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R 72 8 2 12 15 Uik (pro) renin 2 BAK R TLHEE I 5
UM 2 D AT = K i B

AR, WA T, M RS, IWHE EA, B BE

g B R 72 B 7 R SR MR BR P Ty R

B E [ICHIZ] HARANORFEEILYE (2015 ) ORI HEHEERO BEEL, BrE80g, &ME70g
THY, @EIMERRTARTAL 2014 (28 @& LA T BT 57200 I E R RO IS D JE OHEEN VB CThDH EF0E
IWCW5, — 5T, BRIROHEE VIR 1.5 g LT 308, BKEEEZEIRURV IR TR S IRICER R KT
AIREVED D, 2T, AWML TIET Y M W TR R B IR R T 5 8% A TENRE, (OHERE, 75 AW/
FE, WEFHIET DR 2,

[Ai%] WKY-normal salt (NS) &, WKY-excessively low salt (ELS) #, SHR-NS &£, SHR-ELS £ 4 BEIZ01T, EHIH
(CARE, IO, DR, Do —A2 L, % RFRIRI DRIk, 7Ol il - Bl MRk Z SR L 72, €
D%, DT AZ Ty T 4 T AT LRI Z 35175 renin-angiotensin-aldosterone 5%, prorenin- (pro) renin 5% {4
ROV T FIAREDZ I FEBZRAL, SDIT, MMIEAZMER U OO DA AT EE, (O RV N 36 L O 5 PR
DA DN TIHAE LT, 7 —Z1% SPSS Statistics 24 A-ffi L3 ATIC TR B 24 a8 L 72 # Bonferroni (77K
H£0.05) IZTHTLTz, 7038, ABFFEIIE BR PRSP AR T 7e R ) B A 2 B 2 OB 757:23-6) 128> Tk
STV,

(#582]) UM%, WKY, SHR &2 normal salt (NS) #£& excessively low salt (ELS) BEIZAH H A 7RO 7272,
DHENE, WKY, SHR E6I2 ELS QA RIS ER U, BRI, MAEL =AM, 747201 0L, TAVRAT
ny, 7RLFVy, V7R F Y3 WKY, SHR E6IZ ELS BESA BIC BA L7z, (Dxma—Ti, IVS i3l EH I
JEL7273%, WKY, SHR &HIZ ELS BEDIEEN L5072, VA Z T vy T 427 TlE, WKY, SHR &b Ui D
renin, (pro)renin 52 %¥{A, angiotensinogen, angiotensin 11 5 %¥{& (AT1), phosphorylated (p)-p38MAPK, p-ERK1/2,
p-HSP, TGF-B1 I, NS #EIZbL ELS #EASERSFEILL 7=, (O VAR ME L & 1 5 TR PEARAE LI, NS #EICHEL ELS B0
T3 8GR T, DAL ERE, NS #EIZEEL ELS #ED T N RE DT,

(#558] MURICHL B D D720 VIRBE T, renin-angiotensin-aldosterone % « A JEAHE R DIHIEAL, (pro) renin 52 751K
FROIEPEARIZED, Do B, 2B, OB L, 8 E PR L2 S 73D, M2 s &
LR S A A T2,

1. AR B

AHFZE O B B, MR 722 EOE A 1T XKD i
renin-angiotensin & & CliikELE (pro) renin 2 AR D HLE
ZD T 7 T IMBizEE DA O PR AL, (O
REZEAL A RTAN L, A 72 P A% Do B R R
WTHIES 2L THD,

BE, FAEOREEEEIX 10.6 g/day LR—D%
EThD, — I, BIEERESEMT UL T 213
DF AR NMIE DI NN D2 L3S SIUA
SZF ARSI TN, LasL, Wi A 2 R 12
KT UETe L ADIAE AR ML D0 RITHN$
HEOHELHD VY, ZOZEE, M HIRIT L



