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EHREEERNEICE RN DA D NO S HETBrHE R
DIEEIERF L B

Bhpiprsess  EHEEL BHfEERRTFR BRI

EEpEE EF B CEERKFER EEFEETRE)
HEAsEE BHEERARFR £EFE )
FAZSR (UBERKE MRS )

THETITROZER DD T, 8) BHEREE MR ES M 7-nitoindazole %45 5.4
BHE—EYLZER A EEESR (aNOS) BT 5L, ZRAHRIEEIEIN T2, FrC, EXFREN
SHEIC IR S A RIBE O R EN T R L E 3FITh R T2, b) HEANIC, £25&%5
7 1000 439> 1 &0 S-methyl-L-thiocitrullin (SMTC) %3 5L Th a) L RHROFE RAEAFTZ LD,
TR RAER D BRI B HIEIL T OVAIZIKNAID nNOS IR EASN A —ER{LEE (NO) Th

B, ¢) JEFETD nNOS IR LT nNOS BERE A Bl S BHERE R ILES Y M CIEEETHD,
\_:?LEODF%WE»\ B R ET YN T, BN nNOS 2388 IZFFESN., ZIUlL-T
FEEAESID NO D2 ARG B 2 I ICRAEIL T VB, LB X DT,

AHFFED BRI, () BNEREfnNOS 2 Ak YL, nNOS DO RBRIFTERAE FET 5.
(ii) AHERER LIS BPN nNOS V&R EEET 5, (i) mEE R AT M HER OEIEE O %
DIREAD =X LETH 2 TEF MED S M~ R B B O RAE~BAT 3 AEEEA, b\
bwwaEME~D[Crtical Period |- DBIREHED BT, BEEZET v N IO EEET
ZFohDE &2 DEFFIBIETORMA nNOS &M 3, [FE] SERS K ONET fé‘?/%
2, ERAEASF - IEREET BM AT L UEREWMEE , ATFEETEEIC TMEEREH
L., REVFA AL 2 57-ADP-sepharose {ZC nNOS Z#B45FE8L - HiH{L 72, nNOS BERIEME
14, RUF 7k, L-Arginine % BV V23 MVULAEIZHE \Fe4>8 nNOS FREHIDF EOESEICT
BIE Uiz, SefBikietar, $1 nNOS Fiffs —IkFUAIZ, Biotinylated anti-rabbit IgG & KT
STV, ABC ¥EDEIEITHE> T To 7z, R TIE, LRV~ A O FRKEREE
B A STV ) (Parabrachial N.3EEE) BBARMEERIETET DFEFICIEY , EHFEED
TR D FEEHIRIPIZ R \ INOS 2237 DFERMNTRD BTz, INERET iNOS == —m Df
s imlﬁl}_ ZyMTEipoTz, 12Ty NDARER BT B L NES AR ILE S v N
% nNOS 7EHED R LIS, FIRME/INMORERE nNOS BT ITZNTD b o Tz, ¥
Tz, FERIERRIZB W TH B RS R 7 ME I aNOS {E DO I FRD bR T,
[FEwm]EEREMRLET Y MZH LN, FRMIED. nNOS M4 R 42 11 il A& D
up-regulation ZEEL TWBD 1, MERERIZ 0 T A EERZIC RHNA 0NOS == —u Th b
5, EEZ DI, Tir, ZORMERETNNOS = = —1- 0 up-regulation |, BEARCEMEATT
RUTIXECR2WEEZ Bz,
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BEREEESIEICHE RO 3N n NO S HAEmREAHERE

DIERNIET & B3 | |
BmEE  EEHEL FEERREREEFE_ZE)
HEPFEE . EF = BFEERAFREEFE _RE)

AT CFEERAFREBEE BE)
wEarEy | (UHERKFREEEETRE)

