Bhak&E 0738

B R VR i MU 235 1) AR SRR LA M TE M R S5 ST A DO BA %
in vivo ESR 1E& W\ =T o AT o s RARFEHTIE R SOV EE OB 5

B RFE, ERE)ORLHE, RPE R, JRA AES, F R

U RFIRBEE BR e PR

B = <HIO] RO AR BN B LA R ADNES BT 5L QWD % T2 i3 L C& T, UL,
SRPTEPERR SR ORI E 7 EIE, R FIER in vitro DRIENR FAR Th o7z, Z22C, AL T, AREFHAIE A 3
W,/ A" 7 m—794(in vivo ESR) &V, @lLEE 7 VBN Cdh DM A< B FEIENE B ARFEAE i LE T (SHRSP) |
T OVE & 2= he—/ L Cdh b Wistar-Kyoto 7 b (WKY) OJSNERIL AR AL~V &Rl 5 5 iEE NI D28 &
DFEEZHNTT AT WIAT L(ATL) Z R EFETEE THLA NV A VS AL DREEIR RO SHRSP (2461
DI AR AT DR A BN T DL ThH Tz,

[ 77%] 12 #8#5D SHRSP IZxtL . A /LAY /L22 (10 mglkg/day) & (n=5) K O}, ERFF0 (20 mglkg/day) /R0
F7 VK (4.5mglkglday) #E (n=5) Z VT 30 HEOREEIREEITV, EOIRERTETRFEIZ in vivo ESR &U“FJ% v
TR 7V BOREEFT 572, £, BINCERELIZA L AL AARFREC BV TC, MR 2 238 1 5
NAD(P)H oxidase J& 1% & O}, Western blot (250 AT1 Z K E A DI BIL ~LZ il L7z,

[#55:] SHRSP DJidiZ 317 in vivo ESR {5 B ERIT WKY &Ltisd5E . SHRSP OMIZ B W CHEICFEN T, 2,
SHRSP (23 THI K L 72 in vivo ESR (& B I35t L3 TH 5 Dimethylthiourea D[RR 5-12 50 WKY DL~ L
LD MEIZJRAD L7225, 20 in vivo ESR 1E SR OB IIEMERR R PE AN Z D6 D THY | ZOHHEN
fR L AR ZF LS L CTE I Ch DT EAR LT, ANAYILZRED M EZEEDFEE L, ERTTVY S ehurnns
TURBEE D AR -T- (151 £12mmHg %F 156 8 mmHg, NS) . IMINER{L AR ADFREELE L CHV = invivo ESR
& BIERIZOWVITA NV A L Z TN TOHZ DR RO BT, L E TR X ThHDIEREIZ IS T,
ATla L7 #—3BE SHRSP (23N THENL 72 ATla DIEBL ~UL3 | AL A L2 AT FL T,

[#55m] ABFEORRRIL. &l BT DM RRIE M O FE L TEETHLOMANIERIL AN A% in vivo ESR {£%
FAWTBIZ T 5 TiE2 ML L, FEATRE L TN NAD(P)H oxidase DIEMALO BEMETHHZ L, KTEEZHWTZE O
PAIZ D72 3D ATL 2R T 0y 1 —Th oA N AV Z o D a2 RE 5,

[;ng

1. AR
i 1L D A A LI IR AR L AR B 5L
TWAZEE, Fox THELTE, Lol NGRS
ORESTEL, BB TIES in vitro OFENR FEERTH
Sfe, FIT, ARG CIL, AFRFHUIE A 4h1g, A
v 7m—794(in vivo ESR) Z L, FER AL i
JEET VEN T D I A< Gy FIENE H ARFEIE i I 7

K (SHRSP) . K QN [F U IE & M= ha—/L Téhd
Wistar-Kyoto 7k (WKY) O iMN b AR AL L%
M 2 IR AR NI T D28 EOFEEANTT VA
T N ZAT V(AT B RIEHEE TH oAV AL
BANZEDEIETEHED , SHRSP (231 B L AR A

