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Abstract: [ Objective] To investigate the role of naringenin (NRG) in oxidative stress and vascular calcification and
to find out the underlying mechanisms. [ Methods] Different concentrations of NRG (5, 10, 20 wmol/L) was used to treat
rat vascular smooth muscle cells (VSMCs) and vascular rings with high calcium and phosphate—induced calcification. The
calcification degree was evaluated by alizarin red staining. Reactive oxygen species (ROS) levels were assessed by dihydro-
ethidium (DHE) fluorescence staining. Heme oxygenase—1 (HO-1) expression was determined by qPCR and western blot.
We used HO—-1 inhibitor ZnPP9 to treat rat VSMCs and confirmed the effect of HO—1 on calcification of VSMCs.[ Results]
NRG significantly ameliorated high calcium and phosphate—induced calcification of rat VSMCs and vascular rings in asso-
ciation with up-regulation of HO-1 expression and down-regulation of ROS levels. ZnPP9 blocked the inhibitory effect of
NRG on VSMC calcification. [ Conclusion] NRG inhibits oxidative stress and high calcium and phosphate—induced vascu-
lar calcification by up-regulating HO-1 expression.
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1% 45 1k (vascular calcification ) J& & UL )18 1
B R LA 78, AR BILR 20 S 2% o AL GE LA
A L B A AR A B 1y o e sh DR T 1ML A8
BERY AR . (HJ2 , BOR B2 AT ST 418 - 78 104555
e A, KA Ry B A G Rk HR, e 2 D
14 32 38 7K ST AT 52 ) 00078 A A R R T I
oA PR R IR YT A SR T BE . AN
TR 5 S5 R 00 A Al P S BRE R R 4
il S AR IO T s Ry T LI A S A AT RO Il
L E A -1 (heme oxygenase—1, HO-1) J& 1)l il
SR DGR , H ETIR K B T8 S HO-1 3%
K25 R T A8 85 4k . il B2 3 (Naringenin,
NRG) & — M K IR A i B 2L &4, BATBR A
FERBT AL M ' o W5 A il R 2R AT il
T T UL 240 L5 7R 0 A PN PG AT AR A
FO0h v Wl e A5 A0 AR A A A R AT AE
TEABEFE H, FRATR T UL Y- 1 JULAH LR 1 787 45
PHEIRL, WIS NRG A fri 0 e 415 5 5 A9 1L A6 405 1 )
YERT, 9 B W HO-1 41 5 NRG #1011l 1M A8 #95 4k 4 #1L
i, Ay A B R LA A R BT I S AT ) SR

1 #H#HS57*

1.1 FEMHEIRF

20 i 15 57 Bk DMEM | Jif 4= 1fiL 75 (FBS) L TRIzol |
BCA & A & #1477 & W B Thermo Fisher Scientific
] NRG PE R L B—H B R 3% M 0l & W
H Sigma 2\ 3 #5460 3250 &0 B A6 SR AR AE A
Al 5 W S B R & . SYBR green 351 &6 H Ta-
KaRa 7 F] ; Western blot j#8 & St W W H Millipore
NS
1.2 dHRIEFRFNZG Y AL I8

2 3CHR[9-10 1/ 77k, I SD R BR (R 7
EERFR 22 ot VR AT IESS - SCXK () 2011-
0015) 14 ik 3= 3l ik 43 25 1l 45 - o LA A . 1 45
10% FBS 1) DMEM 3% 57 & b 3K B i 81 5 UL 20
JL AR A S A A A5 AR EE R 2E (10 mmol/L 1Y
B—H MR +3 mmol/L 1) CaCl,) &b B ifi 45 - ¥ UL 40
27 di75 A LS Ak , 5 AR R R LA F A A A
FBAMEXTRR . A T AESE NRG X4l 51k 52, 78
el A R B 8 25 R IR TR) ¥ BE 9 NRG (5.10.,20
pmol/L) Ab B il - WLANAL 7 do shm iyl FHE 3k
Il R N 26— BEBE s e 32 D1 2 b v

