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B
i

EHEEERTHDIAZARY v 7 v Fe—A0HRKNT & L CHERE
[F] AR (B IR S 0 B e R R BT R e I & 72 o TV D, [E B BE IR 9 1

LD LR ORERM AN (HEFHE) 12, 2016 4FI2K) 4 /& 1,500 57 A T
bV, 2040 FE TICT 6 & 4200 FAWCHMT 2L TFRIALTWVD
(International Diabetes Federation 2016), & 52, HERKEEH O FEHLL
B BU/NIERENREORRE &3 2 6TV D BERFEMEDO B, KiEm
PEPEE, MIREZR EOARPMIELZFEIEL TEY, QOL(Z AV T 4 - &7 -
TAT7)DERTHRBEINATWD, WAETEH, BORKKKLEIHE R E i
BZfEn, FERFCHBREGREBRITIELIHEMLTEY, T0@EY E
B BREPBHEERRBEL > TV D,

M Xt AE & WM D NT AL -2 T, ZORDEFGH L TWD, MF
NECHIIEL 22 B PEAE S 5 EE R & iz A 7 0 —BR{bE R (NO) 1T, Mm%E
NEZ AN T NO & pBE R (eNOS) 12 &L v FEA S v, & i i A e 1 Bk
95 2 LI2 KD cyclic GMP & kB R ICHi & L T2 OBER Z1E L & &,
EH L7 cyclic GMP [Z L > ClEMEAKICBEIEE S b B 6N
TW2, FERFEOET VEMW TIE, MRS PIETE L TWD &9 R
HNBEEAFEET D (Cheng et al., 2001; Gupte et al., 2010), Z D Xk 52, B
PRI DA PHIE D FEIE A 1 = X LD —-2I2, ME UG « HhfE s o B ic 3k
S PUNMERFENREZEZL LN TV D

ML EFEWHS X OERFEERTI2HERG VI EIFAMOFET
&% (Tuck et al.,, 1990), ZDOHTH, BFHEOE O @ FPE RN 5] & i



TR mEIL, x OATE L ERICELT S, BREICXDME
ERICIF, BEFRLLBICEBERFPESBEET 22RO TED,
ZTORIEHFLE LT, BERERT., REMREOITLE, mMERDOERE LD
FR D HE I LT 5 (Simonson et al.,1988; Sowers et al., 1988; Choi et al.,
2015), RMEEZVET, 2RBERFZBREL T MR L, B
DEFRKRLEMERNLHEONTET —FIZE DRI TS (Tuck et al.,
1990; Cheng et al., 2001), L /2L, REZBRER T 5 Z & THMLE % 5]
FEZFTZEDREMINLTHD L0, HRFICE T 2BEREEROK
BIZOWTIEAWLRENL D,

VAR, B EHERFE OBHBEMRICOVWTOELsRARLABREEATWVS
EFNREREBDICEEZBRBERIEDL LA XY VEEIERIERT S
EWVW O LN H D (Ogihara et al., 2002a; Ogihara et al., 2002b), =D —JF
T, BEIZEVE FPRERBVOA XY UEGUENRB L 72 & W D 1A
BXOBHBEHRICED 2RIBERFEEZE DA 2V ARFMER#E R L2 A
R MY DA L FEET S (Petrie et al., 1998; Melander, 2000), = & X
I, BHED L ZABRFRIEICK T 2 RBRBOEEBIZHONWT, RE—ED
RGBTV,

ALRY w7 Fu—2n& UTHERLZAEREEEROHFRD RN E
WEA D = AL LTI, RERHZRER LV, Eio, &R IR
NEIMEZFERITERNTHDLIZLEFLI<MONATND DD, HEIRKA

BUT2AEBREEROEBIZOWVTIERE M2 AMIBSL TR,
AERY w7y R —AOREOEFMINTIX, K. BIHHEGE, &K

Mgk, AR, % 2 L T aife R 2 b &0 T Rk b 3 — A Hi s i o



MBI R R ERA A UM E L X2 ERH DL, Ll AZRY v 7
Yy bhan—A0EMLRREEZKREANATHA TSI LEIMO THETH
HIEMNH, AXRY v R —ADOREENMR LZBEZRET L)
WMOBRRBIZEHE LR ->TWVD,

Wistar Bonn Kobori Diabetic Fatty (WBKDF, WBN/Kob-Leprf@@) < v ki,
JEG 2 fE v 2 BBERIFET VT v b Tdh S5 WBN/Kob I B E 7 /LT
b7 Zucker BT v O L FF oLt 7 ¥ —RiEEET (Lepr®) ZE L
RRICEVBEALEFEHEIATZHHAORWZEOBERKRET VL TH D

(Nakama et al., 1985; Akimoto et al., 2008), L 7 F > L & 7 ¥ —JEili & s
T, VI TFURAKOMEAREZA LT, AEOMMEIL, B, AR Y
YR R T Z e MBI TWD (Zucker, 1965), LARTOAFIE LV |
WBKDF 7 v ~iE, 5T Y 7V & U RME, 7 08 s TG, 9@ i
TElfEZFHIET D MEFTOAL LAY AMEIZSHEEETE LI mSRDNP,
11 B TIZEA T2 EnmbNTW5d (Kaji et al., 2012; Okuno et al.,
2013; Nagakubo et al., 2014), 7=, s & & T, PERRIZ 3 T 5 0E il fu
O, R, ERMREOBE RN AET D Z LR L LTV D (Akimoto et
al.,, 2012), 2 BUBEJRFEBF TIE, @A AV VIMENRSI & &0, FEP
M OBERE RN B2 A4 U, &I T 2 EOZEM. MM bIcED 2
EMREm BTV (Butler et al., 2003), 6> T, WBKDF 7 v Mi&, & b
D2 BFERIFOIRAEZ I KR LTI Y 2 B IR IE (2 B 5 i BB AT IE
CHEHZRETLELTHMEFSIA TS, LML, ZRETHE Z A WBKDF
7y POMEZIZILD LT DIWBRGROIEIZHOVWTIIHLNIZENT

(AW AN



ARWFFETIL. WBKDF 7 v FOEERZRB I OCHRICH T o2 mBHEA
DB P~ 2RI & BHOBENAZMAT L2 AME LT,
5 1FETIIWBKDF 7 v MZBIT 5@ BHEEAMNOIMER X O E OGS
~ORBEEZBRF LIz, 51T, 5 2 % TlX WBKDF 7 v k@ 2 BB R I 56

EICH T 5 mAKRATOBBIC SOV TRILE,



BLIE WBKDF 7 v PZBIF2EREEANMOLER L O % K
M~ E

/N

2 MUBEPRA & m L EFE OB RIT, AP THREMICHIMNL WD, 2
RIBERFEE D BNNBE L TWLEEINdEmMEELED Z LItk o
T .HRFBREFEICBITAL0MERDO U A7 1%, 2 F 2N LR % (Saydah et
al., 2004), 2 BUBEPRY & @ MESE O R IL ., Bia X OBRER 7208 HE R
BeEl 2 B2 LT b (Phillips, 2013), B M OERKRSLEWEBR N LB LT
T—ATIE. BHOREERE L GMEICKRRERLH L LEZRLTH
% (Dahl et al., 1962; MacGregor et al., 1982), %< O TiX. B O#
FERAS EE T RERZEGMENE N B CTRIET D Z &N
vkl o Twd (Kawasaki et al., 1978), HERIFERE N L R T A
WISz E M E L, DMELDOY) 27 ZHNESE5HZ L OENRE S
T % (Tuck et al., 1990), BHEEZMZFER T WA TR AT =X
LAIEHET, BB L OREENZERAELS L TNWDIEAS EEZALNT
7o, LU, L OWF%8 Tl &8RS M & i E o F89E (i 3 I Bt %
POSDOEENRELS LT 2 Z &3 L TW5S (Choi et al, 2015), Lk D
#® Y. WBKDF 7 v M3, 2 BERFEET VT v b TdH D WBN/Kob (Z L
EF N THDH Zucker BT v b DLV FF o Lk 7 X — i E s F (Lepr)
R LRI XY EANLEH S L7z (Akimoto et al., 2008) . RIZ. WBKDF

7y P EEIEZMEEZA TR 2 BOBERN & S i E o B8 E (2 e



AP/ ONLAEENH DL, LrL, WBKDF 7 v FOMEZIT L &
HIERE RO ONTIE oI oo Ty, SEIORF T, 2
BPERFET VEIME L TOMEEZ S HIZEH L7202, WBKDF 7 >~ |
IZBT D Em R A N OMER KX O R~ DB oW T Wistar

7 v b EHBBE LT,



KBRM BB IOk

EEB o b a—

6 A fin O EPE WBKDF 7 » k3 L OV s © Wistar 7 » b (Japan SLC,
Inc., Shizuoka, Japan) # 77 2 F v 7 r— Y Cf B L., ¥R (0.26%
NaCl) E7ziZm & & (8% NaCl) B L UKEKZMEG L, BHRERE L
Too ZIRIEL. 2122°C, W LEIL 50~60% & L. MABIIZ/FAT 7 RE~/F 1% 7 RE &
To 12 IR & Lc, @3RI, MM RFPEWERZEZE S OKR
=T T,

WBKDF 7 v I (N=14) B X O'[A# s O Wistar 7 v & (N=14) (I, 6
X VIEERHE L G RERED 2 FICHTEETE L (K N=7), B
X, LTo@y Thod, OBFEERLKE L Wistar 7 v & (Wistar IR
) OQEmBERLZHE Lz Wistar 7 v b (Wistar m BRI &) OFEER %
f45 L7 WBKDF 7 v I (WBKDF ¥ RE) OmBEREEZMHE L
WBKDF 7 > I (WBKDF m&HE &), E, SR, BRI, F87 10
K2y BT 2 FEDO RICHIE U 7o, W W] i = (SBP, systolic blood pressure)
BLO®OomEIL, BT CREARAETHA XV IS oA E 5
(BP98A-L, Softron, Tokyo, Japan) % H W CHIE L7-, 3 EH#KEE L CHIE L.
Z O FYIE 2 DOHE B i, O e UCR M Lz, WUHE T o B #R T i
f& (AUC) 1X. BJEE (trapezoidal rule) 2k » THEH L 7=,

KBNS 14AM%E, T2 20 DT v Fa Xy AL E X —
)b+ U A (50 mg/kg IP; Kyoritsu Seiyaku, Tokyo, Japan) {2 X % Bl T

