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(SHR) % VT, B2 (pro) renin 52 A% 783
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1) L =21&M: (PRA), angiotensin I, 11 J2J¥, aldosterone
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3) /Loflig (pro) renin ZZAAFEHL, (pro) renin 522D T it

TP ARETHS ERK12, p38MAPK, TGF-l,
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4) LMipHA % angiotensinogen, angiotensin 11 AT1 52 A%
western blot CHIE T %,

5)HE Yufa, Masson trichlome Y150, (AR DR
PRI 1T,
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7 — 41X WKY-normal salt #%, WKY-saltless ¥,
SHR-normal salt %, SHR-saltless #£D 4 FEIZ/0T, [ER
PEORRE TR, — JCBLE 5y B0 AT I TIRES 35 (SPSS
Statistics 24) ,
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3. RHER
3. 1 UiEEAMmE (Fig. 1)

WKY-normal salt #£0 8 ##r T 115.7+2.2 mmHg, 9
P #HTrE 120.74£2.9 mmHg, 10 ##E Tix 125.6+3.6
mmHg, 12 T 121.0£1.9 mmHg, 16 Tl
124.242.7 mmHg Tlh->7-, WKY-saltless #D 8 i i Tl
114.3+2.9 mmHg, 9 #ER Tl 118.7+3.1 mmHg, 10 i
TlX 118.0+4.0 mmHg, 12 H#ETlX 121.6+1.5 mmHg, 16
W CIE 119.143.2 mmHg Téh-o7z,

SHR-normal salt #£ 8 J#rTiX 170.3£2.9 mmHg, 9
T i TIX 172.4+4.1 mmHg, 10 ## Tix 179.6+4.0
mmHg, 12 ##E TIiE 181.8+3.2 mmHg, 16 Tk
194.8+3.1 mmHg CT# 7=, SHR-saltless #£0 8 i lin Tl
165.9+ mmHg, 9 ATl 168.8+5.2 mmHg, 10§ TlIX
175.3+2.0 mmHg, 12 ##HClE 180.3+2.9 mmHg, 16 ¥ fi
T3 187.143.7 mmHg Th-o7e,
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Fig. 1. Systolic blood pressure



3. 2 IB% (Fig. 2)

WKY-normal salt £ 8 W Ci 338.1+5.3 [71,747, 9
TERTIE 344.1£9.1 [B], /43, 10 B TIX 340.8+6.9 [A]
4y, 12 # T 361.9+9.8 [ 4y, 16 i i Tix
352.9+10.7 [A] /43 Tl-7=, WKY-saltless #D 8 JH T
1%354.0£7.2 [B],/ 47, 9 WA TIE 372.8+8.1 [8],/ 47, 103
W C13375.3£5.918] 43, 12 B#H Tl 389.0+6.8 [7], 4y,
16 FHH Tl 386.8£10.4 [0,/ /3y T -7,

SHR-normal salt #£ (n=14) ® 8 @#HTlE 362.2+13.3 [A]
/4y, 9 G TIX 356.249.4 [\, 4y, 10 ¥ TIX
337.4x13.3 81,47, 12 BT 386.2+11.2 [8], /47, 16
F R TIE 332.1+12.8 [,/ 5y T -7, SHR-saltless Ff
(n=15)» 8 W TIL 361.248.1 [A],/4y, 9 Ml Ti
378.5+9.6 [8],/ 43, 10 ##HHTIE 398.6+10.5 [A] /43, 12
B CIg 386.2£10.5 [81,7 4y, 16 H#r Tl 424.2+13.3 [A],/
43 CdHoT=,

WKY Tt SHR T, saltless #£D 573 nomal salt FEE
e U TH B EH LT,

3. 3 EHARIM (M%Z) (Table 1)

L= 75X WK Y-normal salt #£75 18.7+1.3 ng/ml/IRf
i, WKY-saltless #£7% 77.5+7.1 ng/ml/F#f#, SHR-normal
salt #E S 33.9+2.2 ng/ml/ B [, SHR-saltless #¥ 7
87.6+10.3 ng/ml/fF#fi] THY, WKY TH SHR TH saltless

Table. 1 venous blood

£ J7 75 nomal salt FEE LG L TH EIZ EHL TV,

Angiotensinl}, WKY-normal salt #£2% 9,060+1,190.7
pg/ml, WKY-saltless #£7% 55,100+4,325.4 pg/ml, SHR-
normal salt #£2% 19,700+£1,140.6 pg/ml, SHR-saltless #£A3
68,600+7,510.3 pg/ml THY, WKY T SHR T saltless
FEDJ7 73 nomal salt FEE L THEIZ ERH-L TV,

