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HERME D NO STEHR L OMENn NO SHEMNHEAREICL S, &F

RS L B AR RN B Oy R AT
' BhERFTZeE - TAE Bl CHEERRER AR T RE)

ERBEE A e (FEEARER s )
= A CPEEARRE AR k)

— (LR kR (NOS) RAEMERICEA<ATL. THEMET 5 SRR EICE ST
BT EMD, HEEE NO OFRRERSEEIEBEE oz, L L COEENMRL. ERERRHICEDR
QTR - EEE NS, FUETBON, METEONE AIRETRLS . TORBIRATSE 5z, —.
SR RN EERT B Ch 5 Dahl SRS (S) Sv hTHE L-Aginine-Niric Oxide T E#AT
= 5., WM NO HEORENHENE Nz, FEOFK 1 1 EEBIRBE T, #HEiE NOS @NOS)
WS4 TH 5 Taioindazole (TNI) DEHREILD, WME S v FORRIEIBMHED. OERE
ST N B AERME CORTBIRE TS (1 28 {8) IKFUET 5. ko THHEIE NO |35k
G B, REASRE N, COTERAEME S 5y FORA 1NOS HHIITEL TN &
BB S, UL, 7N i3 aNOS ~ADREHICATS 2 &, BEREESHE L 70 CIIsmdHE 2 M
TREMAEETERY, 28, FEEREN L OHENCRRIERD 51, S5, E, DE. BiERE
RLISLOBESTIE NOS FEHAET LTV D LOREEFET 5. TNSEWRICT 27010, FFHETI.
INOS A B DR /3RS (Smethyl-L-thiocimulline, SMIC) EREEPICIE S LRHIEDERER
95L& BIT, MO INOS FEEB L OEERS o/ BERE Lz, (7] S ROBHEENTIES v BT,
EEABAT IIEAERE GEMANLE (AEREWED . AFFEMEIC TMBEMEL, FEDF(X
Ui 2’ 5-ADP-sepharose |- C nNOS #5488 - it L7z, n1NOS BERIEHEL. Y F U AL L-Amginine
RREWEY ML VECENTE-E iNOS [BERIOEEOEEC TIIEL 2. BESRERRI. 51 iNOS Fifk
%FAV7z Western Blot 3 TREEL ECL {L3AMEICTERLZ, 28O S Ty MOITM L 1 FRBIAIEE
CRREA SR TERAN F— ) B A DA AR, ERIT. ATHEEE (100 w), SMIC (S0 nmole),
L-Arginine (1000 nmole) D& RYEEPHESAMEIC, FIE & FIREZAHNC TRBIFESUBAHREEE) (resting RSNA)
LA SRA B SRAEIEE) (BRunloaded RSNA) ZHIEL 72, [#E] BRMESR S Sv bOkE

(=16) TYl. nNOS FEHMERICEN >/, FE @=4) TIL. nNOS BEREMEBMBIC LK 21 (%
Eihore, BRMES v FTHL SMIC OREMIESICLD resting RSNA 1124 = 3 %5 34 = 4 %,
BR-unloaded RSNA 13 100 =2 %o/ 5 199 = 12 %o, ZHF3UEIN L 7. 5 < L-Arginine JYzEEp#%5-12 X 1, resting
 RSNAJZ16 = 5 %~ BR-umloaded RSNA |78 = 13 BAZHEIUEF Uik,  [i53R] AUUSSHEELET v
R MR nNOS EHBEERERED. WThOEHNERE D &EETR Lz, £, aNOS [RRME
DBV BEAORMEREE 51T, FIEIDBIEHIZE TV T-nitroindazole £5#5 & RIS DRER LRI,
CRSOREEN D, BRASEENETS v b T, PHERRICHT DR NO 207 5 g anE Mg
PIEEITIRS FEEL TS T EANRETL AR BT Bk NO (B IiEAE FIE < hiz.

