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ABSTRACT

Background[J It has been suggested that all components of the renin-angiotensin-aldosterone system
(RAAS)) are present in the vascular wall and that the vascular RAAS modulates vascular tone and vascular
hypertrophy. One of the catalytic step in the RAAS cascade is the local conversion of angiotensin [ to
angiotensin 0 (Ang 0O ) by angiotensin converting enzyme (ACE). One of the major sources of ACE in the
vasculature is vascular smooth muscle cells (VSMC). Here, we provide insight into the intrinsic mechanisms by
which the components of RAAS regulate gene expression of ACE in cultured smooth muscle cells of the rat
and we also investigated the effects of cytokines on ACE mRNA. Methodsl] RNA was extracted from the
primary cultured VSMCs. We analyzed the expression levels of ACE by competitive reverse transcription-
PCR using recombinant RNA as an internal standard. Results(J 1) ACE mRNA level was increased markedly
by aldosterone in a dose-and time-dependent manner, indicating that there exists positive feedback mechanism
within RAAS. 2) The induction of ACE mRNA by aldosterone was inhibited by spironolactone. 3) Aldosterone-
stimulated expression of ACE was also inhibited by Ang [, which shows that Ang [ acts as a negative
regulator of the expression of ACE in RAAS cascade. 4) Interleukin-1f or TNF-a did not induce ACE
mRNA expression. 5) However, mixture of interleukin-1f3 and TNF-a (CytoMix) significantly increased the
expression of ACE. It was also shown that CytoMix increased aldosterone-stimulated ACE mRNA expression
in an additative manner. Conclusions[] These results indicate that the expression of ACE in smooth muscle
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cells is modulated by the components of RAAS and cytokines. The intrinsic positive and negative feedback
controls of RAAS would play an important role in the pathogenesis of vascular diseases. (KKorean Circulation

J 1999529(1):84-95)

KEY WORDSO Angiotensin converting enzyme (ACE) - Gene expression - Aldosterone * Renin-angiotensin-
aldosterone system (RAAS) - Interleukin-1p - TNF-o.
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U0 oboooodo bo0 obob 0ob oooo
d0o0do ODOooo RAASO OO ODOOOooOo O
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ACEO Ang 00 Ang 00O O0ODOOO dicarboxy
peptidase] 0 00O ACEO Ang O OO0 rate—limi—
ting stepd OOOO OO OO OO ACE OOOO
000 Doboono boboo Oooo oo oo o
000 0009 ACED 0000 0000 000 O
00000 (endothelial cellDEC)D O VSMCO ACE
0 0000 000 0000 0029 vsmcd 00
00 000 DO D0 000 VSMCD 00 (hyperp—
lasia) 0 OO (hypertrophy)D OO0O00 OO0 O
00 00 00 00 0OOO. OO gog vsMcd ACE
000 000 OO 000 0000 dexamethasone,
basic FGF 00O OO0 ACE OO0 O mRNA OO
0 0000 oooo.®

Aldosterone] OO OO0O00O0O00O OOOO OOO
gobdno 0o 00 bob oo nbooboo o
000 vSMCO ECOO aldosterone OO0 OOO
00 OO0 CYP11B20 aldosteronel OO0 OOO
O mineralocorticoid receptor(MR) mRNAD OO0
027 00 Ang OO ECOO aldosteroned 000
000002 Aldosteroned dexamethasonel 00
000 mineralocorticoidD 0000 ECOO OOOO
0 000 aldosteroned paracrined 0 OOOO VS—
MCO ACE 000 OO0O0O 000 OoOooo oo oo
goooo oo.

00 OO00O0O 0ODO OO0 bOooodo cytok—
ine00 OOO0O0O OOO OOO O0O. Cytokine O
0000 0dd interleukin—1p (IL—1B ), tumor ne—
crosis factor—a (TNF—o )0 ECO OO0 OO cell
surface adhesion molecule, cytokine, growth factor,

coagulation systeml OO0O0 OOOO OOO OO
000. IL-18, TNF—a O ACED mRNA OO0 O
000000 00 000 000 IL-10 000 HU-
VEC(human umbilical vein endothelial cell)D 000
ACE 0000 000002 000 VSMCO ACE 00
0 000 cytokineD OO0 OOO0O OO0 O OO.