Tatkii 2R L LRSI, ok, MRS RBIRZ v Tk D%



BRair-olo, BEIC, Bz kIMLEELZHE LI,

17 L i 58 R B IR 22 ) s 72 9 ) 52 B

BEEBR T, Ito D D 75 (Ito et al., 2007) I W E g L=, EHFEBRO
2, MEREAR LR L7252 O8Ik > 7 (K& :3mm) A%
E#L L 7=, Tyrode & (mM: 136.8 NaCl, 5.4 KCI, 2.5 CaCl,, 1.0 MgCl, 11.9
NaHCO3, and 5.5 glucose) DA -7~ 27 X AENIC LFRHOEEETH D
L.95%02 & 5%CO, DIRAH AT EH L T37°CTpHT.3~T75(Z#E:F L 7=,
HLRIESIT T AP 2 —H% — (Nihon-Kohden Co. Ltd., Tokyo, Japan) &
RNV TZ7I77HHNTHEL, La—¥— kEIiZiék L7z, KCI (60 mM) IZ
X DUHE R 3 L OV R R Y o (100 pM) 12 K B kg R s & £ 210 100%
E LT, BRANC, &x O@AREZ KCI (60 mM) 12 & 5 L 7= BE O IUHE I i %
BE L, Zhrb, MERKSOHERKICMBERL DI 7= 7
> (Sigma-Aldrich, St Louis, MO, USA) 2 X % AIULAE . PN B4R A5 4 st 5%
H<TdHDHT7TEFNaY  (Sigma-Aldrich, St Louis, MO, USA) B X O'WN
FEFEMETHD = b7 K (Wako Pure Chemicals Co., Osaka, Japan)
R DBEBEMREICH T 222 E L, i KRIGED 50% % 5] & 27
TA=AMOENMREOAOXE (pD2) 1. AEKO H &SR D

B L,

% AL 2 W i AT
AU RVER U M, IR A 10 43 R 3000xg O 1E LAy B LS XV B ER

Lic, mighorsrrva—2 FrI oA BV TLBLO 70T Faea
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TeEME = B By Hr k& (JCA-BM 2250; JEOL Ltd., Tokyo, Japan) (2 XY
PE Lz, mER A2 EX, 7y NHO ELISA ¥ > & (Morinaga
Institute of Biological Science, Inc., Yokohama, Japan) % W THIE L 7=, M
#Eh 8-iso-prostanglandin Fa, ffi1%. 8-iso-prostanglandin F,, ELISA & v |

(Cayman Chemical, Ann Arbor, MI, USA) (Z CHIE L 7=,

T Mgk D AL o 0 F AT
bt U7 B L 10% P HEEE AL~ Y VIRC 2 BBEEL. T 7 1 v
XL, (ERLUEERE A (Gum) X, ~~ X r—xoF Y

e (HE %eth) Z 0 U, Bk 2Bl LT,

e 7 R E

T XX EE R S TR R Lz, Mt FREEHT 1213 2 way-ANOVA
with posthoc Z# 7=, £72. MV ELOT —ZIZB L Tix, 2 way-ANOVA
with repeated measures Z i\ 72, PE <0.05 DB A ICHFFZHAEBEEN D
%L Lz, f##ricid. PRISM (GRAPHPAD, San Diego, CA, USA) % fEH L

7’:,
—o
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i R

[IINESSSTROVINEi=Ex

WBKDF % % £ i 6 L OF Wistar f2 #¥ER#F 0 SBP Tid, EERHM P E L W
EALiE A B> 7= (120-130 mmHg), £ L T, RHEEITHB W T SBP ©

BB sSh o7 (Figure 1A), — 5. BREEAMICEY
WBKDF 7 v b3 L W Wistar 7 v b & H 1T 7 HEmLLE SBP O fF E 72 EA N
H i, SBP O LR OEE X, WBKDF T v kDI 9 728 Wistar 7 v M T
~AF E T (180-220 mmHg. P<0.01) mar»> 7= (Figure 1A, B), DA HUT.
mEAHBIOERE AN, WBKDF 7 v b Tlx. Wistar 7 v b &V
% L < (P<0.01) &7~ 7= (Figure 1C), mEBH B AMIC X 2 EH R

(P<0.01) L% » EFH1X. WBKDF 7 v b ® & TH 5 7= (Figure 1C),

BEHEB L OEKE

WBKDF 2% f ff CTix, Wistar IR RS L, BEAEITFLS
(P<0.01) m-o7z, MWWMIZ, mEBEAMOWE TIX, HEEICAE
RETHE NIRRT (Table 1), T70bb, aRERANOMHE TIL,
A% O REZER L Tz, WBKDF %R ClX, Wistar MR RE L Lt
i L, EAEITE L (P<0.01) &E2r»oiz (Table 1), & EEA AN O
BECIL., BAKEIXBHEIC (P<0.01) #IN L7228, MBEICEITRD bR N

> 77,

RE B X OlE# E &

_12_



6 > WBKDF 7 v F TIXEERH L L s RE LIS, F#E ko
Wistar 7 v M &L, ARICEENEML T/ (WBKDF %% £ #f
194.9+4.3 g; Wistar fZ #t - #f 133.3+5.5 g. P<0.01; WBKDF & & % & Bf
193.5+3.6 g; Wistar & & & Ff 193.5+3.6 g. P<0.01), L 2>L. FEEBRBHHD

5 lABEEZICIE, ETCOMB TAEREEDORZITALN N7,

1 8 A= A - g A

WBKDF #% % £ 1 T3, Wistar fE¥ERAF & ol L, Mo E 323 L <

(P<0.01) min-7=, L2vL. WBKDF m&ERE CTIX. & Ao % E X
HoNprole, 4 FHRT, MBEP A2 MEICHEREZTIBE IR
o T,

MAEFOHTYV T LEBIR I T A4 X, 4 BAKBWTAHAEREIZAD
N7phodz, LrL, WBKDF @EEE TIX, mfEfh o MU v LRE
THLFNTEH LN, AFIC (P<0.01) EF LTV,

figfb A b L A~ —H—Td 5 8-isoprostaglandin Faq oD I HE 1 8 BE 13, & ~
O R BE & A faf L7z Wistar 7 v b &t~ WBKDF 7 v F TH EIZ (P<0.05)
EUVMEZ R L=, & 512, 8-isoprostaglandin Faq 0 i # v B 1%, Wl R 1S

BWTEEERIZLY ERIT 22BN,

1 M 58 R B IR 2 Vo e gk ) 2R
ol 7RV TV UZREEBHETHL 7 ==L 7 VU ITx7 5 i
K#RD pD2 fif 1%, WBKDF FE#E &L Tix, Wistar I MERREL LB L. A

BREIIR LN - 7= (Figure 2A, Table 2), WBKDF T » k @ & & i &

_13_



BECIE, EEYMERRE & e U, U BOS IX B8 3% (P<0.01) (CHsR L7, — 7,
Wistar 7 v FTid, ¥R AREREHOMICARRETIA LR S
7= (Figure 2A, Table 2),
HMRIEAZHONP O 7 =L 7 U TSR, 7EF LY
BLUO=re 7y Rz 2EISEZME LT, 7EFral) Bk
= ka7 RT3 28OS 1331, Wistar R &R & iR L
WBKDF fZE# A&t <1, FH (P<0.01) &5 L7 (Figure 2B, C), 7tk
Fova Y xS i H S K @ AR O pD2 fif 1% . WBKDF 2 ¥ & B & Wistar
FERHLEOMICARREIAON N2, = b Ty N2 T 5
pD2 fi %, Wistar FEME R & bt L, WBKDF 7 v MEBEEH TIIAEIC
(P<0.01) 4 L7 (Table 2), 7EFralorBl=hrae Ly R
K HoRE ST, MEEAANICLY WBKDF 7 v N THHEIZ (P<0.01)

95 L7= (Table 2),

B Wik D P B KE 78k 7 AR AT

Figure 3 IZ/8 L72 & 912, WBKDF E¥ERRE TIX. FERIE B IEIC BT
LR IE R R Th 2 R ME OBEFRZM (Armanni-Ebstein 28 4£)
MBIz, —J7, Wistar fEHE R TIE, AR O T8 R SR o 7z,
WSRO EBEEFHETIT. RMEICBT2MNHEOERN A LN, EHIT
WBKDF @ R&ERFETIX., BREOMEMEO REMILIRE (KA BIY
AREEIZBIT D2 AT XU LAEEOHEKR (REH) DoThIcBlEInk,
L L, WBKDF fZ # & CT#l 22 X 117z Armanni-Ebstein ZMEIX38 0 & 72 7

- 7= (Figure 3),

_14_



ARFET{EZ, WBKDF 7 v MZE T 2 mBHEAERAMNOMER & O & KK
PE~DRBEIZHOWT Wistar 7 v b EHERBGF L. LTOZ &2 RWE L,
OmEHAEARMIZE VB R L HIZ SBP 28 LA U, AR M & i L % 5
JEL 7o, £DOAEDOREX Wistar 7 v M2~ WBKDF 7 v h THEIZE T
bole, QEmBEAEICEI VWAL, 7=V 7 U KT 5 4 M E
KEAR O UG SIS DB R S I 7T Fral) s t=ra 7Ly Nick
% AR SOS DI B B D iz, @WBKDF 7 » b Tix, Wistar 7 v b &b
i L. 8-isoprostaglandin Foq O ML HFEENE L @ o1z,

ARFEIZBWT, 2 BUERB 2 R HICHARFEIET DS WBKDF 7 v MZE T
DR YEIZ DWW T Wistar 7 v b & IREBRET L 72, £ o @ E (Akimoto
et al., 2008; Kaji et al., 2012; Okuno et al., 2013) & [AEICHEHER THE S 1
7ZWBKDF 7 v ME, FELWVEmMEEZFEIELZ, —h, mEERICLD S
fpE OFREILE L <BEy Lz, REYMZ®EL T, WBKDF 7 v hEB LT
Wistar 7 v F OfEHERRE CTIX, SBP LA BERE(LITBR I h o T,
Otsuka Long-Evans Tokushima Fatty < » K <> Spontaneously Diabetic
Torri-Lepr™ < » & Tl o & i E %2 BAiE T 5 & O #4523 H 5 (Takatori
et al., 2014; Ishii et al., 2010), —J5. FEMEVG D 2 WA R % € 7 /L D Goto
Kakizaki 7 » b 3 X O Zucker diabetic fatty & v b Tix., @M EIXIIE L2
WEOHENH D (Janssen et al., 1999 ;Retailleau et al., 2010), > T, &
B OMF T, 2 BBERFZ BRBIET D7 v b TIE MO & L E %2 7%

LOHBRBIELRWZ ERHALENE RS T,

_15_



AR OfF T, Wistar 7 v h& Rk E T 5H WBKDF 7 v hO X E LT
Wistar 7 v M & H L7z, —#%A9IC Wistar 7 »~ k<X Sprague-Dawly 7 v h
DX EBRTHEHIND T v ME, BEAMNICH L TCIHFERZETD
HEZEEZOLNTWD, LrL, 2ThbHbDT Yy MTOWTEREIFEZMETH
LEOHMELT TR, RERZMHEZAT L EoRE LHFET S (dos
Santos et al., 2006; Hirabara et al., 2007; Franco et al., 2013; Crestani et al.,
2014), A Al @ BRI L7z Wistar 7 » MI R Z M %2 R L7z, Wistar
7y NOBEEZMHICET LT =X OMEOHEKIIAATH DN, @RIE
BOREGZAELAMBHOENILLI b DN LR,

