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Abstract: Objectives: Atherosclerosis (AS) is a dyslipidemia-driven immunoinflammatory disease. While Tongmai Ji-
angzhuo Decoction (TMJZ) clinically improves cardiovascular outcomes through lipid-lowering effects, its molecular
mechanisms against AS remain unelucidated. This study aimed to systematically investigate the anti-atherogenic
mechanisms of TMJZ. Methods: Main active components of TMJZ and their targets were identified using Tradi-
tional Chinese Medicine Systems Pharmacology Database (TCMSP) and Bioinformatics Analysis Tool for Molecular
mechANism of TCM (BATMAN-TCM). Potential therapeutic targets were sourced from Online Mendelian Inheritance
in Man (OMIM) and GeneCards. Protein-protein interactions (PPI) network, Gene Ontology (GO), and Kyoto Encyclo-
pedia of Genes and Genomes (KEGG) analyses were conducted using Cytoscape. Molecular docking was performed
with AutoDockTools, AutoDock Vina, and PyMOL. Apolipoprotein E (ApoE)-deficient mice were used to validate the
targets. Results: A total of 395 predicted intersection target genes between TMJZ targets and atherogenic-related
targets were identified. Key anti-atherosclerosis targets of TMJZ included Peroxisome Proliferator-Activated Recep-
tor Gamma (PPARYy), Cluster of Differentiation 36 (CD36, fatty acid translocase), Interleukin 6 (IL6), Insulin (INS),
AKT Serine/Threonine Kinase 1 (AKT1), Tumor Necrosis Factor (TNF), Tumor Protein p53 (TP53), Interleukin 1 Beta
(IL1B), Catenin Beta 1 (CTNNB1), and Apolipoprotein E (APOE). Among these, PPARy/CD36 signaling emerged as a
pivotal pathway. In vivo studies demonstrated that TMJZ improved blood lipids, reduced plaque area and lipid de-
position, upregulated PPARy expression, and downregulated CD36 expression in aortic tissues. Additionally, TMJZ
upregulated Liver X Receptor Alpha (LXRa) and ATP Binding Cassette Subfamily A Member 1 (ABCA1), promoting
reverse cholesterol transport. Conclusions: TMJZ alleviates atherosclerosis by inhibiting lipid uptake via the PPARy/
CD36 pathway.
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Introduction

Atherosclerosis (AS), characterized by the thick-
ening and hardening of large- or medium-sized
arteries, is a leading cause of plague forma-
tion, stenosis, rupture, and bleeding. As the
major cause of death and disability worldwide,
cardiovascular and cerebrovascular diseases
present a critical global health challenge [1]. In

2015 alone, cardiovascular diseases (CVDs)
affected approximately 422.7 million individu-
als and resulted in over 17 million deaths.
Alarmingly, the affected population is becoming
progressively younger, posing a substantial
threat to human health and life [2, 3]. While cur-
rent treatments such as statins and surgery
offer some benefit against AS, they are as-
sociated with inevitable sequelae [4-6]. Con-
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sequently, investigating the underlying mecha-
nisms of AS and discovering novel therapeutic
agents remains highly important.

Tongmai Jiangzhuo Pill (TMJZ) is a promising
traditional Chinese medicine (TCM) formula-
tion. Developed through long term clinical prac-
tice by experts at the First Affiliated Hospi-
tal of Yunnan University of Chinese Medicine,
this pure herbal preparation contains Panax
notoginseng, Salvia miltiorrhiza, Hawthorn,
Rhizoma alismatis, Astragalus membranaceus,
Ganoderma lucidum, Polygonum multigonum,
Angelica sinensis, Ligusticum chuangxiong,
Red peony, Leonurus leonurus, Leech, and
other components. The formula functions to
activate blood circulation, resolve stasis, and
eliminate turbidity. It is particularly effective
for coronary atherosclerosis presenting with
qi stagnation, blood stasis, and phlegm turbid-
ity, demonstrating widespread clinical use
and remarkable efficacy. Previous studies con-
firm that TMJZ effectively reduces serum total
cholesterol (TC) and triglyceride (TG) levels in
AS patients, regulates lipid metabolism disor-
ders, improves plaque properties, and may
inhibit coronary atherosclerosis formation by
modulating platelet adhesion and activation
function [7, 8]. However, the precise mole-
cular mechanisms by which TMJZ exerts its
therapeutic effects on AS remain poorly un-
derstood.