000 0 O000 00 0000 0000 aldost—
eronel] cytokine IL-1f, TNF—a O OO0 VSMC
0O ACE 00O OO0 ooOooobO oooo ooo
0 00000 000 ooood.
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Male Sprague—Dawley rat(6éwk old)0 0O OO O
000 0ODO0O0O. 00 000 loose connective tissue
0O 000 O enzyme dissociation mixture(DMEM/
F12 medium, 1 mg/ml type 2 collagenase, 0.25 mg/
ml elastase, 1 mg/ml soybean trypsin inhibitor, 2 mg/
ml bovine serum albumin)(0 00O 37000 1000 O
000 0 0000000 00000 adventitiall me—
diad OO0 O00O0O0 O0O0. Dissecting microspc—
opy OO0 fine forcepsd OO OO adventitiall me—
diad 000 O mediad VSMC OO0 O0OOOO.
Medial 203 mmO OO0 OO OO O enzyme
dissociation mixtured OO gyratory shaker( OO
37000 6000 OOOOO. VSMCO 0000 enz—
yme dissociation mixtured OOOO0O fetal bovine
serumd O0O0O0O0O 20%000 O0OOO enzymel
0000 00 0O 000 gauzed OO digestiond O
00 0000 000ooo. 4000 1,000 rpmd0 5
00 0000 0O 00000 (DMEM/F12 suppleme—
nted with 10% FBS, 100 mg/ml penicillin, 0.1 mg/ml
streptomycin)d 00000 25 cm? 0000 flaskd
2-5x 10° 00/cm?d 000 platingd O 0.
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000 370 humidified 5% CO»/95% air D000
000 2404800 O O OOOO OOOO OO O
000 4807200 0000 OOOO ODOOO OO
0.0000 10301050 000 00 oooooo
50100 00000 000 000 ooood. 6 well
platedl OO0 0OO0O0O confluence OO0 OOOO
defined serum—free medium(DSFOJ DMEM/F12 me—
dium containing 0.2% bovine serum albumin)d O
000 00 0 4800 OOOO quiescent OO0 O
0O 0 000 OoOoooo. vsMcO 000 gooo
quiescent, noncatabolic, differentiated 000 OO0
0O VSMCO 000 0000 0000 000 ooo
DD.lO)

HHUE MZELE ZEOA total RNA2| 22

Total RNAO acid guanidinium isothiocyanateph—
enol—chloroformd OO0 O0OOOO0O0O0O OOO
0O0.000 codPBSO O O OOO O, 4 M guani—
dinium isothiocyanate 25 nM sodium citrate(pH
7.0), 0.5% sarcosyl, 0.1 M 2—mercaptoethanol [
00 000 0000 (denaturing solution)d OO0
0000 00 000 0000 0,000 oo 15 ml
00000 O0oo.0 000 50 pl0 2 M sodium ac—
etate(pH 4.0), 500 p 10 water—saturated phenol
(pH 4.2), 170 p IO chloroform—isoamyl alcohol(4
9U1)0 00O 100 OO O OO OOO. 4000 15
00 12,000 rpmO0 OOOOCO O O, OO0 (aque—
ous phase)d OOO0O OO0, 00 OO0 20 OO
0 0O 000 isopropanoll] OOO0O O OO OO, 16
00 00 —20000 OOO000.4000 12,000 rpm
00 3000 OO0 OO0 O,0000 OO0 OoOO

O OO RNA pelletd 75% ethanoll 20 OO0 O,
0000 OO DOO00dd, 0.1% diethyl pyrocarbon—
ate(DEPC)0 OO0 0OOOO OO OOOOO -
7000 O0OO0O0OO0. 0OO0O00OO RNAD @ 15%
formamide denatured agarose gel0l 0 OOOO0O0O
RNAD int—egrityl] OOO0O0O.

