REEMAPMES 5298 B25 FR14E4)] 135

REIM A REGREAIC 351 % Heme Oxygenase-1 (HO-1) Of&E|

A

Protective Effect of Heme Oxygenase-1 (HO-1) on the Ischemic Reperfusion Kidney
Yuji Ishida (Department of Nephrology, Saitama Medical School, Moroyama, Iruma-gun, Saitama 350-0436, Japan)

The contribution of heme oxygenase-1 (HO-1) in ischemic renal injury is little known. To investigate
the role of HO-1 in the kidney, we examined the role of HO-1 in the ischemic re-perfusion kidney and its
functional significance of an induction of HO-1. 36 Wistar Kyoto rats (WKY) were divided into three groups
as follows; group I: control group (¢, n=12), group II: Fe-protoporphyrin treated group (hemin, 40pug /kg,
n=12) which provided substrate for HO-1 and group III: tin-protoporphyrin treated group (Sn-PP, 40ug/kg,
n=12) which blocked HO-1 synthasis. Bilateral ischemic acute renal injury was produced in 36 WKY, using
a micro bulldog clamp. Re-perfusion was started after thirty minutes occlusion. Blood was collected for
measurements of creatinine (Cr), blood urea nitrogen (BUN), arginine vasopressin (AVP) and the components
of the renin-angiotensin system ; angiotensin I (Ang I), angiotensin II (Ang II), plasma renin activity (PRA),
plasma aldosterone concentration (PAC). Urine volume and urinary excretion of sodium were measured.
In addition, both glomerular filtration rate (GFR) and renal plasma flow (RPF) were measured using inulin
clearance and para-amino hippurate carried out. The kidney was removed before occlusion and at 3, 6 and 24
hours after re-perfusion for staining of HO-1 and aqugporin-2 (AQP-2) with immunohistochemistry method
and measurements of mRNA levels of HO-1, endothelial constitutive nitric oxide synthase (ecNOS), and AQP-2
with reverse-transcription polymerase chain reaction (RT-PCR). At 3 hours after re-perfusion, HO-1 activity was
increased significantly and most pronounced in the tubules in the kidney. In Sn-PP, both GFR and RPF group were
significantly decreased and the suppression of the expression of HO-1 mRNA was observed. On the contrary,
hemin treatment induced a significant elevation of GFR and RPF and increases in the expression of HO-1. After
24 hours in Sn-PP treated group, the expression of AQP-2 was suppressed accompanied with the increase of urine
volume. HO-1 plays a key role in RPF and GFR in re-perfusion kidney and moreover is linked to regulate the
expression of AQP-2. From these data, we conclude that the induction of heme oxygenase is a protective response
in re-perfusion kidney after renal ischemia.
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HO-1 D B M ERERBIC BN T ED X S kElz R
LTWVWBOMNTDOWVTIE, BIERBIASHTIEERW.
F I EIROEELRBEREDO—DIC, IROER & Z Dk
MH BN, IROWEHED = DITIFIZEEABIHE > 1255
R IK D FEWN 21T 5 72 8 OFEEE A IRANE I FE B9
LT EMRETHD, TNHIKF v %)V (aquaporin,
AQP) EMEHINBIRERTH 5 T EM1992FICRE S
Nn=". SEEaquaporin-2 (AQP-2) B o 3a 17 FR A
BROCICEREICREL, ROEBEMICEb>TWS
TEDHHEMNETRSTEY.

S 18] B & 1E 20k R o E R B I B W THOAD
EDEIBRIEHEET 2D ZHLMNIT 5D,
Zv bOZEBMEERE T TV EHWT, HO-1D
FHETH%hemin, H2WVIFHO1DEKILERTH S
tin-protoporphyrin (Sn-PP) ¥ O£ 5. %17\, Bligic
B BZHO-1DFH 75 b I B REEEIC NI T8I
DEMEIEITo T, T, SRR ERICEIRME,

BETAQP2 DL, RDBEHEHIHNET S L
WORENH BT MDY, BEERBICBVT
HO-1 & AQP-2 DRENT DWW THGET L7z,

X R & F &

RER1 FMEMBEREICEITSHO-1DEREE
HreDZE1L

WG UTIRERI250 g, 12380 kED Wistar Kyoto (WKY)
Zv b (SHREHREE 7V RIS, THEEMET)
ZHW. 5%, COFBZITIICHIZDTXTOD
S2Ef1Z, National Institute of Health ® 41 R5172" 1c
LTIV, THICHEERREZFEBIMEZESD
A ORERFEZ000013) O &IcfTo7z. WKYT» b
(n=36) ZLLU OSBRI/ LTz, 18f: control#f (cBF,
n=12), 1 : Feprotoporphyrin IX (Sigma, Missouri,
USA) # 58 (heminff, 40pg/ke, MEHENK S,
n=12), II#f : tin-protoporphyrin (Sigma, Missouri,
US.A) # 5 8 (Sn-PPRf, 40pg/kg, MEIENK 5,
n=12) & L, Fl1RRaHCSEF ORI G %=
1To72. XML x—)U (50 mg/kg, MEHENERS)
(RHARBEEAR S, W) ME T T/ KEE) Ik
IZPE-10 77 57— 7 )V (Clay Adams Co., USA.) 7 #f A,
M, e EGt=2— Uk, KEEFHIRNICIE
PE-50 777 —7 )L (Clay Adams Co., USA.) ZHiA L, ¥F
Bk AR > 7 (model-975, Harvard Apparatus, U.S.A.)
EHWT K20 &K Z0.5 ml/ R R,
T HICRY b2V E Z—) U1 mg/kg/ Wi D & T
SRR S Uz, 187 5 > 772y Cilifilo
Bk 7z 307 e EHZE S B &R L, Bz f
R UTz. BEREG, 143, 6, 72\ U 24FFRIEIC S RE

VL7 FRE N CHWrEEERR L, WinzituwiniE s L7 F
= (Cr), miyHERFEZEZE BUN), MAE7 )V RAT70
ViR (PAC), ML =51 (PRA), IMAEHTFIR &
IWEY (AVP), 72 P4 7] (AngD), 72 VF%
7> VI (AnglD) REZ#E Lz, BEENIC PE-50
717 —7 ) (Clay Adams Co., US.A.) Z8iE L, 0-3H;
W, 3-6HFM, 6-120F[], 12-24FFRE4EIC FRIRZ 1TV
pR&, PRHCr& NafftEZ e Uiz, i,
%3, 6, 72\ L 24RFRIL DM e &R LIzT
FEKOEEE LD 7ZL, HO-LICHT B Hilk%E VT
TR T OB IC B S HO-1DFH R 5 U H
BN Z2 MGt LTz, F 7225 B RE I
F 5 AQP2D B2, fuEtai: 2 v T bt
Uiz, EHICHENKICHIT 5 HO-1, AQP-2 & endothelial
constitutive nitric oxide synthase (ecNOS) mRNA ™D
%% B 75 b 7, reverse-transcription polymerase chain
reaction (RT-PCR) % W CHiET L 7.

