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Summary

Objective- This study was designed to examine whether aldosterone is produced
from the hearts of patients with essential hypertension without left ventricular
systolic dysfunction (LVSD).

Methods- The study population consisted of 20 patients with essential
hypertension without LVSD and 22 conirol subjects. Plasma levels of aldosterone,
serum angiotensin converting enzyme (ACE) activity, and B-type natriuretic peptide
(BNP) levels were measured in the anterior interventricular vein (AlV), coronary
sinus and aortic root during cardiac catheterization.

Results- The plasma aldosterone levels were significantly higher in AlV and
coronary sinus than in aortic root (99+11 pg/mL vs. 88+10 pg/mL, p<0.01; and,
100+12 pg/mL vs. 88+10 pg/mL, p<0.01. respectively) in the hypertension group.
On the other hand, there were no significant differences in aldosterone levels for
these sites in the control group. There were no significant differences in ACE
activity levels between aortic root, AlV and coronary sinus in either the
hypertension or control group. The levels of BNP were significantly higher in AlV
than in aortic root in both groups. The difference in aldosterone levels between
AlV and aortic root [AAldo (AIV-A0)] had a significant positive correlation with the
difference in ACE activity between AIV and aortic root [AACE (AIV-Ao)] (r=0.501,
p<0.05) in the hypertension group. Both [AAldo (AIV-A0)] and [AACE (AIV-Ao)]
had a significant positive correlation with diastolic blood pressure (r=0.498, p<0.05;
r=0.577, p<0.01, respectively) in the hypertension group.

Conclusion-We conclude that production of aldosterone is activated in the left
ventricles in patients with essential hypertension without LVSD in proportion to the
severity of hypertension.
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ACTH: adrenocorticotropic hormone

All: Angiotensin Il

Ao ; Aortic root

AlV; anterior interventricular vein

CS; coronary sinus

ANP: A-type natriuretic peptide

BNP; B-type natriuretic peptide

MR; mineralocorticoid receptor

GC-A; guanylyl cyclase-A

GC-B; guanylyl cyclase-B

GR; glucocorticoid receptor

RAAS:; renin—angiotensin—aldosterone system
SBP; systolic blood pressure

DBP: diastolic blood pressure

EF; ejection fraction

LVEF; left ventricular ejection fraction
LVEDP:; left ventricular end diastolic pressure
LVIDd; left ventricular internal dimension
IVST; intraventricular septal wall thickness

PWT: posterior wall thickness
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* ok % K
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100 7 154 7 F ** 800
50 - V‘—I 700 - ® LF£B(n=20)
0l o0 ggg I O #BH(n=23)
601 —o0— 2 400 - * % P<0.01
40 - 300 - (FHE + RERE)
51 200 - * % k%
201 100 o—0
0 T T T 0 T v v O ! T T
Ao AV CS Ao AV CS Ao AIV CS

Mizuno Y et al. Circulation 2001
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Yoshimura M et al J Clin Endocr Metab 2002
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ACE FHEFZHI\-158D
Ao. AlV RU CS IZBITABERILEVEEDEIL

Aldosterone ACE activity
(pg/ml) P (1
1007 157 AL
80- t t 5/
A I
607 71 ¢—9—o
407
5..
207
0+ o
Ao AIV CS Ao AlIV CS

Mizuno Y, et al. Am J cariol 2002
Open Circle(Q), placebo ¥ (n=25) : closed circle (@), Perindopril 8 (n=25)

*p<0.01 vs aortic root, **p<0.001

5-8. FHARDER

BEREEM2LICEIS7ILRRATOVEEFHLMNILEA L DHEEET
DEVWEIEMIEFTET LR TAVEEDFRIZODVWTIIIAETHREN G, K
METIEOBEETOAVAKESEESOEEF O DBNSTILFRTAUNEESLD
MRETLT =,