ACE mRNAZQ| HFHZA HMAI-Zelad G HIS(semi-
quantitative reverse transcription-polymerase chain
reaction : SQRT-PCR)

00 RNAO OO O primer 00O

000 00 000 00000 Intemal standard
0O 00 ACE primerd] 00000 OO rcRNAO O
00 OO0 180 bpd GSTM(glutathione transfer—
ase) 1000 OO0 OOOO OOO ACE specific
primer sequence] T7 promoter, poly(dT) tailll O
O spacer genel] 0O0OO. OO0 OO0 recomb—
inant PCR primerd OO0 OOOO OOO DO (Fig.
1). 5—primerd 5’ —(T7 promoter sequence)—(ACE
5/ primer sequence)—(GSTM 5’ primer sequence)
-3, 3—primerd 5’ —(poly dT)—(ACE 3’ primer
sequence)—(GSTM 3’ primer sequence)—3'0 O
00 O0O0O. Target RNAO ACE primerd O0O0O0O
0 437 bp0 OO0 OO0 0OOOOO, spacer gene
O 000 ACE primerl] 000000 222 bpO O
00 000 000 O 200 bpOd OOO OO0, elec—
trophoresis geld0 00O OO0 O OO0 OOO0OO
(Fig. 2). OO genomic DNAO recombinant PCR
primerd] PCROO spacer gened O0OO0O PCR O
00 94000 100 0000 denaturation OO0, 6

rcRNA forward primer

+——T7promoter ACE forward

5'-TAATACGACTCACTATAGG-CCAGTATTTCATGCAGTACAA-AGGCCATGGTTTGCAGGAA

rcRNA reverse primer

<~—polydT — ACE reverse

5'- TTTT TTT-GGAACTGGAACTGGATGATGA-GTTGGGCTCAAATATACGGTGG

ACE forward primer
5'-CCAGTATTTCATGCAGTACAA

ACE reverse primer
5'-GGAACTGGAACTGGATGATGA

GST forward

GST reverse

Fig. 1. Recombinant PCR primer
and ACE primer seauenes.
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| [ GSTMT gene |
GSTS [
SPACER GENE 7 op
——— 180bp —————

l 30 cycles PCR

| 717 ACEs  |GsT5 | GST3 | ACE3 dA
PCR PRODUCT

————— 180bp ————

Fig. 2. Scheme for the sy-
222bp nthesis of rcRNA internal
l standard. Abbreviations
. s T7=T7 promoter seque-
In Vitro Transcription nce, ACE5=ACE seque-
T7 RNA Polymerase nce forward primer, GST
DNase Digestion 5=Spacer gene forward
T7 ACES | GsTs | GsT3 ACE3 dA || pimer, GST3=Spacer ge-
rcRNA ne reverse primer, ACE3=
| ACE sequence reverse
primer, dT=d(T)18 tail, dA

=d(A) 18 tail.

spike rcRNA into total RNA prior to cDNA reaction

Control Aldo10°M 10°M 10'M
| [ | | | | |

uski ’ “ ’ - target RNA

| - - e - - rRNA

10°M 10°M 5X10°M
I | [ |

— target RNA

— rcRNA

20

15 Fig. 3. Effect of aldosterone on ACE mRNA expression.

o (A) Growth-arrested vascular smooth muscle cells were stim-
ulated with aldosterone for 24 hours. 1 p g of total RNA
and 50 pg of recombinant RNA was reverse-transcribed and
*x PCR-amplified with ACE primers in the presence of 32P-dCTP.

PCR products were electrophoresed in 2% agarose gel. Gel
- was dried and exposed to x-ray fim. (B) Density of each ba-
—

10

Relative Ratio

nds was measured using densitometer. Ratio of target RNA
fo rcRNA was calculated. The value of negative control was
normalized to 1 arbitrary unit for quantitative comparisons.
Contol 10° 10° 107 10° 10° 5x10° The values given are the meant SEM for‘fhree separate sam-
l | | ples. Bar graph shows the concentration-dependence of
the aldosterone-induced increase in MRNA of ACE. **p<<0.01
Aldo(M)
vs Control.

