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Plasma kallikrein activity, plasma serotonin, and plasma catecholamine were measured
during and after open-heart surgery in 17 patients with extracorporeal circulation and 10 pa-
tients with surface-induced deep hypothermia, Following results were obtained :

Plasma kallikrein which reflects the activation of kinin system showed no significant change
during extracorporeal circulation, and significantly increased three hours after the termination
of perfusion. However, there was no significant difference in plasma kallikrein between the
patients with and without low cardiac output syndrome. In surface-induced deep hypother-
mia, plasma kallikrein showed no significant change during and after the operation.

Plasma serotonin significantly decreased during both extracorporeal circulation and hypo-
thermia. Moreover, there was no significant difference in plasma serotonin between the patients
with and without postoperative low cardiac output syndrome or pulmonary hypertension, It is
assumed that plasma serotonin may not play an important role in regulating the blood pressure
during or after open-heart surgery with either extracorporeal circulation or hypothermia,

Plasma epinephrine increased during and three hours after the operation in extracorporeal
circulation and increased from three to twenty-four hours after the operation in hypothermia,
Plasma norepinephrine revealed no change during and after the operation in extracorporeal
circulation and increased after the operation in hypothermia. A significant increase of plasma
epinephrine was found from three to eight hours after the operation in the patients with low
cardiac output syndrome (LOS)compared to that of the patients without LOS, It is assumed
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that there is a more marked release of epinephrine and it may be a more specific hormone in

response to extracorporeal circulation and hypothermia than is morepinephrine,

(Received for publication ; January 12, 1981)
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ECC Postoperative periods
T, T, T, Ty T, Ty Ty T, Ty Ty
Plasma 0,47 #0,33 0, 32 0.40 0, 45 0.63 0.45 0. 39 0. 37 0. 34

40,15 0,13 =+£0.15 =0,13] -£0.13 =0.16 ==0.14] =+£0,13 =£0.11} =£0.09

kallikrein st
activity p<0.001|p<C0.001| p<0,05 NS [p<0.001l NS |p<0.05 p<0.05 p<0.01
(U/ml) (0.44 (0,43 |(0,53
+0.16)| 0. 17)} =0, 15)
NS NS NS
Plasma b.24 *o.1z2 lo.12 .14 o1z 0.26  jo.28  j0.27 0,23 10.33
serotonin 40,05 =0.05 0,05 =£0,07| =£0,07| -£0.10] =£0.09 =£0.12 0,08 0,12
(ng/ml) p<C0,001p<0.001| p<C0,01| p<0,01] NS NS NS NS | p<0.05

0.16 [(0.16 |¢0.18
40, 06)| ==0.05)| =£0.09)

p<<0. 01} p<C0, 01| p<C0,05

T, : before extracorporeal circulation (ECC), T, : 5 minutes after onset of ECC,

T, : 30 to 60 minutes after onset of ECC, Ty : 61 to 120 minutes after onset of ECC,
T, : 5 minutes after termination of ECC, T, : 3 hours after ECC,

T, : 8 hours after ECC, T, : 1 day after ECC,

T; : 3 days after ECC, Ty : 5 days after ECC,

* hasal value for statistical analysis, ( ):recalculated value in terms of 25%
NS : no significance hemodilution

Eo  HMEETHOACEES R 7 ) ¥R IO/ r=Ex7 ) VOED

ECC Postoperative period
T, T, Ty Ty PO, | PO, | PO, | PO, | PO
Plasma E 21420% [14641161143:-132/206180| 63:56 | 3230 | 5450 | 2620 | 2416
(pg/mi) p<0,001] p<C0.01|p<C0.002{ p<c0.01] NS | NS | NS | NS
Plasma NE 189-£106%#251 - 155/177 123|206 153258 +£213219- 183294+ 2111276 4201248 - 149
{pg/ml) NS NS NS NS NS NS NS NS

*  basal value for statistical analysis of E NS : no significance
%% bhasal value for statistical analysis of NE

E : epinephrine NE : norepinephrine

ECC : extracorporeal circulation

T, : before ECC, T, : 5 min after ECC,

T, :5 min before termination of ECC, T, : 5 min after termination of ECC,
PO, : 3 hours after operation, PO, : 8 hours after op.,

