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[ ABSTRACT] Aim To investigate the effect of simvastatin on reactive oxygen species (ROS) expression in stretch
stress (SS) induced macrophage cells. Methods RAW264.7 macrophage cells were cultured in vitro, treated with
SS, or pretreated with simvastatin for 60 min and then stimulated with SS, the expression of ROS was detected by Ho-
echst33342 and H2DCFDA fluorescent probe, the fluorescence intensity of ROS was detected and the positive ratio of ROS
was analysed by SPSS statistical software.  The expression of NADPH oxidase 1 (NOX1) was evaluated by Western blot.
Results  SS increased the expression of ROS in a time dependent manner, and the expression of ROS reached the most sig-
nificant at 60 min (P <0.05). Simvastatin could inhibit the effect induced by SS in a concentration dependent manner,
the inhibition effect of simvastatin was the most significant in 0. 3 pmol/L (P <0.05). The expression of NOX1 was sig-
nificantly inhibited by simvastatin after SS. Conclusion Simvastatin repressed ROS expression of RAW264. 7 macro-

phage cells induced by SS through inhibiting the expression of NOXI.

1 ML S A B A A T R /N o A, R DD LA B R T R B R
OrBea B/ Nalior s KIMRZ fe 2 /N s kN W e A BELT A Ak A8 T e s 1 B L A ] g 22
DR F 3 67 g 300 ke o e 4 1 BR B FE AR AL, R HE%E%E’JEIE%Iﬂl‘/m?ﬁiﬂﬂmﬁﬁéj}ﬁéﬁ%%%

[WFmBH] 2015-07-06 [f&EIHEI] 2015-09-28

[E€TH] HEFBAAB¥ESTH (81070124 F1 81171710) ; ™R 4 H A Bl 2 5 4 W H (S2012010009199 F
$2013040015441) ;)7 R BHE TR H (2014A020212109)

[TEERIN] B0, GBI A, WS 5 )y e I s B i 1 i 1 2l Jios A6 B AL 1. 457 28 %8 (9 WL, E-mail 24 934185859 @ qq.
com, JHEFF WLBFIEA WS T ) A vy PR A 8 0B 2 fok ok A A Ak 1l A8 51 S8 A9 HL T , E-mail 2 605785807 @ qq. com,, i
WAEBZEWIAL, 208, L oE A S0, RS 07 [0 SO LA B 4G 4 3 F LA 55 B3, E-mail 4 lichaohongzq@ yahoo. com,,



110

ISSN 1007-3949 Chin J Arterioscler, Vol 24 ,No 2,2016

LAY 34k e TE S5 AN TN Th RE SR A, 2
A 1 L T 7 A ) SR LB 0 % I A O A O
VEFH . I e T 7= A 0 S AT 0 %o i 7 1 ¥ L
A VE R HT I O A DR iRGE , A PS4 LI
RSSO BRI Gag H A
ERK {5538 175 5 MU 7 v WLgn g st . B F
WFSE S AU T 0 A sOAS f  BO J fh 2K ™
Yyar g S i AE 7 1 LA A 58 A1 ERK {5 538 B
T BRI X I v 4 T i A A I I B
DA AR A VT T s b A FH 0% 52 e 35 A WA, R D
i,

TEA I E MR B BT, K& 5 & A sh kil
PERE AL AR | DI 4> 1045 T 9 A A B 35,
PRIV RS- i JUL 200 R R0 5 I 40 7 o R A £ B e e
E AR A LA M Y B A SR ) B A
KA IR, 16T T I R 05 400 i 1 41k 1 9
FES K AERE AL T A B RIS 2, BLTE AN
THAE, ORI EE A0 3R P4S0 | TS AR
1k S NADPH % fL i ( NADPH oxidase , NOX) #Rfig
FEAE ROS, TS & 20t 4 S8 Ak Ry 3, B AR A AN []
() 20 2R AN i Z2 Rt ] D A 3 P AU T R (re-
active oxygen species, ROS) 5| & E AN i , {H R
Z W5 R AR BT NOX /277 E ROS f &
FHRIED . NOX 240 B 41 A%, w0 5 48
L NOXT P B B 2238 T M4 R4

ARG 5 FE WSS HUIR A 5K 07 %5 /0N B 5 40 i
RAW264.7 ROS 7= (5 M K~ AR T % A F 1)
S IR T NOXT [k K048 7R 2
TTRER ROS 7= A= (VR FHHIL , A 8 BH = AR At 7T 78 3
ok sk AR Lk 0 A 28 P RV FE ML B A S A

