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AETEEEOBAOINERR E | B & 72 BRI LD B B (chronic kidney disease: CKD) 3
FEIET Do CKD DEABUTE A FEIND—EU->TERY, HAAND CKD BEHITH 1330 7
NEHERFS L, A DRI 8 A2 1 AL CKD ThoHEEHLN TS D, CKD OF—DiEH B %
I%. KB A4 (end-stage renal disease: ESRD) ~DFEATEE RBEIEDE A Z AT HZLT
Hb, IHIZHLI = DOEERIGFHAELL T, CKD OAJHED — D> Th L0 M E K H
(cardiovascular disease:CVD) DIIEAZFHZENFET HIVDH, EERIZ, CKD BHFIZHBWTULE
BEBEDIR TIZf> T CVD OFIERILHE IR DIENHALDNIEN TS, CKD & CVD 135
PBERRBRE AL TODIEIRIEEND 29, £72 CKD 72 E OB REIZIFRE T 5 CVD 1X, BIRE
R ORBEE R T HDUNENDHD, FIZIE, RRITRBIZIDL =0T oo Ty - T IVRAT
P ROTUERLE R ML R HT oD 49, IHIZ, TFEE B INTWDHOILREFR JREE
WE) Tl%, CKD DHERIZ N RSO ED O YRR E 2 L0ER % 72 IR BERDBIENIC
w5 &0, RERIL QKBRS+ QKBRS FBROOMmIEY VB REGME
FD 3 ODTN—FITRPNEND Y, 22 TH@ULIEZ oA G My 13, M IS IS
FAET DT VT I LBEICHE G T 5720 EATICE BRI R #EChHY | MR E 4RI
BAZTHEDREINTND ), LURMS, JREH O MAEFEEE~DE B2 2L T
RIEARH RN LIRSNTND,

CKD DIIEJFK D —o12, ZlEBEE (acute kidney injury: AKD) 23281 H5 10 1)) AKT &
(X, IEH B OYRMERE A RS D BHEEE N BIITIR FLIIREEZ VW A E 100 5 A 4720
R 500 BIFREE DG THRIEL TWD 12, fEk, AKT 5B v REZRIRRE | &5 2 Bt TV

IEARIFBUER DN EWET Tide<, CKD 8L ESRD ~EBATL, BTE AR R ENIEL
WS TND 19, Z EH1T AKI A CKD 27T 528 (AKI to CKD) 13 FRIICTIZHI B
IZENTEY ZOBATAN = AL OWTIEWAZ DT RZL OWFETHhITWD A, R
IR S TR, BURESIZIUW T, AKI to CKD DA =X AZEZRICBEL L, T8
TR B LIZBFE | D3IE IR AT TV D, B2 1E, AKT (2B THLIVDITAL IR B D
PRV, T OBAE S AL O T B st 20 3 2 2L TRME(L AR EEL | SHITITRERIR AL,



RENLIRAME IR F /2L | JAfia R 7 n ELZFIE T LIENRESN TS P, —F | AKI X
15 MERA 2 HE (reactive oxygen species: ROS) D FIPEA I L ORIEME T A NIAL DREEZEN LT,
RRDICE NN [ S SR O Ay s Fp ANt =] &l e SR QN 11 2l a2t kg sl NV 51
HILTWD 169, BRIE B 3 &R0 EEBOME, 77205 AKL BIERITOAR RO E
FETRED CVD DFIERMIERL, CVD RIEIC EOIEER N DB HERED S B2 5 BB %
P2 B A REME DN E 2 DD, £z, CVD OFIE L KIMLE O NSRBI T IX5RHEBS 27~
ZETHLDNISITND 20, LnLZehin, AKT FEIE % O IR R BRI N B A% RE O A Bh (2B
T O RFHIFR B TH D,

AWFFETITHE —I12, ARG~V EREERIR TR THY, 73> CKD ITHED I N
BERER E DO EERFK DO — 2 LB 2 LT DA R LR EE (indoxyl sulfate : IS) O T K
BRI HERE IS E T B ZO/ER AT = X ML TR LTZ, IS 13, M5 N B KON e
FIERBIZBUVT ROS DO—FETHDHA—/I—FF R 7 =4 (superoxide anion: Oy) FEAEZ TAZE
(T FERMAE MR E ThHH—ME{bEFE (nitric oxide:NO) & NEL T HZ& T4
FOSEZAR TS D ZEDRENTZ, RIZ, T CKD 72 E DB FREITIBN T, IAE N R EERE
Ee— =LA ERMBZ R T ZENREIN TS 282D MiEF 7B AHIR 5 E T X
= (kynurenine : kyn) D L& HEREIZ X IZ T HEEIC OV THMRFTL L kyn 13 IS LIRIERIC LA R Z
BROME HEHIZIBNT Oy EAZIEES T, NO ZHlite - NE LTI LAVRENT, &I,
RE MM AKT SEIEBZ I T, I REIIRO ML N RS AEZ AR AL RET L7z, B e . PR
WU Z J D B RE DS B IR T L2 BE O I N B REIZIE & ChoTz, LLRNG, ZDH D
FEIRFHY 72 AR BE D [EIE L ITAH L T N RERE I 3EATL TS Z LAl LT, SHI2, FHE
Wite —IEPEICHIR D IS 13, LR AKT T AED A8 N BOBERE DRBGHE (T IX B G- L7 2 e BD
MLz,

AFLTIEL IS BED kyn DMLEERE~DEEEIREEL £ OMEN A =X LT 51
Af. SOV M AKT & i /8 N B RE S D B A 3 MR TRk 472,
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1. /=

TR 7R 8 N R RE OMERFIL, O & R D TEFPEMEFRHC B W OERFICEE TH D, EN
MR AFAE T D — R b 2 3 (nitric oxide:NO) &kl (NO synthase: NOS) |2 LV pEA X
NO &, B 2 P i Mfa (ISR L FI w77 = Vg 77— (soluble guanylate
cyclase:sGC) DIEMHALEZ DD cGMP FEAZ I L I EJEELE PR IEIEA 72 E DR
SPHOMERER T T 5 229, — 7 RISV T O AR M E O A R RE AR FSE5
JRIK D — 212, A—/3—FF KT =4 (superoxide anion:Oy) (ZfRFE D5 ML 7 FE
(reactive oxygen species:ROS) (2485 NO D ANELIZET HiD 2, F32, CKD (chronic kidney
disease: CKD) FRFH B LU 4 O CKD 7 /L7 MIIBVVT, ROS @ EFIZfE NO DA 4F]
MREDAX 721 Tid/e<, M8 N REREE N AR S ND ATEEMES RIBSIL TS 262D fi] 2
I£. CKD BEFIZBWTIL, Jib'E »—->ThD ascorbic acid (i.v.) (2L 1fEH ROS FEA
=S S A, BEMBNS R E LT i SRR S OAR T I3A BICSEHE SN LT En G ST
W5 ),

TN ETICEMS R RBRICHEW T, CKD B3 Tl & L i L, & NS EEDTE
IED—2>ThHDHMIARAFHEILIR SIS DBEE MK T ARSI TN D 2, IR T, AR
JUREZ (indoxyl sulfate:1S) B A 1K T SE 588 0 BRI B 8K AST-120 O 24 2 IED AR
AL IR FEBRL | I N B RE A A RIS EH T HZEBHDMNICEI TS 29, B
Z W RREHZ I W T L BN # IR BRI (human umbilical vein endothelial cells: HUVEC)
(2% IS BEEEIL. 1S IRE B LU OALE R I AFL C ROS FEAEZ TLESE LT L, 722
7 ROS FEAEDHNN T NO FEAREITD THZENHESN TN 03, EHIZIS D ROS
PEAETCHED AT = A LE LT, IS 13X A AT AR E DR RME DS T o BIRD—D
TV — VAl k5% 2K (aryl hydrocarbon receptor: AhR) (ZHE A 1% . ROS PEED T H/EEFR D
—-2>Cd% NADPH oxidase Z1E AL T DZENABINIZAILTND 22,



FROEY | IS LML E NSRBI, B PIR DD EHELR TE L3, IS D M EHEREI )

EREN 725 B IS NS TR, ZZTARETIL, IS OMEBEREIZ X 5 8
%, 1S 1285 ROS FEA L MEBREMERFIC I W CTEHEZREFIAZHS NO LOREMEICERHL, M
RIEAT T,

2. EBITE
2-1 FEERE

FERENY) &L C, 8~10 iR Sprague-Dawley RHEMT > N =, T MEI—ED M (1
H1 12 FEfED) | TEIR (24 £ 1°C) | 1R (55+5%) D5 T CRIB LI,

2-2 KRENRV 7 HEAR DR
PRI TIZ3W T MR BEE 2 < 28 B a9 heparm(looo U/kg) ZS gk~ 5L, £D
TR/ M ER R ENARZAR Y U7z 4 L 7o KBRS 1 B IR SR Gk ds K ORI Ak A BR
£EL.3~5 mm DOV T EEAREAERU T, F RS, Mk ATl o i = B EES
BT D2 LI KON B BR BAE AL U 7o, (ERL 72 REIIRY > 7 1AL, 37 CIcfk o7~
T AAENIT 1.5 g O IER ST TREEEL 72, SREIKEL T 95% 02-5% CO2 IR H AT R T HT
Ll pH % 7.3-7.6 IZFH#E L 7= Krebs-Ringer bicarbonate FE1E#% % AV =, WO DEERIZE
VT, Krebs-Ringer bicarbonate #ZE 2 IZE M L{E 7 /L7 32 (human serum albumin: HSA . 4%)
ZINZL ED ML T VT AR A B LT, SRR MIE VEBMME B LD SIG . TAY AN v
N7V AT a—H—(TB-612T, HANE) 24 L CEFEAIIZRIZZ7 (RM 6000, H ANKFE) EiZ
RLERLT,

