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O TGF SUSOFHIIE FTREE T5 VAT AETEL L, AURRSHERI A 5 BREERIZIsT 5 TGF
AR ORI OV TR EF AL Uiz, EBIZ, TUr P47 v L bONTIEURSRD
TGF H#ICBES- LT\ D Z & RSN TV D Z &2h, Dahl RS (DS)Z v hOBEWRATT
VIO T B LU LA B VAT OWT bR R T o T, FRRIEDS T hEL T
%R e LT Dal BHEHEHTE (DR) T » MZ, highsaltdiet (H:8%) b U< idlow saltdiet (L:0.3%)
TINERELE 4 BRI L TITo 72, DSH T v N CIERIEDHERIZLE, AR— VRO 7e iR
Tg EOTERBILN A U OO DHRBARERIR & | JHEHE S AU TV VRV RERIAT S 2 7R T AR AE R B3
FHEL Tz, iz, DSH 7 s OBRBRERIATIIMMAIBIIRA SN USURG L V23, i)
WRERETe L AR L T B 2387, & 61, DSH 7y NTE7 84> 7 X FIck b TGF 15
PTG DI ARIBIIROIHESISAES LTV Ve, —J7, DSH 7 v b TIIERNRRTT oA
Trvy U ERENBMG T VAT v )=V e L DRETNERFEBUC & o TRIZh TR Y
BT AT1 ZAROFER bIERF STV, E7z, DSH 7 v M CTHEHNFEFT NADP)H oxidase
DFBUTENE TR Y . KIIREEA & DTG MHRSERE L Bl OB TBARS &7 &M
LTz, DSH 7 M35 AT A ETEHR S ONCHmB AR 5413, REREEG ISR
PEAE RS LOVEBHIAkH TBARS &7 BAeHIRMEIC & Tlb &8, IMOBPREDIRZ/R Lie, LAk,
FIRSEMEBIWES v b TSRS OTEBRE D472 53 TCF #EORESFHEL TV Z L 238
SN, i, RHRSESITAE CA UL BREEIFNRIT L =« T O T R
DHERF & ZHUTHE D NADEP)H oxidase FEH LA LIZBREA N VADREADERS BIE-L TR Y | ATy
SEARMSRETEER LOWTRREAIDIR G FE R THh 5 L B X b,
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B % FREME DB ST\ B VD, L L7 b TGF i DRl 239 H I HEETH 572D,
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Bk e TG 4O, Livb, 7y P47 vy I 2 b UNCTEMERRSR 5 TGF HlRHIC
BE LT\ L bIERSATNS ™Y, L2 ARREREES IEE TR, miEd L=
BIOT v OdFr oy TREMETFLTVD LW RERE Y 0K, BEDCERICKT S
FoUFFrL Ly IOBERSRENE ShTER? 10, LrLAanbBERRETV =7
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BEMhT 5 Z EBSATH D, 2 TANEIR, BRERZHENEECEL 3 BEICEN
Ri7 v 2F T U D AT, SEEEN LIBIEA B VAEEREE L TWENENE
O L., FOTFHR IUEEE L LTAT, SEEERER L UCHRBCEIOF A2 R
L7,

[#r7e51E]
1. SERERZFHELET v MoB 5 TGF #4iE OFHIE

1.1 B/ NEBEE X 7LD

ARFFE TR LB/ MERBIE U AT A%, NIBERKZIMRSBEY - EALFHE
TSR SRELOESALEY (M), E5r v BL X (AANRE, PL-240S) i
EE CCD 4 # 7 (SONY, XC-E150) ##%& L. Hoh/EBRIEIN A Far tuaF— (R
AYE. CB-2408) L TA A=V oY — (ERT + h=2 X, C6086) T B,
MB XN, WWCTHEBIZT vy X’ AFyravA—F—a=y k (x4 J 7 b,
XVGA-1pro) BEXOEFAAFyrav—F—a=y b (w4 a7 b, XRGB-2plus)
FBUTILRENZ, FO%, MEBIZIET AT vF% (SONY, DVCAM-DSR-20) |Z CEkHE
Eh. ®=%— (SONY., PVN-20M2MDJ) Iz UL &z, BgIIRFIca v Ea—F —
WbhHRFESN, MEROFRIIXNH A A —T% L< iX WinRoof Professional (Mitani Co., Ltd)
PHERLTITbh, M. K RAT AOEEBRERIT, KK T4,200 L Ro7z,

