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[ ABSTRACT] Aim To explore the mechanism of curcumin trinicotinate ( CurTn) regulating vascular contractility
and its effect on phenotype regulation of vascular smooth muscle cell (VSMC). Methods C57BL/6 mice were intra-
gastrically administered with 50 mg/ (kg + d) CurTn for 6 weeks. The thoracic aorta of the mice was taken after 6 weeks of
continuous administration.  The contractility of thoracic aorta was examined by tissue myograph system, and the levels of
contractile proteins were detected in vascular tissues. VSMCs were treated with 10 pmol/L. CurTn for 24 h; Western blot
was used to detect the expressions of phenotypic related factors; The proliferation and migration of VSMC were observed by
methyl thiazolyl tetrazolium staining and scratch assay; Oil red O staining and high performance liquid chromatography were
used to analyze the phagocytosis of low density lipoprotein (LDL) by VSMC. Results The contractility of thoracic aor-
ta vessel was enhanced and the expression of contractile protein in vascular smooth muscle tissue was increased in curTn-
treated mice. Our results also showed that CurTn increased the expressions of myocardin and contractile-specific marker
proteins a-actin and SM22a in VSMC, and decreased the level of osteopontin, a proliferative-specific marker.  Further
study found that the migration and proliferation of VSMC were inhibited by CurTn. LDL-treated VSMC was used to detect
the effects of CurTn on lipid uptake, and it found that CurTn inhibited the phagocytosis of VSMC. Conclusion CurTn
enhances vascular contractility, probably by promoting the contractile phenotype of VSMC and preventing its proliferative

phenotype.
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AR RE W25 T g 1L s 2 i 2 K P R 3%
EEwNGOR N R (R I (BN CI R 7 578 T EANN = 8 77B E|
FIBAERI N 2295 R B A B R B A P 5
Z AN IRAE T, 30 R 8 2ok B AT i, v JIEL [ e 7K - Ok
FEHUBh KRR RE AL AR FH S R 22 M R LER N
R e TN A G A I BUR VA LA B/ R DR N R (A 7
RBRE T E RN, MR 22 3 R R (curcumin
trinicotinate , CurTn ) J& ¥ JH 2 3 141 5| A 2285 R 254k
BTG 8 — R B R S CurTn fiT A2 ), HHY
Y 28 R W AR WS TR TR /Y R
IO, [R5 R B B R A TS LAPR B 5 4 e
TATHTIABFFT EUESE CurTn HAT HUEh Kok RE AR (LR
FH ISR i e IR 51 /0 U = 20 Ik 4 il A8 e
25 110 B R U A T O A R Y LAY
e 4ase 77, 158 S 45 WLAE B ( vascular smooth muscle
cell, VSMC ) J2&F- 5 LAY 3= 4 240 ., fF 5% & B VSMC
FEAEZ RN RAY 0 3 S 4R D e i 4i 8 vSMC il
SR 4 JEL A 1 B R VSMC 451 VSMC /Y 5
— AR U B AT IR AR AR FURECRT
HHEZBENT , & FRA R VSMC AT A AT, X
RS 50 8 o o LA B AR Y — A
FeRh Y, UL, VSMC A R R B 4 A O
MAE A B o5 B 24 BRI PR B 36 f5c 51 2 1Y B 27 1)
iz —, TEARFFRHIRATMEL CurTn X VSMC F A
IR | AR Cur'To X 045 W 46 F1 (98 Y J& 7%
S JE T VSMC ARSI

1 #RFFEE

11wy

CurTn kB THEFEHGAFL ¥ (4E>
99%) ,ET 0.5% WA W LA EZMHATER, A
JE MK % E 8 & & (low density lipoprotein, LDL) %
BFSMERANF, 2 0 K KW B % & Solarbio
AN B 4 o Ar DMEM & 8 3 5 2 W 8 Gibeo /2
EI *% g & ( phenylephrine, PE) fn 7, Bt E
(acetylcholine, ACh) 1§ & Sigma Aldrich /A~ & , Myo-
cardin FL & T L& & 22a (smooth muscle protein
22 alpha, SM22a) $ 1A | Bl a-actin 0tk . B GAPDH
YUY B Abcam A 8] AR — 4 B AL FA M
N B 408 % RNA $ 42 3K 7| & | SDS-PAGE % /i #l
FRMNaWE A YL AEWRFE AT, H2E AR
3y 2 b SR E PR A AR
1.2 ‘HRRIEFREH

