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Effects of Estrogen on the Process of Cardiac Remodeling and Nephrosclerosis in Dahl Hypertensive
Rats with Heart Failure
Rie Fukushima (Department of Nephrology, Saitama Medical School, Moroyama, Iruma-gun, Saitama 350-0495, Japan)

Objective: This study was attempted to elucidate the role of estrogen in the process of cardiac remodeling and
nephrosclerosis in Dahl-S female rats with myocardial infarction. Methods: 48 Dahl-S rats with myocardial
infarction (MI) were divided into four groups as follows; Group 1: MI rats with normal-salt diet (LS, 0.5%NaCl
diet), Group 2: MI rats with high-salt diet (HS, 8% NaCl diet), Group 3: MI rats with ovariectomy (OVX, 8%NaCl
diet), Group 4: OVX rats with supplementation of estrogen (EST) (8% NaCl diet, 17 3 estradiol 15 mg/pellet/90
days subcutaneous pellet). Myocardial infarction was made by coronary artery ligation. One week after surgery,
ovariectomy was performed. After ovariectomy, high salt diet was fed and water was given ad libitum for 12 weeks.
During the study, blood pressure (BP), heart rate, body weight, urine volume and urinary excretions of protein and
sodium were measured every 2 weeks. Transthoracic echocardiogram (ejection fraction: EF, inter ventricular septal
thickness: IVST) was performed under anesthesia at 12 weeks after surgery. At the end of the study, the heart and
the kidney tissues were obtained for light microscopic examination and evaluations of the expression of mRNA of
ACE (angiotensin converting enzyme) and ecNOS (nitric oxide synthase). Results: 1. Blood pressure in HS group
showed a gradual elevation from 132+ /-8 to 152+ /—10 mmHg (12 weeks) accompanied with the reduction of
EF (LS:64-+/—4% vs. HS:46+4/—3%, P<0.01) and increases of IVST. Ovariectomy induced significant reduction
in EF (OVX:26+/-3%, P<<0.01 vs. HS) and increases in IVST without any significant changes in systemic BP
(OVX:174+/—12 mmHg). 2. Ovariectomy induced no significant changes in plasma concentration of ACE, PRA
(plasma renin activity), angiotensin I and angiotensin II. 3. In the heart obtained from OVX rats, expression
of ecNOS-mRNA was decreased and ACE-mRNA was increased. Ovariectomy induced aggravation of cardiac
hypertrophy and fibrosis. Treatment with estrogen in OVX rats improved EF (EST:38+/—4%, P<<0.01 vs. OVX:
26+/—3%) and cardiac hypertrophy, although blood pressure remained at the levels of 168+ /—8 mmHg. 4.
In the heart obtained from EST rats, expression of ecNOS-mRNA was significantly increased and ACE-mRNA
was significantly suppressed compared to HS. 5. In HS rats, urinary excretion of protein was increased (182.2-+
/—40.2 mg/day). Ovariectomy induced the reduction of urinary excretion of protein (125.4+/—23.4 mg/day)
and estrogen supplementation induced a significant increases of urinary excretion of protein (352.2+/—48.0
mg/day). 6. Light microscopic findings in the kidney showed glomerulosclerosis and interstitial fibrosis in HS rats.
Estrogen supplementation induced the aggravation of glomerulosclerosis and interstitial fibrosis accompanied with
microangiopathy and thrombosis. Conclusion: These data indicate that estrogen might protect the development of
cardiac hypertrophy and consuming heart failure. However, estrogen promotes microangiopathy and thrombosis
in the kidney with progression of kidney insufficiency in Dahl-S rats with heart failure.
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eI OR R, BIRiE(E 7R & DI ERZ DFIE,
HERICHERIVE VDG L T0Wa C I LEiD S K<
HE5NTWBY2, BRI & g U ha, [A4E
BB DT DINE I K UBEED ) X7 ]
SN T &0, BRI B TR Z NS FEHE
MM USRS BT 220N L E DI LT LE
5T &Y, EHICT DX S AT Estrogen flfi Fei:
TENEMHITES C &Y, HEERZIECOMERD
BOHENEINT 2 & LT, BRI ST »
EIEME” Z BT 3 R ELBME TN TV S,
e I DV I SR D B FHIE O R Z R EBR K7 T
HO, BEREICKIEITIEH E LT, BIEsaER Sz i
JEXHE, WREEEOSIEEREKN T THET L E
HWEENTEDLY, ZHUcH L Estrogen (ZBEFE/ER A
B2 TR, TOMEAREEOEHERIEDUE,
FrE s aEE A" B8 & CHiRrE R 12 X %51
FRME(LER £ 72130 ME RIEED TRk &N EARE
TNTWVW5S. O Estrogen IC X 5 ligasfRELEHICD
WTIRBITE, IMEIRIEH, —t=ExR (LT NO &
97) % 35 X O prostaglandin O pEAERIIMERS 2, &
51C Endothelin O FEAEHIHIVE™ ), & FHi5 N 0O
Ca JlMER™ H2 < OWFENHER SN TV 5.

—77 Estrogen OEAICEE L& EEERE 2 A
5N%. FICEIVIRHAKED X 5 I #1191 Estrogen
AT B & BEE TR E N7z Estrogen 13 PR %2
B CE AT A L, angiotensinogen O /£ B
WL, #55LMIC Renin-Angiotensin &2 (UL FR-A %
LHES) OWEMITER & 725 LlLED FAZEMRT™,
TSI ERIVE Y TH B VRIS BHFHE &
U CHRIME D FER MARTENH S N TV B7. ST
DO KBIRE G RBTZE DS R T, PHRRZRLEICHNT S
Estrogen #li 7o, MIMEREEZ KD SETEL
A EHHE T H % MARIE /% 5 U FLIgE O FE BB E & 1Y
&8, Z Ok 5E Estrogen i 783575 O A =M X GF
HLZ o7 &89, & LIcRALEichg
ZOMEEREDORIERZT Y RRA Ve LiThbNhiz
Estrogen & Progesterone Ot &%l 7' v Rk 5
L U CH#RERDO FIHRIRIEERD 5N T,
T LAHERZOEBRMEO S OEDHR G SN2,
TOEXIIC, DIMEFEEBICET % Estrogen DA
IKDOWVTORERIT—H L TVERWVD, Bigicik 3
TFRHIC DV TIFESICEIL LTV EDNEETH 5.
ZOME LT, HBREFEDAERKRIVE Y DOHiFERD
IR EROMDOIREENRE SN TV D, ZOHH
DWW TUFBIE R BRI 2.

