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aflift

18 &
LEMEF YUY AFIRARTFE (Atrial Natriuretic Peptide. LITFANP
rBT) . TCOEMEBCBVWTEAR. FERSLUQFWEAIEN 2N
ElBTs L CHREAEET s EhOBBAS Y 2EHABTHELEY T
2. cORLEVORBIRED, ChHETHRNIEX2ANEIERAVT &
LTExoATWRELORIE. AOWHEEL LT LB TNBZEHHES
#Kéhto
ANP@%%M\m%ﬁme@ﬁ%»%wb@@ﬁ%%%%w%mw%b
gErrEmELRBR. DECRRDONZVWHENSLERABPRIFELTVD
a:t%%wt:am%%%?éowan%uﬁammnm6“5méem%m
HBEETN, ERTHPVEECSCOWMAFOLBERLCORAPED SN, &
PEOHEROKEEB LUK EHVOT A ARREATE I EHELL. LAL
HHS, TOFERRCHELTRAATH > o 19795, de Bold™*'id. B
BEIXNTWEEAESLCERECHETAERELBNT, CORKHANYER
BBt T a2 bs2BELE. Tbb. kb2 VWIAEKRIC LY O
BENL. REkaLrFarFay-—2%RAEKOARK > THI LI LH
L, 2219818 L Sy POLEBERORS v PAOERARS
T EBRAERL., LEEABTERDOA RV, LEHB» SOMIB®R

PRETHERARBRE. RS LUVEREORESRONZCEZHEL. C



@%%%ﬁﬁiwwﬁw6%@%3&0%%%%5@%%E%5?6ﬂ%&%
REEL 2.

ANPIRETAHEOAELRRICE. *OHEORMBABLITVAEED
BUSKELLHESLT NS, 1983~ 1985F AW TF v b2 . £ P TH
mf%ﬂ”’\¢ﬁ¥”’@ANPﬁ&ﬁK%%ﬁ%én\%mﬁﬁﬁ%E#
v hy, BEELZELOESREh I L ELRLEEAR? BRALS50. ANP
@%ﬁm\ﬁ&tb?m3@@ﬁénr$0\ﬁ?imﬁméwme%nfn
a\B\YfANPaWMn\%@#fba—ANpﬁﬁbE%$m%ﬁﬁ%
WexhTWwad, ANPOWER. HBEZANPOARRLIVFEETHEER
Radioimmunoassayi®E*® *V IR LV FHbATEDN ., SLOWRFERLVZSHED
RIABEHEEEINLTWS.

LECBIAANPOARIE. ¥HRATI BOo7 I/ BEPS22HH
EoAmEInz®, 738126 Oy - ANPHBERSNLZ. TOr - AN
PERMABRESH S, 73I ) BBETHEREN2a - ANPHERS N,
ﬁﬁﬁﬁ*wimﬁﬁﬁ%%ﬁbTQW“’énéocwimmﬁﬁﬂum%
Bll L2 ZRBBHONTHY., EEARBFAFEEHRRA L L TLEABP,
tbﬂ%@ﬁ%?uﬁthgﬁf—ANP?&%@Kﬁb\tb?ﬁﬁfwv
sS4 THBRDONE, —F., BROBPCBWTEHY TR as A TLEITH
AMB. b TlRaIATLEHBRBIATHEETZIILEPHAONTNS.,

COB-ANPRoKOHEFToIRELVWIBKZBEELAL., LLAZH



CEOGESEB LRI LS. BUMBLEBECHAIT2BREOLHHE %
HETA2LbDLLTEBEATVS, COLIPICLTHER. 2WEhi2ANPD
HHEASEE. OB BFROEBIROLERELCED N, L LO0NERMITEH
HLLOHBEBRECSESFETICEPHAOSATWS ' —FLBERXBNT
. BEBANFTOLOUHERIATNRZVWS, BEEFH T BRBDoshsc ey
S, BETHZTOEMRBLIUBMEBENLARIZ VOO, ZBERIEISWBITOLO
TW3LEZ6ATWSY, 2OEAL L THEMOLRERRLRRIIH > 2.0
B s T, LENANPRESPFEREMNLIVWAZEHEDSATY
%, £ 4O T B NP (Brain Natriuretic Peptide) Y #i&n 3 ANP
HUDHOPRABERANOSH Y JEREsOLTWE., ZOHNEITWDLY 311
M OANPLRMILTEET S0 cehrs, BRALEYELT
FEFRALTWAHEELZLZONS., TOMANPHEETAHEBLL L T
Be .\ mE. MY . BlE., BEAEILDEROHORIBUIIBVWTRD S
hah, TholBEAR. FEEN-b0TWER., ANPOEMRESLLT
ERLLET - CHALEANPHBIEAOGATVWRLEEXSATW S,
CDEOIRLL 2HBERBALAEMNSEELLTLOR»»oMBEPRIIBEENSZ A
NPﬁ\%@E%%%W%tbfimNaﬂﬁ\%EW@&%UKV:V‘7
y¥z%yvysxvﬂvivv9yaZM®mﬁﬂ%t®m§ﬁmﬁ%w6
h”’\iww3w6%ﬁ-%%§55y1£;0m50%%m%5?6a%

Aons, BUNafREAEEAT, S<ONYRBREBS VW THEEELATS



pre-e) . oHMEHMBREFI IO LI FOHBREBLIZEDVDATY
328 | FIRRBEOA =X, EARFSRBHSATIEIVWRZOWBELE R
HRECHERBLT, TO0HBROMMITEE T 2v0EZF X6 TWNWSE Y (&
LEToBMcBEERBPROAS S, TORERMELEIR & 5 KH M EIK
ROBLBLVIRCLABEROBROBLIVERE LS L, ABKHEERTF 2
CEOBRENBZIERLLTERTIEFLISNTWV S,
COEOYLEBERERDANPR, EAARCBVWTHERN., £FEH. 2
SURHBHRISWHARHSATNS*® ¢IZxonTHY, MBPDODANPIE
EimEhs | KA ZHE. water immersion . BN a AEH. B LE
Pacing, B HI2VWIEEBHOARAHLOVIENREREE., BBEEBEZE
?Zt&'@?;"?‘éf’ﬁ&)%Mﬂﬁ'ﬁ%ﬂ:%}‘bf%ﬁ?éC&b‘%ﬂ%h’(tf\éo chosidEl
DEEOEILEZRBATILBREDSAhTWR2LH» S5, ANPOZWIE., E
c::L\%E%ﬁbk%I@B@&ﬂiﬁit:;Oﬁﬁ@"ét%zénrmé, Ll
5. LEEQOLANBLY VA F - TFREOLHOIEREH T 2REAEELL T
WaHERIISWRRESh AN zeh S5, ANPORBBILEED LR
KB RILEROHMRESPBLEELRFTHAIEEZSOL TS, MENH
%@ﬁ%u‘ﬁ%%wxosaggfﬁéﬁ\ﬁ&ﬁw\gﬁﬁﬁwﬁﬁbhr
RIECEHMBN2BAE G2, FRAF LS OFYOBEICHE T 5 W%
BiHEH TN , AEMAGHELCEERXT7 Y VIERRSI O DI REW

BIEEB LU 7LF LAY vHb20WENY T Ly vy ERERIBE AL



CEVWANPORUMMRESNZZEBHOENTWVNS® . ZhoFRITDRESD
AWFEHEEE., ERCBTAEEY., FEEENRECOBHMEZRTLDOT
HhrrBbhd., £, ANPRLOTL® ) BEREBLUEMEE®) &
MELT, 2OMPLRIHBERL, HFRLFEBLEZBSWTIE., T0EERERD
UT%@%%b”’\ﬁ%ﬁﬁ@%%\&%K&%&MANP%E%%M?%
TEBHohTWS,

LErchzg TthRTERLLIIDCANPRETAWEEED CTEMBTE O
E. ER. oW, SOUHBEENGHECTLBEECEHSH, TOXEENE
HPRELHBER SN TETWILEEBRE. BETHANPOBKITHALELT
FBOZW S "V H3NWIHHREE DL LTOoOFRELRITEhTW S,

—F. BE¥HBILBIS3ANPRB T2 EMO LS REENMER.
NETEFLALYEMINTOWRZVOSHKTHS. LrLuans. BEFHE
KHBWTHLEEBLIUERBINHIYERCBWTEERZRBETHS T &,
Flo ANPRZKODEARBWT, b rtHYHA2VITEYHIIBTERS
ROoNBcLeBHOSNTHEY, COEKRP»OSUEBEAFTULFHNCHOLANPOE
BERZzM2c L. BEFHNCEBOTEETHI2LBbhd. RIS
WTHR. E P EHENRECA-RZANPZAL® | FEERZZ2VODH
HFAAHAEELREE P EHBLELEESZ(BDOSNSZ 2L S5, ANP
KHETOMREEBEFCBTI2ERNERNORBEL T TE 2L ADEBHEERA

DERAESHFELS.,



ANPRBETAMELPSLRANARBEL L THNENI L., EOHTWHEF
%E%Té:&dé%f&éoANP@%%%#K@T%%%M#&D%<\
Anderson 2 i, LRI M L THEERORLZIAWEREZTV. ANPRE
DY - iBENcER A 2HE L. £z, Nishidas*®
. EROCBREBELEROLOHBIINUERBATNAMARLBEAEDOANPRER
omfﬁ%bt%%\ﬁﬁ%k&%i%mﬁéh%b%&@iﬁtﬂﬁ?6%
_ﬁtANP%E@iﬁ&mt\TfmiﬁbtﬁﬁmmswégANP%E%
HIBETAOARIED2OBHITEEBATNSE, COLIIXANPOZWITHEL
Tl WEODPDREIANZXLABEFEETIERDLDNE2H. ChETOHRSE
KBWTHLANPEELEGOLERFLOMBIR—BHIE 2., SREXNT S
EE@%@%%%&%mamrmﬁﬁﬁ&tAZﬁbnTmamo

FCTEER. ANPHUWEFOPT, RLEBFLEh2PENETFCEE
L, B ELREHLTAOBZEANEMA., EORANQOATWHPANP @

REDLHIREEABLIEFTHPEANAENTUTORRZEHEL 2.



FIE DWERERECBYA0RES M) D AHRATFF (ANP)
RROEL

bmmeﬁwénéANPu‘b%E%ﬁTé%E%%%@ﬁm\%%%.
ROUVIRENLAFENZSWHAB SN, CHASORAFOIBHRZLERNT 2 HE
MRS BEETH2LEENTVS., LEBS->TZOHMBENRFIIHT SAN
PORRBEEHEL S 20}, MMOEFORELTEILEVHBRL L
ﬁ%??%@%%%&ﬁ?é%%ﬁ&éo:@ztmexm%%¥m75
BA. HENZEEAERTALABCOBONMANBLUCRANARTIL T
HMEL., FlTA2CLEBARTHALMELAZBVWILESESSH S, LAL A
BOSLMBERZRWTANPOSWHEABRFT T 284, LHELDT &L
EFEBNLZBEREGPANPHBIH L TEDEL I REE 2B LTI THLE2HS
DLEBH 5,

TITHRITEFRECTIE., ODMERAERNIBFICBT 2MEhO AN P #E %2150
KHEL., 20X EZORAT - TLVERIVUESNLELBENS X -2
- HEREL L.