18



6. &
-1. WR
BMEDHEED=O. DA T—TIVREZLEEL: 2 EHEEMNEH. &
KU, A bO—JLED 2 BEELT=,
EEFT 204 (BE1446). 2t 6 &, FHFH 52429 K. FHHH
2 B~T8 %) . AR TIIEMEXFFEEREZRARL TLVELVREE TIRFERI M (SBP)
>140mmHg A D¥EEEIME(DBP) > 90mmHg &= HDEL =, 20 HlD S
EEHDIL. TRTOEMEIIRES . BLU, EEEZA BTSN, EEIRIE
L A9PIXERMROBERBRELZH SN, BYD 1 flIICEEBHEROEESR
e T EEEF L TRTOEFHDEEE ZE (EF) >65%TH>1 =, IRFEHHME
140mmHg A L HHWNIHRERMEA 90mmHg LLEEBLMN—FDHTRTEETS
EOFHE TR I, DEEE. OEESR . FIE. FEIR. TR £ (Cr>2.0mg/dl).
“REEMEESIERNLI, TRTOREE-ACE BEE. 7047000 11 2
BRBEME. TIVFRATOOZEREME, BHEE]L ALV LERE. B —BIE,
FRAEZEL . ABOLEREICIVN —TBRDDE<ES 4 BRTIZITKREL
t=o
arhO— LB L. FE. BRUMRE TV FS 226 (BEH 16 4. &kt 6 %
FH)FH 55.72.4 . BT 23 B ~70 #%) . A FO— LB IRFERA M X (SBP)
<140mmHg M DHEIRERME(DBP) < 90mmHg %#&f-3t D&, EMERHEF
B.INTOEMNBERER . FLUL. EZEEZLBITIN -, BBIREFZ L. 16
PIFEEFFROMBERBEZEIN. BUO 6 HlICEREHMMELRDT, £,
EESELE TRTOEFAHIOELE(EF) >65%TH 21z, AIRFEFEMETH>
T3 DEAT—TIILRERITRICOELFNBHON-BE I PO—ILELYER
AUtz AP LBEOEEZIREDHEZZBLTREREZEOHOP SRR
M| IITHONGEN T,
TRTHOEEFERFIARDO LTREZTV. AIRPOBZORIBERER 10g &
L7z (MAK. MFE X R EZEREM. 30 ALl EOREHRIC 3 B ERIEL . REAKIL.
BREANMBEEFHRATOREZRE ORI ZR/-LTHRITSN: £ BREHED

19



AT RTOBEBIIHLT. REFOARMBEOFHIREZEH T, XBIZTIUT+—
LR-avt bR Thht-,

6-2. ILEHT—TILRE

AT —T I RETEEBCETL . BRRRH DLV ITNBEBRR,I O1E
ALtz Swan-Ganz A7 —FIILERAWNT. £5 . MITENRE FHBIARE . s AE. &
BE.RU DIRER)FRIEL -, DIAHEBIRBFEZLZAVTREL:. BLAT
—TIVIREMEITER. LBIARAR. HHUL VL. REEFIRASIEALT- 6F Goodale-Lubin 7
T—TILERWT. B#RKIE~NHDT—TILEED  RIZ. BERTTHARDAY—%F
WTHIZMEIRETESICHT—TILEEDHT=(18, 20, 22, 38, 39) , AT —TILEImAVAN
EMERICEZFELZAE I BEFIOEAICLYREEL:z, CORH L. KBED
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(Body mass index). ME#MER. FrIVAL JLFF=U #IALATR—)L, itlE
Bz T2 #MICHEEELRHonGE, >z, MBEHAI D LEEmMERHICELTIY
FO—LBELEBLERICEENZEHON - (FM/ES;3.90+0.08mmol/L vs. 32b0
—JLE#;4.1420.07mmol/L, p<0.05) , LVEF &IMREE 2 BHRICHEZ LR H SN H
oz, EEHRIRFRFE(LVEDP) FEMERICELTAVFA—ILEELBLERIZE
[EARBHON-(BMEE: 15 1mmHg vs. 2 bO—/LEE; 12+ 1mmHg, p<0.05), F
. EEEERNLEEENERICAVTIVFO—LBEEBLEEICEENIRDS
Ni-(BMEEE;160.2+£9.5¢/m? vs. O hO—)LEE;129.2+7.4g/m? p<0.05), KEFZE
ZBEVWTEHEDHRIELGED NGNS,