Network pharmacology, integrating pharmacol-
ogy, informatics, systems biology, and comput-
erscience [9, 10], provides a powerful approach
for analyzing the mechanisms of multi-target
drugs and identifying pharmacodynamic sub-
stances within TCM. Molecular docking further
complements this by predicting the binding
modes and binding free energies between pro-
teins and ligands, offering validation for pre-
dicted pharmacological functions and me-
chanisms. Therefore, this study employed an
integrated approach combining network phar-
macology and molecular docking to elucidate
the potential mechanisms of TMJZ in treating
AS. We investigated the anti-AS effects of TMJZ
in atherosclerotic ApoE deficient mice and
subsequently evaluated the predictive ability of
the network pharmacology approach. Finally,
the key targets identified computationally were
experimentally validated (Figure 1).
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Materials and methods

Potential targets identification of TMJZ and
atherosclerosis

The compounds of TMJZ and their correspond-
ing targets were obtained from Traditional
Chinese Medicine Systems Pharmacology
Database (TCMSP) (https://old.tcmsp-e.com/
tcmsp.php) [9] and Bioinformatics Analysis
Tool for Molecular mechANism of TCM (BAT-
MAN-TCM)(http://bionet.ncpsb.org.cn/batman-
tcm/index.php) [10]. Filters applied included
OB (Oral Bioavailability) = 30% and DL (Drug-
Likeness) > 0.18. AS-related genes were sc-
reened from the Online Mendelian Inheritance
in Man (OMIM) (https://omim.org/) and Gene-
Cards, using the keyword “atherosclerosis”,
with the targets in this study limited to human
genes. Disease and drug targets were stan-
dardized as Gene Symbols using Uniprot data-
base. Venn diagrams, generated using Venny
2.1 software, were used to visualize the inter-
section between drug and disease targets.

Construction of component-target-disease
(CTD) and protein-protein interaction (PPI)
networks

The intersection targets of the TMJZ and AS
were imported into Cytoscape 3.8.2 to con-
struct the CTD network. The species was set to
Homo sapiens, and the minimum required
interaction score was 0.90. Protein-protein in-
teraction (PPl) was constructed via STRING
(https://cn.string-db.org/) and then visualized
with Cytoscape 3.8.2 software to identify
potential core target networks. Betweenness
centrality (BC), closeness centrality (CC), and
degree centrality (DC) were calculated via
CytoNCA for core target identification.

GO and KEGG enrichment analysis of TMJZ
components and AS targets

DAVID (https://david.ncifcrf.gov/) [11] was used
to collect data for Gene Ontology (GO) analysis
of biological processes (BP), cellular compo-
nents (CC) and molecular functions (MF) [12],
as well as for Kyoto Encyclopedia of Genes
and Genomes (KEGG) enrichment analysis.
These analyses were then further evaluated
by Bioinformatics (http://www.bioinformatics.
com.cn/).
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Figure 1. Workflow of this study. TMJZ, Tongmai Jiangzuo Decoction; AS, Atherosclerosis; BATMAN-TCM, Bioinformat-
ics Analysis Tool for Molecular mechANism of Traditional Chinese Medicine; OMIM, Online Mendelian Inheritance in
Man; PPI, Protein-Protein Interaction; GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; CDT,

Cluster and Data Triangulation.

Molecular docking validation

Molecular docking of core components and
targets was performed. The 3D crystal struc-
tures of targets were retrieved from Protein
Data Bank (PDB) at https://www.rcsb.org/. The
pdb-format files were downloaded, dehydrated,
hydrogenated, and prepared as receptors using
AutoDockTools (version 1.5.7) (https://ccsb.
scripps.edu/mgltools/downloads/), then saved
as pdbqt files. The sdf files of the components
were obtained from the PubChem database,
hydrogenated using AutoDockTools, selected
as ligands, and exported as pdbqt files. Mole-
cular docking was performed with AutoDock
Vina, and results were visualized by PyMOL.

Preparation of TMJZ
TMJZ is composed of Panax notoginseng, Sal-

via miltiorrhiza, Crataegus pinnatifida, Astr-
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agalus membranaceus, Ganoderma lucidum,
Polygonum multiflorum, Lycium barbarum, An-
gelica sinensis, Ligusticum chuanxiong, Pa-
eonia lactiflora, Leonurus japonicus, Hirudo,
Alisma orientale, Cassia obtusifolia, and Ne-
lumbo nucifera leaf. The pill formulation (speci-
fication: 22 pills 1 g, equivalent to 1.16 g
crude herbs per 1 g preparation) was va-
cuum-dried and pulverized into a fine powder.
For administration, the powder was suspend-
ed in physiological saline to prepare a solution
at 0.26 g/mL (calculated based on the pre-
paration weight). This concentration was de-
rived from the human clinical dose (10 g, twice
daily) converted to a murine equivalent (2.6 g/
kg/day) using body surface area normali-
zation [13], accounting for a maximum to-
lerable gavage volume of 0.1 mL/10 g body
weight in mice. The suspension was vortexed
and sonicated to ensure homogeneity before
use.

