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Research progress on traditional Chinese medicine in treatment of atherosclerosis
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Abstract: Atherosclerosis (AS), the primary pathological basis of cardiovascular and cerebrovascular diseases, is characterized by
complex pathogenesis involving endothelial injury, lipid infiltration, inflammatory responses, platelet aggregation, and thrombus
formation. In recent years, traditional Chinese medicine (TCM) has emerged as a promising approach for AS prevention and
management due to its holistic regulatory effects and dual emphasis on symptom alleviation and root-cause resolution. Guided by the
theory of “liver depression and spleen deficiency syndrome, phlegm-stasis-toxin”, TCM can intervene in the pathological process of
AS through multiple targets and pathways, making it a promising area for future research. By integrating traditional Chinese medicine
theories with modern medical mechanisms, this study systematically summarizes the research progress in the treatment of AS with
TCM and prospects future development directions.
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HIHE Z#EF (mammalian target of rapamycin,
mTOR) /p70 &HEAE [ S6 Fil (p70S6 kinase,
p70S6K) 15 5 i % DL K il 2 R K+ y-T =R
(interferon gamma, IFN-y). IL-18 &ik, HA gt
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Table 1 Mechanisms of traditional Chinese medicine compounds in treatment of AS

eS| Sy -V LA ik TR TRk LB
MR B9 st B LR miR-375), SLCTAI11% 40
{EIRAETR G THEMARA, SRR STAT6? CD206. Arg-11, iNOS. CD86| 41-42
NS (GBS ) M PR LE R TRPV1-AMPK?  Beclin-1. LC3% 43
IR ZBRAG USRS SGE g R MM RAE  cAMP. PKA, TC. TG. LDL-C. IL-1p. IL-6. 44-45
A PPARy? TNF-a), HDL-C?
ZHRE ARG B MR AR BECAYE Nox4. NF-«B. VEGF. MMP-9. HIF1-at 46-47
JREJ AR LB A B HIF-1a)
RSk A TR A TRPAILY ABCAl. ABCGIt 5,48
WHALE T WA IR s A AR p531, SLC7A11, GPX41 49-50
BERRER HEMED T AR 5 W S AKT-mTOR. IFN-y. IL-18] 4
i JEAE S p70S6K |
VU &b 55 2 ) g AR LOX-1. CD36. SRAI|, F4/80] 6,51
VERNSY] 4 RE N TTRER PPARyY, IL-1B. IL-6. TNF-a] 52
vl PI3K/AKT]
BREED WERERARWS5ERE4  iINOS. NF«B] Mz B 1L13. TGF-pt, M1 B TNF- 53
MR A A av IL-6)

STAT6-15 554 5 5 BUEH T 6; INOS-E 2 —A A A

3 17 FoR BIRBGE; “L7 Ron MREADE], %2 F.

STAT6-signal transducer and activator of transcription 6; iNOS-inducible nitric oxide synthase; “1” means increase or activation; “|” means decrease or

inhibition, same as table 2.

3 ZXIECIRIGTT AS

ZpRiCtn, AR eV, 2.
W) KSR, BT RE AR AR . XM AT
A5 245 358 lp [ 9 428 22 28 D A B 8 (mitogen-
activated protein kinase, MAPK). 5 ME/VLEE 3-31
(phosphoinositide 3-kinase, Akt) . NF-xB.
NOD FERZ AR B 45 FisAH OS85 3 (NLR family
pyrin domain-containing protein 3, NLRP3). I A
J A2 K ¥ (vascular endothelial growth factor,
VEGF). Toll #3244k 4 (toll-like receptor 4, TLR4)

/BERE W] I B H 88 (myeloid differentiation
primary response 88, MyD88). it bWl A1 5ig
Wy ¥ 3% % 4Ky (peroxisome proliferator-activated
receptor vy, PPARy) /4% K F-1a (peroxisome
proliferator-activated receptor y coactivator-la,, PGC-
lo) /f#EEXEE 1 (uncoupling protein 1, UCP1)

