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Role of Aldosterone in Oxidative Stress and Renal Injury
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Recent clinical studies have indicated the utility of mineralocorticoid receptor (MR) antagonists in cardiovascular
and renal injuries. Chronic treatment with aldosterone/salt resulted in severe cardiac and renal injuries in rats. Further
studies showed that the aldosterone-induced organ injuries were associated with increases in expression of NADPH oxi-
dase components and reactive oxygen species (ROS) levels. Treatment with a selective MR antagonist, eplerenone,
prevented the elevation of ROS levels and ameliorated organ injuries. In vitro studies also showed that MR is highly ex-
pressed in cultured vascular smooth muscle cells, glomerular mesangial cells and renal fibroblasts. In these cells, al-

dosterone-induced cell injuries were associated with increases in NADPH oxidase activity and superoxide generation.
Further, the aldosterone-dependent cell injuries were markedly attenuated by treatment with eplerenone. These ac-
cumulating data support the notion that the aldosterone/MR is involved in the pathogenesis of cardiovascular and renal

injuries through NADPH oxidase-dependent ROS production.
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Fig. 1. A: Mineralocorticoid Receptor (MR) Protein Expression in Cultured Rat Mesangial Cells, Renal Fibroblasts and Vascular
Smooth Muscle Cells, Measured by Western Blotting Analysis, B: Distribution of MR and o;—Integrin in Rat Mesangial Cells
Significant MR protein expression is detected at approximately 110 kDa in total lysates of these cells. Superimposition of the images does not reveal any areas of
co-localization of MR and o;—integrin (a known membrane marker). Data are from Ref. 21).
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Fig. 2. Thiobarbituric Acid-reactive Substances (TBARS) (A) Contents and mRNA Levels of NADPH Oxidase Membrane Compo-

nents (B) in Renal Cortical Tissues

1%NaCl/aldosterone-treated rats show increased both TBARS contents and mRNA levels of NADPH oxidase membrane components (p22phox, Nox—4 and
gp91phox) . Data of p22phox, Nox—4 and gp91phox mRNA expression are expressed as the relative differences in vehicle/1%NaCl-, 1% NaCl/aldosterone—, 1%
NacCl/aldosterone/eplerenone- or 1% NaCl/aldosterone/tempol-treated rats compared to vehicle-infused rats after normalization to the expression of GADPH. *p

<0.05 vs. vehicle-treated rats. Data are from Ref. 10).
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Aldosterone/1%NaCl-treated rats exhibit damaged glomeruli characterized by mesangial matrix expansion and cell proliferation. Treatment with eplerenone
or tempol markedly ameliorates these glomerular changes in aldosterone/1%NaCl-treated rats. Data are from Ref. 13).
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Fig. 4. A: Effect of Aldosterone on Dihydroethidium Staining in Rat Mesangial Cells (RMCs), B: Effects of Aldosterone on Mem-
branous Translocation of p47phox and p67phox Proteins in RMC
The oxidative fluorescent dihydroethidium was used to evaluate intracellular superoxide anion levels. Incubation with aldosterone (100 nmol/l) for 3 h in-
creased p47phox and p67phox protein levels in the membrane fraction. *p<{0.05 vs. control. Data are from Ref. 31).

SREBUTHT 5B 2MEF L. &2A0, TILR
AT B2 ZEIFEFEITEVIRE (100 nmol/I) T#HEL
TH NADPH A F 4 -t O pE I > R—F% >
kT& % p22phox, Nox—1, Nox—4 D& {5 FIH BT
BIVSEEEEZ ol —F, YIVRZA5FOr
WEEEEAT O F U LAMBEOME D >R —%> KT
& % p4Tphox & p67phox DMIAIENDBEITEH S
Z & (Fig. 4(B)), TOERAIZZITL L /) > TxER
HflENS 2 L2 RHUED Zns OfERIL,
7))V RZA5 025 NADPH #F 3 4 — O &
J2R—3> b MBS, NADPH
FF ViR AU GEtEgEEEEIE S
ZEERBTLHHOTHS. Lk, YIVRXFTOY
13 LR B R I NADPH #3324 — ¥ O filln g
J2R—% > hEMfaBENEBEIE 50, KHIRH
fEF 9% & NADPH A F 34—t D a2 HRh—% >
FOFEBEHHEME Y, NADPH #3334 — Vi
kB CTENRBELZEAIELIDDOEEZEZ SN
(Fig. 5). I 5ICHRIETIE, [FEAE O B A M
FHEMMEeNEMERE ThHREINATY
%23 ZOLDIZ, VIVRATOVIFIEEERRD
W HEETAIZ o0 F a1 RZ/KITIER
L, W< DOnDHF%25 LT NADPH A+ 4 —+t
EIEMALSE, BILA NV ZAZEATIDOTHAD.

aldosterone/mineralocorticoid receptor

Z N

Membranous translocation of Increased expression
NADPH oxidase cytosol of NADPH oxidase
components components

N

Activation of NADPH oxidase

<

Superoxide production

Fig. 5. Potential Mechanisms by which Aldosterone/miner-
alocorticoid Receptor Activates NADPH Oxidase and In-
duces Oxidative Stress
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