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 OE BRSSO B R RACIR A AN R E 20 i (HUVECs) & A4k F — 8 AL 245 (mtNOS) 49 iR42 15 A . ik . ¥
x4 A& KA HUVECS 28 i4y 2y (B 40 AEA 20 e SR B0R BRAK . F L B 2R 2.(5.20.,35 pmol/L) 48, 25 454 A 24 hJS | I iE 8 2903w
A4 100 pg/ml BAAKE F A5 & @ (ox-LDL) #4 3% Jr ik FH RACARY; , CCK-8 iF A il 2m i A4 7 5 o R I am ML LA AR, BRAL 52 e
mtNOS #9 7 it Fr £ 5k — BAL B (mINO) 49 4% , FRBRARBUE ] & A (ROS) 3 5% &, Western blot ik #i7) 4m i, &, % C(Cy-
to-C) Wy ik . 4R .5 B 4L bER AR 20 dm B 756 K, miNOS 7& 1 .mtNO 4% \ROS 2 £ 5% JF #» Cyto-C & & KL 33w,
EF A AT FEL(P<0.05); HHER ML E, FHCRBAK . ¥ 5RE A 0I5 F R, mINOS 7F 4 .miNO 4% \ROS & L%
JE A= Cyto-C B & R R M AR, 2 7 B A 4t &L (P<0.05), L5k 2 EARE, 4k F50R B 48 B{X HUVECs %8 . mtNOS
M8, mNO A= Cyto-C #9 = A& , L ALH] Tk 5 T ROS R A A % .
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Regulation Effects of Oleanolic Acid on the Mitochondrial Nitric Oxide Synthase in Human Umbilical Vein
Endothelial Cells with Oxidative Damage

WANG Yu', HAN Zhi-wu’ (1.School of Pharmacy, Qingdao University, Shandong Qingdao 266071, China; 2.
Dept. of Pharmacy, the Affiliated Hospital of Qingdao University, Shandong Qingdao 266003, China)

ABSTRACT OBJECTIVE: To investigate the regulation effects of oleanolic acid on the mitochondrial nitric oxide synthase (mt-
NOS) in human umbilical vein endothelial cells (HUVECs) with oxidative damage. METHODS: HUVECSs in exponential phase
were divided into normal group, model group and oleanolic acid low, medium and high dose groups (5, 20 and 35 umol/L). After
drug acting for 24 h, all groups were given culture solution containing 100 pg/ml ox-LDL to reproduce oxidative damage except
normal group. CCK-8 was used to detect cell viability. The mitochondria in cells were extrated, enzyme chemical method was used
to detect mtNOS activity and mtNO content, fluorescence microplate method was used to detect fluorescence intensity of reactive
oxygen species (ROS), and western blot was used to detect expression of cytochrome C (Cyto-C). RESULTS: Compared with nor-
mal group, the cell viability in model group was decreased; mtNOS activity, mtNO content, ROS fluorescence intensity and Cy-
to-C protein expression were increased, with significant differences (P<<0.05). Compared with model group, the cell viability in
oleanolic acid low, medium and high dose groups was increased; mtNOS activity, mtNO content, ROS fluorescence intensity and
Cyto-C protein expression were decreased, with significant differences (P<<0.05), and they had positive correlation with concentra-
tions. CONCLUSIONS: Oleanolic acid can decrease the mtNOS activity of HUVECs, reduce the production of mtNO and Cyto-C,
by a mechanism that may be related to the decrease of ROS expression.
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1% %% i 8 #5 A1 (LDL) J& ) Jik 5 #%: 4 £k ( Atherosclerosis,
AS) K AR R —> B fa 5 B, 404k LDL (ox-LDL)
J& LDL 7E AS 1) B AF AR T 3, JLAT DAk 1 Bz 4t i 17 4t
io ox-LDL ALRENEIF K PH I 20 AR A 08 T , 386010 PR B2 1) 3 i85
P, IR TT A7 S A2 A R ) N B AL S, B LR
T DL SRAE E AS 114 & A R & R, DRI, 410 65 P 2 200 A 174
PRI FI6T7 AS B 2 A X,

FFEIR R (Oleanolic acid, OA) EFARIY LI =ML &4,
AT 2R . AT R, OA I ZFp A P~ it
AT IR, A AR 9 R A rh B PR AR TS AR
A RS AT E 38 i 340 Nrf2/HO-1 22 G 76 P R 40 o 7 A e 4
TRAEY,