POy : 24 hours after op., PO, : 3 days after op.,

PO, : 5 days after op.,
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Cooling Rewarming Postoperative periods

ty ty ty ts ty ts tg ty tg

Plasma kallikrein [0.43% [0.3¢ [0.38 |0.38  [o.48 [o.44 [0.36 [o.41  [o.38
- 40.14] =£0.07 0.10] 0,08 0,14 0,10/ +0.14] +0.10 +0.18

activity (U/ml) NS | NS | N | NS | Ns | Ns | NS | NS

Plasma 0.26¢# [0.18 [0.13 Jo.2¢ |o.39  lo.37  lo.29 0.3t o.30
_ 30.08| 20,068 +0.04] =0.11] =0.13 0,14 =+0.13 =o0.14 0,11

serotonin (ug/ml) p<0.02{p<o.0ll NS | NS | N8 | NS | Ns | NS

ty : before cooling,
ts : 30°C during rewarming period,

t; : 3 to 6 hours after operation,

t, : 3 days after operation,

* basal value for statistical analysis,

t, : 30°C during cooling period,
ty : recovery to normal body temperature,
s+ 1 day after operation,

s . 5 days after operation,

NS : no significance

ty : the lowest temperature,

%4 EEAHEARTROFCST 237 ) vB LU/ vaE i 7 ) YOI

Cooling Rewarming Postoperative period
Ty T, T, Ty T, Ts PO, PO, PO, PO,
Plasma E 73-+32% 88437 | 8141 (4644200/16290 |577--300/808-450{149=-120] 7349 | 7130
(pg/ml) NS NS p<0, 05 p<C0, 05 p<0. 05| p<0,05| p<0,05] NS NS
Plasma NE 207i8§* 187459 (13870 [268+-132(1574-84 |242+1501288-150|363=180]165-=78 |17080
(pg/ml) NS |p<0.001] NS |p<0.05| NS |p<0.05 p<0.05 NS NS

*  basal value for statistical analysis of E
NS : no significance E : epinephrine
T, : before cooling,

T, : lowest temperature (mean 20°C),
T, : 30°C in rewarming period,

PO, : 8 hours after operation,

PO : 3 days after op.,

PO,

L, 6090 B12040 AHEREIZ RV Thinds
[l mE oS e b, TERRIEE B
CPE i3—BHINL CHRTED 10 LIz, Mo
w25 &, Hith MRV TR BN ERT
25y T ORI A Bk U Sk T e i iR L
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e
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PNE (X {5BrRds L O 2B U CAETH 5,

304

*% basal value for statistical analysis of NE
NE : Norepinephrine

T, : 30°C (esophageal temperature)in cooling period,
Ty : immediately after resuscitation,

Ty : 35°C in rewarming period,

: 24 hours after op.,

PO, : 5 days after op.,

B HEAANELSR (EFEREMET)

1 PK

PK DL, #3DIE <, BiIRE X O0OPR
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B ORI TH RS B THEOET X FX
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b, EAERZRVTHE, PSIRGHHNIETT 54,
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Preoperative Postoperative periods
value 3 hrs 8 hrs 1 day 3 days 5 days
Plasma kallikrein 0.47-:0.07* |0.60=0.13|0.44-20,13|0.3540, 080, 350,09 0. 330,09
activity (U/ml)
without LOS n=9 p<C0.01 NS p<0.001 | p<C0.001 | p<C0.001
Plasma kallikrein 0.40-£0. 07+ | 0,590, 12|0, 4120, 131 0. 4320, 08 | 0, 390, 09 | 0, 34+0. 10
activity (U/ml)}
with LOS n=38 p<0.02 NS NS NS NS
NS### NS NS NS NS NS
LOS : low cardiac output syndrome
* control value for statistical analysis of without LOS group
#t  control value for statistical analysis of with LOS group
#kt  gtatistical analysis : Plasma kallikrein without LOS versus with LOS
NS : no significance
#6  (EIIEERTBROIRC R 5 i EOHIN B REN E M e b = v & DR
Preoperative Postoperative periods
value 3-8 hrs 1 day 3 days 5 days
Plasma serotonin (pg/ml) 0.25-£0.05% | 0,20-4-0,09 | 0.310,14 | 0.20=0,05 | 0,3970.09
without LOS n=9 NS NS NS p<0.05
Plasma serotonin (ug/ml) 0.2440.06%% | 0,310.13 | 0.242=0,11 | 0,25:£0.10 | 0,27-£0.13
with LOS n=38 NS NS NS NS
NGtk NS NS NS NS

LOS : low cardiac output syndrome
NS : no statistical significance

* control value for statistical analysis of without LOS group
#%  control value for statistical analysis of with LOS group

