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Ol 0.5mg/dL Ol&t Al=st BHAHE PRQZ MYGIH 202 120128 Al S0 2,
PDE-5i (phosphodiesterase 5 inhibitor)S& 0=, NAC(N-acetylcy-steine) S0

ACE 88 S0t 222 LIzl AMd ZEHME F0H & 24AI2t2H 12412

ol
=

N
A2 2 PDE-5iE 15mg/kg, NACE 60mg/kg 2r2f S04 , QB o2 ZArd X
O 1TAIZE HOil SFeretCh At RS H S0 =0= 48A12 2HH22 THE D
24N AHHBALE AIHOID] 48A12H01 22 0lA 60t2I% Sl dot0f =8E =0

2 220 A 48A12F 2t=2 22 3% =& s BUN(blood urea nitrogen), 3dI0HEIH

= 200 A= XO0IJt AUU2H, 6LM =SEE JOtElL EAS0HM MG SO
T2 0.25+0.87 mg/mL/100g HIGH PDE-5i F04=2(0.43+0.13mg/mL/100g) 2t NAC & O
0.394£0.79mg/mL/100g) A RISt SHE SAUCH. LAE ZHH S0 22 4
UM =ZE E & NGAL(neutrophil gelatinase associated lipocalin)2 A& £0

=2 2r2f 82.79+11.25pg/mL, 83.6+7.6pg/mL QICH HIoH PDE-51 F0=zE 2=
3+

E
+5.5pg/mL, 64.1+10.1pg/mL 2, Y& HzZ2 22 58.3+19.6pg/mL,

4m

.8+19.3pg/mL 2 20| UA ZAE0 JARUCH. EH cystatin C 2 B, 22 W 4l
= E0WTZS 7.53+1.3ng/mL 210l BIGHA PDE-5I E0ZS 5.28+0.9ng/mL, Y&
S0HZ2 5.8+0.66ng/mL 2 ZAZH UJU2MH, AL ZGH E0 42W AE=>
=2 cystatin C = 7.6+£0.9ng/mL QICI HIGH PDE-5i F0H=ZE 6.15+1.6ng/mL
2 20 U= X0IE BACH. LA =GH FO 22 Mol H=st AEHMA NS
mRNA HSO0|LE HHHE 2Elle 22 A& 262 XH0I1JF SIR20, eNOS2l mRNA H&

ot HEA HEAME A8 FOHZL NAC ©= F0Z20l Hloi POE-5I F0{Z 1t
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2.3.

toh
gL

2.4,

t

P

XN ol X
&% BUNIH 3AdIOtEIY, ABLWE ZBOEIYE Jaffe BlEs 226t
kinetic colometric assay (Hitachi High-Technologies, Tokyo, Japan)Z&
5o 2 cystatin C 1} NGALS ELISA kit (Biovendor, Czech
Republic)S Aol =HoIUCH.
mRNA 28lo =3
2.4.1. = RNA ==
HE 2250 Uqs 2 A2 MEXAZ 30-50mg & ZhetU o
TRIzol solution (Invetrogen Life Science, USA) 1m0l €1 =2I|I2
20l M8 = chlorform 200ul Sgotd 4T OAM 12,000rpme 2
AAMZCE ot AAZEL = ASH 02 Z2lot0 Isopropanol 2t 1:12]
210 "8 Z&otl CIAl 4TUHM 12,000rpmez 156228 A Eelotl,
EB9 HtEH XS0 FoIW 75% alcoholZ A XMIES = Spectrophotometer
(Bio-rad, CA, USA)E oOl20ol0d AoICt. ==8 = RNA= Quantitect
Reverse transcription kit (Qiagen, Germany)22 complementary DNA
(cDNA)E 8HMBHRULCEH.
2.4.2. Primer M3t =l
off HAMOUAM ZQIE B-actin, iNOS,
3 (soureforge.net) Z2)aHs
GC contents 55%)

Genbank (www.ncbi.nIm.nih.gov)S
SIISIINHMEZ Primer
20 base-pairs,

eNOS, MCP-12
0l25td (Melting temperature 55T
CIS3 22 primerE HI&oHRICH.



