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Mechanism of Progression of Renal Insufficiency in Rat with Glomerulosclerosis
Hiroe Imai (Department of Nephrology, Saitama Medical School, Moroyama, Iruma-gun, Saitama 350-0495, Japan)

Objective: To investigate the role of the renin-angiotensin system and sodium in the pathogenesis of
glomerulosclerosis, I examined the effect of angiotensin converting enzyme inhibitor (ACEI) and angiotensin II
receptor blocker (ARB) on blood pressure and renal function in rat with glomerulosclerosis, Milan normotensive
rats (MNS). Method: Experiment 1: Twenty-four 8-week old MNS were divided into three groups as follows (1)
Normal-salt diet group (0.5%NaCl), (2) Low-salt diet group (0.1%NaCl), and (3) High-salt diet group (6.0%NaCl).
Each diet was given for 32 weeks. Experiment 2: Twenty-four 8-week old MNS were divided into three groups as
follows (1) ACEI treated group (Delapril 10mg/kg/day), (2) ARB treated group (CV-116 3mg/kg/day), and (3)
placebo treated group (control). Each of these antihypertensive drug was administrated per os for 32 weeks. In
both studies, during the experiment, body weight, blood pressure and urinary excretion of protein were measured
every four weeks. At the end of study, after measurement of plasma angiotensin I, angiotensin II, aldosterone
and renin activity, renal tissues were obtained for light microscopic examination and for measurements of AT1a
receptor, AT2 receptor, ecNOS and HO-1 mRNA by using RT-PCR. Results: Experiment 1: During the experiment,
renin-angiotensin system was high level in normal salt-diet group and it was more activated in low salt-diet. There
were no significant differences in blood pressure in three groups. Marked glomerulosclerosis and interstitial cell
infiltration, which were found in MNS were significantly aggravated by low-salt diet. On the contrary, glomerular
changes were significantly ameliorated by high-salt diet. Experiment 2: Systolic blood pressure and urinary excretion
of protein in MNS was significantly reduced by administration of ACEIL ACEI treatment induced significant elevation
of the expression of AT2 receptor, ecNOS and HO-1 mRNA in the kidney. ARB treatment induced significant
reduction of the expression of ecNOS and HO-1 mRNA in the kidney. Marked glomerulosclerosis and interstitial
cell infiltration, which were found in the control group were significantly ameliorated by treatment of ACEIL On the
contrary, there was no significant improvement in ARB treated group. Conclusion: From these data, I concluded
that histopathological change in the kidney in MNS was determined by the activation of renin-angiotensin system. On
the contrary, nitric oxide and heme-oxygenase plays as the protective role in the renal insufficiency. Furthermore,
ACEI and ARB were different from renalprotective effect in rat with glomerulosclerosis.
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DEBERENEZELENDEON, ZTOEEIZOVTIE
HIRE UTHRHGRE 2L, BEBELNOAERZIA
BB L TR0 | Zoldic, [EIFERE
MR LT BICEBED S TENEA &L 755 B
{LIE R E RIS L T n» B ™

SlEREHT AW 72 Milan normotensive rat (MNS) &
B EE A 7 & L THIS N TV Sl g S s
FEZEDEWICEIND 5T, ISRV RERIARE L
BOUICHERENER L, RIHEARICE S BEE
ETNTY bTHBTENMETN TS ™. Milan
rat{ 197341 1 % V) 77 D Bianchi 5 A Wistar rat/» 5
7T L7218 T3 b, Milan hypertensive rat (MHS)
EMNSICHFENS Y . FHCMNSIE, #EE D %K
BRIABE Lo R ERR S 2289 A, M RIHE A~ 22
BIB5XIICEZETEATSEIEARL, M/
AR OBELIZTR EFRD TR & S R R miE % R L
THo, H%1I6GETIREADOHE, 205 THRER{IAR
b3 XU HEORRMEL & MfREORNREZ B L 4048
HTKRIHBEARZ K- LIECT BT EHAMEEINT
W39, BIBMNSIE, EHIMETHBICEEDS TR
HA X O RERIARE(L 23k 72 U, 1THEDINICER AL E DVRHA
BARICEDIECTH LV Rz E T 5. MNST
OB EEAE R ICE U CBianchi 5 ZH.0ICEZ L D
st EhcE Y. TXA2ZFLE LT SF Ry
W/ A — RROBG ™, & SIS AR IME & b 75
EORBMROEHOME Y NRET N TS, DLED
X 91T, MNSE &M ESEZ fEH I B R DR 2
"5 M5, EIMELNORERIABE L OHE R T 7~
HEMMCT 2D TEREETIVEEZ BN,

A el i DAY O SRR L E OO A R B 7 72 H 5
MC L, & DHICZDIREITIEZMENLS % 7285 ICMNS
D B fEE A T 12 DU T Renin-Angiotensin %, &
5l —lE{kZE2: (NO) 7% 5 UMl Heme-oxygenase (HO)
DI BT 21T Tz

WNRGZSVITHIE

5 %

14 H 160-250g OO MNSHR £ 48 VT 7 FH U 7=, i, MNS
ICDOWTIX, BRI KRB 2 —
(BREAEER) K O R Tz 720 e,
2B 1. Milan normotensive rat O £ RSZEICEI T 5

SHFHMRO MNSHfE (n=24) 7, LBt WIEERE (0.1%
NaCl&, AV 2)UlsRE (#F), HEl, n=8), CHE:
IEHERAEE (0.5% NaCl®, 4V > Z)VEERE (BR), R
5, n=8), H#f : mIEARE (6.0% NaClE, AV TV

EAZY S

ZOVEERE (BK), AL, n=8) DO3FHIHIEL, 323
IChlzo TROABIZE LTz, 4RBICRE, MF, JRE,
REFBRE, RboF R YL (Na), Y YLK
BXUorus4 R (C) JeMtEZHIE Uz, ST
% (403 R ICWrgaERIm U, 14 angiotensin I (Ang
I #5 K& Uangiotensin II (Ang II), aldosterone (PAC),
renin activity (PRA), ¥ X U f1 75 O # & B (TP),
blood urea nitorogen (BUN), creatinine (Crtnn),
BEXUNa, K, CIORE=ZTT> 7. T D, FRICTHE
HE U 72 e B il e D TR B HARSE AR 2 F R LU 72, &5
WA BT A E R O CRudinig L, —80°C TR
#1%RNAZHlIHH L, endothelial nitric oxide synthetase
(ecNOS), heme-oxygnase-1 (HO-1), angiotensin
Il type la (AT1a) 3Z%5{k, angiotensin II type 2 (AT2)
ZRAEDOmMRNAD R B 7%, & & M Reverse
Transcription-Polymerase Chain Reaction (RT-PCR) {4
ZRHWTHEREL Tz,
F2E% 2. Milan normotensive rat D & [ & @I 35 X IF
3" Renin-Angiotensin (R-A) &ICREH9 % Fhk

