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Abstract
Background  Heart failure (HF) is a complex syndrome characterized by inflammation, oxidative stress, and 
cardiomyocyte apoptosis, for which effective and well-tolerated therapies remain limited. This study sought to explore 
the potential mechanisms by which Mongolian medicine Sanwei Tanxiang Tangsan (STX) may be associated with 
AKT1/p53-related signaling in the mitigation of HF, employing network pharmacology, molecular docking, and animal 
experimentation.

Materials and methods  Active constituents and corresponding targets of Mongolian medicine STX were 
systematically screened, followed by the construction of drug–disease interaction networks to identify pivotal 
proteins and pathways. A doxorubicin-induced HF rat model was established, and after four weeks of intragastric 
administration of Mongolian medicine STX and sacubitril/valsartan (angiotensin receptor–neprilysin inhibitor, positive 
control), cardiac functional parameters and expression levels of AKT protein 1 (AKT1), interleukin-6 (IL-6), and p53 were 
assessed.

Result  Nineteen active components were identified in Mongolian medicine STX, interacting with 153 HF-associated 
targets, among which AKT1, IL-6, and TP53 served as the core genes. Molecular docking analysis revealed 
that quercetin and luteolin possessed moderate predicted binding affinities and stable interactions with the 
corresponding targets. Animal experiments indicated that Mongolian medicine STX significantly reduced N-terminal 
pro-brain natriuretic peptide levels and altered myocardial AKT1, IL-6, and p53 protein abundance. However, 
echocardiographic parameters showed no statistically significant improvement compared with the Model group.

Conclusion  Mongolian medicine STX may exert cardioprotective effects in HF, as reflected by improvements in 
biochemical and histopathological indicators, and these effects may be associated with AKT1/p53-related signaling 
pathways. However, direct pathway activation and causal mechanisms were not confirmed in the present study and 
require further investigation.
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Introduction
As the terminal manifestation of cardiovascular disor-
ders, heart failure (HF) continues to pose a formidable 
challenge in global cardiovascular medicine owing to 
its unfavorable clinical prognosis. Recent clinical guide-
lines have indicated that angiotensin receptor–neprily-
sin inhibitors (ARNI), sodium-glucose cotransporter 2 
inhibitors, and other pharmacological agents have been 
verified to exert definitive therapeutic benefits for HF [1]. 
Nevertheless, their clinical utility remains constrained 
by adverse effects such as cough and hyperkalemia [2]. 
Therefore, the development of therapeutic strategies 
with pronounced efficacy and improved safety profiles 
remains an essential objective within contemporary HF 
research. The pathological mechanisms underlying HF 
are multifaceted, predominantly encompassing biologi-
cal processes such as inflammatory response, oxidative 
stress, and apoptosis [3]. Previous investigations con-
ducted by the research group have suggested that the 
AKT1/P53 pathway may function as an important regu-
latory axis in the pathological progression of HF and 
maintains extensive crosstalk with multiple downstream 
signaling cascades, thereby representing a potential 
therapeutic target for HF. However, direct experimental 
validation of this pathway in the context of Mongolian 
medicine remains limited.

Within the theoretical framework of Mongolian medi-
cine, HF is categorized as “cardiac edema”, with therapeu-
tic principles centered on promoting the circulation of qi 
and blood and restoring cardiac function [4]. The Mon-
golian medicine Sanwei Tanxiang Tangsan (STX) has 
been shown to possess potential therapeutic efficacy in 
the management of HF. This prescription comprises three 
medicinal components: Santalum album, Choerospon-
dias axillaris, and Myristica fragrans. Previous investiga-
tions have demonstrated its capacity to enhance cardiac 
performance and suppress myocardial fibrosis [5]. Nev-
ertheless, the precise molecular mechanisms responsible 
for its therapeutic effects against HF remain inadequately 
defined. In light of this, this study was designed to sys-
tematically explore the potential mechanisms underlying 
the anti-HF effects of Mongolian medicine STX, integrat-
ing approaches from network pharmacology and animal 
experimentation, with particular focus on its possible 
association with AKT1/p53-related signaling pathways 
rather than direct mechanistic confirmation.