Angiotensinll}F, WKY-normal salt #£73 179+46.4 pg/ml,
WK Y-saltless #£73 1,112+234.2 pg/ml, SHR-normal salt #£
73208.6£50.8 pg/ml, SHR-saltless #£74% 1,035+217.1 pg/ml
THY, WKY T SHR T saltless #£D 5728 nomal salt
HEEH L CHREIC AL TV,

Heart Rate ** 5<0.01 : VS WKY-nomal salt

1 p<0.01 : VS SHR-nomal salt
beats/min
n=10
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Fig. 2. Heart rate

WKY normal salt saltless
meantSE meantSE
renin activity 18.7£1.3 77.5£7.3 tt
angiotensin | 9060+£1190.7 55100+4325.4 +t
plasma angiotensin | 179+46.4 1112+234.2 +t
aldosterone 336.2+14.5 16091483 +
adrenalin 2712.5+318.4 7993.1+628 tt
noradrenalin 1275.5+416.8 4223.7+684.3 t+
SHR normal salt saltless
meantSE meantSE
renin activity 33.9+2.2 *% 87.6+10.3 *x 11
angiotensin | 19700£1140.6 * % 68600+7510.3 ** 1%
plasma angiotensin Il 208.6+50.8 * % 1035+£217.1 *% ff
aldosterone 259.6£11.8 * % 1372.7£242.5 (p=0.06 vs SHR-ns) 1%
adrenalin 3514.9+639 * % 8316.3+£1221 %% #+
noradrenalin 1388.7+340.1 * % 3629.5+301.8 *x %

* <0.05 vs WKY-normal salt, T <0.05 vs SHR-normal salt, £ <0.05 vs WKY-saltless
**<0.01 vs WKY-normal salt, 1 <0.01 vs SHR-normal salt, 11 <0.01 vs WKY-saltless



Aldosterone (%, WKY-normal salt #72% 336.2+14.5
pg/ml, WKY-saltless #£25 1,609+483 pg/ml, SHR-normal
B AS 259.6£11.8 pg/ml , SHR-saltless #fE 73
1,372.7£242.5 pg/ml THY WKY (ZFV T saltless BED J7
73 nomal salt & Ff L T B EA-L TV iz, SHR T,
nomal salt BEL saltless BED p 1T 0.06 THY, HE =1L
DRI OO _EHOMHE AR LT,

Adrenaline ¥ WKY-normal salt B£72% 2,712.5+318.4
WKY-saltless #£ 7% 7,993.1+628 pg/ml ,
SHR-normal salt B£7% 3,514.9+639 pg/ml, SHR-saltless #F
738,316.3£1,221 pg/ml T&HY, WKY TH SHR T saltless
FED 7753 nomal salt FEEHHZL THEIZ EH- LTV,

Noradrenaline % WKY-normal salt ££75 1,275.5+416.8
pg/ml , WKY-saltless #f 7% 4,223.7+684.3 pg/ml ,
SHR-normal salt #£7% 1,388.7+340.1 pg/ml, SHR-saltless
BEDY 3,629.5£301.8 pg/ml THY, WKY TH SHR Th
saltless #£0> 775 nomal salt FEE LI L CTHEIZ EH LT
VW,

3. 4 Ta—(Fig. 3)
IVS 1% WKY-normal salt #£0 F2ERBAAARFTL 1.88+0.05

salt

pg/ml ,

mm, 16 B TIL 2.04£0.06 mm TH-7-, WKY-saltless
DIBRBHAAIFT 1.96£0.08 mm, 16 JEEICIE 2.25+0.05
mm T&H 72, SHR-normal salt D SEERBALARE L 2.01£0.09
mm, 16 @ TlL 2.27+0.08 mm TH-7-, SHR-saltles #F
DOEERBALARET 2.04£0.07 mm, 16 HE#EITIE 2.51+0.08
mm TH-o72, SHR (2T saltless #£D 575 nomal salt
FEL L CTHEIIEEL T2,

%FS (X WKY-normal salt #£0 FZERBAAAIEIL 51.8+1.1%,
16 AETlE 46.6£1.6% T -7z, WKY-saltless D FZERER
FERFIT 48.3+1.3%, 16 W EHTIX 49.3+1.6% CTh o7z,
SHR-normal salt DSEERBAAGEFIE 51.3+1.1%, 16 T
I3 48.0£2.0% T o 7=, SHR-saltless D 25 Bf 4 1
47.5+1.0%, 16 HHHTIX 50.440.6% Cdro7z, Hat DGR,
AEZEITROT 4 L IEFHPENThH-o7,

3. 5 western blot(Fig. 4)

western blot Z i fTL, &L #L D renin, prorenin
receptor, angiotensinogen, angiotensin I1(AT1) 52 Z/AD
FHL AR L, WKY TH SHR T saltless FED SN
nomal salt & HLERL THRSFEBLL TODRER ThHh o7z,

