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Nifedipine D figizs R EHN R

Cafk#iE ThBnitedipineld . BELBEERERT Bn-EME
BEELLTRAVLNTVSA, S<OARIEIERABRIZHNT, %
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- DI E AR DRBRE L VBBIIRA L E— 23 O
<ACTION>2004
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Electron paramagnetic resonance (EPR)

EPRIZ, JEMHERIELNO, 7RIALEVEESUHIL(ASA) BE £HERNICEETE5CHILORE - EEICH
BADY—ILTHb.

Lipid radical
Am J Physiol 285(2):H589-96, 2003

NifedipinelE R IZ L o T
nitrosonifedipinelZZ1{td %

HaC. N CH3
| S
y/
hv H3zCOOC COOCH3
—’
Nifedipine Nitrosonifedipine

Nifedipinel[ZEITFRELHIEEMTHY.
SEEEHZX->THS Y NitrosonifedipinelZZ LT 5,




Nitrosonifedipine M #iEE1LE S

Table 1. Kinetic rate constants for the reaction between 1,4-DHP derivates with ABAP-derived
alkylperoxyl radicals in 0.04 M Britton-Robinson buffer/DMF 70/30 at pH 7.4 and 37° C
Compounds kM Ts R? E,. mV"
Amlodipine 1700 + 30 035 725
Isradipine 1760 + 35 036 729
Nitrendipine 1260 + 20 026 757
Nifedipine 1170 + 25 024 766
Nisoldipine 960 + 50 020 681
Furnidipine 1130 + 20 023 741
Nimodipine 1840 + 70 037 736
Nicardipine 1000 + 20 020 770
4-Phenyl-1.4-DHP 2165 + 57 04 715
4-p-Nitrophenyl-N-ethyl 340 + 20 007 824
1,4-DHP
1,4-DHP 11.410 = 390 23 352
4-Methyl-1,4-DHP 3350 + 80 068 640
4,4-Dimethyl-1,4-DHP nd.r. o 861
NPD 11.097 23 | —
Trolox* 4920 ] 236
Table 1 Nitrosonifedipine ([J) is 2.3 times more reactive with
lipid-derived radical (ABAP) than with trolox([1).
Yanez C et al. Bioorg Med Chem. 2004 May 1;12(9):2459-68.

NifedipinelZin vivolZ & LN TEEZERIC

nitrosonifedipine radical# £/ 9 %

Nifedipine can be enzymatically
converted in vivo to its nitroso
analog without the requirement
for illumination.

Fujii H et al. Magnetic Resonance in Medicine. 42,691-694,1999
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Nitrosonifedipine [&.
STORNIVEEERNHLZDM? ?

NitrosonifedipinelZ A fafigihERE KRG L T

nitrosonifedipine radicalZ4£ K35
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NitrosonifedipineldHUVECs &R &L T

nitrosonifedipine radicalZ4£ K35

Cell (1 %X 105cells)
+
NO-nif (ImM)

-

EPR spectroscopy

Authentic ’\ ” r

Tumor necrosis factor-a (TNF-a)IZ&5
BARARANERNRMRESICHTS
nitrosonifedipineMERZERETTS
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ICAM-1 expression

TNF-aldHGECIZE W TICAM-1#I]E#ERT S

Time course Dose response
(TNF-a 10ng/ml) (12hr incubation)
4 1cam-1 4 IcAM-1
0 2 6 12 ()  1NFa 1 3 10 (ng/ml)
. 20 s .2 x
() n O
@ 15 2 3 15 *
2 s 2 *
£ 10 § g 10
k=) I3
gs ze
0 e 0 ‘ ‘ ‘
0 2 6 12 0 L 3 10
_ TNF-a. (ng/ml)
Time (hr) % p< 0.001

Nitrosonifedipinel&TNF-oRli#kI= &%

ICAM-1FER 0 L FZEZHHIT S

ICAM-1

10 _10 13 10 10 (uM)
NO-nif Nif NO-nif Nif

TNF-a (10 ng/ml)

Cont

(fold increase)

ICAM-1 expression

10 1 3 10 10 (uM)

