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Abstract. Depression can accelerate the progression of 
colorectal cancer (CRC), and depressive remission improves 
cancer outcomes. Ginsenoside Rh1, the main metabolite of 
a steroidal saponin extracted from Panax ginseng, improves 
memory and learning and to inhibit tumor growth. However, 
its anticancer effects and mechanisms in CRC complicated 
by psychological stress remain unclear. The present study 
aimed to investigate the protective effect of Rh1 against 
CRC with coexisting symptoms of depression. A CRC 
xenograft mouse model exposed to chronic restraint stress 
(CRS) was established. Behavioral changes, 5‑hydroxy‑
tryptamine (5‑HT) levels, cytokine expression, intestinal 
microbiota diversity, T‑cell recruitment, myeloid‑derived 
suppressor cell (MDSC) proportions and dendritic cell (DC) 
maturation were analyzed following treatment of the mice 
with Rh1. Results showed that Rh1 inhibited tumor growth, 
ameliorated depressive‑like behaviors, enhanced cognitive 
function, upregulated brain 5‑HT and serum noradrenaline 

levels, and decreased serum cortisol, corticotropin‑releasing 
hormone, adrenaline, interleukin‑6, C‑X‑C motif chemokine 
ligand 1 and tumor necrosis factor‑α levels in mice with 
CRC under CRS. Furthermore, Rh1 intervention attenuated 
gut dysbiosis and decreased the Firmicutes/Bacteroidota 
ratio. Antibiotic‑induced depletion of gut bacteria further 
confirmed the involvement of gut microbiota in the anticancer 
and antidepressant effects of Rh1. Rh1 also promoted T cell 
activation and DC maturation, and reduced MDSC frequency, 
thereby reshaping the immune microenvironment. These 
findings indicate that Rh1 inhibited CRC tumor growth in 
the CRS‑exposed mice by stimulating the immune response 
and modulating the gut microbiota. Thus, it is suggested that 
Rh1 has potential as a novel therapeutic strategy for patients 
with CRC and depression.

Introduction

Among solid tumors, colorectal cancer (CRC) ranks among 
the most common causes of morbidity and mortality, and its 
prevalence continues to rise (1). The 5‑year survival rate of 
patients with early‑stage localized CRC is >90%, whereas 
that of patients with metastatic CRC is only 14% (2). There 
is evidence to suggest that CRC development is influenced by 
both intrinsic and extrinsic factors. In particular, dysregulated 
gut microbiota composition has been demonstrated to influ‑
ence the immune microenvironment and promote distant 
metastases, and gut microbiota are increasingly recognized as 
pathogenic contributors to CRC metastasis (3).

Patients with cancer often have a poor prognosis and 
experience ongoing psychological distress following cancer 
diagnosis, surgery, chemotherapy and other cancer‑related 
complications (4). Prolonged stress can impair the immune 
system by changing the metabolic characteristics and composi‑
tion of the gut microbiota (5), and is a major risk factor that can 
accelerate CRC development (6). In addition, long‑term stress 
in patients with cancer may reduce their ability to respond to 
treatments that rely on antitumor immune activity, particularly 
immunotherapies (7). Therefore, strategies to reduce the effect 
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of psychological stress and depression on treatment outcomes 
are crucial.

The association between long‑term stress and the growth of 
tumors is becoming increasingly evident, particularly through 
neuroimmune interactions  (6). Aside from cancer, chronic 
stress has been shown in numerous studies to stimulate the 
sympathetic nervous system (8,9), leading to the release of 
neurotransmitters or hormones that regulate the activity of 
macrophages, dendritic cells (DCs) and cytotoxic T lympho‑
cytes  (10). DCs are immune cells that play a key role in 
influencing the tumor microenvironment (TME), processing 
and transmitting antigens, and activating tissue‑specific T‑cell 
responses (11). In mice, prolonged psychological stress causes 
the significant dysregulation of T‑cell functions, including 
reduced cytokine production and impaired cytotoxicity (12), 
ultimately contributing to metastasis. Disturbances of the 
microbiota‑gut‑brain axis and gut microbial balance have been 
implicated in both depression and CRC pathogenesis. This axis 
has emerged as a novel target for depression since it mediates 
communication between the brain and intestinal flora (13).

Traditional Chinese medicine has been widely used to treat 
CRC, where it may reduce treatment resistance and adverse 
effects, promote cancer cell death and inhibit metastasis (14). 
Ginseng, which is widely used in traditional Chinese medi‑
cine, contains a variety of active components, including 
polyacetylenes, ginsenosides and polysaccharides  (15). 
Among these, ginsenosides have been shown to strengthen 
resistance to stress, boost immunity, and protect the nervous 
system, with ginsenoside Rh1 (Rh1) having been shown to 
improve memory and learning by promoting cell viability 
in the hippocampal region (16). Rh1 is the main metabolite 
of protopanaxatriol‑type ginsenoside Rg1  (17). Rg1 is a 
natural steroidal saponin extracted from Panax ginseng with 
potent neuroprotective, anti‑inflammatory and antidepres‑
sant effects  (18,19). Notably, Rh1 exhibits stronger effects 
than its precursor Rg1 in the enhancement of memory and 
hippocampus excitability (20). These findings suggest that 
the antidepressive ability of Rh1 is closely associated with the 
in vivo metabolism of Rg1.

Rh1 has demonstrated anti‑inflammatory and antitumor 
properties, mediated by the inhibition of angiogenesis and 
metastasis  (15,21). In particular, Rh1 has been reported 
to prevent the growth of colon and breast cancers  (22,23). 
However, few studies have investigated the mechanisms by 
which Rh1 impacts CRC via modulation of the gut microbiota 
or immune responses, and the impact of Rh1 on CRC under 
chronic stress conditions remains unclear. In the present 
study, a CRC mouse model subjected to chronic restraint 
stress (CRS) was used to explore the antidepressant effect of 
Rh1, and to evaluate the relationship between Rh1 treatment 
and the microbial composition of the gut. Furthermore, the 
study aimed to determine whether the underlying mechanism 
involves the promotion of DC maturation, thereby activating T 
cells and enhancing the antitumor immune response to retard 
CRC progression.

Materials and methods

Cell culture. The Cell Bank of Type Culture Collection of 
The Chinese Academy of Sciences supplied the CT26 murine 

colon adenocarcinoma cell line (cat. no. SCSP‑523). The cells 
were cultivated in RPMI‑1640 complete medium containing 
10% fetal bovine serum (both Jiangsu KeyGEN BioTECH Co., 
Ltd.), supplemented with 1% penicillin/streptomycin at 37˚C 
with 5% CO2.