soksk

a PE
PE %, #4DZE , HBEMHT RV CllyHs0° C
FLURERCTHIZEOTLTETH B, DNESE

BT HOOIEERBC R TEW e RL, AiE
DRI 6 fHEL, ﬂ[lﬁﬁiSO"C&::rsb\"cﬁTTZaﬁif;:}s

FERCHEINL T D, HMEDK 2 gL, FEiiucds
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TekEfic s KD, #ith3 BB R THHECE
Lize Tedh, EAEEIV T, PE XAHIRC
BOTEAECH B, DHEE 2 EEOHENERL,
OMiFAE T & B BRI A TN L Az,
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statistical analysis : plasma serotonin without LOS versus with LOS
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ECC Postoperative period
T, T, Ty T, PO, PO; POy PO, PO,
No LOS E 15--16%1344117(142--100/182-:150| 35£30 | 1510 | 55-:40 | 1610 | 2415
n=9 | (pg/mi) p<0,001] p<<0.01 [p<0.002l NS | NS | NS | NS | Ns
LOS E 301-29%#159--120/143--111213+-180] 9353 | 4936 | 45145 | 41£30 | 2930
n=38 (pg/ml) p<C0,001] p<C0,01 |p<C0.002| p<{0.01 | p<0.05| NS NS NS
Statistical e | NS | NS | NS | NS |p<005/p<005| NS | NS | NS
* control value for statistical analysis of without LOS
#k  control value for statistical analysis of with LOS
®kk  no ILOS group versus LOS group
#8  IMERTEILINC I 2 RS ORI EEGRER L Mt 1= €27 ) v & ORR
ECC Postoperative period
T, T, T, T, PO, PO, POy PO, PO,
No LOS NE * [1872:101247+1331852-115/183145[213+-190(197 £150{295-£200[265+180[243£150
n=9 (pg/ml) NS NS NS NS NS NS NS NS
LOS NE#** (1967-114:252:+150(188-120|229-:160|303+183/242 11601268 = 150[281 11391240117
n=8 (pg/ml) NS NS NS [p<0.05| NS NS NS NS
Statistical vsis | NS | NS | NS | NS | NS | NS | NS | NS | NS

* control value of without LLOS
®  control value of with LOS
#¢ no LOS versus LOS
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Cooling Rewarming Postoperapté\ﬁac)ds
to ty te ts ty ts tg
Plasma serotonin 0. 2540 OZO' 190, 06(0, 100, 04/0, 270, 17|0. 34--0, 17,0, 340, 18/0, 270, 10
(pg/ml) [
without PH n= p<0.02 | p<o0.01 NS NS NS NS
L

Plasma serotonin

0. 2620, 100, 17-=0, 06/0, 1520, 04(0. 220, 030, 430, 200, 270, 100, 330, 17

. (ug/ml)
with PH(Pp/Fs=0.75) p<0.02 | p<0.02 | NS NS NS NS
Ns#x | NS NS NS NS NS NS

PH : pulmonary hypertension,

Pp/Ps : pulmonary systolic pressure/systemic systolic pressure,

t, : before cooling,

ty : the lowest temperature,

ty : recovery to normal body temperature,
tg: 3 days after operation,

* control value of without PH

#  control value of with PH

11 30°C during cooling period,
2 : 30°C during rewarming period,
ty : 1 day after operation,

##%  gtatistical analysis : plasma serotonin without PH versus with PH

LT,

d PNE

PNE OZW% 3k LOS #tE LOS BRSO TR
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Dbl otz Tindh, PH OFEZ DB
PS R[OOI 2 — v ERT,

0 SR

A BROIFICRE D e w b= v DERHIRIT
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1 hAER
MBI S B i r b = v OBETIF A
B 2 7o b B S A 4T o Too IS X OIS 175
w b= vl L OMERUIR LA HEN B B I9T, At
TETRAT, SEAERI200 0 X OV ATRERB0S (M
SMEBRIB04Y) OfFE X O AR E L € bav
WERME L. 1028, Fer b= vitfst
BEARTETH e =7, Hitr b = VITELES)
EREERD Mk FL (p<0.05), MorkIIER
BEONDCHE L, Tibh, SELEMERC LD
Bt e b= vEENRINE R TOMEMNTRTH -

910.0 P22 Liver serotonin

£

5 [ Lung serotonin

i 8.0 NS no significance

5 NS

0

g 6.07 NS

£ P<0.05

S 40

3 NS

§ 2.01

=
0 120 150 (min}
F—=Tolal porfusions=mwnf—Parlial perfusions=-3
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e—8RA-Serum serotonin
O--=OLA-Serum serotonin

B \iver serotonin
[Jtung serotonin

2 10,0 F's

0o

g —
G

» 8.0+ H0.4 }D

5 | 3

)

N c

@ 6.0 0.2 8

= 2

5 g

=4

g 4.0 0.2 @

6 20 .1 @

=1

7]

a

-

Before cooling
(3r°c)

Lowest temp
(23°c)

M2 AHCHES AR (RA) X0 ER (LA)
O w b = HE s L OiEfkD © r
b = VYD ZET)

o

2 B4R

BRICHES Mz e b = v OE TR RAT5
¥, REEHUEFRICISU 2 %50 & @ 23° C s
FraEFELR L OEFNO M e b= AEL DO
R L OB 2 7 b = VIBERTIE L. 20
T, BRSO e b = AR HEN T B
WTERBMD € r b = VAR IS5 &, BHENCES
WTEAEEM (RA) ot » b = vikEREM (LA
DI L BEOEMER L2, B2 Cic
BV RA BIU LA Offifffzre b =it s bz
HEIETT52 (p<0.02, p<0.05), RA & LA
D b= VLA EELL < WE X Db
Dre b= RPWET T2 ROFRE S iz, B

kYo

(ng/m!)
2 -
Bi1 * Immediately
o after bypass
(=4 B2 ¢ before
'_;:c stop of bypass
o
@
£
a -
[
s F
£
(7]
iy
a.
L .
Pre op, B B2 Past-
bypass

ZAE 5 s L OG5 2 v b = VOl X OE
TeRi A5 BT THEMMICBE D 2 e b = vHOHE
BEide, M2oZk<, BHIRs CieiTLIT
BLOMO R b= VSIS LA RORD %
WE .