Am J Transl Res 2025;17(9):6727-6742
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Animal study

Male apolipoprotein E knockout (ApoE-/-) mice
and C57BL/6J mice (6 weeks old, 21-24 g) were
obtained from Zhishan (Beijing) Health Medical
Research Institute Co., LTD. (SCXK (Beijing)
2022-0009) and housed in a Specific Pathogen-
Free (SPF) laboratory. All animal experiments
were conducted in strict accordance with pro-
tocols approved by our institutional Animal
Ethics Committee (approval number R-0620-
217H-036). After a week of acclimatization,
ApoE-/- or C57BL/6J mice were fed a high-fat
diet (HFD; 78.85% basal diet, 21.00% fat, and
0.15% cholesterol) or standard chow diet for 24
weeks. Three mice from each group were ran-
domly chosen and sacrificed after 12 weeks
for Hematoxylin and Eosin (H&E) staining and
serum lipid level analysis to assess AS degree
[14]. ApoE-/- mice were separated into 3 gr-
oups: model (normal saline 10 mL/kg/day, i.g.),
Atorvastatin group (ARA, 1.5 mg/kg/day, i.g.),
and TMJZ group (2.6 g/kg/day, i.g.). At the end,
mice were fasted for 12 h before execution for
sampling. The atorvastatin dose (1.5 mg/kg/
day) was derived from the standard human
dose (20 mg/day) using the same conversion
method, consistent with established protocols
for murine atherosclerosis studies (Figure 7A)
[13].

All animal procedures were conducted in accor-
dance with ethical guidelines for animal wel-
fare. Before surgical procedures, mice were
anesthetized using a small animal anesthesia
machine (R500, RWD) with 3% isoflurane inha-
lation until loss of righting reflex. To minimize
stress and suffering, animals were: (1) moved
to a quiet room away from cage mates to pre-
vent fear pheromone transmission; (2) habitu-
ated to gentle handling for 3-7 days prior to
experiments; and (3) maintained at appropriate
temperature (26°C) using heating pads to
reduce cold-induced pain sensitivity. For eutha-
nasia, animals were placed on a 37°C heating
pad and initially anesthetized with 3% isoflu-
rane at 1 L/min for 30-60 seconds until loss of
righting reflex, then maintained at 1.5-2% iso-
flurane with 0.4-0.6 L/min flow rate via face-
mask. Throughout the procedures, respiratory
rate, toe pinch, and corneal reflexes were moni-
tored, with anesthesia adjusted as necessary.
Following blood collection, animals were eutha-
nized by maintaining 3-5% isoflurane for 1-2
minutes until cessation of heartbeat and respi-
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ration. Death was confirmed by observation of
cardiac arrest, pupillary dilation, and absence
of respiration.

Cytokines and plasma lipid analysis

Blood samples were collected from anesthe-
tized mice via cardiac puncture and centrifuged
at 1500 x g for 10 min at 4°C to isolate serum.
Lipid profiles, including total cholesterol (TC),
triglycerides (TG), high-density lipoprotein cho-
lesterol (HDL-C), and low-density lipoprotein
cholesterol (LDL-C), were quantified using com-
mercial kits (Nanjing Jiancheng Bioengineering
Institute, China; Cat# A110-1-1, A111-1-1,
A112-1-1, A113-1-1) according to manufacturer
protocols. Absorbance was measured at 500
nm (TC/TG) or 546 nm (HDL-C/LDL-C) using a
microplate reader (BioTek Synergy H1, USA).

Serum oxidized LDL (ox-LDL) levels were de-
termined with an ELISA kit (Wuhan Huamei
Biotech, China; Cat# CSB-E07933m). Inflam-
matory cytokines (TNF-a, IL-18, IL-6) were ana-
lyzed using ELISA Kits (Jiangsu Enzyme Immu-
no Biotechnology, China; Cat# MM-0180R2,
MM-0047R2, MM-0057R2). Briefly, 100 uL of
serum or standard was added to antibody-pre-
coated wells and incubated at 37°C for 90 min,
followed by biotin-conjugated detection anti-
body (60 min, 37°C) and streptavidin-HRP (30
min, 37°C). After TMB substrate development,
reactions were stopped with 2M H_SO,, and
absorbance was read at 450 nm. All samples
were run in duplicate.

Histologic analysis of aorta

After 48 h fixation in 4% paraformaldehyde
(PFA), aortic arches were processed as follows:
for H&E staining, tissues were dehydrated, par-
affin-embedded, and sectioned. For Oil Red O
staining, tissues were cryoprotected in 30%
sucrose, embedded in OCT compound, and
sectioned at 10 ym using a cryostat. Sections
were stained with hematoxylin (G1004-500ML),
eosin (G1001-500ML), or Oil Red O (Cat:
YO7512, Hefei Bomei), and observed under a
microscope.

