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Abstract: Atherosclerosis has become the main cause of human mortality worldwide, the rise of incidence rate and the younger age
of onset. Traditional Chinese medicine has a long and profound history of medication in China, but the research on its mechanism of
action is not thorough enough. clarifying the mechanism of atherosclerosis and the prevention and treatment effect of traditional
Chinese medicine on it plays a crucial role in inhibiting atherosclerosis in subsequent targeted research. This article comprehensively
expounds the pathogenesis of atherosclerosis and the specific application of traditional Chinese medicine ingredients in various
related mechanisms from the aspects of inflammation, oxidative stress, cell pyroptosis, autophagy and ferroptosis. In order to give
full play to the role of traditional Chinese medicine in the field of medicine, enhance the international status of traditional Chinese
medicine, better prevention and treatment of atherosclerosis to lay a solid theoretical foundation.
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Sk AL Catherosclerosis, AS) AU fing Ifl
BRI E BB, AS BN BRI R AN
RIEHA ANF PR, Forh PR 2 S5 AS
KAEM—NE KRR HMEH RN, KT
ZIRHA BT AS KA KREIFHEN, WK 1.
b ANAVAETE AP F, A5 s ik = #5000, AT
AAS PO MBI RIS N, AS AR ZIEAE
T, AS IR AN R RS TR
AL, (EAFE RN, REANOERER, ©
M B B BURMER R R, BAEPZEM AR
SR A TP B B R R R FIAE T2, W
G B R A, R TR AN AR X — A JE AR )
OGN EEBA, Ji sk, they LA E T
ORI 24 > B rp [ 1 g e A HE F AR .
b RHE IS, VF 2 H 2 B U S B
RIFETH, WEERENPUERE, AMiER. A
S NEED. SRR RRAR A N B Ak
W FLE AR R T W TR RE TS 7 . #MHIE T35
Vo 5B zin Stk b 27 A2 . =B, Bk
JNE L PELAESFBRIRZGYILEIRTT AS J7 T IR IRIT
R, KRTIBIT AS B2 A ST T 2 AN
T BT, HF TR AR KA BE 98 1E 22 8 v == e AS
AFREBEITE A AN PT 22/ AS KB E Bk
RV RS B B A R AR AR F TR Ry 4
Hil BN K AS BESLIITE A, PR/ B AS BEHRT)

AR S IRE Ko BEIRANZE A 1918 L 2R 5
T & IEBTIE AS HAEE R S, KT AS 1)
RAF B2 SR BIE 72 A B AR DL, A
MARIE FACNI. AR B, BRIETSETT
H&FE R AS RPN, AR S5EE AS 52
B TS
1 AS BJREHH
L1 RfE

AS 5 A SIS A ML ¢ R
Kihara P70 RIL AS FHPHAR R #E 5 H A/
#&-1p (Cinterleukin-1p, IL-1p) 5%, IL-1p A4
o ICAM-1 [R5 S Spz A B B3, AT
{5 PR A 55 P B A L T ) 5 45 389 i, (i 401 AS
TG HARIMRIEN IS S T AS HFI&EIEL
ALFERHN RNA (microRNA, miRNA). 2 &8 &
¥ (mateix metalloproteinase, MMP). IL. 1%
MM L AL -1 (monocyte chemotactic protein-1,
MCP-1). g 3RFEK F-a. (tumor necrosis factor-a.,
TNF-a). #%[H-F-xB (nuclear factor-xB, NF-kB).
PFUNEEEE R -3 001, REH AR NRME N
B AR — L AL DI RE T4 IL-1B ¥5 3774, IL-1P
CIpIEE S IhapS e alik - thp St <Kl W K=
PR TE: RS AS AHOCHIZH R I
W S RIS IR, (EREA R RE, FEXT
b A B ZRE, ARERE IL-6 Ak, AP L
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Fig. 1 Progress of AS



« 5750 »

FED 2023F 98 $54% B 178 Chinese Traditional and Herbal Drugs 2023 September Vol. 54 No. 17

SHMIIGSE, PRUMNRCERESE, T G A AN MR
RETE AS KA S EILAFICY), NF-xB &5 RAE
AT 53 ) — PGSk R+, NF-«B 4 915 518 2%
WLT AS WIS ANEY B, HOE A S R R Ui
MCP-1 %5} 12 5 ASPY,
1.2 SR