2-3 KREMIRY > 7 REARI 31T D45 FhIM A2 VEEh I E O B

YT XAV TIEARLIGTER . 60 DR ZESE, TOM 15 757 LITKEMETR A S L
72 IS BREE D FHEERBHIAERTIZ, phenylephrine (Phe, 10° M) Z¥s L C I & 2 IXHE S 72, IRWLT
acetylcholine (ACh, 10 M) Z#sHIL , Phe DULHEIZRITL T 90%LL EOsfR K GEZ7BHHZET,
N AL DA A R LT, WEBRBAEARIZISUTIE, ACh (10 M) BN L2 5thf% S 2 78



b9, F72 NO 51K sodium nitroprusside (SNP. 10°¢ M) 2355 i )i 27~ 4~ Z & L& N B D
FrEZMER LI, €DK, MEZVEFL. 30 /7Ll EOZIEREZITR>T2, RNT, EZ IS
(250, 500 }3L TN 1000 uM) fF7E F O~ XAENT 1 KEH E721% 4 FEALE L, 2D, Phe IZ
KO IE Z BTS2, Phe (ZXDRINHEANZE LT-#% . ACh(10® ~10° M) 33T SNP (107
~10° M) Z BRI 228 T, I FEREZ T L 7=, 7235 148 stkE SO 1345 AE A D Phe
L ARIHEE 100%E L, BIIUHEIC KT T8/ 38— ME(LE L TER LT, $7- 1S 1285 M
REPE T DAL = A L Z RO FHT IR W T, IS @0 30 43 ATl NADPH oxidase [H 38
apocynin (100 uM) , Hif&{LA] ascorbic acid (100 pM) FBL TN AhR FRE K CH223191 (10 uM) %
TNENWINLT,

2-4 MR REARIC ST D Oy EAEDRIE

KRERICIITSD Oy BEAEIL, Oy LFFEAICKIET D lucigenin Z WAL TR ETEIZLDHI
LT, REWIRD > ZREARIL 2-2 THLERRO GIETHENR L2, REWRV> 7 HEARZ . 95% 02 -5%
CO, IRA W A% L2 Krebs-HEPES #2{E% (pH 7.4, 37°C) W FIESNTZT AN 2—T7 1T A
A1, 1S (500 uM) F3 Y AhR HIIBE 3K benzo (a) pyrene (BaP, 2 uM) Z¥RINL , 4 BRI OGS E 72, &
OIZPHEFR DO BT~ L FER T, 2-3 HEFERIZ IS BLTY BaP 2% 30 Z7H0IC,
apocynin, ascorbic acid, CH223191 W TNIFEZEINAY NOS PFHFEHK NG-Nitro-L-arginine methyl
ester hydrochloride (L-NAME, 100 uM) Z# L& L 7=, £ D%, /LI A—# — (Lumat 3,
BELTHOLD TECHNOLOGIES) H1{ZC lucigenin (5 pM) Z¥s ML . lucigenin & 02" DRUGIZED
AUTEFEFHIIL -, A IR FIZBITDHEE Ny 7 I REL TIE AR TIZBITS
FHAME S ZEL Bz, W A= —DFHANEIL Relative Light Unit(RLU) &L TERRSH, 72
I A& E A 1 mg H720 . FHAIRER] 1 9H720 0 RLU 2 & NSO Oy FEARELT,

2-5 fEMEEY

ACh (Sigma-Aldrich) . ascorbic acid (5 17 ¢ /L LRGSR A4 | IS (Sigma-Aldrich) | L-
NAME (B bk T34 | Phe (5T 4T A7 S 41) 85O SNP (Sigma-Aldrich) I3
Krebs-Ringer bicarbonate #% ik |Z T VA fi# L 7=, Apocynin (3 mi{b ik T2 # X 41) | BaP



(Sigma-Aldrich) 33 O CH223191 (Cayman Chemical 1) |3 dimethyl sulfoxide (DMSO., F 771
T AR EAL) 2 AW TR LT, Lucigenin (57 747 A7k E40) 18K TREEL T,

2-6 HERTEHYALER

SEBRAE AL, IO ERVERRGE TR LT, A EEMEIR, 2 B LI O 54E Student O unpaired
t REZ W, £72. 3 BELL EOF B AREIL S EILREE V-, 37ebh | — il sy
B3 BT (one-way ANOVA test) 1TV, B B 2RO HIHE . Dunnett’s test & W TR ES
17572, LA EOREIZBW T, P<0.05 DEEFEAEHVELT,

3-1 ACh & T8 L& 5t SOS I8 % IS BREE D52

FTHIDIT, Ty MuE RENIRIZ T2 IS ORMERRFE DS, ACh 7538 PN AR A 1. A8 st SO

(BT DS D E R LT, Figure la (7R3 2912, 1 FFfE D IS BREZIL vehicle LELEGL | IS
500 uM FETY 1000 uM 1238V VT ACh F578 18 sl SO A R EE ) DA B S W e, 72
F. IS 250 uM (I B EEA KIT SR o T, RIT IS 4 REIRFE AR ET L2 2 1S IR EEARA7RY
DO B M kR SOUG DK T 258D B A7z (Figure 1b), 7235, MENT A3k L TV 5 CKD
BFE O IS L, £ 330 pM~550 pM THLZENFESIL TS 3, LIzRn-> T, I E
IF ] 36 L OVE U7 EE T oD IS BREEAATO7201T, IS BRERIFIHI T 4 FpfH], AL[E R EIE 500 pM %
FEERGAEL T, N ORFTE T o7,

IS X ISR DL S IFEBRNIFEITE D, 7 RANIZEB W TI A RN 2R
L, HSA F1E FICEITD 1S DO MEEEIC LI TR EEZ MR LT, EDORER, Figure 1b T/RL
72 1S 1285 ACh B2 I SRR SIS O Fid, HSA 777E F ClalgEn7en ~7z (Figure 2) ,



" AChH (log M) 5 ACh (log M)
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Figure 1. Influences of IS exposure on the ACh-induced vasorelaxation response in the endothelium-intact vascular
rings. (a) Addition of IS for 1 hour and (b) addition of IS for 4 hours. Each point and bar represent the mean + S.E.M.
of 4-6 experiments. T P < 0.05 and P < 0.01, compared with vehicle. ACh, acetylcholine; IS, indoxyl sulfate.
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Figure 2. Influences of IS exposure on the ACh-induced vasorelaxation response in the presence of HSA. Each
point and bar represent the mean + S.E.M. of 5 experiments. T P < 0.05 and ¥ P < 0.01, compared with IS. ACh,

acetylcholine; HSA, human serum albumin; IS, indoxyl sulfate.
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3-2 SNP FHX& M iR SOSIT 3375 1S BREE D22
WAIZ, NO i 5K SNP #5578 i & it SOt 26 375 IS BRiE DB DWW TRFTL 2L 2 A, 1L
BENEOAEIZEADGT IS IREEIEL SNP (2T 5 1M SO ER A B IG5 St 72 (Figure 3) .
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Figure 3. Influences of IS exposure on the SNP-induced vasorelaxation response in (a) the endothelium-intact
vascular rings and (b) the endothelium-denuded vascular rings. Each point and bar represent the mean + S.E.M. of

5-6 experiments. TP < 0.05 and * P < 0.01, compared with vehicle. SNP, sodium nitroprusside; IS, indoxyl sulfate.

3-3 T MEEREIRIC A5 IS MRS Oy PEAEICRIT B

18 N FERR B ME 2 W RREHI IV T, IS BREEIL vehicle LIRERL | B2 Oy PEA%
FlIERZ LTz, F-Z O, apocynin (NADPH oxidase FH7 %K) | ascorbic acid (FiER{LAl) 35
J ¥ CH223191 (ABR PREHE) ORIAE ICIVAEICIHIS Nz, —J7. L-NAME (NOS FHE %)
ATALIE IS IS 3556 Oy PEAICIHMAHR A KIZ S/ 7= (Figure 4a)

[FIRRL, I PN R BR 25 I L2632 IS BRI, I PN R SRR 25 18 & [RIFRFE D DA I Oy
PEAEZ TLEESE T, 72 IS BRFR IS Oy DOHENNIZL, ascorbic acid AALEIZLV A EICHIHISH
7273, apocynin 33X TN CH223191 FiLE DB I HDIVRD o7, 7235, AR 3K BaP L&
TEHRSNZEEE L Oy FEADOHNNZ, CH223191 BIALE T4 & Tl b O O IHHE 2 7R
L7- (Figure 4b) ,
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Figure 4. Influences of IS exposure on the O, production in (a) the endothelium-intact vascular rings and (b) the
endothelium-denuded vascular rings. Each column and bar represent the mean + S.E.M. of 5-6 experiments. T P <
0.05 and * P < 0.01, compared with IS addition. RLU, relative light units; IS, indoxyl sulfate; O,", superoxide anion;

BaP, benzo(a)pyrene; n.s., not significant.

3-4 WEIERREME O IS BRI KVAET S ACh 38 1.5 shkE RO T 1269 545 Fi 2K

By
oA

3-1 T8 (Figure 1b) OFEFLRIERIZ, 4 B 1S (500 pM) B2 1% ACh 7578 M8 st S - T8
FTPHFISH T3, apocynin, ascorbic acid 33X CH223191 AIALE (ZXVZ ORI IEA B IZHD
il =417z (Figure 5) .
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Figure 5. Effects of apocynin, ascorbic acid and CH223191 on the reduction of ACh-induced vasorelaxation
response in the endothelium-intact vascular rings by IS exposure. Each point and bar represent the mean + S.E.M.

of 6 experiments. T P <0.05 and * P < 0.01, compared with IS. ACh, acetylcholine; IS, indoxyl sulfate.

3-5 WNEZBREME O IS BRFRICLVA LTS SNP 56 ML itk SOME T i3t 28 M EEK O

i

3-2 X (Figure 3b) D R LFARIZ, IS BREEITAEVY SNP (T3 D148 SOSPEITE IR L
7273, ascorbic acid BALE (XZE DK FE2HEICIHEILE, LALLM 5, apocynin 8L
CH223191 13 fi 552 8% 1T 727 - 7= (Figure 6) .

SNP (log M)
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0 —
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IS+CH223181
s 80 o W
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Figure 6. Effects of apocynin, ascorbic acid and CH223191 on the reduction of SNP-induced vasorelaxation
response in the endothelium-denuded vascular rings by IS exposure. Each point and bar represent the mean = S.E.M.

of 6 experiments. ¥ P < 0.01, compared with IS. SNP, sodium nitroprusside; IS, indoxyl sulfate.