BLH EBREMZOICHE
2 L1H #xRR
REBIZIE, MRINEBYREL YY) L OVBASO - HAERALE (26

HE. RE9.0 ~11.0kg, F#10.3kg) 2ERAL 2. HBA. HRAIT. —BE



FRE. BRXHERE. LENBE. NBEBEE. 3LV LRBETERELT
W, LIECEYBREDOSNT 742V THEEDAA I ZERLE. £, BRE
BuREHETIMEOHINRE LT, #RREOMBRERBCEALLZRED
MR A (20 ~40 kg) 4 A RAEL 1=,
B2H LHELAOERLZSCIERA

REAER, #RAEXZRMBLOHEAEL. KERWLBE L CHE7 oK
~0.025mg/kgx HAHNREL., 100 2FBLERALD YA TI00 BEFE%E
5LULERAEELZDOL, LEREZE= - LULRBSRBEABTLLTFANX
VI =LF RV A (ZRF-L®  HODWE) 25mg/ke ZFHFHRACHKES L
oo AMIERBBHEELLEHFATESIIAERNFEZT 20, RAKES (7Y
¥ MEfh MA-110BBC) kK#EHLTNT P v® (BEAF2ADM) K &2BAKE
(O FRREr) THFBL, MIWHEIIAFH 2 VWitRespiratoril & 2 FHEH TR %17
> Iz
LDHREFAOERCEHL TR, THEARE2HBBREALLOSMEAREL.
BRURMEC L TEEFE<HB ATz, Mgk, THR2zERLLOBL,
Al - ARRREAR. BEEREIER. EHETEHR, 2o TARBRICOLITENR 7
~TERELL. CHASCORBEBPRTLEOLERYIMICTHEL =, BIE
%, EEOEY - #RCMITEHAT -7 28B T3 LEABRIh LY B
OEMBRBREZLEHLLOL, NTEHAOT - 7B LU0% - BORA T -

TIVBEERT - 72%BLE, €6k, DAERMERBLUTMBEY ¥ 7 LVIER



BAa7s-—T LB, PRk, 250 CELEARRBBLTETCOH#MAERT
Lizo

ODHEARAOEREBEREZ. RABREROAILMEES SUVLRHEMEIERN %
FKHTBA =YV IOLYRAY - HRWTHMRL z (Fig. 1-A.B) . AL A
EEANORERIT, TEABRREOENARLVERYBICMEAHEBRL., AN
DU F Y ATHBEL LS, TR ERMKREHELAM25% 1025 & D ITE
FFTFXFAMI®ION BLIUOABEYV YIS VERTHERLEEEXFERLLE, &
hREEPCEHFEANHNAENHN LT Y EY Y Y F MY T A (T IR
v A% WEBRE) 00ng RO URFNKORES LCEAEMHELEM
ELTT7RAANEVE(7A2NEVEEFE®  HEMHEDT) 500mg 2#FEML 1.
b, SEEHRLULZOMERBBEALBT 2REROBLE X FEH1080m]
Toh»o i,

TEREFR TR, sTHEAEEH - BREEHXRL. DSV TEXHR. BAH
Rz EHRUTBEOASLUZENRI -2 -LEFNFNAHRSEH. 26K
REBREBRMETCHAL, S0P LDEBFELLT -~ T TEELTCAILMEER
WEELE. COBMEREY, DE»SHEEALD®ER. DA =2 -V
%%mbrwﬂmﬁmn\zﬁ—pyﬁ®v9x5—mxbﬁ%ﬁm%ﬁmé
NEOSEIFME {(N-RFy =5 A 7‘%%@?‘:‘}\1% (William Harvey Research
# % Harvey hybrid model H-800 # 7= i3 Japan Medical Supply#t® Bubble

Oxygenator LH-210)} N A L. BEB L “B{LRERAZEFICLVEERILZ N



2., coTEHmElsnmmEiE. ALRHAORZTHREIC L HIBCTHECME S
nﬁﬂ%w—gf—ﬂéntw%n—a—ﬁyi(ﬁIEﬂI%H%
HAD-100 ) it & VEMA =2 - LVERTHBULEAER S h 5 (Fig. 2, 3).
PEoOMERBEABVWTHBEEERT 254, ATRRLZEBILBEZER
CHBETANESS AL oBRBOEREGFZUTOIESHELL.
1. 2 -YvyZoLyas-—kiofdmansEare L TOHRIERIEE
BOEMOABRE2E#REL L, 26 & HICI0~100mmlg T—E & LIz, &1t
MamrLTo - Ky rrogEMashsMEER. CHAES LTZE - R
BT —-L., TONTVAHBHEFINZ LD CHAEHZT > 2
2. BRHNOMBEFEROBERBFERECEEEBLIETILLPOATIME
BB EN T AMTREDEE%8~39C I #ELE. BHRFONEAN AL
MULTHEBESE., —BLEtRESESBLITCpPHEZHEL., 20 €N 100nmnHe
LIk, 30~40mmHg, 7. 401 2R T2 IO AV AREGHEZHBLL. &1
EEICEOE -1EEF % (base excess, B.E. ) % Siggaard-Andersen @
nomogram AW TEH L. B.E.»-10 UTA2FRLIEHEIIE.

WMIEE (ml) ={KHE (kg) X 0.23X B.E.
DHERZBRVWTT%REAKEZEF MY PLABR (A102® : RELH) LT
WIEL 2,

B3E MEEEBRZSVCIKUNERE

1. MEDHE

10



MmMEE. ODHEREMNOEMMSKRTLULBOMAcontrol &L, UE—ED
GEAEE T DR BNBBELVIPEBLHNEERT >z, SMERNER
HF—FNEAMLVLA VYT -V IS VAT 2 - -—EHKL, Fyura-7
TR —THLEHBIREY ST (ZHRMESHE 5L-32) IKREHL. AFRT
— 5 —-La—-4— (V=—% NFR-3200 ) R#MILIz. THhETHhOMERKFR
Wik, YyZFr 7oty ¥ — (ZHMEL 7708 ) 2R L. 10EFOEY
A EEHICBTIAEHELLE. SELBEFEHRELELTRVWENT A -7
—r LT, FHAHIKE (Aom) . ELZER KB E (LVpks) . ELOZILR
FHIE (LVEDP) . ELOZEREOE L OB AIE (LV max.dp/dt). FHHLEE
(RAm) . B L EHIERE (PAn) ZR W,

2. 0% (HR) ORE

OEBIE. DHESEROERMBRTULURFEOMEA~control & L. K= -
Bl & 10oBIcHELRE. HElE,. EEFEFHEOBIFHLZA Y., K&
WMEZSENALTF-s-—Lva-F-CRRALLDOBY 7P VT aty ¥ —%H
WTIHHEFEBOFEYEL+REHELUSHHOBEMEL L.

3. MEFANPEEDNE

ANPBEOHEIR. ODHERFEREMIET L LB Zcontrol fHE L,
Lg% - ROBEB L0105 BRALE. MBRK. £O0Z8 & KHIKGKMDE 2%
WEOEBRLULLEOBRDWT., BWIX-IA-74-TYAMNIT B TRadioimmunoassay

(RIA) #°% W& DMEARML . BML LM E. K-EDTA # B GRIME



CEBRUKG®%., BBO~5C) TELOBICIVMELZDEL 2. RIA &, @
4 > 7 )0 0.1nl 0. 1l DWANPRERRMFESB LT0.1nl DO0.01mol/1 Y ¥
B @ (pH 7.4) #RMEALTA4TCHBRICES ., &5120.05ml['?°]]
¢- hANP (Amersham) 2 1 X 4BHRIG & ¥ 2WTI0ul ORERy - 07
Dy XFMERLT Ll EHRFERMOFELEC0.0mIOE %R FL VT
2 - LVEBEAEML. SEBEL 2. ARIA 120.3pg/tubet HGEETHYH . £
DERMEIZICRIR25-2T MAERHET 5.

4. mMikgE oz

ODHEAFERPONFREI O -S - Ry 7OREHLIVEHL 2.

5. M#®EEEDHE

FEEMEOREZ. 2OEBRANOLORBEERTAENCEE LYY —2iEA
LTHIEL 2.

6. M#EH2ADHE

msEH 2. OE»LPSCHBENAIRARATZHOMBIIONVWT. BER
FE (PO.) . ZHEE{LIRESE(PCO:). BLUpHAEMBAANMERE (I L X -
2 — % Model Micro 13 ) ZH W, 309 BIAEL =,

7. MBEHEELZSTICMEELLFNRE

BROBIR>WTHRIOKREHEL (PCV) . MFERLEQE(TP), BLUMEFER
(Hb) #HET 2 L R, EREL L TNa. K. C1B L UCa, & SKMKIRE

Flo>WTHIEL . PCV . MicrocapillaryiRic K WMIEL.,. . S

1 2



nrfE»roBIFF L OBEAREZMEL 2. NaB LUK . 44 Y RBE
o & aNa-K& BB M ELE (NOVA Biomedical # NOVAL) #{EAM Lz, ClOH
% 1. CHLORIDETITRATOR (Radiometer#t CMT10) % {EM L fz. Ca® & U Hbo il
Fld, SEvRTI9 R7F+ 5144 — (HWME—FH¥E RaBA- Z) ZHERL
oo LB, BoNRERIIEMELIELEFERETCRIL, HAFNHEEEOR
% |t Student t-testx AW, BHREBESBLU TR Lo THEE L., &2, —K

BRERBHERN_REZRVWTIT > 2.

B2HE REEUE
MARAFLANVTLOMELRFERBLCS T 2ANPREOE L & R HICH
By ALEBFIC. FREFLUTHELLMBEBERLZSVRELAESFERT
HEsnE»PEr BB UL, SEERLLOMERC ST 2 EREH L 100
D26 B LTISH. TSHEBELLIHATH > 2,

£1IH MEPANPREOE(L

control flilt., HH. MBI, BLUELENIE SV TENZNIL.8£T73.6
pg/ml . 52.7+19.5pg/ml . B LV 49.8%20.5pg/nl TH >, LMERER
BOZMERMLCBTH2ANPBEEG. BEAKBC L LVWRMT 2R 452
% & n iz (Table 1, Fig.4, 5, 6. 7) &
SEEBACBTARBENZANPREOELLWERMLT L KRE L LK

B OELNMOANPEELEEZRADIARZL> 2. ERERIBTI2ETO

1 3



ANPEELrEBFEMLroBEGEr»roBoncBIFRERIZ. THLE¥NAN. 1T
Y,=44.9+1.98X . No.2T it Y.=60.8+1.13X . No.3TIlfY:=4.5+4.52X, No.4 T
Y(=106.9+2.32XT & » 7z (Fig.8) .

Ll e OMERRBISZANPRER. EERAALCBNVWTERZDI DD
®\%%&@ma%tmﬁﬁ%w%%iéctﬁﬁ%éntfbtﬁofﬁﬁ
OWMBMEBET., COMMBAHEETIILEPARTHI2PEP»ZHITL 2
EE . No. 1.2 ATCTHLOMELAEUNEKISHMOANPEEOELLLrSHBOSN S
IR EHRSZENEFNY - =40.4+2.17X,Y,-=65.6+0.82X,Y4-=126.7+1.42X
THHY.,. ETCOANPREOCELP»SBONLERICHKHYRIFREML .
HEOEFBHICEELZZEIRDohLr >k, No 3BV TIE., LHERER
TR UBEDANPBEOCEHMBPREP -z, FREOGHEETOEIT
BREULLEHER, 6002 TOXE»SBONHEBERIEIY-=46.2+ 3.20X
EREIDHOEL» 5B ONTEMRMBY-=65.412. 20T H V. BHKBICHEE
REZRDSNZH > 2 (Fig.9-4.B) . DlLom#id. SEKCBIT 2BEH
ANPREOE{LLZ., BROVPOBEEL I LIVEET LI EPARTH D
TEeEREL.