0
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o000 100 annealingd 72000 10 3000 ex—
tention 0O 350 O0O0O0O0O. OO glass milk(BIO
101 kit, Boehringer Mannheim)d OO OO O, T7
RNA polymerased OOOO in vitro transcription
(Riboprobe in vitro transcription system, Promega,
USA) OO reRNAD O0O0O0O0, 000000 OO0
00 0000 ooooo.

SQRT-PCR

1 p gd VSMC total RNAO 50 pgd OO RNAO
00 OO0 00 OO O MMLV reverse transcriptase
(Promega, USA)O 00O 37000 6000 OOOO
000 single stranded cDNAO OO0 OOO, 990
00 50 00 000000 OD00o oo o,s5000
00000.000 0000 cDNAD, 10 mM Tris(pH
8.3), 50 mM KClI, 1.5 mM MgCl,, 200 y M dNTP,
0.02 p Ci/ulD 32P—dCTP, 25 pmold O ACE sense

primer antisense primerd OO PCR O0O0O. Hot
start 000 O0O0O0O OO0O0O 95000 500 OO
00 0000 O, 8000 500 D00OOoOg 25
unitd Taq DNA 0000 (Boehringer Mannheim,
FRG)O 00O 0O0OOOO.PCROOO 95000 10
0 0000 denaturation OO0, 58000 100 an—
nealingd 72000 10 3000 extention OO0, PCR
cycle 00 OOO0O amplificationd exponential pha—
se 00O OO0 DNA OO0 OO0 OOO.0000
0000 cDNA 000 RNAOO OOOO OO
PCRO 0OO0OO. PCR OO0 OOOO OOO gel
0O 0000 O phosphoimager] 0000 OO band
0O 00 000 00000 x—ray fimd OOO0O OO
O 000O. RNADO 0000 OO RTN-PCRO OO
000 OO0 OO0 000 ODooOodo  background
0 000D OO0 O O OO0 RNAO OO RNAOD O
0 OO0 00 32P—-dCTPO incorporation OO0

Ohr 4hr 8hr
| T [ 1
Q ’ Q - . — target RNA
12hr 24hr 48hr
— target RNA
@ T - -
40
. *%
T
30 —I_
L
I *x >k
o
2 20 il =
E *%
& T
107
Fig. 4. Effect of aldosterone on time course of ACE mRNA
R expression. (A) and (B). Methods are described in Fig. 1. ACE
0 4 8 12 24 48 (hn mMRNA could be induced after freatment of cells with aldos-
terone for 4 hours. The expression of ACE mRNA reached at
plateau after 24 hours. *p<0.01 vs Ohr.
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Aldo(M)
Spir(M)
[
| - target RNA
” 1 ~ rcRNA
Aldo(M) 10° 10° 10°
Spir(M) 107 10° 10°
|
- target RNA
— rcRNA

30 T
25 T
o 1
S20+
¢
'E’JS~
&
10
*k
51  P>005
0l
Aldo - - 10° 10 10°  10°M
Spir - 10° - 107 10°  10°M

0000 OOD OO0 RNAO OO RNAO G/C OO
0000 00 RNADO O0OO0OO 260 OOOO. reRNA/
target RNA ratiod O0OOO DSF OODOOO ACE
mRNA 000 100040 00 0goo.

VSMCQ| 3

6 well plate] VSMCO 0000 OO0 confluent
0O 000 0000 DSFO 0000 Ooooo 48072
00 O aldosterone(Sigma, USA), Ang O (Sigma,
USA), spironolactone(Sigma, USA), IL-1 (R&D,
USA), TNF—a (R&D, USA)O 00O 00O 000 O
000 000 000 O RNAO O0O0OO ACE mRNA
0O 000 00000 oooo ooood.

SHXE
0000 meant SEMOO 0OO00O. O 00O

Fig. 5. Effect of spironolactone on aldosterone-stimulated exp-
ression of ACE. (A) and (B). Methods are described in Fig. 1.
Spironolactone inhibited aldosterone-induced mRNA expre-
ssion of ACE in a dose-dependent manner. *p<0.01 vs Aldo
107¢M.

OO0 OO0 unpaired Student’s t test OO0OO0O.
30 000 OO OO0 ANOVA for multiplesample
comparisonl] 0000 000000 p<0.050 OO
00000 000 0oo ooo.

