to a rectangular isotonic lever. The
movement of the lever was picked up
photoelectrically. Thus, the tension and
displacement of the muscle were displayed

BRI « AR MY AP 35— B
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simultaneously on a cathod-ray oscilloscope.
The temperature of Ringer’s solution was
maintained at 10°C by a thermoelectric
heat exchanger.

The experiments were performed at the
muscle length of L, at which the muscle
exerts the maximum tension, P, At first,
the muscle was isometrically tetanized by
square pulses (width 1 msec, frequency 200
Hz) until the tension reached to P,, and
then a quick release was made under a
certain load, P, by means of an electro-
magnetic relay attached to the isotonic
lever. The shortening velocity was me-
asured from a linear part of the shorten-
ing curve after the release. Determining
the velocities at various loads under the
same initial length of L,, the load-velocity
curve was obtained as shown in Fig. 1, a.
Then, 10 mM KCl was added into Ringer's
solution and the muscle was stimulated by
a. c. (300Hz). Repeating the same procedures
as described above at various field inten-
sities, a set of load-velocity curves (Fig. 1,
b-f) were obtained. In each curve the value
on the abscissa at »=0 represents the
isometric tension before the quick release,
that is the contractile force, F, of the curve.

In Fig. 2, the difference between con-
tractile force and load, i.e. F-P, at a cer-
tain velocity is plotted against F. It is
remarkable that the relation is exactly
linear at every shortening velocity. Suppose
that the contractile force is dissipated
through a viscouslike force as though there
were an internal load, when thick and thin
myofilaments slide each other, as pointed
out by Bahler ef al.D, then the above result
indicates that this kind of viscous force,
F,, is not only a function of sliding velo-
city, but also a linear function of contractile
force, F, When F=P,, I, (=P,—P)is given



VELOCITY OF SHORTENING (L./sec)

0 - 05 1.0
LOAD (P/P,)
Fig. 1.  Load-velocity curves obtained under

various contractile forces. Bundle preparation from
frog semitendinosus muscle ; length, L, ; 10°C;
contractile forces:a, 1.0 P,; b, 0.85 P,;¢c, 0.65P,;
d, 0.32P,;e, 018 P,; 1, 0.09 P,. (see text)

by Eq (2), but when F<P,, we obtain
Fofv, Fy=F=P=—f(Pota) 2 (3)
The generalized force (load)-velocity rela-
tion then becomes
(P+AY0+B)=B(F+A) - vereereeeeens (4)

where A=(F/P,)a, and B=b. The Egs (3)
and (4) are applicable to any contractions
occuring under the partially activated state,
such as the early beginning of a twitch, as
well as under the full active state where
F=P,. Furthermore, it is deduced that the
heat constant ‘A’ is increased linearly with
an increase in the contractile force, and the
final value of it at F=P, becomes Hill's
constant ‘@’ whereas constant ‘B’ does not
alter with the contractile force.

Accarding to Bahler et ¢/.2, the shortening
velocity is not only a function of load and
length, but also of an additional variable
related to the time elapse from onset of
stimulation. Of course, there is a definite
relation between contractile force and length
as determined by Gordon e «/.3, but most
tension-length relations are significant only
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Fig. 2. Relation between viscous force, Fv, and

contractile force during isotonc contraction. Obta-
ined from Fig. 1. Each line represents the relation
at a velocity : black circle, 0.4 L,/sec; white circle,
1.0 L,/sec; black square, 2.0 L,/sec.

in the fully activated muscle. It is apparent
from above results that the contractile force
itself is much more essential for the develop-
ment of viscous force during isotonic contrac-
tion than the length of the muscle, although
both of them are related to the number of
active cross-bridges. The relation between
viscous and contractile forces may inter-
pret the course of the active state during
the time elapse from onset of stimulation,
where the muscle is only partially acti-
vated.
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Effect of cadmium ion on the bullfrog heart

7 Hideo HAYASHI and Etsuko HORIUCHI *

Departmeni of Physiology, Nipj)oh Medical School, Sendagi, Bunkyo-ku,

3 _Tokya

The experlments reported here were
made to investigate the effect of cadmium
ion on the mechanical activity of the atrial
fibers in the bullfrog. The antagonistic
action of calcium ion on the cadmium
effect was also studied quantitatively.

The everted sinus-atrium preparation
devised by the authors was used in the
experiments. The characteristic feature of
the preparation is that simultaneous record-
ing of the electrical '(ahalbgous in shape
to the membrane action ‘potential) and
mechanical activity can be carrled out in
nearly the same conditions as in situ. The
action potential was recorded by a suction
electrode (200 tip diameter) attached to
the atrial muscle layer, and the contraction
curve was obtained through the transforma-
tion of the cardiac output to the change in
pressure inside the cannula in the prepara-
tion. The amplitude of this contraction
curve is considered to be directly propor-
tional to the shortening of a single bundle
of atrial fibers. The control action poten-
tial and contraction curve in normal Rin-
ger’s solution (NaCl : 111 mM, KCl: 2mM,
CaCl, : 1 mM, glucose : 10 mM, tris buffer :
10 mM) are shown in Fig. 1-A. Remarkable
decrease in the contractility was brought
about after 3 minutes’ application of CdCl,
(4 x1072mM) with no appreciable change
in the shape of the action .potential (Fig.
1-B). The average.concentration of cadmium
which reduced’ the' contractility of the
atrial fibers to half was 1.3x-10"2 mM. This
cadmium effect was completely reversible
except' after long application of cadmium
at high concentration (> 1 mM). The average
concentration of cadmium which made the
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contractility of ventricular fibets tQ half
was approximately one tenth (1.3 10~*mM)
of that in atrial fibers. This suggests that
there may be an ontogenetic and phy-
logenetic gradient in sensitivity to cadmium
which in turn may partly explain the pre-
vious contradictory results of the cadmium
effect in the heart of various animals®9.