B2H LHREOEL
L. FHREHIKE (Aom) D EAL
DERBERN,. 22 -YYy2ZOLIRP—%90~100mnHg 1% E L O i 12

ADOERTAom % 100mnHg U EIHBR T2 LORCBRELLER. 20 ORI

1 4



CEET LM TER., THHOBEN0. 1T, 111.9 1. 1nmlg . No. 2T,
112.3 +2.0 mmHg. No.3 T, 114.1 *2.8mmHg . No.4T k. 121.4 3.1
nmHg T H#HEF L = (Table 2, Fig.10)

2. EOERAWHEBE (LVpks) OEAL

control fl(%. 114.0 i&m@m-ﬁaotbx:D%%Mﬂﬁ%&l%ﬂ:mvv
25 —H—FRHEBLRZCLL2PHDST138.9 £12. lnnHgiZ ER L 2. £ D%

EMBAFAGTAILRLIVEENREL THEBL P00 KIZIFL129.0

il

6.0 mmHg {i % 7R L 7z (Table 3, Fig.11) .

3. ELEELERMPE (LVEDP) D ZEAL

control {HlZ. 4.1 +4.0mnlg TH -7, FMELAFAHLLLZ L2 P DS
PTHEMBIODIIES.0 £4.Tonllg OEATRL., 2OHIE. No.3ZBRVWTER
TEHRERNTHEBLEZ, SHEMMLICS T AANPEELLVEP L OHBEKRK
FHELETIH0.797 . Mgk TIZ0.707 . ELZETIF0.684 « KB MK M E 2
WTIE0.707 TH o 1z fTable 4, Fig.12) .

4. ELEREDOEARORZKME (LV max.dp/dt)

control {#|d. 2477.3%£372.4mmHg/sec TH V. LMER{ERN KIS T 2
EEsRdoni. SUEWAICBIT 5 ANPRELLV max.dp/dtt O 18 R
iz, BETI-0.491, FiEIAR CI3-0.462, ELE T -0.484. REAREIRA
TI%-0.488T &% - /= (Table 5, Fig.13) .

5. FHHEERI (Ram) D ZE AL

15



control fEiX. 1.1 £1.0cmH 0T &H D . %Hﬂi&%ﬁ]ﬁﬁb'(-—ﬁ@t‘t%%ﬁ%?
AL KRB ESOMEAERKIONICIEL.0 £1.8cnH 0L ERFL. TDHD
My 2@ AR S hi (Table 6. Fig.14) o
6. FHHERE (PAn) DZEA1L
control {Hix. 10.8x1.7mmHg T& V. LHIEARERE L 10~ 15mmHghH & T
#e# L fz (Table 7, Fig.15) .
¥ 3 LHEH(HR)DEAL
control {#itx. 106.0 *21.7beats/min. T&H V. F K - MHABEE
OB REE o =d, DMERERISHIZ116.4 £11.9beats/min. IT
FR L., 20®%EELTAEBPRD Shi (Table 8, Fig.16) .
B4 MREOEI
ODHEAEHEZONFRREIE. —EOLOHBEAHFTILDRERECEYS
o S {EBI£ 109 TI264.3213.3ml/kg/min ICHERF L. DBREHNEBSNTEE
B #OECHB L 2 (Table 9) .
551 MmMmMHERoEL
1. [M#®&E
b%%IW%%KBU%@%M&E%M\w~wtu%ibtﬁ\%%%m
iZNo.1Ti£39.0+0.1 C. No.2TI(£38.7£0.1 C, No.3T{£38.6%£0.1 C. %
S UIZNo. 4TI 38.5+0.1 COHME THFF S Nz (Table 10, Fig.17).

2. Mm#EBEkFE S E (PO2)

1 6



PO, ¥. FEh, 167 ~527 mulg® B AR L 2. T2 H SN0 1T X490 £
25 mmHg . No.27T 3345 =+ 90mmHg., No.3TIE192 £29 nmlg . 2 S U IZNo. 4T
i# 403 56 mmHg T & » 1z (Table 11, Fig.18).

3. M Z Bt R %5 E (PCO)

EIEhPCO. %30~ 40mmHgic #EFF T A L HDWHEL 248, KB L 23.5~40.6
noHgD HEW TEEH L. T2 H5No. 1TI228.9+1.8mmlig . No.2T£33.3%
6.6mmHg . No.3TI!328.1+5.7mmHg . 725 I No.4 T2 30.6%2.0mnHg D{E T
## L 7= (Table 12, Fig.19),

4. M®p H

EIH, PCO.A523.5~40.6mmigi#EF S nNiER, pHIET.22~7. 4TOHH
NTEHLE. TH2HBN.ITIET7.45%£0.02, No.2TIE7.3220.09, No.3T X
7.42+0.05, 72 S FICNo. 4T F7.422£0.040EZRLIEFIF—ETH#RBL 2
(Table 13, Fig.20).

5. JRMERE L (PCV)

PCV It, fEIBPIIIEF—FEDO@E AR LUNo.1TI224.3%£0.3 %, No.2TI$25.8%
0.9 %. No.3TI{224.4%1.2 % . No.4TIX22.0+0.7 %X TH Y ELETED SN
125 o> 1= (Table 14, Fig.21).

6. MPFHLESLE (TP)

TPIZ . Eﬂfﬁﬁ‘?‘*ﬂ&l&0f&f@%ﬁ?bf:b‘?@f%*bi&iti"-%ﬁ@ﬂﬁ%ﬁib\ No. 1T

4.8 £0.2g/dl . No.2Ti%4.6 £0.1g/dl . No.3T 4.1 £0.1g/dl . No.4
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Tl£5.4 +£0.0g/dl T& » 1z (Table 15, Fig.22).

7. I FE (Hb)

Hbld . ZE&MBE L L TPV 225% CABLECEPSREBEPEMEZRL.
No.1TI$7.8 +0.2g/dl . No.2T£8.6 £0.5g/dl . No.3Tx7.4 +£0.3
g/dl. # S UIZNo.4TIX6.0 £1.0g/dl THYMBEHFROLDEM@EETRL 2
(Table 16, Fig.23).

8 . [ iEi&EE (Osm.)

EEEREEMSE <, No.1TIE309 £2 mOsm/l. No.2T 2315 +£2 mOsm/1,
No.3TIt309 1 mOsm/1l. 72 &S UIZNo.4TIE310 £3 mOsm/1THH . KRERZE
LizBD Snh -z (Table 17, Fig.24).

9. Mm&E+ kU Y Ah(Na)

ZHTIEIF—EDOMAETL., No.1TI£150.9 £1.0 mEq/1 . No.2T I 153.9
4+0.8 mEq/1 . No.3T(+152.3 0.3 mEa/l . 2 SN0 4TIF1569.1 1.3
mEa/l T & » 1= (Table 18, Fig.25),

10. M#EAH ) D A (K

EHTEFIF—FOMAETRL. No.1T(23.14+0.24mEq/1 . No.2T ($2.88%
0.28mEq/1 . No.3T{%3.97%0.12mEq/1 . t«Bpr:No.4?c13.03i(LlsmEq/l’
T&% - 1= (Table 19, Fig.26).

11. M2 a - (cl)

EHTIEIF—FOMEAERL., EHBR P No. 1 TIZ107 3 mEq/l . No.2TI(L108

1 8



+ 3 mEq/l . No.3T {2108 £1 mEq/l . S5 ICNo.4TE 111 *2 mEq/1 T
H3% L 7= (Table 20, Fig.27),

12. M#EH LD 4 (Ca)

ZEHTEFIF—FDOMEAERL. BEBBFEN.ITIEI.6 £1.2 mg/dl . No.2T &
3.8 0.6 mg/dl . No.3TIE6.1 *0.2 mg/dl . 2 S UICNo.4TI£6.0 £0.5

mg/dl T & » 1= (Table 21, Fig.28).

B3E /N &
ODRERAZBAWTCTANPOSWHEZ®RE T 2546, TLOMEER] &0
EEMLZEREBEBANPRBREIILTEDE I REEAB LI TLE» %A
ZUNEBHD. TITEHRERIBNWTE., LIIEXRERBIIBITISANPRED
ZRZBEHRHOICHET L LI, BEREFLLTRELOBEERZS R
OHBEEFRCLAELZLAEZERP—FEORBEANTHEB I EL L PARET
HoleEPIXOVWT, LA T - TNLEXLLIIVUELRLEZLEENS XA -5
-~ ZERLLTERPOCBRELL, SEERLULEOMEROERERMIZ100 &
M2 6], 902 . 1508 &EL 1A, EHYILInHMTH-72. CTORMITBIT 2
ANPRER. EREBAO4IEHN. T2bbER. MBK. ELEB LUK
HRBEMEREA» SERLEMBRODVWTHELR. 20OKR. BERSP.
ANPREIREEBEHCHEM T2 EBERENZ, LErLEBMEICBIF3AN

PRECAEEZIZDoh o, ERCOANPEEOHMMEBIZERRH
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KBWTRZ2LOD, ERPYIMMY 2 LVERS L.
SEOLHIERGERIE. MAFLZOUREZABZAABNEHEL., ¥IZEH
ROBESMBTE2LOREBRPHE LTt rs,. 2EB2EL TH
BWREIRE (Aom) A - VY FZDLIYAI-RKELVEEFB—FBREFHFELI.
., EHEREE RAm) . B ERKE (PAn) 2S5 R AELZBIIWRRME
(LVEDP) . EEHEEBMNEHATCHL TP ERL., T ELERANGENE
(LVpks) . ELOZERNEDOEALE O KK (LV max.dp/dt) {&{E T ¥ 2 [ 4532
Shte. g BLOWENSA - - LANPEELOMBRERILLER.
LVEDP & LV max.dp/dtf IC#EHBYICHHBI A2 % S fv 2 (p<0.05),
OHEEOZELE. DHERENOR - BOEZFICABEL2Y, L—BH%E
S tRBBDONTHN. FDH%ILL100 beats/min. Fi G THEELHB L 2.
DEtozceh»s, OHEXAZ#HWTANPSWRRCET2ERLZTHET 315
4. ANPREEORBMMMATSCZRLTIHWBNELZ2FHETILESH S
CEMHB LI, g, TOKROELHAELS T K LBHOZE/G . LVEDP |
LV max.dp/dtiCHHBiEHonzb00. 2EHREEITIEFHEEHANATOEH T
HotezkHhS5, TOANPREOHEMIINTIERENLEREEIIZNLOL
Bbnhit.
%@@&ﬁ?ﬁ\b%%ﬁ@ﬁﬁﬁ@mﬁmﬁﬂﬁfﬁo\:@%%QEM
HWEEFET T2 Assontzce. ROBECNLAFTZMAZORD =8

I'4

ET55810E., LIBESSISKETI2cesTFRENZCELS. ATR
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OiEAERNE. TEZEBIRBHCNAZLENHZ2EBbhfz. TOHE.