AIMEA RN RS, A TR BT S AEE
PEZTRL TS, AR RO MO RIEEREL 0.5~
3.0 g/ HChHSIZEDHERHY, NHIZL>TOREE
BEIZLLADIRNE R Z Y ThHLEOE R NHDH—77,
AR CLEPMERSNTNDDIE 3.8 g/day TTTH
% 3V, UL, MR B AN O LA A M A
SHDDOTHIUEZ DA =X N2 Dh>, Fi-Feire
BB IR E ORERONTOWTUIRIEARHTHD,
Tob, B RELOME AR OBRITIE, M
JEABETRIRRIZ T 1 —7 DFELET D ATREMED B ¥, BT,
Fx 13 Wistar Kyoto Rat (WKY) & H SAFSIE &) fi 7 b
(SHR) # T, B30 (pro) renin 52 75 A% T8 %
B, Ml 7 AR TUHEL, (/8 JE PR ME L,
DRV E AL, OB RS I DEEREIR T2 A E
Doy F AN =R DRI LT S RBFFE T, WKY
& SHR ZHWT, Wi A3 L A E B IRL iis7e
P B DB EZ TR T DI ENOREIEATV, FRiE
RHEPEIR 7, 1A 3 L OVOEGHER% renin-angiotensin 5%,
Lol (pro) renin 52 ZARD B 5-ABBDNTL, ED5F AT
=ALEfRHT D,

2. AR AZE
2.1 EBJora—

8 W () D WKY & SHR (WKY/Izm, SHR/Izm: H A<
SLC ¥Rt ITHRL, FE i@ E & (normal salt: NS)
EHTE7 2 P R (excessively low salt: ELS) (24317 C 16 18
EvETHEIB LIz, saltless 13, P HROAEE AIN-93G
(V= 2R TR 4E) O NaCl BN 534t

Systolic Blood Pressure
mmHg n=10
160
150
140
130 -

120 - p‘———_—__‘
110 -

100

== WKY-normal salt

an == WEKY-ancessively
low salt

80

S8weeks 10 weeks 12 weeks 16 weeks

JVR— ARG H — TR U RSB A LT, Z0%F
RO AT O Na & (FEHH RO & fH &) 1T
4.64 mg/100 g, BRI RITHEL TH 0.01%&HD T
0%\ Z3T<, AAFFETIXZ 4% excessively low salt (ELS) &
EFLI,

TE I A ] L & OB E L, 16 B H 1C
DTa—(TTLEREZFHAIT D, SHITLUTIE 16 #iisd
IR AU COEBRAE TIRFITIT,

L= %M (PRA), angiotensin 1, 11 &£, aldosterone

JEJE, adrenaline JE ¥, noradrenaline J% 20 & 92,
2) L~ Jigk A0 #% @ renin, prorenin, angiotensinogen ,

angiotensi II 74, Ll (pro) renin 5 &4, (pro)

renin X AEKD Tt 7 F WV I6ETHD ERKL2,
p38MAPK, TGF-B1, HSP27 % western blot Cilll &9~ %,
3)HE 44f4, Masson trichlome Jei2 1Y), [UfinfakD

PR T D,

2.2 o

7 —X#I% WKY-NS ##, WKY-ELS ##, SHR-NS #¥,
SHR-ELS £ 4 B, IEMMEORER, —IohdE
SIBSIHTIS TIRET97% (SPSS Statistics 24) .

2. 3 fMEMEE

AMFFEIE, 5 82 Bl R R F R [ F R A SRR )
FEERFEA T B OKRE 5 :23-6) IZL > TRRI LT
AN

3. IR#KER
3.1 IRfEHAMmE (Fig. 1)
WKY-NS #£0 8 M Tl 115.7+2.2 mmHg, 9 i@HT

Systolic Blood Pressure
mmHg =10
220 +
210 -
200 :
190 -
180 .
170
160 - ==5SHR-normal salt
150 == SHR-excessivaly
140 low salt
Sweeks  10weeks 12 weeks 16 weeks

Fig. 1. Systolic blood pressure



1% 120.72.9 mmHg, 10 J@# Tl 125.6+3.6 mmHg, 12
T 121.0£1.9 mmHg, 16 i CTix 124.2+2.7
mmHg T&H->7-, WKY-ELS #£D 8 H#inTix 114.3£2.9
mmHg, 9 M Tl 118.7+3.1 mmHg, 10 ¥ i TiX
118.0+4.0 mmHg, 12 ##H Tl 121.6+1.5 mmHg, 16 # i
TiX 119.1£3.2 mmHg ThH-o7z,

