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Abstract: Colorectal cancer (CRC) remains a major global health burden, necessitating
alternative therapeutic approaches. Traditional Chinese Medicine (TCM), including
BuShenFang (BSF), has demonstrated potential anti-CRC effects, yet its precise
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mechanisms remain unclear. While BSF has previously exhibited anti-CRC activity in vitro,
its in vivo efficacy and associated molecular mechanisms requires further elucidation. In
this study, a subcutaneous xenograft model was established in nude mice, which lack T-
cell-mediated immunity and can effectively support the growth of human colorectal cancer
cells (HCT116). This model enables a more clinically relevant evaluation of BSF’s
antitumor effects in vivo. The study aimed to assess the tumor inhibitory effect of BSF and
investigate its underlying mechanisms via the Wnt/p-catenin signaling pathway. Mice were
allocated into control, low-dose BSF (L-BSF), high-dose BSF (H-BSF), and xStAXVHLL
(positive control) groups. Tumor growth was monitored, and analyses including histology,
immunohistochemistry, TUNEL assay, immunofluorescence, and Western blotting were
performed to examine tumor proliferation, apoptosis, and Wnt pathway regulation. BSF
significantly inhibited tumor growth in a dose-dependent manner, reduced K167 expression,
promoted apoptosis, and increased adenomatous polyposis coli (APC) levels. Additionally,
BSF downregulated B-catenin, p-GSK-3B/GSK-3p, and Axinl, while suppressing Wnt
target genes (Cyclin D1, c-Myc, COX-2). The decrease in p-GSK-3B (Ser9) suggests
increased GSK-3f activity, which promotes B-catenin degradation and attenuates Wnt/[3-
catenin signaling. These indicate that BSF inhibits CRC progression through modulation of
the Wnt/B-catenin signaling pathway, promoting apoptosis and suppressing tumor
proliferation. This highlights its potential as an adjunct therapy in CRC treatment. In
conclusion, these findings suggest that BSF may exert anti-CRC effects by targeting key
tumorigenic pathways in preclinical study. Further research, including clinical trials, is
needed to confirm its therapeutic potential.

Keywords: Colorectal cancer; BuShenFang; Nude mice; Traditional Chinese Medicine;
Subcutaneous Transplanted Tumor; SDG 3 Good health and well-being

1. Introduction

Colorectal cancer (CRC) is one of the most prevalent malignancies worldwide and
remains a leading cause of cancer-related mortality [*l. Despite advances in conventional
therapies, including surgery, chemotherapy, and targeted agents, treatment resistance and
tumor recurrence remain major challenges. Therefore, there is growing interest in exploring
alternative and complementary therapeutic strategies, including those derived from
Traditional Chinese Medicine (TCM) @, Among the cancers, colorectal cancer is of
particular concern in this research. As reported by the Malaysia National Cancer Registry
from 2012 to 2016, colon cancer ranked first in males (16.9%) and second in females (10.7%)
in terms of cancer prevalence. The risk for males to develop colorectal cancer is higher than
that for females, especially with increasing age, and the statistics indicate that colon cancer
incidence in Malaysia rose for both sexes during that period F1.
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BuShenFang (BSF) is a TCM prescription designed for kidney tonifying function 1.
It comprises a mixture of herbal components, including Pseudobulbus Cremastrae seu
Pleiones, Fructus akebiae, Rehmannia glutinosa, psoralen, and Duchesnea indica. Among
these, Rehmannia glutinosa and psoralen are traditionally used to invigorate kidney and
spleen function, promote yang energy, and support digestive health I, The other constituents
like Pseudobulbus Cremastrae seu Pleiones, Fructus akebiae, and Duchesnea indica are
believed to aid in clearing internal heat, detoxification, resolving carbuncles and improving
circulation [®1. Preliminary in vitro studies have shown that BSF exerts anti-CRC activity in
human colorectal cancer cell lines, such as HCT116 and SW620 ', However, the underlying
molecular mechanisms, particularly in vivo, remain poorly understood.

The Wnt/B-catenin signaling pathway plays a pivotal role in CRC development and
progression . In normal cells, APC (adenomatous polyposis coli) forms a B-catenin
destruction complex with Axinl and glycogen synthase kinase-3p (GSK-3p). Axinl serves
as a scaffold protein, bringing APC, GSK-3p, and B-catenin into close proximity to facilitate
B-catenin phosphorylation and subsequent proteasomal degradation, thus preventing its
nuclear accumulation. In CRC, mutations in APC or B-catenin can disrupt this process,
leading to cytoplasmic and nuclear accumulation of B-catenin, which subsequently activates
downstream oncogenic transcription targets, including c-Myc, Cyclin D1, and COX-2 [,
Dysregulation of APC, Axin 1 and B-catenin is therefore a hallmark of CRC pathogenesis,
and targeting this pathway represents a promising therapeutic approach. Notably, HCT116
cells, which were used in this study, carry B-catenin mutations that prevent its
phosphorylation and degradation, resulting in constitutive activation of Wnt/B-catenin
signaling. This makes them a suitable model for investigating therapeutic agents that
modulate this pathway.

While in vitro models offer valuable mechanistic insight, they fail to replicate the
complex tumor microenvironment of living organisms. Extended culture of tumor cells can
result in genetic drift, phenotypic changes, or contamination, all of which may compromise
experimental validity. Therefore, in vivo models are crucial for validating the therapeutic
potential and biological activity of candidates like BSF under physiologically relevant
conditions 2% 1 To explore the impact of BSF on CRC more thoroughly, multiple groups
of mice have been established.

