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Protective effects and mechanisms of breviscapine on endothelial cells
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Abstract This study was to investigate the protective effects and mechanisms of breviscapine on endothelial
cells. ox-LDL was used to induce oxidative damage on human umbilical vein endothelial cells (HUVEC) for 20 h
with or without 4 h pretreatment of various concentrations of breviscapine (10,20,40 pwmol/L), then observe the
protective effect and mechanism of breviscapine on endothelial cells insulted by ox-LDL. MTT method was used to
detect cell viability, flow cytometry was used to detect cell apoptosis and reactive oxygen species, and Western
blot and RT-PCR was used to detect cell signaling pathways. The results showed that breviscapine recovered
HUVEC cell viability in a dose-dependent manner which inhibited by ox-LDL, and it also protected cell from
apoptosis induced by ox-LDL. To explore the mechanisms of breviscapine, reactive oxygen species ( ROS) was
determined after pretreatment of various concentrations of breviscapine or different durations (2,4, 6 h) of brevis-
capine. Results showed that breviscapine decreased ROS production in a dose- and time-dependent manner. Fur-
thermore, cell signaling pathway analysis showed that breviscapine increased the expression of BCL-2, decreased
the expression of BAX and the release of Cytochrome C and cleavage of caspase-3. Breviscapine decreased Keapl
and activated the nuclear import of Nrf2, and subsequently increased the mRNA and protein expression of down-
stream antioxidant enzyme as NAD ( P) H: quinone oxidoreductase 1 ( NQO1) and glutathione transferase-S-Mu 1
(GSTM1), and increasing the activity of NQOI. Besides, breviscapine decreased IKK and IKB, and inhibited
nuclear translocation of NF-kB, while increasing the expression of eNOS. This study demonstrated that breviscap-
ine has a protective role on ox-LDL-induced endothelial cell injury, which may be related to its antioxidant effects

and inhibition of NF-kB activation.
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PRIATT Ul SR I P 0, T s 2 I 35 1 25 T 2
JEAERG N o ZHHEERT TS R AT SRR B YK
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L1 X A

JIBAER ( B E HAEYHARAIRA ) s 5t
SAALT] N-C It DE &R (NAC) (3-(4,5- L
Me-2)-2,5- LU PR ER (MTT) |3 P SR
A& Annevin 'V Az PLBUHL A 5] & L 2o iR
orEsaGh & A E B BN & (L8 = KA
WH AR WS ) 5 eNOS , Bel-2 |, Bax | caspase-3 . 4 Jiti
{2 C NF-kB ,GAPDH Nif2 NAD(P)H:fR& {kLiF
J5 1 (NQOL) | & ot H JIK-S-#% %% Mg Mul #H!
(GSTM1) . Keapl . IKK | IKB , pIKB £ H3 ) #i {4
([ Abcam 22 H]) ; BCA # H & f il & (S
Life Technologies 2\ ) ; SYBR % )6 E ikl & (K
HEFEAEY TRARAE) Ja2F 3% (3£ Gibeo 24
) s DEME $555 3k (£ [ Invitrogen 23 7] ) 3 HoAt 1
FNF T 3 b
.2 & &

SPECTRA MAX190 FHR1Y ( 22 [E Sunnyvale 23

7)) ; FACS-Calibur i X 402X (3£ 1= BD 24H]) o
1.3 etk

HUVEC 41l fg bk W F 2 & ATCC 4 i), 76 7%
10% 1 i3 2F 1ML 3 9 DMEM 35 52 5 B F 37 C
5% CO, FiFffirh 5555,
2 Ok
2.1 MTT &AM 4w i 38 55 7% A

