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Plasma Atrial Natriuretic Peptide as an Index of
Severity and Prognosis in Patients with Congestive Heart Failure

Takayoshi TSUTAMOTO

The First Department of Internal Medicine, Shiga University of Medical Science

Abstract: To evaluate the value of plasma atrial natriuretic peptide (ANP) as an index of
severity and prognosis in patients with congestive heart failure, the following five studies were
examined: 1) the relationship between the New York Heart Association (NYHA) functional
class and the plasma. ANP level, 2) the relationship between hemodynamic parameters and the
plasma ANP level, 3) plasma ANP level at rest and during exercise before and after drug
therapy, 4) the relationship between the prognosis and the plasma ANP level, and 5) the
pathophysiological role of endogeneous ANP in patients with congestive heart failure.

The studies revealed that plasma ANP levels increased as the severity of heart failure
progressed (Those patients in NYHA Class I (n=20) had ANP levels of 37.4%+2.9pg/ml;
Class II (n=83), 77.7%3.4pg/ml; Class Ill (n=24), 239+19pg/ml; and Class IV (n=18), 468.8+
64pg/ml). There was a direct correlation between plasma ANP levels and the severity of the
congestive heart failure as identified by the NYHA classes. Of various hemodynamic
parameters observed, only left ventricular end-diastolic pressure was found to be an independ-
ent and significant predictor of plasma ANP levels. There were no significant differences in
age, NYHA class, left ventricular ejection fraction or plasma norepinephrine levels between
survivors (n=13) and non-survivors (n=12), but plasma ANP levels were significantly higher
in non-survivors (422 +56pg/ml) as opposed to survivors (177 22pg/ml).

The level of ANP extraction (AE) significantly correlated with the cyclic GMP production
level (GP) in the pulmonary and systemic circulation in patients with mild congestive heart
failure (NYHA Class I, II). The GP/AE molar ratio was significantly lower in patients with
severe congestive heart failure (NYHA Class I, IV). Therefore down-regulation of ANP
receptors coupled to guanylate cyclase may occur in pulmonary and peripheral vascular beds
in patients with severe congestive heart failure.

Key words: atrial natriuretic peptide, congestive heart failure, cyclic guanosine monophos-
phate, prognostic index of heart failure.
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Patient No.  Age Sex Diagnosis NYHA

1 46 M oM I I 48 47 365 315
2 62 M oM I I 104 91 71 23
3 42 M OM | I 66 59 292 202
4 38 M OM I I 52 47 166 150
5 25 M oM I I 57 57 96 32
6 59 M oM I I 63 78
7 67 M OM I I 52 57 313 273
8 64 F oM I I 86 81 150 78
9 62 M oM I 134 121 128 38

10 53 F oM I I 68 61 186 56

11 51 M oM I I 51 45

12 63 M oM I I 40 28

13 48 M oM I I - 51 45

14 51 M oM I I 40 37 151 67

15 51 M OM I I 52 49

16 63 M oM I I 139 138

17 51 M oMl 1 70 66

18 65 F OMI I 73 53

19 - 62 F OMIi I 150 140

20 53 M OM I I 199 154

21 67 M oM 1 I 105 93 72 27

22 58 M oM I o 417 470

23 41 M omI 1 53 48

24 49 M oMI I 73 67 A 115

25 71 M oM I 204 164

26 44 M OMI I 103 93

27 49 M OMI I 62 52 114 20

28 65 F OM I I 90 77

29 50 M oM I 134 96

30 60 M oM I 92 73

31 51 F DCM I 87 67

32 42 M DCM i 112 123

33 49 F DCM I 322 301 384 52

34 53 F DCM il 463 479 758 75

35 70 M OM I I 130 97 209 53

36 64 M oM I I 124 94 82 26

37 73 F OMI ilg 197 175 222 36

38 68 M oM g 461 514 374 114

39 55 M oM I il 324 310 303 33

40 63 M oM I I 262 251

OMI=old myocardial infarction : DCM=dilated cardiomyopathy :
mPA=main pulmonary artery : Ao=ascending aorta :
NE=norepinephrine in the Ao : E=Epinephrine in the Ao
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MAP RAP PCWP LVEDP Cl Si EF SVR
Patient No. ) (dyne -
(bpm) (mmHg) (mmHg) (mmHg) (mmHg) (/min/m?®) (mifbeat/m® (%) sec-em™3)

1 75 97 3 7 7 2.7 36 62 1799
2 63 99 5 1 16 2.7 43 41 1730
3 83 83 3 12 12 2.5 30 35 1534
4 65 92 3 8 8 29 45 48 1558
5 75 82 3 9 12 3.7 49 42 1097
6 75 107 2 4 8 3.0 40 78 1800
7 107 104 2 7 5 5.8 55 51 902
8 68 87 2 4 6 25 37 40 1770
9 58 78 7 11 13 2.0 34 42 1933
10 52 79 4 8 13 2.0 38 50 2045
11 71 0 4 7 5 25 36 66 1773
12 71 90 2 7 8 2.3 32 67 1704
13 65 90 5 10 10 24 37 58 2030
14 56 90 5 8 8 29 52 67 1504
15 60 76 2 7 9 34 56 77 1154
16 65 126 3 8 12 3.3 51 78 2400
17 71 90 4 7 5 25 36 66 1773
18 48 80 5 9 9 34 71 78 1103
19 79 100 4 7 14 3.6 42 45 1122
20 75 94 5 15 25 2.0 26 38 2170
21 56 100 2 6 12 3.2 57 59 1555
22 71 85 3 20 32 2.7 39 33 1307
23 55 96 6 9 12 2.8 63 64 1614
24 60 110 3 7 12 2.8 a7 57 1594
25 64 100 2 6 12 2.4 38 51 2040
26 60 112 4 7 15 33 55 64 1489
27 75 95 3 4 7 36 48 54 1290
28 58 118 3 6 6 4.6 79 58 1281
29 83 92 6 1 17 2.7 33 51 1529
30 88 82 2 5 8 3.9 45 35 1344
31 71 73 3 6 8 3.3 47 60 1363
32 60 85 3 10 17 3.2 54 28 1223
33 75 80 4 19 22 35 44 32 1228
34 102 79 8 25 27 1.9 19 21 2270
35 62 91 3 6 12 2.6 42 58 1564
36 58 108 4 ] 13 26 44 37 1849
37 79 130 4 9 12 25 32 50 2290
38 97 102 5 16 27 37 38 28 1158
39 72 98 3 24 28 28 40 47 1652
40 68 110 5 14 20 3.0 44 55 1647

HR=heart rate : MAP=mean arterial pressure : RAP==right atrial pressure : PCWP=
pulmonary capillary wedge pressure : LVEDP=left ventricular end—diastolic pressure :
Cl=cardiac index : Sl=stroke index : EF=ejection fraction ; SVR=systemic vascular

resistance
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SBP (mmHg) | MAP(mmHg) | CO(¢/min) | PAd(mmHg) |LVEDP (mmHg)

Before NTG| 140+7.4 102+4.6 5.3'_"0-.2 11.2+1.45113.8%£1.4
e " " " '

After NTG| 114%4.3: 90+3.3 4,5%0.2 6.7%0.6 8.2+0.9

(**P<0.01, Mean+SEM)

NTG : nitroglycerin, SBP : systolic blood pressure, MAP . mean arterial pressure,
PAd : pulmonary arterial diastolic pressure, LVEDP : left ventricular end diastolic pressure
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WERLTHD, SHEITOWTIIFE—6TE S
CEEICRRES L2,




B oAk owm B

[F%E— 3]

(B9

DASERICE T 5 LEHIFMEE ANP REDHR.

(FikR)

NYHA IEL Eo ARBREZ6RE EAFIC, FE
ZEREWEEA PRI ICHRID L, BEAREE & xfib L7z, #i
B2 28U LM EHITTHITL, &
BEOLAEWBET, NYHA ST IEL EREL
7:23% % DARSWER. HorL BREEROGLER
BOLDP o BEELARLEAEE BEh
NYHA ST 1 ELEDOREDOHEZ D210
ZEORLBLEEL LA, 3618, LIENAELTE
BEICBWTIE, SwanGanz 77— 7/ TFic=t
v ) UEERAEE 24 hr HEAT L, BRI
KIE#EIR ANP BEORL & MMENMREALZNEAL
PRELZ (18122 & 24 hr C 8 ERILIEST).