7-2. RILEILAILOHE

E9—1TKENARESR (Ao) . ATERIERAR (AIV) . BERRIF (CS)IZHT5MEET
IVEATOV{E., MiE ACE &, MIEBNPEOESMER LI FO—LBEEDLLEE TR
T EmMEHCEVTHRT7ILFRATAUEIXKEIARE L (Ao) TR ATR IR
(AIV), BLUBEERE (CS) ITBWTHRICHEMNROH SN (AIV; 99+ 11pg/ml vs.
Ao; 8810 pg/ml, p<0.01, CS; 100+ 12 pg/ml vs. Ao; 88+ 10 pg/ml, p<0.01), — .
AFO—ILEICEVWTHETILFRTOABEIXXKEIAREER (Ao) . BTEREEAR (AIV) |
B LUVEFHIRE (CS) [CTELWTHEEILROSNEM oIz (AIV; 635 pg/ml vs. Ao; 67
=+7 pg/ml, p=NS. CS; 687 pg/ml vs. Ao; 677 pg/ml, p=NS), 2 B D LLEIZH T
(X MIET7ILRRTOABIZRTEMEEAR (AIV) (BMEE; 99111 pg/ml vs. I bO—
JLE¥:63+5 pg/ml, p<0.01) . HXUEBERIRFE(CS) (BI/EF; 10012 pg/mlvs. I
FO—JLE%.68%7 pg/ml, p<0.05) BLVTHEMEH TV FO—LEILKSRERICEE
ZoRLE-AN KEIERE R (A)IZHEWWTIZEEZZRHOohEh T,

;% ACE FMICEHENTIE, REIARESE (Ao) . ATERBHR (AIV) . BLUTER
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AR (CS) (2L TEMIEEE (Ao; 13.0£1.5 IU/L, AIV; 13.0+15 IU/L, CS; 12.7+1.3
/L) IZENTH, a2 bO—)LE# (Ao, 11.0£0.7 IU/L, AIV; 10.9+0.7 IU/L, CS; 11.0+0.7
IW/LIZBWTHLEEZERRD oG, o,

M3 BNP EIXEMERICEOTREARES (Ao) IO, BIEREHRAR (AIV) |
H LU (CS) [CEVWTHEICHRENRO LN (AIV; 6616 pg/ml vs. Ac; 19
+4 pg/ml, p<0.01. CS; 519 pg/ml vs. Ao; 194 pg/ml, p<0.01), M%F BNP {E(F2
RO—LBEIZEVTEREIAREAR (Ao) IZ<B A ATERERR (AIV) | B LU B ERIRR
(CSIZBLWTHEIZEEMNEOHSNT=(AV; 45+8 pg/ml vs. Ao: 152 pg/ml, p<0.01,
CS; 39%6 pg/ml vs. Ao; 15£2 pg/ml, p<0.01), 2 BRDLEEIZHE L TIFEMER T
hO—VEICER TRTOYTI T RAVICEEEZRTHERICHIAEE
- {E ST LY (R ALY il

7-3. BMERICETHIEEREDORILECHEOER

ATZE 8RR (AIV) E R BIARE AR (Ao) DRILEULARIILDEIFEEHEDRILE
JLANETRY . EMEFICETAEERARXROMBTIIFRATOVE EEHEOMF
ACE EMEEMRIZIF. BRLGIEDIEEAREHLMNT-(r=0.501, p<0.05) (K 9-2 X&), —
A .BMERIEVT. EEHROMB7IFRTOAVEEEZHKD BNP EDOMICIE
BEELHEEERHONEM 1 (r=0.080, p=NS) (K 9-2 &),