-110-






Bh &3 0043
4PN nNOS 5 KX OYME N nNOS R MERRSIC L 5,
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BhEarsed - el Bk (BHEEERIRTARL  AEERTON T REEE)
FERPFFEE - N ] BRTERIRTFR BT )
=R B GHEERIRER A TR

1. BEEER
VEEEE 0 BT ZEBI R IC R 2 ST, TRERSZ MR MLEIZ A O 2 iRkt

NO IZ X AXHARIEEREEE] OMRICL Y, BERSEHRIE T 1) iR

—ER LR A EBER (ANOS) Zif] 35 & R RKIEEN NI T 5, 20T, EX

KB EMEIZINH S BRI ORZBMRIEENIIR L £ 3 FICbBRT 5, i)FD

RHRRIEB O KIIEEEATORENROMIE LI VHERL TS, LWV ER

28, Dahl BT « b OMEFRE - TMHRER TH LN, ZHUE AR NO

DR HRESAGTORALT LWEFTHAZ &, BREEARIZX YA nNOS

NMOCHFEINDZ &, £ LT, RERZERLE CIXEMLEZEMTD LR

BHEICHESRE L CWA Z E R LT (1),

UL, ZnboOfmy Hicid, kil b WiED 3 Rb 5,

1) EBRIZMHER L7 aNOS FLEH]. 7-nitroindazole I%. & DFAER| L LT nNOS IZ
ST AERREMICRITA, EWVWOMERRINTWS(2,3), - T, nNOS IZfRH
T EEL NOS 0B84 NOS (2 LA O FREMES & 5 D TIERWDy, &)
HIR e,

i) [AEAI A £ H &G Lie O TlEE OFRMEE S FE LR, SHmEiflicgo 5
MBI TH B LIXRE LE, ffo T, HARRIMHEEIINAN TE LTV S
LR TE R,

iii)Dahl 7 v FOME TEHAER NOS(4, 5)<EA NOS(5) 25, EI&TIL aNOS
(6) 28, DMETITFFER NOS(5) ., TN ENHEROMEMEAENET LTS &
DIWENRENTEY., Zhb ERRITFET D,

ZOVoBERERET D &, VEFEDOHZMERIL, T-nitroindazole & V5 FHIT

DBIEAET BB TRV, CORFLARETH D,

ARFZEO B, T b ORERE MRS H7012, (1) A nNOS {EHER X

O nNOS BEREBERELEET D, (i) nNOS #EEZ BINAICIGI 35 BRYT, ik

P NOS ~ R BB I FT 7= 72 FEA]. S-methyl-L-thiocitrullin (SMTC) (7,8,9) &

WA, (i) BEFHEE L ONERARSHIEEZRWS, © 3 REITV., VEEEBIK

W B LN ERERTAZ & Th 5,

2. WAL

ERIT. WA aNOS iEHERB L O F0OBREHEOHIE L. nNOS FEHEILE
¥ TH D SMIC DIUENFGIT L2 RHARESISORE, D225,
2.1 JMN nNOS & - BERE R EOUIE

Dahl &M (S) 7 v MIEAER (8% NaCl 8. S 8%H, n=20F7%
IEEEE®04% NaCl 8. S 04%F. n=20)%. %7z Dahl &IEEGHE (R)
S v MIEEEE (R 8%E., n=20)EITEEEEAER 04%E, n=200%, 1T
NSNS 1 2HEEICE-> C4BEMEB/E L, AHOERRMEER L, AWKT
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%, v NEWELUMEEZMHEGL. Eﬂiﬁﬁ%f{ﬁ*ﬁ@fﬁ?&%%?fﬁ%& -80°C Iz

THREFLE,
BRI nNOS JEHMEDWZE . FEREHEE. S0mM HEPES, pH 7.7 &k (0.2 mM
EDTA, 0.2mM EGTA, 5uM BH4, 0 1mM DTT, 0.2mM PMSF, 10pg/ml pepstatin, 10pg/ml

