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B Antithrombotic therapy for ACS - Do we need new antithrombotic
drugs in Japan? Current status of development

PEET (AMNASRERREAN/EREMIHASARLERRARRERAR)

B 453 fEREE (acute coronary syndrome ; ACS)ERIICH L TF ALY > AN
YL O& S AR (M MERMaEEE - MASEAYE) ORBRSFHERE
NACERAMORETHY, BRANOHIKILCHREATVS™, KET
BEAUSEIC 5 1T 3 Al DRSSO OFME (performance measurement)
EFIHA S4B REEL, ChOoOREFBINCEhALES »ER
BLLTVWBCE DS HVHERALBRTEIpHDD D, BRADH K S 1
L ELMADEADSDPIEF L AL IVERShIFBPERERRE->TVS
¥, BSEFSRNF-40BEAERFNNOLNTH S, CORETE—AAC
[REZEVHDIEERERTOIMISY, EADTF =22 ANSHhTCD
FETBEFEhTVEVES, BAMBh TS (drug lag) P& BV,
2 ORI TR O ERBAORMREFSBATOLICEDATVS S, 8L
HEEIhH3FRORMBRRETEBL, bDHEICHET 35BROACSHEROHAL
%83,

B HHMREO—HTH 5 IRHBTEIC OV TIRACSICHN T 3 EHNTRER( >
#—~> ¥ a2 (percutaneous coronary intervention ; PCI)EELENS RIS
5->ThFETORBIENPEL, HLVHESEEAELWEDRIRT S,

92 (12712

Heant View Vol.13 No.11, 2009

1342-6591/09/¥400/ 8 X /ICOPY




—

9 SUBERBICN T HNMEE-DIEICHITS
HUWARMSEOBENR ? : BREORK
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HAEBWTERICACSICHAT
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£, FEBPOE) OIHEE, PCIK

B 50 - KREE O
@F s u¥ vy MFEMS LK

IR S iR - R OHM L

& IS B E 0N E CFR19ED

15 2 5744 BE AR SR BE T A CRETHAR A

5 v VERBEOMRFHICHEIED D

.33
@Zu¥FZVLiv:PCINEHEND

ACS(AL B LE, FHSTLARL

HEEE)

@~ v iR (BRI LE,
O PEEIE, MiRIE, RERE, I
BRI TR AE, P - HiRD
MASFEARLE & &) DGk E & TR

EMcyaR S S =Ry ET L

= b ¥—ROEF ThAEMAI

A5 v Mo FRikEEHHELT

BEABEHERTELDDOLH BN,

—RCHEA BT A LM TEBH

ixdlevy,

2 P LiconwCiBE-- B
AT, RARE, B{SHEHBEIIC
U FZLrkLC300mg%1H1
mgOxs L, Tosh, SRl
18 1E7Smg 2 B0k S5T5IEH D,
ACS L) BEDHBUISHT HEET
WO I THERE MR ST D00
BThb, —F, ERBHERT
(drug-eluting stent ; DES) @i X

Wioiwel e Ld3» A @RI
roTider B ra¥ FXVIVE
R MA F 2k F oo Y v EHEEN
FoOBELERT D, 2L, BARR
VEZRBATOBREART ~ MRE
PREShTWAEI NG, ikl
OREROY 2 7 2T L AN, B
FOWBICIE LT LM NH 0S5 HIM
EgEOVEEERNTALIEHY,
DESHA o7 EMIZIXACS TR{ED
JOCFZLNV%3~62 ABLEDE
Micbrzo TS TH L RSN
Wb, EBRICIIIREET L ICHELO
AT TWAbDLEL LS,
ERL215E3 H 30 A 864t - RGBT EER
LBUFHRRXTRBEINATHOTR
B8 hABmnE e sMEhly,
F7:, TROBRIZOWTIREGAH
HHLEINTWHHIPTHEMISIIIELA
8&”“&‘1"0
OVADEL SN RE" TS 1]
%, tofoRmiiE KD, 5 oM
HirE
@FFEIN I BOE
@7 N7 7Y v i ERE (BRI
BIE, AR, MERE, RE
BEE, RRCETTIRMmMBER
E)Dihi#E X UFR
JEY FE— VDI ETOMHEE
BT AREE Do TWAA, BK
TIA YIS THRMEESRTE
b, ACSIZW—ERICB iy,
ST.L 7 8.0 B % (ST elevation
myocardial infarction ; STEMD IZ3%}
LTIREINN A b5 4 T HhiRS
LTy 5 AMTHLY, EHEIC

DVWTIZACSD & ) ZRMOSEMIC
WHARECRVWORBRAOLB YT
hdo FIEINIZOWTIZHRINC
HZTC—HMOBATLAIRBENTELT
IYFY AL v, DAEDOHAF
S4YTIRTAEY AR5 CE WY
BITRTBH L LTHRERTWED
ATHhb, TV IV IIHRBERY
4 FF4 Y HBRRERTREIS
PRADOBE»HLEPRCACSILEDR
Al tirintPbihs,

St HVEISRER CIKDA A R

(GBI N TN DA

(1) M/ MR ERSEPR B 8K (it ) 4R 5E)
@Jvya7asq > lib/ilaBRtk

i: ki
@®Abciximab

[-ximabl W3 EREILDbALL
AL RYADFAFTE) S U—
F L HitkFab B CH N, /MR
REryyasas4 v (GP)Ib/Ma%kt
BRICHESLCTIVMEE 74 7Y ) —
ryrroferELgTsI kicky,
/M EERSR & 3 5 (E1),

BRK TIX1995%E %56, RIBHM
AR (early invasive strategy) T
PClAFRTHHAIuCErLIEL
IS THILIMREN TS, =
R 5IXEPICT% CAPTURE &\ 5 7:PCI
ETRBENLACSBERNSE LR
BICLVI0HBOIRY P (BT - o>
WL - RRmTHR) 2R 844
B EEIZL TV DAN19005E %%
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SEREREAR

BiEEHS

EHORPLHWRRTH 2, Rk
HEREE (conservative strategy) T -
TORMBEERYELY, pogo
YHBUTHLL DY 22 BT
RELTHIVEShTWD, HEIH
BRBROAY B ORRIZE>T WV 3,