7-4. SOEBEICEITAMELEEHRERILELEDBHR
EHICEWTEZEBRROMB7IILFATO ELIRERAMESDOMIZIZE

BELEOHEEMNREOHSNT(r=0498,p<005) (K 10-3 &), LAOLEHAS, INHEEIMTE

EDRIZIFFREIXEH LN LA T (r=0.021, p=NS),

FEH#ITBEVTEZEHRXOME ACE FHEHRMMELDMIZITEERE
DOFEEMNEHONT-(r=0577, p<0.01) (B 10-3 H) . LMLEA S, INFEHAMEEDR
(ZIZHEBILFTE D LN M1 (r=0.018, p=NS),

ERICBWTEEZHRXOMIEBNP {ELIRMEHAMTE . S LU, HRMES
DREIZIZEBIZHEIXZRSO SN LM 51=(r=0.273, p=NS;r=0.218, p=NS, respectively) ,
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8. BR
8-1. MMEDICHIIBFTIFRATAVES
LRT7ILRRATOVIE, BB DHTEESNSEEZEZON TV A RIEOHY

RBRTOE. OE. ML SRI BN oLEEINDIEMNERESNT(6,7, 36,
44, 45), ToIZH A X EFR 2D TPIRATAUAEESL, CYP11B2 DBIEFH
RIVTHIEERELT-(34, 35), AMEIZKYEENRB A EOHRNEMELEIYTIL
FRTOU A KENRE SR (Ao) ERTZEREERAR (AIV) DI THEICEMLTLSIEERL.
—A.AVPA—LETEZTDOLSGEMEIB OGN EE R, T, KEIIRE
B (Ao) 12BN TIE. MEEFIARRFOVEFI O /LEEEMERHD 2 BEICEE
E(XBHoNEh oA FTERERIR (AIV) | EFEIRE (CS) ITALTHETILFRTO
ANEIFaUO—LEBEEBRLENMERICEVLWTHEICEELZ RL-. COIEIEEM

EODIZEWTTZILRRTAVEENEHELTHY . EEMEDICESWLTIETIILERT
AVELDOFERILIZRHLNGNEERLTILS, F1-. ATZE KRR (AIV) & XBIAR
EI(ADE. Thabhb. EEREOTIRRTOAVEEFVETHLIIENS. D
BEODFIRRATFOUENLTH—RIZA/INTGOSAELTHBEL TS TETREN %
LRTEDTHD, PIFATOCOERIGFOEHENZERTHAIRT/ILILFIA
FEBERETZIFRTAUAHEETHILICEYNSNED . SRIILANLFaAIRRER,
BEU ZRILIANFARORBICIERERARGELBERTHS 118-£FOF>
ATARARTFEROS +—4 (11 B-HSD2) [Z&LICERDDRIZE W TEFEIREINT
L5 (46), EE. RASIEIENESYMMITLMEBZILRRATOVEENRDHONEIL
Z3RE L12(47) . Kayes—Wandover 51EEME R L AFEHEIZIH LT CYP11A, 3B -HSD2
HERU CYP21 (ERBLTLAN, PILERTAVERKERTHS CYP11B2 (FHI]L T
WAEWTEZHEL (48) ., Young HIE R 2D EHFEBICH LN TCYPHIB2DHRBL T 548
BNTFETHILEHMELT-(49)  SHITEMLITOF L TIERTL-EHHI SEFEERLT
B EZE LAHEBICHEITH CYP11B2 DBEIEFHRENERNUKRBERLEN > FEH
A SERMLUBBICE T5FNEIVELERICEVNEETREEU7ILEA L PCREAL
TRLTWLA(35), EFEIELICETE7ILERATOVERBROREOHEITEN
LD, ChoDHET. EFEMEDIZBFTEIFILRRATOVEEEZXEHTIENER
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Hbhd,

8-2. HIEDIZHI+5 ACE FtE

ERAEINFETTEOIZEWTIORE ACE BEMNEHIEINAIEEHRELTSE
12(34,39) , LOLIEAS, EEHFED ACE EE IV EBTHAZEND, LFHED
ACE XX ELTH—NIZAU/INGOSAELTHBEL TWAEREME R LR TEDTH
B LALLM L KRR TIEAV O —LEEEBELTEEINBAL2OLGWEmE G
TOLEBARED ACE BEHDFELLERIZOHONANof, COZLITERAETHUL
F=AEMN. EZ2INEAL20OGL . SIEOTOOEEED ACEFHOLTMILR
ZRIETAEHICIEBRESLIVHREICEVWTA+9THo-ARNENHILEEDN
Do

