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[ABSTRACT] Matrine (MAT) is a natural alkaloid extracted from the traditional Chinese herb Sophora flavescens,
combining the natural attributes of herbal medicine with the well-defined efficacy advantages of chemical drugs. It exerts
broad regulatory effects in areas such as anti-inflammation, endothelial cell (EC) function protection, and phenotypic
switching of vascular smooth muscle cells (VSMC). In recent years, MAT has atiracted extensive attention in the field of
vascular remodeling due to its multi-targeted regulatory properties.  Research indicates that MAT participates in the onset
and progression of various vascular remodeling-related diseases, including atherosclerosis ( As) , angiogenesis, and pulmo-
nary hypertension (PH). Its mechanisms involve improving vascular endothelial cell ( EC) dysfunction, regulating the
phenotypic switching of VSMC, and inhibiting the abnormal activation and chemotaxis of monocytes/macrophages.  This
article systematically reviews the mechanisms of MAT in vascular remodeling.  Based on this evidence, the application of
MAT holds promise as a new direction for future clinical therapies.
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SRR A R R AT g3 by A B R R S
TR0 M AE A AR RN R S 2 A S T
TS, HR RIS S A8 N R 40 (vascular
endothelial cell, VEC) T BE AT | H BT T L4 ff 3%
RIS B A M SRR 5 2 i B IR 1
LB Sk EEIE AL (atherosclerosis , As) | & IfiLHE A
Jiti 21 )bk 55 & ( pulmonary hypertension, PH ) 5595 , )
59 HELE I A B A A OGP

W SR T EAREY), PR 7€ B PRI
AW H PRI 35 B 08 ( matrine , MAT) &
WS FE RN Z—, XA H B S R
AR S TR MR MRS P &
B LA RIS 3, A T2 A
AR I 25 BRI X R W MAT EH0 48 I3 VEC 3)
HE LA B R 1045 S 18 WLAR M ( vascular smooth muscle
cell, VSMC) SR I 5% e 25 75 T R AR B ZAR ], 2T
W ARSONAR M A= 27 oy T R RS
T MAT 728 5 28 R AH B 0 Y7 v i 24 BRAE
L DU MAT Ak il R A 5 0 e 2%

1 MAT Xt &R ThsE RS AT

1.1 MAT %t VEC ThEERIIA TS

VEC {3 T L4 BE fie N 2, 1865 10 3 42 fik, A
AR UL BE 5 1Y =2 T ) P e s, 1 i J
HUM L sh 2 2B B A BEAR I, VEC FE4E 45 4
S5 SEREFI D RELE W U7 T & ¥E CBEVE T, HLZh RE R
TRy i 5 0 (9 7 s S R A AR AR L A
FER W], MAT A] 38 3 2 Fh 5 5 3 3% R R 9P VEC
YIRERAE . B, MAT 38 3 F i miR-126b (3%
Ik BEAGAN i 5 s 45 ] 7~ SCRAE S 1 04 (forthead
box protein 04, FOXO4 ) #4075 BT 5 | 54 1L 4 Py Bz AH 41
MLJA T e HIG 5 TR RIS R T, N TTTGGE: EC
YIREREAG ) o FERAE R 7, MAT 7] R 8 EC
miR-25-3p MIFRIK , MM A R HOW 5 5% X7 Kriippel
FEPEF 4 ( Kriippel-like factor 4, KLF4 ) B4 [ $ 1il /F
FH, D8 Ji 988 3R BE R F--o (tumor necrosis factor-at,
TNF-o) 5531 VEC JRAE SR IO 45 1 3=
B FERR A E AR S| & A I R MAT
— 5" TH 30 5 00 3 96 s gt JUL IS 3 B ( phosphatidlyli-
nositol 3-kinase, PI3K)/ZE [1 i /i B ( protein kinase
B, PKB/ Akt) {55 538 #% 41 5 9 N B R — 8 AL A A T
(endothelial nitric oxide synthase, eNOS) Ser1177 1
SRR TS eNOS; 3 —J7 T, il id 5 PKCa B
PBEGE A I HEXT eNOS Thd95 37 05 1 B AR AL, 36

[Fi] i A 4 Ak UG %5 B2 i 2R 11 (oxidized-low density
lipoprotein , ox-LDL) FI[ 51 % (4 A bk P4 Kz 4 i
(human umbilical vein endothelial cell, HUVEC ) I HE
=R B — 5 AL AL (nitric oxide ,NO) BB I8/
15148 ( reactive oxygen species, ROS) A2 ", it
A FFEIRUESE , AL T MAT o]l o 4R AL, %
& (adenosine A, receptor, A,,R) W B30 HI/E H ,
FEAR S 5 9 HUVEC Hh 4RI 3 18 (interleu-
kin-1B,1L-1B) . TNF-a AL F C-C FE/F Bl 5
(C-C motif chemokine ligand 5, CCLS5) )33k, fié f
VEC Ht NO B8, BT 22 it = PR B2 5 D [ VEC
B RS R R, MAT R H A A Y
P15 VEC ZHRETT i BA W AE IR TN E, A B0
1BYT VEC YJBE AT SO 4 S 8 eI G 259
1.2 MAT Xt VSMC IhEERIIA TS