IVS thickness Before and After Saltless Diet

** $<0.01 : VS WKY-nomal salt
1 p<0.01:VS WHY-saltless

mm
n=10

t
* %k
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Fig. 3. Echocardiography
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Fig. 4. Western Blot



4. % %
4.1 MEEE

ZIVET, ZLOFATAE CRIEIZEVIEIL FR5E
WESNTND O, 2070, SR THIMEIL FAHE
B2 TV, ARBFERSE R Clrim K M 2R~ Lz
A EFETI2 Do T, ZOIDITIEA EIZ F B0
BR LT, DI renin-angiotensin & D _E -, @A [FAH
BROTLERE ZHND, T OILH renin-angiotensin
FAROTLHEIZ DNV THAT 5, renin [LBHEFRIST, Mk
HEAXT, MET, Na RZIZKSL TE g HilkEs
DB CTh D, renin [TNTE T Angiotensinogen & F 4
BHRY T F R Angiotensinl ~D A LA (RT3,
AngiotensinlIXEER L, Ffi<CE DIZ)>D FM M | ZA/FAE
3% Angiotensinl ZZ il OTEMEIZLY, AngiotensinIl~
SIS, Angiotensinlll 58 7] 72 IfL A& WA 1 THD,
ARFFETBNTOHEEIC LR LTWD, 2072,
BEIUCI) —BEOME TR Na KZEL LA
4, M renin-angiotensin &3 TTHEL R AT O M A 1
VM EAHER L7720, B AR IICL TOAERIE
K TFITIEESRNoTeDTIFRODNEE 2 D,

F72, Angiotensinlli ZEIE KB HENRIC/EHL T Na
ERFFTHALELTHY, Aldosterone 3L OVKIy &£/
FFT oPRRFB N B T 5281280, kA &%
RFFT BN DD, AWFFRIZIHB DT IE R Tl
Aldosterone & E23H EIZ EF-L, JHER MK & HERFS
MTRER, BOEHRIRRBIZIX R DR o7 B 2 D,

72721, Aldosterone D B ENEMEIZKITTHELLC,
1990 £-47)# Brilla 573 &L T C Aldosterone 2 £ i 4~
LHEmME, DI EBIEESNIZEHEL TWD 7,
Aldosterone 2R UMM LI L B B A 372 E 7%
RINRNESHhI VA2, Makhanova Hid, 7/LRA
T A RIS T ThD CYPLIB2 ZiRIFEBEH
7o~ AT Aldosterone #2723 1.5 513 E @<, Zh
OV A EREREZBIS L2 LTI L O#HE L
MNHEZY, Aldosterone DAFERI/RIERIE D | H- T lgiesls
ENRIHIEZALPILTND Y, iz, FRMET AR
AT HAE TR MLEOFEE I R TIMIMLE BEF 23 22
EIXHEISIUTEY, Aldosterone 23 L& B IC/EH L C
WHZEFHALNTHD 2, AR ThHlgR~D
BN RNEITE VTN D TIIRU D,

WIZ@ A AP R D TCHEIZ DWW TR 5, a8 dqd
RIL, IHBIANC X, EH), RS, i+, O
FICKWL, BEMEEYE ChD adrenaline <°
noradrenaline % /i {f{ 9~ % , adrenaline % .0» i ® Bl
adrenaline AR T HREEHNZL D, O ES
WIS 21EMEF S, SOICMEILREZER TS B2
adrenaline S A MRICHIEAL, R E KA S5,
ZOTDYLERHI IR T 2280 HED ERICXD
I e 3 i =AY B H-3 %, E 72, Angiotensinll (Z 1%
noradrenaline O it i Z B M & 5 &% E N H Y,
noradrenaline LIl ZUHES LI LIZIV I EE LH-S
W L7120, I ES IR I ES BRI,

AAFFENZIBN TS, B AEEIIZL ST adrenaline %
&£ &% O¥ noradrenaline J& S A BENZ LA LIZZEDD, Th
HOMERNZ L TGN E S RFRIR T LR o7 &5
2D
4.2 IDAZEE)

DA B ER EL T, OFFER MK &0 iz
FDRTAMIER, @I EARIEME LA L7z DRI
LD DIAE T R D BT Hid, OOIEER MK &2l
TIE, AT EHEOBRAERUZ IV EIETO Na JF
BOEER MR &A NS EHEF DIV TNDN, AR5
VR AR ICTHY, Na TSI DIEER MK SO B
Z 2K, ZDT2h, @D IZEARRTE AL A/ LTz
BB L2 LR 0 8 R SEE R Tl vine B 2 5,
OFEY, M AERUCEY B EI MR TL, EE2E
KRB DNEPEAL S LD, RS IR IT5E DR 2
P, O A AR A TS ML S 5728, adrenaline,
noradrenaline 23 FEAGHiZ B L, LA¥E EASE5,
ARFFENZ BN T, B REIUZL > TMHE adrenaline
J X noradrenaline J&E N E I FR-LEZEND, Zhb
DIEPEALDS DRI 2 U S 2 B RS ToRE R,
BT WKY, SHR EHIZlH &L L T g
HEICEHLQN=EEZD,