Materials and methods
Drugs and reagents
Doxorubicin (Cat. No.: D1515, Sigma-Aldrich) was dis-
solved in physiological saline for intraperitoneal admin-
istration. Mongolian medicine STX was obtained from 
Inner Mongolia Mongolian Medicine Factory (National 
Drug Approval No. Z20027787), and ARNI (sacubitril/

valsartan, 100 mg × 14 tablets, National Drug Approval 
No. 20170363) was procured from the Western Pharmacy 
of the Affiliated Hospital of Inner Mongolia Medical Uni-
versity. Both preparations were diluted to the required 
concentrations using double-distilled water before use. 
The rat N-terminal pro-brain natriuretic peptide (NT-
proBNP) ELISA kit was procured from Jiangsu Enzyme-
linked Biotechnology Co., Ltd. (Cat. No.: MM-0329R1); 
the rat AKT protein 1 (AKT1) ELISA kit was obtained 
from the same company (Cat. No.: MM-72018R2); the rat 
interleukin-6 (IL-6) ELISA kit (Cat. No.: MM-0190R2) 
and rat p53 (p53) ELISA kit (Cat. No.: MM-61460R2) 
were also sourced from Jiangsu Enzyme-linked Biotech-
nology Co., Ltd. The Masson staining kit was supplied 
by Beijing Solarbio Science & Technology Co., Ltd. (Cat. 
No.: G1340-7). All ELISA kits were used strictly accord-
ing to the manufacturers’ instructions, and the assays 
were performed in duplicate to ensure reproducibility.

Experimental animals
Thirty-two specific pathogen-free male Sprague-Dawley 
rats, aged 6–8 weeks and weighing (220 ± 20) g, were 
obtained from Beijing Sibeifu Laboratory Animal Tech-
nology Co., Ltd. (Animal Production License No. SCXK 
(Jing) 2024-0001). The animals were maintained in the 
Laboratory Animal Center of Inner Mongolia Medi-
cal University under controlled environmental condi-
tions, including a constant temperature of 25 °C, relative 
humidity of 55% ± 5%, and a 12 h/12 h light-dark cycle, 
with unrestricted access to standard chow and water. 
All experimental procedures involving animals were 
reviewed and approved by the Laboratory Animal Wel-
fare and Ethics Committee of Inner Mongolia Medical 
University (Approval No. KYD20240386). All animal 
care and experimental protocols were conducted in strict 
accordance with the Guidelines for the Care and Use of 
Laboratory Animals (National Institutes of Health, USA) 
and the ARRIVE 2.0 reporting standards. At the end of 
the experiment, rats were euthanized under deep anes-
thesia using pentobarbital sodium (150  mg/kg, intra-
peritoneally), an internationally accepted and humane 
method for rodent euthanasia.

Collection and screening of chemical components of 
Mongolian medicine STX and prediction of target proteins
The Traditional Chinese Medicine Systems Pharmacol-
ogy (TCMSP) database was employed to retrieve the 
chemical constituents of Santalum album, Choerospon-
dias axillaris, and Myristica fragrans, respectively. Active 
compounds were screened according to oral bioavail-
ability (≥ 30%) and drug-likeness (≥ 0.18) parameters to 
identify the effective constituents. Subsequently, the cor-
responding target protein sets for these constituents were 
obtained. The UniProt database was utilized under the 
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conditions of “Homo sapiens” and “reviewed” to retrieve 
the gene names associated with each target protein. After 
excluding targets lacking corresponding gene annota-
tions and removing duplicates, the final gene set of Mon-
golian medicine STX was compiled.

Collection and screening of disease-related genes
The DisGeNET, GeneCards, Online Mendelian Inheri-
tance in Man (OMIM), and Therapeutic Target Database 
(TTD) databases were employed to identify HF-related 
targets by using “heart failure” as the search keyword in 
each database. Targets retrieved from GeneCards were 
ranked according to relevance score, and three succes-
sive rounds of median-based filtering were applied to 
exclude low-relevance genes; however, this approach did 
not incorporate tissue-specific weighting and is acknowl-
edged as a potential limitation.

Construction of drug component–disease target network
The gene set of Mongolian medicine STX and the HF 
target set were imported into Venny 2.1 to generate a 
Venn diagram, from which the intersecting genes were 
extracted. The resulting drug component–target gene 
dataset was subsequently imported into Cytoscape 3.7.1 
software, where a type file containing the drug–disease 
intersecting genes was created and reimported. After the 
exclusion of genes unrelated to the disease, a “drug com-
ponent–target–disease” network was constructed and 
optimized to further elucidate the associations between 
disease genes and drug components.

Construction of protein–protein interaction (PPI) network
The list of intersecting genes was entered into the 
STRING database with the organism restricted to “Homo 
sapiens”. The confidence score threshold was set at ≥ 0.4, 
and isolated targets were excluded to generate the PPI 
network. The resulting network map and tab-separated 
values (TSV) file were subsequently exported. The TSV 
file was then imported into Cytoscape 3.7.1 software, 
where core genes were identified according to “degree” 
values and subjected to visualization for analytical 
interpretation.

Gene enrichment analysis
In the Database for Annotation, Visualization and Inte-
grated Discovery (DAVID), the gene identifier was set 
to OFFICIAL_GENE_SYMBOL, and the organism was 
restricted to Homo sapiens to obtain information in 
three categories: biological process (BP), cellular com-
ponent (CC), and molecular function (MF), along with 
Kyoto Encyclopedia of Genes and Genomes (KEGG) 
pathway data. Subsequently, bar plots for Gene Ontology 
(GO) enrichment analysis and bubble plots for KEGG 

pathway annotation were generated using the Weish-
engxin platform.