— A AR (NO) J&—Fh P Bz IR A &F 5K IR 1, BB 5 RS0
LA A= PR EE A5 AE0 FEO A R GEH , NO AN I
TV LA R P 1R A A TR LA B T A D RE L 4
MEAC AR AEC T G 200 M6 0 T DA R U IO JUL B 5y Tty LA
BT, EEEL SR IN , SORLARSE NO A i H 215
JIFT, s (A P — o 250 14 NO & E 2, B Rk S meNOS , 2
LRI NO (mtNO ) ™A= IR s AR B4 B, mENOS 44 LE I
HARA T o, 2 BB G SN RIS 257 A2 3 1 1 miNO, )L
T3 AR AR D RE R AR, HRITA AT X F OA X mtNOS i
P SCHRAR TS , 2E 35 I8 OA X A ik M Bz 44 s (HUVECs )
mtNOS F Ik IR A TR
1 #
1.1 =8

SpectraMax GeminiEM 7Y 5¢ 6 i #1 A ( 35 [E MD 23 7] ) 5
FUSION FX7 BTG R G AT A (IG5 N A5 5 B % e A B
23 s SSW-420-2S F B A 5 ACHE (1 I TR S A RS )
IR 4) ) s DT5-2B BUIRH & A B 0L (b mt AL RT S 0
WA FRZNE]) ; Multiskan GO1510-02321 7514 Y - BigbR A3 (B8R
AR B A E A PR ) 3 TS-2000A #9546, 37 R G ) T
MRUURAE R i385 47 B2 #] ) ; Heal Force Neofugel 3R &5 2 i
AR 2O R T RS AR AT B2 W] ) s MK 200-4 7
AR CBUM BB AR A PR A ] .
1.2 #m5iLH

OA J s} 245 (3£ [ Sigma 24wl , b5 : 05504, 46 : 99% ) ;
CCK-8( H ARk~ 78 fiT , L5 : C0038) ; 0x-LDL ()~ 2%
TR DR AT BN 7] L 4165 YB-002) ; DMEM $5 35 55 A4 1fiL
1 (22 [ Gibeo 24wl , 15 : 12800017 ,10099-141) ; A £h 2% vh
W (PBS) JHEZE [1-EDTA WAL (AL IR RHLA R A H],
it - P1010, T1300-100) 5 & bl £ b 44 43 5 320500 & 0 1 4
(ROS) M &5 (38 22 RA W HARAT RS |45 €3601
S0033) s NO M £ .mtNOS M £ B AR 11 7 it (e e
AN T AR RT L5 120141127 ,20141211,20141209) 5
Cyto-C Hi M (JEE Abcam /A &, 5 : ab13575) ; Hif-actin o £
SEREUAR (ALt B 2 AR MR AT BR A | L 15 : CWO0097A ) 5
FAD T e Marker (32 [E Bio-Rad A 7, #1551 161-0374)
1.3 #HAf

HUVECs 41l (Hr ERFF B A AE )
2 FHiE
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2.1 ZHpEiESE

] 4 7 HUVECs 20 Hi (1 155 7 A 1.5 ml i B2 11t
WAL, WAL 1 min J5 1A DMEM 2585 559 (10 % I35 B 24
M3 100 wml % KM 100 wml 558 2) K kw1, B
WCFT KA LA T 600xg 5.0 4 min, JIIABS F2 008 A0 M0 207 ,
TAZIREFI/ T, 8 T REFRAE T 37 °C 5% CO. 577, HUM 4L
AR IR AT TR
2.2 HRAFERANE

FREX 22.84 mg OA, F 1.25 ml — H1 KL AR (DMSO) i 4 1,
40 mmol/L [ ERWE , ATIF B 1 000 £ LA i DMSO X 2 A i)
FEVEVE I 208 AT B HUVECS 4031 Ak J5 3680 51 96 LAk
o, a3 R R AL BRI AL R OA R B M (5.20.35
pmol/L) ", Z5VE I 24 h G , bR IEF AIAME AR A IMA S
100 pg/ml ox-LDL 3G FRMAE T 24 h & b B A, 2K )5
A 10 ul CCK-8 HYES IR 110 pl 4RLE1E 3% 3 hy 575 8 2s it
RN AN FHBEAR SO 22 7€ 450 nm < Ab %54 AT
J64% B2 (OD) , 55 4 B A7 15 R [ (190 21 OD — =5 |4 X B 26
OD)/(IE# 4 OD—%5 X HEZH OD)].
2.3 HAE EHE5REEMRERHE