ATHHBEOANPREEOELAICS VWTR, BEMNLBNE2Z2EZRLIMO T ILE

Mhodrocho, DHEREUMEONMOBEELLY, TOBRDOANPRE

DHEOTEEABH LR, DHERAEREZISHULOANPREOE

throBon2BREREZANPREOERMNE{LOHEEERL L. EEFAN

PEBEOEIAEETICLEBARTH > 2,



g% DHEXOLERKELSTAANPRE

MBEOEBREHLS. DHEXRCIBTSANPOZRIELE W TR LL
%%\®%%$@%%%%Eﬁmﬁﬁb\%®%ANP%E@&%%K@W?
5:&ﬁ%%btoit\%@ﬁmﬁ%&ﬁbt%%\b%%KWQWMGA
NPREOE»S., TOHDANPBREOHENARTH> . THSD
@ArEEUAETIE., COLMERERAVWTANP FBIIXNT 2 HIEE 2 53
tbfﬁb%wﬁb%ﬁﬁiﬁﬁ%mit%émﬁﬁéANPﬁgwﬁkﬁx
UZrORMBERIZOVWTHRHT 2L 2#BHELTUTORRKREZIT- 2.
1 ERMEZOCITE®

#1HE #HEX

EBICHWEE LY Y-S O MASh L HEMASH (48, H1H.
kT 10.0~15.5kg, F#12.0kg) #EA L. HRRICH L TIERRMW. —Mi&
BEREBE. NERE. BNEXERE. CENBRE. BLIULRBERBREEZ S
BL., B OBCEESRBDOoNT 747 ) TREDOREZERL L.

£, BEEBCKAE T MBOHMAL LT, HRKX & MK EKERICE
BLLERBEOMERASEHZHEL 2.

B2H ERAE

EBRAEIR. MBrABCELEARLOHEALZTRN. ELRENLEER

FHAEMALBADANPEEOELLRSPVWTLHNEOELEELRBRL L.



coBEE. MEOREPOLMERACBTALBEETL YL TIEH 2 BEH
KET?é@mK%ot:&#B\Eb%«@@%ﬁﬁﬁb%@iﬁ%%&ﬁ
MEHIITOYILESH200eBbhrz. LEX->TERAFGI. LHEEXZ
ESULIIDMBEREIELOBIZIT 2.

AEARERBAELCEOR R LIVEEA =2 - LVZEiAL., 2TOA =2 -
LA ODHEABEAREA LA EINLERAGERAR VY TEEE L TATEERL
b\é%@ﬁﬁ@@i%%ﬁéﬁfﬁ%@—%%E%E%W«%MT%é@%
AL R (Fig.3) .

BRI AER. DHERFEUINREBEE. EENOZMEE2—EICHFELLO
L, ARER»SCRABREENANNE*AF LL. AWORER. ELZILRER
KHIE (LVEDP) % ¥4 & L. LVEDP »20mmHgll LW ER T2 ETTAFEAEMA.
FORIBCORKEATEIHLEVNHEERFTLILOLAFEZRIEL 2,

Lo e LHiERST . A2 BLCHELARCMEERE €=
s - LLOMigEEa2 Yo - LT 3LEedbil, DAERZSUTICANPREZRE
BRICHELL. ABIRAECTIE., 346 (No.3. 4,5) kBT, MEFANPR
BERMATESORLEDHBASERLDWTLBELTo . BIEFEIE.
FRAFHRLEGSTAZTHOLEERBA 22 x 2 x 1 onfRBM L., HERF
UL #ic >0 T, Kangawa 622 OFFERELTHREIRX—-bLEY YT

AR LIZRIAWREODPEL 2,

2 3



28 RERAUR
&ﬁﬁ5%%%mb%%ﬁ@ﬁﬁﬁﬁﬁé%ﬁE%@iﬁﬁwﬁTéANP
%%@%%%%kwﬁmfmﬁbto%@%Mbtb%%ﬁ@ﬁﬁm%ﬁb@
B EWEMIE. No.1.2TIE109 M. No.3.5Cik 54, NodTIR 1 FRITH -
2.

H1H LHEDOEL

1. KO EEEFRAE (LVEDP) O E 1L
LDHEXREEAEELLOL,. EREMF LU THEL 20migll LOE % F
rhdERBCANESRAW ZMA S, LVEDP W2flL $1220.0~42.0
mmHg & B @ { % 5% L 2 (Table 22, Fig.29).

2. FHRHIRKE (Aom) DEAL

Aom (2. OMERBERSALH IO THBIALY, EFAFRKIS L
ThbARERELITED SN >z (Table 23, Fig.30),

3. ELERAWMBE (LVpks) O &AL

control {fit. 88.0% 15.lmmHgT &H Y . LHBEAIFERIONHICIX125.5 £
22.2mnlglt BB LR LS, 20RBETTa2EASRDONTZ. & K
%ﬁﬁ%wﬁ—ﬁﬁwamwiﬁbtﬁ\ﬁﬁ%%t&%wﬁvﬁﬁﬁﬁﬁ
1T R - = (Table 24, Fig.31),

4. ELERNEOELROFZ KM (LV max.dp/dt) D EAL

No.l.2l BWITEERERIcLb L —@RIERLEDS., ARBREICIEX

2 4



x L EEIEE SNz (Table 25, Fig.32).
5. EFiéJEEE(RAm) D %At
DREAENZIHEEMEELL0 cnll.0 FETCHEBLL, EEATITL D
RN K286 6. leml 0 E TRAMICEERZ LR SROONLDY., ARBERE
i IFEFATMMEE TEEL & (Table 26, Fig.33),
6. T ENARE (PAm) DXL
D iE AR ES %1210, 0~ 15, OmnHgRl Z THB L LM, EBAFHR & DL NR
% 35.0+6.2nmilg T TCTLELRL. ABERBZRCIEIFTAFMMELCEEL L
(Table 27, Fig.34).
#/2I LA HR) DEAL
control {&{E. 133.7 *41.7beats/min. TH o k. LIMEREREETL
T 120beats/min. FIECHB L., EEAFERICOLREREHRIA >N 2L -
. L LEAFBREL TP LA T2HBPEAD Nz (Table 28,
Fig.35) &
B3 MmMmBEoEIt
ORiEAERBIC BT A2MEREIE. 72.225.6ml/kg/min. THH. EBAT
B2 id R AL115.3 £16.3ml/kg/min. & THMUL A5, AEAFREIEL50~60
ml/kg/min. §il % O TH# 5 L = (Table 29).
BA4IH MmMfEPRPANPREOZEIL

control fix. BOE. H#K. 25 U0 RELEANTI6.8+60.3pg/ml TH

2 5



> 1z

D%%$W%&wﬁ%®ANP%EM\ﬁﬁ%miﬁ?%@ﬂﬁ%&%n\
104 {E 1 120.0 = 65.7pg/ml . 204 {H (L 167.3 +88.6pe/ml . 3057 fHIL217.9
+92.3pg/ml OEETRLE. EEAW%. ANPREZZBEILEAFL. I=ROE:
% 10474 ic 1£598.5 £250.9 pg/ml ETERLAL. /2. COAFRKLESH
o E R, No.1.4.5T i —BHETH> BN 2,30BNTREDOEBLERT S
AR SN i (Table 30-., 2, Fig.36. 37, 38, 39. 40).

O ERENZINEOANPREOEE»SBONTL, BERERHALBYT 2
SEMZANPRBEOMMEAEET 2EBEMRIE. No ITIEY=59.9+4.97X,
No. 21k Y=123.6+3.33X . No.3iZ¥=44.9+1.11X, No.4|ZY=150.4+6.55X . No.5ik
Y=-26.6+8.53X Thol. £f-. EREAWNBKLADOSNTANPREDOERL
FEEAE. No ITHROMEARERNISS% (AWERE) . o 4§l T s
AES ZNFN5TH%. 665 %, 455, 509 #% (AMMERIINHK) THO.
COBAI BT ARBHMMEIVEESINSANPREL., & 4298.4pg/nl,
313.3pg/ml. 105.7pg/ml, 445.0pg/ml, 400.0pg/mlT&H o 1z

COBE. AHNBIEBIZANPREOEA2FHE T A2LENHL I LD
5. CNOORBHLANPEEOHMICLAMEANPRELERILAL
RPANPBEE»S, LHEREHMIABEBISEMNEBLOANPREDF
MErgELr L, thrholmMEs+ERACLEELERRLLE. T O

B, AWNKBICBIAANPREEOHIMEIZS02.9 £159.2pg/mlTH D . FEEH

2 6



Fe N B 192.4 £ 112. 1pg/mlicEBEL THBRHEML TW A Z EHBHHAL L
(Table 31, Fig.41l, 42),

¥$5IH HHBRNANPEEROE(L

EEARARFINBREBT S, LEHABFOANPERTRBOE(L%Z 3§ (No.3.
15 koW THBELE, TOHE. HLCSVWTERARHNOLELEANP
SERBBEELECEELESEATRL. ERACBB 2EGL0EHBFTOANP
aBEB A —tHMA {A0E34.426.7ng/mg-protein, AL B 65.9%29.2
ng/mg-protein(n=5)} #R UL 2. AWAKEIC BT 2EMAL. 2HTEHDIL LM
1 B clEemasERs &l (Table 32-.. 2 . Fig.43) .

FE6IH MEHERoELL

1. iR B

O ERFERTOMBERE L. 38.520.5 CIZHFEIN., 37.0~40.4C D
B CH#FH L & (Table 33).

2. MEEEESE (PO2)
ODHEABREOP, &, MEBEARASE L P 5433 £126 mmlgil £
RUZOHMEIL256 ~675 nmHgT & » 7= (Table 34),

3. M ZEE{LXFE 5 E (PCO2)

D ERERGDOPOO#EHEBERHBFTALOCHAGBLLCL P S2EBE
MU T, 32.0+14. OmnHgD EMBBONLPZOHEHMAILZT.6 ~68.8mnHeT H » 12

(Table 35).,



4. M#E p H
b%%Kﬁﬁ@@ﬂﬁpHﬁ\l%i&MT&D%@ﬁ@ﬁ%w~1MT&
- fz (Table 36).

5. FROIERE ML (PCV)

O EARBEBRE OPCY (&, 24.324.0 BICHFENLPZOME 180~
29.0% T & - 1= (Table 37),

6. MEHLERDE (TP)

L EAEEBOTPIE ., 4.0 +0.4g/dl TH O ZOHEIZ3.2 ~4.8 g/d1T
&% - 1= (Table 38).

7. I % & (Hb)

OiEAFBEE O, 8.5 £1.6g/dl THH ZzOHBIE6.3 ~11.08/d1T
% - 1= (Table 39).

8 . IMi#iZi&EE (Osm.)

ODHERFGER OOsn. . 311 £8 mOsm/1TH D Z OHEHIF 301 ~326
mOsm/1T & - 1z (Table 40),

9. M4+ b1y v A (Na)

OERGE P ONalE. 154.8 £3.TmEq/1TH O = OHIMEIF 147.4 ~159.9
mEq/1 T & » 7z (Table 41),

10, M#EH Y D A (K)

LDHEAFERSBTOK (&, 3.26%0.24mEq/1 TH O FOFMEIE2.91~3.81

2 8



mEq/1 T & » = (Table 42).
11. Mm# 2 a - ) (Cl)
OEFEREESOCIE., 109 +3 nEq/l TH D Z OEMIZ103 ~115 mEq/l
T & » 1= (Table 43).
12. M¥EAH LD A(Ca)
OfERFEBRPOCalE. 6.3 £1.5 mg/dl THH 2 OHEMEIX3. 4 ~9.0 mg/

d1T% » 1z (Table 44).

B3E /N HE

LDHEPODWENZ2ANPORAGSIE. TCYEMLZANBAVPEELZRFTH S
rEZONATVWS., *CTEER. YAKCELRICEEBL, ELRRXT 2
AFHMBOANPRWEHT 2HB+M2BMNT. LHEXAEZAVWTERLS
BEFEZMA. ANPHEEOEEZHELL, LHEFITSTS2ANPORM@
T ABEBICHELTE., RSB LR VWANPEESMMYT 3 28
KHELIBEIZBWTHERLE. LEB-> T, FETIH., CORBNZANPIRE
é@m%%%btif\ﬁﬁﬂﬁ%%%ﬁéﬁfﬁ@%E%wﬁbgiﬁﬁ%
M 12560 ANPREOEATODVWTHRFZMA 2.