Molecular docking
Molecular docking was conducted between the screened 
core components of the drug and their corresponding 
core targets. The 3D structures of the principal active 
compounds were obtained from the TCMSP data-
base, while the core target proteins in PDB format were 
retrieved from the PDB database. The prepared data 
were subsequently imported into AutoDockTools 1.5.6 
for docking simulations, and PyMOL 3.1.0 software was 
employed for macromolecular preprocessing and visu-
alization of the docking results. Docking simulations 
were performed using AutoDockTools 1.5.6, and binding 
affinities were evaluated based on the predicted binding 
energy values, with lower values indicating stronger pre-
dicted interactions.

Experimental animal treatment protocol
After a one-week acclimatization period, the rats were 
randomly allocated to the control (Con) group (n = 8) and 
the model (Mod) group (n = 24). The Mod group received 
intraperitoneal injections of doxorubicin once per week, 
administered at a dosage of 3 mg/kg for the initial three 
weeks and 2 mg/kg for the subsequent three weeks. The 
Con group was given an equivalent volume of normal 
saline through intraperitoneal injection. Upon success-
ful establishment of the Mod model, the 24 rats were 
randomly assigned to the Mod group, Western medicine 
group (ARNI, 18 mg/kg), and Mongolian medicine group 
(STX, 0.54 g/kg), each receiving its respective treatment 
(n = 8 per group) once daily. The Con and Mod groups 
were administered an equivalent volume of double-dis-
tilled water by gavage. After four weeks of treatment, rats 
in all groups were sacrificed, and biological samples were 
subsequently collected. The STX dose (0.54  g/kg/day) 
was selected based on conversion from the clinical dos-
age and previous experimental studies.

Cardiac function assessment
NT-proBNP levels were determined using an NT-
proBNP assay kit to assess the severity of HF in rats, and 
echocardiographic evaluation was subsequently con-
ducted. Detection of AKT1, IL6, and TP53 protein levels 
in myocardial tissue by ELISA.

The myocardial protein levels of AKT1, IL6, and TP53 
were quantified using the enzyme-linked immunosor-
bent assay (ELISA) technique. Briefly, myocardial tissues 
were homogenized in ice-cold phosphate-buffered saline, 
centrifuged to obtain supernatants, and total protein 
concentrations were normalized prior to ELISA measure-
ment. ELISA detects total protein abundance and does 
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Results
Collection of active components and target proteins of 
Mongolian medicine STX
Nineteen active components of Mongolian medicine 
STX were retrieved from the TCMSP database. Among 
these, Santalum album contained three components, 
Choerospondias axillaris included nine components, 
and Myristica fragrans comprised eight components. 
β-sitosterol was identified as the shared active constitu-
ent between Choerospondias axillaris and Myristica fra-
grans. The detailed information is summarized in Table 1. 
After further retrieval, screening, and deduplication, a 
total of 234 target genes associated with Mongolian med-
icine STX were ultimately obtained.

Identification of potential targets of Mongolian medicine 
STX for HF treatment
A total of 15,687 genes were retrieved from the Gene-
Cards database, and 1,961 genes were retained after three 
successive rounds of median screening based on the “rel-
evance score” criterion. The DisGeNET database yielded 
1,499 genes, the OMIM database identified 619 genes, 
and the TTD database contributed 61 genes. By inte-
grating the search outcomes from these four databases, 
a total of 3,343 HF-related targets were obtained. Subse-
quently, the gene set of Mongolian medicine STX and the 
HF target set were imported into Venny 2.1 software to 
construct a Venn diagram, from which 153 overlapping 
genes were identified. The overlap among databases is 
presented in Supplementary Figure S1.

Construction of drug component–disease target network 
diagram
The drug component–target gene dataset was imported 
into Cytoscape 3.7.1 software for visualization analysis 
(Fig. 1). Based on the degree value ranking, the top five 
active components were identified as quercetin, kaemp-
ferol, luteolin, β-sitosterol, and naringenin. These com-
ponents were identified based on network topology and 
should be interpreted as candidate bioactive compounds 
rather than definitive therapeutic determinants.

Construction of PPI network
The intersecting gene list was imported into the STRING 
database for visualization analysis (Fig. 2A). The ten tar-
get genes with the highest degree values were AKT1, 
TNF, IL6, IL1B, TP53, PTGS2, CASP3, JUN, ESR1, and 
EGFR. Among these, the core genes AKT1, TNF, IL6, 
IL1B, and P53 were identified as hub genes within the 
interaction network involved in the onset, progression, 
and pharmacological modulation of HF, with AKT1 iden-
tified as the most significant protein (Fig. 2B). However, 
these hub genes are commonly observed in multiple 

not reflect phosphorylation-dependent activation of sig-
naling pathways.

