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Yo 0SNG BT RR IE I FFIE TC F et o 56T I 4 24 B2 R AT 24 1) -6 9 A0 B8 a5 A S503000 43 AT, I 3 T A 40 1) 300 4 2% R
SE e 25 S AR e R DG B 5 3 5 1 SR 93 B it (Western blot) I S2 I 9% 56 5 i 88 4 il 4 20 2 )% (Real-time PCR) 46 il
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b 40 AR AR B0 NF-kB/IL-6 9 E ik , e &K LR E AS ) B BE 8 19 245 B /E ] ; Western blot il Real-time PCR
W IRTE.O AT I ApoE” /N BT 2H 21 PPARy .LXRa . ABCA1 K ABCGI % 15 mRNA 21k (P<0.05) , 3 T i NF-xB }
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[ Abstract]
to investigate the stabilizing effect of Huoxin pills on atherosclerotic (AS) vulnerable plaques and the molecular mechanism of

Objective: Based on network pharmacology, non-targeted metabolomics, and animal models, this study aims

action. Methods: A total of 40 SPF male apolipoprotein E knockout (ApoE™ ) mice were fed a high-fat diet for 12 weeks to
establish AS models. They were randomly divided into a model group, an atorvastatin group (2.5 mg-kg'-d"'), a low-dose Huoxin
pill group (18.2 mg-kg'+d"), and a high-dose Huoxin pill group (36.4 mg-kg"'-d"'), with 10 mice in each group. Additionally,
10 C57BL/6J mice were designated as the control group. The model group and control group were administered equal volumes of
saline via gavage daily, while each treatment group received the corresponding drug dose via gavage. After 8 weeks of intervention,
an ultrasound was used to measure the difference between diastolic diameter and systolic diameter (Dd-Ds) of the aorta and carotid
arteries, as well as pulse wave velocity (PWV). Biochemical assays were performed to measure total cholesterol (TC) ,
triglycerides (TG) , low-density lipoprotein cholesterol (LDL-C) , and high-density lipoprotein cholesterol (HDL-C) levels in
serum. Enzyme-linked immunosorbent assay (ELISA) was used to determine interleukin (IL)-6, IL-18, and tumor necrosis factor-«
(TNF-a) levels in the serum of mice. The aortic root plaque area, lipid content, collagen, macrophage (CD68), and a-smooth
muscle actin (a-SMA ) expression were assessed by hematoxylin and eosin (HE) , oil red O, Masson, and immunohistochemical
staining. The plaque vulnerability index (VI) was calculated. Additionally, oil red O staining of the liver was performed to observe
lipid deposition and measure the hepatic TC contents. Predictive analysis of core targets of drugs and diseases was conducted using
network pharmacology, and non-targeted metabolomics techniques were employed to identify key differentially expressed
metabolites and their associated pathways. Western blot and real-time quantitative PCR (Real-time PCR) assays were employed to
detect the protein and mRNA expressions of peroxisome proliferator-activated receptor y (PPARy) , liver X receptor « (LXRa) ,
phosphorylated nuclear factor-«B p65 (p-NF-«B p65), nuclear factor-«B p65 (NF-«B p65), ATP-binding cassette transporter Al
(ABCA1) , ATP-binding cassette transporter G1 (ABCG1) , and IL-6 in the liver tissue of mice. Results: In vivo animal
experiment results show that Huoxin pills reduce PWV values in the aortic arch of ApoE” mice (P<0.05) and increase the Dd-Ds
value in the aorta (P<0.05) , effectively improving vascular elasticity and reducing arterial stiffness. Huoxin pills reduced the
proportion of lipid plaque area in the aortic arch (P<0.01), decreased lipid deposition in the liver (P<0.01), reduced lipid content
and macrophage infiltration in plaques (P<0.05) , increased collagen deposition and smooth muscle cell content (P<0.05) ,
lowered plaque VI (P<0.01), and regulated blood lipid levels (P<0.05). Integrated metabolomics and network pharmacology
analyses reveal that Huoxin pills ultimately exert a pharmacological effect on stabilizing AS vulnerable plaques by activating the
PPARy nuclear receptor, upregulating the expression of the PPARy/LXRa/ABCA1/ABCG! pathway, thereby facilitating
cholesterol efflux from macrophages and inhibiting NF-«B/IL-6 inflammatory responses. Western blot and Real-time PCR results
show that Huoxin pills can upregulate the protein and mRNA expressions of PPARy, LXRa, ABCA1, and ABCGI in the liver
tissue of ApoE” mice (P<0.05) and downregulate the expression levels of NF-«B and IL-6 (P<0.05). Conclusion: Huoxin pills
may enhance the stability of AS vulnerable plaques by regulating the PPARY/LXRa/ABCA1/ABCG1 pathway and suppressing
inflammation, thereby reducing lipid deposition and macrophage infiltration within the plaques.

[Keywords]
proliferator-activated receptor y (PPARy)/liver X receptor a (LXRa )/ATP-binding cassette transporter Al (ABCA1)/ATP-binding
cassette transporter G1(ABCG1 ) signaling pathway

atherosclerosis; Huoxin pills; vulnerable plaque; metabolomics; network pharmacology; peroxisome
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LT YENE RNE BT IR FEAZ O ST BR B R AE SN, By K
A RO A S AR TR B, S S R R K 25 AR A G
fih g2 RIZR S UEARBETE R, 5 S BE R AT 5 B
Wit 4 B A1 S A9 40 B 5 3 05 AL T 40 G 5 IO i

- 118 -

IR G , WL 1) BE R P9 R S 1 O 2 I R AS
Biy YA BIF 5 B4 I O O

ST 225 W HE S AS B IR 1Y B A, A U
% 1 PR R TT AR 10 LA SR KUK, (H I R
IOL AT 775 B 0 ey BR A, AUl 7T 2 25 9 5 A AR
Jei , R S A AR WY JEAE S L AT 25 Bk A0 i A AU
G HE N R o HiZ 25 W) B ORE AR IR IR 2 A
[ B (LDL-C) , {H X BEHR P 2 E 8 A0 B 38 45 AR I o
B T B o PRI, 38 D) 5 280 R IR 7 5 g