REE2 HO-1DEMBEERBEDMITENEICRIZTT R
EnrEst

W& L U Tk HE 9250 g, 123 # i O WKY
Zw b (n=18) Z%E1 L FAELL FO3FHC B LTz,
I 2% © control#f (cBf, n=6), IIEf : Fe-protoporphyrin
X#% 58 (heminff, 40pg/kg, MENEN S, n=6),
[IIEf © tin-protoporphyrin % 5-#F (Sn-PPEf, 40pg/kg,
MEEN S, n=6) & L, v 1REREFGIC 55365 72 I8
PEN# G Uz, XY B2V E Z— Ukl NI Rl
I A N B E AR IC PE-10 4 7 — 7 )L (Clay Adams Co.,
US.A), ik I e MR ER IR NI PES0 71 7 — 7 )b
(Clay Adams Co., USA) ZHiAL, FHiEARYT
(model-975, Harvard Apparatus, U.S.A) 7% H T
— WM H 72 0 EBBE/KZ05 ml/Kfd, X 51X
¥ RNV E Z—)U1 mg/kg/ RE ] D 3k T £ e i Ik
WG Uiz, &7 < > 7 7% v Cififll o B8k 7z
307 s R PHSE X BB L, 2RI H B XU 23
KeH & O L OB M A 217 o 72, £ O R
FRD 217 — 7 )V 5 £ E AR > 7 (model-975,
Harvard Apparatus, U.S.A.) Z T —KdH 7z 04
&K% 5 1l 1% bovine serum albumin (BSA),
1% J4 & @ 5-sec-butyl-5-ethyl-2-thiobarbituric acid
(A4 XV ) (INUTEST 25% -Ampullen, Fresenius Co.,
Austria), & 51 1% D para-aminohippurate (PAH)
ONT 7 2/ BIREEY — A5, B8, i) &
100 p1/57 DL T 4R IR N G CRRRE 1
RFFE] -+ HDE RFRI SRR 217> 72, BHOT Y Mk
W IR O IR O 1%, BEANEE A 7 — 7LV &
D 365 K U 2427 W], ZNZ D 3REH IR 72 R



R ETEHC 351) %5 Heme Oxygenase-1 (HO-1) O##| 137

U7z, & 5 NERERRIC PE-10 /17— 7 )b (Clay
Adams Co., USA) ZHfiA, SKFREDORRDOZRICHN
BRI 71 7 — 7L & © INUTEST 3 & U'PAH #il5E HIC
1 mlOFEMEITY, A XV T)T7 TV AKDRER
AEEE (GFR) ZPAH 7 V) 75 v A X b B Eiia
(RPF) OHlEZTT-> 72", £72%R & D cyclic GMP
(cGMP), JRIZBIEOWEZTIT- I=.

MFELFE T — 2 DRE

HIEH OFRIME, FREE N WrEE B E AN Nk
I (4mD Z17\, =057 B IS 2 B R 7 LTz
Db, IfiENa, IMiEK, Cr, BUN, IiEfREE (TP) 2l
FE L. mMACrilEZE 7 VAV Er U VgiEY 2,
Z LT, MHBUNHIEIEY L7 —8 - UVEEY 2 Fu e,

EEREEMEDORE

M4t Ang I, Ang II, PAC, PRA, AVPO |/ %
To 7. WEE R TWrEHRE BB A/NY Nk iz
7V, K% U7ZEDTANa A D 1M (5 mD) IZ 91
L7z, ZRZNoOmKITEBIELDEL, —20°C
THIE F THFEMRIZE L. Angl, Angll, PACIZZE 151
itk LT, ¥iAngl, HiAng II 35K U¥ialdosterone
PR gz, Stk LT, fivyF
VitkvyFiuEEHYy, ZLTC, FL—Y—EkL
L T"I- angiotensin I, 1 -angiotensin II"™'® 35 X O}
1 —aldosterone (7 )V R ATy U 7Fw M,
A F Ry MREt, 550 7 & HIV 72 RIA2HifkiL %
HANTHIE L., PRARH Y —+-OJ—FTML =
YFw b (FA RR—Y VIHASH, #H5) P RH
WTHIE Uz, AVPIE, HIAVP Y U F gz A A
VEFaN—T gy U, PLAVPZ% b Z RIA2HifkiE
(AVP-RIAF v b, =32 " 2O THIE L.

FRIRIEDRIE

JRHFINa, KB EUCl, cGMPORIERTT- . IR
Na, KB X OCIHRitRIE, 14 > s R EmE> %
THIE LTz, PRACriflE i3 ieiis ™ %, JRAVREZEE
B L7 —LBUVIEY ZHWTHIE L. JRIZBSBTEIE
KSR NMEE W IZiREERE Model 3MO, Advanced
Instruments Inc., MA, USA) Ic X D IE Uiz, F 2R
cGMP 3 RIA DCC#:™* 7% W CHIIE L 7z.

BREEDREH

N T ORI B R %, EHICERIL .
i U7z kix, RT-PCRA, fRyEtaflicznzn
DEIUTRE LTz, SR HOMIAIT Y >R
7Kk (PBS) I T 4tissue tek compound T —F «

YU, —BRRIKERICTHRE L., T D%, HEIC
5% & T-80°CTHAIRIFEL /e, RT-PCRARIKIZE
BICHfS LIS 75 % T 80°C THikifR1F L7z,

BiglcH 1T 5 BEmRNADHER

B gD Total RNAZ it L ecNOS, HO-1, AQP-2D
% mRNAD F Bl % - & B W RT-PCRIEL THiGET L 7z.
RT-PCR T B4 i & 11 7z mRNA D 7 81 & o ] 7 il 1,
Wk > s a— )L % glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) OfA TR LU CTHXMEE LT
BH L.

HO-1 D&REREx

WA R F Uik Z2 7 U A XA 2w F T4pmic
WMyl ElRICTiRELER TN TEEL
HUEEE L NI DAvidin, BiotinZ [H2# 3 %
7z, Vector Lab® ABC Kit (VEC:2001) TZNZ N
(200p1 Avidin D solution/ml in PBS, 200u1 Biotin D
solution/ml in PBS) 10774 > F a2 X— 3 > L,
S OISR RN S ZBHEF T B 7201, Rk L [H
D IM7E T (PBSTO66A5 M L 725 1) 3057~
Oy F 27 Uk, —REikIE1% BSA/PBS THEEE
1pg/ml & Ui T2RM RS E ¥ 7. HO-1D—KHi
HIEEISEARFZELNECZHZEDORNR Wt
MoWlEWizE /7 a—Fbfik BTHO-1) ZfliH
U7z, HO-1IZxd % 2 x411KkI13 1% BSA/PBS T 10015
FIRU T2 X IgGIT 335 AR L 7z B ifnis & i L,
300 A v F aX— 3> L. PBSICTHkir,
0.3% H,0,/cold methanol T30 A > F a2 X— 3
v U7z, HEPBSTUEHL, ZNZNPBSTH0MEA
FR U 7z Avidin-Biotin-HRP TH#'t L 3077 [ A1 >/ F 2 N—
>3 U7z, 3’ 3-diaminobenzidine HCl solution (DAB
B THREBLIZDOB, 7.4% formaldehyde T 20747
EE L, 4% methyl green TG L7=%.

