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Aim of the Study: To analyze the chemical components of BSCO, evaluate its effects on lung cancer through vivo and vitro
experiments, reveal its underlying mechanism in a rat model of LC.

Methods: Ultra-high performance liquid chromatography with quadrupole time-of-flight mass spectrometry was used to identify
components of BSCO. A Lewis lung cancer model was established in mice to evaluate the effects of BSCO by observing tissue
morphology, whole animal imaging, and determination of serum biochemical indicators. The effects of BSCO on Lewis cancer cells in
vitro were assessed using a CCK-8 cell proliferation assay. Network pharmacology and transcriptomics analysis was used to predict
their targets and signaling pathways associated with lung cancer. The mRNA expressions of target genes were measured by RT-qPCR.
Results: Twenty major chemical components of BSCO were identified. BSCO effectively inhibited tumor growth in the Lewis lung
cancer mouse model and normalized serum markers of cancer to varying degrees. The ICsy of BSCO on Lewis cell proliferation was
173 mg/mL. Low- and high-dose BSCO-containing drug serum inhibited proliferation of Lewis cells after 24 and 48 h incubation.
Integrated network pharmacology and transcriptomic analyses suggest that BSCO may exert anti-tumor effects through the PI3K-Akt
signaling pathway, with TP53, IL6, CDKN1A, and KIT identified as potential key targets within this pathway. The reliability of the
transcriptomic results was confirmed by verifying some lung cancer-related genes through RT-qPCR. BSCO was evaluated against
model control and cyclophosphamide. A key follow-up step will be to perform protein-level validation, which confirms the observed
transcriptomic signals.

Conclusion: BSCO significantly inhibited lung cancer growth in vitro and in vivo. Network pharmacology and transcriptomics
suggested that its anti-cancer effects might involve the PI3K-Akt signaling pathway, TP53, IL6, CDKNI1A, and KIT may be its key
targets.

Keywords: blood stasis constitution ointment, BSCO, UPLC-Q-TOF-MS, network pharmacology, lung cancer, transcriptomics
analysis, medicine-food homologous substances

Introduction
Lung cancer is still the leading cause of cancer deaths worldwide and the number of cases continues to rise in most
countries.' It is characterized by a high mortality rate after diagnosis and it has been estimated by the International
Agency for Research on Cancer (IARC) under the World Health Organization (WHO) that there were about 2.2 million
new cases and 1.8 million deaths in 2020.%>

The pathogenesis of lung cancer is still unclear in modern medicine. Recently, it has been linked to the lung
microbiome, and smoking is the main risk factor.*> According to the theory of traditional Chinese medicine (TCM),

lung cancer belongs to the category of “lung accumulation”, and the main pathogenesis is “depression”. It is primarily
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due to deficiency of lung qi, which leads to internal obstruction of phlegm and turbidity in the body, followed by invasion
of the lungs by external pathogens. Ultimately, this leads to qi stagnation and dampness obstruction, internal stagnation
of phlegm and turbidity, phlegm and blood stasis interconnections, and the pathogenesis of transforming toxins into
cancers.’

Clinical treatment of lung cancer domestically and internationally includes surgery, radiotherapy, chemotherapy,
ablation, targeted therapy, and immunotherapy.” Currently, surgical treatment remains the first choice, while the survival
rate of targeted therapy drugs is not high.®° New, effective drugs are required to improve clinical survival. Using TCM
for 180 days or more was linked to a 59% lower risk of disease progression compared to not using TCM.'® Kangai,
Kanglaite, Aidi, and Compound Kushen injections all demonstrated significant efficacy and safety advantages. Notably,
Aidi combined with GP (gemcitabine + cisplatin) achieved the highest objective response rate (ORR) of 79.0%."!

The Chinese medicine constitution is a comprehensive and relatively stable inherent trait that is based on innate and
acquired characteristics of the human body during life processes.'> The Chinese medicine constitution has been widely
recognized internationally.'* According to TCM theory, one of the core elements of lung cancer is an unbalanced
constitution, with blood stasis being the representative constitution.'* Blood stasis can lead to a hypercoagulable state,
which not only increases the risk of thrombosis in lung cancer patients, but also contributes to tumor proliferation,
severely affecting quality of life and prognosis in these patients.">

Oral Paste, also known as “nourishing ointment,” is a Chinese medicinal paste used for health preservation. These
pastes are effective in improving the constitution and offering lasting therapeutic effects.'® Medicine-food homologous
substances refer to those substances that are traditionally used as food and included in the “Pharmacopoeia of the
People’s Republic of China”. The constitution, dietary therapy, and oral pastes are closely related.

Building on these principles, they have carefully formulated blood stasis constitution ointment (BSCO) based on the
fundamental prescription meanings and concepts of two classic renowned formulas, namely “Xuefu Zhuyu Decoction”
and “Buyang Huanwu Decoction” appearing in Yilin Gaicuo by Wang Qingren in 1830.

Xuefu Zhuyu and Buyang Huanwu decoctions are well-known TCM prescriptions that are used to treat blood stasis
syndrome. They are currently employed extensively in the management of blood stasis-related diseases, and substantial
therapeutic efficacy has been demonstrated.'”'® Recent studies have shown the palliative effect of Xuefu Zhuyu and
Buyang Huanwu decoctions on symptoms associated with lung cancer.'”*® Higher overall clinical efficacy was observed
in patients receiving Xuefu Zhuyu decoction in conjunction with standard treatment, compared with those receiving
standard treatment alone.