* Beta-actin : Sense 5'-TGT GTT CTT GCC CTC TTT GC -3’
Antisense 3'- CTA CGT ACA TGG CTG GGG TG -5
« iNOS : Sense 5'-TCA GCT ACG CCT TCA ACA CC -3’
Antisense 3'- GTC TCC ATT GCC AAA TGT GC -5’
» eNOS : Sense GAG GCC TTG GTA TTG GITG GT -3
Antisense 3'- CCA GCC CAA ACA CAC AGA AC -5’
« MCP-1: Sense 5'-TGG GCC TGT TGT TCA CAG TT -3’

Antisense 3'- TCC TTA TTG GGG TCA GCA CA -5’

AJ| primer2 sense 10pmol, antisense 10pmol1t 2 ASE 22l cONA

2uLE Maxime PCR PreMix kit (iNtRon Biotechnology, Korea)Oll E&oH0
55-60C 2| annealing 2% P2H0A Gradient PCR Al&dlD, ME=2
ethidium bromidedt Z&& 2% agarose gelllA &HIIES=S ASGIISCH

365nm &Sl XA&2=Z ONA E =olst Zut MAE primer 2 =&H

annealing &= 59.5C SILCt.

H&E primerE 0l=3t Quantitect Sybr—green PCR Master Mix
(Qiagen, Germany)Ol 2r=2] cONAZS 400ng% =ZF6l1) RotorGene Real-Time

Q-PCR system (Corbett, Australia)OlA Annealing %2 59.5C =2

nx
04
ol

F SHRACH. Real time RT-PCR Z 1t 2-ldeltalideltalct iy O =2

N

PCR

i

Al

0%

EERHNZ AU HE otRUCH



2.5.

N
(@3]
m
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1
W
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0x
o

WE 228 AWM 75mg MESl ETES HHWO RIPA (Sigma-
Aldrich, St. Louis, USA) buffer &% 500ullil €2 =MI12 =MdtD
ACTH A 14,000rpme 2 2022t A 22| oIUCH. AsH 5 22 (5-10uL)E
Bradford assay buffer (Bio-rad, CA, USA)Ol Z&3Gt0d Biotek microplate
reader (US Biotek, WA, USA)E OI&ot0 5%milAd EZEE =3HotL

Bovine serum albumin (USB corporation, OH, USA)@Z BtE HE=HEZE

SoiA 2 A2

SRS M SHACH

— =

2.5.2. HHAE MIIES

2% AEEO CME XES0A S BUEZ0 U TS 22

o

=
buffer (Bio-rad, CA, USA)Qt 1:19 BI| HIEZ E8tol] 95C
A 532 22 = 7.5% =2 10% sodium dodecyl| sulfate-polyacrylamide

gel (SDS-PAGE)OIIA &I1E S (100V, 60-90min)S AlGHRACEH.

MI|1gs0l 2L 22  polyvinylidene difluoride (PVOF)&to=z
OIS (100V, 602)AI2! = TBST (10mM Tris-HCI, NaCl 0.05%, Tween 20%, 1mM
tO4
TAIZE S0t blockingS AIHGHCH Blocking® ZE& A=20AM 2AI12 =S¢t

t

ol

EDTA, ph 7.4) S0l 5%t &

= Skim milk (Merck, Germany)Z =& JI

ol
=

OH
=

ol

Ct

0lo

o &

fo

|

0

2

| 89t FALH.

>

0



2.6.

* B-actin (Santa Cruz, 1:500 dilution in 5% skim milk)
« iINOS (Novus, 1:1000 dilution in 5% skim milk)

« eNOS (Santa Cruz, 1:500 dilution in 5% skim milk)
« MCP-1 (Novus, 1:1000 dilution in 5% skim milk)

« Nitrotyrosine (Milipore, 1:2000 dilution in 5% skim milk)

UXEHME 22 F TBSTZ 1568 33 MEHZS Al&HotD &A20AM goat
anti-rabbit 1gG HRP (1:1000 dilution, Santa Cruz, CA, USA) S0 1AI2}
SOt €I OIMEHE E/ALH. OIXEH I 22 20l &S (peroxidase) Ol
o|st st S |LokIl o ECL (Amersham Life science, IL, USA)
SHH 1228 EILSFJACHIE FluorChem FC2(Alpha innotech, CA, USA)OIA

st oF SO0 HHE S =HQotUen, HE3E <ol FluorChem

FC2 softwareOl Al band-analysisE Al&3atALCEH.

e
A
oY
=

2.6.1. Hematoxylin—-eosin & 44

2 AEFe 5% EZedell DAEIME XA Z paraffin-block22

M&ot0 bum SH<E =Eez b 7l 20 £0A 50T AEII0A
el

2AI12 S0t paraffing MAHGIRUCH. S22 K2 22 XA S Alcohol 2
MES = 6228 HematoxylinOl EINSEACHIF G2 HEHHASH, 70%
alcoholt 1% HCIZ I3 E (rehydrate)= H& = 322t eosindl

SEANID CAl M==3E Al

02

HCH. OIS Z  xylene =2 322t

EHEALIL =2 S0 S01E22 2F6HRULE.



