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Mechanism of Inhibitory Action of AT, Receptor Blocker and Estrogen on Atherosclerosis
Masahiro Tsuda (Department of Nephrology, Saitama Medical School, Moroyama, Iruma-gun, Saitama, 350-0495,
Japan)

In the present study, we investigated a gender difference of atherosclerotic changes induced in apoE-deficient
(ApoEKO)mice, focusing on oxidative stress, and the possible interaction between olmesartan, an AT, (angiotensin
type 1 receptor)blocker (ARB), and estrogen. After treatment with high cholesterol diet(HCD) for 6 weeks, apparent
atherosclerotic lesion formation including lipid deposition and increase in superoxide production and p47°™*
expression were observed in ApoEKO mice. These changes were significantly greater in male than in female mice,
although plasma cholesterol level was not different. Preceding ovariectomy enhanced atherosclerotic lesion and
oxidative stress 6 weeks after HCD. The changes in ovariectomized mice were reversed by 17 f3-estradiol(80 ug/
kg/day)replacement. On the other hand, olmesartan (3 mg/kg/day)inhibited both atherosclerosis and oxidative
stress observed in ApoEKO mice treated with HCD. The inhibitory effect of olmesartan on atherosclerosis was
significantly stronger in female than in male and ovariectomized ApoEKO mice. Neither the smaller dose of
estrogen (20 pg/kg/day)nor olmesartan (0.5 mg/kg/day)influenced atherosclerosis and oxidative stress. However,
co-administration of olmesartan and estrogen at these smaller doses attenuated atherosclerosis as well as
oxidative stress. We further investigated interaction between AT, receptor stimulation and estrogen on NADPH
oxidase activity using cultured VSMC, which mainly was expressed AT, receptor. The NADPH oxidase activity
in cultured VSMC was increased by Angiotensin II. 173-estradiol attenuated NADPH oxidase activity induced by
angiotensin II without affecting the expression of AT, receptor. These results indicate that estrogen enhances the
inhibitory effect of AT, receptor blocker on atherosclerosis. Our results also suggest that estrogen and ARB act
synergistically to inhibit oxidative stress, by attenuating NADPH oxidase activity.
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Fig. 1. Sex difference in atherosclerotic area and effect
of olmesartan in apolipoprotein-deficient (ApoEKO) mice.
ApoEKO mice were treated with a high-cholesterol diet or
standard normal diet for 6 weeks as described in “Materials
and Methods”. Olmesartan was administered at a dose of 0.5
or 3 mg/kg/day for 2 weeks before sampling. Aortic samples
were taken and cross sections were prepared as described in
“Methods”. (A) Representative results of oil red-O staining
of proximal aorta. Magnification x 200. (B) Morphometric
analysis of atherosclerotic area and lipid area in cross sections
of proximal aorta. Values are mean=*SE of 7-8 experiments.
*p < 0.05 vs. HCD. ND: standard normal diet, HCD: high-
cholesterol diet, Olm: olmesartan, (a~d) male mice, (e~h)
female mice. a and e: ND, b and f: HCD, ¢ and g: olmesartan
(0.5 mg/kg/day), d and h: olmesartan (3.0 mg/kg/day).
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Fig. 2. Effect of estrogen and olmesartan on atherosclerotic
area in ovariectomized ApoEKO mice. Female ApoEKO mice
were ovariectomized and treated with HCD as described in
“Methods”. 17 3 -estradiol was administered at a dose of 20
or 80 1 g/kg/day for 14 days before sampling. Olmesartan
was administered at a dose of 0.5 or 3.0 mg/kg/day 14 days
before sampling. Aortic samples were taken as described
in Figure 1. (A) Representative results of oil red-O staining
of proximal aorta. Magnification x 200. (B) Morphometric
analysis of atherosclerotic area and lipid area in cross sections
of proximal aorta. Values are mean=+SE of 7-8 experiments.
+p<<0.05 vs. HCD, **p<0.01 vs. HCD+0OVX. OVX:
ovariectomy, Olm: olmesartan, E: 17 3 -estradiol. a: control
(OVX mice), b: olmesartan (0.5 mg/kg/day), c: olmesartan
(3.0 mg/kg/day), d: 17 B-estradiol (20 ug/kg/day), e:
17 3 -estradiol (80 p g/kg/day), f: olmesartan (0.5 mg/kg/
