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Study on the Mechanism of Dihydroartemisinin in Vascular Remodeling by Inhibiting Inflammation
LI Yongzhang, YANG Binggqi*, GAO Limin(Hebei Hospital of Traditional Chinese Medicine, Shijiazhuang 050011, China)

ABSTRACT: OBJECTIVE To explore the inhibitory effect of dihydroartemisinin on vascular remodeling by inhibiting
inflammation. METHODS The patch method was used to culture mouse vascular smooth muscle cells(VSMCs), an in vitro
smooth muscle cell proliferation model was established by TNF-a induction, a mouse femoral artery injury model was
established by surgical deprivation of the artery, and dihydroartemisinin was used to interfere with cell and femoral artery injury
in mice. The cell proliferation was detected by CCK-8 method, the pathological changes of femoral artery was evaluated by
H&E staining and the thickness of media was measured, and the contents of IL-1B, TNF-a, IL-6, CCRS in cells and IL-18,
TNF-a, IL-6, TGF-B1 in mouse femoral artery tissue were detected by ELISA method. The expression of NF-kB p65 and CCR8
in femoral artery tissue was detected by immunohistochemical method, and the expression of IL-1p, TNF-a, IL-6, IL-8, CCRS,
NF-kB p65, TGF-B1 and MCP-1 mRNA in cells and femoral artery tissue was analyzed by qRT-PCR. Western blotting was used
to analyze the expression of IL-1f, IL-6, TNF-a, IL-8, p-NF-«B p65, NF-xB p65, CCR8, TGF-1, MCP-1 protein in cells and
femoral artery tissue. RESULTS In the models of TNT-o-induced VSMCs proliferation and femoral artery injury of mice, the
proliferation of VSMCs, the content of TNF-a and IL-6, the expression of IL-1f, IL-6, IL-8, NF-xB p65 and TGF-f1 mRNA
were significantly increased, and the expression of IL-6, CCR8 and NF-kB p65 protein was significantly increased(P<0.05 or
P<0.01). Dihydroartemisinin could significantly reduce the expression of IL-1p and IL-8 mRNA of VSMCs induced by TNF-a,
and reduce the expression of IL-1f mRNA and IL-1, p-NF-«kB p65 protein of femoral artery injury in mice(P<0.05 or P<0.01).
CONCLUSION Dihydroartemisinin can reduce vascular inflammation and delay remodeling of injured vessels, indicating that
dihydroartemisinin can be used as a potential therapeutic drug for percutaneous coronary intervention(such as stent
implantation).

KEYWORDS: dihydroartemisinin; vascular smooth muscle cells; inflammatory response; vascular remodeling
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ffi#a 4L 25 1 1(monocyte chemotactic protein-1,
MCP-1)55, X SE4i il if F2 ik BB 0+, il
i 4 40 M9 5 Bf 4> F (vascular cell adhesion
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1.1 ¥

C57BL/6 /MR 30 H, &, 10~12 JE#Y, M
H(2512)g, W AL T TE BE S A BE A SRR
AP ATES . SCXK(#2)2020-001; shfdi i
A5 . SYXK(EL) 2020-006 ; & H 4t 5 .
HBZY2021-KY-136-02 />R E T B RN B n] 422
HI IR H[(2242)°C, FIXHBE 60%~70%], IR
[REE I 12 b, FF 7 LASE 2 B BRI R OK .
1.2 R A

