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DOCA% /- [FBIEDREICEY . BOL =Y mRNA HEEICHDS LS. BET
HR O TR EBORA L = Y mRNAZED Ui o7, B, 7Y 947 s
v Z#aEEZE(ACE) mRNA &, DOCAEZFRIEDIRS(CLY BlcBWTIHED L=
5. TR . TRMBEBCH T, DOCA- BIEDES 2L UACE mRNA
FESUE, 7YoAF ol 18 (AT1) S5 mRNA [£. DOCA- RIS (C
FUBL N HIC BTN LA, ZORMER. BICHATHTA TH 7,
—H. TrIAFU /45 (AGT) mRNA (£, B - BEHICDOCAEZIERIGRS
[C&URPERLE, DOCARIEENES v FOEKTE - FAMBHDOL =2
ACE. AT1SHRAOEETRAE. N ¥ IUNENBECLYNFREEEICH
HEh. AGTOEETREL. ~U¥SIMERBSICELURMERLE, BHS
MES v FTld. AP LOMEHRREICEY. MAORASEETRRIZNTH
BT LI o 1.

L&Y, DOCARIEEMES v Tl $5ICL = EACEDBEFRRHBIC
AT TAEL TV BEEEE. DOCARIESMES v b TIAAMARAS HEH I
FEARTARS IS E ML S N REECH Y. ChADOCAREENES v FOEE
ST TH AR A E X S, MZT. DOCARIEEMES v NERTH -
TRMSEWOL =, ACE. AT SEKOEBETRRL. V¥ ILOMENE
Bk UBECIHENE. ChSORMEE. DOCARESIES v ORARAS
DFTHE (B PIAMNaChASEE S LT W A FTAE £ R LTV 3, SEORMER. <>
FILICE Y TOY S EhBHAAMNaChAS R ONa BB 4D—D & L THEEL .
FOBMABEERALS S, MARASOEGTIRECHETH LY. BRIE
BENENEETNOTRESEEEO—D & LT, EEAREERZLTNSE
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_94-






10 12 3

9847 HERETUBNEETFTVOREBREICBITARMAN 2 F v 2V 0Rs

DIRArgeE (W BN (RAFLER AR MERERY)
Eemrge N 5 DOHBAFLEERRR S R R 2E)

1. B&Y

BIERSHBENEDRERFEIC, AU T LY (AVP) 0 S E B FTit (e
REETAMAL Y —T o457 o Y RRAS)IHES LTV EEEMN 5 5,
Hald, Ty CBIERSERANERTHO L - B EFRENTET 2528 1
L. BlEBEMENEETLTHBHDOCA- BIEBMES v FTIFE & (FE Y KA
DL = VEBGEFRESIHENGNILEZRSMCL. BIEDOTIENS EMRECH
(7 2BPMRASOEERET LA (11, LnLass, BB sERAMmEc LT
BPIRASERISL . SRHEEBIRE CAVP 23/ & O iR LTS £ (EBh = ¢
DM, TDANZALIZBBSHTIEARN,

PIEMERE. BETH  TEABEADI LR - HEMERZENL T, 18-k
DRBICESHBENERZL TS, B, BRTHFENE, L -5y rE
TN G R BEE £ INaBE BT 2B EZZ SNT NS, £/, BiE
BIEADT Y MNERESE, IE - OEBO LS. SEMEEBONE. HHE
RILVE Y THBAVPMEEEERT B0, CNIEMEBERTOBEEEMCLS
HOTIEEL, MEEEPONBE FRICEBESNTNSR], ChSDEHRK
B, MEBERONa BEZBML, SBIREE) - AVP9 W E BISD IR S
EREICHET 3. WbWaNatt o —, NatBEEOEEETET D4, 0=
BILBB S M TIEAL LN,