day) and 17 f3-estradiol (20 u g/kg/day).
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Fig. 3. Sex difference on superoxide production in ApoEKO
mice. Freshly frozen sections of proximal aorta were
prepared and superoxide was detected with dihydroethidium
as described in “Materials and Methods”. Olmesartan and
17 -estradiol were administered as described in Figure
2. (a~d) male mice, (e~h) female mice. a and e: ND, b
and f: HCD, c and g: olmesartan (0.5 mg/kg/day), d and h:
olmesartan (3.0 mg/kg/day).
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Fig. 4. Effect of olmesartan and estrogen on superoxide
production in ovariectomized ApoEKO mice. Superoxide was
detected with dihydroethidium as described in “Materials and
Methods”. Olmesartan and 17 f3 -estradiol were administered
as described in Figure 2. a: control (OVX mice), b: olmesartan
(0.5 mg/kg/day), c: olmesartan (3.0 mg/kg/day), d:
17 3 -estradiol (20 pg/kg/day), e: 17 f3 -estradiol (80 ug/
kg/day), f: olmesartan (0.5 mg/kg/day) and 17 3 -estradiol
(20 pg/kg/day).
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Fig. 5. Effect of olmesartan and estrogen on NADPH oxidase
activity in ApoEKO mice. Protein samples were prepared
and NADPH oxidase activity was measured as described in
“Methods”. Olmesartan and 17 3 -estradiol were administered
as described in Figure 2. Values are mean+SE of 7-8
experimemts. *p < 0.05 vs. ND, 1p<<0.05 vs. HCD, **p <
0.01 vs. HCD + OVX. OVX: ovariectomy, Olm: olmesartan, E:
17 B -estradiol.
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Fig. 6. Effect of olmesartan and estrogen on expression of
pd7""* and AT, receptor in ApoEKO mice. Aortic samples
were taken from ApoEKO mice as described in Figure 1.
Levels of p47°"* mRNA and AT, receptor mRNA were assayed
by quantitative real time RT-PCR as described in “Methods”.
(A) Effect of combination of olmesartan and estrogen on
expression of p47™™* mRNA in ApoEKO mice. (B) Effect of
combination of olmesartan and estrogen on expression of AT,
receptor mRNA in ApoEKO mice. Values are mean=+SE of 5
experiments. *p < 0.05 vs. ND, 1p <0.05 vs. HCD, **p < 0.05
vs. HCD +OVX.
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Fig. 7. Effect of estrogen on NADPH oxidase activity
induced by Ang II in cultured VSMC. Subconfluent VSMC
were incubated with Ang II (107 M) and 17 8 -estradiol (10®
M) for 0, 5, 15, 30 minutes, and 1, 3, 6, 12, 24 hours. NADPH
oxidase activity was measured by the chemiluminescence
method using lucigenin as described in “Methods”. Values are
expressed as mean=+SE of 4 experiments. O: Ang I (10" M),
/\:17 B -estradiol (10° M), @: Ang Il with 17 f3 -estradiol.
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13 NADPH oxidase B pd7™" B Z LB E T 5 ¢ %
WMELTED, INSOMREERLDHRLEHDES
&, AT LRl EE—IEBEA N L AN
Ol Z /T U TARBOHIBIMRIE(LA/EAICEBI L T
LTl AVZAKETZ A O YOI/ a A =20
MEREOHERICH U TEEREERT 55T ERR
LTWa. £z, EMEREO—DTH S —HLER
(NO) &, MERECIHBOTEF NO GREEEE (NOS) I
KO AT, MELES, Mm/RESEIER, Fi
R SEANE],  HERAE IR & OMER 2 UHiEh ik
WEEZHT 3 L EZS5NT WS, Oemard g,
ANOBIRRECIEIRZEIC B VT, NODFEL L NOSOF
HMEFLTEHD, NOEAZRINT 5 &, @ikt
PIRZEOHEIT 2T 2 L MG LTV EY. fito T,
AR BT ZHIRM{LTE T IV T ZDOIRE R,
IA M7 Y EARBIC K BHIHIBIFRICDOWTE, NO
PEAFEI NS T 5 E K> TV b, 51,
5T ARB T & % olmesartan /) endothelin Z 4T L 7=
superoxide FEAE &2 IS % C L AME TN TEO Y,
olmesartan O & Ik il /L #1 1] /F F I (& endothelin % 7T
J" % superoxide PEAE 2 1| 97 B FREE VS N B AJEENE
EEZON, SR OEIMEINREEEDNS.
ARWFZE TIEAT ZAAmRNAF B IE, MM~ 2
I AR D ARPIESH ~ 7 A TFH LWLz
R, TN 5HI1E17 B -estradiol (80 pg/kg/day) 5T
2288 721, olmesartan ¥ 5 TIZZ(LMNH S Nx
o7z (Fig. 6B). TOMRIFTA s c kB AT,
ZRAmRNARBOMIHERAN T A s a s > Ofid)
IREE(CAEH 2 80k 2 et 2R L T0a. Lo,
PIERFHBRIC B WVWT, HENEAEOTZ A buy v
& olmesartan Dt FHIC X % BH 5 D 7 B RisE (b s 22,
superoxide % 2= & NADPH oxidase i 1t o #l1 ] % 2
1= (Fig. 2, 4} U'5), T D & EAT ZAKFEBICIZE
ZAL RS 5 Nish - 7z (Fig. 6B). £z, #IREIR
F{LRAZDIIERICBN T, 7rFLr Ty &
Ha% 2 (ACE) 35 & U'Angll, ATZ BAK D FE B R
ENTHOY, AWIZETE, JIHEMHPTZ X bay Y
IC X Bk Ang UNDEEERD TNz, ThHD

