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[ ABSTRACT ] Aim To investigate the protective effects of metformin on vascular endothelial cells injured by homo-
cysteine (Hey) and its mechanism. Methods Human vascular endothelial cell line ( ECV304 cells) cultivated in
vitro were divided into four groups: control group, Hey group, metformin group, Hey and metformin co-incubation group,
the cell proliferation ability was determined by CCK-8 assay. The lactate dehydrogenase (LDH) , the content of malondi-
aldehyde (MDA) and superoxidase dismutase (SOD) activity in ECV304 cells cellular supernatant were detected. RT-
PCR was performed to detect mRNA expression of SOD1. p-AMPKa and t-AMPKa protein expression was detected by
Western blot. Results Homocysteine significantly inhibited endothelial cell viability and increased the activities of
LDH. Compared with the control group, the content of MDA increased and the activity of SOD decreased in Hey group.
Metformin significantly improved endothelial cell viability and SOD activity, suppressed homocysteine induced increases in
LDH and MDA. Homocysteine decreased the expression of SOD1 and catalase (CAT) mRNA, increased NADPH oxidase
2 (NOX2) mRNA. Metformin increased the expression of SOD1 and CAT mRNA, decreased NOX2 mRNA compared
with Hey group.  Compoud C (an AMPK inhibitor) could reverse the protection of metformin. Conclusion

Metformin could protect the ECV304 cells from injury by homocysteine via AMPK-ROS signalling pathway.
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ZH AR ( metformin, Met ) 42& H #if b FH 8
Z IO BRI 25 , 220t 5% ¢ B TR SN A sk 2D
2 BR800 U A TR T LR A
FHIZAS AR R HC 8 8 A D, 1 R 3% A6 2 E1 LG
( AMP-activated protein kinase, AMPK) ¥ 7i6 7F —
PR SUNI S 4 JFG 0 1ff A8 P 0 VR D vb 2 2 O B 19 A
FAPY FRATHT I 256 A B F SO AT LA 1
AMPK V3§ F 77 B fmf 5 | 900 LR SR B 98U
S [A) AU 2 e R (homocysteine , Hey ) 42 51 2 /0> I
PRI ST GRS K2R TR Hey 3 280 5 458 43 1L
B P BT AR L B T SR
Hey 5 2 B N B2 400 35 B 52 000 18 A DLAGE . AR SE50 40
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1.1 ##

AL P 40 A AR (EC304 A ML 79 5 28 )
W B e gL A A A E , Prism 7500 real-time PCR
BL(ABI A7), EMRE A # ik % & (% E Bio-Rad
A7), ImageQuant LAS 4000 1t 2% & # L (GE
B ), Hey,Z ¥ WL (Sigma 2 7 ), & RNA & B
#| Trizol Reagent ( Invitrogen /A ] ), ¥ %% ik 7| &
(Fermentas /A & ) , PCR 7% K & & & M K 7| & ( Ge-
neCopoeia /A @ ) , p-AMPKa B LK t-AMPKa
5 B (% B Cell Signaling /A 3] ) | L B-actin
¥ 7 B (Santa Cruz /A ) ,HRP #ri% 8y — 40 (b
RN AFEDHAAHRAT), B = (malondial-
dehyde , MDA ) 3| % i 7| & | 7L B& I 2 B2 (lactate de-
hydrogenase , LDH ) | % X 7| & | # A fb B 5k {4 B
(superoxidase dismutase , SOD) | & X 7| & ( 8 7 ¥l
HEEPRBEREARNE), A 5l 4t Invitrogen
AFBH.
1.2 #ARasEsE

{# | 4 10%FBS H RPMI1640 3= 3= 34 5% i %
WH 40 M, % 4 i KD A 3K 80% LA b B HE AT
(A
1.3 XBH4AE

SCEy 4 % FE 41 Hey #1 (Ar N 1000 wmol/L
Hey) .= B A4 (A N 2000 pmol/L = B W AL) |
Hey+ = % B AL4L (8 % 1000 pmol/L Hey 2 2000
pmol/L — B KAL) , M AEFE I 24 h Jg, 4 T i

BRBBEFR 120, B8 m N TE 24 h HH k&
B,
1.4 CCK-8 ¥l 20 A i& 11

1 A R 2 B % 8000 AN 48 fiL/ 3L B A T 96 FL
W, a5 NEFL, B AR 200 pL, AH
BER2hE, FERL ERNVEERRNLT A DF
ty RPMI1640 3 57 3 | 4% BB 3k 40 41 4 3% o 2 4 %,
FREE Y200 pL 3R BHHE %24 h;24 h
JE BTN 20 pl CCK-8 XA, 4 96 FLR & T 2 i
F RS TR 2 hy BB AR O K E 490
nm, M EHCFAHH OD {2, 5 FLE % OD 18 4 L
Rl A3 (B = 8 7L OD 18, 4 M V& 4 o &AL 4
AEZODEFHMEEXBEAELSE ODETFHHE
Z .
1.5 LDH i&M.SOD i&F R MDA & 2RI

