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1. WFEERY

TE, BRHEAS ORISR E & BICTRGE . (OEE 28, Wi &R 73 SThIRIE L1k 5
BICKBIETHAMM LU TETH D, BIRIE(LE X U2 OEBRETH 5 S MITAE.
mIFIMAE . BEPRIE 72 EDFRIL & IR EEDM AL 4 BEEE M - TE TS
MEBEDERBE S WA S BIRELLEMIIEDRRICIE. M1 a0 fERESE A
B LT D, MENBEAINIEIE  OETEMYE L - il UMERE 273 L
TWBH, BT HHE B IMEILRER T Th 5—MILER (NO) 13, BIRTE(LDF
A% k2 SEN SR U TO AR TF & LTHEREINTN S,

Frldohz it AIERZHENECHYETINTH S Dahl 5 v MIFHINT.
TRIMIED FIFECAEOINE NEATINS D NO R AE UCIE T A &, Fi. &
DEMI/IVATo—IVAEEZAMT S EREBRICHERLIFELZE Gk BIIRIE/L
DOFIE) BELBIEERBLLY, UL, 20L& EIMERDE/IT, RENS
MEDEMETIVTH 2 EMEBRFEIES v b (SHR) TRASNEN 72>V, Th
LD ENG. BIMES v bADE I VAT O— )VARTIC X B BIIRIELFAEIC 1L
“BRIEERNECE > THBEDTREND EDEZICE ST,
ZZTAURTE, SHR 2, £9'| REEAEFERI L0/ L MED
BB HESS & O"TIEE BEDZALE A SN Uy RINT, SHRIZEWT bEaiah
DEIVRTO— VA% RAKFER S0 L XDIRECERIES R B0EMNIDONT
Bt Uice

2. WMRAE
2.1 EREY
2.1.1 BAEARTN SHR

4 B O SHR/Izm K UF WKY/lzm (22 E N EERE (0.3% NaCl) & /- 13 54l
£ (8% NaCl, HASLC #8) 25X 4 BHME Uico BEuIgmeme Ui,
2.1.2 BEfiEAAT SHR ADKEENE

A A (8% NaCl) % & fif U7z itk SHRAzm (45BES) 1. =7 = Y E Y (30
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mg/kg/day, p.0.) F/cl¥TF 5 7Y )L (50 mg/kg/day, p.o.) ZZNTHEALE L T4HE
BEE Ulco BEUIERE6ILE Lic,
2.1.3 BRIEHNOEIVZXT o—LEAN SHR

4 B OHEYE SHR/Izm [CE &S (6% NaCl) 5 LU E I VAT a—)L (L.5% I VR T
O—I)VB XU 0.5% a—)VI) RN %= 52 8 A E Ui, BiEIdsiro6 It& L
7o '

22 MENE
MEFREY T IS5 v M REIR ORI E % tail-cuff 7 (GREL LI E.O 1O EGD S5 &
MK 1000 %!, =BTHEHE) 12 X DAE L7,

2.3 MERIGHIE
ey bV E Y —IbF R T L (50 mghkg, i.p) 2L D FRERL . BUSEX

7otk EHICEAEIRE LUBIIRERL. €hZhig3mm DY) v IRERZ/E
BTz, FAEERE 95% 0,8 XU 5% CO, DRE /T A% @5, U7z Krebs-Henseleit § (37
C. pH7.4) Tl Ulc= 7 X& (10 ml) ]ICER k3RS CRENR 1.0g . TR 0.5 2)
AAWUTBELL, SEREHSNUD /LT FUF) v (KEIK 107 M, BBk
10°M) 27INT 5 Z &1 £ D BEIHER 0¥ 80% IIHES Bz WHIA—EITTE >
1o E AT FROMEE T RB\ICHM Uz, T DRERAE USERMENZE b
5V Z 5 5 —4 — (Model T-7, NEC San-Ei) %4 L Tl 21— % — (Model 8K21, NEC
San-Ei) (1508 L7z, F7c. T OBEIHELRZME Urcik D ACh I3 5 ik RIS
HIE Uiz, HBRIGORE X3, FHERHHUARE XY v (10° M ITk>TED
ARSI T A EAR TR Uy BB — R RS #R 7 (FR U 7o
231 MEWEEEEREE

@7 %kFIvay v (ACh) : 10°~10° M

Q=+l FF Y UL 10°~10°M

®7 R v 10°~10°M

@ 8-bromo-cGMP : 10°~10* M

® Dibutyryl cAMP : 10°~10* M
232 KFEMIEEEA O ONTE R & RIGRH .