Among in vivo platforms, the subcutaneous cell-derived xenograft (CDX) model is
widely used due to its simplicity, high tumor formation rate, and reproducibility. In this
model, human colorectal cancer cells are injected subcutaneously into immunodeficient nude
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mice, allowing for the evaluation of tumor growth and drug response in vivo 12 13, Although
orthotopic transplantation models more closely mimic metastatic CRC behavior 14171 the
subcutaneous CDX model remains a practical and well-established platform for initial
therapeutic screening due to its ease of tumor measurement, consistency, and controlled
conditions 1281,

Nude mice, due to their T-cell deficiency, serve as a valuable model in oncology
research by allowing the engraftment of human tumor cells without immune rejection 141,
This enables the establishment of reliable xenograft models in which human tumors retain
key biological characteristics, providing a robust platform for evaluating therapeutic efficacy
and drug sensitivity. In this study, a subcutaneous xenograft model was established using
HCT116 colorectal cancer cells, which harbor B-catenin mutations leading to aberrant Wnt/[3-
catenin signaling. Nude mice bearing these tumors were treated with varying concentrations
of BSF to evaluate its tumor-inhibitory effects. Tumor growth, histopathology, apoptosis,
and key molecular markers in the Wnt signaling pathway were analyzed, offering

foundational in vivo evidence for BSF’s therapeutic potential in CRC.
2. Materials and methods

2.1. Experimental animals

The animal study was conducted at animal research unit, Shanghai Guangde
Traditional Chinese Medicine Clinic. The 16 male nude mice, each 4 weeks old, were housed
in a specific pathogen-free (SPF) barrier facility under controlled conditions (temperature:
19-22 °C, relative humidity: 40%—70%, 12-hour light/dark cycle). Animals had free access
to standard food and water, and corncob bedding was changed every 4 days. All procedures
were performed in accordance with national regulations on animal welfare and were
approved by the institutional ethics committee (Approval No. GD2022A-1).

2.2. Main instruments

The main instruments used for sample testing include: biosafety cabinet (sujing antai,
Model No. BS-130011A2), Super pure water meter (MECK, Model No. Mill-Q Integral5),
electronic scales (Mettler Toledo, Model No. ME204E), horizontal shaker (Jiangsu Haimen
Qilin Bell instrument, Model No. MICROCL 17), micropipette (GILSON, Model No.
KC70239), High current electrophoresis equipment power supply (Bio-Rad, Model No.
1645052), Vertical electrophoresis tank (Bio-Rad, Model No. 1658001), Trough transfer
system (Bio-Rad, Model No. 1703930), pH meter (Metter-Toledo GmbH, Germany, Model
No. LP115), water bath (Beijing Junyi East Equipment Co., LTD, Model No. JY300),
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magnetic stirrer (Beijing Junyi East Equipment Co., LTD, Model No. T8-1), ELISA
microplate reader (Biotek, Model No. EPOCH2), centrifugal machine (Thermo, Model No.
MICROCL 17), ultrasonic cell disruptor (SONICS, Model No. VCX150), incubator
(JINGHONG), Electronic scanner (EPSON, PB4A56180203), Inverted fluorescence
Microscope (OLYMPUS, CKX41), Shaker (Thermo Fisher Scientific, 10212432C), Palm
centrifuge (Shanghai Hengyi Scientific Instrument Co., LTD).

2.3. Main reagents and consumables

The phosphatase inhibitors (Batch No.: S1873), RIPA Lysis buffer (Batch No.:
P0013B), BCA protein concentration determination kit (P0010) and Press cassette (5 x 7
inches) (Batch No.: FFC58) were supplied by Beyotime Biotechnology. The PMSF (Batch
No.: ST506), SDS (Batch No.: 30166428) and Tris-base (Batch No.: v900483) were supplied
by Sigma Sigma (Shanghai) Trading Co., LTD. The TEMED (Batch No.: 17919) and ECL
substrate solution (Batch No.: NCI15079) were supplied by Thermo. The Hcl (Batch No.:
10011018), glycerinum (Batch No.: 10010618), SDS (Batch No.: 10014118), methanol
(Batch No.: 10014118), NaCl (Batch No.: 10016318), KCI (Batch No.: 10020318),
NazH.12H.0 (Batch No.: 10017618), KHPO4 (Batch No.: 10019718) and chloroform (Batch
No.: 100006818) were supplied by Sinopharm Group Chemical reagent Co., LTD. The DTT
(Batch No.: Amresco0281) and glycine (Batch No.: BL603B) were supplied by Biosharp.
The bromophenol blue (Batch No.: BO449-5G), acrylamide (Batch No.: Exp2016109) and
Methylacrylamide (Batch No.: Amresc00172) were supplied by Amresco. The Protein
marker(14-120KD) (Batch No.: DM111) was supplied by TransGen Biotech. The PVDF
membrane (0.45um) (Batch No.: IPVH00010) and PVDF membrane (0.22um) (Batch No.:
ISEQ15150) were supplied by Millipore. The developing liquid (Batch No.: 500048-0001),
fixative (Batch No.: 500047-0001), isopropanol (Batch No.: A507048), absolute ethyl
alcohol (Batch No.: A500737) and DEPC treated water (Batch No.: B501005) were supplied
by Sangon Biotech (Shanghai) Co., Ltd. The Crystal violet dye (Batch No.: C0121-500ml),
DAPI (Batch No.: C1002) and confining liquid (Batch No.: P0102) were supplied by
Beyotime Biotechnology. The Universal Tissue Fixative (neutral) (Batch No.: G1101-
500ML) was supplied by Servicebio. The Environmentally friendly dewaxing solution
(Batch No.: G1128), Hematoxylin-eosin staining kit (Batch No.: G1076), antifade mounting
medium (Batch No.: G1401), EDTA (Batch No.: G1202). The Neutral balsam (Batch No.:
10004160) was supplied by Sinopharm Group Chemical Reagent Co., LTD. The BSA (Batch
No.: A600332-0025) was supplied by Sangon Biotech (Shanghai) Co., Ltd. The Tunel (Batch
No.: G1501) was supplied by Servicebio. The xStAXVHLL (Batch No.: HY-P5819A) was
supplied by MedChemExpress. The APC antibody (Item No.: 19782-1-AP),
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COX2/Cyclooxygenase 2/PTGS2 antibody (Item No.: 66351-1-1g), c-Myc antibody (ltem
No.: 10828-1-AP), GSK3B antibody (Item No.: 22104-1-AP), Cyclin D1 antibody (Item No.:
60186-1-1g), AXIN1 antibody (Item No.: 16541-1-AP), Beta Catenin antibody (Item No.:
51067-2-AP) and Phospho-GSK3B(Ser9) antibody (Item No.: 67558-1-1g) were purchased
from Proteintech Group, Inc. The GAPDH antibody (Item No.: #5174), mouse IgG(HRP)
antibody (Item No.: #7076) and rabbit IgG(HRP) antibody (Item No.: #7074) were purchased
from Cell Signaling Technology. The Alexa Fluor 488 Labeled Goat Anti-Rabbit 1gG
antibody (Item No.: GB25303) was purchased from Servicebio. Slide and cover slip were
obtained from Jiangsu Shitai experimental equipment (Item No.: 10212432C). The 1ml
RNase-free bagged tips, 200ul RNase-free bagged tips and 10ul RNase-free bagged tips were
obtained from EXTRAGENE.