A E F A, At A Hey 4, = B AR
4 Hey+ W WM, 44 &H 24 h Ja , RIA 440
35 2= WA Bl LDH ,SOD f2 MDA Ml & X 7 & ¥ 47
RN
1.6 real-time PCR # il SOD1, it & S & &
NADPH &4 EE 2 mRNA Fi&

BB SR 0y N K 48 AEL, #% Trizol Reagent 3t P 49,
i Jf Trizol Z4 ## R BN K 240 j & RNA, 4% ok & %
M E I ER G % RNA A B ROKE, %R 3 #
FRA GV, WK M E RNA 3 4 5% K R A R
cDNA,SOD1 , #f % 1t & B ( catalase, CAT) % NADPH
4118 2( NADPH oxidase 2,NOX2) mRNA % W %
8 B-actin 5 4 7 7] W& 1,38 ki E ¥ K 60C,
PCR M fEFR K #0940 &, #% % & PCR K 7| & 3
fT#1E, 2L 20 pL KRR £ $84T PCR, B 2 pL 3
RBP4 5 CAT,SOD1,NOX2 mRNA % ) % B
B-actin 5| #7347, PCR K5 4 15, 1 % # 95°C 10
min,95°C 15 s,60°C 20 s,72°C 32 5,40 NMEF, £
ABI Prism7500 real-time PCR System _E# 1E & 57 , %%
ERA 27k R,
1.7 Western blot #; il I & P K7 40 B AMPKa #0 p-
AMPKa EBHBFRIE

B ENE A, EHET R EE R
Fl&RIN K ML E G E ) BCA %Il £ & &Kk
FE, EFE 80 g & H R BUK , 10%SDS-PAGE 3k , ¥
EHO#BENC B, 4CEKREHE 1 h, oA
1 : 1000 89 — 3 (/D B4 A GLUT-4 3 7% [ 4t
), 4CHE K EBHLR, HHAIEREMA L : 2000
B I (R R EE AR T 8 £ 30/ R TG Hitk) , %
B T2 1 h,{# | Thermo # 4k & bk 7 3 28 K i
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52 F GE ImageQuant LAS 4000 ft. 2 & KL 2 % , 7
AR A& 8 4 A AMPKa #1 p-AMPKa & & 41 2t %
*rE,

x 1. 5[9F35
Table 1. Primer sequence
FH WAL P41 P B
% 5'-AGCCGAATGCTGTCACTT-3'
NOX2 T 5'-AGTTGTCGTGGATGTACTGG-3' 200 bp
3% 5'-GGGCATCATCAATTTCGA-3'
SODL e sr-accerGerGraTTaTCTCCA -3 200 PP
¥ 5'-TGTGAACTGTCCCTACCG-3’
CAT T 5'-GTGTTGAATCTCCGCACT-3’ 320 bp
9% 5'-AGCGGGAAATCGTGCGTGAC-3'
200 bp

Bactin: e o/ ICCATGCCCAGGAAGGAAGG-3'

1.8 SFitZE4aHh

B fres k-, ZHRLREALREF £
AN AEFEALRRARDNEZEREERE, M P<
0.05 # ZFH KT FE XL,

A
150
s
=
S 100
k]
2
R 50
:
=
=
0
HEE 250 1000 2000
Hey(umol/L)
C
150+
100 T b

504

MFEEH (% of control )

X‘I'Blﬁiﬂ Métiﬁ HclyZE Hcy‘+Met£ﬂ

1. Z RS Hey R G H A R HARETE BRI (n=6)

2 & R

2.1 ZEMNALX Hey RIS R A B 4HR0E 1Y
A

AN 7 A [6] e BE Hey (250,500, 1000 J% 2000
pmol/ L) MEF 24 h J&, ML TE Jy BEAK, HBEA Hey
WP AN, 4 B IS 1 T R (P<0.05; & 1A)
A M AEAS [R] o FBE — FF UK (250,500, 1000 & 2000
pmol/L) fEH 24 h J&5, 40 MU % 1 TE W i 22 5% (&l
1B) . 4 X B8 2  Hey 41 (1000 pmol/L Hey) .
T HBUITZH (2000 pmol /L — B XUAK) | Hey+ —- B XY
IRZH (1000 pmol/L Hey+2000 wmol/L — F XK ) Ak
P24 h J5 ,Hey ZHAALIE 775 %5 BALAR LU AR (P<
0.05) , 1M Hey+— U BUNCZH 40 i35 71 5 Hey dHAHLE
AN (P<0.05; & 1C) o 1568 = F SUIKARE 9% U
52 Hey 5B BN B 40 E 109 TR, — HI XU
LDH 7K -4 % B 21 BH 52 388 0, 17 Hey + — HOBUICER
LDH &4 Hey H B EREMR(E D),