Statistical analysis
Statistical analyses were conducted using SPSS Statistics 
27.0 software, while graphical representations were gen-
erated with GraphPad Prism 9.5.1 software. Measure-
ment data were denoted as mean ± standard deviation 
(x ± s). One-way analysis of variance (ANOVA) was uti-
lized for comparisons among multiple groups, followed 
by Tukey’s post-hoc test for multiple comparisons, with 
P < 0.05 indicating statistical significance.

Table 1  Active ingredients of Sanwei Tanxiang Tangsan
Mon-
golian 
medicine

Mol ID Molecule name OB 
(%)

DL Code

Santalum 
album

MOL000354 Isorhamnetin 49.6 0.31 TX1

MOL000006 Luteolin 36.16 0.25 TX2

MOL002322 Isovitexin 31.29 0.72 TX3

Choero-
spondias 
axillaris

MOL001002 Ellagic acid 43.06 0.43 GZ1

MOL001040 (2R)−5,7-Dihydroxy-
2-(4-hydroxyphenyl)
chroman-4-one

42.36 0.21 GZ2

MOL001490 Bis[(2 S)−2-ethylhexyl] 
benzene-1,2-dicarbox-
ylate

43.59 0.35 GZ3

MOL001736 (-)-Taxifolin 60.51 0.27 GZ4

MOL000358 β-Sitosterol 36.91 0.75 A

MOL000422 Kaempferol 41.88 0.24 GZ5

MOL004328 Naringenin 59.29 0.21 GZ6

MOL000096 (-)-Catechin 49.68 0.24 GZ7

MOL000098 Quercetin 46.43 0.28 GZ8

Myristica 
fragrans

MOL000358 β-Sitosterol 36.91 0.75 A

MOL007920 Meso-1,4-Bis-(4-hydroxy-
3-methoxyphenyl)−2,3-
dimethylbutane

31.32 0.26 —

MOL009243 Isoguaiacin 48.78 0.31 RDK1

MOL009254 Galbacin 61.00 0.53 RDK2

MOL009255 5-[(2 S,3 S)−7-Methoxy-
3-methyl-5-[(E)-
prop-1-enyl]−2,3-
dihydrobenzofuran-2-
yl]−1,3-benzodioxole

53.11 0.40 RDK3

MOL009259 Kudos 45.06 0.38 RDK4

MOL009263 Saucernetindiol 41.85 0.32 RDK5

MOL009264 Tetrahydrofuroguai-
acin B

62.86 0.32 RDK6

MOL009265 Threo-Austrobailignan-5 49.49 0.32 RDK7
Active components were screened based on oral bioavailability (OB ≥ 30%) and 
drug-likeness (DL ≥ 0.18) from the TCMSP database. β-sitosterol was identified as 
a shared component between Choerospondias axillaris and Myristica fragrans
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disease networks and should be interpreted cautiously as 
potential rather than disease-specific targets.

GO analysis and KEGG pathway analysis
Annotation results obtained from the DAVID database 
included 741 entries for BP, primarily associated with 
the positive regulation of gene expression, apoptotic 
processes and their inhibition, and cellular responses to 
exogenous stimuli; 81 entries for CC, mainly related to 
the endosomal lumen, perinuclear cytoplasmic region, 
extracellular space, and transcription regulator com-
plex; and 137 entries for MF, predominantly involving 
protein binding, enzyme binding, protein homodimer-
ization activity, oxidoreductase activity, steroid binding, 
and transcription coactivator binding (Fig. 3). Addition-
ally, 179 KEGG pathways were identified, among which 
representative disease-related pathways included the 
AGE/RAGE signaling pathway, lipid and atherosclerosis, 

pathways in cancer, fluid shear stress and atherosclerosis, 
IL-17 signaling pathway, TNF signaling pathway, endo-
crine resistance, and HIF-1 signaling pathway (Fig.  4). 
These enrichment results provide a broad overview of 
potential biological processes and pathways but do not 
establish direct causal relationships.

Molecular docking
Molecular docking and visualization analyses were con-
ducted using AutoDockTools 1.5.6 software for the top 
five core target proteins ranked by degree value (AKT1, 
IL1B, TP53, TNF, and IL6) and their corresponding 
active components (quercetin, kaempferol, luteolin, nar-
ingenin, and isorhamnetin). The docking outcomes are 
summarized in Table  2. The results indicated that all 
molecular complexes exhibited binding energies below 
− 5.5  kcal/mol, suggesting that the active components 
possessed moderate predicted binding affinities toward 