2.4. Experimental methods
2.4.1. Subcutaneous Tumor Model Establishment and Administration Methods

Cell Culture and Passage: The HCT116 cancer cell line (Zhejiang Ruyao
Biotechnology Co., Ltd.) was observed under an inverted microscope to assess the degree of
confluency and confirm the absence of bacterial or fungal contamination. The culture
medium was carefully removed from the bottle. To wash the monolayer cells, phosphate-
buffered saline (PBS) was equivalent added to half the volume of the culture medium,
typically performing this wash three times. The monolayer cells were digested by adding 1
ml of 0.25% trypsin per 25 cm? of surface area. The bottle was gently shaken to ensure that
the trypsin coats the cell monolayer, then poured off any excess trypsin. The culture vessel
was placed into the incubator and allowed to sit for 2 to 10 minutes. After this incubation,
the cells were observed with an inverted microscope to confirm that all cells have been
detached and were floating. The side of the bottle was tapped to dislodge any remaining
adherent cells. The cells were resuspended in a small volume of culture medium containing
fresh serum to inactivate the trypsin, and take 100-200 pl for cell counting. The required
number of cells was transferred to a newly labeled culture bottle containing culture medium.
Select appropriate culture conditions for the specific cell lines being cultured. This process
was repeated according to the growth characteristics of the cell line. Once the cells were in
optimal condition and free from contamination, they could be plated and utilized; any surplus
could be frozen for future use.

Viable Cell Counting: Viable cell counting involves the use of passaged cells after
they have grown into a monolayer. The preparation of the cell suspension began with
digestion using 0.25% trypsin, followed by washing with PBS. Subsequently, culture
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medium was added, and the mixture was pipetted to prepare the cell suspension for testing.
To cover the coverslip, a set of hemocytometers counting chambers was prepared. An
appropriate volume of the cell suspension was then drawn into a centrifuge tube, where an
equal volume of trypan blue dye was added. This mixture was then placed under a microscope
to distinguish between living and dead cells. Note that if the objective was merely to count
cells without assessing viability, trypan blue staining was unnecessary. The cell suspension
was subsequently dropped onto the counting plate, ensuring that no air bubbles were trapped
beneath the coverslip and that the suspension did not flow into adjacent slots. The number of
cells in the four large grids was counted. The hemocytometer was placed under a low-power
microscope, and the counting board was adjusted until the counting squares were visible. The
count was conducted in the four large grids, with each grid containing 16 cells, focusing on
the number of unstained cells in the central square. To calculate the number of cells in the
original cell suspension and determine cell density, the following formula was employed:
(number of cells in cell suspension)/ml = (number of cells in four large grids/4) x 2 x 10%.\

Tumor Model Establishment in Nude Mice: A total of 16 nude mice aged 5-8 weeks
were selected, each weighing approximately 18-20g, and randomly assign them into four
groups: Ctrl group (4 mice), L-BSF group (4 mice), H-BSF group (4 mice), and xStAXVHLL
group (4 mice).

HCT116 tumor cells in the logarithmic growth phase were harvested and resuspended
in sterile DMEM at the cell concentration of 5x107 cells/ml, and the inoculation volume was
100 ul. Prior to inoculation, the mice's skin was disinfected using iodophor-soaked cotton
balls, applied twice, starting from the ventral side and moving toward the neck, then down to
the groin, and finally along the posterior axillary line. For subcutaneous injections, the skin
at the back of the neck was gently pinched with the thumb and index finger, while the tail
was held with the little finger. Tumor cells were injected subcutaneously into the mid-to-rear
region of the forelimb armpit. Inoculations were performed within 30 minutes post-digestion
to preserve cell viability, and the cell suspension was kept on ice to minimize metabolic
activity. Following inoculation, mice were randomly assigned into four groups (n=4 per
group): control, L-BSF, H-BSF and xStAxXVHL. Approximately one week after inoculation,
subcutaneous tumor nodules began to appear. Tumor dimensions were measured using a
vernier caliper, and volume was calculated using the formula:V = 1/2 * a * b2 (where 'a'
represents the long axis and ‘b’ represents the short axis).