1 #MEFAEE

1.1 apaSiH

/NECE 4 48 f RAW264.7 1 B ATCC 7 7
DMEM #: 5= 2 Gibeo 7= 5 B 4 ML i& W B K #
7 (TBD) /A ] ; Hoechst33342 Fu £ #% 5T B Sigma
N 3 9 AR 4 H2DCFDA 1 B Invitrogen /A &]
1.2 ¢HpatEss

/NECE W 4 B RAW264. 7 A A 10% 478 fs 4
17 ) DMEM & 4% 3 5% 2 & 37°C 5% CO, ¥ 5745
PREBRR, BARKHERAN, FAER D8
FHATER, A TE, AR ZERBEL,WEU2x
10° B i e B R B T 6 LB IR F AR,
1.3 FE&MT TIERAE

THEFERMITHRF AN 95% L& 100

wL, %47 & im N 0.1 mol/L NaOH 15 pL, -F 50°C 7k
BAEERE2 N RAEEAE 1 ml, 9% E T 4°C Kk
AR, BT 10 mmol/L(5 g/L) B % 7 7,
1.4 Hoechst33342 R %% R H2DCFDA X% i 4H
il Pl

KR4 H2ZDCFDA R & T oL, 27 8 i %
& 4 LR, B 4 L Y B4 e B K A% X DCFH, 3 f 6
FHEEME, BEEAGHERE AR A, AR AN
ROS ¥ UL 4. ft T %% ot B9 DCFH, £ 3 & & A %% 4 By
DCF, # T £ K X6l B & W4 T %0 DCF #y 7% %
T 48 BN ROS AKCF, T #| H2DCFDA 7% ot 3%
£ 4 A8 Hoechst33342 A% 4718 7K N 3 7K B4 % 7 7
W 4Bl A 10 mmol/L 16 mmol/L, & A ¥ % F &
R SR SR ORE 2 %) 10 wmol/L 16
wmol/ L, Xt 48 Ji . A R 8k JE | R I 3 SR, B G v
MR A E R, N 3R A WA TOL B R B T
HHE R T 37C 5% CO, ¥ % 4 ¥ F 30 min;
2K 5 W F R SR, H 37°C ty Tt vE B 3k £ A0 PBS
AR 2 W, L TEERLRHMAETRE, 4k
"R, L&, 2B,
1.5 ARBRANSH/NREEHM ROS AR
4

JNECE W 40 RAW264. 7 DL 2 x 10* By % & 4
MT6ILENMNY, FraMEKZE 80% I 40,
A 7o E B 5 SR LR 4B A 12 h, B 10% B9 HLAK %
Hr A7 4~ B 0 min 10 min 30 min 60 min, %
K& Bl % B4R 4T H2DCFDA #04% #7138 %% % 42 3% Ho-
echst33342 4 4 L ROS 8 7= & , /N R E " 20
RAW264.7 DL 2 x 10* &y % B 8 M T 6 LA ik & 41
WP HEHEAEKE 80% L&, # L hiFEErER
FHAE 12 h, 25 L 0.0.1,0.2,0.3 % 0.4
wmol/ LT 4L 32 48 1 h, F #& An L {8 & % 10% il
WESL A, E A 10 min, % % 400 B SR 0T At
B4 UfE A 0.3 wmol/L 3 & f 3T 4L 22 40 i, T i
bR ER S A RA, R EEE,
| H2DCFDA 3% 4t Fa 4% #7104 /& Hoechst33342 £ |
ROS # 7= & , ARFE 40 in 7% 8 & PE b 3 A e 3 7 4
ROS /K-F, Bl H2DCFDA # 4 7% ot [H P 40 i 41 5 &
2 JL B L
1.6 Western blot ¥l NOX1 BYFRIE

/N BB 40 RAW264.7 L2 x 10* B9 % B
BEMHToNRRELR Y, FHLEKE 0% LA
%L EEREE S MAEI12h, 2 HH4 . 7
Pt B R T XA (R E 0.3 pwmol/L) |



CN 43-1262/R W EBKAEL 245 2016 4557 24 B4

2 1 111

B (AFHIMEKY 16h) FRATHLE +
R (REH 0.3 pmol/L By EH M THAFE 1 h
Ja T AETK S 16 h) . Fl Western blot 4 | DA
F 4 NOX1 By &Rk
1.7 SitEH*E