1.3 MEIRAREFFGY IR

G B F BRI FR A8 19% G L 2 B R
P b A SD R BRL , 2% 58 A1 43 5 1 32 sl ik, FH IR}
SRR BT AL S mm 22 A7 K IR ER , In A B85 AL 8 57
FE 25y Ak PR 1A IR I AR [RDVR BE () NRG (5,
10.20 wmol/L) 7 d J& , Wit 4 Il 45 Fm A Az I 475 1k
FREE
1.4 4RSI

S SCHR[11-12], R FH 9t 28 20 et 1A ofi
T U LA M I A PR A R LA 40 i
FEFA O iCE =R T, B IREL, H PBS VA TR
VE 3K 40 o/L 1) 22 J RS | [ 22 4 M 10 min,
SRJG 258 FOKVERE SR L, A 2% 95 K 41 (pH
42)EWFE S min, IMA LB TR E A, 4
BB PRI . A1 mL R, 75
TR 5 I WA AR B8 €8, T 22 D Be B A (AR 1
405 nm ZCFS IR OEAE o
L5 i imE RSN

MR PE K20 Y0, JH 40 o/L i 22 58 H e[ 2
BIKER, (P BE RS I K, 2R B, A 2 i
A A, AL 38 G o A o) s ot A s e, g D)
5 wm B L) F SR 5 L K AL 32 0] L 40%
HITE 2% PE RLIF TR E 5 min, EFRZ AL,
FH R P st A, A8 B A N B AR
1.6 WNBBETFRE

SR P LU €0 2 A A6 28 1V B, 252 A6 3 7
S VLIS, JE TV PBS T Yk 41 e A A 2148,
AR F A AL B, SR 5 AR B0 (3 000 xg,4 °C,
3min) B DIEHEMER 2R 1.5 mLE.OE P K25
WL P R A S RS A 7 A 96 FLAR T, T 1 5
BT e TR, LA IMA 200 pL B A, SR
HEOG R EE 10 min, {F FH 2 D) g 5 bR (0K 0 7E
610 nm At I EAR
1.7 iEHERKFEREN

SR FH 17 A A W 3 71 6 A DU 1 4R (reactive
oxygen species, ROS) K-, 2 (15 55 5L, H PBS %
VR 3 UK, VA ML S A B Yk A L BE (dihy-
droethidium, DHE) , 37 Ci 6% & 30 min, 2% 5 F
PBSTH R, 70 W AEE T4
1.8 EHEEPCR

4 2 85 SR BRI RS 5, i T mL RNA 42 5K
7 TR1zol , Z BRI 2 ] 156 BH 12 B 4557 ¥ L4
B RNA. HU1 wg mRNA, il A Takara PrimeScript
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RT IR, mRNA %% 5% - cDNA, AL i 20 L PCR
JZ WA £ : 2XSYBR premix (10 wL),50x ROX Ref-
erence Dye Il (0.4 wL), Primer mix (0.4 pL),cD-
NA (1pL),ddH,0 (8.2 nL), ¥ PCR /2 i ¥ 1R 2 bifi
J5 A Real Time PCRAX I, #4795 &t PCR X
N/ :95 CHUAZYE 15 min, 95 CAEE 15 s 160 CiE k
FEAR T min(40 RAEIA) . TS IME BT : B-
actin (forward) : TGTCACCAACTGGGACGATA, B-
actin (reverse) : GGGGTGTTGAAGGTCTCAAA;
HO-1 (forward) : TTCAGAAGGGTCAGGTGTCC,
HO-1 (reverse) : CTGTGTGGCTGGTGTGTAAG.
K B-actin NS IEA 24 1 05 g5 H 3L A
mRNA Y AH X Rk K
1.9 Western blot