KB VSMC s A ¥ M BN F IR H, R T

% ATCC %0 0 B2, VSMC ¥ % T 41K 4 3 %
10% f& 4 i 7% 100 kU/L & % % #7100 kU/L % &
%1 DMEM % A¥ Rk d FERIFHIEH 37 C 5%
CO %M, WMBEREF 2 REBER 1 X, FHHE
KE 60%~T0% b, #AT LI AL 2, F K £ @
& JE 35 90% Y B %, F 25 mg/L LDL & VSMC A
T B R R B
1.3 L

C57BL/6 /)N ., # P, SPF ( specific pathogen
free) % ,18~20 g, ¥ 79 7 3 7 = 3K L 4o 50 4 A IR A
BEEH, AP LS H SCXK(#)2011-0003, #
N ERARTHEFEHKF SPF R4 B N
WL E R RGN ER T, £ (23£2)C, &AM
X8 E K (5545) %, ¥ Cwr'Tn & T 0.5% % ¥ &4
BRI S0 mykeg REEF, E5%%6 ., 6
B Ja s Fu /N B, AT FF B9 BE IS o B E o ik, E o ik
77 T 95%0, % 5% CO, 1 Fo 1y vk A 5% B 4 % w
7 ( phosphate buffered solution, PBS) ¥ | & & 13 4%
THE28 3 K EH L0k, R E KT
B4 1S5 em A TS5, 304 520038 48 5L 50 5 4
BERSZHEANE,
1.4 EFPKMERKANE

HRFEEA 2 mm KWL EF, FhEHXREAR
Myography Al 24 3 38 (0% &% 28 3% 09 40 4 -, & WL 3
AT OUIB M R FE % 37 °C BUIR B PBS vk,
95%0, th i #E F 90 ~ 120 S /4040, 98 3 AL 3
1T OUAE R 28 3 o 2B £, L A PR AN AT 4K A 9 9.8
mN, JF & Myography AL 3 #18 0UIE KK A & 14,
Ml1h#R EERKOGBEET, AR ZE, I
A 1 pmol/L PE 123k 5 min, #4 5/ PBS it 3 & , £
HE& B EE MW NEH B R (50 mmol/L), 38 K 5
min, H# A 1 wmol/L ACh,iZ 5 5 min,PBS ¥ ¥
3H,FHEEETF B ERABREEZ 2 AULKE L
WEE,
1.5 ¢HREEREIE

2 f 3T A LI B XK 28 B AE T 6 LR
FIL N2y 5x10° /) VSMC 40 i, & 3, 5 VSMC
A5, 200 pL Ak sk E A T 6 I 5 M #E & X
L H PBS VIR 40 ML 3 K, £ FR X T 0 40 i B AN
37 C S5%CO,EFBFMEFER24h FEBEER
s T WE TS EI,
1.6 BXEHEGIEEENMEMEKNERRESS

%08 Chen %' 2 Wy 7 % sl M AL FE 45 K UG, I 3
Frar 4, A PBS % 3 3, m A\ 0.1 mol/L NaOH 500
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pL, K& FRak 3 K R 240 0, DL 8 000 g &% A
B2 10 min, B A THATHEE B AN, B A
BCA XA T E& A, W 200 wL & K& A K & 4 8y
BOHEENEAEOERE, HMEAR =5 T K
ANFARME 200 pL, A 72% =4 0B EE A, A
THEAE N NAREARE dr &, ] B3R EE R 100
pL, e\ 8.9 mol/L A 4141 ¥ i 200 L 7K ## fE
BB Oy B R, Moy KB E B AR, K E A
AEWNFBRBRA, AEC KA LKL EBEWHRERE, F
1.5 mol/L=AMNBEHATEMATEFEZ T, FH
200 WL - B (80 : 20) VA MLAE W a5
F & B R M & (high performance liquid chro-
matography ,HPLC) ¥, & | C-18 A£, 4 4 C, it
# 1 mL/min, 250 nm % 4} A, fH [E B DL g AR
B, WA, DLJE E B U8/ AR & LB 1R O 4
7 R [ BB Y A AL
1.7 Western blot #& il