Immunohistochemical (IHC) staining

Peroxisome Proliferator-Activated Receptor
Gamma (PPARYy) and Cluster of Differentiation
36 (CD36) expression in aortic arches were

Am J Transl Res 2025;17(9):6727-6742
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Figure 2. The intersection genes of AS-related and TMJZ-targeted genes dis-
played by Venn diagram. TMJZ, Tongmai Jiangzuo Decoction; AS, Atheroscle-

rosis.

visualized by Immunohistochemistry (IHC). Af-
ter dewaxing, rehydration, and blocking with 3%
Bovine Serum Albumin (BSA), sections were
incubated with PPARYy (Servicebio, 1:500) and
CD36 (Servicebio, 1:600) antibodies at 4°C for
12 h, followed by incubation with secondary
antibodies (Goat Anti-Rabbit Immunoglobulin G
[1gG], Servicebio, 1:200) conjugated with HRP.
After 3,3’-Diaminobenzidine (DAB) and hema-
toxylin staining, images were observed under a
microscope.

Western blot

Western blot analysis was performed to evalu-
ate the expression of CD36, PPARy, liver X
receptor alpha (LXRa), and ATP-binding cas-
sette transporter A1 (ABCA1) protein expres-
sion in mouse aorta samples. Proteins were
extracted using radioimmunoprecipitation as-
say (RIPA) lysis buffer containing phenylmethyl-
sulfonyl fluoride (PMSF), and the supernatant
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Data were presented as me-
an + standard deviation (SD)
and analyzed using GraphPad
Prism 8.3.0 software. For
multiple group comparisons
(including serum lipids, cytokines, plaque area,
and protein expression across Control/Model/
ARA/TMJZ groups), one-way analysis of vari-
ance (ANOVA) with Tukey’s post hoc test was
applied for pairwise comparisons. Longitudinal
body weight data were assessed by repeated-
measures ANOVA with Greenhouse-Geisser
correction, followed by Tukey’s post hoc test.
Normality was verified using the Shapiro-Wilk
test, and homogeneity of variances was con-
firmed using Levene’s test. Comparisons be-
tween two groups were performed using Stu-
dent’s unpaired t-test. A two-tailed P-value <
0.05 was considered significant for all an-
alyses.

Results
Composition and target screening of TMJZ

Combined analysis of the TCMSP, BATMAN-TAM
and Swiss Target Prediction databases identi-

Am J Transl Res 2025;17(9):6727-6742
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Figure 3. C-D-T network of TMJZ in the treatment of AS. TMJZ, Tongmai Jiangzuo Decoction.
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Table 1. 20 bioactive compounds of TMJZ

MOL ID Compound OB (%) DL Botanical Drug Pinyin Degree
MOL001406 crocetin 35.30 0.26 Whitmania pigra SHUIZHI 43.0
MOLO11156  epoxyganoderiolA 33.78 0.83 Ganoderma LINGZHI 41.0
MOLO07123 miltirone Il 4495 0.24 Radix Salviae DANGSHEN 39.0
MOLO07120 miltionone Il 71.03 0.44 Radix Salviae DANGSHEN 39.0
MOL002714 baicalein 3352 0.21 Radix Paeoniae Rubra CHISHAO 39.0
MOL011256  ganolucidicacidE  32.85 0.82 Ganoderma LINGZHI 38.0
MOLO00832 alisol,b,23-acetate 32.52 0.82 Alisma Orientale (Sam.) Juz. ZEXIE 38.0
MOLO00354 isorhamnetin 49.6 0.31 Folium Nelumbinis HEYE 37.0
MOLO00853 alisol B 36.76  0.82 Alisma Orientale (Sam.) Juz. ZEXIE 37.0
MOLO00354 isorhamnetin 49.60 0.31 Leonuri Herba YIMUCAO 37.0
MOLO00417 Calycosin 4775  0.24 Hedysarum Multijugum Maxim. HUANGQI 37.0
MOLO00098 quercetin 46.43 0.28 Panax Notoginseng SANQI 36.0
MOL001002 ellagic acid 43.06 0.43 Radix Paeoniae Rubra CHISHAO 36.0
MOLO0O0006 luteolin 36.16 0.25 Radix Salviae DANGSHEN 36.0
MOL0O00422 kaempferol 41.88 0.24 Hedysarum Multijugum Maxim. HUANGQI 35.0
MOL001418 galeopsin 61.02 0.38 Leonuri Herba YIMUCAO 31.0
MOL002157 wallichilide 4231 0.71 Chuanxiong Rhizoma CHUANXIONG 27.0
MOL001421 preleoheterin 85.97 0.33 Leonuri Herba YIMUCAO 25.0
MOL002268 rhein 47.07 0.28 Cassiae Semen JUEMINGZI 23.0
MOLO06486 obtusin 31.24  0.40 Cassiae Semen JUEMINGZI 23.0