VSMC A8 B I A H 58 1) B 220 AT 2, T4
R 487 5 2 1 R R Y L A8 5K 0 T A 4% AR
o FEIMAE 5 5 09 3h bk A i At b, VSMC AT i
Wi 280 2034k R 5 LR B G I A B RN T g
JI¥GR A AL BT B3 WA HG I T W A bR 7 )
FIB TR, ITAERM TR I, Br& iR B Sh VSMC
I T REAY Ay AR A 6L VR 20 B A SN 07 40 R
M ANM A, 2 5 A B R A A 1A B
PR R EAIESE, MAT 3 5 2 FibL i
P17 VSMC YR BIFNIRE , T A 45 1M A8 R AP PR
i, P ST & B, MAT B8 DARI AR M 7 XF
JE 2R A& 1 DI1/E( Cyclin D1/E) K 40 it J& 48 45
FIAR & P 3 B 2/4 ( eyclin-dependent kinase 2/4,
CDK2/4) 323k , I 18 o 3803 240 i 0 39 7098 42 p53/
p21 15 S PR 4R VSMC mylk g =B | R EERrsT
20 & B, MAT 346 ] 410 i 5% 5% 7 #% K7 B
(nuclear factor-kB,NF-kB) p65 &4k, T 1# 40 H 6] 5
Kt 1 (intercelluar adhesion molecule-1,ICAM-1) Fll
M4 M5 1 (vascular cell adhesion molecule-1,
VCAM-1) F33k, T i) TNF-o 3755 1 VSMC [1)
RYERBLARS DL EEURER MAT XF VSMC %
R AR R, OF A B T4 m AR 2 E
HA I 73 I SR oA R

TEMEARI ZE AL T & 1Y VSMC RAEE A )y T, BF
FER I MAT Kb 3 AT 8 25 o AR 160 40 1 B AL 4K 57 )
(advanced glycation end product, AGE ) 55 VSMC
B JEFE T/ (collagen 1 /VII) 221, [A] s 14 i ke
i R ABREYNIER B (H F 5% 11 (myosin heavy chain
11,MYH11) Fl a-F3F WLALENE I ( a-smooth muscle
actin, a-SMA/ACTA2) i3k, N ZER§ VSMC i
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GRS PAE PG KB, MAT R 7E 8% )5 /K SF
M7 DNA 51 & AH B AEHI#E M 2 (polymerase &
interacting protein 2, POLDIP2 ) /Wi F. 3 #¥) & IH % &
417K H ( mammalian target of rapamycin, mTOR) 1E5
T B AR fL IS , 9% MYH11 F1 POLDIP2 3k,
Wl A M AL 5 B A, R AGE 55 1Y
VSMC [ i £F 2k 40 MO AE AL L AE VSMC 1Y
PR ANBU AT 7 T, MAT AT 90 ] NF-kB 7%
A% A S BN (] Esf A1 A 248 i E [ A 2, o
HHUR AR AL RE 7, (F L EL PR i A e B
WA, MAT 34 F]REARER 1R R A DA 52 938486 ( protein
kinase RNA-like endoplasmic reticulum kinase , PERK))
FROBETIR Ak K -, 400 o HC A 5 8 P9 J5E 0 9738 5 & 7Y
VSMC AL XSy S R8T MAT 7E
HeRf VSMC Wi R RS T i AR T (H H AR
VSMC KBS SGRASHES T i B 05 51 % A OC
TR R Z H D P TRAIRST
1.3 MAT Xt 84/ ERE A ThAERT A5

TE L4500 0 BRI, A 20 i fafk 2
1 ( monocyte chemoattractant protein-1, MCP-1) ,C-X3-
CEFPBMIRE T 1 (C-X3-C motif chemokine
ligand 1,CX3CL1) %1k K 7 F2 4 5% 20 Jifd 28 05 740
FRAL e o B AR TR A o M1 BL (2 4%)
B M2 BU(HIR ) KB, M1 BYE W AA 5 04 TL-18
IL-6 Fl TNF-o 2841 4 [H -, 1 M2 AU 0| 3= 22 7= A 11-
10 S50 4 R, S ] 98115 Jo 8 R A BB 0 L
20 e 2ok A W A Y 53 D AR K O B8 R T A i
W AERR RS, il k- i A i R - AR K
¥ R AN A B BT ARG 2 5 AR A, SR, Hd
BEVRALTT R SO B A A B
il 5L W 4 e ) M1 BRR A B G B {5 53 i 2 1
TP A A RN A W SRAIESE  MAT A]
122 J2 W45 B Wi 40 6 ) A A A RE , RO L
TTE T [v) B 40 ) A1 2 e Y A e 5 1 i AE A D g
FLRTT, MAT Al il 1 ¥ [ 40 i) ox-LDL 15 5 14 1
it ROS A= B, BT ROS 6 1M 22 24 )58 1% 16 25
fitf 3 B4 ( mitogen-activated protein kinase kinase,
MKK) /p38 2254 )i 15 A6 25 [ I B ( p38 mitogen-acti-
vated protein kinase, p38 MAPK) {5 518 #5506
T A 25 B M2 A TL- 1B 1 TNF - S54i2 58 K]
FIFRIE HE— B WHERY], MAT X M1 B Ak
IR AT 22408 URR I 904, A e 2 i Ml 95
PRl rfr  MAT W] 30 4% i 2 i 5 | e 1) DT BRAR 8 57
PHF 1 (sirtuin 1,SIRT1) 35T 94, BEMH0H NF-«B