Animal care. A total of 90 male SPF BALB/c mice (age, 
~8 weeks; weight, 20‑22 g) were purchased from Shanghai 
SLAC Laboratory Animal Co., Ltd. The mice were kept in 
a climate‑controlled environment at a temperature of 22±2˚C 
and a relative humidity of 50±10%, with a 12‑h light/dark 
cycle and free access to food and water. Humane endpoints 
were established, including >20% weight loss, tumor volume 
>2,000 mm³, ulceration, necrosis or infection on the surface 
of the tumor, abnormal posture or dyspnea. However, no 
mice were humanely sacrificed or found dead during the study. 
The maximum weight loss observed was 6.1%. At the end of 
the experiment, all mice were anesthetized with an intraperito‑
neal injection of 50 mg/kg pentobarbital sodium. Then, 300 µl 
blood was collected from the mice by retro‑orbital puncture. 
Afterwards, the mice were sacrificed by cervical dislocation, 
and death was confirmed by the absence of breathing and 
heartbeat for >5 min.

Experimental design and drug administration protocols. The 
CRS model was used to induce depression‑like behaviors in 
mice (24). All mice were randomly assigned to five groups on 
day 0, following 7 days of adaptation (n=5/group): i) Control 
group (CRC); ii) model group (CRC + CRS); iii) low dose Rh1 
group (CRC + CRS + Rh1 10 mg/kg); iv) high dose Rh1 group 
(CRC + CRS + Rh1 20 mg/kg); and v) fluoxetine group (CRC 
+ CRS + fluoxetine 10 mg/kg). The doses of Rh1 (Shanghai 
Yuanye Biotechnology Co., Ltd.) were selected on the basis 
of a preliminary experiment, in which it was found that 
10 and 20 mg/kg Rh1 are able to inhibit both tumor growth 
and depression. Fluoxetine (Sigma‑Aldrich) was employed 
as a positive antidepressant control. The 10 mg/kg dose of 
fluoxetine hydrochloride powder was administered by gavage 
following dilution with distilled water (25). CRS was used to 
induce depression in the mice prior to tumor implantation. The 
mice subjected to CRS endured physical restriction for 8 h/day 
(from 9:00 to 17:00), starting 21 days prior to the start of CT26 
cell injection and continued for a total of 42 days (Fig. 1A).

CRS model establishment. All mice except those in the control 
group were put in a 50‑ml conical tube with adequate ventila‑
tion to enable easy breathing for 8 h daily, continuously for 
42 days in a row, thereby establishing the CRS model. By 
contrast, the mice in the control group were undisturbed 
in their cages, without food and water, over the same time 
periods. After the CRS procedure, the animals were returned 
to their home cages. At the end of the experiment, on day 42, 
behavioral assessments were performed, namely the open field 
test (OFT), the sucrose preference test (SPT) and the elevated 
plus maze test (EPMT).

CRC tumor model establishment. To establish the CRC model, 
1x106 CT26 cells suspended in 0.1 ml PBS were subcutane‑
ously injected into the right flank of each mouse on day 21. 
The tumors reached ~100 mm3 in volume 7 days after CT26 
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cell inoculation. The mice were then subjected to treatment 
with 10 or 20 mg/kg Rh1, or 10 mg/kg fluoxetine. Both Rh1 

and fluoxetine were orally administered for 2 weeks, from 
day 28 to 42. The control and model groups both received the 

Figure 1. Rh1 treatment inhibits tumor growth in mice with colorectal cancer and CRS. (A) Experimental schedule and treatment groups. (B) Representative 
images of the excised tumors. (C) Body weights and (D) tumor volume measurements taken during the CRS procedure. Results are presented as the mean ± SD 
(n=5). *P<0.05 and **P<0.01 vs. the control group; #P<0.05 and ##P<0.01 vs. the model group. (E) Representative TUNEL, H&E and Ki67 immunohistochemical 
staining images of the tumors; scale bar, 50 µm. Rh1, ginsenoside Rh1; Rh1H, high dose Rh1; Rh1L, low dose Rh1; CRS, chronic restraint stress; H&E, 
hematoxylin and eosin.
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vehicle orally over the same time period. A caliper was used to 
measure the volume of the tumor every 3 days, and the tumor 
volume was calculated using the following formula: V=(L x 
W2)/2, where V, L and W represent the volume, length and 
width of the tumor, respectively. Photographs of the tumors 
were captured after immersion in formalin.

OFT. The OFT was conducted as described previously (26). 
Mice were placed in a 50x50x50‑cm open‑field arena with a 
black floor and blue Plexiglas walls. Each mouse was allowed 
to spontaneously explore the arena for 5 min. Following each 
trial, 75% ethanol was used to clean the apparatus to remove 
odors. The following parameters were measured: Total 
distance traveled, distance traveled in the central area and 
dwelling time in the central area (27).

EPMT. The EPMT was performed as previously described, 
with refinements (28). The plus‑maze apparatus consisted of 
four arms arranged in a cross, elevated 90 cm above the floor. 
Two of the arms were closed and two were open. Mice were 
placed on the central platform facing an open arm and allowed 
to explore the apparatus for 5 min. During this period, the 
behavior of the mice was recorded, and the time spent and 
distance traveled in the open arms was examined.

SPT. The SPT was conducted as previously described (29). 
Mice were individually housed in a cage containing two bottles 
of 1% sucrose solution for 24 h. This was followed by 24 h 
of food and water deprivation. After adaption, the mice were 
given free access to two identical bottles, one containing a 1% 
sucrose solution and the other containing water. The volumes 
of water and sucrose solution consumed were measured, and 
the percentage of sucrose solution to total fluid consumed was 
calculated to indicate sucrose preference.

Antibiotics (ABX) treatment. Pseudo germ‑free BALB/c mice 
were established by the administration of ABX solution to 
depleting the endogenous gut microbiota and to investigate 
the causal role of gut microbiota. The ABX solution contained 
neomycin (1 g/l), ampicillin (1 g/l), metronidazole (1 g/l) and 
vancomycin (500 mg/l) in autoclaved water (30). This combi‑
nation was selected for its broad‑spectrum activity (covering 
Gram‑positive and ‑negative bacteria, and anaerobes) to ensure 
maximal depletion of gut microbial communities. The ABX 
solution was orally administered to the mice for consecutive 
21 days starting on day 21, with replacement of the drinking 
water every 2  days. The ABX treatment was designed to 
establish a causal link between gut microbiota and the Rh1 
treatment response and to explore whether the effect of Rh1 
was microbiota‑dependent.