Table 2. Top 20 intersection targets

Target Degree  Betweenness  Closeness Target Degree Betweenness Closeness

IL6 72 8984.947 0.39880952 CTNNB1 56 4673.2515 0.36853686
TNF 68 7760.227  0.39458185 MAPK1 62 2431.1462 0.36813188
STAT3 76 7294.082  0.39458185 MAPKS8 38 2009.4146 0.36177105
SRC 86 8923.037 0.38550058  PIK3CA 58 1652.427 0.35867238
INS 52 11172.143 0.38505748 ESR1 52 2347.9539 0.35828876
AKT1 72 6159.9087 0.38417432 NFKB1 52 3305.404 0.3567625

TP53 86 9366.426 0.3811149 HRAS 50 2147.8352 0.35600424
JUN 62 4644.477 0.37767756 PIK3R1 54 1416.8796 0.35300317
MAPK3 64 3912.258 0.37305123 PPARG 34 4007.7576 0.35263157
EGFR 64 3649.929 0.37057522 CD36 34 2347.9327 0.39263157

IL6, interleukin-6; TNF, tumor necrosis factor; STAT3, signal transducer and activator of transcription 3; SRC, SRC proto-
oncogene; INS, insulin; AKT1, AKT serine/threonine kinase 1; TP53, tumor protein p53; JUN, Jun proto-oncogene; MAPK3,
mitogen-activated protein kinase 3; EGFR, epidermal growth factor receptor; CTNNBZ, catenin beta 1; MAPK1, mitogen-acti-
vated protein kinase 1; MAPK8, mitogen-activated protein kinase 8; PIK3CA, phosphatidylinositol-4,5-bisphosphate 3-kinase
catalytic subunit alpha; ESR1, estrogen receptor 1; NFKB1, nuclear factor kappa B subunit 1; HRAS, HRas proto-oncogene;
PIK3R1, phosphoinositide-3-kinase regulatory subunit 1; PPARG, peroxisome proliferator activated receptor gamma; CD36,

CD36 molecule.

fied: two active ingredients of Panax notogin-
seng, corresponding to 167 target genes; 46
active components of Salvia miltiorrhiza, corre-
sponding to 688 target genes; 30 active com-
ponents of hawthorn, corresponding to 555
target genes; 14 active components of Astr-
agalus membranaceus, corresponding to 348
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target genes; 6 active ingredients of Ganoderma
lucidum, corresponding to 260 target genes;
16 active components of Polygonum multiflo-
rum, corresponding to 203 target genes;
5 active components of L. barbarum, corre-
sponding to 225 target genes; 83 active ingre-
dients of Angelica sinensis, corresponding to

Am J Transl Res 2025;17(9):6727-6742
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Figure 4. PPl network of TMJZ-AS. (A) The interactive PPI network obtained from STRING database with species limited to “Homo sapiens”, the minimum required
interaction score set to 0.90, and the independent target protein nodes hidden. (B) Original PPl network from STRING database imported to Cytoscape 3.8.2 to ob-
tain a new network. It contains 336 nodes and 2642 edges. (C) PPl network screened from (B) in Cytoscape 3.8.2. It contains 106 nodes and 1210 edges. (D) Core
PPI network screened from (C) in Cytoscape 3.8.2. It contains 20 nodes and 178 edges. Larger node sizes indicate higher degree values. TMJZ, Tongmai Jiangzuo
Decoction; AS, Atherosclerosis; PPI, protein-protein interaction; STRING, Search Tool for the Retrieval of Interacting Genes/Proteins.
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Table 3. Molecular docking analysis

and degree values, as shown

in Tables 1 and 2, respec-

Mol ID Molecule Name ~ Target  PDB ID B'(”kcl'gﬁriz'l')'ty tively.

MOL002714 Baicalein CD36  5LGD 8.0 PPI network construction and
MOL001406 Crocetin CD36  5LGD 102 analysis

MOLO11156  EpoxyganoderiolA CD36  5LGD 83

MOL011256 Ganolucidic-Acid-E =~ CD36 5LGD -9.0 After setting “Homo sapiens”
MOL002714 Baicalein PPARy 1ZGY -8.2 as the species and a minimum
MOL001406 Crocetin PPARy  1ZGY 6.9 required interaction score of
MOLO11156  EpoxyganoderioA PPARy  1ZGY 73 0.90, the PPI network (Figure
MOLO11256  Ganolucidic-AcidE  PPARy  1ZGY 76 4A) contained 336 nodes

PDB, Protein Data Bank; CD36, CD36 molecule; PPARy, peroxisome proliferator

activated receptor gamma.