(3

BRpRERA & 2% ANP IREOE{LERI0ITRLZ,

BREEIRDWENIED SN0 LR ER23Z L
FlLEE ANP BENKT 2N, HREERDOL
BTHo20AEARERR, M ANP BERE

BBtz Rduhr o7z, —HOREBNMIEILEH,
M ANP iIRED EH 23072, 1120ELAEE
#C, 24 hr BRICEE L 2R8, M3 ANP B
B IIIEIIRIEAIE & BiF 4 FHEZ ES 2 ("),

(£%)

ME—1ITRLEZ L) I, M4 ANP REId
NYHA D s EE2 M L R LT3, &
LIZARIE T, M4 ANP BEZBROELAE
T35 2 & TEA D EFEDORERES & K& P S
KABMEEMEZRELTWS, X, Hx0EBETHM
#t ANP BE O, EO0ALBE TR
BAE L ROHEERLZZ L3, H20EETH
M ANP BENE{LL £ & LT preload NEAL
kdbneHEZ b5,

[#F5e— 4 ]

(B89

EHREMEE ANP IREDOR(L L ERIC L 2304,

(i)

E#14%E, BE0REEELE (NYHA 1K
124, NYHA I1E 164, NYHA IIE : 14%)

DALY EH DR FRER DFSELH
ng> \ (n=23) (n=13) (h=10)
ANP | (739 ANP ANP
(pg/m)| 73 (pg/mi) (pg/ml)
400 { 800} 800}
300 | } 600} 600}
200 | 400} }.\ﬁ 400}
| ><{
N\ >
100 | L 200} L J 200}
Ip<0.01~J ns Lp<0.01—1

Before After

Before After
E10 EEIREE L MmiE ANP REDHH

Before After

DAEWER I NYHA ST 1 ELU LOREZ RO E8E, LASRER !
NYHA SETEMAD Lh - BF, LALEMS I NYHA S TIELDL

CANAS e




LASBREZITBITS ANP

T

600

w e 18
o o o
C? o o

N
=)
=

Plasma ANP level (pg/ml)

100}

10 20 30
PCWP (mmHg)

1t =) HRaEEECE T 5
IREEATE (PCWP) & IM3E ANP B o R
DAREHEE (11%) K=o 7)) Vi
B R 4B T L 2 B o I E IR AR

(PCWP), MiiE ANP IREDBREMHERE D
BafR

xR e L, EHEFRRTRMER L DRILL,
I#E ANP BE##E L2, E#E M Tread-
mill 2 ATy, EFEH, NYHA 1E, [IEA
#1d Bruce 5T, MIEHAZIZMEE Bruce & THEAT
L7z, 851980 0HRELSE (IEKR8E, RE
1) iBwWT Swan-Ganz # 7 — TNV 2 HHET
HIk& DEALMITEIRDRZER B Er
gometer % 84T L, EHENHI#R T ML ANP BE
&, PHEFE, MENRRAES kL2, K210
ZOWRBLBIEREIIBNT, Tr¥r7Friy
EHRBERBEER (ACED %54, #5LE%TE
BIERTT R b RATVILHE ANP IREZHEIE L7,
(HEF)

FELEFIERIIEEE 8.94, NYHA 1E
8.54, NYHA IIE :6.8% (w3 # b Bruce
). NYHA [ : 8.44 (f£IF Bruce i) &L

ANP (Normal : n=14)

(pg/ml)
100}

S0

Exgl Exigfh Exi%2% Ext109
B2 EFHICBITHEEBFEZRTHOMEE ANP &
B R
FEEBICBITS Treadmill 2 & 2:E&(Ex :
Exercise) 12 & 1) M3 ANP IREIIFRIC
EHL2

TEDPFHEIEL 7 2 I >N TEIMBROET 25789
Jo. EFETIE (X12) Mg ANP BEZ, E#
A - 43+4.4pg/ml, 1 :69+6.9pg/ml, EHR
104 : 54%6.1pg/ml, &EBITHE0% LA L1045
HITIZIZEREICE TET L2, RIBIkAT L9 1,
NYHA I ERIIEHR : 44+4. 1pg/ml, #ET% : 68
+5.0pg/ml, EET%10% : 59+4. 4pg/ml& IFHE
CEEZIIED LD 7. NYHA IERNL, EH)
B : 101+7pg/ml, B4 : 142+11pg/ml, EE)T£10
5 :131+10pg/ml, NYHA IR EHH : 2§0\
+24pg/ml, HE# :375+48pg/ml, EENFL104 |
319+20pg/ml T - 2. EE THE, VRIRERHE S
FR oz, EER0/14, NYHA 1 :2/12,
NYHA I : 5/16, NYHA I : 11/14& LA 4
PEEICL IO THML A, Swan-Ganz & T
—FATTH, BEIFiIBOMEE ANP BE (L, F
BEFE (X14) B LUOWHBIREALE (K15 &F
BOEMEE2RLE. TUr¥ryyry vinapEgs
HEAIEE (ACED Hitto iz Tid, H16ICRT
&0z, ®E5EIE, EEHE 182+ 16pg/ml, H4:




B ok o B

ANP
(pg/ml)
a00}
300} NyHaD T =14
200}
/}\Q (n=16)
100} NYHA I
(n=12)
NYHA I

Exgi Ex@# Exi%2% Exf109
B3 LALEE BT 5 ERTI% THOMEE ANP
BENELL
LDAEEBITBIT S Treadmill 2 & % EH)
(Ex : Exercise) 12X 1) 4% ANP BE 3,
NYHA 1, IIE, MEWTAOBTLE
BIC LR LU EIEIC T 5 12HEvE
S L B2®MIIRELS ko7

300+18pg/ml, FEEIF£104r : 250+ 19pg/mlTH - 72
#%, ACEI #:51:87%3, EBAE| © 106=13pg/ml,
B 1 130+12pg/ml, EEIT. . 128+ 12pg/mle B
BIIETL, 10B98E CEEIFRDLER 2D 7,
(B

EER, LA LEFHTHBEICMLLE ANP
BENEMEZSL, EEE, BLEEETHOES
AR TOMYE ANP BEIZ£< A 5N 55579, [
AEEET, DASEEEMICHEANLIBE TV,
XOEBNRG, E#%N AL 6T EEIGRORESRORE
by, RFROER, LHREICEWLT NYHA
SCLE, IIE, HUE, LiE ANP BEiIL
REFEREI L BICONTEMEERLELIIZ, L
SFEEICLLICONT, EBc L M4 ANP
BEOEMBARICKTH 72 (1 255
pg/ml, IIJE : 45+ 6pg/ml, I : 125+25pg/ml),
EEE R OMEE ANP IREL, WEIREAE L E

ANP (pg/ml)
5001
r=0.79
400+ p<0.001
300
200-
100+
T 0
RAP (mmHg)

H14 EHEFI R TOTHEFE (RAP) L ImiE

ANP REDBMR
B\ BiRBT )L o4 — 9 — COEBFIHRTH
EHAFE (RAP) L4 ANP B34
BICEMBE LR

T3 (X15) Z L6, EHNC L 5 MmEE ANP
BEOEBMIE, HEWREAENEME KL TWw3
EFEZ LN, LREFEEE R HIZONT, BB
BEESETL, BOHFHET, L0 HEIRERALY L
ALTWBZEHMRIENS, 351220 LlE
A TEEHE T BRI RIRE SR 2 2 F RIS HE S
S TREEITERIE S, DR R EDFHERE i
D—2DFER E UL THBNREAED ERATRE S 1
fo, BHBOUERBICBE VTR, LASIFEER
T RITDWT, EMEIEE CERTT 2ERIZS% <,
FEOL EFHHRTHEFALH N, FEER L WITH
BHrBENBMEEIICH »72, ACEl #5112 & Y, Fhdh
IREAENMETFIZ L b7 IL%E ANP iBEHMET
T 5 LDHmMEDHED & 5129979, RFFEICBENT
b EHRI, 182+16pg/mlA 5, 106+13pg/ml~ &
HELIET 238072, ACEI #t55i% T, E#+Hon
M#E ANP BE % A7 85 1375w, EEREE



LASBHEICBITS ANP

ANP r=0.64
(pg/ml) p<0.01
400} *

300
200

100}

10 20 30 40
PCWP (mmHg)
15 SEHFi%COMBREAL (PCWP) 1
4% ANP iREO%E(L
BAL AERE )L 3 4 — & — TOENRIZ T
IHEIRATE (PCWP)  IfiL4E ANP RE
I3 E BB L 2

EE L7222 b b TEEH THNOLYE ANP B
FEl3 ACEI #5miictk LARBICIKTF L. ACEL
ROAEEEN quality of life #KE S ¢ 5HEKE
WThHdL v imEILEL H LY, EFHAEROK
En—o DML LT, AFL D ESFIRICBIT
BB (preload NET) »REansd, X, &
R ToMEE ANP IRE D RIED, quality of
life T b bEHWREO—2>DRERIRZEL 29
BLUREERRE L T 3,

[FF%e— 5 ]
(B 9)
LAREBEDOT4E DBE.
(i)

B LR ETARE L2120 (NYHA IIE9%4%,
MEE12%, IVELI3ER) x5 (%) &L, KB
RELIth, RHTHIRRRCRMLL, % ANP
B, M/ L r7) >~ (NE) REZREL
7z, X, AEERME (LVEF) U0l 7 — 7V