SHR-NS #£D 8 # Tl 170.3+2.9 mmHg, 9 HfinCl%
172.4+4.1 mmHg, 10 ##ETIL 179.6:4.0 mmHg, 12 FH#n
TIX 181.843.2 mmHg, 16 ##iClX 194.8+3.1 mmHg T
&7, SHR-ELS #£D 8 H i Tl 165.9+2.6 mmHg, 9 1#
B ClIE 168.8+5.2 mmHg, 10 #ETIX 175.3+2.0 mmHg,
12 AETIE 180.3+2.9 mmHg, 16 M TIX 187.1£3.7
mmHg TH-7=,

LRSS, A&
3. 2 1P (Fig. 2)

WKY-NS £ 8 i@l Cld 338.1+5.3 [B,/ 4y, 9 HEH T
1% 344.129.1 [8] /43, 10 ##HETIE 340.8+6.9 [B,/ 47, 12
HHTIL361.9+9.8 [B], 47, 16 H#HTIE 352.9+10.7 [A]
4y Cdh-7T=, WKY-ELS £ 8 i i Tl 354.0£7.2 [ /47,
9 M fHTIE 372.8+8.1 A1,/ 47, 10 Jfin Tl 375.3+5.9 [A]
S5y, 12 HE T 389.0£6.8 A, 4y, 16 # ik CTix
386.8+10.4 [7],/ 43 T o7z,

SHR-NS #f (n=14) ® 8 Jin Tl 362.2+13.3 [A] 43, 9
T BTl 356.249.4 [B] /47, 10 # BT 337.4+£13.3 1]/
5y, 12 B TIT 386.2+11.2 A4y, 16 M Tl
332.1+12.8 [7],/ 43 Cd 7=, SHR-ELS £ (n=15) ® 8 #Hfin
TI%361.2+8.1 [B,7 57, 9 kR CTlE 378.5£9.6 [51,/ 47, 10

IIERDIRo T,

FHETIE 398.6£10.5 [A], 43, 12 R Tl 386.2+10.5 [H]
/43, 16 Wl TIE 424.2+13.3 [0] /43y ThH-oT=,

WKY T% SHR T, ELS BED 723 NS BEL L CH
Bz EH LW,

3. 3 F#fRin (1%2) (Table 1)

L =AML WKY-NS #72% 18.7+1.3 ng/ml/IF [,
WKY-ELS #£2% 77.5£7.1 ng/ml/BF [, SHR-NS #fH3
33.9+2.2 ng/ml/M§fi], SHR-ELS B£78 87.6£10.3 ng/ml/i
fCHY, WKY TH SHR TH ELS FED J703 NS BEL Lk
LTHEIZERL QO

4% angiotensin I 1L, WKY-NS ££23 9,060+1,190.7
pg/ml, WKY-ELS B£AY 55,100+4,325.4 pg/ml, SHR-NS
7% 19,700+1,140.6 pg/ml, SHR-ELS #£7% 68,600+7,510.3
pg/ml THY, WKY Tt SHR T ELS BED J773 NS REE
L CHEIC ER LT,

M angiotensin IR I1E, WKY-NS #£7% 179+46.4
pg/ml, WKY-ELS #£7% 1,112+234.2 pg/ml, SHR-NS £}
208.6+50.8 pg/ml, SHR-ELS #£72° 1,035+217.1 pg/ml Tk
D, WKY Tt SHR T4 ELS #£0DJ7 53 NS BEL bl L <7
Bz EHL QW

4% aldosterone 2 FE1%, WKY-NS #EAS 336.2+14.5
pg/ml, WKY-ELS #£23 1,609+483 pg/ml, SHR-NS #3
259.6+11.8 pg/ml, SHR-ELS #£73 1,372.7+242.5 pg/ml T
HY WKY (28T ELS #E 757725 nomal salt FE& gL
THEIZEH LT, SHR Ti, NS #EE ELS B0 p fifl
1% 0.06 THY, HEZEITRO/2->T-bDD _EHOMH M
LTz,

Heart Rate

* p<0.05

(beats'min) n=10 " 50,01
450
400
350 A

b= \WEY-normal salt
300

= WEKY-excessively

low salt

250

Bweeks 10 weeks 12 weeks 16 weeks

cats/mi Heart Rate
(beats'min) i ate * pe0.05
n=10
5 he0 .01
450 - -
-
400 -
350 -
300 ~—SHR-normal salt
== SHR-excessively
250 low salt
Bweeks 10 weeks 12 weeks 16 weeks