ST KE D MNSHf (n=24) %, placebo®f : 0.5%
NaCl&+1% = % / — )V /A # 1 ml/day (n=8),
ACEI#E : 0.5% NaClf+ Angiotensin converting
enzyme [ 2 3£ (ACEID) : Delapril 10 mg/kg/day
(n=8), ARB#f : 0.5% NaCl& + Angiotensin 11
typela®z 25 1k 15 H1 3% (ARB) : CV116 3 mg/kg/day (n
=8) D3FHCHFAL2BEMIC D7z > TREBBIZ L T2,
Delapril 7z 5 UM CV1161%, 1% TR/ — VIR A7
U HERKE (gavageid) % U T 320 8 H AR T4
H LU, ®5HAMY, 261 L ARRIC 488 TIRE, 1M
£, JRE, IREAPREE, R Na, K, CIERitEZHE
U7z, SZERE 715 (4030 1B L, 4 Ang
I,AngII, PAC, PRA, B X UIM#ETP, BUN, Crinn, Na,
K, CIOf[EZ1r>o7z. T Hic, 1 L FEERDE
T, K&z CRMHMEARZFR L, Az
FIV T ecNOS, HO-1, AT1a%2&(k, 38X U AT25Z27A(k
O mRNADFE2 E &I RT-PCRILIC THEE L 72.
SAEHEEH 7 S CICHlE A1k
It 3 75 5

U I 1 tail cuffys (V7 b v 2 JE@n = A #)
MEHESEE, BPOSA MRSty 7 by, ®y) 2
W5 EBERE L THE L, Z Dk b TRkl
72 BRU N Tz 3[Rl O I+ 72 FH U 2.
PREJE B K IR

P&, JREFPEIE, JRPNa, KBX U ClIERE T
AAEICE U 32 EMRd st Uz, BRIRIE, &EBIRT
— V% W T 24 WF [ O FR 2 T2 RE [ AT L, £ D
FaEz e, IREAYRRIE A a—bLy R
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HEO VT, EHICRFNa, KBXOClktREE,
A& VSEINEED & O THRIE L. PRE AR
mBXU, R Na, K, ClEEtRIEJFEAIE LT, 3HR
DHEZITVZDMEE Uz, JRA Crinn {llE 15
FiEM %, RHPBUNHIEIZ Y LT —¥ - UVIE? &
w7z,
M AL 2 IE /5

Mm#%Ang I, Ang I, PAC, PRAF X U IfiiE TP, BUN ,
Crtnn, Na, K, CIZHlE U7z, i U7z imiilx, Ks
L 7z ethylenediaminetetraacetic acid (EDTA) - 2Na A
DERIME GmD IKHEAL, TNZTNOMRKIESIC
O %, Bl ZEBREL, —20°C THIE X THtS
f#17 L7z. Angl, Ang I35 X U'PACIE S 1PIIAR &
LT, PiAngl, $HlAngIlH X CHLIAIdPUAD T F i
Z, H2BUAM E LT, v U FHUAY Fis z H
W, ZLThL—Y =1k & LTI angiotensin I,
"1 -angiotensin II** ¥ & U''*I -aldosterone ( 77 )L
RRFay ) 7Fy b, XAFKRy MR,
HEOPZH WS VF AL 7 vl ko fllE
L7c. PRAGHY~Y— - O—FTML=VF v b (F
A RR=1 VA EHE, HEOP 2 HOTHIE L.
I Crinn {7 13 BE 2152 %, MiEBUNHEIE Y L
7—¥ - UViE®? Z iz,
RNA D HfiH}

fi U 7o 45 B ik 72 ik R &8 32 C A E L, TRISOL
(GIBCO BRL Rockville, MD, USA) Z/inz, wEIF
AY—, FynrayX—H TEHELL. D
#%, Chloroform, phenol/chloroform/isoamylalcohol
(PCL), propanol, ethanoli K U'3SMDEEEF kY ™
L7z W Cethanol PR 21TV, SEERAGIC7T5% T &%/
—)V L%, DEPCHLF/KZ i A FEBRIC W 72,
RT-PCR (Reverse-Transcription Polymerase Chain
Reaction) JAIC K A HMH

Wil 5% ZE )G - Reverse transcription (RT) 7% FW
T, HE5MN CHRNAZEHM & U7z cDNAD G )IGZ
TV, ZNZzeER & UM primer Z Wz R X5
—Y i polymerase chain reaction (PCR) % GeneAmp
PCR sysem 9600 (Perkin-Elmer, Inc, MA, USA) 7 >
Tiro k.

DEPC/L ¥ 7K IZ ¥4 A L 72RNA® Dnase 4L # 7
1T o 7z. DNase I 10 X Buffer, DNase I amplification
Grade (GIBCO BRL.Rockville, MD, USA) % hiZ
TRETI0 plZ37°C TS MmE L, X<, Z
NICEDTA 1 plin 2, & 51270 °C, 1545 i hn i
L, DNase I D&% {51k U 7z. T i Oligo (dT)
primer (GIBCO BRL. Rockville, MD,USA) 3 p 1, 5X
first Buffer 6 p 1, dithiothreitol (DTT) 3 1, dNTP

mixture (TAKARA, ®H5H) 6pl, WHEHATH S
Super script II (GIBCO BRL.Rockville, MD,USA) 0.7
plzhnz, 42°C, 600 TR L, RTRIGZ & & 7.
T OcDNA 1y ICDEPC/HL B 7k 32.5 ;i 1, Dimethyl
Sulfoxide (DMSO, SIGMA-ALDRICH, MU, USA) 5 p 1,
10 X PCR Buffer (TAKARA, #50) 5 p 1, ANTP mixture
4 p 1, Forward Primer (Fw) 1 p 1, Reverse Primer (Rv)
1 p 1, rTaq polymerase (TAKARA, #5) 0.5 u17%Z/n%
TRETH0pulEl, TNz CTH7, T HICH
°C T30, 58°CT1%y, 72°C T2% 7% 25cycle & \» 5
SMFCPCRIEE BTz, 1% 7 Ha—A7 IV EIER L,
100 VT 307 Myk#hitg, TFFULT7a~xA RTHRE
L, ZO7IVDEHEZ AF v+ — (EPSON GT-9600,
EPSON#t, # 5) % i\ T Macintosh I 1 Ht © A
H, BTOT—ZIIEG#NTY 7 & TdH % NIH Image
(Scion Corp.,Frederick, Maryland, USA) 7% H \» C fi#
#r, E2{EL, ZOWEMIANHLI> ha—)LTHS
GAPDH (glyceraldehyde 3-phosphate dehydrogenase)
DETER L THxHEZ R L.
Primer DEK

