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Beclin—1 #= p62/SQSTM1 #4 & ik , WX @ 374 71 5 DMY VE M 65 % vh ., 58 53T B4 0k4%, ox—LDL 448 /e
0 5 EEK(P<0.05), It 2 A PR R AL XL BEHEREIBRREERE, RHER G, Mok
BN, BARAN , B KA B IR B KR F 3 Ao Beclin-1.LC3- 1T 44 &i& #» LC3- 11 /LC3- [ A LA, @
p62 #9 % ik FiA(P<0.05), 5 ox—LDL A t45,0.1.1.0 #= 10.0 wmol/L DMY FRAL 22 20 2 i 45 3% 3 7 & s o e
A% 5% JE AR, A B 4 B IR e A B AR B IR B, Y S AN ;1.0 wmol/L DMY FRAL 222069 B wifk
Fo ) VIR B R B 38 A s Beclin—1.LC3— I #9 & ik #» LC3- 11 /LC3- | wtfi L3, % p62 454 % T (P<0.05),
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Dihydromyricetin protects oxidized low-density lipoprotein-
induced damage by inducing autophagy in human
umbilical vein endothelial cells
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Abstract: Objective To investigate the effect of Dihydromyricetin (DMY) on the damage induced by
oxidized low-density lipoprotein (ox-LDL) in human umbilical vein endothelial cells (HUVECs) and to explore
the role of autophagy in this effect. Methods After HUVECs were pretreated with DMY (0.01, 0.1, 1.0 and
10.0 wmol/L) for 2 h, the cells were incubated with ox-LDL (100.0 mg/L) for 24 h. Simvastatin was made as a
positive control. MTT was used to detect cell viability. Nuclear morphology was observed by Hoechst 33258
staining. Cell ultrastructures and autophagosomes were observed by transmission electron microscope. The
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expressions of Beclin-1, light chain-3 of microtubule-associated protein (LC3) and the autophagy substrates
p62/SQSTM1 in cells were determined by Western blot. Results Compared with the control group, the cell
survival rate was singificantly decreased (P < 0.05), the nuclei were smaller in the ox-LDL group. The
concentrated high -intensity blue fluorescence in nuclei, nuclear condensation and dense dyeing, or nuclear
chunky and dense dyeing were observed in the ox-LDL group. Compared with the control group, the number
of autolysosomes was obviously increased, the expressions of Beclin-1 and LC3- 1 and the ratio of LC3-1I/
LC3- 1 in the cells were singificantly increased and the expression of p62 in the cells was singificantly
decreased in the ox-LDL groups (P < 0.05). Compared with the ox-LDL group, the cell survival rate was
singificantly increased (P < 0.05), the fluorescence intensity of nuclei was obviously decreased, nuclear
condensation and dense dyeing or nuclear chunky and dense dyeing were decreased, the nuclei were regular
in the DMY (0.1, 1.0 and 10.0 wmol/L) pretreatment groups. Compared with the ox-LDL group, the number of
autolysosomes was obviously increased, the expressions of Beclin-1 and LC3- Il and the ratio of LC3-1I/
LC3-1 in the cells were singificantly increased while the expression of p62 in the cells was singificantly
decreased in the DMY (1.0 wmol/L) pretreatment group (P < 0.05). Autophagy inhibitor 3-MA partly abolished
the effect of DMY on the cell survival rate (P< 0.05). Conclusions DMY protects ox-LDL-induced damage in

HUVECs, the mechanism is associated with induction of autophagy.
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PRPEREY, BRI R, SR el ks
Jbk 33 £ 45 4k (Artherosclerosis, AS ) < B IfILIE 7K - , 2k
M s 127 R R Bk = (4 980T R 1 3%
ik, BABU AS AR @, SR 0 H 20 i HL G IS A T
4., ALK S 1 (oxidized low density lipopro-
tein,ox-LDL)J& AS (2l 37 fE b R 2B, ox-LDL F:3(
A8 P9 R 20 M (4 10 2 AS R AR TR BEFR T, [
JEEAZAE Y — il S AR TR AR AN R
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it Z S R R 2 R AR R A EL A
RPMI 1640 5373k /A= IMLYE BB . DU .12 & — W
3 Gibeo 23 Hl =i, ALY T -Hoechst33258 4L
IR G T UM 2 = KAV ARG, 3- H 3
JI 4 ( 3-Methyladenine, 3-MA ) FIBEM: 15 [3- (4, 5-
dimethyl-2-thiazolyl ) -2, 5-diphenyl-2-H-tetrazolium
bromide, MTTIh2E[E Sigma 23 5] 7= i, Sebi A\ Beclinl
S A 2 1 1 4% 3(Microtubule-associated-
proteinlightchain-3,LC3) .p62/SQSTM1 ., B - Il & &
H—Hr e BT IA SR A A B b L P e —
3L Santa Cruz 24 w77 o
1.2 SRR

