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Figure 1. The effect of renal denervation for stroke onset and blood pressure
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Figure 2. The effects of renal denervation on cerebral vessels
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Figure 3. The effects of renal denervation for NADPH oxidase. RD: renal denrevation, Hyd: hydralazine. *p<0.05, versus

RD
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Figure 4. The effects of renal denervation for superoxide levels. PVN: paraventricular nucleus, RD: renal denrevation,

Hyd: hydralazine. *p<0.05, versus RD
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Figure 5. The effects of renal denervation for renin activity
and renal noradrenaline

RD: renal denrevation, Hyd: hydralazine

*p<0.05, versus RD

61

4. % &

AR ORI TR X TS A B2 A M & TR LLRT &
DEEANATOILTEY, IMNDOT 77— L3 A7 LELTH]
RFF R Z B DB D LA BTN D, — T TAREM:
e ML E A T X P A AR TR BN S B T D Z &N EH
A, PR AT AR T 0 & P AZ AR TS B oD 5 1270 B
BRHHMESITND (CCHR 8) . IFEK BRI L DR
FEHRBUME B I R o2 RAFZRBE ) R AN &
ALTWDD, ZOHEF &L TR BRI 20 HAX P A2
PR BTE BN SN SN AHZ E T EME F I 585 25
ATWD (R 7). S EFx TERE s BEAREZ LT
SHRSP ZvMIHWT, BRI AT T 5221280
M FE% T DL RIBFHCM 2R A2 T T 52 82BN
7o ZOBRH LU TR BRI 1L 8 il & M oy B LA
EDFBNNHY 72 5288 2 15 i 1 s O AR <0 i i i BE FH o>
HEA IR T D&, KIMBCE IR N = Ot
AN ABMZDZE L=y =T XA T R DIENE
BB 52N E 2 DI, ZhDOR ST B
ITEEE REOBEERANRS DR T T VU BECITRRD R
DT ZEDD | BRI IC LD M2 o BA I % %)
BEBZ LD THALZ LD RSN,

M E CTihDd /T R i n =L &
L COD A AR R DM 0 A0 1 UK T iR Ay
(L R IDARSA ;o gl VA S O = 5 B vl 2 G & Y (AR
I 0) s T IVAY A NS N 0= 217 S RU o i
FATURBNSEE N /N i 8 0 B L L2 o0 A T DN KSR
WSS, FIROINTEMED/ Sy 7 7 T0 RaFF
72 SHRSP 7w M CldE i 0 B A S D ZETHMRME
AR EAL R OIEEN S EF-L, AMESR, NIRZRO
AR R ED RIS B L 720 | i L A3 IHE LN i e
T EEBIT MR BE A OREFEN A U5 Z & CHM 2R 1 23 F8 A
T HEBZOID, FUR TECIXARN R LD FERE T/
T RUFVD ER 24 CTER 8) . AN AIZEIRT 5
i T AR B DPEAFELITOILTNDTZ | AR A
B —LLTOREDRHLEZ X DND, SV ARE
TF VY LGB DGR IVBUR T = TORREAL
VAR L TV Z D5 B RN 13 s i)+ + &
R N (7 N B 1 g 35 AN A NS L e b it P G XANT ]
757 D HRXME AL AR T B A I L. AR ED R oD ifi.
B A MR AR 958010, B E %



F &2 MR AN BE P O e A B D L b d,

TEPERE SRR TR RN TEDREAE R W ERIC TR
(ZHIEIS AL TN D03, il 25 D BRIEZ O Ak AE L AR
R EMETIF 726 Gk 9) o LARTRVAKRZEHFIC 31T 15
MR ZEMOFEA R T NOX NEBA I TEY, A
NOX DIEFZEARKTHS NOX2 (X E (i N R 5%
b3 Y= oY A I QAViV/ANB IR Ei 2 3 I DR €74 = P g
WZHFBLT D ENHEIIL TS (SRR 10) . NOX2 DIE
PELIC BT 2=y D5 G | A EIEHE S RIZT
p67°7"* & Racl DFEHLEITIENML T3, B Rt X
ZOWIMAINZ T2y SHIZA——FF P ARD~—T—
THHONARBZF VT LY AELEK T LZZ LD, B
BRABEANT I CHAPR S0 K B CORR R 72 & o>
FRALARL AR AU A SR SEINHN S B B L Tb D &
s,