BRI 4K IEN 4 200 mg FEE DR & HEE
FHr4k b | AR &, RIPA 2 42K (4 PMSF) %k
24 20 min, A5 4 C 12 000 g B0 4 F L 20
min,ﬂi%ﬁﬂm%éﬂé‘%ﬁéo é&lﬂﬁéé%‘%ﬁﬁ,ﬁ
RN P A N RIPA 24 A8 0% 58 8 B 40 jL, T ok
LA E RN, 2B OB E B F VSMC 4 B K
BEH, EEARIEH BCA 40 & &% E, B 50
pe EE LS EHZ AR A, T 100 C K% 10 min,
BEMEE LR, 5% R 8% 4 B IR #ATH
W B, R R 1w = & L % (polyvinylidene
fluoride, PVDF) %, ¥ PVDF Ji£ F 5% Jit fg 4 47 %
W 1h,lm—4(FBE1:1000)FHBEE1h,
TBST &k 3 K, AR BN EEARITH — 3 % 187
# 30 min, TBST ¥ 3t 3 X, # PVDF £ f Tanon
ECL B8 A& RAA R H i1,
1.8 ML O

6 FL % 1x10° /> 28 j/ 7L A M VSMC, 5
20 5T 42 W BE 5 m N2 UK E 7 10 pmol/L 89 CurTn
RERRO0SNHE T EAERNBEH 24 h, X HE
Sk 5 B IH 3 SR, F PBS % VSMC 3 %, 7
# PBS, te N 4% % R ¥ B 7% % [ E 30 min L _E
B % & Fl PBS MRk, im N4 O THER 4% 5~8
min,PBS Bk k& 3 KU B, R E S AWM AR, X
TG 15, PBS E 3k 1 |, Hl A RE H, B#%
FWE,
1.9 SEBIEE PCR &l

BNRLAE 48 F THSA T, il &R, B

50 mg HAEHRARMNEEAH 1 mL Trizol & 8 EP &
o B R UG TR S RNA, 4 RNA R % E W
cDNA, Al H % 1 # 5[ #4347 PCR ¥ ¥, PCR &%
H:95 C& ¥ 3 min,95 C12 ;62 C 40 s,38 NE
., K B Bio-Rad %K % & PCR L 34T, £
R EK N EE PCR W 8 5 347 & it Fo
T,

% 1. EAEE PCR 5|4
Table 1. Real-time quantitative PCR primers

PRy
SHLPA el KJE (bp)

1E [ :ACCCAGCACCATGAAGATCA 101
I : TCTGCTGGAAGGTAGACAGC

a-actin

SM22a 1E1] : TTAGCCTGCCTCACAAATGC 112
JZ 1] : GGGCTGAGGCTAAGGATAGG
GAPDH 1E M : GGGTCCCAGCTTAGGTTCAT 99

JZ 11 ; CCAATACGGCCAAATCCGTT

1.10 SitEanh

i %t 4% % | SPSS 17.0 %3+ #4435 4T 247,
S B A K wxs R, A 4L 1A B B LL AR A T
BHRO MR ¢ AR T ZE 24T, P<0.05 ko £
RHAITFENL,

2 # B

2.1 HREHZMEIERENETWLEN

20 2 C57BL/6 /IR 43R CurTn Ab B2 X
BEZH (Control ) , 43545 T 50 mg/ (kg « d) CurTn
BUARTREY 0.5% R BT 4 RANHEE K 1 Ik,
6 JilJa AbFE/IN L B BEZ) 2 mm A5/ BUNE 32 5
K ML PR T 5256 . A Myography L 4]
FEMAE X KC1.PE Fl ACh IS PE, 4558 R,
CurTn AL FEZ 45 3% KC1 . PE AU 4E B2 5% T %ot
WL, X ACh A &F 5K B2 o5 T X JEZH (I 1), 1
B CurTn fERESE IS WCHE 1T,
22 WEREERMGIEEIROERPUREELN
Fix