Fig. 2. Heart rate



Table.1 Venous blood

WKY normal salt saltless
mean+SE mean+SE
renin activity 18.7£1.3 77.5%7.3 tt
angiotensin | 9060%£1190.7 55100+4325.4 i
olasma angiotensin |l 179+46.4 1112+234.2 T
aldosterone 336.2+14.5 1609483 tt
adrenalin 2712.5£318.4 7993.1+628 Tt
noradrenalin 1275.5+416.8 4223.7+684.3 1
SHR nomal salt saltless
mean*SE mean+SE
renin activity 33.9+2.2 * % 87.6+10.3 *% It
angiotensin | 19700+1140.6 * % 68600+7510.3 ** iIf
plasma angiotensin Il 208.6+50.8 * % 1035%£217.1 % I
aldosterone 259.6%11.8 * % 1372.7£242.5 (p=0.06 vs SHRs) 1t
adrenalin 3514.9+639 *% 8316.3+1221  ** It
noradrenalin 1388.7+340.1 * % 3629.5+301.8 *x ¥

*<0.05 vs WKY-normal salt, T <0.05 vs SHR-nomal salt, £ < 0.05 vs WKY-saltless

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

Adrenaline |X WKY-NS #7238 2,712.5£318.4 pg/ml,
WKY-ELS #£ 2% 7,993.1+628 pg/ml, SHR-NS #f 23
3,514.9£639 pg/ml, SHR-ELS #£7% 8,316.3+1,221 pg/ml
THY, WKY T SHR T ELS #ED 773 NS BEE bbls L
THEICEFL Q)

Noradrenaline £ WKY-NS #£7% 1,275.54416.8 pg/ml,
WKY-ELS A£7% 4,223.7+684.3 pg/ml, SHR-NS A3
1,388.7+340.1 pg/ml, SHR-ELS E£73 3,629.5+301.8 pg/ml
THY, WKY Tt SHR T ELS BED 53 NS BEL L
THEIZEFL TN,

3. 4 i(»xTa—(Fig.3)

IVS X WKY-NS #£D FEERBHAARFI X 1.88+0.05 mm, 16
T TIE 2.04+0.06 mm CTIHh-7=, WKY-ESL D FEEREH AR
I 1.96+0.08 mm, 16 KR TIE 2.2540.05 mm Th-7-,
SHR-NS D EERBALEIFE 2.01£0.09 mm, 16 HE#TIX
2.27+0.08 mm ToH-7-, SHR-ELS #ED FEERBALAR T
2.0420.07 mm, 16 ##HTIE 2.51£0.08 mm TH->7-, SHR
(23 T ELS #EO 573 NS BEEHlR L TR EIZIEEL T
Wz,

%FS 1% WKY-NS FEOEBRBA MG L 51.8+1.1%, 16 ¥
B ClT 46.6+1.6% Cdh o7z, WKY-ELS D IFZBRBAAARET
48.3+1.3%, 16 T TIE 49.3+1.6% TdH-7-, SHR-NS D
FBRBALAREIT 51.3+1.1%, 16 HE#EH T 48.042.0% CTH->
72, SHR-ELS D FBERBAAAREIT 47.5+1.0%, 16 ik CIX
50.4+0.6% T o7, HatOFER, AEZAITROT 4 L

IVS thickness Before and After Saltless Diet

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

& 8week of age

® 16week of age

WKY-normal salt WKY-saltless SHR-normal salt SHR-saltless

% FS Before and After Saltless Diet

70

60

@ 8week of age

® 16week of age

30

WKY-normal salt WKY-saltless SHR-normal salt SHR-saltless

Fig. 3. Echocardiography



HIEFHIHAN TH T,
3. 5 Western blot(Fig. 4, Fig. 5)

Western blot % Jiti{TL, LMEFLHE D renin, prorenin
receptor, angiotensinogen, angiotensin I1(AT1) 52 ZAD
FEBIZHERRL, WKY & SHR OV Tt ELS £ 73 NS
REL R THRSIEHIL T/ (Fig. 4), SHIT, WKY &
SHR &gk D phosphorylated (p)-p38MAPK,
p-ERK1/2, p-HSP, TGF-81 %, NS #£ZktL ELS BT
BT (Fig. 5),