GO AL, AR HE B AR B M1 A ) M2 AU
TR Ak MAT ANALRESI AL R A T Toll
FEAZAAK 4 (Toll-like receptor 4, TLR4 ) /{5 5 % 5 ) %
SEIE R F 1 (signal transducer and activator of tran-
scription 1, STAT1 ) {5 518 &6 1L , 18 1] i 2 $00 i IR
Z M (lipopolysaccharide , LPS) 15 5 A NF-kB 15 51
AL, BHIEAZ I+ «B #0625 1 o (nuclear factor
kB inhibitor o, IkBa) BERR L B2 NF-kB p65 #5417 ,
MIMTREAR TNF-o F1 TL-6 2542 58 R BEL, 4 20
ML M1 B M2 AR AL

25 L RTIR  MAT ik 38 755 B 40 i 2 R e 1 4
HA TP R AR ) QR4 L — D7 A ] M1 R
AL I FE AR AL D8 B R DR BRI 5 — 7 THT 1
5 M2 VBRI A 52 D RE , P2 Ik A HUE &
XA AR VR AT A R o A BE 5% RE A5, 90 1f
O T S A R ST R, DT 4 41 L A 4
FREAE , Dy 8 I 4 S AH O e AR AR AL T TR T
F - TR

2 MAT X mMEZFLRBAXFERTHEEER

2.1 BhRKREEREL

As 52— T PESREVELN , E IR T 1MLAE N T
RERRERT . 7R FER R AR, SA% 40 i R 1
NI R B R AN, I 5 8 5 A A B A
HIRANNE,, [R] PR R AE R, 2 s VSMC 1) A i
Bt o i B IR BB, SRE 4i i |
VSMC B4 FE T PN R 5422 ] Bt P SRS 20 A 7 A AR
RN FBRAE , fre 25| 7S I A8 BE 245 K4 451 403 R I 45
SRS B S RN SR K S R BRAIL A £
5 AR JAE BN | N B T RE BB | VSMC R A
PEALMZR AR, ITAF R E R W], MAT 18 As #HC
AR PN Bz i g A b k4 SR R D, DT AR 4
SEARREOT T, MAT AL AL % ROS Az Bl A O
I3 T, AR A A N S R I 9 B D RE
Brft, BAAIN S MAT 3 0% MAPK {5 53 %
Y MKK3/6, fi& # #% 7 E2 A G 7 2 (nuclear
factor erythroid 2-related factor 2, Nrf2 ) #5447 , I 45
SEPESS AP A AL N T4 (antioxidant response ele-
ment, ARE ) , I ifii I i NADPH it & 1k if it fiff 1
(NADPH quinone oxidoreductase 1, NQO1 ) FIIfL 41 &
JIN4E i 1 (heme oxygenase-1, HO-1) i 3%k | 42 #E 40
JLN ROS (75 BR' . B Ah, MAT if fif 8 2o #4015
PI3K/ Akt {55 5 38 i, 5 35 38 58 T e RN 43 eNOS
fR Ik B E A IR GO R T PKCo BT
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MTERE NO 580, 3 ROS #9774, E T IEZ% As
it

FEBUAC 4% 7 T, MAT 26 L1 22 50 504 4
P, BFFERET, TNF-o W] i55 S N 32 3 k-1 UL 40 i
(human aortic smooth muscle cell, HASMC) /' VCAM-
1 Fl ICAM-1 {93k 9, 1 MAT 38 i BH W NF-«B
5 MAPK {5 58 #% , BEAS . 35 R AT 1L-18 1 1L-6 45
PRSP F K-, o T TERAZ AN L 5 PN B ) R B et
P As 7B Wang S5 B ST R B, AE As
FERIF (A BE Y TL-18 . IL-6 }2 TNF-ae mRNA /K
WETHE, N MAT Al A 2] NF-«B A5 (9 5 AE
PRI, B ARAR DG R AE H 7 1Y K3k, [A] I, MAT
VAT 900 ) MKK/p38 MAPK {5 55 B, W% ox-
LDL 755 1) B WAL S RE BV, NTTTASAE As BEHRZF
YENE WS A R

TEACH IR 2 10, S A 2 As 09312 fa s [
R EEE AR, MAT 7] 2
F LV A0 (HepG2 ) Ml IR 40 ( A549) H
IR P2 B 25 11 52 4K (low density lipoprotein receptor,
LDLR) (4235 , DA 17 344 5 240 Jibd XoHIK %% B AR 26 11 (low
density lipoprotein, LDL) [H#E RIS BRBE 1 , A R F%
fIOEFF LDL /K- I LDL /KR BEAIG, iR
B AN N EIFHCE AL EL As 19 ox-LDL 1Y “JiK
Yo, X ATRE R MAT K FERE IS &bt As 1EH
A L Z — . S SEge E— DRSS MAT
I LDLR b 30 ] A7 R B AR i g 7K -, A s i o
E MR ERAL TR SR