B BHOHHCMES M= %7V v (PE) © %)

W

1 BB BT AR MM PE LAIB=CR7 Y

voE s OB

MRER & & o SR O /MR % 1 ETT
L& ORMEIRILA PE O2EH %25 L, Q3D
&<, il 0.420,28ng/ml CH o ko b D HER
PR & & bz 1.2£0,8ng/ml LIl (p <
0.02), TEBPLERT 0.2:0.Ing/ml & CIoHilE
AL SET L (NS), BB RED 0.3840.19ng/ml
EIHFRIBE MR EE R L. OB LR E
B W BOHZIET LT ey, REMERE & Lic
PE 23 L {4 2P BRERM & 3 18R < 5
Bo —7F, FBHIRSHSOED HWERADE, i
88.5147,2ng/min T H -7 25, TEEPIKRL L Lic
198.5+106, 2ng/min & BEAZ RN A AR L (p <0.01),
TEBRRIEEATIC 11108, 649, 2ng/min & FIECH L
(NS), BAfgd 114,747, 7ng/min & HifEE 23R
BRiefizml (NS), @AMEERCES> PE oiim,
BB L b o ESWORIMC R L Tk, Auk@Be

A T RERHECE L, 1 Mo RkELRT
Hok %}%_ B}}’Lf\:o

2 BARICHTAREMPE LEIE X VO =R
7 ¥ v e oBR

(rg/mivy| BB ERIR 2B

200

Plasma epinephrine
g
T

:
Preop. B B2 ogt-
ypass

B3 AFAEECKT A EEM=C27 ) vERIFLh D=5 7V vl

(Bi—Bz : 11D
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BRORC 3813 5 E R B O AT BT 5 TT5E

(ng/n}) 3
)| kAL

o F
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3.;)'0 23¢ 8:1'C

p~Cooling—| -Rewarming4

(/i) AR
o 5O
£
[
£
[=%
Q
=
[=9%
a |
(0]
E
0n
)
o

1ol

%o 750 e

{=Cooling—] |-Rewarming+

M4 REAHMESRCRI SREM=37 ) VERB L= Rz ) vHIE

(SRS LE 5 eI PE %L, K4 o0&,
AHIE 0.22750.13ng/ml TH ofeAdy 23°Cltisy
T4 0,150, Ing/ml & ¥HgTic L LR < (NS),
INiE34° Citds\ T 2,81, 5ng/ml & M Hng
Rl (p<0.01), —7, BIELHOEHMELE
FPpiy 13.6£8, 5ng/min ‘¢, 23° Cizds\T 10.3£9.3
ng/min & RRETFHEAER T2 (NS), MiEs4°C
BT 67,0262, 3ng/min FTMiziginL, (p<
0.01), KBk T3 PE OEPIEIE LD DESH
WhE X< =B L Tk b, ERENCIE S G D
IRIZHFTCD PE DFWLHIMERMT T2,

e =

I miEn v 2 v v (PK) OEB

F5F s FovBIRer b= VIRMEETCHEA
CHBRY R TIE M EE LTABRhTED, &
Bz, SR BIMR TR NEE LIRS b
DTH BB, LnLiadib, Jfit - 1 AT5H%
SHEIRTFEROMT S X OfREHs J OV IR o 13
LETT 5 BESIMEFR TROCEWT, 2hb
O MG FEHE A 2B T B B L Tk, RS
i R HAMEBRIICHE S % = v ROKEEIZ
BIL, Weigershausen BIDIAESERBICIVTH
= v ROVEMEAL T RT R RIS L T 52%, Seidel
B2 VAR SMEER I = vRICEL LT R B T
Wwiewy, —7, Nagaoka & Katori2D kAR O
MO RBEE & biciifis =, — & AP L, =
YT B AT R X 0 ASMEER T BT = v
FROEENR I B EERBR LI, £ 2AHTy MY
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rvf vk = —ry (FLLTEDTFE=/ -7
V) B BIRMSERY T B ¥V R ERT B
protease : LTHbBATRY, b M TILMmiE, MK
R, s XOURMA ERFIEL TV 5. $ibh, Mmif
#Y 7 v vikF = — ¥ Vi b nonapetide TH
575 F A F=vOsFIKBEEL TS, LichoaT,
M v 7 v A viIERkEF = vROER R IR S
— LB Shb, ERORECE VT, HME
Wt PR MET L2t 2 Ak Mg FRENER O
Weh b, PK MEAERTIEROET 2R IRG
DEEZBRD, MEEVTIE, Bl PK i1HE
FORIMEFRL, BILMFHRICIST 5 ILEETf b
DML T LT3 L Exbhid, LOS BEdE
LOS BtE Ofic kT, TiEE b PK OB~ &
—VIZALTH Y, BEARERTIRE LS 27
—F7, EEETHEOMCEVTIE, PK ERER, I
ERds X OB R L CREEOER R RET, KRBT
BWTIL, = vVvROBESFILNbO &R SR
o