DAY FAY Y 10° M, 20 min

@ ONO 3708 : 10° M, 20 min

@ OKY 046 : 10 M, 20 min

@ superoxide dismutase (SOD) : 150 U/ml, 20 min, catalase : 1200 U/ml, 20 min

®) 97-139 ; 10* M, 15 min
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() NC -nitro-L-arginine methyl ester (LNAME) : 10** M, 30 min
(D charybdotoxin (CTX) : 107 M, 30 min

2.4 NOWEEEORE : % KA v FikE |
BB R BIIR & O (B U 72 PIRZ 8R4 (donor FE4) 6 & UFPIEZ IR FAEA (detector 4
) % MEREMTES ST R4y FERRERL, <7 X ZENICERE L7,
FHEAD T2 F IV Y VKT B WRKISOEAZENTND T VAT 2= —
2N UTRBHCREE Ui, .
donor {4 : BAEARANE /- I3IEETH SHR DgiRE)IR
detector 24 : IEH MFED Wistar 5 K5 REIR

2.5 cGMP JlEH:

KERE L OEBIIRAI B BRI VT KU ) v (107 M) % 5 S RIER &R i
. TEFIAY Y A0TM ELAEES by RFRY T L Q07T M) & 3
SABENFNIERIEA I G, RIGEHICEREREZERICTHE, 6% Y7o
JUEEEE Lml IS ANTH I ZAREY FA F =2 FHOTREY X — b U, B 048R
DOLEE T —FIVMHICT MY 7 oVBEB 2l & . BRiRE BERE L TR oy
IV D cGMP & % W37 I 5E i (cCGMP EIA system kit, Amersham) % fi\\T5E
B U, Fio. tiEFD Y o8y 8% Lowry 50 FE Y 1T X DlE Ui,

2.6 IMiETE LUBRF OV AT Oo—ILEDRIE

yMph & EDTAFFE T ICERIM. 3058 (3000 g, 10 43) LT EEER/c®. £OD
IV RF o)V A RERE Y ICTIRE Uic, Fic, MERIGOTRICHEML 7
BB AL FEEER L%, 7oakVA: A7) =)V Q:1v/v)REICTHE
I U, BIEABER, VAT o—IVEZREKISE LU

2.7 Im¥EH s & OURH NO3 + NO2 (NOx) EDHIE

MEERVIR PO NOx Eid, &+ 7 )LD NO3 % nitrate reductase |Z L ) NO2 |Z
B5E U7-#. Griess 3= (NO3+NOz Assay kit-C.. F{ZAL¥) I L O WE L. NO3+ NO2
g s Ui,

3. MIRER
3.1 BSAEABEWOMENE S K UTEHIEICRITTRE L T OMTF ORE
3.1.1 MEDZELL

AR A AR SHR OUHELIMEX . 5RO SHR IZHAZFPICT L Ui (252£6
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vs. 196+4 mmHg, P<0.05), & fiE @AM WKY &8 O WKY 1S HAIMEN EF L
72/ (1572 vs. 138+ 4 mmHg, P<0.05), £ DAL SHR OEAITHNNI D - T,

312 mERIEHEDOZEAL
3.1.2.1  PBEARTFHE AR RS DZEAL

EAE A AT SHR OIEE KEIRIC I Ty ACh ITHd 5 WBARTE MR SUG 13
D SHR T A~NZFL @55 LU Tie (Fig 1 £T). ®ER AR WKY IZE T
RIS DIRFINE Ut £ DRREEZ/NES 2hv» 7o (Fig. 1 £ 1),

T, BAEAHN SHR OBHIRICHE TS, ACh |Z3% 3 5 PR SIS
3. FBO SHR ITHAZE L L5 LT (Fig 1A TF). —h. BEERATN WKY
BT MO WKY EERsiciE & A EZEIRA SNEd - 7z (Fig. 14 L),

Aorta Renal artery
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Fig. 1. Effecsts of high salt intake on relaxations in response to acetylcholine (ACh) in thoracic aortas and
renal arteries from WKY and SHR. WKY and SHR were fed a basal diet (0.3% NaCl) or a high salt diet
(8% NaCl) for 4 weeks. Each point represents the mean+S.E.M. (n=6).