L LB MAT 38 o 38 5 28000 0, R AE B ER
355 R g B A 2B, eI RAFAOPT As W
(E1) o SR, ARV FHHE ASCRUAR DG A 5 0 B AT
Tt — L RAMTFE, LA S 2R R i R 10 FH i 3L B8 52
Sy SRS
2.2 MEIHE

W4T A J2 48 7E R A I 0 2% B ilt TR BLkh
A A AR R LS VEC MBS TR K m
CiREE A A I Z AP B, X — i AU
TETABRES T AL B E Siad b, 7
22 BRI TR S TR QAR B A R Y
FRp A A S 1Y) R 8 1 R LA K% e 1 1 i A 2 21
003 I A A Sy 0 I 3 W6 22 3 e, S T it A
FIA K5 R R A SR B AL T R M A
Az L VEC o BE 3458 9 %O R ik 85 H 1487 N B
H KPR F- (vascular endothelial growth factor, VEGF) |
PI3K/ Akt/mTOR 45 {5 538 s 1 53 5 86 o 38 3
WFFER ], MAT 7258 503855 1 5 19 8 1M A58 2B ik

stress

PKC l ROS IL-6

eNOS T W / IL-18 OXTDL l
PI3K/Akt ~ MAPK  NF-kB LDLR
MAT MAT MAT MAT

B 1. MAT 7€ As P REEER
Figure 1. The regulatory role of MAT in As

R S VEGE 193215 & PI3K/ Akt {5518
FIBEER L, B AREAK T VEC Y35 5T R 6E 77, A
7T BEL T B 150 A 5 5 A 5 . e A, MAT
AN VEGEF/ LA P i A R 732 44 2 (vascular
endothelial growth factor receptor 2, VEGFR2 ) FlIfL %
HE 1( angiopoietin-1, Ang-1) /Tie2 1558 5%, I8
AR MU A IS R 2 BT R] VEC SZARE0E X
SRR 5] PI3K/ Akt/mTOR 55 JCHE {5 53 (1Y
TP VIR OC , T 22 142 Db [9) A9 0 1 487580 2
RO AN MAT 152 517845 NADPH %L 2
(NADPH oxidase 2,NOX2)/R0OS/NOD FEZZ A% 3
(NOD-like receptor protein 3, NLRP3) 157 5 %, [#
ik VEGF 3K ] 50 S L, ik — 20 BH W BE 1
MR (F2) . FARTFIE R, MAT T g
108 3o L ) 5 A S P T I 2 R R D R, G
AU AR HTHE 553 e X R S 5 188 5% 14 05 A 141 422 L
ATy i — IR AT , LA MAT 28 0 14 BELT 1 4
A B By BE Al DT Sy JHG I R 107 i Ak B 5
B RS
2.3 HEbkEE

PH & —Ff LA 20 bk H ) A7 P T 8 A RRAE Y
FE i LB . 7ER L PH BT MAT A2
AT 0 ZE W45 R (right ventricular systolic pressure,
RVSP) . ~F ¥ fifi ) ik H& ( mean pulmonary artery pres-
sure, MPAP ) S A7.0> Z ALJEFE X (right ventricular hy-
pertrophy index, RVHI) , I 41 il il 2l JJk if 48 2H 21 vh
a-SMA FlIH45E 20 g 4% $1 I ( proliferating cell nuclear
antigen, PCNA ) (4 3 ik , M 17 22 fife Jili 1 A% BHL 11 277
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Angiogenesis ;’; . MAT {ﬁﬁﬁ%ﬁ%ﬁ%'ﬂi PH *ﬁiﬂiﬁ%lﬂl%ﬂ* E/‘]ﬁ
R T, I 40 6 il i 45 418U NF-«B () % iR
Ak, NI 50082 1787 A A 2 1 I 4 2% fi 1f 47 o 9
VEGFl HERET ) BRAh, BB PH A &SR AL Pt &
FEEEAEF . WRFEIESE , MAT BEEH0 i 10 I U
VEGF/VEGFR2 NOX2/ROS/NLRP3 Ang 1/Tie2 PI3K/Akt/mTOR R, U8 ROS ) S5 FR 82 DT A0 38 il 1. 45 PN B2 2
T flg, e PH B/ LA B 57
MAT MAT MAT MAT JUE A s WEFE CESE MAT 78 300 il fili i 7

B 2. MAT M E# 4 A=A
Figure 2. The regulatory role of MAT in angiogenesis

SRSt Bl K P9 B2 41 B ( pulmonary artery endo-
thelial cell, PAEC ) Xy fil e 15 11 i 2l Jok ~F- 35 AL 20 Jtg
(pulmonary artery smooth muscle cell, PASMC ) 5% %
WOFE R PH &A1 B EALHI S BF R,
BARTHESE PASMC M G1 HHEA S 1 S 24 i i
JEREGFEIT A P T, AT 2 i A S, MAT J i

H 40 M R REL A T S I, 2 ) LR A 2 O
T2, A B TS A0 R AR AR, EAh MAT Tl E

LA S IR 2 F 1 (high mobility group box 1,
HMGB1 ) /TLR4/NF-«B {55 38 %, FEARAR & 1
B SR 5 A0 0 K ST V2 il L A5 2R E 40 RIS, M T
R SAEAN MBI B ) 52 50 1 — 2B iE

HI R SE S MR AR L SO R A T A
(L, ARG R R B9 22 2 PR RA R EAT) 75 2 — 203
fili, IO PH B YRR IR T R (151 3) .