aprotinin 2 &%) @ 25% W/V EIZAN., 4°CIZTF 7Oy I AREID AP
TRESFA L. TOREVE— % 15.000xg - 15 4T 2 B@EELL, T
WM S 2 5'-ADP Sepharose % f 27z nNOS OIS HE R - fiH &2 1T o /2. #IHHI
1% 10mM NADPH &7 50 HEPES Bz AWz, o L 72 nNOS 2 EOER
B3, Bradford #ICiE> THIE L 7z, nNOS BEREEOWEICIE, MU F T LAME L-
Arginine (77 Ci/mmole) & iV 7z MV ABICHE S 7o ROSHIZIE, 10 pM L-Arginine,
100 uMNADPH, 0.2mM CaCl,, 0.1uM calmodulin, 10 pM BH4, 1uM FAD, 1uM FMN &%
50 mM HEPES, pH 74 ZH\, 30°C- 5 SEORIGEREAHIA by 7 (10 mM
sodium acetate, pH 5.5, 2mMEDTA, 0.2mM EGTA, 1mM citrulline) (2T KinZE1ED,
Dowex AGS0W-X8 | T%&mﬁﬁéﬁﬁbt% BRI TERSNZ MY FT A
{ENMMCE//?V Tarhvu sy —I TRl LTz, MgEREEEE. 1Y
> =2 X BEHAlE% Bradford %’ifﬁ&btﬁﬁgfﬁ?bt\ LEYEEME  (cpm/min/pg)
ICTHRRLTZ,

B nNOS BEFEEZE LB OME . FIMEERE, SmM ) VEE D L, pHTT %
@G (0.25M sucrose, 1mM EDTA, 0.1mM PMSF, 10pg/ml pepstatin, 10 pg/ml aprotinin Z
SH) O 15% WV BICAN., 4°C KTF 7OV I IRAREDF AP —THRED T
A LT REDFR— % 15000xg - 15 42T 2 BEELL. TOEEREREIC
A, EBRICEEN3EAEIL Lowry EICHES T@J’ﬁ:’bfw nNOS EESRERE
ORIFE VL Western Blot {E % Wiz, —XKPUKICIET Ey ML aNOS Hifk &, 2K
EITIZEAF ALLEHT T Ew b 1gG Jifk % iz, Hybond-ECL JE IR L7 E
#F > % Streptavidin-HRP & UGS ®72%, ECL HEICTH#EEL, A—FT 3V
7574 —ETTRELE. BREBLEINEZNY ROBEEZT >V R A—F—T
FE L. NIH image program |2 THIRHEHEMEE & U THIEL (EEA) TERRL
7Zo

2.2 SMTC JUE RN 51T X 5 KEMARE RIS O HE

Dahl BIERSZET v MIEARE R (8% NaCl 54, S 8%#E, n=5) X/LRBEHR
£1EE (0.4% NaCl 54, S 04%F:, n=4) &, THNETNIEENS 1 2 HERITE-S
T4AMBZEEL. 2HOERFEEIERLZ.

COERAarmiEg. x Ty —)VRE T ICHERFN E BEHOICTN, TRE
W«M%%%Tét@@iﬁ»—ﬁ—é%?bt\ﬁﬁK%EE%EE%HEﬂ%

%%Wﬁ? FEEBLESBICEELE. EHR2 B, BEX> TS5
ﬁ@ BN T —TINVBLIUOCBREHREEEEDRAL, EBIT TP

@@@mm&T%@b BEHIDH L,

ERUH, Sy hEHBEIF—VIE—IVRRY 7 ARNIKBL., v MNEH
kTé@%ﬁoTE&T#Dﬂ%ﬁTTMT@%ﬁEﬁvtoWﬁ%ﬁﬂi% CERi
IR ET AT, BRI T —TIVHERN S VAT a—T— &4 R L, BX
@ﬁ%%%(MNﬂ\%ME(Mﬂ\ﬁﬁ%%E(Mﬂﬂ\%hwmﬁ(mU%M
EFlz, CNHDOTF—FRETFOF LI —F— T T s LT, TIOFIERL
(B> 7Y O /EE 100Hz) O Ya—4 Zikliz. ka2 ho—)7—%
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LB, FTREREERA 7N —F— A7 —TIWVITEEBEADOIY D%
BeL, YUYy - R T T DEALTHIREERS > T RICE T S8, &
Nicky, BREBICELEEZ TV, EZEBNSLOEFEM/NMNIL, EZE
28 [ B AT R & R L 7= r > RSNA (BR-unloaded RSNA) ZFHEIL 7z, ##
fRHF—FIVCiE7 o= 70> (S0 pgmD) - ZEF L. BIRE LFICXKD RSNA
DY) ERRL -, MEEOHEDFREICERELZ. TNE50%REZ T2
NO—) LV, A TSRO ERRS (aCSF, 100 W% 2 M TO-> <D EA) &,
aNOS #:BAHERITH 5 SMTC ONERRE (37 <%k, 50 nmole % 100 ul aCSF
R, 20BTO-o < DIEA) B, BXY SMIC 270y 7§ 5HMT L-
Arginine Q¥ A5 (1000 nmole 2 100 pl aCSF TR, 2 2T - < DEA)
%, OFTNENIITo .