¥ HUVECs 24 T/ N ILrp i T e b G 9% i
IEH A BRI OA L P Rk (5.20.35 pmol/L) 4, 254
ER 24 W5, BR T IE 5 414 H A 45 L 3 A5 100 pg/ml
ox-LDL Ay 3% 75 54 24 h & 6l A k405, S8 5 F PBS 1% 1k
AL AR P AL A AT, B O R A . ks Tl
211 PBS i it F R AN , O 20 M FH T8, R A 4
4 CLAT LL600>g 4.0 5 min, 3% _Eif o LA 1 mlilG FHETA
TR H LT BE R (PMSF) OB KT IR 0 B ilR Zan p , i B
FEANME , PKIACE 10 min, 5738 30 F A 4L T4 CR LA
600> g #§.0> 10 min, B F 4 CF LA 11 000xg B.0> 10 min,
FF 10 UTTE RN A B AR BIZR R
2.4  HHBEZAIIRH mtNOS . mtNO 7K FE B E

SR FH A1, i EGAR) Gua BH 15 0% 25 BRI 7 4% 1 200 i
2R AR mINOS 5 PE AT mtNO 75 2
2.5 ZHAE ROS %338 B B4

K B G BT, 42 MG G U BH 5 19 20 R 4E 488 nm
PR D (525 nm & BT AN A3 4L 4N A ROS HéGa
2.6 RRRZAI{K R Cyto-C B AR EKT

K Western blot i , 4320 {H /b 100 mm K5 3= M40 , PBS
Pk 238, LA 200 pl RIPA SR (AR 24 (1% 2 pl 8 SERE 6
VKIS S F AN, PRI 11 . MR R (BCA) 1L I 22 28 1k
BE A B-actin /E R N2, SR FH - e SR 4 - S D3 47 I g ek
JZ LKk (SDS-PAGE ) 43 85 A B 11, 1 21 1 FEL % B8 %2 PVDF i -
L he 5% BENS WK 1Y TBST 28 i Bt —Pi (1: 1 000) I
IR 1, A P (1:10 000) EHIWFE 2 h, TBST 28 Mk vk
FTHUF A AR B R €, R A 45 20 0 I kLR
Cyto-C AN ik
2.7 GiitFaE

K FH SPSS 17.0 Z AR A B A A 00 5 . B Lix + 5 3%
7, A R LS R R R A B FEE S T LA LSD A T L
B, P<0.05 WERAGITFE L.
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3 #R
3.1 HREEEENESER
ZERL R IEH 4 BRI A OA K P e ik B 4 A A
1EZ0 912 (1.00 £0.00) . (0.48 +£0.03) . (0.66 £ 0.03) . (0.81 +
0.03).(0.90 +0.03) . 55IEH 4 HuAs , AL ZH A0 BEA7 15 2R IAIK
2R HA G X (P<0.05), SR A, OAK . .75
W A A ETE R T, 2R BA S8 L (P<0.05) ; H
5 OA M BE I BE TN, 20 A7 136 S0 S 3, 5 ok 38 228 1 A ¢
(P<<0.05),
3.2 4 mtNOS & .mtNO £ =F1 ROS KB EMEL R
SIE R 4 H A, R 2 i mENOS 7 1 \ROS 958 i 4
i, mtINO &GN, 22 5 HAT i1 3 5 L (P<<0.05) . S
HELES, OAMIK L i vk JE 21 2 mENOS & P\ ROS 23R i
I, mINOS & kb, 22 5 HoA Giit2#iE L (P<<0.05) ; FLBA
F OA W A3 i, mtNOS 76 P . mtNO 75 /& il ROS %5 [
PIRA, S HeBE L TE ARG (P<<0.05) . 4541418 mtNOS 75 1k
mtNO % it \ROS Z¢ 5 BE e 45 3 LR 1.
1 FKAMHAmNOS iFHE .mtNO £ = . ROS 38 E il E
ZH(xts,n=06)
Tab 1 Determination results of mtNOS activity, mtNO con-
tent and ROS fluorescence intensity in each group

(x+s,n=06)
mtNOS 151, mtNO 51, AL

Al x10™ [;inﬁ; ;.Lmol/lfnz ROS IO
EH4 0.69 +0.08 4.15+0.58 81.46+1.86
HRTIL] 2.09+0.45" 14.11+0.57" 175.86 + 1.48*
OAMRIRIEA  1.77+0.18" 11.82+0.56° 153.67 0.59*
OAYEA  131+0.16™ 931 +0.54" 135.07 +0.85"
OARRIEA  1.03+0.1740 6.54+1.06"7 101.78 +1.28"

T FIEH A AL, " P<<0.05; SRR AL, P<<0.05; 5 OA IRk
JEH AL, “P<<0.05; 5 OA ik 40 [ 45, "P<<0.05

Note: vs. normal group, *P<<0.05; vs. model group, ‘P<<0.05; vs.
OA low dose group,“P<<0.05; vs. OA medium dose group,~P<<0.05
3.3 LRI T Cyto-C EARIENELE R

5IEE A R AN 2 AT A Cyto-C B 1 #2534
i, SRS E X (P<0.05), SHIRIY] A, OAMK .
R A A SRR Cyto-C B R IAIES , 22 R BA St
R (P<0.05) ; HFE OA M EERIG I, ZAL K Cyto-C 2
FIFIA BRI, S 2 IE A OC (P<<0.05) o #2120 2k A
1 Cyto-C 1A HL UK L IR 1, A X b i DL IE] 2.