B S EOS AT, Na IFBIC LD E5A
R AT L =R FL TS EE 25
NDN, Al x O R CIXEFEE Y REEE S A TIX
L S ARPEIZ T R o T, BRI A 14 Hi%
(21% 20 mmHg R D MEZENH T DD | FEl )y £
BECITRIEAR 21 BH% 60%IZM2Eh 23 HEBLL Tz,
18 E DR AR T D701 E NP LD M ERE LT
o128, EERER B O AEHERUE T, F -5
DAL B ARHCAL CWOEATREMEL B 2 55,
1 DPE AR FEARRRTE BN Z 3\ T RA R OIETH B X HPAX P
ZRIEAFIEE DO TCHELE AL T 503, 4 (8B BRI R I AE
TV =AEERS Il S TRy, Zivb Mg 7
B BCEH 5L TWAhE DL Ebns,

ARIOMFZE T, BRI I M D B2 AR LT
SHRSP 7 MZIWNTREERN R A 2 T A5 7 B 20 5
ERD, ZAUIININE DL EAL, BUR T E KN
BE TOMAEAR AR, RA SROHIEREL TS
AIREME B DT AR S LT, EEREEE TIThhi g
BARRRBERAT CIL, W OB T —T IR LRI DO SO
SELLS B AR RE IR S O A FEHEITHE S Tuheuy,
Z DT R EIRER I HERE UM 2E R O BRIX B RIS
Ba o9~V R & 1R R OB LI A TR
DO—BNZ72BRIREMEDRHY | e AT =X L& I H LT HT
TR IR R FEL P C&E D, BEICEMIHITOI TV D R
PR AFI - I3 22 813, AR ENOBRKRICE RS

62

LEBFEND,

5. §&DFRE

A IR BRI I KD 2R TR O PR RN B L7
ST, ZOFEITITNLDDDIIT = ar BN b, £
T BT EIAN =X AORFETIH T TR,
135 D2 EAL, JHZE HFFAE LARLR T 58 =8 LA R R
B TOMEARNAME T RA RO &0 B#EA 4 [R5
FELTDN, EDOIFF CENB AN A T BHIC B> T
WD ESBRRFTLIZD, RICB BRI I LD 25 1
SO ONWTTHD, HHRPEAS AR A HI S
HTEZXY | FRTEIIRE L D AR R A &0 i A SR B
WD ATREMEN B D, B ITHR CIIRERA FFLIL
WAEZIN TN, BRI O B B ik 22 B R
R PR AZ A R TS B O 4 L2 D AR RO BT
RESC I~ DB LR CrEASN DAV B DAL
FHMRETT O ERHLEE DD,

6. 3 ®k

1) Esler M. The 2009 Carl Ludwig Lecture:
Pathophysiology of the human sympathetic nervous
system in cardiovascular diseases: the transition from
mechanisms to medical management. J Appl Physiol
(1985).2010; 108:2 27-37.

2) Mark AL. Sympathetic neural contribution to
salt-induced hypertension in Dahl rats. Hypertension.
1991; 17(1 Suppl): 186-90.

3) Stocker SD, Monahan KD, Browning KN. Neurogenic

and sympathoexcitatory actions of NaCl in hypertension.

Curr Hypertens Rep. 2013; 15: 538-46.

Krum H, Schlaich M, Whitbourn R, Sobotka PA,

Sadowski J, Bartus K, Kapelak B, Walton A, Sievert H,

Thambar S, Abraham WT, Esler M. Catheter-based

4)

renal  sympathetic  denervation for  resistant

hypertension: a multicentre safety and
proof-of-principle cohort study. Lancet. 2009 Apr 11;
373(9671): 1275-81.