4. BE

AWFIETTy ME KBRS T2 IS IRERIT. IS DIRFEERFH I L ONREITKAFL T ACh
538 M AR SIS DT ENBN LAY | [FIERIC SNP 1233 At 1S BREEIZXY
KT F2IEDRENT, Eo, MENZOABIZEDO T IS 1% O EAZBFILESES
ZEBHLN LR ST, ZOTENG IS ICEVIBRNCEASNTZ O 75, ACh LY SNP HKED
NO ZHHR T 52 LI2ED, ZNE N ME MFESE I 5 M SOSMEZ R NS TS ATREME

10



DRI,

HUVEC % MW= EBRIZB W T, IS ITMIRE IZfFETH AhR (TS L. ARR OENBITZE
RETHIENMESIN TS 3, SHIZ, AhR OENEITIZEEST NADPH oxidase 1EMEIXTT
HEL, 240 ROS FEAEIMO R THAHZ LS FDDNIZITND 3, REFFEIZIW T, mE W
Fe JEBRZEIMNAE D 1S BRFEICEVAETLD 00 FEAEDTTHENX, apocynin, ascorbic acid, CH223191 ij
RUEIZ L > THEICIHIS NIz, £72 ACh (ST 2ME FUSHEDIR TS . ZHb Y O RiTALE
LI THEBEICEESNZ, ZRHDZEND IS 1T AR IZ/EH L. NADPH oxidase {4 H 7
L. Oy BEAEZTLHEL TWDRIEEMENE 2 51D,

Matsumoto H1E, Zv MEWE KENIRICKT$ 5 1S BRERIED 45 N R EE Zi%. NADPH
oxidase {EME EFHIBA G LAaNEHEL TV P, RIFEREREO AR —FHDEHBELTL, IS D
W 52 RR S ON IR FE OIE VDB CWDEEB X BID, T 70 b ARIFFEIL IS 500 uM % 4 K
ALE L TWDDIZxL, Matsumoto S, IS 100 uM % 30 Z3ALEL TW5, IS 235 A 95 AhR
IRENICAT IS . BRI KR Z A RN R A (Amt) & —BE 2T %, AhR:ligand
(IS) :Amt =&KX, 7T —4—FlFTHD xenobic responsive element (XRE) (ZHE AL, <
DIEAL T DL G2 HET 2 30, 4 %13 NADPH oxidase DY 7 =D —>T&H% p40phox D
BIRFHZDO—2THY, IS 1F p4Ophox BEIn F-FHELDIE KL, LU -7 NADPH oxidase I
PED ERAZRIZEZ T ZENMESI TS D, FEERIT, HUVEC (2 1S % 20 RFHIALE 5L, IS
DR FERTFIIC ARR OEENBATIMEES LD ZE 3 F-5I0#E TIE, IS Uz L5 ROS 7
1T S DPEFERAZHID SRR HIINL . ZOENNIT apocynin [Z LIS LA Z LB HEREN
TW% 3D, LIeido T, NEGIIRIZ IS5 IS iRINC LW AT S NADPH oxidase {K 1772 ROS 7
EVT L IS DALE SR FEF QN IR ERIFE AN EE THHEHEEIND,

IS (XN B2 HIRE 72 Cre A SR AR IZ 3\ T . NADPH oxidase {5 P(k% /L7 ROS
PEEZTLHESH AT LN iR M E W BTGNS TS 39, Fio | i i 1 Al
Bz T IS 1, ARR IZ/EH 2288 RS TWD 40, ARBFZECIE, A5 PN R bR 25 i & 1t
T5 IS BRFEIL, O PEAZTLHEL . SNP #8108 stkE KOG 2 B2k 5 S 17223, apocynin 33
FJ OV CH223191 IZZNHDEAITT B % -2 Tei o7, — 77, AhR HIlJHEE BaP [ZXL5 Oy 7
A1, CH223191 [2E0 il Sz, L7zm3-> T, IS 1% AhR-NADPH oxidase #&#% &3 87257

11



FTIREEZ L CTIE IR AICBIT5 O EAZTLESELZENRIBRIND, 7238, ME N
BREIMAE %95 IS OFERT ascorbic acid 124> T MIICELESNDH I EN D IS (XML&
BBV TS O FEEAZHIRL, ZOH KD NO I L7 i ik KOG OIK FIio—# % 5L
TODAREEAVRIBS LD,

ARBFZERE RS, IS 12hD Oy PEARRIL, AN BIOUMAE i ICB W TR D AN
A LEN L TODZERHLNI 2T, ZOERO— 2L T AEMFRIZIRB TS AhR DFE
HIL UL DFEO IS [ O EBR A LIS EEEL COAATHEMEL & 2 515, ARR (R &N B LW
M TN T IOMIENIZHFEBLL TODA, IMENKZ O HBEDFBLUTLVEE ThLH LR
HEINTND 92 ZoZEDD R THW-NEZFREME O & FIgih 23175 AhR @
FEHLL L OIRSH, BEROREEMIIORERE—B L2 WE R O— D225 8 LR, 514,
1 HH A2 O S PN R B8 K ONILAE SR i M2 U 1T D ARR FEBLL ~UIZ- DWW T, FE/7R R
FDBMELE X HID,

AAFFETIX, HSA FA7E FOEBRIZIUVNT, IS BRI LD M8 sk SO ~ D BA 78D 787
ST, =T, EEFIRBEOENICIITD IS TR AR S ENIEFITEL 8 1S REDK 10%D
TR ISTEREAR & U C Ul FHCAFAE T D ZEDHALMNICEN TS 9, —J7, HUVEC 3V, BN F sk
kR 4 5 JOVE UTAL JRAE MR 49 135 ISIRFZOREL, 77 OF BICEbL T
ZORENRDLINTND, LINLRRBARIFTETIL, TV T IUFHE FICHBW T, IS BREEICIED
ACh FH%& & AR SO DIR FIXRBODIVRD 2Tz, ZORKEL T, BAebFHBRGM, T70bb
in vitro & ex vivo DIEWDIRESFEL TWD IBEMEDNE 2 BT, F72, CKD OHERIZE L
IS LrULs ERG D720 TR RERIRREF IZL DR E B PR B ORI - T b7
NTIAREITFENR T 329, LIzAi> T, CVD BFIELLTWEE D CKD A& ITHB N T
I, R IS BRI G WREBE B 2 HNDT2D | TV T IV FEAFE FIZHBWTIS IREED
WAL RFI LR EROEIRIE R IIRENEE BN,

ARECBWT, M AE 2392 1S BRER LM E N B L ONLE a7 d O pEAEE
HARESH | 2O KD NO RAFMEILE 5% SOG DOIEINT REL T E-F DT RSz,
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B 1w IREFERA R IVHERD T M KBRS 5 5 28
o0 Sy NI KBRS ST AA L R U UG ER AN G N VRS T Vi 75—
FOT T =V 7T — B a A U A st SO 2 G- 2 D e 28

1. #65

AR CIR 780 | M BRI 3  ThiRd TEEZRME Ths NO 1L, ROS (ZXLD i -
NELEID ), Flz, NO DZEREL THRET 5 sGC b ROS DFEEZ T HZEMNIRAIBI
TW%, sGC IZ1E, NO IZ&k> TEM LS DB e sGC, TEME LSV R B sGC I TNTA~
LRKAL sGC O 3 FHENFET S 49, ROS DNBRENAFAET DIREETIT, 2o 7B IR LAY
EfiZSTD0, MIRDZERNE sGC bEDHIFRTITZR, T2 5, ROS 128D sGC DOt
EIIRIEIZZEL, ZHUTEEST sGC @ NO IZx 2z L Ad 5, ZhbDZEnDh, A
EZRWWTE NO FEEKAFIINC sGC ZEHERI T2 sGC RIEEA FIVT,L IS @ sGC BEREIZ KT
TOREA MR LT, £72. NO/SGC R LIS O ML SR 55 IS DAkt 2720, 7
7 =)V 77—t (adenylate cyclase: AC)VEPE(EIE forskolin (25632 M4 SIS PEIZ DOV TH
RFEATo 72,

2. FEBITE
2-1 FEBREWY

FEREEL T, 8~10 iR Sprague-Dawley SRMEMT > N Wz, Ty MI—E DB (B
112 W) | TEIR (24 £ 1°C) | 1R (5515%) DZA: T CHRIE LI,

22 KEWRY 7 HEARD{ERL
8~10 1A #krD Sprague-Dawley SZHEMET RV EE 1 fRes 1 & 2-2 THE[FERRO HIEIZTRER

Vo TR VERIL | BERRATT o7, ERSETIE 1 RS 1 32 2-2 THERBEO ST T T T,

2-3 RENRY > ZHEAIC B 1T 48 TR E EEIMEY) B D BUS
~ T XRENIV TIEAZ TR 60 RIELSHE, TOM 15 43T LITHEEiR Az SHhL
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T2o FEBRBIAAATIZ, Phe (10° M) Z#INL CTHLAE 2 IE S 72, RWVT ACh(10° M) ZiRANL .
Phe DULHEIZRIL T 90%LL EDRIER S G ZFRDHZET, WEMIRO A EE B LIz, WEZBRE
FEARIZHRWTIL, ACKh(10° M) BN K D508R SR 258877, F7z SNP (1070 M) 235l SUs %
AT ZETMAENKZDORELATR L, D%, EZTEEL. 30 /3 LL EOREMEEZ{TI2o7,
RN TIAE % 1S (500 uM) 174E F O~ 7 XAENIZERBWT 4 FEGE L . £ D% Phe (2801
ARG SE 72, Phe ICXDRIIUHENZELIZDOE, sGC HIELHE BAY 41-2272 (1010 ~10° M) 5
JOY AC TEMEALZEE forskolin (107 ~10° M) Z BARERUIZIRANL | MAEMEREZFIAGL 7=, 7eds L&
SR SOG I X EAEA D Phe IZ LA RTILAEE 100%E L, BIHEIZ K35/ 3 —8 L MELEL TR ARL
77

2-5 fEREEY

ACh (Sigma-Aldrich) . IS (Sigma-Aldrich) | Phe (" 7747 A7k &41) 3L T SNP (Sigma-
Aldrich) I% Krebs-Ringer bicarbonate # & (2 CHAfEL 7=, BAY 41-2272 (Sigma-Aldrich) 3L}
forskolin (B ALk T3 4E) 13 DMSO (T I 74 T AR 41) & IV CIRMEL 7=,

2-6 HERTHYALEL
FERAG F T I S AEERR S TR LT, A B ZMEIX, Student @ unpaired t fREZ
72 BUEIZBWT, P<0.05 DEEfFEEDVELE,

3-1 BAY 41-2272 #3848 otkR SO )95 1S IR R D528

IS BRFRIRF D sGC 2k 2 # % BAY 41-2272 Z AWCTEHNL 72, =085 R, M4 N 2 FERR
FMEBIOBREME OWTHICE W TH, IS BREE T BAY41-2272 #5%& M& shfz SRS I2 kL
T B 2% 5. 2 7> T (Figure 7).,
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BAY 41-2272 (log M)

. 2 BAY 41-2272 (log M)

0. 0 5 ——
20 20
£ 40 £ 40
= =
S g0 S g0
a a
& 80 — & 80
© w
100 = 100 =
120 - 120 -

Figure 7. Influences of IS exposure on the BAY-41-2272-induced vasorelaxation response in (a) the endothelium-
intact vascular rings and (b) the endothelium-denuded vascular rings. Each point and bar represent the mean +

S.E.M. of 6 experiments. IS, indoxyl sulfate.