BERBET L CTlE, 1 BBERFETLOR ML T Y by 35 R
TFEY . 2 BUBEIRIE T LD Goto Kakizaki 7 > b < Spontaneously
Diabetic Torri-Lepr® 7 v F Tix, WIh b AREKZHEE b L HE ST
V™% (Hirabara et al., 2007; Danda et al., 2005; Cheng et al., 2001; Katsuda et
al.,, 2014), AFEICB T 2R TIE, MEBERANMIZEY WBKDF 7 v h &
X OV Wistar 7 v b & B2 SBP BN EH L, BEKRZMESIMLTE L RBIE L7,
ZOFRIEORRE X, Wistar 7 v Tk~ WBKDF 7 v h TEH TH - 7=,
it> T, WBKDF 7 v I THEHWAEERZHEZ/HSZ &R RE T,

INETOHENS, GREEAMILEDIME EFOA T =X20LE LT,
ZL ODERNFTOLNTWDN, FO—> & LT & IHE R G o &
BaunkmbhnTuwbd (Adegunloye et al., 1997; Chamarthi et al., 2010),

LSEIORF T, BBEAAMNLZ WBKDF 7 v hTlX, 7z=L7 U
KA2MENMMIGHNER L, 7EFral) oy BL0= e vy RIgxd

A& AR R O XS L7, — . Wistar 7 v FTlX, mEBEASARIC

_16_



D=hrr 7y NIZHT 2 MEMEESOHBT Lz, Zib DR RIE
B R o 4R O i NS B o0 ¥ R 7o 1 i A s kR SRS O TR I &0 i
BEOWBEBREEZELDLIEWVIRBLEEET 2, BRFHICREL TV DHEE
DOME TIE, 7EFva U XX 2 & il #E KOS5 0 & O AN
%\~ (Cheng et al., 2001; Gupte et al., 2010), Z 1 5 O AT, 2 BB IR 7
TITMENKEOEEAEDREL TSI EEZRLTWDL EEDRS, £,
MABDOZ7 >y FTTEF LY LT, = br 7y RITRT 5K
JCDWWI NI E ThH -T2, 75, WBKDF m &ERLEETIE, HEDOR
AL RIS M N B ARN T NO BEA O A 7e 53 NO I& M O K T A3 BE 35
THoT=DOb LAy (Mcintyre et al., 1999), Wistar & & £ 8 & L
L. WBKDF B BERI CTA LN NO IZK T 2RO T N KE Mo
Tzl BIEDORE N WBKDF B EBE AR CEE THh-o72 2 & & B
TOHRREERBZOND, T72bb, KETEE I ME S MH O
B WBKDF 7w b CA U 7z & M Es e i 2 12 B 530 % Rl AR 2% 7 <
RSN, Loy L S EI& DLz WBKDF 7 v kO I & B D 2k A
L EWMBE O REKRZESIMTED IR BRFERTH D AEENGET
72, WBKDF 7 > kT b L7z i & BRSO 28 Ak A3 A 3R s M & i+
DR FELIFTHRTHLIONZEL T, BREAN LR OERE TOMmE
SO EALZ S BRET T 22 &R MNENE LR,

MRt 2 b LA EIT, ARICB T DIEMHEMBEFREOPELEDEME ERI T
W% (Danaeietal., 2011), A EIOREG Tid, WBKDF 7 v M DIEHE R L
FOEEBEARILIC, Wistar 7 v bR L, BIELA ML A~—T—Th

% 8-isoprostaglandin Fou DM FIRENFE L Erolz, 72, MAME D

_17_



BB A ARIC X o T 8-isoprostaglandin Foo O M P IX EH L=, =
NoORAEIT, Bk A b L 2OTTHEN . FEIRIF B X OV i E B F o & o
FRIGHEZEASEDL LW ERBROFI B IO FOEKS & —HL TWD

(Grattagliano et al., 1998; Lenda et al., 2000; Kizhakekuttu et al., 2010), —
RIS L A b L 2 OINE, IENEMI S NO EAZ D SED L
[ RFIC IS BE T NO 2 RNiEfb3 5 2 &2k v &g KOS 2 Bk S &
HZ ENMBNTWS (Mclntyre et al., 1999; Kizhakekuttu et al., 2010;
Schmidt et al., 2007), AERICE W T, BREAAMICEISBILRA FL X
DR, MESPEDORE I BEL 5 2, REEZEOSMEICRES L
oA BEME DS R S Tz,

AR OBFNCE VT, WBKDF & & & H Tid, Wistar = &8 & I(21%
Kol hofmEdR S Y v Ao R EBIRICE T D 2RE MR E
BT, BEPAEELRKERZE S 7 ) U AH OFE R, Mg
TR ULARED EHICEGLTWDLIons LRy, MEFF Y ¥
LIRE DO EHIT mE N ORIV ILEEEZE < D5 & RIS
NO JRE Z A S5 Z &N E 4Ty 5 (Oberleithner et al., 2007; Safar
etal.,, 2003), Z D Z &inh, WBKDF m &R TH O L7 BE 2 &K
xtEEmmEC, TRV v ARBOFGRENEEG LEAEENEALDLND,

AEIOHEF TIEWVWLS O ORER RIS N TV D, O/ HEIKS MO FEIEK
Pl LT, BEEES., ZEMREOTLE, IERORT 2 EL OER R
Bbh3 2% & &5 (Choi et al., 2015), ARFEE CTix, ME RO R ITHE
MAERTRERED, hOoBRICELTIEASZORFNRE CTH S, @WBKDF

BEHEARETIIALON ) >7- WBKDF & BHE AR OZER 200 FH 1%
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JEZ B OBALHEEG LTS Z ENRHER SN D 28, FEMIZ DV T
LSBOBEEETLZTHA S, OKRERTIET, BEIEZ MG ME & BRI
EDORMREZT D TS BEIRFFEAE % Tld /e < FIERTO WBKDF 7 » b
ZEM L7z, @WBKDF 7 v MR BHARBIET 2@ M2, sREERICLY
ELLCEHB LI, b M EFERGHYTIL, BREEBREA AT VEPUEOM
HAPEICHE SN CE Y (Melander et al., 2000; Parada et al., 2000) ., 4 [A]
DFEFIL, FERFBEFICHEET 200 LRV y, EERRHFIFEETH
A9, o T, BAREAANMIZE S WBKDF O &I FFKIE L7z A 5 =X A
AT LI, SORIMEDLEND,

RKEORFICE W T, s 2 B ARFEIET 5 WBKDF 7 v I IX Wistar 7
vy MCHRBEZERREERZEORMIEZRBIET D22 ERHALNER o7,
F-. BREAANICE D EMECIZ0ERKSEOENES S5 2 &R
RENT-, WBKDF 7 v MEHERFBE E@IMEOHEZMBHAT L7200 ET

NEE L TAHM T D AN RS i,
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INFE

RKEORFHZEB W T, milLbE4% BRI T %5 WBKDF 7 v k% Wistar 7
v PMCHRBEELABEERZEORBMEEZRIET A ENHALMNE o7,
T, BBEASAMCIAEMEICITME K ISHEDOEARNEEST S5 2 &0

ST,
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Table 1. Body parameters and blood chemical parameters in each group at 20 weeks of age

Wistar-NS Wistar-HS WBKDF-NS WBKDF-HS ANOVA ANOVA
(N=7) (N=7) (N=7) (N=7) (Strain) (Treatment)
Food intake (g/day) 183 + 0.1 234 + 0.1 1 285 + 0.5 ** 269 + 1.9 P<0.0001 P=0.0948
Water intake (g/day) 26 + 1.4 117 + 36 1 103 + 52 ** 114 =+ 6.1 *t P<0.0001 P<0.0001
Body weight (g) 381 + 4.5 337 + 6.2 393 + 9.7 363 + 24.3 P=0.1854 P=0.0111
Kidney weight (%) 0.32 + 0.01 042 + 001 " 0.36 =+ 0.01 0.30 + 0.01 ==t P=0.0007 P=0.0536
Glucose (mg/dL) 165 =+ 9.7 113 + 17.6 545 + 12.8 ** 210 =+ 22.1 =+t P<0.0001 P<0.0001
Insulin (ng/dL) 69 =+ 0.7 42 + 1.1 7.8 + 1.9 42 + 09 P=0.6953 P=0.0171
Electrolyte
Sodium (mEq/L) 144 =+ 0.4 146 + 0.5 145 + 1.0 149 + 1.4 it P=0.0366 P=0.0036
Potassium (mEq/L) 44 £+ 0.1 4.8 + 0.2 45 =+ 0.1 43 =+ 0.3 P=0.3797 P=0.4689
Chlorine (mEg/L) 106 + 0.5 104 + 0.9 101 + 0.6 102 + 2.2 P=0.0242 P=0.9725
8-isoprostaglandin F2a (pg/mL) 120 =+ 13.0 261 + 28.8 331 + 381 * 439 + 70.0 * P=0.0001 P=0.0073

Values are mean £ SEM (n=7 in each group). *P<0.05 versus Wistar rats on the same diet; **P<0.01 versus Wistar rats on the
same diet; TP<0.05 versus the same strain of rats on the NS diet; TTP<0.01 versus the same strain of rats on the NS diet.
WBN/Kob-Leprf (WBKDF) rat and Wistar rats at 6 weeks of age were each divided into two groups fed either NS diet or HS
diet for 14 weeks. Wistar-NS, Wistar rats on NS diet; Wistar-HS, Wistar rats on HS diet; WBKDF-NS, WBKDF rats on NS
diet; WBKDF-HS, WBKDF rats on HS diets; NS, normal-sodium; HS, high-sodium.
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Table 2. pD:2 values of PE, ACh and SNP in thoracic aorta rings

Wistar-NS Wistar-HS WBKDF-NS WBKDF-HS ANOVA ANOVA
(N=7) (N=7) (N=7) (N=7) (Strain) (Treatment)
Contraction
PE 576 + 071 626 + 031 593 + 041 764 = 0.20 P=0.0964 P=0.0213
Relaxation
ACh 812 + 026 704 + 099 631 + 047 323 + 046 =*xft P=0.0001 P=0.0023
SNP 993 + 0.27 78 + 032 ft 832 + 024 ** 673 + 020 =*ff P<0.0001 P<0.0001

Values are mean + SEM (n=7 in each group). *P<0.05 versus Wistar rats on the same diet; **P<0.01 versus Wistar rats on the
same diet; TTP<0.01 versus the same strain of rats on the NS diet. WBN/Kob-Leprf/f@ (WBKDF) rat and Wistar rats at 6 weeks
of age were each divided into two groups fed either NS diet or HS diet for 14 weeks. PE, phenylephrine; ACh, acetylcholine;
SNP, nitroprusside; Wistar-NS, Wistar rats on NS diet; Wistar-HS, Wistar rats on HS diet; WBKDF-NS, WBKDF rats on NS
diet; WBKDF-HS, WBKDF rats on HS diets; NS, normal-sodium; HS, high- sodium.
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Figure 1. Comparison of changes in systolic blood pressure (SBP) (A), the area
under the curve (AUC) of SBP (B) and heart rate (C) in each group.
WBN/Kob-Lepr@/fa (WBKDF) rat and Wistar rats at 6 weeks of age were each
divided into two groups fed either NS diet or HS diet for 14 weeks. Values are
mean = SEM (n=7 in each group). *: P<0.05 vs Wistar rats on the same diet; **:
P<0.01 vs Wistar rats on the same diet; *: P<0.05 vs the same strain of rats on
the NS diet; T™: P<0.01 vs the same strain of rats on the NS diet. Wistar-NS,
Wistar rats on NS diet; Wistar-HS, Wistar rats on HS diet; WBKDF-NS,
WBKDF rats on NS diet; WBKDF-HS, WBKDF rats on HS diets; NS,
normal-sodium; HS, high-sodium.