3122 AChIC & BRSBTS 5 MK FkR T OME!

THIED SHR OIS ABIRIC 351 Ty ACh ICH$ B MUBRISIE Y 7 oA £ 347 5 —
YHEETHDA v FAY Y VEILEIC & DB IED - 1oh NO GBI
LW TH 5 LNAME LB IC & D Ak Uiz (Fig. 2 ). —. BHIIRCHT 5
ACh izt d BIER G A ¥ A S ¥ VRTIMBIC X D BEICHR S hice F/e. &
DWERIEE A ¥ K A5 2 & INAME EDHFRLE IS L ) —BmElsh, & 51
K'F v 370w H—TdH% CTX OEBIMLEIC L DIFIFFELITHE U (Fig. 274).
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—A— INAME —A— IND+LNAME

—h— IND+LNAME+CTX

* P<0.05,IND vs. Control
#P<0.05, IND+LNAME vs. IND
$ P<0.05, IND+LNAME+CTX vs, IND+LNAME

* P<0.05, vs. Control

Fig. 2. Effects of indomethacin (IND, 10° M, 20 min), N%nitro-_-arginine methyl ester (NAME, 10* M,
30 min) and charybdotoxin (CTX, 107 M, 20 min) on relaxations in response to acetylcholine (ACh) in
thoracic aortas and renal arteries from SHR fed a basal diet (0.3% NaCl) for 4 weeks. Each point represenis
the mean = S.E.M. (n=6).

F 7o, ACh T 5 iR s, WHErE 71 2% ) 4 F (PGH/TXA) S5k ik
TdHH ONO3708 |2 L) BEICHEBE NIcH, TXA, L& BBEREEETH 5 OKY
046 12 & » TIHEEEZIF I -T2,

EAIE A AT SHR OREREINRICHE LT, AChITHd 5 R RGO REEIEA ~ R
Ay (Fig. 3 kL) EHBRBEEATHSSOD+ Ay5—E, = FEY VA
SERFERETH 5 97- 139 DNTNOEMITNEICL > T HBEFTINLI o7, L
DU, LNAME [ij iLig I & » THMES I T2 iR Ui (Fig. 3 £ TF)e —J5. B
PRiZFB N Tid. ACh 1T 9 5 ARG DWEEIE. A~ KA Y ¥ VETLEIC L O SE
I, Mo SHR 0G4 ERBEOWMERIEE R U Fig. 361 ), £/cs 41 F
A 7 & LNAME 2 4f HALE T 5 SRS IZIE eIl =, ME ORI
KR D SHR DFEITHANFEICKED -7 (Fig. 34GT) »
3.1.2.3  PEIHEFHERERRIG

B EE A AR SHR O i KB IcENT, NO R+—TI/ 7oV 7 5 —EiE
MWALETHD = bo Iy K+ MY T LT S5 RISE. O SHR O£ il
HARZBUCHB L TW e (Fig. 4 £L), 77V 75 —EEMALETH DT +
JVZaY v (Fig. 4 5.L) . cGMP &tk TdH 5 8-bromo-cGMP (Fig. 4 £ F). cAMP
LERTH S dibutyryl cAMP (Fig. 4 57TF) 1259 % BRI I B bIE & S i - 72,
—7%. BEEEAN SHROBHIRICE T, = oIy FF MY T LICEHT S
AT 7 Sl 8D SHR D54 ERIEETH - 770
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Fig. 3. Effects of indomethacin (10'5 M, 20 min) (upper) and NC-nitro--arginine methyl ester (NAME,
10™ M, 30 min) (lower) on relaxations in response to acetylcholine (ACh) in aorias and renal arteries from
SHR fed a basal diet (0.3% NaCl) or a high salt dict (8% NaCl) for 4 weeks. Each point represenis the

mean = S.E.M. (n=6).
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Fig. 4.