AN BE PR EAE R R 2 5,
R 2R BT A D e 5 77 A 0 P v S
5> F IR R, KA T IX M AR A W 2 AL
Al A, AN R AEER, RAKE
ASPY, 2Rk D e 2% T B0 M A AR e hn gk i BH
T2 kLA DNA Tife IEH K44, {ff ox-LDL 7£ Ifi. & 5E
B R, TR E AS AR, R SR A 2
%) (advanced glycosylation end products, AGEs) 7t
PN 2 24 P R B ARG A R R B AL L = TR R
(adenosine triphosphate, ATP) & & i S A E A1
A EALEE (superoxide dismutase, SOD) ¥
PE. AGEs AMHER]DMEEE MG R, ErT s
HZpRes G, BmEeE NF«B, 7% SiEtEE =4,
PR AL RIB2324, g Il 2 51 K AS WA
M/MRFEME AR, BBIREN R, FEULERAE
ASP), BB YISO I SR A R IIAE AS TR X
HhE PR A AT DA T SRRV 58 40 e 42 1 IR
1o, BN A R BRRE ThRESZIREE, M AS BEHR
BB, GO IIBESE, BT EHOL R, BEIR
i AR b i S 2 P R R ] A
KL S IS I 2k DNA, 330l E P
WL4i i (vascular smooth muscle cell, VSMC) I
SEE R FRIEPRNG, LRAAIFI DIREIRTS, Bkifk
HRE K TR, RIE AS BT R R T8I,
1.3 ZHREEET

FET RN P T — M, DA4Ei
AN TBUSS R PR~ 0 28 L J 360 55 R AR A O RRALE X
FhEnfusE T/ 7 20FE 2001 EHE IR A AR
1) bt 2 R R & &R B B -1 (cystein-asparate
protease-1, Caspase-1) FIZET- T, SR T-ANE,
Z ML) EETIH Caspase-1 BB, HEW T KB
NOD #5245 AR B 3 (NOD-like
receptor pyrin domain containing 3, NLRP3) 7K-F-f]
Hhns i AS, T Caspase-l FifAEAHS ST
NLRP3 #AE/MERIE R, B A BRREL 2 R 7R
H], AS 5T B YA OCBI36, Yang 5B7h@ T
T FERKKANBEST HUVEC UG A5z, 2 3000 iR

1 IR i& 6 5 F1 ES  (adenosine monophosphate-
activated protein kinase, AMPK) /JiER(E BT A
¥ 1 Csilent information regulator, SIRT1) 155 JH 4%
A N ARIERG N, ISR EUKE TR, AR R
FEdh i, MMIESN AP ET:, & AS B
(ITE R, Liu S8 A7 5 SR 0 bk 52 o T 25 0%
Xt VSMC 2L RS2, i T R 1 -0 T i 2
TG Caspase-1 Fy IL-18 Al IL-18 (IFRIA, FEiE
BT R IEE E 1/Toll #£52 4% 9(Toll-like receptor
9, TLRO) /T FEHA 2 WEHIE VSMC i
MOEET:, (RffF AS RAEMKE. AHCEBZH AS
FHRIT TR, AS WA K ST IR,
a4 NLRP3 A#HZCHKF Caspase-1 F0E n a2
IL-1B B9 77 A2 e 3 I N R 4 i £ oo dsk 2D
Caspase-1 [JBEIE AT F#AK IL-1B IL-6 BRI, I3
2 TNF-o -3 I0E N LT #0H NLRP3
(R W] AR FLIR il B A IL-1B IR, A 2800k
DRRREIRR 5 T 0 AL PN R 20 PR A 10040 R L )
A% NLRP3. Caspase-1. IL-1p %5[KFRIAA] HE2
1BIT AS B RBUET.
14 Bk