I fiffer b= (PS) OZW)

sk, e b= ViR MOCiEA LB C it fF
B, QbR s R DIFHIRDASCU i
RO e b= ikEbSTHRL, ERNEER
FTREY BT, LMo TR EYEL
TORHENIARRA ED S Ehe, MVMRFOER b
= VIR, R, 1RE) JOMT MRS OBl L
W, 7Ar0HL ver ey, BRIEEE
BIU=v F 3o vicic X MR X D EET %
ZEBMBRTVW A2, LvLieaib, —RIClifEd
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(2 - 4

Bt b= v g 0.10~0.32ug/ml (S
0.21)%2) 5\ % 0, 1~0, 2ug/mi2D 2 4 X Ty
Do FEHOWEL I T, FEMEL B L
¥ AT T 0,170, 08pg/ml CIEHR DR
LIHE—FTBETH B 6%, ABERCI VT
REh=Eey FrFryyg w2, 797 4 5%
Y=gy 2I0W), gy s 2080, [figefs-33)
Je & OMERR ML IR MEE2D3DD fe Lo BIHET & L
THi4FEEh, S0, ERCLew b = viks
S B B MBOW s L OMHIER-0 Jp L 4 sk
ShTwb, FAERTERIOIHC R TIE, Wi
AL NRENB DR b2 VB IR ZR I VY
BAREEE SR, Lo Tar b= viDi 50k
B AKX I v X 3o postperfusion lung syn-
dromed® DHEfRICEIS 43 chemical mediator &
eh85LELDRTE, &K, EAERPOMm
DB MED B D v b = VIR 5 it
BRTHB2, L Liedih, FAMEBICHES 2 a b
=V OEHICEET 2 RIRNESCBI LT, kRN
TERINB S, FEORHEC R\ T, #4EET PS
HEEDETERL, HHRITRETH T, b,
ik LOS & PS & DEBEMRES L2 itk LOS
FEEIELOS T OMIKEERIRILR S, Licdis
Ty BIHER R L ORI 3 MERETCEE L i,
R b2 AREEREEE U TR E R R R
Do FIMEBPZR T2 PS DML T, B
TSR R 2%, Gillis B49 132058
BT T TH 55 FAHERICE S e *
= VB EfLE LB L, fliickitb e b = vig
BHTLlET 2720 PS OB RB B EELTW5,
HE DWW ERD IR X 0 AERPO PS O
FaZ3 &, Gillis B4© o BiRE FEEREC T
Lo e b= wEROWEINE, HBhT 3 ERO M
2 PS OWSEELLEEY HUTH2 & HXh
%,
EAETHLAICES PS OFFIZDVTEHS &,
AHLBRICE U TEHH 30° C % L OYRERK SV TF
BIAET L, LIS FROsim L CimRs X 0esic
BOTHEBEOTIIED BRI ofce = DEHIRT
Bi) 5 PS OET N EW ST 2 MEFARC X
Db OPRES L7ea FRAIMER S0 & Mg
MEFRFRET L2 L0 TRV EBLbhE, +2
T, TERIT X 0 S L ORI B £ r b =
YRER LOERR LOKERED PS #llEL, i
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5 e w b = O JOWNHCE B (R Ak
L, BHIFIC PS BT o BRI % 8 e o — RV 15
R b= VB L OB e b = VIO
B X h B ich, RTETD—E LRERDInng,
I 1.8¢#g/g « wet weight % X OT 2.3ug/g - wet
weightld L XT3, Z#L dry weight wER
RL, TORERLIZ0.2CH 0, I 3,151 Tug/
g+ dry weight, Jff 6.8%2,6ug/g - dry weight ©
HY, ZOMEEEIEERIZIT S R b ERA L,
Eio, RIZET S PS 11 0,.49ug/ml & v | &I
BLEM TS olce &2AT, BRI LEREE
EBED PS ®IETH L, BT HRCET
LTEY, Micdkids e b= R RT3 7,
TARLIz. Fh, BECEITS PS IFLD ibx
haer b= v\ERFMLTW2EEL bhD, B
23° CHZ X D filids X OFFAAED € b = VBRI B35
&L LAETH DD, HER LUERED PS it
NLETL, EFLEEOMIC S HEEOHD bl
ZEXD, BRI OINERTB R b = v ARIHIHE
TL, AHFCHFERT%1r = vEELESTS
EB, BREED PSIETOME L HNsh s, =2
HOBGR MAED FaA 2 = | = v NI At U C
WD ED RN W40, Gillis BBk ikl
SNRMEFEE PS & DR, fhgmERE o
BoTider b = vOlERTENL, EREmo
HEL LD r b = VOIRER S W5 & e
T%a ULk b, BHIEENELED 56,
i MEZ b\ 5 flic> X, (SR TEIOH S
LU MHRICRT S PS DR h LS LS, (&
TRICHES, PS DB 2 — VLT R\TE o
SFHETH Y, WIS\ T L LI A e
< IS MERE IS T PS AViEA e B R 4
TRHRARD bhieh ok HLEOREE X b M58
B LOEERCFRZR VT by @ b= Yk
L O3 1 2 IUE T BB % O e
WhD LSS,