X 25462 F DMSO Jig i 20 mmol/L BRI, 5Z
B s S IR R R B AR (R B . HUVEC #:50F
96 FLE5 IR, £FFL 5 000 440, S50 2H 53 W45 T
U H 40,20,10 wmol/L AT AL ZE, L 0. 1%
DMSO AR IR, FEAT S AE RPUA Ly S ga
SEFIAFIVR BRI T s b R UL BRI 4 h )5, R )5
FEAIIA 20 pg/mL 48 Ak BUAIR %5 B2 A5 2 1 (ox-LDL)
BT 20 he MZS1EM G, BALIMA 5 mg/mL
MTT 20 wL, 2 H 4 h, FER R, AR5 AL A
DMSO 150 pL,$%5] 10 min, 88 J5 & BEbR AR B K
490 nm 4b I 5 B LW WCRE, DA XS RECZH 20 M
100% , FC A ZE AR 55 W AT 32 34647 A 0L Py 480 53, B2
W4 MR, HEEWE 3 K,
2.2 Annexin V F= PI U4 2\ B 6 8 =

¥ HUVEC 4 d5c 5L 4 x 107 20 A i 5% B %
Pl 6 FLEEFRAR P, 75 40 M I B 3 1 S5 AT 2546
Z{ LR B H 40,20,10 wmol/L, Wik 3 4 h, 4R )5
FFIA 20 pg/mL ox-LDL Fiff#F 24 h, JEEGTH L
WCAEZH L 4 °C 1 000 r/min #5055 min, 3% V5 ;
FHTVR Y PBS Y 2 W AT B TR 1 x 255 %%
MW, SRJGEE 0.5 mL 254 28 RN A annexin-V-
FITC Je B 75 W 5 L AR AL I BE (PI) Je 8 75 W
5 L, BEIRESEHFF 10 min, FJE 40 AACRIN
2.3 ERAEN

TP AR R T 0] & 2 — R 2O IR B
DCFH-DA #F47 1 PE SR U i1l 71 &5 . HUVEC
MRFERD 2 6 FLAR A BEFRAR 40 B 285 B2l B2 Tt
1 x 10° A~ Fibiae B , 4 fin AR ) B (4T 3%
1#£2(10,20,40 wmol/L) &, 5 mmol/L NAC Fii ik 34
4 h,SRJG A 20 pg/mL ox-LDL P 20 h, %} 18
1 0.1% DMSO, #4535, N & 10 pumol/L
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DCFH-DA,37 CANfi% 3248 NI E 20 min, G
ML ARG TR BE AR AN 3 W, LLSE o LB ORFEA
AN Y DCFH-DA 5 J5 F 2 Am S A 7 A )
(ORI 488 nm, KIFHCK 525 nm) o DAF2y52
o BRI MR A R & & ik 3 AL EA
[7i) F AL BRI ] B S 56 vp, AT 3546238 (20 pumol/1L)
SRITUEE 2,4,6 h, SR 5 A 20 wg/mL ox-LDL
FEIFE R 20 h, Xf 6 0. 1% DMSO, #:4H 3 AL,
I JE SR B3R Dy ARSI
2.4 &G RIIPTLHHT

HUVEC i 04570 28 6 fLAR , B FL A9 40 B 250
5x10° A, MG R, 45 2 KANZE,40 wmol/L
JISRAER AL TN 4 b J5 K5 INA 20 pg/mL
ox-LDL FEIE & 20 h, FI#E B 2% M ( RIPA) W4k
MM RS B T S BN A T, A4
eNOS Bcl-2 , Bax , caspase-3 \NQO1 ,GSTM1, [t4p,
AN AR A PR 73 1 10 & S A% A B 03 iU
&L 0T A B O LR A Y M SR S A M A%, £ T Al
Mt Z C NF-kB.IKB ,pIKB . IKK Nif2 }% Keapl &
R SEEN IR 3T o 25 AR BN 7 vk TR AN R < 5
FLANM G A EAE R 10 g, FH 3R DU It i Bk
WEHLUK A28 SR e B R MR A A R . 1 5%
JBENE IR & 0. 1% Y Tris 22 vhi ( TBST ) 28 I F
M2 h, HH—P5ifE 4 CHFEEKR. —HiH TBST
VRS, FEAR D P = IR A 1 h, s A
LR AU ) ECL &6 T & o
2.5 NQOI #§ & Hm e