Assessments of inflammatory factors and hormones. The 
blood collected by retro‑orbital puncture was centrifuged 
3,500 x g for 12 min at 4˚C to isolate the serum. In addition, 
mouse brains were collected, homogenized in saline on ice, and 
the homogenates were centrifuged 6,000 x g for 15 min at 4˚C. 
The supernatant was carefully transferred to a sterile tube and 
stored at ‑20˚ until required for analysis. Noradrenaline (NE), 
adrenaline, cortisol (CORT), corticotropin‑releasing hormone 
(CRH), interleukin‑6 (IL‑6), tumor necrosis factor‑α (TNF‑α) 

and C‑X‑C motif chemokine ligand 1 (CXCL1) in the serum 
and 5‑hydroxytryptamine (5‑HT) in the brain were measured 
using the following ELISA kits: NE (cat.  no. E‑EL‑0047; 
Wuhan Elabscience Biotechnology Co., Ltd.), adrenaline 
(cat. no. E‑EL‑0045; Wuhan Elabscience Biotechnology Co., 
Ltd.), CORT (cat. no. AD3213Mo; Andy Gene Biotechnology 
Co., Ltd.), CRH (cat. no. E‑EL‑M0351; Wuhan Elabscience 
Biotechnology Co., Ltd.), IL‑6 (cat.  no.  PI326; Beyotime 
Institute of Biotechnology), TNF‑α (cat. no. PT512; Beyotime 
Institute of Biotechnology), CXCL1 (cat. no. PC173; Beyotime 
Institute of Biotechnology) and 5‑HT (cat. no. E‑EL‑0033; 
Wuhan Elabscience Biotechnology Co., Ltd.).

Histopathological analysis and immunohistochemical 
staining. Tumors were excised from the animals and imme‑
diately fixed in 4% paraformaldehyde at room temperature 
for 48  h. For hematoxylin and eosin (H&E) staining, 
deparaffinized and rehydrated 4‑µm‑thick sections were 
stained with hematoxylin solution at room temperature for 
5 min. Sections were stained with 0.5% eosin Y solution at 
room temperature for 3 min. After staining, sections were 
dehydrated, cleared in xylene, and mounted with neutral 
balsam. Immunohistochemical staining was also performed. 
The 4‑µm‑thick tumor sections were blocked with 3% BSA 
(Sigma‑Aldrich) for 30 min at 37˚C, subjected to peroxidase 
quenching with 3% hydrogen peroxide for 10 min at room 
temperature and then incubated with an anti‑Ki67 primary 
antibody (cat. no. ab15580; Abcam, 1:500) overnight at 4˚C. 
Subsequently, the sections were incubated with HRP‑labeled 
secondary antibody (cat. no. ab6721; Abcam, 1:1,000 dilution) 
for 1 h at 37˚C, and then counterstained with hematoxylin 
(5 min at room temperature). Both H&E and Ki67 staining 
were observed under a bright‑field light microscope (Olympus 
BX53).

TUNEL assays. Paraffin sections (3 µm thick) were prepared 
from the tumors. An In Situ Cell Death Detection Kit 
(cat. no. 11684817910; Roche Diagnostics GmbH) was used 
to detect apoptotic cells in the sections. A total of 50  µl 
TUNEL reaction mixture was added at  37˚C for 45  min. 
After incubation, sections were washed with PBS. Nuclei were 
counterstained with DAPI (cat. no. ab104139; Abcam) at a 
concentration of 2 µg/ml at room temperature for 8 min, while 
red fluorescence indicated the apoptotic nuclei. Tissue sections 
were visualized under a fluorescence microscope (Zeiss 
Axio Imager Z2, Carl Zeiss AG). For quantification, four 
random fields were chosen from each section and the average 
percentage of positive cells in each field was calculated.

Immunofluorescence staining. 3 µm‑thick tumor sections 
were subjected to deparaffinization and rehydration. Sections 
were immersed in 0.01 M sodium citrate buffer, and heated 
in a microwave. Endogenous peroxidase activity was 
quenched with 3% hydrogen peroxide for 10 min at room 
temperature. Sections were then covered with 5% goat serum 
(cat. no. GB25004; Wuhan Servicebio Technology Co., Ltd.) 
to block non‑specific binding at room temperature for 30 min. 
For CD11c/CD80 dual staining, tumor sections were first incu‑
bated with anti‑CD11c antibody (cat. no. ab254183; Abcam, 
1:200) at 4˚C overnight, followed by anti‑mouse IgG H&L 
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(HRP) (cat. no. GB23301; Wuhan Servicebio Technology Co., 
Ltd., 1:500 dilution) at room temperature for 1 h. Cyanine 
3 tyramide (cat. no. G1233; Servicebio, 1:50 dilution) was 
then incubated at room temperature for 10 min to amplify 
the HRP signals, producing red fluorescence. Sections were 
subsequently incubated with FITC‑conjugated anti‑CD80 
antibody (cat. no. ZB115640; Wuhan Servicebio Technology 
Co., Ltd., 1:100 dilution) at room temperature for 1 h, which 
generated green fluorescence. For CD8 staining, sections 
were incubated with anti‑CD8 antibody (cat. no. GB115692; 
Wuhan Servicebio Technology Co., Ltd., 1:200 dilution) at 4˚C 
overnight, followed by FITC‑conjugated IgG (H+L) secondary 
antibody (cat. no. GB22303; Wuhan Servicebio Technology 
Co., Ltd., 1:500) at room temperature for 1 h. After staining, all 
sections were counterstained with DAPI (working concentra‑
tion: 2 µg/ml, cat. no. ab104139; Abcam) at room temperature 
for 8 min. The stained sections were observed using a fluo‑
rescence microscope (Zeiss Axio Imager Z2, Carl Zeiss AG).