SEOCEEES, TISAE. M/ RRARSIZRAL .
AP WLAR A S E R Al A 22 I s 2 232
RE A% IR B IR o Y- SARTEETE A i & T
T R Canbuid 5842370, HEEF W AR R
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HERL MR R, rEd i MAPK/PI3K-Akt i,
I NO FHG #1 i 25 4 J8, "~ ¥ TNF-0..IL-6 11 LDL
K, RAFPLR ARG MU N B PERT. (L EA
HERMRER, AR BEMMESBOSER, —
HC s F BA TS MR EEAAIR I DT, 24911
25 SR BHURR . SRS RS, RER
Rt P I K BRI 0 IV 1 2 R RE 6 B
K73k, FIEREE A, IS R 1 &R, e
B OGE MR AR, $ i MR R AR, AT AR,
B 1k M A TR . A SR 78 B S - AR 26560 1
fifg, 3 M SN s ) p21 R R
miR-128-5p ALK % G 85 5 Coxidized low-
density lipoprotein, ox-LDL) 551 VSMCs 458
IERA LRI SRIGTT ASIOS, B AT
AS IO ERT, W RIT R eE 2 A48T,
WIHGEMRRRHMY., HOH0, BAREE RS, 22
XA Ry 2 R/ INEER . S, AT AR
BNKBEHR AR, HALEP] feidid TLR4/MyD88/NF-
kB JEE, FHAPHRARERSEE A2 (matrix
metalloproteinase-2, MMP-2) 1 MMP-9) &ik, &
FRRA/N RIS TNF-a. 1L-6 7K F55), BZ-204¢
EMIFERSZ IR 4 3, ke iUzt 1 o1
I, J897 CVD RO ST, kgt k- 4e s
MR A& 2 W, KA mfl s e gk
IR IMLYE IL-61 TNF-o K, #01ffil] TLR4. NF-xB. AKT
WARE; RN AR, 980N B BB
i, TR AS 3RS, -2k (255 LT (4
[FRENE ) JRIT IR 7 7] CRRSeak R )
& R I R IETT IBOERZ O 2%, HABRaE
Uil SR e w3 TN S A S ]
X A ] NLRP3 28RE/MATE(L, R TL-18.
IL-1B W& &, MmHiH] BN 9 iE ) .. Zhang
IOV T o 245 24 B A RIS ) SR BRE FL . R I 1)1
EU A BRI FEAK ApoE7 /N TNF-a.
FIL-1B 1) mRNA FIEEE/KF, #0H)] NF«B &1L,
FHAmH My EWRgHRARAGSR B A 4R b 86
(cluster of differentiation 86, CD86) KZfi# AS. A
ZIEUN CHR B NSRBI EERE)
JRATBAYR YT AS, FHAE R ML AT e 2 i e i
PPARY/PGC-10/UCP1 JEE§AH G H R, M
F B RR (AL R P LDL-C /K1, Jiiz b O I
TRIIR A, BEAh, NE-ARATSL NSl 3
-SRI N Z-i 2 JECOSE LN O AT T DA

HRHLENRIT AS (R 2).

L0 AT R I I P R A 22 B RO A S
B, BT AS KIRAEKRRE. R, HE I
24 50f BUATL R H5AE F A 0o RS T 24564 BT 35 B 2%
B3, DU ab 5 23z 2 U - BRAE 24 0] B Uk
s RBERGH AR, WiERSEZ. Bonlks
HR 25342 17 v 3 25 - B 2400 IO A BB 70 - /INBERL S o
B ARSI B R R h N -3 2550 1A RO
gy MR E . O IR SR (B
R MRS MR T T 2GR IR B
1 FERE S S AN GR 3 HLAE Y B 554 HY B4 o Jk Ak«
4 PERSBEEXIEIETT AS

T 254G Rk 8IS 4% NF-«B. PI3K/AKT.
MAPK. Src JRJ#FER /55 ¥ 35 ¥ RMIE K T 3
(signal transducer and activator of transcription 3,
STAT3) Z5{5 5, fEiRTT AS HAHEEZ/EH .
HA RS IR R BMAER T — M5 518, M2
TR 5% B IR 2 AH ELAE R, N2 AR TP RT3 AS
% O L FE . H DL STAT3. NF-«xB X AMPK
e LIEE, MU E#EZSERG RS 7
filt s RRESONE PV LA A0 39 18 5 # S5 AH L
LN e D ARSI i E BN b e B b 54
FAb P ERE AL, AT T 2R Y R
A (K 2).
41 BEK