WAH SR (LR T AR, LS.
D1613085); Mg 4 1% (3£ E HyClone, it :
GMS12051.1); DMEM §5%#3(Gibco BRL, iS5 :
11966025); TNF-a(3£[F Sigma, #it5: SRP3177);
PARZPWAEL S . C200301), PrLryeim (s .
C200403) Wy [ 2k ifE DR A W) 5 IL-1p( 62 %5 -
7C-37974), TNF-a(#2%5: ZC-37624), IL-6(%% 5 :
ZC-36404). CC #fbHF 321k 8(CC chemokine
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receptor 8, CCR8, 1775 : ZC-38780). #fbAK
[A-¥ B1(transforming growth factor B1, TGF-B1,
45 ZC-39043)ELISA i F &3 F i i@
Y, MX—PL IL-1B(5T%5: #12703). IL-6(17 %5 :
#12912) . TNF-a( 5% 5 : #11948) . IL-8(%7 5 :
#376750) . W MR b &% ¥ sk B F -«xB  p65
(phosphorylated nuclear transcription factor-kappa B
p65, p-NF-kB p65, 135 : #8242), A% %K T-«B
p65 (nuclear transcription factor-kappa B p65,
NF-xB p65, #5: #8242), CCR8(%%5: #12199),
TGF-BI(%8%5: #84912). MCP-1(15*5: #81559)Il4
H CST; AR FEP R IgGHFL)( % F
Abcam, %7'5: ab6721); RNA Trizol Reagent(&5 It
HEAY), L5 . vs18061730); TB Green™ Premix
Ex Taq™ I(% H EE2EW), 555 : RR820A); 4%
(525 - PO013), BCA 7B Ik B I i ik & (e
5. P0009)#4 ) H Beyotime; ECL & Gk 7| &
(Affinity, %5 . KF001); Immobilon-PSQ PVDF
i (Sigma Aldrich, %75 : ISEQ00010); CCK-8 iz
FE @Y Biosharp, $7%5: BS350A); PBS Ziif
W (BT AR AR AR, 5.
201201A17; #iks: B4 1L).
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T, B 5~8 1R VSMCs T3 — 856, ¥ [F)2
#iE M VSMCs 434 PBS 41 . TNF-a 41
(100 ug'L™") . PBS+AUE T & % 4H(200 pmol-L™) |
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TNF-o+ XA 5 41 A BUE T 8 R W 4b 3
VSMCs 15 h J&, ITAZHRAEE 100 pg' L' TNF-a,
A FRAAVE 24 b 5, BB,
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PBS(10 ng-kg '-d ], FAR 4. Bshfikibtifi 11
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17180 °C, Fi T J5 %% qRT-PCR F1 Western blotting
30T o
1.6 Fatnkaill
1.6.1 CCK-8 Kl ZnffsfsE AR 4 CCK-8 P43
HEAT AN A IR, K A A B 96 fLAR Y, TR
37 °C,5% CO2 5544 F il T4 9%, 8 24 h I 10 uL
CCK-8 ¥l 5 i iR HR G . WaE 2h )5, fff
FHBEFRAYAE 450 nm B9 BEF 630 nm (5%
P TR R, R 3K,
1.6.2 HE P s 2UnEAsfb 1 2 R H B
52 s ik AL 2 i, Y R, R E
5 um, F HE 3L @00 8 k20 20 AR AE I o
A Image Pro Plus 6.0 7EE:5K ) F3EE 10 25 HE
ST R, R HUASE R (E
1.6.3  ELISA & I 40 i K i 3l fik 41 23 9 1 [
T #MR ELISA BRI & UiEE, Kl VSMCs

g rp IL-1B. TNF-a. IL-6. CCRS8 K/ zh ik
H41% IL-1p. TNF-a, IL-6. TGF-Bl Ay, &
23,

1.6.4  H 338 2H 2 Ak 24 15 4G 0 KL 3l ik 4 2 NF-«xB
p65 CCR8 Kik KBk L) sk =K, FH 3%
HO, i S# F 30 min, FHANER 1L ME 5 37 °C
¥ E 30 min, Ji#I—H[NF-xB p65(1 : 1000).
CCRS8(1 : 300)]37°CiFHE 1h. RJEHILFEH R
IgG- B 3 E ALY (1 : 200) =M F 2h,
DAB i s FHMEAM, RAKE Z G . RS EhRe
Al K. PR S R, BB, FEH
Image Pro Plus 6.0 #X{:%} NF-kB p65. CCRS8 17
ERSNT, EE 3K,