TR 11 A WP BB 7 1 LA L S B
BCA 377 &R I 2 11 B A vk B . 3R (AR A 100 C
JFA 10 min J5 8 BT 7800 A8 M . AL EAE 20 g
T RE , 2K 8% SDS-PAGE Ji #E 47 L Tk 43 B 4&
F1, SR B H HL R 2 PVDF I, TBST BRI 37K,
T 5% JBERE Wik 3 R AE =R FIEE 1 he A
—$T HMOX~1HA (Proteintech, 1: 1 000) %5 IR &
1 h, TBSTYERE 3 R, AR G IMA I EIRIFF 1 h,
TBST PR 3 UK, I A B RUE SE I ECL ], 4 B
A LAS 500 & JERUGAL N R 5
1.10 Sit=Za4H

FI A T R A B e hn v 22 R oR R A
SPSS # A o3 Hr E i, P AL DL 35 (H B R B A
E 2451 (One way—ANOVA) K 56, 9 P L 588
F Turkey . 24 P<0.05 BF A A Gii 232257 .

2 %R

2.1 NRG#IHI X R & F 5 A4 a5 ¢
FRATIR FH B ve ol v 85 1) 5 4k 15 77 3 (caleifying
medium, CM) 755 K FUMLE i LA 51k . N
5% NRG XoF i ol o 5 175 3 1) 0 45 1 o JUL 4 o 45 A
FIAER 76 CM 4514 T, A [FIHR BE B NRG (5,10,
20 pmol/L) b B BRI 4S9 LAH ML 7 do P41 3
Yu o 75 B Ig R 38 5 57 3L (Growth medium, GM)
Ab B 40 B A DL AR AR, CM 4 4 i A ST Vi L4
JH 5 £k B I 3 i (1 1A) 5 0 F A [k B2 19 NRG
(5.10.20 wmol/L) J& , K BRIl 45 - ¥ L4 B 4% 10 2
FEW A (L 1A) , o DL B A 20 wmol/L ) NRG

ORI o 8w R 2L g R R (O
24y BT Y F=178.183, P=0.000 3) : 5 GM 4H [t %%,
CM 4111 200 i 85 4k BH (g 345% (1] 1B, P=0.000 02) ; 5
CM 41 b g, NRG Ah AT (14) 440 i 65 10 2 3 B 38 0
(1B, P<0.001) . J34h, A[AVE B NRG (5,10,
20 wmol/L) #B fitg B K 4 M 55 25 + ik B (&1 1C, P<
0.001),20 wmol/L f) NRG R e i o ax #6285 L6
I NRG AT LA e A s e 410 1) s e o 465475 3 )
P LA A5 1k, HEEE A 20 wmol/L /% NRG 1l
i 0 A5 A A A FH e B

HAHE R HTE R LY AL R LR, R R
D5 22500, A 22 %A Geitv 3 L (F=178.183, P
=0.000 3) ; K H Turkey 15— D AE P L5, & 1
CMZH 5 GM A #8222 5 A ge it 27 2 X (P=0.000
02),NRG (5 pmol/L) 415 CM 41 b4, 2 R A 51t
2F 7 L (P=0.000 16) ,NRG (10 pmol/L) 415 CM 41
W, 2 5 A ge it 5 & L (P=0.000 37) , NRG (20
pmol/L) 415 CM A b3, 2 5 A Git2# & L (P=
0.000 83).,
2.2 NRGHPHIXRMEIREEL

g it — 2 W 9% NRG X 1L 45 85 1k 594 L F A7)
K F AR A B9 NRG (5.10,20 pumol/L) &b H ify 4
W7 do et 25 SRE 5B s (7 2250 BT Y F=
267.048, P=0.000 04) : 5 GM 4 He 45, CM 40 1 1fiL
FRAG AL A BE A N 8 (P<0.001; 8 2A B) ;5 CM 4H
U, NRG &b 33 (74 i A5 #0805 Ak B W el 9 55 (P<
0.001; & 2A \B) . 34b, A1 & : NRG 1] g & %
R A 20 28 15 1V 2 (P<0.001; 18] 2C) o