_23-



(A) -0 Wistar-NS 40 WEBKDF-NS
150 -& Wistar-HS & WBKDF-HS
*RTT

100+

o
o
1

Contraction (%)

8 7 6 5
(B) PE (HogM)

Relaxation (%)

80+

100

9 8 7 6 5 4
(C) ACh (-logM)

204
404

60+

Relaxation (%)

B0+

100

SNP (-logM)

Figure 2. Comparison of PE-induced contractions (A) and ACh- (B) and
SNP-induced (C) relaxations in thoracic aorta rings with intact endothelium.
Contractions induced by 60 mM KCI and relaxations induced by papaverine (100
uM) were taken as 100%. WBN/Kob-Leprf (WBKDF) rat and Wistar rats at 6
weeks of age were each divided into two groups fed either NS diet or HS diet for
14 weeks. Values are mean £ SEM (n=7 in each group). *: P<0.05 vs Wistar rats
on the same diet; **: P<0.01 vs Wistar rats on the same diet; ": P<0.05 vs the
same strain of rats on the NS diet; T": P<0.01 vs the same strain of rats on the NS
diet. Data on thoracic aorta rings were from 7 animals. PE, phenylephrine; ACh,
acetylcholine; SNP, nitroprusside; Wistar-NS, Wistar rats on NS diet; Wistar-HS,
Wistar rats on HS diet; WBKDF-NS, WBKDF rats on NS diet; WBKDF-HS,
WBKDF rats on HS diets; NS, normal-sodium; HS, high-sodium.

_24_



Figure 3. Comparison of histopathological appearance of the kidneys from
WBN/Kob-Leprf/fa (WBKDF) rat and Wistar.

Hematoxylin and eosin staining (A — D). Wistar-NS (A): Normal tubule and
glomerulus of the renal cortex; Wistar-HS (B): Hyalin casts (arrow);
WBKDF-NS (C): Armanni-Ebstein changes (arrow); WBKDF-HS (D):
Predominantly small round cell infiltration of the interstitum (arrows) and
hyaline casts with tubular dilation, and mesangial expansion in glomeruli
(arrowhead). Scale bars = 50 um. Wistar-NS, Wistar rats on NS diet; Wistar-HS,
Wistar rats on HS diet; WBKDF-NS, WBKDF rats on NS diet; WBKDF-HS,
WBKDF rats on HS diets; NS, normal-sodium; HS, high-sodium.
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%= WBKDF 7 v D 2 BIBERFRIEICKHTIEREEATNOREE

N

H1EORMENSG . WBKDF 7 v b Tl UG - ot 5 D 54 73 B
5I2F L VWERERZERLELZREL, SVWEBERZEELET L2 L0
Ao E oo, EmMLEREIE, 2 BUBERF . J5E R FIE R o O B H & Of
LI, DIMEROBIERBIPETERIMD TEHL D7 OHLDIRK
TR EEREEDO —> LWz b (Titze and Luft, 2017) . & L JE JE % HI 4 5
TODOAFEEEL L TENPORENFREINTE L, 2 BPERFEERE TIX
B A HELE S T 5 (Quaderetal., 2017), L2rL., BEERE 7L a—
ARAFAZ L AOBEBIIARARRANE L HFET D,

Rk O Y | 5 1 % Tl WBKDF 7 v b Idif & KOS o B & Bk 2 k
V2AOWMMPEET28ERSMEREMLELRET DI ERALNE RS
7o KETIZ, ARV v 7 Fr—LAETF/)LELTOHO WBKDF 7 v |
DHERAMEZTICHERT H7-HDIC, WBKDF 7 v O ERERERO® 7 Va2

— ARAFT AL R T HEEE Wistar 7 v b LB L 72,
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KBRM BB IOk

Ek?)

I n EF o P WBKDF 7~ b 8 X OVE s o Wistar 7 »~ b (Japan SLC,
Inc., Shizuoka, Japan) # 77 2 F v 7 r— Y T B L., EH¥ER (0.26%
NaCl) E7ziZm & & (8% NaCl) B L UKEKZMHEG L., BHERLE L
oo FRIEL, 2122°C, ML 50~60% & L. MABIIZFAT 7 RE~/F 1% 7 FE &
To 12 BRI & Lz, B EBRIIRMA R FBMEREZ B S OKRZ 5

77:,
—o

FEB 7w ha—

WBKDF 7 v b (N=16) & L O'F#lin > Wistar 7 v b (N=16) I, 1%
R EmRESHO 2HICT L. 6 LY 1I3EKE CTHE L (%
BEN=8), BT iX. LTy Th 5, OWistar £ & B @ Wistar & £
A QWBKDF RERR OWBKDF m&EE AR, RiLiX, FiEETTT v
FOREEIRE D FEME L, PiEEAIE LT~ h U w7 A (Mitsubishi
Tanabe Pharma, Tokyo, Japan) = W CWE 21T -7, 7 v M ERHEFr—
NTERIOKEZHBERSEKRET 24 BR&ERZFZm L, REDF
WAEAT -7, FBRETRICHIRWEEAMKBRZ R L 2%, ~ b E
% — v KU 2 (50 mg/kg IP; Kyoritsu Seiyaku, Tokyo, Japan) (2 X % J#
We T Catiim 2 R U LR S, RBIC, PR, B, BN O i

fEids L OB EMENT) ZHRLEEZNE L,
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PR, B A R I I OVIGHE 1 1 JE 72 & ONT L 3K

RERBIOCEMHEIX, 6 Bl 5 13 HEE COMIZE 1A, 7 10 B
Dt 2RO MICHIE Lz, SBP 38 X OV A%, 12 I8 i RF (2 ME R e
TRBIRETEA L 0 IEEL X i =7 (BP9BA-L, Softron, Tokyo, Japan)
ZHAWTHIE L7, 3BhER L CHIE L., £0FHEE SBP, Lfafices L

THEHL -,

I 55 & OVR 0 4 AL fig At

~RY AL L7 IR, R A 10 4y i) 3000xg o LAy B LS XV ERER
Lz, Mo rsrra—2 759=v7I 7 7027 =7—% (ALT,
alanine aminotransferase) , 7 A X7 X Vg7 I/ 7 A7 = 7 — ¥ (AST,
aspartate aminotransferase) # = L 27 m— /L (T-CHO, total cholesterol) .
NUZUEY R (TG, triglyceride), 3 X WY & (PL, phospholipids)
MWK F O T v a—R %z BEsiiriEE (JCA-BM 2250; JEOL Ltd.,
Tokyo, Japan) (2 X W lllE L7c, mAfEF A > 2 Y AL, 7 v MO ELISA
% v I (Morinaga Institute of Biological Science, Inc., Yokohama, Japan) %
MOTHE Lz, £, WEH T 7 4 BAx 7 FMHIE, 7 v SO ELISA

& v b (Otsuka Pharmaceutical Co, Ltd, Tokyo, Japan) % W CHIE L 7=,

B JI PN B B A ek B
R BEAMRBIT., ERK THO 13 BEiRFICER L7-, 18 i
%, X L EF — /L (50~60mg/kg, IP) & HWERE:Z B L7, BEA

fif /i O MK 2 g k225 0.2 mL fRt L7z, £ 0%, KEEFHIRAICZ L =
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— A (20% w/v; Otsuka Pharmaceutical, Tokyo, Japan) ## 5 (0.59/kg) L

Iz BERWR 247, 547, 1077, 20 S3 I SHERAR L 0 ik &2 £k X (0.2 mL)

=N

Lz, PLEEA E LT ) v MU v sz, =008 (2000 x g,
15min) (2 &k o Tl A o L 72, #RARIBEAAT#AER (IVGTT, Intravenous
glucose tolerance tests) (Z31F 5 M 7 /v =2 — X fED AUC % [ 5 68 D +5 1%
EL. IVGTT IZB T 2 1MHEA v AU U fED AUC & A > AU v 4rilhBE D 15
e LTHWE, £/, A2 CVBHPMEDEFEL LTA 2 U U IRHiHE
fe % (HOMA-IR, homeostasis model assessment insulin resistance) 3 X UV
B MDA > AU Uy WEEDFEEE L L T homeostasis model assessment of
B-cell function (HOMA-B) Z M 7z, HOMA-IR 5 X T HOMA-B IZLL T D
XLV EHLEL,

HOMA-IR=ZEJEIF A > A U

&=

(MU/mL) x 722 fG I o {8 (mg/dL) / 405

HOMA-B= [ZEJE A > A U fE (uU/mL)x360] /[ 4= I i i (mg/dL)-
63]
I BILRH i o7 g A

A U7 el X OVIFIR 13 10%F HEfEE A L~ Y T 2 HIEEE L.
NI T 402X va L=, LYW Gum) X, ~~ FF U v —
A YUY (HE %£4) . PAS (periodic acid schiff) Yol L OV4 A L L

y ROz L, WEMBKETMICEZEL -,

=ie

7

+

S

Tl

E
2

T = Z T E AR R E TROR Lo, #at PR 21X 2 way-ANOVA
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with posthoc # 7=, 7. MV ELOT —ZIZB L TiX, 2 way-ANOVA
with repeated measures Z i\ 72, PE <0.05 DB/ ICHFFZHAEBTEN D
%L Lz, Mz, PRISM (GRAPHPAD, San Diego, CA, USA) % fEiH L

77*4
—o
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i R

REBLOHOHE

WBKDF 1% ¥ & B O R H 1%, Wistar fEEREEICH . & L < (P<0.01)
Enol, BEEBICEIOAERE~OEEIT, WRAKLBICRD N1
7z (Figure 4A, B) . WBKDF R OEHEL L OERI v U — &I
Wistar fE#E A FEIC <, E L < (P<0.01) £hoiz, @mBHAIC L 5EM
BEBILXUOCERI ) —B~OFEREBITIMEARXR TR ON R oI

(Figure 4C, D)

58
Fit B JE I A A <0 Mg [ IS 1 B 1k . WBKDF #Z YE & B C 1 Wistar {2 % £
BELEER L, AEIC (P<0.01) E2rol, MmEERICKY Wistar 7 v D
F. FERJEPIEN EE (P<0.05) 7226 ONZIGHIEAEN E& (P<0.01) iz
FE LWL (Table3) .