H W8 T A A2, 2 —FAEAe T4ui
(R HE AR AR R, R I o3 g AH OC 2 1 A 4
WA 2S,  [EIRETEO i 4, S e )
Jo S, ARAED SR R A, AT AR ST SR
BE, YERPAAR NP SEASAS I B R 2, RS
H AS FIRAEREERE, X EGREERACR, i
FFEE AS BEHEmHI HIE S E A, (52 B i
I5f, WELS AS BESRAEEVERG I, FTRE S RS
NG L AS B0y B (100 I8 SR ). L4
AR AT 4E4H 0 (adventitial fibroblast, AF) s&4H
FCILAE AR B T LA A4, A R0, AR
EETRER I FECR, AF AWRM™E KM, HWEE
NEE, AR N, AR T, AR
R, LA S DX 5 A RE TR AR IR, T LA
AMIER AL RIETRAL A SR S AINE] AS FRIERE ) 2 2L
JRFEST, BeAh, BRIl S AS KAFKEHE D]
R, HAE AS AR BRI, R R AL
b AS B ) AN R DR SE 4 LA el
VSMC 4l [ Wi s 2 B AS TR ) B R 3R
VSMC 4H it Wik 5k 53 155 52 453 ) e A4 A0 14 280 ok
RAMENG, B5E TR AR EEEA, f VSMC 44
M= AR 5 EL AR AR T, B R E 2 VSMC
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2 6 1) S o 30 2 R 0 20 K 1 41 2 T 0kt
AS 50
1.5 KT

BRAE T A T8k B L 40 M R e MR AR T
3, BEANE T AU AR AEANR T S X ) T4 A [ s,
HEFHHIAEE SIEEEMB AT, Y
T e B 2 AN TR 2 A2 1% 54 T R AR R BT
AL, TR, 2 AE A SRR,
BN, BET S S AL, BRAETS 5K
A AR JRPAREHII AR, TR
A B AR e U I P R 4 2 B, Bkt
T F A Erastin 0] LA B H KOS S 4
(glutathione peroxidase 4, GPX4) FKik, Fh& it
il A & R KB R KA 4 (acyl-CoA synthetase
long chain family member 4, ACSL4) /K*F-, f# AS
WA R AR AR R AE T, ATRTINEL T ASBY, it
Gb, Bhid B HEUE g 1 VSMC 4, 38 %
PERONE, (RHEARANTE AS IR BN AS B
BRAFR S, IE AS BIFERRDY. B BT TR
N, KEFIREWHGILT S AS HUIMK, Ris)
BRI S A 2 W S P R G AT T TG
et AS FIRA R RSN, mfEAl IL-1p AT )
SLC KA FEIR %12 11 (solute carrier family 7
member 11, SLCTAID) HIFRiE, FRACEMEH RS
B, Rt ANk FE TR N B ThRE RS, HEif e
HEAS R AE RIS X1 B 35 S DB I B 7S miR-132
Xif g R A5 4 HUVEC 4UMIRIEEmR, KB40 i e
J& miR-132 [NFIERE FiR, 4RI PR 1Y
I, Bl GRAAREAIE S PR SR, 02k
TR GPX4 [IRIE, it ATk i 5
HUVEC ALk . 25 F, R\ R
W AS KA K R E @A .
2 FER TR IS X HLEIEE AS
2.1 IR RRENLH

A TR R W] LUK ApoE BERIREFR /N
. (ApoE™") WHHIR RIER F MCP-1 £i&, FHaEy
FHIEAKT; K& RIEv] FARIRAE LG B
IL-18. NF-kB. TNF-a mRNA Fik, HRKHEERA]
I NF-«B G, $0H] 5 5E 5N T ASISS-561,
ANEERIONT AS A —EMEH, SRECTEL BTN
BT ApoE~/INER IS, B /)N B A 4 3 PR AIG
MCP-1. IL-1B. IL-6. IL-12. p70. TNF-o #JE X
FHIFIL, T p-NF-«kB p65/NF-xB p65 A1 HE

F (yinyangl, YY1) Fik, $&/NBERAT gl
] NF-«B/YY1 {553l B 4% 1 AH 58 JRE S 2 >k
B AS. B JLAFPSIBEFE A L B B Y AL i
NLRP3 5 PR/ IR B 1 L SO0E PR R R A R
G PRI TS AS IR B SORE SN, AT £
PEIKH L. FI AN W] ] NF-«B /33
Jk 2 AE,  H AT A R ] IR DR IR R /N B
ASP, HEHORHE T R B2 BT AS BfF
F, HAEFNLUHI T8 5 NF«B 15 50 A . 1645
WIS 2 2R B 2 nT #d] TLR/NF-«B i i
OIS, BETT0H] R A% S NN R ASIO2. H 1
AEfE AS K AMARKF R, FEK VCAM-1
A ICAM-1 7K°F, $ilii AS H < 4 H 1 1 FaA 163,

