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Effect of Resveratrol in Regulating TRPC1/STIM1-mediated SOCC to

Inhibit Atherosclerosis
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(School of Basic Medicine, Guangzhou University of Chinese Medicine, Guangzhou 510006, China)

[ Abstract | Objective: To study the anti-atherosclerosis ( AS) mechanism of resveratrol ( RES) by
regulating store-operated calcium channel ( SOCC) induced by transient receptor potential channel protein 1
(TRPC1) and stromal interaction molecule 1 ( STIMI1 ). Method: Atherosclerosis model was established with
female C57BL/6J mice that were fed with high-fat diet after ovariectomy, and then the mice were divided into
control group, model group, low-dose resveratrol group, medium-dose resveratrol group, high-dose resveratrol

group (50, 100, 150 mg-kg ') and estradiol (E,) group (0.3 mg-kg '). After 16 weeks, serum was
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collected, and the lipid level and Ca®* concentration were detected. The morphological changes were measured by
oil red O staining. The protein expressions of TRPC1, STIM1 and endothelial nitric oxide synthase (eNOS) were
detected by Western blot and Real-time PCR. The activity of eNOS was measured by enzyme-linked immunosorbent
assay (ELISA). Result: Compared with model group, total cholesterol (TC), triglyceride (TG), low density
lipoprotein ( LDL) were decreased, while the high density lipoprotein ( HDL) was increased in supplementary
high-dose resveratrol or estrogen groups (P <0.05). The pathological changes in the model group were obvious
compared with control group, after supplementation with RES or estrogen, the pathological changes were
significantly reduced in thoracic aorta. Western blot and Real-time PCR results showed that in model group, the
protein expressions of TRPC1 and STIM1 were increased, while the protein expression of eNOS was decreased (P <
0.05); in supplementary high-dose resveratrol or estrogen group, these changes were reversed (P < 0.05).

Conclusion; RES could down-regulate TRPC1 and STIM1 gene and protein expressions, inhibit SOCC-mediated

24+ - . . . .
Ca” " influx, increase eNOS expression and resist atherosclerosis.
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.97 .



5524 B4 4 W RESSEAFFERE Vol. 24, No. 4
2018 42 H Chinese Journal of Experimental Traditional Medical Formulae Feb. ,2018

i 7 R 4L (50,100,150 mg - kg '), MR 41
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12 h, L 10% f 7K £ S B 300 mg - kg ™" B i 7 41 R
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16 Ji .
2.2 WM SEEe 16 JEOR AR 12 h, #F R BRI
0.5 ~1 mL, 4 MV RE G i B S 4 °C,7 500 r+min ™'
50 10 min, Y AL, - 80 C LR A7, /NS &b
HE WAL M 2 B0 ok T R h 9% v (PBS) th &
o I 45 RS, PBS dhise S - 80 CARAETRHI .
2.3 i & Ca’ W EAKCERE I M -80 C
rP S I A A A AR B ASCR T it B 4 3, R IR
[ EE(TC) , H il =F (TG) , % % & I 8 1 I8 [
(LDL) , /& % B B8 & 11 I [ B ( HDL ) 5 ffobi 95 0
M7 Ca® " HeBE, FH B bR AL AE 610 nm Ab I 5 W S B
A MIES TR =(MWEA-FHA) /(A==
A) x Xt BRI BE (1 mmol - L1 ) x B AR 0 328 i A A%
5%
2.4 WL O Yefn R i B BB S AR B
SN 3 3l Pk, i oK) R, )R 10 mmy, iE
S5 g L' (I 200 45 0, BOM 21 ik 45 W 6 mL fin 7% 18
K4 mL BT U85 o T 21 AR T 2
YR b O R4 TSR e 5 i U R & 1
60% (1 5PN EEH , 0B T AR A5 35 St AR TG A )5
BUHRY 7K R I TR I O AR R R T WL YA K
Pk 10 min, Him A E A BERERHA A o
2.5 HE A HIEE I ( Western blot) £ i TRPC1,
STIM1 J; eNOS #1383k RIPA BRI U8 1,
BCA ik i 17 & 1 & &, SDS-PAGE Hi yk, H 5% &
PVDF i b, 56 I 454} 16 JE 100 V 90 min, 55 5¢
B & 0. 1% n i i TBS PR 3 Uk ,5% BSA =i
£ 3 h, HKYIE I TRPCL(1:1 000) ,STIM1 (1:
2.000),eNOS(1:500) itk 4 CHEE S &5, FHH
HRP #3id (AN —H =@ BF A 1.5 h, P B 5 5
PVDF JE I ik T4 27 & 6 R o A A8 v, i 4k
SR JEHI TR L AT B R IR R A AR
W I EIG 53 Br B R A7 0 1 5 R BEAE 73 1T