16S rRNA sequencing and data analysis. Mice fecal samples 
were collected on day 42, at the end of the experiment, and 
were snap frozen in liquid nitrogen and stored at ‑80˚C until 
use. Total DNA was extracted from the fecal samples using 
the FastPure Feces DNA Isolation Kit (Shanghai Major Yuhua 
Co., Ltd.) according to the manufacturer's instructions. DNA 
concentration and purity were assessed using a NanoDrop2000 
spectrophotometer (Themo Fisher Scientific, Inc.). The 
V3‑V4 variable region of the 16S rRNA gene was amplified 
using PrimeSTAR Max DNA Polymerase (cat. no. R045A; 
Takara Bio Inc., Shiga, Japan),with the universal bacterial 
primer pair: Forward primer (338F): 5'‑ACT​CCT​ACG​GGA​
GGC​AGC​AG‑3'; Reverse primer (806R): 5'‑GGA​CTA​CHV​
GGG​TWT​CTA​AT‑3'. The thermocycling condition was set 
as follows: Pre‑denaturation: 98˚C for 3 min; Denaturation: 
98˚C for 10  sec, 55˚C for 30  sec; Extension: 72˚C for 
45  sec; Steps 2‑4 repeated for 30 cycles; Final extension: 
72˚C for 5 min. Amplicon visualization was verified by 2% 
agarose gel electrophoresis stained with 0.5 µg/ml ethidium 
bromide (cat.  no.  E1510; Sigma‑Aldrich, St. Louis, MO, 
USA). Amplified products were purified using the AMPure 
XP Beads (cat. no. A63881; Beckman Coulter, Inc., Brea, 
CA, USA). Then, the Nextera XT DNA Library Prep Kit 
(cat. no. FC‑131‑1096; Illumina, Inc., San Diego, CA, USA) 
was used to construct sequencing libraries.​ Sequencing was 
then performed using the MiSeq PE250 system (Illumina, 
Inc.) with 250 bp paired‑end (PE250) sequencing.​ The MiSeq 
Reagent Kit v3 (600 cycles, cat. no. MS‑102‑3003; Illumina, 
Inc.) was used. After library quality control, qualified libraries 
were pooled and diluted to a loading concentration of 6 pM. 
Raw sequencing reads were quality‑controlled using FastQC 
(Version 0.11.9; Babraham Bioinformatics, Cambridge, UK). 
Paired‑end reads were merged into full‑length sequences using 
FLASH (Version 1.2.11). Amplicon sequence variations were 
generated using Deblur‑denoised sequences (Version 1.1.0; 
github.com/biocore/deblur. The Simpson (measuring commu‑
nity evenness), abundance‑based coverage estimator (ACE, 
estimating species richness) and Shannon (combining richness 
and evenness) indices (31‑33) were determined to evaluate α 
diversity of the data and principal coordinate analysis (PCoA) 
was performed to evaluate the b diversity of the data. PCoA 

visualization was performed using the q2‑emperor plugin in 
QIIME 2 (qiime2.org).

Flow cytometry analysis. The spleen and tumor‑draining 
lymph nodes were each mechanically filtered using a 200‑mesh 
screen. Red blood cells in the resulting cell suspensions were 
lysed using ACK lysis buffer (cat.  no.  C3702; Beyotime 
Institute of Biotechnology). Tumor tissues were mechani‑
cally minced and digested in RPMI‑1640 medium containing 
DNase, collagenase IV and hyaluronidase (Gibco; Thermo 
Fisher Scientific, Inc.) at 37˚C for 1 h. The tissues were filtered 
through a sieve to prepare a single‑cell suspension. Isolated 
cells were plated and cultured for 4 h in a medium containing 
Cell Activation Cocktail (cat. no. 423303; BioLegend, Inc.) 
to analyze the release of cytokines by tumor‑infiltrating 
T cells. Cells were then aliquoted into tubes and surface 
stained in the dark for 30 min at 4˚C with Fixable Viability 
Dye eFluor 780 (cat.  no.  2633409; eBioscience; Thermo 
Fisher Scientific, Inc.), anti‑CD3‑PE‑cy7 (cat. no. 552774; BD 
Biosciences), anti‑CD4‑APC (cat. no. 100412; BioLegend, 
Inc.), anti‑CD45‑Percy‑cy5 (cat. no. 103131; BioLegend, Inc.) 
and anti‑CD8‑FITC (cat. no. 100706; BioLegend, Inc.). The 
anti‑CD45 antibody is used to gate the ‘leukocyte population’, 
and the anti‑CD3 antibody is used to identify T cells from 
the CD45+ leukocyte population. For intracellular staining, 
cells were fixed with fixation buffer (4% paraformaldehyde, 
cat. no. 420801; BioLegend, Inc.) in the dark for 30 min at 
room temperature and washed with permeabilization buffer 
(cat. no. 421002; BioLegend, Inc.) twice. Cells were incubated 
with anti‑granzyme B‑BV421 (cat. no. 396413; BioLegend, 
Inc.) and anti‑IFN‑γ‑PE (cat. no. 505807; BioLegend, Inc.) in 
the dark for 30 min at 4˚C.

After blocking with anti‑mouse CD16/32 (Fc block, 
cat.  no.  553141, BD Pharmingen), MDSC was examined 
by staining with Fixable Viability Dye eFluo 780 (eBiosci‑
ence), anti‑CD45‑Percy‑cy5 (cat.  no.  103131; BioLegend, 
Inc.), anti‑CD11b‑FITC (cat. no. 101206; BioLegend, Inc.) 
and anti‑Gr‑1‑APC (cat.  no.  108411; BioLegend, Inc.) in 
the dark for 30 min at 4˚C. After blocking with anti‑mouse 
CD16/32, M‑MDSCs was examined by staining with Fixable 
Viability Dye eFluo 780 (eBioscience), anti‑CD45‑Alexa 
Fluor700 (cat. no. 103127; BioLegend, Inc.), anti‑CD11b‑FITC 
(cat. no. 101206; BioLegend, Inc.), anti‑Ly‑6C‑PerCP cy5.5 
(cat.  no.  128011; BioLegend, Inc.) and anti‑Ly‑6G‑PE 
(cat. no. 127607; all BioLegend, Inc.) in the dark for 30 min 
at 4˚C. After blocking with anti‑mouse CD16/32, DC matu‑
ration was examined by staining with Fixable Viability 
Dye eFluo 780 (eBioscience, USA), anti‑CD45‑Percy‑cy5, 
anti‑CD11c‑APC (cat.  no.  117309; BioLegend, Inc.), and 
anti‑MHCII‑FITC (cat. no. 107605; BioLegend, Inc.) anti‑
bodies, or an isotype IgG control (cat. no. 400605; BioLegend, 
Inc.) in the dark for 30 min at 4˚C. Flow cytometry analysis 
was performed using an Beckman CytoFLEX flow cytom‑
eter (Beckman Coulter Inc.). The flow cytometry data were 
analyzed using FlowJo software V10.8.1 (BD Biosciences).