1.2 TGF (57Tl % DL

ARFEERIX, TGF Rt DFHlEA RS 5 B TIThh Tz, 7-10 kit Sprague-Dawly
Sy AT I FUrHBNNERY MV E X —VRREETIC, BHIRE B X UBREE=5F
— ML LTRIRE - BRI ENEND T —T VR BB Ui, %IERRRIC X ABELHE,
BEHIE % 3 mm x 3 mm O TR L TBRECEBECCD A A FFEX AL U %
#E L, MERLRETHBHEA - MHMERE E L TIHRROMEEZRE Lz, £
D%, BIRNICTEZY 5 FBL0 7 et 3 FeEE LTHA - MBI RE & BiEE
B % Z & TREREL~VITRI 5 TCF RIGOELEBR Lz, TNETOHL DRk 72
ERBATOPRICEY., 7TEZ Y5 I PRIV 7 ek RiZTh e TGF &M% T - B
BEEHZEBHALNERSTNE D, LaLeNRb, invivoe DT v hEEATHER
RTOINOLEAOAEREIIRSLIN TV oTe, FOD, ¥ FT7EF T3 KB
XU 7 vt I F&FREH0.5-5 mg/kg, bolus + 0.5-10 mg/kg/H, infusion & F & TFHARN &S
L. BHNC TOF TEHEZ TG - BB S AROBELFToTz, TOMR. TEFYFIFR
(2 mg/kg, bolus + 4 mg/kg/H, infusion, n=")IEHBRICHKEL 525 Z L 72 <. WAHMBR
BREBFEBWCIWESE2 2 LBALNERo7 (H2), Zhicxt L, BHBIIREIET &Y

_70_



14 16 3

53 RICE-o T EBEE2Z T aholc (B 2), £/, 7ur &I F(1 mgkg, bolus + 4
mg/kg/H, infusion, n=T)DEIRNE 51X, 7 F Y 7 I NI X 2WMAMBAREORED & 5L
CXBECETELE (K2), ZThbOERERESEXUTOERTIE, 7EFY 73
K 2 mg/kg, bolus + 4 mg/kg/H, infusion, 7 vt I K& 1 mg/kg, bolus + 4 mg/kg/H, infusion
DOHAETHIRNICRE SN, :

1.3 Dahl RIGJEZIMEZ > FMZEH S TGF R DFFAl

5-6 JEESREYE Dahl BYEEEME (DS)T » M high salt diet (H: 8%, n=5) & L < id low salt
diet (L: 0.3%, n=5) ¥R % 4 BREGER LI, < rSAE & — LR T I A 535
LUBIREE=4—/M & LTS - BIRCEnThr 7 —7 A2 BB L, EROZE
{ BEMICERRE CCD 7 A FRE_RVINBL U XZEEL, ETRRE - X T7r DR
AL 2B Lie, TORMEREZRET 2 EHA - BIHMBIIRESE L. RO M E
BERE U, FOREIRMNIC, )7 ® 4 F I F(2 mglkg, bolus + 4 mg/kg/H, infusion), 2)
7 v+ 3 K2 mglkg, bolus + 4 mg/kg/H, infusion) Z 5 L. A - BHMBIIRE 2RI 2
T & THRERIK LU D TCF FUG R BEE LT,