O M#fEr7Fa—n7 3 vOI5m

FENRy —RABHEIRIC R\ T L2812 £ 5 adre-
nergic response [XET/REMKED 128 XhC
ghﬁ,mmwiz~»7sv@ﬁﬂmﬁ¢6%%m
K ic <, Lvb PR L 73 -0 7 3
VIREED BIE Rk XTh T 04048,
s BT R Tk Replogle 5 (1962)2) 46 ko
Lillehei & (1964)99) X AMEBANM & & & )i
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R It B B TFEMDE O ZE BN BT S HT5E

Ex7 ) vE LD A= R T ) RIRE TR
RN A LB L, BISEC o RESRIE 5T
Wi, LsLiamih, BFL bfi—RMmE L%
AR bR TV Tl <, Hine B8 (XIER I
et s7 ) Vv @PE)R IV Ar=E%7 ) VY (PNE)
ORI & ¥ b, Replogle B OfEk LT
=) B TR Bhig v &k s,
Tan HMIMERBUAEHNEL PE 8 X0 PNE &b
HEOLEHERIST, 0HWICH TREDOMME T
FLREL, BRENMFROVELTERAL T2, ¥
#-, PE 3 L0 PNE @3H L CHMNT 2 L O Tikix
¢, TERIERENC PNE OZRCHEMAHEL
Cish, PE WLERTHMTS & B -X, Hirvonen
583 758% PE ¥ LU PNE OHNaiR % 4%
PE DRI LV EYPCHD, L2 TEHRNE KL
HL X hEEBEEH TV LHNL T 5. %
Fo, AR50 RS IERR PE OB BOMINER
»B7%, PNE AZETH D, HERILEAERIEREO
EEHFILT PE X h b PNE O#iniii & L&
L, XBbiz, BMOfioREN A (diToh PE 2
W PNE OIRC#BESERT LTS, =5
BROAHC 38V Tik PE % 208 PNE ASR7R ER E 7R
K EDEMRL B Y, Alexander HIDE)RER
ERWT, EAMEEPEE» Do T2 -AT 3
AWM EBO TR RS R Lk WEL, Tur-
ton & MatthewsSD PR ERICE W TE PE B &
8 PNE 38503, Licas- TRIB M EH O Hn
KA 73— AT § YORIME MERERTH D LB
N B, 7o, Bailey 552 i3S ERICE VTR
Ml h 72— A7 § VEEEROEDERS T, Lk
- renin-angiotensin %ﬁ‘if}ﬁﬁ%qﬁo)ﬂuﬂiﬁﬂﬂﬁmli
EA R LT 5 ML TV 2,

PEDSE L, © OHEIIs B I R
ﬁ%hfvmmﬁ,ﬁﬁm%ﬁéw?:~»7svm
SO BICHE, Bk r= b7 4 RERLE
BB\ T, GAHER PE OGRS bh
I\ Tk PNE 23883 2 h s & A b
b, BEOSEOFEBTK T, TRRBMR S 71
MiC PE & HINL, i BEI (5t 8 Wkl
L) wiFEiEe s L, —%, PNE RiER$s L0
TR \ S CHE I A & T SRR T I A TR
B ote - OFiEIL Hirvonen H8% X [O3VN
AL IHF—FKLTH D, EAMEIRC T
% PE AMESVEEIC 5 MEE T & b Hic 56
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LTHImL, iy Rihc exhausion kb
W hoEiENERS, —J, PNE (XIERFbEE
OREIMERE T, SHXMETROEEL S, &
W B EROFHLBELELTHDEELDRD, itk
PNE (LB MmA 7325 fR2EfsRE <
SIS T o T & OFMTE PNE D2
I X { KWt B & Shp dopamine-f-hydr-
oxylase activity (DBH) 2th#HEER=Is X [0 Vel
BWCALETHLRE L{—FHLTW5,