5K — RO I ZERT AT AS HE B RIHT
RIS, PRI EGTRAE A BRIy, KL
KEMEFEETIES ANZE 10 5 G RB e i kiR iy
Kok 77 & E (R YR ( phosphatase and tensin
homolog deleted on chromosome ten, PTEN) /ZxH
¥ B (protein kinase B, Akt) /H¥ 5 & B E-3B
(glycogen synthase kinase-3B, GSK-3B) 15 5 1 i
RRIER T3RIE, W] FRARTEVEE RN THE SOD,
PR KERTHIE AS HIHLH] S RAEFIEA ARG .
WAL R I ox-LDL FHMG5E Ca® Wi I BN 7] Yodal
HImIs S/ BB RER IR K EL VR ARk A, T
iz B Alx —id i, FHHERZ B & W] ] IL-1B.
IL-6. TNF-a S8IEFH&RIL, MIMHNE AS JEHL]
TEHG HALHIAT G 5P IR B /1 Piezol {225
JRIE AL AR S (mitogen-activated protein kinase,
MAPK)/Yes #5< 5 H ( Yes-associated protein, YAP)
HFRSRLOST, 220 SR YIRS PT RE a5 1 7 AR
] MMP7 Fl MMP9 2 5 AS K R E VI ICAM-1.
VCAM-1 HIFRIET A EGE AS /EHI0S. JRARSRE
Poel i 548 . AL TS 5 g A PR AR )N BRI T
IL-1B. TNF-o. ICAM-1. VCAM-1 ZH& &K IE
PUAS IfERT, FR AL AT A 5 401 MAPK/NF-xB
G A RO, AL, =REEE . A
SKAZE RS T7 A AL S B S5 24
o AT I R 2 SOREAE SR H L G ASES T,
2.2 IEEFEAE

ARFFURI PM2.5 WS VSMC 4 fiifs ,
([T 3 T i A M N [ = I 11 O 3 11N
(proliferative cell nuclear antigen, PCNA) # p-p38
MAPK [ #RIE, K VCAM-1. TNF-a. IL-6.
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ANWEE 1 AR K, #in—4% 4% SOD
KPR L. RIERESGE AS FEHTT
REAZ B I p38 MAPK {5 5 38 % HE i 41 VSMC
M IGTET . S AME T R B AR P I B
AS MfER, HATPEIK Smads KIEEE Smad2 Ml
Smad3 {1k, [AIIF SN Smad7 (#1252 AT 1 i
ERTEAFIE G A, PR B R 2 i SR Ak i S
Pt ASI731, B g 25 I AT @ ik S0 % R 1 B2 AH G A
¥ (nuclear factor E2-related factor, NrF2) /B4t
e (antioxidant response element, ARE) {5
SR, N Nrf2 TR EGIE R (quinone
oxidoreductase 1, NQO1) FIIfI L2 N4 H-1 Chaem
oxygenase-1, HO-1) {557 FKi&, #& SOD i
1, = AP B E T4 . 8-+ 7N bk /N BE
Bl A /N BERR ) — PR T A4, W9 R I HL AT e i
NF-«kB/MAPK 8 i A AEHTEAMAE T, AT B
AS FIFERDSI,
2.3 AT