For drug administration, a formulation comprising 15 g of Shanzi mushroom, 9 g of

Semen chinensis, 15 g of Rehmannia glutinosa, 12 g of Psoralen, and 15 g of Snakeberry was
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decocted in 360 mL of water to yield a stock solution with a concentration of 183 mg/mL.
This solution was diluted 7.3 times to achieve a final concentration of 25 mg/mL. For 25 g
mice, the target dose was 2.5 mg (100 mg/kg), administered in 100 pL. volumes. The control
group received an equivalent volume of normal saline via oral gavage. Mice in the L-BSF
and H-BSF groups were administered BSF at doses of 100 mg/kg and 200 mg/kg,
respectively, via oral gavage five days per week, with two rest days, for a total duration of 3
weeks starting from tumor inoculation. The xStAxXVHL group received intraperitoneal
injections of 30 mg/kg every other day for six consecutive days, beginning once tumors

reached a volume of approximately 50 mm?®.

Throughout the treatment period, body weight and tumor size were measured three
times a week. On Day 22 post-inoculation, all mice were sacrificed. Tumors were excised,
photographed, and weighed. Portions of the tumor tissue were fixed in formalin for
histopathological analysis, while the remaining tissues were frozen for subsequent molecular
evaluations.

2.4.2. Immunohistochemical Detection of APC and Ki67 Levels

Tissue samples were first fixed in 10% neutral buffered formalin for 48 hours to
preserve morphology. After fixation, the samples were rinsed thoroughly under running
water to remove residual fixative and impurities. Dehydration was performed through a
graded ethanol series of 50%, 70%, 85%, 95%, and 100% (absolute ethanol), with each step
lasting 2 hours. Samples could be stored in 70% ethanol if extended storage was required.
Clearing was achieved by immersing tissues in a 1:1 mixture of ethanol and xylene for 2
hours, followed by two successive immersions in pure xylene for 2 hours each. Tissues were
then infiltrated in a 1:1 mixture of xylene and molten paraffin for 1-2 hours and further
embedded in molten paraffin in two separate containers for approximately 3 hours each to
ensure complete infiltration. The paraffin-saturated tissues were embedded in a mold,
oriented properly, and allowed to solidify. Excess wax was trimmed from the paraffin blocks,
which were subsequently mounted on a microtome. Sections were cut at a thickness of 4—

7 um using a rotary microtome with the blade angled at 5° to the tissue surface.

For staining, paraffin sections were dewaxed using three successive immersions in
environmentally friendly dewaxing solutions I, I, and 11l for 10 minutes each. This was
followed by rehydration in absolute ethanol I, 11, and I1l for 5 minutes each and then rinsed
in distilled water. Antigen retrieval was performed by placing the slides in EDTA buffer (pH
6.0), ensuring the buffer volume was sufficient to prevent drying. After natural cooling, slides
were rinsed in PBS (pH 7.4) three times for 5 minutes each on a destaining shaker. Sections



PMMB 2025, 8, 1, a0000472 9 of 23

were then encircled with a hydrophobic barrier using a histochemistry pen and blocked with
bovine serum albumin (BSA) for 30 minutes. The primary antibody APC/Ki67 was added
dropwise, and the slides were incubated overnight at 4°C in a humidified chamber. The next
day, sections were washed three times with PBS (pH 7.4), 5 minutes per wash, followed by
incubation with the appropriate HRP-conjugated secondary antibody for 50 minutes at room
temperature in the dark. After a further three washes in PBS (5 minutes each), DAB
chromogenic reagent was applied dropwise within the marked area. Color development was
monitored under a microscope, with brown staining indicating a positive signal. The reaction
was stopped by rinsing with tap water. Counterstaining was carried out with hematoxylin for
3 minutes, followed by differentiation in a brief dip of differentiation solution and rinsing
with tap water until nuclei appeared blue. Dehydration was performed through graded
alcohols (75%, 85%, absolute ethanol I and I, 5 minutes each), cleared in n-butanol for 5
minutes, then xylene | for 5 minutes. After air drying, the sections were mounted with
coverslips using a suitable mounting medium and examined under a light microscope for
image capture and analysis.

2.4.3. Tissue Apoptosis detected by TUNEL

Paraffin-embedded tissue sections were first dewaxed by immersing them
sequentially in xylene I for 10 minutes, xylene Il for 10 minutes, and again in xylene Il for
an additional 10 minutes. This was followed by rehydration through a graded ethanol series
using absolute ethanol I, 11, and 11l for 5 minutes each. Finally, the sections were rinsed with
distilled water. Longer dewaxing times may be required under lower ambient temperatures
to ensure complete paraffin removal. After slight drying, a hydrophobic barrier was drawn
around the tissue using a histochemistry pen to confine the reagents. Proteinase K working
solution (prepared at a 1:9 ratio of stock solution to PBS) was added to cover the tissue and
incubated at 37 °C for 22 minutes. Slides were then washed three times in PBS (pH 7.4) for
5 minutes each using a decolorizing shaker. Once slightly dried again, membrane rupture
working solution was applied within the marked area and incubated at room temperature for
20 minutes, followed by three PBS washes (5 minutes each). Equilibration buffer was then
added dropwise and incubated at room temperature for 10 minutes. For the TUNEL reaction,
a labeling solution was freshly prepared by mixing TDT enzyme, dUTP, and reaction buffer
in a 1:5:50 ratio. The mixture was applied to cover the tissue, and the slides were incubated
in a humidified chamber at 37 °C for 2 hours to allow for labeling of apoptotic cells.
Following incubation, the slides were rinsed with PBS three times for 5 minutes each. DAPI
staining solution was then applied to the sections, followed by a 10-minute incubation at
room temperature in the dark. After another set of PBS washes (3 x 5 minutes), excess liquid
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was gently removed, and the sections were mounted with an anti-fluorescence quenching
mounting medium. The stained sections were observed under a fluorescence microscope.
DAPI-stained nuclei were visualized as blue signals (excitation: 330—-380 nm; emission: 420
nm), whereas FITC-labeled apoptotic cells exhibited green fluorescence (excitation: 465—
495 nm; emission: 515-575 nm).