Primer DERLICE L T ecNOS, ATla%Z234k, AT2%2
HEK, HO-1DEALZDEF—T 2R F L TV 2 BEHID
HHRESI K D, B4 DOERNLAEENES % K 5 primer Z &%
At U7z, &M Primer OFIEIC DOV T, LANICRT E
DTH5. 1, FEIMAICIZSTE O primer % HT W2
HELREC%1 0D Gene Bank accession number 35 & ¢F, PCR
fragment size #7879,

ecNOS primer (AF85195, 587bp)
Fw:5"-GCAGCATCACCTACGATACC-3’
Rv:5’-CTCAGTGATCTCCACGTTGG-3’

AT1a primer (M86912, 375bp)
Fw:5"-CATGAAGCTGAAGACTGTGGC-3’
Rv:5’-GCGCACACTGTGATATTGG-3’

AT?2 primer (U22663, 1126bp)
Fw:5"-TTGCTGCCACCAGCAGAAAC-3’
Rv:5’-GTGTGGGCCTCCAAACCATTGCTA-3’

HO-1 primer (J02722, 450bp)
Fw:5" - TGGAAGAGGAGATAGAGCGA-3’,
Rv:5’ - TGTTGAGCAGGAAGGCGGTC-3’

GAPDH primer (M17701, 452bp)
Fw:5"-ACCACAGTCCATGCCATCAC-3’,
Rv:5’ -TCCACCACCCTGTTGCTGTA-3’
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lk#s D EEZNER, WM LB Z10% RV
UVICREE L. ZNZ2HWTEE 2~3 umDYJfy
ZEBIL, "R bFV Y - ATV (HE) Yeta, i
JUEMT v T (PAS) Y, THicvnl —Rifg,
FEAFEAM B Olympus provis AX80T-64FLBD (Olympus
Optical CO., Ltd., 50 %2 VTSR, i L7z,
a. RERAZE LD ELHE (Sclerosis Index)

SRERIAZE(LIZ PASH IS K D, Raiji RS L 72>
Sclerosis Index Score & JEICH|E Uz, HUEL LT
RERADZALDIZNED (=), BED XY T7T L
DOMEZ 1T E D (£), segmental sclerosis (+),
global sclerosis (++) & L, 50MHDRERAZHE L,
RERAEEEE LTENETNZ 14508 L, ZDFE
S SRERIARE{EAE 2L (Sclerosis Index) & U7z.
b. MERZ D LL#E (Arteriolosclerosis Index)

MEWHZIT DN TIE, Katsumata B OS2I HD
¥ Arteriolosclerosis Index ScoreZ B HliE Uiz, HAEL
LT DInNE D (-), MEREDRRE OFRHENEATE A
oo, MBENRELIE EZEE N, E0(3), AR
KO T HIC—EBhE X TR ORIEN R SN 5,
MEEEOMAHEHEDOE L < 20D (+), WENZE
AEBAZEL, i, SRR OE LW ESEN RGNS
D (++) &L, 10DMmEZHE L, Arteriolosclerosis
Score& LTCZNZTNZ1-4558 L, ZOF S Hk
BE{LFE24 (Arteriolosclerosis Index) & L7z.
c. MEHEZ O (Interstitial cell infiltration score)

R WEZ51C DUV T ld Nakamoto 5 DR G2 I KD ¥,
Interstitial cell infiltration score Z 1% U7z, #fLAK—

EAZY S

HE O R O MR 2Tl L, ZD204H%F D
14 7 [ A B2 1 45 24 (Interstitial cell infiltration
score) & L 7=.

L E-I-

T—2EITNRCPE T EHERE TR L, el
{3 Macintosh O Statview IV (SAS Institute Inc NC USA)
ZREH U, IE, AH, R, RESPEE, RE
Nafiit s, JRAPKPRMEEZR S CICIRANa/KIZ DWW T
1%, Two-way analysis of variance 7 > T BER LLik &
1o 7%, Scheffe’s FZ217\, iR L€ DL
{t, Sclerosis Index, Interstitial cell infiltration score ,
Arteriolosclerosis Index , Ifii{& Na, K, Cl, BUN, Crtnn
IR 5 CICRT-PCRO 7 — R I DWW TIE, One-way
analysis of variance & Jil U\ 7z 1%, Scheffe’s F7& {1\,
et Ep<0.05Z7z8 > THEADD & L.

fm R

24 1. Milan normotensive rat O B2 I BE S 2 MET
(D) A & Ui EDORERFIZE

HREOZLIE, ERERIE8HHE T1904+9.2¢g
N 408 T280.5+19.5 g, Tkt BRI 8 i T 180.5
+8.6 gH 403 R T13261.8+20.3 g, hE R8I
5 T185.5+10.2 gh3295.6 +24.2 ¢ T, 3Rt THE
HEFRD NG o T, MUTFORIFNZE T, B
H, IR X2 ERMEOZ#IZED 5T, 405
HRlC BT 2 MR 2 € 132.8£10.1 mmHg, IE
B ERT135.6+£11.5 mmHg, MEEH TI13138.8+
9.8mmHg Th-7=z. (Fig. 1).
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Fig. 1. Effects of low- or high-salt diet on systolic blood pressure (SBP) and body weight in MNS. Values are expressed as
means+SEM. **P<0.01, *P<C0.05, statistically significant difference compared with normal-salt diet group at identical times.
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(2) [REB X UREATRIEE ORRFNZ(L
JRE D2, 400 E T, ERER1E11.8+1.0
ml/day , iEEEEZ6.1+0.6 ml/day &K FZZ28,
IS ERIZ73.8+72 ml/day L HEA LR ZRD T,
FREAHRROZIE, 408, FHEARIZ476.3
+40.7 mg/day , JEHEER3588.9+48.2 mg/day & H
BiEREAEMEOREINERS . —)7, Rt
W, IREBEOFBIEEIE L, 403 i T398.2+38.8
mg/day & GEZBDHE SNz (Fig. 2).
(3) K Na, KHEMEI XU Na/KORERHNZL
RiNa, KEEfttES XU Na/Kik, 2RHCBWTEH

BB SR 7 1 B 9 B AT 39

EHARRENZELEEED NG o, LI LENDS,
40EERIC BT B IR NafRitt &1, EEERIE1.75+
0.15 mEq/day , 7IEE#E130.43+0.04 mEq/day & 1
TLTHEYL, MEERIZ25.9+2.24mEq/day & A =
T ERAPRD BN, —J7, 400 T ORI Kk
3, FHEERN4.8+0.38mEq/day, HIEERZ43 L
0.32 mEq/day , hntE&#EE5.0+0.35 mEq/day & 5
BEZRD NG -7z KA Na/Kid, 408im T,
IEHBRRZ0.36+0.03, JEERRHZ0.10+0.01 2K F
R, IEARHNE5.18+037 L &L A ZRDT-
(Fig. 3).