ARk CO, NN FAS AIM TR & 2
IREMEAR S G 2 AL AME & s . 4 F s fk
ST (SR D v & PR RN RD) , T IR 5 5%
R 40 (L [E BioRad A w] ), BEHE AR M R 40 (36
[ UVP 2], G0 2 Ge (BRBURIE A F]) .
1.3 HpEtEFRFLI S A

HUVECs H % 10%/M- I 1) RPMI 1640 3557
WIEFE 18 37°C .5%CO, 1L FIE B2 1 A0 B 5 746 T .
B RAGAR, A TR R I A 40 B T 52 55 S 540
7 6 4 : D% AL ; @ox-LDL 41 : T4 100.0 mg/L ox-
LDL RPMI 1640 :535 5374010 24 h; @DMY i
AbFELH . 5 1.0 3¢ 100.0 w mol/L DMY 55815 77
it 26 h; @-=F Ay T AN ERA - DA=E Ay T i8CA FH
PEXTREZH , F1 % 1.8 mo/L = AR 7T (Y 15 7 4k 2
2 h J&, A 100.0 mg/L ox-LDL Zk£E85 5540 i 24 h;
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GARAIHEE DMY kb Bi4H - F % 0.01.0.10.1.00 Al
10.00 wmol/L DMY MyREFRIE AL 2 h J5, MA
100.0 mg/L ox-LDL 4kZ:E5 32400 24 h; © B Wi
#] 3-MA F-TH4 : F& 5 mmol/L 3-MA 55 55 & i b
FH30 min, % 1.0 wmol/L DMY 3535k kb3 2 h,
JA 100.0 mg/L ox-LDL Zk&L55 354001 24 h.,

1.4 MTT %

FHIBEBEE 16 54 HUVECS 4 i i ol 40 B 2 4k
TS B, LA 1 x 10* 4 / FLaEAh 3] 96 FLEF S
o SZERZE RS BEFLINA 100 w | MTT,ffi MTT (£
WEESH 0.5 mg/ml, k2355 4 h, AR IR A
T HIEEAN 100 w I £L, #8910 min, REZE o8 2T
fifJe , TEBEFRL B SE 570 nm P K (0 W6 B (E
(optical density,OD), &4l HEfL 314, ITHEAH
MR AETG R, LN A S I8 (AU IG5 N
100% ), T143- oA 25 2H 20 ML A7 35 5 =(Lb 3120 OD 18 /
X HEZH OD fH) x 100%.

1.5 Hoechst 33258 &

HUVECs 4H #2521 24 FLARMRE F=AR A
APREE SRS TR ER O v WK A A VR 2 i, 4K
J5 LN 10 w g/ml Hoechst33258 %L £4, % 100 wl,
TEZ IR T RO E 15 min, B e (7% W% 25 76586 ik
T T LA 346 nm BT G , 7E 460 nm (1 & 5
RS A AR, SRR E F R S B 15
ST
1.6 Western blot &l

PEHAS 20 HUVECS 4 i 5085 11, BAC i
W, B 100 | EEAREAIAZR] 2 x + ek
Tl R B IS IR 22 i v, 28 78 0 AR PR AR 1 o A T
RVIESBEREEECHLIK 1 h 22 B8, 2 B A %
i 2 B A R RS L S A=A 2 h, AR
L Beclin-1(1 : 200) .LC3(1 : 200).p62(1 : 200)
K B - WLEhE (1 : 400)—PT,4°CF ik AR
PUR—PLIEE 6he YRR, W, SR BUR S0 &
BEXF I HEA TR R e AT
1.7 SitFEFE

KH SPSS 20.0 etk kA TE I 43T, TR
RECIEL + AR 22 (x + 5) Fow , 240 10] o s 3R A
F 20 AL R LA LSD-t K5, P<0.05
LRAGIFE L.