3-2 forskolin & ¥& L& 5l S T35 IS BREE 0D 5E 248

AC #EF&IE NO/sGC R & RIRRIC ML i SIS 2 5 [ S Z T HE R 7 T URERE Th
D72 1S BREEDY AC TEMEAGITAED A5 SRR 12 MAFE T BT DWW TR LT, NEIERR & A
Ze IR T, IS BRERICIRY forskolin (25692 MLE SOSPEITHEGHFANICA B TIFRWEH D
O, BT UL MME A 2R LT (Figure 8a), — . WEEREMEIZBWTIL, IS IBEOZEIT
DL D -7 (Figure 8b) ,

forskolin (log M) forskolin (log M)

al bl
-9 -85 -8 -5 -7 65 6 -55 -5 -9 -85 -§ -75 -T 65 46 -55 -5
06— —b Ll 1 1 I 1 1 | 0 — Y (N S N
20 - v vehicle 20 - _+ vehicle
F T £ 40 BT
S 60 - § 60 -
m i)
B0 A I 80
E] ]
100 100
120 - 120 -

Figure 8. Influences of IS exposure on the forskolin-induced vasorelaxation response in (a) the endothelium-intact
vascular rings and (b) the endothelium-denuded vascular rings. Each point and bar represent the mean + S.E.M. of

6 experiments. IS, indoxyl sulfate.

15



4.

B

22y =

BB C, MM T 5 1S BREEILIMAE N R L O & SRR IS5 O FEA
A RIEHZEEWBLNI LTz, £, CKD EF X CKD E7 /VEW) O M & R CIL, mEI
ROS 2NEASITEY, IS DZDOEATTHEDEIR D — > THHZLIFLZHEESNLTND 2 Y,
LINLERHINETOMFFRITIBNT, IS | WF7e ROS PEAN, sGC Dbz LRARIZV
2B B RAZT DN OV TIRF Lo 13 Ch D, 2 TARIFZECIL, M KB RIC
xt9°% 1S R#E Y sGC HERE (sGC DI{LIEITIREE) (052 D BA Mt Uiz, ZORER, ME N
FOAHBEIZEIDH T, IS 1T BAY 41-2272 #3818 sk SOG I DR 8% RIT S0 o T-Z e
5. sGC BEREZ (LSRN EB X DD, F258 | E AL NO 548 SNP 13, 3 b
ST NO 2320 sGC ZHIITHL cGMP A AT 50, KRB CHEHLZ BAY 41-2272 1%
NO FERAFANTIR T sGC ZEHERIN T 5, 1S B IZL > T, BiE OUGMEITEIIR T L2
D3, % D SUNEIZ R E I BN B LIV TN END, IS 1X sGC &V _Eicxkt U 8% KiF
FAMREMEAS I, DEVARF T LIRS RIT, 8 | = CHb L7z, T1S 1X ROS EAZL T,
NO ZfHHEL ., M ARG DI T EE T ) SR E R FF T 2R ThHhDHEB 2D
N2,

PRI NO/SGC R LSO ML lifE AT = X WK% IS WREE DR B AR 272012, AC
HEBEGME(L T2 forskolin & FHVNT, AC fREE~DOREEZRFI LI ¥, ZOREE. WRIERE
AR5 IS BR iR 13, forskolin 7% %8 ML 5k SIS 2 0T 2T STz, — 77, WRERE L
BIZBWTIT IS OFBII AL T2, forskolin @ AC IEMEALAE AT RED & st SO %
FIZ 2 DOAH=ALZEDFERIEND, | DIFMENLIZEBITSD AC TEHE(LITRS N AL
NOS JEMETTHET LD N BAKATAYZD NO JEEMED A5 itk T | )7 138 S 2 1)
% AC {EMALIZED cAMP L~V D ERZI LT U ik SOS Tho 9, LTedi> T, RSEERT
HOIVIZN BLIERR LB |2 361 D5tAR RS DOTE51E, IS BRERIZ LV PEEAES LTz 02 28 forskolin
FRIZZV AT 2N IR D NO Z4fif - RISk Lz Z&le—H R KT 2 iTREME R B 2 b, F
7= WEEBRZE M8 2 WSS LD | IS IRER I M IR O AC BREEZ ST LIz & SR S S

(ES- 2 7 VA E VAN AN AV <Y, g Wl

PLEDZENE | IS BRERIL, TFEIRAHIZETS sGC HEHES AC RREZITIZMBEI G- LN 2 LA
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HmkipoTz,
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/NG

1. Zy MR RENIRIC 5 IS BRER L., % N B X OIS SR c BT 5 Oy PEAZHEK
S, ZOEEKA ACh LT SNP (128D NO K FEME I st i S i DIF T KR &L HF 575
ZEDRENT,

2. ISKEFEICLD Oy FEABI KD AN =R LD —>L LT, 55 N2 D AhR HIELIZ£E9 NADPH
oxidase {&E M TLIEN R BB 535 Al REME S RIR S 47,

3. ISHRFE L. SEIBEMIZBITD sGC HEHES® AC #RIR T T RIE SN LMo T,
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B2 REHRIXL = OT7y MR RKENRIC 645 5 2
H1E TyMIERENRICRTT 5% XL = AMEREN — iR FZ 2N Ui iR s B X
WA= R —F XL RFEEANT B2 D

1. /=

NIZ L7 7Bk ORBIT, R IREREL TER T2, N7 M7 7 A3BFITE N
HAT IO —DTHY, EITERI=URE AR — /LR % XL = (kynurenine : kyn)
PRI IO ARSI, BRI kyn BRERICTRISNDFNIGIL 95%% LD HEF DTS Y, kyn
B Tl HEEEER THOHA U N — AT IR USINEESR (indoleamine 2,3-dioxygenase : IDO) 73
N7 h7 72 LI LT N-formylkynurenine &£ L, 512 formidase &S0 C kyn 7342 pRE
N2, IDO 1FEARNITIAL AL THRY | YO RIEIC IV RSGEES L, N7 7 7 AR A BE
(ZTCHESH D 159 F7- CKD BF 128 WL, IDO IEMED EH- 235805 CEY 3550 1 H kyn
L CKD OIREEROREIXEDOMHBENHAZELHEIITNS 3738 —J5 kyn [ZIRH
~OPEMESH DT kynureninase (2R THMESNHIE T A IRE D _EFH 2GS THDH3,
CKD B 23\ Tl kynureninase DIEPEIR T2 1ED ZEMHER S TS ), L7ZA3> T, CKD
Tl kyn DR PP T L MERRE O 2 SOERNZEY | kyn DENEENLELD ATREMED
STEZ BN,

ESRD EEDIMBEF kyn L~V LN EHERER E~— 71— T % soluble intercellular adhesion
molecule (sSICAM-1) =° von Willebrand factor (VWF) [ZIEDFIREZ 7R ZEM5 | kyn 230 R IC
KFUEMEZ /R T ZEDRIBIICUND 3%, 72 kyn 1 AR IZIEA 37528 0D X5|2i1% ROS &
AZTUET DL MESILTODA D JE KENRIZISIT D kyn O MLEREREFS LU ROS A

(AT EAER R B O W TUIARHAR B EE RSN TV D, SHIT kyn OFREAEBLRHY
BENTEL T, BFE iz O EREHZ VGO A FER THLHZ LG kyn OILE
AR T DR BE AT A28, MEABZOB AN LLIEFICEE THLEEZLND, Th
BOZEINSARMIFETIL, 8 1 imERARIC, K& O FEZ22 M8 5% AT =X T2 NO/SGC #%
BB LY AC BEBRITHTT 5 kyn DB OWTRF L,
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2. ik
2-1 FEBREW)

FEREEL T, 8~10 1D Sprague-Dawley RMEMT > N W, Ty MEI—E DB (]
12 D) | MEIR (24 £ 1°C) | 18R (55+5%) D54 T CTRE LI,

22 RERARV 7 HEARDVER]
8~10 Jlr> Sprague-Dawley REEMET Y REDEE 1 R 1 7 2-2 TIZFLR L7 FIEICHEL T
RENRD > 7 IEARZAERIL | SEBRITER 1 #2515 2-2 HEFRRORJFITTT 72,

2-3 KEWRY > 7 HEARIZ I D48 Fi il & VE B E o0 BSOS

YT XRERNICV o TIEARZ R TER . 60 ML ES T, ZOM 15 53T LITREERZ L
7= Kyn W52 D FERBAAARTIC, Phe (10° M) ZIRINL T A2 IS E 72, IRWT ACh (10 M)
ZUSINL ., Phe DAL T 80%LA LR R ZFRD D2 LT, W RGO FEAfERS LT,
N BR BAEARIZE D TIE, ACh (100 M) IRINZ LD RS E 78D T, £72 SNP (100 M) 234
RS A R ZETMENE DR EE MR LT, TD%, MEZTEEL, 30 /Ll EOZE KiE
BT o7, IRWT, kyn (10, 100 BEON 500 uM) &2~ 27 XAEWNIZIRIIL ., 30 7y 7213 2 HERH]
JiE LT, £ D%, Phe (LY IME ZRIIUHESE 72, Phe IZXDRINUHEN L E L=, ACh (107 ~
10° M), SNP (10° ~10° M), sGC HIIIE BAY 41-2272 (10710 ~10° M) 5L AC 1EMEALEE
forskolin (10 ~10° M) Z B FEHYIZIRIIL | LB BEREA RN L 72, 7236 L& Sl SO F AR A
?® Phe IZXDHHMIHMEZ 100%E L BINHEICRT T2/ 35— MELEL TFRIRLTZ, F72. kyn 12X
5 ML EHEBERE E D AT = R L2 G~ D HHT B TIE, kyn #0030 23 ATIC apocynin (100 M) .
ascorbic acid (100 pM) 33T CH223191 (10 pM) ZZ AL ETUIRINLT=,