FERE, T X bab e AT AR (ARB) ffH
I KB PUENRIE(EERIICIE, AT, 2SR FE BRI LAY
DERMEHNTNE L Z/RLTW5. Ang IIIZAT,
Z Rk 7% /v LC, NADPH oxidaseffic & % LDLa
L 25— )LD, macrophage chemoattractant
protein I (MCP-1) *®vascular cell adhesion molecule
(VCAM) DFEHZ BN E 8101 o8 -1 i f e 7 1
5l U0 BhliRhi 2 et & 8 5.

Xu 5%, ARBHGC & % AT, Z ARG AL OIME
REEMICEETHZ L RLTED, Wub™ i3, AT,
ZRAFETMCP-10OEBZ K TE®B T %R L
TW%. —J, TA M4 ViE, MCP-1Z{E &1,
extracellular signal-regulated kinase (ERK) 7i%14: % #iiiil]
T53%, DL XD, ARBIC X % AT, ZAKHISEH &
TR~y Y ORIBERD N IERTLE & SR
{EMIRZ 2 I L T2 aTReENE 2 B Tz,

X7z, VSMCZHWeASRE O T A b ay Vb E
Ang I11C & % NADPH oxidase {514 % H#E 3 % Al &
EZ BN, VSMCZ H\\Wickiat Tld, Fig. 7IaRnd &
9 1Z Ang 1113 NADPH oxidase {F % & B2 M I B0
IH, X oy UEMTIEERICE RS 2 o
7o, AngllE TR ba s VORI GIC X D55
DIANIC Ang IS X 27EME BRI E Nz, oL X
AT\ ZRARIEL Uish o, 2T EIZVSMCICH
WT, TAbBY VHAng 1% /T L7z NADPH oxidase
EEZEENRETS 2R LTEBD, ZOEHI,
IR ER R THE T TV 5.