2 HR

2.1 Ox-LDL #1 DMY X HUVECs 4075 & R 1)
=20

K MTT Bkl HUVECS 43 7 , 40 i A AF
TR LU, R N R 7 2250, ZRA G PR
X (F=3.872,P=0.016), ox-LDL H40HAF % %S
XA LU# , 28 LSD-1 K, 25 S A Ge it X (1 =
5.843,P=0.000),0x-LDL Z{#AK ; DMY 5 4b B 2H
XA MRS, 48 LSD-1 Ko, 22 R G4 X (i =
0.382, P=0.657) ; Sk fth 7T kb ¥4 5 ox-LDL 241
MAFG R A, 28 LSD- 1 K35, 22 A Gei = L (1=
4.157,P=0.001), “FAEABTT HALREZH A ;0.1.1.0 1
10.0 w. mol/L DMY ik BH£H 40 i 77 15 R 5 ox-LDL
HILES, 24 LSD-tkule, 22 7 A Geit i L (1=1.463,
3.051 F1 3.349, P=0.015.0.008 #1 0.004),0.1.1.0 Fll
10.0 w mol/L DMY TiALFRLL 47 i , Horb e 2y vk
F£4 1.0 wmol/L, 1.0 1 10.0 . mol/L DMY FikbFHH
HRRAAETE R = T T TR FEA U3, 28 LSD-t 46
¥, 22 SIS0 A L (+=0.627 F1 0.834, P=0.571 FlI
0.482). WK 1.

2.2 ox-LDL # DMY X} HUVECs 4R ez &
sEAG)

XoF HE 2 44 A% 5 R IR 18 SRR B i €O
URRAZAE R RSN, 2RI sBE . ox-LDL 41
B Y Sl L, A R v R W B [
ARG T o AR HOR B G, A AL B,
TESEAHNAL, DMY Bl gbBZ 555 B4 L%
YMIAZ TR S TC 2 5 o AR TT PAL #2405 ox-LDL
2 LA, A0 R AR B S N, A AR D R T

120
100

80 2)

60 1)

AT 1%

40

20

0 1 2 3 4 5 6 7 8
1. % B4 ;2 0x-LDL #H;3:100.0 w mol/L DMYEAJARPHLH ; 4. 574%
iy T kb #H4H 55:0.01 . mol/L DMY kb ##4H ;6:0.10 w mol/L DMY Fiikk
FfiZH57.1.00 w mol/L DMY FikbFiZH ;8:10.0 w mol/L DMY TiikbEZH
1) 5%t HE4H hdse, P<0.05;2)5 ox-LDL 4 %, P<0.05
1 ox-LDL #1 DMY ¥ HUVECs 477 & R/
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RAARR , A% 261 4 0% e e IR BRetR 250  Tk eddi />, 0.1
1.0 1 10.0 wmol/L DMY T4k B4 5 ox-LDL 41 Lk
B, AR AR Y 0, 20 A D B I I AR, A%
A U T G AR IR SR e Y /D, AT AR B
] ,1.0 #1 10.0 . mol/L DMY i &b B 4H 411 5 ¢ 1% Ath
TTTAR A oA, AR e 5 T0 25 5 . b DMY
FEZ5 WMk By 1.0 e mol/L, 5 20 B 7 17 e 4 T —
Rl fE 225t DMY A9UREE R 1.0 w mol/L, LI 2.
2.3 HUVECs H BRI M 22

H R I F E 0 4 bR o 2 37 S B UL AR A
e, X HRA L, ox-LDL 20 Fil DMY Bt kb 33 20
A WA ] W AR B S G ;5 ox-LDL
ZH He %, 1.0 womol/L DMY FiAb HiH 40 it [ WA Fn [
WGV AR B B S 3, DLIAT 3.
2.4 ox-LDL #1 DMY X} HUVECSs #fBti & Beclinl.
LC3 & p62 FKiXHIF N