HUVEC 40 i 4% T 10 cm A5 IR0, 5 MLAY

Table 1 Real-time PCR primers

MECH 5 x 10° 4>, 24 h J5 , IAAS TR e 5 4T
39462 (10,20,40 pmol/L) Tisb 3 4 h, SR 5 A
20 pg/mL ox-LDL F§ 9 & 20 h, % B H 0.1%
DMSO., i IR £h 2% vhil ( PBS) e 2 I, 5
I R I B0 WS AR A LU TE YR AT - 80 CL T
P& IS . NQOT 4 1 14 I 5 >R FHI SCHiR 1) i 3 7
BB R R A R A R 25 1R (menadione ) &
MTT, 38 i Jz )i 7= 4 NAPDH, 3#f — #4538 J)i MTT =
A 610 nm R A L) 5T, 38 2 i AR SO 0 1 Wi
o SEEE S M BCA Jrikif e &, 3% NQO1
PG A TR
2.6 %% PCR

HUVEC #fiffiH:F0 T 6 fLAk, TEfLAIMIECH 4 x
10° 4~ 24 h J5 AR R e B (94T 2546 3 (10,20,
40 pwmol/L) FiAbFE 4 h,ZRJ5 M A 20 wg/mL ox-LDL
TEIE 20 h, X BB} 0. 1% DMSO, Ff 548 RNA $2
HCR ] Trizol $EHUIT o 33T Ayy/ Ay, MIE RNA
WSERIZERE  IUS RNA 1 g 03 5% cDNA

SEHE PCR iy Nef2 \NQO1 ,GSTMI % % B-
actin JE R 51 ¥ WL 1. SR A SYBR 26 ikib 1
il , S AR R AL E AR 514 (0.4 wmol/L) |, £5
Bl pl), 1A RN R 12.5 pl K #hk 2
25 uwL, & PCR JZ i 5 1F:94 C Wi A8 7% 5 ming
95 °CAsM: 30 5,60 °C 4L 1 min, T 40 NMEH,
PCR 25 R I N 2 3 I B-actin 3 47 42 U, 1155
AACT , %} BRZH i B R Rk e Ay 1, HoAth 20 1) 2k [
FOIRHATHINL A et . SO R 3 ANl L, B

Gene Forward primer Reverse primer
Nif2 5'-CTTCCAGCTATGGAGACACA-3’ 5'-GGTGTTTTAGGACCATTCTG-3'
NQO1 5'-CCGAGTCTGTTCTGGCTTAT-3" 5'-GGGAACTGGAATATCACAAG-3’
GSTM1 5'-TCCCAATCTGCCCTACTTGA-3’ 5'-TGTCTCCCCACACAGGTTGT-3'

B-actin

5'-GATCAGCAAGCAGGAGTATG-3'

5'-TGTCAAGAAAGGGTGTAACG-3'

2.7 it ot

AR « s bR TR, Z4LE 1T
%R One-Way ANOVA 43 #7, 5% ] SPSS 13.0
AT, P <0. 05 AR A REES

3 & X

3.1 7 23T ox-LDL #8345 A PR 47 45 A
SIS R 5 R HUVEC 20 M 5 A [6) ik B i 4T

FAEZE (10,20,40 wmol/L) F:[H]5F 7 48 h J5 , 41 iy
A BEG 1 D0 A (1] 1-A) | Al WL T 2246 3R 1Y
VEFIZE RN, I AT 00 A B 40 M ) 38 535 T 0 45T
ox-LDL 75 P B A i 72 1o i b b 3 2 22 19 g R AR
T, A I ST BEAT SR AE 2100 N B2 40 i 2 21
ox-LDL Wy 05 7 AE IR VE o 45 2R A BE, ox-LDL
R 20 h 5, P9 B 20 A B 1 D S e T AE
IMAAT SRAE R UL PRS2 A3 583 ) .25 32 2]
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Figure 1 Effect of breviscapine on viability of HUVEC cells(x +5,n=3)

BRI P JC S 35 R ), {EL e R A3 A ox-
LDL 38 Y K2 4R 5473 o

150 4
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Cell viability/(% of control)
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I+
.l