NS BAF R, ARG Y EC AEBET)RE, 400
il VSMC 3958 . IER AR A AL, DL AGES NF-
kB i # Al ERK12 Wk B fb 2% ik Ik £ b
(lipopolysaccharide, LPS) ##F VSMC #EN,
=-bE R H AR LE N R IR R Th
REU2], R ZETINT ApoE /I BRI A4 P S BR AT T K
P, =-LR Rl TLRA/ IR B 2 R G
(spleen tyrosine kinase, SYK) {5 5 ilif, =W
A AR ZEAEL, SHIER AN AT R, T
Hl/NER AS BRI . i S B E AP AS 1Y
TEH], Gao Z8USIEEST AS /N R I L 2
HE MG AS PEHRARED,  HAEFHLH] ]
RE et Y45 A PG R~ TNF-o A IL-6 3R,
R SRE N, IBEIPT AS EFH . SeH =2 H Gy
F T P = 51 S R I U S AN JROE S N, R IR
SO TSI RIS B A W Rl HTHAR A
H, P RGT I RE,  BETTH B4R G 5
JiE SN, AR AS BEFL Y NLRP3 #EE/MA IR KK
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+2 PABGHRIBMRDIETT AS M{ERHLFI
Table 2 Mechanism of action of traditional Chinese medicine pairs and their active components in treatment of AS
Fl PR AL Zint g HRRHEFFIA S 30k
BEE ASEY WD P RE R i AB-1E; ANB- NF«B|, PPARy. PDGF-BB. ERK1/2, LDL-C. IL-  11,62,64,66
VSMC f38E. A fAL: AZ-#  PGC-la. UCPIT, 1B+ TNF-0. TC. TG. LDL-C{,
RAEAL: RWIERW A MAPK|, PI3K-Akt, ~ HDL-Ct
ShRET P NE. REmE  — TLR4. SYK| CD36) 12,67
SRR R IORE R N — TNF-0. IL-6] 13
SEIRE A R AE RN — NLRP3| 68
R R KRR R — PI3K. Akt mTORf,  microRNA-17-5p), VLDLR?; 69
B it SDF-1. CXCR4t PCSK9|
EHRt O WIIRACH. RERN — Src. STAT3| TC. CE. FC|, IL-1p. IL-6. TNF-u, 70
PR EH A MRS — PI3K-AKT?, MAPK|  MAPK1. MAPK3|, PIK3CA. 71
PIK3CB. AKTI?
HEFH i MR A RE BN, R NLRP3. MAPK|, IL-18. IL-1p. FFA|, HDL? 59-60
I M g K PPAR?
Y N VIR . W)k HE-EE, BER TLR4, MyD88. NF-  TC. TG. LDL-C. IL-6. TNF-o. 4,51-5355
&N E N DA R A R kBJ, Wnt5a. ROS|, HDL-C. SODf, MMP-2, 65,72
R NPC1} MMP-9|
HHH ZRNEARISER T — IL-6. TNF-a} 73
WEMST  SeEREAH R — FGF15, FXR. SHP|, — 74
N5 MR A M2 RE AZ-)1E. JIE- PPARy. PGC-lo. LDL-C|, TNF-a. IL-6. TG}, SOD? 62-63
R iG] UCPI1, VEGF.
NF-kB. MAPK|
W R IR N RS ST WA NF-kB| IL-1. TNF-0. VCAM-1| 4,52,53,55,7
5
BRE i) i SR MR — miR-290-3p7. IGF1| IL-6. IL-8] 76
PAE R
NEweE RN miEKT — PERK-Nif2|. ATF4- TC. TG. LDL-C|, HDL-Ct 77
CHOP|
W AREE A AR R R R MIH-2 I8, 11 MAPK|, PI3K- ACSL4|. GPX4|, TNF-o. IL-6. 789,78
B, EREARIIRE K-8k, AB-  Aktl, ERK/VEGF]  LDL}, HIF-la. VEGF. VEGFR|
0 N 11 WA
W E P ILIEKFE. SEERE MI3-44. - LXRe-ABCAL/GI{,  CYP27AIf. CD36), TNF-a. IL-6.  7,8,9,59,60,
B S AL, MZE-#  ERK/VEGE|, LDL|, VEGF. VEGFR|, HDLt 64,79
H. AZ-fEft.  NLRP3. MAPK|,
NS A% PPAR?
RZERTH AT A B A — Nr2, HO-11 — 80
st S3
LI FIBE A AR — — ABCAL. ABCGI{ 81
ZHR e AR R — PCSK9] ICAM1, VCAMI|, TC. LDL. TG, 83
MR 7K
FE kNG EITIR Y 1K b — Wt Fil B-catenin 82
JERE e BRIIRAKCE, WhE3l BE-40E TLR4, NF«B. AKT|  IL-6. TNF-u| 56-58
HkBES AR
g3 BRI AE R NS MAPK | IL-1B. TNF-0 64
W BEE AL @ % VvOMCs 185, i BE-AR ERK1/2} MIR-128-5p. miR-2a-p 10,54
N
W BT 0 S SR WaF-E TNF. NF-«B| TNF-0. IL-1p. CDS86 61
SERE T RRARHT 200 N -75A VEGF. NFB. MAPK| TNF-a. IL-6. LDL. TG|, SOD1 63
Al BAAR ) S AE R B HEF- I TNF. NF-«B| TNF-0. IL-1p. CD86| 61