1. EER

BE 2 EMEHEFEIRICTZ SNAOLD RREEZE TN, ) SEES
EBME v T 7-nitroindazole & H B 5 LRt —B(LEREGRESR (@NOS)
EHHET D &, REMEREEENT 2, £I0. EREERAEICHR T N SRR
BEDRAREEENI P L 3MFITHEARTS (1). b) MERIZ, £5BE5D 1000
0D 1ED S-methyl-L-thiocitrullin (SMTO)Z& 5L TH a) EREBFOERZR/ZIE
NE, REMEEOEREEESZHE L TWBIEMAD aNOS 1L DEEE NS —E
{kZEZ (NO) TH3., (c) EBED nNOS EHEB I 1NOS BEEEHEITBERSZ
- MBEOES Y FTIEEETHS (2, 3, 4. INLEOEE»S., AERZESNES
w TR, A nNOS ﬁiéﬁﬁ&zﬁﬁén TN X TEEZTNS NO MARERE
EEEHIEIMECRSG L., SMEZRELTVS, &EEXHNE. £/, BERZE
EMEICEST, EXMET Yy bTH, EZEERKFIREDD M 5 5B O 3Tk
 REEE oNOS WHIFIL TWA ZEM5, E¥ T v b THAA aNOS £ NO 238k
HRZEZHGEIEICHE L CWa EE X 5N, ‘

LU, PIEDESICEMES v MNEEICEREENEW . ENDRr>TH,
 E O EAN R OMNERAIZOD, MEANELES EZ OFZEZIC nNOS =
—O NEZNONRE, BENGEENFETH D, k. WEFLSLOKA nNOS
EMHEZESREINTE 5T, Hayakawa 5 (5). Ni 5 (6)  Ikeda (7) HITX D,
BERSESMET v N TE NOS EHEMENENSHEEFTSEL TIEWAN, &
5, B3BEHOEMT. BERSEENETIE. E5WVS3AHZIAT. ZAE
C CETIC NO MXBEEMEHEESBEBINIOREAIN? EVNIRTHD. AR
HEAFEMAREROEREEOME DR AN Z I LIE MR 2 i, BERE
HHZARICIREL TV Z Ens, ERNSEOREREZERTINENDH D,
Efifc. EXOEN S BMENEYZHNEE ZESREARTTIREHE. DO
LEMEND [Critical Periodd (8) BB L TWABHEEEESH 3,
C FREOBNIE. INSOREREETAZHIC, (1) KEE aNOS ZEEM
BREL, nNOS OREBHEEBMEZRET 5. () BEELISOMA aNOS E i
ZEETS., (i) EEEZFES Y FBIUEEEAES Y hOEL DEEREI
REN2MA aNOS FEHEICED L S BRENHLNDSN, ZHLNIITEIETHD.

2. BHEFE
21 EBREY :

Dahl BHEZE (5) Tv MIEEEE (8% NaCl 5F. S 8%%) Z/ZHER
AiEA (0.4% NaCl 27. S0.4%EL) %, 8EHMS 1 2 BBICE-> T4EMESL.
QBOEREFER L., £/ Dabl BHEEHRE R) Sy MCHPEEEE R3DE)
EFITEEEESE (R 04%E) 2. ThFNSEGE»S 1 2ERKHICE> T4 BFAR
5L, B4 BEOERFEDERL &
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REBEOKEICIZ, Dahl BEEZHE (5) v hBLU Danl BEEFAKE R)
Swbho2 B, 488 3EE. BIOI12ESKZAL. WINBEEREERN
WREEERERFERMEOFACTHRE LK. :

22 PEEL nNOS O & M ik

' ABCH (9) Z2—ERHZEL=FEEZAWE. v FER2TH —)VFREE (40mg/kg,
ip) L. BEFICALCEEBEALERE. ELEATIT—FIINZEZBEALZ. # 100ml
DEBEBEKTEEZBRL. HWTK 400ml ODEFEHK (4% paraformaldehyde EH
0.1M Phosphate buffer, pH7.2) K CZBREE Lz, BESIN/RMERL L. 30%
sucrose &7 0.1M Phosphate buffer, pH7.2 NIC TA—/N\—F 1 MNREEEL Z. BE
SN S MERETDHL, INEEREL. VI ARy MTTH 40um E
DY) - 7=, iXER ) Frid PBS(-) 12 T#k#%2. 3% non-specific goat serum / 0.3 % triton
“PBSOICEBIEL. ZD#. HFLaNOS T v MR (—XkFIE) I TRBESER (4C,
3 HFE) . PBS(-) THEX#. Biotinylated anti-rabbit [gG (ZRFUE) I TRIS 7= 25C,
1 E5fE]) . PBS(-) TFe¥2. Avidin-Biotin-HPR complex IZ CTRIGE® (25T, 1KfH).
PBS(-) T{E%#%, DAB & (Img/ml diaminobenzidine tetrahydrochloride / 0.01% H,O,
47 0.05M Tris-HCI buffer, pH7.2) ICTHEBI Hi,