2-4 MO KEVIRIZISITD O FEAEBEDHIE

KEMWRIZFS1TD O PEAEIE Oy EHF RIS T D lucigenin Z W o LB HOIEIZ LV HIE
L7z, B FEBRFNAITH | fR5H | 24 HLRRRTHD, T70bb, REIIRY L 7 A% 95% O,
-5% CO2 {5 77 A% 15 L T2 Krebs-HEPES #E{E % (pH 7.4, 37°C) BN FRBEINIZT AT 2—7|Z
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AR, kyn 100 pM Z AR AEE AL 2 RFE I E LTz, SHICPRE OB AT ~2 IR TIX
kyn Z¥RIN92% 30 SR, 2-3 HERIRRO L EF K ZNE L2, TOH%, W/ A—F— (Lumat 3,
BELTHOLD TECHNOLOGIES) #1{ZC lucigenin (5 uM) Z#%MNL | lucigenin & Oy D2 LY
AUTEAFZFHAIL 2, IS IR FICBITDH A Y7 7 I REL TIE A TIZBITS
FHAME S ZEL B\ e, VR A—Z—OFHAMEIX RLU &L TERRSI, #RME EE 1 mg Hiz
0. FHAIER 1 5357200 RLU Z & NHO Oy EAREELT,

2-5 fd DY)

ACh (Sigma-Aldrich) . ascorbic acid (& +7 /L AFERIER KRS HE) | kyn GREUE R T 30K
X&th) | Phe (FH 74T A7 &4E) LU SNP (Sigma-Aldrich) 1 Krebs-Ringer bicarbonate
% T LS TR L 7=, Apocynin (R AL Ak L3R U ) | BAY 41-2272 (Sigma-Aldrich) |
CH223191 (Cayman Chemical ) 35T forskolin (BURT L% T2k 4) 13 DMSO (454
T AR & O CTEA# L2, Lucigenin (71747 A7 RS 4E) 1TEMAKIZ TEM LT,

2-6 MERTFHYALEL

SRR R, P E AR YERRGE TR LTS, A B ZERUE L, 2 B D554 Student O unpaired
t BEE AW, F2, 3 BEUL EOA B ERE TS EILEREE AV, 370bb, —IoilE sy
B HT (one-way ANOVA test) 1T\, HE ZEZDNBDOLIVEH A Dunnett’s test 2 W TR EE
175720 LA EORREIZBWT, P<0.05 DEXHEZEHVELT,

3-1 ACh FH ¥ ME iR SO T 6972 kyn B R 0D 52288

D kyn BEFEIL, kyn OFRERIFHINC ACh (ZXF 92 I8 MG Z 855 31 7= (Figure
9a), 7=, 2 KD kyn IREEIZIVTHIEEIKAFAY7 ACh #5364 S SR OIK FAMBIZRS
A, EOVERITIREEIR 30 43 & Helz L TLYIRVE D Th- 7z (Figure 9b) . ZHLH DRI
X, ZNLABEORFHZEBTE, kyn 100 pM, 2 RERFIMRETE 2 S2BR St & L CRRE L T2,
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al ACH (log M) b) ACh (log M)

-9 -85 -8 -6 -T 65 B -5b5 -5 -4 5 8 75 -T £5 -5 -55 -5
| | | | | | | | | | | | | | | | | |
0. = 0= g
-~ wehicle I
20 — —&— kyn 10 M 20 — ¥
#£ 40 - —o= hyn 100 M T,
2 - kyn 500 pM 2 L
S B0 — ¥ ! 2 BD = wehick \
m L] [ ] i
= + = -
g ag: = E 80 = —h— kyn 10 pM -
== kyn 100 uM
100 — 100 —
== kyn 500 p
120 - 120 —

Figure 9. Influences of acute exposure to kyn in the endothelium-intact aorta on vasorelaxant response to ACh.
Incubation with kyn for (a) 30 min and (b) 2 h. Each point and bar represent the mean + S.E.M. of 6-8 experiments.
* P <0.05 and ** P < 0.01, compared with vehicle. ACh, acetylcholine; kyn, kynurenine.

3-2 WECIEBREIMAE (2% 5 kyn BRFEEDS Oy PEARIC KT 3 2

Ty MU RENRICI TS Oy PEAEIT, kyn BRERICKVEAE IZHINL 72, £/2Z2 D 8NX,
ascorbic acid 33X TN CH223191 D FTALEIZE > THBEIZHIHIS L7223, apocynin [ LA H 52 88%
(ES72n o7z, 7036, kyn JEMRERRHZ 01T D H M O BMALE 1T, KEIRD Oy PEAEITKIL TR
A 5 2 7e-o 7= (Figure 10)

140

120

5-§ 100

SE 80
T u
(= M=

‘:1"; 860 —

O3 40
>

20 -

.D _—

kym - - - . + + + +

Figure 10. Influences of acute exposure to kyn in the endothelium-intact aorta on O, production. Each column and
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bar represent the mean + S.E.M. of 5-6 experiments. ** P < 0.01, compared with vehicle and { P < 0.01, compared

with kyn. RLU, relative light units; O2", superoxide anion; kyn, kynurenine.

3-3 WEIEBRZEIMNAE D kyn BEERIZIVAZUS ACh 7 38 I8 5t S T (2 %972 45 il P2 3
DR

Figure 11 {2783 X912, kyn BRERICID TS ACh 736 I & sthk2 SG OIE31E ., ascorbic acid
RTALE IC XV \C S -, £/, CH223191 RiALE T, HEHAICAE TIIRWL oo,
G ) 2R L7223, apocynin BTLE IO EEE KT S 72> T2,

ACh (log M)

-9 B85 B 75 ¥ 65 B8 -55 -5
l l | | | l 1 I |

U. —
20 H
£ 40
=
g 60 —
2 vehicks
= 80
= —— kyn
100 =g=Kyn + ascorbic acid :. Py * -1-*
120 — —m- kyn + CH223194
—d— kYN * apocynin

Figure 11. Influences of acute exposure to kyn in the endothelium-intact aorta on vasorelaxant response to ACh in
the presence of ascorbic acid, CH223191 and apocynin. Each point and bar represent the mean £ S.E.M. of 5-8
experiments. * P <0.05 and ** P < 0.01, compared with kyn. ACh, acetylcholine; kyn, kynurenine.

3-4 SNP #5788 nhf SO 2 x5 kyn W& D52

Kyn O EIE IS0 8 A T3 57012, NRIERFMEDD NO #5% & shigic
%I BB RE LT, WEBREME K5 kyn BREZIX. SNP (ZX DM e b a2 A 5 I
I E5 S 72 (Figure 12)
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SNP (log M)

-4 85 -8 75 -T B85 68 -55 -5
| | | | l | | l |

ﬂ —
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F 40 —
- —a kyn
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g 80 -
100 - e m— " p—
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Figure 12. Influences of acute exposure to kyn in the endothelium-denuded aorta on vasorelaxant response to SNP.
Each point and bar represent the mean = S.E.M. of 6 experiments. * P <0.05 and ** P <0.01, compared with vehicle.

SNP, sodium nitroprusside; kyn, kynurenine.

3-5 WRBREMAE T2 kyn BREEDS Oy FEAIC KT T2

WNEBREMEIZB1T5 Oy PEA R, kyn IRERIZIVA BTN, ZOEEINT ascorbic
acid BiTALEIZ L > TOHA EIZHHISAL, apocynin 385 TN CH223191 (3i 588 % MIF S /273>
7= (Figure 13),

140
120
c £ 100 i
2% S
S E 80
8% 33;
:1‘,; 60
e v ;
O 40 =
x ;
20
g= = p
kyn . + + + +
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Figure 13. Influences of acute exposure to kyn in the endothelium-denuded aorta on O production. Each column
and bar represent the mean + S.E.M. of 6 experiments. * P <0.05 and ** P <0.01, compared with kyn. RLU, relative

light units; Oy, superoxide anion; kyn, kynurenine.

3-6 WEZBRZEMAF D kyn BRERIZEVAELD SNP #5510 2 sl SO N Iox 954 Fi L EHK o

By 78

k=2

Kyn BRFEICEVAETD SNP FF8 MLAE ke SOG OIR TSR3 28 Y DB Z OV TRRETL
7oL A, ascorbic acid BIIALE (X kyn BEEZE 14 D SNP (23 DM E SOGMEDIR T 28 BIZEL
72o LINLZ2D35, apocynin 351N CH223191 O RTALE IZIXS EZN R FRD B/~ 7= (Figure
14),

SNP (log M)

-9 -85 -8 75 -7 65 £ -55 -5
I I I I I I I I |

ﬂ —
== vehicle
20
- kyn
"-f, 40 —a— kyn + ascorbic acid
=
k=] 60 — —m- kyn + CH2231%1
10
= —i— Kyn + apocynin
% 80 ¥ pacy
100 —
120 —

Figure 14. Influences of acute exposure to kyn in the endothelium-denuded aorta on vasorelaxant response to SNP
in the presence of ascorbic acid, CH223191 and apocynin. Each point and bar represent the mean + S.E.M. of 5-6
experiments. * P < 0.05 and ** P <0.01, compared with kyn. SNP, sodium nitroprusside; kyn, kynurenine.

