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AN AEERET L=V OITI- LB T 5
4 VA VIRZRSE R R

RE SCHI

NG BERFRAFHERG - AL - WOWNFREY:, T701-0192 AR EST7

P} REBERAESEFOEUD ROV ILERE7EV=_VEY (AZE) 13, & MPEER
BYICHVT, BEMNRICMAT, 7T RY A bhHA o PdEE 1) VERESELED
MRERTERESNTVEY, TORFIEIRFLFATH 3. XAKRTIE, EEITI-LIFENALE
ERAVT, RO I BEERTT 4RI F o BICKT 5 AZE DR EBIFL,
ZDRFADZZXLIZOWTHREIEMA 7=,

3T3-L1BERG#RE % AZE (50 nM) T24BREIRIB T 2 &, 1 XU RIS T NyvEEXaEs &
VEEHHRLPSDT7TF 1 KXV F o2 BOFELEMERH /-0, BhHERSMEP iR
BEEGTFREAICEIFELIA5NT, PPARYEHEEZNSEVEBRICLZENDTHSZ ENFTR
Sht. £/ ChoOHEER, WEBEELELTHWEZ7VEY (NIF) (100 nM) 12k 34018
TBHSsShhr-lELY, SERFOBUICRAILY ) LREHED class effect Tldk <,
AZE ICEEDHETHD EEZA SN 3TI-L1EEHHIED AZE RIBIZE BT« R0 A4 hhA>
BIEFRBEEBITLEECAR, PT4RR I F VB GEFREDEELEMERIELAY, LTF
LY ZXF2, MCP-1, TNF-a DERICEELHZEEIRD L >/, —FH. BIEX ML XFEEDE
ZFHBMEFICH VT, NADPH oxidase subunit T# % p22°™, p67”"* B FNHBIIHEIE
TLU, nR{tEBEFE Tdh % SOD1% Catalase DEGEFHEBEHI/EEICHEML T U EOEREKY.
AZE QIEIFMRRICE T3 1 X ) D BSMIER, 77 « KRV F O BEMERICIE, REMEE
AENLETT A KRRV FUOBEGETFREATEDSBEEL TOSFEEMPTRRE N .

(FHe23910/1 24 H Z78)
F—J—F:T7ELVZVEY, PTFARIAL PHAL Y, £ VA VK2,
LA M VA, TR,

Mo
WO, RO E E AR E LT,

EDBWISNE o TE I IR S50 &
N5 ST REMEEWHIE BIELTT
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L, KEGHASMEE 2oTwa 2. JRIH
MRz 2 b ZHAMRITBIT S AN F—IFET
HHEHRINTEN, SOEOWIEICLD,
WROWTWELSEE LTof#Elz#HoTw5 2

TARFA AL CEMEN, FRCT T4 R A
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IRWEALVER 2 F 5 2RI T 74 KHF A + 7
4 rELTHONRT WA, BEHIIRH#ME oM
KLEEIMZ &Y, 774 KA b A 255U
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BEL2L725FE 512, BILA ML ARLIES
BT RO A ST EGDA ¥ A
P, BERBREOREZERNO—D L%
LIENHALLERSTBYST, 512, B
WHPE D S S OZEALAT LI E R B N 72
EDOBIRLVER B OFAE - MR 1258 < B S
HIEMWRENTVES Y. F7-, iR 21
BEPRIR LI U < BIRAE bR D) A2 7 7 2
¥ —Tdh AmIMERE, REREE TIRVEZ
EHE AT A 720, BRHOAR ST, I
£, BRERH, Wk Eo3XToy 27 /T
Vb3 2 AR I 70 B4 I G 0 FE B Hiaske X
hTwa?,

BE RGO OF & I RE N O Y RHF I L =
VT UIFT I REIERS AN T T A
PRSI N TWEY, By ok
o Ty, REMEHRE e FuEy ¥
VRNV AFETEE (dihydropiridine calcium
channel blockers: DHPs) XA K fEH SN TH
h, TEV=IY¥EY Y (AZE) FZhiZ&Th
5. AZE XRHEMEOR S, EHEMOES,
LEA NS LF v R VAOREREDIF 0,
DHPs O H1C & U EEE N 2 £ b 2w B IERD R
OO L EKEMET Y. $72, AZE O
B X B DR OLT ) T v 7R A
% ORI B T O
BEREREE D PRI 72 &7 LTI s A
MEINRTWS., 512, EEOHET, b
ANDAZEHGIZ X 5T, M7 F4EERTF
VsEOBmMREY, Hgo4 v ) Vg
RYETHTREAVRBIATVEY. Zhb
DX, AZE O PR3 5 EHEAEH
ARETHLDOEEZSNDH, PRHIIICE
75 AZE DR L ZDHT XA A=A LIZDO0
TikHESh T,