Cont 10
NO-nif Nif NO-nif Nif

TNF-a. (10ng/ml) %p<0.01
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DPIETNF-aRl#I= &3

ICAM-1EIR 0 L FEZHHIT S

ICAM-1
Cont DPI DPI
GEM) 1 F g (10 ng/ml)
20
ey
BTN
a o 15 |
g o *
52 0
< ©
=8 5 ¢
< ~
9 0 [ I @ . . .
Cont DPI DPI
(1uM) TNF-a, (10ng/ml)
* p<0.05

TNF-alZHGECOMRAEFEEEZETIES

120 |
*
*
I] [| |
1 3 10

100 |
80
TNF-a (ng/ml)

60 |
40 |
20 |

Cell viability (%)

Cont

* p<0.01




NitrosonifedipinelX TNF-aRI#IZ &k %

HiREFEEZDETZMHT S
120
— %
S 100 *
? 80 T Drugs
=S 60 !
8 TNF-a
Z 40 1(24hr)
L MTT assal
0
e e Nitroso-
Nifedipine nifedipine Trolox ¢ (10uM)
TNF-a (10ng/ml)
* p<0.01

NifedipinelZ#i2fEIC/ERT 5

Red line : double bond

Mason RP et al. Biochem Pharmacol. 653-660,1996
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H3C.

H3COOC COOCH3

NitrosonifedipineD#IR{RESRE. VVEE _EBEORF -
BfHEICERT 3 L& TEDIEE BELEMHIL . MALRES
BERTOTIIELD, FHLWEDOHTIT— MIEFEER)

Cumene hydroperoxide (CUOOH)IZ&kBEIL AL RIZXT B

nitrosonifedipineD MEN K MR EREMNRERTTTS
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CUOOHIZHGECOH#ifaEFE %
BTFTsE3%

120
100 +
80 |
60
40

Cell viability (%)

20 -

30 100 300

CuOOH (puM)

* p<0.01

Nitrosonifedipinel&CuOOHRIHIZ & %
HRAEFEQETZMEHT S

p<0.01
120 7

100

80 1 Drugs

1
CuOOH
1(24hr)
MTT assay

60 |
40 |

Cell viability (%)

20 1

CuOOH + - + - + - +
100pM Nifedipine Nitrosonifedipine Trolox c
10uM 10puM 10uM
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LDH release (%)

CuOOHIIHGECOHIIBEE =& T 5

[0}
o

o2}
o
T

N
o

N
o
T

10 30 100 300
CuOOH conc. (uM)

* p<0.01

80 1

LDH release (%)

CuOOH
100puM

60 -

40 |

20 +

NitrosonifedipineldCuOOHFIHIZ &k %

Drugs
!
CuOOH

L(6hr)
LDH assay

HHEES %4 5
p<0.01
I
:
=L = =l
+ - + - + - +

Nifedipine Nitrosonifedipine  Trolox ¢
10pM 10pM 10puM
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In vivo TERARBEEZMHTEZ0OH ?

Ang IEBFET VeI A ZH V=%

B¥): C57BL/6IN IR

= RKEARY] ArMasson trichrome S
| Ki67 immunostaining

a Tail cuffif

m DHE (dihydroethidium) &

= ELISASE

u Real-time PCR
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Control NO-NIF Ang Il Ang Il + NO-NIF = o
(Masson trichrome staining ) Control Anglll
NO-NIF Ang Il + NO-NIF
*P<0.01 vs control
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0
Ki67 immunostaining
25
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tP<0.01 vs Angll alone
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O-NIF[ZAng NIZ&AME EFEHIFITS

140
o

T
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£

o 120 | *P<0.05
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Fold increase
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*
-+
Fold increase
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 MEOREEOCFIEREZH L.
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L-NAMEI&5ETF N5 VbheR
NO-NIFOIME AR HENDRE

E¥): Sprague-Dawley 5wk FMIEE &A%
Day 0 21 B
l 1w MEMERE
MRk BIIRAEA £ FI L =2 & R X5k
i | m ICAM-1%IR
Vehicle s
t o T
RENRY) 5 DA EE
. L-NAME (20-30 mg/rat/day) |
! Vehicle !