PH

=
Oxidative
stress

TTT

Cell
proliferation

NF-k B «-SMA
T "\‘tl PCNA RTS
MAT MAT MAT MAT

3. MAT 7 PH H i EA
Figure 3. The regulatory role of MAT in PH

F1. MAT EE MBI MEFTERHATIEA
Table 1. The regulatory role of MAT in vascular cell function and vascular remodeling
A PR 41 At/ ) ) ) T . PRI
PR 2T FEFIHL {5 A S5k
VEC BT SRR 98 miR-126b ik, ML K F F FOX04 B0 , fE i miR-126b/FOX04 (9]
A B A A A 5E SRR AN LA R
P 5 95 S5 1oz T miR-25-3p Fik, bR X % 5% B KLF4 (4 il miR-25-3p/KLF4 [10]
W TNF-o0 5 5 (1) 580 K 73R 5k
EipRAWi eI LV {23E PI3K/ Akt {5538 A5 1 eNOS Serl177 fif il PI3K/Aki/eNOS PKCa/eNOS — [11]
AL, 7] PKCa £ 1 eNOS Thrd95 {7 s R 1L , 1
Jim NO &, W ROS 77 A=
Bl ] AR, B IL-18 . TNF-o Al CCLS ARk, fiE it AR [12]
NO 4%,
VSMC AeRpllc A Ti# Cyclin DI/E, CDK2/4 33k, #03% p53/p21 155 p53/p21 [14]
i i
P08 e 26 7 e M| NF-kB p65 §ii1k, T ICAM-1,VCAM-1 ik NF-kB/ICAM-1/VCAM-1 [15]

MR TS 28
KAV

ik UL

0 A S D0 L 38 | K Y
ESitigid

AR AGE 5214 Collagen 1 /IR, I8 MYHI1 -
SMA ik, il 4 e 1

#41 POLDIP2/mTOR 15 5 i 8% W 2 1k, 34 m MYH11
1 POLDIP2 33K, U /b 20 i /156 5 43 0, 310 1 ) £F 4
Y RE R A (L

PO NF-kB 764k, £ 25 0 R B e s

FAR PERK T 12 £k 7K T BEL IS P J5i 191 7 J8 4 2 ) 2R 261
Ak

AGE/MYHI11/a-SMA

POLDIP2/mTOR

NF-kB/ I [H FEfa 75
PERK/ P J5 ¥ o7 8%

[16]

[17]

[18]
[19]




252 ISSN 1007-3949 Chin J Arterioscler, Vol. 34, No. 3,2026
2R
A/ . .
- ZyEH YRR 155340 i/ 0 A5, EZ PN
PR/ BV P B il ROS/MKK/p38 MAPK {5 53 %, B A% 1L-18 F ROS/MKK/p38 MAPK [22]
TNF-a 3k
it M1—M2 Hfk 9 SIRT1 3k, M1 NF-kB {553 BTG4, IR 3 B i SIRT1/NF-kB [23]
21t 2 T 46
T NF-kB 155 38}, BHLKT TeBo B B2 7k 1 p65 5% NF-kB [25-26]
7, BRI 46 PR TR ik
0 A L 0l TLR4/STATL {553l #% TLR4/STAT1 [24]
As EUInE=R AR W% MAPK {5538 % 1 19 MKK3/6, 755 N2 2% 4% 7 MAPK [29]
J5 ARE R ME4S & 2 #F NQOL Al HO-1 fy & [H %
SELIEBRE N ROS
S PI3K/ Akt {5 538 6, B0 eNOS FOZE38 K6, 7 PI3K/ Akt [11]
il PKCo 35 , 2 NO A AL
ik FHIT NF-xB 5 MAPK {5 % il f%, &Ik IL-1B . IL-6 Al NF-xB 5 MAPK [15,18]
TNF-o 554 58 R F- 7K
Fa e P2t by 0l MKK/p38 MAPK 553 [, W% ox-LDL % T/ MKK/p38 MAPK [22]
RAE I
L) E R B AR S AL "% LDLR %k LDLR ik [31]
1A B A U A I A B AR M VEGF ik M PI3K/Akt/mTOR 15 53 & 1Y i 12 PI3K/ Akt [34]
1k, 980 VEC S5 5388 (677 RARAD)
FELMT VEGF/VEGFR2 Fl Ang-1/Tie2 {5 53 B , #01 th {i2 VEGF/VEGFR2 [35]
ML A B PR 14336, ) VEC A2 A (B SLIR AR ) Ang-1/Tie2
Wi NOX2/ROS/NLRP3 {553 4 , F&A% VEGF ikt NOX2/R0OS/NLRP3 [36]
T 98 RE N (TR AR )
PH 8 AEK it 1t 257 B 1 [#Af RVSP MPAP K RVHI, #1714 it 3 i of «-SMA F1 «-SMA/PCNA [37]
PCNA ik
IG5 AE PR REL 7 200 MR 300 S 403, 40 ke 460975 52 119 PASMIC 344, A0 SR B A [40]
- T O A (G1—S )
ik 01 HMGB1/TLR2/NF-kB 15538 i , i/ 2 % K+ 43 HMGBI1/TLR2/NF-kB [41]
6 5 I AL AR 96 S 24 v
RAAR 10 %5 12 58 |81 K ST, 490 0 i 1 85 2H 2 v NF-B 1) NF-«B i1t [37]
IR AL
I SR W ROS BUE B0 il i P B2 Dy R, 2% A7 i 355 24 ROS/ AL R [42]