1.6.5 qRT-PCR £ il i 3l ok o A#H ¢ R iE -+
mRNA %35 ff F] TRIzol 37 &2 HR i 1 ré 1 e
AR AR TR AR S PR 2L U, RNA, i
FE L cDNA, A Takara TB Green™ PreMix Ex
Taq™ & 1 JE K R ik KF, LI GAPDH W Z,
qRT-PCR JZ % 5. 95 °CHILAZAEYE 10 min, B
95 °CAEPE 10s, 60 °CiR K 10s, 72 °CIEfH 10 s,
45 MEFR, 105k CTAE, SR 27247 pHrAHX) 3Rk
KV W ER 3K, SIWFIIILE 1,

1.6.6 Western blotting 43474l it S % 5 ik 2H 21

FHOCAAE R I RIA SR 20 22 vl D 40 B 35 5=
YA S ik 2 rh SR T, vk B R BSOS,
W LW, FH BCA R PRI 7] Al 2 e
B, SRE, ¥ EiEWS SDS-PAGE HE S ingkge o
WIRA, 5% PVDF K I, 76 5%l 495
FREHA 2h )5, KEESHIL-18. IL-6. TNF-a.
IL-8. p-NF-kB p65. NF-kB p65. CCR8. TGF-BI .
MCP-1(1 : 500)% B-actin(l : 2 500)H—HLTE 4 °C
MR . SR JE R SR A B R —
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Tab.1 Primer sequence
L EM514(5°-3) RI5191(5°-3")

IL-18 ATCCTCTCCAGTCAGGCTTCCTTGTG AGCTCTTGTCGAGATGCTGCTGTGA
TNF-a GCCTCAGCCTCTTCTCCTTCCTCCT GGTTGTCTTCCAGCTTCACACCGTTG
IL-6 CACGAGGATACCCACAACAGACC CGGAACTCCAGAAGACCAGAGCAGAT
IL-8 GGACCACACTGCGCCAACACAGAA GGCAACCCTACAACAGACCCACACAA
CCRS CTACGCCTTTGTTGGTGAGAGGTTCC GAGAGCATCAGCATTGCATGGAGAGT
NF-xB p65 GCCAGCACCAAGACCGAAGCAATT TACCGCCAGCAGCATCTTCACATCTC
TGF-BI GGACCGCAACAACGCCATTGAGA TCTGGCACTGCTTCCCGAATGTCTGA
MCP-1 CCAGCCCAGAAACCAGCCAACTCTC GCCAGTGAATGAGAAGCAGCAGGTGA
GAPDH GACTTATGACCACCGTCCACGCCATC CGCCTGCCTCACCACCTTCTTGATCT
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i F % 22 50 R AE KM% , Image Pro Plus 6.0 4387156
B, DL B-actin WS, WL HFREE A BRI
N1, MRS HEARMAX R E, EE 3K,
1.7 St

K HH SPSS 20.0 #A4H, A6 IEA A i
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2 #R
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B i TR (P<0.05 B P<0.01); 5 TNF-a 4H 4%,
PBS+M A i R4 IL-1p. TNF-a, IL-6 1 &k
AR (P<0.05 8% P<0.01); TNF-a+BUE & =4
IL-1p. TNF-a. IL-6. CCRS8 ¥Jf#(%, (HERLE

IR, 2R WE 1A,

qRT-PCR #illz5 R Eox, 5 PBS 4lbb#,
TNF-o 41 IL-1B. IL-6. IL-8. NF-kB p65. TGF-B1
mRNA 350 & T+ (P<0.05 5 P<0.01),5 TNF-a
HHHR, PBS+HMUE T H R4l IL-1B. TNF-a, IL-6.
IL-8. CCR8, NF-kB p65. TGF-B1 mRNA FikH
BB (P<0.01); TNF-o- XU & T 85 240 IL-1B . IL-8
mRNA ik B & &Ik (P<0.05), TNF-a. IL-6,
CCR8. NF-kB p65. TGF-pl mRNA FiAFAE, (H
ERIGIEE L, R WA 1B,