The formulation addresses four aspects: Reinforce healthy qi, correcting imbalances, eliminate pathogenic factors, and
flavoring. Huangdi Neijing suggests that “When the healthy qi is strong within, pathogenic factors cannot act”.?' This
formula is made up of 16 traditional Chinese ingredients, including Panax ginseng C.A.Mey, oxhide gelatin, E’Jiao (Colla
corii asini), Tremella fuciformis Berk, Lycium chinense Mill, Nelumbo nucifera Gaertn, Prunus persica (L). Batsch,
Pueraria alopecuroides Craib, Rosae rugosae Thunb. Hordeum vulgare L, Poria cocos (Schw). Wolf, Citrus reticulata
Blanco, Crataegus pinnatifida Bunge and Hippophae rhamnoides L, Vigna umbellata (Thunb). Ohwi & H.Ohashi and
Allium macrostemon Bunge. Modern evidence supports the roles of several key ingredients: Panax ginseng shows

immunomodulatory and homeostasis-supporting effects.”” E’Jiao exhibits hematinic and blood-nourishing actions.*’

Lycium chinense and Tremella fuciformis polysaccharides provide nutritive and immunomodulatory support,>**>
Crataegus pinnatifida contributes to digestion and lipid regulation.?® Oligosaccharide maltose is used to provide shape
and texture and improve the flavor without the concern of raising blood sugar levels, making it more acceptable to the
public.?’

UPLC-Q-TOF-MS is widely used to identify the active compounds of traditional herbal decoctions by enabling high-
resolution, accurate-mass profiling and rapid MS/MS-based analysis across complex matrices, allowing deconvolution of
co-cluting constituents, assignment of elemental formulas, and structure annotation from rich fragment ions.?**°

In summary, although BSCO has extensive support from traditional Chinese medicine theories, the therapeutic
efficacy of BSCO in treating lung cancer (LC) and its potential molecular mechanisms remain unclear. This research
is based on the doctrine of constitution and medicinal paste, drawing on classic prescriptions and utilizing medicine food

homology substances that meet safety requirements to create BSCO. This study utilized ultra-high performance liquid
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chromatography with quadrupole time-of-flight mass spectrometry (UPLC-Q-TOF-MS) to identify the active compo-
nents of BSCO. In vitro and in vivo experiments were conducted to evaluate the effect of BSCO on lung cancer.
Additionally, network pharmacology and transcriptomics were integrated to predict its target points, providing evidence-
based support for its efficacy.

Materials and Methods

Reagents and Instruments

Blood stasis constitution ointment was obtained from Sichuan Guzheng Baohe Health Management Co., Ltd., chromatographic

grade methanol was purchased from Fisher Scientific, and pure water was from Hangzhou Wahaha Group Co., Ltd.
Instruments: ACQUITY UPLC H-Class ultra-high performance liquid chromatography system and Vion IMS Q-TOF

high-resolution mass spectrometer (Waters Corporation, USA); MEI55DU electronic balance (Mettler-Toledo

Instruments); BioTek Synergy H1 Multifunctional Microplate Detector (Agilent); QX200™ Droplet Digital™ PCR

System (Bio-RAD).

UPLC-Q-TOF-MS Analysis

UPLC-Q-TOF-MS Conditions

An ACQUITY UPLC BEH C18 column (2.1 x 50 mm, 1.7 pm) was used, with a mobile phase consisting of 0.1%
aqueous formic acid solution (A) and methanol (B) and gradient elution (0—15 min, 25-65% B; 15-19 min, 65-80% B;
19-20 min, 80-25% B). The flow rate was set at 0.3 mL/min, and the column temperature was maintained at 35 °C.
Electrospray ionization (ESI) was used in positive ion mode scanning. The desolvation N, gas flow rate was set at 1000
L/h, with a desolvation gas temperature of 450 °C. The cone gas flow rate was 50 L/h, the capillary voltage was 3.0 kV,
the cone voltage was 30 V, and the ion source temperature was 120 °C.

Preparation of Test Solution

A 0.2 g of BSCO was weighed and placed in a 100 mL stoppered conical flask. Then, 30% methanol (50 mL) was added
and the weight recorded. The test sample was subjected to 30 min of ultrasonic extraction at 300 W. After cooling, the
weight was made up with 30% methanol and the solution was mixed thoroughly. The solution sample was passed through
a 0.22 pm microporous filter membrane, and the resulting filtrate was gathered for analysis.

Animal Experiments
Animals
All animal procedures were approved by the Animal Ethics Committee of the Institute of Chinese Materia Medica, China
Academy of Chinese Medical Sciences (Approval No.202313195 and No.202313259) and were conducted in accordance
with the Guide for the Care and Use of Laboratory Animals; reporting follows ARRIVE 2.0 guidelines.

Male specific pathogen-free (SPF) Sprague Dawley (SD) rats (180-200 g) and male SPF C57BL/6J mice (18-22 g)
were purchased from Beijing Vital River Laboratory Animal Technology Co., Ltd. (Beijing, China), permit number:
SCXK (Jing) 2021-0011.