2. Dahl BHEZMT » BT3B L= - 7o 7 Rl L OBEX F L XD
Ral

EERIT 5-6 EESHENE Dahl AR (DS)T v &, FOXR L LT Dahl RHEHEGUE
(DR) T v M & AWTIThhiz, 5-6 LY high salt diet (H: 8%) & L < i low salt diet
(L: 0.3%) FANEEL % 4 BRI E L 72(DR/L; n=7, DR/H; n=7, DS/L; n=8, DS/H; n=9), %7z,
RIOEED DSH T v Mokt LT AT, S8R HIHITH 5 candesartan cilexetil (10 mg/kg/day,
0=9) % B WIIIEHMRE A IR P ¥ —Th D 4-hydroxy-2,2,6,6-tetramethyl-piperidinoxyl
(Tempol: 3 mmol/L, n=8) O &k 5 L7z, L HICMEDIKTIZL D BIREDNRE R D
725, BIBEDO DSH T v Mokt L CHEERMEER TH D L KT 7 ¥ (0.5mmol/L, n=7)%
BokEE Ui, 4 BEBO%. WEBREZTVMIER X USRS ORREIT o7, BEX
BRIE 2 . B HICEMEERSREEA & % Lucigenin-chemiluminescence EiokvmEL 0
D —E LT v AT v v RIE H 5 WITREEHRO =0 I ALE R T2 Y, %
DO RIE IS 5 I - BRI S TR ERCTHE L, % AT v A 2707,
Lo E s TUTA T NBERT AL L) T yefieT Y T v Ty
)=V v BLOATL SEEOBARBIIY T AZ TRy T 4 7 EDICTHIELE, &
Biz. B{bA b LA D=—H—& LT thiobarbituric acid-reactive substance (TBARS)®D & #HiEk
R EE A IE L 19, Eio. TR O X RFEATR TH 5 NAD(P)H Oxidase O EF 72 iRA#
HRk sy Tdb B p22P% - Nox-1 O mRNA % ) ¥'—> 71 v 7 4 v I TRE L 19, Bk
EDIHIT. BERD D WVIEBEEBST A Fax 7o) VEFELY BHLEa7—
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7o BORIEIC X - TiFbhiz 17,
%1% meant/-SEM TH:7 L. $MEFHMREITIL one-way analysis of varance &
Newman-Keuls post hoc test % FV 7z,

[wrgERER]

1. Dahl SRS HEIME S v MBI 24 REMITERRRG L O TGF S DRE

Ry RV E X —/VHREEDSH T v b OFEHEIRENL 14849 mmHg (0=5)TdH Y, DS/L
S v hiX 10245 mmHg THh - 72(0=5), BEE REMIIX, DS/L 7 v h(0.38+0.01%) & Lhik
LTDSH T v hTEHLTVWEZ0.564£0.02%), CCD 4 A I CHEEBR LH Sz DSH 7
v F DAERETEIRTIL, RERENEELIZHE O B ERRERESBE S L, £z, DSH 7 v
N OEEE L TV B AEREICBWN TS, R—< U EORE 2Lk EOBBREEIBEEIN
7z (K 3C), Hiz. XREFICIITS DSH 7 v b OBEERERENICI T DI ARIBIIRE L
6.141.3 pm TH Y DS/L T » b(9.440.3 pm) & il L THEICH/N L T (K 3D),—77
DS/H 5 v b ORERERIKIZI T 2 HMBIARERIL DS/L 7 v b & g waaﬁbru\zﬂﬁ
MChofc b0, HEREMITFED bR iehotzs, TEHXY 7 I NIZKk > TTGF &M%
FEXES L, DS/IL 5 v b OBAHEIIREIZ-17.082.9%%4 Lz (K 3E), Z O AME
BREZ DA 1%, Sprague-Dawly 5 v hDZTH ERIBE THo, ZhiZxtL, 7&#V 73
Fix DS/H 5 v  OERERERIFICIIT 2B AHEBNIRE % -3.740.4% LB S &9, Z 0K
{LIEDS/IL T v + EHBE L THEI/NENWLDTH -2 (K 3E),