Urine 80 T
elime 7o
60

50 |

40

) 0.1%MNS| 50 ]
[ 0.5%MNS| 20—

B4 6.0%MNS| 107

Urinary

40
(Weeks)

Protein
Excretion
(mg/day)

—& 0.1%MNS

—e— 0.5%MNS

—a— 6.0%MNS

20 24 28 32 36 40

(Weeks)
*P<0.05 vs.0.5%NaCl - MNS

**P<0.01 vs.0.5%NaCl - MNS

Fig. 2. Effects of low- or high-salt diet on urinary excretion of protein and urinary volume in MNS. Values are expressed as
means+SEM. **P<0.01, *P<0.05, statistically significant difference compared with normal-salt diet group at identical times.

Urinary Na
Excretion
(mEq/day)

Urinary K
Excretion
(mEq/day)

Na/K
ratio

0.1%MNS
7 0.5%MNS

2 6.0%MNS

*P<0.05 vs.0.5%NaCl - MNS
**P<0.01 vs.0.5%NaCl - MNS

Fig. 3. Changes in urinary excretion of sodium (Na), potassium (K) and Na/K ratio with low- or high-salt diet treated MNS. Values
are expressed as means+SEM. **P<0.01, *P<0.05, statistically significant difference compared with normal-salt diet group.
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4) RARBXUELET—2DZE(L

I 4% Ang 11%, I1F 35 £ B 13 3258.6 - 308.9 pg/ml ,
IR EREIE 4980.5 £ 450.8 pg/ml & A RS S IEZ RS,
R 362.4 £ 35.6 pg/ml & A Z M 2R iz,
Ang 1%, FHEERA222.5+20.2 pg/ml, JIGEEEHX
490.5 +45.4 pg/ml & HE A TUEZ RS, IEERIE
68.5 1+ 6.5 pg/ml & LW Z585 7. PACIXIE
BHEH332.8130.2 pg/ml, JIGEEAFTI3448.2+40.2
ERBERITEZRRYD, INEERE242.6 +15.7 pg/ml
CH BN Z R . PRAZIFIEEEED, 66104
ng/ml/hr, JEIEEEEZ7.8+0.7 ng/ml/hr & HE %
HERD, hEAR33.710.2 ng/ml/hr & HEEH
Hil7& 788 - (Fig. 4). IMiENa, K, CLEE ISR TH

Angl 6000 Ang I
(pg/mi) (pa/mi) %]
5000 1
4000 4001
30004
2000+ 200
1000 1
0 0-
PRA 12 PAC 800
(ng/ml/hr) (pg/ml)
8 | 600 A
400 1 [w=s 0.1%MNS
4 |
0.5%MNS
200 L] 6558
@2 6.0%MNS
0 - 0

EAZY S

HEERDEM - 72D, CrinnfldlZBiEERET FA%
&7z (Table 1).
(5) B EEAT R

FH AR TRERIA DL (Sclerosis Index : 2.0+
0.16) 7z 5 G TE O L, PRAIEFRH 3 X O REAN
DGR 2588 7z (Interstitial cell infiltration score :
558 +47). ZFHid, IWIEERETHIHE (Sclerosis Index
:2.310.18, P<0.05, Interstitial cell infiltration score
607 £51, P<0.05) 7%, M B H#E Tk (Sclerosis
Index : 1.6 =0.12, P < 0.05. Interstitial cell infiltration
score : 310 £ 26, P < 0.05.) Z#Z¥ 7= (Fig. 5, 6).
(6) B i1 1> % AT1aZ A4k, AT25Z A1k, ecNOS,
HO-ImRNA DFH

** P<0.01 vs.0.5% - MNS

Fig. 4. Effects of low- or high-salt diet on plasma renin-angiotensin system level in MNS. Values are expressed as means—+
SEM. **P<0.01, *P<0.05, statistically significant difference compared with normal-salt diet group.

6.0%MNS ‘

0.5%MNS ‘ 0.1%MNS

Fig. 5. Pathological changes of glomerulosclerosis and interstitial nephropathy in low- or high-salt diet treated MNS.
Marked glomerulosclerosis and interstitial cell infiltration were found in low-salt diet treated group. Glomerular changes

were significantly ameliorated by high-salt diet treatment.
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AT1aZ A A mRNAO X%, FHEEREAN0.98+
0.07TH->7zDIcxf L, WIEERETIE1.05+0.08, /I
HEHTIX1.08E0.09 2L ETREDLENEL >
Tz. AT2ZZA{AmRNAD R IE, [EHEREN0.34 £
0.02ThHo7zDicH L, EEEHTIZ1.284011L
HREAERBEOTUEZRD, EERE TR RHZRE
FDHENEM 5Tz, eeNOSMRNADFEHE, [FiEERE
M110E0.07TH > DI x L, WH AR TIE1.08
+0.09, IEEETIZ1.011£0.07 L HELAREDT,
HO-ImRNAD # B, EREBHA1.18+010TH >
ekt L, AR TIE1.19+10.08, hNEER T
1.06 +0.09 L AER2IZED S Nah - 7z (Fig. 7).
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25 2. Milan normotensive rat D& fE EHEREIC B KX
T RARDES
(D) fAE I XTI E DRI 2L

REDZ X, placeboff X8k T1782+85 ¢
HY40 kR T278.4 £17.2 g, ACEIEfIZ 83 in T 180.8
+9.5 g N 405 T 268.5+20.2 g, ARBEEIE Sl Hn
T186.5+9.3 g 40i#ET291.7+£22.8 gL HEX
RS SNEh o fe. MTEORRNZ(RIX, 4008
5 C placebofE AV 138.6 = 12.1 mmHgk DI X L,
ARBE/3125.8 +10.3 mmHg, ACEIFf!3121.8+10.4
mmHg & placebo BElC i U THEAK FWZED 5Nz
(Fig. 8).

Interstitial
cell
Sclerosis Infiltration Arteriolosclerosis
Index score Index
37 700 2.5
g 600 ]
2.5 ] 2]
h 500 1
2] T 1 ]
] 400 1.5
4 ] % ]
1.5 ]
h 300+ ]
] 1 L
1 | ]
1 200 0.1%MNS
h 1 0.5
0.5 1004 [ 0.5%MNS
] ] B 6.0%MNS
04 0 - 0.l

* P<0.05 vs. 0.5% - MNS
* % P<0.01 vs. 0.5% - MNS

Fig. 6. Changes in sclerosis index, interstitial cell infiltration score and arteriolosclerosis index with low- or high-salt
diet in MNS. Values are expressed as meanst=SEM. **P<0.01, *P<0.05, statistically significant difference compared

with normal-salt diet group.