LI ERAER s RR, HELEXAF
ZM, U P<0.05 HERAERITFEL,

1. ANEFEHA B EEMM ROS F=4E RS20 ( x200)
H P <0.05, 5FH M IR L,

2 &#F B
2.1 HHEER AR B ROS 7= £ B RN
FRAE RS 71N B 16 200 J it fin 7 4 4 10%
Bz L A7, 43 AE A 0 min, 10 min .30 min & 60
min, % B FECHREN AL AR IC Y BOIFIE VIS, (&
JER BT R IELR (A5 HI WA ML ROS 2R3k,
AL D g 6 5 S 0 A0 B 5 ) I A A B () B 4 1
BN, Feon AR R BT fE SR =4 ROS(ET 1)

100
80

60

ROS positive ratio(%)

40

20

0-

Negative control 10 30 60
10% SS(min)

A B.C.D551H 10% 22 J1/ER 0 min .10 min .30 min &% 60 min, a

Figure 1. Effects of production of ROS in mice macrophages induced by SS at different time point
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Figure 2. Effect of production of ROS in mice macrophages
induced by SS after pretreatment of different concentration

of simvastatin
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Figure 3. Effects of simvastatin on the expression of NOX1

of mice macrophages induced by SS

HATE R ROS 7Bk & 4t b (975 F 2 98 15 240
A S B, DT A 5 % Aol A R 1 ) 240 i 2 7
HUAE B A3 LR SR ) A o R T A S 2R R RE
SEFE TR HE TR A R o e LA I
IR B CHRIER . RE 21 ROS &

5577 3 koo A B Ak 1l B 9 AR 45 By BB
TR CUAVEE B R R AL kL b & A R R
JEREAMMD IR, DL BAAZ/ 1 I 200 ) 3R A Ol T A
fE'™ ) EHLE A SCHRRE ROS AT LIS B w4
77 5 I3 200 6 1 356 £ SR 7= A B 2 119 ROS, MATTT 53K
SEVEDEIR S AR HE J 7 B KO RE RE A 1 &
B, B e 3 T G AR, B R
BT R R | e o 2 35 405 L 45 e £ 9
EFN AR, T B A0 Y 2 D BE bt nT v
P, Al ek — ZR 50 i B Ik A 4 R4S Bl 4
Ji R 7 RS \ROS 2l 4 a9 ] 46100 IRl ]
DATA A I R v I 4 %) 40 Ak R 38O 5 3080 ik
SRR A A 1l A A I FE ML 2 —

LA KRS e, 10 A % B i 2R (T A
S E W40 A KR ROS, B S AL B, SR
1M, B AT i U BT 7= A 1 53 WL A2 5K 1 6
I35 240 6 A IO 385 110 2 Wi i AR 9 A BT TC G L AT
A IR B A LA A2 5K 7 7E T 5 20 i Y
WFFEFE Y, AR % B I 26 1 RMLAR 22 5k 7 R34
AL 5 A0 N ERKL/2 3% PR3, 52 Bsf a] A i
FEMISE s 5 SRR BRI 2% 5 B B (1 A R 2 5K )
ZHAH L, S AR B s 2 AL 22 5k g e [ Ak
RO fff ERK1/2 BERILIH WA X thiFse 17
I HEJIEF= A 1 S LA 22 5 7 AT 800 i A8 B L I
AUAR PN 5 0 0, e L I A B ML R o8
2T R RV ROS SR ANIMZ 5 T i
M T AA) % 45 S BR T, R IR I A A Y R
-9 iR (o I A SN TN (= K|
PRLFEE 1 AFAE b E R AZ A Bl 1 DL SR R
Gy4, WEFT B, I ST LA R B L 37 R mT B
AL A2 5K 7 s, O HL B 7E [ PR i kR
“HUBEAE 31 7 AT [ B R 5 1 22 30 3 U A0 i A 22
BAES 7 B2 ARBE T R LS TS B il
PonT P e R R A T A AR 2 R T 4
FERZAR B FiEE NI LG R A E R
it VG SR DR o0 XL A5 2R 95 19 400 i ] SR 6 - L
AL T I AR S N P A e T
fiff U L0 0 & SR AL A0 S B T 62 DA Rt
PPUESE T e i AILAR A2 5K 7 % 1 45 7 v L4 i PN
55 B A BTG 1, (H R W i B B L ) 37
T 30 S S T ML A 5K T BT, E A
WA E o A g I AR i A A
I I R e A 0 %) 4R A 1 98 of R T
A ) SR LIS 7K T 22 8] 26 FR AN A

FARAMBTT 2 A+ 85 & ™= W0 1 & AT A=, 1



CN 43-1262/R " [EShkAEAL 2438 2016 4556 24 556 2 113

A TT A R AR 2459, s o 0t 9 v R R
S DL Py A RN . Z AR B SRR
b7 T AT LA AL 2 i g P BAS B A Ak AU 2%
JEHE A S B R BRI A8 - LAE I ERK 5 M A
Ki67 Fak iyt o BIRA KR oT vorks 1L
CIE N =R R 0 | A B s S U =N i
ROS =4