2.3 FMP nNOS & % Il E &

Sy hZEHELUNEHELZ. MHEKIEEREKICTRER, BEr. F,
INKIZAH T EBICREERICTERE L. BIEICFIATSET-30CITTREFLL.
BEHAL . 50mM HEPES, pH 7.7 #2%&#& (0.2 mM EDTA, 0.2mM EGTA, 5mM BH4,
" 0.lmM DTT, 0.2mM PMSF, 10mg/ml pepstatin, 10mg/ml aprotinin Z&H) @ 25% W/V
CBICAN, ACKTF 7OV SAREDFAF—ICTHFEDF A XLz, TDFR
EUF— b % 15.000xg - 15 T 2 BEEE O L. T D L&D 5 2’ 5’-ADP Sepharose
% FV 7= nNOS DERA-EEL - it 275 7=, it iTiZ 10mM NADPH &4 L& HEPES
EERER W, ARSI L aNOS SEDEHEIX. Bradford EICHE> THIEL
7=, nNOS BEZIEMDBIEICIL, MU F U L{E L-Arginine (77 Ci/mmole) ZRW1 7z
NVY DI ES T2, RNMRIZIZ. 10 mM L-Arginine, 100 mMNADPH, 0.2mM CaCl,,
0.1mM calmodulin, 10 mM BH4, ImM FAD, 1mM FMN &% 50 mM HEPES, pH 7.4 Z H
W, 30C * 5 0MORGRMBERIZ Ny 7% (10 mM sodium acetate, pH 5.5,
2mMEDTA, 0.2mM EGTA, 1mM citrulline) & TRIEZ 1%, Dowex AG50W-X8 IZ TR
KREEEZBRELEE, BRERIS TERSNZ N FU LML ctrulline 22 2F b—
arvAhAY YA —ITEHAEILE., AEEREEEIL. HY 5 I 2FAER
Bradford [E TSRO /-EHE TR L. HEHME (cpm/min/pg) 1T THERLTZ.

FHITMEITTEEE + EEBZETRR UL, Matiid. 1EXKZ 4%*?5’?(“‘%@3‘
ZEF171E one-way ANOVA 3B LN Fisher’'s PLSD %, 1% % 2 BHETHET 2K
I3 unpaird t-test &, TILEIAWNTZ,

3. HEER

ERIT. () BEESHSMES v b OKSIICEEREEZRT 1NOS BERY 2N
b DEERERE, () BEBRSEENES v b ORRSE L UVNMYIC BT 2 BHL8A
aNOS FEHOBEIE. Z LT, (i) BHEERZ L TWRNWEEEEZE S v b S REER
Sy hORA nNOS BEHICDOWT2EEHENS 1 2EHETOREBEDHE, O
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SN SHERTNS,
31 BEREENES v b OKBE nNOS O REABRA

S8REEFIMET v M BLUNS04REIEFEME T v N DOKEERZE D H L. HiaNOS
TURZ W nNOS BERSY N T 2 RBHBRE Lz, MR TIImEEsi L o
FERIAEAIC nNOS & > /N7 @ E /- (Fig 1)

Fig. 1 Immunohisotochemical Staining for nNOS in the brainstem of a
S8% rat. nNOS is strongly expressed in the neuronal cells.
Magnification X400.