F7-. WBKDF IE¥ERIEOFE &L, Wistar BEERGRE L i L, AEIC
(P<0.01) @ »o72, —F,. WBKDF 7 v FTix, BBERICIVIER
WA I (P<0.01) KK L7z, MEE &I, WBKDF fE# & HE T, Wistar
R LKL, AEIC (P<0.01) @hroic, L2L, MEBERIZLD

SOBIIW R & bICBE SR> 7 (Table 3) .

WA 1 1 = 6 K O K
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WBKDF 7 v ~ & KX O Wistar 7 v ks OFERER R CIL, EBRWIHH SBP I
BEREE 2L, MBICHEREZTBE SN2 o7, —7F . WBKDF
7y hBEIO Wistar 7 v FoEmEEAERTIZ, F L (P<0.01) SBP ® L
ANHB LI, TOREIZX, WBKDF S RERSE CX VY BE (P<0.01) Th
S 7o, DI EIX  WBKDF 7 v F TIHIE R L OVE & A #E L 1C Wistar

Zv LU FELIEN» -7 (Table 3) .

i % A Ak 5

WBKDF £ ¥R ¥ Tid, Wistar fFEHERME & e L, M+ ALT XA E

iz (P<0.01) E2»o7z, L2L., WBKDF & A&E R L Wistar /& & IE R R

DO IMEH ALT EIXIZIER CRE CTh o 70, —JF ., mMEEHR AST fEiX, T

TOMBTH LN E NN IAELNLR -7 (Table 3) .

WBKDF FEHE R Tlid, Wistar FEHRE R ICH A~ JFEAHONNT A =X

THHMEEF T-CHO, TG 2 b N PLENBEE ICHMEEZ /R Lz, MR
LICEABERICLEDIZIINLEDRTI A= ~OEBEIEHEIN o

(Table 3) .

WBKDF FE#E R Tid, Wistar fEHEREE &L L, IEUIMIL 2 5 5 &
EHECOLIMPFERT T T R 37 FURENAGRIC (P<0.01) oo

7=, Wistar 7 v b ClEERERICEIVMIFEF T T s A2 7 FURBEOHEMN

TWEICEL EE o7, WBKDF 7 FTHERERAMICEIV AER

(P<0.05) MmN AH 6= (Table 3)

MR L f A 2V > (FEHEET)
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Wistar 7 v b CIIAEE R D OIS EmBE R I, 13 @ EE O IEfE R
TOMBEBICAERZIALN N7, —F, WBKDF & B T,
Wistar 2 ¥ & B & ol U, 13 3 s 7 (< FE M & T o 1 B 5 o0 % P 72 (P<0.01)
B A DI, EIEZRIE L7z, L2y L., WBKDF & & & A fif i Tk
MAEMD EF IR Ao o>7= (Table3) .

WBKDF £ ¥E & Tid, Wistar F2HERAF & Fhde U 13 1A fin By (1 5% o o
YAV ENAE (P<0.01) IZm<, @A AV VEZ R L Tz, i
RMOBREAER L EARERIELEOMIC, MFER A LAY VREICHD 72

E WA Do 7= (Table 3)

B R N BE B 5B (IVGTT)

13 W #r > WBKDF 35 X O Wistar 7 » MiZxt LT, 18 K] O #4112
IVGTT # %Efii L7z, 7 /b= — AESATO MEEIZ, 4 FEH THEREITA
bhlenot-, WBKDF IE#RHB I OEAREA CIX, Zva—x &b
%o mPEM2, Wistar 7 v b &g L, AE (P<0.01) IZ@m»ro7c, Ly
L. MAKEDBICHEBERICIDMBEMICH T 2EBIALN R T
(Figure 5A) ., Z v a—REHFITOMEF A > AU UL, 4 BB CTHE
REFLELONR DT, T a—2EHEBEOMFER A v 2V UEIL,
WBKDF £ ¥ & #f Tlid Wistar fEHEREE & bk L. A EIC (P<0.01) Ko
7o BEHEAEICLY Wistar 7 v bDORH, MFEHF A 2 Y VEOFE LW
(P<0.01) & F2 & b a7z (Figure 5B)

IVGTTIZHR T 2 7 /va—AAUCZ RN L. MHHEREOHEE L LTHWE,

WBKDF 7 v hOfEHEREREL L OE BE BT ClX. Wistar 7 v b &g L.
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Jva—2A AUC IZAEIC (P<0.01) &<, MPHEREE BB O LN, L
L. WBKDF H&E AR CTIX, WBKDF E¥RRFELHEL, FLba—2X
AUC Db (P=0.0513) 2 #lg <7 (Figure 5C) , IVGTT iIZ2EBIF 5 A
YAV AUCERML, A AV U WREORKE L L THWE, WBKDF
PEE A BE ClX., Wistar 2R L B L, 42 AU v AUC I THEEIC

(P<0.01) Kirolz, MEBERICEIVERK T, £ 2V AUC DOED
MBLEE S L, Wistar 7 > b TIEHEHFRIICAH B (P<0.05) ToH - 7= (Figure
5D) .

WBKDF FEHE R TIid, Wistar fEH¥E R L, 4 X U U /HED
A= Cc® 5 HOMA-IR % L < (P<0.05) @» -7z, Wistar 7 v kTl
BBEAIZLD HOMA-IR ~OEEBIIR LN -7, —F. WBKDF 7
v P TIE.EAEARICLY HOMA-IR DF LW (P<0.0D K FEE s
A A VIR O K ENR O bl (Figure5E) . — . A AU 5y
WEREDHIE TH S HOMA-BIZ 4RI THE R Z XA LN o> 7= (Figure

5F) .

PR F I OVR M

3 W EE O Wistar m & AR CTIid, Wistar HEH¥ERBEICL N, FWARR
BEOWEMMNHONTEN, WTNORERIZBW TS REIIRMI RN T,
—7J7, 13 HEmk o WBKDF fE¥ERRE TIX, MAEEO EFICHEVEEE 2
(P<0.01) REOHME RIENBEZE SN, ZnlZx L, WBKDF @& &

BT HERREOWMMN LN TR IRIEIZAZ BN 720> 7z (Table 3)
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Js PR ik 7 R AT
WBKDF 7 v MMEERRE TIX, HAEE/E I U 7o B 12 A B i e 23 8% 8 1 8
228 7= (Figure 6A), — /7. Wistar EE¥E AR TIX, FOAE OB R ICEL

X B 7o 7= (Figure 6B), iR# T, mBEHER]

N
9_‘4
N
X
B
4
=F
i
R

iz S n7e s> 7= (Figure 6C, D),

Wistar £ ¥ £ #F 35 & OY Wistar & & & FE T, IS & 027 BT
Blmshmhrolz, —J7, WBKDF EHEREE Tk, WBKDF =R &I &
g Uy BF/ANEE L S JE I i TR IR & O 8N S & 5 7= (Figure
7A,B), F7-, WBKDF {ZHER# Tid, WBKDF mBIERH Ltk L, 7V

a— 7 U kAE QWA RER O B vz (Figure 7C)
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2 BUBEIR T HRE CIIIERE R A Lk L, RERZEOBMIMC LY &
MESEZFAE LT W R M6 TWs (Imanishi et al., 2001; O’Hare
etal.,1985), M EBHEBAM O EEL P EIL, @il ERE RS RITH
MECEHET VICRESNTEY , FERWRFEIEOA LAY v 7 K
B—AETNATOREITIZLEAEIN TR, REORGF THEH L 72
£ WBKDF 7 » bid, B, JEE RIS L O 2 BUBE R & FEIE 3 2 B
DAZRY v 7 vy Fe—AETLTHLLI ENHREINLTWVD
(Akimoto et al., 2008; Okuno et al., 2013; Kaji et al., 2012) , =52, #F 1
ETIXTWBKDF 7 v F A EBEEZMESLELZRIET DS 2R L, £hiC
XYW WBKDFZ v FRAXRY v 7 v Re—AET/E L TOHRE AN
R ST,

ARETIE, GEERANOERFICKETEELRDI2DIC, Bz
o 2 BIBERE 2 HARFIET 5 WBKDF 7 v MEREAZ 7 HME £,
UTOE H OFRERICIVBERRLDOT v b HITFEFE LV SBP O
EABROCICREOEMA A LN, QW KK & BICHEERTEL & RER
oMo, FRESLIOCEEE~ORBIIBRERI LR N>z, @OWBKDF &
B AR TIX, WBKDF BE¥ERRETAH O L7 @ b3 X OUREE DR B 2
bilemol, @MEFOT T K327 F 1%, WBKDF EHERFEL Y
WBKDF & B & CHE I & » - 7=, ®WBKDF & & # & #£ TI!< WBKDF
MR L L, BT Y a—F kB omnes X OUEHHE

DD NIRO Bz, ©®WBKDF g &E AR T, WBKDF EH# &R CH
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bNTEAALZMBERLS VAR VEREOEETH 2 EH W
HOMA-IR O #ENRB D LT,

FLIEOMETHRINTZL T, 8%D NaCl IREOFmEE AL, KR
Y TR EEEROERZFEM S 5I1213# L T2 (Simon, 2003),
Hom iR, BREARICEIY WBKDF mEREART v h Tk, 7EM®
=X i

IR, HELWSBP O EH N E N, L)L, WBKDF G &IE&
&=

H

TR, B PEE ML EZIE L7 DD, WBKDF ¥R TAH LN
7o MUFE O FRE R SERITEH S s, mEEAAN O 2 BPE RN E T LIC
BIDOERICOWTITHENITE A ER WD KE ORI IERZ 9
T2DM E5F V5 v s Toh 5 SDT-Leprfic W T E B E A AR LB E 42 T
Flmlt T8 E AT D (Katsuda et al., 2014)