2.4.4. Immunofluorescence detects the -catenin

For staining, paraffin-embedded sections were dewaxed by sequential immersion in
three changes of environmentally friendly dewaxing solution (I, 11, and I11) for 10 minutes
each. This was followed by rehydration in absolute ethanol I, Il, and 111, each for 5 minutes,
and a final rinse in distilled water. Antigen retrieval was performed by immersing the slides
in EDTA buffer (pH 6.0), ensuring the sections remained moist and avoiding excessive
evaporation. After natural cooling, the slides were transferred to PBS (pH 7.4) and gently
agitated on a destaining shaker for 5 minutes, repeated three times. After slight drying, a
hydrophobic barrier was drawn around the tissue using a histochemistry pen. The sections
were blocked with bovine serum albumin (BSA), which was applied dropwise and incubated
for 30 minutes at room temperature. Subsequently, the primary antibody (prepared as
described above) was added to cover the tissue, and the slides were incubated flat in a
humidified chamber overnight at 4 °C. After incubation, the slides were washed three times
in PBS (pH 7.4) for 5 minutes each on a shaker. The corresponding secondary antibody
(dilution ratio as listed in the table above) was then applied, and the slides were incubated at
room temperature for 50 minutes in the dark. After another set of PBS washes (3 x 5 minutes),
DAPI staining solution was added and incubated for 10 minutes at room temperature in the
dark. The slides were again washed three times with PBS, excess liquid was removed, and
the sections were mounted using an anti-fluorescence quenching mounting medium. The
stained sections were then observed and imaged under a fluorescence microscope.

2.4.5. Western Blot detects protein levels downstream of the Wnt/f-catenin signaling
pathway

An appropriate amount of tumor tissues from xenografted HCT116 colorectal cancer
tumors was placed into a 1.5 mL grinding tube, and a suitable volume of lysis buffer was
added. The sample was incubated on ice for 30 minutes before being homogenized using a
tissue grinder. The homogenate was then sonicated in an ice bath using an ultrasonic crusher
at 25% power for 1 second, followed by a 1-second pause, repeated for a total of 10 cycles

to prevent protein degradation. The lysate was centrifuged at 13,000 rpm for 10 minutes at
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4 °C, and the resulting supernatant was carefully transferred to a new tube, avoiding any lipid
layer floating on top.

For protein quantification, each sample (4 uL) was diluted with 16 uL PBS (5x
dilution). Bradford standards were prepared at concentrations of 0.00, 0.125, 0.25, 0.5, 0.75,
1.00, and 1.5 mg/mL and loaded into a 96-well plate along with sample dilutions and blank
controls. Each well contained 5 pnL of sample or standard and 250 pL of Coomassie Brilliant
Blue G-250 staining solution. Bubbles were avoided during pipetting to prevent interference.
Absorbance was measured within 2 hours. A standard curve was generated based on OD
values, and sample protein concentrations were calculated accordingly.

For protein denaturation, the protein supernatant was mixed with 5x SDS-PAGE
loading buffer (250 mM Tris-HCI pH 6.8, 10% SDS, 50% glycerol, 0.5 M DTT, and 0.05%
bromophenol blue) and boiled for 10 minutes. SDS-PAGE gels were prepared by assembling
clean and dry glass plates. The separation gel was poured, overlaid with absolute ethanol,
and allowed to polymerize. Once solidified, the ethanol was discarded, and the gel was rinsed
and dried. The stacking gel was then added, and a comb was inserted. After polymerization,
the comb was removed, and the gel was mounted in an electrophoresis tank filled with
running buffer. A total of 20 pug of each protein sample, along with a molecular weight marker,
was loaded into the wells. Electrophoresis was performed at 80 V until the bromophenol blue
reached the interface between stacking and separation gels, followed by 100 V until the dye
front reached the bottom (~1.5 hours).

The gel was excised, and the band of interest was identified using the marker. A
PVDF membrane and filter paper were cut to match the gel size. The membrane was activated
in methanol and then equilibrated in transfer buffer. The transfer sandwich was assembled in
the order: black plate, fiber pad, filter paper, gel, PVDF membrane, filter paper, fiber pad,
and white plate. The assembly was placed in the transfer apparatus with the black plate
aligned to the negative electrode, and the transfer was performed at 100 V for 60 minutes in
an ice bath.

For immunodetection, the membrane was blocked in TBST containing 5% skimmed
milk for 40 minutes at room temperature with gentle shaking. The appropriate primary
antibody, diluted in antibody diluent, was applied, and the membrane was incubated
overnight at 4 °C. After three washes in TBST (5 minutes each), the membrane was incubated
with HRP-conjugated secondary antibody (1:20,000 in TBST) at 37 °C for 1 hour. Following
another three washes, enhanced chemiluminescence (ECL) working solution was prepared
by mixing the enhancer and stable peroxidase solution in a 1:1 ratio. The membrane was



PMMB 2025, 8, 1; a0000472 12 of 23

incubated with this solution until fluorescent bands appeared. Excess substrate was removed
with filter paper, and the membrane was covered with cling film. X-ray film was placed on
top, and the blot was developed and fixed using standard developer and fixer solutions.