2 3

1) 00 aldosteroned ACE mRNAO OO0 OO
00000 aldosterone OO0 OO OOO OOO O
0O000. Aldosteroned ACE mRNAD OO0 OO
00ooOad, aldosteroned 1 nMODO 50 pyMODO OO
00 000 2400 OO OOOOO OO vsMcO
ACE mRNAO 00O aldosterone 000 OOO0O
00000 (Fig. 3). Aldosteronell 0O ACE mRNA
000 ED50C O 10 yMOOO.

2) 0000 aldosteroned OO ACE mRNA OO
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0O 0000 000 ODOO0OO0OO. Aldosterone 10 uM
O 4,8,12,24,4800 0OO0O0O0O O VSMCO ACE
mRNA 000 400 0O 00 0000 0000 24
00 000 plateaud OOODOO (Fig. 4).

3) 00 00O aldosteronel OO ACE mRNA O
OO0 OO0 aldosteronell mineralocorticoid 000
0 0000 0000 non—genomic actiond1 0 OO
OO0 000, mineralocorticoid 0000 aldosterone
0000 spironolactoned d [0 aldosteroned OO
ACE mRNA OO0 000000 00000, Spiro—
nolactone] aldosterone 1 y MO OO OOOOO O
000 0000 ACE mRNAO 000 ODOOOOO
10 yMOO ACE mRNAO OO0 OO OOOO O
00O (Fig. 5).

4) VSMCO ACE mRNA OO0 RAASO OO O
0000 000 000 000 000 ooogd goo

Ang 00O aldosteroned OO ACE mRNAO OO0
00 ooo oobdo. Ang OO VSMCO OO
ACE mRNA OO0 000 000 0000 aldoste—
ronel] 00O ACE 000 OO0 OOOO O0OOOO
(Fig. 6). 000 RAASOO ACE 0000 negative
feedback loopd OOOO OOO O O O0O0O.

5 0000 00000 OOoOOooO ooo ood
00 cytokineOO IL-13 0 TNF—a O ACE O0OO
000 OO0 ODOO0O00.IL-13 0 TNF—a O0ODO
ACE 00O 0O0O0OO OO0O0000 OO0 lipopoly—
sacc—haride(LPS)J ACE 0O0O0O OO0O OOO O
0O (Fig. 7).

6) Cytokine IL—13 0 TNF—a 0 000 DOOO
0 00 VSMCO ACE mRNA OO0 OOO0O OO
0 1600 000 000 00DO(@p<001) aldoste—
ronel] OO cytokinedO OO OOOO OO ACEO

Aldo(M) = - 10°
Ang 1 (M) s 10° =
[ [ |
— target RNA
— rcRNA
Aldo(M) 10° 10° 10°*
Ang 1 (M) 107 10° 10°
I | I | I |
: - target RNA
@ — rcRNA

10.0 7
7.57
2
3
oz *k
.z 5.0 T
=
&
*k
25  P>005 T -
0.0 [
Aldo - - 10° 10° 10°  10°M
Angll - 10° - 107 10°  10°M

Fig. 6. Effect of Ang O on aldosterone-stimulated expression
of ACE. (A) and (B). Methods are described in Fig. 1. Angiot-
ensin O inhibited aldosterone-induced mRNA expression of
ACE in a dose-dependent manner. *p<0.01 vs Aldo 107¢M.
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000 aldosterone OO OO OO 68000 10.20
(p<0.01) OO0O0O aldosteronel OO cytokine O
0O ACE OO0 OO0 00 OO0 Oooo ooo o

d

[

O0oo(Fig. 8). RAASO OO OOO0O endocrine systemd OO0
0 000 DDOOO0O Ang O, aldosteroned OO0
: ® >
= £
g Y =
> ® s T
_ 8 § . 151 T
§ z z g T T

- target RNA

- rcRNA

Relative Ratio
o
1

j=4
“«
1

0.0

Contorl IL-1B100U/ml  TNFo 50 ng/ml  LPS 10 pg/ml

Fig. 7. Effect of cytokine IL-1b or TNF-a on ACE mRNA expression.