Beclin-1 Fil LC3 /2 A MR IE s pIbn S & A, M

p62 J& FI Wk I , 5 ISR SO A Wi 1 /K- Be-
clin-1.LC3- 1T 7151 LC3- IT/LC3- I HfH Mz p62
ZRINH ] LU, R R 7 25500, ERA G
B X (F=5.641,P=0.024), 5%} 414, ox-LDL
ZH 1 DMY B abFRZH Y Beclin-1(1=2.746 F1 2.723,
P=0.024 #10.027) .LC3- 11 (+=2.542 1 2.521,P=
0.036 £1 0.039) ik LC3- TT/LC3- I H{A(1=2.806
F12.721, P=0.022 F1 0.028) [L.4% , 25 LSD-t ¥ 56, 2%
A G X, ox-LDL £ 11 DMY BA b 3 20 1)
VM p62 Rk L EE, 4 LSD-t K5, %A Gl
27 Y (1=3.149 F1 3.068, P=0.012 F1 0.015) ,0x-LDL
ZHFN DMY i gbFEZH 4RI . 5 ox-LDL 41 [hig,
1.0 wmol/L DMY kb HHZH %) Beclin-1(+=2.957, P=
0.018) .LC3- 11 (1=2.731, P=0.026)f{jFik .LC3- 1T/
LC3- I [ fH (1=2.958, P=0.018) [t %% , £ LSD-t ¥
¥, 2SR FE X, 1.0 wmol/L DMY il kb BHZH
A p62 Fik i, £ LSD-t K I, 2 R A ST

A B C D

E F G H

A: X HE4L ;B :ox-LDL 21 ;C:100.0 u mol/L DMY b BL] ; D - 2 AR ATT HiAb #2H ; E:0.01 w mol/L DMY FiAb ¥4 ;F:0.10 . mol/L DMY il

AbPRA 5G:1.00 w mol/L DMY TiAb#E4 ; H:10.0 wmol/L DMY Fiikb#ZH
2
e

%>

A XTHRL] ;B :ox-LDL 44 ;C:1.0 . mol/L DMYHfiAb#H4H ;D :1.0 w mol/L DMY TRALFEL

3 HUVECs H B lk{E

ox-LDL F1Z— 5t =E % HUVECs ARz /a2 0h

( x400)

i Gy

TSk 7 A WA A i WA
GESTHEEE)
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27 X (1=2.809,P=0.021),1.0 . mol/L DMY Fii4h 3
HT¥E. W 4,
25 BEHPHEIFIXT DMY 1E A B 0m

K MTT BaA6: HUVECS 4T 77, W H g
il 7] 3-MA X DMY #ili | ox-LDL 5 5 ) HUVECs
PG RZ ] o AR A A7 TG R AL ] H R, SR R T 2
ST, 2R A G EE X (F=5.673,P=0.002). ox-

Beclin-1 = — —

B-actn IS IS G

ox-LDL(1000mg/L) - + _
DMY(1.0 . mol/L) - - + +

0.6 1
0.5 1 .

047 i) 1)

0.3 1
0.2 1

|

0
ox-LDL(1000mg/L) - + - +

DMY(1L0pmoliL) - - + +

Beclin-1 £

P62 LI - e m e

prain come GEES CIN WD
0x-LDL(100.0 mg/L) - + - +
DMY(1.0 . mol/L) - - + +

08 _
07 |
06 |
05 |
04 | 1)
03 |
02 |

2)
0.1 |
0
0x-LDL(100.0 mg/L) - + - +
DMY(1.0 . mol/L) = - + *

1)

p62iE

F

LDL ZH 1 3-MA 21 41 i 47 3% 2 5 X A L, &
LSD-t K, 25 A Geit 5 X (+=5.645 1 6.817, P=
0.001 A1 0.000),0x-LDL #1 FI 3-MA £H 34 [% 1I% ;
1.0 mol/L DMY Tiikb e 40 e /735 % 5 ox-LDL 41
b, 48 LSD-t Kty , 22 A geit= s L (1=2.958, P=
0.012),1.0 w mol/L DMY TRALFRZH T 5 [ Wit il 551
3-MA #5-4IKiH DMY 1] ox-LDL #5519 HUVECs
FETE AP (1=2.586, P=0.022), DMY Eaphib B
AN HUVECS 4H % 4795 % (¢ =0.584, P=0.843) .
UL 5,