2.5. Statistical analysis

The experimental data were analyzed using SPSS version 27.0 statistical software.
GraphPad Prism version 9.0 was utilized for graphical representation. The experimental data
are expressed as mean + standard deviation (x £ SD). Independent samples t-test was used to
determine whether there is a significant difference between two groups. One-way analysis of
variance (ANOVA) was employed for comparisons of more than 2 groups to determine
statistical significant differences. Post-hoc Dunnet’s test was used to compare groups with
the control group when there is a significant difference. A p-value of 0.05 indicates a
statistically significant difference, among which * vs Ctrlp < 0.05, ** vs Ctrl p < 0.01,
***ys Ctrl p < 0.001, # vs XStAXVHLL p < 0.05, ## vs XStAXVHLL p < 0.01, ###
vs XStAXVHLL p < 0.001.

3. Results
3.1. BuShenFang inhibits the growth of HCT116 transplanted tumors in nude mice

HCT116 cells were subcutaneously inoculated into nude mice, and drug treatment
commenced once the tumors reached approximately 50 mm3. Tumor growth was then
monitored throughout the treatment period until tumors approached the humane endpoint
(approximately 800-1000 mms3). Body weight and tumor size were measured three times a
week. After 22 days, the nude mice were sacrificed. Tumor images were captured (Figure 1),
and their weights were recorded (Figure 2). The average volume of the transplanted tumors
in nude mice was calculated, and a volume change curve for the mice with transplanted
tumors was generated (Figure 3). Throughout the treatment period, the tumor volume in each
group of nude mice gradually increased with the duration of administration; however, the
tumor volume post-treatment in each group was smaller than that of the control group (p <
0.001). Following treatment, each nude mouse was sacrificed, and tumor tissue samples were
collected and weighed, leading to the creation of a histogram of tumor weights (Figure 3).
Compared to the control group, the average tumor weight in the L-BSF, H-BSF, and
xStAXVHLL groups was significantly reduced (p < 0.05). The results indicate that different
concentrations of BSF can inhibit tumor growth in a dose-dependent manner. Compared with
the xStAXVHLL group, the average tumor weight of nude mice in the L-BSF group and H-
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BSF group increased (p<0.05). In conclusion, BSF effectively inhibits the growth of
subcutaneously transplanted tumors in nude mice.
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Figure 1. Pictures of nude mice with transplanted tumors in each group.
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Figure 2. Effect of BuShenFang on the body weight of nude mice with transplanted tumors. * vs Ctrl p < 0.05;
**ys Ctrl p <0.01; *** vs Ctrl p < 0.001; # vs xStAXVHLL p < 0.05.
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Figure 3. Effect of BuShenFang on volume changes of transplanted tumors in nude mice. *** vs Ctrl p < 0.001.
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3.2. BuShenFang inhibits the expression of KI67 in tumor tissues of nude mice with HCT116
transplanted tumors

Immunohistochemical analysis was conducted to evaluate the expression of the
proliferation-related nuclear antigen Ki67 in tumor tissues from nude mice treated with
kidney-tonifying drugs at various concentrations. Ki67 protein was positively expressed in
all groups, with positively stained nuclei appearing brown and diffusely distributed
throughout the tissue. However, tumor tissues from the L-BSF, H-BSF, and xStAXVHLL
exhibited predominantly weak to moderate Ki67 expression, in contrast to the strong positive
expression observed in the control group (Figure 4). This reduction in Ki67 expression
suggests that BuShenFang treatment suppresses tumor cell proliferation in a dose-dependent
manner.

Cirl L-BSF

Figure 4. Effect of BuShenFang on KI67 expression in tumor tissue of nude mice with transplanted tumors
(100X). Brown-stained nuclei indicate Ki67-positive cells, which are markers of active cell proliferation.
Representative images show reduced Ki67 expression in treatment groups (L-BSF, H-BSF, and xStAXVHLL)
compared to the control group.
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3.3. BuShenFang promotes apoptosis in the tumor tissue of HCT116 transplanted nude mice

TUNEL staining was utilized to assess the impact of BSF on apoptotic changes in the
tumor tissue of these mice. The results indicated that, in comparison to the Ctrl group, the
level of apoptosis in the tumor tissue of nude mice increased in the L-BSF group, H-BSF
group, and xStAXVHLL group (Figure 5).

Ctrl L-BSF H-BSF xStAxVHII

B ----

tunel

- ----

Figure 5. The effect of BuShenFang on apoptosis in the tumor tissue of nude mice with transplanted tumors

(100X).

3.4. BuShenFang reduces the expression of f-catenin in the tumor tissues of nude mice with
HCT116 transplanted tumors

B-catenin is a central effector of the Wnt signaling pathway, whose nuclear
accumulation promotes the transcription of oncogenes such as Cyclin D1 and c-Myc, driving
colorectal tumorigenesis. Aberrant [3-catenin expression is frequently observed in CRC due
to upstream mutations in regulatory proteins like APC. In this study, immunofluorescence
was used to assess the P-catenin levels in tumor tissues from BSF-treated mice.
Immunofluorescence results revealed that, in the tumor tissues of nude mice with
transplanted tumors, the expression of B-catenin was diminished in the L-BSF group, H-BSF
group, and xStAXVHLL group compared to the Ctrl group (Figure 6). These findings strongly
suggest that BSF can down-regulate -catenin protein levels in vivo in nude mice with
transplanted tumors.
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Figure 6. demonstrates the effect of BuShenFang on B-catenin expression in the tumor tissue of nude mice with

HCT116 transplanted tumors (100X).