Assessment of Lewis Cell Growth in Mice
The Lewis lung cancer mouse model was used to evaluate the therapeutic effect of BSCO on lung cancer, observing
tissue morphology, in vivo imaging of the mice, and determination of multiple serum biochemical indicators.*°

Experimental Animals, Grouping, and Model Construction

Seventy-two C57BL/6 male mice weighing 20 + 2 g were used for the experiments. The animals were housed at room
temperature (25 + 1 °C), relative humidity of 60%, and normal alternation of day and night for 12 h, with free access to
food and water. After acclimatization, the animals were randomly divided into six groups of 12 animals using a
computer-generated sequence: blank control, model, positive drug cyclophosphamide (Cytoxan, 0.2 mL/10 g), and
BSCO low, medium, and high dose (0.2, 0.4, and 0.8 mL/10 g) groups. Animal doses were translated from the intended
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human dose using body-surface-area (BSA) allometric scaling with FDA-recommended Km factors. The high-dose
group is derived from the conversion of the clinical human administration dose.

The mice were anesthetized and placed on the operating table in the right lateral position. The left armpit was shaved and
disinfected with 75% ethanol. A 5 mm incision was made in the left axilla at the upper edge of the rib arch at the anterior line
at about 1.5 cm. The skin and subcutaneous tissues were separated, and the chest wall was exposed until the pink lobes of
the lungs could be seen moving due to respiration. Serum-free medium or phosphate buffered saline (50 pL) containing
tumor cells (10° cells per mouse) was mixed with Matrigel matrix (50 uL) on ice and injected vertically into the left lung
with a micro feeder at a depth of about 3 mm. After 20 s the needle was removed and the incision closed with 1 or 2 stitches.
The cell line was mouse-derived LLC (Lewis)-luc cells (luciferase-labeled mouse lung cancer cells, No. LZQ0009,
Shanghai Zhonggiao Xinzhou Company) cultured in Dulbecco’s Modified Eagle Medium containing 10% fetal bovine
serum (FBS). After successful establishment of the model, the low, medium, and high dose BSCO groups were dosed by
oral gavage once a day (0.2, 0.4, or 0.8 mL/10 g). The positive drug group was dosed by intraperitoneal injection with
cyclophosphamide (0.2 mL/10 g) every other day. The model group received an equivalent volume of distilled water, and
dosing continued for 14 days.

Histomorphology Observation

Histomorphological assessments were conducted following established procedures.>' Outcome assessments (including
H&E histopathology) were performed by investigators/pathologists blinded to group allocation. After the mice had been
euthanized, lung tissue (1 lobe) was taken and fixed in formaldehyde, embedded in paraffin, and stained with
hematoxylin and eosin (H&E). Morphological changes were observed by light microscopy (n = 3 in each group). The
remaining lung tissues were frozen and stored.

Determination of Serum Biochemical Indexes

Blood samples were obtained 24 h after the final administration by removing the eyeballs. After resting at 4 °C for 30
min, the samples were centrifuged at 3500 r/min for 10 min and the supernatants stored at —80 °C for analysis. The serum
biochemical indexes determined in this study included: superoxide dismutase (SOD), glutathione peroxidase (GSH-Px),
catalase (CAT), hexokinase 2 (HK2), phosphofructokinase (PFK), malondialdehyde (MDA), glucose transporter protein
1 (GLUT1) and pyruvate kinase (PK).

Cell Culture and Evaluation of Lung Cancer Cell Growth

Cell culture and growth assays were performed as previously described, with minor modifications.** Lewis cells were
grown in RPMI medium with 10% FBS at 37 °C in a humidified atmosphere with 5% CO2. When cell growth reached
70% to 80%, they were digested with trypsin and passaged. Tumor cells in the logarithmic growth phase were incubated
in 96-well plates for 12 h. After the cells had attached to the wall, they were treated with different concentrations of
BSCO for 24, 48, and 72 h. The negative control group was Lewis cells cultured in culture medium. Cell viability was
determined using the CCK-8 method.

Serum Pharmacology

With reference to the reported method for serum pharmacology of traditional Chinese medicine,*® rats were randomly
divided into blank control (n = 15), high-dose (n = 5), low-dose (n = 5), and cyclophosphamide control (n = 5) groups,
the dosage used was consistent with that in the previous experiment. The blank control group received an equal volume
of saline by oral gavage for 7 d. Blood was collected under sterile conditions 1 h after the last gavage, and the serum was
separated and filtered to remove bacteria. Lewis cells in the logarithmic growth phase were divided into five groups:
normal control (10% normal culture serum + RPMI-1640 medium); blank serum (10% blank serum + RPMI-1640
medium); positive control group (10% cyclophosphamide group serum + RPMI-1640 medium); BSCO low-dose group
(10% low-dose group serum + RPMI-1640 medium); BSCO high-dose group (10% high-dose group serum + RPMI-1640
medium). After culture for 24, 48 or 72 h, cell proliferation was analyzed using the CCK-8 method.
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Network Pharmacology Analysis

BSCO Active Ingredients and Target Screening

After identification of all active chemical components by UPLC-Q-TOF-MS, their structural data were uploaded to the
SwissADME platform (http://www.swissadme.ch). Chemical components meeting at least two of Lipinski’s Rule of Five

(RO5) criteria were included in the active compounds, together with compounds for which in vivo activity studies had
been reported in the literature. Other compounds were excluded. Chemical structures were obtained from the PubChem
database (https://pubchem.ncbi.nlm.nih.gov/). Potential targets of BSCO components were obtained from three data-
bases: TCMSP (https://old.tcmsp-e.com/tcmsp.php/), ETCM2.0 (http://www.tcmip.co/ETCM2/front/) and Swiss Target
Prediction (http://www.swisstargetprediction.ch/). The targets obtained from the three databases were combined and

duplicates removed to obtain the therapeutic targets of BSCO. The names of all targets were cross-checked using the
UniProt online protein database (https://www.uniprot.org/).