04
ox-LDL (20 pg/mL) - + + + +
Breviscapine/(umol/L) - - 10 20 40

A :Breviscapine had no significant effect on viability of HUVEC cells; B Breviscapine improved the decrease of HUVEC cell viability induced by ox-
LDL. * P <0.05 vs control group;*P <0.05 s ox-LDL group

3.2 TG TA47H ox-LDL % 544 fm Ao A =
& 2-A A] I, ox-LDL #ij3% HUVEC 402 20 h

J&,DMSO(0. 1% ) 20 HUVEC 4 ffs K& 08 T, F 14

AT B WG TR T 1 4 L L ki 30, 97% |, T AEAT

TRACR WAL 25 L ANA U T 20 F) e AR
IR, AR ARSCIE (& 2-B) o DA EASREWIAT 7
AEZ AT ] ox-LDL 375 S 5 4 8 T2 S

ox-LDL (20 pmol/L) A B
Control DMSO Breviscapine/(10 umol/L)
T 0.34% 325%|  1.61% 21.24%| | 1.52% 19.26%
i
4 3
| 94.64% 1.57% 9.73% | |74888L" 461% Z
o
w W L a’. W W w Wt %
Breviscapine/(20 pmol/L) Breviscapine/(40 pmol/L) 8
1.35% 1451% | | 1.64% 10.83%
e i ox-LDL(20 pg/mL) - +  +  +  +
Lo ; b "/ Breviscapine/(umol/L) - - 10 20 40
) w;,;f 4.53% S@W T 291%

Figure 2  Effect of breviscapine on apoptosis of HUVEC cells
A :Breviscapine decreased the cell apoptosis induced by ox-LDL in a dose-dependent manner;B: Statistical analysis of HUVEC cells apoptosis(x +s,
n=3).*P<0.05 vs control group;*P <0.05 vs ox-LDL group

3.3 MERETHRIARMIAGEREALSE

SERAER PR, ox-LDL i Sl ) HUVEC 46
RO P S S G, T FH X IR 25 ) NAC K

3.4 ITZR A F R BACK LB TAE 5 @S
f R
WP 4-A Fi7s 7 ox-LDL BRI , Fréa L g

KT T AL R TOAL B 19 35 W 35 D ST s AR
AR 5 B A 7R R P 3 A S
(18 3-A) o [F] B A KT 35 48 3 A 25000 51 it ik
(20 pmol/L) &, KRBT SRAER AT H 2 h 5k
B TMAE4 h f2 6 h BN B2 (K 3-B) . X
LeZE R R ST 2R AE R BA ] ox-LDL 375 5240 il 75
PESAE B, FFAT AR AR o

eNOS % Bel-2 & R ik kD, i AT 2546 2 T
AbFE,eNOS % Bel-2 B4 TR . I -8 [ Bax
KT B VI [ caspase-3 [ 7% 5 75 ox-LDL Hill 3
N, W AT S AL R AL B, IR B
X3 A O S 7 KT 38 46 26 R T S ) 4
YEM .

YRR C LR R Tl 28 i 2R 2 SR AR
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TR S, ARTFFE 25 R BRI i 4
Mtz C 7E ox-LDL SR B, i 1T 354k
R AL AT A0 R C AR (B 4-B) , ST
T P25 -3

Jioh B 4-B SR, T PR TS T I S0 I
- NF-«B 7 ox-LDL R F , MUK N 1) NF-kB 2
H/D, AN NF-kB A& B0, 3278 ox-LDL
W55 NF-«B HA% N 5512, 005 NF-kB 755 19 R A
o T NF-kB B 8% N 5% iz 52 HAm il B+ IKB