T RAIELER TR ERFK ATP 5551/ %
EWE J774A.1 20 IL-1B 15 1E K Caspase-1 )3
b, PR ATNHIAHAREE TS NLRP3 S8R /MR
TEAG, PP AT R B PR I /R T A
(protein kinase A, PKA) {55 @K FHIU0,
Caspase-1 /& SAMFET SRR F VI ED, WK
H St R AT A HE o] PRAR g 1 S kil =&
Wiklg 238 vl 40| AR R 5 51 ICAM-1 #1 IL-1B
T2 K7 RIS ARAEIR v] 5 B4l HvE 715240, B¢
LR ARG, T A R A G, B R
B St A P R A AR TR R a4
il Caspase-1 (OGR4, MK _—EMmiEER
BAYAS WIEAUT. feZHES ATP BRH T3~
AT, TEARRLLER AT AR HE IL-18
e, JIH| Caspase-1 WIS R A& EFNHI AT
YEFIUSL, 23R n LA NI Caspase-1 7/KF, il B
Caspase-1 /5 HJ IL-1B+ IL-18 K AERFHI 53, M
MmAH AT, B AHEST AS FERIY. T
RSB H A ARl MAPK/c-Jun & K i 3
(c-Jun N-terminal kinase, JNK) @, NiHiEIE R
A& A1 (scavenger receptor-Al, SR-A1) HIFRIX,
T keI WS A [ e, 3 T 40 ) 7 AR VR A L, R
FEPT AS HE 0, e PRS0V T 5 22 7 i ] 3
it #0#] NLRP3/Caspase-1 15 5 i@#, T NLRP3.
Caspase-1. Gasdermin-D (GSDMD). IL-1B. IL-18

SR T RIA KA AS T E Ak, 1T A 2
MR TGS AS.
2.4 EEHRE BN

BIF A0 RN 51 2 T S I A R S PRI R 26
i, ARBEZRLAR B ORI RSN, BETT 2
H OASBUL gbAh, FARE T REATAE W) T L
HUVEC 40 s rf 5 21K H 25 7 I 52 1 v (o 48 i
18 4 (transient receptor potential classics channel 4,
TRPC4) [FZIERF T HWE. TRPC4 [ LI fE4H
IR CaZ IR FEHE TN, 33 T 0 5 1 2 AR 2 1 il
W M ( Ca*"/calmodulin-dependent protein kinase
kinase, CaMKKp) /AMPK i@, 5 30H W HE
e mTOR 52 S| 82, MR 22 25 32 2 s R HIAT AR
Y, AT 50 I FL AT 3 I 4 o) 9 T TR UL 3- Tl
( phosphatidylinositol-3-kinase , PI3K) /Akt/mTOR
T R R A DS B B 1A/ 1B-$2 4 3 & IR
FAK F W AH G2 R 45 A 82 1(sequestosome 1,p62)
TERBUEEWE, MM ox-LDL Fr B A ZH
MR ZE R ASISS, SRUBLEER TIPSR 1A 738
T E HVEAISCE [ 12 (autophagy related protein
12, Atgl2) -Atg5/LC3-fini i i i it o it i = [A]
Atg3. Atg5. Atg7. Atgl2. LC3-I. LC3-II K5
Mg, fEit | ARG F BBt AS. 178-#E—
BEE I BOm SIRT3 JH 37, il SIRT3 e [K Fik 5 1Y
m, R ERAADIRE R, et E W, 2 AS
BERES), AT AL L TR A1) Akt/mTOR I 5
T B R ORY B 2 R 5 AR R HUVEC 400 4hiik D)
RERREATISOL,
2.5 EIRERET

SEHRTE A ATE R BAE T ORI Ha00 5
T HUVEC 4l b fitn. ARREFERA G
GPX4 i ARk = S B, IMifE ACSLA [
PEN R, TEVEEURARRD, FRAR T BRIE T )
erastin %55 I N ARSI T80, BEECHIH IV AJ
NSk SLCTALL EAKRE, #REBb
HIRH GPX4 (RG22 22 Ve LR i Pk EL Bl
FEEILRAATEAR A AR, R G RR SRS,
2% R I Mg IR AR 5 3 1) HUVEC 4R T, 45
YA M, R CHE IV g 24 e H Ik/GPX4
TR TR A AR MIERAET S, X — RN B R A
IV 15 AS BA 1552 (),