LAETCHIEPICRRBICLH 6T

TXEU/ [
Prasugrel 7lei~7wb -7-9:1(-_’_ F

1990ERBEICHMERIC L 2088
(JEPPORT) "9 B & +#ICitbh iz
TG EARALTA X M
BEOPnhol, REZRBOK
FRTOLBIER CH HAEPICIC
BUAWALY PRV M RENTS
HB12.8%, EEHBI%THo7:

iR

PGGz
PQH2

TxA2

'GPuwmgw“

ooty
F—tf

D23 UCJEPPORT Cid 7 5 & K ilt
3.6%, KEH28%L 4~V P REMN
bELLEM LI EMREHEL
TR LR E D, BEMIHAR
hoh7zE v sampling bias, I
BB 2 RIEZDOTEE, RERR
MBI L BPCILHKDOY X 7 3

3 7!3## /w-—ﬁ(cox)

ADPRRY.
SRYHLE~N, /cuw ~}~» _PDE3
Epoprostenol _ PGIz%Sﬁ
B Rl MR (RS ARY Z=AT, PAH OIS, Bivaliudin . N Y-P1s
“tn (;:“E’::Ji ";“;f;'m PO BEBHIE, SCH5I0348, ES555 PAR-1 .
» al - R G o X
RETLERBRERT, Tirofiban, Eplifibatide, Abciximab GPUWilaR St
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9 %ﬁﬁﬁfﬁﬁl:ﬁ?%mm&%—bﬂlCiSU%
M UWRIHSSEOMT M 2 © BIskDIRtE

RENEEELTIEL M0
hOHER DR E WM ievs, 2004451210
RETCHZAERL Y b aPH L ERE
o (LFF) DI RPN RRGI B S h
RecEALIINIZNS S hTwa
bot8bha,

A7V MBIz TIOY YL
WRBEEIN—F 2 e o T Bk
RTIXBARID & 5 2 Abciximab D # 1
EXFR T IDTIRE VI E 0N
PRENTHSY, ISAR-REACT2YC
I3 hoR= vBBETOXER, STEMI
H|ROBRAVE-3'OCiafigy 1 <%
MALLVEDIRE 500 KED
&) LR ANAENE HE4 2
EoMtickoTwna,
(@Eptifibatide

R HBBENLEBROF Y N
7F FRATGPIb/NaSRtE%
Oy 245,

@Tirofiban

BRIERTF F¥GPIb/MaS Ak
BHEXTH2,

Abciximab (32401 LL LGP b/ Wa
REHLES Li/MUSERSU )
24~ 48BE R 2 B A%, cho2Hliah
Sk 84 ~ 8B 1 Ctn MR IR BE A
dEvnbhtTwng, JEA I+ % head-
to-head CHAZRERIZ D% ¢ AHA N
1 K54 VCIpEGPIb/Ma S5
HRERELTOLEE DI bATY
%o BHRL LARBESHNISLHF -
PCIETIZBON G (EHSh2) 8
Bz Abciximab %332 |, Ehpstiz
CHHED2H LW NG AT X
nTwa,

FEGPIb/Ma SRR YRR
PHEFICRICAMTH A L AR s h
TWa, IR b bAIEN BT 2R
BR3hTwirnwiriscass,

HMIOGPIb/MaSa{hi K
(xemilofiban, orbofiban, sibrafiban)
EOVTRWFRHI0EREE, Bk
DEBTHBEAT S ' gyl &
ZoTw3,

(2) I REAE R (FRER)

QESRFA/CY > (low molecular
weight heparin ; LMWH)

@) %Ry, 51y v,
nadroparin, tinzaparin($=#t
RETH AL
AR A Mg S &

EBIZRA LD OIBEMEN R 5

hTwa, AWERIZOWTIRES

BE~/%Y ¥ (unfractionated heparin ;

UFH), LMWH, THI¥NRY XY R,

bivalirudindvFhht ghtns,
N YRT R MOS Y IR

BTaItitthlal(borey) s

BOAHEL, ROTXa(EHESXa

BF) 2 HES 5 (M2, 3). UFHIzS

TNBFTFROND SV E (LMWH)

2 NaBiEEANE < Xalt oBiR:

PR 25 (H3)e Shic Ly WmAt

P LB MESNE LRBIZUFY

PLORMO—E, MBS L b

B EYDOTRIENTE R, MER

BEORBEHNE PRI 6D & H¢

a3 MEBShS, #HgAreLT

ACSIZBII B4RV F2UFH L A%

PEDL LI L 2 BRI

FHAYTEHERTLE,
—k7ar3ivicka PRIV S,
ﬁﬁwﬁﬁbu7$79x+yﬁm
(activated partial thromboplastin
time ; APTT) 2 Lic k 28 2 m %
=7 =HTERV(LENE WO TH
REZZBMELHB) Lviosik K
bELL,
b?)‘EIG:A‘SWTliJ:/#-ﬁ'H‘):/, ¥
WF2R 2y, 28 Fay s, LERY
EFHLEHTENTVEY, wWihbis
Bt i N B E R B (disseminated
intravascular coagulation syndrome ;
DIC) # ifn BE 47 B D BB 1k & >
L AR LTV v, ACSTO
B MM A L CHifists Le B
LVLOPEEHROM S 12wk S
?&60
O EELE X BFmEE
OV ERZ VTS
RERT FharCrizgataa
73 Y DS MRS ITHM LA R E
DAY Y BPILE W TH L, ToF
O Mk L&Az Xa%
BREYT 2 @2, 3),
L/FF) L OBBERS RS
AR M KMt 47 & % i
b o TH ) BFNHRRE ISR
ENTOVB(LRLAETIEACH
Blo NYZEREYIRIEOKT
BECLMECHS, PCIE T s
RAYPER ERELH 7 —F VL fikpsE
uﬁ16x6?7x0$EK£DMﬁ
DHREREE LIRS hTuhn,
DA ETIX2007 FIH R OB IR M
BT CRESN2NACSOEIE
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o Twiewn,
@il O HMHATF
Bivalirudin
SEOEEH» LR /- Hirudin®
SREBMLE Ty F vy
NPT Oy oRRBILE S
ListE % THRCESET 5 (E1~3)0
Hirudin, Bivalirudin®v§"h b UFH
Eh A4~y PERERLLA, WETK
BiAE Ao e DI LEE TR 2
Mote PCIZRMICHERE L AERIC
HREIRRLNTEY, HAFS4Y
TCREBHEMRRBOYBEREY
UFH, LMWH, 7Y% {8YxX7 A
LhLHERLTVD, Tl FS
L% 524 (6B R LL L RY) {2 F
5 CEPBAIIGPIb/ HaAA
EELHBTELL LTS,
LAETCORBIREATHENE )
Thdo

