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Abstract

Atherosclerosis serves as the core pathological basis for cardiovascular and cerebrovascular dis-
eases. Its onset and progression are closely associated with vascular endothelial injury, abnormal
lipid metabolism, macrophage foam cell formation, and extracellular matrix remodeling. Prolyl 4-
hydroxylase subunit alpha-1 (P4HA1) is a key enzyme in collagen synthesis and the hypoxic response,
playing a crucial role in regulating vascular wall fibrosis, plaque stability, and inflammation within
the local microenvironment. Changmaile Capsules have demonstrated definite efficacy in improving
vascular endothelial function and combating atherosclerosis. This paper systematically reviews the
pathological regulatory mechanisms linking extracellular matrix remodeling and P4HA1 in athero-
sclerosis. It explores in depth the potential scientific basis underlying the multi-target and multi-
pathway regulation of PAHA1 by Changmaile Capsules in exerting anti-atherosclerotic effects, aim-
ing to provide a theoretical foundation for targeting PAHA1 with Changmaile Capsules to intervene
in atherosclerosis.

Keywords

Changmaile Capsules (I), P4HA1, Atherosclerosis, Plaque Stability, Collagen Synthesis

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).

ttp://creativecommons.org/licenses/by/4.0/

1. 5|8

Bh ks FEiE 4L (Atherosclerosis, AS)%*%EFTE‘T%E"J U\Hafﬁ ORI G038 9% 91 2 N N AR AIE PR I8 B A
WSO o R A A S T O i LA (1] [2] IARER SR B, AS BRI HL A = B R 2%,
R R AR A% . P LZE B (Vascular Smooth Muscle Cells, VSMCs) 5 & 158 53T 8% « 15 W 2 o 73
NE B BGRIARAN L, DL G S DE 2T 4G AR A AE R3] [4]. Horbr, 4H i 4hEE BT (Extracellular Matrix, ECM)
()N ~P17 5 B AE YERR D HAS E 1t S i B A P 7 T 0T 1 OGRS ). BREERRE ME IR T4 4

B I S A 1l 5 P B) )~ 46T i i 2 4-F2 40 o YE 2 1 (Prolyl 4-Hydroxylase Subunit Alpha-1, PAHAT)
VB9 I RSN 73 A TR PR TR Pl A 3K — PR 487 F 1) S SR R 428 49 S [6]-[ 8]

0 ik o) B HE(T) (FRTFR ¥ Bk o8 B %€, Changmaile Capsules, CML)JE 4@ & FH 245 K220 8 58— N REBEH)
Bt PR, 32 A T I A R A K R XU BURE S5O U R BT IR (9] IR IR Bl 7E A2 M FER 7R T 1%
ik 45 i e 1T Sl Bk o AR B A AR o XSS TP I B R A R B R s o A A I A S T ) O 2 A
(Peroxisome Proliferator-Activated Receptor, PPAR)(E 5 il #% Fl Wnt {5 5@ 55 2 L[ 10]. SRT, BEAE
BIF 9 32 BV 28 i T 45 R I ot R A4 o) S 1, X kR I S A 4 A R oA B, 0 2 I SR A 77 T 1)
TER SRR . WRFCIESE, PAHAT 25/ RNA TAFEBE SR E PN EEEEAR[ 1], X AR ik o I 2 i
it PAHAT R JE AR FasE BBt 7R i .

KL R G PAHAL fﬁ]ﬂﬂﬂﬁ@%fﬁﬁﬁ% PP B O AL, S S5 K R IR 3 O PTsh KRR
AL ZGBRAEYE , FEoHrig ik R IR E @ T PAHAL (R3EI IR G s A20E 5 P B B iy v 7E ML) o
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2. KRB PRZERIMERELRS P4HAL HIRIE(ER
2.1. FERBEMSEREN

PP RS R 11 3 R T 2R 4 N B 5L 5 B 1) 2220 o 21 ZEME H VSMCs 73 WA 1) 240 i 410 268 J5 RS 23 1
Horp T RURN T Y SR 4T 4t Je HERR LT 4ENR /) 2 5 B 1) - EE 48[ 12]. VSMCs RIS 40 Dl fe X H 5 ECM
Ho I EAER, TR — ) 500 B R O A i B[ 13] . Mk i sl 2 B0 66 o 4 I 2 11 i (Matrix
Metalloproteinases, MMPs) /13 F¥] B A G ININS, - 21 AEE 1) J5 52 A0 5 B 0 52 B BR,  EHGE T 5 4. MMPs
o] fEfR ECM SEPLHRAFRE, 3R 48 & AR H)577)(Tissue Inhibitors of Metalloproteinases, TIMPs)|
I HIH] MMPs 35 9k R SR PR 14]0 DRIG,  BESRAR E PEEL T8 & iS5 B R 2D 48P 4, {2
B VSMCs RIR G R IR FE 55 il 5 PR AR IV~ F 4, 2 4508 B BRI SRR T SR G .