REFgECix, HEIT3-LURIIAIL 2 H v T
A A Vg, T4 RYA AL VW
X4 % AZE OBEBEEH 2L, €00F
AW IR 2D W CRE 2 272,

Mo & Jiik
ST3-L I DFFFE & JE A 7 1E

~ 7 A3T3-L1#E #E 3 # B2 (Human Science
Research Resources Bank, K, HA) %, 10%
Ja B AT+ I (fetal bovine serum; FBS),
1% X=Y) Y /05mgdl A VT b= A Y
> (GIBCO, Langley, OK, USA) % #&m L 7z
Dulbecco’s modified Eagle's medium (DMEM)
(Sigma chemical, St. Louis, MO, USA) W' C,
37C, 5%CO.NEEE T TR #E X 1T o 7=, Millw
MAar TNy MREBIGEL 2 & 2Rk
2 HMEEZITV, 5uM 4 Y A ¥, 0.5 mM
isobutylmethylxantine (IBMX), 0.25 uM 7 ¥ #
AV &L 72 DMEM/10% FBS Hi C72Ik
ML, IRIDILFHE 21T - 7227, % 3H
DR~ DB % ME T 5 EBRTIX, &
{LFFE AR X D 8 HIH, 50 nM AZE, *JHR#E
ELTI00nM =7 = Y ¥ Y (NIF), 25uM ¥
TV RBELTHRMLAZ W, ¥
7)) 8 ) R TR s AL AR R &
AT HMERRELTHVW, 20EH1»DK
S TIRLFEER MG 8 ~14H H @ g
ML 2 M. L #5000 DMEM (2, 50 nM
AZE, 100nM NIF & ZhZhilmL, 2d L
X 24WE PRI 2 A7\ (2 IR B 2 Bk <
IfiL 7% 48 75 1 DMEM "C22K5 [ 15 28 1% (2 38 %) %
wm), LT oFEBRICHL 2w, FEo
dimethylsulfoxide (DMSO) #f#if L7z,

TEREFHIBIEE

AL E% 8 H H o3T3-LUIR I M i 2 10%
NITERNVAT VT K (iR, 3051 CTHEE
%, Oil Red O ¥ (Sigma-Aldrich, ¥, H
A) HUZ105r B IRRE L, TR o g
4772, ) UKL (phosphate buffered
saline (PBS) ; 10 mM phosphate buffer, 2.7 mM
KCl, 137 mM NaCl; Sigma P4417) (pH7.4) Tk
Bk, HRBD100% X & 2 — VR O WG R
(570nm) ZWEL, bV YUY FERE
FEmibL7-.

A #1E CellQuanti-3-[4,5-dimethylthiazol
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-2-y1]-2,5-diphenyltetrazolium bromide (MTT)
™ Cell Viability Assay Kits (BioAssay Systems,
Foster City, CA, USA) % HI\»CaFfili L 7z, #H
Jid %% B OF T A4 1% Tmage] (National Institutes of
Health, Bethesda , MD, USA) & Fl\» CTHIE L 7-.

2-deoxy-D-[’H]J- A3, 4-glucose uptake
PH] TR L7227 Va2 — 2% HWwT, 3T3-L1
R~ 4 >~ X ’) ¥ PERE A A BB S
9 B EA A L BB A L i
RN O BE A WA %%ﬁﬂ 2SI L T 221 [ B
Fth, £3H] % 7N L 72 Krebs-Ringer phosphate
(KRP) buffer (12.5 mM Hepes, 120 mM NaCl, 6.0
mM KCl, 1.2 mM MgSO,, 1.0 mM CaCl,, 0.4 mM
HaH,PO,, 0.6 mM Na,HPO,) (pH7.4) T 2 I [t

WL, —J512i3100 nM 4 >~ A Y Y I2 X Bl
%30 4T\, 2-deoxy-D-[’H]- A3, 4-glucose

(1 uCi/well) (GE Healthcare Bio-sciences Co.,
Buckinghamshire, UK) % 7 & KRP buffer %
HWT37C, 50MTT FYfEm%zllE L
7z. AZE b L < X NIF i, starvation [ 35 X
A Y2 VIRIMEREIZMZ, 7 F oI
DA A BBH T F THkwe L TR L 7z, 100
UM cytochalasin B, 0.3 mM phloretin, 10 mM
D-glucose % % ¢ ice-cold PBS 12 T )t & 15 11
L, 10 mM D-glucose % & ¥s PBS T 3 [k L
72#12, 0.5 N NaCl 800ul % Ji W CTHilKL 2 T i
LL72. Bohi-dmbEz N4 7IVICERELL,
5 ml [Z#% %, AccuFLEX Lxc 7400 (ALOKA,
Wat, HA) % M T HED radioactivity @ il
ExRAT- 72, A ¥ R) Y ISEORERGAARE %
TS 57280, A4 2R YAFEAE T OFEILY A
S IAFAE T OBEL Y JA AL TRAME L, e &
L TDMSO %5 L7zl 2 v 72.