1. 0.1%NaCl
2. 0.5%NaCl
3. 6.0%NaCl

AT1a receptor AT2 receptor ecNOS mRNA HO-1 mRNA GAPDH mRNA
mRNA mRNA
(/GAPDH) (/GAPDH) (/GAPDH) (/GAPDH)
3 3 3 3 3
2.5 3 2.5
23 2
15 3 L
N 1 0.1%MNS
05 3 0.5 ] 7 0.5%MNS
3 @22 6.0%MNS
0 0

AT1areceptor mRNA AT2 receptor mRNA

HO-1 mRNA

eNOS mRNA

*P<0.01 vs. 0.5%NaCl - MNS
**P<0.05 vs.0.5 %NaCl - MNS

Fig. 7. Expressions of AT1la mRNA, AT2 mRNA, eNOS mRNA and HO-1 mRNA analyzed by semi-quantitative RT-PCR.

RNA was isolated from kidny in MNS. Lane 1 showed low-salt diet group, lane 2 showed normal-salt diet group and
lane 3 showed high-salt diet group. Values are expressed as means®=SEM. **P<0.01, *P<0.05, statistically significant
difference compared with normal-salt diet group.
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(2) [REB X UIREAPRE ORI 2L

JREWG3FH CHREARATRD SN, 408k
T, placebo#f (£11.5+1.0 ml/day, ACEIE: 139.8+
0.8ml/day, ARB#fZ12.8+1.2ml/day Tdh > 7z.

PR H HE 8 T ld, placeboff/%498.6 +30.3
mg/day , ACEIEf T3 280.8 +15.2 mg/day & A=K
TR, —/7, ARBERETIX487.6+26.5 mg/day & R
HEPEEDOHEZK MRS S Nah - 7 (Fig. 9).
(3) RAZRB X UHELZANZEL

4% Ang 11X, placebofi#£13150.1 +303.2 pg/ml,
ACEIf#134567.5+438.2 pg/ml & AR 72 LR Z R &,

EAZY S

ARB#¥(32250.4 £210.6 pg/ml LK N 278 /2. Ang 11
X, placebofff /£%208.3 +18.5 pg/ml, ACEIEt 1360.4 +
6.1 pg/ml& HERK T 2388, ARBHEIE525.8+48.2
pg/ml & # BH 7% ST %2 58 & 7z. PACIiZ placeboffh
318.6+29.7 pg/ml, ACEIfi£id 298.3 +27.8 pg/ml, ARB
B 13307.2£288 pg/ml T & b, PRAIZ, placebofif A
6.3+ 0.2 ng/ml/hr, ACEI££AY6.6 0.4 ng/ml/hr, ARB
Bf36.8+05ng/ml/hrk, GEAGAZRDEN ST
(Fig. 10).
7% Na, K, ClIEE 5 X O Crtnn, BUN1E T 3HEHE T
B2 5 N7ah > 7z (Table 1).

DRUG TREATMENT |

20 24 28 32 36 40

(weeks)

DRUG TREATMENT |

Body 400+
Weight ] |
(9) 3004
200+
100
o]
8 12 16
Systolic 160
Blood ]
Pressure 1
(mmHg) -
—#— MNS-placebo|
—®— MNS-ACEI
—— MNS-ARB 10T 6"

20 | 24 28 ' 32 ' 36 ' 40
(Weeks)

*P<0.05 vs. MNS (placebo)

Fig. 8. Effects of oral administration of ACEI or ARB on systolic blood pressure (SBP) and body weight in MNS. Values are
expressed as mean+=SEM. **P<0.01, *P<0.05, statistically significant difference compared with placebo group at identical times.

Urine 16
Volume B
- DRUG TREATMENT
(ml/day) 147 | L0 |
12 -
10 -
8—
[ MNS-placebo 6 —
Bl MNS-ACEl 4
[ MNS-ARB 2
8 12 16 20 24 28 32 36 40
(Weeks)
Urinary 800
Protein DRUG TREATMENT |
Excretion
(mg/day)

—#— MNS-placebo
—&— MNS-ACEI
—&— MNS-ARB

40

(Weeks)
*P<0.05 vs. MNS (placebo)

Fig. 9. Effects of oral administration of ACEI or ARB on urinary excretion of protein and urine volum in MNS. Values are
expressed as means =SEM. **P<0.01, *P<0.05, statistically significant difference compared with placebo group at identical times.
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Ang | 6000 Ang Il 600
(pg/ml) ** (pg/ml)
5000 -
4000 1 400
3000 A
2000 A 200
1000
0 0
PRA 12 PAC 400
(ng/ml/hr) (pg/ml)
300 4
8-
200 A
4 1 MNS-placebo
100 H MNS-ACEI
3 MNS-ARB
0 0

* P<0.05 vs. MNS (placebo)
**P<0.01 vs. MNS (placebo)

Fig. 10. Effects of oral administration of ACEI and ARB on plasma renin-angiotensin system in MNS. Values are expressed as
means=SEM. **P<0.01, *P<C0.05, statistically significant difference compared with placebo group.

Table 1. (a) Changes in serum sodium (Na), potassium (K), chloride (Cl), blood urea nitrogen (BUN) and creatinine
(Crtnn) in low- and high-salt diet treated MNS. Values are expressed as means=SEM. +P<0.05, statistically significant
differense compared with normal-salt diet group. (b) Changes in serum sodium (Na), potassium (K), chloride (Cl), blood
urea nitrogen (BUN) and creatinine (Crtnn) in ACEI and ARB treated MNS. Values are expressed as means=+SEM.

(a)

Na(mEqg/L) K(mEg/L) Cl(mEq/L) BUN(mg/dl) Crtnn(mg/dl)
0.5%NaCl-MNS 142.7 £ 2.0 40 £ 0.3 109.6 = 0.08 229 %+ 3.0 0.4 = 0.08
0.1%NaCl-MNS 140.4 £ 2.0 39103 110.2 £ 0.12 295+ 28 1.2 X011+
6.0%NaCl-MNS 142.4 = 2.8 45+ 0.2 108.5 = 0.07 21.6 = 3.6 0.2 = 0.06
(b)
Na(mEq/L) K(mEg/L) Cl(mEq/L) BUN(mg/dl) Crtnn(mg/dl)
0.5%MNS(placebo) 141.8 £ 2.0 42104 107.8 £ 0.05 20.5 = 3.1 0.5 £ 0.08
0.5%MNS+ACEI 142.2 £ 2.1 46 0.2 106.6 = 0.06 17.7 £ 29 0.3 £ 0.08
0.5%MNS+ARB 143.2 £ 2.0 48 £ 0.5 111.6 = 0.08 244 £ 2.2 0.8 +0.12
+ P < 0.05 vs. 0.5%NaCl-MNS
(4) B Moy BRAT L BTz, ecNOSmRNAZ, placeboffA31.11+0.10,
placebo I xf U, ARBHEE Tl REkAmE{L, RMIE ACEIRf131.35+0.10& F E & itz il %, ARBHEf
DRFHEL 7R S CICHENOMIZIRIE OB IEFED T 130.3810.03 & AR 258572, HO-ImRNA L,