Identification of Lung Cancer Specific Targets

Relevant targets were searched for using the keywords “lung cancer” and “lung cancer tumor” in four databases:
Therapeutic Target Database (TTD, https://db.idrblab.net/ttd/), GeneCards (https://www.genecards.org/), Online
Mendelian Inheritance in Man (OMIM, https://omim.org/) and DisGeNET (https://www.disgenet.org/). The targets

obtained were combined and duplicates removed to obtain therapeutic targets for lung cancer. The names of all targets
were cross-checked using the UniProt online protein database (https://www.uniprot.org/).

Hub Gene PPl Network and Pathway Enrichment Analysis
The Venn online analysis platform (http://jvenn.toulouse.ina.fr/app/example.html) was used to draw a Venn diagram of the

overlapping targets between drugs and diseases. The data were then input into the STRING database (https://string-db.org/)

to construct a protein-protein interaction (PPI) network. Cytoscape 3.10.2 was used to visualize the BSCO-lung cancer
targets PPI network. Network analyzers are used to calculate topological parameters in the network. The median node
degree (Degree), median betweenness centrality (BC), and median closeness centrality (CC), each calculated twice, were
used as evaluation criteria for the nodes. The obtained targets were imported into Cytoscape 3.10.2, and the hub gene PPI
network was constructed.

In parallel, GO and KEGG pathway enrichment analyses were conducted using the Metascape database (http:/
metascape.org/gp/index.html). Pathways with P < 0.01 were selected.

Transcriptomics Sequencing

Total RNA was isolated from murine tumor tissues with TRIzol™ Reagent (Invitrogen), followed by DNase I (TaKaRa)
treatment to eliminate genomic DNA. RNA integrity and concentration were evaluated using a 2100 Bioanalyzer and
NanoDrop ND-2000 spectrophotometer, respectively. Sequencing libraries were prepared with the TruSeq™ RNA
Sample Preparation Kit (Illumina) through polyA selection, RNA fragmentation, cDNA synthesis, and 15-cycle PCR
amplification. Paired-end sequencing (150 bp % 2) was conducted on the Illumina NovaSeq 6000 platform. Raw reads
underwent adapter trimming and quality control via Trimmomatic, then aligned to the reference genome using hisat2.
Alignment quality was assessed by qualimap v2.2.1, and gene-level read counts generated by htseq. Differentially
expressed genes (DEGs) were identified with edgeR (|log,FC| > 1.5, FDR < 0.05). Functional enrichment analysis for
KEGG pathways, with significant enrichment determined by Bonferroni-corrected P-value < 0.05.

Quantitative Real-Time PCR (g-PCR)

Genomic DNA removal was performed in triplicate using TaKaRa RR047A (10 pL reaction volume per replicate).
Subsequently, reverse transcription reactions were set up in triplicate (20 uL each). Target gene amplification was carried
out by PCR, using primers listed in Table 1 (triplicate 20 pL reactions). PCR products were separated on 2% agarose
gels, purified using the AxyPrep DNA Gel Extraction Kit (Axygen Biosciences, Union City, CA, US) as per the
manufacturer’s protocol, and quantified with QuantiFluor™-ST (Promega, U.S). Quantitative real-time PCR (qPCR)
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Table | Primers for Quantitative PCR

Gene Forward Primer (5'-3') Reverse Primer (5'-3')
CDKNIA | ACCAGCCTGACAGGTAAGGA | TGCTGAGCCATCTCTTCAGC
KIT GCCAGGAGACGCTGACTATC | GTGTTCTGCTGCCAAGAAGC
VEGFA GTCAGCAGGAGAAGGTCACC | TGGACGGCGTCAATTCTGAA
JUP TACCAGATGTCCACAACGGC | TCATCGTTGAGCAGCTTGGT
DLLI ACTCTCTCGGTTCCTAGCGT CACAGAGCAACCTTCTCCGT
KLF4 AGTGCCAGAAGTGTGACAGG | CCATGATTGTAGCGCTTGCC
S100A8 GCAGGTGAGGAGGTGCTATG | TCACCATCGCAAGGAACTCC
S100A9 TTGCCTAACAGTGGCCAGAG | CTCTCACAAGCCAAGCCTCA
HSPAS GCGTCGGTGTGTTCAAGAAC | TCATTCCAAGTGCGTCCGAT
VIM CCACCTTCGAAGCCATGTCT | GTCCACCGAGTCTTGAAGCA
GAPDH GGTTGTCTCCTGCGACTTCA

TGGTCCAGGGTTTCTTACTCC

detection was performed in triplicate (20 pL reactions). Relative mRNA expression levels within each sample were
normalized to GAPDH and calculated using the 2~**“T method.

Statistical Analysis

Data were analyzed using GraphPad Prism 5.0 software and expressed as mean + standard deviation. Comparisons

between groups were performed by one-way ANOVA. * P < 0.05, ** P < 0.01, *** P < (0.001, **** P < (0.0001; ns
indicates no significant difference.