VAl by
ST3-LURWI M % % FEBR G 1 T TR & 1%,
R %2 1,000 rpm T30R &L L, Hoh
1% % v T, Adiponectin ELISA kit (Otsuka
Pharm., Co., Ltd., BH, HA) 2 THEHR PO
TTAKRRTF VERZNEL, *IREE L g

Wy L7z

Real-time RT-PCR %+

JHASTI-LUE AN %2 PBS Tk, 4l
d % $RIX L RNeasy lipid tissue mini kit (Qiagen,
Hilden, Germany) % H \» C total RNA % #fii {1}
L 7z. HliHi L 7 total RNA 2* 5 mRNA 2 pg
24 % TaqMan” Reverse Transcription Reagents

(Applied Biosystems, Foster City, CA, USA) %

v Tl iR 5 UG & &, cDNA & fER L 7z
RT-PCR I Gene Ampl PCR System 2700 (Applied
Biosystems, Foster City, CA, USA) % fi /i L,
25 C 1043, 37 C 604, 37 C 6045, 85T 0.05
53 T 4R OIS % 4T - 72, Real-time PCR 12 1%
SYBR Green (Takara, #H#, HZA) % Hw,
7500 Real-Time PCR system (Applied Biosystems,
Foster City, CA, USA) % ffifl L, Stagel (50T
243), Stage2 (95T 1043), Stage3 (95T 158,
60T 143) 40% 4 Z VTiT -7z, WNERRIRE L
T36B4%x W Tz PR Bl ERibL, 277

ZEME L7

i /1 L 72 primer @ 35 Z& BC %1 (M 12 sense
strand, antisense strand) % DL FIZ/R9 .
p27"" 5 -TGGCTACTGCTGGACGTTTCAC, 5
-CTCCAGCAGACAGATGAGCACAC;
p67phax 5 -ACTACTGCCTGACTCTGTGGTGTG
A, 5 -CTGAGGCTCCGTAGTCTGCTTACTG;
Superoxide dismutase 1 (SOD1) 5 -GGCCCG
GCGGATGA, 5 -CCGTCCTTTCCAGCAGTCA;
Catalase 5 -GCTGAGAAGCCTAAGAAC
GCAAT, 5 -CCCTTCGCAGCCATGTG;
Adiponectin 5 -CGGCAGCACTGGCAAGTT, 5’
-CCGTGATGTGGTAAGAGAAGTAGTAGA;
Leptin 5 -AACCCTCATCAAGACCATTGTCA,
5 -CCTCTGCTTGGCGGATACC;
Tumor necrosis factor (TNF-q) 5 -CACAAGATG
CTGGGACAGTGA, 5 -TCCTTGATGGTGGTG
CATGA;
Monocyte chemoattractant protein-1(MCP-1) 5 -C
TTCCTCCACCACCATGCA, 5 -CCAGCCGG
CAACTGTGA;
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AP2 5 -AAAGACAGCTCCTCCTCGAAGGTT,
5 -TGACCAAATCCCCATTTACGC

36B4 5 -TTCCAGCTTTGGGCATCA, 5
-ATGTTCAGCATGTTCAGCAGTGTG

a0 Fik

ETOT— TP FH#ERE (mean =
SEM) TR L 7z, # [ o I i3 Kruskal-
Wallis test &, £ BRI 1L Tukey test & v,
p<005Z2 HEAD D & L7z WitHEizix
StatView- ver. 5 (SAS,NC, USA) % L 7-.

R

BWH s viEe b THESIN TS AZE %
HAZX 8804 0 R) VIEZHEOWER LI
BUOZREVMRBOREZRE T HNT, B
ZRGAEOETF IV E LTIHH IR TV 53T3-
LR 2 v T, R Y = mes
A7z, BARBYIZIE, STI-LIFRAMESE ML %
Iy I NIy MIREEE TEAE, WIRICHES T
4 ¥ A1) v, isobutylmethylxantine (IBMX),
T X AV & 3 HERI U TR i E
L, 7tk 8-14H H o u# R M % H
WCTLLFOFEEE T 72,

B, T OEBIZHEAT L C3T3-LIIENH
falZ B\ T AZE, NIF OEEREZITV, 1~
500 nM O FEFEPH T (M 3EH] o & b il %e g
& Erte) LREZE IS L - BT % SFAT L
MM O viability | B R BD 2\ 2 & R TERR
L7z kT, v b TOMAROIMEHREIZHE
T AZE 50 nM, NIF 100 nM % ZhZ il §
rZrEL7.

