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RIEBZHERMEIC A LN BN O L 2 R BRSBTS R

Bt - HE Hoh (BEERRFER AT )
ERAIFEE B BE (TR RARE EFER ABRERE)
ERE B (EERKRFR EETE )

—BLERAFEER (NOS) XHRERERICAL FEFRD O, ZOBRELEZ
BHET 2 & AR RAREEC R E T3 Z e BHbN TN, L LZORIBE. BINRE
SRBNADVEEDHY CIIESERRCL VTR - EfiSh 57z, FHREE NOS
I & DR BEREADE BTV — 5, RIERZMENERRETIVENTH
% Dahl EERSMEIME (S) 5 v b Tl L-Arginine-Nitric Oxide RICEEDH 5 Z L8

oo, MFFERE L OBERDBHRL SN TN 5, AFETIE. ®REE NOS FHEHRIT
%%7mMMMMCUM)§ﬁU S S v MOFRMZRMEEEICON T AREZTN &
BIZ Z DEERSEEINT EFIVICBIT 2 FEM: NO I« L 2FRHIREZRA~ .

[53%) s RUEEEE (R) Sv Mo, FERERF-IIEREAS 4 BRAR L

(4 REREMIEE) . 25, BT I CERRREES) (RSNA) ZHIE L. NI (50 mgkg)
REZEPR 51T & D FEME NO EEAE ZPHE L. ZHRF (resting) RSNA ~DZIRZEE Lo
X5 NI HB5EHRICT. TABIREISICL 2BIREDS > 7REBEICL D, EZASF
REHIC & B SR % % L 7= RSNA (BR-unloaded RSNA) ~DFEEHBIE L=,

[BRIEAEAS S v MCIEINLIZ & b EIRED 15 £ 3 mmHg SEA0 L., 5D resting RSNA
H24+3% D5 38+ 6%~ J=s Z DR BR-unloaded RSNA I& 100 %D 5 278 +16 %
AZRRIEMEZR U=, M3EEDS v T, resting RSNA IZIEFERD > /=05, BR-
unloaded RSNA 21, IERAIEAS 5w b TIL 179215 %~ EEEER Zv b TIX 177+
15 %~ EBEEAR S v FTIE 133 £4 %~ FNENIEIM L=, NI DR D IZ vehicle
25 LBV THOEBEL R 5 7= Hld T Larginine (100 pmole/kg/min, 10 73f) #
5332, EAEAS S v FOMAIT resting RSNA KU} BR-unloaded RSNA DFTH IZ#IlIH8
Roh=o INI #5744, L-arginine 2 [AE#&57 2 L. INI BHER5IC X D RS 17z resting
RSNA % BR-unloaded RSNA DZMEIZWThd, EDZ v METHRONRLRDTz,

[fam] AEME NO 12, ESASBREIC X 2IHDRIFNE, RIEARZ L TWRWES
2 v T HRBARRER 2 IH LT LBbihd, 6o T, ffEE NO &, IEEZ v b
DRBAFEEE % TRABRRARIC L DIFEIL 2 2T, MHEEICHL T2
LEZ oD, BRERZERMETIE. ZOMHIMNERICERN D, HREE NO 14320
EIHBSEED IIREIC A BN D, S8, TOAANZILBFALEZNWEEZ 2o
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Bhpiged  vEE Bk (BHEERIRFR ARFHE T REE)
HEFERFFEE B B (TR Y AKRE EFE A
EM B GEEERRFR AN )

1. WiEER

AIFFEOHKI, FLWBARERRAGSRHRFL UTCEHZBRT TN S —BRILER

(NO). 72D CHAFEME NO I K 2 SRR EIAEISE & SRR E RN & DBIE %

FERBZELTH B,

1987 FIC—RMLEER (NO) D LWMESEEME TH D Z L DRI = 49X D,
HRERICHRHIRED NO FEAERER (NOS) DEET B &b oT\Wiz (1), £EHE
RHC. HIREREA D BRWEBER 2o 2 L DRI =08 (1), ®fE4E NOS (nNOS)
ST 7Y MZEAMETIIELGREED RN EBE 3) SN eroREBICEFEHS
Nz Ix>7,