Results

|dentification of the Main Chemical Components of BSCO by UPLC-Q-TOF-MS
The base peak chromatogram of BSCO is shown in Figure 1 (Base peak chromatogram of BSCO in positive ion mode).

Using the accurate relative molecular mass data, information on secondary fragment ions, and literature data, a total of 20
chemical components were identified, as detailed in Table 2.
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Figure | Base peak chromatogram of BSCO in positive ion mode.
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Table 2 Main Chemical Components of BSCO

No. Compounds Formula Chemical Structure lon Mode Found Theo. Error/x107®
Mass MASS
| L-tyrosine CoH | |NO; o [M+Na]" 204.0602 204.0637 —=17.15
OH
NH,
HO'
2 Purine CsH4N4 [M+H]" 136.0663 136.0623 29.40
NI “\
LAY
N b
3 Adenosine CioH 3NsO4 i, [M+H]" 268.1082 268.1046 13.43
M =
PV
N N
0
HO!
W o
4 Caffeic acid phenethyl ester C7H 04 /\/@ [M+NH,]* 302.1380 302.1392 -3.97
5 Limonin Ca6H300s [M+H]" 471.2026 471.2019 1.49
&
6 Naringin Cy7H3,014 . [M+H]* 581.1862 581.1870 -1.38
7 Nobiletin CyH230s - [M+H]" 403.1416 403.1393 571
8 Daidzin C31H20s b\ [M+H]" 417.1206 417.1186 4.79
=Y O . ‘
(Continued)
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Table 2 (Continued).

No. Compounds Formula Chemical Structure lon Mode Found Theo. Error/x107®
Mass MASS
9 Delta-Carotene CaoHse [M+H]* 537.4372 537.4460 —16.37
10 Methyl gallate CgHgOs on [M+NH.,]* 202.0754 202.0715 19.30
HO OH
o O/
1 Hesperidin CagH34015 ) [M+H]* 611.1968 611.1976 ~1.31
bt
/&\ O
H i :
12 Neohesperidin CagH34015 [M+HT* 611.1968 611.1976 ~1.31
13 Rutin CygH3405 [M+H]* 611.1968 611.1976 =131
14 Amygdalin CaoHa7NO | . [M+NH.4]* 475.1950 475.1928 4.63
15 Beta-Sitosterol CyoHs500 _ [M+K]* 453.3460 453.3499 —-8.60
(Continued)
3156 https: Cancer Management and Research 2025:17




Wang et al @

Table 2 (Continued).

No. Compounds Formula Chemical Structure lon Mode Found Theo. Error/x107¢
Mass MASS
16 Ononin CxH204 [M+H]* 431.1372 431.1342 6.96

17 Alpha-Lactose C1aH20, - [M+H]* 343.1279 343.1240 11.37
18 Poricoic acid AM C3,H405 [M+NH,]* 530.3837 530.3845 —-1.51
19 Poricoic acid D C3H460¢ [M+NH,4]* 532.3700 532.3638 11.65
20 Sucrose Ci,H20, on [M+K]* 381.0817 381.0799 4.72
[ o
[} “tioH

HO!

OH

Effects of BSCO on Tumor Growth in Mice

Imaging results showed that fluorescence values in the model group were elevated and significantly higher than those in
the BSCO-treated groups (P < 0.05, P < 0.01), suggesting that BSCO slowed the growth of LLC cells in mice. The
positive control drug, cyclophosphamide, significantly inhibited the growth of LLC cells in mice compared with that in
the model group (P < 0.01), as shown in Figure 2.

Histopathological Morphology Changes in the Lungs of Lewis Lung Cancer Mice

The results of H&E staining showed that lung tissue from mice in the model group had blurred cell edges, large and
heterogeneous nuclei, and disturbed cell arrangement accompanied by partial alveolar rupture. Compared with the model
group, lung tissue from the BSCO low-(0.2 mL/10 g), medium-(0.4 mL/10 g), and high-dose (0.8 mL/10 g) groups
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Figure 2 Effect of BSCO on tumors in lung cancer mice. Representative in-vivo fluorescence images for Model, BSCO-low/mid/high, and CTX; thoracic ROI fluorescence
(logl0) is quantified, and color bars show low-to-high signal. Data are shown as the mean + SD; * P < 0.05, ** P < 0.01, *** P < 0.0001 vs the model group, n = 6.

showed varying degrees of cell necrosis accompanied by hemorrhage, and structural damage to the lung tissue was
ameliorated. In the positive cyclophosphamide group (CTX), the cells were locally necrotic accompanied by mild

hemorrhage, and a small number of necrotic cell fragments were seen, as shown in Figure 3.

mid

& =

Figure 3 Effects of BSCO on histopathological morphology in the lungs of Lewis lung cancer mice (H&E, %X200). Representative hematoxylin—eosin—stained sections from
Model, BSCO-low (0.2 mL/10 g), BSCO-mid (0.4 mL/10 g), BSCO-high (0.8 mL/10 g), and CTX (cyclophosphamide) groups.
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Lung Cancer-Related Serum Indexes

Compared with the blank control group (Control), serum levels of CAT, GSH-Px, and SOD were significantly lower in
the model mice (Model, P < 0.001), the detailed data are provided in Supplementary Table 1, while levels of PFK,
GLUTI1, HK2, MDA, and PK were significantly elevated (P < 0.001). These data indicated successful establishment of
the model. Compared with the model group, treatment with BSCO increased the levels of CAT, GSH-Px, and SOD to
varying degrees, and decreased the levels of PFK, GLUT1, HK2, MDA, and PK, with the high dose being the most
effective (P < 0.001, Figure 4). The results suggest that BSCO has a certain ameliorative effect on Lewis lung cancer in
mice.