3-7 BAY 41-2272 3 LU forskolin &% %8 IfiL A2 5% SO K975 kyn W& 0D 5228
sGC HIlJ3# BAY 41-2272 XY AC IEMEALIE forskolin & VT, WEBREIME I2HIF5
sGC & HDUNT AC BRI AT LT & 5tz SO TR 32 kyn BREE DB OV TRRFT LTz,
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ZORER WITNOIMAE FE R IZLDSIZEB VT, vehicle SHE#EL T kyn BRFRIZI DG
IR TR B (Figure 15, 16)

BAY 41-2272 (log M)

-10 ] -8 -7 -6 -5
I I I | I |
ﬂ —
20
£ 40
c
2 60
a —— wehicle
5 —
a 80 - kyn
100 —
120 -

Figure 15. Influences of acute exposure to kyn in the endothelium-denuded aorta on vasorelaxant response to BAY

41-2272. Each point and bar represent the mean + S.E.M. of 8 experiments. kyn, kynurenine.

forskolin (log M)

-9 -85 -8 -T65 -T 65 6 -55 -5
I I I I I I I I |

ﬂ —
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100 —
120 —

Figure 16. Influences of acute exposure to kyn in the endothelium-denuded aorta on vasorelaxant response to

forskolin. Each point and bar represent the mean + S.E.M. of 7-8 experiments. kyn, kynurenine.
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4. B

(L AN A~ —H—@O—FE CTHD Cu/Zn superoxide dismutase (%, MHE kyn L~ULLIEDFH
Bz R ZENMESNTND 9, ZZTARIFIETIL, WEIEBRE M A IZ6L T kyn BREEZZATV Y,
Oy PEABZRITELZ, TOME., FERRKEIRICISITD 0y PEAIT kyn BBERIZIVIE KL, 20
KiZ ascorbic acid FILEIZL> THEICHHISNDEEBIZ, kyn BE#EEICXD ACh (3T 2 M
FOSEDIR FTHEEE S ESNT=, LT3 - T, kyn BRERIZI VAU S ACh 7 38 148 5t S i oD
KT, O OWMFIPEAICERL THDHI LRSI,

natural killer (NK) #ifu 2 FHV 2 EZERIZIUN T, kyn 1E ROS FEAEZ AN TLESE | NK Al
DT HRN—V A% FHETHZEN SIS ), F72[RFFIZ, apocynin ZLEIZL% ROS FEA
DA TN TR = AR SN2 ZES LIS TN 9, B2, MilESZ AR TH
% AhR OTEMALIT NADPH oxidase DIEMEAGIZEHICE 5-LCTHkY ¥ kyn I AhRR DY R T
HHZELREINTND N, ZZTRIT, NEGEREMEIZIITSD Oy PEADHENNA, AR &
NADPH oxidase DIEHALTLHEIZIE-SEDNTOWTRET LT, ZOFER, CH223191 ORI
B L, kyn 755 Oy FEAEDRINZAEITINHIL . ACh (T332 M SOSHES BB a2~ Lz,
Tbb . WEIERRE M 2BV TIE kyn 28 AhR IZREA L. Oy FEAZEEL TOD ATREMEN
RSz, — 77, apocynin DORITALE T kyn BRFEIZLD O PEAZL ACh (T3 2 /8 SO PEIR
TR U TR B RTS8 5, kyn BREEICLD Oy PEAEHKICIE NADPH
oxidase THMEILEEDIRNWZENHELEI NS, 72k, ARFEBRTHUZ apocynin DALE IR 35 LN
LiERF[#]IX . NADPH oxidase & [ % 351213+ THOZEMBERIC IV A B NIZSI TS ),
oM N B Z ADR R CALE L 72 F2ERAE R0 . AR 1EMEAKIZID ROS BEEED AT
= AT, CYPLIAT OIEMHEALR—EB 5L CWAZENRESIN TR 9 FF#EENO kyn L
SN ERLTEBEFEEET LU AZB W T, JIHEICEITH CYPIAT mRNA FELED
B 7LD S LTS 90 X512, HepG2 HHIEIZ)T5 kyn ALiE 1L, CYPIAL #2737 %
BIAH NS CH223191 ICEDZDOHMANHEE T HIEERIILTND 9, ZNHDTEND, K
e TAHDIL kyn BRFEICED Oy FEADHIRIZH AR 24 L7c CYPIAL {GMHALDBE 555
AIREMEII S E CTE T, R A =X AZOW IS 7R ELRDRF BN ELE 2 Hivd,

AT kyn BREE O I8 - kT D5 B B TN BR B IS A O TRFIL72E 24 kyn
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I% SNP ([ ZX 2 M stz S i o A B K FEE7=, F72, kyn @ Oy FEAEHS RAERIIN FBRZ: 1
IZBWTHBIEINI, ZOZEND, kyn [ ZMLE FIEAHIZIBW TS Oy ORFIZREAZ Sk
ZL., NO A LIz i i S 2 P S B 2 E S B e o 7, B NKEN IR I VA5 9
ez N i vitro FRBRIZI VT, kyn I EIREEAKFIIC ARR 1EMEZ EAR-SE, 20 EHIZ
CH223191 RALEIZEOMFISNDZERHALICEN TG O, 22T, ABFZEICRB O THNE
BRI 12695 CH223191 ORFEEZ ML /=43, kyn BEFRIZLD Oy FEAEI ONT SNP 12k
D8 SO N IZH LR ZAUITRRD BV o T, LTc3> T, MAE ER B2 AhR
1%, kyn BREERR D Oy FEAEIZIIE 5 LAAWZEAVURIBEIND, FI B2 H L3RI
T, kyn IZ AhR DOIEPEALEIFIEBIFRIC ROS FEAEZIEMET HZ LD MRSV TR, A5 il
(CRWTH DRI 2T 2 A REMEIEE 25D Y,
Kyn I&#2 13 ACh <> SNP @ NO #F3E M I8 sl#z SO A A B IR TS 72729, RIT sGC 1
REIZX 9% kyn BREE DL ELMGET LT, ZORG R, kyn BREEIL BAY 41-2272 7538 .45 otk s
IR T 52 8% NS S0 o T, LT3 T kyn BRERICE S THELUTE Oy 13, sGC DIRLIE
TOIRBRIZE A -2 52 870< EITNO e 352 & T A iR SOSOIR T IZFHHE L TnbHé
EZHND,
EH1Z NO/SGC #R B LIS D L& 1% ST k3% kyn DREBIZ OV TIRETL72E 2 A kyn IR
BRI PR EMAEITI1TD forskolin 7538 ML AF 5k SO TS B A KT SAenole, ZOTE
25, kyn 13, AC B A I U7 M kR SO ZIT B2 52 eV 2B b Eleo Tz,
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53w MR SR R R D I N R BRI A A R U LR R D % -
1 E BRI ERER S OB e IOV AE N RS RE DRI 2 I B9 A ET
1. 5
W R . P RE U 1 VP B B (acute kidney injury : AKD) OJRKDO—>THY, AFLEF T

TIEEWBARRLFECREZRLTND 9, 12T, CKD ~OBITHEL/HNIEND, AKI 7H
CKD ~DBAT AN =X AT DGR LIREILLATOITND 1070, L LR HIETOEDA,
ZDFEMIR AT = A LT3 ITAS N TEL T, BLEMEICB W THE IR T FBRITH LS
TR,

I8 PN BB RE DR T 13, B R I KOV L E R A (cardiovascular disease: CVD) DFEIE IZHE
MNHZEFAMOEELETHD P, FInETwic, mENEBEIEREIL AKT 2k TH[&ED
SNDHZELHHITND 77, AKI X ROS DI FE A ED ZENHE I TEY ), 2D ROS
PEAEDIARIZLED NO 0N B B S 43 iR IA] 172 & D PN B R Stz [K] -7 D RIS AL LR 23 i
K&7eoT, A NEEREEEZ SR TEEZLILTND T, HTHIEHR &3, AKLICHE
O HLAE N R B RE R 1T, IR B (T b BB 7210 TlE< P EREALIZ B W Th Bl &
™ ZlggREEAS~OBEHE L LS EHEEX DN TND, ZOZENL, AKL FIER O ME N E%
REBREE N, D% D CKD ~OHEITIZH 5L TS ATREMEIIMRD TRV, LINLZRAE, AKT %
TEZIZH1T DIME N EASRE DR ZLIZBAL T, RO EETH D,

ARFETIE, LM AKL E7 /0Ty MeARRIL | & R H FEAE % OB AR I QN 1 3 PN BB RED
HERBIZ W TR RTLT,

2. TGk
2-1 EBRENY)
FERENM LT, 8 Wil Sprague-Dawley REEMET v M e, Ty MI—E DR (B1H] 12

FERED) L TEIRE (24 £ 1°C) | 1B (55+£5%) DS F T B LT,

2-2 EMMESMEBEEET LTy OVERL
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R O hOAMIREER I A HEL | A5 B & 58 I S O B B IR IE QN R B A RS Bk L
T2o IRNT, AR AL, YIBMARS L, 2 %, FREE T IO A YIB 2 L
ThEBEEw ML, BEFIRE OB 2 1 ER<BRE LT, IRWT, IRMEMEZU >y 72 W T
o B EhE RO M2 B L, B A MR REIC LTz, 45 R IC7Vy 7 % FREL ., Mz HRHES
o, Z0% ., Bliea NI R LBIBRE A G LTz, 7235, B M L AR It AL 2 [ < [k 0D
EZ&AT o 7cb D% sham 7 R L TEHKE FRIZ VY,

ETOTYMIFRER 1.7 BLO 28 AEITRHT — VI AL, 5 B OERIRZAT o7, $RIK
% BRI T 123\ C L heparin (1000 U/kg, i.v.) & SHE AR~ 5- U, fEERKERD DR M AT 72,
BRI IME B L ORE AT, BHHE ST A—4 —DIEEITo 72, 7o, B REIIRZ 4
UKENRY > ZHEARZVERLL | A HEREZ ST T 2L LH12, ROS FEA RAMIE LT, 7035, P
W7 BLON28 A BRI EREZTIELZTyMaB WX, A% 1 B B ICSHEIR) HER M
ATV, BHEREDIN T 2R 3528 T, AKI OFRIEZMERLT=, F7-. sham BEZIWVTHIRIER
DOEEEFT 7= (Figure 17)

— pmesssssssess H

- | =

-

;
]
I
]
]
AKI o pwessssasssas H T
| L/
Fi

0 sham-operated e ischemia B collecting plasma and urine
A collecting plasma and urine, sacrifice

Figure 17. Schematic diagram depicting the experimental protocols. AKI, acute kidney injury.