(placebo B : Sclerosis Index : 2.1 +0.16 , Interstitial cell
infiltration score : 516 + 48, ARBZ#¥: Sclerosis Index:
2.2+ 0.18, Interstitial cell infiltration score : 538 +
42), —J7, ACEIRf T3 A R 2oz (ACEL
Sclerosis Index : 1.8 =0.08, Interstitial cell infiltration
score : 318 £25) (Fig. 11, 12).
(5) Bl F1F % 5 mRNADFEH
AT1a%Z Ak mRNA X, placebof£AY0.81+£0.07,
ACEI#130.68 +0.05, ARBﬁiba’(O 72E£0.06TCH D
BlEERD 5 NEh ot ZBZAmRNAD
¥k, placeboBEHY0.32 £ 0.02, ACEIEi 131.78 +
0.14, ARBA£(Z0.28 +0.02 & ACEIRfIC TH =& Lk

placebo# A11.09+0.10, ACEI#£131.40+0.12¢ &
TTHE & 3%, ARBEEIZ0.98+0.05 & & i ) & 32
7= (Fig. 13).

z =X

MNS D R ERARE{LAE O it B 7 I DWW T B RZ
MBI TRAR, EHICEERELTONOBKITHO
DHEH S EIT> Tz, TOREE, RARDITHEDE
fEER KT ERFERNEEZION, £z, THUCHES
NO B X UHODTUHEN B FREDHEREZHFHI L T\ 3
T EMNRBEINTZ. MNSICEBWTACENX B fEEDE
7 JIH U 727Y, ARB TIE B o R IHIR IR
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ACEI group

placebo group ‘ ARB group

r ARB treated MNS. Marked

glomerulosclerosis and interstitial cell infiltration, which were found in the placebo group was significantly ameliorated by
treatment of ACEL On the contrary, there was no significant improvement in ARB treated group.

Interstitial
cell
Sclerosis Infiltration Arteriolosclerosis
Index score Index
3 800 2.5
700 -
2.5 ] 1 2]
600
) - 1
] % ]
500 151
1.5 400
300 4 14
14 |
200—_ 0.5 [ MNS-placebo
051 100 4 B MNS-ACEI
1 = MNS-ARB
0 0- 0-

* P<0.05 vs. MNS (placebo)

Fig. 12. Changes in sclerosis index, interstitial cell infiltration score and arteriolosclerosis index with oral administration of
ACEI or ARB in MNS. Values are expressed as means=SEM. **P<0.01, *P<0.05, statistically significant difference compared

with placebo group.

bENEN-> T TDOZLIZACEIANO B X THO D
FHE 2 Ut &8, ARB TIENO I X O'HO % i fiifi]
L2 —8 Lz &5, ACEI& ARBORIROD
AIBTERTHENOB L UCHODOZE (LY, ZDO—K
5> TV AAREMEAVRE E Nz,
CHETOMNSICET BMEICEH 5@ Y,
MNS&, 203 ARICEIRRIRED O INZED,
40315 O B i TlLEARBRIATE (b5 7 5 TN T D RR#E( L
CHINR O Z RS T-. FloegeZ™ 1%, % 194
g K ORI W T MNS O B e o i g2 7
HEZ Lo SFEICHET L, 3 7 A TR IS
REEOFIEMNRD 5N, 57 H CTHRERMAR L2 KT
T & X b I'podocyte disease ] & L THE L TW5. Z
DOENEREIAT R & LT, SRERARE bR S TIC & D

e, MR ZEED 50, BRI {EZ5RE R
BN DR E SN TE L, SRzl
MNSOBE R R L IZIEF—KT2EDThH-o7z. X
EEEEOERBETLE LT, TNETICHEDDLDOMK
FMEENTHD, GoldsteinZFld, KRERAKICEHNT
TOART S5V (PG) O—DTdH 5 Thromboxane
(TX) A20%BIDTTENED BN, TXA2ZHR 595 C
CIC K o THRERMALIZHETT L, TX GRkiEEZ2 HH
T 5 & TREREBEDERMIFIE NS 2 &5,
7IF RUBART— RROME, 50N, Hal
AT 10— )VIRAE TRERMAREL A HEIT L, fish oil 28 HL
T 5 e THHEN, BEAROHBIREHIC—% L TH
TRIMFEAHIT 2 C &2 MG LT3 . F7z, MNS
D XY 2P Lz W Tz in vitro DFERIC
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1. MNS-placebo
2. MNS-ACEI

3. MNS-ARB

ATlareceptor AT2 receptor ecNOS mRNA HO-1 mRNA GAPDH mRNA
mRNA mRNA
(/GAPDH) (/GAPDH) (/GAPDH) (/GAPDH)
3 3 3 J 3 E 3 3
2.54 2.5 2.5 2.53
2 25 ** 23 2 3
1.5 1.5 1.5 : 1.5 =
14 13 13 = * E MNS-placebo
3 - 3 3 3 MNS-ACEI
0.5- ’I‘ i |I| 0.5 0.5 * 10.53 |z‘ =
E = 3 E MNS-ARB
E 1] 5 E 0, |

0 0
AT1a receptor mRNA AT2 receptor mRNA

ecNOS mRNA HO-1TmRNA

*P<0.01 vs. 0.5%MNS (placebo)
**P<0.05 vs. 0.5%MNS (placebo)
Fig. 13. Expressions of AT1la mRNA, AT2 mRNA, ecNOS mRNA and HO-1 mRNA analyzed by semi-quantitative RT-PCR.
RNA was isolated from kidny in MNS. Lane 1 showed placebo group, lane 2 showed ACEI group and lane 3 showed ARB group.
Values are expressed as means=SEM. **P<0.01, *P<C0.05, statistically significant difference compared with placebo group.

W, EIMBRIREE Tl ARERIA DRI LN EI TS 5 &
NREESNTED, TS ORREDMERICIZ &SI
REMEE EDRBROEEDOE G E /RBIN T
%. LA X S5IT, MNSIEE M HENE % £ 371 B
FHOWRBEERZ T D, SEELINOSRERARI LD
HERBEE 2 B0 5 ST B DI THHEET IV E#
AbNiz.