H16 LALBREIC

-

400 % | p<0.05

%% . p<0.01

’, before ACEI

J‘ {(n=10)

HL: Q/L‘E__? aftel 1/?)CEI

LE///L\\\ﬂnmml

ExdT EXBT Exi210%

( ACEI : angiotensin converting enzyme inhibitor)
BIFAT XA T i L RRER
KMEH (ACED 5 Hi&RTOIMEE ANP
BEOEAL
LDARERBIT VFAT v Y EHRERRE
# (ACED) #4580, %5 1EM%IC Tread-
mill TEH (Ex : Exercise) AR % 1T
v, M3 ANP IBE: ACEL 2 5%ET
L7z

NEBEBXIOT-NVEL ) RO, ZNLDH
HERUEL LRRBE L2, 12045 O PR 359
TEMEEAE, BnEORE6TE, R OHELS
%, LBRBIEI2E, EREOHELS, SmiEiE
LIRB8H, TOMIBTH -7,
()

TR BBSREIL2 3ETH 72, 1208, 15
BHFLE L, 209 bR AR, 18458
ETOTRORBFEL A, 3B L LIETEME TR

. ARBEOE R (HFE-5)
@ﬁlb’l’ﬁfﬁ% 1204
(19F ~88%F, Fiy59%F, HB8d4H, %364)

ERsd B oRE (n=67)
HEREVLDBE  (n=13)
DERFRE (n=12)
BXEOHIE  (h=11)
ShEM-OKERB (n= 8)
0O (n=9)

NYHA classI (n=95), I (n=12), ¥ (nh=13)




B oA o B

®6, LALEEE(NYHA 28 HCEE

& T
NYHA 2 EHFE
(class) DRETE ZRIE
I 95 02 0] 3
o 12 7 5 0
v 13 6 7 0

RT, LHERLIECHO IR

NYHA(class) LVEF (%) NE (pg/ml) ANP(pg/ml)

&
BE 2,240.2 53+2 218+ 18 9243
(n=105)
ok * * . sk
=
e " 3.3%0.3 30+4 400424 362156

(n= 15)

(% : P<0.01, ** : P<0.001, Mean+SEM)

GECER ; LALIE12%, RRIFE3 A)
NYHA: New York Heart Association, LVEF: left ventricular ejection
fraction, NE: norepinephrine, ANP: atrial natriuretic peptide

g8, BEELALEZ(NYHA WI~IVE) 2 BT 2 E58H(S) & LALFER (Non-S) O Hos

NYHA (class) LVEF(%) NE(pg/mi) ANP(pg/ml)

3.6X0.5 30%3.5 453%31 422156

3.4%0.5 35+5.0 - 33066 177122

(Non-S : non-survivors, S : survivors, Mean+SEM ; * : P<0.001)
NYHA: New York Heart Association, LVEF: left ventricular ejection
fraction, NE: norepinephrine, ANP: atrial natriuretic peptide

NYHA IIET, LER LOEMEIZMER L, KY R—1TRLAL) il ANP R, NYHA
DLRZBAREPIOLAENEEICLIFEC LR (£ IIE, HIE, IVELLOREYWEEICY 5ICEVFE
6). R17i2120% 7 NYHA 4538 & ABERE M3 IC kR L, i/ v txr7) Vigkid,
ANP B, M/ LR 7)) ViBEERT. NYHA NELMETIIERZIEH - 720, [E,



DAL BEICHITS ANP

(pg/ml) ns
500} T*

NHA T I N ¢ yooco0s
(h=95) (n=12) (n=13)(**2p<0.01)

F17 OALTEEE (NYHA 23 M4 ANP

B, Mg/ VA7) > (NE) RED

M4 ANP i I3 DA LEIEZICHEW ERL
A, MAE/ VT ER 7Y v (NE) REIR
NYHA [ & IVER TIIHEEEROL» -

i

IVERTIEAEEE I D -7, 105%DEFREE1S
ZOFERE KT 5 &, FECEHIIABIRE NYHA
19534, NYHA IIE124 5%, NYHA IV
JEI3HHTH &, LDAREEMICIECHID 2072
(%6). AEBRIMHRY, AAFH312%, SLTH30L
4% EFECHTHBICEEZS > 72, —FH Mg/ vx
A7) IR AEERE218 £ 18pg/ml, FET-HE400
+24pg/mlE BT THBICHMER L2 (RD).
X, IfL#E ANP BRI, AFERE92+3pg/ml, B
362 £56pg/ml L L CTH B ICEMEZ R L 72 (&
7). KITOARLFEITHT 5 TEHENEF L LToZ
NS DIFFEICO W TR 2 412, ARk NYHA
M 72 LIVED B A S B H2E 25t H e LT
(NYHA IEEHI2FROREBBRE P OALIC
T LERE 2 A - 72), R (n=13) &
DARSTERE (n=12) 122 W T HME Lz, M
M, 4F, PR, RTEEANIC BT D HEHAE R
BRD LD -7z, RKSIRT LI, NYHA 438
T3, ABFERE3.440.5, DLALIERE: 3.6+0.5,

NE ANP
(pg/ml) (pg/ml) ¢
800+ 800+
600 ¢ , 600f .
:
5
400r ¢ , 400 -
$ . |
200t ¢ 200 o
H $
] ®
0 | L ] L
S Non-S S Non-S

S:Survivor, Non-S:Non-Survivor

H18 @ERELALEH (NYHA MI~IVE) 281

BEARE (S L OALEH (Non-S) ol
NI ER7Y Y (NE) BE & 4
ANP REED R

% ANP i 9300 pg/ml Ll Eo B#HIC
BRICLARIEE RO

FEEER AR, AEAEREI3555.0%, OAETER: 30
+3.5% & WD MR SRR E I ICH 525 13700
oot FRRICILEE VT ER 7)) VRIS
¥ © 330+£66pg/ml, LALIERE [ 453£31pg/ml&
DA RFERETEAEDMER 2 7R L 72 253 &
TldZedr o7z, —HIMSE ANP IRE ISR 177
+22pg/ml, OAARFERE © 422+ 56pg/ml X L AAFE
HECTHRICEMEEZ R L2, XISITER O MmEE, v
IER7Y) CIREE Y, ME ANP REZ2RT Y
KR E L BEHOTHD predictor & LT, sen-
sitivity, specificity & i1 ANP O l»3<NT
Wb EEZ LD,

(H%%)

WHEOAR SO THAENER T & LT, k& )AE
BRSO T, S 72— T I CIREE
450413 F < b T B A%, IMHE ANP RE &



BT ROMEIZITZ LA LW, LALHBED
LIEFEDRR IZZIRFE & LDAREDBEIC L 50404
FEIC5r T b, ZRIRFEICEIERMR T 2 DIIEFERIAR
BIREEZ LNTWD, SEBADERLIZ3IZD
RIRFE L B &5 0 DA BN BN L WIRET, LF
BN TREC LR, CALIBDRRIEL, 128D
DALFEREE DO TR LR, FECHEE
FERTHIRT 3 LEROWE LAtk EZEBRRN
EiEL, MEE/ Lo tr7) VBERERETTR
HE»P -7, X, M3 ANP BELEEICHTEH
TEETH -7 (EY), 7272, Zo5HTIE, &%
FZN108%H95% (88%) »* NYHA IIEEDEEL
RET, FEEHDIFLAYHIE, IVEEEETH
9, NYHA 58> 6 THAIBAII TSR L HE 2 5
N3, 5ZDFELHBED ) BIRWRIRFETHY, 3
Zrdb NYHA IETH-722 &, RBFELLAF
SWEDIREELHERL, 51 NYHA IERE
DOREFEE S e o722 &b, AR NYHA
IE, VEOERELALEEDTH L SI8EE i
T2 L, EHEH, OREFEHEIIC, £, KA, E
&, NYHA SHEFEZRIRDT, EERHR
LR EFEHCRMEOHEm Z R, MEE/ LR
7)) VIRE L DA TR CHECER 2RO LIE
BEEi3 -7 (£, LarL, miE ANP BER
DAL TCHRICHMEER LA (&8)., DLkok
BEbbeTHEZBL, NYHA 28, EEERHE,
mig/ NI A7) VIREFRERPLEDRT Y
2L ICHEPICTRERMTZ2IEETH Y (E
7, NLDFEIEN T WBEEICE T, 0
ANP BEHEEEDTHHFEL - 2HERF, Wi
ANP BREHENFRAMEERL TS, EFICXI8
CRTZ &L, 300pg/mill D REDTFHHIEL,
sensivity, specificity & T T CHAIBELEZ 5
ha, ik ANP BEFTHREBPLb-Tn
2HEEE LT, ERIWREVLDIESE T, AEEIIREK
WESHERAZEDTROBW LIZIBEE NS
A, WgE—2 TR LA L S, MEE ANP BES
ELALSEFICBW L, AEEERHALEZ KM L
TWwaEEZ LN, WOLALEFTI, EEWIEK
BMEXE L THELROENLHZMLT, 3612
I#E ANP IREV LA TR EFEZLNIDLE G %
REET KL T A THREECHBRLTW2 %
Py (-