.08 .

2.6 SEAFHOLE B PCR ¥ (Real-time PCR) 46 il
TRPC1 K STIMI mRNA Fik7KF RNA #2554
SULE W A RS N A trizol 1 mL, A3, = 40 H e il
IS SN BTN, 75% ZBEVE %, J5 G RNase
(R 7K fife DO U 5 30 B B HL UK R I RNA 9 52 %8 1
Thermo Nanodrop [l 2 RNA ¥ ., % % & =
PCR, i Fl TAKARA One Step SYBR [z i il ] &, %
R G TC 8 SN W, B3 AR O 5 — B B R SR
242 °C,5 min;95 °C ,10 min, 1 MW ;5 9
B PCR Jz Jii :95 °C,5 5;60 °C ,20 5,40 MEH ;4 =
Wy B 7 i B 28 42 M7 95 °C L0 5365 C, 15 ;95 C,
0 s [ deta Co AT HIXT IR . &5 W0 F5 N
TRPC1 (3 4 J¥ 51 % 22063 ) : i 5'-GATGTGCTT
GGGAGAAATGCT-3", T % 5'-ACTGACAACCGT
AGTCCAAAAG-3', K Jif 88 bp; STIMI ( 3 [H J¥ 51| &
20866) : I 5'-ATTGTGTCGCCCTTGTCCAT-3",
i 5'-GGGTCAAATCCCTCTGAGATCC-3', K J
103 bp;B-actin ( FE FFA 5 11461) . I §iF 5'-AGA
GGGAAATCGTGCGTGAC-3', F i 5'-CAATAGTGA
TGACCTGGCCGT-3", K FF 138 bp, il 45 5 4 17
PR & pr A5 C {8, HE M EE R C, [H1 %
B-actin 1) C, {5 ED K AC,, LA 2“4 H 9 FE I Y
AERT 5 2 HEAT 4347 o
2.7 ELISA Ul g 3 2l ik eNOS 3& ¥ /N ELMG 3=
FIKSIHK G 14 000 x g B5.0 10 min, B 3 K0
eNOS TH P, B 135 W 15100 7 B , BURE A 100 wlL
AL 22 IR 0% & 30 min, Wk S5 M ABESE &
BEE 15 min, YE3, IR Y A5 B AR 4L 450 nm
E A,
2.8 ittt SR SPSS 22.0 Seit 4k f4F k47
Gt M AT PR & £ s FoR, Al AR
BURER 7 25007, P <0.05 2 R geit e i L
3 &R
3.1 [EE A EEXT CSTBL/6J /N Bl i 7K S 19 5% i
S A R, B 4H HDL-C B & %A%, i TC,
TG 1 LDL-C ¥ i 2 Fh i (P <0.05) 5 58I AL b
B, R R v R i O R AL R /D B
TC,TG F1 LDL-C 7K - B & R& A%, [7] B HDL-C 7K
T (P <0.05), W1,
3.2 HEEPREN A A/ BN T B K OE 25 6 5 e
EIRMESE 16 J )5, KR U) Roih4r O e 25 S oK,
25 P AL I S R A, PN RO 8 o8 A R A B I I
JI JO R 5 A TR 2 il 4 T A kAR R AL, Y BEEG JE AN
SERE SV IR, A W W Y i B B 5 T b T
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*1 HAZEABEX C57BL/6J /INRMAEKFAEM(x £5s,n=10)
Table 1 Effect of resveratrol on blood lipid level of C57BL/6J mice (x +s,n=10) mmol-L !
21 51 F -/ mg-kg ™' TC TG LDL HDL
251 - 1.931 +£0.217 0.583 +0. 075 0.335 +0.038 1.524 +£0. 132
LAY - 2.997 +0. 460" 0.902 +0. 117" 0. 653 +0.081" 1.142 +0.264"
1 A 75 50 2.734 0. 156 0.875 +0. 094 0.567 +0.410 1.178 0. 619
100 2.437 £0. 1357 0.795 +0. 251 0.487 0. 177% 1.229 0. 704
150 2.104 £0. 486% 0. 697 0. 023% 0.474 +0.065% 1.308 +0. 173%
HfE Y 2% 0.3 2.055 +0. 446% 0. 682 0. 155% 0.487 0. 108% 1.284 0. 1497