fihr. BIERZEMENEETIIVICEIT2REERFNaTBEOBS(CDWTIE—
ELERBABSN TN, Dahl RIEBRSHENTS v b oK BEE®0 | RER
EBMES v b (SHR)TIEBIEEIC & U MEBERET ONa BEMEMT 3 = & A%
5N TWBA, DOCA- BIEBMES v MO BRIEEZM S H R T E&IGIEIIC & U B
FWRFNaREDEMIEIA SN, LHLEAD, C0&>HEIERSEEm
EEFNTRRBEGEERN LS VICAVP U AENS D SNE 2 EMD. MEHEE
DN+ BEZDHNTFAEL< . NaBEEEMT 3 A N XADELHS BIEBRS S
NEEFNOREMEICEETHZLEDNS,
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Bl BICBWTHZEICEFELTVSD. TOEREREBALMNTEE, >/[4]
EFRTHENMEICH TS EMS[S, 6] FIRMERDAMNaCh i EEE
& - R R ONaBERBMICEE L TWSRIEEN D S, 4 ld. AMNaCh DFf
B 7ayh—ThIEBR T EZRANTRANAMNaChZREBZMI(CT Oy
B2 EICKY. BIERFHEENEET IV THSHD0CA- RIESMES v FE5T
[CRZERSREN BARESMES v FORBEHEEENE S RICAVP L L.
EmMESIEISND L EHmELE [7]. BB, BAAMNaChikiANa+Z & ED—
DELT. BERZEUEOEDPIREFEHBEO—D L L TREL T SATHEMND
HB.

SEOMEENZ. MARAS ERMNAMNaCh & DMEZ ZBZMRON FEMEF
MFEEBVTHRE L. BRIERSEBNEICEITZRANaTTF v RILDRBIZHS
MICTBHILETHD,

2. RRAE
2.1, BERSUHESNETETINVICEITIRMEVBORASEELEFHRIZRDIRET

5BEDMEWistar RSy hEFEBRELE. 1)sham-DOCA + H&E/KZRE5EE (n
=6). 2) DOCA (150 mg/kg) + 1 ¥ BiE/Kk#% 58 (n=6). 3) sham-DOCA +
1 %BiE/kIEEE (n=6). 4) DOCA (150 mg/kg) + 1 % &BiE/ki&5E (n=6).
ADDII—TICHEL. 6 BMEICEERHRL. MKRTE. TUMBRER. 250
IZ=2lEmTotal RNA ZCsCl-guanidine thiocyanate iEIC& U Lz, LTI
TREHAMRT-PCRIEEZRANT. HRARTE. THMEE. BEIC&IFsLb=20 T
SAF UL NEmBEEACE). 7oA TF N1 BATHRRGERULT 2%
T2 /7 (AGT) OEEGEFRIRZEFT LI, '
2.2. BIEREURUIRZEHSMEETIVICEITIMENEZIZEIRAN T 2
JEEICLBME. DiEE. RPAVP, JILTEXRT Y V(NE) HEHE, 755 UITR
HMRASEGFRIRICHT 2 HZEDIRET.

BIERZEHEMEETIVE LT, SBEROMEWIstarRS v b2 FEEME
DOCA(150mg/kg)RUM 1 % Rig/kz 6 BRERS LU TERHUDOCARIESMES v
b BIEIEREHESMETTIVE UT 8 EREICHEASEIRFE ARG EE 4,88
DEHEBNES v MBIERE, CNSOBNES v bOMEAICEEES =4
7 (model 2001, Alza, Palo Alto, CA, USA) ZFWTIREEN T 3L
1 nmol /kg/ H. 10 nmol/kg/ B £/=ldvehiclez 7 HRERS. £EIVEEAY
=)L10 nmol /kg/ B % 7 BREIZEERMICIZES L. mE. Ra%. FRPAVP. NEHE
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Target | Competitor amount, | PCR product size Primer sequence
molecules/ug (5%-3"
Renin [4.1 x10° 372bp(native) CTGGGAGGCAGTGACCCTCAACATTACCAG
(1.0 x 108)* 263bp(competitor) |GAGAGCCAGTATGCACAGGTCATCGTTCCT
ACE |5.5x104 317bp(native)t CCTGATCAACCAGGAGTTTGCAGAG
(1.8 x 10%)* 321bp(competitor)t 1 |GCCAGCCTTCCCAGGCAAACAGCAC
AGT |4.0x108 810bp(native) GACCGCGTATACATCCACCCCTTTCATCTC
(1.6 x 109)* 733bp(competitor)  |GTCCACCCAGAACTCATGGAGCCCAGTCAG
AT1R |2.5x104 607bp(native) GGAAACAGCTTGGTGGTG
(4.0 x 10%)* 419bp(competitor) | GCACAATCGCCATTATCC

Table 1. PCR methods to detect renin-angiotensin system mRNAs.
Abbreviations: ACE, angiotensin l-converting enzyme; AGT, angiotensinogen;
AT1R, angiotensin litype-1 receptrors; bp, base pairs.