[(FF%—6]
(E )
LARETERT 2ARYE ANP EHENERN
T,
(FFik)

M, EEORERBME (B4R, k2045,
THERSeRE) TREEB L, TEMREE3E, O
TEAIEAEL0%, FLORELOBHAEISG, MEKELLERAETS,
Z DM LRBSET, TEREEEZD ) b LOH
FEEEGII AR » AL LRE LER 2R E L
7. X, FRE, BREBZOAHEIIRW/. Ih
L64ZELASBEERNWE (NYHA I, 11E),
LLAREERERLTS (NYHA LI, IVE) 2437,

FEZOEA 7 — 7 VBRI IFENRE: (PA), B8l
BRBAES (PC), LATKENR (Ao), SRIHHIR (V)
YERMLL, WAE AND IRE, cGMP IRE% RIA i
TRIE L7z, BRILIZ3057 LI EDRFHEVRTE, S
AR, BEHRECRCLHARE (CO) 2
SKed, MATEIEIEIE B L U~~< b+ 7 U v ME(HL%)
bEIREICHIZE L, Fick oFHE% AT, HER,
RIERICE T2 ANP KR EZ 2 2h, (PA —
PC) ANPXCOX (1—Ht/100) (ng/min), (Ao—
V) ANPXCOX (1—Ht/100) (ng/min) & L, Hfi
TER, HERICBITS cGMP BEERBR2ZNZN
(PC—PA) cGMPXCOX (1—Ht/100) {n mol/min),
(V—Ao) ¢cGMPXCOX (1—Ht/100) (n mol/min)
EEFEL, XE&HGMEIEN (systemic vascular
resistance) {3, (mBP—RA)/COX80dyne-sec cm™5,
Bl L2 45T (pulmonary vascular resistance) {3,

(mPA—PCWP)/CO%x80dynesec-cm=& LEH
L 72 (mBP: mean blood pressure, RA: right at-
rial pressure, mPA: mean pulmonary arterial
pressure, PCWP: pulmonary capillary wedge
pressure). < b ICHiTEER, HERICEBITS ANP
AU (ANP extraction ratio) % € L £ L (PA—
PC) ANP/PA-ANPX100 (%), (Ao—V) ANP/
Ao*ANPX100 (%) &L, £&8 & UHimEIEN
EDBURIZDWT LT,

(HER)

ANP o #ilg ™ second messenger ¥, cGMP
EEZLNTBNONEMEIC ANP 2535 L




LAREBHEICBITS ANP

(pmol/ml)
cGMP
15

T

T

10

r=0.88
p<0.001
n=34

0 ‘ ; . . ;
200 400 600 800 1000
ANP  (pg/ml)
19 HEIRIC 51F 5 M%E ANP (REZ L cGMP iREZDBIHR
(pg/ml) .
A‘:\JP *ok #ok % (pmol/ml) (:* gzggf)
cGMP

o |1

NN

1007

10_ * 3k *

]

0—%A —PC Ao V

0—Pa PC AoV

R20 FRMLEBLL I OMEE ANP JREZ, Mm% cGMP 8 (PA : Ii#iikis, PC . Ik
NREEAFE, Ao @ AT KEMR, V @ K&K

ZOMEMITIR LT, M3 cGMP REX AT 52
EF S AL T W B 787D, KO T iiige & L
T3UHZDLIEEBEITONT, FHEINR & 9 R L 72
M4 ANP BFE(3, 1%t cGMP JRE & y=0.88
& RAF7e IARRY 2 58 72 (X119).

LA 7 — T VDR IMER AL o0 M4E ANP 2
% 13, PA :236+34 pg/ml, PC: 184+22 pg/ml,
Ao 208+26pg/ml, V :173+21pg/mle, Jilif§ER
(PA — PC ) THIR%DH BT %, HIFER
(Ao— V ) THII%DAERLIET2ADL (X

20—78). —7, Ii4E cGMP g3, PA 6.2+
0.4p mol/ml, PC:7.8+0.5p mol/ml, Ao:6.8
+0.4p mol/ml, V :7.6+0.5p mol/ml&, JilifEER
(PA — PC M) T#126%0FHE % bA-%, HIG5R
(Ao—V M) THLR2¥OEAEEL LA ZRDH (X
20—45). DASEAEREIC B W TIE, NilmEIED
(pulmonary vascular resistance) & ANP DJffifi§
RTOEIE (ANP extraction ratio in pul-
monary circulation) (3, ¥=0.73 & & 7% IEAHBY
2oz (K21— A). L2 L, LDAZEMERICE



B oA om B

(%) (NYHA Class I, I')

r=073
p<0.001

pulmonary circulation

00 200 300
Pulmonary vascular resistance (dynesec+cm™5)

@ ANP extraction ratio in

(NYHA ClassI, V)

_ %
28 S0 N.S.
g% 40 . .
2530 & , ’
il .
8 20 e . ®

[ °
2210 .

00 200 300 400
. Pulmonary vascular resistance (dyne:sec-cm™®)
F21 FHfEEIRIC BT 5 ANP FEEE & RN
D% (A BRELALE, B! EELLE)
R ICBIT 5 ANP #EHE (extraction
ratio) = (PA — PC) ANP/PA - ANP X

100 (%)

Wi, oL ERIEIES e (H21—
B). Ffkic, LALBEICEW T, 280FIE
P (systemic vascular resistance) & ANP Off
BRTCHOIFEHRFE (ANP extraction ratio in sys-
temic circulation) 3, y=0.66XFE L EME%
oz (F22— A)., L2»L, ODALEERICBN
T, &) LBMERIEIFEDLH» -7 (22— B).
ERICB TS5 ANP K E[(PA — PO
ANPXCOX (1—Ht/100) (ng/min)] &, cGMP
E4R[(PC — PA)cGMPXCOX (1—Ht/100) (n
mol/min) ] (ORI T, »=0.79FHE

ZIEMEBEERLE (M23— A). L2 LLASERE

BTIIWEICHEEIREST (M23— B), ANP
#HEICKHT 5 cGMP EEEBDENI (cGMP E4E
E/ANP RHE) IBEHCHLTHEFEETL
T2 (6615 VS 449457, P<0.001).
FMERICBIT 2 ANP RBE[(Ao—V) ANPX
COX (1—Ht/100) (ng/min)] & cGMP E4£E[(V

_ (NYHA Class I, I)
:é c 50t
‘;"é 40}
2 .8 30t
E [ 3]
sg 7

i °
SIS
® Y000 2000 3000

Systemic vascular resistance (dyne+sec-cm™®)

(NYHA ClassI, V)

e (%)
50}
25 . e N.S.
= E 400 .
S3 .
5 £ 30 . . .
820 o
a & .
<z|: % 10t : .‘ . o.

1000 2000 3000

Systemic vascular resistance (dyne-sec-cm™)

22 FERICBIT S ANP FBECE LR M
CTHEAOBEG (A BEOTL, B E
ELRA)
ARERICB T 5 ANP BHR (extrac-
tion ratio) = (Ao — V) ANP/Ao-
ANP X 100 (%)

~Ao0) cGMPXCOX (1—Ht/100) (n mol/min) ]iz,
DAEBRERTIE, y=0.BEFELEMHEZED
72 (R24— A)., L2 LLOAREERERTIEIWEAEICH
Bi3ERoH§ (X24— B), ANP K& & cGMP &
EENENE (cGMP E4AERANP H#E) 38
ERCILTERIRETFTLTWA (—14£1,2 VS
197+24, P<0.001),
(%)

OREEETEEECEDEWERAT 2HNEE
ANP REOREBEMIE R L BRI T 5 2
LIIREETH D RALTRE T v, BHRNICE, A
it ANP D4&HER £ N5 RWHEIIL ANP
PR ANP ZEFRICHRT HHAENRETH 5
P, UL, B EBRTIITRETH 545787, k|
BFIREELAEEETIHILALERTRETH 5.
ANP ®#B}aMN second messenger i cGMP &%



LAREBEIEITSH ANP

(NYHA ClassI, 1)

Ba

% E 20 [ 3

-I— TE) o

< -E 15¢

S r=0.79

é 10 L * . p<0-001

= .o .

3 .

g 5 o.‘ L ] L

é b4 .: oo , ) .

= 100 200 300
B (pA-PC) ANPXCOX {1—Ht/100) (ng/min)

:8:_';: ’ (NYHA ClassI, V)

) E ,I’

Ts | |

= E ¢ (Lineér regression Iine) N.S.