S8REEFIMET v b & S04ARFEFMET v Md, EDITERLN)IVOHIKE
FAREEAE» S BmOFRALN)L (#5E A FEE Parabrachial Nuclei) D35 4 =g
BRI R SN B N 0 48 K E O FRREAZ D FREHERE P I nNOS ANBABRICIRE I N,

Figure 3 & Figure 4 13, TNZIN S8%#E T v R B LN S04%F 5 v b DFEZ nNOS
DRBHABRE L EBENFIEROEEEZRT, WMEIL. Fg2 IKRENZLN)LE
FERCBEOLRIVOYIFTH S,

<N

.\\ .
*‘\)\-
F() Inferaural

+15 +10 +5

; -/
Fig.2. HFDLNIEHBTRT ., XHE (10) L D5H.
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Fig. 3. Immunohisotochemical Staining for nNOS in the ponse of a S8% rat.
Magnification X40.

Fig. 4. Inmunohisotochemical Staining for nNOS in the ponse of a S0.4% rat.
Magnification X40.

BERISHENES v b (S8%, Fig3) OFNEEMET v b (S0.4%, Fig4) I
LBy 2 & aNOS & 2 /N7 Y X N 5 FHEHIAE D E 0 %1, S8% T v S ANER(D nNOS
YufE MR 8239 (B, S0.4% 5 v MEMERD nNOS RaEMaEL 6796 ETH o7z, 5B
2% v NTHBS8% T v MK E S0.4% T v MKEIZ R 537 nNOS FEMAEI.
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ZHEN 10535 HE 9913 HTHo 7=, SEAE 2Ly b (5w b4 TRAT
NYEEREHBENES v hOFIC INOS S5 MEMENE < 55N/,

32 128E& Ty bORKE., B, NMKICHBITS, MAESN nNOS &%

Mgk, B, PNIXOSHEED S nNOS ZEBE L T D g% 4 HE TR
T 5 &, S8BEEDMMENER nNOS 1EME (7470 + 562 cpm/min/ug) MMlLEE (S0.4%F£1L 5582
+ 342 cpm/min/ug. R8%EEIL 5910 + 95 cpm/min/ug. RO.4%EE1E 5643 + 237 cpm/min/pg)
CHLUTERICHEBEEZRLE (Fig. 5). |

Enzyme Activity (10° * cpmiminiyg)

Fig. 5. Brain stem nNOS activity in the S8%, S0.4%, R8%
and R0.4% rat-groups. n=4 for each group. *, p<0.05
between the 4 rat-groups. ‘ '

REANEE aNOS ¥EMEIL. S8%EE : 5530 + 519 cpm/min/pg. S0.4%#E : 5458 + 502
cpm/min/ug. R8%E : 5185 + 212 cpm/min/pug. RO.4%Ef : 5149 + 597 cpm/min/ug £ 73
DARMICERZIRD S5NABN o7z (Fig. 6), _

/NBMER nNOS JEMEVE. S8%FE 1 16803 + 1731 cpm/min/ug. S0.4%%E : 16686 = 1735
cpm/min/ug. R8%EE : 13314 + 1501 cpm/min/ug. RO.4%%F : 15661 + 2090 cpm/min/u.g
D ABBICEREEIA LD NN (Fig. 7).

CiEmS, BERZESOEREBLIOEENERO@MBEES ©, Mer. HBX
UMK WNT TS nNOS JEMER®D 5 /=0%, MEF O nNOS &2V 0 E
FRICHEZICEENRE N, FMEDNHOMARZ aNOS EEIZNINS 4 HEICH
BENRD 5NN T,
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Fnzyme Activity (10° * cpm/min/yg)

8%

Fig. 6. Diencephalons nNOS activit}: in the S8%, S0.4%,
R8% and R0.4% rat-groups. n=6 for each group. No
significant difference was detected between the 4 rat-groups.