2. Dahl B¥RSHENES v MBI 3BNL =Y - Ty I T RBXURER b
VADRE

DR 7 v MIEAE% 5 2 T Tal-cuff I TRIE LG M EIITEEREE A&
U725 72 H5(134+4 mmHg), DS/H 5 v b TIEZ 2 & IE2580 b iz (20847 mmHg) ,
DSH v M LTHVTHALZ U E2HR/RELTH, MED LFICEEELE 2R o7

(199410 mmHg) , —7 . Tempol B LUt KT 5 VX DSH 7 v b OB MERAE % RIFRE
%) U7z (Tempol: 15244 mmHg, & K5 5 ¥ 15044 mmHg), DS/H 7 v b TIXEERER
RAEE SNz (DS/L F v b: 3141 mg/day, DS/H F » b: 348+13 mg/day) 23, Z DEHEIR
13 YL & (128411 mg/day)ds X Of Tempol (97410 mg/day)$& 512 & - TEH IS L
7o B RIS 00 bEARARED SET-3(198424 mg/day), T ORI VT INVE B
AU Tempol & B L THBEICH O D ThoTe, RAEEORERN, BREFa -/ e
FETHRD LI,

migho7 o rri ) —YxrEREIR ﬁﬁiﬁﬁ&\ﬁ‘] L > TDREBLUDS O
5 v TR Lz (4A,B), —F. TooFT7 vy /) =V OBEKTERE
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BEORHHEEEE. DSH 5 v F TOHZRTERICHEML Tz (K4C, D), DRI v M

FUIDS 5 v MMEttie, BAEAIC LY MER L= UERB LT v IAT vV TRE
WEZCRD LT, R, BlRE7 o457 TEFRIZIDRL T v ekl
(357454 fmol/g), DRMH T v b TiIED L T 2(19449 fmol/g), ZHLICXf L, DSH 7 v
N CIRBMEGET T VAT v I aE IR SN TWe (K4E), DSH 7 v MIh v
Y2 B L Tempol 535 L, BHlgH 7T oAT v 1T S ETZERICHD
L7 (K4B), —F. b K55 UV BT 7 v o4T v vv T aFRICH L TRESE
5% irinote (K 4E), DR 5y MCEAEAR BT 2 & BEEMMT ATl EREOE
B BI3H0-30% > Liz A5, DSH F v hTiE AT1 RABRRILHER Sh Tz,

DR 5 v B AEA R A LT bEREMMT p22-phox, Nox-1 DRHREICE(LEFED
LiiedoTzAs, DS/H T v b THRAERLE R EMMT p22-phox, Nox-1 DOFRBEDOEME
287 (R 5A,B), DSH 5 v hOKBINREEE R 3R EEA Bds L OVEHLkT TBRAS &R &
1. DS/IL 5w F LD bEETH-7 (”5C, D), H¥FPNE v dH 5 Tempol DI
1. M/ RETEME AR E A IS L OV Ak TBRAS B &% DSIL 7 v b & ERREE DEI
@ s (9 5C, D), b KT 7 V0 b MEREREEMRELS RS LOBMMT TBRAS
S BRI SN, T ORI T HAF 2 I DU Tempol & bl L THREICH
HLOTHoT= (K 2C, D),

[(B£]