2-3 BHERE ST A—H—DHIE

M4t L7 F = (plasma creatinine : Pcr) | JR 1717 F =2 (urine creatinine: Ucr) | % Jaffe’s 14
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IZEDPE LTz, MBI 11 EARIRIC, BRE A TRIEEAINZ RS T2, BiEZHEL
72 2O EIEIZ NaOH BEL OBV iEEINZ, 27.5COKIBH T 20 sy Uiz, AU R0R
B OWIEE % 520 nm DR THIE LTz, iEHEROGLN I ERR KD Per X Uer
EENZIRD, CNHERBEBIOMEELD /L TF =277 F A (creatinine clearance : Cer)
R,

2-4 REWRY > 7 EEARO/ER 3 JOVEFE M A2 (E B MY B O BOG

KREVIRY > 7 HEAROVERL, 55 1 #5135 2-2 TEISRRR L= FIEICHEL TYT T2, <7 XA
IV TIEARZ GRS . 60 2 E(LS T, D/ 15 T EITREIRE LI LT, T XTD
KENRY > 7 FEARIT Phe (10° M) IZX DRI Z E LT ACh(10° ~10° M) IBLT* SNP
(107 ~10° M) ZBFERICIRINT 52L T, MEMREZ RN L 72, 7ed5. ML/8 5thfR OGS I XA HEA
? Phe |Z X DATINAMEZ 100%E L, BTG R T 5/ 3= ME(LEL TRIRLT,

2-5 Mo KEVIRIZHSITD O FEAEBEDHIE

FRHEEDE 28 A& OMEREINR Oy PEA BRI, Oy ERFEAIIZRUE TS lucigenin % VoAb
FHFOCECIORE LT, KENRY S ZHEAITH | e 1 7 2-2 HERERO HIETYHERL., % 1
Moy 1 B 2-4 HERIERODITVET Oy PEAELRIELT,

2-6 filFEY)

ACh (Sigma-Aldrich) | Phe (71747 A7 4t) BL DY SNP (Sigma-Aldrich) 1% Krebs-
Ringer bicarbonate FEMEZIZ TR T, Lucigenin (71747 A7 4L) 13 HK I AR
L7z,

2-7 kS ROALER

SR, IE E AR ERRGE TR LTS, A B ARE L. 2 B D555 Student O unpaired
t MEZHW, £72, 3 BELL EOF EEREIIZEILRHREE W, T7bb, —thlE sy
W AT (one-way ANOVA test) 1TV, A B DO DI . Dunnett’s test 2 W TR EZ
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117277 LLEORBREIZBWT, P<0.05 DEEFEEHVELT,

3. B R
3-1 REI AR REFLE O BB HEAERS

J I PR REVEALE LT &0 . FREEDR 1 B #21C Per O E 7280 (Figure 18a) &, Cer DK T (Figure
18b) 23 HbiL, BHEREDEALZRO T, T D%, BREREOIR TILRRRFAIZSCEL . B 28 H
#IZFUNTIEL sham FEL[FIFREE ETHEIE L,

Figure 18. Changes in renal function (a: plasma creatinine, b: creatinine clearance) after renal ischemia/reperfusion.
Each point and bar represent the mean + S.E.M. Sham-1 day, n=5; sham-7 day, n=5; sham-28 day, n=6; AKI-1 day, n=8;
AKI-7 day, n=10; AKI-28 day, n=8. **P<0.01, compared with sham. AKI, acute kidney injury.

3-2 FREWR 1.7 BXUN 28 AEDMEKRENRD ACh (5T S SIS

Figure 19a |Z7R 98012, FEWT 1 A OMEKENRD ACh (253 51 & SOSMES, sham #f
& AKI BED 2 BERNC I T, REREIHOINRD Tz, — 7 FHEDE 7 380 28 H#% T,
AKI BED ACh 1Zx T A I8 S EIE sham #EE LR LA EITIK T L7Z (Figure 19b, 19¢) , F#lC
FRAEDE 28 H #4123 TIE, KOBHE R M SOSHEDOBEI A BIZE ST,
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Figure 19. Vascular reactivity to ACh in the thoracic aorta (a) 1 day, (b) 7 days, and (c) 28 days after reperfusion. Each
point and bar represent the mean + S.E.M. Sham-1 day, n=5; sham-7 day, n=5; sham-28 day, n=6; AKI-1 day, n=8; AKI-
7 day, n=10; AKI-28 day, n=8. "P<0.05 and “P<0.01, compared with sham. AKI, acute kidney injury.

3-3 PRV 28 H DM REIIRD SNP (56925 M SO

FHEVT 28 H %O IFRAFME I A 5tz SOSITBIL T SNP 2 W CRHMIiL 72824 R M
FEVTALIE L SNP T4 5 I & SO A2 A B AR T S 72 (Figure 20)
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Figure 20. Vascular reactivity to SNP in the thoracic aorta 28 days after reperfusion. Each point and bar represent the

mean + S.E.M. Sham, n=6; AKI, n=8. **P<0.01, compared with sham. AKI, acute kidney injury.

3-4 FEEVE 28 HZLOMERKENIRIZIS TS O PEA &
FHEDTE 28 H £ DI E MR O FEAEEZWEL/=LZA, sham FEE L AKI FEIZEHBWT
1%, B0 Oy EAE DN GRS BT (Figure 21),
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Figure 21. O, production in the thoracic aorta 28 days after reperfusion. Each column and bar represent the mean +
S.E.M. Sham, n=6; AKI, n=8. *"P<0.01, compared with sham. AKI, acute kidney injury; RLU, relative light units; Ox,

superoxide anion.

4. B2

AKI (T, —FFHDVNIRBINZR IR 3R OB, B E O EH @RI AT E 228 %2
2B L, Z O RE NI T, il Oliids KOs L Lo B 22 lgds 2= —Ta
IZX DRl AR A | S 22D AHBIVTND 1)) KR Z | B & DigioD 7 a AN—21%
OEEBEL THH S TEY, HEZL ORI THIL TS, LEERO—4]EL T, AKI FIE
BRSO ODAFEZEZR S D CVD OFFERNP KT HZ LT, E AL s TRESNTND
N, IHIZ, BIEFEICOHE T D08 NEERERE FEIL, 77 I IROBEFER R OGRIK 7 Th
HEFIFIZ, CVD ORIEBIOERICE G2 ™, ZZTARMIZE TIL, AKI FIEZ BT,
R T2 Ha R B R M. N BB R A R AL SR TEAI L7,

ARETRONTN RO B BEERZEIE, WM R AL E L B RE S B R R Lz
IR AWM B KB RO I 5 PN R RE AN I TlE® Bb 0D, D% OB BERED[E11E 11X
R U TN RERE EITETTL QU2 e Th D, —RAVIC, B IMME AKI 7 /MIZB1T 5B 1
REDZAKIT., FHEIIE#ZICEINTEAL . ZORFFMORIELEIZEIE T 52 LRHIHNICS
WD P, KEFFRICB T DB AKL 7 V7 y b | [AERO B REHERS 2R LTZ, £/ AKI
C M EFERERE E O BIMRIC OV TR, BBk L OB G O M 12 B W TSR E I T
W5, Bz 1E, AKI FIE#ROBINRIL, L =2 -T oA Ty - TIOVR AT 2O LiIC LD
ROS DiFIERkE, £HIZ5IEHke< NO OREL, A TT 7 /3w 2Rk T ure s
VAL DRI M E IUHE S B EHEZSNADZEDEARSIL TS 89, IBH1Z, 60 43 o i &
ML ZAT>727 v hOE SR EIRIT, FREDR 1 REfIE2 DR RICIUWN T, ACh (ST DI B
PERE LR T T 2ZEHHLNICIINTND 8, 4 [BIFHI L 72 B g D iz o 135 T2 Jaf K
hARICEIL I, BRI 60 /L& (ARAFZEIT 45 47) 2 T2 IbE AKT =57 LVIZBW T,
FEWR% 5 H HIZ ACh (64 2 SUGSHEIZA IR T L, SNP 55 F8 ML E 5% SO b O3 0TS
THIERHESIL TS 8, oD Zenn, AKL OJFFETA THHBIR T, FER%
(IS NS RERR E SR AL, — FEROIME ThAME RKEIRIZIUN T, RSO LD %
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SERFNTEREN DY, [FARIC IS PN B M RE IR S AN J8 AR T 2 AT REME MO TRl e B 2B,

Oy 72X @ ROS 1E, FIEDOFIELCHEITIZE I L L T\ B, B ML AR % O 0 Oild
RIPEALT, B2 Cld7ed RO MBFIZB W THALLZENMES N TS, TO—flEL
T, AKI FJE 5 WM& DR AUZ IV T @B EIIRCTIT Oy PEAEDRRIZIE KRS AL, £ D
HA K1 apocynin $5-(ZZVIEF LSS 3, Zaud, AKT FAER. . BAERE N BIE L TUWLBIZH )
BT B GZEBOMAE 2T Oy FEANPHEIMNUIZ AW IEHERZ R FF T 5D ThH
%o £ T, AKI I U 25 b 18 o L A2 PN BZBRRE DRRFE LT 1, 2 D IAE AR I 35 1T Datd 372
Oy PEAEMEG-L TWHEE X BND, RGN TIL, ACh (ZxFT DM SUS DR T D 2
2257, BN 28 AIZEBVT SNP #%8 L sAR SUS OIEFS MBS, 37205 s
RENRIZI DTN FEASILZ O 23, ACh LT SNP H12RD NO Z4fi#e 52412k, =
AVE N DI AE SRR 5 8 BOCHEZAR NS TWD ATREMEDS RIS T2,

AWFFEDH 1 #F Tlx, 7y MuEBREIRIC )35 1S ORMERER T, NO 24T M & iz i
ISP TR E T HZEAALNC LT, £o, REBRTHALIE MME AKIE7 LTy MIB
T, BREREDIR NI o Tl A IS IRIED EFH-T2ZEBEEICHRELNTVD ), ZDTLnb,
52 TCIE, BRI AKTICRED I N BEBED K T I238175 IS ORI G-l >\ TRt Nz 7.
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o5 3 RE ISR S PR LA AR PN BB RERE T (ST DA L R LR D F 5
52 T BRI ARG D e PN SRR RE RS TE (o695 FERETU LR D ERIE WS B AST-120 ¢

AR DB O EEHR AR O — 2L LT, JREBROEENZHMEINTND 868, 5 1
i Cld, IREFER DO —FETHL IS M REARIZI TS Oy FEAZTLESE, 20D 01 (2XD NO
OFHEDY ACh XY SNP #F RN iz G OIK FIZB 595282 R U, —J5, IS DOHIBE
K2 RNIZ TR E T2 AST-120 % CKD E7 V7Y MG LIZEZA, M IS JRE DK TICff:
-7, ACh FEFEIMAE RSOGO IUESNDZENHLNIZSNTND B, FoZ2 DU EA
T = LTI, IS JEE DK T2 L% NADPH oxidase {ETEOHHI L, ROS & NO ORIJSIZEVAET
H=haFas r OEAIEINE ST HmESIIL TV ¥, 37205 CKD E7 /L7y NI
TIL IS I2&% NADPH oxidase &0 523, ROS FEEADTTHEE ROS 1285 NO Offitt 451
FZL TWDATRENEDMRD Ty, L723- T, B FRF ISR K2 M N ERERRFIZ IS 23
BEZBI G- L QA ZEITHALNTH D,

AKI 2BV TH, BHREOIK P> T 1S IR BH-L. IS OFRMICER T 5B HEE

DHELTIFERRSILTUND 39, L L7235, IS A% AKT I AE U DI N FSRERE E 12, EDOFLE
B 5L CODNIEIEIL TRV, BT TARTE T, MMM AKT $0 i/E N B RERR E I
7% IS OB H% | BRIEWAE R AST-120 # 52 KVRRFEL 72,

5

r
oF

2. ik
2-1 FEBREW

FEEREMEL T, 8 Ml Sprague-Dawley SRIEMET e V-, Ty MEI—ED YT (B1H] 12
IR L 1B (24 £ 1°C) | fEIR (55 £ 5%) D&M T TEHBE LT,

2-2 I PESMEREEET LTy hOfERL
3 Mme 1 T 2-2 THIZFER L= FEICHEC € itk AKT £ L7 M ERIL 7=, AKI+AST-
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120 #EIZIX, AST-120(2.5 g/kg. p.o.) Z FREEE 3, 6 8L TN 24 FFfI#4IZAFF 3 [Bl#¢ 5-L, sham #f
BLOAKI BB CTHA VAR TS AF VL a— 25 LT, 2 TOTy MNIFE#ER 1.
7 BELUV 28 BRI —IZ AL, 5 R OB R % . SFFIREDEL 21T 7272 (Figure 22) .