Statistical analysis. Data are presented as the mean ± stan‑
dard deviation for normally distributed data. Non‑normally 
distributed data are presented as the median and 25th and 
75th percentile). Statistical analyses were performed using 
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GraphPad Prism 9.0 software (Dotmatics). When the data 
displayed a normal distribution and homogeneous variance, 
one‑way ANOVA was employed, followed by Bonferroni 
post‑hoc multiple comparisons tests. When the data displayed 
a normal distribution and heterogeneous variance, Welch 
ANOVA was used; no post‑hoc test was performed as the 
results were not statistically significant. When the data 
were non‑normally distributed, Kruskal‑Wallis H test was 
applied, followed by post‑hoc pairwise comparisons using 
Bonferroni‑corrected Mann‑Whitney U tests. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Rh1 inhibits tumor growth in mice with CRC and CRS. The 
experimental plan is displayed in Fig. 1A. CRS was applied 
to induce depression in all mice, with the exception of those 
in the control group. A CT26 cell‑bearing tumor model was 
established after 3 weeks of CRS. The mean body weight 
of the mice in the model group at the end of the study was 
significantly less than that of mice in the control group. 
Although mean body weight exhibited an ascending tendency 
in the Rh1 and fluoxetine treatment groups compared with 
that in the model group, the difference between these groups 
was not found to be statistically significant (Fig. 1C). Tumor 
growth in the model group was greater than that in the control 
group (Fig. 1B). By day 42, the tumor volume in the stressed 
mice of the model group was significantly higher than that in 
the non‑stressed mice of the control group, but significantly 
lower in the two Rh1 groups compared with the model group 
(Fig. 1D).

H&E staining revealed that the tumor cells in the model 
group were densely packed, exhibiting irregular morpholo‑
gies, nuclear dimorphism and mitotic figures. In the Rh1 and 
fluoxetine groups, features of cell necrosis and apoptosis were 
observed. Necrosis was indicated by dispersed lower‑density 
cells, cytoplasmic leakage, cellular rupture and multiple vacu‑
olar structures, while apoptosis was characterized by nuclear 
condensation, fragmentation and dissolution (Fig. 1E). In addi‑
tion, the number of TUNEL positive cells in the Rh1 groups 
was increased markedly compared with that in the model 
group (Fig. 1E). Furthermore, Rh1 treatment clearly reduced 
Ki67 expression in tumors to lower levels than those observed 
in the model group. These findings indicate that Rh1 attenu‑
ates tumor development in mice with CRC and CRS.

Rh1 ameliorates depressive‑like behaviors and enhances 
cognitive function in mice with CRC and CRS. The therapeutic 
impact of low and high dosages of Rh1 was assessed using the 
stress‑associated cancer model mice (Fig. 2). Depression‑ and 
anxiety‑like behaviors were evaluated using the SPT, EPMT 
and OFT. In the OFT, the depressed mice in the model group 
exhibited a reduced capacity for spontaneous exploration and 
tended to remain in the corners and edges of the field (Fig. 2A). 
The total distance traveled, distance traveled in the central area 
and dwelling time in the central area of the model mice were 
significantly decreased compared with those of the control 
group (Fig. 2B). However, these measures were significantly 
increased in the mice treated with fluoxetine or Rh1 compared 
with those in the model group.

The results of the EPMT assay revealed that the time spent 
and distance traveled in the open arms by the model mice were 
significantly lower compared with those of the control mice 
(Fig. 2C and D). However, following Rh1 or fluoxetine inter‑
vention, significant increases in the time spent and distance 
traveled in the open arms were observed.

The SPT is regarded as an index of anhedonia. Sucrose 
preference decreased significantly in model group compared 
with that in the control group. However, the Rh1H and fluox‑
etine groups exhibited significantly increase sucrose preference 
rates compared with that of the model group (Fig. 2E). These 
results indicate that Rh1 treatment attenuated the abnormal 
behaviors of CRS rats in the SPT, EPMT and OFT, and suggest 
that both fluoxetine and Rh1 alleviate depression‑like behav‑
iors in mice.

Rh1 regulates cytokine expression and hormone levels in 
mice with CRC and CRS. Cytokines are essential contribu‑
tors to the regulation of inflammatory processes. ELISA 
results revealed that the levels of TNF‑α, IL‑6 and CXCL1 
were significantly higher in CRS‑exposed mice with CRC 
compared with those in control mice with CRC, indicating 
that CRS increased the inflammatory response in mice with 
CT26 tumors (Fig. 3A). The levels of TNF‑α, CXCL1 and 
IL‑6 in the Rh1 and fluoxetine groups were considerably 
lower compared with those in the model group. Reductions 
in the levels of the monoamine neurotransmitters 5‑HT 
and NE, and increases in CORT levels are associated with 
depression (34). In particular, alterations in the release or 
reuptake of 5‑HT are associated with depressive disorder. 
Mice in the CRS‑stimulated CRC‑bearing model group 
exhibited significantly lower brain 5‑HT and serum NE 
levels compared with those in the control group, indicating 
that CRS stimulation disrupts monoamine neurotransmitter 
homeostasis. Treatment with Rh1 or fluoxetine resulted in 
significant increases in these levels (Fig. 3). Adrenaline is a 
key catecholamine hormone released during stress and may 
influence cancer progression (35). The serum levels of adren‑
aline, CRH and CORT in the model group were significantly 
higher compared with those in the control group; however, 
treatment with a high dose of Rh1 or fluoxetine resulted in a 
significant reduction in these levels (Fig. 3B).

Rh1 rebalances gut dysbiosis in mice with CRC and CRS. 
The results of α‑diversity analyses indicated that the gut 
microbial communities in all five groups were rich and 
diverse. In the model group, the Simpson index was signifi‑
cantly higher and the ACE and Shannon indices were 
significantly lower compared with those in the control 
group. ACE indices in the Rh1 or fluoxetine groups were 
not significantly different from that of the model group. 
The Simpson indices of the Rh1 and f luoxetine groups 
were significantly lower than that of the model group. The 
Shannon indices of the Rh1 and fluoxetine groups were 
significantly higher than the Shannon index of the model 
group (Fig. 4A). Furthermore, b diversity was analyzed 
using PCoA based on various distance measures, including 
Bray‑Curtis distances. When plotted against the relative 
contributions of each group to each principal component 
(PC), the first two principal components, which together 
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accounted for 39.80% of the total microbial factor load‑
ings (PC1, 22.76%; PC2, 17.04%), revealed notable 
differences in the gut microbiota communities among the 
groups. In the Rh1‑treated groups, clear shifts in bacte‑
rial composition towards that of the control group were 
observed (Fig. 4B), indicating partial restoration of the 
gut microbial community. Proteobacteria, Firmicutes, 
Bacteriodota, Actinobacteriota and Desulfobacterota 
accounted for the majority of the sequencing reads among 
the phyla that were detected (Fig. 4C). When compared 
with the microbial composition of the control group, the 
model group exhibited a significantly higher abundance 
of Firmicutes and Actinobacteriota, lower abundance of 

Bacteroidota and Proteobacteria (Fig. 4D), and a higher 
Firmicutes/Bacteroidota ratio (Fig.  4E). Exposure to a 
high dose of Rh1 significantly increased the abundance 
of Bacteroidota and reduced the abundance of Firmicutes. 
Mice treated with a low dose of Rh1 also exhibited a 
significantly reduced abundance of Firmicutes.