4. FREBFIRET
O TRV B AEA b & i 78 JB] PRARAE ML 1, NS BEIZEEL
ELS B J723587>-72, (Fig. 6)

5 % &
5.1 MEZEE

ZIET, ZLOETHFE CRIEIC I I EIX FA35E
WEINTND Y, 2O, BEORMER THIMEIX T
INDHEE Z TUNZDS, ARMFFEAE S Tl 3R T e ) 2
AU IEFE S BRI L TR BT TRnotz,
ZOIDZIMENA BEIK T LR -7 B/ &L T, O
1 renin-angiotensin-aldosterone & JLit, @A AR RTL
HENE Z 55, T OMAF renin-angiotensin & D JLE
2OV TR %, renin IXBEVIK T, MKAEIKT,
MEAE T, Na RZIZSL TEIg HilfiS L oiER ©
%, renin (ZTEET angiotensinogen EFEXINARY AT
FR725 angiotensin [~DZ5H#izAfE 7 %, angiotensin I

Renin " o001

* p0 05

normal sak

.

) I I

as low salt
S

Wewessively

WKY-NS

Prorenin receptor ** p001

Renin | e

normal salt

Prorenin

- — A
10
Receptor a o low salt

@ oxcossively

wey MR

Angiotensinogen |_

Angiotensinogen ** p0.01

Ang II Receptor

: LR |
(AT1) -

normal salt

I I m—
low
s ow salt

W excessvely

WY a4

**pcomn

. .- .-
10 normal sakt
@ excessively
0 ow sat
WXy ol

Ang Il receptor (AT1)

Fig. 4. Western Blot



Erk1/2

Erk1/2

L p38MAPK — Y p-p38MAPK o paits
- 25 - - : .
[ wirns | osuens | owkress | swres | |7 2
10 1 R normal sak bl ) normal salt
w1 rf . ecessively
P38MAPK W . e | vy
wey . ey e
Phospho
ERK1/2 p-ERK1/2 .
P3EMAPK .“‘ I.| 0 o | = L erem
15 ==
15 -
w ] T - . O nermal sait
- normal salt 10 4 . ® excessively
Phospho - - !:'!a-'—'ﬁ’-:' *1 [ P l o
00 low sak 08 |
wey AL ey e
HSP27 m . HSP27 . p-HSP27 o
*p005
Phospho 15 2] ——— 3
s F----’----M |
0 =ty 1 {
normal salt (I normal salt
s 10 ¢ - - sively
———— —— - e
TGFBT | s — e — N :""”"'u. . frosapare
wey o ey bl
a-Tublin i-..—...v—.| . oo ||, atubulin
151 15 -
10 4 101 = ™
C normal salt T normal salt
os 0s
@ excessively Woxcosvely
o0 bwh 00 o
wer b
E
fibrosis of the heart
** pe0 01
* pe0os
n=10

S -

w

~

-

- -
£
4
.
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1normal salt
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| it
0 low sal
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F
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** 50.01
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.
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15 -
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s |
W excessively
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Fig. 6. Ji BT L




IMEERL, L2 0E»o EBMMEICHFETD
angiotensin 1Z#4f# 3 DIEPE(LIZLY, angiotensin T~
HixiD, Angiotensin 11IE 58 /) 72 i 4% IAEIK - THY,
RIFFICBNTHAEIC EA LT, 20720, i
PR AIZIY, Na REARIL, M NIRRT
BEL, —WPEO MR T AR I LRGSR, O TEC
H' renin-angiotensin-aldosterone S&R23TTHEL , I UNAEIZ
FOMEAHER L7720, AR MER T ITIEELRD >
T=DO T WNEE 2 BLD,

F7z, angiotensin INXEIE SE)SEEIZAEHIL T Na
HREFT AT THY, aldosterone 38 LUK H 1R
FTOHRNRFNE T D8R, MRA Rk
FF9 2, ABFIEIZ 3Tl B 72 U A Cidom 4
aldosterone I EEANE EIZ BA-L, FEER MK EAHERFS AL
ToAG S, MEDHERFS U fIREMEN B 2 b,