LD L7ahis 2D, Sl b2 FEReicibo v b 3) e (4) O
PHERPRMEEEER (5) IT/A < NOS DHEAT B Z L DML SN =o F 7=, NO donor
0 NOS PHEHAI: X OMPMEEAI L D IERPIR =2 — 0 VTV EEE RIZTZ L H
WESN (60 7). HFEME NO DARHFRGEIAEICEIS LTWA Z LHlETha LS
RoTme L ZAMZTOREL. (RET S LW (8). Ml DWE (9). IHIIFHIC
TN OHWE (10) BHb, AMESZI—ELRDP o, Sakuma 5 (11) &, HH#IK
DESRBRSZTO Y7 LTHITIE NOS 2B flET % & RBE2EET 5
ZEERLUTN

—75 BRI IE NO FELE R L R BIRICH 2 Z L BRESINTH D (12,
13). L-Arginine-Nitric Oxide RICEEDH 2 L INT\5B, Lo L. FfEE NO tﬁiﬁﬁ
ZMEINE & DB D I DN TIEIRE D720,

7R Tl AEtE NOS PHEHITH B T-nitroindazole (7NI) ZFV. HE2A e
IC & B R RAHHREEBI DB Z IR S 5 2 LICE D, 5 v b ORI RFREEE)ICN 9 2 1
FEME NO DRE RNz, X 5ICAIERIMENEETIVICE &%M?&Nokiéﬂ%
BEIZOWT, [ERRDAEZ AWTHER=,

2. W55 _

Dahl BRI (S) S v MIEARER (8% NaCl &4, S 8%HE n=9) F/IXIEH
BIEA (04% NaCl 4. S 04%FL n=8) %. F/= Dahl &R (R) Zv MNI&ER
& (R 8%EL n=8) F-IXEHAIES (R 04%F n=9) %, Th2h8EEKH»S 12
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HERICE > 4B U, ABORBIEZER L o

ZORIEARHEA. 2> 7Y —)VRRE T I BIRFR 2 EKICI TV, N REIRA L
BEZET 21200 F I N—F—%%E Ulzo FRR2 Hul. BEX Y 74 —VRETIZ. &)
FlR A T —7 )V EJEERN A T — T )V B K OB RREHRE B 2 S DIARA. BN T —T IV
BBOMRIERE T 2B L. BN DL TE W,

KERUH, S MNBEAB YLV —IVRR I IR L. T v MIREHMET B
D% TR TP DR T CLUT OERZIT o120 #FEEHIHIE A B3 3R st
WIS, BIRN T —FIVIEE b5 Y RF 2 —P—IC& 28k L. BBEREEE) (RSNA).
BIRE (AP). FRIEARE (MAP). BRRPOMA% (HR) ZRELE. INHDT—FIET
FOV V= —=IZ5RT 5 eftic, FUYNERL (V7)) U JEE 100Hz) IV
Yo —&IEifk Uiz LT —4 Zadtk U, TAREIRBAZAA 7 V—4— - hF—
FWIZEBADDY) > OEERL. V)oY Ry 7T DFEALTCHIREZ S >
TRIEF ¥ (Fig2, Figd)o ThICk b, BIRES X CELEER T, E2AR
DPODIEFTEMINT U AR RS REAHFEING 2 PR U 7z [kf D RSNA (BR-unloaded
RSNA) ZEHAILJ=o BRI T—FIICIE 7 ==L 7 ) > (50 pgml) ZiEHE L. BIRE
ERIZ LD RSNA DB B L)V &R LTz (Fig. 2. Fig. 4)o 25 DE{E%. T-nitroindazole

(50 mg/kg, 307 pmole/kg IZAHY) DIEMEASIZ K% nNOS 70w 78l (2> bo—)b
7x—X) % (aNOS-7 1w/ 7 =—X), BWdE /=, Larginine (100 pmolekg) DFf
WRAHR 51 & % NO BEAEEDRT (T3> bo—)V7 =—X) # (aNOSEMHEHET =—X)
TITV\. AP. MAP, HR. RSNA. RUNEH) RSNA (mean RSNA) ~DEZ%EE - S0ik
U7zo

RSNA {3 b a—)V7 =—XD unloaded RSNA fEi%Z 100%& LT, &7 v MEIZH
HHE (%) TIERUEz. Fiz. SHEMEITFE + FERETIER U, MatiZid, 1
R A BRI CHEB T BRI, one-way ANOVA B LU Fisher’s PLSD %, 1 Z2¥% 34
5 DRI T 4 B % T 2RFCIE. two-way ANOVA 3 L T Contrast test 2 FV /2o