2.2. P4HA1 B4 P ThEE R H A DESRAS E 1 AP a9 O b L

P4HA1 BRI Gt il 2t 4-32 400G -1 TWIE, B R E 8 A A& R A% O AL B . PAH 4215
WA a WIEFIPIAS g T FEA K, o WIE(PAHAL/PAHAL2/PAHAZ)RALMEALIEYE . PAHAL VE Y PAH () PR i filg
) TR, o M A ) S AN 43 W A2 S FE L[ 15]. Pdhal JEIRBLC AT S EUMZ BRI LB, S2ma T AR R
o PUAMBRAT5 S PAHAL E1 N259 BEIEAb 240, dEm et 18R R A o it , it — 28 PAHAL
MRS B e R A UK [16].

EME RS, PAHAL IhAEFFARIR T REE A . BLE &M N PAHAL 72 g iA L, @it
P4HA1/a-KG/TET2/FBP1 il % N FBP1 31k, 3 5 Py B2 W I At , (2 sdE oM 5 I8 3 26 [17] . 3X 527 PAHAL
R I B AR B AR B 2 B )R .

P4HAL 5 AS (B F Y5 T PR AT 4E R i R AR 70 . W 908 MBI Bh ik AS BEHEF 4 o 7 f%
HUBT B I ZE 4- 0B o WA, HRIAPLR PAH R GUIEBEYLU S5 A il ThEETE BR[ 18] EALHIZE T, miR-
124-3p BEUFSE AT 5L ] PAHAL mRNA 40 HRIE . 2T AR & R & RIR I ApoE™ /N,
RILBLER B JFE A VSMC 2485 miR-124-3p /K FEF 5%, miR-124-3p wi%] VSMCs # 1 F4F0 111 7Y
IRIE RIS, WP VSMC & &, MR IRBES R e M U0 3R R 5 22 R R RIP 50 E
T P4HA1 /& miR-124-3p I E AR 11].

HE ML R E PAHAL I RIELK . 7 ApoE /NRINGN K BEH A b, B e % K BR BN G
(1) PAHAL i Fik A B JE J, L3 AN A B ) SR I S AR e IRRAE,  BPJRJEAD VSMC & &3 n. B
W 2 A B /D . BT S B TC U R 19]. PAHATL 3854 A 5 2 1 B B 2T 2k 1 v iy ) 55 Je S5 4 1
IR PR A JE K 7 R IE 1 MMP-2/MMP-9 361201, S FIIESE [FIFE S RE PAHAL MRS R : A4l 2
6 (Interleukin 6, IL-6)A] i@t MAPK F1 c-Jun i % i PAHAL, M FEEBEHARE M sCD40L 25 4R
TG IE ST S AR A O RS PAHal RIS, SRR & IR K B ta e v FRE[21]. Mk, M
R LA T PAHal RGN E 2L, RIEMYT AS ITER[22]. X B 58 M IE AN J5 A1 L T
P4HAL R G 258 AS BERIIAZ O AT o

AR, PAHAL 7RO ML R G R PG Fist— 0 3R e . Yang S8 R IUERREBEAL Y SARMI 1] i8
1T B PAHAL (e AN BANE BT, #Ei 2 5 O NLEF4Eib R A2 R (23] X — RV PAHAT K
ML N AS 31 8 Z 5 )32 [0 I A 4R BT R, B8 PAHAL AT BEAE 0o M4 41 4 A0 AR 505 1) 3
FYEITHE A Z5A RIRIUEYE, PAHAL 4T 2 F0iEE S ACI0 A, & AS BEHURR @ PR 45 M 45 ]
TR T Ao

PAHAT 73 ik ok A Ak B e A s M 42 b A% A E F R = ) 1 B
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= VSMC content T « palmitoylated SARM1
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summary -> collagen degradation dominant in the regulatory network of -> collagen synthesis dominant
-> vulnerable plaque atherosclerotic plaque stability -> stable plaque )