CITfERESNADZ LT, DO R TREED
FBIBRICHHZ LT ZNETOIATIF THHLNTH
0 100 B R N BRI FE S T KB R — M gE S
LCEKEzEN G4 CThs 1?2, BEAERIERICE
oD AL TRMERZR O ER OB N, (O i A e
VZIXRA e 5 88% KA 3 Al RE DS R IB S LT,



4.3 ILHERE

%FS (7 2 NI =R) IZBIL Tld WKY, SHR £ 2
VA E &S EE B ORIZITA B AT ES, BRI
DI INZII R E 05 e G- 2 TN DB >
7zo LIALIVS CLEERTEER) I2OWTiE, WKY, SHR &
(R R DR o T ZEDBGNIRY, T
saltress #EDIMAE AngiotensinllF5 L TN noradrenaline 734
BICERLTODIER, EEBEDILEEZRL TNDHEE
2%, Simpson b, £758.LoAl#lfElZ noradrenaline %5 5-
FTHELFHAIIZIERL, &5 al-blocker D% 5120
RIS N2 &2 F L, noradrenaline 730 JE
KRBT ZEIHAGNTHS 319, AWFFRIZIBNTEH I
% noradrenaline #2% D L5723, al noradrenaline 52 &4
AL TCAERZBEEISELEEZD, £72,
Angiotensinllt D ififu A RS, DR ELT-HT,
FEDAH=ALELT, AngiotensinlllE Angiotensinll (AT1)
ZRRIVERAL T A b iR L7 a7 (MAP)
X —EBEHMT 5, MAP ¥ —BIZiFlELETRh—
ADW S EARET DA AR — R MR EENTWDTZD,
mRNA EWNIRGEZTEMEILL, MO REEERE S EiE
T ZEDRALITH D, AL CIRER AR L D0
FEREDIK T IXRBD IR o723, Je BBEN IR IR ] T D
ZEMHBMNIRY, ZOZKITMEE Angiotensinllfi L&
4% Aldosterone JEFED FAITE K5 ATREME DS RIZS
iz,

5. SERNDFEE
ARAFGE CIT B R AR RIE T L TE BR Eh e,

I DO AZFEAE R E renin-angiotensin &, [CMHERENDRE
fliL 7=, 4 % 1X western blot (Z T L fidk A fd &
renin-angiotensin ;& DX /X7 FBL AR Ly 1-EW)
AR Z1TO L EBIT, MR AD DI B AR 21TV,
AN ORI KT T RO R A YOI TNET
[
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Saltless Diet Damages the Heart through Activation of Cardiac (Pro) Renin Receptor
and Renin-Angiotensin-Aldosterone and Sympatho-Adrenal Systems

in Spontaneously Hypertensive Rats

Shinya Minatoguchi, Chihiro Okamoto, Yuka Hayakawa, Hisaaki Komaki
Department of Cardiology, Gifu University Graduate School of Medicine

Summary

High salt-intake causes hypertension and leads to cardiovascular disease. Therefore, low salt diet is now
recommended to prevent hypertension and cardiovascular disease. However, it is still unknown whether
excessive low salt diet is beneficial or harmful for the heart. Wistar Kyoto rats (WKYs) and spontaneously
hypertensive rats (SHRs) received normal-salt chow (0.9 % salt diet) and excessive low salt chow (0.01% salt diet
referred to as saltless diet) for 8 weeks from 8 to 16 weeks of age. The effects of saltless diet on cardiac (pro)
renin receptor system and renin-angiotensin-aldosterone and sympatho-adrenal systems were investigated.

Saltless diet did not affect systolic blood pressure but significantly increased heart rate both in WKYs and
SHRs. Saltless diet significantly elevated plasma renin activity, plasma angiotensin I , II, aldosterone,
noradrenaline and adrenaline concentrations both in WKYs and SHRs. In an echo, interventricular septum
thickness (IVSth), an indicator of left ventricular (LV) hypertrophy, significantly increased from 8 to 16 weeks of
age. The IVSth was greater in the saltress diet group than in the normal salt group both in WKYs and SHRs.
Cardiac expressions of renin, prorenin, (P)RR, angiotensinogen, and angiotensin II AT1 receptor were significantly
enhanced by saltless diet in both WKY's and SHRs.

In conclusion, saltless diet suggest a possibility to damage the heart through activation of plasma
renin-angiotensin-aldosterone and sympatho-adrenal systems and activation of cardiac tissue (P)RR and

angiotensin I AT1 receptor both in WKY's and SHRs.