HAE R HT R LY B R AR SRR R
J5 2500, HA ) 22 %A Gi it i L (F=267.048, P
=0.000 04) ; K H Turkey S — 2D AVE M PR L3, A Bl
CM A5 GM A 3, 2 7 A geit 2 5 L (P=0.000
37),NRG (5 wmol/L) 45 CM 4 L5, 2 A Gi 1T
247 L (P=0.000 32) ,NRG (10 pmol/L) 415 CM 41
I, 2 5% A 480t 2% & X (P=0.000 17) , NRG
(20 wmol/L) 5 CM AL b3, 2 R A Gt X
(P=0.000 44) .
2.3 NRG #l#l (1 & F 78 Al 40 b S 40 B2 80

B T NRG HA 5k B BB AL EH,
LB AT 28 T NRG X I8 1 L4 i 421k 1z 3
HIREI . 255 R (7 22309 F=29.89,P=0.000 1) :
CM Ab 3R T 57 1045 F- T LA L ROS 7K ~F- , 1 fiff FH
NRG ] B 8 FAIK ROS 7KF- (181 3A \B) , U B NRG 1]
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A: Mineral deposition was assessed by alizarin red staining. B: Alizarin red staining was quantified. C: Calcium concentration was measured. Com-

pared with GM, 1) P<0.001; Compared with CM, 2) P<0.001. Scale bar=500 wm. n=3.
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Fig.1 Effect of NRG on high phosphate/calcium—induced calcification of rat VSMCs
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CM#A Y5 GMALE, 257 A %158 L (P=
0.00094) ,NRG (10 wmol/L) 415 CM 4H [b#¢, 2% 5
AHEit2# 5 X (P=0.012) ,NRG (20 pmol/L) 415
CM 2 #2253 Ge it 2438 L (P=0.000 5) .
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NRG % Ifit 48 ~F- 1 WLAA L HO-1 3R 35 7K ~F- 1Y 52 10
qPCR %5 B 5§ 78 (F=248.488, P=0.000 02) NRG
(20 pwmol/L) HE W I 14 i ifn & ~F ¥ JUL 48 ffd HO-1
mRNA [ % 35 7K - (P<0.001; [ 4A) ; Western blot
S5 A0 R NRG fE B . b 8 i 45 7 ¥ L4 A HO-
1 2 I 57KF- (P<0.001;5 [ 4B)
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A: Mineral deposition was assessed by alizarin red staining. B: Alizarin red staining was quantified. C: Calcium concentration was measured. Com-
pared with GM, 1) P<0.001; Compared with CM, 2) P<0.001. Scale bar=250 pwm. n=3.
El2 NRGXE#E5ESH KR MERSLE R0
Fig.2 Effect of NRG on high phosphate/calcium—induced calcification of rat aortic rings
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A: ROS was detected by DHE staining, X100. B: ROS levels was quantified. Compared with GM, 1) P<0.001; Compared with CM, 2) P<0.05, 3)
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Fig.3 Effect of NRG on high phosphate/calcium—induced oxidative stress in rat VSMCs
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A: HO-1 mRNA expression was analyzed by qPCR. B: HO-1 protein expression was analyzed by western blot. Compared with GM, 1) P<0.05;

Compared with CM, 2) P<0.001. n=3.

E4 NRG X XRMEFFAHEHO-1RIEKFEH M
Fig. 4 Effect of NRG on HO-1 expression in rat VSMCs

— 20 HO-1 mRNA &5 R i, & [ E 07 22507
BT, 3 41 22 54 e it 22 5 L (F=248.488, P=0.000
02) ; 5K H] Turkey i i — AR L8, & 81 CM 41
5 OM AL i, 22 5 A 41225 L (P=0.009) , CM+
NRG 45 CM 4 I &8, 22 7 A g it 2 5 L (P=
0.000 8) .
2.5 #M%I HO-1 FE BT NRG X il & T & AL 48 B 45
L B3 HI1E B

N TR HO-1 2/ 25 T NRG il i 41
VUL 200 B0 A ) S R L FRATTULER T HO—-1 410 4 551
ZnPP9 XF NRG 0 il 1 7 ~F- ¥ AL 248 Bt 555 44 19 5% i)
2R iR (F=241.933, P=0.000 03) : 5 CM 4H [L %%,
NRG (20 pmol/L ) Ab Fi (1) 41 g 45 4k B & 0842, A
ZnPP9 (107 mol/L) BE FH 2 BH KT NRG ¥ IfiL 45 - 1 L
YA A5 AL I T (B SA B 5 55 40, 5 5 A0 b
TR : ZnPPO FEXTHT NRG R (R4 I 45 55 13 2 B4

FHRON (K] 5C) .