N
»
N
5
I
v
12
ol
o
0
=z

Paraffin block@2 HMEE Z&AZ bum FHE gHo=z Zet sl ZHl

K
0
ol

tOd paraffin MH WUE=S HE = 99T 0AH 15228 2= Jtol(

0o
0
0x

£ SISAUCH. ZXW ASHH (endogenous peroxidase)E HIZ &S
A32121 I M hydrogen peroxide block (Thermo Fisher Scientific, CA,
USA)2z 1022 Melotn HISOIA 4S8 AMSHII <6 ultra V block
(Thermo Fisher Scientific, CA, USA)2 2 522t HMeIotACh LXEME
Oleiet 22 THo=Z 2412 S0 QL.

« B-actin (1:200, Thermo scientific, CA, USA)
« iNOS (1:100, Novus)

« eNOS (1:200, Thermo scientific, CA, USA)
« MCP-1 (1:100, Novus)

« Nitrotyrosine (1:200, Milipore)

=F0l MES X0l HRP polymer OIXI&E X (Thermo Fisher scientitif,
CA, USA)Z2 30=2+ Xeldtl]l 3-amino-9-ethylcarazole (LabVision, CA,
USA)2 1022t M5, OtXI222  Mayer’ s hematoxyin 22
BHEEMES AHMCH. SME TXH2 analySIS 3.1 (Soft Imaging System,

Germany) T2 )#OZ EHAMY HME 220 232 M2k 5L

HT

2.6.3. TUNEL &M

DeadEnd Colorimetric System kit (Promega, WI, USA)Sl ZZ& XIZ 0
MetA, HmetE SE=20M 5um SHe Xxetomg &
= proteinase K (20ug/ml) S X0l 1522t SIS ACH. Phosphate buffered

saline (PBS)©22 AMNIZE = 4% paraformaldehyde ZHO=Z 522t ChHA|



2.7.

Biotinylated Neucleotide mix
Ctsez PBSOHIA

S AIZLLH

in PBS)

DX =2 AIJHAl DAB &SN

and hydrogen peroxide 50uL
2tOIEE

o
ok gt S

ol
>

A2l

nio

SH Ael

SPSS 12.0 BI&®E AtE6tH

g2 HIWE

100ul & 2r =X EFE

.05018t ¢!

= equilibration buffer 100uL Off 52

EE8Y  (Equilibration buffer  98uL,
fuL and rTdT Enzyme TuL)Oll 24 1AI2F S©ot
522t M= = streptavidin-HRP &2 (1:500
F2F0I0 A=20AM 3022t BFSAIRILH
(substrate buffer 50uL, chromogen 50uL
in deionized water)& E&0otH 10=2

SHAE2EXC otRULCEH.

EHX=s gl HEHIE ZEoIYe,
Kruskal-Wallis 2 A2} Mann-Whitney U

Ae=z

</ ot A

20 SAHSH 21010t A=

- 10 -
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H1. Animal groups of experimental design

Group N Modulation

Vehicle 12 Distilled water 5mL , 4 times for 2 days

PDE-5i 12 Sildenafil 1.5mg/kg in Distilled water, 4 times for 2 days

PDE-5i + NAC 12 Sildenafil 1.5mg/kg with NAC 60mg/kg in distilled water,
4 times for 2 days

NAC 12 NAC 60mg/kg in distilled water, 4 times for 2 days

Vehicle : Normal saline, NAC : N-acetylcysteine, PDE-5i : phosphodiesterase type 5 inhibitor

(Sildenafil, Viagra® )