2 RERHIAF—FE
HKREBOEAA
(rat17 &) —SBERIE1 A

gwc:anaxs. HETENK ER
Xa(ERtRXBF)OERERL
LTRORFSARENTV D,
Xabans EBHKENDI T LHFH D,
fla(bO>EL)DEZTRLED
BOHMBHIBATS S, Gatrans
EBHEAhDIIENS S,
BHBELTRXallERELT
antithrombin(AT) €372 >
HrRYRI2 X, LMWH(ERF~
109 2), UFHERGEIAIY )
HHd,
HafARELTRATEN THUFH
&, THRRAIPER T & S Bivallrudin,
PH PQISLHFS D,

i H HE ThFEH
T 1zl REEAL) DEEF)

(1) iR SRR TSR
@ Prasugrel
U FILNVERILFZ I EY Y
rERgThhhkATRBEhS L
P2Y12% 4 7OADPREHR YT
Ao lic kiR EINNT S
(B1), 70¥ FZLCHME R
7Rl « BRIBED L (XDRBBN
RwrshtTsh, TRITON-TIMI
BBV TAAY MMz Z O K
TV Mo TWieAtklE S d o
o BRI TIX200945E2 A ICRE - &
i, RECRE7BICPCIZEiT5ACS
BFicr Lin#tsomsE 4 <> ho
gl L LTRBENCIEN Y TH
2, XEORSXIFCRKmY A2 12
4 A HA A% (boxed warning) T
BREDEERTSRU LR VIS

REThwEEhi.

bAECRNEROFRYT T M
RAOFHE VI L NZACSHRITH
IHOBETH S,

BB LCP2YI2ZREETCHS
Cangrelor$°AZD6140(Ticagrelor) &
BN THREATVWA (BT, b
HETIREOF 4 MR S
TCH S,

@ FOE L RBHHRINE

(DSCH530348

@ES5555
mERTOMI Y SR EPAR-1

(protease-activated receptor 1) iZxf

LCHER 24 L /MRS I % 1%

T5(FH1), Sho2MiIBEOETH L,

ACSHEIMCH L THEIRBIAM L b
#MiicdH b, FDAN S Fast track (
AEX)DOHRBERIITVE, BESR
FENABTHOK R CIRRNY
PCI%ZiITA2BETTALYV+20K
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9. AMEERECHT HRMeE-bHRICBITD
7 FHUWAMREOARET ? : @soBR

FZUMSEMLTH RS ¢
FTEELME AL X7 b (major adverse
cardiovascular event ; MACE) % 34
SELHFAMPTRBENR TS, BEIC
DWTRENAL L BIHBETH 2,

(2) o 7 SR EE PR 23 5%
Ok ro L E AT
@7 NI hany

ba ey oEERLLE TTHEICE
BETHLICL VEBERETS (@1~
3)o RETIEAY) VAN
4 #E (heparin-induced thrombo-
cytopenia ; HIT) ® & & DML EF
B5 - PCIRiPESEREEELTHIVIG IS,
Bivalirudin R D ACSICBIT B4 <
VMR R SN o el HAR S
A TIREERISNTVWEY, bHE T
HITIKER G FRIMRE, RHLRER
LRECHEBZD. ACSOABITEV,
®Ximelagatran

ACSIZHT 2B EDHRELTY
LARSENOFERICE P,
2006 FE (IZ A DAE T LT HE AOBK
MPLLHBLCL F o2
;L.
®Dabigatran

LRI o> i 4R A IE F B D B R A
TbhTwb, 20084 Ik D&
3t

ROBLYOBOBRREGBHIC
gatrans & Li¥h B LA 5,
@EIE{LE X BFRESE
{DRivaroxaban
@Apixaban
®TAK-442

Hirudin
Bivalirudin

T bOK
Melagatran
Dablgatran

ldraparlnux

B3 bOCEAER, EASXBFEGROEANFESEIRIL ) —B3231H)

a tUFHCRBBENANY LI 74 TULITBEE LA FAYES ERABES (), AT('I’./‘7" rarEy)
ERBLTHOLE VERSOOBBETIIENTEEL,

b UFHASHIERAEL (@) TATEBALT(Z71 FYLERE LTV m/e/mss&mzw
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NEINPLCEDS GV, UFHOR R TR £ b - Toxosite 2ICH2 LAT SR L TORBARY
<G d, REDEVLMWHIZ FACE L EDEEHEB\, Hirudin, Bivalirudinid koS ¥ L 0iEl
BREMBERTS L L bllexosite HICHEEL T UL E MO YL LOBSEARTS, PA
Hbanr gl b e OSSR HIRMEYE TS,
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REVIEW

Oxidative Stress and Central Cardiovascular Regulation

— Pathogenesis of Hypertension and Therapeutic Aspects —
Yoshitaka Hirooka, MD; Yoji Sagara, MD; Takuya Kishi, MD; Kenji Sunagawa, MD

Oxidative stress is a key factor in the pathogenesis of hypertension and target organ damage, beginning in the
earliest stages. Extensive evidence indicates that the pivotal role of oxidative stress in the pathogenesis of hyper-
tension is due to its effects on the vasculature in relation to the development of atherosclerotic processes. It
remains unclear, however, whether oxidative stress in the brain, particularly the autonomic nuclei (including the
vasomotor center), has an important role in the occurrence and maintenance of hypertension via activation of the
sympathetic nervous system. The aim of the present review is to describe the contribution of oxidative stress in
the brain to the neural mechanisms that underlie hypertension, and discuss evidence that brain oxidative stress is
a potential therapeutic target. (Circ J 2010; 74: 827 —-835)
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nervous system plays an important role in the patho-

genesis of hypertension.!-* Activation of the sym-
pathetic nervous system is involved in the stages, clinical
forms, 24-h blood pressure patterns, end-organ damage, and
metabolic abnormalities of hypertension.'~* Although periph-
eral factors are also involved, the central nervous system
(CNS) mechanisms are considered crucial.®’ The results
of recent studies strongly suggest that central sympathetic
outflow is increased in hypertension.>7 Increased oxidative
stress is also involved in the pathogenesis of hypertension.?
Although there have been many studies regarding target
organ damage in hypertension, relatively few studies have
addressed the role of oxidative stress in sympathetic nervous
system activation.”!! Based on the role of angiotensin II
(Ang II) in the generation of reactive oxygen species (ROS),
the relationship between brain angiotensin and central sym-
pathetic outflow has been examined.'*!* Our group was the
first to report that increased ROS generation in the brain-
stem contributes to the neural mechanisms of hypertension
in hypertensive rats,* and we and other investigators have
reported additional evidence to support this concept and the
potential therapeutic aspects.’!! This review focuses on the
role of oxidative stress within the brain in the neural patho-
genesis of hypertension.