X9, MNSORERARE(LAE S K O RIE MR D
R TS BTz i, BEEZEB I URARD
5O SMEZIT> 7. TORE, HHEEIC T
JEOZLIZERD RO, RARITEZICTIHEL, JRE
FHEIE DN K OB IO SRER AR, BERZE
DOEMNED SN, MERIC TIEZLIERRDE N
MRARIZIIH S N, IREATREEOE T35 X ORI
DRERIAEL, RIERZONENED SN, —1,
NOBXUHO &V o EIERICBWTCIEEEB XU
ST EREEZLEED SNE > Tz, TORIEIC
X% RAZDFEHZTUE I IFERIAR B OIS R
HRIKIMFEOK FIc k3D E#EZ b, THHERK
FE UTHIMICER LTS ATEEEDS RSB I Nz, D
£, TORARDITHEN, MNSICIT S BFDHRER
Bt 7R 5 CICIEREDEREE & 725 LTV A Al BE
AR E N,

—77, RARDPHERKTH 5 ACEL L ARBIX, B
RERUR Ol BN AR Z2 BRI IR S 2 2 e b,
RERIKNE 72 > & SR ERARE L OHER TREICH T
HBEMEETNTVS . ZnH, MNSICBWTE
DESHNEH L TOWBOMC DV TOMEIZINET

FEEAERVD, KliemZE? A, MNSICIHEZEFE
BRVEREDRAREDACEL (Captopril) DEM#H 59
BT lickb, IKARDOACENIRERARE FEDETTIC
WEBREHZINELTED, BEEEOHEEICRASR
DS LW B M TEREDEZRE L TWV5. L
L, ZhNOBEHICNETICAEIN TRV D
MNS OB [EEDHERIC I 5 RAZRDFEEZIH 5N
35 HWT, ACEI (Delapril) 33X ARB (CV116) %
FHWTRAZRZNNIG 3 C LI & B BEEOLE(L A
UM, ZORE, ACEIRECIRAEAREH DD
Zid, BOREHEGOWE 2D .. —77, ARBEY
TREAZEADE T, BRGSO UEZ R %
Motz TOMAE LT, WINE RAZRZFRREICH
EFHTE, IOICHEEMBRTIIERZEZZEDEN
ST EMN B RARE LTI DB 5 O ngeEME
WEZ 6N, T T, ACEIHB KX UTARBO#E H1C X
DIETFRTHAZNOBIUHONE S DX S IcH < H
et Uz, ZO8HR, ACEIRHICIH WL TIE, ecNOS,
HO-1 mRNAD A BB T 2788 7Y, ARBHEIC
BLTEHIcZzN s OMFINED 5Nz, T5bb,
ACEIZ 51 & © Angll OFEBE M IH E 15 Fic, NO
EECICHODTTENRS BN, —/, ARB&KE T
Ang IIZHHIE N7z E DD, NOIB X THO &%
ATz, NODDINE R S OIS B IO HENEH
HO DEIC BT Z MM IREMFHIE T TlciENTH
0% ACEIE{TIX, BT & L TORAROHIE &
BifEIA 7 & U CDONO I X UHO DTTEN B ENEH
I, ZORE, BRHEBONEZ KL TS EE
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256N, ARBE TERZDUEM RN AR TH -
T kiF, RARDMIHIE NIz DD, NOBXUTHOD
DL TV AREEA R I Nz, 3D,
Wistar rat®™ 5 MHS™ I fbX, MNSD & 5125 K
RAZDITHEL TV B ETIVICE T, Angll (K
K1) OIHIZEFTIEARL, NOHO (BhfA1)
DOTEE VS, WFEOHEIERIC X 0 91D TERHENE
H7ZRkTODTIERWhEEZ SN, MNSTIX, RA
ROVBENRIC T B BRI 1 & LT, B -& L
TONO B XTHO KNS TTHE LT % AJREMED
REENT. LERHST, TOEIRETIICENT
&, ACEID T K 0 Bl O RHEIEFH O CldEN T
WAHDTIRERVWhEEZ LN,

NOWHMIMIEZEME L L THBRADAEDLT
RERTELEELRRINEZRZLTVE EEDN
THEL, MERICTHBW T, W H bR K+
(endothelium-derived relaxing factor;EDRF) & L T
Tk, MELRMREOMEEYE L LT AR
P IEERFAEIA & LTS LTW5 T &t
FANGAY-Sal

—F, &2 —DOIMENEMEL LTHSN TV
—g{bik% (CO) & EELIFERMAFHINFTH b, HO
THHERBEER L LTSI K> THEES N, N
IZiE, AMLASETHEINSHO1E, HERED
HO2WVHI5NTW3EY . £z, Bific BV T3
KXOBERZDA N VAZRNIZ ST LRI HERRE
IC BV THO-1ORB OB INZ 7D, HODBIC T
EENIHAE F TOfFicGMP % /T U 7z B HEEVEH,
MRS ER 2R C eAEN TV . 5L,
HO X Angllic K b aAE X, Angllic & % BhsbEEIc
XU TLREMNC I &, AnglI# G 5 BHEREDIK T
MHO 12 T % Hemin R G K D kT 5 T L
2000 4E1C Aizawa BIC X D HEE N TS Y,

F 72, ACEIBEIC BT DecNOSDFEB D STt I,
ACE /¥ bradykinin 77 fi# %3 T & % kininase Tdh 5 C &
5, ACEI# 5.1 £ 5 bradykinin 73 i3l I £ 5 &
D E#FEZ 5N . kininkallikreinZz O L X, NOD
whn, MEHEE TR 2 TS YoM, &5
ICHO-1D BN %2 & 72 59 7217 T7% <, bradykinin
DOEREER Y, BIgIC 09 % ACEL D B i {# # 1
H O — #8512 1 kininkallikrein %2 D JTHEA B 5. L T W
LT EMMEENTHSEY. —J, ARBTIE, ARB#
BAZHES Angll D AT2 2 B5AKRIFRDOAE - 5 NO Y |
B3 LOWMEERoNZEHY, SEIOFRETIE,
ACEI T & % Delapril i3 B &I B+ %5 NO 7% 5 TICHO
DOFRBEFEIC EF XY, ARBTH % CVI16IE I
ZTORBERISEFZ &5, ARB & ACEID