*Different amounts of competitors were used for determination of kidney mRNA concentrations.

MICEZBHEERET L,

RERBRTRICRHERUVEZRBE L. RATE. TAME. &5 UICBREDTotal
RNA #ZCsCl-guanidine thiocyanate jEICk UiME L7z, #REMRT-PCREEMA
WT. AT TRIMREES. BIZBIF5L =, ACE. ATIZBEGRUAGT DiE
TFRRZIRFT LI,

2.3. FREWIRT-PCR

Table 1 IZ7R3 competitor THSBcRNA Btiprimers #H VT, RASOEES
AIRT-PCR Z17o7=. ACEM@mutated cRNA (FAvr || 12k B EIEERIIC 4 bpDid
AEBT Bz, native ACEEIZE/A Y. mutated cRNAN S DPCREWIZIEZAvVr
[ TIBRERGI %= RN TULV S, —7F. native ACE mRNA 5 DPCREWIZ. Avr |l
2L U195 bp &122 bp Mfragments [CHIETE 5, PCRIZ. [a32P]dCTP%ER
CTITL, 95%C, 19ED#&. 95°C, 30, 62°C(renin), 58°C(AGT, ACE), 55°C
(AT1ZBRE), 308, 72C1aEDRYA 2)kE 4 0EE LT,

PCREMIZ. 5%polyacrylamide gels [CTESi# B L. gel dryer (Model
543 Gel Dryer, Bio-Rad Lab, CA, USA) [CTEE= /=%, XAR-5 X-raty
film (Eastman Kodak Co. NY, USA) [ZE&¥t =, autoradiographical signals
Z{&7-, autoradiographical signals(. DC 40 camera (Eastman Kodak Co)
ICTiREZ L. PCRE¥IDfragment intensity (&, Scientific Imaging Systems
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(Bi oMax 1D, Eastman Kodak Co)[C TR L7z, &4 M. mRNA L AL, LITF
Ditlc LU EDH, MRNA 3IRE (molecules/ ng) = mutated cRNA &
(molecules) x (IN/IM) x (CM/CN): IN, native mRNA 1 5DPCRED
intensity; IM, mutated cRNA 75 MPCREMDintesity; CN, native mRNA »»
5 MPCREMICZE £ 5ICTPE; CM, mutated cRNA D5 DPCREMICEEND
dCTPE,
2.4, HE

Benzamil {3,5-diamino- [amino- (benzylami no)methylenel- 6-chloro
pyrazine- carboxamide hydrochloride, Research Biochemicals
International, Natick, MA, USA} (3. 10%propylene glycol, 0.9%NaCl Bk
(SR T. AU, 2B, pHId, 7.5 [CHEIL7Z, 10%propylene glycol,
0.9% NaCl &z ¥ I Jbdvehicle &ELTHVE
2.5. #Et '

Data 4. FHE+LSEME LTELE, BEEOZEIE. ANOVA KEUDuncan's
mul tiple range test [C&UREL. P<0.05 £6>THREL L.

3. R
3.1.1. DOCA £/ ([FRIEKIFERBOME. Mas. mElL =" &% RFAVP -
NEHE E DAL

Table 2 IoF¥ & (. DOCA £/=l3BiEk% 6 BEIES LER, sham-
DOCA + EZkEE T bR T, DOCA + kB R UDOCA + RiE/KkE# I TUNHERALM
FEoiEinz. sham-DOCA + BIE/kE:, DOCA + BiE/kEICTIIAKDIEME .
DOCA ¥ 7= [ BIE/KE/- 12T DOHENEEICEL Y MEL =V FHOET. DOCA-&
JEKBE - BT, FREPAVP S ICNESER EDIEN £,
3.1.2. DOCA /=3 BIENEEEDOMEUBORASEGFRROE(L