AQP-2 DGR EREE

MRS RE LTz 7 V) A A 2y FTapm iYL,
B CHZIR LTz, ZO#%Y & b 2 CTHEIE L U
L7z, WAED Avidin, Biotin 2 FH#9 % 728, Vector
Lab® ABC Kit (VEC:2001) TZNZ 4 (200ul Avidin
D solution/ml in PBS, 200pl Biotin D solution/ml
in PBS) 1000 A > FaxX—=va L, &5
FRNRIGZET 2701, “XPuk L EFED
M T (PBST66f5AmMM L 72V Fifuig) 3077 7
Oy F YT Uk, —REikIE1% BSA/PBS T # i
FE1 pg/ml (1000157 A & U =i T 20 [ KOG &
7z, AQP2D—RFUKIC DV TS HHERI RIS
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IR 2P R N BB G B 22 DA 2 RRRSe B B iz 72 v
=R 7 a—F Uik (FLAQP2H1k) Z M L 7z.
AQP-21C ¥t 9 % 2K Hi{k 1&1 % BSA/PBS T 10015 7y
RU T2 Y FIgGIT33EHmM LU 7z v FifnE 2 # A L,
300 A Y FaX—T g Ui PBSICTHEH L
DB, 0.3 % H,0,/cold methanol T30 [l 1 >~ F =
N—rarlil HEPBSTIHKEL, TNZENPBST
50575 B L 7z Avidin-Biotin-HRP T3¢ L 3077 1 >~/
FaxX—r3z32 L7 DABBRIRTHRAOLIZDE,7.4%
formaldehyde T 207 R[EE L, 4% methyl green Tk
P,

Total RNA D
U7 B gz k22 cHiEEE L, dEo
104% & O TriZOL (GIBCO BRL) Z Mz, wEYF

AY—, F7RYAY Z—ZHAVTHEREI R— b
L7z, TriZOLDO1/58n 7 k)L Lz inz &k < #
LU, 5oM=RICHER, 4770, 4°C, 3500 rpm
TiEODEEL, EEZERIL. RIS, SRILZ&
& % & @ phenol/chloroform/isoamylalchohol (PCL)
A Z 347 B, 4°C, 15000 rpm T & O 57 B U F i
ERIU]. ZLTC, FREOAY T/ — )%
mz, 10700, 4°C, 12000 rpm T EELXL v
MEREL, KEgBEE BRLEXL Yy b
IC 40010 diethylpyrocarbonate 4L # 7k (DEPC/K) 7%
mz, KLY ARV KL, ZHUT1000p1DTF V7 )V
J—)VxhnA, #HIC3MDNaOAcZ 40plinz T2/ —
IV 21T - T2, R 12000 rpm Ty BfEss,  Fil
T, XLy XLk, 5%TX/—)VT
Yevs LE 1%, TN &2 DEPC/KICHY ARV R L, total
RNAE L THW.

Primer D{ERY,

Primer OfERKICES LU THO-1, AQP-2, ecNOSD& 4~
DEF—T 27 L TSRO REY X 0, /4%
DENIMDEIRT 5 K5 5 il £3° ]I degenerate
primer Z & et U7z, %M Primer DRSS DWW TIE, LU
FTRT.
ecNOS primer
Fw;5-GCAGCATCACCTACGATACC-3
Rv;5-CTCAGTGATCTCCACGTTGG-3 (586bp)

HO-1 primer
Fw;5-TGGAAGAGGAGATAGAGCGA-3’

Rv;5 TGTTGAGCAGGAAGGCGGTC-3’ (451bp)
AQP-2 primer
Fw;5-ATGTGGGAACTCAGATCCAT-3’
Rv;5-GGCCTTGCTGCCGCGAGGCA-3 (829bp)

i

GAPDH primer
Fw;5-ACCACAGTCCATGCCATCAC-3
Rv5-TCCACCACCCTGTTGCTGTA-3 (452bp)

RT-PCREIC K B8

Wi iz B ¥ 2% ) o ¢ reverse transcription (RT) %
AW T, »5Hh UL SBRNAZ R & L 72zcDNAD
B IGZH S5 CBHITY, TNz e LT,
degenerate primer %=\ 7z KU X 5 —¥ it (PCR) 7z
{7 7z. DEPCHLE/KICH AX> R L 72 RNA®D DNasel
L% 475 . DNase I 10 X Buffer, DNase I amplification
Grade (GIBCO BRL), template / total 10 1% 37°C 15
54V F a—> 3L, DNase HILEZT TV, ZhIC,
EDTAL p1/inZ70°C, 15501 > FaX— 3 L,
DNase I O )iz 21 U7z, 2 Oligo (dT) primer
(GIBCO BRL) 3 11,5  first Buffer6 111, DTT3 11, ANTP
mixture (TAKARA) 6 1, Super script II (GIBCO BRL)
0.7ulZnz, 42°%C, 60571 > FaX— 3L, RT
sz & %. DEPC/K325pul, DMSO 5 ul, 10 X PCR
Buffer 5p 1, ANTP mixture 4 1, Primer Fw 11, Rv 1],
template (cDNA) 1ul, rTaq polymerase (TAKARA) 0.5p1
/ total 50 1 172 94°C 557, 94°CT30%), 58°CT 147, 72°C
257725 cycle £ W9 M TPCRI G S VT2, 1% 7 H
o0— A7 )V7fER L, PCR 70X %7 k7%100V T 305
MVkEIL, ZFIVELF VI LTa~x A RTREL.

5t

HEMIE S NTEME SRR AE TR L, METHRNT
FIE, DR, KE, Kb Nafiitsz s tic, &
B BE D 2 {k I D U T I Two-way analysis of variance
(ANOVA) 7 Fl W\ CREM e 72 17 - 72 1%, Scheffe’s
FtestZ17> 7z, £ ABWEEMEOZL, k4
b2 7 — 2 7% 5 CICmRNAO R HBOZ{LIC DWW T
(& One-way analysis of variance (ANOVA) 7 F\ 7-1%,
Scheffe’s Fz211-57z. N5 D&FIH L Statview Ver. IV
DY T b EHWTITo 7z, 58, p<0.05Z#at M
ICHEADHD E LT,

fm R

RER1 AMEONBERBICEITEP2HO-1DFRFLE
HeeDZE1L

(1) EMFERES v MHIFBME, FRE, FRHNa
et EnZE1L (Fig.1)

REIMATOMEE3HE TEREAZR SN Eh > .
CBEDIMFEIZEMAT116+£6 mmHg TH 0, K i F
VER 1% O3 T3 112+ 5 mmHg, 6851 T110£5

L
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mmHg & W NEAELGZ(LIZEDEN > 7z, hemin
BECUE R I P VE R A 124 + 6 mmHg A 5 617110 +
5 mmHg & GE A ZbIEERD I > Tz. Sn-PPEETIE
% I AT 112 6 mmHg A 5 15 ¥ i & 6FF [ T114 38
mmHg TH O GELZLITRD >t Fl-ot
WA CCIFEICSHM TOREARZED Eh - 1.