EAZY S

EOHEREIFEIOAZD—KE L TZDONOBITHOD
TN L TS AREED R E Nz,

SHERIARE (L IE 1X, DOCABH S M LS v b9,
puromycin aminonucleoside &5t 5 v +*?, ¥R E
FIVTw RO E, Lk OETIVICBWTIEBEZT
HAERT T ENRE TN TS, KRB L
ICIERARDITTHENEE T, RAZRDOHNHIA Z D
BEIHEICERTH O, TN F It Katsumata b ®
&, 5/6%8H HARFIEMIMEZ v b (SHR) I BT
AT N TV IIERERIATE (L OERZIHI Lz &7
WS L TH D, Ohishi” 5L RAZDIHIETNT WS
Adriamycin 8 fsf DOCA B ST T v MBI % 5REK
AR L DHERMNACEIER DR GIc X D HifilE N5 C
EEMELTNS. TNHDTy M TR, £FMED
L5, T OITREKMADEEEE (Hyperfiltration) “° R-A
ROTUEICE D SRERIK D NE_EFDVRERIK D BE L
B3 dHB—DODFEKNTHD, ZHUcxL THiAD
BTG T B & OSRERANEZ FREE3T L
T, RERAELOMERNTTEZLEINTVEY.
TN D DIMFTHIRER /T U T2 3 O SR ERIAAN D EH D
fic &, Angllcid A5 > 2w LMD BGECE 0 |
collagen type 10D pEERIINTER®?, TGF- 7 & DY A
kA A VEEIME UTER™, & SICE O mE T
FRESETE ™ 72 & DSRERIARE(E 25 2T LT W3
CTEBHIOENTED, TOEREFEH, S RARHES
B EEEEIEICERITH B M, — T, ACELE
ARBOHHMEICOWTIE AN TN EHfEE TV
%% LU/ LUACEI & ARBICIE, 1) kinin-kallikurein
RANDFE 2) AT2ZAERBER, 3) 1GHEY O
2 (34 bBACEITIZAng IO AP Ang (1-7) D
FENMISENTWVS™), 4) BIEAH & A H O
72, EHIT5) BRIAME LIKTAEDESE, WD DEN
NRBENTVE PP, ZOEKTIE, ACEI L ARBIZ
RAZOMHLANCIZZ L DEEHELTED, JHREIC
Ko TEBICEENTRZ EETHRICEZLNS.
MNSIZRAZDTTHE L, IR e 5 O A J
HoNBETFIVTHO, ACELINO I KT HO Z R
UM E NIz, ARB Tl 7975 Bl
FEEOMERIHIRIRIERD NGz, TNETD
W TlE, ACEI & ARBOIF 7% 5 OIS B sk 21 &
FETHBECOVTIRASH L T 2MENE L, Bz
DHERICHEND B & T 2 MERBEHENENY . L
L, ITFELAEOHEITICITAT2 Z RO RN EE
REZHESTED, AT2ZAEHIT OAZOMERIC
TEHLTWVW3 T 2MELEDEND, FHEEIC K >
TIZACEI £ ARBT, ZOEHICEMNR SN TREME
ERMEEING. SRIORIE, BigEEOERIC KT
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B L0 S FUTACEL & ARBOAEFH DEW 2 5 7

WKLz BW T, JERICERDE TE2EDEED
Nz, TOETFIVT Y MIEEROBIFICEB T %, hik

WP Bl EEREO—DDETIVELTEZDN
Zh, TOT v MZBWTACEL & ARBOFRIC DN
TEMRLNIZT L, FEE, BROIIZICENTE
FRRGATREMED D D, SRS LA ZMEIDREEE X
5Nz, £z, T ZE TITAngiotensin IZ A& FEHT
HE LU THSNT WA Losartan , Valsartan , Irbesartan
FEA XYV —IVER 2R OBETRETESE LT
MoNnTHBH, —7, FBEIHVTzCV116;candesartan
cilexetillg N> XA X BV — )LD THI VRV 7z
BA LA 22— )VERERZ R OIEB ARSI
TH3® . i, o ARBICE U THiEIC i
ARz, Ang HFEEHUER Z K D@ NIcFiE 85
TERDRE SN TVWBY. chETIC, CV116 &ftho
ARB & OfEE FOMED, BiELOMERICEDEKS

IR RIET OMCOVTOREIIEL, 5%, %
DI DV TEMETT 008D 5 L EbNnTz.

Zal, B MNS ORERRRE(EAE D E R IC DU
TEBERZHEBIURAR, THIKEERELTOD
NO B X UTHODMHD b 211> 7. Z DORiHFRMNS
“C“CiR—A%O)%HHZKﬁBE& ZICHES NOFB X THO
DIEZRRYD, RARDITENEEHZRKL TWVDE T
&ﬁlf%b ZHUCES NOB KU HO DJTHENE
FEEDMEREZHH L TS getEh R I N, £z
COEBEET IV Y MBI 2B REEHONR
T, ACEI & ARBICBWTHL N EANED BNz,

1) GEIEEE 2 D 9 RBRIA I (LIEZ FIET 5 2 &
HM5NTWASMNSEHWT, SRERARR{LRE D FEIE
BICHE5 T 34 ORTFOBEESZERKRMER & LT

RA%R, EHICEERE LTNOGESTICHODHMA S
BEtZ2tro 7z,

2) MNS T, 203H#LI%OZFERREHIROHBIZFE
bHiz.

3) MNSTUZ, Wi, MgicrE> GEARMmEDOZkiZ

BHENZho T,

4) MNS TR AERRARDTUERRDT-. TORA%R
OZALIFEE AR L L L, (miﬁﬁﬁif J& o Tk
ZZ, DEBRRETCIIRZRRD . —77, BENE T

ecNOSmRNA 15 X "HO-1mRNA D ¥ I H =52 b
o7z,

5) MNS T3 4058 i5Ks, SRERIKRE LR 5 TS R MR
Ll iz. TOZLIHERR CAREXEEZ, N

BB TREEZRDT.

6) ACEIH5 X UARBIZWI N HERIMTEDIK N2
DI, BREEICBOTIZACEIDHR S IV iEZ,
ARB CRIBEEDGELANEZIRONEh > 2.

7) BiKIC 351F % HO-1 mRNA 3 & U ecNOSmRNA D ¥
BUZACEIO#R GIC K O iz, —/7ARBD#GIC X
OE: (15 b=t sl

8) MNS CIZRAZRDEHZITHE E NOB LT HODIT
HZRRD, RARDTUENBEMEZ KL T35 ERH
KTHO, ZHUES NOFB K THO D FTEN B fEE

DHEREZHIH] L TV AfREMED VR T iz,

9) COBRETTIVT v MBI B BHREEH DR
T, ACEIE ARBICEWTH LM EEDNRED SN,

Fzkzsichizo, HREERKEZHDD XL
7o 3 B ER R BN R S AR PR A BRI R B L %
T, FREBEEEEE FEVWELERBZET CH L
B BRICEHEB B L £9. TONEIEE 20 HADIM
BN WS (1998 51AK), 5542 [0 H AR B f2
oo (1999 Kitm), 72 HAND W EESTEE (1999
Miie), 419 Vascular Medicine % £ (1999 kX [k ),
H22 M HARE M2 i (1999 &), B3 HA
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