DOCAE /- A BIEDEREIC LY. BOLZYmRNA FEEICHD L. |REKT
T RSB OB L = o mRNA(E, Fd Liamore (Fig. 1), BERIC. ACE
MRNA %. DOCAE/=([ZRIEDEECLUBCBENTILED Lz, BMTERRIE
3. THImEERIcH L TE, DOCA- aiEnREICE UACE mRNAZ ES L (Fig.
1), AT1ZE{& mRNA (&. DOCA- giEmsc kY. BUHICKICEWNTIEMLE
M. FOENER. BICHRTRTATH > (Fig. 2)e —7.AGT mRNA (. B -
B 4 CDOCAE - [FBIEREICL Y., HoERLE (Fig. 2).
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SBP Pulse rate Plasn? 'rtenin Urinary AVP Urinary NE
(mm Hg) (beatsimin) | i‘; ;‘:‘/%L jy| (913G BW) | (pgrdig B)
D(-), Na(-)[n=6] 155+6 37646 2.24+0.5 18+2.3 1.840.1
D(+), Na(-)[n=6] | 190+8** 353+19 0.8+0.2** 29+5.9 1.740.1
D(-), Na(+)[n=6] 164+3 427+16" 0.6+0.3** 44+9.4 1.940.2
(

D(+), Na(+)[n=6]| 195+16"* 438+14** 0.2+0.1** 234+45.4** | 3.440.2**

Table 2. Changes in systolic blood pressure, pulse rate, plasma renin activity,
urinary excretion of arginine vasopressin (AVP) and norepinephrine (NE) by
administration of deoxycorticosterone acetate and/or sodium chloride.
Abbreviations: D (+), deoxycorticosterone acetae (DOCA; D (-), sham-DOCA; Na (+), 1% NaCl
dringking water; Na (-), distiled water; Ang |, angiotensin I; AVP, arginine vasopressin; NE,

norepinephrine. *P<0.05, **P<0.01 versus D (-) Na(-) group.

3.2.1. BEBZURUEBRZUHSNEETIVICE T IMENE - IZBRA A
INEBICEBME. D RENYTLIU(AVP), JILTERT Y L (NE) H
HEDLL

DOCARIEEMES v FTIE. N HFINMERNESICLYMENET. F
AVP - NEHERDBE O DD SN (Fig. 3) . BUESMEE T/ CTIHERA Y
E»MEWEE@\ME\ﬁm\ﬁ*mm-mmﬂt%%éﬁimbotG@Ah
Fz. SEARVZVTNOBOEEFIVICENT, R¥ 3 JLERNER S, T
D38, FRFPAVP - NEHERICEE £ 525057 (Fig. 3, 4).

3.2.2. BIERZURUVIERSHEMETTINICEITAMENE /- (FERAA
S IMREICE BIMARASEGFRIBOZTL '
DOCARIEEMES v FORKTE - TRIMSBHDOL =, ACE. ATIZSEGED
BEFRRG. AUTFIIMERRSICEYWTALESICIS M. AGTOEE
FRREL NP INBMEBRRSICEVIENERLEFIQ S). —4. BESHES
v bTlE RUPZOMENESICEY . MAORASEETFRRIZNTHGZEL
Lisro7z, DOCARIESME, BESMES v FOWTFNICHENTSH, AUHS
IVERIRMIR S (IR PIRASBGEFRIFICHEE 522> 1=,

4. B

AMNaChlda. B. r. 6DFHYT1=y bLUERESN, 7IO54 RESE
IldaY 731y MCHFET S EMHREN TS, AMNaChORRIZSITBIE
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BIATHILEREENTOARNS, BRTHICSECHEEYT 5 LIRS BERELT
3. SESIEKNEABREEBEONE - L - RESEESESCICmLENY T
S OEIAERA LY S LOMBARIRSCEVIIFLEEIE 7] B5UICE
R CBOTIZAMNAChAIEN B ICER L TWAE [5, 6] EHEZRA D ENVY
S LIC & UiDEIE N B R AMNaChAS B F ONat 2 > 8 —, NatEREDO—DL LT
ERL. BIEOEELPIRNESERIETH D XBHREHRUAVP I RLOEICE
5LTWS RN H D,