Kz, DAEDFIEIC BN EE R KE 2RI LT
WA ZEIRELHLNTED, ORI B GERR
ENZWITHEITT B T LIZEIROBIGE T X < R

PR

5. WIS OAREICIE R-ARDIUE LB TOF |k
)7 I (BUF Na &89 BIRIRASTHE L™, & 512 NO
Rtk NafJRRXT 2 A R (LUK hANP &%) A\D
FOGHEDME R ULKFIRAME R, DA HET 3.
C DK S Ll & B g DB P I DV T BIAERA
5 TIFEL, THICTDXITHFEICHENT, Mk
JVE VDU S LTV 2 ICBET 2 ETHE A S h
TRV,

SEHE DA B OFHRE O BB REfR F B I e F T
Estrogen D 2877 50 IC 9 % HIWT, Dahl Bk
2Ty s OEEEIRZ R LI OARRETIVELE
L, DFEEER S CICBEBEREREE O b2 Bi5E L.
TDZTy hETFIICH U TINEHF W ik 5 T
Estrogen #7217\, ORI B I ORI R DR
IC BT % Estrogen DG, & 5 I B il o H kR M
U B BERE 225 i 1C B 72 9 Estrogen D& ENIC D E FIC
HEZRDEKHFTH S R-A %K & Dahl B EIES v
FCEIEDOKRAE U IFEEEKREZRZL TV
EENTVA NO DIfih b DM 2115 Tz

WNRGESVITHE

PO S

10385, A HE 180-200 g ¢ Dahl £ 3 &2 14 v ifi
vk (LT Dahl-SZw b EWET) (27w IdiE 1
R, #E0, HA) O 100 Lz Wz, 2B D5y
M U T Diethyl Ether (RDGHISE T3S, W
5, HAD) BB MR N ed#iRiE & Tl 210,
Fofit% 7 HHICHE S HEMREZ 17 WOEE S 65% DX T
COOMERER R T E T A8 LR & LTz,

RERFGE

N ERERDERE

Al D FERIC DUV T I the Guide for the Care and
Use of Laboratory Animals (National Institute of Health,
Bethesda, MD, USA) IZH#E U TITVy, W LIERRZEH)
YisRid e Z B GRERS 000176) DFEEDE L1
1otz

IDEFFEEE Dahl-S S5 v FDYERR

10 34 s @ M © DahlS < v b 48 JE i %f L C,
Nembutal (50 mg/kg, MEIEEANKE) (K H A 83
PR &4k, SRE0) BREE FiC < v b A e 3% SN480
(T / 8EfT, s, HA) I CTHREEZ BB L Ek ik
HiEsN= 2 —F V-1 58 16G N 196G (kX =
fEhy 7, R, HA) Z5E N AR E LGB
Rzfrolz. Z0% T v MNP 25 SN-480-7
(T /8, HaL, HA) Iceki L, Tidal Volume
4.0 ml, PEL[RI%K 85/ S ICRRE L, PFCIRREMNVE E U e
IRRE FIC LU RO Tzt 72
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{EAMRLIC [EE U, 272 YIRS S RIaf, /N
ZYIB U B, 254 B, H4MEEs CIKE S
W Z Uil LEEs TREE L, EH N EEBik 7z
SRS %R (030331 /4 1/2 11 mm 7L — R
OV 7-0, RMAHER T 3EMAStE, 8, HA) ZH
WTTEGHEER LIDIFESE 2 ERL U Tz, I B iR 2
BICHHE RS CICHBZRAE L (BiERSR5 5
Hiiﬁ/ﬁ\ﬁ“/ﬁﬁ‘l e, HAR), Mz e LRz

BBTMER T LD, PR 7BV )V
L/\@%@ﬁ #, 5l HA) 100 mg 7 fEFEN &K
H L. 0% 3 Rl OFRBEBBIZ 21710 B R D
EEZHERUIZRICL A L—2 =233 L, PRI
REDLERERRIRIRE LTz,

E7OMI—)V

Dahl-S = v & @ J&6f 8 Ak 45 £ % 2 58 [ & 3% 8
& (05%NaCl &, VT2 IVEER (Kk), HE,
HA) 15 g/H @H&KG M 1B EERZ11-> /2.
COMfKIEEHE & U, 1R HIC Diethyl Ether
(FEHISE T2k, AL, HAD BRI R IS0

AE AR 2 T T LSRR O, BEEHj O~ 28]
RUDIFENH R T WS T & 2R LTz, Dl
AT 1 JE[5#1C Nembutal (50 mg/kg, MERENIES.)
CREARBEEARA S, D MEE 2N 5 DL ARE%E
Zw MO U ORI TR & 5 I Fif, <51
pellet fi Z AR T 217> 7z (12 58ME). v MIIE
AR (LUNLSEEIEY) 1 0.5%NaCl B—H 15 g %
5 (n=12), &R (LU HSHEEME ) @ (AUNELHE
H T+ 8%NaCl B—H 156g #%45 (n=12), HNHHFGH
B (LUN OVX BEE WSS © ilfllsRHLs#H + 8% NaCl &2
—H 15 g#&%5 (n=12), Estrogen #5458 (LUK EST
BECWET) @ iflIEP LRI H + Estradiol Pellet (Innovative
Research of America Inc, FD, USA) (70pg/ H) K& F
HAS+ 8%NaCl B—H 15 g 5 (n=12) O 4 #f
& Uz, Filigikid, LSEE, OVX B XU HS B
Nembutal FifF FIC S EZY)FE L, K NI placebo
pellet (Innovative Research of America Inc, FD, USA) %
B L7z, OVX & EST Rl FEIBRIC /oA OB &
DBIIR U DINE 2R U7z, ESTRHCH L TIEE
SICKHEEZYIBH L, K TFIC 15 mg/pellet/90 days D
Estradiol (E2) =& A9 5 pellet (Innovative Research
of America, Inc. USA) 7% FEAEL 7. Z D% LS Bf
IR L CIIEER (0.5%NaCl &, # 1 x2 % )Lk
B, WE, HA) Z, ZhLHNDT v Mo UEk
B 8%NaCl&, AV rZ)VEER (BK), e, H
AR) 15 g/HZ#G L, 12 HEBICh Tz > TREEBISE
rofz. HEEE & UTE, Filitk 2 W8 mC i H]
EBIOCHRENEZITo 7. 2 BBICERE, RE
BXURMEAREE, RboF MUY LPEE (2L
TR Na ittt 0897, ZHIE Lz, & SICSEERR

A1% 10 38 H < Diethyl Ether EEE RIS DG 1 &
D DEREDHIE 21T o Tz, 12 BRI DR THE (24
TERSIRE) I WrEEER I U, 1fifE Estradiol, angiotensin I (14
N Ang I £1%9) 35X angiotensin II (L4 N Ang II &
%<9 ), Plasma aldosterone concentration (L, PAC
L %9 ), Plasma renin activity (UL N PRA & B§39),
¥ X U angiotensin converting enzyme (L. N ACE &
%9) OHEZITo Tz, T HIMmiEOREH (LIR TP
L H%9), blood urea nitrogen (LK BUN & H%9),
creatinine (LUK Cr £H§9), Na, #U VL (LUFK &
W%3) OREENE LTz, ZDi%, BRI THRH L
Dl Z i g EEZHE L 10% R0~ ) VEEL, &
SIS HAREIC THEHY U 7o A B i 72 sl e 1% 10% R~
) VIEE U BRI A ZFRI U e, & Bl Digo—
i Chenva), BN IRZE R 72 - CRuEBARS L
—80°C TR 1% RNA Z#ilifi L, endothelial constitutive
nitric oxide synthetase (L ecNOS &H897), ACE %
NZNDO mRNA DRBZ, N>y ha—)LTh s
GAPDH (glyceraldehyde 3-phosphatedehydrogenase)
DA T kR U TH R 2 B HE % 8 & B Reverse
Transcription-Polymerase Chain Reaction (LAF
RT-PCR &W&9) 72 W CHERE L 7z.