Effect of BSCO and Drug-Containing Serum on Lung Cancer Cell Viability

BSCO at 100-200 mg/mL showed significant cytotoxicity towards Lewis cells at 24 h (P < 0.05), and the 1Cs, was
calculated to be 173 mg/mL (Figure 5A and B). The 24 and 48 h data showed that low and high doses of BSCO as well
as cyclophosphamide significantly inhibited the viability of Lewis cells compared to the blank group. Compared with the
blank group, more apoptotic cells could be observed under the microscope after 72 hours of incubation with rat serum
from the low-dose BSCO group, high-dose BSCO group, and cyclophosphamide group (Figure 5C).

Prediction of Targets and Pathways of BSCO in Lung Cancer Treatment via Network
Pharmacology

A total of 17 active ingredients of BSCO were obtained using the SwissADME platform and relevant literature. These
active ingredients were then searched in the Swiss Target Prediction, ETCM 2.0, and TCMSP databases to identify 460
therapeutic targets of BSCO. Additionally, by retrieving data from GeneCards, TTD, OMIM, and DisGeNET databases, a
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total of 5184 lung cancer-related genes were identified, among which 341 genes overlapped with the BSCO therapeutic
targets. A Venn diagram was created and is shown in Figure 6A.

The PPI network constructed from the STRING database consisted of 341 overlapping targets, including 341 nodes
representing the targets and 6779 edges representing interactions. The data were imported into Cytoscape for analysis,
where 51 hub genes were identified using topological parameter values. All nodes were ranked from high to low based on
degree, with their sizes representing the degree and their colors ranging from dark to light. The results showed that the
nodes representing GAPDH, AKT1, TP53, TNF and IL6 had larger areas and darker colors, indicating that these targets
were of greater importance (Figure 6B).

Using the Metascape database, 3,572 GO terms were enriched when applying a filter of P < 0.05. Among these, 2,694
entries were related to biological processes (BP), including response to hormone, cellular response to nitrogen com-
pound, and cellular response to hormone stimulus. The cellular component (CC) category contained 161 entries,
particularly membrane raft, membrane microdomain, and neuronal cell body. The molecular function (MF) category
included 327 entries, such as phosphotransferase activity, alcohol group as acceptor, kinase activity, and protein kinase
activity. The top 10 entries in each category were analyzed and plotted (Figure 6C).

Similarly, KEGG enrichment analysis conducted using Metascape with a filter of P < 0.05 identified 230 pathways.
Relevant information for the top 20 enriched pathways was imported through a bioinformatics platform to generate a
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KEGG enrichment pathway diagram. The results indicated that BSCO treatment of lung cancer primarily involves
pathways such as Pathways in Cancer, Proteoglycans in Cancer, and the PI3K-Akt signaling pathway (Figure 6D).

Transcriptomic Analysis Reveals Differential Genes and Pathways
Principal component analysis showed clear separation between LC and BSCO groups (Figure 7A), supporting global
transcriptomic shifts after BSCO treatment. To elucidate BSCO’s therapeutic mechanisms in lung cancer, tumor tissues
from BSCO-treated and untreated lung cancer mice underwent transcriptomic sequencing. Differentially expressed
mRNAs (|log,FC| > 1.5, FDR < 0.05) revealed 2,043 dysregulated genes (1,259 upregulated; 784 downregulated)
(Figure 7B). Unsupervised hierarchical clustering (TreeView) visualized distinct intergroup expression patterns in a
heatmap (Figure 7C).

Subsequently, KEGG pathway enrichment analysis was performed on the core targets that had been identified through
transcriptomic approaches. This analysis revealed 239 enriched pathways, with the top 30 significantly enriched
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pathways visualized (see Figure 7D). When compared to the results of network pharmacology, both methods indicated
notable alterations in the PI3K-Akt signaling pathway and the Rapl signaling pathway.

Network Pharmacology Combined with Transcriptomics Exposed Key Molecules and
Signaling Pathways Modulated by BSCO in Lung Cancer Mice

By integrating the results with network pharmacology, we intersected the differentially expressed genes with 341
therapeutic targets and identified 52 overlapping genes (Figure 8A), which are likely to constitute the key targets
underlying BSCO’s anti-lung cancer effects. Protein—protein interaction (PPI) analysis revealed a functional interaction
network among these genes and identified several hub genes, including TP53, TNF, IL6, IL1B, and CASP3 (Figure §B).
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Figure 8 Integrated network pharmacology and transcriptomics analysis of tumor tissues from lung cancer mice treated with BSCO. (A) Venn diagram of genes identified
from network pharmacology and RNA-seq differential expression analysis. (B) Protein—protein interaction (PPl) network of the overlapping genes. (C) Sankey Diagram of
KEGG Enrichment for Key Genes. (D) Hierarchical clustering heatmap of key genes.
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KEGG pathway enrichment analysis further associated these genes with the top 10 significantly enriched pathways
(Figure 8C). The PI3K-Akt signaling pathway has once again been considered a key pathway, with genes such as TP53,
IL6, CCNE1, CDKNIA, CHRM2, FGF1, FLT3, ITGA2B, KIT, and NTRK1 being notably enriched. According to the
PPI network, TP53, IL6, CDKNI1A and KIT are key genes in this pathway. Transcriptomic sequencing results of these
critical targets are presented in Figure 8D.