H3255 164
20264 8 H

HEXBAFZRS

Chinese Journal of Experimental Traditional Medical Formulae

Vol. 32,No. 16
Aug. ,2026

PRAMETT W TE AS LR GG TT I SR BR M BRI 5%
A0 ILAE RUBS: o T BE 25 7E AS Bl iR 0380 B b
PeFie AS k0o o 0 SO 11 32 85 BBl , 7 P =
B o TS RN LS PINES T /= I ma F BTN 7
AS JIT 5 B (W SEHRTE 1 i e A S 1 P % A B
AR TR SRy B RO R T R A R R ek R e ) O B
HRIR AT CHO AL 22 B O i kR
FHUIMG, WONRHRRE AS MHIMEFH
CREAR AWNEN £ N SN 311N O a5 7 3|
R T 24 52 5 R M AR T AR N RS R [ A B
24y i bR o) T 24 B R 5 18 W (AR 45 WS3-B-
3476-98) , HLAT g A ML I 2858 ik 2 DAL, I R FH T
LI O SO R Y7 R 2 Bk A B IR T
A SACE 2P R e AS Sy B BEH ok 3 145 ) fE
(B b e B — B WA I 9 A T R
T Toll B 5Z 1A 4(TLR4) /b9 K AL F-a(TNF-a)
F IRl R e & 1 B L AR (ApoE” ) /MR AS,
ARHBEAHASH L SR, T O AL G faf i 2 H
g A I B B AR, 7E - S AR L RS E AS
GBS R IE LRI A T R G

FeF FR T 5, AR ST A A EE ApoE /N AS
R, 555 A0 2 25 5 4% 25 B 2R o0 L OF R B
A 535 B[ 375 5 (Western blot) FlT5E B ¢ O i€ B B &
it £ X 52 7 (Real-time PCR) 56 50 45 91 , 5 G2 48 7= 1
O LT AS 1 VE FIHE A S A5 53 B AL, R i IR
N FH A S 0 5 AR A . DU AR e i T i B
AT SR T A 2 W R T i
AS ZRGIRYT TR M B9 B e B A
1 ##
1.1 ¥ HEME ApoE 7 /NERL, 8 JE % , A 5 & 18~
20 go W T b 2 R AL S g S W B R AR ]
YAl JE 5 SYXK ( #)2023-0342, & #% iE 5 SCXK
(% ) 2022-0063, 3 ¥ B & & k W =
110011241107463446, 3l ) 1 55 T ) M b 2 25 K 2%
B W) S b IR DR B AR 22~24 °C, A7 X IR JE
50%, 12 h G I [a]
1.2 B3 AR EH M EZL KL S Y
e 2 B S b SEAT R BE5 20240808015,
1.3 5% 5185 Research diets = I8 1 8 (60% Jig
7 PR B Wi S S YRR, SRR B OKIE L
o AR BRI R R RAR A,
5245 D12492)  iH AL M A = i 2545 R A F
L5 1190002, HLHE 20 mg/HL ) , FIFEARAB T A (6 Hit
il 25 4 B2 &), [ 2 0 - H20051408, HLA% 10 mgx