(Fig. 1a) JREOZ(LTIE, RGO 3HFHE IR R
SEEMTHEA RS NAED 5. cBETlE, 0.28+£0.03
ml/3 hrh 5 i 1% 0-3 R [ ¢ 0.14 £0.04 ml/3 hr\ &
— KRB DI MER Z R T2 H, 36N T T 0.40
+0.03ml/3 hr\ & BE % #E S . heminkf
TI&, 0.27+0.04 ml/3 hriy 5 R Ifi 7V 37 1% 3-6 15 Rl
T0.88+0.09 ml/3 hr N\ AEAEINERD . —7
Sn-PPEf C 1% 2 ML 7 0.26 + 0.02 ml/3 hrh 5 5 ifiL F5
W72 B, 36K Tid0.17£0.02 ml/3 hr\ &
HRICHDZED Tz, 3B TOHETIX, 3-6FFH
ICBWT, cBf& ik L Cheminff THEICIREIZH
ML, Sn-PPHETHERK D ZRD. ZD% 6-12,
1224 ¢ CSn-PPRECld cBiE & LLi U CTIREIF A EIC
BinU7. (Fig. 1b) /R NaHBIHEIC DWW T, 3-6/
METIEWINbRE L FAREECZ Rz clfe
Frig U C 3-6 M LAR%, heminf CHERMNE, —
5 Sn-PPRECIR R &GRS T2H, 3B TOHEEZAIX
RoNhahoiz. (Fig. 1c)

(2) MRELZET—2DEAL (Fig. 2)

RO Crid 3Bt THEAZRD T > Tz, [
M ERZERFRICI T 5 CrTlE, cBET0.384+0.06
mg/dl & » 0.60 & 0.06 mg/dl, hemin £ T3 0.43 +0.08
mg/dl £90.52+0.08 mg/dl &, —/5Sn-PPE{Cl%0.44
+0.06 & 0 0.64+0.10 mg/dI\ & WFNE HEICH
mU7zh, 3SHETOEELITED M. 51
2458 T D Crid et T0.75+0.14 mg/dl, hemin#f (&
0.68 + 0.08 mg/dl, Sn-PPE£T1.13+0.18 mg/dI CTH D,
cHE & bl L Theminﬁif“ﬁﬁ WK TH D, hemin
5TV A E 7 B GE 1Y o o 2 0 2 53R
&bfc —77Sn- PPﬁi“CciCr AR FA UBHEREDOR

Tz, (Fig. 2a) MIGRFZERICEBVTE Cr &H
*%@&Eﬁ%mﬁb W MAT Tl SRR A B A Z RO K
Mo 7=, EIMEERE 24 RINC 51 %2 BUN I, cBf
& b U C hemin B Tld A ZICKAE T H D B HEHER

OHEREIGIZ R L, Sn-PPEFCIIAREICHER L I-.
(Fig. 2b) Iy Nald, REMFEERICHES A3 Ntciﬁ

W, 24BERIC BV TEDHNT, SHERHTL A=
ZZRD 5N o Tz, (Flg 2¢) i?’LJﬂl{ﬁKk‘Db\
THBMPEERICTE S AEGZ(LIZ 6K TIEED S
Nizhoizh, 24H«IFEEJLL¢ou\“CSn-PPE$T®J>{, HE
WLz, (Fig. 2d)

(3) £ EEMENZEL (Fig. 3)

R I P VE TR 12 24 REIC 351 2 PRATIX, cBETIE
1.22+0.44 ng/ml/hrH»% 2.14 +0.46 ng/ml/hr,
hemin# T3 1.21 +£0.38 ng/ml/hr &b 2.24 +0.33
ng/ml/hr, —/7Sn-PPEECl31.42+0.21 ng/ml/hr £ D
2.76 +0.48 ng/ml/hr & HEICHIIM U 72AS, SBERTICH
BAEEREDOSNG -T2, (Fig. 3a) PACI 24 [EfEIC
BWT, cBET14.0+3.1 ng/dl kb 14.8 +2.8 ng/d],
hemin#fC¢15.4 £+ 2.9 ng/dl/H5 17.2 £ 4.5 ng/dl, Sn-PP
BEC15. 8+3.4 ng/dIh5 24.0 + 4.4 ng/dI\ & HEhIL,
PRA L [AIREDZ bR LAY, SEERI CHELRZb%
bl - 7z, (Fig. 3b) AVPOZEAL Tl chE TOREIN
VEVRHTO AVP L3131+ 32 pg/mlh 5, JE I FHETR
%6 [ % T, 162122 pg/ml, 24WF 1% T208 18
pg/ml & B4A0 U 7. hemin B T (3 52 L F 8 7R Al C 141
+14 pg/mlh 5, MEIMHERZ6KE% T, 148 +22
pg/ml, 24F# 211 + 31 pg/ml & 84h11, Sn-PPEET
& [AIREIC RE I PRV A C 145 £ 14 pg/mlh S, FEIfLF
VETRI% 6 HF 1% T, 186+22 pg/ml, 24 (1% T248 +
31 pg/ml k_tﬁbu L7z, b\‘é’h@ﬁﬁaﬁk;}’ob\f & 3R

Systolic 140
Blood
a Pressure 1207 - -
(mmHg)
1004 | —m— control [)
—@— hemin
] [ —&— Sn-PP
80
0 ! 3 6 9 12 18 24
b Urine 1.2 = :
Volume 1.03 contro
(mi/3hr) 083 | g A0
0.6

0.4

0.2

0_

Urinary 1.2

Cc Excretion 1.03
of Sodium 0.8
(mEq/3hr) 0.64
0.4

0.23

hE

Fig. 1.(a) Changes in systemic blood pressure after
re-perfusion of bilateral kidney in WKY. (H)control group;
(@)hemin group; and (A) Sn-PP group. (b) Changes in
urine volume after re-perfusion of bilateral kidney in WKY.
Open column shows control group; dot column shows hemin
group; and closed column shows Sn-PP group.(c)Changes
in urinary excretion of sodium after re-perfusion of bilateral
kidney in WKY.; open column shows control group; dot
column shows hemin group; and closed column shows Sn-PP
group.Values are expressed as the means+SEM in each
group. Statistically significant difference compared with pre
treatment value in each group.+ +P<001, + P<<005,vs.pre
treatment value. Statistically significant difference compared
with control group at identical times. **P < 0.01, *P <0.05
vs. control group.
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Fig. 2. Changes in (a) serum creatinine, (b) blood urea
nitrogen (BUN), (c¢) serum sodium (Na), and (d) serum
potassium (K) after re-perfusion of bilateral kidney in WKY.
Open column shows control group; dot column shows hemin
group; and closed column shows Sn-PP group.Values are
expressed as the means+SEM in each group.Statistically
significant difference compared with pre treatment value
in each group. ++P<0.01, +P<<0.05vs. pre treatment value.
Statistically significant difference compared with control
group at identical times. *P<C0.05, vs. control group.