 ME S B IR TE Y Cdh 5 5A REREIRBO LRI & bRVARERIFRICHT S
S L C RS BRI BRI IEIC W 2 2 MY, L LS b, — 7R e EFHTHE S
BEEIIE O b B LI, B 2 4% AR A0\ R ML R B O BR A 4 388 B 1 480
LTEW@E%@%%O®$&6f\%WEB@%%%%%LTV%WO:@ﬁ%@%a
TR L IR, SRR BB RO TS L VAR L TR Y . BIRICHRA 72 TGF
L BRSO T oOBE Dbl STNS W, 205 bEA4IFEELY TCF OB H
DI B EEEA LRI A EE L TE e 9, BIC RS R IUEE A D B
2|7k TOF M D R ENEEREEIZRILTND L 2 b TVBH D, TGF i DT
ﬁﬁ%ﬁ#ﬁt@%f%D%m&%ﬁﬁﬁbnfwﬁwotoé@\%ﬁwﬁﬁéﬁﬁ?
5= Lz k5T, BHBIR L~ TO TGF R OFHli & EHEFTHET 5 ¥ A T AORESLICEL
%LKOA%\:@E%%&V}?Am;oféif%Emt&ofw&motnm%%
OIREANTEACED & B X TV D,

BBEEENES v h T LS BREICIESRREREES# ) LMo Ty
271D ARFED in vivo 0BT HBETIIR—< VRO RE IR EOFBRT B4
© T B SRR A BRI L . BETR SN TV R W ERE R ERIE S TEE T D T L SR ST, &
ﬂ6®ﬁﬁﬁ%ﬁ\%%%ﬁ%ﬁﬁ%%%ﬁ%@@%%ﬁ@bf%D\%ﬂﬁiof%%

_73_



14 16 3

LTWABEAREDOARNEHICEFE L TW S AEEEZRRTH2LOTHD, ZDLD
72MEAx T hyperfiltration theory & S, MERFHBREDERER L TRBEN TS HDT
HEND, CHBNERBICARTHEEL TN Z ERSEMD TRENE, F4EORZE
Tid, BERSHEENES v b OBERERE TR, MAMBIRSZRIMHEL TS Z L
DREN, ZHUCH LTl MBIIRE X L AIREM b, SOREFLET v
FEHBLT. 78Z YT I FICL D TGF EHEOTUHESH L T ANBE R 0 USUHE S 25 T8
FLTWAZERHONE o7, ZTHODERBERIZ, ARERSZHT v F CiEMED
R TGF RIS T T S TR Y | BAMBINRAIUHE U TREMENE 2B =
., REEEEERE LTV A AEREZRBT 50 THD, L LR bEIZEHAME
FRBEESSZITTCIDL IR EELCL TV AL EETET, 5% I LRIRFHN
MVETHD, &bIT, BERRERIK L AR EREICB W TR o 72 TGF BUSBFFEL TL
TWAFREMELEZ OGNS, Lo T, REREEENSERTIBE, TROLARERTE
FADEE, BREARARE 12 A TORMRBEINETH D,

AR EEE IR R L= BIOT v P TV T REMETLTNS
CWVWIHRRIV DA, BEOCERIIBITIATVIOFT v U OBEERDRNE ST
7278 AT, BEBREMENLES v NCBWTBRBEHT V3T v a8 .
REMT T o OAT vy ) =V 2V ORFEIRBRERICL > TRENTWD Z LB
Meilpotz, £z, BT AT SEEORB LRI TSI LA RENT, Thb
DERFERIZ. BRBAILV=Y - Ty VATV VU RBPEFOENEITE<MIL L TR
NTVWBRZELERTHLDOTHD, EE. RERSHEEMET v NI AT1 SAEEHETH
BHFHNE L EBRE L THMECIREREAE CRWICL 200 5T, FHHRERER
BERL, TovoFT oMtk oTA U DBRRESICIIFEA 2 A =X LDEER
BEXNTWENR O ZORCRICER ZED TV 5D NADPH oxidase &/ L7 &M
TREDFEATH D *019, ABIRIL, RERZEEHENTET v N TE L BESIC, BRRET
NAD(P)H oxidase DIEERTTHEN LS TVWD Z EZBALNC Lz, & biT, KEWREED b DTE
MERRSRIEA BB L OVEMT D TBARS 2AE LML TWe, ZNbDERBERIZ. &
ERSEMEMETS v MIBEfET 2 BEEICIE., BRBETL =V - T U937 v RO
B L 2k NADP)H oxidase FEMEALZ N LB LA P LABRBELBESELTWDZ L%
TRETALDThHD, B, ATl ZEBEFEOREIC LY KEREED b OTEHERFREL
B L O O TBARS 678 BII6REICE TR Uiz, Eio. HiB{tAI Tdh % Tempol
bHARERZHENTET v FCTEUSBEEICK L TERLRBIREDRER LI, —FH T,
I RMPIFEECHA L KT 503 Tempol & RRREMEZBD SEIZHLPDLT,
F DR RESNEIT Tempol & L THARICH N LD THol, TN X HIZ, Tempol NF
R EITMERE T ORI L > TELTWAEDTIERL . TORBILERANEREREE %
BELTWALDTHE EEXLNE,
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Fig. 1. Schematic illustration of the microscope system
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Fig. 2. Afferent and efferent arteriolar changes in responses to
alterations in TGF activities
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Fig. 3. Afferent arterioles in DS/L and DS/H rats
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Fig. 4. Reninéangiotensin system in Dahl rats
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Involvement of altered tubuloglomerular feedback system in the renal
injury during the development of salt-induced hypertension