R T 2 REAONCTHIEE HROEL TIFEE T
77
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2. MRAE

12 #HD SHRSP 2% L, AL AH/L4 (10 mglkg/day)
BE(n=5) &', ERKZ7Y (20 mglkglday) /R roos
7K (4.5 mglkg/day) #E (n=5) Z T 30 HEOREERR
WEATV, ZOIBIEATLTARER T in vivo ESR S OYRH/
N R 7Y YR EOREEIT T, £, BINTEREL
TeFA VA VAR N T, MRS Sy 2 ds 1
% NAD(P)H oxidase {514 & U, Western blot /41280 AT1
ZRREAORBIL ~)LE LTz, SHIZ, EFEOSE I
JEVRIRIZ B W CHER FETH LMD PR IED
BRANZHOWTH IR A T2,

1. AR ESR JHIIEHEE LR AR

3. IRHER

AR In vivo ESR MIEZEE (4 1) &2 Fv, F7-, 1
WM BEED =rax 53 H L Ths MC
-PROXYL ZAL 7 r—7 L THW= (K 2),

AERNOAE 7 a—T7 FIOSOGIE, AEBRR7%R T X
IZINZ AR CREEAED U 7S MR R L FERE R
NSO, 7V =TV TldenigE efloek ey 7
AEEEL, AE T a—T E|DFF> TV ESR V7
FVERE R SRR 95 (1K 3)

Carbamoyl-
PROXYL

& G

2. AT —T7 ORNNEAT

R R h
>d< = >(_§< /\ b
— ATy
N Re-oxidation N “"""M v \ M V"‘"‘""‘N
[, | !
O OH f
Nitoroxyl Hydroxylaming =
radical derivative 1mT
WKY - // \-\'\, e ..._.--// F\"-\ I e /“\ l .
o ity T h
A, -, ..
! N N,
SHRSP - — b e e \L ——m e m e \\L/ -
i\ 7
1 min 3 min 5 min

3. AB T —T OB UG E ESR A ML
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£ 12 B D SHRSP OKZ#51F % in vivo ESR (55
BEERE L E2 b —/LTHhDH WKY DZ e s
L72&ZA, SHRSP ORKIZ B W CTHEIZE -T2 (K 4),

F7-. SHRSP [ZHWTHIKL 7= in vivo ESR {5 58
FKITHURLFETH S Dimethylthiourea D[R 512L0
WKY DL A~UL 2N MBI L7228 S, Z0 in
Vivo ESR 5 BB SR DB KA, {E AR PE AN LD
HDOTHDHIENRESIV, 2O HIEDOBALA R A5

ELTHMTOLZ LB LT (X 5),

WA N AP N AL D EIRRZAT N, EDIRHRT
1% CTORRNERIL AR A K O ARG B 2 4L E 4L,
in vivo ESR & DR /L 27 U Pt B2 KRR L
7= (K 6), MPIKIZITER T TV /eRuyanF T URE
iz,

FNAF NS AEDMEIT IR TFL, e RV
SeRuranF T R EEED AT IRNN T2 (151412

WKY (n = 6) SHRSP (n = 6)
9.8 9.8- H WKY
decay rate = B TaE Bl SHRSP p <0.05
& 961 B 0.098 + 0.005 3 9.6 s 012140004 o~
S & . S < 0.14+ i
= %4 . E 0.12-
§ 02 § 92 £ 0101
£ E =, 0.08-
[ Rad ° T 90 §o.os-
® 3 = 0.041
g3 2 8.8 g O
- £ 5 0.02-
8.6- 8.6 @ 0.00-
: r r . ] . T T r . > D
0o 1 2 3 4 5 0 1 2 3 4 5 ) (_‘éo S &
time (min) time (min) i

X 4. ESR A7 NLARE ORF

o XIH
> 12:B &5 i {4 SHRSP
o HNIT
> XtEEE (n=5)
- AR

> FILAY LB EE(n=5)