1183 target genes; two active ingredients of
Chuanxiong Rhizoma, corresponding to 200
target genes; 8 active components of red peony
roots, corresponding to 230 target genes; 6
active ingredients of Leonurus leonurus, corre-
sponding to 271 target genes; 13 active ingre-
dients of the leech, corresponding to 342 tar-
get genes; 4 active ingredients of Rhizoma
alismatis, corresponding to 198 target genes; 7
active components of Cassia seeds, corre-
sponding to 178 target genes; and 9 active
components in lotus leaves, corresponding to
256 target genes. After duplication removal, a
total of 2039 genes were obtained.

Target genes of TMJZ in AS

The GeneCards and OMIM databases contain
979 and 550 genes related to “atherosclero-
sis” and “coronary heart disease”, respectively.
After removing duplicate values, 1493 AS-re-
lated genes were obtained. By intersecting
these with the target gene data of TMJZ, 395
target genes of TMJZ associated with AS were
identified (Figure 2).

CDT network construction and topological
network analysis

To further investigate compounds and poten-
tial targets, CDT networks with 662 nodes and
4749 edges were created using Cytoscape
(Figure 3). The turmeric V nodes represent fif-
teen botanical drugs from the TMJZ. The green
circular nodes represent the compounds of
each botanical drug. Circular purple nodes rep-
resent AS target genes. The larger the nodes,
the higher the degrees. The top compounds
and genes were selected according to their size
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(protein names) and 2642
edges (interactions). Cytosca-
pe 3.8.2 was used to generate
core networks with the follow-
ing criteria: BC > 200.95, Closeness centrality
(CC) > 0.27, DC > 10 (Figure 4B). Central an-
alysis and evaluation were performed using
CytoNCA.

After the first screening, 106 nodes and 1210
edges were identified (Figure 4C). With the cri-
teria set to BC > 69.03, Closeness centrality
(CC) > 0.42, DC > 20, a second screening yield-
ed 20 nodes and 178 edges (Figure 4D).

GO and KEGG pathway enrichment analysis

BP, cellular components (CC), and MF were
included in the GO analysis. Bioinformatic anal-
ysis revealed that the main enriched BPs asso-
ciated with TMJZ intervention in AS included
positive regulation of gene expression, res-
ponse to hypoxia, inflammatory response, neg-
ative regulation of gene expression, positive
regulation of cell population proliferation, posi-
tive regulation of the ERK1 and ERK2 cas-
cades, positive regulation of phosphatidylino-
sitol 3-kinase/protein kinase B signal transduc-
tion, positive regulation of cell migration, posi-
tive regulation of miRNA transcription, and
response to lipopolysaccharide. The enriched
CCs included extracellular region, extracellu-
lar space, cell surface, plasma membrane, ER
lumen, membrane raft, caveolar, extracellular
exosome, and receptor complex. The enriched
MFs included enzyme binding, identical protein
binding, protein binding, signaling receptor
binding, nuclear receptor activity, endopepti-
dase activity, protein homodimerization activi-
ty, protease binding, heme binding, and cyto-
Kine activity (Figure 5A). TMJZ is primarily
involved in lipid and atherosclerosis, fluid shear
stress and atherosclerosis, endocrine resis-
tance, and the TNF pathway (Figure 5B, 5C).
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Figure 6. Results of molecular docking. CD36, CD36 molecule; PPARYy, peroxisome proliferator activated receptor

gamma.

Molecular docking analysis

Four key components (crocetin, epoxyganoderi-
ol A, baicalein, and ganolucidic acid E) were
chosen for molecular docking with PPARy and
CD36 (Table 3 and Figure 6). According to the
docking results, lower binding energy values
indicate stronger binding affinity. All the compo-
nents presented binding energies below -5
kcal/mol, reflecting strong interactions with the
target proteins. The most stable complexes
were crocetin (MOL001406) and CD36 (binding
energy: -10.2 kcal/mol). Visualization of this
stable complex via PyMOL (Figure 6) revealed
the specific binding sites on the protein amino
acid chains and hydrogen-bond interactions.