7R /&) /N A A (IL)-6 K57 & . TNF-a it
& IL-1B1a0 7 & (VL5 i A0 58l A7 BR A W) 45 43
12K 202503.202410,202501) , i JIH [ 5 (TC) I 7 32k
& H 0 = e (TG 30 & K% AR & 1 i
B (LDL-C) I o 50 & e %5 82 g 4 11 B [ i (HD L -
C) I 1A e QORI 30 B A= W B T 7 A7 BR S /), 524541
WA V501668, V258422 V251566, V251565) , [ I
A bR S W o A% 68(CD68) BTk L a-F- Wt L3N &
H (a-SMA)HiIE IR AR R -HLL(HE) IR S
(Masson) Yyl 2545 2T O Yoyl 45 3% (R ZE 4 /R A=
YR A BRA AL 525 53 5 o GB123150.GB 12045,
G1004 .GP1032.G1015) , iz % £k Wy g 14 334 58 49 54 0%
ZAK y(PPARy) HLAR AR 2 A AL B (HRP) A5 i 9
BT 2 Bk R (M (Ig) G(H+L) JHRP FRid (9 11 3
Pt/ B IgG (H+L) (VL5 55 BHE YA 58 b A R 2
F) L5550 AF6284 .S0001,S0002) , ATP 454 &
¥ iz 1K G1 (ABCG1) 1L 1A | ATP 45 & & % iz 1K Al
(ABCAD)HUE JF X 3Z K a( LXRa) BUIA , B R AL A% 75
& K -kB p65 7 3 (p-NF-kB p65) NF-kB p65 Hi i
-3 -5 1R I &L (GAPDH ) #7144 ( 3& [H Proteintech
WAL BS54 5 13578-1-AP . 26564-1-AP | 14351-1-
AP 82335-1-RR ,80979-1-RR ,60004-1-Ig) .
1.4 X%  silicon wave 30 % KOLO #8 & Ji #8757
YR ARG (I EIT R AR A ), Vevo
LAZR %Y vevo2100 /h gl ¥ & 75 AL ( H A & &
VisualSonics 2 7 ) , XTS20 B A& A0 2 i 8% (b 5t 4= 78
IUER A RN F] ), BS-460 1 4 [ 3l A= Ak 4 1AL CHEIN
15 S A= BT LT IR AR AT BR A ] ), D3024R A i R
% 7R AL 0 ML (32 B Scilogex 2y Al ), Triple TOF
6600 I 57 1% X (3 /] AB SCIEX 2~ 7] ) , 1290 Infinity
LC 08 & A s A (G 2R B ),
Eppendorf 5430R #UAK I = 3 2500 AL (48 [ 30 AC R AL
F ) , Applied Biosystems %! Real-time PCR {¥ .
Multiskan GO % 4= % K i 1 {¥ ( 3& [ Thermo A H] ),
WIX-miniPRO4 # 3t 1 B JK 18 . WIX-miniBLOT #!
PR (F TR A R A A o
2 Ak
2.1 rH ERI KRR 2 42 HSPF ZUHEYE ApoE /)
5 B b 752 12 J o BAILER 2 /N BB FE B3
SR AT IMEL O Je 0, B T AT UL = Bl Jik g S K v AR
JE 0T BE HIE B, TN AS B & g T . AR R A AR
B JE BEHL A N 4 4, AF 41 10 H AL G BRI 4 | il 5
A TT 20 3% O AUAIG R R R 45 53 B CSTBL/6T
10 RAE N IE R 4L, IEH K. S B 7 1%
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HEON 30 P 1 45 2000 i A e RBGHEAT IR, & %
Crr 2§ 29 BRAF 58 7 3k 28 ) o 1O FUAIK ) i A O 25
SO N H R = LBl 18.2 mg kg -d”, i O AL F &
HNER 2557 =, B 36.4 mg-kg'-d”', BIFE R AT
MR 1S A5 R B 2.5 mg-kg'-dT . BRI
HIEF A4 H e SRR K S A
AR ) B B 259, T TR 8 ] o
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AE T ONERIK 12 by, B IS 22 BR HIE 5 ik A R 1 2
1.0mL, & T 1.5 mL T &5 08 h o Il AEA = iR
i E 30 min, fE MWK A ARBEER S, T4 °C.1 000xg &
> 15 min, B _E 2 LT , 80 °CUKFE A7 %5 HH -
2.3 E R RN BR A Bl ik B 3 sl Tk i g AT 46 N AR
22 {H (Dd-Ds) H1 3= 3h ik Bk 4 0k 2 B2 (PWV) - 6 2
JBR T 1 /0N B LA AT Bl 22 34 1 o A 3h W 4 1 O &
K /I BT S 28 N RR R T EE, DAHR B R 2%, U K
1 L-min™ /Y 5 580bE 4E 15 R BE . 7F M-Mode BU$IE X
AR S K S AR Sl kD) G M 8
i, 38 5 vevo LAB 43 Mt JK 14 XF T 75 68 75 (&1 i#F 47 4%
Mr, 3R Dd-Ds{l . 7£ B-Mode 4R F , 38 3=
Sk = Ui iy B AL EE , 6 I T H b Traced
Distance” | i & 5l ik 5 K J& ; 7€ PW-Mode A% JE =X
LA SR A 3 B Ik R R D ) Ak T ) T
S ) W MR . E Sk PWV=F ik 5 K
J /(3 8 ik 55 328 v B 17) 2 — 32 20 ik 5 30 s 1) ) 22 ) 3
BRI F Sk A PWV I . A BENLER 3 B
ANERGHEAT RN . g N B 32 0 bk 5 B A ) 8
Bl Ik ¥ 1% 252 R 4L 340 s JEW 0 R, IO (E AR R
2 /N B e 2R T
2.4 4 A B A BT AR I /N B IR K R
4 A B A R 4 B AR I it T TC L H =R (TG) .
LDL-C fl HDL-C /K-,
2.5 [ ER B g% W BN A 1 (ELISA) il /0y BRI
JORE I F R A ELISA & W /) B af % 1L-6.
IL-18 . TNF-a /K- % B8 B 43 A7 #24F ,  VE 5
HEM AR IR IE O 4 7H5H & i
2.6 HEY W5 Ea AR BEIIL S F o kR
WK AE Y R R FHHE G 6, 55 F LS BEHUE S R
Image J IG5 B R 1F T 30 20§ 5 e I, 1 H 5 BB
8 D T 1A
2.7 LT O Y (0 DT Al 3 Bl kN FB B By g BT T AR
F B KR IR IRV 7R IR AL O T AR MR 4 o5
AZEZ Y5 R PENE B 4, T A B N IR
JEULR o R FH Tmage T EE 20 B 0 DA £ (59 325 37 5]
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Ml M a-SMA ik FEBKAREBIK IR A% i 4
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210 BEHG BB (VD IR RAIHAEARK VI=
(L Mo 44 R X 55 2+ i A 0 2 s )/ COF- 3 L 4
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EIRFER I VI,
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YR ATl er O G (o, 4o 2,25 2L i ] Image J EI% 57
BT A LA e 1 2 R 00 B 1 % e DX 3, 0 4t g o 1
AN ORI EE LR N TR 20
212 JHWETC Eapfaill B8 TC It & 3t Wl 4
FTHRAE o FRIBUIF IE T 5, A 9 A5 44 FR i) ol i 6 2
PO, VKK F A T 8 75 i &S i AT K 5 TC
TAEWIRA),37 °CF & 10 min, I 7£ 500 nm &b I 2
#Al4.
2.13 WG HT SR 2 FR G 24 B R e
JE 5 43 ¥ F & B3 BE (TCMSP, http ://old. temsp-e.
com/index.php) Fl th 2 23 F LI A= Wy 1% B 5 40 A T
BB 45 %2 (BATMAN-TCM, http : //bionet.ncpsb. org.
cn/batman-tem/) §ifi 35 1 /0> HL P 45 2H 0 1 3 1 0 B
Lo I TCMSP s R AR IR 2 NS A4 8
Zr Ak B UK R A, e R AE R B (OB) =
30% . 25 1) #H L P (DL ) >0.18 ; i 1t BATMAN-TCM
Bt P AR HUME R L RE I B BR LAY, RE £ A 1T 4 1
{H (Score cutoff) =39, P<0.05. 7F 3N 4 B B4 &
(GeneCards, https: //www.genecards.org/) . f£ 2k A3
A8 R 5 A% BUHE iE (OMIM, https : /www.omim.org/)
#1 DisGeNET (https : //www.disgenet.org/) L #f& &£ |
B F K& 17 ) “ Atherosclerosis” , UL AS A G HE A,
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F FH Venny 2.1.0 F- &5 (http://bioinfogp.cnb. csic. es/
tools/venny/index.html) 38 15 1 .0 FL 5 AS /) 3 4 48
Moo BETE O LI A O T 5 R AR A
Cytoscape 3.9.1 8R4, ¥4 2 25 ) -0 %k B 43 - " ]
AL 26 8] . B 3% O AL-AS B AZ SR B S IR S B E A
HAE M 4% 43 B B0 HE 22 (STRING, http : //cn. string-db.
org/) , 4 & F 1 0T - A F1 BT AH B T (PP) M) 4% 4] .
¥ E (H (Degree) . /1 31 (Betweenness) . H 0> 1
(Closeness) K T ¥ {ELAE Sy i & 45 4F , i 8 th OC B 4
SR PP 48 T A AL o 7E T RS AT WAk RN AR Rk R
¥ 2 (DAVID, https://david. nciferf. gov/summary.
jsp) I ATE O LS AS SR IE IR, I FR E W R R
“homo sapiens” , 7 Bl KL P A 498 (GO ) ‘& 4 B4
SRR S B H R A 1 (KEGG) & 8 .
W GO Y RE & 4 Y 2B W 2 o #2 (BP) L 48 il 21 1
(CC)F4rF 2 te (MF) , | 75 £k 2% 141 99 3l - G A= R
W™ 3 (https://www. bioinformatics. com. cn/) 2 il H
GOt E £ AWK, I KEGG {7 5 I /5 M iy
H 30 425 B, B H 76 22 22 1 I 3l - 2 1 O s 22 +hl
th KEGG Ty fig & 4 it & .