72721, Aldosterone D FEAEAEMRIZKIZTHEELLT,
1990 4=4J)& Brilla 573 5 & Hi T C aldosterone % H fif 3%
L, DI ABIEI LR EL TS 7,
Aldosterone ZX2 UMM LI L m B A 37275
RENLWESHOITWDD, Makhanova 513,
aldosterone & ilF# R iEIn 1 CdHDH CYP11B2 Zia I Bl
W=~ AT aldosterone SN 1.5 f51FE @<,
N gUEY/Ple a7 IS N D i 9 s e R Nt N RIS 71T EE
DREHEL L2, aldosterone DAEFRAREED FHT
bR EIR I DAL TS Y, iz, R
PET VR AT w e iE TR OFR BT H A~ TR A i
MENZ LTSI TEY, aldosterone 23N LA FEH 2 AE
AL TOWDZEEWBNTHD ), AFFEIZIB W TH LT
aldosterone JRED FA - D#sFEL SO LI ATRENEIT
HETER,

WA QR BEAPRE R DTLHEIC O W TR 5, 22t
PRI, THEIANL R, ), B, RILE, DA
TS L, BEMREYE Céh5 noradrenaline 7348/
fEEMN D, 72 adrenaline NEIE L IND,
adrenaline (X/0M D Bl-adrenergic 52 2 ARZHIPLL, LM
HEZHEINSELIERZ RS, SOICmAF IREE FR T
% B2-adrenergic SZARARITHIERL, A M EHKHTA J
S5, 2O DPRRHIN IR T 35200 A ED F
FUCIOIHEHIL T2 5972, F72, angiotensin I 13:
noradrenaline D HHZHIINSEHIER D HY, WERES L

noradrenaline | LM o~ AL R 2 LI X0 E A
WS i +% EH-SE5,

AWFFEIZEBNTY, 18 ORI A BRI L > T iE
noradrenaline J2 /% & M4 adrenaline 2% & 25 EH-L7=2&
D5, ZIVHOAEANZ Lo TUHE I I EAME T Lgd o7
LEZ BN,

5.2 MEZEE

DA B D EREL T, OFER Mk E&oB iz
FDORTAMEE R, QARG Z T LTz Ol B S22
I L2 OB N3 6 T B s, OOE B MK &
WL TIE, —BAICITRBEOERIERICLD B To
Na JFrREDMER MK &AM ELEFDITNODN, K
FFZEI A EE DO R THY, Na IR L AHMEER MK 0D
HINEE 212, EDTD, QDA EARRRIENEL AT
L7l B S AR K B ASFH IR Tldaun
MEEZ D, OFED, WEOREME R —@ M i £
KTL, FIEZ B NEM LS ND, B RITE O
PR EMRRAINHIL , & UM R A TE M LS T 57
¥ noradrenaline 23S Eia L, SHIZEIEHHED
DIEEESA72 adrenaline 23 0A% A EH-SE 5, AWFEIC
BOTH, BEORERICE > TME adrenaline M Y
noradrenaline & 1NH EIZ EFLI-ZEND, ZRHOTE
PEAL DS B 52 B ARTIR S LA DR Nz #E L, i
JEORIEAD WKY, SHR L@ E ALzl Cod
BRAAERBICEHLZbDOEEZLND,

ZITEENLZ 8T, LD ERPIETREIED
FRABIMRICH D ZLIXTNETORATHE THLIHLEATH
0 100 R NG FE i S i R R — M gE s
L CIERIAIEN 4 Thd 12, il EORME R IERIC
HIEHTRBLLT, B OB ORI, LM
JRDOIIERE NS D ATREMED D,

5. 3 IL#EEE

%FS (/2= NAHERE=R) ICBIL TIZ WKY, SHR 4%
AUEHE R LB ERBE R OMICITA BEEITES, WED
TG B DIGHE I TR E R e 52 10N 28D D
NI oT, UL IVS (T OGEILLERTEER) (25
T, WKY, SHR E6IZiE E OB & AMEEH I H
STz, ZAUE, ORI RO ML angiotensin 11351
N noradrenaline JEENAEIZ FRL TWAZERN, £=E
BED IR 2R UT AIREMED B H LB 2 D, Simpson BT,



R4 O AR MIIEIC noradrenaline &% 5-9- 5 & Uil Ac
JERL, Zhbid al ZAEREREEO R GICIDRFRANIC
Mfls =2 &L, noradrenaline 73 al 522K H|
WAL TOMIERS IO T ZEAHLNIILTND 1),
ABFFEIZFBNTY, [ME noradrenaline JE £ D _EH-23, al
SREEN LU CAEERLPESE 2B 2 N5, FT-,
angiotensin 16 DM Z RS, DFHIERELZHT,
FD A=A LELT, angiotensin 11IE angiotensin I1(AT1)
ZRRIVERAL T AU b iR L7 1T (> (MAP)