Effects of TMJZ on body weight and blood lipid
levels of mice

After modeling according to the experimental
scheme shown in figure (Figure 7A), the weight
of all groups increased with time. Mice in the
TMJZ and Model groups gained more rapid
body weight (Figure 7B). After 12 weeks of
treatment, TMJZ significantly reduced body
weight compared to the Model group (Figure
7C). Serum TG, TC, LDL-C, and ox-LDL levels
were significantly increased after AS model
establishment, which was drastically decreased
by 12-week TMJZ and ARA supplement (P <
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0.01) (Figure 7G, 7H). However, HDL-C level was
decreased in the Model group and was not
affected by TMJZ (Figure 7D-F).

Effects of TMJZ on inflammatory factors

AS significantly elevated serum levels of TNF-«,
IL-6 and IL-AB (P < 0.01), which were sharply
decreased by ARA and TMJZ (P < 0.01).
For TNF-a level, ARA demonstrated a more
notable decrease compared to TMJZ group (P <
0.05); while for IL-6 and IL-1B reduction, ARA
and TMJZ groups demonstrated comparable
effects (P < 0.05, Table 4).

TMJZ attenuated atherosclerosis in ApoE-/-
mice

H&E staining revealed that AS sharply increased
plaque areas, which were drastically decreased
by TMJZ and ARA (P < 0.01) (Figure 8A, 8B). Oil
red O staining of the aortic arch revealed no
lipid plagques in the controls but rather large
lipid plaques in the AS mice, which were sharply
decreased by the TMJZ in the ApoE-/- mice
(Figure 8C).

TMJZ suppressed CD36 but enhanced PPARy

Immunohistochemical staining revealed that
AS significantly upregulated CD36 but down-

Am J Transl Res 2025;17(9):6727-6742
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Figure 7. TMJZ reduced lipid levels in ApoE-/- mice. (A) A schematic of the experimental protocol, (B) Line plot of
body weight, (C) Body weight of mice in each time period, (D) serum total cholesterol (TG) level, (E) serum triglyceride
(TC) level, (F) serum high-density lipoprotein cholesterol (HDL-C) level, (G) serum low-density lipoprotein cholesterol
(LDL-C) level, and (H) Serum oxidized low-density lipoprotein (ox-LDL) level. **P < 0.01 vs. Control group, ##P < 0.01
vs. Model group.

regulated PPARy (P < 0.01), which was reversed 0.05, P < 0.01) (Figure 9). These results were
by intervention with the TMJZ and ARA (P < also confirmed by western blot (Figure 10).
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Table 4. Comparison of inflammatory cytokines among groups

Group n TNF-a (ng/L) IL-6 (ng/L) IL-1B (ng/L)
Control 6 87.65+£26.14 59.64+5.65 16.85+2.31
Model 6 195.86+24.35% 96.35+6.32° 35.64+2.47°
ARA 6 147.74+£32.143° 71.5445.79*°  23.67+2.12°°
T™JZ 6 156.78+28.65°"¢  76.85+6.87*"  26.54+2.76°°

3P < 0.01, compared with the control group; °P < 0.01, compared with the model
group; °P < 0.05, compared with the ARA group. TNF-c, tumor necrosis factor-al-
pha; IL-6, interleukin-6; IL-1B, interleukin-1 beta; ARA, atorvastatin; TMJZ, Tongmai
Jiangzhuo Decoction.
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Figure 8. TMJZ ameliorated atherosclerotic lesions in ApoE-/- mice. A. H&E
staining and Oil Red staining showed that TMJZ effectively reduced the
aortic plaque area in AS mice. B. Quantitative analysis of plaque area. C.
Quantitative analysis of lipid deposition. **P < 0.01 vs Control group, ##P <
0.01 vs Model group; N = 3 per group. TMJZ, Tongmai Jiangzuo Decoction;
AS, Atherosclerosis; HE, Hematoxylin and eosin; Oil Red O, Oil Red O stain
(lipophilic dye).

lating the PPARy/CD36 signal-
ing pathway.

TMJZ enhanced ABCA1 and
LXRx

Immunoblotting (Figure 10)
revealed that AS drastically
decreased LXRa and ABCA1,
which were reversed by TMJZ
and ARA (P < 0.01). These
findings suggest that the TMJZ
may suppress atherosclerosis
development by upregulating
LXRa/ABCA1 to increase cho-
lesterol transport and main-
tain intracellular cholesterol
homeostasis, reducing foam
cell formation.

Discussion

Current studies suggest that
AS is a chronic inflammatory
disease of the arterial intima,
characterized by imbalance of
lipid homeostasis [15]. There-
fore, maintaining optimal lipid
levels in the body is crucial
to achieve ideal cardiovascu-
lar health [16]. TMJZ shows
significant potential in this
regard.