2.14 R4 Hr

2.14.1  IMIEREAL B MIE AT 4 °CR T, B
100 L, A T %% H B - 215 (1:1)400 wL, i g 1
A],-20 °Ci % 30 min, 4 °C .14 000xg &[> 20 min,
B EHAES T8, ZEEmA 50% 2 KSR
100 L, i JE 2 00 b W5 SR

2.14.2 %% R Agilent 1290 Infinity LC #
TRk WM 3 R 48, LA Waters ACQUITY UPLC
BEH HILIC f43% 4 (2.1 mmx100 mm, 1.7 pm) #£47
Ay SRR 25 °CL I 0.5 mL-min”, HFRE & 2 wl.
oA A R K + £ R B (25 mmol-L7) + & K
(25 mmol-L") , Wi sh #H B N & B 5 B & 36 i (0~
0.5 min, 95%B; 0.5~7 min, 95%~65%B; 7~8 min,
65%~40%B; 8~9 min, 40%B; 9~9.1 min, 40%~
95%B;9.1~12 min, 95%B) . &~/ Hr i &2 AL
BT 4 °CHBNERERS T, R FH BENLIGUT & 2L dE 4 I
FEAE A BA 51 v 4 A ST A 4 1 (QC) B i LA W T 3R 456
T M BB H v

2.14.3 JEiE & R A AB Triple TOF 6600 Jifi i¥%
A, 7F HL I 55 3 7 U (BST IE  f i B0 47—
HMm g FERE., BTESHES FERIES
60 psi( 1 psi=6.895 kPa) , i B L& J1 60 psi, A <
(CUR) Jy 30 psi, B 5 i B 600 °C , Wi 25 H &
K +5 500 V, — Z T 4 6 [ m/z 60~1 000, FFH

ff [8] 0.20 s/spectra; — 2% Jit i 5 % & [l m/z 25~
1000, 2B ] 0.05 s/spectra. & A5 B #i 2R 4
(IDA) B3R B G0 i % , 72 % 3% A high, 25 /%
J£(DP) A £60 V, filf & & & 4 (35+15) eV, IDA %
B HERR 4 Da N R 2, AR 6 28 W 10 - i
BT
2.14.4 B ¥R M R IR B HE 4 ProteoWizard
(v3.0.6428) i 4 fy .mzML #% =X, 5% J] XCMS & %
(online 3.7.1) #F 47 W XF 55 | F B I (] A% 1 01 04 [ AR
PRI, K WAL S RS 5 A SIMCA-P 14.1 51 fF,
HEAT 1E 58 it e 7 — 3¢ - 41 51 43 T (OPLS-DA) . LA
A5 A (VIP) fH>1 H P<0.05 A b i
22 AR o A H AR S Y 35 22 (METLIN, https://
metlin. scripps. edu/) 1 & i B 7 2 Qi 9 %0 P8 1%
(Omicsmart, https: //www.omicsmart.com/) #1745
Y e M, JF fF F MetaboAnalyst 5.0 (https://www.
metaboanalyst.ca/) # 77 KEGG 1t 18] 18 % & 4 7517 -
b A AR A A T 2 G N R ik B AR R A PR
N E IR
2.15 Real-time PCR % /)N BRI 2H 21 PPARYy .
LXRa,ABCA1,ABCGI il NF-kB mRNA ik fii
JH HiPure Total RNA Mine Kit i & M /N BT I 42
HUECRNA 2R HT G 230606 B T E RNA 4l i &%
e &, fiff H PrimeScript™ RT reagent Kit with gDNA
Eraser i % 5% 3057 & 45 il cDNA, Real-time PCR &
1 % FH SYBR Green Premix Pro Tag HS iR #Y i 7|
£ 7F Real-time PCR 240 L iFA7 . 0 R SR
20 pL, P AR T R 95 cCHIAEPE 30 5595 °CAEPE S s,
60 °Ci *k 30 s,72 °CHEfH 30 s, 2 40 N F IR 5 15 ff
LT 4R 65~95 °C, BEFHI 0.5 °CRAE 1 1R %
fH55. BRI 3NE I, LN GAPDH NN S R
MR H B SR AR SRR R, 51 AR T AR
W) TR A5 B2 |4 0L 51 P 5 WL 1
2.16 Western blot A I /) BT I 4 21 PPARy .
LXRa, ABCAl, ABCG1, IL-6, p-NF- kB p65 il
NF-«kB p65 & 14315 K RIPA-PMSF- % it 717 il
F 2R AR I3 (1002 12 12 1) Y 246 22 wh i m AT
JIE 4L 2, ¥ VRIS A ) 3 o il R 1 IR
(BCA) & ik &b 4T By & e & . i
HL K 24 A A T b L IR B - SR TR U T 9 PR
Uk (SDS-PAGE) #E47 4 F1 5t #1 Uk , I 2o 32 5% #% 5
TCH R RS B B 9 2 4% (PVDF) B | 1
R T P B B B 20 min, TBST ¥k 4%
5, B K S min. 4 B0 A B B BT R PPARY
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&1 5055 M R R BEAE R4 T E 1, B R AR Rs 5 LU H /Y