pre 6hr 24hr

PRA
(ng/mi/hr) +

AVP
(pg/ml)

Fig. 3. (a) Changes in plasma renin activity (PRA), (b)
plasma aldosterone concentration (PAC), and (c) arginine
vasopressin (AVP) after re-perfusion of bilateral kidney in
WKY. Open column shows control group; dot column shows
hemin group; and closed column shows Sn-PP group. Values
are expressed as the means+SEM in each group.Statistically
significant difference compared with pre treatment value in
each group. +P<C0.05 vs. pre treatment value.

(4) eEeEklc X B3 BMmIcHIT B HO-1 DHEIEF (Fig. 4)

B IC 51 2 HO- 1D R Bl 2 oy itk 2 v T
FEt Ulz. R aG O B g 3T, HO-1IE AR EBRIAK,
FRANE, BEXUMEOWITNICERERBEIZIASNK
Mot —JIBIMAEERK TIE, W% ED, KM
B2 OICHO-1DFREMNED 5 iz (Fig. 4a). X
T2 BIMEERE SRR T HO-1 O 5 M a7 I
Roniahote. TORME TOHO-1DREBIE I
FERB24RERICBVWTEED 5Nz, —/Themin

(@

(b)

©

=¢ ".! 3. ’yﬁ"(

Fig. 4. Immunohistochemistry of Heme oxygenase-1 in
kidney(a) HO-1 was expressed in tubules after 3hours after
ischemia re-perfusion kidney (control), (b) in tubules at
3 hours after ischemia re-perfusion kidney treated with
hemin (hemin), and (c) in tubules at 3 hours after ischemia
re-perfusion kidney treated with Sn-PP (Sn-PP).

BECIE, R IS % HO-1FEHIZ I & M Bgim
R izh (Fig. 4b), Sn-PPEETIE HO-1 DFEHIT T
L CW/z. (Fig. 4c)

(5) EMBEREBICE T Z2HO-1mRNADRITE(L
(Fig. 5)

PR AT O cRED B g 381 2 HO-1130.2£0.1,
REMAETRE, SHFICHBIF 2BV Tid, 1.1+
0.2 L HREICHE O ZRYD, ZORBUIE M EE
F4 6 T1.2+04Tdh > 7z, HE I FUEFR % SR
O mRNAH Bl i3 hemin £ Tl 1.4+0.4 & A 2= 1 H 58
U7ehy, W2 R % 3R © Sn-PPRE T3 0.6 +0.4
CcREe i L CHREICHT Lz,

(6) EMBERBEICHITSecNOSMRNADFHIRE{L
(Fig. 6)

i M P YE TR AT O cBE D B K I 31 % ecNOSIZ 1.0
+0.3, REIMAEERRZ, 3FFRTICHE L T0.98+0.2,
I A VE TR 2 6 T1.0+04TdH > 7. heminff
I % M VE R 3RF I O mRNAFEBIIX 1.1 £
0.4, R FHEFR% SR TSn-PPRETIZ1.08+0.3T

HY, WINb Rl THEREEZ (L ZRD &
Moz,
(7) REEREBEICLSIERICE T SAQP-2DHIR
(Fig. 7)

B EIC 1) 5 AQP-2 D FE Bl &2 e e et ik 2 v
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THET U 7z, K aG o B i 50V T, AQP-213 R
MEZHODICREDRE S Nz (Fig. 7a). —Ji &
M RS4RI B W T, cBETORME
WICHBTBAQP2DF BT W LT Wiz, TORY
DI XM EERBUREBRICBVNTERED S
N7 (Fig. 7b). —Fhemin#f TIlE, &I FHER %
DN REICEH T 5 AQP-2D I D ik 95 (& c Tt
CHEBLTRETHD, 4FMTEEIEL TV
(Fig. 7c). —/)7Sn-PPEET D AQP-2 D F 13 1001 Ik
551, 24WM T ORI B X Chemin B & Lhg
L CTEHITEK T LTz (Fig. 7d).
(8) BhilcH1+ 3 AQP-2 mRNADHE (Fig. 8)

i 1ML P T AT OO e D B i I B8 1) % AQP-213 1.0
0.1, FMEERZIRMICBT 2 EKICBNTE,

451 bp

GAPDH

WKY pre ischemia

WKY 3h ischemia re-perfusion (control)

WKY 3h ischemia re-perfusion+hemin (hemin)
WKY 3h ischemia re-perfusion+Sn-PP (Sn-PP)
WKY 6h ischemia re-perfusion (control)

HO-1/GAPDH 20
1.51 4
Al
0.5
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g 0§ 0§ 8 g

Fig. 5. Expression of HO-1 mRNA in the kidney.
Lane 1 shows pre ischemia, lane 2 at 3 hrs after re-perfusion
(control), lane 3 at 3 hrs after re-perfusion treated with
hemin (hemin), lane 4 at 3 hrs after re-perfusion treated with
Sn-PP (Sn-PP) and lane 5 at 6 hrs after re-perfusion kidney
(control). Expressions of HO-1 mRNA was analyzed by
semi-quantitative RT-PCR, as described in method. Values
are mean+SEM percentage changes in expression of mRNA
(n=4). + +P<0.01 vs. pre ischemia re-perfusion rats. **P
<0.01 vs. 3 hr after re-perfusion (control).