1. - —
- | - e T

L comets e SIS SRS

ox-LDL(1000mg/L) - + - +
DMY(10wmoliL) - - + +
B
0.6 -
0.5 1 2)
i T
w04 -
& 03 A 1)
=
0.2 1
0.1 1
0
ox-LDL(100.0mg/lL) - + - +
DMY(10pmoliL) - - + +
D
90 -
80 4 2)
§ 70 —I
T 60
é’ 50 - 1 1)
= 40 4
% 30
= 20 4
10 A
0
ox-LDL(1000 mg/L) - + - +
DMY(1.0 . mol/L) - - + +
G

A:Beclin-1 K 1193535 ;B: LC3 R 1193235 ; C: Beclin-1 £ 1A 1 {1l ; D: LC3- T 2 1Rk i L Ak [RT s E : p62 2R (1119 483K s F: p62
FkM AL ;G LC3- TT/LC3- T B kbfl . 1) 5%FIAZH L, P<0.05;2) 5 ox-LDL 4 4%, P<0.05
4 ox-LDL #0 DMY *¥ HUVECs 2B s Beclin 1.LC3 & p62 F&iERI M



T E A A

521 %

120 7
i
100 1 M
2)
N 80 1
* 2)
= 007 1)
& 1)
= 40 A
=
A 20 - ﬂ
0 : : . . \
0x-LDL(1000mg/L) - + - _ + +
DMY(1.0wmollL) - - - + + +
3-MA(GOmmol/L) - - + - - +

1) 5xFEE4 S, P<0.05;2) 5 ox-LDL 41 H4%, P<0.05;3)5
10w mol/L DMY Tk ¥4 Lk, P <0.05
B 5 BHEHNHEXN_—SEEEERNEN

3 it

W45 P9 2 A0 32 4002 AS & AE GBI ER Y, ox-
LDL J2 3350 Bz A 45 0 DL I 36, )2 5580 AS
B KRS fER P ZE . ox-LDL RIIlE Kz 40
53 Wh Z2 T 9 RE R BB F SO AR R A T
PR E2L 40 R B 20 ) 285 B 1 B R A T, AR
AS B 55— 7T, ox-LDL ML A K iy
TR, SO B 4N 4 R EE LA 115 RT DNA (145
15, 35445 PR Bz 20 L, AT PR Bz A BT i A A O VR
TN AS B A& o BRI AR M35 PN R A0 B Bl i AS
) —AEEIER

ZEAMEE N 3,5,7,3",4°,5"-6 A -2,3-
MU R, Jee—Fh o LA B IR A A, e AR 1 R
] 28 A v St sy, R 2 A K R SR
K ASRAAAE . AR EHEAER )z, B
AHURE B U PUEA BUME BT R IR
FUmg , LA s 1 EVER . Sak s R, —
AR EAYL AS IEH . A SF0mE 5T A B,
R AR Ml = iR A S Wistar KL AS BTE
A, FEAR AS K BUMLTH C- 1 2K 1 | I35 i RE SR AE
K F B A2 -1 7K, B AR AS KRR
SNk IR MR ARSI A2 93635, R
WEHEZE BA PG AS WIFEH . HAR FLH
I EE AS KR AIE I 7K, 036 -0 7 it /N 7R
BERHE A2 IR, WFIE A B, B A% BV BT ( 3222 A
43>k DMY ) ] i 3B A AS R BRI i 375 0 235 13 i 46
F L B R R R B K T e 2 B A JR K
S5 I ARG AS R BRI R R B L 4 il 28 B RN AT 4
JERR, PR EEAS B IR ] 2l AS R BRI AR /K F- A