!- ccumulating evidence indicates that the sympathetic

Increased Oxidative Stress
in the Brain in Hypertension
Among the target organs of hypertensive vascular diseases,

the brain is most affected by aging and oxidative stress.!516
Cell membranes in the brain contain a high concentration

of polyunsaturated fatty acids. These fatty acids are targeted
by ROS, which elicit chain reactions of lipid peroxidation.
Oxidative stress is determined by measuring levels of thio-
barbituric acid-reactive substances (TBARS), end products
of lipid peroxidation. The levels of TBARS reflect those of
malondialedehyde, although the assay is not specific for
malondialedehyde.!>!7 There are some important points,
however, for assessing the levels of TBARS.!” The medium
used for tissue preparation needs to contain a chelating agent
and an antioxidant, and conditions for the assay must be kept
constant. Therefore, we used another method for assessing
the ROS production, which is electron spin resonance (ESR)
spectroscopy. The amount of ROS was quantified by moni-
toring the time-dependent decay of the amplitude of the ESR
spectra produced by the nitroxide radical 4-hydroxy-2,2,6,6-
tetramethyl-piperidine-N-oxyl (hydroxyl-TEMPO) as a spin
probe.>!* The signal decay of ESR spectroscopy reflects
oxidative stress more directly. Also, it has an advantage for
in vivo study.'® We evaluated oxidative stress in the brains
of stroke-prone spontaneously hypertensive rats (SHRSP)
compared with normotensive Wistar—Kyoto (WKY) rats.>!4
The rostral ventrolateral medulla (RVLM) is the major vaso-
motor center that determines basal sympathetic nervous sys-
tem activity and it is essential for the maintenance of basal
vasomotor tone.*’ Spontaneously hypertensive rats (SHR)
or SHRSP exhibit increased sympathetic nervous system
activity during the development of hypertension and are
commonly used in experimental studies as models of human
essential hypertension.>” We previously investigated whether
ROS are increased in the RVLM of SHRSP.!* First, we found
that ROS levels measured by TBARS and ESR spectroscopy
were increased in the RVLM of SHRSP compared with WKY
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(mmHg)

Figure 1. In vivo gene transfer of dominant-negative Rac1 into the rostral ventrolateral medulla (RVLM). (A) Schematic diagram
showing the transfection sites. Gene transfer of adenovirus encoding dominant negative Rac1 (AdDNRac1) bilaterally into the
RVLM (1.4x10° pfu/ml; 500nl/site). (B) Transfection sites were confirmed by prior microinjection of L-glutamate. (C) Time course
of AdDNRac1 expression levels in the RVLM on western blot. HA, hemagglutinin.

200 * L-glutamate

rats. In addition, superoxide dismutase (SOD) expression and
activity, which are ROS scavenging factors, were decreased
in the RVLM of SHRSP compared with WKY rats. Func-
tionally, microinjection of the membrane-permeable radical
scavenger tempol into the RVLM decreased blood pres-
sure, heart rate, and sympathetic nervous system activity in
SHRSP but not in WKY rats. More importantly, overexpres-
sion of Mn-SOD, an antioxidant enzyme, in the RVLM of
SHRSP decreased blood pressure and sympathetic nervous
system activity. These findings strongly indicate that oxida-
tive stress in the RVLM is increased in SHRSP and contrib-
utes to the neural mechanisms of hypertension. As described
here, brain ROS is one of the results of generalized target
organ damage, appearing earlier in the brain due to its sus-
ceptibility. The brain ROS would increase blood pressure
via activation of the sympathetic nervous system and this
would ultimately result in a vicious cycle. It would be pos-
sible, however, that brain ROS is involved in the early stage
of hypertension in SHR or SHRSP, because we found that
oxidative stress in the brain assessed on in vivo ESR was
enhanced in young (6-week-old) SHR or SHRSP compared
with age-matched WKY rats (unpublished data). The levels
of TBARS were not different, probably because the levels
of TBARS reflect lipid peroxidation caused by ROS. Other
investigators also found that an increase in superoxide anions
in the RVLM is associated with hypertension in SHR," and
reduced expression and activity in Cu/Zn-SOD and Mn-SOD
within the RVLM contribute to oxidative stress and neuro-
genic hypertension in SHR.?® An increase in oxidative stress
within the RVLM also plays an important role in maintaining
high arterial blood pressure and sympathetic activation in 2-
kidney 1-clip (2K-1C) hypertensive rats, which is a renovas-
cular hypertension model.?! In that study, Oliveira-Sales et al

demonstrated that the mRNA expression of NAD(P)H oxi-
dase subunits (p47Pt°* and gp91phox) in the RVLM was greater
in 2K-1C than in the control group. Interestingly, there were
no differences in Cu/Zn-SOD expression between the two
groups. TBARS levels in the RVLM were significantly greater
in the 2K-1C than in the control group, suggesting enhanced
oxidative stress. Functionally, microinjection of vitamin C into
the RVLM decreased blood pressure and renal sympathetic
nerve activity in 2K-1C but not in controls. Importantly, in a
subsequent study, these authors suggested that the paraven-
tricular nucleus of the hypothalamus is also involved.?? Nota-
bly, although 2K-1C is a model of renovascular hypertension,
suggesting that circulating Ang II is increased, angiotensin
type I (AT1) receptor gene expression levels within the RVLM
and paraventricular nucleus were upregulated in this model,
indicating that ROS was produced via the activation of nico-
tinamide-adenine dinucleotide phosphate [NAD(P)H] oxidase.