FENZ D DAL > R Y S EF I
9B IEH

PRI~ 7§ > BEEL Y sAAEVEIE, 4
YA RIS XV EERYEIMERL, 20
magnitude 2SHEIHAIILD 4 ¥ 2 ) &R
D—HE PRI TWAS. KIFFE T, 3T3-L1
Pt~ 7 K 7 HEHL) SARBED A » A1) ¥
12 & % 5 PE1L @ magnitude I2F 3 % AZE 1 &
5B %, 2-deoxy-D-[’H]-A3, 4-glucose % JH \»
TE L 7=

AZE JEIM O X BN Tid, 100 aM £ >~ A
U V30 IR X 0, IR R TR
246650 7§ BEEEG O BN ASED 7
(p<0.05, vs. XFIEHEE - 4 > R ) ¥ FEHI) HLHR).
50 nM AZE 24 ORIz & b, 4 > 2 Vil
WD 7 1 o7 B T P (XA 35505 L L 7z
(p<0.05, vs. X HARE- £ > 2 ) V). —77,
100 nM NIF $l# T, MNP % 7 8 7 ik
R R RO o7 (K1),

DLk, REAE3T3-LURNGMINE 2 w72 fEdic
XY, AZEWZXA&HDL A VigmEdR
FRROD % L b —HBix, FRiMlacoA »
A VIEZMREIC L S TH 5 ENEHDT
HHZEVPHLNE ST

FTEN=ZE DT TS RTINS T
2 1EH

AZEWZ X > Th 726 SRR D A4 ~
A VSRR R ORT A T A HI
T, RIS D7 714 KA 7 F ¥ 450t
$5AZE DB ERE L. TTAXREATF
VRN TER S NG EIND T 71 R
PA Y HA Y DO—FETH B, EDOEWRLTMW
IR L e oA v 2 VRS L H

FK1 A VA VIEEZWET PRI AT FaEy IR AV DT AR O

P

AZE NIF

246+ -0.11

Fold increase (insulin/basal)

3.55%0.24 * 2.30+0.46

AHHN 2 U L 72 FBS SIS (DMEM) T22WFMBi 2, #3812 & & KRP buffer T2 BERMREL, —F2A 2 ¥
FlBHE (100 nM, 3043), 37°C T 5 43 D2-deoxy-D-[*H]- A3, 4-glucose (1 pCi/well) iz E. AZE b L < IE NIF &, RIG#
T THkGEL TR L7z, 100 uM cytochalasin B, 0.3 mM phloretin, 10 mM D-glucose/PBS (T Bt & #1142, 0.5 N NaCl TH[ &
L, Wik v F L= 3 A7 25 —I2C radioactivity ZJll5E. £ ¥ A YAFFET ORI Y A&/ IEGEAET OREILY JAA I %
AT AZE: TELVZVE Y, NIF: =72 VE Y (n=6, % : p<0.05vs. xHRH)
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BICHELTWA, Thbb, BEE (VR
V) VKD BT/ D) BRI 51t
BRTTARITF awnAon, PR
NOGWENTT T4 RA 7 F 3, mE
PR B & 20 &1 5 &, BT8R
RFORK, PEIRMACICIER 5. AZE I
L0, BB T 7 4 RA 2 F 2 5w A
SRR, BMRESZ O A > R Vgt
A L2 ZE L, DTOFEBREZIT-
7.

J%FA3T3-L1MR i % 50 nM AZE Z 7213100
nM NIF Z &0 L7858l c, 2RME 2
WP IR 2 AT\, Z O RICEEH P I2 W &
N7 T4 R FVBERZME L. WiFe
L2 MR CIERE RO T T4 KA 7 F
TR ICEACIZ D T o 7oA, 2415 [0 8 #%
AZE $£ 58 Clax BB IC LR L T3 7
T A KA T F VOB % R 72 (p<0.05).
—7J7, NIF {2 & 24T, 774 K%

7 F VAL RO Loz (FK2).

DEXY, AZE 3EDIMIIZEWTT 74
RATFVHWERTHI VWAL E RS
7278, Zhid DHPs 12333 5 class effect Tl
%<, AZE IR L WME TH 5 1 sEMEAUR
g3,

TEN = U > DIFIEAINE LN DB
PRI S DT F 14 R A 7 F ¥ 5rusano
AH=ANELTIE, (1) RSO TtE
2 X BRI A X o /NEAL & Sk F o B
W, (2) 774 RER Y F VBT REBE OB,
DWTNd L RMEIESTL2b0EEZ
5N 5%, AZE ORI 5L 5 % %
WA 5 HIWT, 3T3-LIBHEEHINE o IR 5
LICBE L, &% oo LFFEIE TN 2 T AZE,
NIF 2L, TEREENBIZEICX ) 200U
HERR ARG L7z, Btk 2oui ) 7 Bt 45
ILIREER Z AT HF 7V Y yFEk (25