RSNA 137> hO—) 7 = — X @ BR-unloaded RSNA {E#% 100% &L T, &7 v
NEITHERHME (%) TERUE. 2. SREBEITFEESE =« SERETERRL
G, 1SR AR, ERRMERNRSESNOEM (38 MTHRRTS
17 13 one-way ANOVA 3 17X Fisher's PLSD %, 1 Z#% 2 BRI THLET 2 FFITH
unpaird t-test =, FHNENHNZ,

3. BRSERER ‘
3.1 JM nNOS &L - BESREHE

MMESERAL KRN > nNOS ZERAMHEEIL Z DR % 4 BE THKT 5 &, S8%EF
OR4ERER nNOS JE 4 (2753 = 207 cpm/min/pg) HMibLEE (S0.4%FENE 2157 = 127 cpm/min/ug,
R8%#E3 2277 = 35 cpm/min/ug, RO.4%HEEVE 2174 = 102 cpm/min/ug) (T L THEIC
EEERLUZ (Fig. 1),

3000+

2000+

1000

Enzyme Activity (cpm/min/pg)

S89% S04% RS% RO0.4%

Fig. 1. Brain stem nNOS activity in the S8%, S0.4%, R8%
and R0.4% rat-groups. n=16 for each group. *, p<0.05
between the 4 rat-groups.

IME G 0 1NOS BEEER &L, S8%H T v N TIE 1622 122, S04%ET
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V4 769 26, RBZEETIL 647 =117, ROABEETI 747 =94 &, S8BT v NAESAY
EfEERLEZ (Fig 2),

2000 %

Rerative Optical Density
[y
(=]
S
T

0-

S8% S0.4% R8% R0.4%

Fig. 2. Brain nNOS protein abundance in the 8%, S0.4%,
R8% and R0.4%rat-groups. n=4 for each group. *, p<0.05
between the 4 groups.

32 REFBERILIOCZEHREEGDT—F

2 EREMIBIC BT D LHIET — 5 % Table 1 |IRY . ZEFFFHIINRE (MAP)
V. S 8%BED A THEE &R U 7o (DI EK (HR) % B B R ARAETE By (resting RSNA)
W, 2 BEMICE 2RO N0 I,

Table 1. Resting levels of MAP, HR and %RSNA in the control phase of each of
Dahl salt-sensitive rats fed 0.4% NaCl diet (S0.4%) and those fed 8% NaCl diet

(S8%).
MAP HR resting RSNA
(mmHg) (bpm) (%)
S0.4% B 9 + 6 350 + 27 208 + 4.5
S8% B 154 & 3% 323 + R 244 + 2.6

* p<0.05 between the S 0.4% and S 8% groups (Unpaired t-test). MAF, mean
arterial pressure. HR, heart rate. RSNA, renal sympathetic nerve activity.

33 S04% 5w REEIZBITS. s aCSF, SMTC, L-Arginnine #% 5 )%
' Fig. 3 V&, TEHFIUEEE S0.4% 5 v b DRKERIZ, vehicle T3 % aCSF, nNOS ¢
REEERTHS SMIC, FL T, TOHEEZAH TS L-Arginine 22NN E
%, 1 05 LUAOEIETR L, S04% 5y NEETIE, SMTC 2[HZENICRET S &,
B2 e & i e RSNA 11 133 = 11%0 8N R s znt, LEElF RSNA B LU
PICI3B LN RS Nah-> 7z, SMIC|IZDDWTHE L I KED L-Arginine T,
MAP |7 2BV B 5 N 7ah o = R §iE RSAN & 24058 & iR [REF RSNA O &
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b I BRI 5 Uk,

Increase in MAP (mmHg)

resting RSNA (%)

2507
2000 T |
150
100 7

50

unloaded RSNA (%)

Fig. 3. Effects of artificial CSF (aCSF), nNOS inhibitor
(SMTC) and L-arginine (L-Arg) on MAP, resting RSNA
and baro-unloaded RSNA of Dahl salt-sensitive
normotensive rats (n=4). * p<0.05 (One-way ANOVA,
Fisher's PLSD).