300+
200 1

100 4

in arbitary units

DCFH-DA fluorecence

O p

ox-LDL (20 pg/mL) - + + + + +
Breviscapine/(umol/L) - - 10 20 40

NAC/(mmol/L) - - - - - 5

SN AR TE A R A B TKB 7E ox-LDL IR i,
TS F AT 3% 46 2R 4L B2, TKB 35, AT 4 i) NF-
kB NIz o TKB JEad i b I i TKK Bk
PETRTY, IKB B AL PFE— AP i 2 3% 2R A il
IRIRAERE S , A TE 45 2 A BT 2 48 3R nl LAk 2>
IKK J% pIKB 15 , T A F) 4 i g 2% o NE-
kB BORAE o LA EZR A UL, AR AT SR AE R 101
DL, NF-«B 4% N 5% 12 52 21 2. 38 A, 3278 0T
AL F I EA I RAE S A E

250+ * B
8 #
8 » 200 &
£ H
S > 1501 T
s
83 1001
:' <
55 50
A
04
ox-LDL (20 pg/mL) - + + + +
Pretreatment/h - - 2 4 6

Figure 3  Effect of breviscapine on reactive oxygen species (ROS) in HUVEC cells (x +5,n=3)

A:HUVEC cells was pretreated with various concentrations of breviscapine or N-acetyl-L-cysteine (NAC) for 4 h,then incubated with ox-LDL for
20 h,the cellular ROS was determined by DCF probe under the flow cytometry,the average fluorescent intensity represents the ROS level ; B: HUVEC
cells was pretreated with 20 pmol/L of breviscapine for 2,4 and 6 h, then incubates with ox-LDL for 20 h, the cellular ROS was determined by

flow cytometry
* P <0.05 vs control group;”P <0.05 vs ox-LDL group
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Figure 4 Effect of breviscapine on cell signaling transduction
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A ; Breviscapine inhibited the decrease of eNOS and Bel-2 induced by ox-LDL, as well as the increase of Bax and cleavage of caspase-3 (1 ;control;2;
ox-LDL ;3 0x-LDL + Breviscapine ) ; B: Breviscapine inhibited the release of Cytochrome C and nuclear translocation of NF-kB and Nrf2 induced by ox-
LDL, as well as the reversion of the decrease of IKB and the increase of pIKB and IKK,and decreased Keapl expression;C: Breviscapine increased the
expression of NAD(P) H: quinone oxidoreductase 1 (NQOL1) and glutathione transferase-S-Mu 1 ( GSTM1 ) ; D ; Breviscapine increased the activity of
NQO1 (x+s,n=3)," P <0.05 s control group;*P <0.05 vs ox-LDL group; E: Breviscapine increase the mRNA expression of Nrf2, NQOI and

GSTM1 (x+s,n=3)," P <0.05 vs ox-LDL group
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ARUFFRERE 4-B R B HE SR N2 7 ox-
LDL AT A — & B B e i i 4L B £
BRAPERT T AEXT 2 A6 R AR TR, Nef2 iR 5%
1532 3 0 E AL, A N B Nef2 35S, 2
78 Nef2 Z BT SRAE R WG o [F]IEAS B 58t 4 B0
Nif2 B8 Z i Rl T Keapl ( kelch-like ECH-asso-
ciated protein 1) W[RIFEFELTFAE R TRE, X
— AT Nef2 AN SR I2 o D BIE T T
AEEEPRI 5800, AW FEAT I 1 Nef2 T 3 SC BT
SAALBERYZ IR, 41 NQOL I GSTMI Ay ik, Z5 R I
TN IR S AR AL R Ak 3 BT (BT 4-C) I AR
#E T NQOT HYIE (151 4-D) , BEE AT SRAE R WKLY
BN —E By ) B PSRN, $ 7R Nef2 195 12
Pk T BE R iR AR Y Rk G .
BT FRAL TN BT A 0 i R SRR P-52 ), 25 2R
RINT SAE R T2 E Nef2 (1 SE R 3 5%, I 0
BEHAEIE IR NQO1 K& GSTMI HyK ik, 5
HACE AR b —30, DL 25 R RTS8 R 0 Bt
AR Z A W5 I SR AR, PR 5 X P B2 4
i P DR AP AN B UIAT K