224k

3 BREERE

H R, B il A5 5 98 0 16 PR YA 7 o ek 32 B2 [l 4%
PP R BRI R R G I RAE S0 | 4% 4
AR LA B 0 3 W a5t 4% 55 22 A T I it IR
R R R YT T B RE T R A Y A R
S B BP0 ) ) AT A 2 A . DA A K
FREGAG AN 0 R 05 R 5K R Z AR BRI R i, B
A0 2 A 10 A S 5 2R T A T, DT o 3 i A 4%
FMFTIGe ., FEPCARIGYT 7, %5 IL-18 Al IL-17A
SRR K S CCLS S5tk IR i 8 ) 1 T Bt
A AT R A ML A5 9 i S g RN B8 420, SELR As
AR AR R G B4 I TR SR AR L AR SRR N R R
Ji T W NOX #B4il 57) ( 4 GKT137831) Fl Lk ki ik

FR PR (A0 MitoQ ) E 12 /b ROS IR,
38 N R DD RE TR AR I (s B SR, X et
BUIRYT TP AEACRCR  VEC ThREGR T LA R K
W 252 255 T A e R R PR
LA IE & B, KARIEPE LS MAT 75+ il
EE IR R T R AR R 2 0 AR R, I
YEFHML 6 55 224> 7718 2 38 20 BT NF-xB 5 MAPK
{55 B, AR IL-1B I 1L-6 42 4 T /K F
BT RS VEC B9 B85 F  F S i ik
BOE Nef2/HO-1 F1 PI3K/ Akt 15 538 %, 4 %5008 />
ROS A4 B, D82 S AL R s s LA  MAT i
fiEE 1 BELA 4 ) 301 T S 300, B 3R VSMC B g
I LA T, IR S 0B A R s 0 X Al &
AR MAT fil 50 4 1 Hi 30 42 1 4% 7 98 1Y)



CN 43-1262/R 1 [E sk fb 42k 2026 4F5

34 B

31 253

SRR A BB AN IR T RN 2 o I IR
N BER , MAT 3 AR B D FE T A
AP, Ry il A8 T S AR DG B AL TR TR T R

25 TR MAT 18 Ry — e HL 0 IV 0 i K 8%
AR, AE U IS5 B 7 T J s B Y 2 B2
WrfE, BAEE R 2 S5k 2 ) WU R 7E
As MAEHTA X PH A5 I 45 55 38 AR OG99 22 19 By i v
T BT ER . AT, HRISCT MAT (194>
TFVEFMLEIT A 58 4 1 B, Hoaf UIAE 0 s AL 5
WA Rl — R, AN, A 5T 2 3 T4
SEYGFN SN PIALTY IE PRAF ST A R ELAE TP AR MAT 119
B R L XA — e R RRE T MAT 7E I
PRI B B IR S S8, Rt ARRATY 75 I R BT
RGN IR 5 I ARG, DL BH A 2L AR AR AL
il AL 25 7 3, I 4 T VAN 2 Ak Kl R A
bk, IR B — 3 MAT B R4 24550 =
KHNAYT RO K Ho 5 oAt 6 7 T Bk G I 9 s
PREGALTE J7, W XT MAT K AT A 9 0 20 B 5 4%
FHLHIBFTE AR, %A A P AE O 1L 95505 Bl
TR R RSO R R

[BE3Hk]

(1] EZO MR TG, P ELO 0 RS B S w5 2.

IR e B e 2023 BERE[T]. PRI ZRAE, 2024,
39(7) : 625-660.
National Cardiovascular Disease Center, Chinese Cardiovascular
Health and Disease Report Writing Team. Report on cardiovascular
health and diseases in China 2023 ; an updated summary[ J]. Chin
Circ J, 2024, 39(7) : 625-660.

[2] VARZIDEH F, FORZANO I, FARRONI E, et al. Macrophages
regulate inflammatory vascular remodeling in pulmonary hypertension

[J]. Hypertension, 2025, 82(3) : 460-462.

[3] TOTON-ZURANSKA J, MIKOLAJCZYK T P, SAJU B, et al. Vas-
cular remodelling in cardiovascular diseases: hypertension, oxidation,
and inflammation[ J]. Clin Sci (Lond), 2024, 138(13) . 817-850.

[4] LIX, TANG Z, WEN L, et al. Matrine: a review of its pharmacol-

ogy, pharmacokinetics, toxicity, clinical application and preparation

researches[ J]. J Ethnopharmacol, 2021, 269 ; 113682.

KONG S, LIAO Q, LIU Y, et al. Prenylated flavonoids in sophora

—
W
[

flavescens; a systematic review of their phytochemistry and pharma-
cology[J]. Am J Chin Med, 2024, 52(4); 1087-1135.