Dibutyryl cAMP

Effects of high salt intake on relaxations in response to sodium nitroprusside, forskolin,

8-bromo-cGMP and dibutyryl cAMP in thoracic aortas from SHR fed a basal diet (0.3% NaCl) or a high
salt diet (8% NaCl) for 4 weeks. Each point represents the mean = S.E.M. (n=6).
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3.1.3 NOjpEA: - g0zt

YU Ay FEKRICBEW T, RAEAR AW SHR OB AB) kL b /ES L 72 donor
FEA D ACh T3 3 5 MR i 13 B D SHR D2 NI ~NFZITHES LT 7z
(Fig. 5 7£). ACh FII T & - T donor 4/ & detector FERNEE X N B HAEE
75 B donor FEAMN SEL - dEEES N D NO EITIFZEIRA SN - 7o (Fig. 5 5).

Donor strip segments Detector strip segments
04
S
F
2 50 |-
g
Qo
~
5 ([ J NS T S N TN N T Y N B | B [0 J R N S S N AN I S _—
10 9 8 7 6 5 10 9 8 7 6 5
Acetylcholine (-log M) Acetylcholine (-log M)
—o— Control —A— EDREF from Control
—@— High salt —j— EDRF from High salt

Fig. 5. Relaxations in response 1o acetylcholine (ACh) in donor and detector sirip segmenis of the
sandwich preparation. Aortas from SHR fed a basal diet (0.3% NaCl) or a high salt diet (8% NaCl) for 4

weeks were used as donor sirip segments and aorias from Wistar rais were used as detector strip segments.
Each point represents the mean = S.E.M. (n=6).

3.1.4 cGMP FEEEDEAL

BAIE AR T SHR O KB IRIZEH LT ACh FIEIC L 5 cGMP FEEA & 13018
@D SHR O ZF NIZH~NBFEIZRLY LTz (Fig. 6 £E), F/oo = oY R+ b
) LRHIC £ B cGMP EEAE S RIRICHED LT (Fig. 6 £T)o —H. BHIIRIC
PBUNTHE, AChRIBIC X 5 cGMP EEAEIL, X HBO SHR IZHASEINT A =R L
7z (Fig. 6 45 1),

3.1.5 Mg L URF NOx EDZEAL

B A AN SHR OIiEH NOx i3, O SHR [IZHE~NED T 2 8mns o
TCMEEILET IO 572 (22.9£3.2 vs. 294247 u M), F 7z, JRP NOx B3, &
I8D SHR |2 BN %7 U7z (9.06£0.58 vs. 2.75+0.65 1 mol/day, P<0.05),
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Aorta Renal artery
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0 e
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Fig. 6. ¢cGMP levels stimulated by acetylcholine (ACh, 10”7 M, 1 min) and sodium nitroprusside 107 M,
3 min) in thoracic aortas and renal arteries from SHR fed a basal diet (0.3% NaCl) or a high salt diet (8%
NaCl) for 4 weeks. Each point represenis the mean+S.E.M. (n=6).

3.2 MEMEOREIIERIEAOEEFEANS S VIEEMEI &5 ZRIOEMD ;
ERE AN 2

321 MEDZEAL |

SHIED SHR |7 o~ ae & B SHR OUHE MM X BT L5 Uiz (244 £7 vs.
19243 mmHg, P<0.05) /N, =7 = VEVHREIZ L DB SHR OME LV NIVIZE T

f&F L7z (18745 mmHg, P<0.05), —J. T+ 5 7Y IUEEICK > TRE(IEA SN
1H - 72 (252 %5 mmHg),

3.2.2  IMERSHEDZAL

BEIE AR SHR QNSRRI (Fig. 7 %) % & UBBIIK (Fig. 745) IZ4 U 5 ACh
I B N IKE M RGO, =7 =V EvELiEzF ST VIVEEICK
DYEEX NI D T, Fiow S PO TV RF MY D7 LIHT 2 WERC DRSS
Z 7 VEVELFFSTAVIVEEIZLDBEEINLIN T, 51T, RERE
A SHR OBEIRO= by K> b)) T LT 2MERIES =7 2 VEVE
13T F S T IEREILIDREINLID 5T,
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Aorta Renal artery

Relaxation (%)

.10()|||||||:TT

0 9 8 7 6 5
Ach (-log M) ACh (-log M)

—©o— Control ~—@-— High salt (HS) —4— HS+Nifedipine =& HS+Enalapril

* P<0.05, High salt vs, Control

Fig. 7. Effects of nifedipin (30 mg/kg/day, p.o.) or enalapril (50 mg/kg/day, p.o.) treatment on relaxations
in response to acelylcholine (ACh) in thoracic aortas and renal arteries from SHR fed a high salt diet (8%
NaCl) for 4 weeks. Each point represents the mean +S.E.M. (n=6).