IHIC, MiEY 7=y b EMaEY T 1=y
r D#E AR NADPH oxodase & L CHIX?, AT, 2%
K7z Ul Ang ORI X O, MEY 7212y
N OIS 7 2=y bANDBEI AT B &N
NADPH oxidase{&EZ5| & 2§ M b T
W5 P EDT & &b, NADPH oxidase DHILE
Yoz FARIREEY T =y AOBEIZ T A F
077 2 LG IRE IS 40 % non- genomic &
EDOR[EEENEZ BN,

SEOZER O, BlRBE LRI LT, DL
EE—EBIEIERA N L AZIIdT AT T, T A MO
TV AT 2 KA U Tz Ang THREZZ I 5 2 &,
ARB & T X hu/r Vil & ORICHFEER DD % AlEE
HWNEZ 5N,

CNETORKRNZHAE LT, BEEHO LM
TiE, DINERKEIESENEINT % b,
TS LT, TA by iRzl 5 RIVE 4
FERE ORI HERSHHIZE THATE N TV 3. K
e, iR DEEDSEMZA—ICT 5 DHNET
HrTE, TarZXTrarolE, sIESTAA
TURBEDORE, aAVTS5AT7 AOEE IR EORE
MAHO, BROFBICE T BT hay > oaAtkc
BILCiE, BIfEbimgcs N Vs, L DEERTI,
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BREEEE TV B NT, TA ay Uhdk
W PR 28 N O (b A b L RS0 LRI < <
ERMT HAERME O N, TORRIE, T Ao
7 BRI VB REE (I E R 263 2 nl et 2R L T
WAH, TORICEHLTE, SEEROETE 5ICH
HEERDCEHNEETHD EEZD. EHIC, FHR
X, HEMEhAREE(E <~ ™7 1 17 B -estradiol % 5%
”’@Tbﬁ%f%%kubm%h T DFITDON
TiE, BECEMAESNTESY, SHBOWIFEOMHE
ThsEEZS.

]

1. apolipoprotein Ei&{n ¥ K #§ (ApoEKO) ¥ A D
BT BRI RICHL, TA a7 Y NG
7T T UNEATT (AT RS,
olmesartan, DEFHIC DWW TEE{L A N L A & DR
P SR LTz,

2. ApoEKO '~ A D 5[ i fii Hil BIIRAE (b Az OB (b A
ML AEHBRE Y, T A oS (80 ug/kg/day)
BREICKDEEZRDT.

3. olmesartan (3 mg/kg/day) ¥ 53t A R L A &
BRI LS Z 2 Z BRI U 72, 2 o il E
G HENE < 7 AR IR H <~ ™ AT b, ik~
WKT&D%<W®%ﬂk —HZNZFTNHMT

B2 5 2 7500 HLE K A & O olmesartan (0.5
mg/kg/day) % % W T X F s > (20 ug/kg/
day) OUFREE TlE, BIREEEMERZ LA &
L ADRAD 2D T

4. UL EOFEENS T A bay & ARBAFHERIC L
LA & L XD & i E kit 7z s 3 % HD
HEhExoTz.

5. EHIC, ATVRAMHBIEFRHE A a7 AEH L
OREMEICOWTHHREICT 27280, T IF TV
VUNIRBRY T RAL T DS, AT 25 k% T
FH L T2 & NEFEmaZ DL O%
Bzt

6. BrEIME P mMiaz Y oA T Ik
H13% 9 % &£ NADPH oxidase{GE D A MNRED 5
h,g@iﬁdlxbﬂﬁ/%ﬂ%khﬁﬁéu

CICKDIEF LIz, COBE, TAbarrickd
AT\ ZREFHNO B B I o Tz,

7. UEOFERX D, =X May VidBiRE (bR
WU, ATy ZHERETEEROER ZEmEE 5 &
ML M & o T, B E g intiia 2z Huv iz
KNS, TOFERFEMERIIHFILATa—)b
OEENLIZED TR, TA M VOH
BWNEIEHTH 2 EEZENT. TN ORRIZ
ARB & T X by VHFEDOOFHEED, HEIC
a%m5@m PREBICHT T 28RN RBE LR 5

REMEZ "B 280 L Hbhiz.

il
i

E I

AKWtZICH 0, HIEE Wi HhZzHEXL
e BIR KR ALY O ME £ 0B
YENIEWIEER, SRAdR, L ERE AR
FHE WARTEEBE S X CHE BRI R < K
BUET. BEANEO—HIEE 27 HA I L=
MECBOTHEL.
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