A Spearman correlation heatmap revealed that 
Bacteroidota abundance positively correlated with 5‑HT and 
NE (Fig. 4F), and negatively correlated with TNF‑α, CXCL1, 
adrenaline and CRH. It also revealed that Firmicutes abun‑
dance negatively correlated with 5‑HT and NE, and positively 
correlated with TNF‑α, CXCL1 and CRH. In addition, the 
inflammatory factor IL‑6 and Proteobacteria exhibited a 

Figure 2. Rh1 treatment alleviates depression‑like behaviors in mice bearing colorectal tumors and subjected to chronic restraint stress. (A) Representative 
trajectory plots from the OFT. (B) Total distance traveled, distance traveled in the central region and time spent in the central region during the OFT. 
(C) Representative trajectory plots from the EPMT. (D) Total distance traveled and time spent in the open arms during the EPMT. (E) Sucrose consumption 
data from the sucrose preference test. Results are presented as the mean ± SD (n=5). *P<0.05 and **P<0.01 vs. the control group; #P<0.05 and ##P<0.01 vs. the 
model group. Rh1, ginsenoside Rh1; Rh1H, high dose Rh1; Rh1L, low dose Rh1; OFT, open field test; EPMT, elevated plus maze test.

https://www.spandidos-publications.com/10.3892/mmr.2025.13710
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negative correlation, while the endocrine hormone CORT and 
Desulfobacterota exhibited a positive correlation.

Gut microbiota mediates the antitumor effect of Rh1 in 
mice with CRC and CRS. We hypothesized that the efficacy 
of Rh1 in treating cancer comorbid with depression may be 
mediated by gut bacteria, given the importance of intestinal 
flora in both carcinogenesis and depression (36). ABX treat‑
ment was administered to decrease the resident microbiota in 
mice subjected to CRS during Rh1 intervention (Fig. 5A). The 
amelioration of depression‑like behaviors observed in the OFT 
for the high dose Rh1 group was attenuated when the mice 
also received ABX treatment (Fig. 5C). No significant differ‑
ences were observed between the mice in the model group and 
those treated with both ABX and high dose Rh1 with regard 
to the total distance traveled and the distance traveled in the 
central area. The time in the central region in ABX + Rh1H 
group were considerably lower than that of Rh1H group. The 
antitumor effect of Rh1 in mice with CRS and CRC may be 
weakened by the reduction of gut flora, as suggested by the 
significantly larger mean tumor volume in the mice treated 
with ABX and high dose Rh1 compared with that in mice 
treated with high dose Rh1 alone (Fig. 5B).

Rh1 improves T‑cell activation in mice with CRC and CRS. 
The effect of Rh1 on immune cell infiltration and activa‑
tion in mice with CRC and CRS was investigated (Fig. 6). 
Examination of CD8+T and CD4+T cell subsets in the tumors 
revealed that mice in the high dose Rh1 group had a signifi‑
cantly higher population of effector T cells (IFN‑γ+CD8+T 
cells and IFN‑γ+CD4+T cells) compared with that in the 

model group (Fig. 6A). These data indicate that increased 
activation of CD8+ and CD4+ T cells increases IFN‑γ produc‑
tion in tumor tissues, which may serve as a key mediator of 
the tumor rejection response. In addition, by significantly 
increasing the percentage of granzyme B+ cells within the 
CD8+T and CD4+T cell population, Rh1 may restore the 
functional activity of tumor‑infiltrating CD8+T and CD4+T 
cells (Fig. 6B). Furthermore, immunofluorescence staining 
indicated that CD8‑positive T cells exhibited weaker red fluo‑
rescence in the model group compared with that in the control 
group, while CD8‑positive T cells were markedly increased in 
the high dose Rh1 group (Fig. 6C).

The spleens of mice treated with a high dose of Rh1 had 
a significantly higher frequency of IFN‑γ+CD4+T cells than 
that observed in the model group (Fig. 7A). Treatment with 
a high dose of Rh1 also raised the proportion of CD8+T cells 
co‑expressing IFN‑γ; however, this increase was not statisti‑
cally significant. Myeloid‑derived suppressor cells (MDSCs) 
isolated from the spleen were also analyzed by flow cytometry. 
The number of tumor‑infiltrating CD11b+Gr‑1+ cells, consid‑
ered to represent MDSCs, was analyzed. As shown in Fig. 7B, 
Rh1 significantly decreased the proportion of total MDSCs in 
the spleen compared with that in the model group (Fig. 7B). 
Additionally, the percentages of different MDSC subtypes 
were evaluated, and the results revealed that after treatment 
with a high dose of Rh1, the frequency of monocytic MDSCs 
(M‑MDSC, CD11b+Ly6G-Ly6Chigh) cells was significantly 
reduced (Fig. 7C). These findings suggest that CD8+T, CD4+T 
and MDSC cells may contribute to the antitumor response 
of Rh1, with Rh1 reducing MDSC counts and promoting the 
recovery of T cell‑dependent antitumor responses.

Figure 3. Rh1 regulates the levels of hormones and inflammatory factors in the brain and serum of mice bearing colorectal tumors and subjected to chronic 
restraint stress. (A) Brain levels of 5‑HT and serum levels of TNF‑α, IL‑6 and CXCL1. (B) Serum levels of adrenaline, NE, CRH and CORT. Results are 
presented as the mean ± SD (n=5). **P<0.01 vs. the control group; #P<0.05 and ##P<0.01 vs. the model group. Rh1, ginsenoside Rh1; Rh1H, high dose Rh1; 
Rh1L, low dose Rh1; IL‑6, interleukin‑6; TNF‑α, tumor necrosis factor‑α; CXCL1, C‑X‑C motif chemokine ligand 1; 5‑HT, 5‑hydroxytryptamine; CRH, 
corticotropin‑releasing hormone; CORT, cortisol; NE, noradrenaline.
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Rh1 promotes DC maturation in mice with CRC and CRS. 
Naive or memory CD8+ and CD4+T cells are exposed 

to antigens by mature DCs through MHCI and MHCII 
molecules, respectively  (37). To verify whether DCs 

Figure 4. Rh1 treatment regulates the gut microbial balance in mice bearing colorectal tumors and subjected to chronic restraint stress. (A) ACE, Simpson 
and Shannon indices of α‑diversity and (B) PCoA analysis of the β‑diversity of the gut microbiota. (C) Community distribution and (D) richness of the 
intestinal flora at the phylum level. (E) Firmicutes/Bacteroidota ratios. (F) Heat map showing the Spearman correlation coefficients for hormone or inflam‑
matory factors with phylum abundance. n=5). *P<0.05 and **P<0.01 vs. the control group; #P<0.05 and ##P<0.01 vs. the model group. Rh1, ginsenoside Rh1; 
Rh1H, high dose Rh1; Rh1L, low dose Rh1; ACE, abundance‑based coverage estimator; PCoA, principal coordinate analysis; PC, principal component; ASV, 
amplicon sequence variant; IL‑6, interleukin‑6; TNF‑α, tumor necrosis factor‑α; CXCL1, C‑X‑C motif chemokine ligand 1; 5‑HT, 5‑hydroxytryptamine; NE, 
noradrenaline; CORT, cortisol; CRH, corticotropin‑releasing hormone.