(A) and (B). Methods are described in Fig. 1. IL-1b or TNF-a as well as lipopolyssacharide(LPS) did not induce mRNA
expression of ACE gene in vascular smooth muscle cells (p=0.05 vs Control).

Control

LPS 10 pg/ml

CytoMix

— target RNA

— rcRNA

— target RNA

— rcRNA

12,57
p<0.01
10.0 4 -
L
3
& 7.5
2 =
=
$ 5.01
“ 0.01
2.5 0.05
0.0
Control LPS10pg/ml  CytoMix  Aldo 1M Aldo 1M
+CytoMix

Fig. 8. Effect of cytokine mixture on aldosterone-
stimulated expression of ACE. (A) and (B). Met-
hods are described in Fig. 1. Mixtures of IL-1b and
TNF-a(CytoMix) increased mRNA expression of ACE
minimally. However, CytoMix increased ACE mRNA
expression induced by aldosterone in an addit-
ative manner.
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00 000 0000 oood, ooo o0 ood(salt
and volume homeostasis) 00 OO0O0 OO0 OO
0 00.00b 0ob bbobboo oob oboo
RAASO OO OOOO autocrine, paracrine action
0 0oddoo obooobo boo boo oo oo
00 000.Y? 0000 endocrine systemd 000
RAASO renindd O0O0O0O, angiotensinogend OO
0O, ACED OO 00O ECOU, aldosteroned OO0
000 0000 0o 0obo oo. 00 00 RAASO
00 OOOO renin—like enzyme, angiotensinogen,
ACE, angiotensin receptor, aldosterone 00 00O
(CYP11B2), mineralocorticoid receptor(MR) 00O
o000 vsMCO 000 ECO O0O0O0O oOoOo g
0O 00O 00 local RAAS(Ovascular RAAS)O OO
U odood.

ACEO Ang IO Ang OO O0O0O0O OOO DOO
00 oob ooo oo.d, ACEOdono oooo
ACE 00O0O0 0000 Ang OO OOO ODOOO O
0, ACE 0000 ODOooono oo oo oo oo
000 (nhecinima)d OO0 0000 002 00 Ang
00 OO0 bovine aortic ECOOO aldosteronel
0000 000 000 00®P 000 000 OO0 ACE
0000 000 00 Ang OO aldosteroned OO0
000 oboob ooo b oog,oono oooo
00 000 00O ACEOOO ODOooo Aang oo
00 Ang OO OO0 O00OO Ang OO DOOOO
0oooO, Ang OO aldosteronel OO0 OOOO
aldosterone] 00O 0OO0O0O O0O0O OOO.