[X] 5. ESR {5 B3RO b

- FILAFILEUAREYZ)L: 10mg/kgbw., 1B 1EIZEORS, 308 .
> ERSSYUY /ERRSOR0F7ORE (n=5)
- BRSSPV 20mg/kgbw./day / ERAZOQF 7K 45mg/kgbw./day  ERIK

B5.
=i
o Tl in vivo ESR in vivo ESR
urina urina
entry NEW BP and HR: tail-cuff i

acclimatization ‘

(NADPH oxidase activity, ATLR Western blot)

6. JBEuhaL
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mm Hg xf 156 +8 mmHg, NS), .LAfkiTeR 7700 &
RerzaaF 7O REHICIVT, A SHRSP REIZEEL .
AEIZEVESRE P FED DAL, ANV AP L Z R
BN TR LA SOSTROHNh -T2 (K 7),
PR VR TV PEINE, — B 24720 O A EARRTE
AL TBY, NI S eRasaad 7 UREEIC
BWTHEEROH BRI EL L, BN e, Zrucsil A
VAP RETIIINZGRD 27 (M8) o
JMPNER L AR 2D FREEL L TRV = in vivo ESR 15 58

250-
= ¢ Control
T 2001 O Olmesartan
E 4 Hyd/HCT
o 150-
[ra} ' !
o #
1oc 1 L) L) L) T T T T L] 1 1 1 T 1 T T T T T

200 % k6 LG DD b

HR (bpm)

2sc T 71T T 1T 17T 17T 17T 17T 17T 17T T 17

T T T T
R RN LI R IO O PR ]
Days of treatment

& 7. i, DO

R Control
3 Olmesartan
Hyd/HCT

.E 0.14+

£ 0.12

S— *

2 0.10

o

-, 0.08-

3

& 0.064

o

= 0.044

c

D 0.02-

(2]

0.00-

before after

9. In vivo ESR 15 535

FRIZOWTUIA N AL Z RN T O HRZ DR
MRROLNT (X 9),

N PNTE R S8 PE AR RO R E T ZATO 723D | BIDTR RS
BT, M 4 EBALIC I T, IR RR RSy 2 F
NADPH 73 % —BIEHEEZHIE LT, ZDOREH. N D
BHEALIZ BT, SHRSP DD FR{ AL AL ~UL 1%
WKY DOZ LR UHIINL TH0, A/ A VE RIS
£ WKY DZENEFRFEDL A~V E TR T HZ L3N
HHiT= (X 10),

Hl Control
[ Olmesartan
Hyd/HCT

g
=]
]

=
[3,]
1

Urinary NE (ng/24 hours)
2 5

0.0-

before after

X 8. RH LV R R

3 WKY

127 = Untreated SHRSP
£ £ 40] T3 Olmesartan-treated SHRSP
= £ 104
S8
T 0 |
o5 8
o o h
o 3 64
Tt |
x —
53 2]
o= “]

0-

X 10. JMAHAEISY ] NADPH A2 & —BIE1E
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WKY
X 11, ik (AE

oI, L E A P CHDIEREIZ I T, IETEER
FHEABRETLIHERELTO ATla L7 ¥ —3 8%
Western blotting %z VTRl ~72&Z4A, SHRSP (28T
HINL7= ATla OZEBIL~JLH | AL AP L2 AT I
Tf% }:%:ﬁﬁ; AL72 (X 11).,

Z. ABFZECIEREERR D 2 FIPFHIZED., BMERL
AR AL ~JUIC B2 BRI OWTHO RS 2N A T, £
T, BEIERRD 2 BB RAT SN T, AL AL H B
169 10 mg/kg/day | ZZVIRSIVTZFEEOREE LT %
BEEL 255028 % BRRICL THEREZ T T, 4
WA B L RRERIERBIA VLD METEECHDHT B
N=UErOfFHICE W T, A AL HZ 375
mg/kg/day } O}, 7E /L= 3.0mglkg/day &k &
D BEOHREIZEY, 7R ENEFOIT, ko i
EARL AL ~IUE U 4 IS 381 25571 NADPH
A B —BIEME T, AL ATV Z LD RS
ELTHWRIRE THOER e/ maTF 7R EONT v
=TEOWT OGN TS, AL AT L2 Bl
10 mg/kg/day ¢ 5O 4 LIFIERIZ NADPH 434 —t&
AR TSR RBENT- (X 12),