33 G EIVATo—)VOBRBEERIIENNRIELRE L EESE 50
3.3.1  IMEDZEAL

WD SHR [TH~NFAEAE M SHR O IUENMEZEZICER U (2266
mmHg vs. 20214 mmHg, P<0.05) %, §AEICS SIIHIVATo—ILBEERL T
bMEICEALIAE L ED 572 (20927 mmHg) o —F7, §IVAT O—IVEDHEH
L7z SHR @I A1, S B D SHR IZ L ~E T M %A% Uiz (19245 mmHg)

332 mIEBXUEIRI VAT O—IVEDZEAL

@IV ZATo—/VAFMRSHR O M3 VAT o —)UEIZ, SO SHR [TH~TE.
FITHWIN U 72 hY (93.5£ 5.8 vs. 54.94 4.4 mg/100 ml, P<0.05), ZhicEaiEdaitH
AW LTH I VAT O— IVEICEIZE U D - 72 (98.5+13.6 mg/100 ml), —F5. &5
AIGAD A %A MU SHR OIME 2 U 2 7o —)U{Eld. WO SHR O & RRE
T#H -72(59.3£2.3 mg/100 ml), JgEFLAREMNRS FUEENRD 2 VAT 0—IVE LU
VAT a—I)VIZZTIVERITIT 4 B TEERD S i - 1

333 MEREHDZAL

Al U7c & D12 88D SHR I NG &R A A M SHR OfgEfRE) Ik (Fig. 8 /) &
CB Bk (Fig. 8 45) 1IZHk1) 5 ACh 139 5 B RIG IEAERICEB LT chl, &
ERICE VAT o—)VAZIAAN LU THRBOEIICE/EASNE -1,
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—J. B3V AT o—)VEDA AT O SHR Qg REK (Fig. 8 72) b LU B Ik
(Fig. 8 £7) 123513 3 ACh |13 2 IG 13, WD SHR DBELRIUTH -7,
M KE) R LOBBEIRICE TS = bo vy R b T LIS ¢ 5 ik s
BAEAAT SHR tEAEA+E IV AT o—J)VEAT SHR TEIR I -7,

Aorta Renal artery

Relaxation (%)

_lwlllllllll
0 9 8 7 6 5

ACh (-log M) ACh (-log M)

—O— Control —@— High salt —A— CHOL —4— CHOL+Highsalt

*P<0.0S, vs. Control

Fig. 8. Effects of high cholesterol intake on relaxations in response to acetylcholine (ACh) in thoracic
aortas and renal arieries from SHR fed various diets; a basal diet (0.3% NaCl), a high salt diet (6% NaCl), a
high cholesterol diet (1.5% choleterol) and a high salt plus high cholesterol diet for 8 weeks. Each point
represents the mean+S.E.M. (n=6).

4., £ K
4.1 SEEEBENMOMENE L LUHEREEICRITTRE

AREE S M FEQEET )V TH 5 SHR ([CHARIER (8% NaCl) % 4 18 [l H 1
XH 25 &, WO SHR IZHA~NMERZEWIC EF U, IEREIRE L UBFIIRICE
BNEARFEHE BRI ZE LS RBB T ENHONEL 57, LU, SHR DR
WBEWI T 5 WKY IZEWTIRMIE EEAREICA SN SDOD, MERGHEICIZE
S EBALDIE 5 1o BILE DFRERRKAE 2 SHR (&, IEFMED WKY iIZHEL
THIEICHT DREENRNEBL o0 5,