F£2 Ve bFu) I URANT T AP 3T3-L1 BT 7 1 RA 7 F ¥ 5w i3 55

it i AZE NIF
205 1 1.01+0.07 0.92+0.06
2415 1 1.30+0.17 % 1.01+0.13

50 nM AZE, 100 nM NIF THI# L 723T3-LUIRIAINE O 5538 B 2 BRI L, ELISAICTT 74 KA 7 F ViRELNE. HiddR
W2x9 % fold increase (n=10). AZE: 7E¥NV=YE Y, NIF: =7 =YY (% :p<0.05vs. HFHEHEE)

.-'f:.- .

AR

YRR SR
(< 200)

pagilsd
(DMSO)
1 3T3-LIFNESLISH T2 7 ¥V =Y ¥ OfEH (Oil Red O 4ft)
B WIRET R, FEB OeEBEEEE, A WM, o T eV =D v R RE L AE,
Ve A AN = =N Bt ')

TEL=ZTEY

(50 nM) (2.5 mM)
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uM ¥+ 7)) 7 ) REEEE LCHAL
7.

SALBRAG 4 8 H HICHEFT L 7z AR A - B4
BB BEORE, wIoMIED round
shape (224 L, MBS KD R %=
LRI~ O LR S Nz, FREIC,
WEFRDOELMFIZBWTDH Oil red O 12 & 1) g
3% P EEBR G O LA & iR, KBRIGMRE A
EEENTWDLZ RSN ¥F Ty 5y
VERBIMLU CTOEFE 21T - 1236, IR,
JCEFEBEMEENIC, BRI O A &R /N L &
Ml owmziEd (K1, £3). —74,
AZE 3 L IENIF OFAET CTHALHE L 728
A2k, WEDOAL VA Y, IBMX, TFAY
VAL B MBI LT, BRI R s
FUOMBICRAEEEZRO L7 (FK3).
72, WA Lo R 2 e s d 5 H
BT, L7z Oil red O DL 2 %€ L 72
LA, xIEREE, AZE BB, NIF 33 o B
HREERDLRPo T2,

PLEX Y, AZE B X UNIF o1t
WA ELREE Y RIZE R WI EAVREN.

FEN=ZE DT T YA PO E AT
T TSI (F4)

W2, AZERWIBIC X A7 T4 RAZF V5
WHIINAS, BEFLARVTCOERANT2H0
MEDPERET S0, 3T3-LUKRIMIL %
50 nM AZE ¥ 7213100 nM NIF {2 & ¥ 2485 [ AL
L, FAE2 5 mRNA ZH#iH L T Real-time
RT-PCR % JitifT L 7z. 50 nM AZE 245 1% #12
XY, 7F4 KA 7 F Y mRNA IZH1.26 Db
%7272, —J7, 100 nM NIF 2485 [l T,
[7] mRNA FEBUIZAL 28D o 7z,

F 72, BEACEH - B2 NS RIE S
TWBZEOMOT T4 A M4 ZIZEHLT
b, FoOWmE ZMR72E2A, LSFY, L
VAF v, MCP-1 ®FEILIZDOWTIX, AZE,
NIF OB IRONa ol T2, AZEIZ
DWTIE TNF- a DFEBUCH B LR WEN W
bR I N,

U EXy, AZE I, BB WT, 774
KA F U BIETRBEOBEMREANL T, Fl
PHDT TARLTF VW ElMsSEs 2L
AREINT T, T, o7 T4 Ry A

F3 e ru¥y I rRAVYy AREERENE (8 HM) (2 X % 3T3-L1 ML OREAZL

i it NIF Pio
A £ 106 =12 113+ 16 101£17 141 +93%
ML TR (um®) 594 171 694 +161 648 £ 159 346 +101 *
Oil Red O Wb 1 0.98+0.14 1.02+0.03 440=0.71%

ST3-LIMAESFMNEZ, 5uM £ ¥ A1) ¥, 0.5 mM IBMX, 0.25 uM 7F 4 2 4V 0 B X OKEHOLIE FICHEFEL, 5L

% 8 H H OMNBE Y OTHFE % Tmage) % i L CHIsE. MEASTS-LURIIMIILIE, 10% 89 F VA7 VT B (i, 3050H)

CTREEH, Oil Red O Pet L, 100% £ %/ — VARMIEOWIEE (570 nm) OWEIC LY b 7)) FEREZ PERLL.