CXCR4-C-X-C B3 LR T 5244 4; PDGF-BB-MIL/MRATAE A K FT7-BB [FJ§ Z % 14k: SDF-1-SRANMATA R T 1; CE-JH RS : FC-iiFBiH
[E 8%, PIK3CA-WEMEBENLEE-4,5- —WiiR 3-BRE AL WL o; FFA-free fatty acid; SOD-#34SALYIB AL »
CXCR4-C-X-C motif chemokine receptor 4; PDGF-BB-platelet-derived growth factor BB homodimer; SDF-1-stromal cell-derived factor-1; CE-cholesteryl ester;
FC-free cholesterol; PIK3CA-phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit alpha; FFA-free fatty acid; SOD-superoxide dismutase.

F, WEGE AS HIRAEFIKIE . Ze6 AW 5T K
BT R 5 4 ) Y45 microRNA-17-5p AR AR 25 5
fE8 H 524k (very low-density lipoprotein receptor,

VLDLR ) 2528 B 5§ 8 A F AL B B e 25 9 &Y

( proprotein convertase subtilisin/kexin type 9 ,
PCSK9) [A#1#% VLDLR, il iM% 5 P Bio
b, FFFEETONE I ) 2 2 3 25 G AR AP SRR,
UIE S 2 951 52 o0 T A 2 40 ) I 2 i R P10
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W I REIFHERR, AR FHMLAR T E5 14% Src/STAT3
&S IEBIEWE VIR . T ARTEVIH LRI, R
AR A WIEIE R IS MAPK]. MAPK3.
PIK3CA. PIK3CB M Aktl %5 CHEHN &0, %
PI3K/Akt 55 MAPK i, 7425 bl iE 22
AS R .
4.2 HHEE

ANEERRGE I 455 Wit ZRA 5A (wnt family
member 5a, WntSa) ¥ Cl1 BJ8 2 -JL i &
(niemann-pick disease-type C1, NPC1) KiXx, MM
TR BRSNS, 1L ApoE™ /MR AS i
TR, R U3 E L A 78 A L v S PT S22 410 AS
BN R PR R, HAE FIAL AT Rt T~ 5
Py IEREE D A2 (annexin a2, ANXA2) Fik, &
b BRI o v RUTE L S 56 A DY & T
T R AP JERE X 3244 (farnesoid X receptor,
FXR) /A4 A K FF 15 (fibroblast growth
factor 15, FGF15) 5 FXR/NFE RS (small
heterodimer partner, SHP) 155, 3t 15 HH R
R, 253 ApoE ™ /NRARFACH -5, T AS 1
5% FXR AR ER- I8 BT i U] 5CHK o
4.3 =