Youichi Abe, 'Akira Nishiyama, 2Tokunori Yamamoto, *Toshiaki Tamaki, “Hiroshi Iwao,
1Shoj'i Kimura, *Takatomi Shokoji
"Dept. of Pharmacology and *Second Dept. of Internal Medicine, Kagawa Medical University,
Dept. of Urology, Nagoya University School of Medicine, *Dept. of Pharmacology, The
University of Tokushima School of Medicine, 4Dc:pt. of Pharmacology, Osaka City University
Medical School.

Summary

It has been suggested that tubuloglomerular feedback (TGF) mechanism plays a critical role
in the progression of renal injury in salt-induced hypertension. Here, we conducted studies
to visualize afferent arteriolar and efferent arteriolar responses to alterations in TGF activity
directly in Dahl salt-sensitive (DS) rats. DS rats were maintained on high (H: 8.0% NaCl) or
low (L: 0.3% NaCl) salt diet for 4 wk. An intravital tapered-tip lens-probe (pencil
lens-probe) videomicroscopy with a charge-coupled device camera was used in anesthetized
rats, and the superficial afferent and efferent arteriolar diameters were measured before and
during the enhanced TGF activity induced by acetazolamide (ACZ). DS/H and DS/L rats
were 14819 and 10245 mmHg, respectively. ACZ (2 mg/kg bolus and 4 mg/kg/h for 15 min,
i.v.) decreased afferent arteriolar diameters with the magnitude of reductions in DS/H rats
being significantly less than those in DS/L. Inhibition of the TGF response by furosemide (1
mg/kg bolus plus 4 mg/kg/h for 10 min, i.v.) following ACZ infusion revealed that the
afferent arteriolar vasoconstriction caused by ACZ was reversed in these animals. Plasma
Ang II levels were significant reduced in DS/H rats compared with DS/L rats, but kidney Ang
IT contents and AT1 receptor levels were similar between these animals. Renal cortical
expression of p22-phox and Nox-1, essential components of NAD(P)H oxidase, and
thiobarbituric acid reactive substances (TBARS) contents as well as vascular superoxide
production were significantly higher in DS/H rats than DS/L rats. AT1 receptor blockade
with candesartan (10 mg/kg/day) and treatment of an antioxidant, Tempol (3mmol/L in
drinking water), normalized vascular superoxide and renal TBARS levels, and ameliorated
progressive sclerotic and proliferative glomerular changes in DS/H rats. These results
provide direct evidence that the TGF responses were altered in DS rats. The present data
also suggest that in DH rats, renal injury is accompanied by the production of reactive oxgen
species induced by AT receptor-mediated activation NAD(P)H oxidase.
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