KRIEAERBGSUICAERSZE

mERESZE

U BRI 1 tail cuff % (V7 b o VIR A 8]
IMERIESEE BP-98A, Mty 7 by, #Hn)
ZRWT 5 [EEi L CHBEL, Z0E & D TR
M7 BRUN 7z 3 [RI DS If 72 VN 7z
DB EFIREDAESE

FeedBRAEEsTFlE 1EBE &V U 12 3 HIC Diethyl
Ether (HDCHEEE T3k, HuL, HA) FFE R
2T ODMEEEE R 2 fifT U 72", Dl i
ORFEFEE UTIE, Ol ¥ i 00 L3R 25 00 M feg 2
& SSA-550A TOSHIBA Nemio TM (Toshiba Medical
Systems, Tokyo, Japan) Z fi H U A 4 &K O
14.0-MHz DI THEL LY. oD NG
OFLEE L)V CREES) 2, 51 M E— FIZTD
g, fooENER (INAES, PRoREDD, BRI, A0
HEREE A B L1,

REe, REAHEHELSUVICRPEREDRESE
R, FREAPRME, FRA Na HEttEE 2 8m il
ELU 12 AMSEBIR U IR, SRT7—2 %7/
W 24 FFEE ORI Z it L, Z O EZ Vs,
FRHEEAEEIE A a— )L Ly REQ ZHNT
HlE, & 5ITRT Nafhlt&E, A >IN E LY
ERWTHE U, IRIPEAPHIE S X O, R Na
PRt EIEFERI & UTC, 3 HEDOHIEZITWZ DS E
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& U7z, R Cr il 13 BeE1E" 7%, JRrh BUN HIlE
v L7 —¥ - UVEY ZHW .

MmRECFREZE

4% Estradiol, Ang I, AngII, PAC, PRA X Uit
i#% ACE, TP, Alb, BUN, Cr, Na, K Z{lliE U7z, $RifiL
7z i 1%, JK ¥ U 7z ethylenediaminetetraacetic acid
(LU'F EDTA &1%9) 2Na A O #ifnE (G mbD IZiEA
L, ZNZNOMKITEBICE.O)E%, Lz
WU, & E T-20°CTHAERIE L 7z, Estradiol i,
DPC- T A b T V4 — )V ¥itkd v b (Diagnostic
Products Corporation, LA, USA) % T, RIA2 i
RFEIC X OME L. Angl, Ang II 35 X UF Ald &
F1PUAK E LT, Sy FHuky FiimEzHuv,
ZULT, ML —Y =1L L T ®l-angiotensin I,
"I-angiotensin II **** 35 X U "I-aldosterone (7 )
RAFay -V 7Fy M, XA4FKRy MFREH,
HHED* % F 72 Radioimmunoassey HifA{%: % W T
HE L. PRAZHYSY—I—FTML=VFy
kF (FA RR=Y VIR EH, #H5)™” 2V Tl
E LTz,

RNA D

i U 72 B 2 iR 22 22 Tl EE L, Rl 10
£ TRISOL (GIBCO BRL Rockville, MD, USA) 7
AREYFAY—, 7yaryay2—2=2H THEL
L7=. TRISOL ® 1/5 &® chloroform Nz, X<#H
FRU7z. 5 =R &, 477/, 4°C, 3500 rpm
T DL, EEZEREILUZ. X, BlLizgE
%52 phenol/ chloroform/ isoamylalchohol (PCL) %
Mz, 3474, 4°C, 15000 rpm Tl B L i & ER
WU ZLTC, FEOAAY TN/ —)Vxhnz, 10
53, 4°C, 12000 rpm TigbOvo) B U b 72 85 CHZ 1
IH 7. ZDI% 400 1 D diethylpyrocarbonate JLEE 7K
(DEPC /K) ZhnZ CTHFEL, 1000 p1 DLF )L 77 )L 21—
V& 4010 3M D NaOAc Z i 2 T2/ — )Lkl %z
fro =, XiZ, 15000 rpm Ti.0 0 %, FiEz#E
T75% L%/ —)V7Z&A1Z 15000 rpm Ti O/ EE L 7z,
Z 0%, LiEEE T L DEPC ALK I 2 92
AW =,

RT-PCR Elc & 1%

Wiilis B % 2 Kt - Reverse transcription (L4~ RT
EMEd) ZHWT, HENUCDHRNAZFHR L Lz
cDNA DERKIGZITV, Fhzshile LT PCRZ
Gene Amp PCR system 9600 (Perkin-Elmer, Inc, MA,
USA) % W\ T4 5. DEPC LE/KICTAD L 7z RNA
@ Dnase [ L # % 47 5. Dnase I 10X Buffer, Dnase
I amplification Grade (GIBCO BRL. Rockville, MD,
USA) ZMACTE&ET 10pl 2 37°CT 15 7 [hmE L,

PR

RIS, ZHUCEDTAlpl iz, E51C70°C, 15471
finit U, Dnase I D&z 1E9 %, i Oligo (dT)
primer (GIBCO, BRL GRAND Island, NY, USA) 3 ul, 5
X first Buffer 6 ul, DTT 3 pul, dNTP mixture (TAKARA
WED) 6ul, MR TEH % Super script I (GIBCO
BRL, Rockville, MD, USA) 0.7 ul %Z hn Z, 42 °C, 60
SCHRIEL, RTKIGZEEHE 5. TODNA1pullc
DEPC L7k 32.5 u1, DMSO 5 p1, 10 X PCR Buffer 5 1,
dNTP mixture 4 pl, Forward Primer (DL Fw &Mi%d7)
1ul, Reverse Primer (L4 F Rv & #% 97 ) 1pl, rTaq
polymerase (TAKARA #50) 0.5pl Z/NA T4 T 50
ple L, Th7z94°CT5 77, THIC94°CT30M,
58°CC 147, 72°C 2 73% 30 cycle &5 5T PCR
RIEEES. 1% 7 Ha—A7 )V EERL, 100V T
30 MkENIE, TFF VLT A RTRET S,

Primer O{ERL

Primer O {E B ICEI U T ecNOS, ACE D% < D E
F—T &R 7 LTV BELHIOENDEIES 2 X 5 5 il
& 3 flic degenerate primer & DIF Tikal L7z, &
Primer OFEEICDWTIE, LUNORTIED THS.

ecNOS primer,

Forward Primer (Fw):
5-GCAGCATCACCTACGATACC-%
Reverse Primer (Rv):
5-CTCAGTGATCTCCACGTTGG-3