B EC MORYEH v Re 2t B
NO KPR35 4 K Irh, Al 4l NF-kB-p65 itk
PR TL-1. TNF-o M I 4 HORG B 73 F--1 (vascular
cell adhesion molecule-1, VCAM-1) %5 & MER 7K
B, AHETTIESE 7 E MR R IE N % miR-29b-3p/
il S =K AT 1 (insulin-like growth factor 1,
IGF1) %, Ml VSMC I3 EAER, ]
/NRANME VSMC 1 IL-6 F1 IL-8 (FI7KF, B/
B AS REARUCL, B FU R IAT S5 A6 £ % ] feid it 4%
PKR F 4 J5i R # (PKR-like endoplasmic reticulum
kinase, PERK)-#% K1 E2 #H5%[AF 2 (nuclear factor
erythroid 2-related factor 2, Nrf2) /Bi&F: %K1 4
(activating transcription factor 4, ATF4) -C/EBP [A]
JEEEH (c/ebp homologous protein, CHOP) 155 i
B, ANHIGEMIE T, TR IEST AS FIFEFUT. R
BRER R O CREAAL ) T By, TR
WA K AW 4 (glutathione
peroxidase 4, GPX4), K EENRBEHIEG A & R
4 (acyl-coA synthetase long-chain family member 4,
ACSL4), J&i/b ROS 84, I AAEHL R AR
YERUSL, H T A B B 3R P 23 ApoE KO /)M

AS PEHAGA) FERRACI AR 7K, i bR 4
3k P4S0 XK 27 Wik A 5 1 (cytochrome
p450 family 27 subfamily A member 1, CYP27A1)

wERIL, ] CD36 /13 IH [ R, (R 1Y
5 LXRa-ABCA1/G1 {5 =it % /1S IR BE & A1

Foeh) s 2 BV R A 700, T 21 10036 3 S 56 A A
ORI R AR HTHE S LATAER) ST, S3 REfS B2 4
il EH ox-LDL 53 A9 A ik BC & - A0 _E 18 25 B
A7 7K1, AT AT A 2 i i W0 Nref2/ L2138 0
% l-1 (heme oxygenase-1, HO-1) 4108 #5523,
HRUGELE AS [ B FE

44 ZEHYE

FBHR S0 5% 138 ABCAL 1 ABCG1 &
FIRIBIK, et JE [ B e i Il B s 1, TR
AP0 AS ER . 2R a0 0] 3 R AIGm IR MUAE K S i)
PCSK9. VCAMI. 4%k 7 1 Cintercellular
adhesion molecule 1, ICAM1) Fik/KF, &3 FFIK
1% TC+ LDL. TG 7K, Fi i ) 28 i 38 % Al
WAL, HUlRBUERAL, JREE AS J B4 {55152)
EMHESIRIT B AR NS AS BRMWEER I, F1E
AN AT R ] AS B CR/ BE S R AE S0 TR
% (wingless-related integration site, Wnt) /B-IEI &
F (B-catenin) PR ICHEE HRIL, A REWHIILE
VSMC iT#%, I FEAK 3 20 ko J5 1 AR A7 ifn 45 B 5
FE, BENGIT AS H .

i, BHE. B, mIHES 2K
AL AW R P F) ELAMDT AS R BIARZG B,
AEEREE “ R RALRIRE S .
MAFiERZ, TR, 416, &5 ERES52
W2 B I8 H0 ] NF-xB 18 2 95> 2 %6 R+
Fik, AT MARAYES, M LDL %4k S i 45 BE
HOHERY, TR I N B i ds, X G h B B
W ALRAEIR T S 2B R EEAR,
A POE PIBK-Akt il i, et NO M4, Bk
PR EE, A0 I A SR AR T PR AL I A XURS: o T
TIH RIS R AR CRESS, AT LA
WIS D RE, BETG SRR URRE s Al i
T2 PI3K/Akt i, H0E PPARy i % DL Bt/
JR 4 f s FEAMH SREBP J8 i DAk /D IR o & i, B
IR MG P DABSCGEAG 34, e BER L A%, 5 B 4k
IEAEAR 7 AL A 7 B M T B3 )1 (4
YIRS ), A RO oy AT A ittty FLAR F AT il
o WOl AMPK g #E IR B e W, JF 40
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MMK@BKMqL%ﬁ?kT&f Rk, #z4 T AS IR B FE, AL T - -R-57
I 2R 2 E AN B RIS T U R )97 B 76 AR 5 b 24 FC AT B 3G LA (1)