3.5. Effect of BuShenFang on Wnt Signaling Pathway-Related Molecules in Tumor Tissues
of Nude Mice with HCT116 Transplanted Tumors

The Wnt/B-catenin signaling pathway is one of the most frequently dysregulated
pathways in colorectal cancer, often due to mutations or altered expression of APC, B-catenin,
GSK-3B, and Axinl. Aberrant activation of this pathway enhances tumor proliferation,
survival, and metastasis through transcriptional upregulation of downstream targets such as
c-Myc, Cyclin D1, and COX-2. To investigate whether BSF exerts anti-tumor effects by
modulating this signaling cascade, the protein expression levels of key upstream and
downstream molecules were assessed using Western blotting.

The results presented in Figure 7 indicated that, compared to the Ctrl group, the APC
protein levels in the tumor tissue cells of the L-BSF group, H-BSF group, and XStAXVHLL
group were significantly elevated (p < 0.05). Conversely, in the H-BSF group and
xStAxVHLL group, significant decreases in -catenin, p-GSK-33/GSK-3p, and Axinl levels
were observed compared to the Ctrl group (p < 0.05). In comparison to the xStAXVHLL
group, the levels of APC and Axinl in the L-BSF group were statistically significant (p <
0.01), whereas B-catenin and p-GSK-3p/GSK-3p did not show statistical significance (p >
0.05). No statistically significant differences were observed for APC, B-catenin, p-GSK-
3B/GSK-3B, and Axinl in the H-BSF group (p > 0.05).
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Although Axinl expression was reduced following BSF treatment, APC was
upregulated, while -catenin and its downstream oncogenic targets (c-Myc, Cyclin D1, and
COX-2) were downregulated. This indicates that BSF may inhibit the Wnt/p-catenin pathway
through mechanisms that are not strictly dependent on Axinl. The increase in APC
expression, combined with decreased p-GSK-3B/GSK-3p levels, may compensate for Axinl
reduction and facilitate B-catenin degradation. Thus, despite lower Axinl levels, the overall
effect of BSF is suppressive toward Wnt/f-catenin signaling and tumor progression.

Further analysis of downstream targets showed that c-Myc, Cyclin D1, and COX-2
protein levels were reduced to varying degrees. In comparison to the Ctrl group, the protein
levels of c-Myc, Cyclin D1, and COX-2 in the L-BSF group exhibited a downward trend (p >
0.05). Conversely, the protein levels of c-Myc, Cyclin D1, and COX-2 in the H-BSF group
and the xStAXVHLL group were significantly reduced compared to the Ctrl group (p < 0.05).
Additionally, c-myc in the L-BSF group was statistically significant when compared to the
XStAXVHLL group (p < 0.01), while CyclinD1 and COX-2 exhibited no statistical
significance (p > 0.05). In the H-BSF group, CyclinD1, c-myc, and COX-2 also did not show
statistical significance (p > 0.05). Overall, these findings suggest that H-BSF can
significantly regulate the Wnt signaling pathway.
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Figure 7. (a) Western blot analysis and (b) relative band intensity showing the effect of BuShenFang on Wnt
signaling pathway in tumor tissue of HCT116 transplanted nude mice. * vs Ctrl p < 0.05; ** vs Ctrl p <0.01;

*** ys Ctrl p <0.001; ## vs xStAXVHLL p < 0.01; ### vs XStAXVHLL p < 0.001.

4. Discussion

Currently, various tumor animal models have been developed, which can be broadly
categorized into chemically induced tumor models, transgenic tumor models, and
transplanted tumor models 2. Among these, the transplanted tumor model is the most
frequently utilized animal model for studying CRC due to its high metastasis rate and ability
to express specific characteristics needed for experimental studies.

Transplantation tumor animal models can be categorized into syngeneic
transplantation and xenotransplantation 211, Syngeneic transplantation involves inoculating
mouse tumor cells and tissues into mice that share the same genetic background. This model
is less susceptible to rejection and facilitates the evaluation of the relationship between the
tumor and its microenvironment; however, it is genetically distinct from human tumors 221,
Conversely, xenografting entails transplanting human tumor cells or tissues into
immunodeficient mice 231, Despite the absence of an immune response in these mice and the

low survival rates of transplants, this model is widely employed in human cancer research
[24]
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In this study, a subcutaneous xenograft tumor model was established by
subcutaneously inoculating BALB/c nude mice (aged 3 to 5 weeks) with 5 x 10° HCT116
cells suspended in 0.2 ml PBS per mouse. Tumors began to form within three weeks, reaching
an approximate diameter of 1 cm, with a tumor formation rate of 100%. After 10 weeks of
growth, no liver or lymph node metastases were observed [?°1 consistent with previous
observations that subcutaneous tumor models typically lack metastatic potential due to their
ectopic implantation site (61, Despite this limitation, subcutaneous models remain useful for

studying solid tumor growth, evaluating biomarker expression and therapeutic efficacy [#7
28]

Furthermore, logarithmically growing HCT-116 cells were inoculated
subcutaneously into nude mice, measuring tumor size three times a week and observing them
continuously for five weeks. The tumor growth conditions were generally consistent with
findings reported in the literature ?°1. A tumor growth curve was constructed based on the
measured data, indicating that tumor size exhibited close to exponential growth, suggesting
that the tumor cells were in a stable state of division within the subcutaneous
microenvironment. Upon reaching a tumor volume of 100 cm3, the medium-dose and high-
dose groups received varying concentrations of BSF via gavage once daily, administering 0.2
ml each, while the control group was given an equivalent volume of normal saline. The
administration regimen consisted of oral dosing, with treatment occurring five days on and
two days off per week. The results demonstrated that the tumor volume and weight ratios of
mice in the L-BSF group, H-BSF group, and xstaxvhl group were significantly lower than
those in the control group, indicating that all treatments effectively inhibited the growth of
transplanted tumors and exhibited notable therapeutic effects.