ACE primer,

Forward Primer (Fw):
5-TCGCGTCAACTTCCTGGGTATGTACC-3
Reverse Primer (Rv):
5-AGGGTCACCTCAGGAGTGTCTGAGC-3

GAPDH primer,

Forward Primer (Fw):
5-ACCACAGTCCATGCCATCAC-3
Reverse Primer (Rv):
5-TCCACCACCCTGTTGCTGTA-3

HHR e RE

ik as D FE w2 PER, fi Ulzolix 5 I 2%
Z10%RIV=Y E10% T IV EZ—=)LT VT INA R
CEE L. ZBEE 2~ 3um OYJFZESIL,
NEEIX, "N hFTVY YA Yy (LUFNHE &8
) Yefn, @IATEEET v T (LUK PAS ST Y,
Thlcvny —RaEBIEo k.

a. RERAFZ(LDLELE: (Sclerosis Index)
HRERIAZ b1 PAS %21l X D, Raiji DS L7
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Sclerosis Index Score ZJLICHE Uz, HH#EL LTI
RERAZEDTZNED (=), BEDAY T LDOE
E7%Z1~9 &0 (£), segmental sclerosis (+), global
sclerosis (++), EIHAEZ/ERIL, 50 {fDREKIAT
FIEL, REMABEEE LTENEFNE 1-4 58 L,
T DN 7% SR ERIATE L HE R (Sclerosis Index) & U7z,

b. ERZEDLE (Interstitial Index)

MIERZEIC DUV T ld Nakamoto B DHRFICHD X,
Interstitial cell infiltration Index ZF1E U7z, 5&fLK—
HEF R OMEOMIR M ZE L, 20 20 HEF O
S 7 [V F AR T 45 20 (Interstitial cell infiltration
Index) & L7z.

VL g-l-

T—2IE T RO AR TR L, HMeH#
Fridim e, O, JREZR S CICRPPREEIC DO,
TlZ, Macintosh @ Statview IV ¢ Two-way analysis of
variance 2 FWCRERIELE 21T 5 72 & Scheff’s F 7%
1V, FXRTHE Ep<0.05 & > THEADD &
L. ¥ 12 8HOMmPRIVEYOEL, KEBX
U 2R EE &, Sclerosis Index 7% 5 UFIC Interstitial Cell
Infiltration ScorelC DUV TIld, One-way analysis of
variance & i\ 72 & & Scheff’s F 717> 7z. RT-PCR
THIEE NGB TFORBEEOHEMIZ, GAPDH O
ETHRLUTHMEE LTREIBEL, 2N 56 O FEEfiz
AHE LTz, BAEAMIEICDWTIX One-way analysis of
variance % [l /2% & Scheff’'s F M@ & 175 7=,

fmoOR

(1) EESAREEE: Dahl-S 5 v FDEER

FeE Al BIARAS2R1C K 2 DEZEVER% D Dahl-S 5
ko 2 EBLLNOFETS 1 100 P 42 PLTH D 42% D
SECHETH - Tz, FRTF i 24 KR LANIC 36 PEA
FELC LA BELEH 36%), 7 HHUBOIREIZZE L
ZOBOFELCIFRDEI >z, FRIECHERAE, 21T
EFMH O HSIERRIEZ O I % W idovE T
EBEDTHoTz. £lZFDMhd 15 1Lk, Filii% 24
BILN DB TH - 1. Z Do 6 PLiZ it o]
EHNARRTHO, (OIEEIERE 1EBLNICIEC L
Te. ZNLISND B8 ICIT L E LTIZIREETH - 7. Th
5058 PEDF v Mt LT Fiit% 7 H HIC Diethyl
Ether i RO &2 170, BRHEE 65% LU D 48
VT 7 BRI W e

(2) \WEERILE 75 5 Ul DR ZE{L (Fig. 1)

A M 0 Tl 4 FERICE AR S N R
Motz LSEETIE 0N S 12 IR T 5IcDODNE
BERMED PR ZES 7 (LSEE 03 : 13225 mmHg
12 34 : 1538 mmHg). HS Ffid, 12 EIEEET 51

DNERZIMTED FHZ88, E5IC 6 EHEHLZOIN
JE&, ISEFE I UARICEMETH > (HS 121
176+10 mmHg). OVX #f, 75 TN EST Bl
& LSEEE I L CHERIMTED LR ZRD N EE
A HS B, OVX EE, 755 U ESTRED 3 BER O
MEICEEZER S Nah - (Fig. 1la). OIHEUE
LSHHEEn 7zl 0 CHEEZRDIEMo Tz, LSHE
&Ll Uit 3 BEIC B T B iz 0. a & sk
TRz, Tz 3EICET 2.0HBICHEEAZRD
5Nizh o7z (Fig. 1b).

i 200 3
Scte 190 4 @ . .
- Ed
Pressure 1?% 3 * %
A 6o 3 . * 4 *
150 3
140 E
130 §
120
460 0 2 4 6 8 10 12
Heart 440 3 (b)
Rate 420 3
(beats/min) 400 3 o LSB
380
360 4 ¥ * W HSE
3 * * * * * ¥
340 3 —&— HS-OVXE#
320 3 —&— HSESTH|
300
0 2 4 6 8 10 12

% P<0.05, * * P<0.01 vs. LSgroup

Fig. 1. Time course changes in blood pressure (upper panel)
and heart rats (lower panel) in Dahl salt sensitive (Dahl-S)
rats with myocardial infarction. Closed circle indicates
low-salt group (LS), closed square indicates high-salt group
(HS), closed triangle indicates ovariectomy group (OVX)
and closed diamond indicates estrogen treated group (EST).
Values are means=SEM.. *P<C0.01 vs. LS group.

(3) REH LURH Na HEtE DB (Fig. 2)

AR 0 EICBWVT 4 BRI RED A EAIRR
SN ot FREORENAZ(ETReRaZmEL
TIREOEERZILIERD N> (LSHEEOH : 12
+4ml/H, 128H : 14+4ml/H). miERaRE, ik
BAM3EOIREE 2ELBE B NEED T (HS
BE23E 668 ml/H, 1238 : 7612 ml/H). £ 7= 3 BER
ICBWTIRBEDAEAITZED S NEh> 7z (Fig. 2a).

FERFIY 7 PR Na HEHE 028 kid, SR ErET 0 6
BT 4 FEBICERZ TR S Nah - Fo. T
ZETIX LS BHI 2@ U CTIREDAE AR
mhote (ISH 123 19103 mEq/H). &k ffa
D 3 BETlE st AT 2 08 H DI IR Na Rt =13 A
EicHEmL 72 (HSEf 1238 @ 139128 mEq/H). &
3 BERIC BV TR Na HElt R O A B2 3R 5
Nizh -7 (Fig. 2b).