Sources of ROS Production in the Brain

As a source of ROS production in the CNS, NAD(P)H oxi-
dase is a major player. NAD(P)H oxidase is composed of two
membrane-bound subunits, gp91phox and p22rhex; several cyto-
plasmic subunits, p47°tox, p4Qrhox, and p67°hex; and the small
G-protein Rac1.2>%6 Stimulation of AT1 receptors activates
NAD(P)H oxidase by which the cytoplasmic subunits of
RacINAD(P)H oxidase such as Racl bind to the membrane
subunits, thereby activating the enzyme leading to super-
oxide generation. Racl requires lipid modification to migrate
from the cytosol to the plasma membrane, which is a neces-
sary step for activating ROS-generating NAD(P)H oxidase.
NAD(P)H oxidase activity is greater in the brainstem of
SHRSP than in that of WKY.?728 We transfected adenovirus
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Figure 2. Rac1 activity is elevated in
0.5 - the rostral ventrolateral medulla of stroke-
* prone spontaneously hypertensive rats
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encoding dominant-negative Racl into the RVLM of SHRSP
and WKY rats (Figure 1).2” Rac1 activity in the RVLM tissue
was increased in SHRSP compared to WKY rats (Figure 2).2’
Importantly, we demonstrated that inhibition of Rac1-derived
ROS in the RVLM decreased blood pressure, heart rate, and
urinary norepinephrine excretion in SHRSP (Figure 3).27 A
similar response occurs after inhibition of Rac1-derived ROS
in the nucleus tractus solitarius (NTS).28

In addition to the cytosolic production of ROS, mitochon-
dria are the primary source of ROS production in many cells.
Ang I increases mitochondrial ROS production in the RVLM,
leading to sympathoexcitation.?” Furthermore, NAD(P)H oxi-
dase-derived ROS might trigger Ca?* accumulation, which
leads to mitochondrial ROS production.?” This suggestion
is based on the finding that gene transfer of dominant nega-
tive Rac1 attenuated the Ang II-induced increase in reduced
Mito-Tracker red fluorescence.?” In contrast, impairment
of mitochondrial electron transport chain complexes in the
RVLM might be involved in the neural abnormality underly-
ing hypertension in SHR.3 This issue was recently discussed
by Zimmerman and Zucker.>! Although we did not detect
impairment of brain mitochondrial respiratory complexes in
SHRSP, we propose that mitochondria-derived ROS mediate
sympathoexcitation via NAD(P)H oxidase activation.?

Another possibility for ROS generation is uncoupling nitric
oxide synthase (NOS). In the absence of L-arginine or with
tetrahydrobiopterin, NO production from inducible NOS
(iNOS) causes uncoupling from the oxidation of NADPH,
resulting in superoxide generation.® iNOS overexpression in
the RVLM causes hypertension and sympathoexcitation that
is mediated by an increase in oxidative stress.*> This might
be relevant to our observation that iNOS expression levels
in the RVLM are greater in SHRSP than in WKY rats.33 In
addition, microinjection of iNOS antagonists into the RVLM
reduces blood pressure only in SHR, but not in WKY rats.3

R0OS-Mediated Activation
of Transcriptional Factors

It has been suggested that an Ang [-mediated influx of Ca?*

in neurons depends on increased superoxide generation by a
Racl-dependent NAD(P)H oxidase.>* Ang II also regulates
neuronal activity via inhibition of the delayed rectifier potas-
sium current.’s Ang II-mediated upregulation of L-type Ca?*
currents in neurons isolated from the NTS is inhibited by
scavenging ROS, indicating a role for NAD(P)H oxidase-
derived superoxide in the activation of Ca?* channels in the
NTS.

NAD(P)H oxidase-derived superoxide mediates an Ang
Il-induced pressor effect via the activation of p38 mitogen-
activated protein kinase (MAPK) in the RVLM.3¢ Recently,
we suggested that AT1 receptor-activated caspase-3 acting
through the Ras/p38 MAPK /extracellular signal-related pro-
tein kinase pathway in the RVLM is involved in sympatho-
excitation in SHRSP.?” These pathways may be downstream
effectors of ROS in the RVLM, which in turn plays a crucial
role in the pathogenesis of hypertension. Interestingly, the
pro-apoptotic proteins Bax and Bad were enhanced and the
anti-apoptotic protein Bcl-2 was decreased in the RVLM of
SHRSP, and inhibition of caspase-3 normalized these changes
in pro- and anti-apoptotic protein levels.’” These alterations
in the RVLM of SHRSP were stimulated by Ang II via acti-
vation of the AT1 receptors, which are upregulated in this
strain and other hypertensive models.* It would be reason-
able to consider that different mechanisms may be responsi-
ble for sympathoexcitation in different brain sites (influx of
Ca2* for RVLM, apoptosis for NTS), and activation of the
apoptotic pathway is involved in sympathoexcitation in the
RVLM.?” The exact physiologic implication of these obser-
vations requires further evaluation.

Effects of Angiotensin Receptor Blockers
on Brain Oxidative Stress

The existence of an independent renin—angiotensin system
in the brain is well established. Activation of the brain renin—
angiotensin system substantially contributes to the develop-
ment and maintenance of hypertension through activation
of the sympathetic nervous system, vasopressin release, and
drinking behavior.?>* There is considerable evidence that
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Figure 3. Inhibition of Rac1-dependent superoxide production in the rostral ventrolateral medulla (RVLM) decreases blood
pressure, heart rate, and urinary norepinephrine excretion in stroke-prone spontaneously hypertensive rats (SHRSP). (A) Time
course of mean blood pressure (BP) and heart rate (HR) before and after gene transfer of dominant negative Rac1 (DNRac1).
(B) Twenty-four-hour urinary norepinephrine excretion before and after gene transfer of DNRac1 into the RVLM. d, day; WKY,
Wistar—Kyoto rats.