Esler MD, Krum H, Sobotka PA, Schlaich MP,

RE, B6hm M. Renal

5)

Schmieder sympathetic

denervation in patients with treatment-resistant



hypertension (The Symplicity HTN-2 Trial): a Clin Pharmacol. 2013; 76: 495-503.
randomised controlled trial. Lancet. 2010; 376 (9756): 8) Ye S, Zhong H, Duong VN, Campese VM. Losartan

1903-9. reduces central and peripheral sympathetic nerve
6) Esler MD, Krum H, Schlaich M, Schmieder RE, Bohm activity in a rat model of neurogenic hypertension.

M, Sobotka PA; Symplicity HTN-2 Investigators. Renal Hypertension. 2002; 39: 1101-6.

sympathetic denervation for treatment of drug-resistant 9) Chan PH. Reactive oxygen radicals in signaling and

hypertension: one-year results from the Symplicity damage in the ischemic brain. J Cereb Blood Flow

HTN-2 randomized, controlled trial. Circulation. 2012; Metab. 2001; 21: 2-14.

126(25): 2976-82. 10) Sorce S, Krause KH. NOX enzymes in the central
7) Krum H, Schlaich M, Sobotka P. Renal sympathetic nervous system: from signaling to disease. Antioxid

nerve ablation for treatment-resistant hypertension. Br J Redox Signal. 2009; 11: 2481-504.

63



No. 1319

The Efficacy of Renal Denervation for the Stroke Onset in Salt-Sensitive
Hypertension

—Renal Denervation Prevents Stroke Onset in Salt-Sensitive Hypertension—

Yu Hasegawa, Takashi Nakagawa, Shokei Kim-Mitsuyama

Department of Pharmacology and Molecular Therapeutics, Kumamoto University Graduate School of

Medical Science

Summary

Background and purpose: Although renal denervation (RD) is reported to reduce the blood pressure in
treatment-resistant hypertensive patients, the beneficial effect of RD for stroke onset is undetermined. In the
current study, we hypothesized that RD prevents stroke onset in salt-loaded hypertensive rats.

Methods: Seventy-two spontaneously hypertensive stroke-prone (SHRSP) rats were assigned to normal salt
diet (0.3% Na) and high salt diet (8% NA) with sham-operation, RD, or hydralazine (Smg/kg/day). Firstly,
neurological symptom including paralytic gait, reduced motor activity, and sudden death was monitored every day
for 42 days and the rats were regarded as stroke sign-positive if they showed one or more of these signs. Blood
pressure among the groups was checked for 14 days using tail cuff methods. Next, to address the effect of RD, the
animals were measured cerebral blood flow (CBF) and then their brain were evaluated Immunoglobulin G (IgG)
and dihydroethidium staining at 21 days after salt-loaded. Western blotting for occluding, p67"™, Racl were also
conducted at the same time point. In addition, we assessed the plasma renin activity and renal noradrenalin levels
of the rats.

Results: RD significantly reduced not only stroke onset and mortality but also blood pressure compared with
the sham group. There was no stroke onset in normal salt diet group. RD preserved CBF and occluding
expression, and decreased the density of IgG staining. Also, RD reduced the density of dihydroethidium on

hypothalamic paraventricular nucleus and cortex, p67°™"™

and Racl expressions. Although blood pressure was
significantly decreased in the hydralazine group, there were no beneficial effects in that group. Plasma renin
activity and renal noradrenalin levels in RD group were lower than in the sham group.

Conclusions: RD could prevent stroke onset in salt-loaded hypertensive rats beyond the blood pressure
lowering. The effects might be associated with stabilization of cerebral vessels, reduction of oxidative stress in

hypothalamic paraventricular nucleus and cortex, and inhibition of renin-angiotensin system.

64