NUH S UNEAEEREBORGE. BIERSHEFRZESNETT IO
=BTV, CORERIE. BRAMNaChA, ZREMEEECAVP IS
DEEBEZHENTET N ORRESERBEO#IFICRBEEL TS ZLzRlL
T3, BERSHENEET/ICENT, BPIAMNaChASEIE S L TR
BOAVP LIS EET BOMIEH S TN, ChENRIERZERNETT
LTIER O AMNaChASE L E N TWBTTREE N H D, 7V FR T O E0OME
LT T4 RIEEAF LIS & UAMNaChz &L LAMNaChdNa IR L 2 & &
Z. £/~ AVPIZ. AMNaCho#BRIMETREERMI& U EL\NahZIRIEZ © DEER
AMNaChZ & |- A AN B = 235D, DOCAIZT L RRAT O HEOMEIIINLFI
S KMEREBLTSY,. =/DOCARIEBIES v FRUSHRSP THAVPILIEIE
MLTWB S EMD. CNSDMANDAMNaChDEM(LEZR L. RBMIZEE)
AVP SR & DB EMBOMR BV TS RAIREELSH D,

sEORE NS, DOCARBEENES v b T, HICL =Y LACEDEETFHRR
PNEICHARTHCHEL TN 2E2E%E, DOCARIERMES v b TILMARASA
SRl L R TR IISEM LS nskEEICH Y . CHDOCARIERIES v D
EELSEMETH LIRS EAbNE, MA T, DOCARESMES v MR
Tap . FRMBHMOL =Y. ACE. ATIZEAOEEGFRRAIL. NP I V0K
=REECLUFEICTE SN, TNSOREE. DOCARIESMES v hOMK
MRASD T [CBAAMNaChA B S L TW S A REEEREL TS,

. SERORE

slEREHEnEOELERE. Bh50ONa HElEEDETICRO 5N TET,
Bt . BIE0@E/ZERENaHEREEDETINaEFEZ b5 U, RBMEES) -
AVP OB AESE LIE FSICDEA %, LnLEn s, Nathrd &3RE
g - AVP MDA UDIT B ANZXAFBENTEED O 72, SEDHE
1. AUHI LY TOY 2 ENBEAAMNaChABA DN ZEFDN—D &L
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THEREL. TOFELRFEITBALES S, MARASOEBEZEFRRICESTIILIC
LU, RIEBRZFUSMEETIOPIREFEREBEO—DLLT. EELBRIEIE
LTWBEERLTIVS, BMARASEAMNaChE DERIL., SEEMICKRTI TR

HRETH D,
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Fig. 5 Effects of intracerebroventricular (ICV) or intravenous (IV) infusion of benzamil hydrochloride on the gene
expression of renin (A), angiotensin |-converting enzyme (ACE) (B), angiotensin |l type-1 receptors (AT1R) (C),
and angiotensinogen (AGT) (D) in the hypothalamus and the lower brainstem of DOCA-salt hypertensive rats.
Benzamil, low dose, 1 nmol/d/kg body weight; high dose, 10 nmol/d/kg body weight.

*P< 0.05, *po 0.01, compared with the group of vehicle infusion.
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Role of brain Na* channels in the pressor mechanism of
salt-sensitive hypertensive models.

Masato Nishimura and Manabu Yoshimura

Department of Clinical and Laboratory Medicine,

Kyoto Prefectural University of Medicine

Summary

Changes in the renin-angiotensin system (RAS) mRNAs in
the brain and the kidney of rats after administration of |
deoxycorticosterone acetate-salt (DOCA) and/or sodium chloride
were assessed by using a competitive polymerase chain reaction
method. Benzamil, a blocker of amiloride-sensitive sodium
channels, was infused intracerebroventricularly or intravenously
for 7 days in DOCA-salt or renal hypertensive rats, and the
effects of benzamil on the brain RAS mBNAs were determined.
Renin and angiotensin I-converting enzyme (ACE) mRNAs were
not downregulated in the brain of rats administered with DOCA
and/or salt, whereas these mRNAs were decreased in the kidney.
Intrace_rebroventricular infusion-of benzamil decreased renin,
ACE, and angiotensin Il typé-1 (AT1) reoep'tors mRNAs in the
brain of DOCA-salt hypertensive rats, but not of renal
hypertensive rats. The gene expression of the brain RAS,
particularly renin and ACE, is regulated differently between the
braih and the kidney in D.OCA'-salt hypertensive rats, and
benzamil blockable brain sodium channels may participate in the
regulation of the brain RAS mRNAs.

-175-



	9847-J
	9847-W