Ca** counteracted the effect of Cd** on
the contractility of the heart and recovered
completely the decreased contractility to
the control levels. The molarity ratio of the
added Ca** to the previously applied Cd*+
was 30~120, This result might suggest
that Cd** has a much higher affinity for
the membrane of the sarcoplasmic reti-
culum than Ca**. Fig. 2 illustrates the
competitive relation between Cd** and Ca**.
The abscissa is the reciprocal of Ca** con-
centration (mM). T he contraction used for
the ordinate is defined as the standardized
contraction ; the ratio of the contraction in

AJ/\_J 51  _ ' [\|

10 mV

02ml

Fig. 1. Action potential (upper trace) and con-
traction: curve (lower trace) of an atrial fiber. A,
Control. B, After CdClz (4 x 10~*mM). Note marked
decrease 'in contractility (42 per cent). Time is
indicated in 1 second intervals,



the modified solution to that in the normal
solution. All four lines obtained by a least
squares method converge to a point on
the ordinate (0, 0.9). This typical pattern
corresponds to competitive inhibition in
enzyme Kkinetics®. A similar analytical
method was employed to demonstrate the
competitive relation between Ca** and Co*+*
on the surface plasma membrane of a
barnacle fiberD. Assuming that the con-
tractility is directly proportional to the
amount of Ca** released from the membrane
of the sarcoplasmic reticulum, and thus to
the Ca** density of the membrane, the
present results suggest that Cd** com-
petitively modifies the Ca** density at the
membrane of the sarcoplasmic reticulum,
but exerts little effect on the surface plasma
membrane of an atrial fiber.

Our thanks are due to Dr. I. Takahashi
for his encouragement during these experi-
ments.
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Fig. 2. Antagonism between cadmium and

calcium ions on the contractility of an atrial fiber.
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A method for filling microelectrodes with electrolyte solution
Teruko Smisuipo, Kyoji Sarro and Yosimasa WADA (Department of Physics,

Tokyo Medical College)

B O TEMEI, KClzofho
BBV S ST 5 51k, £ OMEFI
LoTVAVABESNTYSR, BHL TR
O2BHECKRBFT B LB TEDHLED.

—ok, HHEBEECX o THIRICESEM
Z CTHREEATS AT, bIH—21k, HEZ
TR EWRE CIEIRO BRBAEFOHATH
B, WFRIZLTH, A& 1p LT oD THl
VIR (tip) Wi, RBEEL TR
EANDSZ L HERDH Y, R TERR
R BRERER g & L ERERET, £ OEM
BREEINDIZLILRD. 2Dk, BT
i, BRREYEL YRy M, % o BRI
BEL e S REACH D, BHENE
S b ICHIVCRETHRERSED LT, BWIEOWS)
BRT IO RFENRL DAL D, BHEL 1A
1ANET D 0OT, AENREL L5 L, HED
B L BRI 2 Y AU O BMEHRE S <
wEBbha.

Ec, HEE, BMEEFIA»E LD COLE
TEBET, 1AK% o0BREikzhZTE
{150, HABAZLARRCERBELEL
L, Zh& T&BEFEMRT S oIiclvER
v Mz L AENEKOERE L 2 —F ik ol
D5, HESERMICH 5 L, BCRmEEHo
WFOBEEREE V0T, BEDD & TEMH
F3D ZrbELONTWA, ED, BF
BREZOLOEFEID LD, Tra—
NVERE, FERTHEREK BEROIECERD L
72y, REKCERBLBKCERTSD HED
MEINTVS.
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B 5 I BRI, BHE U SIBE 1R
bhvIoEEE ANAZLILh Y, TED
IS LR R T i BAYEERT 5B
Hobs (RWEE REORKOD) 5
EREENE LI THERB, ZORICEALT,
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DEEE L EKEKRETTH 5 6, TORE
B, NEICZK TR KBRS FORESH
TV 5 R, Wi & 2 EBREOWH &
LEHET EP Y T, REFROBENR
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WICEE D » R & cREHEE, D LM
2, FIEEIE-> THEN5S.

BEFWETEMEREME, R LRI, St
£ 1mm o Pyrex Bk, REROE 7 =
LER 7V BFIAYR, AREKONER TR L TH
Wiz,

IOFEMESIT ey FFBRRLhHEY, F
DOFRFHICK L (@) X HiKESH Imm F
TR ENUTOKREWE AN, ZoKEE &



oy, M1 (b) ok Hice—F—HICHS X
HIEETS. b —F — BRI HENLD &, 25
ZOKEPEIEL, ROBREIC Z 0FE TR
BMENTT T —0EhE, BHEPTES. D
BEARFE L 7oKL, BRI B b o Tc 2R
PIREEAEHBELTERIRE o THR-oT V5.
B 5 — 04 Th 50, ES ImmiE
EoXEZ, FEMAECLTORTTSZLE
RVOT, HIST —Tb, 4 Rk
TEB.
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capillary

Fig. 1.  (a) A waterdroplet W placed within a
stock capillary. (b) A capillary set on a puller. P:
puller, H : heater, S : capillary clamp.
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