CCK-8 #u 20 fust st 45 R 7, 5 PBS 4Lt
3, TNF-o 2 41 g 34 58 B 8 3491 (P<0.05) ; 15 TNF-a
A, PBSHWE T B R4 M TNF-o+ A& 5
RAYMF b5, H PBSHNEATH & K4l £
SHA G E L (P<0.01), Z5HR LA 1C,

LI G e, LI e g S S O LI G e
& FE T TS S8 FE
VaD\ 2 ValD\ 2 ValDN 2 % B
Q@%ﬁr ,&% @%ﬁr ,&% ng@r ,@XA& ng@r &
< s & cs. ¥
B oresa,  =mswmamEza [,
e mim e | e | e | e | e .
0 IL-1B IL-6 CCR8 p-NF-«Bp65 NF-xBp65 TGF-Bl ﬁ@) @‘@)

S &

&S

1 NAF&HFIF & TNF-o R34 M RIEREH(x+s, n=6)
A-#iififg IL-6. TNF-a. IL-1B. CCR8 % #f; B—HICHF mRNA Fikf; C-4UMIMGE 0T ; D-HIEHEFEAMMERXR; BE-EARKRW; 5

PBS 4l [k, DP<0.05, YP<0.01; 5 TNF-o 413, YP<0.05, 9P<0.01.

Fig. 1 Dihydroartemisinin inhibits cell inflammation and proliferation promoted by TNF-a(x + 5, n=6)
A—contents of IL-6, TNF-a, IL-1p and CCRS in cells; B-mRNA expression levels of related factors; C—cell proliferation analysis; D—relative expression levels
of related factor proteins; E—protein expression bands; compared with PBS group, V'P<0.05, 2P<0.01; compared with TNF-a group, ¥P<0.05, ¥P<0.01.
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Western blotting fill 25 7x, 5 PBS 4itt
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p65 &AM AR (P<0.01), IL-1p. CCRS.
p-NF-kB p65. TGF-B1 & HRIEML, (H2E 55
R, SR WA 1D~E.
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W 4 ) B s AT LA AL, T )E
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RN . Sk . sk 2L P 5
SRS 3 JZE5FRIR . P25 2 P R A
A, 2N B AR ;T2 R A R A
AEIRFE, MRz iTs s SMERER, 25464
DI IREF 4 £, nl WA i R 02 . sl

B2 ARFEFNE(x+ts, n=6, HE, 400x)

JkB 1 A Besh Bk UM . RIS 3 2
L ORIt S o B v e 1 G 1
(0 PN B R % T4 s TP B2 A 2 1) R 241 4
B, MY, MR b SMEZ
JE, R ULBH B IRFE SR R NI . WA R AL
BT 10U PR R R R, 25 ULIE 2,
2.3 MWAFE RN S IL-18. TNF-a.,
IL-6. TGF-B1 /KFHy5E0A

SBFAR A, Beshkdifs 1 40mT i & T
# IL-18, TNF-a. IL-6, TGF-Bl /KF(P<0.05);
5 skt 1 41 bege, B sh i 5 T 41 nT BH 5%
il TNF-a.. TGF-B1 7KF-(P<0.05 5{ P<0.01), FFAIK
IL-1B. IL-6 /K-, HZESTGIHE L, 4R 0
= 2,
2.4 UUET E A S BB 45 )5 AR 0 K i A
Gigs

qRT-PCR Kz R, SEFR TAE,
JBE S k545 1 44 IL-1B. IL-6. TNF-a., IL-8, CCRS
mRNA &3k B T} (P<0.05 8% P<0.01); 5/%&3h
fkabifn 1 dlbbs, Meshlkabifs 41 nT B & A

AR R IRIELTAEIRSE; WA s ST T4 g, DP<0.05,

Fig. 2 Histopathological observation(x + s, n=6, HE, 400x)

A -Middle membrane layer; % —elastic fiber necrosis of middle membrane layer; El—endothelial cell shedding; compared with sham operation I group,

DP<0.05.