ML sh J12% , ARG AS BVE T A4S N Hz 40
Bl AS ZLEMIRSIFRTT, DMY AT I P9 iz 4 i
TP ER . X =W S50 & 3, DMY fedl il H.0,
VY I8 N K AR A 47 , ORI 5 v R A P T
PEAEC A0 20 L PN A S 10 A O T A DG
HOU Z5F5Y 2B , DMY REl 3 2 b (A8 T2 A2 1)
T L PN B 240 ML) S A OB 403 o AP SR 45 2R s
DMY T34k B fE 1 ox-LDL 75 1935 47 , 48 i 41 iy
FIAEIE S I AR I T, 5 AR 45 5 —2L,
{BHALHIEATERE o

AR — o LA AN A e v s B RS (B
il 75 F WEAR SC LR 1 2T, ) P P8 TS 2 e 400 i
A EE BTS2 P A 4 28 AR E D 3 72
SEAERF AN N RSSO AS AT D — SR A AR R A
SEYER B O, i 4 P PR AR S S (1 B
TRte. BTN A0 A WS 5 N R AR R PR
2 i 1 e P AR A R Ak PN B AL PN B2 A R
LI RE R A AR AR R BT, REIERAIE AL
I ORI R AR S0 T 1 PN R AR R T FNIRBE . XIA
SEUORIEGY R I, HE R 2R ) A W A R R T
AR O 1 DUERAE BRI 1(AMP-activated-
proteinkinase/silentinformationregulatoroftranscriptiond,
AMPK/SirtL )5 5-5@H I8 [ 1K, 4] ox-LDL 7
19 HUVECs it . BIFFE & B, Sirt3 1% A T 4Ef¢
PN ) A WK TR ox-LDL 5% 1) HUVECS
4 1, Beclin-1 1 LC3 & [ bR M .
Beclin-1 ZWFLEN PR 25 40 A WA RE 5 PR
MR EERE A WRAH G H 6 HYIR) 524 . Beclin-1 fig
Y5 Class Il #% 5 Bt AILEE 3- 34 K (phosphatidylinosi-
tol3-kinase,PIBK) JE (L Z &1, & 5 AWK Z &
PIRTE WA B W/ MATRE T I, A A A
BRI BV B — AR LC3 A
LC3, F WEAH G AL [ 4 W] 7 B g, 7 A —Fhig
BRI 20 %5 BB B FRoh LC3- 1 B #E A MEAH DGR
F1 7 BRI E2 B A3 9454 ,LC3- [ MIEER
AR RVB AR E 2 B AR BRI A4 LC3-1T1 . LC3
456 00T M F A 1, H& i 5 A R4k
ARG, SO A ARG 5 £, BRLG LC3- 1T 35k
I LC3- M/LC3- T % FH >k B e A Wik i) /K °F- o p62/
SQSTML J& F WEReEfig bR ) , IR S T 1
DMY XJ 4 A W HA PR o XIA ZE0F58 % B,
DMY fE 411 il Wi 2L 20 ) H7 A 25 2% 1) ) (Mam-
maliantargetofrapamycin,mTOR) & 4%1% 5/ HepG2
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PR, 4 U SR A A ) 4R B AR A S S B BRI S B 0 RO

Y, BFSE R IE, DMY it AMPK {558 14175
S E W, O B LA A Y B R, AR g
45 B 7, DMY T4k B 3 n ox-LDL 5§ 19 HU
VECs 11 H WA FT F 5 B A 1 %50, 19 Beclin-1
A LC3- T 3635 & LC3-TT/LC3- T HufH, T i p62
FI 3k, T A BEAE R 3-MA B2 HEH DMY Xf
ox-LDL 553 /) HUVECs 3 7E T, 27~ DMY i
175 S0 1 s, 0] ox—-LDL 5 S I P 2 40 i
B o AN B W R R AR 4 5 2%, ¥ K PIBKIY
mTOR .PI3K Il Fl AMPK/Sirtl %1% 53 % ,DMY 75
SIS N R A0 R T RS R — 2 Y

M2 DMY eI ox-LDL 75514 IfiL 45 P9 Jz 40
A5 005 , FCHLH 5 (2 HE AR F KA G, ARIFSEIE
S, DMY feid ok PR i A8 N Bz 40 M A AT AS 1)
YERL, R R 45 DMY FH T P9 R 40 3 405 A0 S P
TR BTG , SRS ARYE A58 R
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