B 10 of NYHA ClassI, I

') L ]

> 4 L4

% ; .

g O e .

- .

e “200 400 600 800 1000

(PA—PC) ANPXCO X (1—Ht/100) (ng/min)

R23 FHERICEBIT 5 ANP BB L cGMP E&E
BB (A I BRELDASE, B! EELAE)
PA : i#IRE, PC: RiBIRELAE, CO:
LFHE (1/min), Ht:~2 b2 ) v + (%)

Z6NTEN™, invitro DEBRRTHERN cGMP
BEOBMIZE DAL WEEED (medium) o
cGMP BEN LR 2L L% 2 s, HIEA
cGMP o —iihsmlasticimt GEEE) T5L%2
LNTW5, AFFETIE, FHRIUFRICEWTHER
DR L FRICS- O MEE ANP (R & % cGMP
BRI IEAEE 2 R0k (K19), 261, Ex
DUAEBEHIZBNT, LA2DOENR, BERES
EHRRE CIHEIRBAE R EFEORENELE
I%E ANP BES L UL cGMP IRENEILHIE
MET2ZE2BEELTW5, X, SMEMEIR ANP
21592 &, Na FIREHSLEIRIEAENE
IR & F4T L CHL%E cGMP iREXF LBT 5%
FE F e, KFFEICE VT ANP DEHEER
DIIZ L LT cGMP BE % /e,
MEEMALRICHRM L 4 ANP iIREEZHZE L2
Wik b B Hesd, MHE cGMP IR 2 IE L7228
Ei30 %L, DALBETHBIRBAT L ML T,

(NYHA ClassI, 1)
r=0.78

p<0.001 e
© 2

(hmol/min)

(V—A0) cGMP X (1—Ht/100)

00 200 300 400 500
@)  (Ao=V)ANPXCOX (1—Ht/100) (ng/min)

(NYHA ClassI, V)

—_
(=]

(nmol/min)

_..--~7( Linear regression line
o \of NYHA Class I, I

ot
T

o

N'.“J%o S00% 300° 400

_5 |
(Ao—V) ANP X COX (1—Ht/100) (ng/min)

24 #HIERICBIT S ANP KHHE L cGMP
BEREOMG (A BELLRE, BIE
RELARE)

Ao ! BATKENRK, V :REHEAR, CO:
LHEERE (U/min), Ht:~<F2 ) v
k(%)

(V—A0)cGMP X COX (1—Ht/100)

M % FEERICHE L8RS 32 v, ThEREEAI 2
5DB|MIT DT, THROTERICBTLE LB
RARGE B H CIEREEAL & Rk CORMIZB
T4 ANP iBFE, cGMP BEICH L 2L EER
Bl l2E, & LIRS A A 54T & HBAT L
872242 DIHEIREEA IR IC B 1T 5 B KALFE Py
93.5%TH NENRILTH - 72HEIC L ) B &l
L7z, AFFEICBWT, BHEMRE & MERE AR
T I % ANP iEE (3236+34 pg/mlb & 184122
pg/miNEBHEICET L, m#E cGMP B3I,
6.2%0.4p mol/min % 57.8+0.5p mol/min ~&
BRECLER LAEEE, MR & HERBEALTO
BT ANP 28 &1, cGMP »E4E3I
TWBIL2RBELTENORLBEEB TR
RiICBIT 5 ANP fR# & cGMP EAEMRE I N7,
ANP ZAEEPMICZBICHEET 5 2 L0560, fi




TH ANP D7 )T 5V AFEWHREL LD, 2
DERIFOREBEEEB VT ANP 2IEER I
BT ANP BEKRLEA L TS 2 0 £
EEEL TS A REMEDPB RS E NS, R
ANP 2%, bt b B LUy S O Mg ILR
fER?D & 5 Z EPHE SN T E9978, LAET
FHT MBS H L THEME ANP 8D
TR FISHEE & LT Ty 2 0 2 BRERAYIC R L
THEIIT G, AERAOBELLERICLS R
FELAEHTIIMNEIEN & ANP O ToHER
EHREHBELALZZE (K21—4A), & 53 ANP
DI TORBEIIS L2 cGMP DEEREDRS
L (M23—A), 2L EIBELALTR
ANP i3 & K ANP 24K & 44 L Ciing
FHIRT AHEICH T2 b LHERSNE, )
LMEME ANP 787 v & SRS S & 125 <
o TWAAREENEZ SN, ZUIAEDE
ECITEERER R 2 v, LLEA S BRERTO
BRI DA EDEREIC K S LiER LA, 2F Yl
EIEDL & WTEIR T ANP DOEER IS (X
21—B), M{EERTo ANP LB & cGMP E4AER
LB ES 2 ) ANP BB T 3
cGMP EAEDLIZHE B LA (X23—B).
2 F DWEELLALHFTIE ANP »HHEER CIHE 2
NTWBiIChdb o FEERICILL cGMP E4E
BOMMNRLET2EDL, ELICINLEETIE
BAEREIC L UG AR IS i 2 R L7, ANP %
AT, guanylate cyclase & coupling L72%
BEE™, 21T whb@BE7 )T I RICHE
L7 ZBROFESN LN TE S, JFHick 3
SR b LELLNDY, LEoREE
0 AEIENE & BEROENLF 2 5115 guanylate
cyclase & coupling L 7:MiM& R ANP Z%&
BEREOLAELAZITE VT downregulation # &
2L T 3 R AORE S L, MM ANP B
EEALTwaicd2rb b3 HBRICBWTHS
eARMENRE R R L T Wik 2 bk,
HFERICBVTD, EIFREIIR & FEBIROR T
Mm% ANP BE AR XL 280 (K20—7),
M4 cGMP IRED LA ZRADHL (K20—4H). L
AETIER TIZ &R LEED & RER T ANP
TEEE L ZIEMEREL (X22—A) & 512 ANP L
Bl L7z cGMP EE#BH7: (R24—A). 20

HFEF ANP ¥ 50 MERICHFEET S ANP £
Bfpee-sn )y A L UMREREMEB £ & < ITnE
BHECERALTW 0 EHERII NG, EEE, OF
£BFIC ANP 2572 L, 2FRBOEERD
BT &, LIMBBEORMAEDLNE, 2F g
RELORERBFIBWTIINEY ANP 0 LHi2 &k
O ARABMER B THARMEETI RS L5 eft
BINMERLTW B EE 2 5N5. LIAH, LR
SEEFTIIINL ) ZRRIIED LA, BE
B L, 2RMmEIEIARICEHMEEL ),
% ANP IREABEEZRTICL 200 5 FRGM
FIRICBIT S cGMP EAEHE LI L (K24
—B), ANP X#E L cGMP E4E " uncou-
pling L7, BBBRICBITAINLOEED,
ORSERERTIE, FMIMERIZE VT guanylate
cyclase & coupling L7z ANP # &4 " down-
regulation DFEEEZREL T 5,

ANP 213, FURIER, Na FIRMEH, LEHEE
fEH, v=r, TN FRTorguisifEfREno
Ter{IETERrH5. Ry7RKMicEbiw
LR LTS BLEES, Miff (EEWERME)
CEDLVWDIEESY ANP 25WL, 20L&
TR ERICENTIE, LEESR AR AR
T 55 MmIC feed back b e EI NG, E
WEED ANP €/ 7 u—F A3k E s L)
MER (DAL v M) T, ANP HiiEES5IC &
0 EEHIRRAED LA T 2 Lo b 5™, &
R TIE ANP o4ABER® 9 b MEHERERIC
DWT ANP {K#tE & cGMP EARDBERICOW
This L URMOMERICBWTRE LY, 20
WE» L, LASBERICIE, AEME ANP F&i
S OB LURMOMEICER LT, M, #A
MzWL3LsLIic, ERICOREPRETS L
JIRMEALTWR EEZ L2, LAEPEIER
bk, DF D ILE ANP BE O BEL BRI
T 5 EMERD ANP 24149 down-regulation
FoBFIZ L) LB LANREYE ANP 25-H9 %X
R 2 Rl e < B ), WBWER, V=, T
VXA TV, TARFXT o rREDMEIEELE
DIEGFREAFOTLEDH Y, SLICHIER, #E
MOLREELTEEZLNS, X, NEK ANP
DRRIEH, V=, T FXT - 3udEfEmR
ZEDLALITHENT 5 LE L 5N AEHIE, SED




LAZEBHITHETS ANP

W HI3HW T E LW, ANP RZEREAL
TEAT 2R ErTHLHLLE, ANP " EMICH
) BEERTBEOCALE LV IREBICBWTER
1 desensitization N FREEIX+FHE L HN B,
WE—SDERITRINBELREEET, L
ANP BEREEZENTRIBADBIN L) %
Fickabnr#lidnsd, X, ChsNERY,
HE ANP »OREREE L LTRIFSINT S
», SIS AR, R5HEEERLTHCILE
HERELTWELD LW,