ST RS I RE I A A Y 4R Ak
o7 8 T B0 Bl ks R R Ak 1 45 R 1) T AL ] 2
— , EL7E A 9 w8 I s mT g 3 e ot 4% A B9
T PR RS e i 7= A ) S ML 2 ik o X
YL ROS ARy sZ M HoA B2 L, AWFSE IR
UESE T e I 7™ A A 5 HLAR T mT AR 0 s 4 i
ROS (1774, I 52 I AR PR 3 22 5 IR 8 IR S8 T
AT AT B0 AR, B A R S v AR
P3G sE IR R T HGE S NOXT 9238 AT 4
il ROS 1=, DL &5 8 S 6 2 A 12 H %) 75 1 5+
B AU 5K 7 77 [R) B S R S 1 22 0 0 0 A1 i A
ZAESHEIS AN T, B R T AR AT BR TR
NRAEFHAN , 76 2 28 sy bk o5 # B £k 1 45 76 98 i ML) v
IFEH] .

[ &% k]

[1] Liu S, Li Y, Zhang Z. al-Adrenergic receptors mediate
combined signals initiated by mechanical stretch stress and
norepinephrine leading to accelerated mouse vein graft ath-
erosclerosis[ J]. J Vasc Surg, 2013, 57 (6): 1 645-656.

[2] LiY, Liu S, Zhang Z. RAGE mediates accelerated diabet-
ic vein graft atherosclerosis induced by combined mechani-
cal stress and AGEs via synergistic ERK activation [ J ].
PloS One, 2012, 7(4) : €35016.

(3] ZEEAE, BUKIK, SKIRSE, %. NADPH AL/ 1A
IR I 5 P 7 v 1) R Joe 2 2 UL T A 4 T B o3
THLHILT]. MMAEYZRE, 2009, 31 (5) : 602-607.

(4] 7 8, TERER, SRAET, 45 SR RUIRS B2 F PR

HUBRZE 5K S {e o 4 s ERK1/2 3546 [ 7). FE Sk
fZek, 2010, 18 (12): 925-930.

(5] AR, XIB, 957, % Hoechst33342 15 DAPI 45
T BEAZ RS L PN 36 M AR I ARCR Y L [ ] v Bl ik
fffk e, 2014, 22 (1) : 75-78.

[6] Staiculescu MC, Foote C, Meininger GA, et al. The role of
reactive oxygen species in microvascular remodeling[ J].
Int J Mol Sci, 2014, 15 (12) . 23 792-835.

(7] BRI, A%, jkEN. NADPH S Ak 5 % 5 i i
FEMEREA[T]. ERRREEE Siln R, 2013, 33
(5):1673-2 588.

(8] JHAMS, 11 Bk, 1 8, %5 MRIVE R R HAREE 9 siRNA
it A R AR 8 5 5 A9 THP-1 5 B 4 g
RAEH THRIB[T]. HIEBSIKEEAE, 2011, 19 (3):
192-196.

[9] Mulens-Arias V, Rojas JM, Pérez-Yagiie S. Polyethyleni-
mine-coated SPIONs trigger macrophage activation through
TLR-4 signaling and ROS production and modulate podo-
some dynamics[ J|. Biomaterials, 2015, 52 494-506.

[10] Shirai T, Hilhorst M, Harrison DG. Macrophages in vas-
cular inflammation-from atherosclerosis to vasculitis [ J .
Autoimmunity, 2015, 48 (3); 139-151.

(1] BUTAR, X 3T, 5K g, 5. SRS mAs A L) ].
FAEEE:, 2008, 22 (1) : 66-69.

(127 ZERLL. F Bl ks 1 L2 e 552 4 0 s 3 1 A
SHUBAE SR I E S R OF S RE (1], b [ Sl ki Al 2%
A%, 2009, 17 (7): 615.

[13] Li C, Xu Q. Mechanical stress-initiated signal transduc-
tion in vascular smooth muscle cells in vitro and in vivo
[J]. Cell Signal, 2007, 19 (5): 881-891.

[14] Zhang Z, Zhang M, Li Y. Simvastatin inhibits the addi-
tive activation of ERK1/2 and proliferation of rat vascular
smooth muscle cells induced by combined mechanical
stretch stress and oxL.DL through LOX-1 pathway [ J].
Cell Signal, 2013, 25 (1) 332-340.

(s SCEI