(4) FRPEAFEHEDERFNE(L (Fig. 3)
JRPEFOHRMETIE, 0 ETIEWINORHCE N
THW LA RPEFHOHHINGEED b N> 7. LS
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BHIRRREICHE R EAIROEMZ80 7. (LSHE 12
¥ : 40.2+3.6 mg/El) HS B IR R AP & O 1A
stz aRe (HS # 6 8 : 58.2+5.9 mg/day, 123 :
210.2+422 mg/H), 6 HHLZ LSH L L THE
ICREAEEMIML 2. ovxaic:ismﬂisﬁa’cm
L UREADEINZEED, 12 TIEE5IC
7z 7z (OVX B 84 : 68.4+8.6 mg/H, 12;5
126.4+23.4 mg/H). EST# X 4 TLSHE & LhigL
THERRREAPRMEDOMINZED, ZD%EFEH
W U7z, (ESTEf 438 : 50.2+5.2 mg/H, 123 :
344.2+48.0 mg/H). T OB fth o & A it &
L TEEHTH O, 63EHLIEIE HS B 5 T
OVX XD & ARICHEETH o7z (Fig. 3).

(5) Estradiol, R-A 28 X UELFMZE(L (Fig. 4)

12;8H (24 i) OWriEER L IC & % Estradiol
JE TIPS & % OVX BEOD Estrogen O A & 7%
{K ~ & Estrogen pellet iC & % Estrogen O #fiFelc £ 5
Estradiol MHREDOHER LA 2R L. LSH .
18.4+2.8 pg/ml, HS £ :13.74+2.8 pg/ml, OVX }f: 3.8
+1.2 pg/ml, EST f :52.6+8.4 pg/ml). I % Ang I
&, EEARICX D ERICHHE S NN EEARO 3
BERNCAE A2 I3RS o 72, Ang I & EtEAMIC K
O il 2588 72. PRA & ElE A M X 0 fiifilZE8o 7z.
PAC & st Efaric & 0 iz A 7z. ACE & HS BfIc
XU OVX BRI S 0 72 58 8 EST B i, LS #f OVX it
W UA = 2 R 7e (OVX B @ 12.8+1.1 pg/ml,
EST #f : 10.8+0.8 pg/ml). LS # & [ L mtfi &
3HED RAS RIFARICHIHI S T/, HSHE, EST
B & Lhig U OVX B Ciinif ACE o #8hn, 1/ PRA
3+ X U Angiotensin Il D%z M7= (Fig. 4).

— AR AT RIS DWW T E, EST #E T LS #,
HS#, “5CIC OVX B EIL THEEA TP BXU
Alb DX R EFRDIH, ZODMD Cr, BUN, Na, KIcH
B Zb3iR® -7z (Table 1).

(6) BEDOEIL L DiES L UEHEE (Table 2)
AT 0E (12 ICBWT 4 BEROIREIC
BEAIERONED > T2 LSEOKREEOZLIL,
RSN U7 (LS BE 03 :220+10g, 1238 : 330
+13g). FLOVXB 12T LS IR L THE
AKEORMZRD T (OVX1238 @ 366+14 g). —J7
12 MDA E X HS B, EST HE CldAREZ A X T - 2.
12 12 ¥1> % Dahl-S Z v b DIKE 100 g H7zH D
DI E R HS BHE LS BE & LhER U THE R Z 38
¥ 7= (LS B 1 0.34+0.02 g/100 gBW, HS Bf : 042+
0.02 g/100 gBW). OVX BfD.OMfHE &k HS #f & Lbig
LTHEZRLDEEOHEMZRD T (OVX B 049+
0.03 g/100 gBW). — /7 EST BETlE, OVX BECildd -
HS BRI 2.0 EmOEINEERS 5 Nah - 7z (EST

PR

1 0.4410.02 g/100 gBW). 1238IC %51 % Dahl-S Z v
F DR 100 g H7z D OFMHEE T, 4 HEHEICBL
Tﬁ%ﬁ%cimu&bgm&b\j 7:_

(7) DEEBERDEIL (Fig. 5, 6) (Table 3)

Fig. 6 113 HS B E T K 2 L OBEES) D22
b9, RO T ERA % Dahl-S 5 b
EHRUT, FeBiREERIC DTl 2 HICH S
W B OREEB) O 75 5 CIC EBAMEDE W] 7%

PERZRD Tz, TNE ORI FMiE 12 8HICEE
HICHEH & 7x o 7o, Fig. TGS HED DI & M

Urine ! 00

Volume

(a)

(mi/day) 80
60
40
20
g 0
25
(b)
Urinary 20
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15
of Na §
=
5 I ovx
B st

0

#* P<0.05, * * P<0.01 vs. LSgroup

Fig. 2. Time course changes in urine volume (upper panel)
and urinary excretion of sodium (lower panel) in Dahl salt
sensitive (Dahl-S) rats with myocardial infarction. Closed
circle indicates low-salt group (LS), closed square indicates
high-salt group (HS), closed triangle indicates ovariectomy
group (OVX) and closed diamond indicates estrogen treated
group (EST). Open bar indicates LS group, small dot bar
indicates HS group, large dot bar indicates OVX group and
closed bar indicates EST group.Values are means=SEM.. *P
<0.01 vs. LS group.

Urinary 500
Excretion 3

Protein 450
(mg/day) 400*

350@
300
2503
2005
150 3
1003

@ LS
- HSH
—&— OVXEf
- ESTH

* P<0.05, * #P<0.01 vs. LS group.
+P<0.05, ++P<0.01 vs. HS group.
#P<0.05, ##P<0.01 vs. OVX group.

Fig. 3. Time course changes in urinary excretion of protein
in Dahl salt sensitive (Dahl-S) rats with myocardial infarction.
Closed circle indicates low-salt group (LS), closed square
indicates high-salt group (HS), closed triangle indicates
ovariectomy group (OVX) and closed diamond indicates
estrogen treated group (EST)Values are means=SEM.. *P<
0.05, **P<C0.01 vs. LS group. +P<0.05, ++P<0.01 vs. HS
group, and ##P<0.01 vs. OVX group.



Dl K OB I3 % Estrogen D] 47

80 600 60

i ##
704 Estradiol i o6 Angl o] Ang ll
60 * ok
0] 4007
407 3007
305 2001
207
109 MM 1007
04 0
1 800
- PRA | ;004 PAC
1? . 6007
5004
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#P<0.05, % xP<0.01 vs. LSgroup. L] s
+P<0.05, ++P<0.01 vs. HS group. 0 Hsw
#P<0.05, ##P<0.01 vs. OVX group. Bl ovxE
B ST

Fig. 4. Changes in plasma concentration of estrogen, angiotensin I, angiotensin II, plasma renin activity (PRA), plasma
aldosterone concentration (PAC), and angiotensin converting enzyme (ACE) in Dahl salt sensitive (Dahl-S) rats with
myocardial infarction. Open bar indicates LS group, small dot bar indicates HS group, and large dot bar indicates OVX group
and closed bar indicates EST group.Values are means=SEM.. *P<0.05, **P<0.01 vs. LS group. +P<0.05, +-+P<0.01 vs. HS
group, and #P<0.05, ##P<0.01 vs. OVX group.