wIT, EREAA N SHR O RKEIRE & U BEIIRICA SN 5 sk G D RFa1%
FAZDWTHE Ui, £ DR IMERIIIRICEH VLT, 1) ACh RIBHIT X D AIBZATIE
o NO DAHMEL - s &, £, JONOEA - s US&EAN
BREERIFEXLNI &, 2 BAEAMIC KD WEBSRIGER T (EDCF) DEELE Y
R SHWI &L 3) BREAMICKD 7 T=Z MHlBUC L5 cOMP EED KDY
B EL HEREAEMCED I TNVEBY 7 5 —EENT 5 HMERICHREITT 50N
FFIEE Y 75— EENT BHBRISIRFEI NN & S GEEAMICLD
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cGMP DIFED WAE R IS ENE UL NI & Do ETL 572, T/, SHROD
BFHIRIC BT 1) ACh FIBUC L © WEZMIIad 5 NO D& T { EDHF I LU
EDCF MpEA: < s 5 2 &\ 2) & RIEATNI & D EDCF BE DLk & EDHF g
EDIRTFNELS Z &, 3) BREARMICE Y NOELAZLUAHET 52 &, M
S EIL 5T |

Ll EDFERN S, BAREAAR SHR O AEINRICA U5 ACh iIZ5d 5 kR G
DRWFBITIE. FEHD NOIZH T3 RIEHDIE T THbLFEMCET 57 T7=
VRS 7 5 —FIZ & D GMP EEEDIETMAEELTH5Z &, /o, BERICA
U % iz G D551 (&, EDCF EEO)%E:&‘&U’ EDHF A DK THES LTS
T EDEREINI, Dall Sy FDBA? LELD, WTHOFRKICKENT bEAE
BRHIC L D NOEADIETRED SNEh -7, TDEHIZ, Dahl 5 » b & SHR 13,
EDICHEBRFIBINIC L D WEREOBHENEL BICb0 b5 T TOBFITL
SR 5 TS I ENH SN -7z, SHR OIS ABEIRE L OBlICE 1T 5 NO
DAFREFEFRES LU ZDERIE WKY IChAG LATTEL TN S © LOHELD
52 &S, Dahl 5y b EIFRED ., SHRZEKI) 5 NOARREIZME EFRICE > T
gt s INEEE SN D, Flo. SHR OB EINRIC U Tl NO BE 4 & EDHF
FEEEDEI/Ny 7T v THEOEET 5 2 E0RBINI, T, VY FEIIR
BT b REOBENREXNTED . WELPSHTIN TS EDHF D4
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Does excessive salt intake promote progression of atherosclerosis?

Masaru KUNITOMO, Satomi KAGOTA, Yu YAMAGUCHI and Kazuki NAKAMURA
Department of Pharmacology, Faculty of Pharmaceutical Sciences,

Mukogawa Women's University

Summary

We have already demonstrated that in aorta from hypertensive Dahl salt-sensitive rats, excessive
cholesterol intake results in suppression of NO release which might lead to the initiation of
atherosclerosis, but such suppression does not occur in spontaneously hypertensive rats (SHR),
an animal model of essential hypertension. These findings suggest that excessive salt intake
per se can promote the development of atherosclerosis. In this study, we used SHR to
investigate whether excessive salt intake would alter the function of the vascular endothelium
and smooth muscle, and also whether excessive salt and excessive cholesterol intake would
cause initiation of atherosclerosis. The results obtained were as follows:

1) The blood pressure was markedly increased by a high salt diet (8% NaCl) given for 4
weeks.

2) In the aorta, excessive salt intake impaired not only endothelium-dependent relaxations but
also endothelium-independent relaxations. The impairment is thought to be due to the
reduced guanylate cyclase activity in smooth muscle cells but not the decreased release of
nitric oxide (NO) from endothelial cells.

3) In the renal artery, excessive salt intake impaired endothelium-dependent relaxations but not
endothelium-independent relaxations. This functional change is probably due to the increased
release of endothelium-derived contracting factors (EDCF) and the decreased release of
endothelium-derived hyperpolarizfng factors (EDHF), but not a decreased release of NO.

4) These changes in vascular reactivity induced by excessive salt intake were not alleviated by
treatment with an anti-hypertensive drug, nifedipine.

5) Intake of cxcessive cholesterol in addition to excessive salt did not lead to further aggravation
of the abnormality of vascular reactivity or the increased blood pressure induced by excessive
salt intake, nor was lipid accumulation detected in the arteries.

It has been known that NO is an endogenous anti-atherosclerotic factor. We concluded that
in SHR, unlike in Dahl rats, excessive salt intake is not related to the initiation of
atherosclerosis via endothelial dysfunction, because the release of NO cannot be suppressed by

high blood pressure, high salt or high cholesterol intake.
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