CBET1.0£0.2, FEMFEETRTE3FHOhheminEE Tl
1.1+£0.3, REI R % 3R CSn-PPEETI1X0.9 =

0.4TdHH, AQP2-mRNADH EZFHBZLIZFED %
Mo fe. BN FERZCH D6 TDAQP-2
mRNAIZ1.1£0.2TH D, EiMmaie bl THER
ZERED SN Eh - Tz,
REE2 HO-1DEMBERZTDGFR, RPFICKIZFT
FEDEET (Fig. 9)
(1) GFRBKLURPFDZE(L

3-6I [l T DGFR T3, hemin#f D GFRIZ cBEIC <
HREEEEIN%Z, Sn-PPRETIEGFROAE/XK N
Rz, T OMEMMT 2427 HICB VW T LD 5,
cHED 78 +16u1/min/100 g & L U C hemin #f T 135
+15u1/min/100 g & GFRIZ B = IC L, Sn-PPEf

586 bp

GAPDH

WKY pre ischemia

WKY 3h ischemia re-perfusion (control)

WKY 8h ischemia re-perfusion+hemin (hemin)
WKY 3h ischemia re-perfusion+Sn-PP (Sn-PP)
WKY 6h ischemia re-perfusion (control)

ecNOS/GAPDH 2.0
1.5 4
1.0 A
0.5 4§

0 T T T T
ischemia (-) (+) (+) (+) (+)
hour Ohr 3hr 3hr 3hr 6hr
hemin (-) (-) (+) () (-)
Sn-PP (=) () () (+) ()

Fig. 6. Expression of ecNOS mRNA in the kidney. Lane
1 shows pre ischemia, lane 2 at 3 hrs after re-perfusion
(control), lane 3 at 3 hrs after re-perfusion treated with
hemin (hemin), lane 4 at 3 hrs after re-perfusion treated with
Sn-PP (Sn-PP) and lane 5 at 6 hrs after re-perfusion kidney
(control). Expressions of ecNOS mRNA was analyzed by
semi-quantitative RT-PCR, as described in method. Values are

mean I SEM percentage changes in expression of mRNA
(n=4).

Fig. 7. Immunohistochemistry of Aquaporin-2 in kidney.(a) AQP-2 was expressed in pre ischemia kidney, (b) Figure shows the
expression of AQP-2 in tubules 24 hours after ischemia re-perfusion kidney in control rats (control), (c) in tubules 24 hours after
ischemia re-perfusion kidney in hemin treated rats (hemin), and (d) in tubules in 24 hours after ischemia re-perfusion kidney in

Sn-PP treated rats (Sn-PP).
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829 bp

o T

WKY pre ischemia

WKY 3h ischemia re-perfusion (control)

WKY 3h ischemia re-perfusion+hemin (hemin)
WKY 3h ischemia re-perfusion+Sn-PP (Sn-PP)
WKY 6h ischemia re-perfusion (control)

AQP-2/GAPDH 20

1.5 7

1.0 7

05 7

0 T . :

ischemia (-) (+) (+) (+) (+)
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hemin () () (&) (-) ()
Sn-PP ) (-) (-) (+) (-)

Fig. 8. Expression of AQP-2 mRNA in the kidney. Lane
1 shows pre ischemia, lane 2 at 3 hrs after re-perfusion
(control), lane 3 at 3 hrs after re-perfusion treated with
hemin (hemin), lane 4 at 3 hrs after re-perfusion treated with
Sn-PP (Sn-PP) and lane 5 at 6 hrs after re-perfusion kidney
(control).Expressions of AQP-2 mRNA was analyzed by
semi-quantitative RT-PCR, as described in Method. Values
are mean+SEM percentage changes in expression of mRNA
(n=4).

T 1E52+10ul/min/100 g & 5 & 72 GFRD X T 7z &%
®7z. (Fig.9a) —/7RPFDZ(tE GFR L [AEDZE b 7%
BT, Bt L g U T 3-6H 5 T 0 hemin £f O RPF
EEICHEINZ, Sn-PPEECIEIRPFOARELE N xR
. TORCIF2427TREIC BN T ERDH SN, chif
E Ll U Chemin BEORPFIZ A =ML, Sn-PPEf
ICBWTRPFIFERICIC N L7z, (Fig. 9b)
(2) RIFEEDEIL

36HFE T OIRIZE L, SEEH TAHERZ(LIER
HHENIEH o Teh, 24278 5 Oheminff T & chf
1050 £ 53 mOsm/kg H,0 & [k #& L T1280+156
mOsm/kg.H,0 & H E I #4n, Sn-PP#f T 13460 196
mOsm/kg. H,0 LRI R LTz, (Fig. 9¢)
(3) IR cGMPDZE 1t

PR cGMPDZEIZ, El#lc &1 5 HO- 102 k&
kR 238 7z, oD I I /5 1 i 74 3-6 IRF [ D
JR 13384+ 22 pmol/h, heminff D 3-61 [ T 13430
+23 pmol/h\ & cfif & Lblig U T, — 77 Sn-PPH#
D 3-6 5[] T 1% 341 + 28 pmol/h\ & H = Iz ik % 38
iz, Tz, BIMFETRE24-27R O R Tl cBED
448 +36 pmol/h TdH - 7z DI %t L, heminff T533
+28 pmol/h & F EIC M hn L, Sn-PPHf T408+26
pmol/h L HEICHAD LTz, (Fig. 9d)

Z B
Heme oxygenase (HO) (3HPS32% 1 & [A] £ I,

At
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: Uosm
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3-6hr 24-27hr 3-6hr 24-27hr
700
RPF 290 GMP
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Fig. 9. (a) Changes in glomerular filtration rate
(GFR), (b) renal plasma flow (RPF), (¢) urine
osmolality(mOsm/kg.H,0), and (d) cGMP after re-perfusion
of bilateral kidney in WKY. Open column shows control
group; dot column shows hemin group; and closed column
shows Sn-PP group. Values are expressed as the means
+ SEM in each group. Statistically significant difference
compared with control group at identical times. **P < 0.01,
*P < 0.05, vs. control group.

b A N LA, BUiErES 3 v 7, &SI
JEREICK > THFEINA AN L AEATHD, AL
DRI BN TEERE L UTIEN T %, B T3 nitric
oxide (NO) DNEZ L FHHL TH YD, NOH HE LB
DOIEERFEOHEIN FTHAHZ EMHOENTED,
EHERERIKICEWTHOLEHHE L TWEWnT &N
WMETENTWS. U UK RE Tld B ikl HO-1
NFEEND. THETICE BRGNS I
HO-ImRNAD B 2 H, F ik DB HEBICH
WTHOMWRBT 52 &%, ESICHMERICENT
EEEMEMEIC X B BRICBO THRERMAMNIC HO-1 A
RITBHEDPREENTVEE, L ThET
ICEHARZ L9 3 BEOBEMHEMICIT 52 HO-10
FE M U, SRERARELAE O JRAIE IS 3510 THO-1
DRELTWAZ &, THICIGABIEDRME XS
CICHRERIRICHO-IDARBE L TWwWaA b Z2WEL T
WAY, CNETOMETIE, HaLOBBRECE
WTHELTWSHO1IZ, WIhiBiEzREdT %
HRTERALTWAZ ENHRETNTWS. £z, IR
WS #1245 9 % cisplatin *® gentamicin I K % Bl
EEFIICBNTE, HO-IDEEIC BN THFE I N
T#H D, HO-1%ZSnPPIC K DHET B C & T, BiE
fEEOHENEONE L ENTWVBEY. HEkiED
B 5.9 2 HURBRASLKIED A HIGBM) 1< X % 5RBk{k
B 2$E 7 )L Tld inducible nitric oxide (iINOS) D ¥
NERTZCEMNSENTED, TDOINOSHHREkA
EEMEIEHT 2 EMHIENTWVWS. TOXHEE
TIVICH U TheminZz# 5.9 % C & ¢, HO-ImRNA
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OFBEMEML, ZNHNINOSOFEZIH L, HKRER
AR EZ MG 2 HNC/ERT S T ehMEEINT
W %% % 7 nephrotoxic nephritisiC 35 V> T, hemin
G LUHO1ZKET 5 &, VilsblEH, it
AWAER, PUM/MRIER, & 5ICiEERER D
5N, ZOMEBEREEOERNMIGIE NS Z ENHE
INTVWBD. i Aizawa b ld, Ang U5
IZ&K D GFROIK R EEARDOHEN RSN, O
TTFIVTRIKMEICB O THOINHEIL, Sn-PPOD
R EIGGFRZK FEH, EARZEME LS —7T,
hemin D 513 GFRZE T BHEARZRD TES T
ERIRELTWVWA™. D& S HHO-1 DB IR #NE
A&, MERZICKSEFEFICBOTSE, Eiric
S RERATRZICB VW TL B LN T EAHRE SN
TW5.