Table 1 Primer sequences %%RF}Z{E/GAPDH %%%TE{E%% N
S ; FFI(5-3") K& /bp 217 GEiPeEARFE D5 R JH SPSS 22.0 # 4 i AT
GAPDH _Lii# GACATGCCGCCTGGAGAAAC 101

B I 25 1 K 50 PR B0 KRR R . 45
T AGCCCAGGATGCCCTTTIAGT B E A A 56 T 25 5 A %{U?}WJ& . fF
PPARy  I'Jf AACCTGAGGAAGCCGTTCTG 149 FIEE AR TR M x + s Kok . 24 H
i GTTTAGAAGGCCAGGCCGAT SR LS4 3 Ty 2 43 07, 45 7 2 5 W3t — 45 1 Tukey
LXRa 1% GCCTCAATGCCTGATGTTTCTC 192 *ﬁ%\ﬁﬁ?ﬁwj Hﬁ ZB—C . L) P<0.05 j’\] % E‘/E:ﬁ éﬁi‘l’%

T GCTGACTCCAACCCTATCCCTAA e _ . I S e 22
B, K . 172 N
ABCA1 i GTGGAGGAGGACGGCTTCAATC 191 X *Fﬁ GraphPad Prism 8.0 %\ H:L/TT ﬁ1+ H/J

T TGTACCATGTCATCACGCCATAGAG

ABCGl  Eif CAAGACCCTTTTGAAAGGGATCTC 198
Fii# GCCAGAATATTCATGAGTGTGGAC
NF-kB  [if CTCTGGCACAGAAGTTGGGT 197

T i ATCCCGGAGTTCATCTCATAGT

(1:1 000) \LXRa (1:1 000) ,ABCA1(1:1 000) .
ABCG1 (1:1 000) ,IL-6 (1: 1 000) . NF-«B p65
(1:500) .p-NF-«B p65(1:500) 1 GAPDH(1:10 000)
—Hi 4 ClER I . FFHELE 1:5 000 7 B 1) HRP
TEZ MR N E 1 h, JF g sk~ otk (BECL) 1l
B, KM Image R X H (19 %5 & W2 GAPDH

L3k

HiH

22, I 43 PR A 8] EL 5 B 2E AT Ak ST R AR ¢ K
5, H 45 5 SPSS TR 45 A B A% X — 3,

3 #R

3. IO ALK AS /N BRI AR R S 5 OE R
4 b A, AR 2 /0N B 3 B ik B 351 8h ik Dd-Ds fH B 3
FEAK, PWV {H W 35 T/ (P<0.01) . S5AEAIL] Fb 4,
BT 6 A Al VT 20 5 3 o AL v R At 4 3 Bl ik &% 35 8 ik
Dd-Ds {8 2 Z Ft & , 3 8 ik PWV {H & 3 B R (P<
0.01) ;3 0> LA & 41 3 34 ik Dd-Ds {8 B & 75,
PWV {5 B { Bk (P<0.05) , {H. %t 2 3 ik Dd-Ds {5 1Y
ME 22T RGO F R IR R 2 E2 K3,

VE AR 20 s B RN CBTHT AR AT 4 DL O LR S5 20 5 B3 O oAL =i 57

1 FEOHAI AS/INREF IR F 0Bk Dd—Ds B 1

Fig. 1 Effect of Huoxin pills on Dd—Ds in aorta and carotid arteries of AS mice

iz |

B ) 22 I

K&

B2 FOAIASNREZKPWVEHNZ M
Fig. 2 Effect of Huoxin pills on aortic PWYV in AS mice
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x2 EOAX ASMREZBKEFF K DA-DsEHIFI (X + 5,n=3)
Table 2 Effect of Huoxin pills on Dd-Ds ratio in aorta and carotid

artery of AS mice (x+s5,n=3)

mm

20 51 Flhi/mg-kg'  FBPkDA-Ds  #HiFlk Dd-Ds
IEH A 0.281+0.017 0.1000.006
R4 0.072+0.018%  0.045+0.006%
BTG ARt 7T 40 2.5 0.213£0.011Y  0.093+0.017"
FERINP (35571 B=¢7: | 18.2 0.125+0.006”  0.066+0.010
T 0 HL e ) 4 36.4 0.224+0.030"  0.091+0.007"

W5 IE 4 Y P<0.05,2 P<0.01; 5858 4 [ A Y P<0.05,
YP<0.01(F3-£11[H)

3.2 %O UK /N BRI A AK SF B 5
B BRI ZH /N BLUIM W TC. TG . LDL-C /K F i & Ft &

x4 FEORITAS/INE TG.TC.LDL-C . HDL-C K FEH BN (¥+s,n=6)

HIEFA L

R3 EOAI ASINREZBKPWV ERIRI (X£s5,1=3)
Table 3 Effect of Huoxin pills on aortic PWV in AS mice (x+s,n=3)

415 M /mg kg F ik PWV/mm
IEH 0.993+0.041
AT 2 3.194+0.065>
BT FE A ABTT 41 2.5 1.494+0.391"
T O U 4t 2 18.2 2.023+0.120"
T O AL e 7 2 36.4 1.619+0.237"

(P<0.01) ,HDL-C/K VS LG IHF#E L, SHA
AL H BT AR At T 20 B 3G o0 FUAKG | v 5 2 4 /0 Rt
i TC.TG.LDL-C 7K *F ¥ W] & F% fik (P<0.05, P<
0.01) , HDL-C /K *F 8§ & JF & (P<0.05, P<0.01) ,
W4,

Table 4 Effect of Huoxin pills on TG, TC, LDL-C, and HDL-C levels in AS mice (x+s,n=6) mmol-L"
215 # 4t /mg- kg TC TG LDL-C HDL-C
EHA 1.715+0.306 0.768+0.084 0.230+0.062 2.588+0.618
LT 2] 19.613+0.018% 2.358+0.201% 10.963+2.429% 1.698+0.126
B[ FE AR AT T 41 25 11.382+0.789% 0.748+0.068" 5.243+0.755% 8.372+1.293"
T O ALK ) i 41 18.2 15.816+0.415% 1.833+0.261% 8.878+0.529" 5.863+1.297"
TG 0 R 7 e 41 36.4 10.600+0.795" 0.798+0.039" 4.898+0.068" 6.643+0.688"

33

T O UK /N BRI 3 % AE B IL-6. IL-18.