The KI167 immunohistochemical staining was also performed on tumor tissues,
revealing that both the BSF group and the xstaxvhl group effectively inhibited tumor cell
proliferation through the regulation of KI67. TUNEL staining results indicated that these
groups promoted tumor cell apoptosis. Lin et al. %! established a transplanted tumor mouse
model by subcutaneously injecting CT26 cells, demonstrating that WTX treatment
significantly reduced tumor weight in this xenografted model. Immunohistochemical
analysis showed a reduction in the positive area of K167. Similarly, Hu et al. B constructed
a transplanted mouse model using HCT116 cells and treated it with ursolic acid (UA) from
days 6 to 22. Their findings indicated that administration of UA (12.5 mg/kg daily) or (10
mg/kg for 5 consecutive days) significantly decreased tumor weight, size, and volume.
Furthermore, the area of tumor cell apoptosis increased, and KI67 expression was
significantly lower compared to the control group. The results from this portion of the



PMMB 2025, 8, 1; a0000472 20 of 23

experimental mechanism study showed that, relative to the Ctrl group, APC protein levels in
intestinal tumor tissue cells in the H-BSF group were significantly elevated, while levels of
[B-catenin, p-GSK-3/GSK-3p, and Axinl proteins were significantly reduced. Additionally,
the downstream target genes of the 3-catenin signaling pathway, including CyclinD1, c-Myc,
and COX-2, exhibited significantly lower histone levels in the H-BSF group.

Genome-wide expression analysis reveals that the inhibition of the Wnt/B-catenin
signaling pathway is a crucial mediator of the anti-cancer and chemotherapy-sensitizing
effects of Andrographis paniculata in a previous study 321, The findings of this study
demonstrate that BSF effectively inhibits tumor growth in subcutaneously transplanted
HCT116 tumors in nude mice, primarily through modulation of the Wnt/B-catenin signaling
pathway. These results align with existing literature, which highlights the therapeutic
potential of TCM formulations in CRC. For instance, Andrographis paniculata has been
shown to inhibit B-catenin nuclear localization and downstream target expression, enhancing
chemotherapy sensitivity 2. Similarly, ginsenosides such as Rg3 have demonstrated anti-
tumor effects by downregulating p-catenin and promoting apoptosis in CRC models 4, The
findings also resonate with research on the Guben Xiaoai Recipe, which modulates Wnt/f3-
catenin signaling to inhibit tumor glycolysis and proliferation. However, BSF’s notable
impact on APC expression and its dose-dependent effects suggest a unique and potentially
synergistic mechanism compared to these formulations. This underscores BSF’s promise as
a therapeutic agent, particularly given its comprehensive modulation of key signaling
molecules like APC, B-catenin, and Cyclin D1. While the study provides valuable insights,
further comparisons with clinically established formulations and human trials are necessary
to fully contextualize BSF’s efficacy and potential application in CRC treatment.

Based on these findings, this study concluded that high-dose BSF inhibited the
expression of proteins associated with the Wnt/B-catenin signaling pathway by increasing
APC levels, thereby suppressing the proliferation of tumor cells in nude mice with HCT116
tumor transplants, promoting cancer cell apoptosis, and consequently inhibiting tumor tissue
growth 331, While the findings highlight the potential of BSF as a therapeutic agent against
CRC, several limitations warrant critical consideration. The study relies predominantly on a
subcutaneous xenograft model, which, while effective for assessing tumor growth and drug
effects, does not fully replicate the tumor microenvironment or metastatic behavior seen in
human CRC B4, Alternative models, such as orthotopic transplantation or PDX, could
provide more clinically relevant insights. Furthermore, while the study focuses on the Wnt/j3-
catenin signaling pathway, CRC is a heterogenous disease influenced by multiple pathways,
including PI3K/AKT and MAPK signaling, which might also contribute to BSF's effects.
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Exploring these alternative mechanisms using transcriptomic or proteomic analyses could
uncover broader molecular impacts 3. Additionally, the complex composition of BSF poses
challenges in identifying the active constituents and their individual contributions to the
observed effects. Employing fractionation and bioactivity-guided isolation could clarify
these roles B¢, Finally, the lack of clinical correlation limits the translational impact,
necessitating further validation through human trials to substantiate the relevance of these
findings. Addressing these limitations could strengthen the understanding of BSF’s
mechanisms and its potential therapeutic value.

5. Conclusion

The research findings presented confirm the inhibitory effect of BSF on
subcutaneously transplanted HCT116 tumors in nude mice. Furthermore, the results
demonstrate that BSF reduces c-Myc levels by inhibiting the activation of the Wnt/f-catenin
signaling pathway, subsequently blocking the expression of its downstream target genes,
including c-Myc, cyclin D1, and COX-2. This reduction in expression can inhibit the
proliferation of tumor cells in mice with subcutaneous transplanted tumors and promote their
apoptosis, contributing to advancements in cancer prevention and treatment in alignment
with the United Nations Sustainable Development Goal (SDG) 3: Good Health and Well-
being.
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