SEOHRLZ OB TIE, BMEEFRBICENT
HO-1D RS IS HBL L, Z ORI ML THIET
DOHO-ImRNAD A FE S 5 N7z, hemin D% 5.1
PRAIEIC B 2 HO-1 OFRBIZH NS ¥ 7. —/5 Sn-PP
DR GIZRMEICEH T 2 HO-1DOFHZ A &8 1.
B TENEE OMETTlE, hemin OF 513 FVERIE %D
RPFZ N & ¥ GFRONE R & 725 L1z, Sn-PPD
BEIIHERE% X O RPEZHADEE, GFROK 7%
725 U7z, hemin B Tl F 4 3R H LIZRICIR
EOWINZRSD, 120 HLRREIZRLICHE DL,
Sn-PPEETIZIRE D B E et X UCheminft K D
EN, 12050 H LRI IR EDOHENNZ B Tz 6 O DKIR
BERTH > 7. AQP2DZ{LTld, Sn-PPEETIIIR
MEICHB T 5AQP2DFBUIML T L, & <IT24 K¢
HORME TOAQP2FHHNEIHIIL FLzC &ic X
DIRDPEFEIE F 2 &=L, REMEMLIZ D EE
Z 5Nl T DOAQP-2DFEHE hemin Bf T3 il il
LTHD, HO-1DBLRERFIC K 0 JRIE R E D
BN E N 24RFEE TORENM D LIz D /-
b, LLEOFENS, HO-113 5 il F iR O &
DPRAE Z2 DI HEE UIKIIEIC 51 % AQP-2 DFEH
TR, THICBIMRZHEINE Y GFRZIED T &
AIRENTz.

CNETICH, BEETTIVICHT % HO-1DEiK
{REEVEH OREF & U CRPFX GFRODMEFFAVER 2 & #Y
HBENTVBEY., BLOFEL, REMEHOKFE D
—ORBMmnHRc ks b0 Ebni. TDOHO1
IC X BRPFHEFRF O & LT, HO-1D R BB NI
PES CODFEAEMMcGMPO M ZE & =5 L, &
MEDIEEE TS L TWBAREENRE SN T
W3 P, —J7cGMPZ TS % IR E, NOD
MR OMSE HoN5. 3hb5, ik B

ICEBEWTHEEEN S hemeld, BKICHBVTNO &4
BT BT ETNODIEREERESEE T EMMENT
W3, HO-1D BN BV, hemeZ /3 fiRd % T &
TNO DML 57 U M2 X % nlREMED
HBENTVBE™, ZOEHEOHO-1D M HLIEEH
DAic, Aizawa 5 (& Ang I 51 £ 5 GFROK T &
EHROBMMAZNHT 2 e Z2MELTED, BT
FHd B HO-1I1C 3 Ang NCHES I T B1EHOH B &
DG LTWE?, SREIOE L OEIMFHERS TO
Mafclk, mMhoL=v-7oIF 5Ty U RIB3EE
MTHEAREERS A>T Eh b, Bk
WKRIETL=y- T oI T U VROBEERVE
DEEZ N, ZTOMICEHOIDEREAY VIY
LAMBNCER Lz alREME & 2 S ey, SRl A4
DFERTIERERIA, R XY Iy LifIic BT %
HO-1DORBIIRD A>T &b, afHEMIZ R,
EDEEZ LN,

SEIOF L OFERTIE, HO-1DOMEH L UTCIRME
D& KRB 5T 2 mMh BEAEICNHIT T
AQP-2 DRI B DB 572 LTV % nlREMEAV R
INTz. bbb, 24N TORME TDAQP-2 D¥E
HiZ, Sn-PPERCBVTCHIHIENTED, —/7hemin
DFEIC K D AQP2DFHII I L TWiz., ZOHER,
24 F5[C D Sn-PP#E T D JR D IEFEFEBEIZIH 5 ML R
LT\, MO MBFEREICB WV TAQP-2 D%
EHAWD L, ZHICHEVROBHREMEFTSC L
Kim 5" Iic k> THEE N TW3. Fhuc KN
BEERE TIRAVPHR ST HE S FROEMEREIZ Y L
TEO, VI ZEEHBEICHES AQP-2 D LRAEE FEHIA
DREEBEDENENEINTWVS., FHUEY, [E
MBFERIC X 2 2B AREICBWTIZAQP2 DFEH
FEIHNZE LTS AR ZRE L TWd. TOZE b
13 AQP-2 D AVPHI|FRIC £ 5 Hil Fu B N O AQP-2 D 5 i
INOBENEEE N TV ARENEERET 2, 7
DOHFEE LTAVPOY Y RAv R I¥y—TbhH 5
cAMP D 2 [l #% FFE TR T OBEEIMANC 331 % pe s
EOAUHEEDNRE TN TS, T DAMPEEED
{X Fi&, adenylate cyclase D ¥ H R GHEEHDEFIT X
DELZEDMEEHZNY, ZOIEHAETICD
WTIEIHS M TRV, SOOI L OS5 Tld hemin
OGN RME TOAQP2D FE Z e L, — /5
Sn-PP D5 M AQP-2 DFBIZIFI LTz, Lizh>T
hemin N E#ZAQP-2 mRNADFRETHEZEL, HEHS
R EHE U7z nlBEME & & 2 SNy, SO AW
BT 7% - 2 AQP-2 mRNADRT-PCRIC & % & Tl
AQP2mRNARH D H EEZiT Vi L RO
o Tz,
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BIC BT B CODERENCDNWTIERIZHS T
VD, AEIEREICHIRO & NS MEDN IR I N,
Yachie 5 13 5 KIICHO-1Z R L TV 365k D /MR
OREGIZ S L™, Z0o/NRTRIERICEE K
EREND O, FENERMEENND SICE D
DOOEINT MO VIEEMET, #ceV)LE 3K
EThHolz. EREERRARICEAENR SN, i
Hx N EDFIEN RO b Nz, & IR H
ELUT, BERCEE R TIERERIAD X > ¥ L
fa s L RREEOEN R 5N, & 5ICEETHRER
RN TR 5 TICNE FANDTEEYID RO 5N THED,
CODRIBMI LM OEFEEFEZ R ITH2ZRLT
W5, TOMEICEINE, CONEEE S DI2H
ORBRICE VTS CTHEERKREZHS> TVWEH
EHLMNEBDNED, REZDOFHMITOWTIEAR
HTH O SR SRR EEEZ OGN, £
A, HO-1RIEY W A7 5 CICHO-1 D@ EIFHEH~ ™
ADMENR SN ZOHEICINIE, HO-1DKR
H< U AT Wild type & [Elg UC, [EHRFFOIMEIC
AIABNENEODIBLZ V) v TS M i
FUER LIz & T3, AEEMED EF & OIRIEANEE
HoENTz. TOMEIZHO-1DIMFED FFINHIVER &,
DIERAROMFIER ZRET 580 L Bbhi"?,
THICT O T ADBRIEEIHICEMmICES <, REIic
PPN BAZOE(L RO ERMRENZC
ERWME LTS, TO/MEIE, SEIOEAL DRGHR L
—HTBEDTHY, HO- LB ZEm»SHEHEL,
BRSRED B THT 2 HERK T TH B T EHUR
XN/, —7Imai 5 AV L7z HO-1 D@ I FH I~
TJATE, WkH 2 EICHERINED EEMNRS
Nz, TOX T ATIZecNOSOREMFHINED 5N
e 5, HO-1DMBREIFEEIANO OFEB Z il L,
M ONOIC T ZIRKISDE R R 5N,
INBICEOMED EFANEDENIZEDEEZ D
N, Thsoxw AR EHR 7R T3 Wild type
EEDNE SNV, RENTHT 2T O R HMHE
WENTEHL, HO-LIWHH S DREICH LA ML
ZEHE UTHREL, B OO REICER L
TWVW3EDEEZ SN,