Y 2 LB BT 6 Al 77 20 K 0 o0 AU | i R o 4

TNF-a /K P52 5 0E & 41 b, B8 4 /N Bt
I IL-6 . IL-18 . TNF-a 7K F & & F+ 5 (P<0.01) . 5

/N BRI 3 1L-6 . IL-18. TNF-a 7K 7 ¥ B i [ ik (P<
0.05,P<0.01), L35,

B A AS/NR M E IL-6.IL-18. TNF-a @ 2 T M (x+s,n=3)
Table 5 Effect of Huoxin pills on changes in serum IL-6, IL-18, and TNF-a levels in AS mice (x£s,n=3)

LB

TNF-a

21 5 4 /mg - kg IL-6
E A 0.064+0.013
AR 2 0.597+0.050>
BT FE At T 41 2.5 0.235+0.550"
T O AU ) 4 18.2 0.328+0.027"
17 L HL e 7 o 41 36.4 0.258+0.003"

84.606+15.334
239.860+12.274”
180.748+6.873"
210.304+3.595"

186.489+17.015%

627.348+17.991

875.595+25.901
775.441+28.213%
825.442+18.026%

703.303+64.579"

3.4 T5 O AL XTI B Bl Dk e BT BE B OB B Y 52

W WA R B R AN R E Sk S e B
TeRE BB . REARNZH F g kS B IR BT
T BT FE AR AT 20 K 3% 0 ALK | v 791 4 30 e 34 O[]
DR . HE Qe (25 B oK, 5 0E % 4t A Al
20 = 2 ko 80K A AR BT B B, PN R R B e v FR
W, 2 RA SR E X (P<0.01), SEIARIA
Pl 488, BT G A b 7T 4 B 3 O AUAIG | iR A9 S 4 5 B
TR >, 2 R A gt 7 L (P<0.01), ILEL 3.

Kl4.% 6,

3.5 IO ALXS /N B T B K P B BT LS 5 .C D68
a-SMA VIR0 3 3 JJk B B (1) Masson %4 €4 il
L O YL o K S 41k CD68 .a-SMA YL i 45 5 B R,
SRR 2 PR, 4% 2 24 21 B M i D i 3 I S TG
(P<0.01), A5 /53 Bz F s 240 a5+ WY &b 98 2> (P<0.05, P<
0.01), % 0> AL 5 7 7 2H o-SMA 553k i 3 2 7F (P<
0.01), WL 5. 37, MAh, SRR LLER, BT MTT
20 B O e AR 2 /N B B K BB VI
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T 2L SR 8 7R B
3 BEBOAMNASHRESNKSHRSFEHOE M (14X W3
55 ,%20)
Fig. 3 Effect of Huoxin pills on plaque distribution in aortic arch

of mice (stereomicroscope, x20)

B (P<0.01), W47,

3.6 LU AFERS BTUTARAY R R SRR 4L L
A0, ALY 21T JUE 3 21 O BH P DX 3w AR S 2 B (P<
0.01) . HBERIAL L ET , BT HE A 7T 2 K3 0 AL
ARG 7R i 2H BT U i 21 O FH P DXl v AR . 2 Ok 2D (P<

D
B4 FOAIAS/NRIRERAFZN (HE, x100)
Fig. 4 Effect of Huoxin pills on plaque area in AS mice (HE, x100)

Fo6 EOAMAS/NRBERERAFM (xts,n=3)

Table 6 Effect of Huoxin pills on plaque area in AS mice (x+s,n=3)

25 # 4 /mg- kg e ALY H /%
E A 0.000=0.000
Hi 70 2 0.597+0.055>
BTG e 71 4 2.5 0.235+0.055"
I 0 AR ) 2 18.2 0.328+0.027"
T L ) A 2H 36.4 0.258+0.003"

0.01), LK 6.528.

Fz7 BEOHAITASNREFHKBER A ISR LR .CD68.a-SMA VIHIFME (x+s,n=3)

Table 7 Effect of Huoxin pills on lipid, collagen, CD68, «-SMA, VI in aortic plaques in AS mice (x+s,n=3) %
20 5 FliE/me kg BRI SE/BEH R B R (/B H AL CDOS/BEH BB a-SMA/BE B 1M AL VI
T IR 2] 0.780+0.096 0.380+0.013 0.593+0.155% 0.3110.076 1.994+0.172%
BT FE AR AT 41 2.5 0.306+0.098" 0.691+0.064" 0.119+0.027% 0.416+0.080 0.379+0.065"
T O AU ) 6 2 18.2 0.454+0.141> 0.548+0.017" 0.251+0.066" 0.310+0.047 0.827+0.230%
T O AL s 7 20 36.4 0.273+0.111" 0.748+0.058" 0.146+0.035" 0.523+0.086" 0.332+0.110"

TE IR WL BEHOE IR, &4 bR 0

3.7 WO HUKTFNE TC A R m SIERF 4L
B, BB 2 I IE TC % it 35 18 i (P<0.01) . 5K
RUL L H B FE AR At 7T 20 36 o0 U AR | 7)o 4
JIE TC &5 2 ¥ 00 8 )8 /b (P<0.05, P<0.01), I3 9,