To functionally validate the predictions from transcriptomic analysis, we quantitatively examined the mRNA
expression of genes associated with lung cancer pathogenesis and those involved in the PI3K-Akt pathway. As critically
demonstrated in Figure 9, administration of BSCO at test doses significantly modulated the expression of these targets
compared with the model group (p < 0.001). Specifically, genes such as CDKNI1A, KIT, VEGFA, JUP, DLL1, KLF4,
S100A8, and SI00A9 were significantly downregulated, consistent with the trends observed in the transcriptomic data,
the reliability of the transcriptomics results has been verified.

Integrating evidence from both network pharmacology and transcriptome analyses, we propose that the PI3K-Akt
signaling pathway may serve as a key regulatory axis through which BSCO exerts its anti-lung cancer effects,
coordinating a tumor-suppressive response. This pathway has been shown to play a critical role in tumor cell prolifera-
tion, tumor microenvironment changes, angiogenesis, and tumor morphological alterations. Importantly, key genes within
this pathway, including CDKNI1A and KIT, were validated to be significantly downregulated. However, the exact
mechanisms still need further validation.

Discussion
In recent years, an increasing number of traditional Chinese medicine and herbal therapies have been shown to be
effective with few side effects, and traditional Chinese medicine is gradually aligning with modern medicine.*® This
research is based on the doctrine of constitution and medicinal paste, drawing on classic prescriptions and utilizing
medicine food homology substances that meet safety requirements to create BSCO. BSCO has stronger safety compared
to the original formula. Moreover, the potential efficacy of BSCO in treating lung cancer was confirmed through both in
vitro and in vivo experiments. Subsequent integrated analysis using network pharmacology and transcriptomics identified
potential therapeutic targets and pathways, further elucidating the underlying mechanisms of BSCO against lung cancer.
In this study, the histopathological morphology of mouse lung tissue was observed by H&E staining and showed that
BSCO inhibited the growth of Lewis LC tumor cells in mice. This result was confirmed by fluorescence imaging of lung
cancer mice. The efficacy of BSCO on lung cancer was evaluated from the cellular and serum pharmacological levels.
BSCO was shown to inhibit proliferation of Lewis lung cancer cells with an IC50 of 173 mg/mL. The viability of Lewis
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cells treated with serum from rats dosed with high and low doses of BSCO, and cyclophosphamide, was reduced after
incubation for 24 and 48 h compared with the control. The effect of high dose BSCO serum was greater than that of low
dose BSCO serum.

Our analysis suggested that the primary active component may be caffeic acid phenethyl ester (CAPE), a phenolic
acid compound with potential as an anticancer agent. CAPE exerts its effects in cancer progression through the PI3K-Akt
signaling pathways and adenosine monophosphate-activated protein kinase (AMPK) signaling pathways, which is
consistent with predictions from network pharmacology and transcriptomics analysis KEGG analysis.>>°

Network pharmacology, transcriptomics and broader multi-omics are widely used to decode TCM formulas’ multi-
component mechanisms. In colorectal cancer, Li et al combined predicted herb—target networks with TCGA genes and
RNA-seq, and validated that the FZXJJZ decoction suppresses metastasis via the VDR/TGF-p/Snaill signaling pathways.*’
Complementing these, Huo et al used the same network pharmacology and transcriptomics workflow to pinpoint CYP24A1-
mediated VDR and TERT-mediated Wnt pathways as actionable nodes for a Ganoderma lucidum—Sanghuangporus vaninii
extract, corroborating anti-CRC effects in vitro and in vivo.*® Combining network pharmacology and transcriptome analysis,
the key targets include TP53, TNF, IL6, IL1B, and CASP3. TP53, TNF, IL1B, and CASP3 all play critical roles in cancer.
TP53, a well-known tumor suppressor, primarily functions by inducing cell cycle arrest, senescence, or programmed apoptosis
to prevent the proliferation of damaged cells. TNF, IL6, and IL1B are all immune-related molecules, with IL6 and IL1B key
inflammatory cytokines closely associated with cancer progression. Many chemotherapeutic agents ultimately exert their anti-
tumor effects by activating CASP3, which cleaves essential cellular substrates and leads to the orderly dismantling of the cell,
thereby inducing apoptosis in cancer cells.>® It is also speculated that BSCO may exert its anticancer effects through the PI3K-
Akt signaling pathway. This pathway is crucial for cancer cell survival and affects tumor proliferation, apoptosis, and
autophagy.*® Importantly, as key genes in this pathway, TP53 and IL6 are significantly upregulated, while CDKN1A and
KIT have been validated to be significantly downregulated. TP53 is a critical tumor suppressor gene. The inactivation of TP53
itself or its associated signaling pathways is a common feature in various human cancers. It plays a key role in regulating
multiple biological processes, including DNA repair, cell cycle arrest, apoptosis, autophagy, cellular senescence, metabolism,
and aging.*"** Furthermore, TP53 activates the transcription of CDKN1A, thereby mediating diverse biological functions. IL-
6 generally promotes cancer progression by facilitating proliferation, invasion, metastasis, angiogenesis, and therapy
resistance. However, its role in cancer is not exclusively detrimental, as it can also sensitize cells to TNF-a- and TRAIL/
Apo2L-dependent cell death.*> CDKN1A exhibits a dual role in tumor biology, it functions not only as a cell cycle inhibitor
but also as a potential survival promoter under specific contexts, making its relationship with cancer outcomes complex.** KIT
acts as a potent oncogenic driver by promoting uncontrolled cell proliferation and survival. Notably, BSCO effectively
suppresses KIT expression, thereby inhibiting carcinogenesis.*’