peripherally administered angiotensin receptor blockers
(ARBs) penetrate the blood—brain barrier, although there are
some differences among ARBs.*!¥2 AT1 receptors are abun-
dant in the circumventricular organs, such as the subfornical
organ and the organum vasculosum lamina terminalis, and
the area postrema, which lack a blood-brain barrier.32
Therefore, peripherally administered ARBs can also bind to

those areas, thereby inhibiting the central actions of Ang II.
Oral treatment with the ARB telmisartan appears to inhibit
the central responses to AngII in awake rats.** Although
other ARBs also inhibit the central actions of Ang II within
the brain beyond the blood-brain barrier,*:4244 these effects
might differ depending on the pharmacokinetics and prop-
erties of each drug (ie, lipophilicity etc).** We evaluated the
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effect of treatment with telmisartan at either a high dose
(10mg-kgt-day™) or a low dose (3mg-kg'-day?), or
hydralazine for 30 days on hypertension.*s Systolic blood
pressure (SBP) and heart rate were measured using the tail-
cuff method. Urinary norepinephrine excretion was measured
as a marker of the sympathetic nervous system activity. We
evaluated ROS in the brain (cortex, cerebellum, hypothal-
amus, and brainstem) of SHRSP on ESR spectroscopy and
TBARS. Oral treatment with telmisartan reduced SBP dose-
dependently and hydralazine reduced SBP to a similar level to
the high dose of telmisartan (Figure 4). Telmisartan reduced,
while hydralazine increased, urinary norepinephrine excre-
tion (Figure 4). TBARS levels were significantly increased
in each area of the brain of SHRSP compared with WKY
rats (Figure 5). Oral treatment with telmisartan reduced the
TBARS levels, but hydralazine did not (Figure 5). These
findings suggest that (1) anti-hypertensive treatment with

telmisartan reduces ROS in the brain of SHRSP; (2) telmis-
artan decreases blood pressure, at least in part, via a reduc-
tion of the sympathetic nervous system activity in SHRSP;
and (3) these effects induced by telmisartan might be associ-
ated with protection of the brain of SHRSP from oxidative
stress. We also measured the concentration of hydroxyl radi-
cals using a modified procedure based on the hydroxylation
of sodium salicylate by hydroxyl radicals,* leading to the
production of 2,3-dihydroxybenzoic acid (2,3-DHBA).24
Inhibition of Racl in the RVLM and oral treatment with
telmisartan significantly decreased the production of hydroxyl
radicals in the RVLM (Figure 6).%

Recently, we used in vivo ESR to assess oxidative stress
in the brain, and found that oral treatment with another ARB,
olmesartan, reduces oxidative stress in the brain of SHRSP
without inducing reflex activation of the sympathetic nervous
system.* In that study we evaluated the in vivo ESR signal
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Figure 5. Antioxidant effects of telmisartan in different brain areas. Thiobarbituric acid-reactive substances (TBARS) levels after
treatment with telmisartan (3 or 10mg/kg), hydralazine, or vehicle in SHRSP.
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decay rates of the brain using methoxycarbonyl-PROXYL, a
nitroxyl radical species, as a blood—brain barrier-permeable
spin probe.* Oral treatment with olmesartan attenuated the
exaggerated pressor response to an excitatory amino acid,
L-glutamate, in the RVLM of SHR compared to WKY rats.*°
Further, the pressor response to microinjection of Ang I into
the RVLM was diminished in SHR treated with olmesartan.*”
Thus, the importance of oxidative stress in the brain and
hypertension is supported by our studies as well as those of
others.!

Several questions, however, remain to be answered. A

recent study suggested that systemic administration of can-
desartan reduces brain Ang II levels because it attenuates the
mRNA expression of both angiotensinogen and angiotensin-
converting enzyme in Ang II-infused rats.5! Whether systemic
treatment with ARBs indirectly regulates brain AngII re-
mains to be determined.?

Effects of Other Cardiovascular Drugs
on Brain Oxidative Stress

Considering that ARBs act to inhibit NAD(P)H oxidase activ-
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ity, it is reasonable that ARBs have an antioxidant effect,
although there are some unresolved questions, as mentioned
previously. Calcium channel blockers, azelnidipine and amlo-
dipine, but not nicardipine, which also have antioxidant
properties, have a sympatho-inhibitory effect on the brain.5354
In particular, treatment with azelnidipine reduces oxidative
stress in the RVLM associated with a decrease in the activity
of NAD(P)H oxidase, Cu/Zn-SOD, and Mn-SOD.** These
effects might be related to an improvement in NO produc-
tion, because we also demonstrated that overexpression of
endothelial NOS in the NTS or RVLM decreases blood pres-
sure and heart rate via the inhibition of sympathetic nervous
system activity.5-5° Surprisingly, we also found that atorvas-
tatin inhibits the sympathetic nervous system as a result of
upregulating NO activity and reducing oxidative stress.5-53
Further studies are needed to determine if this mechanism is
also applicable in humans.

Salt-Sensitive Hypertension
and Brain Oxidative Stress

Activation of the sympathetic nervous system, in particular,
an increase in central sympathetic outflow, plays an impor-
tant role in the pathogenesis of salt-sensitive hypertension
as well as that of kidney diseases.®¢ Recent studies suggest
that oxidative stress in the brain contributes to blood pres-
sure elevation in salt-sensitive hypertension.’¢” We dem-
onstrated that high salt intake exacerbates blood pressure
elevation and sympathetic nervous system activity during
the development of hypertension in SHR, and these responses
are mediated by increased ROS generation, probably because
of an upregulation of AT1 receptors and NAD(P)H oxidase
in the RVLM.56 The findings of a recent study from Kyushu
University Graduate School of Medical Sciences indicate that
mice with pressure overload acquired brain salt-sensitivity.®
This means that high salt intake increases the transport from
the blood to the cerebrospinal fluid and the response of the
sympathetic nerve activity to salt administered into the brain.
These results suggest that pressure overload affects salt sen-
sitivity, thereby enhancing central sympathetic outflow and
cardiac function.®® Left ventricular hypertrophy is an inde-
pendent risk of cardiovascular event and high salt intake is an
important environmental factor of hypertension, both of which
increased ROS, and sympathoexcitation may be involved in
the pathogenesis of the development of hypertension. A recent
clinical trial suggested that left ventricular hypertrophy is
related to cardiovascular events in Japanese high-risk hyper-
tensive patients.®