3. WgERER
31 LEHT —%

45 v FEC B LT —4 % Table 11217 . LHRFEIIREIL. S 8%HDATE
%R U7z HR ° RSNA IZid. 4 HRICEZRDRP 272,
32 7-nitroindazole IZ& D nNOS 270w 7 UBIR

Fig.1 I R 04%EHC 7-nitroindazole Z3%5 U7zflZ R Uizo il MEHEARSIZ XD

Z v MI—RREER TN, PP TEEEMDREL. T—FHEHEE. MAP ® RSNA
Fay b=V )VIEL IR S 2o T-nitroindazole %57 T FAEIROA 7 NV —4—
#Z[FEE ¥ BR-unloaded RSNA #1§, ThZME Uiz, Fig2 WmdT LT, HEROL
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N U= Fig3 & S 8%EEIC T-nitroindazole %5 U/=flZmd, MES HR OF —F
FELIR>TH RSNA IFHEMNZR U= DR BR-unloaded RSNA {5 #iL HE LT
EHRRENDERD SNz (Figd)o

&2 v MNHEDOEEHES Figs IR L7zo MAP X, 153 + 4 mmHg »*5 167 = 5 mmHg
~ (AMAP : 14.7 + 2.9 mmHg, S8%%£). 104 +3mmHg »*5 121 + 3 mmHg ~ (AMAP : 162
+23 mmHg, S04%%#f). 96 +3 mmHg 7*5 110 + 4 mmHg ~ (AMAP : 13.8 + 2.1 mmHg,
R 8%%E). 97 + 2 mmHg »*5 110 + 2 mmHg ~ (DMAP : 13.0 + 2.2 mmHg, R 04%%£). W\
ThOBETHIEMU., ZOEINMIIL 4 BRICZED 2D 572, RSNA . S8%EEDA 24.5
+ 32 %5 37.8 £ 57 B~EMURED, fh 3FETIIARREMIZRS5NR 570 unloaded
RSNA IZa Y bO—)V 7 =—XD 100%H» 5. 278 + 16 % (S 8%EE). 179 + 15 % (S 0.4%
BE). 177+15% (R8%EE). 132+4% (ROA4%EE) ~IEMUJ=o Fisher D PLSD IZT S 8%
IR L D ERICE L RO4AZFHIMEE L D ARITEN LIRS N7z
33 7-nitroindazole @ vehicle (peanut oil 10 ml/kg) Z#54. L-arginine IZ& D NO FEAZ
e L /=505

vehicle DRENEALS5TlL MAP, RSNA. unloaded RSNA DWTNIZ & FRRELIK
Rengabholz,.

Fig.6 1%, vehivle #5781 L-arginine 25 U7z BifE CHEFDFHEDIRZ TR Uiz,
MAP ZWThOBTHEREREIR S NRD o= RSNAILS 8%HEDMAIZ 282 + 21 %
P 16.0 +3.0 B~DIE T AR S =8 Al 3FETITARR LI R 5 b o Jzounloaded
RSNA IZ S 8%BEEDHIT 107.7 + 6.0 %5 69.2 + 47 %e~FLER U=, (h 3T TIIER
BRE(LDI RS NR Do =0
3.4 7-nitroindazole I B RIALEE, L-arginine 235 L7=2hR

Fig.7 I&. 7-nitroindazole #544IC L-arginine %#%%5 U= BifE CHEHOTIHED L Z
R U720 MAP I3, 163 + 6 mmHg 7*5 154 + 6 mmHg ~ (S 8%#F)\ 120 +3mmHg 25 114 +
3 mmHg ~ (S 04%%£). 106 + 4 mmHg 7*5 99 + 4 mmHg ~ (R 04%%f). 112 + 3 mmHg
5 103 + 2 mmHg ~ (R 04%%E), L 2L UEDPNWTNO EREDG S NRDP > Tz RSNA
1. S 8%BETIL 385 + 4.8 BB 37.8 + 4.7 %e~L. HiMlLE R UIZ L-arginine %5 U 7=IRFIC
AENEETFIRSNZ L rolze i 3BETIE, 7-nitroindazole DHIMILRS & FBkIZZL
IXE B> o unloaded RSNA b, S 8%EETIL 270.4 + 17.6 %15 2645 £ 201 T~
DI D, FLEZ LIS L-arginine 325 URICA S NEETIZR SR R0, i 3#
& e olz,