TCM
|

16 VEGF ERETF y k -
IL-6R | o[PSy % i
(EEEER R R :Fll!lllllll!illlllllllll.”,lllllllll.ll'i&l (iR b HE [llllll!*o l!lll lllllll T
l SHP-1
s Q ---_ v
= | | I ®p
JAK STAT3 P3K —{pm.\ 3 Caspase4/5/11
1 l plg: “ asc
MAREE ® ar mm e i
| 1 o 0% ﬂ,k Caspase4/5/11
g STAT3 - iy
pax mTOR S l M :
¥ N ¥ l!ﬂl* At :
l & AMPK % Ee Caspasc l_l—. GSDMD : k]
ERK (313 0% 4 : 23119
N] l NACHT l 1
WAR_’ oS smp - NLRP3 ‘ Pro-IL-18 B-catenin
! By :
— ﬁ f \ ﬁ - |0 e—
l 1
DNA Héiﬁnn%?m& —— i L
e
mmmm e ST"B PPARY ﬁﬁ?&;ﬁ;‘gﬁjf R A o HTRNARILE
mw.%wmmﬂsun OIS RAA (A =

B 1 FRZEETT AS RMERHLE

Fig.1 Mechanism of action of traditional Chinese medicine in treatment of AS

5 HiES5RE FEGURAL AR W25 R S A A, A

AS IR B N ARG REFARI AL R5E RS HRIESR AR . & nT DAN & A 548
N MAETE L], SAESRY: “ AT IS N 2B, A THAENT a0
FUSMRAN, MRZRMALE, JORNRES . B FVE. IS MEEESERRE T A EA & AR
Bafkes” Wbl ER G SRR, o 2T AS M P4, AT BUIGIE k0 #E A,
%%%%%%ﬂuﬁ%%ﬁ%;fﬁﬁﬁ%ﬁxﬁ TR IUH M sl S, B2 “ 2 AL
R B A S N B S TR AR SR 25 28I 4y -2 R - 2R W ERES R AR . i b
ﬁﬂ%%&ﬁ&&ﬁ%ﬁ%ﬁﬁ#AM@ﬁ&Mh BARRRERS . ANFEYTRCEE P ARE, U0 OS5
YR IC AR DA B R 25 U TE S SE IR AN R AR WAs SRR T B An B . A N T Re s
FPWEILH AR FRERH, B #r, fBSh ARSI IR . [N, 24
BRI T 8. PEk, HATHZGEIT AS FERMN AR AT IR AL ST RIS R R e ik . e
VA M AR ACE RIS SO RN, A MU e AS SCEET AU (R RAER T AN
Mo G EEAIT R . R NS, IS, R B BEHRREPERE A BT AR I o) B S AL
B AS KAHLHE TNF-0. CD36+ IL-18~ LDL-C J2 & d#t—BIEMHT AL T2 A7 2L,
IL-6 72 VIMHG, 5 NF«B. STAT3 & AMPK  ffiHRRZG AN AS BiiG R RIME B L, 14 Mk #E
ST B A K IR ITH B o

FET RN RS, faEd 2 AT KRR S Z HEHARE SRR R
T AS R ELERE, CRRCAZ ATk i) = B0 5 5 1) Wa, AHE RS HE IR RS A 2 BR PR S ALIB IR A7k
KK T AP RIS A, SEZHEHARC I, R ARG RMRA” G A <O
Wro FIHZHZHOR, fE40M. SR GIREE BRI ” SRR FRHIENE, SR T RS HERRIE, (A
$¢,%%# SRR ERUERL R TR, XK O SBibs S KFEAR SIS0 UE B A S —
FEERE R UKD “HRN A" “PRERINss” 5 RMTaR SR RIE A S5 T VR AR R Ak E
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WAL SUEEE, MR TEITE RS R, 2R
W) S LR AR LA e PR A s — A R 2L 22 AE AN AT AR
TRlCit . B, B2 R A SR e
Bk, HFREE AR REIUE; VY2 iRk X AS
IRBEETT i B B 1 A B T B 2, AEE R T
VAN SER H PR RS, HLEET, ZH¥EER
A Ll I SR S PHERRAELL , AT A RS HET Tl
TR R LR SCHE R 2R, m fa b SR
TR, SLEHES P R AR AS FHERT IR 1R 5
RIBAR  FHA R RAEA SR
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