T 52 A D P <0.05; SR LD P <0.05(F£2~4 ),

AN TR P 2 I S MR, SR R A A I A
P A JEL R B g, SRR AR/, L ok 1 B
L MR RO oW . DL L,

A B C
D E F

A EY BB CIRGR) & R REAL DL R B 2R A
E. it 2 B PO (18 2 )

E1 BEAENNRBEENEBFSHZMEOGHL 0, x200)

Fig. 1 Effect of resveratrol on thoracic aortic morphology of mice

(oil red O, x200)

3.3 HEMAEE/NRILTE Ca® ' KA g
MEFE 16 JE 5, N FH 85 2 R i 3k 7] & 43 45 41708 B
M Ca® KA SO, 25 3R Bos, 528 4t
BRI Ca®t KSE 3 B TH(P <0.05) 5 1M kb 78 7
e B AL B MR KR LY P Ca’t KPR R
Me(P<0.05), W#E?2,

F2 AFABWNIRMLE Ca’ KEHFHIM (¥ +s,n=6)
Table 2 Effect of resveratrol on calcium concentration of serum in

mice(x +s,n=6)

21 51 F 5 /mg- kg ™! Ca** /mmol-L !

2 H - 1.636 +0.233

R A - 2.096 +0.131"
P2 50 2.028 +0.202
100 1.931 +0. 184

150 1.881 +0.010%

R 0.3 1.810 0.078%

3.4 [EE PR /N UM 32 B Bk 4 TRPCT 2 1 K&
mRNA Z3ik 6B 8 T #5% TRPC1 4 5 (% SOCC
TEZE PG AS g E T, 525 4 i, A 4
TRPC1 7K 1 & mRNA 5B B8R (P <0.05) ;5
RERVZH AR LY, b i 3 R v ke B8 1 2 P Rl i S /D B
i = 2 bk il 48 4 21 b TRPCT & 11 M mRNA 3£ 3k 7K
ERRE(P <0.05) o b3 ME R o ] REAIG i 48 20 2
rh TRPC1 & 11 & mRNA ik K F (P <0.05), U,
Kl2,%3,

™
NS M- 2 .

[-actin @ Seess S S. G- . 43 kDa

A B C D E F
2 AFEAEX/NR M E 3 B TRPCL, STIM1, eNOS E B X iX
Fa ik
Fig. 2 Effect of resveratrol on TRPC1, STIM1, eNOS protein

expression in mice aortic arteries

3.5 &4 /NE 3 S ik STIMI & 1 2 mRNA %
K S A, BRG] STIMI & HRiAH B
34 5% ) [6) BF Real-time PCR %5 5t B 78 STIMI
mRNA FEWIE M (P <0.05) ; GARIAAH L, |
o VA R R I N ME SRV S Y n] BRI i A8 4
Z1h STIM1 & 4 & mRNA ik K F (P <0.05),
WK 2,% 3,

3.6 KA /NEMF Bk eNOS [ G S H TR
KN S M, BRI eNOS B Rk R
FH T WG EREAR (P <0.05) s HRIALZ LA, 12
P v ) A 2 R VR B 2H AT 1 R I T eNOS
PEREEERIL(P<0.05), WK 2,%3,4,