Fig. 1  Drug–component–target network of Mongolian medicine Sanwei Tanxiang Tangsan (STX). Network diagram constructed in Cytoscape 3.7.1 
showing the interactions between the active components of STX and the common targets related to heart failure. Green diamonds represent the inter-
secting target genes. Light green nodes (TX1–TX3) denote active components from Santalum album, blue nodes (GZ1–GZ8) denote components from 
Choerospondias axillaris, and red nodes (RDK1–RDK7) denote components from Myristica fragrans. The purple node (A) represents β-sitosterol, the shared 
component between Choerospondias axillaris and Myristica fragrans. The density of edges reflects the complexity of interactions between components 
and targets. This network represents predicted interactions based on database-derived information and does not imply direct biological validation
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their respective target proteins, among which the AKT1–
luteolin complex displayed the most stable interaction. 
Furthermore, PyMOL software was employed to visual-
ize the docking conformations of AKT1, IL6, and TP53 
with their respective ligands, all exhibiting binding ener-
gies below − 5.85  kcal/mol. The primary docking dia-
grams and their corresponding magnified detail views 
clearly illustrated the specific amino acid binding sites 

and hydrogen-bond interactions between the small-mol-
ecule ligands and receptor proteins. These findings are 
based on computational predictions and require further 
experimental validation.

Effects of Mongolian medicine STX on the degree of HF in 
rats
Serum NT-proBNP measurements revealed that com-
pared with the Con group, NT-proBNP levels in the Mod 
group were markedly elevated. In contrast, both the STX 

Fig. 4  KEGG pathway enrichment analysis of the common targets of STX 
in heart failure. Bubble plot of the top enriched KEGG pathways. The x-axis 
represents the percentage of genes involved in each pathway, and bubble 
size reflects the gene count. The color scale corresponds to –log10(P value), 
with warmer colors indicating higher statistical significance. Enriched 
pathways include “Pathways in cancer”, “Lipid and atherosclerosis”, “AGE–
RAGE signaling pathway in diabetic complications”, “Fluid shear stress and 
atherosclerosis”, TNF and IL-17 signaling pathways, HIF-1 signaling, and 
other inflammation- and apoptosis-related pathways. These pathways are 
derived from enrichment analysis and should be interpreted as potential 
biological associations rather than confirmed signaling mechanisms

 

Fig. 3  Gene Ontology (GO) enrichment analysis of the common targets 
of STX and heart failure. Bar chart displaying the top enriched GO terms 
in three categories: biological process (BP, green), cellular component (CC, 
orange), and molecular function (MF, blue). The x-axis shows representa-
tive GO terms, and the y-axis indicates the percentage of genes annotated 
to each term. The results highlight enrichment in processes related to 
regulation of gene expression, apoptosis, response to external stimuli, en-
dosomal and perinuclear localization, and protein binding–related func-
tions. These enrichment results reflect functional associations and do not 
establish direct mechanistic relationships

 

Fig. 2  Protein–protein interaction (PPI) network and core hub genes of the common targets of STX in heart failure. (A) Global PPI network of the 153 
overlapping targets obtained from the STRING database (confidence score ≥ 0.4) and visualized in Cytoscape 3.7.1. Node color depth from yellow to dark 
red indicates increasing degree value (number of interactions). (B) Subnetwork of the top hub genes screened by degree value, including AKT1, TP53, 
TNF, IL6, IL1B, PTGS2, CASP3, ESR1, JUN, and BCL2, illustrating the close connectivity among core regulatory targets. These hub genes are identified based 
on network topology and may represent general regulatory nodes rather than disease-specific targets
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and ARNI groups exhibited significantly reduced NT-
proBNP levels relative to the Mod group. Cardiac echo-
cardiographic analysis (Fig.  5) indicated that, compared 
with the Control group, the Model group showed signifi-
cant alterations in ejection fraction, fractional shorten-
ing, and left ventricular end-systolic diameter (Fig.  5A 
and B). However, no statistically significant differences 
were observed between the STX or ARNI groups and 

the Model group (Fig.  5B, C). Although slight numeri-
cal improvements in EF and FS were observed, these 
changes did not reach statistical significance, indicating 
that functional recovery was not conclusively demon-
strated by echocardiographic parameters under the pres-
ent experimental conditions. The detailed information is 
summarized in Table 3.

Detection of AKT1, IL6, and P53 content in tissues by ELISA
ELISA analysis of myocardial tissues revealed that com-
pared with the Con group, AKT1 levels in the Mod group 
were markedly diminished, whereas IL6 and P53 levels 
were markedly elevated. In comparison with the Mod 
group, AKT1 levels in the STX and ARNI groups were 
markedly increased, with a more pronounced elevation 
observed in the STX group. Conversely, IL-6 and p53 
protein levels showed a decreasing trend following STX 
and ARNI treatment. These results reflect changes in 
total protein abundance and do not directly indicate acti-
vation status of the corresponding signaling pathways. 
The detailed information is summarized in Table 3.