Untreated SHRSP

Olm 10 mg/kg/day

ZZ2 Olm 3.75-HCTZ 6.0 mg/kg/day
E3 Olm 3.75-Az 3.0 mg/kg/day

Superoxide production
RLU/min/pg protein

Z

12. BEEZEOPFFHZIS (NADPH A3 % —BiE k)

SHRSP-control

SHRSP-Olmesartan

)P ATla L7 % —E AR

4. ¥

AWFZEORAEIE, in vivo ESR #EE2HWAZLIZE-TC
RN AN ZAZ T T AZENFRE THHI L, Ty
I T U FRIEGER CH LA N ATV E DB PERRIC
Lo TRHME R ARG Bh 2 D72 O BEE B R 338D
AL, in vivo ESR YEIZZDFRHl L 72 IR L AR L ZDIK T
EREL QWA LRI T,

T2 1L, PEROBFIEIC L0 FERE M & EB) R BT D
TEVEREZE D PE/EN SHRSP IR W THIML TkY,
MnSOD D35 E AJEZ ., @ M E ORI
JMPN DFEIR DFR AR AR do > TNDI AR
=Y L= RO PH T ) DG A ==y
7= A% VT B ARFIESEZEN M T T L2 ERL
NADPH A& —BIEMETLHEIC L DTH IR R PEAE DS
M EPESRZE N HIM OFREIZB 5L T b &V H b &5
A, ZNHDORAEITIEIRY — 7 v hE L TORMANERE AR
ADBEEMEZRIEL TS, =haX I LT hL D FEAR
BAALFROGE LT, MR PIZEIA EN T2 DIEIL K
ISR FERBETHS Y, in vivo ESR EIZAE Ly
Fla WD LI LA L AR 2 &3 35 5 iEE LT
ENY, =haFTFUH invivo I TR LA
VAIZH L THBUZ SR, ZDZEI2ED, =haF Ty
71V anti-oxidant activity AL T\ % 2 9 =faFks 5
IV DRINITHERE & 72 DB | LRy 7 ZRAED S
{b% in vivo ESR THEX DAL, ZOFEDOH AR RIES
NTWS D, Fex OEBREFL 300 MHz ESR & 27 A% [
VN, T b B AR SRIZFEERE TV NADPH A% 4
— B LDIEMERE SR PEAHEIN% in vivo ESR O TEIZED
BELE-RELRENTVS 9, KBV TIX, MC
-PROYL DN /3 A% autoradiography % FH\ N TRL7Z#
HRHHT-0 V0 F 2 X MC-PROXYL Z AL 7 i—7
ELTHW, F7o, IMFFEREIC 3 T, MC-PROXYL
WL AR ADFHIEN A ETHHIEDNIRIBS
*LTI/ \é 11) 12)0
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B MED R I BT AL = - T AT
RIEMHACIC DTG R E A I OBEENZ OV TIEIN
FTITRBEN TG DI N = — T VAT
LUV FRDE L TR R MW T DS AR S A R A
BENZDNWT, MEFAPHD CVO KON, TEER I HXIC
DAL TOBIEMRESN TS N, NI AR —T
HY, ZDOZ X, Fx OV in vivo ESR/spin probe 75
DI FEIR D XN BV TIRA DD D E2 BT 5, 7
YO TUv N EREATICEOE D, HOFED
L ED LK Th 5 rIeEME A 7R L . SFO-PVN-RVLM %
IZBT D=2 —ar Ry NI — 7 OB LA BE 5L
TW»5 B KL =M@ mEET L Ths Dahl salt
sensitive 7 MZIW T, & H &O ATL FEIRE RiE & 5
L72E2 A, @ IEORIENTERITHHIS 1, Angiotensin
Il icv TR D UEDIF LT ZEMBIRNL =0 — T
DA TV RN L TOBZEARIBEN TS 9,
T, WEE Wistar rats & W, B O EI Nz
Candesartan 73, i.c.v. Ang 12X A0k, IfLE E&F- V7
Loy i O % dose and time-dependent (241|952
LATREN TS D) X5|2 Telmisartan @ iv O E#%
FAZdD e Ang I3 EO0 23S s 2 &, CSF
H1D Telmisartan & O EN D, Telmisartan (X BBB %
EBL, HA~ERT AL RBEN TG P, —J7, 1
R — B P o #2725 >0 ARB (losartan &
embusartan) DM LMD R CLu L | 2 M 52
BWTIIFEEAN DN TN EDN 2D o T2 80D | IRk
VUFT UV R DDA =AU NRBH DT EL R
S TUVVS P, Saavedra & 2 23 ML =0 T VA
TV RICBT DT VATV N ZRIRFAERAL
Z OGP ELT, iE — IKMBAMOPNIlE, CVO K UYK
PN/ N LAE N BRI A E T DD 0D T IR B i H
TrVFTvs N DRFETHD, W AT M
MAESINTNDEIRRTND, Eo, FEOIFMRARU N
ZOEEL, L= =T VAT U ROF TR — Rk
(22T Microarray 5% MV TRlj, angiotensinogen.
ACE. (pro)renin receptor, AT1 receptor 73 L& PN B AlAIEIC
TFETDHIEE R LTz, ZOZENBINE N RIS
@ Angiotensin || ZPEATDEEN A T HIENRESIU
HELTe, £ SHR O i & N R IZ 61 %
(pro)renin receptor, 2 T AT1 receptor @ expression (%