WBKDF 7 v ME, VI FUrZREKOEREAREZELLILVLTF LS

Z—BHBLE T2k AL, AEOMMAEIT, W, B, XU ik
72 b NI HERR R E 2 /R 2 &N LTV 5D (Okuno et al., 2013; Kaji et
al., 2012), A OF T, BERFE OIEEE T b 2 I He£ K o Mo E 2 37~
7=, TORR. WBKDF fZ# A ClL, WBKDF mEE A& ik L,
RO M EITE L @hoie, —FH., HMAFRFOMATEIX, WBKDF £
YRS WBKDF S BRI L OMICH LR ERL ORI, T2,
LI ORFFEIZ B8V C, WBKDF 7 v N OB &2 [R5 & & b o 5 iE
EHIT 52 ERAME S TS (Akimoto et al., 2010), Z 1 5 D kg IE
WBKDF 7 v F o @fpEid, BRI KREIKFELTWDLIZ 2R T 5
(Nagakubo et al., 2014), L 2> L7228 & ARHAFFE Tl m & & A iE Wistar

7 P BIXOWBKDFZ7 v PWINICEBWTHLEMHEBIOER I Y —
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BICHEBEZRIFES oz, 2ROLDOZ 0D, BRERICKL S &IMEED
FIEMAENIBEEDOER FTICL2bD0TIERWEEI LD,

JRAME 1B T sodium-glucose co-transporter-2 (SGLT2) X7+ ~ U 7 A
BILOBEOFWRIICEE % 2 7~ L Twab (Mather and Pollock, 2011) ,
SGLT2 PHFE L, JRME TOREDO BRI ZME 92 Z L2 L0 2 BRI
DIRFIEK & L THIKISH S L TWwW5 (Chrysant, 2017), A FEOBRFHTHB W
T, BERESAMICIIRME TOREOBRIICHTRELZMRDL7DIC
JREEIRF 7V a— A REZJE L7z, 13 4 O WBKDF {Z ¥ & 1 135
RIFOFREMTHDLEZRBLIOREN AL NTZDITx L, WBKDF & &HE &
HTIEZRTIEboTn, REFAN o, o T, REBEREICX
D WBKDF 7 v b @& EE Lz A =X L0%, SGLT2 [HEMEH %/t
LD TIEBRWZ EDXHALMNER ST,

GLP-1 #FE AN A AU 3R % /> L C WBKDF 7 v k O @& ifi i %
M+ 22 ENME SN TWwb (Nagakubo et al., 2014), S EI DO ICE
WO, IR R OB & MERF L C U 72 WBKDF m & AR Tk, &I A R OE
L7 WBKDFIE¥ERFEL 0 i 4 > 2 Y v O RN | WA ORE B
JOFEEOREIZELA LN ST, RAEREIZ., £ P TEEBHEEICEY
A EE R A & M A R Y CERE B L & T DR & A BT
% (Melander et al., 2000), WBKDF 2 ¥ & #f C (X, Wistar {2 ¥R & L
LAY AT Y AUCIEEE LS Ko, 2B OMAE LY, WBKDF 7 >
FCIE, BHEERICE DB MIEEREANAENELL WD AL XY g
WRHITETLTWEEBZEZLbND, b2, MEF A2V VREZRLD

IZ HOMA-B X . MR DT v FOEERFB IO RERH CTAEREIZ
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HoNienoT, o T, EBRIEAICKL S WBKDF 7 v MZE I 5 it b hE
BgCE MBI T 2B RIT, MR A 2D VREO EHICED L
DEFERDAIEBENR I,

WEORE & FERICAEDOER TIX, WBKDF 7 v FE HOMA-IR 28 %
LLEWZ EnRENT (Kaji et al., 2012; Okuno et al., 2013), T7bbH
WBKDF 7 v bid 2 BRUBEIRFICREM Z2mnag 2 U2 A4 5 2
ERHALNTHDH, KETO IVGTT T, BAREAATNICL Y WBKDF 7
> DA LAY UVERPIENKEI N EDR RSN, BB LA X
U UEEMEET, B EEEZRBAKREZ LD E B ML T WD

(Dongiovanni and Valenti, 2017) ., = 7=, AEE (35 6 A0 i <o T 40 B (2 Ag 1
mHAEHEE L, TR TORMEBAERKR S TR TG ofiniL1 > 2 U ikt
PEICE BTS2 2L bbb TWVWD, AEIZE W T, WBKDF 7 v k O JTfig
T, FELWEHOERE 27 Y a—7 rold n#lg s, WBKDF
Ty PO TIEA AV VEEENREL WD Z a2 RmBR IR, —F.
mREARIC LY WBKDF £ HE & B C A b 72 7k o0 95 ALk 77 59 28 (b 28
FBLEZLE, HFRTOA R VRIS S B S IR E RBT 5,
INLOMENS., BREARANWIIWBKDF 7 v hO A v A Y UIRBiMEE
WETHZLICLVEMEORIELZMEI LIz ZEZ BN D,

WBKDF J v k LI xHBAgIC, Wistar 7 v hOEEARB L O 2HEE
FHEORT, A2V VBB ABEREITAON R 2Tz, BMEERL
A AU RPUME O BIE X B R RFIC R E & S 4L 5 (DiNicolantonio et al.,
2013), AETH LN, MmEBERBAMICELY A XU VHEREDSCE S

N2 &, MEBERICEIV Iy hOA XY ARFIEREIIL 72 & O #H
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& (Donovan et al., 1993; Ogihara et al., 2001; Premilovac et al., 2014) & B
SN T 5, ZOT—=F DA —HOHEHEIWALLTIERVWA, 7 v b
DR, BEEZHEL LA VA Y g, S OISR IR A i
B2 EOFERFMEOE R AREL L TELAOND, ER Lo EEAIC
XA 2 HEPIENAE T & T 5028126 H S vz Sprague-Dawley
7y M, —BEWICEEFEKZETHL EEZ LN TS (Wainford and
Kapusta, 2010),

TTARR T F IR NE ZWMESN5EAETHY . A XY~
B MER 7 & LT R <H BT % (Achari and Jain, 2017) , 4 Rl O &t T
X, BmAREAICEY WBKDF 7 > k& Wistar 7 v NEIZT 7 4 Ax o F v
WESEMULZ, ZOFREFI, E P26 EREY TEREERLIZLD M
BT T 4RI TFURENENM L EO®RE & —E 3 5 (Lely et al., 2007;
Kamari et al., 2010; Zhao et al., 2016) ., ZNETOT T 4 R X7 F > O
Wb, 7T ARKX 7 FrOERENBSIIFBRTHLZ . £, 77
4 RFX 7 F ik, AMPK, PPAR-0. 72 b NICi D R 72 R A2 LT, A~
AU A ENSE S 2 EAHE I TWS (Ruan and Dong, 2016)
TTARX 7 F o BEBITERLCIENIFZBICSEST 2 & L bic, IiF
FOALT O EF 28642 2 &N BIENR VT FUOEERFTICLD &A
YAV UMIE, A A CRFUER S CICIRIT 2 B RBIET D IETE T
JL® oblob v~ U A TREICHESINTEY, SHOERBRERLE —H LTS

(Xu et al., 2003; Campfield et al., 1996), Z I LD &b, ESRERHA
it 28 WBKDF 7 v R DRFIE D A > A2 U AARHUME 2 &0 L 72 TR IE AN R IR &

e,
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¥ 1% TlX, WBKDF G REAIIMERER D CICBILA ML 2D k
ANEEL TV Z R RSN 2BREE L SMELFEIE L, HARBIE
PEOEMET » FTE, mBERICIVEIRMEEFTEZAEL D2 LB
TOLV=rT7 oo Ty RoEELEIC AR M E (B D T
VATV RERT LI LN MO E TN —T LV REI TN D
(Hosokawa et al., 2016; Nath etal., 1992), ®iZ, 7 VAT U BT
TARR I FUREZEF I LEIFAEAL<MLATWS (Lely et al.,
2007; Kamari etal., 2010), > T, B RBERICLI2EWO L =27 U F
TUTYROEMALERB LET VAT T O BRI, BREREME
L E 72 & NS WBKDF S BB ICE T 54 2 ) IR 2 B s &
DOt OT T A RX I FUORED ERICHFLSLTWD Z
EDRHRSIND, ZORMENFET DIZOICEHRLIBMA B HE LD TH
5D,

AEOBFNCIE, WS 22 DOMBERPEINTWD, OA 2T
PEE 2WBEIRIF O FIEIIT, 77 4 R 7 F 2 &[RRIV M & 55 W
ENDHDVIAFUBIRERT 7y FUrREDTTARIA L bHETD
& &% (Elekofehinti et al., 2017), it > T, K& TH L7z WBKDF 7
y FOERBRERICIDEMBEREOIE N, TT 4 RR T FRTITLD
LONTONWTIESORDIMHANPSLETHS 5, QWBKDF fEHERFE TIE
Wistar fE#ERFE L i L MR T 7 4 A X7 FUREITE LS @ ol
ZOZEE, MR T T 4 R R F U RE O A 2 BE R O FEAE 12 B
HyzaltomtEeFEL TS, WBKDF BEHEREE O @ W IEh 7 7 ¢ R

I FURBEOKIKNE LT, WBKDF 7 v R DE WA A Y UHKPiME
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DREERISEDOERTHLAREERB XN D, mBERAMICLLZT T
URRXTFUBEBEORA T = RALIZHONTIT., MRAEYFER LR SIS T+4E
W RN ERATH A D,

ARKEOHZICLY, mEEELZANH L7 WBKDF 7 v I Tlda b o 3%
ERMEl SN EEbICA VA VIRVIEZ KX ET D ZERPALN LR
ST, TOAH=ALE LTMELEF EIXEBEKRICOEF DT T 1 R x 7
FURENER LI EICXDARIEN R SN, WBKDF 7 v b IiE,
BIEZ S T & 2WBERFOBMEL MBI T 27007 LVEIME LT

AHTHDAIREMEN R ST,
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INFE

RKEOWEIZLD, BEERELY AN L7 WBKDF 7 v bk Tl & i B o ¥
JENIHIT 2 & bl A 2 VP EZRET LS ZERNHONE RS
Trg TDORAH=ALE LTILEEF S IZERBRRICOMEFTO T F 4 Rx 7 F

VIREN ER L2 ST RN R I T,
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Table 3. Cardio-metabolic parameters in each group