4T CurTn S AL FR/INER 6 J&], B CurTn
Ab P XS B2 /IS BRI = Bk, 25 1 45 P R B B
A ZHAUEER AT RNA JFAGI i 4575 v e 28 1
TIRTEM, R BN, SXTRAMEH, CarTn A-FH4H
INBRUIL S B PR US4 B ) ae-actin F1T SM22ac ) mRNA
R AR R TR (K 2) .
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Figure 1. The effects of CurTn on vascular contractility
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Figure 2. The effects of CurTn on contractile protein ex-
pression in vascular tissues
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2.3 MREEFZREXT VSMC AR EHIETER
NHE CurTn 275 87T VSMC 20 fifn 2 5 5k
S A WCAE 77, FATIEE CurTn X VSMC 4 il 3%
R REM , — RN Ry, Dt ik ot 657 B vl 5 4 25 15 )
FJE AR VSMC 32 B2 5k i 46 AU, i 52 56 %= B 55 1
VSMC il bk 3 2236 B A 34 4 700100 A S8 )
KEL VSMC 4Rk 78 X5 42, %S Cur'Tn A0 35
VSMC Hr 3R RUAH G 1B R IR 16 Ol S VSMC 1138 58
e 71 R RE ) A WERE 1 ek As L K VSMC 435
10 pmol/L CurTn BB GEAL#E 24 h, Western blot
FNSEHT 22 & PCR A 41 g 1 Myocardin , SM22ax Fl
B M H (osteopontin, OPN) B F ik 15 M, KIJR 3L 56
Kl VSMC #9iE#fE 77, WEME HE (methyl thiazolyl tet-
razolium , MTT) SE 55 K Il VSMC BYHG5E BE /1, [RI A
¥ CurTn ZbFHJS A9 VSMC 5 25 mg/L LDL 3055
24 h,JMZL O F HPLC A8 20 g rp Big K, 2%
R, 53 IBAH I, CurTn B A AN VSMC H Myo-
cardin S UARBVFE AR R B SM22a B3R IA, [A] )
A R AR S OPN WK (8] 3) , sl
T VSMC HLA 365 AT R BE 7, i3t H X )
TWHa 8 VSMC 1Y B ZEARAE, P FRATTILSE CurTn
X VSMC Az $H ) BE /Y 5% e, Rl IR 52 50 45 L R
CurTn BH IE T 4 ffd 1a] 25 X 2B B, [RIAS MTT



CN 43-1262/R " ESHKAE L 243 2019 4257 27 4565 3 1 201

SEIGARIESE VSMC 1134 58 32 2 #0461 (] 4) , 4L O
A1 HPLC 4550 8 7% CurTn BELIE T VSMC % LDL f4
HTWERE S (E 5) , kgl Bt — A E S CurTn A 52
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c Control Vehicle CurTn
s )
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Figure 3. The effects of CurTn on expression of phenotype-
related factor in VSMC
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HFE TR , DA 26 1 a-actin Al SM22a 45 0 H
HWIbRE . BB VSMC & — 2B R SR B 1Y)
VSMC,, H 5T F AN B i b e sl 2 i R L H s
FELTAT P35 DO T g 7 6 52 1R, B 2 35 22 i 440 ik I 7
B Rl b S S B S/ i e T R R R T
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VSMC HY45H4 55 Ty E e 728 52 2y ok ok A A A | PN 44
Az R IR R I P 7 A 22 Ao L A5 s ) L
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Figure 4. The effects of CurTn on proliferation and migration of VSMC
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Figure 5. The effects of CurTn on intracellular lipid accumulation in VSMC
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FITF VSMC [n] e 5 & R %G Ak, i 41 i 48 i e A
CurTn Xf Myocardin [ 3 55 1 FI A B8 i H & A i 35
R
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