H2. The physical and biochemical parameters

Body weight Systolic blood Blood urea Creatinine Creatinine

Group (9) pressure nitrogen (mg/dL) clearance
(mmHg) (mg/dL) (mg/mL/100g)
Vehicle 519.7 + 81 1374 + 16 307 £ 9 0.8 £ 044 0.26 = 0.09
PDE-5i 5054 + 28 1337 £ 19 273 + 11 0.66 + 0.56 049 = 0.19
PDES5i + NAC 5322 £ 51 1256 £ 14 315+ 10 0.59 £ 0.17 0.24 £ 0.75
NAC 4722 + 69 1323 £ 11 415 + 37 0.87 £ 0.72 0.19 £ 0.12

Vehicle : Normal saline, NAC :

(Sildenafil, Viagra® )

N-acetylcysteine, PDE-5i :

- 14 -
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18l 2. Histologic feature of kidneys
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ABSTRACT

Phosphodiesterase—- 5 inhibitor can ameliorate radiocontrast-induced
nephropathy

in rat model of chronic kidney disease

Jongmyeong Yu
Department of Medicine,

The Graaduate School, Yonsei University

(Directed by Professor Seung—Ok Choi)

Radiocontrast agent damages the renal tubules both by contracting renal
arterioles and by direct toxic effect to tubular epitheliae. In recent reports,
phosphodiesterase-5 inhibitors (PDE-5i) are known to have not only vasodilative
effect but also the anti-oxidative potentials. The aim of the present study was
to investigate whether PDE-5i ameliorate radiocontrast-induced nephropathy (CIN)
and N-acetylcysteine (NAC) which is used to prophylactic purpose to CIN
popularly has true benefits and/or synergistic effects with PDE-5 inhibitors in
rat model of chronic kidney disease.

48 male Sprague-Dawley rats were performed 5/6 nephrectomy and divided into 4
groups: vehicle, PDE-5i (1.5mg/kg, by cannula) treated group, NAC (60mg/kg, by
cannula) treated group, and combination group. All rats received drugs 4 times
every 12 hours. Radiocontrast agent (lopromide 10ml/kg) was injected 1 hour
after 3" injection. Blood and 24 hours urine samples were taken every 48 hours
for 6 days. Rats were sacrificed at 2" day and 6™ day of experiment. For

functional assay, serum NGAL, cystatin C, BUN, and creatinine were measured and

- 31 -



creatinine clearances were calculated. iNOS, eNOS, and MCP-1, were measured and
nitrotyrosine expression, and TUNEL stain were performed in kidney to estimate
the oxidative stress, inflammatory response and apoptosis.

There were no significant changes of serum creatinine and BUN among the
groups. But PDE-5i treated groups (0.43+0.13mg/ml/100g) and PDE-5i with NAC
treated group (0.39+0.79mg/ml/100g) showed significant improvements of
creatinine clearance compared to vehicle group (0.25+0.87 mg/ml/100g) at 6"
day. Serum NGAL significantly decreased in PDE-5i treated group (68.3+5.5 vs
82.79+11.25pg/ml, 64.1+10.1 vs 83.6+7.6pg/ml) and PDE-5i with NAC treated
group (58.3+19.6 vs 82.79+ 11.25pg/ml, 53.8+19.3 vs 83.6+7.6pg/ml) compared
to vehicle group at 2" and 4" day respectively. Serum cystatin C also
significantly decreased in PDE-5i treated group (5.284+0.9ng/ml) and PDE-5i
with NAC treated group (5.840.66ng/ml) compared to vehicle group
(7.53+1.3ng/ml) at 2" day. In kidney harvested at 2" day, eNOS expression was
significantly decreased in PDE-5i treated group but there were no differences
in iNOS expression among the groups. MCP-1 and nitrotyrosine expression
decreased in PDE-5i and PDE-5i with NAC treated group. In kidney harvested at
6" day, MCP-1 and nitrotyrosine expression increased in vehicle group and NAC
treated group. TUNEL stain showed decreased apoptotic feature in PDE-b5i and
PDE-5i with NAC treated group but not in other groups at 2th day. At 6" day,
there were no differences in TUNEL staining among the groups

In conclusion, these results suggest that PDE-5i may prevent and ameliorate
CIN via anti-oxidative and anti-apoptotic potentials, but there were no

synergic effects of combination of PDE-5i and NAC on CIN.

Key Words: Radiocontrast media, Phosphodiesterase 5 inhibitor, Oxygen free

radical, Apoptosis, NGAL, Cystatin C

- 32 -