Table 1. Changes in total protein (TP), serum albumin (Alb), Table 2. Changes in body weight, heart weight and kidney

creatinine (Cr), blood urea nitrogen (BUN), sodium (Na), weight in Dahl salt sensitive (Dahl-S) rats with myocardial

and Potassium (K).Values are means=SEM.. *P<0.05 vs. LS  infarction. Values are means+=SEM.. *P<0.05, **P<0.01 vs.

group. +P<0.05 vs. HS group, and #P<C0.05 vs. OVX group. LS group. +P<0.05, ++P<0.01 vs. HS group, and #P<0.05,
##P<0.01 vs. OVX group.

Ls HS OVX EST - - = -
L H VX EST
TP(g/dl) 7.3+0.3 7.1+0.2 6.940.2 6.6+0.3%7
Body Weight 330+13 356+10 366+14% 338+12
Alb(g/dl) 4.0+0.2 3.840.2 3.7+0.2 3.6+0.2%+4 @
Crtnn(mg/dl)  0.46+0.06  0.49+0.07 0:59£0.08 0:56:£0.00 Heart/100 BWt  0.34£0.02  0.42+0.02%* 0.49%£0.03% + 0.44+0.02%* #
BUN(mg/dl) 24.6+3.0 21.2+2.7 24.7+2.6 17.4+2.8 (g/100gBWt)
Na(mEq/1) 138+2 140+3 139+3 141+3 Kidney Weight 0.42+0.03 0.41+0.04 0.45+0.04 0.43+0.05
K(mEa/l) 4.2+0.2 4.0%0.2 4.1%0.2 4.2%0.2 (g/100gBWt)

Sham ope I\H/IISRat
MI(-) 12W
MI Rat
HS
2W

Fig. 5. Changes in echocardiography in Dahl salt sensitive (Dahl-S) rats with myocardial infarction. (a) sham operation rat,
MI(—) (b) two weeks after surgery in Dahl-S rats with myocardial infarction with high salt loading, and (c) twelve weeks after
surgery in Dahl-S rats with myocardial infarction with high salt loading.
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Fig. 6. Changes in echocardiography in Dahl salt sensitive (Dahl-S) rats with myocardial infarction at 12 weeks after
surgery.(a) Low-salt group (LS) group, (b) high-salt (HS) group, (c) ovariectomy (OVX) group and (d) estrogen-treated (EST)

group.

Table 3. Changes in left ventricular diameter of diastolic
(LVDA), ventricular diameter of systolic (LVDs), (IVST), and
ejection fraction (EF). Values are means=SEM.. *P<0.05,
**P<0.01 vs. LS group. +P<0.05, ++P<0.01 vs. HS group,
and #P<C0.05, ##P<0.01 vs. OVX group.

LS HS ovX EST
9.1+£0.7 10.8+1.2* 11.3£1.3* 9.6+0.9#
6.6+0.6 9.1£0.7** 9.8+0.6%*+ 7.4£0.5##
1.2+0.1 1.6£0.1** 1.9+£0.2%*++ 1.5+0.2%*#

64+4 46+ 3** 26+ 3**++ 38£3rr##

LVDd(mm)

LVDs(mm)

IVST(mm)
EF(%)

iR 9. F 7z Table 3ICIEBEED T v F DLE

FW OGS RO Z RS . BHHE (Ejection
Fraction, LXK EF &#%9) &, 12HHICHBWVT LS B
U HS B CHERBHRDOK N 2o 7 (LS
BE:641+4%, HS B :46+3%). OVX B 1 HS #f &
I LU THEREF DK FZ2idd 7z (OVX # @ 26+
3%). EST Bfid OVX B & [biig L C EF O Z /&8N
il ]z (EST B : 38+£3%). LOZEHFRELZ X LS B
bl U HS BRI A R AN zs8o 7z (LS B 1.2+0.1
mm, HS#f:1.6+0.1mm). £/z OVXEFCHSE &L
L CHERENZRDT (OVX BE - 19+02mm)
ESTRECIE OVX BEE LG L CHER D ZRD -
(EST & : 1.51£0.2 mm).

(8) 1238 (24 :BH#R) I BT B BEEDHEFRR (Fig. 7,
8,9

LS BRSO R E N DML IZRD 2 E DD,
A S D RERIARE RIZERD b - 7z (Fig. 8a). HS #f
WEFEIRRERIRDRE(LAG, FIEAOF ISR,
M ORRMEL DG Z R Tz, BIIREEEACE L, M)
IRfE{E DR &R 7 (Fig. 7b). OVX BHlicHB VT L
HS Bf L [ABkIC, EHIARERIRORIES, MEANDOF
PRI, IR ORRME L, MBIIRE L O T 72 58

Wiz (Fig. 7c). EST BHC BT & [AREA T AR
NI, RERMAOMLIRIE HS B, OVX i & Fhifig
U<, MEANOMIERIEE ZEHTH >z (Fig. 7d).
EST BEIC R MM T R & LT, SRERMAA O E MM
H, MEOMEIRANICZEHDMBRERNED SNk
CORRIFESTHICBWVWTORBRDENZFATRT
o7z (Fig. 8a,8b). TN 5 OEEREATROZE{L%Z
HRERIATE(LFE%L (Sclerosis Index, LI SI &l%d) &
MR OMIR 5% (Interstitial cell infiltration cell
filtration Index, DL IC & B&9) DZALIC K O Lhistsas
iz,

LS BEORERADME L (SE 1.1+0.2), RBIEmZ (C:
161+15) L It#g L, HS B CHEREMAM L&D
(S 2.2£0.2, IC:562146) 7587z, OVX BEHlE 4
PRI TR 2 73\5’@ <, RERAH LG ZE8D T=h HS
Bt UEREARZETld b o7z (SE2.0+0.2, IC:
443+38). %@ﬁﬁ EST #f TldARERIARE( LIS, BEAD
MR NTNE HS B 5 TN OVX BE & LEie LA
2 1= (SI: 2.8+0.3, IC: 862+66) (Fig. 9).

(9) DE®D ecNOS & 5T I ACE O m-RNA D HI8
Z{t (Fig. 10)

LS #£ D ACE-mRNA O¥EH 0.38+0.16 & LL#R L C,
HS#£13 0521024 L HELITUEN R SNz
OVX £ T ACE OFBIA 0.7510.22 & HS #7455 TIC
LSHEE L U CHEGITTENED 5Nz, ecNOS &
LS Bt 0.18+0.03 & ki L T HS Bfld 0.44+0.04 &
HEITFRBEOTUEN R BN, F72 OVX BEX ecNOS
DFEHNZ 0.0710.01 & HSHB LT LSEE & L LA
EIRK R 2R U7z, £72 EST B2 ACE-mRNA [ 0.22
+0.011 & OVX BEHIC 0 LA REICHIHI SN, ecNOS &
0.62£0.03 & LS B4 5TIC OVX BE L LR L CHE R
HETHEZ RS 1.
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Fig. 7. Morphological changes in the kidney in Dahl salt sensitive (Dahl-S) rats with myocardial infarction at 12 weeks after
surgery. (a) Low-salt group (LS) group, (b) high-salt (HS) group, (c) ovariectomy (OVX) group and (d) estrogen-treated (EST)

group.