150+

s
g
8 100
5
®
'R 50_
i
=2
g
0
mazﬁ 250 1000 2000
Met(umol/L)
200+
a
- —_
£ 150 b
c ——
8
5
@ 1001 =
R
#2504
I
a
|
0

MEE  Metf  HoyA  Hoy+Metd

a A P<0.05, 5% BBAIAHLL ;b 4 P<0.05, 5 Hey ZHAALL

Figure 1. Effects of metformin on vascular endothelial cells injured by homocysteine(n=6)
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SOD1 F1 CAT mRNA (235K i FFEAK, NOX2 1,1 NOX2 mRNA 23K /K S 5 2 F R (P<
mRNA 5% 38 7K S W) & 25 48 05 Hey + — H XU AR 0.05;¥3) .,
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Figure 2. Effects of metformin on MDA content and SOD activity in cells(n=6)

A 1.5+ B 15 C =2.01 a
= = [ 1
£ g £
c c
S 8 = <151 b
5 1.0 e 51.01 b 5 =
k] b 2 K]
(<] =1.01 —_
< == < 510
Z .54 Z0.5 a [is
o O T — €
£ a £ Eos
- X
[a] g o
3 © ol . . . Z 0.011— ; . .
FEE  Metl  Hoy  Hoy+Metd XBE  MetA  HeyZA  Hey+Metd T OXEBA Met  Hey#  Hoy+Metd

3. ZHXALT4HAE SOD1,CAT #1 NOX2 mRNA RiERZM(n=6) a i P<0.05, 5XHRRZIMIE ;b o P<0.05, 45 Hey 1AL,
Figure 3. Effects of metformin on the mRNA expression of SOD1, CAT and NOX2 mRNA(n=6)
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Figure 4. Effects of metformin on the protein expression of ¥ , AR AR RGN B s TRy LSR5
p-AMPKa and t-AMPKa(n=6) VAT S, — RS0, 395 1 80k 40 S 4 1 105



CN 43-1262/R E Bk 425 2016 4F55 24 55 11 1Y) 1085

150-
s
=
8 100 b
S
R a c
R 501
T
=
=
0 T T T T T »@!
® H ® H O &
X RS
SRR U
& &
~Z‘ Qo X
S
S
o)
&
00

[ 5. AMPK #I#1%] Compoud C ¥ % — F X Al &4 20 A 4R 17
1EH(n=6) a}j P<0.05, 5 A ;b 4 P<0.05,5 Hey
AL ;C R P<0.05,5 Hey+ - H XUARZAAM LL

Figure 5. Compoud C (an AMPK inhibitor) could reverse

the protection of metformin(n=6)

FXFEREAD FHABRARZES S T HHAL
F5 M0 AU R i 2 aE R bR
R 3 9 4 P 3 A Al ) 2 L 400 o T s 7 o ) it
17, HF R TBIRGE . AW, Hey 2 57 AR
PEID I P9 B 40 M35 7, Hey 20 LDH 3% 7 F1 MDA
i BT, SOD WEME TR, UL, SIS S T
Hey XF N B2 40 i 545 477

THURUNCR: B TR SR T BB R 2
Yy, BRTAESE 20, — B OSUIOR X 8 4% 38 1o B IG
IR 7 A i A5 PR3V 34 B A% 38 23 0 AMPK
77 A o G I A PR A L A 1l A S B & R B
TR AR, H AT F XU 5 Hey 51 A9 P 2
P 3 S R UL, AR R, = SO
AN R I AE PR A0 RO T A 3, R ORUIIAT A
W% Hey 5B IS N B2 40 ) TR, 5T =
SUICAY B4 F AT BE 2 38 i 05 AMPK 3 % SE B
ARG LI T Western blot £ 4541 t-AMPKa F11 p-
AMPKa F)ZER, KB XUARZ  Hey+ — B BUIRZH
p-AMPKa 1193234 B I 5 F X BEZHURD Hey 41, Ui AE
I 457 PN Rz 240 M, — H XODBE % BH 8 38005 AMPK
JIMA AMPK 1] 7 Compoud C W A] DL 5% — FH XYL
IO Hey Xof Y B2 240 B 4 473 i £ 47 46 T, 13693 AMPK
FE OB ] Hey 516 1) P 12 40 453 495 v ke 39
HEAEM,

HATAFST 2 B AMPK 305 J5 EL A 40 40 f
SRR AR ) AR gt & B Hey + - XUIR
41 LDH 36 PEAT MDA % & T &, 1M SOD 36 ¥ 7t

Hey 2 SOD1 Fl CAT mRNA (13235 7K F 0] i T %,
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