Summary and Future Perspectives

Currently in Japan, many patients with hypertension also
have metabolic syndrome. Importantly, the prevalence of
metabolic syndrome increases linearly with an increase in
heart rate among Japanese men and women,’® suggesting that
activation of the sympathetic nervous system is involved in
the pathogenesis of hypertension.”! The prevalence of obstruc-
tive sleep apnea has increased as a result of the increase in
the number of obese patients with hypertension. Obese
patients with sleep apnea have enhanced central sympathetic
outflow, which worsens hypertension and leads to cardiovas-
cular events.”? Further, there is considerable evidence that
psychological stress is a major risk factor for cardiovascular
diseases and events associated with hypertension.”® Another
therapeutic target for the treatment of hypertension is heart

failure with a preserved ejection fraction.”* As suggested
here, salt-sensitivity might also be enhanced in these patients,
thereby further enhancing central sympathetic outflow.%
Oxidative stress in the brain as well as other organs might
underlie these mechanisms. Future studies of the effects of
oxidative stress in the brain are warranted and will provide
useful information for the treatment of hypertension.
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Angiotensin II Type 1 Receptor—Activated Caspase-3
Through Ras/Mitogen-Activated Protein
Kinase/Extracellular Signal-Regulated Kinase in the Rostral
Ventrolateral Medulla Is Involved in Sympathoexcitation in
Stroke-Prone Spontaneously Hypertensive Rats

Takuya Kishi, Yoshitaka Hirooka, Satomi Konno, Kiyohiro Ogawa, Kenji Sunagawa

Abstract—In the rostral ventrolateral medulla (RVLM), angiotensin II-derived superoxide anions, which increase
sympathetic nerve activity, induce a pressor response by activating the p38 mitogen-activated protein kinase (p38
MAPK) and extracellular signal-regulated kinase (ERK) pathway. The small G protein Ras mediates a caspase-3—
dependent apoptotic pathway through p38 MAPK, ERK, and c-Jun N-terminal kinase. We hypothesized that angiotensin
II type 1 receptors activate caspase-3 through the Ras/p38 MAPK/ERK/c-Jun N-terminal kinase pathway in the RVLM
and that this pathway is involved in sympathoexcitation in stroke-prone spontaneously hypertensive rats (SHRSP), a
model of human hypertension. The activities of Ras, p38 MAPK, ERK, and caspase-3 in the RVLM were significantly
higher in SHRSP (14 to 16 weeks old) than in age-matched Wistar-Kyoto rats (WKY). The mitochondrial apoptotic
proteins Bax and Bad in the RVLM were significantly increased in SHRSP compared with WKY. c-Jun N-terminal
kinase activity did not differ between SHRSP and WKY. In SHRSP, intracerebroventricular infusion of a Ras inhibitor
significantly reduced sympathetic nerve activity and improved baroreflex sensitivity, partially because of inhibition of
the Ras/p38 MAPK/ERK, Bax, Bad, and caspase-3 pathway in the RVLM. Intracerebroventricular infusion of a
caspase-3 inhibitor also inhibited sympathetic nerve activity and improved baroreflex sensitivity in SHRSP.
Intracerebroventricular infusion of an angiotensin II type 1 receptor blocker in SHRSP partially inhibited the Ras/p38
MAPK/ERK, Bax, Bad, and caspase-3 pathway in the RVLM. These findings suggest that in SHRSP, angiotensin II type
1 receptor-activated caspase-3 acting through the Ras/p38 MAPK/ERK pathway in the RVLM might be involved in
sympathoexcitation, which in turn plays a crucial role in the pathogenesis of hypertension. (Hypertension.2010;55:291-297.)

Key Words: angiotensin IT m apoptosis m sympathetic nerve activity m brain m hypertension

Neuronal apoptosis in the brain is involved in regulating
synaptic plasticity and neural function'-* and is mainly
caused by reactive oxygen species (ROS).*-8 Ras is a member
of a superfamily of related small GTPases implicated in
cellular proliferation and transformation, growth arrest, se-
nescence, and apoptosis.®-13 In cultured tumor cells or endo-
thelial cells, the proapoptotic effects of Ras are mediated by
the p38 mitogen-activated protein kinase (MAPK) and extra-
cellular signal-regulated kinase (ERK) pathway through
phosphorylation of the proapoptotic proteins Bax and Bad
and the antiapoptotic protein Bcl-2, which releases cyto-
chrome ¢ in the mitochondria.!#-!7 Neuronal apoptosis is
characterized by the release of cytochrome ¢, which activates
caspase-3, the major executioner caspase in neurons.!$:!°
Thus, neuronal apoptosis may be mainly mediated by
caspase-3 through the Ras, p38 MAPK, ERK pathway. We
previously demonstrated that ROS in a cardiovascular center

of the brain stem increase sympathetic nerve activity (SNA)
in hypertensive rats.2 Accumulating evidence suggests that
ROS in the brain are involved in the neural mechanisms of
hypertension.2!:22 Although ROS are increased in the brain in
a hypertensive state, it is not known whether a pivotal
signaling pathway (such as the Ras, p38 MAPK, ERK
pathway) and caspase-3, activated by ROS in the brain, are
chronically activated in the hypertensive state or whether this
pathway activates SNA.

The rostral ventrolateral medulla (RVLM) in the brain
stem is a major vasomotor center, and it regulates SNA 2324
We previously demonstrated that ROS in the RVLM activates
SNA and that ROS are increased in the RVLM of stroke-
prone spontaneously hypertensive rats (SHRSP), a model of
human hypertension,?s with activation of SNA.2° In the brain,
ROS are produced by activation of the angiotensin II type 1
receptor (AT,R), which in turn activates nicotinamide-
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adenine dinucleotide phosphate (NAD[P]H) oxidase.26
NAD(P)H oxidase-derived superoxide anions mediate the
angiotensin II-induced pressor effect via the activation of p38
MAPK and ERK in the RVLM.?? Furthermore, in experimen-
tal endotoxemia, the proapoptotic protein Bax and caspase-
3—dependent apoptosis in the RVLM mediate cardiovascular
responses.2® The mechanisms by which ROS in the RVLM
regulate SNA have not been fully examined, especially the
pivotal signaling pathway of ROS.