FODR., LVEDP 2#EBL LEEEANOARBTRATICL Y LVpks ¥ LR T
5 RBICEHIGHRE (PAn) BLUCFHAEE (RAn) BLERL. EHZLA

B OKEARL & (Fig. 44). DA (HR)IE. LB EILE L 120beats/min. §I{%

2 9



Tm%b\EE%%%E%K%&EH@%&%&&#otﬁ\ﬁﬁ%wﬁmf
el LR TAHERABSEDSNTL.

ANPREEOEIE. ODMEREME. AFHENE CE. MELRAKRICER
%Ctﬁﬁﬁ%mﬁ%?éﬁmﬁﬁﬁéntob@b&ﬁ%E%E%ﬁﬁ&@
ANPREIRZ. SHOMMCEBELTEORARKHEMT 2 e PHERS N
L R CTCOARLHMMBERATICLLbRIEATHLILEMOLEN
HHroLhs., DMERENIGCETIEELELELL., AHKRIEBT 2 A
NPREEOEEOHMMBLAWNMOANPHEOELLELIVEHES N IERD
&ﬁ%%t%&ﬁbt%%\:@%ﬁﬁﬁ%ﬁﬁﬁwxéﬁ%&@mfﬁé:
LBNERI NI,

MiEHERIC PV T, MEORBCEBELTZOEHHERILY>LbDD
kg BEiFicavyibn - LI Niz,

LEoRB#E»S. EENOAUEBTEBAMNAZMA P LI LIVAELRALED L
RLEPERIN,. COLOYARALAFHORBECBWTANPREORMZ LR
Reonkcbtld. ELZRREHTI2AHOARBEATZ2OTIERZL., GLF%RD
ARLEET2LbOLELONTL. LAL., AWEHBKBUTZ2L0EHBEADA
NPABFEBOEL»SIE. COMBEFANPEEOMMBELRE S SDLEH

KTHLIPIEAHATH» 2.

3 0



5% FOROZEEFELBYAANPRE
LDHERCBIAEERBAFNCHNTAANPOSRYELMOIBHTIN
if%%%%ﬁbf%tﬁ\mﬁifwmﬁwgDEEﬁﬁ%EWMswiﬁ
&@ﬁwED%WE®L?%ﬁ¥én\ﬁbﬁﬁ@ﬁ%?%ﬁ&ANP%E@
rEsEBEshhctid. AEBRKBUAANPRBECOLREILTLLERD
ARERAT b 0TEZL., ALROAHHEE T EZT X 6N,
%ﬁf$ﬁwﬁmfﬁ\ﬂﬂKANP%wEﬁ?éﬁﬁﬁﬁw%%%ﬂéﬁ
BT, MEBOSESLMEREZERT I LEBIC. EBENOAFRSHLRICHE
BLREVWLI AN ABEH TIAEBAERT L LI, u-5-RY T &H
HLTHEANOBEMBEAXFEFFLL, FLELROSOFERICBTLLED
LLEERANAHZMA. AWANBRCBIA2ANPREOELEBEL 2.
B1E EERMHBLZSUTIHAE

H1H #HHERX
EBRIIHYWREELY Y - L OVWMAIN MR RNSHE (26H#. KE
10.0~14.0kg, F#12.1kg) ZFEA L. HEARICETERERN,. —REKRGE.
mmﬁﬁ\M%Xﬁﬁﬁxbﬁﬂﬁﬁ\anmbmﬁ%&ﬁﬁ%ﬁm\bm
CEZEZRDT. 747V T7THEEOREERL 2.
it‘ﬁﬁ@%mﬁﬁiémmwﬁMﬁtbf\&ﬁﬁtﬂﬁ&%ﬁ%wﬁ

BLERBEOMERARSHZABEL .



¥2H ERFE

wBAEE. BISLARCATRERSHE SR rAENLOBERIC. EBEA
DEMAELRIRERLAVWED KATHREGEER Z ML . ESWERE K

grmmEEx@AmL TELS @ﬁ@ﬁﬁk;ofwﬁﬁ%%ﬁbt& EEBE AN
s MARANAMA,. HBCELRCAWERELLBAOANPREOELL
wOWTHET2LRBRONELOBKEHKITL 2.

EEEEESRE. OMERENBCSLERLIVEEI -2 - VEBLEE
AL, FlIAESZELL., TLTERAHOGELRNOHEREZNHLET 51
Hic, AR LLAZVWHBERIGELTcOEREMML. MKz —BELELD
ARIAAZHLTANAEEHELL-O, SHESh MK s B UEEA O ME
~NEHR L 2 (Fig.3) .

AT BT ALMBERE., THEL2BIVELRKBELLAFWZEL T 24 %
NeHarcehroed, DHEREMNEZL~ISHEREEL0L,. LAEZE=Y
LRSS ELRANOBENERAR Y T HFBL CHALEI S L R
. AWAERPOEENINEAHASIETELROFERZHGB L. BRI
RRAEORAOMEBRBABE2ZT L LTHEETRRELCRBRIBITSE L.
EEANOEABTAHEIEX., EBENDZE mg%%ﬁk@méﬁéptkioﬁﬂto
BEORER. MZLEMHICLVEIP 2EEe L. £, MECHL TRME

rEgCFY. DEEBERNOANPESEOE{LEEMITOVWTHEL .



B2E EERAA

MAASHEAOWLOMEAEREGE., ELOROBRIEBITI22EEETREAN
W T AANPOWMIROYSWTHFHE2MAL. SEO0OERICB T 25 E & 6
. No. 1Tl 103 0. 4B cCiEs TR 2.

21H LHAEOEL

1. ELEILERME (LVEDP) O ZE AL

EEEﬁWMMNNPH7J +3.6mmHg T & - fz45. LVEDP %35 & L T 20
mmHg Ll L O EBBONS LI ERBRARZMALER., AHREDLZVWEK
21.9+3.8nmllg £ TLER L., VHORERHEMPBOND L FEFIZ13~26nnHgD
HETHS9M (No.l TIRI0GH) #IFShi:. BRNFERBTIIFTAGEHE
(7.1 3. 1mmHg) ICEI{H U 7= (Table 45, Fig.45).,

2. FHRHKE (Aom) OEAL

OB ARES 105 %12 813 2 Aom 13100.3 £17.9nmHgTH 0. ELRIBEEI
BTEELREBNEDIE—EQCMHETHBLL. £/, EEATHHICB T 3
Aom (£96.6x5.4mmlg TH . LR KRELETETH SN 2H > fz (Table 46,
Fig.46) .

3. ELERRKMMME (LVpks) DXL
ODREZEAREHI05%I212130.1 £ 15. lmnHgD AR L 4. EEAGEMICS
7 2 LVpks [£107.9 £9.1mnllg ThHho»., EERAFMRE LV —BHR LR

L171.6 *50.8mmHgD 2R LA, BAEHEREEBICIFIFATAIME(107.5%
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8.5mmHg) IC @8 L - (Table 47, Fig.47).
4. ELCEREOEALEOR KM (LV max.dp/dt) DE AL
EE&TMAIE1367.1+435.0mmig/sec. THh o, ATIZE b2V —@%IK
EEmED SN (Table 48, Fig.48),
5. EHEEE (RAn) Ot
O IEREBI0S%ICB T 2RAm 1£2.5 £ 1.4eml0% R L2, ERE AR
BWTLHRASI £2.5cnH 00 fARLLCERP S, EBARIKLILIAEEAND
LEITIFEALERED SN D - 2 (Table 49, Fig.49).
6. FHMEIRKE (PAn) D EAL
EBEATHIE5.2 £2.6nnllg THod. AFBHRICIETRA22.42 11, InnHgiZ
TRLULEEAHORESIDoh N, AGRK%KIE6.8 £1.Innllg 2R L &2
(Table 50, Fig.50),
B2 LB HR)OEAL
control fH ¥, 123.2 *28.8beats/min. TH» 1225, LAERERK152.4
t11.3beats/min. K LR Lz, EBREAHEBHIBVWTRARELZERTRDOSNT
111.0 ~166.7beats/min. D{H %7 L /= (Table 51, Fig.51),
B3MWH MEEOEIL
EFAWHAICB T A2MHERIE. 52.6213.2nl/kg/min. THH . EFE AT
i AK125.9 £40.0ml/kg/min. £ THML . BEEHRBRETAWIHEICEL -

(Table 52),
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w4 MEPANPEEOEIL

ODHiERAEMBICBITA2ANPEEOEIT. ChETOHRREBEZEHD
cHRARERTAERMPREDONL . EFAHMKBICBSTSANPREILT. A
BT, 188.5 *61.3pg/ml DEERL 2. BE %105 TIE323.5 £174.6
pg/ml & % EH L/ (Table 53-,, 2. 2. Fig.52, 53, 54, 55, 56),

ODiEAEMNE» CAMMETOANPEEODEEPSBO N, BHEH
KWHBITABEBEMNLZANPHEHBEONMMEZHE T 2EHIBERIE. No. 1T I
Y=107.3+2.49X(10~904) . No.2(fY=69.1+2.64X(10 ~45%4) . No.3id
Y=73.8+2.50X(10 ~304) . No.4ixY=100.1+1.16X(10~60%) . No.5iF
Y=104.2+2.69X(10~604) Th-o-. EEAFHEHEIBITI2ANPREOCE( %
REOLZANPREOMMBEOLEHE LU LESAE., % RMMEB XL ONo.1ITHR
125 3% . No.2TIE709 %% . No.3TIL 60 9% . No.4TIl1855 1% . B & UNo.5
TIEHINHETHY, CORARLBYI2BHBOCHEENSANPEEIR. &~
418.6pg/ml, 253.9pg/ml. 223.8pg/ml. 198.7pg/ml. 319.4 pg/ml T&H - 1=
(Table 54),

LEOBBAMBELRE, ANECBI2ANPRBEOE{L T T ALE
PSS, CHODERMZANPBREOMMICLAMHEREL., EBCLAL
FANPRBRELOWT, EXBROHICBTA2L0MERAERIODEHOFHE %2R
ELRBOZEMBAEEULER, ANKICBTAANPREEOME R

233.9 +164.7pg/mlTdHH ., BB ME188.3 +85.6 pg/mlE OICHE
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hEFED SN o - (Table 54, Fig. 41, 57),
w51 HEANANPEAROEIL
EENOFBAWMKLBT S, EGOLEHBERNANPAFEOEII
WTHEHZELLER. ABAICBNWTIES B 48 (No. 1. 3. 4. 5) THLER
e LELETEBEAR U, BWKBICBT 2EE. 36 (No.1, 4, 5B
WTHDEBmZRLUES1H (No.2)TRREML. 18 (No.)ITBWTREBRD
ODETERZA2RIE%ZRL 2 (Table 55, Fig. 58) .
% 6 IH Hn%m%#iwﬁwl
1. M&KEE
OMEREREPOMBEEIZ. 38.620.4 CllHHBInh+rOfEHEIL36.5~
33.7°C T d - f= (Table 56).
2 . I Es %S HE (PO2)
OMERBEIRPOPO, F. 399 £54 mmHg TH Y + OB (2254 ~492mmHg
T & » 1= (Table 57),
3. MK ZBEELRFE S E (PCO2)
OREAEEBRGF OPCOE. 33.4218.9mnlgTH Y FDOFHME L 7.1 ~88. 0nmlg
T & » I (Table 58).
4. M pH
OHERBERPOMB HiZ, 7.4520.17TTH YV 2 OFREIZ7.12~7.81T &

- f> (Table 59),
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5. FRIMERAE L (PCV)

LDRERBEPOPCY . 24.923.7 BIHFINETOME L17.0~28.5%
T & - 1= (Table 60).