SEOEL DRSS, BIICE T ZHO-1D
FEIE, BIMICERS BiMEOME T, & 5ICRM
BADEEEICH U THO-1 R IC L,
BEEOEENSBHMEAELTWVWEIEDEEZ
5Nz,

F &
1. AR E T ER OBMIC BV THO-1DFEBIL,

RER(K, JRANE & ISR D - . BIEEFRE
DB I T IR IC HO-1 DR BTz, 2D
FBIXSn-PPIC K D 53 L, —/Theminic X D 5k
L7z.
2. B FHERE OB K IC IV THO-1mRNA D ¥ B
Rz, TOFBIZheminD 51 X HEIC
Whint, —/4Sn-PPOREGICEPVERICHSE Lz, —
}7ecNOSmRNADFHIL, WINORICEB N TEH
B bR isino T
3. BIMEEFREZOB T, 0-3FICHBWVT K
FREDW D% ZBD -1, 3-6HMIcBVWTHERIR
BRI % RS 2. heminf& 5.8 T3 3-6 BFRIC JR
mIFEMU, 12-24KERIDARETR 2 I k4 L7z, Sn-PP
HTRIREBOEEIZEIICIE N, 12-24B5[LIE T
AR RO Nz 388 7z,
4. BIMEEREZICE VT, 6HFICI 1> % PRA
PAC, Ang 1, Angll, %5 UICAVPIXHEEAZE(L7E
RDEhoTe. iz, SHETOERLGEZRDK
Mmoo, 240 H TIAPRASEE E & A =ICH N
L 7z. PAC3¥ X UFAVP3 Sn-PPEE T nif fili ic b L
Bl U-D, 3B THERAZZRD SN
Mo Tz,
5. ERETIE, BIMHEERITOBMICIBNT, R
HENOAQP-20D B ZilH 7-. AQP-2DFE B,
I HERRICHAD ZED . — T OFREIF
heminf& 5.1C X O #ii L, Sn-PP¥& 5.1 X D 59 L 7=
24FF [ H O AQP-2 D FBLIX, cBf & bk L T Sn-PP
FECIIEIICHGS 2, hemin B ClI R Z 0D -

6. B HERZOBIKICIHB T, AQP-2 mRNAD
BHEGEZRD >, £z, 3EHEMICBWNT

AQP-2 mRNA D ZaFHALIEERD M - 2.
7. GFREB X ORPF T, cff & bl L C3-6H5[ T
heminBHI A =/x LA %, Sn-PPEETCIIAELRIE T
RO, TOZALIF24-2THIC BV T LR
5N, cBEL i L Cheminff® GFREB X U RPF
BAEEICHEMMZ, Sn-PPEE TR AEZIK FZR
b=

8. 3-6HFR COIRIZEITL I, SEH THERZ(LIZFE
DENTTI o T, 24-27H O hemin B Tld et &
bl U CAEEICHM, Sn-PPHECIEARICIKILT
Wiz,

9. 3-6I¢f ¥ X U 24-27 RENC I8 B B I ETRZ D
% T, heminBE TR cGMPD 7 7%=, Sn-PP
ORIV AEREICHAD L .

s

JE I PR I B\ U E I HO-1 D REBT Tt &2
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Rl TDF v bANDhemin D 5-1%, HO-1D ¥
HaAMmER, —SnPPO# 513, HO-1DFH
Uz, Biffr 8O MG T, hemin D &5
W FERE %O RPF Z i & 8 GFR 2 8 & B 7270,
Sn-PP D % 513 FFE TR 1E % X O RPF 2 ik 4 & ¥ GFR
FETEEZ REDOZ( T, heminff TIXHER
% 3ME H LAZ I N2 58, 120 H DA% IR 4 1
> U, Sn-PPEETIEIRED[HEIE 1F cBEF & Uhemin
X DEN, 120 HZ N ZRD 8 DD
RIBITIRTH o Tz, EIMHHERL24RIC B % &
TOAQP2DF B3 hemin i THYsR L, Sn-PPHE T
I FLTWzZ s, 248 I % Sn-PPEE
T DKIEIR DI FRANE I 1) 5 AQP2D R BID
FZATETIOBE L TWs 80 L Bb Nz, hemink
ERTIIRMEICB T 2 AQP2DRE XL, JK
DEMENMHERI TN TwsEtD bz, LEXD
HO-1DE i T OFBULIRME I 1) %5 AQP-2 D F B
EHERFL, T SICBINFR S CICBHREZ M L T
50D EEbniz.

FRZRABICHID, HIEEERMZRO XLk
S T R RS T Mk A S 27 R B0 R P B LS RO
TZUET. FREEREFENZZE, KBRYITH
8820 £ LIRS IoH KBRS EH# T
L% 9. F7zheme oxygenase-1 (HO-1) IZx9 3 Hifk
ZRMAE L T W T BEER AR A E LA L2
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