8-3. BIMEL& BNP

Mm3% BNP E(XEMER. o bO—/LE, M EHITKEIARESD (Ao) LRTERM
B (AIV) EORIZBVWEEBLRRTY T 7uT28B5HTz, COZEIE BNP ILLETE
SN THEY. LIEIL BNP DR WBBFETHAHLERLTLVS(20-22),

8-4. BIMEDICEFIDFIERTFOVEEDAD=_X L
SMEGICETEFILFRATOVEEDERLEAD=XLFTBELMIETE>TN
BLBIBICBITATIRFRTAVERIEEELTPUOUATULL T IZTRIBEN S,
FIRATOVEEFMIZLMFEN) D LRE.ACTH, TELT.BNPZEH-FRI I LA
FIRBILEUIZE->TEIVPA—LENS (21, 50-53) . KFAEIZH LT, BIERIFEAR
(AIV) EXBNIRE SR (Ao) EDREIDMIFT IR RTFAUEDE, DFY D7 ILFRTO
UlE. BTZERFRR (AIV) ERENMREER (Ao) EDRID MIE ACE JEEDE. DFEY . (LE
ACE SEHLOMICERLEDHEBERL Iz, SYMIBLTEERMICERShI-SME
DELVLHBELOTIVRZILCRTOVELEFEICODET DA T 1ML
TIThhBIENMESNTINA(6, 47), HAF. EFTFL2DLIZHTIE, ACE FEEF
DEEIZEYDRBTIVFRATOVEEN RSN S EEZHELQN . T . REAEAL
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FEFEMEDICEWNWTACTH AELESN  DB7IVFRTOUEE LD ACTH EA
EDOMICIFEDHEANEOONI-CLEEMEL-(54), LEDZEKYDBTILERT
OVEZICITOEBT O OATUOU I BEWLEE ACE SEHEICMA . L& ACTH D5
LTLBE0ERBhhb,

FHARICEVLTODET LR TOAES SUDE ACE FEHE I &HICHERE M
EEHBLEDHBERL -, COZLITBEMEICKDERNDEROOLHERAD
RN EOEBEDOL=V—TFooF T 0RICBVWTLDRTZILRRTOVEED
BROFLERALG>TVWAATEEELAHLIEEHNS,

TILRRTAUVIEEREF D LBRIRED) D LE#HOBRO=HIZEIME L
DFREOREELTEETHILEEAONTE, LMLEAS, PIRRATAVIGZMT
BRELFFNTILDFCHE DRBILETETSEIIEIHRESh TS (1.2, 55), K
RTEHEMNEMEOIZBWTZ LR TOVEEMNERIEINSIEERLZ, DEFTO
FILRRATOVEERMBROTILRRATOVEEDAZEEEN(6) ZEMNBESIT
WEA, COZEIFTDEBATIFRTOVERDENZRFE >TWASEITTR 8K
LEZIULRRTOVEZDEEBOP TRFTHIENTELIEAVBBEFITOREESL
TEETHHLBDND, RALXIERSYMOFMERE AV ERICKYTILEZRTO
UINDEHRRICH T AT AT BB R (ACE) BIE FRIREBIRESEH L%
RLT=Z(56) o cOZEIXDEBARICL=VPUOA TV FILVFRATAVRDOROT
AT 74— RNV BB RET HILEEKRL. SHICRIBTHEDZILFRATOV DA
Y IDFREDTILERTAVENRNLTA—R IS4/ INTGOTA4ELTHEEL TS
AHEMELTTEDTHD, FBEERMICIE. CORDTAIT I — RNV IOBEBIZEYS
MEETEEOERRMSERINTLSAEEENHLIEEZALNDS,