This study also verified the expression of some genes related to cancer. JUP is a key cell adhesion molecule involved
in mediating cell-to-cell adhesion.*® Studies demonstrate that HDAC7 drives lung cancer proliferation, migration, and
invasion via JUP suppression, positioning the JUP axis as a promising therapeutic target.*’ VEGFA primarily promotes
angiogenesis by binding to VEGFR2. This signaling cascade drives endothelial cell proliferation, migration, and survival,
playing a crucial role in the tumor’s ability to absorb nutrients and oxygen. Inhibiting VEGFA can effectively exert anti-
tumor effects.*® SI00A8 and S100A9 play key roles in inflammation regulation and immune response. In lung cancer,
S100 A8/9 is significantly upregulated in tumor tissues.*’ Furthermore, S100A8 has been shown to be involved in the
PI3K-Akt pathway, thereby affecting tumor growth.>® The above genes are all key genes in PI3K-Akt pathway, and their
action on this pathway helps inhibit cancer.

The levels of SOD, GSH-Px, CAT, HK2, PFK, MDA, GLUT1, and PK serum markers were restored towards normal
by BSCO in Lewis lung carcinoma mice, with the best effect seen at the high dose. BSCO regulates carbon metabolism
and glucose uptake in cancer cells by affecting the PI3K-Akt signaling pathway. The PI3K-Akt signaling pathway is
crucial in regulating cellular processes by activating downstream effectors, significantly contributing to tumor prolifera-
tion, invasion, and metastasis. One key aspect of AKT1 activation is its ability to enhance glucose uptake in cancer cells
by modulating the expression of GLUT1.’! Beyond enhancing glucose uptake, AKT1 regulates critical glycolytic
enzymes—including HK2 and PFK—via both post-translational modifications and transcriptional control. This dual
regulation ultimately drives PFK1 activation.>” This was confirmed in subsequent experiments. The activation of both
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PFK1 and GLUTI facilitates cell proliferation and tumorigenesis.”> As a result, targeting the PI3K-Akt pathway to
control tumor metabolism has emerged as a potential therapeutic strategy for treating cancer.>*

As an adjunct approach, BSCO is expected to synergize with evidence-based treatment regimens for non-small cell
lung cancer in supportive care. Meta-analyses of Chinese herbal medicine (CHM) added to chemotherapy report
improvements in quality of life and, in some datasets, response and survival, while CHM combined with EGFR-TKIs
has shown longer progression-free survival versus TKIs alone.>

A major limitation of this study lies in its focus on the pharmacodynamic validation of BSCO both in vivo and in vitro,
combined with preliminary gene and pathway predictions as well as mRNA verification via network pharmacology and
transcriptomics. The absence of protein-level functional validation restricts the certainty regarding BSCO’s mechanism in
treating lung cancer. Nevertheless, further investigation into BSCO holds substantial promise. Based on these findings, future
studies should focus on elucidating the precise mechanisms by which BSCO treats lung cancer, particularly its pharmacolo-
gical effects on cell proliferation, inflammatory responses, and immunomodulatory mechanisms. Given its high half-maximal
inhibitory concentration (IC50) and lack of protein-level validation, BSCO is likely to serve as an adjunct to guideline-directed
therapy for non-small cell lung cancer (NSCLC), which still requires rigorous, interaction-conscious trials.

In summary, this study identified the chemical compounds contained in BSCO and experimentally validated these
findings through both in vitro and in vivo approaches. Furthermore, network pharmacology and transcriptomics analyses
were employed to predict the potential molecular targets, signaling pathways, and protein interactions regulated by these
components. The results confirmed that BSCO exerts significant anti-cancer effects on lung cancer cells. BSCO has the
potential to become an adjunct therapy in lung cancer treatment.

Conclusion

This study identified 20 major chemical components in BSCO. Both in vitro and in vivo experiments demonstrated that
BSCO exhibits anti-lung cancer activity, effectively inhibiting cancer cell proliferation and tumor growth while restoring
serum biochemical indicators associated with lung cancer. Preliminary analyses suggest that key targets of BSCO in the
treatment of lung cancer include TP53, TNF, IL6, IL1B, and CASP3, indicating that its anti-cancer effects are likely
mediated through the PI3K-Akt signaling pathway. Critical targets along this pathway, such as TP53, IL6, CDKNI1A, and
KIT were identified, the reliability of the transcriptomic results was confirmed by verifying some lung cancer-related
genes through RT-qPCR. Upon completion of rigorous trials evaluating its safety and interactions, BSCO has the
potential to become an adjunct therapy in lung cancer treatment.
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