https://www.spandidos-publications.com/10.3892/mmr.2025.13710
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contributed to the immune response, the maturation of DCs 
was detected in Rh1‑treated CRC tissues, tumor‑draining 
lymph nodes and the spleen. Flow cytometric analysis 
confirmed that the expression of MHCII, a DC maturation 
marker, was significantly increased in the spleen, lymph 
node and tumor tissue following Rh1 treatment compared 
with that in the model group (Fig. 8A), suggesting the robust 
accumulation and maturation of DCs in the TME following 
Rh1 treatment. In addition, immunofluorescence staining 
indicated that CD80‑positive DCs exhibited only weak 
green fluorescence in the model group (Fig. 8B), but mark‑
edly higher green fluorescence in the high dose Rh1 group. 
These results demonstrate that Rh1 effectively stimulates 
DCs to cross‑present antigens, which in turn activate CD8+T 
cells to enhance the immune response. In addition, Rh1 may 
have markedly boosted the antitumor immune response 
by increasing the capacity of activated T cells to eradicate 
tumor cells.

Discussion

Depression is a prevalent psychological disorder that is a threat 
to mental well‑being worldwide and has resulted in a growing 
suicide rate during the 21st century (38). CRC is the second 
most common cause of cancer‑related deaths (39). Depression 
and chronic psychological stress negatively impact the quality 
of life of patients with CRC. In addition, an increased risk of 
depression has been observed in patients with CRC following 
prognosis  (40). Therefore, the effective management of 
comorbid depression has attracted considerable attention.

The Rg1 metabolite Rh1 has demonstrated strong inhibi‑
tory effects on the proliferation of lung and breast cancer 
cells  (41), and has been reported to suppress the invasion 
of CRC and breast cancer cells (22). Research on Rh1 has 
focused on its anticancer, anti‑inflammatory and immune 
modulating properties  (11,42). However, its potential anti‑
depressant effects and the underlying mechanisms remain 

Figure 5. Gut microbiota is involved in the anticancer and antidepressive effect of Rh1. (A) Experimental design for microbiota depletion by ABX in 
CRS‑exposed mice bearing colorectal tumors during Rh1 intervention. (B) Representative images of the tumors, and tumor volume measurements during the 
CRS procedure. (C) Trajectory plots from the open field test. Results are presented as the mean ± SD (n=5). **P<0.01, #P<0.05 and ##P<0.01 as indicated. Rh1, 
ginsenoside Rh1; Rh1H, high dose Rh1; ABX, antibiotics; CRS, chronic restraint stress; ns, not significant.
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unclear. Cognitive impairments and depression‑like behaviors 
have been noted in mice subjected to CRS, and ginsenoside 
Rb1 was shown to prevent these depression‑like behav‑
iors (43). Similarly, Rg1 exhibits antidepressant‑like effects in 

rats subjected to CRS (44). Rb1 also significantly attenuated 
azoxymethane/dextran sodium sulfate‑induced colon carci‑
nogenesis in mice (45), while Rg1 demonstrated antitumor 
activity in a CT26 CRC xenograft mouse model (46). However, 

Figure 6. Rh1 promotes the infiltration of T cells into the tumors of mice subjected to chronic restraint stress and bearing colorectal tumors. Intracellular 
(A) IFN‑γ and (B) granzyme B levels in CD8+T and CD4+T cells in colorectal tumors, detected by flow cytometry. n=3. **P<0.01 vs. the control group; #P<0.05 
and ##P<0.01 vs. the model group. (C) Immunofluorescent staining of CD8 expression in the tumor tissue; scale bar, 50 µm. Rh1, ginsenoside Rh1; Rh1H, high 
dose Rh1.

https://www.spandidos-publications.com/10.3892/mmr.2025.13710
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these protective effects of Rb1 or Rg1 were not evaluated in 
models combining depression with cancer. Therefore, the 
present study investigated the anticancer and antidepressant 
potential of Rh1 in CRS‑exposed CRC‑bearing mice. Previous 
studies have shown that Rh1 (20 mg/kg) inhibits tumor growth 
in mice bearing gastric cancer and CRC xenografts (22,47). 
In addition, fluoxetine (10 mg/kg) was used as a positive 
control in a previous study on a combined CRS and CRC 
xenograft model (48). Therefore, it was selected for use as a 
positive control in the present study. Notably, Rh1 (20 mg/kg) 
significantly mitigated the depression‑like behaviors of mice 
subjected to CRS in the present study. In addition, the findings 

of the study indicate that Rh1 prevents CRC tumor growth in 
mice subjected to CRS.

There is a significant association between depression and 
the brain‑gut axis. Therefore, the preservation and restoration 
of the normal state of the intestinal flora is considered benefi‑
cial for the prevention and treatment of mental disorders (49). 
In the present study, the results indicated that CRS is positively 
associated with the progression of CRC, likely by affecting the 
balance of intestinal flora. Consistent with previous reports, 
Firmicutes and Bacteroidota were the most common phyla 
identified across all groups (50). An increased abundance of 
Firmicutes and a decreased proportion of Bacteroidota were 

Figure 7. Rh1 treatment promotes T‑cell function and reduces the proportion of MDSCs in the spleens of mice subjected to chronic restraint stress and 
bearing colorectal tumors. (A) Intracellular IFN‑γ levels of CD8+T and CD4+T cells in the spleen, analyzed by flow cytometry. (B) MDSC and (C) M‑MDSC 
percentages in the spleen. Representative flow cytometry plots and combined data graphs are shown. n=3. *P<0.05 and **P<0.01 vs. the control group; #P<0.05 
and ##P<0.01 vs. the model group. Rh1, ginsenoside Rh1; Rh1H, high dose Rh1; MDSC, myeloid‑derived suppressor cell; M‑MDSC, monocytic MDSC; Gr‑1, 
granulocyte antigen‑1; Ly6C, lymphocyte antigen 6 complex, locus C.
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observed in the CRS‑exposed xenografted mice in the present 
study, which is consistent with previous observations  (51). 
However, treatment with a high dose of Rh1 attenuated these 

changes, lowering the abundance of Firmicutes and increasing 
that of Bacteroidota compared with the respective abundances 
in the CRS model mice.