Masson staining results
In the Masson-stained sections (Fig.  6), collagen fibers 
were distinctly stained blue, whereas muscle fibers and 

Table 2  Binding energy of key targets and key components. 
Binding energies were predicted using AutoDockTools 1.5.6, with 
lower values indicating stronger predicted binding affinity
Symbol PDB ID Molecule 

name
MOL ID Binding energy 

(kcal/mol)
AKT1 6npz Quercetin MOL000098 −6.61

Naringenin MOL004328 −6.57

Kaempferol MOL000422 −6.60

Luteolin MOL000006 −7.63

TNF 1ca4 Quercetin MOL000098 −5.70

Kaempferol MOL000422 −5.59

Luteolin MOL000006 −5.53

IL6 1alu Quercetin MOL000098 −5.85

Luteolin MOL000006 −6.44

IL1β 1t4q Quercetin MOL000098 −6.68

TP53 8dc6 Quercetin MOL000098 −6.52

Luteolin MOL000006 −6.69

Fig. 5  Representative echocardiographic M-mode images of left ventricular function in each experimental group. (A) Control (Con) group. (B) Doxoru-
bicin-induced heart failure model (Mod) group. (C) Mongolian medicine Sanwei Tanxiang Tangsan (STX) treatment group. (D) Sacubitril/valsartan (ARNI) 
treatment group. LVDd and LVDs indicate left ventricular end-diastolic and end-systolic diameters, respectively. These images correspond to the quantita-
tive echocardiographic parameters summarized in Table 3. Although representative images are shown, no statistically significant differences in EF and FS 
were observed between the STX or ARNI groups and the Model group
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other tissues appeared red. Microscopic observations 
revealed that, compared with the Control group, the 
Model group exhibited a substantial increase in blue-
stained collagen fibers within the myocardial tissue, 
accompanied by a widespread distribution (Fig.  6A and 
B). The originally continuous red muscle fiber regions 
were extensively disrupted and segmented by dense blue 
collagen fibers, indicating markedly aggravated myocar-
dial fibrosis in the Model group. In comparison with the 
Model group, both the STX and ARNI treatment groups 
displayed a pronounced reduction in blue collagen fibers 
within the myocardial tissue, along with an evident 
expansion of red muscle fiber areas (Fig. 6C and D). These 
results suggest that both STX and ARNI interventions 

effectively mitigated myocardial fibrosis and improved 
the pathological morphology of myocardial tissue. How-
ever, fibrosis was not quantitatively assessed, and these 
observations remain qualitative.

Discussion
In Mongolian medicine, “Qi (Heyi) stagnation and blood 
stasis” are regarded as the fundamental pathogenesis 
of HF [6]. The pathological essence is reflected in the 
impaired circulation of Heyi and Qisu (disturbed blood 
flow), which consequently disrupts the normal metabo-
lism of Qi, blood, and body fluids, ultimately leading to 
cardiac dysfunction [7]. The Mongolian medicine STX 
exhibits potential therapeutic efficacy in HF through an 

Table 3  Comparison of cardiac function parameters and NT-proBNP levels in rat groups
Group FS (%) EF (%) LVDd (mm) LVDs (mm) NT-proBNP (pg/mL)
Con 49.63 ± 9.23 84.88 ± 7.24 5.40 ± 0.48 2.75 ± 0.59 35.59 ± 2.31

Mod 24.50 ± 4.50** 54.50 ± 7.63** 5.20 ± 0.45 3.91 ± 0.34** 53.74 ± 0.86**

STX 25.75 ± 4.62 56.50 ± 7.43 5.08 ± 0.40 3.80 ± 0.43 50.66 ± 2.66▲▲
ARNI 26.38 ± 4.53 57.75 ± 7.38 5.50 ± 0.39 4.06 ± 0.43 45.36 ± 0.98▲▲
Note: n = 8. Data are expressed as mean ± standard deviation (x ̄ ± s)

*P < 0.05 and **P < 0.01 vs. Con group; ▲ P < 0.05 and ▲▲ P < 0.01 vs. Mod group. Values without symbols indicate no statistically significant difference. No statistically 
significant differences were observed in FS, EF, LVDd, or LVDs between the STX/ARNI groups and the Mod group. The relatively high EF values in the Con group may reflect 
variability inherent to small-animal echocardiographic measurements.

Fig. 6  Masson’s trichrome staining of myocardial tissue in each experimental group. Representative myocardial sections stained with Masson’s trichrome 
(collagen fibers in blue, muscle fibers in red) from (A) Control (Con) group, (B) Model (Mod) group, (C) STX group, and (D) ARNI group (original magni-
fication ×400). The Mod group shows extensive blue collagen deposition and disrupted myocardial architecture, indicating severe myocardial fibrosis. 
Both STX and ARNI treatment groups exhibit reduced collagen fiber accumulation and improved myocardial structural integrity compared with the Mod 
group. These observations are qualitative, as quantitative assessment of fibrosis was not performed
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integrative regulatory mechanism of “regulating Heyi, 
promoting Qi and blood circulation, and eliminating 
water-dampness” [8]. Numerous studies have dem-
onstrated that this formulation possesses distinctive 
advantages in the clinical management of cardiovascular 
diseases [9].