upregulate S TEY, OL =0 —T o IPF T Rk
overdrive L W\ \HEHEELL TV 5, F7=, Candesartan D
R #5- (sc) 120 SHR I 36 JOVMIE B B B i 1E
FALTHIELRENTNS D), 7ooF T v kD
bt MEBRIEE 1L, AT1 L7 Z—Z2 A LTI PN A
FaDERIE AR AHEE G- LTS ATEEMD RIB S TS
B, Fhbb, MOBRLAN AT A 5L TV5
AfEtEb E 26N 5 2, 2, MO shear stress DZEAL
NIMEANEIZEITD ROS o7 F I T B% 5.2 DH
%) shear stress MDZEALMAER L AR AIZE 5L TV
MEIMIZOWTOWFZERIEEA LN, F2, AN O ML
B ARG Z OB 0 D I BRI 7R LD T DU
T, NO DEFNZLE T DTN L2V, eNOS it
Tl FE B AR TE BY 2 4N T~ 5 Z L RIB S TRY
2 SO TEERNEEX NG, ATL 25k
FEPURIC L DM AT1 %2 25K downregulation 25U T
X LT A —EAL~UL 0 KO mRNA L)L 3%
RENTND, AT2 L7 Z—DEENZ DN THBIEAM
B SIEZ W, BT, AT2 0 overexpression (207 1L
JENTABZENIESZ D, F7-, JRH NE JIEICLY
sympathoinhibitory effect Z/~xL7z, AT2 L 7% —(X
ARB (2L 515 upregulate SNHETHIELHY .,
ARB D ZZJEEARREINH D SRAZ B 5L TS m R AR
THLEDOTHONERIBIC AT1 2RO BB T L
TWDIDE DR AT2 2 AR BLOZALABE 5L T
HINZOWTIIEER Th D, SFO DEEMEIZDOVTIE,
SFO BEIET L 3 %2, Cre/LoxP A7 L% V= SFO
EEET L P TOMTETRINTND, 5. AP O
HETILTTUIATUY 2 1010 ARSI LDHE
2, SN AZ AR ChdD ¥ M, B bkE R
DFCbHS ¥, i — 4R 23 i i E BV CHESS TH
HZEERT R b5 0¥, i AT Z RO BE T
1%, MEPE SHR (235 T, estrogen depletion (2L Y
upregulation Z7RL . @&l EICE 5425 O, £7=, HErE
mice (2B TIE, HEE mice (ZEEL Ang 1232 T
R R OB ER A E O 2L 23EET LTIV, ovariectomy
LRV ENDHERT D Y, NL =0 =T UA T v
FROVEZEZDOWTIE, FRICPHRLARE D VD &) £ 16
WRIREE 5.2 585 ThD,
RWRFIERRL LoD DEGTEIE ARB LIS OHE
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BBIRKHOBILTOWDBEEILTHY | A BRI
YEFIT 52413 ARB LIHETHS 2, LA RITH-Z
DA T HZLITABERTHY, S HOBETHS,
NV =2 =T T SR DMMEOHIEITZ 1T Trel |
TS EALER, LR B, HERUS RS ITRE LT
DLW EMBLGORARIZBI DD EE e
AT LTHHZENTD TrlkSALZ ®), IT4E, ML =
—TUOFT UL RITOWTHEHT- R AN ESN DD
B0 W A% EDITRBT AN B THHEE XD,