Figure 1. Schematic diagram of the pivotal role of PAHA1 in the regulation of atherosclerotic plaque stability
1. PAHA1 7ESIRRAHE L BER IS E i i e MER R B E

3. WAk R BN EEF E R SBKR R ILAS
3.1. MRk R EEVA T SHFEMR S B

BRI RBRFE., FH2. E S, B4, BR. R RERSH AU, BA 2 28 E 01
I TR Ao I 90 SR R O 1 - DURRAT - %% Fi 37 BIUE B 15 (Ultra-Performance Liquid Chroma-
tography-Q Exactive Orbitrap-Mass Spectrometry, UPLC-QE-MS)#i A, M8 ik o i T A %5 5 H 2 e i P ol
G3[24]0 WS ZGIR2E[25 3 — B TRE H 116 METERT M 480 AR/ EE R, AS FRHE AL 2358 A, FENE
PERAY M 2. EIZEPRE . RITSWER . ARBRER. RRER. BE5R. IS0 1%, A4S 5%
TRAE AT £, SE15 8] 182 NN, ¥ M AGE-RAGE 15 538 # . FoxO 15 5l . NF-xB 15 51l # .
JAK-STAT 15 5B 2 4845, HPLC ERMF 7261 EL T IR E bk R R RIRER . FIB R,
Wit fe R -3-O-p-D-HI & HE-7-0-p-D-AHXFEFF . 3-FRBEEINE. BRE. 3-HAEESRE. BRI 20
. AT, KRETF . RIEHFR. L8R W, ST . KEH T, FHRR B. BERHEIL 16
MU B REINTTE, RBIKCRIRTEZ HE ST AS AE IR AL T Y B fil .

3.2. WARK AL B EE E R LE AR B B S BERE E &

BRI BWRTE AS BEHCASE PR Az e B A O TG B R W]k B R AR S BR IR T, A
TTRYH ML BOR 28RE R F-RE I, AT ASE BEE . SAAMESE (27125 T EWR AN A E AR T W Bk Ok R ZEXT AS
KRR BEH RS e 1 R Bk ThAE e, SR 4EAE R D3 AJE o T HE B d o AS KRB, 45 1 SR K R
FEn B 0GE AS RRBEH R M At Th R, H A EA SR e .

W ik o i B ot I 4 D 1 W ) RV 3k — 2B AE PPAR {5 5B B 0 70 A3 BUML A 1) R . %0 70 B
Wik o5 i Fe e % IR 4% PPARy/LXRo/ABCGI {558, L AS K EME4HH ALK, BRI ELE
4HHH E R NMABCES N, LC3IWI RIA LF, p62 Rk TR, [FIE, ZIFkBEHH MMP-2 il MMP-9 ik
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TFE, TIMP-1 335 ETH[10]. 3K B 07 bk oK 2 ] 308 1ok 498 5 [ I T i 15 40 400 73 J e Aok 4 7
PBRAE .

3.3. MR RECER Wit [ESBREEYIBEER

Wt {5 S EAE AS BEREHRAE) 2], 25 N D RERERT . AR . I LA i G A
LPEPI REE 2 AT BETCARIL, ORI TR 30N KRR AE AL R SR Wnt 15 = 8 B FL A 2 25 il /R
HY, AT A0 Watly S-catenin, dvl-1 FIZRIKEAR N BIORFEEACTERE . X — RIS TS IKCR L IEST
ASTERII S —EE ) 7igte, WMIRRHAT Rl 2 5615 5 0 00 U R A 2 S B SR B iR T T ROR 28]

3.4. WHRK B TNBRR AR AL ROIE PRI

W ik R AW R FE N LB AS 7 R T BRI RE . AR BT RKER A, W ORI
R R T AL 5 R R MR A R IR A KT, PERSORE R T R, R I A B ThRE, IR IRST
BART RaiE ey, HMZ24[29]. FEIENIKHERERELEE b, 1k R B L 6 s R 2 8 1 vh
BRUEMRST 2L, F#AK CRP AT IL-6 /K-, B AR S 4307 I ART 7T A 2 0 AR 4 £ IR
SE T WK R IR IR T SRR KA BEAL B R [3 1]

4. WBK R BRI PAHAL BRI HERE L ROETE 5 TR 4%

Wk R BEST AS 2SS O 2 T ST E ST, (H BRI AL 32 AR T SO A% . E R A
B9 TG ET, XF HCAEAH M A 5T el )2 J S AU 5 T RV DG o [T AR I 2% 2] 3 2
ZERPTR, WKOREFELL AMPK R Akt NIZ0GHE AT, B 245 SRR R25]. SR EA R
£ UL PAHAL AR SATA R, I PAHAL 2 W ik o Fod 3 v 22 o 4 RS 24 WA 1 36 ) 4 FH L A