2 8 LSS f‘ - .
Fig. 8. Morphological changes in kidney in Dahl salt sensitive (Dahl-S) rats with myocardial infarction at 12 weeks after

surgery (Estrogen treated group, Hematoxylin and Eosin stain, x200). Estrogen supplementation induced the aggravation of
glomerulosclerosis and interstitial fibrosis accompanied with microangiopathy and thrombosis.
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0.5 E
E L 0
LS# HSB  HS-OVX# HS-EST# LS HS B HS-OVX B  HS-EST B¢
* P<0.05, * % P<0.01 vs. LS group.
+P<0.05, ++P<0.01 vs. HS group. L] isa
#P<0.05, ##P<0.01 vs. OVX group. [ Hsa
B ovx#
Bl esT

Fig. 9. Changes in sclerosis index (SI) and Interstitial Cell
Infiltration Index (IC) in Dahl salt sensitive (Dahl-S) rats with
myocardial infarction at 12 weeks after surgery. Open bar
indicates LS group, small dot bar indicates HS group, large
dot bar indicates OVX group and closed bar indicates EST
group.Values are means=SEM.. *P<0.05, **P<0.01 vs. LS
group. +P<0.05, ++P<0.01 vs. HS group, and #P<0.05,
##P<0.01 vs. OVX group.

_

(/GAPDH) (/GAPDH)
1.0 1.0
0.9 i% ACE 0.9 ecNOS
0.8 0.8 5
0.7 N 0.7 ##
0.6 0.6 -
0.5 0.5
0.4 T 0.4
0.3 i 0.3 *
0.2 0.2 -
0.1 0.1
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#P<0.05, * %P<0.01 vs. LS group. [ ] iss
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Bl st

Fig. 10. Expression of angiotensin converting enzyme (ACE)
-mRNA (left panel) and endothelium constitutive Nitric Oxide
synthase (ecNOS) -mRNA in the heart in Dahl salt sensitive
(Dahl-S) rats with myocardial infarction. Open bar indicates
low-salt (LS) group, small dot bar indicates high-salt (HS) group,
large dot bar indicates ovariectomy (OVX) group and closed bar
indicates estrogen treated (EST) group.Values are means=SEM..
*P<0.05, **P<0.01 vs. LS group. +P<0.05, +-+P<0.01 vs. HS
group, and #P<0.05, ##P<0.01 vs. OVX group.
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(10) Ehi#D ecNOS 7 5T ACE D m-RNA DHIR
Z{t (Fig. 11)

B 3513 % ACE-mRNA DFEHIE, LS EED 0.27
+0.02 &L LT, HSBfIE 0.4240.03, & 51 OVX
Bf1d 0.52+0.03 & ARG ITHEZ RS, ESTHEZ 0.30
+0.04 &, HSf, OVX #f & [t # L T ACE-mRNA
OFRIFAZEICHHI SN TV, —HBRICBT %
ecNOS-mRNA OFI T, LS # 0.35+0.03 & gL,
HS 13 0.7510.02 & HFREARHOTTHEZFED, OVX
BEZ HS BEL HEES L 0.4310.02 E HEEFRHOE R %
B ic. F7-ESTHEZ 0.8310.04 & OVX BE& FHif L

BEIRREOMEMER L DT

(/GAPDH) (/GAPDH)
1.0 1.0
094 ACE 0.9 3 €NOS  xx ;;
0.8 § 0.8 ]
0.7 4 0.7 §
* *
06 4 . 0.6 3 il
0.5 4 # 0.5 ]
0.4 + 0.4 ]
0.3 4 0.3 ]
0.2 0.2
0.1 ] 0.1
0 1 0 1
* P<0.05, * * P<0.01 vs. LS group. [ Jse
+P<0.05, ++P<0.01 vs. HS group. B Hsa
#P<0.05, ##P<0.01 vs. OVX group. I ovx
M st

Fig. 11. Expression of angiotensin converting enzyme (ACE)
-mRNA (left panel) and endothelium constitutive Nitric Oxide
synthase (ecNOS) -mRNA in the kidney in Dahl salt sensitive
(Dahl-S) rats with myocardial infarction. Open bar indicates
low-salt (LS) group, small dot bar indicates high-salt (HS)
group, large dot bar indicates ovariectomy (OVX) group and
closed bar indicates estrogen treated (EST) group.Values are
means=SEM.. *P<0.05, **P<0.01 vs. LS group. +P<0.05,
+-+P<0.01 vs. HS group, and #P<0.05, ##P<0.01 vs. OVX
group.

Z R

Dahl BHZE T v MO EER L%
HEZAM L, Estrogen DOATO) ET ) VT LB
N B RE R 5 DM BIC NIF T B D EMGT 2 T T2
Z OfEH Dahl-S T v MCBWT 8% MO A (HS
) 3EEARMED LS, X 5IClEEERAE TOBKRE
DET EDEEAZE 725 Uiz, Big CIIIREH O
m, SRERAREL, BIEORMIEZE725 Uiz, INEE
HY (OVX BE) IV IMF IR A EAZ(L ZRD T >
7ehy, DFEREDK T & OIRIE R DEENZED 5Nz,
Estrogen Offi78 (EST £f) i) EICH Bk x5 2
T o Ty, OHEEES K COIHAE K D ZadGE DGR
HoNF., —HEIICHEN T OVX BE TR PRE HHE

PR

OHEEZBDIERSNT, RERARI LR D TSR ER
ZDZAE RS > 7z, Estrogen DHfiFe (EST #f)
TlE, EHAIREAIRIEOHEN, Bl LR O T
E B DR LRZ DHEEDED b N, & SITRHIM
TRTRE LT, RERANZR S CICHIENRIC Z 8D
MDD S N iz,

SRIOFEETIE, JIEFEHIZR 5 TIC Estrogen # 5-
(¥ Dahl-S 7 v FDIMTEICHE R 5 Z 5>, FA
DO B W F2ER I 35\ T Estrogen ¥ 5 AV IfiLFE % RIS,
iR L OEREZ T L, OIS REBHED T3
BhbHsF2HHEINTVS. HHEHEDOLW
5% SHR DU B H% DI F E5FA, Estrogen D%
Hizk v Rl nizc L 2RE LY, oy
& LU T Estrogen I 1 5 % D ACE & EHIHI%h R H
5 %Lz, Dahl-S T v MBI EMEITH,
Estrogen (3 1flF7% RiF7z &322 &, RELK
Dahl-S T v b ClkIMEDFEREEZZLIER SN Eh >
e OWED NE BN, EHICZFOERIRNEETE
Bz eMHIBENTWS. 7z SHR Tld % 54
REMEINTWEC b, HflCIF & Estrogen
OMEZHET S C LI TEEIRELEDNS.
SR OFEF TIE, Dahl-S F v MCBWTHNEEH &
Estrogen ¥ 513 1MJF & R-AZRNDEHERZLZ L T-
X holz. TOXKS EREEE, SEAaRET IV
TlX, 280 R-A RZHIH|E N Estrogen D522 DM 1L
JE R-ARICHNC S WATEEMEDH D, T HITON
EETIVCRIES AR E MTEOFEN B EHN, Z0D
58 Estrogen OEH WIS T N7z W ATREMEAVR
BIND.