Pk ARG MR 361 2 A AR R TE
LD L THETHOHMANER{L AR A% in vivo ESR
EAERWTBIET D FIEEMLL, EARELTHMA
NAD(P)H oxidase DIEMALDOEEM: THHZ &, KFiEE
FAWTZEDTEHEALIZ D723 ATL /KT 0y 1—Th
DA N AP IVE L DA DRI S Uz, BUE, Bt bz
MRETLTERY, FMMGEE2H T 5 T REL W5, FH
FLEORHM L EE AR+ ThHHDBLRE S CORGRE CTIIe)
R DHILTND, BROMFHIKVEFIR~DISHET
DT HZENTELINTR DT ENMFFESND,
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Summary

We demonstrated that oxidative stress is involved in the neural mechanisms of hypertension. Recent studies
suggest that angiotensin type 1 (AT1) receptor stimulation increases reactive oxygen species (ROS) generation. It
is difficult, however, to evaluate oxidative stress in the brain in vivo. The aim of this study was to apply the in vivo
electron spin resonance (ESR)/spin probe technique to measure ROS generation in the brains of stroke-prone
spontaneously hypertensive rats (SHRSP) and to examine the effects of anti-hypertensive treatment with the AT1
receptor blocker olmesartan (Olm) on the ROS generation. Two groups of 12-week-old SHRSP were treated with
either OIm (10 mg/kg/day) or hydralazine (Hyd, 20 mg/kg/day)/hydrochlorothiazide (HCT, 4.5 mg/kg/day) for 30
days (n=5 for each). Systolic blood pressure decreased after each treatment (151+8 mmHg [Olm] and 156+ 13
mm Hg [Hyd/HCT], NS), although heart rate and urinary norepinephrine excretion increased only in
Hyd/HCT-treated rats. A blood-brain barrier-permeable nitroxyl radical, methylcarbonyl-PROXYL (MC-P), was
used as the spin probe for the low frequency ESR system. The ESR signal intensities of accumulated MC-P in the
brain were measured sequentially and plotted as a function of time for the signal decay. The ESR signal decay
rates in the SHRSP brains were significantly increased compared with those in age-matched normotensive
Wistar-Kyoto rats (0.121+0.010/min vs. 0.098+0.011 /min, P<0.01, n=6 for each). Dimethylthiourea, a potent
hydroxyl radical scavenger, or apocynin, an NAD(P)H oxidase inhibitor, attenuated the increased ESR signal decay
rate in the SHRSP brains. Olm attenuated the increased signal decay rate (0.120£0.008 /min and 0.102 £+ 0.004
/min, P<0.01, before and after treatment), but Hyd/HCT did not. These results suggest that the AT1 blocker Olm
has a beyond blood pressure-lowering anti-oxidative effect in the brains of SHRSP as measured using an in vivo
ESR method.
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