8-5. $55R

AEMBOEEFATE. MEOEEEICIECTEORLIYTARRTO A E
EnIhdEMNRShI-,
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9. B&LUEDEREA
9-1. BYUTITRAVMIBITRAFRILEVEE

Aldosterone ACE Activity BNP
(pg/mL) (Tu/L) {(pg/mL) ® Hypertension (n= 20)
120 . 16 901
100- 141 l ‘ 801 O Control (n=22)
121 707 % p<001 vs Ao
80 o f 10+ 60
601 9\'(?"’? N 50 + p<0.05 vs Control
101 61 :g ++ p<0.01 vs Control
41 !
20
201
27 107
0 0 0
Ao AIV CS Ao AIV CS Ao AIV CS

EMEH (@), arO0—LE(O)IZTRLIEZ. EMS. MFEFILRFRATFOVE
fE.M& ACE &%, Mm% BNP BE, &Y T IRAUME KEINRE S
(Ao) . BTZEREIARAR (AIV) . B AEARIR (CS) 6
BREZENE DO FHELFERZE (MeantSEM) TERLT=,
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9-2. BMEHICHITIEZHEDRILVECHEOBR

- n=20 - n=20
=801 —os01 280 ] r=0.080
<01  Pp<0.05 d S0l ® n.s
> >
340 ’
] @
=20 e o
< Eg:
_ < 0T
.20 T T T ’ -20 ' ) ! ) )
2 -1 0 l 2 (IUL) 0 S0 100 150 200 250(pg/mL)

AACE (AIV-Ao) ABNP (AlV-Ao)

BTEMF2AR (AIV) EXBAREER (A0) DRILEVLARJILDEIZTEEHEDRIL
FULARNIWERT,
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9-3. BMEHFHICETINFEELEZHEFILELEOBRE

(pg/ml) =20 (IU/L)
15\80- r=0.498 = 2

1 p<0.05
Te0q P o <.
= >
< 407 <
h<% T 97
=20 Q
< 1 <
< 07 <

20 T— T T T T T T 1 e/ ——
80 90 100 110 120(mmHg) 80 90 100 110 120(mmHg)
Diastolic BP Diastolic BP

BT ZE B FFIR (AIV) EXENAREER (Ao) DFRILEVLARNILDEIZEZEREDRIL
FULRNILETRT,
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10. ‘EKLUEDEREA

#* 10
Hypertension group  Control group

Variables (n=20) (n=22) P
Age,y 524429 55.7£2.5 n.s
Female, % 30.0 273 n.s
SBP, mmHg 1664 121£3 <0.0001
DBP, mmHg 99+2 732 <0.0001
mean BP, mmHg 12242 89+2 <0.0001
Heart rate, bpm 743 723 n.s
LVEF, % 742%1.6 75.8+1.4 n.s
LVEDP, mmHg 1s+1 121 <0.05
Cardiac index, L/min+/m? 3.22+0.17 3.25+0.10 n.s
Serum total protein, g/L 681 671 n.s
Serum sodium . mmol/L 140.5x0.4 140.2£0.5 n.s
Serum potassium, mmol/L 3.90+0.08 4.14x0.07 <0.05
Serum creatinine, umol/L 77.0x4.4 74427 n.s
Serum total cholesterol, mmol/L 5.1940.19 4.014%£0.22 n.s
Serum triglyceride, mmol/L 1.72+0.20 1.41£0.21 n.s
Diabetes mellitus, % 20.0 31.8 n.s
Smokers, % 40.0 36.3 n.s
Obesity,% 30.0 273 n.s
Body mass index, kg/m? 243+0.6 23.6+0.8 n.s
Left ventricular mass index, g/m? 160.2+9.5 129.2+74 <0.05

£ L F I {E +1EHE L E (Mean+SEM) TH L -, SBP (systolic blood pressure) (&
IRFERAM I . DBP (diastolic blood pressure) [&Hh3RAME . LVEF(left ventricular
ejection fraction)d £ EERH # . LVEDP(left ventricular end diastolic pressure)l&7c
EiEERMEE LTS,
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