ISR DN T A S &, T H O HERE
5 CIOEERZHZICHEEL, —J5 Estrogen O
REZINSEERICUE LR ZOEFLELT
R-AZRDEEDOHEMNOEZ % &, JHEFHICK DM
W D ACE {EME O N zs8d 12 h, Mg o
Angiotensin I 7% 5 U IC Angiotensin I 13 & & 7 2 (b
ZREIEhole. TOXSITMFD R-ARDZE(LH
Rofhiaholz2 eh s, HBR-ARDOEEZE Z
FH#% ACE-mRNA &£, R-A RICHEPIT 5 NOS RDIE
L U C A ecNOS-mRNA D i h 5 DRt % hn 2
T BHEHEHIC X D DKIC B T ecNOS-mRNA O
FEBNZHNH & N ACE-mRNA OFBUE T L, —F
Estrogen % 5-1C & © ecNOS-mRNA O % 81 (& 84 i
LU ACE-mRNA O ZE BT MHI & NFz. LLEORERIE
Estrogen ASDViEfHAE D R-A R & NO RIS DIE
TIEHL T B aaetzrg L Tnhad. H5%E, R-A%K
> NO %IC Estrogen DEEL ICTEF L T 25132
BbHbo, chbhhb#EZ Estrogen IZ1d R-A 277 1
THERAND D, ecNOS FEH T DTN DAL HR
& UK, DEREDRENE 12 5 XN - nBEM:
WEZ5NBY,
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& ik T & Estrogen @ % 5.1 £ 1> ACE-mRNA D
1], ecNOS-mRNA OFTENRSNZICE DS T,
(2 TR e B (U Toi X o W K= < ke 8 =y = U P £ LV 11
JEDFEZE L5 LSRRI LR Z DHERE, & HICHE
WADHEEZES . SRIORTIE, Estrogen &
BHR A DMER I Ush > 72idh b Tl L, Wil
WXz, 975050 RE I BN A D72k
&9, WIC Estrogen D #iFE I B EIRZ DBH S M7z 1
MEEieb L. COBMREDEERTE LT, K
BEAT R 2 E D SRERMAN Az 75 5 TS R D IR K
MROLENT LD, TNEDIEIREDEITICH
HLTW3EDEEZ LNz, TNETICE BldkEEE
I AT T MRV E Y DEEICEIT 2SI 2 HER
HENBED, £ < O Tl Estrogen (3 B i i 6E fa
FHORERZ T2 EDHRETH o, —Jj Stier Jr
5OMETIE, TNETOMWE & HE D EARDOHE
LRI ROBLEZROTNS™. ZOHEELT, D
FERCHNICETIVDENEZ bNS. SRV R
l& Dahl-S 5 v MOHBEZEZ R L T DA EET IV
ThHolz. TOERLEHD R-ARZIFHIEN TN
LoD, ik R-ARDIEREE X 5% ACE-mRNA
B ULATHEL THED GREARIIC KD E SICTTEZR
. ThUZ Stier Jr. 5D L7z SHR-SP I W T
ERAZRNDTELTWB T D, RRARDTLEE L
Estrogen & OMEEHIC & o> TEIKIC B 5 ke
OV THE L7zl REEME Z BN 5.

DEIZ, 2) Estrogen BDMEMNEZ Nz, ThZE
TOHE TIE 1-10 pg O Estrogen D FEFHIC X %
512 X o T Estrogen 12 1Z 250-2000 pg/ml &
T LEF L, 6KHT 60 pg/ml LMK L7z & O
MHRENS®. F7- Powers 5D T, EIC 3 [
D 10 pug/kg Dz FEHHT & % Estrogen $5.1 K > T
M1 Estrogen IR X EH Z v b OEHHIFAN T
% 30-140 pg/ml ICHEFF S Nz b WME LTS, C
ORRIE TRICENGIEHZRET 5258 THD,
v hDTEORBLME LA L EMELTVLBEY,
a4 D F W 7z 15mg/pellet/90days @ Estradiol
pellet 7z 7 R HEIC K - THAETL 12 8O 1 Fh R 1
52.61t4.4pg/ml TH Y, [FARFICHIE U7 FREDOR)
3%, UNESEHEEOR 10 f5DIRETH D, Estrogen D
MADHTIITTbN T EDERL ATz, 2o
HREZ—HHOOHAREL LT 0pg/ HTH D,
DInG o & LR L TaAROKR G EHR>Twa T L
X © Estrogen ORIVEH TH % AR R-A RDTT
HENE UTrlgEEE E A BNz,

1) Dahl v FO.LEY ET Y > 7 & B {LIE D HE
IZ N2 1F 9 Estrogen OEHIC D ¥ Dahl 81Kz
Ty FbOAEET VO TR ZB T Ro 1.

2) Dahl-S T v McBWT 8% mBEEDARITAR
TIMED ERZE L Lz, ARV TR
o (OVX ) 7% 5 TIC Estrogen Ofifi7e (EST
B 3EETMEOR 225 Tk

3) OVX B TClEimd o ACE ORHZHEINETE/-E D
@ Ifil ' Angiotensin I 3 & U Angiotensin II D &
HERE R NG oz, ESTRTLAEEAR-A
ROZLITRENEh > Tz,

4) JOMiETlE OVX I T ACE-mRNA 1378 SIS MY
MU, F7zecNOS-mRNA Z K KX+, OfHoO[E
KeHRICHIE X Sz,

5) EST B CTld A E7x D BERE O UGE &L LK o
WEZRD . D TEOVXEE & L L T
ACE-mRNA O E% K & ecNOS-mRNA I35 &
FENZERS T

6) BiETld LSEHCH LT HS BECAHREAIREH O
7% 78, JRERAT R TIEE H R ERARE(E & &
SR E RS Tz, —J7 OVX T RE AN %
IRUTEDY, RERAEIH L & EW A A ER Az
RDizho iz,

7) ESTRECIE HS BEICHf LIRERIZAEICHEmML,
RERRIE (b3 K O HERZE D f iR ERZRD 2.

8) EST Bt CTIIARBRIABE L2 B CIC BN ZE DA
HHNTz. ESTRHCRMMRAT R E LT, SRBRA
W7& 5 TNTRERIA N O MBI R IC 22 O WA e
MR E Nz,

FZRABICHIZD, HIREHEMZREDO L
7ot R ER R A AR S AR E AR IS R#HN T2 L
9. EEEFREWEZ X E Lo H KBhERRICE
N2 LET. X0 AWA L EfREEG Wi E
F LIAEESMITEINT=LE T

C OWFFREO—HIEES 29 M HALIREFEIYE 2=
(2002KF%), 57™ Annual Fall Conference and Scientific
of the Council for High Blood Pressure Research (2003
Washington), 3 26 [0l HAGE T2 (2003 & ik) 1<
BWTHELE.
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