34 S8% T v NEEITBIT S, =W aCSF, SMTC, L-Arginnine 25 0 ZE

Fig. 413, BERZEENETH 5 S8% T v h DKENITENEN aCSF, SMTC,
L-Arginine 2# 5%, 1 0 7LUAICAE U MEBOE(LERL /2. 1NOS FEAHE
ZHEMBERICEEGT S L, FEMED EFE & BICRFHRE RSNA D ERLE.
DEE, EEZHBERFIENH ORBREORIRNE RSNAT 199 = 12 &2 FH0F
giriEmERLE, BB, BMAO oNOS ZEET % &, BRI EINY B g T
WECTTEL, MENEFT 2, CTNEZFERFEICESE CRBEMHREE 20
B, ZOFRATAT - T4 — BN INEELKD KRBT, MEBRHER
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IR RN % vohicle (aCSF) #2585 X DN 7= = & &K 5, SMIC EME

5#%. kB0 L-Aginine ZMERNR ST 5 &, SFHIME, - Z##FF RSNA BROES
REEHRER RSNA QLT vehicle R 5RF X DT L7z,
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E = - ;,
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Fig. 4. Effects of artificial CSF (aCSF), nNOS inhibitor
(SMTC) and L-arginine (L-Arg) on MAP, resting RSNA
and baro-unloaded RSNA of Dahl salt-sensitive
hypertensive rats (n=5). *, p<0.05 (One-way ANOVA,
Fisher's PLSD).

4. B
EERSEEIES v T, REERA nNOS HHiEMES J O aNOS EESREH
ELbICARENES Yy FBIVAERZEHERMES Y XD &HEERLE.
INOS DEESRIEMEIL S-S FA TR I NG 2k E7/2> TR UD TEEEERE LT
@<, AFETHWEBREEIEEEE L TROEBOTH D Ens, RIERK
SHENET v S OB TIE iNOS OBRENZNET Ta, BEERbEN
AREMEAR I Nz, Dahl RIEREZHENE T v » O MES I OER T NOS &)
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EFLTW3 &S Hayakawa 5 (4) ® Ikeda 5 (6) OImBEMN S, YA nNOS fFiE
BEETLTWEOTIRAEVD, EWSRBMIIEMEERNECBTEINZLEELEN
5,

nNOS |74 Bt O E Wy S-methyl-L-thiocitrulline (SMTC) %, £ 5#& 5 & (10mg/kg)
(9) ®#.1000 430D 1 ZHEAICHERES LA, BEBRZESIES v hOREH
k2 RSNA 2N EH L. FEECIED ERELUE., EZAHS R EENGE 2 —RickrEL
Jr R M BRI B LT 2D OBMB RGN, CNHHEEHICISE
AL, KE® L-Arginine |2 ko> THBE I NI EN S, SMTC [T X5 {EAIL nNOS
ENTHERBTHD I ENERINZ, BEERZES Y FOEFEMEFETS, KME
P SMTC #5TH U TEZAL KRG RS R R M B R RSB L BRI
S BIRNERS B EIMERER RO KGER L. SREE SN 20X D IRFERIE.

nNOS |Z#REDEWHZAEE R 2, £ ICEE LRV EEDNABEENENIT
BELTH, EEDLEREWREAKDBENMEONLEIEERT. €2 T,
RRERIE B A ST S HRRIIM T H A S EIREEDOREN R I, 7-nitroindazole %K
FI D BIn /B Tid72 < . nNOS ORBRIRAMHFIC L 5 #iEIE NO O fREZRL T D,
LEZEND,

PLE, FMAELRRPIEESETE M O RRAE, nNOS R RAYHER DO NZE NS O pRiEh 5.
BERZESIES Y TR, A nNOS N AIcFE I, Tk > TEEAS
N5 NO NREERIETZ2HEIEICHTIL TWE, EFZXA56N5, £k, GllEZE
SELTWEWERMEOEERZES v heRERIIET Y FTH, EZFERN
S B BTERE O R R iRIE B & nNOS M L Tnas T &mb, IE¥T v b
TH U nNOS 17 & % NO Az R & HIf R I K L T\ B rTREMEDMA A 5.