itk LOS kT By 72— 7 3 VDI
B Ll iR 237 & I RMSE R T
Wity Seld B BMEEHAMERR Ik W TG
%ﬂmﬁTL,:hmbﬁmwia—w7svwﬁ¢
2 RIEHE TSR LTIy W T RBR R
B s T 2 — AT 3 VIS L L T
5. A SO LOS FEl L OB E T, B
RO AT Tk PE 3 L OV PNE OHEA R <
s ¥, SEHBERMCRIET B Fiihni s EEL DR
27, WEFDHEICEVTE PE S L0 PNE ©
REIIIEE <, ARSI T 5 PN 0P
CLEFBELT S, BEOEECOVTADE, M
1% 1.OS FEflicis\ TR RICIE LOS fEAicItL
PE WAZOMMAED bhicsd, ZHEMEETE
RiET %5 PE O—RamiEme, Wik PE X
MHECE LABREC s b5 o & il S h i
PNE 4% LOS fflvcisy Th4FaEiiiRS
¥, 9k LOS il & RglmER AR T s ¥ ol
Bailey 552 1 1ESHEBRCE > MifEn T 2 -7 3V
DEFA R L, EEROmERICI g 7 = —
AT IVIDIRDLA renin-angiotensin-aldoste-
rone BAEERFEAE LTV A & ERR LA
BITREWTH renin-angiotensin RAMIFEFENCE
TR AEAE LTS o & LT CIEiEfiEsh T
psH-56), Xz, LOS I\ Tk angiotesin T
DRE LA’ LOS OMEREEY—BEETS b O LEN
B,
-ﬁm&ﬁmﬁ5m¢@ﬁ%:—w7sym%lw
F ORI, BB & o4 WE, BIEC s 2 BAERD,
nFa—n7 3 oY - R X OHHILTE D
P it Lok » TSR G, BELEIMERT
PEB IE T o — AT 3 VORTIIERE, BiRRC
3o B ENE IR bOMEH 72— 7 3 VRIS
DRI A & R, REC I W TIRERK & 275 D B
% EfTey, GAMERO B8R EHL looTh

31



& %o

%, Alexander BINIF)IELEEA TV EIMERG
BIBIC R D27 2 — A7 3 VR LOTF M
IR - EREL TV DA, BEOERIC R
T, TERBIMG L & bic BIBHHRD PE (13Ul
ML, THBR TR Ol i g L Tk b, B
HTHLRINLRD SReh o7, #8358, NE e
BOTEDORMABRIMEI B2, Eidficts Tt
RHIhPF Lok Ehs N mbh TR D,
LictioC RIRAIC ST %, BRTdo PE o8N
B LR OHEREIL, BErbo=xy
Y RWOBENR LWL RERY T L0 LE LB,
ARz BRIz O TRRT T F MO LRI LT B =
LRSIz, PNE OFBBIL T, NE (3%
&L TRIBEBAORZREMMERE L AW Ehs Lo
T, Alexander K19 & FO WY R I\ T,
ZOMEBMLTCOBEE, kLA 2L L PNE O
B X < W5 DBH i&#: b $AHERC X - THE
DEWEFRINEE XD, BRONCKITS PNE O
WEBMFAHTREEL DRBY, i, AR
HIXAFO PNE (v s\ TREES W e gk
AEBEL TS &%, i PNE 2 FEOMNE R
S—RLbFELBRS,

SENC T B EERIED 5 &, BABEERLOD 1
D& LT, AEMRR SR L ORI En bSO H 5 2
— AT I VOLWILEREREZ R TS, ¥ calori-
genic catecholamine + LT NE BEBETHL L D
R &, ENEIESEIREE U T 5 & 0 B Rs960)
BBHBY ChOOWEERBATF a—17 3 vOul
EBLLDBHDTH%, MMfEHTFa—17 3 vOLEIC
BIL Tk, Hume » Egdahl6 j3&#ich (21°C)
PE XU PNE VTR GETFTT2EBWELTE D,
—7J7, Warner 562 j3-kD % halothane e
& ether Jlex L, AHI5° CCitv-Tholls
b EXHML, NE BEORMINCE ¥, ether
FREE TR EORIING BECH s L WE LTV B, 2
RID, HBHHICL 227 2—17 3 VOGO
BOERMI TR0, ether ¥ NE 2223,
BB & SRTW 50060, X512, fitig
RUFAC X 0 ether Gl »Fa—A7 3 vOEE
e ERRHHRB A, halothane FREECRE REE
T ABEEDBEINEL ether X3 HF a2—A7 3 v
OHEMABIES 5 & Xk, FREFIOZER] OB
7 Eh FREINRT TR B, BEDIBAILE
KRBT ether WHEMCH D, BHIE PE 11 RE ©