3.5 D-arginine Z§%5 U7zZ)R

L-arginine %50 b @—)V ¥ LT D-arginine 100 pmole/kg/min % 10 ATV €
OREEFELTze WTNORETSH, MAP, RSNA, unloaded RSNA IZHRRZELILA 5
nixh-o7=,
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4, ER

nNOS DFHEFH, 7-nitroindazole %53 5L, WINDZ v METH MAP DK 15
mmHg {Z& FRYT %, FARC. RERSMREIER (S 8%#) Tl RSNA MEH#EL. i
BT RSNA CEEBRSNZD S0 INLDHAIE. 7=V 7 ) U CliEE EIF
B EICR SN2 ZREREEINH L X B b, £2 T BREZ RS T, EXBZRK
BT & 2 AR 2 MR U 7= e D SR R RETS B 2 508% L. nNOS ZPHE L/ iE e
BT BERSMRIERETIX. E2ARR MG 2 Mk U 7o SeRAEREEEN A% 3 &
HOBEPIREHER Uz MEEFTH. AR REHEIIRH 2 IR U /= R iE# 0 LA
Ron, BiEEGiE> v MCEFRERE2 5272 Wbw2a Y FO—VEHTTZHK 1.3
EOEEE R UI. > T\ T-nitroindazole 1XFEZERKETIZ & b iMfIE I 2 BIBFEDR
RAMEEES 2 EES 8- E I 0N b, JORBMREEEIEAD. MEDZELS RSNA
DEICHERZ 52 -2EZIbN5,

BIERSMEINES v b Tl L-arginiine 1Z & D ZER AR EN OIMEIE LU
SRR ATHEINHI 2 RER U 7= RSB OME O E LR S iz, ZORIBE. D-
arginine TIXR 5N, /=, 7-nitroindazole DHIMLE T Y 7 ENd, ZhdDFERD
&, Learginine DFRIL NO FEABHEICEDE, F7=. 7-nitroindazole DFRIE nNOS 710
W 21 & B RN NO EEAMFIC DW= b D e HfEES iz,

UD L7285, L-arginine DFRIZMMDIEFEMERE TR S 7R H> > /2o 7-nitroindazole
B EORREZEZADES L. AIERZMRIEER Tl nNOS 1T X 2 3R uHEIH]
KDEIICRELTHB Y. T-nitroindazole % L-arginine DFIRDBAREIZI DNz DU Ly
IEHEIMERETIE nNOS MEHHIRDTINN =8 L-arginine DFIERDMMDEEEIC Y X 7T L
F oD Tlidrnh, LRI,

LLEDRER I b, AR NO . ERAERRENT K b IHIA 1 2 HilEHE D 22 REiE
WEE, ERIMES Y b THIHIL TV EBbhs. #o7C. Ml NO &, SeRkhiE
DIEIMERHR TH B LEZ BND. & 5ic, AERSMEMETHE, ZOMHRHER
CEELTWALEZI SNk,

5. SBOFE

ZNDIFEICI 2 DORIERDH % &bz, #—Id. 7-itroindazole & nNOS I
BEEDMENEOWE (14) DD 5720, SHOERIE. INSOT—FZT»5,
MENO IS BEREWIETE DD, LVWIHETH D, F Ik FET Oy H—2EHE
BELTW57=80, Z2OERBSE2RNETSZPRETH IR TH 2. IHIT. 1DDEE
MmNz, RIERZIEENTETIE, MEICR 505 eNOS PIERIMEDIMEDZ N
LHRZEFDLTWS, EWEINTWS (15). SE. AHIFEORERD 51X, nNOS
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Increase in MAP (mmHg)

Resting RSNA (%)

Unloaded RSNA (%)
g

. S8% S0.4% R8% R0.4%
Fig. 5 n=9 n=8 n=8 n=9
Effects of 7-nitroindazole (307 umolelkg i.p.) on
MAP, resting RSNA, and baroreceptor-unloaded
RSNA. t, p<0.05 vs other groups (two-way ANOVA,
Contrast). *, p<0.05 between 4 rat-groups.
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n=9 n=8 n=8 n=8