Wistar-NS Wistar-HS WBKDF-NS WBKDF-HS ANOVA ANOVA
(N=8) (N=8) (N=8) (N=8) (Strain) (Treatment)
Organ weight (% body weight)
Liver 29 + 01 29 + 00 38 £+ 01 * 32 + 01 ff P<0.0001 P=0.0017
Pancreas 04 += 00 04 += 00 02 * 00 ** 02 + 00 * P<0.0001 P=0.3124
Mesenteric fat pad 14 + 01 09 + 01 ft 22 £ 01 * 19 + 00 ** P<0.0001 P<0.0001
Epididymal fat pad 16 + 01 12 + 01 29 + 00 ** 29 + 01 * P<0.0001 P=0.0285
Heart rate (bpm) 3906 + 133 3958 + 17.9 3264 £ 51 ** 3463 * 96 * P<0.0001 P=0.3203
SBP (mmHg) 1279 + 22 151.2 + 39 © 1207 + 4.1 1920 + 8.2 =T P=0,0027 P<0.0001
Blood
Glucose (mg/dL) 1151 + 35 1150 + 43 3448 + 442 ** 1270 = 88 ff P<0.0001 P<0.0001
Insulin (ng/dL) 24 = 03 12 = 02 150 + 15 * 132 + 09 ** P<0.0001 P=0.2161
AST (U/L) 674 + 40 688 + 7.6 746 + 214 500 = 27 P =0.6212 P =0.3262
ALT (U/L) 365 = 2.7 321 + 24 1096 + 243 * 716 + 86 P =0.0002 P =0.1145
T-CHO (mg/dL) 565 + 2.6 475 + 338 959 + 57 ** 1066 * 10.6 ** P <0.0001 P =0.8960
TG (mg/dL) 271 + 45 268 + 3.1 3044 + 347 ** 3158 + 36.4 ** P <0.0001 P =0.8279
PL (mg/dL) 1039 + 24 929 + 49 2060 + 7.8 ** 2376 + 13.7 ** P <0.0001 P =0.2272
Adiponectin (ng/mL) 1432 + 84 1716 + 105 2182 + 195 ** 2687 * 65 P<0.0001 P=0.0033
Urine
Volume (mL/24h) 63 = 05 851 + 15 238 + 47 * 1088 + 7.5 =T  P<0.0001 P<0.0001
Glucose (g/24h) 02 = 00 00 = 00 1279 + 395* 00 = 00 ff P=0.0031 P=0.0031

Data are expressed as mean £ SEM (n=8 in each group). Heart rate and systolic blood pressure (SBP) are for rats at 12 weeks
of ages. Other parameters are for rats at 13 weeks. *P<0.05 versus Wistar rats on the same diet; **P<0.01 versus Wistar rats
on the same diet; TP<0.05 versus the same strain of rats on the NS diet; 1TP<0.01 versus the same strain of rats on the NS diet.
Wistar-NS, Wistar rats on NS diet; Wistar-HS, Wistar rats on HS diet; WBKDF-NS, WBN/Kob-Lepr (WBKDF) rats on NS
diet; WBKDF-HS, WBKDF rats on HS diets; NS, normal-sodium; HS, high-sodium; SBP, systolic blood pressure; AST,
aspartate aminotransferase; ALT, alanine aminotransferase; T-CHO, total cholesterol; TG, triglyceride; PL, phospholipid.
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Figure 4. Effects of high-salt intake on body weight (A), weight gain (B), food
intake (g/day) (C) and food intake (kcal/day) (D) in WBN/Kob-Leprf/fa
(WBKDF) and Wistar rats.

Data are expressed as mean + SEM (n=8 in each group). *P<0.05 versus Wistar
rats on the same diet; **P<0.01 versus Wistar rats on the same diet; 1P<0.05
versus the same strain of rats on the NS diet; 7¥P<0.01 versus the same strain of
rats on the NS diet. Wistar-NS, Wistar rats on NS diet; Wistar-HS, Wistar rats
on HS diet; WBKDF-NS, WBKDF rats on NS diet; WBKDF-HS, WBKDF rats
on HS diets; NS, normal-sodium; HS, high-sodium.
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Figure 5. Effects of high-salt intake on plasma glucose concentration (A),
plasma insulin concentration (B), AUC-glucose (C), AUC-insulin (D),
HOMA-IR (E) and HOMA-B (F) during the intravenous glucose tolerance test
(IVGTT) in WBN/Kob-Leprf (WBKDF) and Wistar rats.

Data are expressed as mean + SEM (n=8 in each group). *P<0.05 versus Wistar
rats on the same diet; **P<0.01 versus Wistar rats on the same diet; P<0.05
versus the same strain of rats on the NS diet; 7fP<0.01 versus the same strain of
rats on the NS diet. Wistar-NS, Wistar rats on NS diet; Wistar-HS, Wistar rats on
HS diet; WBKDF-NS, WBKDF rats on NS diet; WBKDF-HS, WBKDF rats on
HS diets; NS, normal-sodium; HS, high-sodium.
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Figure 6. Histopathological examination on the pancreas in WBN/Kob-Leprf/fa

(WBKDF) and Wistar rats fed NS or HS diet.

Representative immunostaining of insulin in (A) Wistar-NS, (B) WBKDF-NS,
(C) Wistar-HS and (D) WBKDF-HS. Scale bars= 50 um. Wistar-NS, Wistar rats
on NS diet; WBKDF-NS, WBKDF rats on NS diet; Wistar-HS, Wistar rats on HS
diet; WBKDF-HS, WBKDF rats on HS diets; NS, normal-sodium; HS,
high-sodium.
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Hematoxylin and eosin

Wistar WBKDF

Figure 7. Histopathological examination on the liver in WBN/Kob-Leprf/fa
(WBKDF) and Wistar rats fed NS or HS diet.

Representative immunostaining of (A) Hematoxylin and eosin (HE): Hepatic
lipid deposits (arrow) (B) Oil red O and (C) Periodic acid-Schiff (PAS) in
WBKDF and Wistar rats. Scale bars= 50 um. Wistar-NS, Wistar rats on NS diet;
Wistar-HS, Wistar rats on HS diet; WBKDF-NS, WBKDF rats on NS diet;
WBKDF-HS, WBKDF rats on HS diets; NS, normal-sodium; HS, high-sodium.
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A, BEFOKRK L EEHARICIVIEHENAMEL, TOHEAX
Ny 7 v Fe—AEZnIZHES DMERBITHESMRBEL - T
Wb, AXRV w7 Ra—LAOEERERK T O—>Th 5 @i EE
X, BEEZERENLEZRT 5282 0EOD, T ORIEMF TSN
TIERW, 2O, E FOAZRY v 7 ¥y Fua— 5O ElflEEDIFEE
ML IZAMEE OB NET VB OREN I N TN D

WBKDF 7 v ME, ZAETOMFEICED & FORETZ 5 2 BUHE RIS
DL IS KT DT TR, AFRY v 7y Re—AOfREEME
CERZBHET  VEME L THHfFESA TS, L LA S5, WBKDF
Ty POMEZIZILD ETOHHBERRORFHEIZOWTITHALNIZESNT
WRW, T 2T AR TIE, B A D 2 TMBEIR B E T L TH D WBKDF
7y FPOBBRRBRICGT o2mBEEAMOLELH <, 2 BPERHK LR

e o> B A iR L T2

oo WBKDF 7 v MZEIT 5 & EHE R AR O ME I L O E M

AREIZHE VT WBKDF 7 v hiE, Wistar 7 v M TEE 2 & L E %
RIELLZ Enb, BRERZHEEImD TRV EWZ D, B TE
DR E LTI, 4 A UIRPIMEEZRERBELETOIAXZARY v v
Y Re—LEERETH5Z LM EINLTWS (Uzu et al., 2006), WBKDF 7

Yy P INETOMRICIVIEmMZ DL RIZA A Y P E EE» D
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BIET D ENWHLMMNER->TEY (Kaji et al., 2012; Okuno et al., 2013;
Nagakubo et al., 2014), AK#E TH b L7 WBKDF 7 v k O & 552 M & i
JEIZE FOHEEZ LKL TV EWVWR D, AFRY v 7 v Rr—A
OREEZERME L, MEKISEORESL L= T IO T v VRN
BET 5T M) LITRBTORIERKF &L THE SN TWD (Simonson
et al., 1988; Sowers et al., 1988; Choi et al., 2015), AE ClIm BB & % AN
L7 WBKDF 7 v FTid, B8t A h LV AR TTHEST S &Iic T U 7 L 07
WH BTz, TDZ & XY, WBKDF 7 v k@ &I M & L E 3 0E 57
ELTMERKISHEDORFTDOHRL LT T MY ULAIFEAEE L TWD g
HiXEmnWeEBEZXbND, 4%, WBKDF 7 v b o> & s P & i 5 58 i 1
Pl TlL=v T v ot Ty vy ROBEEZHLMNCTHZ LT, AXR
Vy v Fe—nbB8BRREZEGLEZRAT 27200y — 1L LT

O WBKDF 7 v FOlifEZ S HICEmD LT EMNA[EETH A 9,

%2 WBKDF 7 v k@ 2 BUHE R IR FEAE (2 RE 3 5 @ & B AT O 52 %8
AREIZBWT, BREAZ AN L WBKDF 7 v b o & I 5 iE 0 il 12
I COA A2 VPR BICRT LT T R F O E D
bmn&hholc, ARV v 7 Rur—ATIE, WIBIEM 22 b EA S WS
NHE2ZDOT T AR RIA L ThHDHDA LAY VEZHERTEA R Y VK
PR TFOZWDONRT U ZABEEIZLIDA A VIREEREL D E SN
TW% (Elekofehinti et al., 2017), AWFE TH L iL72 WBKDF 7 v F D&
BHBIZ XD @ MBEREMH ~OMmo A 2 MR X O

HKAFOBEERLNCT T4 AR F ool coad A Kbtk
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CXRTOEMZzHE T2 ek, MEREREAFMICEI2M T DT T 4 K1
FrOHEHEMDO AN = XL EMHAT LI ENRLETH S, WIRIETE.
ELERE, BEREERS CIERFRELHELODAZRY v 7 K
H—AICBWTIE, HAICHdT2REGEETHLIN, TOREBLRIKL
LCHRATRBERE DA LE LD, RETHLNTERBAIT., B & A XK
Uy 7 Fa—ACxd o882l gizmile LT, £0RE

72 D N T RIB RO B AN DLE DI 5 TH A 9,

E:o!