312

PNE HETERLI. & AT, g d Bk
I & % BRHEAIR T M 7602 0 R SEEMC 8\ T,
Mohri 669 3 PE1.19° C It W THERETL, —
75y PNE UARETHolc2WEL, K SO FE
DOFTRERL, FELEORICHREYRE LTS
2% ®WEN PE 3 XUV PNE & i BinL iy 5T
BB L T\ b DPHREE T HOIRERC R,
—Wie. PE O BBAnE PNE o BINMEEHER
bifend, Mohri 585 4 FEAFFRA#ME LTk
D, MFHEEFRE LBk X 08 NE AEREH
LEDIRBHICH LIl L B2 b, BEEOM
BRI W TR I S AR 4 i v 360 L 7= PE
VIR 30° C T—RIET L, M cHOZIRIMN
L7za Mohri B85 | i Fiil MIRE R BT 5 4 7
2—=AT 3 v OFWICHEIN S O IR R 51
At WEOEECREE ) 5 5 THEEDOH S =
EEFFBEL T B2 RIRHIC ST 3250 SMEOMK
FCR VT, RIS 2 DEMEID 7 <, O
MEC BT 5 L2 S oM LOS DI fo
olce Tirdoh, EAEETHOMFCK Y Th PE Ik
PNE i LERC S E ATy RLCl 0, B
T B EERIEE LT L ) BEARSIRE LT\
T EARIE RN, ATBICEVTIE PR % XU PNE
& DT HFEE24ME M F CHEOMINERL T D, 4t
TRBRE LR Ly &  CEIBFBIE O T 77 0 (RSN
IRz,

WA EES A 7 2 — 7 3 VL, RELTE
WX Doh T 27 I VEEDER L UH 72—
AT VR B OB L D R h D EEL D
hd. FEHIZROOETFD5 4, BRIk T
WA X OB S BIEBE S bo = e x 7 ) v
EOEE L LT, EIEHRN Oz iTy v
(PE) 0HWELRNFEL i, BRI Tit, M
Wris & OBAOMTE HifT L7chs o 7ohd, BHI80°C Itk
WTEIE#IRD PE HWEIHE T B % 540 2.6,
FHULE TS bR, Z ORI 4T
PE G AEOBIA FI0FRE —8 L T W
%o M34° Cek\ - Tid, BB L0 o EQWMEEE
BN, MRERAFRE % 57o {—F32 ikt T 5
Do —J7 ERICLES =7 U O - PElkic g
LTl Rip=e %7 ) vid 5B orHrRans &
DREEIR TV B0, Jinioh, BEARESE TR
DT} 3 PE DXL, FELLTHB LD
EE 7Y BT HRT B L0 B SR, —F,
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BT V) B ETFEM E O TN BT 2314

PNE (ZEREEC R VT, B RERC TR
FL, IMBRHC 38\ TR DO L% T 235 AR
CELTED, BELPITRBELITE L, X/
R LD /= a7 ) vEELLRAWMEN, /2
A= F7 Y YOI X < KW+ 5 DBH Eikd X
S—FHUEFIRARZFR L. BIREICRT, PNE 2
IR 3\ T b 3 INE R ERFRED 122 L
Ty MEMHE R CIREMRCiiicsid s s v 7
) v ORE(L L WiATTHEL Tk D, PNE {8330
felERERLOLEELBRS,

-

&

HEBRT BLOATL7B3s X OVZETH A SR T B
LoD E, IMMEH Y 7 v4 v, Mifitr b=V,
=k 7 Y vEBIOMfE, vt 7 ) YO ilfd
B X OO BT LB LT o &5k 5.

1 Mg Y 27 voa ik, FIHEBIC S TR TER
FRRZEC, FEREINRIINA R, WHREDNRLE
REBE & ORI LR BRI EED v ey o EAR
TR, b - WA B LS ) 7 v g VIR
BTH o1,

2 ifee b=k, EIMERB LOEERE
EARIE T L, #fREAECcHY, b, BEM
EIEIEC 3\ T b el e BN RS bR s o T,

X
1) Said, S, I.

st a e r = vOBETERFE LT, &
AR RT3 £ e b = VBROTHE, 1S40
kW Tikter b= VREAEDETAEL LIS,

3 = a7 oA, RAMEERGRIINL, ik
RN EBREC R BV B L O LIENX S, EE
TR kb TR IR ZREE Ty IS AR IR — I s

LW IIE B, IR X b 24 F CHN
LI, bk, #FRELNHINEERETRVTL,
HHRRINC = €% 7 V) vOFEEDOHMIERD bR
Too SR BIME= ¥ 57 ) VORI EIESHD
Y VAR RET b0 EEL DR,

4 JfUE A= ERT VAL, BRI TE,
TRk & OFRIZ R\ TARETH » oo EHRITTS
WUk, BEIFRRER CIET L, MTERIR 240 £ TH
mEmLice

5 BT, miff=ex7 0 ks r=
YR 7 ) AT U B A R L. ¥, R
BT TROMC S W= s 7 ) vOF
HAMEATER TR FOBAILL X W REIRT
WA EHEN & e,

R

AERCOIEE L33 B AR AR S (1980
F£9H, WH) KEWTRELLK,

fis
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