.90 .
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*3 BEAEI/NREES TRPC1,STIM1,eNOS & H RiZ K STIM1,TRPC1 mRNA RiZMEM(x +s,n=6)
Table 3 Effect of resveratrol on TRPC1,STIM1,eNOS protein and STIM1 and TRRPC1 mRNA expression in mice aortic arteries(x + s,

n=6)
& S| mRNA
£ 51 .
/mg-kg TRPC1/B-actin STIM1/B-actin eNOS/B-actin STIM1 TRPCI1
Xif iR - 147.13 £20.41 232.41 +15.21 267.94 = 14.74 1. 000 +0. 000 1..000 = 0. 000
L7 - 588.72 +32.18" 1342.17 £23.47" 214.32 £26.43" 1.253 +0. 151" 1.299 +0.043"
P 2 it 50 470.85 +57.63 833.07 £19.74% 242.16 +32.45 1. 111 £0. 083 1.213 20. 075
100 308.97 £60.31% 555.49 +32.68% 402.91 +38.63% 1. 085 0. 095% 1. 158 +0. 068
150 235.41 +40.54% 277.69 =30.75% 482.29 +40.82% 1.061 £0. 056> 1.073 0. 026%
WV 2= 0.3 220.68 +15.83% 370.25 +48.31% 455.21 +£50.31% 1. 075 +0. 0447 1. 106 +0. 052%

F4 BERAEINNREEDNLK eNOS FEEHM (2 5,0 =6)

Tab.4 Effect of resveratrol on eNOS activity in mice aortic arteries

(xxs,n=6)

20 5 R/ mg-kg ™! eNOS 1/ %
= H - 100.0 £0.0
LY - 80.1+8.6"
P 2 50 89.3 £19.5

100 144.6 +22.4%
150 177.4 £23.2%
R 0.3 173.7 +28.7%
4 iTig

AS & — g PE BN , 002 AR 220 1A P Y
[l PR AL Al , )™ G N R R, AS G R
%%, = Z RO N R LR A A TR S5 2R, A 45 L8 PN B2
W45 , 1055 S8 IL4H Bt ( vascular smooth muscle cells,
VSMCs ) (1% 32f B2 35 58 S 08 12 5%, /MR SR 4 1 i
AR S, RAE RN, AL . H b A i R A5
R B AEHT , LDL S 35048 P B 4505 , 165 P9 1 240 i
B U 43 A Y 14 AT K R T — 48 AL A (nitrie oxide,
NO) W o B AR, it A7 &F 7K B 65 , 2 1) 5 B0 VSMCs 3
JEWGHHE 3T B S A T 5 AS B LI G

Ca’ B FAE M EE WA E A5, 2N T
VSMCs #4758 5 1,15 T Eoh R T RE AL, 2 iF AS
RAEKENEZERZR, DAEWIRIES, &8 5 1
Xof By Jok ok B A 5 B 1) I 8 kS A E R T, 3l bk B B
Ca’ WeJ# W25 7 FIE® A4 . i VSMCs 1= 1y
SOCC 54 iy Ca® " Fa 45 i 4 5 % VI M1 56, TRPC
5% 1% 4 5 1) 18 3 4 1 B STIMIL J2 44 i SOCC fy 4544
b, 24 VSMCs LI P Ca®* BEFEW J , STIMI
Wos IR AL B AR |, 5 TRPCL 455 JE i SOCC,
4 545 2 I\ MBS N i ( store-operated  calcium