1. I#E ANP BEL, LALEEE (NYHA
) IV LR LLALEREES L CRML 2.
2, ELAREBREZITBCTME ANP BERAER
WEERIAIE & RYF 4 MBS 2 R L, Mi%E ANP B
EIZEENERBED predictor £ LTHFHEEZ
bz,
3, DASAETERLTWAREAKS T2 AT
I UIEBEMICIE ANP GBS LTwienk
2 L,
4, LDASEBIROZBEN IR L LT, ZHE
BIOEHRKROMEE ANP BE*BETHI &R
FRLEZ N,
5. LAXBEDTHE (LALE) OHREFELL
T, In&E ANP BEIZMIE/ VN EX 7 ) VIBE
IO FENABETH B EEEATRE I N2,
6. LALTERTZ2HAEE ANP (I, BE~F
SEFENOLALRBICB W TIHER, BRI
CBWTHRBEN, cGMP DEAEZRDTVS
Z LS MAEMIRME ISR O iox LIVEIC
B nTwaEEZ o5, BEICLEE ANP B
EEEOBRT 2 EELALBHETIE ANP 25
12 down-regulation # &7 LT\ 3 A REtEdH
Z b1 ANP 2 & 2 fUEHES+F B v Twik
WwWeEZ Lhi,

TmEHRZBICHRY, HHEE, BRMW/Z8F

LB IERBRENE S — R EARZ TEESR L
FOBHOBERLET, T/, REFRICHNEE,
NS W2 & & L ENL R T AR R R R
EBEZREL L NCE—NROERICHEELREL
F9, S HIARE CRALE, FEREESETHT
RoniifnwimiEs, BESF, RRIEFHE
bk ) BEEEsLET.

X B

1. Kinoshita, M. (1968) Studies on cardiac
output to blood volume and renal circula-
tion in chronic congestive heart failure. Jpn
Circ J. 32: 249-270.

2. Bito, K., Kubo, S. & Saimyoji, H. (1980)
Role of .endocrine factors in chronic conges-
tive heart failure, with emphasis on cate-
cholamines. Jpn. Circ. J. 44: 117-127.

3. Packer, M. (1988) Neurohormonal interac-
tions and adaptations in congestive heart
failure. Circ. 77: 721-729.

4. de Bold, A.J. (1979) Heart atria granulariry
effects of changes in water-electrolyte bal-
ance. Proc. Soc. Exp. Biol. Med. 161:
508-511.

5. de Bold, A.J., Borenstein, H.B., Veress, A.T.
& Sonnenberg, H. (1981) A rapid and po-
tent natriuretic response to intravenous in-
jection of atrial myocardial extract in rats.
Life Sci. 28: 89-94.

6. Kangawa, K. & Matsuo, H. (1984) Purifica-
tion and complete amino acid sequence of
a-human atrial natriuretic polypeptide (a-
hANP). Biochem. Biophys. Res. Commun.
118: 131-139.

7. Richards, A.M., Tonolo, G., Montorsi, P.,
Finlayson, J., Fraser, R., Inglis, G., Towrie,
A. & Morton, J.J. (1988) Low dose in-
fusions of 26-and 28-amino acid human at-

rial natriuretic peptides in normal man. J.

Clin. Endocri. Metab. 66(3) , 465~472.
8. Solomon, L.R., Atherton, J.C., Bobinski, H.,




10.

11,

12,

13.

14,

15,

16,

17.

Hillier, V. & Green,R. (1988) Effect of low
dose infusion of atrial natriuretic peptide on
renal function in man. Clin. Sci. 75: 403-410.
Morice, A., Pepkezaba, J., Loysen, E., Lap-
worth, R., Ashby, M., Higenbottan, T. &
Brown, M. (1988) Low dose infusion of at-
rial natriuretic peptidé causes salt and
water excretion in normal man. Clin. Sci.
74: 359-363.

Winquist, R.J., Faison, E.P. & Nutt, R.F.
(1984) Vasodilator profile of synthetic at-
rial natriuretic factor. Er. J. Pharm. 102:
169-173.

Ohstein, E.H. & Berkowitz, B.A. (1985) Cy-
clic guanosine monophosphate mediates
vascular relaxation induced by atrial nat-
riuretic factor. Hypertension. 7: 306-310.
Faison, E.P., Siegl, P.K.S., Morgen, G. &
Winquist, R.J. (1985) Regional vasorelaxant

- selectivity of atrial natriuretic factor in iso-

lated rabbit vessels. Life Sci. 37: 1073-1079.

Ishihara, T. Aisaka, K. Hattori, K,
Hamasaki, S., Morita, M., Noguchi, T,
Kangawa, K. & Matsuo, H. (1985)

Vasodilatory and diuretic actions of a-

human atrial
hANP) . Life Sci. 36: 1205-1215.

Bolli, P., Miiller, F.B., Linder, L., Raine,
A.EG, Resink, T.]., Erne, P., Kiowsi, W.,
Ritz, R. & Biihler, F.R. (1987) The
vasodilatory potency of atrial natriuretic
peptide in man. Circ. 75: 221-228.

Labat, C., Norel, X., Benveniste, J. & Brink,

“C. (1988) Vasorelaxant effects of atrial

peptide II on isolated human pulmorary
muscle preparations. Eur. J. Pharm, 397-400.

Hughes, A., Thom, S., Goldberg, P., Martin,

G. & Sever, P. (1988) Direct effect of a-

human atrial natriuretic peptide on human
vasculature in vivo and in vitro. Clin. Sci.
T4: 207-211.

Raj, J.U. & Anderson, J. (1990) Pulmonary
venous

responses to thromboxane A,

natriuretic polypeptide (a-

18,

19.

20.

21,

22,

23.

24.

25.

26.

analogue and atrial natriuretic peptide in
lambs. Circ. 66: 496-502.

Burnett, J.C., Granger, J.P. & Opgenorth,
T.J. (1984) Effects of
natiuretic factor on renal function and
renine releave. Am. J. Physiol. 247: F863-F
866.

Struthevs, A.D., Anderson, J.V., Rayne, N,
Causon, R.C., Slater, D.H. & Bloom, S.R.
(1986) The effect of atrial natriuretic pep-

synthetic atrial

tide on plasma renine activity, plasma al-
dosterone and ﬁrinary dopamine in man.
Eur. J. Clin. Pharmcol. 31: 223-226.

Kudo, T. & Baird, A. (1984) Inhibition of
aldosterone

production in the adrenal

glomerulosa by atrial natiruretic factor.
Nature. 312: 756-757.

Lawrence, D.L., Skatrud, J.B. & Shenker, Y.
(1990) Effects of hypoxia on atrial nat-
riuretic factor and aldosterone regulation in
humans. Am. J. Physibl. 258: E243-E248.
Clinkingbeard, C., Sessions, C. & Shenker,
Y. (1990) The physiological role of atrial
natriuretic hormone in the regulation of al-
dosterone and salt and water metabolism. J.
Clin. Endocr. Metab. 70: 582-589.

Dietz, J.R. (1984) Release of natriuretic fac-
tor from rat heart-lung preparation by arte-
rial distention. Am. J. Physiol. 247: R1093-R
1096.

Lang, R.E., Tolken, H., Ganten, D., Luft,
F.C., Ruskoaho, H. & Unger, T. (1985) At-
rial natriuretic factor-a circulating hormone
stimulated by volume loading. Nature 314:
264-266.

Ledsome, J.R., Wilson, N., Courneya, C.A.
& Rankin, A.J. (1985) Release of atrial nat-
riuretic peptide by atrial distension. Can. ]J.
Physiol. Pharmacol. 63: 739-742.
Schiebinger, R.J. & Linden, J. (1986) The
influence of resting tension on immunoreac-
tive atrial natriuretic peptide secretion by
rat atria superfused in vitro. Circ. Res.59:




27,

28,

29,

30.

31,

32.

33.

34.

LAEEEICEITS ANP

105-109.

Edwards, B.S, Zimmerman, R.S., Schwab,
T.R., Heublein, D.M. & Burnett, J.C. (1988)
Atrial stretch, not pressure, is the principal
determinant controlling the acute release of
atrial natriuretic .factor. Circ. Res. 62:
191-195.

Sonnenberg, H. & Veress, A.T. (1984) Cel-
lular mechanism of release of atrial nat-
riuretic factor. Biochem. Biophys. Res.
Commun. 124: 443-449.

Currie, M.G. & Newman, W.H. (1986) Evi-
dence for a-1 adrenergic receptor regulation
of atriopeptin release from the isolated rat
heart. Biochem. Biophys. Res. Commun. 137:
94-100.