5. SBOBE _

SEOBFFE T, MR aNOS JEEIIRE L AR SN o k. MR RE
ST A EERL,. Dl EHHMS/MRICHROEND, TN 5 O nNOS &
AN SN TR,

—F, TOXIAFEEESERA N EREEORIER. fH Lo
ﬁ%fﬁﬁéﬂtﬁﬁ%%?%ﬁﬁ%%h%@&f\%%bfwéﬂﬁitm@ﬁ
BOBERRAETH S, S8IT. AEHERLEESTY VFE X - Jo—XiZk
% In situ hybridization 5|2 THREHREZ ERE LW EB X TN D,

¥/, A D NO HZEHREHEROEENTZICHENIRDDDHE I E
N5, SHESEBRZENIC. KRMRRAEHETLH L WEIER S LT NO #HiEE
BEEZFHLNITOINENELTCEREEDNS., EFREBTHHEEL TV,
INFTOT—F T, BERZESNET T THEHEICHESIN TS I ENS,
EHERZESNEETIIVNHERO EE) SLTHWENS EEDNS,

X5z, BERSESHETIE. ESVWIANZIAT, ZTHEFEETIE NO
MR AR AR RE BB S NB D TH A I ? TNE TOREDINWT —F N5,
HHEEENEELTVEEIICEDLNEDT, RONEREET EMNHEIEHR DR
EEDMEDRSANZALNHNEITHDH, WL, REBETEFELENS
EIMENEYZRCBT T AN, Wb s EMmAEND [Critical Period) EBEfEL
TWEEEEEEH D, TNBIDNTIL, ETHREERE MR aNOS fEFE & OBIR
EFRNRTHALD EZEATND,
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Brain-tissue nNOS activity and Effects of Intracerebroventricular Infusion of nNOS Inhibitor
on Sympathetic Outflow in Dahl Salt Hypertensive Rats.

Yasuhiro Nishida, Jouji Horiuchi, Megumi Tandai-Hiruma
'National Defense Medical College, Department of Physiology,
Summary

We have demonstrated that intraperitoneal administration of 7-nitroindazole (7-NI), an inhibitor of
neuronal nitric oxide synthase (nNOS), markedly increases tonic sympathetic outflow in Dahl salt-
sensitive (DS) hypertensive rats. This result suggests that a neuronal NO-mediated suppressive
mechanism to the sympathetic system might be developed and enhanced in the brain of DS
hypertensive rats. However, there are three major limitations. First, 7-NI may lack selectivity to
1NOS. Second, because 7-NI was administered systemically to the brain and not locally, the exact
target organ of the inhibitor could not be determined. Third, the tissue concentration or activity of
NOS in the vessels of DS hypertensive rats has been reported to be less than normal. To overcome
these limitations, we measured brain-tissue nNOS activity and concentration, and examined the effects
of intracerebroventricular (icv) administration of a specific nNOS inhibitor, S-methyl-thiocitrulline
(SMTC), on renal sympathetic nerve activity (RSNA) in Dahl rats.

Metheds and Results: DS and Dahl salt-resistant (DR) rats were fed a regular salt (0.4% NaCl) or a
high salt (8% NaCl) diet for 4 weeks. After the sodium load, the brain stem nNOS activity was
determined by the citrulline method. The concentration of nNOS was analyzed by Western Blot with
anti-nNOS antibody and by the enhanced chemiluminesence method. The DS hypertensive rats
showed significant increases in nNOS activity and protein abundance of the brain stem.. Using
conscious rats instrumented chronically, RSNA was measured in both baroreceptor (BR)-loaded and -
unloaded states, before and after icv administrations of artificial cerebrospinal fluid (aCSF, 100 pl),
SMTC (50 nmole) and L-Arginine (1000 nmole). The BR unload was performed by decreasing
arterial pressure with occlusion of the inferior vena cava. The icv administration of SMTC increased
both resting and BR-unloaded RSNA concomitant with an increase in MAP in the DS hypertensive
rats. The increases were suppressed by the sequential icv administration of L-Arginine.

Conclusion: Neuronal NO may suppress tonic sympathetic discharge, generated before baroreflex-
mediated inhibition in DS rats. The neuronal NO-mediated suppression mechanism may be markedly

enhanced in salt-induced hypertension.
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