Cardiac remodeling constitutes a major pathogenic 
mechanism underlying HF, with myocardial fibrosis 
serving as the predominant manifestation of structural 
remodeling. This process is characterized by excessive 
collagen fiber accumulation within myocardial tissue and 
the destruction of normal myocardial architecture. The 
onset and progression of HF-induced myocardial fibro-
sis are closely related to inflammatory responses [10] and 
apoptosis [11]. These factors together establish a self-per-
petuating cycle of “inflammatory activation–apoptosis–
fibrosis exacerbation”, ultimately leading to irreversible 
cardiac dysfunction.

The AKT1/P53 signaling pathway regulates myocardial 
injury through modulation of multiple effector proteins 
[12]. Protein kinase B (AKT) functions as a key intracellu-
lar serine/threonine kinase widely distributed among var-
ious tissues and cells. Among its isoforms, AKT1 exhibits 
the broadest distribution across different tissues and acts 
as a central molecule in regulating both physiological and 
pathological processes within the cardiovascular system 
[13]. Previous studies have shown that transient activa-
tion of AKT1 preserves cardiac homeostasis through 
multiple mechanisms, including the promotion of coro-
nary angiogenesis, inhibition of cardiomyocyte apop-
tosis and oxidative stress, regulation of metabolism and 
inflammatory signaling, restoration of myocardial energy 
supply, maintenance of myocardial contractility, and sup-
pression of ventricular remodeling [14–16].

In the AKT-mediated cardiovascular protective mech-
anism, the regulatory interplay between AKT and the 
tumor suppressor gene p53 constitutes a central compo-
nent. As a downstream effector of AKT, the activity and 
expression of p53 are directly governed by the phosphor-
ylation status of AKT. Once activated, phosphorylated 
AKT suppresses the aberrant activation of p53 through 
either direct interaction or indirect modulation of related 
molecular pathways [17]. Under stress conditions such 
as myocardial ischemia and inflammation, p53 becomes 
activated and induces an imbalance in Bcl-2 family 
proteins via the mitochondrial pathway, resulting in 
decreased mitochondrial membrane potential and cyto-
chrome C release, thereby initiating the intrinsic apop-
totic cascade. Moreover, p53 can also promote apoptosis 
by activating downstream molecules through the death 
receptor pathway, mediating extrinsic apoptotic signaling 
[18]. Extensive cardiomyocyte apoptosis directly impairs 
myocardial contractility, accelerates ventricular remodel-
ing, and promotes the progression of HF.

Notably, a bidirectional regulatory interaction exists 
between the AKT/p53 signaling pathway and inflam-
matory responses, with IL-6 functioning as an essential 
molecular bridge linking the two. As a principal media-
tor of inflammatory activity, elevated IL-6 levels intensify 
local cardiovascular inflammation and increase vascular 
permeability, thereby heightening the risk of cardiovas-
cular events [19]. Concurrently, p53 facilitates the release 
of pro-inflammatory mediators such as IL-6 by regulat-
ing the transcription of inflammation-associated genes, 
further amplifying tissue inflammatory injury and induc-
ing cellular apoptosis [20]. Upon phosphorylation, AKT 
suppresses p53 activity directly, thereby diminishing its 
role in mediating pro-inflammatory gene transcription. 
Similarly, AKT can also reduce IL-6 secretion by modu-
lating key molecules involved in inflammatory signaling 
cascades [21].

Considering these regulatory mechanisms of the AKT/
p53 signaling pathway in cardiac pathology, together with 
the findings from this investigation of Mongolian medi-
cine STX, a central mechanistic hypothesis is proposed: 
Mongolian medicine STX may exert myocardial protec-
tive effects that are associated with modulation of AKT1/
p53-related signaling, although direct pathway activation 
was not confirmed in the present study.