Yamaji, T., Ishibashi, M., Nakaoka, H., Im-
ataka, K., Amano, M. & Fujii, J. (1985)
Possible role for atrial natriuretic peptide in
polyuria associated with paroxysmal atrial
arrhythmias. Lancet 1: 1211,

Schiffrin, E.L., Gutkowska, J., Kuchel, O.,
Cantin, M. & Genest, J. (1985) Plasma con-
centration of atrial natriuretic factor in a
patient with paroxysmal atrial tachycardia.
N. Engl. J. Med. 312: 1196-1197.

Eskay, R., Zukowska-Grojec, Z., Haass, M.,
Dave, J.R. & Zamir, N. (1986) Circulating
atrial natriuretic peptides in conscious rats:
regulation of release by multiple factors.
Science 232: 636-639.

Sugimoto, T., Ishii, M. Hirata, Y., Mat-
suoka, H., Sugimoto, T. Miyata, A.,
Tohimori, T., Masuda, H., Kangawa, K. &
Matsuo, H. (1986) Increased release of at-
rial natriuretic polypeptides in rats with
DOCA-salt Life Sci. 38:
1351-1358.

Sugawara, A., Nakao, K., Sakamoto, M.,
Morii, N., Yamada, T., Itoh, H., Shiono, S.
& Imura, H. (1985) Plasma concentration of

hypertension.

atrial natriuretic polypeptide in essential -

hypertension. Lancet 2: 1426-1427.

35.

36.

37.

38.

39.

40.

41,

42,

Sagnella, G.A., Markandu, N.D., Shore, A.C.
& MacGregor, G.A. (1986) Raised circulat-
ing levels of atrial natriuretic peptides in
esssential hypertension. Lancet 1: 179-181.
Rankin, A.]J., Courneya, C.A., Wilson, N. &
Ledsome J.R. (1986) Tachycardia releases
atrial natriuretic peptide in the anesthetized
rabbit. Life Sci, 38: 1951-1957.

Fyhrquist, F., Tikkanen, 1., Totterman, K.J.,
Hynynen, M., Tikkanen, T. & Anderson, S.
(1987) Plasma atrial natriuretic peptide in
health and disease. Eur. Heart. J. 8 (suppl

" B): 117-122.

Nemer, M., Lavigne, J.P., Drouin, ],
Thibault, G., Gannot, M. & Antakly, T.
(1986) Expression of atrial natriuretic fac-
tor gene in heart ventricular tissue. Peptides
7: 1147-1152.

Day, M.L., Schwartz, D., Wiegand, R.C,
Stockman, P.T., Brunnert, S.R, Tolunay,
H.E., Currie, M.G, Standaert, D.G. & Need-
leman, P. (1987) Ventricular atriopeptin:
unmasking of messenger RNA and peptide
synthesis by hypertrophy or dexamethasone.
Hypertension 9: 485-491.

Ding, J., Thibault, G., Gutkowska, J., Garcia,
R., Karabatsos, T., Jasmin, G., Genest, J. &
Cantin, M. (1987) Cardiac and plasma atrial
natriuretic factor in experimental conges-
tive heart failure. Endocrinolegy 121:
248-257.

Saito, Y., Nakao, K., Arai, H., Sugawara,
A., Morii, N., Yamada, T., Itoh, H., Shiono,
S., Mukoyama, M., Obata, K., Yasue, H.,
Ohkubo, H., Nakanishi, S. & Imura, H.
(1987) Atrial natriuretic polypeptide (ANP)
in human ventricle increased gene expres-
sion of ANP in dilated cardiomyopathy.
Biochem. Biophys. Res. Commun. 148 :
211-217.

Yasue, H., Obata, K., Okumura, K., Kurose,
M., Ogawa, H., Matsuyama, K., Jougasaki,

M., Saito, Y. Nakao, K. & Imura, H.




43,

44,

45,

46.

47,

48.

49,

e

7

(1989) Increased secretion of atrial nat-
riuretic polypeptide from the left ventricle
in patients with dilated cardiomyopathy. J.
Clin. Invest. 83: 46-51.

Raine, A.E.G., Phil, D., Erne, P., Briirgisser,
E., Miiller, F.B.,, Bolli, P, Burkart, F. &
Biithler, F.R. (1986) Atrial natriuretic pep-
tide and atrial pressure in patients with
congestive heart failure. N. Engl. J. Med.
315; 533-537.

Burnett, J.C., Kao, P.C., Hu, D.C, Heser,
D.W., Heublein, D. Granger, J.P., Op-
genorth, T.J. & Reeder, G.S. (1986) Atrial
natriuretic peptide elevation in congestive
heart failure in the human. Science 231:
1145-1147.

Bates, E.R., Shenker, Y. & Grekin, R.].
(1986) The relationship between plasma
levels of immunoreactive atrial natriuretic
hormone and hemodynamic function in man.
Circulation 73: 1155-1161.

Hara, H., Ogihara, T., Shima, J., Saito, H.,
Rakugi, H., linuma, K., Kumahara, Y. &
Minanino, T. (1987) Plasma atrial natriure-
tic peptide level as an index for the severity
of congestive heart failure. Clin. Cardiol. 10:
437-442.

Nakaoka, H. Imataka, K. Amano, M.,
Fujii, J., Ishibashi, M. & Yamaji, T. (1985)
Plasma levels of atrial natriuretic factor in
patients with congestive heart failure. N.
Engl. J. Med. 313: 892-893.

Tsutamoto, T., Bito, K. & Kinoshita, M.
(1989) Plasma atrial natriuretic polypeptide
as an index of left ventricular end-diastolic
pressure in patients with chronic left-sided
heart failure. Am. Heart J. 117: 599-606.
Chon, J.N., Levine, T.B., Olivari, M.T., Gar-
berg, V. Lura, D. Francis, G.S., Simon,
A.B. & Rector, T. (1984) Plasma norepine-
phrine as a guide to prognosis in patients
with chronic congestive heart failure. N.
Engl. J. Med. 311: 819-823.

50,

51,

52,

53.

54,

55.

56.

57.

58.

Cohn, J.N. & Rector, T.S. (1988) Prognosis
of congestive heart failure and predictors of
mortality. Am. J. Cardiol. 62;: 25A-30A.
Gottlieb, S.S., Kukin, M.L, Ahern, D. &
Packer, M. (1989) Prognostic importance of
atrial natriuretic peptide in patients with
chronic heart faiture. J. Am. Coll. Cardiol.
13: 1534-1539.

Tsutamoto, T., Kanamori, T., Mitsunami,
K., Motomura;; M. & Kinoshita, M. (1989)
Which is a better predictor of prognosis in
patients with congestive heart failure, plas-
ma norepinephrine or atrial natriuretic pep-
tide? Eur. Heart J. 10: Suppl: 140.

Kohzuki, M., Hodsman, G.P., Harrison,
RW. & Johnston, C.I. (1988) Attenuated
renal response to atrial natriuretic peptide
infusion in rats with heart failure. Cli. Exp.
Pharm. Physiol. 15: 323-326.

Cody, R.J., Atlas, A. & Laragh, J.H. (1988)
Renal responses to atrial natriuretic factor
in patients with congestive heart failure.
Eur. Heart J. 9 (suppl H): 29-33.

Hirooka, Y., Takeshita, A., Imaizumi, T.,
Suzuki, S., Yoshida, M. & Nakamura, M.
(1990) Attenuated forearm vasodilative re-
sponse to intra-arterial atrial natriuretic
peptide in patients with heart failure. Cir-
culation 82: 147-153.

Hirata, Y., Emori, T., Ohta, K., Shichiri, M.
F. (1989)

induced heterologous down-regulation of

& Marumo, Vasoconstrictor-
vascular atrial natriuretic peptide receptor.
Eur. J. Pharmacol. 164: 603-606.

Schiffrin, E.L. & Louis, J.S. (1987) Dec-
reased density of vascular receptors for at-
rial natriuretic peptide in DOCA-Salt hyper-
tensive rats. Hypertension 9: 504-512.
Roubert, P., Lonchampt, M.O. Chabrier,
PE, Plas, P, Goulin, J. & Braquet, P.
(1987) Down-regulation of atrial natriuretic
factors and correlation with cGMP stimula-

tion in rat cultured vascular smooth muscie




59,

60.

61.

62,

63.

64,

65.

66.

67.

LREBHFICBITS ANP

cells. Biochm. Biophys. Res. Commun. 148:
61-67.

Ogawa, K. & Ito, T. (1989) Pathophysi-
ologic and prognostic considerations in cir-
culatory insufficiency in congestive heart
failure: receptor function. Jpn. Cir. J. 53:
123-130.

Fyhrquist, F. & Tikkanen, 1. (1988) Atrial
natriuretic peptide in congestive heart fail-
ure. Am. ]J. Cardiol. 62: 20A-24A.