E:

g 20-

& L

I T

: 7
= 101

Fe~

E

3 7
é 0- S8% S0.4% RS8% R0.4%

Fig. 7. Cerebellum nNOS protein activity in the S8%, S0.4%,
R8% and R0.4%rat-groups. n=8 for each group. No
significant difference was detected between the 4 rat-groups

33 BEBRSEPICEFAET v MOMKA aNOS FECRFBE
B HE ME TN EHO aNOS FEENE N, ZOEERIIEMLEYRE
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B EORHICHEI NS ONEFANDITHZ 0. BT Dahl BHFEREZHE S v b & Dahl
BEENET Y b EOBMTENTND REBEF AR nNOS EEICERMREN
FELTWRWNERANZ, BILETIIRESEFICEMEAND ‘critical period”  (8)
ERINLETDH D,

Table 1 121, 2#&%N 5 1 2 BEHETOmM T v b T IZBITBH4E. EIN,
NG OD B nNOS &2 R L 7=,

Table 1. Brain tissue nNOS activities of the 2-week-old (2W), 4-week-old (4W), 8-week-
old (8W) and 12-week-old (12W) S8% and S0.4% rats.

. Brainstem Diencephalon Cerebellum
S0.4% R0.4% S0.4% R0.4% S0.4% R0.4%
(n=4) - (n=4) (n=4) . (n=4) (n=4) (n=4)

2W [ 9.11£1.70* 6.85+1.65*% [12.52+3.02*% 9.57+0.95*%| 8.861.13* 7.27+£1.37*
4W | 5.90+0.74 4.29+0.64 | 8.93+x041* 7.10+0.61%* [16.78+2.16% 14.98+2.91*

8W | 5.66+0.41 5.40x047 | 7.35£1.06 67J0+041 |22.53+-4.68 18.19+2.76

12W | 5.584+0.40 4.02+054 | 6.30+1.38 5.11%£0.81 |21.37£2.16 22.99%5.33

* P<0.05 compaired with 12-week-old rats of each rat groups. There is no significant
difference between the $0.4% and R0.4% rat groops at any.age.

Table 1 DFEREMS, WTNOKEBICPNTHREBEICRVWTEERZHE
C REERES Y FOm I CREICIZEEZE R EN RN I ENRI N

4. BR

AEFTH 7= nNOS SR aIc LD, MBI T, EEREOMZEEIC nNOS
Zoa—OrREBRBHLSNE., EETIE LR LX)V AN O k7K E E B RS O
BHIFAREIC nNOS —a— OV EEMNRD 53, —F N CIBOHRAL L N)) (HEEkh
JE B Parabrachial Nuclei T£8) D 4 =AM nNOS Z2— O U HARD 5
Nz, 25 OFEREEOFICIZ. FMEBEKEE (PAG) iE&HiEF# (Parabrachial
Nuclei) R EBFTENTNB I D ITEDLNED, FOHRIISEOREICHITEDZ
Mo, BBREFABEU LOMEZIC nNOS —Za—O B HFE L TnSH0 EE
Dz,

INSEEINEMEL aNOS Z2— O I DNT, F 0% Dahl B
Sw NOEMEHEEEMERE THELZEZA, BMEREDOHD aNOS Za1—
OYEMNENo 7z, T, TRkl 2EEEFHICE X sNWREER (FR1 2
FEEREE 2, 3, 4) ThH5, ik aNOS BB L nNOS BREHEIIEERZ
HEMESY ROARENENIFRE—FK L=, #-o T, BERZESMEICH
5% MEFERHERR nNOS O BB IIHEZMNICHIARAINDITE >,

Hayakawa 5 (4) % Ikeda 5 (6) V& Dahl BHEBZMFEMES v hOMEB LN
ZHETIE NOS EHME T LTS EHE L, ZHUTH U4 IE, 4k nNOS &1
PLOHER: nNOS BERERE, S0 IRBHBREEICED, MBI TIE aNOS &
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HEREIML TWAZ EZFERLAE, LML, MBS OREBRIC D WTIEEZAN
SNTWAENS DT, SHEERE/NKICDOWT DA aNOS /EHEZEIE LR, £+
DFER., BIRKS/NMNNTIZ4BBEICEEZEZEIRD N An I ENbiho7z, ZOKR
"5, BEHEEZESNEICR SN HRREMRERZHGE L THWD O, FRKS/NRIT
AHT B aNOS Za—UO 2 DRIEEHEWIIFFRIZDRR <, &S oNOS =2 —0O
SHMERTHAD EEZ BN,