3.8 IGO0 JUBT AS W 4 25 B 2% 4 BT
TCMSP F1 BATMAN-TCM %4k 8§ 1€ , JE 41515 0
UG PR B4 126 A, XF AR TR AL 115 . A
GeneCards.OMIM . DisGeNET %% #% /£ K 2% 3K 15 AS
AHOCHE J0 1 7024 0 P& IROAC 46 45 B O ALIR I
AS (W FENE ISR 05 3324 5 3324 S0 4 40 - %
% STRING ¥4 )& , #515 PPI M 4% 18] . #2 f% Degree .
Betweenness . Closeness K T Y {5 -~ i 16 454, 0 &
O HRRE A O R S R AR S 26 RO T AR B R
M BB B1 (Aktl) | TNF, % & B K [H 1 %2 1k
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(EGFR) .SRC .PPARy Jun 5L 2 K (JUN) Ml &
ZAK 1(ESR1)% . Hrf PPARYy [ Degree {l HE4 45 5
. GO E 4R BR ,BPAREREEEMN
A SAE R A B M S 9 T O (ERK) 1 T ERK2
IR IE A LA RS 1 OE R . CC Ay R
BEE B A 40 M R 40 A A DX 4 B AR S I A, MF
SRR IRBEENAE RS G A E L
& WA . KEGGH I E £ R E N, F&M
T A5 AL 55 M DR I K 1R R AL R PR W /52 Ak
(AGE/RAGE) 5“5 38 it . 5 Jit 5 2l ik o5 A 8 Ak 98
i 3 A AR B U0 N ) 5 B Dk ok AR AR AL A DL 5
H R B in A+ A

3.9 UG ALPTAS WIS R A e BT R AR AR
I £ T 20 2 A6 0 4% 20 /0 BRI 3 £ 3843 . OPLS-DA



%32 &5 16 1
2026 4F- 8 H

HESXBARFRE

Chinese Journal of Experimental Traditional Medical Formulae

Vol. 32,No. 16
Aug. ,2026

EAX)

Masson

a-SMA

CD68

C D E

Bs5 FORAI ASINREFN R AIE R KE.CD68.a-SMA & BHIFM (HA 1L, x200)
Fig. 5 Effect of Huoxin pills on lipid, collagen, CD68, and a-SMA levels in aortic plaques in AS mice (IHC,*x200)

D E
El6 ELxt AS/INRETAEHLL O AR B ERMFM (ML O, x400)
Fig. 6 Effect of Huoxin pills on oil red O-positive staining area in

AS mouse livers (oil red O, x400)

x8 FBOAINAS/INBERBEHRIOMMELEER
n=3)

80 (x+s,

Table 8 Effect of Huoxin pills on oil red O-positive staining area

in AS mouse livers (x+s,n=3)

215 4 /mg kg Jig ¥ T R
IEH 4 1.000+0.187
T 41 12.591+1.198%
BT HE £ AT 41 2.5 2.242+0.465"
T O AU ) 21 18.2 3.889+1.663"
T O AL ) L 36.4 2.531+0.852¢

*F9 FEOAITAS/INRIFBETCEEH RN (X+s5,n=3)

Table 9 Effect of Huoxin pills on TC levels in livers of AS mice

(X+s5,n=3)
215 4 /mg - kg TC/mmol-L"!
I 0.589+0.130
B 41 1.9420.208”
By 4C e 77 40 2.5 0.936+0.101%
T 0 LA ik 2 18.2 1.576+0.100"
T O AL TR A 41 36.4 1.212£0.055"

SER N IE R BT RGO U 2 AR
FAAER I8 o ik — B I IR R T SE 4 | 3547 200
U A 55, 45 5 B 7 B LB AU Y RPY (R X Y AR
IR B 46 )=0.987 il O° (B AL (1% Tl il %2 )=0.831, 0*
5 YHIA2E T-0.154, 3= B BT dE AR A A7 A6 3 100 B
S H AR dt: . R R E, EWAS
LAY 2 ] S 4 i 226 > 25 AR Y R 2 5 0
O UL TR 2 7 1254, P 3 B AE B 15 3] 58 ATk 0
Ju LR A, b 2 BRI A 324,
TR YA 264 . SRR A, TGO AL
200 T U A A A A = e UL A -5
FHIR 45, 25 b A 0 A ) 60 465 R U7 IR 4 5 s I 1R
(FAHFA 36:3 . FAHFA 36:2 FAHFA 34:2) H i i
MR NG5 . KEGG & &7 Hr 4 R R IR iR 2 %
F 8 09 A R TR AR ) A R 2 AR A i PPAR
{55 30 SRR A5 = I AR A A D R A A 5
- 125 -



532 B 16 ] HESSEFFFHRE Vol. 32,No. 16
202648 H Chinese Journal of Experimental Traditional Medical Formulae Aug. ,2026

UL 3 L R BRI A R o S I 4 2 2 T 25 2R 5
R AR A 2w A BT, W 3R [ 4R ] PPAR {5
[ K QI - 9 RE A DG IR A%, LS 0k B K
K HEHY 5 PPARy .LXRa .\ ABCA1 ., ABCG1 Jz % i 4
[N F NF-kB . IL-6 # 4T Western blot 5 iF . LXRo W wee—s ssess S 50 kDa
3.10 7 0 JU R 45 2 /N BB UE 41 21 rf PPARYy .
LXRa ,ABCA1,ABCGI1.p-NF-«kB p65.1L-6 % 1%
K R R, 5 IEE A R, AL AL/ B
JIFJUF 4 41 b PPARy .LXRa .ABCA1 } ABCG1 % [ S ——— 65 LDa
F 3K KB &R %, p-NF-kB p65 K IL-6 ) & 1 & p-NF-xkB p65 e G5 D,
T S S

K AL-6 [ AR B K8 % T, 25 A %01
B N (P<0.01), WK 7.3 10,

PPAR/ ey e ey @GP 5/kDa

ABCG1 [- SRS SRR e 75kDa

=T e

ABCA1

NF-xB p65

ik 7K 7 B T R (P<0.05, P<0.01) . 51 A0 41 1 T

B, T O U AR R 2 N B IE 41 21 PPARY .