The primary active constituents of Mongolian medi-
cine STX are quercetin, kaempferol, naringenin, and 
luteolin, all of which belong to the flavonoid class. As 
natural antioxidants, flavonoids scavenge reactive oxygen 
species (ROS) and exert antioxidant, anti-inflammatory 
[22], cytoskeletal-stabilizing, and ferroptosis-inhibitory 
effects [23], thereby conferring cardioprotective bene-
fits. Quercetin enhances myocardial antioxidant defense 
by eliminating free radicals and activating superoxide 
dismutase, while inhibiting mitochondrial apoptosis 
through the upregulation of anti-apoptotic proteins (e.g., 
B-cell lymphoma factor 2, Bcl-2) and suppression of pro-
apoptotic proteins (e.g., B-cell lymphoma factor 2-associ-
ated X protein) [24]. Kaempferol mitigates mitochondrial 
ROS accumulation and regulates calcium homeostasis 
to prevent calcium overload injury [25], simultaneously 
attenuating cardiomyocyte apoptosis, inflammation, and 
hypoxic damage [26]. Naringenin improves myocardial 
energy metabolism disrupted by ischemia and suppresses 
inflammatory factor release via the PI3K/Akt/eNOS 
pathway, thereby preventing cardiomyocyte necrosis and 
apoptosis [27]. Luteolin decreases ROS and malondialde-
hyde levels, downregulates ferroptosis markers Acsl4 and 
Ptgs2, and inhibits Bax and p53 expression through the 
Akt/P53/Mdm2 signaling pathway, ultimately enhancing 
myocardial contractility.

Myocardial fibrosis is a pathological condition charac-
terized by excessive collagen fiber deposition within myo-
cardial tissue and disruption of the normal myocardial 
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architecture. Its onset and progression are tightly linked 
to inflammation and apoptosis, forming a self-perpetu-
ating cycle of “inflammatory activation–cellular apopto-
sis–fibrosis exacerbation” that culminates in irreversible 
cardiac dysfunction.

The results of this study indicated that the doxorubi-
cin-induced HF rat model displayed typical pathological 
features of HF, including markedly elevated NT-proBNP 
levels and abnormal echocardiographic parameters. After 
intervention with Mongolian medicine STX, NT-proBNP 
levels were significantly reduced; however, echocar-
diographic parameters (EF and FS) showed only slight 
numerical improvement without statistical significance, 
indicating that functional recovery was not conclusively 
demonstrated. The expression of AKT1 protein in myo-
cardial tissue was markedly upregulated in the Mongolian 
medicine STX group, suggesting a potential association 
with activation of AKT1-related signaling pathways. 
However, as only total protein levels were measured, 
pathway activation could not be directly confirmed. IL-6 
levels in myocardial tissue were markedly decreased, 
indicating a reduction in inflammatory mediator levels 
rather than direct inhibition of specific pathways such 
as NF-κB. Similarly, P53 protein levels were markedly 
reduced, reflecting decreased total protein abundance; 
however, phosphorylation status and downstream apop-
totic signaling were not evaluated in this study. These 
experimental findings were partially consistent with the 
predictions of network pharmacology analysis, although 
such computational predictions require further experi-
mental validation. From the perspective of Mongolian 
medical theory, Qi stagnation and blood stasis represent 
major pathological mechanisms underlying HF, primar-
ily manifested as impaired blood circulation and insuf-
ficient myocardial blood and oxygen supply, ultimately 
resulting in reduced cardiac function. Mongolian medi-
cine STX may ameliorate the state of Qi stagnation and 
blood stasis through multiple mechanisms, potentially 
involving improvement of myocardial microcirculation, 
attenuation of inflammatory responses, and reduction 
of cardiomyocyte apoptosis. Concurrently, reduction of 
IL-6 expression may contribute to decreased inflamma-
tory injury and improved vascular function. Meanwhile, 
downregulation of P53 may be associated with reduced 
cardiomyocyte apoptosis, thereby helping to maintain 
both structural and functional cardiac integrity.

However, several limitations should be acknowledged. 
First, AKT1 and p53 were assessed only at the total pro-
tein level using ELISA, and phosphorylation-dependent 
activation of the signaling pathway was not evaluated. 
Second, key downstream apoptotic markers such as BAX, 
BCL2, and caspase-3 were not measured. Third, echocar-
diographic parameters did not show statistically signifi-
cant improvement, indicating limited functional recovery 

under the present experimental conditions. Fourth, myo-
cardial fibrosis was evaluated qualitatively without quan-
titative analysis. Finally, the doxorubicin-induced model 
primarily reflects cardiotoxic injury and may not fully 
represent other forms of heart failure. Future studies 
should incorporate more comprehensive mechanistic 
experiments, including assessment of phosphorylated 
proteins, apoptosis markers, and additional HF models, 
to further validate these findings.

Conclusion
In conclusion, this study suggests that Mongolian 
medicine STX may ameliorate myocardial pathologi-
cal alterations and partially improve biochemical indi-
cators associated with heart failure, as evidenced by 
reduced NT-proBNP levels and improved histological 
features. The findings from network pharmacology and 
experimental analysis indicate that these effects may be 
associated with AKT1/p53-related signaling pathways, 
although direct pathway activation and causal mecha-
nisms were not confirmed in the present study. There-
fore, these results provide a preliminary theoretical basis 
for the potential application of Mongolian medicine STX 
in HF, and further mechanistic and functional studies are 
required to validate these observations.
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