[6] LINY, HE F, WU L, et al. Matrine exerts pharmacological effects
through multiple signaling pathways: a comprehensive review [ J].
Drug Des Devel Ther, 2022, 16 533-569.

[7] ZHANG H, CHEN L, SUN X, et al. Matrine; a promising natural
product with various pharmacological activities[ J]. Front Pharmacol ,
2020, 11 588.

[8] KURAKULA K, SMOLDERS V F E D, TURA-CEIDE O, et al.

Endothelial dysfunction in pulmonary hypertension: cause or conse-

quence? [J]. Biomedicines, 2021, 9(1): 57.

[9] ZHU X, JIANG J, WANG J, et al. Matrine protects endothelial
progenitor cells against apoptosis and promotes their migration, inva-
sion, and tube formation abilities via modulating miR-126b/FOX04
axis[ J]. Pharmacology, 2023, 108(4) . 331-343.

(10] I, 22005, & W, 4. WS miR-25-3p 4 F Klf4

AR TNF-o 355 B9 A Sk N B A RAE N [J]. o
[ 24, 2023, 48(17) ; 4731-4737.
XIANG Z P, LI Y J, MA H, et al. Matrine inhibits inflammatory
response induced by TNF-a in human umbilical vein endothelial
cells through miR-25-3p-mediated K1f4 pathway[ J]. China J Chin
Mater Medica, 2023, 48(17) : 4731-4737.

[11] ZHANG S, GUO S, GAO X B, et al. Matrine attenuates high-fat

[

diet-induced in vivo and ox-LDL-induced in vitro vascular injury by
regulating the PKCa./eNOS and PI3K/Akt/eNOS pathways[J]. J
Cell Mol Med, 2019, 23(4) . 2731-2743.

[12] YI'Y, SHEN Y, WU Q, et al. Protective effects of oxymatrine on

[

vascular endothelial cells from high-glucose-induced cytotoxicity by
inhibiting the expression of a2B receptor[ J]. Cell Physiol Biochem,
2018, 45(2) ; 558-571.

[13] KONG P, CUIZ Y, HUANG X F, et al. Inflammation and athero-
sclerosis ; signaling pathways and therapeutic intervention[ J |. Sig-
nal Transduct Target Ther, 2022, 7(1) . 131.

[14] ZHU P, CHEN J M, CHEN S Z, et al. Matrine inhibits vascular

[I

smooth muscle cell proliferation by modulating the expression of
cell cycle regulatory genes|[ J]. Acta Pharmacol Sin, 2010, 31
(10) : 1329-1335.
[15] LIU J, ZHANG L, REN Y, et al. Matrine inhibits the expression
of adhesion molecules in activated vascular smooth muscle cells
[J]. Mol Med Rep, 2016, 13(3) : 2313-2319.
[16] LIU Z, WANG Y, ZHU H, et al. Matrine blocks AGEs- induced
HCSMCs phenotypic conversion via suppressing DI4-Notch
pathway[ J]. Eur J Pharmacol, 2018, 835; 126-131.
MA W, XU J, ZHANG Y, et al. Matrine pre-treatment suppresses
AGEs-induced HCSMCs fibrotic responses by regulating Poldip2/
mTOR pathway[ J]. Eur J Pharmacol, 2019, 865 . 172746.
[18] WANG G, JI C, WANG C, et al. Matrine ameliorates the inflam-

(17

[

matory response and lipid metabolism in vascular smooth muscle
cells through the NF-kB pathway[ J]. Exp Ther Med, 2021, 22
(5): 1309.

[19] ZHAO L, CAI H, TANG Z, et al. Matrine suppresses advanced

[

glycation end products-induced human coronary smooth muscle
cells phenotype conversion by regulating endoplasmic reticulum
stress-dependent Notch signaling[ J]. Eur J Pharmacol, 2020,
882 173257.

[20] ZALEE, MHHH3E, SROMERS, S5 FEANMLES 8 1 I e 0t 3 ik ok
FEEEALBEIRL )], T ESIIKEEL A, 2023, 31(5) ; 449-455.
LUOSY, YESY, ZHANG Y L, et al. Macrophages calpain pro-
motes the progression of atherosclerosis[ J]. Chin J Arterioscler,
2023, 31(5) . 449-455.

[21] NOLFI A L, BEHUN M N, YATES C C, et al. Beyond growth
factors: macrophage-centric strategies for angiogenesis [ J]. Curr

Pathobiol Rep, 2020, 8(4): 111-120.



254

ISSN 1007-3949 Chin J Arterioscler, Vol. 34, No. 3,2026

[22]

[23

[

[24]

[26

[

[27]

[28]

[29]

[30]

[31]

[32]

ZHOU J, MA W, WANG X, et al. Matrine suppresses reactive ox-
ygen species ( ROS) -mediated MKKs/p38-induced inflammation in
oxidized low-density lipoprotein (ox-LDL) -stimulated macrophages
[J]. Med Sci Monit, 2019, 25 4130-4136.

YANG L, ZHANG Y M, GUO M N, et al. Matrine attenuates lung
injury by modulating macrophage polarization and suppressing ap-
optosis[ J]. J Surg Res, 2023, 281 264-274.