0il Red O WBEE IR IIZ %3 % fold increase. AZE : 7HX¥NV=YE Y, NIF: =7xYEY, Pio: ¥ 7Y ¥V Y (BtEx)
(n=8, * : p<0.05 vs. xFHEH#E)

F4 e ravy I rRAVY Y AREGEONE (24 BRE) (12X 5 3T3-L1 FE s 5B

xR AZE NIF
adiponectin mRNA (n=10) 1 1.21%£0.03 % 1.10%0.06
leptin mRNA (n=4) 1 0.95+0.05 0.89=0.05
resistin mRNA (n=3) 1 1.04+0.09 1.00+0.12
TNF- ¢ mRNA (n=5) 1 0.81£0.19
MCP-1 mRNA (n=4) 1 0.99+0.03 0.86+0.05
AP2 mRNA (n=3) 1 1.03+0.04 0.99+0.03

BLFAST3-LURIAMINL X V) total RNA % HiliHi#%, mRNA 2 pg #1245 X 0 K5 G2 T cDNA #1EH L, SYBR Green 2T Real-time
PCR % Jitif7 L7z. PIEBA IR L LC36B4% vy, 27T 2 G145 L7z, fHIdBICH 3 5 fold increase. AZE: 7TEN =V K/,
NIF: =7 xYE Y (% :p<0.05vs. & HEE)
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M A CRBRSMIHE LR, TR
s 5 RERIG S — 7y b E LR TH S
T LRI S Nz,

TN =2 > DIFAIEIL R P L X E
Vil

U EDRBRE LD, AZE $5133T3-L1KE I Hl
oA 2 VEZM, 774 KRR F VR
TORBEMRT 2 2 EAIRENTZN, FTV
)Y VHEEARICE 5 TH 20 SN DO R
LI EORESEL Y, RS UIEE S 2
bH PPARy OEMALZ DLW OTH B S
EAUREENT. FT T, AZEIZDOWTR T
Wi TN TS HRILIER 25, TRIiMO L~
VTHRBEINTED, MLV TORILA
P L ANDRIERENA VA VIR EOSEICH
HLTwa W2 ZE L, MEtxiro7.
B3 T3-L1IR I HINE %250 nM AZE F 7213100
nM NIF T24R; B 8 # 12 RNA 23l L, B8
LA b LA B EEFDOIIITD VT DMSO
P L7t e L hikiRE 2 1T - 72 & 25,
NADPH oxidase subunit T & % p22”", p67"
mRNA S 1L, AZEOB S ICX 2 A F 280
HIHSFRD B N72HY (n=4, p<0.05, vs. xFFEHE),
NIF #5326 OBMRTFHRICEE LY LT
Ehdrol. T, WERLEEE CTH S SODI,
Catalase mRNA D FEHIT AZE OB 512X 5 H
He ERER L (n=4, p<0.05, vs. W HERE) (%
5). LEX D, AZE EZRIIMIEICE VTl
LR 2 A3 52 ERENTA, ZofEHIz
W3, DHPs 12389 5 class effect Tld 7 <,
AZE (R RN HE TH AW REMAVR SN/,

F7-, IR CTOBRILR ML ZADEEAS, A
YA VRS EGE IR B RS R AR
iz,

EA

TyIAT Yy N 2EREREC, R
M INRALIER 2 380 5 L s H ), KL
NV 7555 BEIHHIE T @ peroxisome proliferator
activated receptor (PPAR) y i&HA LA > 2 ¥
BRI 2RI RIS TV
Y. FERMENMY e FOE) YU R
VT AEBIEE AZE 7 & MICERS- LA,
PRI 7 74 RA 7 F oo o5,
EOWEDNDH HY. AWFEIZ. AZE 2% in vitro
TR D 4 2 ¥ RStk 7 & o7 B 240G
PSFENREAETHIE (F1), KM
LDOTTARRTF U HWEARIIHENSES
Zr(E2)EWHL NI L. IS oRRIE.
AZE DSIeMI 2 507 74 KA 7 F V75l
BmzALTA v R VRS b 5T
WEEEEZRIET DD TH 5.

— B TR O IR LIC L 5 T
FARFPA M AL OGWRATRENA DN
%o ThOLEKEMETIZT 74 %27 F
VHEAEDMET 9 % — 77, INF- a, Intereleukin (IL)
-6, MCP-1%DKFEMET A AL VRV I AT
Y, VTF U OEAPBEMT S, TORR, 1
YA VDY T FIVRENREESR, [ VR
VB ER SN BT 4 v R VR
PSHEHRTHLF TV Y VEEKIL BNZ
BIKPPARYy D) ¥ K& LT, JRIGMESE
DIAY—LF¥a2l—%—Td»5bPPARy i

#5 R OMRILA b L ABEBEF RIS 2 Ve Fu ) UV Rh vy ARHEEOZE

* I8 AZE NIF
P22 mRNA (n=4) 1 0.81=0.09 % 0.98+0.06
P67 mRNA (n=4) 1 0.76 = 0.06 * 0.92+0.04
SODI mRNA (n=4) 1 1.26 +0.26 *
catalase mRNA (n=4) 1 1.23+0.37 %