th 24 1l gy e S K S R R R AH G 7 AL ) AL
K2 FIE 1.
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Fig. 2 Action mechanism of traditional Chinese medicine components to improve AS
F1 PHRSIIEEXBENE AS BERNSH
Table 1 Traditional Chinese medicine components regulate related pathways for treatment of AS
Pl Ay R & ki PR ik
RIE KEH ApoE /N, 40, 20. 10mg'kg"'  NF-xB MCP-1. NF-kB. IL-1B. TNF-u|, y 55
RAW264.7 40 14.0. 7.0, 3.5 pg'mL™! FHhET 56
/NEET ApoE" /N, 150 mg-kg™! NF-B/YYI MCP-1. IL-1p. IL-6. TNF-o % 57
W GK KR 20, 40 mg-kg™! NLRP3 IL-6+ TNF-a), IL-10%1 58
HEEF ApoE" /N, 10, 20 mg'kg™! NF-kB TNF-0. IL-6. ICAM-1. VCAM-1] 59
HTREEH  RAW264.7 400 200, 100, 50 ugrmL™"  NF-xB MCP-1. IL-1B. IL-6 | 60
i 5 3 SD K 300, 200 100 mg-kg! TLR/NF-kB TLR2. TLR4. p-IkB. NF-kBp65| 6l
i %= HUVEC 4l 25 ymol-L™! TLR/NF-kB TLR2. ICAM-1. VCAM-1. TLR4, 62
p65. MCP-1%|
Ep7E N 100, 75. 50 mg-kg™ IL-6,IL-1p» TNF-0. MMP2,ICAM-1. 63
VCAM-1 |
RERTH HUVEC 40l 80 umol-L™! PTEN/Akt/GSK-3p IL-1B. TNF-a. MCP-1| 64
FHGE B ANREBERRERAK 30, 10 pmol L™ MAPK/YAP IL-1B+ IL-6. TNF-. P38, ERK1/2. 65
INK |
AARIY  SD KR 600 mg-kg™! PERiRE y ZREEAALE ICAM-1. VCAM-1, MMP7. MMP9 | 66
HATEHY  ApoE /MR 3.32. 1.66. 0.83 g'kg™! p38 MAPK/NF-«B IL-1p+ TNF-a. ICAM-1. VCAM-1. 67
p3 8MAPK. NF-kB |
“LEEH ApoETMR 60 180 mg-kg™! NF-«B IL-1p. IL-6. TNF-o.. NF-«B % 68
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gk 1
Bl R ol ilks kS MK T2k ik
REE WA ApoE /N 100, 75. 50 mg'kg?  NF-kB TNF-a. NF-«B. IL-1] 69

KAEE W KM Wister KK

A
(=]

FIEFHEIC ST RAW264.7 411

=

1.4, 2.8, 5.6mgkg’!

100 50, 25 pg'mL™!

PI3K/AKUNF-kB  PI3K-pl0 . PI3K-p85 . Akt . 70
NF-kB-p65 |
TLR4/MyD88/NF-kB IL-1, IL-6. TNF-a. NF-kB-p65. 71

TLR4. MyD88. TRAF-6 |

i BRE VSMC 4l 50, 25 umol-L™! p38 MAPK MAPK. PCNA. VCAM-1. TNF-a. 72
IL-6. AR, —%& A, SOD 1

SE % 100 mg-kg™! Smads Smad2. Smad3 |, Smad7 1 73

RERTH HUVEC 40 80 pumol-L™! PTEN/Akt/GSK-3f &M%, SOD1 64

L ees SD K& 300. 100 mg-kg™! NrF2/ARE NQOI. HO-1. NrF2, Akt? 74

8-/ B /INEETH ApoE™ /N 15 mg-kg™! NF-kB/MAPK NF-kB-p65. IL-6. ICAM-1%| 75

B TRWRZE JT74A.1 40 04, 02« 0.lmmol'L™"  IABFMMRE/PKA  Caspase-1. IL-1B 76
—A xR Nk EAhy926 414 1.0+ 0.5, 0.1lumol-L™  Caspase-1 Caspase-1. IL-1p. ICAM-1 | 77
HABLER RAW264.7 1 50.0 25.05 12.5 nmol-L™! NLRP3/Caspase-1 ~ Caspase-1. IL-1f | 78
LHR ApoE /N, 40.0, 10.05 2.5 ymol-L™" Caspase-1 Caspase-1. IL-1p. IL-18 | 79
HTRBEH  RAW264.7 4l 50, 100+ 200 pgmL™  MAPK/INK SR-Al | 60
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