CUI Q, DU H, MA Y, et al. Matrine inhibits advanced glycation
end products-induced macrophage M1 polarization by reducing DN-
MT3a/b-mediated DNA methylation of GPX1 promoter[ J]. Eur J
Pharmacol , 2022, 926 . 175039.

MAO N, YU Y, LU X, et al. Preventive effects of matrine on
LPS-induced inflammation in RAW 264.7 cells and intestinal dam-
age in mice through the TLR4/NF-kB/MAPK pathway [ J]. Int
Immunopharmacol,, 2024, 143 (Pt 2) . 113432.

ZHAO J, GONG Z, BAO W, et al. Matrine alleviates staphylococ-
cus aureus-induced acute lung injury in mice by inhibiting MLKL
and NLRP3-mediated inflammatory activity[ J].
2025, 993, 177385.

A, EEE, &, & ME A0 R R L AL S 3k
SRR AL B T [ T]. P ESIIKEE LA, 2025, 33(3):
269-276.

WANG J, PENG M N, GAO ], et al. Atherosclerotic vascular re-

Eur J Pharmacol,

modeling induced by phenotypic switching of vascular smooth
muscle cell[ J]. Chin J Arterioscler, 2025, 33(3) : 269-276.
DUAN H, ZHANG Q, LIU J, et al. Suppression of apoptosis in
vascular endothelial cell, the promising way for natural medicines
to treat atherosclerosis[ J]. Pharmacol Res, 2021, 168 105599.
LIUZ, LVY, ZHANG Y, et al. Matrine-type alkaloids inhibit ad-
vanced glycation end products induced reactive oxygen species-me-
diated apoptosis of aortic endothelial cells in vivo and in vitro by
targeting MKK3 and p38 MAPK signaling[ J]. J Am Heart Assoc,
2017, 6(12) ; e007441.

PEARSON G J, THANASSOULIS G, ANDERSON T J, et al.

2021 Canadian cardiovascular society guidelines for the management of

dyslipidemia for the prevention of cardiovascular disease in adults
[J]. Can J Cardiol, 2021, 37(8) : 1129-1150.

FENG H, LIU G, LI L, et al. Quantitative proteomics reveal the
role of matrine in regulating lipid metabolism[ J]. ACS Omega,
2024, 9(23) ; 24308-24320.

NOWAK-SLIWINSKA P, ALITALO K, ALLEN E, et al. Consen-

[33

[35

[36

[37

[38

[39

[40

(41

]

[N

[

[

]

[

]

[

[

[l

sus guidelines for the use and interpretation of angiogenesis assays
[J]. Angiogenesis, 2018, 21(3) ; 425-532.

DUDLEY A C, GRIFFIOEN A W. Pathological angiogenesis: mecha-
nisms and therapeutic strategies[ J]. Angiogenesis, 2023, 26(3) :
313-347.

AO L, GAO H, JIA L, et al. Matrine inhibits synovial angiogenesis in
collagen-induced arthritis rats by regulating HIF-VEGF-Ang and
inhibiting the PI3K/Akt signaling pathway [ J]. Mol Immunol,
2022, 141 13-20.

ZHANG X, HOU G, LIU A, et al. Matrine inhibits the develop-
ment and progression of ovarian cancer by repressing cancer associ-
ated phosphorylation signaling pathways [ J]. Cell Death Dis,
2019, 10(10) : 770.

WANG L, QIU N, TONG S, et al. Matrine suppresses arsenic-in-
duced malignant transformation of SV-HUC-1 cells via NOX2[J].
Int J Mol Sci, 2024, 25(16) . 8878.

LIM, YING M, GU S, et al. Matrine alleviates hypoxia-induced in-
flammation and pulmonary vascular remodelling via RPS5/NF-«B sig-
nalling pathway[ J]. J Biochem Mol Toxicol, 2024, 38(1) : €23583.
THOMPSON A A R, LAWRIE A. Targeting vascular remodeling to
treat pulmonary arterial hypertension[ J]. Trends Mol Med, 2017,
23(1). 31-45.

HE Y Y, XIE X M, ZHANG H D, et al. Identification of hypoxia
induced metabolism associated genes in pulmonary hypertension
[J]. Front Pharmacol, 2021, 12 753727.

5 AR P A s % . *%i&hgﬁ}%W( Aloperine ) Xif i 3 ik e R
PERGITRYTHLAI[J]. PPUBELS &0 M AR A4, 2020, 8
(36): 35, 45.

GE GEN T Y, XV L. The therapeutic mechanism of traditional
Chinese medicine monomer matrine ( Aloperine) on pulmonary ar-
terial hypertension disease[ J]. Cardiovasc Dis Electron J Integr
Tradit Chin West Med, 2020, 8(36) : 35, 45.

CHU Y, JING Y, ZHAO X, et al. Modulation of the HMGB1/
TLR4/NF-kB signaling pathway in the CNS by matrine in experi-
mental autoimmune encephalomyelitis[ J]. J Neuroimmunol , 2021,
352, 577480.

LIS, LIU X, CHEN X, et al. Research progress on anti-inflammatory
effects and mechanisms of alkaloids from Chinese medical herbs[J ].

Evid Based Complement Alternat Med, 2020, 2020, 1303524.

(RS T8