BHAST3-LURIGMINL X V) total RNA % HiliHi#%, mRNA 2 pg #H24 X 0 K5 512 T cDNA #1EB L, SYBR Green 2T Real-time
PCR % Jitif7 L7z, PIEBA IR L LC36B4% v, 27T ZFI4E L7z, fHIdBICH 3 5 fold increase. AZE: 7TENL =V K/,

NIF: =7 xYE Y (% :p<0.05vs. & HEE)
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AL % 2 & TR Lo EE L & b1z,
JEXBERGHIRL D 7R b — 2 A2 S h, R
M BRI HIIE O P34 4 XDRWANTO %5035,
PeIGHIL /NI LIC & 5 C, BEIRTWT
T4 R A b AA CEWK - W IR R IE
EN, INSBFTVY Y UFERICL B A v
A VEZ R ERT E L THERA I AT
2% RSB BT T4 KA 7 F VD%
HEEE LTiE, VA PRSI DG
N7z PPARY 725, LF /4 F X ZHAK (retinoid
X receptor: RXR) E AT HF £ v —% B L T,
T 74 KA F VR ERICHAET S PPAR
response element (PPRE Fi2%l)) &9 562 &
WZ&oT, 774 KA F VBIZT OWE NG
LS B EsmshTna™ .

LA L7250, REFETIZ, X7y 8y
T BN 72Nl 7L D et =2 IR INhHI L o /s
HALR AR OREW 250 F~<—H—T
» B AP2 BT OFBALAIL. AZERFHTIE
ROtz (1, #3,4). ORI,
AZEWZ X B 7 74 FA 7 F v, +
TN Y VEERRLT VTV Y URE
REEPUEETA SN S PPARy iGMEILZ A L 72T
T4 KA FVBEFEGOIUEE L, ReD
ANZARZEDLDTHD I L ZHRET
250TH%H. TNHDO—HOD AZE X & B 1E
HiE, thoRKEERR Y Fu¥y I &%
W AEEPIHETH B NIF TIRAD SNT,
AZE DFADOEHEEZEZ 6N

AZE EREEER DA, v N KBIR A B
K@ 12 3 > T7-ketocholesterol X TNF- ¢ QLHLIZ K
BIEVERR AR ORI 2 3P L, 2 BB B
2B HARIMERNE O BRI 20T S5 7%
LD, PR EH T 52 EAMEILTY
25— MR T oM b L
AHETHIE, BILAPLAIZKDT T4
RIbA MHA VEREEZEET L BEOFE
c-Jun N-terminal kinase (JNK) O{EMEALIC X %
insulin receptor substrate (IRS) - 1 OF T >~ 1)
AL EZR LT v A YbiEo—
WEH2I e EPMESNTHEE . Kk

Plimife % s LK BB % &, 774 B A
7 F v BAE T3 BUET % plasminogen activator
inhibitor-1 (PAI-1) Mz T-FBEMAA SN2
Zk, KT LT 74 RA T F VB TREN
PUBRILHE TDH % N-acetyl-l-cysteine (NAC) 5
XD EET A EbHERIATVLET Y, —
7T, RAE ML B W T TGF- B #%5-
WZ& BWER DL RISEMET A M A Y IL-6
EWIMSE 2D, NACEGIZL-oTHHEL
LoHELHHY. IS OHTHEREONIZ
SN TIE VA, RIFEIZBWTY, AZE
IR B 5 ERIEA N L AEETFHRBL%
KL, PiRBLEER ST OB AR ST
BY, AZEIC X A7 74 RA 7 F va3iigm
. PURALRDRIER &2 A3 B W REMEARIZ S U
7z.

WRWINBIZ BT B 7 7 1 BA 7 F VA - 45
WHEMBEFE O £ 72 2R, Lo e,
PPAR y i EALIZ L 5 7 74 KA 7 F Vil T
EHEDOILHETH Y, ZOR, Wi LA eE
N5 7=, FECEEMRONYEEZES b0
LEE SN TE P —J5, PPARy &AL
EASTIEIE» S0 7 74 B2 7 F V5
WA BN S 2 RERICO VT OWE D HULX
N, UHETH, ANVKZVREEZ) ALY
F%%, protein kinase A (PKA) I&HE#IHl % 4 L
TT T4 KA F VEEZRMESE, ZThidlg
iR RE DAL Z e b v 2 & ZBEICHE L
Twa?, %72, KIETIE, PPARy I X B
A2 73 1E 42 1 cyclin-dependent kinase 5 (Cdk-
5 OV YBALYPLETHY, Cdk-5Y YEEILEE
%KL PPARy V) # v K& 8RR 4 ~
A VP~ Y A5 5 L, RMET
@ PPAR y ZEBUE MR IRNG 70 AL 2 tE b 9712,
TTARRT FVOBIEFRALZHEMESE) 5
TENWE SR, EHEBOTWRY. A%
IZBWTh, 3T3-LURNAEICK 3 5 AZE &
5, MRS ALCIEEELZVWRETT
FARRTF VW ERNEEE 2 EDREN
TBY, 5%, AZE OJEHHMIBICBIT 5 PKA
WAL Cdk-5Y) v b7 L Ix3 A1 %,
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PUBALVEN & O &% G T, Bk bHE
PLEEZEZOND.