L-NAME (20-30 mg/rat/day)

NO-NIF (30 mg/kg/day)
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O-NIFIEL-NAME[Z KA IME N R HEREEEZENRET D

I E5thER R G ICAM-1HE7
-e—Contorol
-20 -O0-L-NAME
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20 80
0 60
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1 40
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5
* P<0.05
0
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2BRERFETINIIAICEITS
BIEERANDHR

Diabetic Nephropathy (DN)

. 4
. 4
endothelial
damage

4
Diabetic Nephropathy
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Material & Methods

L]
C57BL/6 ¥ X
KKAY V™ 2
m N8I
tail cuffizs
m MEEHE
BeEalo Il — 8
B AKRRHBERE - @i

oo
[m]m)

it ol

mEROPIVIT I VEEHERIFE

® fR8-OHAGEAITE

® fROBUNEAITE

mE - RPOUPF_VEHITE

EMET VR VBERAE
ELISAE

m EMEREE(ROS)BIFE

PASZ2

LN Eliakiinl RN paNeL Kliil
HEZRE

B RPN HE S BITE
Bradfordi%

DHEZE
B mMRNAFISBIE
real time PCR %

DM Model Mice

KKAy mice

m2EUEPRIBSE ST )L

BKK mice X Ay(IEiE&{5F)

S Ba. VX VIERE

HE PRI 14 BB UE

KKAy mice developed hyperglycemia, hyperinsulinemia and obesity after 16 weeks, with
proteinuria, mesangial matrix accumulation, GBM thickening and tubular dilation. It was

considered a good animal model for the early pathology changes of DN.
Zhongguo Yi Xue Ke Xue Yuan Xue Bao. 2002 Feb;24(1):71-5.
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Methods

€ NO-NIF 30 mg/kg/day (4 weeks) i.p.

1
age 12 EKSI) 10 \/ecks

(DC57BL/6 + Vehicle
(@C57BL/6 + NO-NIF
@KKAy+ Vehicle
@KKAy + NO-NIF

NO-NIFIZRDA VNI HEHE DI =
&g D

(mg/24hr) Urinary total protein
100

80 -

OC57BL/6
2C57BL/6 + NO-NIF
B KKAy

mKKAy + NO-NIF

60 -

40

20 -

0 2 4 (weeks) % P<0.05
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NO-NIFIZRPI?)IL T I VB EDIEN =
&g D

(ug/24hr) Urinary Albumin

2,000

1,500
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1,000 2C57BL/6 + NO-NIF
& KKAy

500 mKKAy + NO-NIF
0
0 2 4 (weeks)
* P<0.05

NO-NIFIZEgIC BT D
TNF-a mMRNAFIRDIENZHNFHI T D

TNF-a

4
o 3
§ OC57BL6
S 8C57BL6 + NO-NIF
i 2 @ KKAy
S mKKAy + NO-NIF
L

1

0

* P<0.05
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NO-NIFIZEgIC BT D
SODEHICEEESZ/ZU)

kidney SOD activity
(U/mg protein)

2000 -
OC57BL/6
2C57BL/6 + NO-NIF
B KKAy
1000 mKKAy + NO-NIF
0

NO-NIF(Z#EER1ER B DIMMEEIC

/5% =
TEZTS AR
(mg % hr/dL) i
—_— oGTT ipGTT AUC
1000 1,500
1,000 +
500 -
500 -
0

0 15 30 60 90 120 180 (min) 0

-O-C57BL/6J OC57BL/6
{+C57BL/6J + NO-NIF =2C57BL/6 + NO-NIF
-@-KKAy B KKAy

- KKAy + NO-NIF mKKAy + NO-NIF
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NO-NIFI3d -7 > R & (C
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=223 Z730)
o o
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Diabetic Nephropathy (DN)

Diabetic Nephropathy

Conclusion

NO-NIFIZ#ERBUEBEDERICXT LT
IBIRNERER I YJeEMNRIBEIND,

— =

NO-NIF(, #EERIBEEICHLNT
Mg ~O—)VRE S AERIIC
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gJeEMNRIEEND,
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