Caidahl, K., Hedner, J. & Hedner, T. (1988)
Atrial
mines in peripheral blood as indicators car-

natriuretic peptide and catechola-

diac dysfunction in the general population.
Clin. Sci. 74: 587-594.

Richards, A.M., Cleland, J.G.F., Tonolo, G.,
Mcintyre, G.D., Leckie, B.J., Dargie, H.J,,
Ball, S.G. & Robertson, J.I.S. (1986) Plasma
a-natriuretic peptied in cardiac impairment.
Br. Med. J. 293: 409-412.

Bouchard, R.J., Gault, J.H. & Ross, J.
(1971) Evaluation of pulmonary artery end-
diastolic pressure as an estimate of left
ventricular end-diastolic pressure in patients
with normal and abnormal left ventricular
performance. Circulation 44: 1072-1097.
Tunny, T.J., Bachmann, AW. & Gorden,
R.D. (1988) Response of atrial natriuretic
peptide to adrenaline and noradrenaline in-
fusion in man. Clin. Exp. Pharm. Physiol.
15: 299-303.

Bianchi, C. Gutkowska, J., Thibault, G.,
Garcia, R., Genest, J. & Cantin, M. (1985)
Radioautographic localization of !2°-I atrial
natriuretic factor (ANF) in rat tissues. His-
tochemistry 82: 441-452.

Kanai, Y., Ohnuma, N. & Matuso, H. (1987)
Rat atrial natriuretic polypeptide increases
net water, sodium and chloride absorption
across rat small intestine in vivo. Jpn. J.
Pharmacol. 45: 7-13.

Richards, A.M., Tonolo, G., Cleland, J.G.F.,
Mcintyre, G.D., Jeckie, B.]., Dargie, H.J,

68.

69.

70,

71,

72.

73.

74,

Ball, S.G. & Robertson, J.I.S. (1987) Plasma
atrial natriuretic peptide concentrations
during exercise in sodium replete and de-
plete normal man. Clin. Sci. 72: 159-164.
Saito, Y., Nakao, K., Sugawara, A., Nishi-
mura, K., Morii, N., Yamada, T., Itoh, H.,
Shiono, S., Mukoyama, M. Arai, H.,
Sakamoto, M., Ban, T. & Imura, H. (1988)
Exaggerated secretion of atrial natriuretic
polypeptide during dynamic exercise in
patients with essential hypertension. Am.
Heart J. 116: 1052-1057.

Crozier, L.G., Nichollis, G., Ikram, H., Es-
piner, EA. & Yandle, T.G. (1989) Atrial
natriuretic peptide levels in congestive heart
failure in man before and during converting
enzyme inhibition. Clin. Pharm.
Physiol. 16: 417-424.

Borghi, C., Magelli, C., Boschi, S., Costa,
F.V., Capelli, M., Verani, E., Magrani, B. &
(1989)

and humoral

Exp.

Ambrosoni, E. Peripheral hemo-

dynamic effects of oral
zofenopril calcium (SQ. 26, 991) in patients
with congestive heart failure. J. Clin. Phar-
macol. 29: 1077-1082.

Nelson, G.R., Cohn, P.F. & Gorlin, R. (1975)
Prognosis in medically treated coronary ar-
tery disease. Influence of ejection fraction
compared to other parameters. Circulation
52: 408-412.

Schulze, R.A., Strausee, HW. & Pitt, B.
(1977) Sudden death in the year following
myocardial infarction. Relation of
ventricular premature contractions in the
late hospital phase and left ventricular ejec-
tion fraction. Am. J. Med. 62: 192-199.
Franciosa, J.A., Wilen, M., Ziesche, S. &
Cohn, J.N. (1983) Survival in men with se-
vere chronic left ventricular failure due to
either heart disease or idopathic dilated
cardiomyopathy. Am. J. Cardiol. 51: 831-
836.

Hofmann, T. Meinertz, T. Kasper, W,




75.

76.

7.

78.

79,

80.

81.

Geibel, A., Zehender, M., Hohnloser, S,
Stienen, U., Treese, N. & Just, H. (1988)
Mode of death in idiopathic dilated car-
diomyopathy: A multiveriate analysis of
prognostic determinants. Am. Heart J. 116:
1455-1463.

Clinkers, M., Garbers, D.L.,, Chang, M.S,
Lowe, D.G,, Clin, H., Goeddl, D.V. & Schulz,
S. (1989) . A membrane from of guanylate
cyclase is an atrial natriuretic peptide re-
ceptor. Nature 338: 78-83.

Heim, J.M., Gottmann, K., Weil, J., Haufe,
M.C. & Gerzer, R. (1988) Is cyclic GMP a
clinical ‘useful maker for ANF action? Z.
Kardiol. 77: suppl 2: 41-46.

Cusson, J.R., Hamet, P., Gutkowska, J,
Kuchel, O., Genest, J., Cantin, M. &
Larochelle, P. (1987) Effects of atrial nat-
riuretic factor on natriuresis and ¢cGMP in
patients with essential hypertension. J.
Hypertension 5: 435-443.

Sasaki, A., Kida, O., Kato, J., Nakamura,
S., Kodama, K., Miyata, A., Kangawa, K,,
Matsuo, H. & Tanaka, K. (1987) Effects of
antiserum against «-rat atrial natriuretic
peptide in anesthetized rats. Hypertension
10: 308-312.

Drexler, H., Hirth, C., Stasch, H.P., Lu, W.,
D. & Hugsteterstr, J.H. (1990)
Vasodilatory action of endogenous atrial

Neuser,

natriuretic factor in a rat model of chronic
heart failure as determined by monoclonal
ANF antibody. Cir. Res. 66 (5): 1371-1380.

Hirata, Y., Ishii, M. Matsuoka, H.,
Sugimoto, T., lizuka, M., Uchida, Y,
Serizawa, T. Sato, H. Kohmoto, O,

Mochizuki, T., Sugimoto, T., Miyata, A,
Kangawa, K. & Matsuo, H. (1987) Plasma
concentratinos of «-human atrial natriuretic
polypeptide and cyclic GMP in patients with
heart disease. Am. Heart J. 113: 1463-1469.

Dussaule, J.C.,, Vahanian, A., Michel, P.L,,
Soullier, I, Czekalski, S., Acar, J. & Ardail-

B

82.

83.

84,

85,

87.

88,

lou, R. (1988) Plasma atrial natriuretic fac-
tor and cyclic GMP in mitral stenosis’
treated by ballon valvulotomy. Effect of at-
rial fibrillation. Circulation 78: 276-285.
Nakaoka, H., Imataka, K., Kitahara, Y,
Fujii, -J., Ishibashi, M. & Yamaji, T. (1988)
Relationship between plasma levels of atrial
natriuretic peptide and cyclic guanosine
monophosphate in patients with heart dis-
eases. Jpn. Cir. J. 52: 30-34.

Sato, F., Kamoi, K., Wakiya, Y., Ozawa, T,
Arai, O., Ishibashi, M. & Yamaji, T. (1986)
Relationship between plasma atrial nat-
riuretic peptide levels and atrial pressure in
man. J. Clin. Endocrinol. Metab. 63: 823-827.
Hargrave, B., Roman, C., Morville, P. &
Heymann, M. (1990) Pulmonary vascular
effects of exogenous atrial natriuretic pep-
tide in sheep fetuses. Pediatr. Res. 27:
140-143.

Fuller, F., Porter, ].G., Arfsten, A.E., Miller,
J., Schilling, JW., Scarborough, R.M,
Lewicki, J.A. & Schenk, D.B. (1988) Atrial
natriuretic peptide clearance receptor. J.
Biol. Chem. 263: 9395-9401.

. Schiffrin, E.L., Chartier, L., Thibault,G., St-

Louis, J., Cantin, M. & Genest, J. (1985)
Vascular and adrenal receptors for atrial
natriuretic factor in the rat. Circ. Res. 56:
801-807.

Schenk, D.B., Johnson, LK., Schwartz, K,
Sista, H., Scarborough, RM. & Lewicki,
J.A. (1985) Distinct atrial natriuretic factor
receptor sites on cultured bovine aortic
endothelial
Res.

smooth muscle and cells.

Biochem. Biophys. Commun. 127 :
433-442.

Pandey, K.N., Inagami, T. & Misono, K.S.
(1987) Three

natiuretic factor receptors: kidney tubular

distinct forms of atrial

epithelium cells and vascular smooth muscle
cells contain different types of receptors.
Res.

Biochem. Biophys. Commun. 147 :



LAREBEITEITS ANP

1146-1152.

89. Saito, Y., Nakao, K., Nishimura, K., Suga-
wara, A. Okumura, K. Obata, K., Sonoda,

R., Ban, T. Yasue, H. & Imura, H. (1987)

Clinical application of atrial natriuretic
polypeptide in patients with congestive
heart failure: beneficial effects on left

ventricular function. Circulation 76: 115-124.