6. MFEHREBQER (TP)

DR EARERPOTPIE. 4.0 £0.6g/dl THHZOHEMEIL3.0 ~5.0 g/d1T
& - 1= (Table 61),

7. It FEE (Hb)

OfiEAGERP ONbIZS.9 £1.3g/dl TH O ZOHMEIL6.5 ~10.78/d1T H
5 12 (Table 62).

8 . IM#i#EE (Osm.)

O ERBEEOOsn. {d. 312 =8 nOsm/1TH Y % OFMH 290 ~324
mOsm/1T & - 7z (Table 63),

9. Mm#E+ b1 A (Na)

OMERFEERF ONald, 154.7 £5.1nEq/1TH D Z O EH L 145.5 ~166.5
mEq/1 T & - fz (Table 64),

10, MmEEHY 2 A (K)

DRERFERPOK i, 3.2520.25nEq/1 THY T OHHIF2.84~3.82
mEq/1 T & » fz (Table 65), |

11. M4 2 a - ) (Cl)

ODEARFEREGBOCLE. 109 +5 mEq/l TH O FOHHIF100 ~117 mEq/l



T & - 1= (Table 66),
12. MBEAH LD A (Ca)

D%%$ﬁ§¢@%ﬁ\L4iL9MMlT&D%®ﬁ@ﬁL8~NJ

mg/dl T & » 1= (Table 67),

FE3E /N E

SEETOEBREA,S. LMEAOERICBISANPHEER. BHHL
LRL. X0k EREHN P 0ERARILVELRNEO LR OVBES L. &
LEBORMELZVANPOSRIRAET B LHHBL L.

FCTEBETH. ERAORBSELRCERLAVRICEBEZHRT 5 ¢
A, GREAORKNBEELABRLISETERRRELLAHICHTZANP
DRWEEIL >V TR MR 2.

OB, LVEDP % 20mnlgll Ll LR S TERC AT RAFEMA 1
B, ELEORE. BICRin RAE2ZEIONTREEELCRRBEL 2 &
ﬁ%%%:kﬁﬂ%f&otoC@ﬁﬁﬂﬁﬁéANP%E@%km\%bm
tRTAEMEIONEY, METRADONLANKIEBYA2ANPREDA
MaMEBD oS . T, TOMOORE. LIS & UM TR
CBWTLERARMNBRBVWTAES LT ERDON LD > I,

DEORSE» S, OMEAERAVTELRKBELLATEMALEE. &

BHBEBCBVTTALERQILESERS A L 22b56 Y. MEFRAN
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PRE I KERELSRDON AP LI, EBICHT SRMEARETAN
Pﬁ%ﬂ%%b&w#&6Wﬁ¢&m%@t%i%htoit\C@ﬁ@ﬁ%
NANPEERBOL{LHN., —EOHEAAERS P>}, 5D
EB AL BELT2000. DEHBHOANPEHERLT L OMBEPORE

ARBTA EEFTAONLDL oI,
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BVE REROULEE

R BT 2 MANARRBROFEEE. EXLV=Yy - T YyFF TV Y - TLUER
2AFAQVERNY T Ly YV REDEANVEVIZEDVBEFRESATWS, TOFH
ﬁ%ﬁ@ﬁéhéctm;oT%%ﬁEE%%ﬁﬁin\E%wm@&ﬁﬁ@
eI Nns., B, CORE - BERESZCERATI2HLVWYHELE L T,
LDEMS MY DSAFRXT7FERK (ANP) 529 | AR XY Y 2 #
ME2 TV bANWEFZ VY REY VRS R UBMEHIATWS., 2ThoO
MBESHIC., ANPRIED THEHNZFR., bbb NaFfIRER' B8 LU
MERBRTER® 2FTscePBHEIL,. ZOFEHMCHALTLEVWSHTAE
CHESEDSNTER, ANPREBADFERBREL ELIZEG 5030 ||
FOMERARCEIVEFREIBTS2BEE. ERENSIVAEZHAM T2, £/, AN
PiI. BREZROPLTHAILBICHEARXRTSZIRLEYTHE I NS, HERH
HCOEELRFAHNERE2EI>LOTHATEBRESINALTWS., CThETO
%@%%m%5¢6$»%yu\Imi%wﬁ*m%?%%@@%muﬁ@ﬁ
HelT, R 2zRFLTOLEA#% (RE) 73FERAA2RTORML. AN
PREBAKRBIRDL. BM—HEBMHCARARVICI2LLOIBEER%2FR
L RSB 2ERHEO#HBFICEAS LTV S,
COEILBOTHBOLIERAAETAANPOS WX, FHEARZBNT

MER S EEFENY | ZSTRHBNCHASBSATVN S B, Th
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6@%%%?@55%K\b%mﬁ?%&%ﬁbt%@%&ﬂﬁﬁANPwﬁ
Mt EELRINAERELTVWR3EZELAOSATHS 2 ', L Lo, DF
MEAAZZARLODVTRTHRBHINTBOTRELTAHRZANSZ L,
FCTCTSEEZIEZ. ANPORWHEEFOI S, MEMHABIKOWVWT., 4
CELRRKEBL, ELRNOBFRAGVPANPOGUWRHEBIIHLED L DI
HEABLEITHLPEDTPANEEMNT. ROLWHERETHWTHRIEMA L.
ORitEA L. Patterson 5°° OHMELUR., 2L OLHERRRED -2 L L
THEREhTEY, FROEEEEBR L, BOTHRMZETLE L TLORA
FOWEEDINTA2TICNLERFETHIEELZONTVWS, SEFHFIFC
@ﬁ&%%m\@WE&%Ucﬁﬁmmmﬁwomfﬁﬁb\ﬁ%ambbﬁ
BEZEHICHEVKETHFILLLET, EORKHLEBAGEMA . AT %
KBIFBSANPRUWRIGIKZ2PWT., BROEFOANPEBELXZHET S 2 &K
LVBEZIToL. 2CTETHE-RBLEBVWT., LIHELXBIREEMNBANP
DWHELSLIETHEELODWTEBELLEOL, KWTE_BLUBEZFERBI
Lo TEREERRHUOBR L28FRBAFEAMA. ANPODYWEEDR
Bz A & 1z,

l.b%%ﬁ@ﬁﬁﬁ&HéANP%E@E&E%T%%%
SEARVWELHERORN ST, BHCPHROEELZT I 20RIEI LR
- HFBRULEREL/EEL., LBELNBLUVBATO OB LA

FRI-THET DN TEBIELELLHS. —FH. ANP OB LI



TAIMENLAE., T2bb, MBLUZAFRORARPIEAELAFETATY
3, COBERILPOERFRELLBWVWT., ANPOLWHFEL2RATIHSE., 0L
EAZBABVWZ2CLEBOTHATHIEZEZOoNZ, LArLasS. LR
AEBVWTLAFRKHTA2ANPLROEZHETIHEG. H5»P L. &
ODEKEERZAIBUBEEREL., ANPHRBIEHLEDEIILUEE LB LI TR %
BIBTA2LESSH D, FCTCHE—ERTE,. BATREBLIBITS2LMEERDRE
BEHESANPRBEIBLIEFTRHEI DV TENMNICBHEL .

DAL BNTOREEARETIEFIR. RE<HTAH., BLUHATFK
%H%héﬁ‘Eﬁwb%%%%ﬁéﬁtwmu%mmbm&\mmﬁ\ﬁﬁ
ROUVRBEREMBELRLEABRECHETHAILESH S, LIEP>T, KRETE
LRIERCBY 2 0BECEFEA2H2LDR. RATHOHREL L TEHKRD
RE (Aom) . ELZERANHEME (LVpks) . ELEBHRNFEOELEDOR KIE
(LV max.dp/dt)., 2SR EYMEIRE (PAn) . FIAFHOEEL L TELEIE
SRARHAE (LVEDP) B LU FEHHERBE (RAn) . TSR LEH HRNKS>WTHE
Ly & BROBREOPVWTE., BE. BB, BLIUVEREOME 21T -
o TLTChhOoDESFEENTHEL#FTZIELOCAI-Y VY ILIY AP —
BLUOEMNBELAMUBRS € 12,

TOHRR, ODMBERTIHIIMBIFCERL., oMLy, BROEPO A
NPREGEHEMEBICLLLVWEITFEROZHEM T 2 BB L. &

fo. control OANPOEE, EETHEMEARL 24, OBAICH W T



FEES@EesRLECEPSERLELOMEREIERTTLELTHRRILH
TEsbOLEZONL., DHERERNZLCST2ZILO0BEBFHECHTIND
A= -—DELDI>L., ELRZOKAFOEETH SAom FAF - VIOV
DAY -TEEF—FBR#EFN-H., Lipks GEBRBFOL I L IZHEHD T 2 RS
BHoht., £, MAHOEETHALVEP B LEREHEASESH. GBLEOD
MEWOEETH AR Wb FHLIZHMT2EEAMBAEONT. L L ZHSHR
. BEMREKACETIS2HERBEDS T,
Ui®&%®€t<®%%$@ﬁﬁﬁ£ﬁéﬁﬁ¢ANP%gm\%ﬁ%m
@M?éctﬁw%btﬁ\c:?ﬁ?éhtANP@&ﬁmt@mu\AI
LRiEBAOBDOBER THBE IO PR OE X, HBRLES LU
BT A2ANPOSWBERBONS V2DOHBIERTZLDEE I SN
e ANPOZWIZEL TDhietz'*'iE, v bOLMELEZH W, HiAFD 2
WIEBER ALt RBRAOHRBIIDVWTHRELE., BEAFHEO2 Y o~
NWEREISEHOERTREDONTANPOBMMLZEHEIREI ATV R,
TORELEAINESMASISBMTHY., ANPEEORENELLABREY
LSZHEPEBOTERH THho bt TERATAEELION S,
SEHORBREBIZ2OMNEOEICEMU T, TE2MOLOMBAEL —FEICH#H
BI 2L 2CBRIEAI - Y VY ILYRAS -5V EAFNHERELAHL -
MR, KRB CRIEEMXEL TREBL 24, LVEDP T LR @.