AWFFE T, BRI A > 2) v Ekz
e T 74 KA F WK 5 AZE D
AEZDHTFRFOMN 2T 72, ZORRE,
MOERBEHEN Y Fr Yy Y VKAV T
LEEPUER & B )  AZE 3, FRIGHIIIC B W T,
£ VA VIRZEWEROT T4 KA 7 F V500
YWERREFL, ToFo—#E LT, K
M T OBRALE- A 59 2 W REVEAVUR S 1L
7.

I
MERZDIZH2Y, HFELHERZEY L2
JIG PR R A HE IR - ARGH - N R 8= o Tk
W PEIRICRE DM BERLIT. 4, RIEELS
OHBEZWH Y £ L2 FBERARGBIIC, SR
272, ZBIpw iz EE B OISR B
HOBHICRE#EE L BT
W, ARWEFEI, H AR IR B S RS2 I 78 4 B
(21591153) B L WIKFER 70 ¥ = 7 MFZE#E (21-
501) OIEBHIC X W iTbNh.
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Anti-hypertensive Azelnidipine-Induced Improvement of
Insulin Sensitivity in 3T3-L1 Adipocytes.

Fuminori TATSUMI

Division of Diabetes, Endocrinology and Metabolism,Kawasaki Medical School,
577 Matsushima, Kurashiki, 701-0192,Japan

ABSTRACT Azelnidipine (AZE), one of dihydropridine calcium channel blockers has besides
its blood-pressure-lowering effects, actions to improve whole body insulin sensitivity and
increase circulating adiponectin levels in human and experimental animal models. However,
the molecular mechanisms underlying such metabolic actions remain unknown. In this study,
we investigated the effect of AZE upon insulin sensitivity and adiponectin secretion in cultured
3T3-L1 adipocytes to see whether AZE showed direct effects in adipocytes and to analyze the
molecular mechanisms involved in the metabolic actions in adipocytes.

We found that AZE (3.55 x by insulin, p<0.05 vs. control), but not nifedipine (NIF) (2.30
x), significantly increased the magnitude of insulin-stimulated glucose transport activity in
3T3-L1 adipocytes, compared with control (2.46 x), suggesting that AZE enhanced insulin
sensitivity through its direct action in adipocytes. Furthermore, incubation of cells with AZE
(1.30 x, p<0.05 vs. control), but not NIF (1.01 x), over a 24 hour period significantly stimulated
adiponectin secretion from 3T3-L1 adipocytes. This was associated with significant increases
in adiponectin mRNA expression (1.21 x, p<0.05 vs. control), measured by real-time RT-PCR, in
3T3-L1 adipocytes.

Nevertheless, unlike the extremely potent actions of thiazolidinediones upon adipocytes, AZE-
induced increase in adiponectin secretion was not associated with acceleration of adipocyte
differentiation, and normally along with the activation of peroxisome proliferator-activated
receptor (PPAR) Yy, and the resultant downsizing of adipocytes, which were demonstrated by
morphological analysis of adipose differentiation process in the presence of AZE or pioglitazone.
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The expression of other metabolic adipocytokines including leptin, resistin, interleukin-6, tumor
necrosis factor-a, and monocyte chemoattractant protein-1 were also neither affected by
AZE stimulation. These results suggested that AZE enhanced insulin sensitivity and increased
adiponectin secretion in 3T3-L1 adipocytes independently of activation of PPARy.

Finally, we investigated the antioxidative effect of AZE in 3T3-L1 adipocytes and found that
expression of p22”" and p67°"*, NADPH oxidase subunits, were significantly decreased, in
contrast to upregulation of antioxidative enzymes, such as SOD7 and catalase, by stimulation
of 3T3-L1 adipocytes with AZE for 24 hours.

In conclusion, these results demonstrated that AZE significantly enhanced insulin sensitivity
and increased adiponectin secretion in 3T3-L1 adipocytes, independently of PPAR y activation,
which were unique characteristics of AZE and not a class effect of dihydropridine calcium
channel blockers. In addition to this, we suggest the possibility that antioxidative effects of AZE
would be involved in its metabolically preferable actions in adipocytes.
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