Figure 8. Rh1 treatment promotes DC maturation. (A) Populations of MHCII+CD11c+DCs, considered to represent mature DCs, in the spleen, tumor and 
tumor‑draining lymph nodes of mice bearing colorectal tumors and subjected to chronic restraint stress. (B) Immunofluorescent staining of CD11c (red) and 
CD80 (green) in the tumors; scale bar, 50 µm. n=3. **P<0.01 vs. the control group; #P<0.05 and ##P<0.01 vs. the model group. Rh1, ginsenoside Rh1; Rh1H, 
high dose Rh1; MHCII, major histocompatibility complex class II; DC, dendritic cell; SSC, side scatter.

https://www.spandidos-publications.com/10.3892/mmr.2025.13710
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Due to the complexity of depression, the relationship 
between the Firmicutes/Bacteriodota ratio and depression 
remains unclear. However, the oral administration of probi‑
otics or fecal microbiota transplantation (FMT) has been 
shown to restore the microbial balance of the gut and alleviate 
dysbiosis (52). For example, the introduction of a probiotic 
mixture containing six Bifidobacteria and Lactobacillus 
strains to patients following CRC surgery lead to a significant 
reduction in the serum levels of pro‑inflammatory cytokines 
and improved the intestinal microenvironment (53).

The findings of the present study suggest that gut flora at 
least partially mediate the effects of Rh1 in mice with CRS 
and CRC, supporting the notion that changes in the gut flora 
may play a role in the pathophysiology of patients with CRC 
and comorbid depression. This aligns with clinical evidence 
that dysregulation of the gut microbiota contributes to CRC 
development, metastasis and treatment resistance  (54). In 
patients with CRC who have a bacterial infection and require 
treatment with antibiotics, probiotics supplementation or FMT 
from a healthy donor may represent a supportive strategy (55). 
However, future research is necessary to validate these find‑
ings and address current limitations.

Immunological dysregulation contributes to the develop‑
ment of depression and can hinder antidepressant treatment 
outcomes. A study demonstrated that chronic stress increases 
the proportions of tumor‑associated macrophages and MDSCs 
in the TME, while decreasing the activity of CD8+T cells. In 
addition, the study revealed that splenic CD11b+Gr‑1intLy6Chi 
myeloid cells induce tolerance in memory CD8+T cells (56). 
Notably, patients with major depressive disorder exhibit 
altered numbers of monocytes, CD4+ and CD8+ T cells in 
the peripheral circulation compared with those in healthy 
individuals (57). The most potent antigen‑presenting cells are 
DCs, which are crucial components of the adaptive immune 
response. During maturation, DCs increase the secretion of 
inflammatory or anti‑inflammatory cytokines and upregulate 
MHCII expression, while mature DCs provide processed 
antigens to naïve T cells in adjacent lymphatic organs (58). In 
the present study, a reduction in the quantity of CD8+T and 
CD4+T cells infiltrating the CRC tissue and producing IFN‑γ 
and granzyme B was observed, which was attenuated by Rh1 
treatment. These findings suggest that the functions of DC and 
T cells were suppressed in CRC tumor‑bearing mice subjected 
to CRS, and that such a repression was mitigated by treatment 
with Rh1.

Depression and cancer progression have both been associ‑
ated with MDSC proliferation, which suppresses the immune 
response (59). Consistent with this, the CRS model mice in 
the present study displayed a significantly elevated percentage 
of MDSCs than those in the control group, whereas treatment 
with Rh1 reduced the frequency of monocytic MDSCs.

Immune dysregulation and heightened inflammatory 
responses are recognized as contributors to depression, 
particularly in vulnerable individuals (60). Consistent with 
this, anti‑inflammatory treatments decrease depressive symp‑
toms (61‑63). Elevated levels of the proinflammatory cytokines 
IL‑6, IL‑1β and TNF‑α have been reported in patients with 
depression (64); therefore, peripheral blood levels of these 
cytokines have been proposed as indicators of depression (65). 
In addition, chronically stressed tumor‑bearing animals also 

exhibit elevated levels of TNF‑α, IFN‑γ and IL‑6, which is 
consistent with the inflammatory hypotheses of depression and 
may accelerate the development of cancer (66). In the present 
study, persistent CRS stress increased the release of IL‑6, 
TNF‑α and CXCL1 into the serum of tumor‑bearing mice, 
potentially contributing to the progression of CRS. Notably, 
mice treated with Rh1 had significantly reduced serum levels 
of these proinflammatory cytokines compared with those in 
the model group, suggesting that Rh1 exerts anti‑inflammatory 
and antitumor effects under CRS conditions.

The present study has several limitations. Firstly, no 
electroencephalogram (EEG) activity data were collected to 
detect if any changes in brain electrical activity associated 
with depressive symptoms occurred. In future studies, active 
collaboration with an institution equipped with EEG detection 
facilities will be sought to investigate the neuroelectrophysi‑
ological mechanisms of Rh1, with the aim of obtaining more 
comprehensive evidence for its therapeutic effects. Second, the 
16S rRNA sequencing used to analyze gut microbiota has a 
relatively low resolution and cannot distinguish closely related 
species. The results revealed differences in the microbiota 
of certain groups at the phylum level, as exemplified by the 
abundances of Proteobacteria, Firmicutes, Bacteriodota and 
Actinobacteriota. Some data obtained on bacterial genera 
displayed non‑normal distributions and heterogeneous vari‑
ance. After using appropriate statistical tests, namely Welch's 
ANOVA or Kruskal‑Wallis, non‑significant differences in 
bacterial genera were detected among groups for certain 
genera, including Bifidobacterium, Romboutsia and Alistipes. 
In future studies, the sample size will be expanded and metage‑
nomic sequencing performed to explore the effect of Rh1 on 
microorganisms more deeply. Metagenomic sequencing can 
also be used to gain whole‑genome information and achieve 
species‑ or strain‑level resolution, with high sensitivity in the 
identification of low‑abundance species.

In conclusion, Rh1 shows promise as an adjunctive therapy 
for CRC by reducing tumor growth, alleviating depression‑like 
behaviors, and restoring intestinal flora and immunological 
homeostasis in CRC‑xenografted mice under CRS. These 
findings reveal a novel bioactivity of Rh1 derived from 
ginseng, which has potential as a novel strategy to improve 
the outcomes of patients with CRC and associated depressive 
symptoms. To obtain direct evidence of its interaction with 
existing therapies, future research should prioritize preclinical 
trials combining Rh1 with chemotherapy, immunotherapy or 
targeted agents to evaluate their potential effects on tumor 
growth and survival.
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