- 100 -

entry ,SOCE ) , BT 384 il 200 e P 45 o ' % 3 —
ROV B 1 & A o A ESE R I RO g AT
i 1 i Ca P I B G SEEIR B ik VSMCs 5 o, ik
AR LG5 A3 AS KA, H AL 7] 8% SOCE BH It
% SKF-96365 52k TRPC1 o TRPC3 it " .
B AH 20 B T e S KM S BN B R AG, fEF AS
KM WANG 25 ZEFIH apoE ( =/ = ) /1N B A T
FREEST AS R BEGY K IS A (AL M H, AS AR A
2 PN B AH 20 i 34 58 B AF B U6 M R B, SOCE A F: 11
Ca’ " NI/, 4 5 STIML, TRPC1 K Orail 3
KFBEA K. WF 58 B oR, K i 2 0] Jk K apoE
( =/ =)/NRINAEZH 2 STIMI, Orail 2 TRPC1 3
iU B KB R, SELE AS R EH RS
gy iE H C57TBL/6) /)N B IR PR 5%, #E 57 AS BEAY
SR SR B R, AS LR A Ifn 7 b TC, TG, LDL & &
B S 360, 1 HDL f5 &R [, ML Ca® " vk 3 o 35
s B 3= B ko A 20 21 TRPCL J¢ STIM1 & (1}
mRNA Fik 8 3 8m, DL L& R #ER, 7E AS
KA b, TRPCL, STIML 4 5 () SOCC 75 3 1Y
Ca’ " W] & 38 3, 308 171 386 ok 396 0 40 B P9 Ca® R B,
N B2 451405 B VSMCs B85 , I/ T 2581, AT fin 34 AS

HETH 5 Ay, A2 FAR ST eNOS 7] & gl A 31
WP NO &7 5K L4, 30 %1 VSMCs 2o B2 34 58 X2 1fi /)
M SRR, RAE O A R4 EH . eNOS EEAFAET N
B2 40 B, #E 98 T HLIR NO A B 5 1T & 4% HEEAE
MMM Y Ca® B 2% eNOS A NO fy K i
SR SC , AE B 3R 0 S B Bk 9 Bz 40 o A I A
S5k FE I (Ang 1) J&, P9 M2 40 M P4 35 25 Ca®" ¥k i
([Ca’" 1)) Tk, A B eNOS o NO ik T &,
Yoon %" 1 i apoE ( -/ — ) /INRUAHE ST AS BRI
AF 5% A BRASE Y 2 /0N BRI 4 e B S T v TRD B O A 4
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4l eNOS 2 [ £ 3k B #H W D, WANG % 15 ff
59 B2 AL A A T BE RS R AR AS KA b 4 B A R
L, AS A5 20 Py Bz AH 40 M v eNOS 3Rk B &8 R [
5 B AEWESE Pl SR ] C57BJ/6L B 1 3 345 B 1% ik
E /N AS SR gE RN 5 a5 (AL L,
FIZH /N UM 4S 2 2 b eNOS 223K B &R [, 16 R %
o RPN E IG5 eNOS 3 Wb sk 2, A ifif 4 1l 3
ok I NO RO D, 45 9 28, &7 5K R Ag, ik
— Nk AS KR,

P22 P R — Fh K AR 1 2 B 289 5, 2 H A
W oA & BRAT B mIAE R 00 AR VR T E o B L
g6 R A BRI L ASERTY . B
AT BN, TEE IR IR E R AS N, R
o 4 34T d 2 A CHS 1L 3 Hh TC, TG, LDL-C /K F )
B ok ok3 FE A Ak 45 %0 ( LDL-C/HDL-C ) , 3kl 5 2l ok B $
TRk A S 4 R — B, R R
it T S o 9T R AR AR 2R AS Rk, SRR R
I 175 5 VSMCs 2o B 5 2 ik AS & A K i 5
ik BRE e i OB T P I A AT AR B ALY R E i
=15 eNOS/SIRTI {5 5 #% 53 f% W] @ M | H,0, 75
S VSMCs 3458 fz 17, ELIH ik 5 7T 4 SIRT1 BH. W 571
EX527 J% eNOS B i 5] L-NAME ¥ #'*' Breen
2 U AR 1 3 7 WA 0 0 A 505 i A P9 O
BESE G R A8 Y, 528 [ AR He, RES /] (8T 45 N
B A B B 50% , B A P R HR4E A 3 A 0 b
37% , [Rl B 98 i 2 i ki ic ) PECAM J¢ MMP-9 3% ik
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