ARWFZEL D Bz fE 5 2 RUFE RIS E 7 v O WBKDF 7 v MME&E & &
BARICKVEEREMEELZRET L2 BERZELZET L2 LWL N
Ll odz, —F. WBKDF 7 v "R EHARFKIET S 2 BFERHITSRERD
AMIC X VBFICHH SN, WBKDF 7 v MiZB W TERBERITA X R
Vy 7 vy Fa— L0 I REMICEH L bIcmblnERLAED
RO BN E R ST,

RIFFRORAE 2 HHEICE PORAXARY v 7 vy Ra— KA ET 5

LR EEEEST L THAS I, AN TILHEIR P ZEEF © WBKDF 7 v
FEHWTEREROEEEZRFT LD, &£ O EEHO A ZRY v 7
YU RE—LAOJFBRMEICET DL IS oW TIE ., BERFBIE % O
WBKDF 7 v M T AR BEROEEBZRFTT I EB/MLETH D,
WBKDF 7 v hDOAXARY v o7 Rua—AET)LE LTOMMEZED D
7o O, )L — R A B AR TR O T A ) e PR BB BA A R L &k DR

BREDEHUMZHNONITOIEOORERIMENPEEN D,
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L)L, AMEORBIIEBEOBBEEIRDOA XA v 7 v Fa—»A|Z
T HEEBIZONTHLWVWEHREMZ DL EHIZ, WBKDF 7 v 2y 2 Bl
FEIRF e A X AR Y v 7 v Fa— A% HF 7T 5 EMLEAEBE OJFGEfif 37

WAHEMRY =052 LRI 5LEZONS,
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Ba4E w1

R &2 £ 5 2 BUBE IR E 5 /L WBKDF 7 v MZB W T, BEEROE
HEERBEFIZOWTHEELEHBR, LEKSEOLBREET 5 EE R
BEERZHERLEEZRIET S, TO—FTHEBETOA 2D VIR
O E Lo B O RIE 2 IIEl LTV D RERESE O ke o e, RAFTEIT,
WBKDF 7 v F OPEFEREMAH# BRI T2 mBEESAMOEEICEL TH LW
MR ZMA 5 &L bIT, 2ABERKFES ERBREOBREEZMHAT L7200

HHZEBERICRDEEZ D,
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SL IR EZHY £ LM RFREIEZUIEE I LR ISR
LET, £/, KXz IRBWEEE E LaRPHRE2EE H
JR B 72 & NI R A 3B 2 e == A SRR L LY BILH
LEFET, TLT, ARLIEwMXZEEIKIDICHED, THEL K
fl 2z Wiz /2 & £ LR RY PURBEA S8, TERZEMNBERE

RELAEICHELZ R LE T,

KRBV RAT KRB 2R ICRBITAME T —~D—FR L LTEZ

bbb ThY, THmARLWICIHANERES E LERMIEEDE

BRICERH H L £,
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REES &bl H NP2, BRSO SWMENDIEATHD, 1
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WBKDF &R A# Tk WBKDF ¥R LKL, HEEOFER
(P<0.01) & F. ALT IR T B X OIFMMICIB T 7 U 22— 5 L IEaE O
& Wi o R 3 FR D STz, WBKDF & & & B Tk WBKDF fE A&
ek, £ 20 MR (HOMA-IR : Homeostasis model
assessment-Insulin Resistance) ® 3 L \» (P<0.01) IK FR@R O L iz, —F.
WBKDF @ R&ERFE DA 2 U V3 UWRE 72 b N AL 1 WBKDF £ A&
HEHOLRERIIVRO NPT, F_ETIH., aREREZAWN LT
WBKDF 7 v b Tl mMAEDRIEN MBI SN D & & bITA R Y S HE
BEBEHT LRGN LR 572, WBKDF G RIERFETIZA R
VIRPIME L OBE RS Y 3 — S kAR X ORI O FRE S
L EHICMBERT T4 RR 7 FURED EFBREO BT, Bl O RRE
IV, BREESAWMICLIVMTFRERED LR LETT 4 K27 F U N FKT
DA VAV P A E L, & bR E O MBI TS L alREME 2 R e
S,

ARWFFRIZ BT, B2 E 5 2 BBEREE 7 /LD WBKDF 7 v MEE &
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AR 2BERBEOMEICIE, TTF 4 BRI F AL BHFEO A > =
VDU OWRENFE T D 2 L BRI SN, ARBFEORE Z E KRNI
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BEESTDHTHA D, AW TILHERIEFHIER O WBKDF 7 » b & T
BRERORELERF LN, & NS EBHORAZRY v v Fr—
2D JFBERFEIC B9 A BRI W TR BE IR B JEIE % © WBKDF 7 v b

CHTI2ERBEROEEBZRFNT I LBLETHSY, /. ARER
BRICLDMFPDOTF A RIX I F o OREEED A =X L& AT 5

IEHERDMENLEEND, L LARRL, KAFJEORREITAE O EFE
WDOAZRY v 7 Fa =AMl T 2B ONTHLWVIMAE SN
& LB, WBKDF 7 v b2y 2 BUBEIR T 2 A7 3 2 /& L e BB D 9 1B fR

WCHERREMETNLERY DD LETRBRTHEEZLND,

_69-



Abstract

The prevalence of type 2 diabetes mellitus (T2DM) and hypertension has
markedly increased worldwide. The risk of cardiovascular disease in diabetic
individuals is doubled by concomitant hypertension, which occurs in an
estimated 63% of T2DM patients. Genetic and environmental factors play
important roles in the pathogenesis of T2DM and hypertension. Evidence from
clinical trials and animal studies shows a causal relationship between dietary
salt intake and hypertension. Many studies have suggested that blood pressure
responses to dietary salt intake vary considerably among people and animals,
which is a well-known phenomenon described as salt sensitivity of blood
pressure. Salt sensitivity of blood pressure occurs frequently in individuals with
T2DM and is associated with an increased risk for cardiovascular death. The
pathophysiological mechanisms that promote salt sensitivity are complicated,
and genetic and environmental factors are involved. However, recent studies
have indicated a role of vascular dysfunction in driving the development of
salt-sensitive hypertension.

The Wistar Bonn Kobori Diabetic Fatty (WBKDF, WBN/Kob-Leprf/fa)
rat is a new congenic strain established by introducing the fa allele in Zucker
fatty rats into the WBN/Kob (lean) rat genome. Previous studies have shown
that the WBKDF rat is a spontaneous model of T2DM that shows obesity,
hyperglycemia, and dyslipidemia from a young age, resulting in the early onset

of diabetic complications. Thus, WBKDF rats are particularly relevant to human
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T2DM. If WBKDF rats are salt-sensitive, these rats may serve as a useful model
for investigating the etiology of hypertension with T2DM. However, this rat
model is not very well characterized in terms of cardiovascular responses. In the
present study, we examined the effects of high-salt intake on cardio-metabolic

responses in WBKDF rats in comparison with age-matched Wistar rats.

Chapter 1: The Effects of High-Sodium Intake on Systemic Blood Pressure and
Vascular Responses in Spontaneously Diabetic WBN/Kob-Leprf/™ Rats

The prevalence of T2DM and hypertension has markedly increased
worldwide. The purpose of the present study was to examine the effects of a
high-salt intake on the systolic blood pressure (SBP) and vascular responses in
WBKDF rats, a new spontaneous animal model of T2DM. Male WBKDF rats and
age-matched Wistar rats at 6 weeks of age were each divided into two groups
and fed either a normal-sodium (0.26%, NS) diet or high-sodium (8%, HS) diet
for 14 weeks: 1) Wistar rats on NS diet (Wistar-NS); 2) Wistar rats on HS diet
(Wistar-HS); 3) WBKDF rats on NS diet (WBKDF-NS); 4) WBKDF rats on HS
diets (WBKDF-HS). Neither WBKDF-NS nor Wistar-NS rats showed significant
changes in SBP throughout the experiment, but both WBKDF-HS and Wistar-HS
exhibited significant elevation of SBP, which was more prominent (P<0.01) in
WBKDF-HS than in Wistar-HS. Phenylephrine-induced contractions of isolated
thoracic aortic rings were significantly (P<0.01) enhanced in WBKDF-HS and
Wistar-HS compared with the respective strain of rats on the NS diet. In contrast,

acetylcholine- and nitroprusside-induced relaxation were significantly (P<0.01)
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diminished in both WBKDF-HS and Wistar-HS, and these HS diet-induced
changes were more profound (P<0.01) in WBKDF rats than in Wistar rats.
Significantly (P<0.05) higher plasma concentrations of 8-iso-prostaglandin Faz,
and sodium ions were observed in WBKDF-HS than in Wistar-HS. The current
study demonstrated that WBKDF-HS rats developed salt-sensitive hypertension
associated with vascular dysfunction. The WBKDF rat may be a useful model

for investigating the etiology of hypertension with T2DM.

Chapter 2: High-sodium intake ameliorates hyperglycemia and insulin resistance
in WBN/Kob-Leprffa rats, a new model of type 2 diabetes

High sodium intake is a major risk factor for developing hypertension in
T2DM, but the connection between sodium intake and glucose homeostasis
remains elusive. We previously found that high-salt intake induces hypertension
in WBKDF rats, a new model of T2DM. In the present study, we examined the
effects of a high salt intake on glucose homeostasis in WBKDF rats. Male
WBKDF rats and age-matched Wistar rats at 6 weeks of age were each divided
into two groups and fed either a NS (0.26%) diet or HS (8%) diet for 7 weeks.
SBP and urine volume were increased in WBKDF-HS and Wistar-HS. Body
weight gain and food consumption was comparable between NS and HS in both
strains. Plasma and urine glucose levels were significantly increased in
WBKDF-NS, but not in WBKDF-HS. HOMA-IR, a parameter of insulin
resistance, in WBKDF-HS was significantly lower compared with WBKDF-NS.

The high plasma adiponectin level in WBKDF-NS compared with Wistar-NS
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was further enhanced in WBKDF-HS. Glycogen deposits and fat droplets in the
livers of WBKDF-HS were reduced compared with WBKDF-NS. The present
study demonstrated that HS intake ameliorated hyperglycemia and insulin
resistance in WBKDF rats, which may be due to enhanced plasma levels of

adiponectin.

The present study found that the HS diet produced severe systemic
hypertension in the WBKDF rat, a new model of T2DM with obesity, suggesting
that WBKDF rats have high salt-sensitivity. In contrast, the HS diet completely
inhibited hyperglycemia in WBKDF rats. These results demonstrated that
high-salt intake produced opposite effects on hypertension and T2DM, both of
which comprise metabolic syndrome. The current study suggested that
salt-sensitive hypertension in WBKDF rats was associated with vascular
dysfunction, which may be mainly due to enhanced plasma levels of oxidative
stress and sodium ions. It also suggested that inhibition of hyperglycemia by
high-salt intake in WBKDF rats was likely due to improvement in hepatic
insulin resistance via elevation of plasma adiponectin levels.

However, no rodent model will fully represent the complex clinical
spectrum of metabolic syndrome in humans or companion animals. In the
present study, WBKDF rats under the pre-diabetic stage were used; therefore,
effects of high-salt intake in WBKDF rats with developed T2DM should be
examined. In addition, further studies are needed to elucidate the mechanism of

the elevation in plasma adiponectin by high-salt intake. The present study
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provided new and valuable evidence about the effects of high-salt intake on
metabolic syndrome using WBKDF rats. It also suggested that WBKDF rats may
be a good model for examining the etiology of T2DM with salt-sensitive

hypertension.
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