INETHRELTEAEDIT (FRk 1 1 EERESE. TR 1 2EFEREE, 1.
2. 3. 4)., KA® nNOS FEEZEEET 3 ERXEMHRIEENTIET 5., ZORFIT
B AEEREMENETERICEN., BEEREEEEHO LAZIT TR, B
BERNENERNNDEIOF ) DTN R BEEREERESHOERR LA RS
- NB, INSARERIEEOIFEIERENL, EEEE TOMERER TH., K nNOS
EHEICHEL TWAESS EHEL TWE, SEOREHEBEEDRHESCHER - /N
MO REZEZEET S &, RERSHEEMNETIE, B/ TR < REEICE <
- AT B nNOS Za—0O 27 up-regulation T4, ZILH o — T T K B R
EHOMEIHFENERINZDHDEEZSNBICE>, ZHUTKD, 1NOS Z
—O N KB RMRE R MG T HE OMEN R E B L TEZ,

LR D - 2R EHBENE SN0 DDHB END T &iE. KB
FRINFZ 53, MOEERIETHHN, GBE CRBEERIEEFDDRMND 281
EMICTBHDIT, BI—DEERAND S, BERZESMEIC/RS & nNOS #Z
R AR E AN RIEICEE I NADITVN SN EDEI B AN ZILITLEHD
EAIM? INERANDIT. KT, BERZHEODZ Ty NERWVWT Yy R TIdER
EBE TRA nNOS {EHORRICEND 2NENEH SN L TR BENH 2,
RERS, BIMETO— Y TIEEMENEZRE L TR WD 2Bk ER I
- ELTHASOEMEREEZRET 2H2EER—FFH. ‘Critical period” MWHFE
NTNBENETHS 8), ZOBHTIIEZBEINTVRING ZEDEYENE
RERTODTH?, £/-, BREAFPEMLEEND BFWNRVIRET, REBEIC
B BHA aNOS RBIRICENH UL, A nNOS EREDOREE Db DICEEHIER
DHEETZNS, LrL. SEOMETIZ. BEETEEZRTNE. SEHORKE
B2 THIGHERE oNOS EHORBICH T v b1 VHICEREIZAE LRV Ebh
S5, TDTEMS, BEAMENIANICED aNOS = 2 — 0 Rk AR Al
HEOEENEED, ENWD IENHESMNELS T2,

5. SBOH#E

SEOMEICE D, EZEEERE I BT3B IE 812w U T I il
LTV H-mlifHHEgG R, MBEHICRoN24 DU LOMERICOMAT 2
aNOS —a—O Y THBIENHEALE, LHL, TNHDZa—O EINETI
B ENTNWAEEFEORBRMEREAT R EDDRERND D, KB D EDFEEEZ D nNOS
Za—OVBREERELZOTVBEDY, Tz, FHEREFED nNOS Za— 0> &EDOBEf%
RE, EREEFHRRANEEZ 55, —OTE AR, FLIKHERSNZ nNOS =
2OV HREEERAGEED L T F Y T NAT A RNE<FHTH S, N
SEDOREHLNCT B0, 98, BEFEERCELEEFNFEEZAVIVE
EZ T35,

77, SEIOFE TIIERKS/NMO RBERBREZK T I 9 2 &Rz N
. BEBRSESMEICBITS aNOS —a—O OMANHOLEEZHSNITT S

-120-



R, TS DM TOREMGREBET T LIZNEZEZTINS,

BERSHEOS LTy FEENS Y NS, TOREBEICBVWTREERZ

Bz 70 EMAEE nNOS BHICENE RN Enbh oz, S&IE. BEER
BT 2BEOSy b0 aNOS IEEZEIE L. REBE, FFIT critical period &
aNOS {EMFRE EOBREFARNZNEBEZ TS,

6.
1.

10.

SCHR 2

Nishida Y, Chen QH, Tandai-Hiruma M, Terada S, Horiuchi J. Neuronal nitric oxide
strongly suppresses sympathetic outflow in high-salt Dahl rats. J. Hypertension 19
(3): 627-634, 2001. ' ’

Nishida, Y., Horiuchi, J., Tandai-Hiruma, M., and Terada, S. Neuronal NOS inhibition
dramatically increased tonic sympathetic discharge in salt-sensitive hypertensive Dahl
rats. XXXIV International Congress of Physiological Sciences Program Booklet, pp.
24, 2001 and Abstract CD-ROM of XXXIV International Congress of Physiological
Sciences.