LV max.dp/dtid M A MMBPBEE L3 ERBEIR. FhFNRANPEBELDOBIC
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HEAsEDohr. LALCOBAICE T SLVEDP OXEHIE. FEFEFGEEAR
. 2 FRELEDL TP TH-CENPSEX., CORBROEHIIBSNT
. ANPOSWRHNLTEHEHNRILREREZEEABIEFIZILRLVWLODLEEDA

., Burnett 2. E POLARLERBFBICIB W T HTilling pressureds 4 JE Y

o

REANTOHAHEELBOFOANPBELIELE P L EHREL TW S,
SEOEFOERBRICBITAANPSFM@IE, LVEDP 0o F{k & BEFICLY max.dp/dt
NELTsMEAMICHo2. £, ANPRELEHBEZEDS SN 2» > 12
. LVpks O{ETF. RAm OM. B L LBEHROBLIEEMBRERShIZ LT,
BREeHFRZEOKBHEBS 22 RVWLEBER THL LS, LHIERICSB
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DUBEOODTPLREBETBLIUEABAT - T LI LA2BENLZOERNYUS. A
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Ut Z e, SAODEBEDOHTIOLMIERALCETSANP BELELDOE
HZHETACLEIEAHETHI2Y, REALSBZFEThELOMBRACET S
DWEDER. HBAVERBLONTIV2AOHEBERTLOEE L SN S,
mmm&iwwwgmrANP%gﬂ\@é—i@@¢VNw%mﬁLTmé
PHEHRAUSNATVSIANPY, —EQHETHET 2 LIL&L3. £k
KB HLANPOHARMGIE. . ME. M. . BLUBELLLSERS
KREHOSNB3T, LEzSoTchoniENEBLHLIBEINTZANPIE. *

NTNORBBLFETAL LTI -LHALTHRE. R#lshsd., tho
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BB Tsc et pEEEINE, T, OB AOERGT. BFHRDE
(PO2) . “EEEREFEDE(PCO)B LU PHARBEMICHEL., BREXNTERHEA
THFLEDS, PO, KHEHUTIHHERC L TEHEILEIT-> /20 100mmHg LU
FtoEmEsRLE. ANPI, 2., BHHoRBHRECLIIOPLAALHFLER
tar> e nS, MBEAAEELANPBELHET AL MO5N TNV
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Table 30—, Experimental results of pANP
on LA volume expansion
during perfused heart-lung preparation

N o. 1 |[min RA PA LA Ao

cont, 242. 2 57. 8 57. 6 64. 4

10 10 164. 8 133. 2 140. 8 68. 6
20 20 173: 0 94. 0 103. 0O 129. 0
30 30 188. 0 2298. 0 153. 0 335, O
VE 38 241. 0 411. 0 335. 0 231. 0
VE1O0 48 892. 0 T'T T, O 1070. O 869. 0
RE1O0 63 1370. 0 989. 0 302. 0 460. O
RE20 73 524. 0 556. 0 498. 0 608. 0

/

N o. 2 |min. RA PA LV Ao
cont. 93. 4 87. 4 78. 8 142. 4

10 10 148. 8 209. 9 151. 6 167. 0
20 20 223. 0 141. 4 145. 3 152, 3
30 30 211. 1 215. 0 278. 0 239. 0
VE 27 148. 7 213. 0 196. 0 200. O
VE1O 417 292. 0 436. 0 353.°0 354. 0
RE1O0O 57 469. 0 523. 0 628, 0 T02. 0O
RE20 65 687. 0 633. 0 809. 0 763. 0
RE30 T2 852. 0 803. 0 891. 0 T25. 0

(pg/ml)

remarks ; pANP:plasma atrial natriuretic peptide
concentration
RA: pANP in right atrium
PA: pANP in pulnmonary artery
LV:pANP in left ventricle
Ao:pANP in aorta
VE: LA volume expansion
RE: recovery period after releasing LA
volume expansion
LA: FVeftimat riam
econt.cidomtrol



Table 30-2 Experimental results of pANP
on LA volume expansion
during perfused heart-lung preparation

N o. 53|min. RA PA LA Ao

cont. 95. 6 86. 6 78. 0 25:. B

10 10 66. 6 54. 0 48. 9 46. 9

20 20 91. 3 59. 9 64. 1 67. 6

30 30 99. 7 81. 4 65: 2 58. 5
RE10 55 482. 0 480. 0 398. 0 344. 0
RE20 65 1100. 0 679. 0 764. 0 679. 0
RE30 75 965. 0 719. 0 831. 0 1L300. ©
No. 4 |min. RA PA LV Ao
cont. 154. 6 51. 8 80. 9 210. 7

10 10 207 . O 199. 0 180. 9 212. 4

20 20 312. 0 382. 0 304. 0 254. 0

340 30 343. 0 361. @ 268. 0 352. 0
RE10 45 510. 0 759. 0 700. O 810. 0
RE20 55 469. 0 573. 0 513. 0 581. 0

N o. 5 |min. RA PA LV Ao
cont. 212. 0 34. 1 41. 8 30. 5

10 10 68. 4 47. 6 263. 0 56. 1

20 20 138. 9 167:. 0 199. 6 143. 7

30 30 241. 0 212. 0 204. 0 224. 0O
RE10 50 450. 0 358. 0 668. 0 568. 0
RE20 60 379. 0 613. 0 496. 0 601. O
RE30 70 527T. O 359. 0 376. 0 278,10

(pg/ml)

remarks ;pANP:plasma atrial natriuretic peptide
concentration
RA: pANP in right atrium
PA: pANP in pulmonary artery
LV:pANP in left ventricle
Ao: pANP in aorta
RE: recovery period after releasing LA
volume expansion
LAsleft: astrium
colFt > conmtrol
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Table 32-1 Auricle tissue ANP before and after
LA volume expansion

R A A L. A A
No. 3 Before 7. & Before 26. 0
After , 4. 7 After 10. 7
No. 4 Before 28. 3 Before 96. 4
After 16. 5 After 77. 8
No. 5 Before 6. 2 Before L7 B
After 23, T After 111. 9

(ng/mg protein)

remarks; RAA:tissue atrial natriuretic
peptide concentration
in right auricular appendage
LAA:tissue atrial natriuretic
peptide concentration
in left auricular appendacge
ANP:atrial natriuretic peptide
concentration

Table 32-2 Auricle tissue ANP in normal 5 dogs

RAA LAA

No. A 38. 5 34. 1
No. B 33. 0 99. 8
Ne, C 26. 4 49. 3
No. D 30. 6 2. 8
No. E 43. 5 94. 1
mean 34. 4 65. 9
5. D. 6 7 29. 2

(ng/mg protein)

remarks: RAA:tissue atrial natriuretic
peptide concentration
in right auricular appendage
LAA:tissuwe atrial natriuretic
peptide concentration
in left auricular appendage
ANP:atrial natriuretic peptide
concentration
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Table

remarks:

231

Experimental results of pANP on LA volume
expansion during mainly perfused left side
preparation

heart with heart-lung

N o it RA PA LV Ao
¢ 0N, te 1.O1ls 2 48. 7 50, 2 =
10min. 10min. 90. 3 91. 4 96. 1 73: B
2.0 20 120. 2 120. 5 117. 0 144. 4
-70 40 219. 0 248. 0 248. 0 253. 0
— B0 50 425. 0 371. 0 179. 0 240. 0
— 510 60 363. 0 242, 0 307. O 184. 0
—-40 T0 433. 0 319. 0 257. 0 319. 0
— 30 80 248. 0 277. 0 261. 0 283. 0
-20 90 184. 0 327T. © 320. 0 258. 0
-10 100 - - - -
VE 110 526. 0 407. 0 290. 0 423. 0
RE10 125 685. 0 667. 0 582. 0 449. 0
RE20 135 664. 0 506. 0 B22. 0 568. 0
N o . =2 RA PA LV Ao
€ o it 79. 9 TT. 1 80. 2 -
10mi n. 10min. 82. 1 78. 7 84. 5 99. 1
20 20 119. 3 133. 9 118. 4 T2. 8
-20 35 219. 0 230. 0 193. 0 244. 0
-10 45 128. 6 174. 8 173. 4 1186. 3
VE 60 199. 4 253. 0 208. 0 251, 0
RE10 70 220. 0 247. 0 275. 0 231. 3
RE20 80 2342. 0 264. 0 203 0 24 7. 0O
RE30 90 310. 0 346. 0 312 0 312. 10
pANP:plasma atrial natriuretic peptide

RA :
PA:
LV :
Ao :
VE
RE :

G 00 ta

concentration
pPANP in right atrium,
pPANP in pulmonary art
pANP in left ventrica
PANP in aorta
volume expansion
recovery period after
LA volume expansion
:control LA:left at

ery

releasing

rium

(pg/ml)

(pg/ml)



Table 53-2 Experimental results of pANP on LA volume

expansion during mainly perfused left side
heart with heart lung preparation

N o. = RA PA LV Ao

G, 29. 2 31. 7 45. 4 —
10min. 10mi n. 140. 6 99. 4 65. 7 T4. 1
20 20 145. 2 125. 0 116, 1 139. 6
210 30 127. 0 136. 7 134. 3 181. 9
VE 50 219. 0 155. 8 119. 7 124. 6
RE1O0 60 228. 0 202. 0 167. 0 200. O
RE20 70 267. 0 233. 0 215. 0 262. 0
RE30 80 339. 0 250. 0 27T7. 0 271. 0

(pg/ml)

No. 4 RA PA LV Ao

cont. 46. 3 46. 5 51. 7 —_
10min. 10min. 83. 9 85. 9 64. 8 88. 9
20 20 164. 0 182. 0 131. O 158. 0O
30 30 166. 0 1330 155. O 136. 0
-30 40 175. 0 118. 0 117. © 126. 0
-20 50 218. 0O 186. 0 101 O 132. 0
-10 60 1 70 8 189. 0 158. 0 144. 0O
VE 70 184. 0 169. 0 144. O 131. O
RE10 85 258. 0 247. 0 168 0O 191. O
RE20 95 190. O 2:3:9. O 1.59. 0 208. 0
RE30 1105 222, 0 24:2.. 0 1.83. .0 124. 0

(pg/ml)

remarks : pANP:plasma atrial natriuretic peptide
concentration
RA: pANP in right atrium
PA: pANP iy pulmonary -artery
LV: pANP in left ventricle
Ao : pANP “in aorta
VE:volume expansion
RE: recovery period after releasing
LA volume expansion
cont. :control
LA:l1left atrium



Table 53-3 Experimental results of pANP on LA volume
expansion during mainly perfused left
side heart with heart-lung preparation

N O. 5 RA PA LV Ao

cont, 92. 7 4:5.. 9 9k B .
10min. 10min. 112, @ 131. 2 T3, 3 174. 9
20 2.0 115. 0 146. 0O 134. O ,160. 0
—=30 40 385. 0 31L7. D 167. 0O 123: 6
-20 50 332. 0 345. 0O 190. O 268. 0
=110 60 256. 0O 242..0 184. 0O 164. O

VE 740 o = = =
RE10 80 537. 0 476. 0 303. 0O 236. 0
REZ20 90 4.20. 0 194. 0 27.3. -0 298. 0
RE30 100 411. 0 743. 0 47T1.+0 452, 0

(pg/ml)

remarks ; pANP:plasma atrial natriuretic

peptide concentration

RA: pANP in right atrium

PA: pANP in pulmonary artery

LV:pANP in left ventricle

Ao: pANP in aorta

VE:volume expansion

RE: recovery period after

releasing LA volume expansion
cont, :control
LA:leftt atrium
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Table 50 Auricle tissue ANP befor and after LA
volume expansion during mainly perfused
left side heart with heart-lung
preparation

R A A 1. A A

Before 87. 7 Before 454, 2
NO. 1

After 77. 1 After 66. 4

Before 103. 6 Before 98. 3
NO. 2

After 10%5. B After 194. 8

Before 17. 9 Before 120. 0
NO. 3

After 25. 1 After '68. 3

Before 16, © Before 274. 0
NO. 4

After 52. 0 After 226. 0

Before 2. 2 Before 116. 0
NO. 5

After 1. 2 After 78. 0

(ng/mg protein)

remarks:RAA:tissue atrial natriuretic
peptide concentration
in right auricular appendasge
LAA: tissue atrial natriuretic
peptide concentration
in left auricular appendage
ANP:atrial natriuretic peptide
LA:left atrium
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oo No.1
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Fig. 9-A Comparison of speculative and practical
regression in pANP

remark: pANP:plasma atrigl natriuretic peptide
coreen riat ron

Arrow shows pANP speculative regression.
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Fig. 9-B Comparison of speculative and practical
regression in pANP

remark: pANP:plasma atrial natriuretic peptide
coneentration

Arrow shows pANP speculative regression.
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40

INEEEE

38

meantS.D.