4 1t i

KT BAE AR I AL 25 W TE IR IR )z ff
7R BRI, HAE R i sy s, o
7 T OO L T A O DR X S R B
BT 340 28 BT IS G A B e it e A e
PSR A AR P AR . R4k, Bk
2 I BIESE s KT 25 46 3R 10O L4593 s vh A e B2
AT, Andm ) s B 7 S B0 R I A
] 0 - i UL M 8 R am g SR, HLAE
O ML T B A 7 AL A 1 T ik — 2D B T8
AWFFE o AWTFEHET ox-LDL SEUH N Bz 4A 454 175
TE SN KR REAE AL s v (9 B 2R T, F9 1T 3848
FXF PN B A LA 1 0 PR B A T BB

ARWFFEH TR B E T R BT FAER XN IE
RS I N B A A B ) TG AR (B AT LA
HEHT ox-LDL Xt A Bz 20 A 3t )i i 4 49, i — B4 48
PN BRAE R BT A A AT BEX P e 40 i ) 952 £
BRI ER] . AU BRI 2RAE R I
B SF- ik LZA0 2 30 4 g S8 7 A i
B B A MR P &3k 65 wmol/L 2 108 wmol/L,
PRHCHAE AN [A] R B 245 BTE PEA r AN [ml . ASBF

FEAER R AT AL T R ox-LDL 47k iy
YR 7 , A AR > N B2 A i 57 ox-LDL %5 &
FOUR T, B B AR . X — &5 SRR AT
SALR LT S IRYT sk ok FERE AL o A, B
TRl AR A P B A X — R A R B

ARV T AT AL ZOEAPLE . T ox-
LDL Yo 200 6445 095 3 22 23 5 i S AL 30 A5 B
PR 77 A 755 0 0 T S5 % 48 S F K
M ARSEHG S RN KT S A6 2 A RO T R 2
L P4 i, S5 P X R 2 NAC 260, IR HL,
KT 34 2 ARSI U T B 015 B AR U,
P T-E I Bel-2 933k, M {2 4 122K 1 Bax
Tz caspase-3 PR35 L) B2 L, M T 400 461 486 T BB ) K
e XY TN AT i S 3 g A o A 4
R CRECA 5, DT A il 2 b7 44 14 428 0 0 1238
o KT AE R IE R HE N 2 — EH AL R Al eNOS
({2215, T eNOS 7E4KHT ox-LDL 5 {4 i A T 2 {3
PER R SRIRAT HE eNOS 13235 Al i 75 9 20
AN IE TR AR . ASEFSCML BT T AT A R Xt
NF-«B (94E T, % BUAT 2546 K T # i NF-<B 194
7 PR HAT /> NF-kB 75 5 10 98 5E U, 31X —
G ST TS — 35, 4T 36 2wl i e
PR S R JE R T ICAM-1 J 1L-18 3R
B AR B A S IV H i PKC K NF-kB 3%
PEST SE RN ST BN AT AL R R L
PETE PR AL > —

RBFFE i — 25 AT S48 K B A AL VR I BL K
AT o AR 0, 5% S TR 7 Nef2 2P A1k
FI RIS AAAE ST, B % Keapl K
7 R RGO TREE T Nef2 B2 40 M S A
Y PR T, 9K 58 e A 35 0k AR A P S 30 0
FrAa A5 9 i 6 R SR B AL B e i T
W T B R AR A5 NQOTH il GSTMI ™ fy 3k
2 NQOL 1 GSTMI1 4 J2: 2 Jfa A T 2 i e S8 AL 1,
X 40 AL A A B SR 0 TR T . AT
FER B IRIT RAE R MG Keapl 2, 2 3F Nrf2
HA% 5% 35, IF 5 T e A AL i NQOL I
GSTMI [ %% 55 J 2 (1 6 35 AR E NQO1 i i , 15
B2 P BT P4, PR AR R AT S R b A 1
AT R Nel2 SRR AR I

25 FRTR KT AL R X ox-LDL 5 5 1 P4 % 20
NP0 T B B AR AP T, B T DA P B i
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697, A AR Tk A . X — AR AT RE S T 2%
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