ABCA1 # 1 K F W] & F+ & (P<0.05) , LXRa,

ABCG1 3 1 R IE KV 2 7 To g it 5 L, p-NF-«B A B ¢ D

p65 K IL-6 I E I REKTFHE TR, 258465 T ALTE 4L BBE RS ; C. 3 O AU ik 201 D. 3 0 S s 70 ik 21

S , . 7 AS /s R BF B PPARy. LXRa. ABCA1, ABCG1. p-NF-«B
"_L’% Y ":Fl“ 'S;(IEZ 33

T2 3 L (P<0.05, P<0.01) ; 1 20 HL i 1) 4 2H /)N B 065 1L-6 % (15 4 F

H?HE?E?R':F’PPAR’y\LXRa\ABCAI\ABCGl EE% Fig. 7 Electrophoresis of hepatic PPARy, LXRa, ABCAIL,

ik K28 B 5 (P<0.05, P<0.01) , p-NF-«B p65

24 kDa

GAPDH 36 kDa

ABCG1, p-NF-«B p65 and IL-6 protein expression in AS mice

F10 FEOAIT AS IR FFBEAH A B PPARY .LXRa . ABCA1,ABCG1.p-NF-kB p65.1L-6 B B R XM (x+5,n=3)
Table 10 Effect of Huoxin pills on expression of PPARy, LXRa, ABCA1, ABCG1, p-NF-«B p65, and IL-6 proteins in liver tissue of AS

mice (Xx+s5,n=3)

21 5 it /mg-kg' PPARy/GAPDH LXRa/GAPDH ABCGI/GAPDH ABCAI1/GAPDH p-NF-«B p65/NF-«B p65 IL-6/GAPDH
IEH A 1.000+0.007 1.000+0.062 1.000+0.171 1.000£0.048 1.000+0.173 1.000+0.251
R A 21 0.613£0.029"  0.547£0.048%  0.430+0.106"  0.563+0.098" 1.479+0.193" 2.023+0.138”
17 L AR ) 4 41 18.2 0.947+0.022%  0.732£0.033 0.741+0.056 1.065+0.261% 0.725+0.143" 1.512£0.074"

T 0 e R Al 36.4 1.226+£0.243"  0.956+0.188"  0.983+0.294> 1.426+0.164" 0.542+0.166" 1.003+0.182%

3.1 3E O L XT 45 4/ B OIE 40 21 PPARY .
LXRa,ABCA1,ABCG1 ,NF-kB mRNA % ik [
M g5 R EOR 5 IR R A H R R AN B E 4
41 PPARy .LXRa . ABCA1 }2 ABCG1 mRNA % ik
KV & T % NF-kBRIXK B EA G, Z5HA

Gt E X (P<0.01); S BIAIA] A, 160 LK L &
7 & 41 PPARy .LXRa .ABCA1 }2 ABCG1 mRNA %
kKB B TF 5 (P<0.05, P<0.01) , NF-«B 2 35 7K
T E TR, 2R B AR E L (P<0.01), W
# 11,

F11 GFEOAX AS/INRIFAEAZLE PPARY . LXRa.ABCA1,ABCG1 . NF-kB mRNA RiEHF MY (x+s,n=3)
Table 11 Effect of Huoxin pills on expression of PPARy, LXRa, ABCA1, ABCG1, and NF-xkB mRNA in liver tissue of AS mice (x+s,n=3)

20 51 # 4 /mg- kg PPARYy LXRa ABCG1 ABCALl NF-«B
W 1.000+0.051 1.000+0.018 1.000+0.007 1.000+0.029 1.000+0.099
24 0.374+0.120 0.382+0.019” 0.502+0.007> 0.393+0.017> 2.992+0.447>
T O AU 41 18.2 0.842+0.089" 0.951+0.194% 0.758+0.021¢ 0.767+0.127" 1.721£0.014%
T O U 4 36.4 1.181£0.038" 1.973£0.057" 1.074£0.027" 1.465+0.076" 1.3840.086"
4 itig JUH SR A B VS 2596 97 AT B e O e O

W RZE NS AN e A
TR BT MEER CREIH B3k UK A, B AR
AL, R K Z o 2 TG R I R 1 O
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B P RSO T2 AS S D O B L
L5 3 375 A9 3 05 B Atk el o0 B0 00 7 R I
HE P A R MO R s, D R AL R
R, SR HE S TC 0, AT AN B KGE , B A
TE BB Y . AS 149 HLRRAIE 5 Hh [ 9 BH bR T8 1Y)
R — B, 160 L 28 AT I =2 DL, 5 IR0 R LR
R AL B4 A 0 L v B R

L5 (R 3 86 o ALS I A5 A A i LY S B
RPN 1K= E O VAN TR P = N 1 A RR AT
FJUREAR F= 3 ik PW VAE IF 38 il DA-DsAA , #2758 HA Y
FEAE 2% B B AR A, T RE o3 1045 RE 19 2R ) ) 2 R g
R AR I 0 S8 U, AT BB 23 T a4 e 17 94 0 L3 ik
W RE2E W . Mg o AR ZE AL 2 AS B LR Bh BT
HDL-C 7K F 5 IR [ {5 3% 1) % 32 (RCT) Ty fi %5 VI AH
He AR T S 0 AL X TCL TG, LDL-C K&
HDL-C (14> T4 15 4F 48 7% o r] B3 o fig #F RCT
O 4 B IR AR, R TG O L 25 R A AR Bk
B AR IR LS. SR A8 s AR LT A BF 5
AWM WA S 0 FAEYFRIUE. W
25 25 P A O R, 7R R R B O B,
PPARY /1) Degree {H HE 4 45 5 i , PPARy J& I #5 fIg it
R R E N K B R S I 0 22 A BT I T R
3f) RCT I #1 il NF-«B 45 2 4 38 [ , ixX 1E /2 T 7l AS
JI J5 - 9 i S PR ARG 2R A B AP T . KEGG & 4
g5 R MR IR TS B Bkok HERE AL AR BT VI ) 5
B ik ok B A AL AR W L (EAS T Y J2 , PPARYy fE
A% 7 R G R L e S A TR S B bk o A
A Ak 38 2% , H PPARy J& 1% 38 B% v Y S B I8 45 0 7,
A R BN 5 T i ABCA1/ABCG1 %5
[e] J A/ L PR 1) 26 36 5 1 T AR 8T 4 24 25 R R, VIP
A3 0T I AR A B 2 AR 4R O 3 O AL T AR SE
o P8 R R R I Ak K p- SR Ak A B D R B
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