CUEIFFTIESE, PAHAL 1EN AMPK Al Akt {5 5 a8 B L [ R e a5, 7ERRE B P B e b i 15 OB
F[32] [33]. FREAWEE B (Akt)2&—Fl B B 22 &R/ R IR & AEE, R 2 M2 5 R

Potential molecular network of CML regulating P4HA1 against atherosclerosis

AMPKa/AP-2a pathway Akt/Sp1 pathway

Ser219
phosphorylation‘

Sp1
. phosphorylation

Spi

Inhibition of AMPK-mediated AP-2a
phosphorylation downregulates P4HA1

AMPKa overexpression upregulates P4HA1

collagen hydroxylation

mature collagen secretion
increased fibrous cap collagen
plaque stabilization

stable plaque

P4HA1 downregulation -> increased collagen degradation -> vulnerable plaque P4HA1 upregulation -> increased collagen synthesis -> stable plaque

Figure 2. Schematic diagram of the potential molecular network by which Changmaile Capsules regulate PAHA to exert anti-
atherosclerotic effects (CML: Changmaile Capsules)

B 2. 3Rk SRR FVRIE PAHAL SIENBKB AR LRV B A S TR REE(CML: 7Rk KRR E)
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BERR . RSk R FRE RS A 1 (Spl)/2 Sp/KLF G G ME i s I s ud 8, nlilid 2Bk, Bk
SEWFEEMIREZMEERIE, 750 ISR P REEZEER([34]-[36]. Akt 7] HERERRIL Spl, H5m
5 P4HAL B3 T4, MM B PAHAL FRIA, (EdbpE i R 4F 485 i, 185 VP FaE PE[36]. iR
HRR IS 2 B AMPK) AL o TW3E. VAT g IERN  WIEAH AR, 76 RE B P17 i B E FI[37]. 3%
11 AMPK. 7] 38 5 (2 33E E M4 M B R A B0 SIRT1 ik NF-yB 25 ZhAL 2 15 25 3 A2 3] JOE I
i, FEZE AS HEFE. WS E A-2a (AP-20)/E AMPK 7E Ser219 {7 s RIS, RIS MMP-2 £iE K
ECM FQ 167 . 4] AMPK XF AP-2a [ BER AL AT T PAHAL K 35, il %935 AMPKa U Ei# PAHAL
Kik. FRWFTEIER, AkU/Spl 5 AMPKa/AP-2a P okIE S T BEIL[FVCSE T PAHAL, 4 R0k o5 i 3 1 %
JE SR A R VB AE 50 T X 4% o bk SR B BE R 4% PAHALL FLB ks RERE AL (VB E 40 T N 48 s 7 BN 1] 2 BT o

AN, BUARZY B R B MK COR IR B R IS R 2 WE . FES A B AR 22 S50 M oy ml e i i 3 e )
B HIH] MMP-9 238 J 98 i PR -8 TR A5 i@ A1 A B 38]-[40]

H AT, Wk R i3 TR 4% PAHATL A5 3 kol RERE A BE B 1) A e M FUAE AR N, KRR it — DR &R
LR : 55—, FIH ApoE " /NREEHEGE ANZE AS R P AE (I Sh PR RY, 0630 9% fik o Jie FE o B e
PAHA1 Fik KRR S B E B . 55, Wi PAHAL JE R SRR 2 H 57, BHH PAHAL 7E
Wik R IR AR I S A USR5 S I R (R R S R, R KCOR R BT
PECBIOA S PR R 4H M 2R 2 PAHAL RIS M L 5P dfa e te i oCie. 2500, {54 PAHATL 7E /MR FI
YA SIS TR R, KRR IICORIR FE L 1] PAHAL B HARTENE A KA ROR &

5. GRS RE

PAHAL {£ AS 2413 i 5 S B A s PR R P2 v R HE e iR - W BICR IR Bl 2 i 248
PEAE 1 AS BERRIF ORGP M D fE,  HHLHI AT RE 57T PAHAL /SRR & GBI B3R, Aok
o5 5 2 70 1 AW 2 SR R i PR AT AIE TEIR N ) W RS A PR AL, 9 i M s R PR LA s A 2 FH 98 (1t
T HIRFASE

e HE

o BRI F R & HF RIS T H (C ) (82305351).
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