ACE0 0000 OO0O0O OO0 eCOO ACEO O
0 000 ectoenzymelld OOOO. ACEO mono—
cytel U0 O0O0O0O O0OOO DOO DOO DOO
monocytell macrophaged] 0000 OO OO0 O
OO0 Od, VSMC, fibroblasth ACED COOOO O
00 0bOoo ob.0oodo oobo eco ACE OO
00 00000 0000 000 calcium OO0O O
O, phobol ester, cAMP, glucocorticoid, mineralo—
corticoid, 100 000, FGF, hypoxia 00 00279
00 00O vsMCO ACE OO0 O0O0O OO ooo
0000 dexamethasone, basic FGF 00 OO0 ACE
000 O mRNA 000 0000 0000.79 Das—
arathy 0?0 000 aldosteroned ECOO ACED
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0000 oooooo vsMcood ACED OO0 O
000 0obOo booo oo 0o boooo boo.
Aldosteronel] OO0 O0O0O000O0 OOOO oOO O
gobd 0ob 00 OO0 0bo bboooo oo
00 VSMCO ECOO aldosterone OO0 OO0 O
0O 000 CYP11B20O aldosteronell OO0 OOO
O mineralocorticoid receptor(MR) mRNAO OO0
0270 0000 aldosteroned OO0 OO0 OO
000 ooboooo ACE mRNAO OO0 OOOO
0. Dexamethasonel OO ACEO 0O0O0O0O O0OO
000 00 000 OO0 eco vsMcoog od d
00 OO O0OOO0DOO0O, ooOoood biphasicd O
00 00002 0 00000 aldosteroned 00
ACE mRNAO 000 400 OO0 O0OOOOO O
0 Dasarathy 0?0 ECOOO dexamethasonel O
0 ACE mRNAD 00O OO0 OO0 OooOd. od
00 OO0 00 00 mRNA OOO OO0 ACE OO
U0 0bd 0db bodbo oobo oob oog
0 0000, 00 ECOO0O dexamethasone [0
ACE 0000 OO0 RNAOOO 0000 a —ama—
nitind O0O0O0 O000 00000 0000 cyclo—
heximideDl 0000 OOO0O0 0000 00000
godd ob b0 00 0ob 0oo oboo oo o
00 0O000.0 00000 aldosteroned OO ACE
mRNAO 000 EC500 O 10 uyMOO OO dex—
amethasone] 00 ACE O0O0O0O OO0O bovine ao—
rtic EC(BAEC)D DD 3 nM,*® rat VSMCO OO 30
nM® 00 OO0 0O00. OO0 aldosteronel] dexame—
thasoned O potencyll OO O00O0O00, 0O ACEO
0000 0b0o00 ACE OO0 0000 o oo o
00 steroidd OO0 OO0OOO OOOO OOO O
00 0000. BAECO OO ACEODOOO OO0 de—
xamethasonell aldosteroned 1.300 OO0 OO0
00,2 000 00 00 0000 000 potencyd
god booo,db obo 0 oo bobo oo g
00 OO00d. steroid OO0 ACE OOOO OO
O steroidd OO0 OO 0OOO OO BAECO OO
costicosterone—21—acetate, dexamethasone, hydr—
ocortisone, aldosteroned 00O 1100 carbon atom
O hydroxyl OO OO steroidd ACE OOOO OO
0000 beta—estradiol, estrone, testosterone, pro—
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gesterone, cortisone, dehydrocorticosteroned 00
1100 carbon atom keto OO0 OO steroidd O
00 0002 Steroid 000 OO0 ACE OOO OO
00 BAECO OO hydrocortisone>dexamethasone>
aldosterone>corticosterone—21—acetate 0000, VS—
MCO OO dexamethasone=hydrocortisonell pred—
nisolone 0000 .9

Aldosteronel VSMCO OO OO OOO genomic
actiond non—genomic action O OO0 OO 2 Ge-
nomic action] 00 O OO0 O0O0OO OOO OO
MRO O0O0OD OO0C OO0OO0O MRO OO0 OOO
mineralocorticoidd glucocorticoidD 0 O00O0O0O O
000 mineralocorticoid O O0OO spironolactonel
000 000 00OoO0.00 0 0000 ooooo
000 OO0 000 00O000. Non—genomic act—
ion0 OO 00000 OO0 cloningDd OO OOO
0000 000 00000 o000 ooo ooooag,
0 000 0000 mineralocorticoidd OOOO0O O
000 spironolactone] OO OO0O0OO O0O. OO
0 000 00) 00000 0000 VSMCO Na”
/HE exchangerd OO0O0O00O, 000 calciumO O
00 0000 vsSMCO OO0 OO0 O 0O0OOo ooo
0O 000 000 0O0.0 00000 aldosteroneld
00 VSMCO ACE mRNA OO0 OO0 spironola—
ctonell OO0 OOOO non—genomic actiond OO
0O ACEDO00O 0000 O O 0ooo oo oo o
0000 OD00O00 gogg goood.

Aldosteronell OO0 ACEOD OO 0O0OOO OO
00 0000 OO0 00 Ang OO Ang OO0 OO
0O 0000 Ang 00O OO0 OO0 0OO0OOD Ang O
0 ECO0O aldosteronel OO0 OOOO, 00O O
0O 000 aldosteroned ECO VSMCO ACEO 0O
0000 00 positive feedback loopD OO0OO O
000 RAASO O000O0 OOOD OO0, 000 O
0000 000 aldosteroned OO ACE mRNA OO
0 Ang 00 OO0 00000 OO negative feed—
back loopd OOO0O OOOOOO positive, negative
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