Cyto-C — — — — 12 kD
facin SN A - — - o
EHA B4l OAf OA'f OA 5

WAL WEA wEd
Bl EHAMEHER Cyto-C EARIZRIKE
Fig 1 Electrophoretogram of Cyto-C expression in mito-
chondria of each group

4 HE
MASTRIG S5 AT LT H, OA 451 B2 £ 41 mENOS 75 1
1 mtNO 7 5 BT 20 B 5 BARG , phy G 7T AT , OA S i) 5%

TEZD 2015455 26 45 191
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#A00

1

4l BUWAL OAME OATH  OAFS
WAL WePE el
E2 HHEMBELH P Cyto-C XM RIEENELER
T SRR L, *P<0.05; SBRIZH HAE, *P<<0.05; 55 OA IRV BEA
HegE, *P<<0.055 5 OA Hk EEZR HL 45, PP<<0.05
Fig 2 Determination results of relative expression of Cyto-C

Cyto-C FHXf i
j=]
[N

in mitochondria of each group
Note: vs. normal group, *P<<0.05; vs. model group, “P<<0.05; vs. OA
low dose group,*P<<0.05; vs. OA medium dose group,~P<<0.05

M mENOS 5 15 3¢ 72 il mtNO (1% 7= 4=, L%l v] BE 5 Ko 2] %
ROS 94

DAL B2 A 805 2 40T AS B 2R, PN R 4N 45+ A
REMEIR , S BUM A B e 7 451, {675 I8 A9 i SO R PRuA: 440 e
ATy ULRRAE N KT (R B, DT — 25 T iy iR 4 i . /e
ox-LDL JI 512 i 41 i 07 1= RE % 3 BUmAE P B2 ShRE 6% , i 15
LA PR R AR/ | I BRI S PRSI . A FE 0, ox-LDL
5T N R 41 ROS A7 A kARl 4 i 2 A= i =1,

LR TR AN A 9 R 2 R Hh R A O VERT . NO S —
FRTOIME RGA0 A 3. mtNOS J& mtNO 7 4= fY F 8k
U8, AW R, mNOS FEBE PR R4 B, 7e At
2 BREI ST PRI A = A A AR SR AL 23 0. mENOS #
PREESE BT AT % 09 32 2R R . NO e B 25 3 il £ At
PRI, fefi A5kR S Ak 97 | RIS BE AL UL 98 T2 [ F Cyto-C
FIRET . Cyto-C il F L T LRI AL , A4 38 I W 4 &2 45 T e IV
Z I BT FELR RN S A PR T R R AR,
P SREP AT H LR FEBAE PRI SR OB EE AL
A AT B A5 3 A o 2 T AR A

BEAN , bR BLAT B B ) BB R, 1T LU % Ca™ ilE A
YRR  ASFZ B N SRR Cax Wk 5, A TAT SIS A mENOS
HERNO, LRI Y Ca” 132 HY 2 i Na'/Ca® 38 3 28 5E LT
LRARAR N Ca I FEAE AT LA S mtNOS TEPEFEAR™, 1M ROS AJ
D7 Bt i B8 Bt 420 3R 15 Na/Ca® 38 40 55 (TG 1, A5 WIF9E 229
ROS REMS i Na"/Ca” S 2 TG VRIS, BRI IR Ca™ FRZE,
AT R 3 mENOS i P14 3 | 2o (AT REDL

OA J&— A=l BAF, T IZAFE T REM KR ALY
o AP RRER X AT e S A B —E LR . Bl
B2 UESE OA X TFIBYT AN HOFH & 92 HAa I o AR
ALFEH PRI T E MR AE S, OA RENSHE SR 1 2 HT A AL EEH
TEPE DT R Fh A2 PR 5T s i i) 2 B A

TEAIRIR 1, ox-LDL BEMS IS I ROS ¢ 630 &, ffi 4 g 22
SR 57 5 TR i F ROS AU, FEAIK T Na™/Ca® 28
FEIE L 3 R Y mtNOS 35 P B AT, HETTT 2 2 mtNO
SR, BE— A5 R Cyto-C 1Y kM58 | it K B HU-
VECs A A 55 1 OA I JE:38 i Hobp EALVE IR T ROS
A=A, INITTREAIR T mENOS (1935 44 , X HUVECS 4l it £ £
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