F=2 WEFKASE IL-1p. TNF-a, IL-6. TGE-pl 4 E X (X +s, n=6)
Tab. 2 Changes of the contents of IL-18, TNF-a, IL-6, and TGF-B1 in femoral artery tissue( x s , n=6)

21531 IL-1B/pg-mL~! TNF-o/pg-mL~! IL-6/pg-mL"! TGF-B1/ng-mL"!
BTFAITH 10.50+0.32 97.09+5.35 13.2440.97 21.17£0.50
BFARTH 9.71£1.02 96.95+2.99 11.89+0.49Y 20.61£0.40
TSk 1 2H 12.2540.52D 106.82+3.68" 14.75+0.47Y 24.61£1.21Y
e ki 5 T 28 11.4340.93 99.18+2.49? 13.7240.57 22.24+0.759

e SRTFARTHE, VP<0.05; FRIIKHIG 1THILE, 2P<0.05, YP<0.01,
Note: Compared with sham operation I group, "P<0.05; compared with the femoral artery injury I group, ?P<0.05, ¥P<0.01.
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2R TG 277 . Western blotting i il 45 5L i
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R S g iR, Rk 1 4l
NF-kB p65. CCRS8 %1 B i 40 i £l KR In,
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Pt 12 b, IResh ikabi s 1 260 /] 0] 1 B AIK NF-«xB
p65. CCRS8 & A (P<0.05), 4R ILE 4,
3 g
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o 23 A P ) SR RE SRR E B 1k 4545 5 A A il A

P AT AR . AHLE Lk, WA EFE
TN NF-xB B30 i il 1 B0 fk & 14 R AE .
b, WA &R ME VSMCs i3858 . ik,
WA T 2 ] BBAC R4 J R sh ik A AR T 10
TEST I M, UNEREE 45 BUIE A Fn = 4
AR, FIBIRE Z 0 RAE RN, T 308 NI AE K
FAE s Sz A0 0T I T R I P A N S 4R
PSR B AR, SR AR e 4 T
fift, PR AN R 45 ShIm A E 48, 1 VSMCs %
RIS 5 A B A B AR DS DFoE BoR, SRAE
PR AR L e i WL R 5 2 — . RAER TSR N
Fe AN T RE I T 8 A B st T 1Y, ML A8
N B2 R B VR LA K34 22 4 I G IR 3 T
FEEAE FAE N R P Rk B, sl ek i
ik, P-JE$EE . ICAM Il VCAM-1 ¥I7E 45
RehE EAR, P-E B E M . ICAM-1 fil VCAM-1
[IFCAR PSGL-1. LFA-1 1 VLA-4 7£ s 24 it Al
AR AN v v B R AR 20T, X BB B o A L R
T2 AR LT U5 1 A 40 IR v I b T A 5|
EAIME EE ., VSMCs #5570 W 46 M 41 i A
TR T, #hn TNF-a. MCP-1 281 Zhfik
B VSMCs Htafb B 10 7= 1, BT 40
My RER SR T AHMESEEXT Sk B E B
BEEMEA, BT T gilE e

B3 RNAFERWHBRIARBGEREIDEEL(XLs, n=6)

SEFRTHEE, DP<0.05, YP<0.01; SBEhk#if 1 4%, YP<0.05, YP<0.01.

Fig. 3 Dihydroartemisinin inhibits inflammation and vascular remodeling after femoral artery injury(x s , n=6)
Compared with sham operation I group, "P<0.05, ?P<0.01; compared with the femoral artery injury I group, ¥P<0.05, ¥P<0.01.
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Fig. 4 Dihydroartemisinin inhibits the expression of NF-kB p65 and CCRS after femoral artery injury(x = s, n=6, ICH)
Compared with sham operation I group, "P<0.05; compared with the femoral artery injury I group, 2P<0.05.
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