As the main active ingredients
of Ganoderma lucidum, Gano-
derma lucidum polysaccha-
rides (GLP) suppresses inflam-
mation and ROS, affects gut
microbiota, improves blood
glucose and lipid levels, and
help control obesity [17]. Ac-
tive components of Astragali
Radix (AR), mainly triterpene
saponins, flavonoid, and poly-
saccharides, are well-studied
and has been shown to re-
gulate a variety of diseas-
es including AS [18]. Panax
notoginseng saponins (PNSs),
as the major active compo-
nent of P. notoginseng, sup-
press AS progression in
ApoE-/- mice by inhibiting mo-

These results suggest that the TMJZ may regu- nocyte chemoattractant protein-1 (MCP-1) [19].
late lipid metabolism and improve AS by regu- In addition, PNSs improve lipid metabolism and
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Figure 9. Effect of TMJZ on the expression of CD36 and PPARYy in the aortic
arch. A. Representative pictures of CD36 and PPARy immunohistochemical
staining in the aortic arch of each group. B. The area of positive staining
was measured using the image J analysis software and homogenized. **P
< 0.01 vs Control group, #P < 0.05 vs Model group, ##P < 0.01 vs Model
group; N = 6 per group. TMJZ, Tongmai Jiangzuo Decoction; CD36, CD36
molecule; PPARy, peroxisome proliferator activated receptor gamma.

attenuate AS through suppressing phosphory-
lated focal adhesion kinase (p-FAK) and nucle-
ar factor kappa B (NF-kB) translocation [20]. In
this study, a high-fat diet significantly up-regu-
lated serum levels of TC, TG and LDL-C and
down-regulated HDL-C in APOE-/- mice, result-
ing in the typical “porridge” -like lesions in the
arterial intima of the mice, with obvious accu-
mulation of lipid in the plaque. The application
of TMJZ effectively reversed this outcome.
These findings suggest that the lipid-lowering
effects of TMJZ were similar to that of atorvas-
tatin, further validating the prominent role of
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TMJZ in the treatment of dis-
eases caused by dyslipide-
mia.

PPARYy is a transcription factor
activated by fatty acid metab-
olism ligands. It regulates its
own gene transcription after
interacting with target factors,
exerting various biochemical
effects, including the regula-
tion of cell proliferation, differ-
entiation, and the inflamma-
tory response, especially in
macrophage lipid metabolism
[21]. CD36, a member of the
scavenger receptor type B
family, is a key component of
foam cell formation and a
major pro-atherosclerotic fac-
tor due to its ability to mediate
the uptake of ox-LDL by mac-
rophages [22]. On the one
hand, the combination of
CD36 and ox-LDL activates
the protein kinase signaling
pathway, aggravates the sub-
intimal deposition of lipids,
and promotes AS lesions [23].
On the other hand, CD36-
mediated endocytosis of ox-
LDL on macrophages also
activates PPARYy, accelerating
the reverse transport of ex-
cess cholesterol in foam cells,
thus promoting cholesterol
efflux and exerting an anti-AS
effect [24]. Under normal phy-
siological conditions, CD36-
mediated lipid uptake and
efflux, triggered by activated
PPARy, are normally in a dy-
namic balance. Under patho-
logical conditions, the activity of cholesteryl
ester transfer protein (CETP) is inhibited, lead-
ing to lipid transport disorders and increased
cholesterol accumulation in macrophages. Ex-
cess free cholesterol is re-esterified to form
cholesteryl ester under the action of the endo-
plasmic reticulum-resident protein ACAT1 and
accumulates in lipid droplets, thereby promot-
ing the gradual transformation of macrophages
into foam cells [25]. IHC staining revealed that
the TMJZ could increase PPARy and suppress
CD36 in aortic tissues, indicating that the TMJZ
has a targeted regulatory effect on the PPARy/

v
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Figure 10. Effects of TMJZ on aortic lipid-phagocytic and reverse cholesterol transport-related proteins in athero-
sclerosis. A. Representative western blot Images of CD36, PPARy, LXRa, and ABCA1 in the Aorta of Each Group. B-E.
Measurement of the Electrophoretic B and Area of Target Proteins Using Image J Software and Calculation of the Ra-
tio of Target Protein Area to B-actin Area. **P < 0.01 vs. Control group, ##P < 0.01 vs. Model group; N = 6 per group.

CD36 signaling pathway, which may participate
in the lipid metabolism of macrophages, main-
tain the balance between lipid uptake and
efflux and prevent subsequent lesions caused
by foam cell generation.

Conclusion

TMJZ can effectively protect the arterial intimal
structure, improve lipid metabolism, and delay
AS progression, likely by regulating the PPARy/
CD36 pathway to stimulate cholesterol efflux
in macrophages, suppress the uptake of oxi-
dized modified lipids, and reduce foam cell
formation.
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