Figure 22. Schematic diagram depicting the experimental protocols. AKI, acute kidney injury.

2-3 FBERE/ T A—H—DHI|E
Pcr., Ucr ¥ ONZ Cer 1355 3 fae 1 3 2-3 THIZER L= 7 IEICHEL THIE L=,

2-4 KENRY > 7 HEEARIZIS 1T 548 ML & VEBN MM E D SO
Fy M REINRY > 7 AR OVERL N~ 7 XA EZ A LTI EREONIEIL. & 3 W
1 3 2-4 TA|ZFRIR L= HIEICHEL T 7o 72,

2-5 MO REINRIZIITS Oy FEABORIE
1R 1 B 2-4 THIZFER U7z FIRICHEL T FiEDE 28 B D ME RENRF O Oy PEA &
%, Oy EHEFRAICHIGT S lucigenin 22 FHWAAL B FROGIEIC IO IIE LT,

2-6 MAEFBIOURF IS IREDRIE

MAEIB I ORI O IS JREEIZ, BEROIEY | misikik 7 v~ 757 +— (HPLC) — #O G EE %
EHWCTHIELZ 8, @K TARUIZMAERS L OUR 125 uL &, WIZHEDE p-bRax 228
FREATF NG ie 7 Bh=RLIZINZ, 10000 rpm. 4°CIZT 15 43 [5E LAy BEEA T o712, T D,
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‘Joie BiEE 7 V2 —gimL T L7z, HPLC S A7 AL, RIK 7 a~ 7T LR (L-
2130; Hitachi) | =#6H% 125 (L-2485; Hitachi) THERLS AL, B EFHIZIE A COSMOSIL PBr Packed
Column 4.6 mml.D.*250 mm (7~ #7747 A7) 2, BEIHIZIE 0.02 M FEfR/ Sy 7 7 —
(pH 4.5) /7 Er=N L (1 mL/min) 2 L7z, &7z, B MO mhkl /48 Y6 K1 280/375 nm
IZRREL., AT LT, 7233, IS OFEHER A I TR R A VERR L | facH iR EdiEZ VLTt
TR IS JREZRIE LT,

2-7 J AR ROREAM

FRIEVTE 28 B 141231 DI RENAIR OIS B 2RI 2 ATH 70 . 4 REL D H L7 5t KBk
D JE PO RNk Z FR R | 10%A5 /0~ Ul Ze i Te hVED o B i C i E L7z, [ L7 M
KRENRZ ST 7 488, 3 um OEIFEAERIL 7=, KU 1T~ eV oo o TRl
ST TR A T o7,

2-8 fHEHRY

ACh (Sigma-Aldrich) , Phe (717147 A7k =4t) BEL Y SNP (Sigma-Aldrich) 13 Krebs-
Ringer bicarbonate FEME R IZ TIRMEL 7=, Lucigenin (7747 A7 XS 4L BL O LR A
F e m—2 (57 b DFDEREEERR A S ) 1B MK TR AR L 72, AST-120 (LAY ®,
ST L ) IF IR AT VL — AT TRRELTZ,

2-9 HEEH TR

FEBRATRIT, SEIME SRR TR U, A BEMEIIZ BHEREL TV, 372bb,
— LA E 53 B AT (one-way ANOVA test) 21TV, A B 2RO O H5A . Dunnett’s test % ]
WCHREZAT 270, Eio. BB ORERZ TN 572015/ ZRIEIZ LD IR 21T 27,
P EOBREIZBWT, P<0.05 DEEFEEHVELT,

3-1 JEIMFRETE % OB HEREHERS 2 x5 AST-120 $ 5-DF %8
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53 MmEE 1 35 3-1 T[RRI, I A ALE X FREDT 1 H RIS B RE D IR T &2 5
SHEZL, T D% EREREI IR Z[A1#E L7z (Figure 23), F72. FHERZ WO T HORERIZEBWNT
. Per BEOY Cer 12 AST-120 #% 52 LA EITZRO LN o T,

Figure 23. Effects of AST-120 on renal function (a: plasma creatinine, b: creatinine clearance) after renal
ischemia/reperfusion. Each point and bar represent the mean = S.E.M. Sham, n=5; AKI, n=7; AKI + AST-120, n=8.
**P<0.01, compared with AKI each day. AKI, acute kidney injury.

3-2 R FERENE R O MAT B LOURH IS SR LIET AST-120 % 5- D528

FEVE 1 HZIZHW T, AKL BEOMATH IS JRE I sham BECELEGUBHE IC EHL, R IS
TREEIR T U7e, ZAU R M A ERALE D B RE DR TSI IR~ IS Ok i
SN EEZBND, F-HRERR 7 BX U 28 HEIZBW L, BHEGEDRIE I E- T, MmE
HOIS BRI L, IR IS BE XD TN ERBM AR LT, — 77, AST-120 £ 513 DT
1 BLO7 AEOMAERLIOIRT IS REAZAEIME TS0, R 28 O MBI
PR IS JRFEIX AST-120 £ 5-0F IO LT [FIFRE T -7z (Figure 24) .
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Figure 24. Effects of AST-120 on IS concentration in (a) plasma and (b) urine after renal ischemia/reperfusion.
Each point and bar represent the mean + S.E.M. Sham, n=5; AKI, n=7; AKI + AST-120, n=8. "P<0.05 and **P<0.01,
compared with AKI each day. AKI, acute kidney injury; IS, indoxyl sulfate.

3-3 AKIICED IMAE BOGHEAR T2k 9% AST-120 $5¢5-00 5228

o5 3 MmAy 1 5 3-2 HERIERIC, MR 28 A &R OME KEIRTIX, sham #ELHEL AKTHEC
FUVT ACh ([T 2 ML & R SO DA B /R R T 238807275 AST-120 X 2O T 2B L7
-7z (Figure 25) ,

Figure 25. Effects of AST-120 on decreased vascular reactivity to ACh in the thoracic aorta associated with AKI.
Each point and bar represent the mean + S.E.M. Sham, n=5; AKI, n=7; AKI + AST-120, n=8. **P<0.01, compared
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with AKI. AKI, acute kidney injury.

3-4 AKTIZHED M REIRD Oy PEAE BIY KIZXF 75 AST-120 £ 5- D%

5 3 fmeR 1 B 3-4 THE[AARIC, FER 28 H & OB REIR ClX, sham #EE L AKI #£IC
BT, B Oy FEADOHRDERIAV, £72 AST-120 O 513, 1l A AL E 1 214D
Oy DPEATUHEITTT L TG 5% M F X727 > 7= (Figure 26) o

Figure 26. Effects of AST-120 on O, production in the thoracic aorta associated with AKI. Each column and bar
represent the mean + S.E.M. Sham, n=5; AKI, n=6; AKI + AST-120, n=5. ""P<0.01, compared with AKI. AKI, acute

kidney injury; RLU, relative light units; O2", superoxide anion.

3-5 MHEH IS JREE MG REIRICIS 1T D ACh 1)t 32 /& SRR L O Oy EA & B

FREVE 1 B MAET IS =R EHREDR 28 H R OIME W EHERERS L O RENRD O P
AL DOBIEMEZRF LT, MM PR AL E O A 4B B LI [BR o Hr ORGSR I, B 1 A
B O MmAEF IS JREEIL, ACh D 50%%h 1R (effective concentration 50: EC50) |23V 107 M
BT DI AR =R A B B BIRZ R S7 W ESHABINE 25T, RIBRIZ, IS JREEE Oy FEE
(ZHHH B BEfR 23R 8D 727 o 7= (Table 1)
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Reactivity to ACh O production
Variable t value P value t value P value
(Intercept) 22.38 <0.001 3.738 0.002
IS level -1.068 0.301 0.581 0.571
ischemia/reperfusion (+/-) -2.959 0.009 3.929 0.002
R? 0.578 0.744
Adjusted R? 0.528 0.705

Table 1. Summary of the least squares regression analysis for significant relationships in vascular dysfunction and

Oy overproduction. ACh, acetylcholine; IS, indoxyl sulfate; O»", superoxide anion.

3-6 FHHENE 28 H % 0 I RENROMRE 7RI 2L

FREEDRE 28 B 1% ORI KENIRIL ACh (25 D18 ROSPED E LIEI L T2 e b, S
REWNIRIC I DAL OB BARFTLIZAY, ML N RSO EIR 7 O e 072 8 b iT
THNORCHBIZES 2 > T (Figure 27)

Figure 27. Representative images of the thoracic aorta 28 days after reperfusion stained with hematoxylin-eosin.

(a) sham, (b) AKI, (c) AKI+AST-120. AKI, acute kidney injury.

4. BE
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IDEDTOWTRET LT, ZORE R, A% TR0 D AST-120 O 5%, Bt AKIIZ
LES IMAE IS JEEE D b FHA A EITENHI L7723, A8 N BRI o kT A 387 D A R &7
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REBRTIXE 2, il AKIET /USRS IS ORNEENZFHH L, F#ER 1 A%O
BHE LB HEREOIR T I - TlE T IS IREIA EIC LA LA, 20HOBEHEEDORIELLE
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FTHZHTIAL AN TEY,, EBEIMATO AST-120 £ 513, FH#ERZOMIE 1S BEO L5
EAEICIHIL, BEEORIEZOLOEPHSTENREINTNDEY), —J7 RIEFRO B,
PO 1S BN A RERE T 2% 59 20 & E it 228 Thh | BHRED UL
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