FEEESL. =M B BAEE AEREEENET v MBS HHHEPT aNOS
IEEORBME RN T Sk, HAOREEEFESML Vol 10 (2): 43, 2001
PEEEEL. =M E EPRE AEREEEEIET v b CIIRHEES aNOS 1
HOTLEI & ) REEMEIEE 2 306l L T 5. Japanese Journal of Circulation
Research 25 (1): 7, 2002.

Hayakawa H, Raiji L. The link among nitric oxide synthase activity, endothelial
function, and aortic and ventricular hypertrophy in hypertension. Hypertension 96:
235-241, 1997.

Ni Z, Oveisi F, Varizi ND. Nitric oxide synthase isotype expression in salt-sensitive
and salt resistance Dahl rats. Hypertension 34: 552-557, 1999.

Tkeda Y, Saito K, Kim J-Il, Yokoyama M. Nitric Oxide synthase isoform activities in
kidney of Dahl salt-sensitive rats. Hypertension 26: 1030-1034, 1995.

Zicha J, Kunes J. Ontogenetic Aspects of Hypertension Development: Analysis in the
Rat. Physiol Rev 79: 1227-1282, 1999.

Hsu SM, Raine L, Fanger H., Use of avidin-biotin-peroxidase complex (ABC) in
immunoperoxidase techniques: a comparison between ABC and unlabeled antibody
(PAP) procedures. J Histochem Cytochem 29:577-580, 1981.

Paxinos G, Watson C. Plate 55. (In) The Rat Brdin in stereotaxic coordinates. 4"
Edition. Academic Press, San Diego, 1998.

-121-



Brain-tissue nINOS activities and nNOS immunohistochemical reactivities

in Dahl salt hypertensive rats.
Yasuhiro Nishida!, Megumi Tandai-Hiruma’, Jouji Horiuchi', Hiroshi Sakamoto®

National Defense Medical College, Department of Physiology II
*Yamanashi Medical University, Department of Anatomy

Summary

We have demonstrated that intraperitoneal administration of 7-nitroindazole or
intracerebroventricular injection of S-methyl-L-thiocitrullin markedly increases tonic sympathetic
discharge, especially sympathetic discharge generated before baroreflex-mediated inhibition, in Dahl
salt-sensitive (DS) hypertensive rats. In the present study, we have focused on the brain-tissue nINOS
activities in the brainstem, diencephaions and cerebellum, and also nNOS immunohistochemical
reactivities in the brainstem of Dahl salt hypertensive rats.

Methods and Resuits: 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, nNOS activities of the brain stem,
diencephalons and cerebellum were determined by the citrulline method. The DS hypertensive rats

" showed significant increase in nNOS activity of the brain stem but did not of the diencephalons or
cerebellum. Brain-tissue nNOS activities at 2-week-old, 4-week-old, 8-week-old and 12-week-old
ages were compared between in normotensive DS and DR rats. However, there was no significant
difference at any age or in any parts of brain between the two rat lines. Immunohistochemical
reactivities of nNOS were examined in the brainstem of hypertensive and normotensive DS rats by the
modified ABC method. nNOS was strongly expressed in the neuronal cells of several nuclei in the
brainstem of both hypertensive and normotensive Dahl rats. More than 4 nuclei in the brainstem
showed nNOS reactivities. The total number of nNOS-reactive cells was larger in hypertensive rats
than in normotensive rats. )
Conclusion: nNOS neurons in the brainstem but not in the diencephalons or cerebellum may be up-
regulated in salt-sensitive hypertensive rats. The up-regulated nINOS neurons may strongly suppress
tonic sympathetic discharge, generated before baroreflex-mediated inhibition, in hypertensive Dahl
rats. The neuronal NO-mediated suppression mechanism may be markedly enhanced in salt-induced
hypertension. The genetic differences between DS and DR rats do not produce any significant
difference in brain-tissue nNOS expressions without sodium load or hypertensive load.
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