X —BEANET D, MAP ¥ —BIZITMEET Rh—
SADM S EARET DAL R — R MR E N TNDTD,
mRNA NG ZTEPE(LL, ?ﬁﬁﬁ@@ﬁiﬁ&ﬂﬁk%%l%@
T IENRBN TS, AWFFETITIREDORIERIZLD
DEEBEOIR T 138 y)%ﬂiﬁﬁ)o?’db@@ FEBENEE
IZIEEL TWAZERHIHNITRY, 2o bid M4
noradrenalin £ L 1M A4E angiotensin TR FED _EFITHEA
T HATREMED RSN,
5. 4 Western blot [Z&DERAFKIR

WKY, SHR (22T, 18 i £ &t B 7 Bl 2 oD Dl
IRIDEAFEBU OV TR LIHIAR, WKY, SHR &

HZ o0 il FH Bk @ renin, (pro) renin = ¥ K,
angiotensin Il %= & {K ( AT1 ) ,
phosphorylated (p)-p38MAPK, p-ERK1/2, p-HSP, TGF-81
L, B ERICHL, W EE AR TH BT EL
L7z, L EDZEND, 8RB R I C, D%
@ renin-angiotensin 5%, prerenin-(pro)renin 5 2 AR DL
HERH7-5EC, angiotensin 1T AT1 32 2R3 LT (pro)
renin Z D FFROT 7 FIARENTLHEL TODHTEDN
o E72 0Tz,
5.5 REMR

O VL MR AMEA b & 145 T8 PHARME( I, 8 R REIC I

L, R RO A B v?@ﬁ)of:o L
i, EE R, MR EE RO TR REN ST,
ZIHOPT L, R A AY, Ol angiotensin 1T
AT1 ZZRE (pro) renin ZRAROREAEEL, 2T
NOZFEDL T F M siEe JTHES TR/ R, AECTh
DTHHZENHLNE 2T,
5.6 Ah=XLDIRE

Fbi 72 B B S DR 2 D AN = A LITHO0
T Fig. 7 157,

angiotensinogen,

Excessively low salt Diet

Sympatho-adrenal system

Renin-angiotensin-aldosterone system

v

v
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Angiotensin IT

v

v

| (Pro)renin receptor |
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Excessively Low Salt Diet Damages the Heart through Activation of Cardiac
(Pro) Renin Receptor, Renin-Angiotensin-Aldosterone, and Sympatho-Adrenal

Systems in Spontaneously Hypertensive Rats

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

Summary

A high salt intake causes hypertension and leads to cardiovascular disease. Therefore, a low salt diet is now
recommended to prevent hypertension and cardiovascular disease. However, it is still unknown whether an
excessively low salt diet is beneficial or harmful for the heart. Wistar Kyoto rats (WKYSs) and spontaneously
hypertensive rats (SHRs) received normal salt chow (0.9 % salt diet) and excessively 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 the excessively low salt diet
on the cardiac (pro) renin receptor, renin-angiotensin-aldosterone, and sympatho-adrenal systems were
investigated.

The excessively low salt diet did not affect the systolic blood pressure but significantly increased the heart
rate both in WKYs and SHRs. The excessively low salt diet significantly elevated plasma renin activity, plasma
angiotensin I, IT and aldosterone concentrations, and plasma noradrenaline and adrenaline concentrations both in
WKYs and SHRs. Cardiac expressions of renin, prorenin, (P)RR, angiotensinogen, and angiotensin I AT1
receptor and phosphorylated (p)-ERK1/2, p-HSP27, p-38MAPK, and TGF-1 were significantly enhanced by the
excessively low salt diet in both WKYs and SHRs. The excessively low salt diet accelerated cardiac interstitial
and perivascular fibrosis and increased the cardiomyocyte size and interventricular septum thickness in WKY's and
SHRs but the extent was greater in SHRs.

In conclusion, an excessively low salt diet damages the heart through activation of plasma
renin-angiotensin-aldosterone and sympatho-adrenal systems and activation of cardiac (P)RR and angiotensin II

AT1 receptor and their downstream signals both in WKY's and SHRs.