* [ Betore [ Atter

Resting RSNA (%) Increase in MAP (mmHg)
N
=]

Unloaded RSNA (%)

Fig. 6 $8% S0.4% R8% R0.4%
Effects of L-Arginine (100 punolelkglmin for 10 min)
with 7-nitroindazole on MAP, resting RSNA, and baro-
unloaded RSNA. *, p<0.05 between 4 rat-groups. No
significant effect of L-Arginine was detected on RSNA.
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104 pn=g n=8 n=7 n=7

O

[] Betore” [ Atter

Resting RSNA (%) Increase in MAP (mmHg)
0
o

100+

Unloaded RSNA (%)

st
| M
Kl

T

Fig. 7 S8% S0.4% R8% R0.4%

Effects of L-Arginine (100 umolelkglmin for 10
min) with Peanut Oil on MAP, resting RSNA, and
baroreceptor-unloaded RSNA:. 1, p<0.05 vs other
groups.

Table 1. Resting levels of MAP, HR and %RSNA in control
phase in each of 4 rat-groups.

MAP HR %RSNA
(mmHg) (bpm) (%)

S 8% (n=9) 153 + 4* 392 + 11 24.4 + 3.2

S 0.4% (n=8) 104 = 3 378 + 15 28.6 = 2.4
R 8% (n=8) 96 = 3 373 £ 16 247 + 2.6
+ 11 25.6 = 1.8

R 0.4% (n=9) 97 £ 2 393

*, p<0.05 between 4rat-groups (One-way ANOVA, Fisher’s PLSD)
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Neural NO-mediated Super-suppression of Sympathetic Outflow
in Dahl Salt Hypertensive Rats.

Yasuhiro Nishida', Megumi Tandai-Hiruma', Chen Qing Hui?

'National Defense Medical College, Department of Physiology,
*University of Texas Health Science Center at San Antonio, Department of Physiology.

Summary

Histochemical studies have shown a widespread distribution of nitric oxide synthase (NOS) in the
brain. Systemic inhibition of NOS activity stimulates sympathetic outflow in baroreceptor-denervated
animals, which is counteracted with pressor effect-elicited baroreflex in intact animals. On the other
hand, Dahl salt-sensitive rats have been reported to have dysfunction in the L-arginine-nitric oxide
(NO) system. We then investigated the effects of 7-nitroindazole, an inhibitor of neural NOS, on
sympathetic outflow in Dahl rats.

Methods: Dahl salt-sensitive (DS) and -resistant (DR) rats were fed a regular salt (0.4% NaCl) or a
high salt (8% NaCl) diet for 4 weeks. Using conscious rats instrumented chronically, renal
sympathetic nerve activity (RSNA) was measured in both baroreceptor (BR)-loaded and -unloaded
states. The BR unload was performed by decreasing arterial pressure with occlusion of the inferior
vena cava.

Results: The neural NOS inhibitor increased resting RSNA from 24 * 3 % to 38 + 6 % with an
increase of mean arterial pressure by 15 + 3 mmHg and BR-unloaded RSNA from 100 % to 278 +

16 % in high salt-DS rats (n=9). However, the inhibitor did not increase resting RSNA in other rat-
groups but increased BR-unloaded RSNA from 100 % to 179 + 15 %, 177 £ 15 %, or 133 + 4 % in
regular salt-DS (n=8), high salt-DR (n=8), or regular salt-DR rats (n=9), respectively. High salt diet
significantly furthermore increased the BR-unloaded RSNA than regular salt diet did in Dahl rats. A
vehicle of the inhibitor did not show any effect in each group of rats. After vehicle, L-arginine (100
umole/kg/min for 10 min) decreased both resting and unloaded RSNA in just high salt-DS rats. After
the inhibitor, the L-arginine did not show any effect on resting or unloaded RSNA in each rat-goup.
Conclusion: Neural NO may suppress sympathetic outflow even in normal diet or salt-resistant rats.
This neural NO-medicated regulation of sympathetic outflow may markedly enhanced by salt load in
Dahl rats. These findings suggest that neural NO may super-suppress sympathetic outflow in Dahl salt

hypertensive rats.
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