VUZH R Ao R ALY A R LA, R RN R
Jr 2530, DU 0] 22 S A et B L (F=241.933, P
=0.000 03 ) ; K FH Turkey 52— AVE P LLER , & 3N
CM 45 GM A b #5222 5 A g it 27 & X (P=0.000
49),CM+NRGH 5 CM A L5, ZRA G2 X
(P=0.000 69) , CM+NRG+ ZnPP9 H 5 CM+NRG #H
W, 22 AT G127 5 L (P=0.000 02) .
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18 4 5 R I A8 AT A i PR L 1 G A AL IR T
T B S AL 4 2 IR LS, SO
FU R BA I Z AR RN . AEADTTE A, Bl
SR FHF- 5 LR B A il A8 2R A5 AL, BF 58 NRG X
MAEFSRITER . S5 R B AR A NRG (5,
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A: Mineral deposition was assessed by alizarin red staining. B: Alizarin red staining was quantified. C: Calcium concentration was measured. 1) P<

0.001. n=3.
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Fig. 5 Effect of HO-1 inhibitor ZnPP9 on calcification of rat VSMCs

10,20 wmol/L) 347 ] B Gl Jak 4 i B8 2 215175 5 119 K B
BTV LAN B A S AL . B TR TR T
NRG X 1 &85 4k i VE B, SR T 24N NRG
(5.10.20 wmol/L) &b FF A0 AL AN 1L 45 25 , Ho L NRG
(20 pmol/L) XF 1L 3 45 4k A A SO e i . IRt
TE 5 B2 F 5% NRG X HO—1 mRNA FlE A9 2 157K
SER IR, SR T 20 wmol/L ) NRG Ab 34 41 Jifd
NRG P IR 41 i ROS By 7K F, L HO-1 iy ik K
S, T HO—-1 AT BELIKT NRG s 42 1. 45 7 3 L4 i
FEAL VR FHAORE o 3% 2645 R . NRG Al 38 i 7
T HO-1 1y TR ST Iz S8Rl 5 4
AR ) $E R 22 A A DG A
PP B IR o I OB PR A5 SR R RRAE . 2
I LA T s BRI 20 B 2, SR I
S B R B I 000 A Y B R R AL . A
PR B WIS IS 5 1k 4 R AR vh, s K AR R
(YIRS b T K =R A A N ol €
11 FEEKCEEES S ROS By 7= A AL 551k , bt

A AR TR BB Tt 410 S AT R, S % 1A A Ak Y R
J S AT ST R ¢ e Wl v A A AT v L4
Jitl ROS B K- T 5, A2 8E 73 WL M 85 1k .
NRG Ji ] BH 2 B AR ROS (1) 7K F , 3006 iy 45 S 4 L
AN LA FRAS AL . D3 A, BRAE9E B . NRG AT
A HE HO-1 /223K R 3P &AL, b i B di 47
GAEYEER T ARG & B NRG 1] 1
T A5 SF P L2 i HO—1 % 26 38 /K S, ik 1fn 45 4%
A5 1R FH HO-1 41550 f5 , NRG 417041 F- ¥ JL 48
FEAGIAE B R UES T o IXSESE S B KIIESE : NRG
AL TE i R HO—1 303 if 454k .

2 W U 40 AW SR N S Ol = R F A
BATES IS5k . NRG AT i HO-1 Ay ik K
S JA UL O SR I A AN S A . IR HO-1 /1Y
FEIRTKF- AT B R T T 5 A (BT SR, FRATTR R
FH B 5256 i — A2 509F NRG i i 8 3 HO-1 fY &
TR A A 1 R IS B 4R, O NRG IR YT I A8 45
R B IR ARE
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