The aims of the present study were to determine whether
stimulation of endogenous AT R activates caspase-3 through
the Ras/p38 MAPK/ERK/c-Jun N-terminal kinase (JNK)
pathway in the RVLM and, if so, to determine whether
activation of this pathway is involved in the increased
sympathoexcitation in SHRSP. Toward this end, we exam-
ined the activity of Ras, p38 MAPK, ERK, JNK, proapoptotic
proteins Bax and Bad, antiapoptotic protein Bcl-2, and
caspase-3 in the RVLM of SHRSP and normotensive rats. In
addition, we performed intracerebroventricular (ICV) injec-
tions of a Ras inhibitor, a caspase-3 inhibitor, and an
angiotensin receptor blocker (ARB), and examined the
changes in blood pressure, heart rate (HR), SNA, and barore-
flex sensitivity (BRS). To determine whether ICV injection of
a Ras inhibitor, a caspase-3 inhibitor, or an ARB inhibits the
pivotal signaling pathway in the RVLM, we also examined
the changes in blood pressure, HR, and SNA evoked by
microinjection of angiotensin II into the RVLM.

Methods
This study was reviewed and approved by the Committee on the Ethics
of Animal Experiments at the Kyushu University Graduate School of
Medical Sciences and conducted according to the Guidelines for Animal
Experiments of Kyushu University. Details of the methods are available
in the online Data Supplement at http:/hyper.ahajournals.org.

Animals and General Procedures

Male SHRSP/Izm rats and age-matched Wistar-Kyoto rats (WKY)
(14 to 16 weeks old), fed standard feed, were divided into 7 groups
(SHRSP treated with Ras inhibitor [S-RI], SHRSP treated with
caspase-3 inhibitor [S-CI], SHRSP treated with ARB [S-ARB],
SHRSP treated with vehicle [S-Veh], WKY treated with Ras
inhibitor [W-RI], WKY treated with caspase-3 inhibitor [W-CI], and
WKY with vehicle [W-Veh]; n=5/group). In the S-RI, W-RI, S-CI,
W-CI, S-Veh, W-Veh, and S-ARB groups, we measured blood
pressure and HR using a radiotelemetry system as described previ-
ously.20 Urinary norepinephrine excretion (uNE) for 24 hours was
calculated as an indicator of SNA, as described previously.20.22
Furthermore, in the S-RI, W-RI, S-CI, W-CI, S-Veh, and W-Veh
groups, spectral analysis was performed to provide power spectra for
systolic blood pressure.

Activity of Ras, p38 MAPK, ERK, JNK, and
Caspase-3 and Expression of Bax, Bad, and Bcl-2
in the RVLM

The activity of Ras, p38 MAPK, ERK, JNK, and caspase-3 and the
expression of Bax, Bad, and Bcl-2 in the RVLM were measured as
described previously.2?

ICV Injection of Ras Inhibitor, Caspase-3
Inhibitor, and AT,R Blocker

S-Farnesylthiosalicylic acid (1 mmol/L), a specific Ras inhibitor3°;
N-benzyloxycarbonyl-Asp(OMe)-Glu(OMe)-Val-Asp(OMe) flu-
oromethyl ketone (Z-DEVD-FMK, 1 pmol/L), a specific caspase-3
inhibitor3!; candesartan (1 pg/pL); or vehicle was administered by

ICV infusion for 14 days with an osmotic minipump (Alzet 1003D).
We also determined the changes in blood pressure and HR of SHRSP
after terminating the 14-day ICV infusion of the Ras inhibitor (n=4).
The candesartan dose was selected as described previously.32

Statistical Analysis

Normally distributed variables are expressed as mean*SE. Unpaired
t and Mann-Whitney U tests were used to compare the differences in
normally distributed and nonnormally distributed variables, respec-
tively. Data were also analyzed by a 2-factor repeated-measures
analysis of variances. Differences were considered to be statistically
significant at P<<0.05.

Results

Blood Pressure, HR, SNA, and BRS

The Ras inhibitor S-farnesylthiosalicylic acid was infused ICV
for 14 days. Mean blood pressure (MBP), HR, uNE, and
normalized unit of the low-frequency component of systolic
blood pressure (LFnuSBP) at day 14 were significantly higher in
S-Veh than in W-Veh (Figure 1A through 1D). MBP, HR, and
LFnuSBP in SHRSP returned to control levels 4 days after
terminating the ICV infusion of S-farnesylthiosalicylic acid (data
not shown). BRS at day 14 was significantly lower in S-Veh
than in W-Veh (Figure 2). At days 2 to 14, MBP and HR were
significantly lower in S-RI than in S-Veh (Figure 1A and 1B),
and at day 14, uNE and LFnuSBP were significantly lower in
S-RI than in S-Veh (Figure 1C and 1D). BRS at day 14 was
significantly higher in S-RI than in S-Veh (Figure 2). MBP, HR,
LFnuSBP, uNE, and BRS, however, did not differ between
W-RI and W-Veh (Figures 1A through 1D and 2).

The caspase-3 inhibitor Z-DEVD-FMK was infused ICV
for 14 days. At days 4 to 14, MBP and HR were significantly
lower in S-CI than in S-Veh (Figure 1A and 1B), and at day
14, uNE and LFnuSBP were also significantly lower in S-CI
than in S-Veh (Figure 1C and 1D). BRS at day 14 was
significantly higher in S-CI than in S-Veh (Figure 2). MBP,
HR, LFnuSBP, uNE, and BRS did not differ between W-CI
and W-Veh (Figures 1A through 1D and 2).

On day 14 of the ICV infusion of candesartan in SHRSP,
the systolic blood pressure, HR, uNE, and LFnuSBP were
significantly lower in S-ARB than in S-Veh (Figures 1A
through 1D).

Ras, p38 MAPK, ERK, and JNK Activity in

the RVLM

Ras, p38 MAPK, and ERK activities were significantly
higher in S-Veh than in W-Veh and significantly lower in
S-RI than in S-Veh (Figure 3A through 3C). Furthermore,
Ras, p38 MAPK, and ERK activity was significantly lower in
S-ARB than in S-Veh (Figure 3A through 3C). Ras, p38
MAPK, and ERK activity in SHRSP did not differ between
S-CI and S-Veh (Figure 3A through 3C) or between W-Veh
and W-CI (Figure 3A through 3C). INK activity did not differ
between S-Veh and W-Veh (Figure 3D).

Caspase-3 Activity and Expression of Bax, Bad,
and Bcl-2 in the RVLM

Caspase-3 activity in the cytosolic fraction of the RVLM and
the expression of Bax and Bad in the mitochondrial fraction
of the RVLM were significantly higher in S-Veh than in
W-Veh (Figure 4A through 4C) and significantly lower in
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