37

T T T T T

0 ;0 50 30 40 50 éb 70 80 Qb 160(m%)
Fig. 1T Changes of BT on perfusing
heart-lung preparation :

remark:BT:circulating blood temperature

(mmHg)
600
- T
200 A
meantSD
O E | T T T T

0 10 20 30 40 50 60 70 80 90 (min,)

Fig. 18 Changes of PO, on perfusing
heart-lung preparation

r e masmka P02 1xia ratretrairails 10, tension



(mmHg)
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30 1
PCO2

20 1

101

mean+SD

0 T T T T T T T T Al

0 10 20 30 40 50 60 70 80 90 (min.)

Fig. 19 Changes of PCO, on perfusing
heart-lung preparation ’

remark:PC0O., :arterial CO;. tension

7.4 meantS.D.

0 10 20 30 40 50 60 70 80 90 100 (min)

Fig. 20 Changes of pH on perfusing
heart-lung preparation

remark:pH:arterial pH
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30 A
e
PCV 204
10 7
meantS.D.
0 T T T T T T T T T

0 10 20 30 40 50 60 70 80 90 100 (min)

Fig. 2] Changes of PCV on perfusing
heart-lung preparation /

remark; PCV:packed cell volume

(g/dl)
10 1

N T e s G o G g S S
4-

meantS.D.

T T x T T T

0 10 20 30 40 50 60 70 80 90 100 (min)

Fig. 22 Changes of TP on perfusing
heart-lung preparation

remark: TPi:plasma total protein
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10 1
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0 T T T T T T T T T T —— i,

0 10 20 30 40 50 60 70 80 90 100 (min)

Fig. 23 Changes of Hb on perfu31ng
heart-lung preparation

remark;Hb: hemoglobin

(mOsm/)
320 A

315 4 T T

Osm 310 1 #

305 A 1

300 { T L T L ¥ T T T T 1
0 10 20 30 40 50 60 70 80 90 100 (min)

Fig. 24 Changes of Osm on perfusing
heart-lung preparation

remark:Osm:plasma osmotic pressure
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Na 150 -
140 1
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130 T T T T T T T T T
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Fig. 25 Changes of Na on perfusing
heart-lung preparation

remark;Na:plasma sodium concentration

e

1 meantSD

0 T T T L} T T T T

0 10 20 30 40 50 60 70 80 90 100 (mn)

Fig. 26 Changes of K on perfusing
heart-lung preparation

remark:K: plasma potassium concentration
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Cl
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Fig. 27 Changes of Cl on perfusing
heart-lung preparation ;

remark:Cl:plasma chloride concentration

(mg/dl)
20
151
Ca qp-
5 % ‘
meantS.D.
0 T T T T T T T 1 T

0 10 20 30 40 50 60 70 80 90 100 (min)

Fig.28 (Changes of Ca on perfusing
heart-lung preparation

remark;: Ca:plasma calecium concentration
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Fig. 4] Comparative manner of speculative and
practical increase in pANP value
after LA volume expansion

remar ks pANPiplaAasma atrial . natriuretic peptide
eonecentration

10AVG:average of pANP at 10Ominutes

perfusing heart=lung preparation
min: the time to evaluate the change
after volume expansion

S:speculativespANPrat thevtimern to

evaluate the change after volume
expansion

P:practical pANP wvalue aftfter

volume exXxpansion
Si. :speculative pANP increase value of
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Fig. 42 Comparison of speculative and
practical increase 1n pANP on LA
volume expansion during perfused
heart-lung preparation

remar ks pARPcplasma - atrial npatriuretic
peptide concentetation
ANPs:time reéelative @peculative
ifnerease of pANP
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Homeostasis of the body fluid in the organism is kept mainly
by endogenous substances which control renal function. such as
renin-angiotensin-aldosterone system. vasopressin and the like.
These hormones involved in fluid regulation act mainly as defense
mechanism against vital dehydration. and of late years. atrial
natriuretic peptide (ANP) has been attracting attention as a hormone
which reacts to vital overhydration and actively provokes diuresis
while exhibits some hypotensive effect. In view of the synthesis,
storage and secretion of ANP mainly in atrial cardiocytes, the heart.
which has so far been regarded as a mere blood circulating pump.
proved to act also as an endocrine organ. ’

For the secretion of ANP, which is regulated in a physical,
biochemical and neurohumoral manner in vivo, especially, atrial
pressure-mediated stimulation on the atrium is thought to be
important. ANP, which is known to have increased plasma
concentration with respect to heart failure. renal failure or
hypertension, shows high value according to the degree of disease
especially for heart disease, with an increase or a decrease in
value according to the aggravation or improvement of its clinical
signs. Such physiological changes of ANP play a very important
role not only in regarding the heart among endocrine organs but
also in considering the diagnosis and treatment of heart diseases.

However, although previous reports have suggested several different

mechanisms involved in the secretion of ANP, its secretory mechanism



has not yet been examined in a fully detailed manner.

This led the author to pay attention to physical regulation
in vivo with respect to the secretory mechanism of ANP and especially.
to examine the influence of a load on the left heart on the secretion

of ANP, using dog's heart-lung preparation.

1. Change of ANP concentration on perfusing heart-lung preparation.
Using the pump-oxygenator for extracorporeal circulation and
the starling-resistor substituting for peripheral vascular

resistance, heart-lung preparation was prepared in situ by cannulation

from abdominal aorta and posterior vena cava., and circulatory
kinetics was kept by regulating cardiac preload and afterload. The
clarification of the secretory mechanism of ANP using this heart-lung
preparation needs knowing the influence of this non-physiological
closed circuit of heart-lung preparation on the secretion of ANP.
After preparing the heart-lung preparation. the circulation was
controlled so as to keep cardiac function as normal as possible
and the time course of plasma ANP concentration was determined without
loading, and at the same time, changes in each cardiac parameter which
measured by cardiac catheterization, and circulatory blood contents
were observed. ANP concentration was measured by radioimmunoassay
(RIA) which Marumo et al. reported.

As a result., ANP concentration tended to increase linearly with

the time during about 90 minutes period of circulation of



heart-lung preparation. No significant difference was noted in ANP
concentration among cardiovascular regions (right atrium. pulmonary
artery, left ventricle, and aorta). The cardiac pressure after the
preparation of the heart-lung preparation was regulated so as to keep
a constant value as a whole, but left ventricular end-diastolic
pressure (LVEDP), mean right atrial pressure (RAm) and mean pulmonary
arterial pressure (PAm) tended to increase, and left ventricular peak
systolic pressure (LVpks)., left ventricular maximum dp/dt
(LV max. dp/dt) and heart rate (HR) tended to decrease with the time.
However, these parameters showed a little change in value, which was
approximately within normal limits, so that it was thought that
heart-lung circulation with unloading had no great direct influence on
the secretion of ANP. The blood condition was determined for blood

temperature, blood gases, electrolytes (Na. K, Cl. and Ca) and osmotic

pressure. The temperature of circulating blood and the blood gases,
which have direct influences on the cardiac function, were set up for
condition beforehand ; blood temperature was kept at 38 C or so.

approximate to the body temperature, and for blood gases., with 100%
oxygenation, arterial oxygen tension showed values as high as over
100 mmHg, but arterial carbon dioxide tension and arterial pH changed
almost within normal limits. Plasma sodium concentration and
osmotic pressure showed comparatively high values, but no great change
therein was noted during the heart-lung circulation. and other

electrolytes also progressed in an almost stabilized manner.



The above results revealed that experimental design of the

secretion of ANP by means of the heart-lung preparation needed to

evaluate the secretion of ANP in consideration of an increase in ANP

with time. Although this time relative rate of increase differs case

by case, its change was linear, and the change in early ANP

concentration following the preparation of the heart-lung preparation

made it possible to presume its rate of increase. This confirmed

that secretory kinetics of ANP with cardiac loading was purely

estimative by means of the heart-lung preparation.

2. Change of ANP concentration with cardiac load for left atrial
/
volume expansion on perfusing heart-lung preparation.

In terms of the change in ANP concentration while perfusing
the heart-lung preparation, the rate of increase, which differs case
by case, was confirmed to increase with time after perfusing. On
the basis of this result, the author prepared a heart-lung
preparation, which was perfused for 30 minutes. and then put left
atrium directly on volume expansion to observe cardiac pressures,
heart rate, and plasma ANP concentration and examined possible
involvement of the secretion of ANP in the loading on left heart.
Volume expansion was performed such that a catheter was
inserted from the tip of the left auricular appendage. and a

circuit was constructed which made it possible to feed the blood

perfusing the heart-lung preparation directly into the left atrium



by means of a pump, without changing the total circulating blood
volume. Cardiac loading was made such that 30 minutes after
preparing the heart-lung preparation. a rapid blood volume expansion
was put on left atrium at a constant venous return. The degree of
loading was such that LVEDP. taken as the index of preload. was
increased to over 20 mmHg while observing the heart beat. As a
result, LVpks was increase, and increased in PAm and RAm were also
observed simultaneously with that in LVEDP. This showed an evident
state of cardiac load. ANP concentration showed an abrupt increase
with cardiac load. an increase about 2.6 times as high as that with
time. Tissue ANP contents in auricular appendages which were
/

measured in accordance with the method which Kangawa et al. reported,

showed 34.4%6.7 ng/mg-protein in the right auricular appendage and
65.9%+29.2 ng/mg-protein in the left of it in normal 5 dogs. And in

3 cases tissue ANP contents which were measured before and after
volume expansion. tended to decrease in 2 cases and to increase in
another one.

As descrived above, in view of the fact that an increase in
right cardiac pressure at the acute volume expansion onto the left
atrium, the above abrupt increase in ANP was thought to be not
necessarily ascribable to the volume expansion alone onto the left
atrium, but also to be ascribable to right heart load.

3. Change of ANP concentration for left atrial volume expansion

on perfusing left heart.



With perfusing the heart-lung preparation. an abrupt increase
in plasma ANP concentration was observed, as a result of cardiac load
due to the volume expansion onto left atrium.

Then, with a view to following up purely the influence of the
left heart loading on the secretion of ANP, the author devised in
the circuit of the heart-lung preparation a special circuit by means
of cannulation to right heart, which prevents left atrial load from
extending over the right heart, and at the same time., decreased venous
return and confined the heart-lung perfusion mainly to left heart
alone. Blood volume expansion was applied onto the left atrium,
using LVEDP as the index. and then the change in ANP concentration was

/
observed.

As a result, ANP concentration tended to increase with time
according to left atrial loading. but the change was low : no
significant difference was noted from the increase with time at
unloading. Therefore it was proved that abrupt increase in ANP with
cardiac load was not to be ascribable to left atrial volume expansion.

In terms of those ANP contents in right and left auricular
appendages before and after left atrial volume expansion in 5 cases,
which were observed simultaneously. tissue ANP contents before
volume expansion was highly noted in left auricle at higher than
right. However, after volume expansion ANP contents were decreased

in 3 cases out of 5, and increased in one case and different action on

left and right auricula in another case. Therefore the change of



tissue ANP contents in auricular appendages were not always reflected

plasma concentration.

As described above, tissue ANP contents in auricular appendage of

dogs in the present experiment was highly noted in left auricular

appendage compared with the right, but concerning its secretory

mechanism, abrupt increase was observed with both cardiac loading,

while with loading confined to left heart alone. no secretion was

observed. This revealed that left heart was scarcely involved in

the secretion of ANP for acute cardiac load.





