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Introduction: Dolichos lablab L. is a nutritionally and medicinally significant
legume, yet research on its bioactive oligosaccharides remains limited. This
study investigates the potential of Dolichos lablab L. oligosaccharides to
ameliorate cyclophosphamide (CTX)-induced immunosuppression and
intestinal damage.

Methods: Crude oligosaccharides were purified to yield mixture SRSV (86% sugar
content), comprising sucrose, raffinose, stachyose, and verbascose (mass ratio
19:16.8:50:14.2). Immunosuppressed mice (CTX-induced) were treated with
SRSV (150 mg/kg). Gut microbiota (GM) diversity was analyzed via 16S rRNA
sequencing, and serum metabolites were profiled using metabolomics. GM-
depleted mice (antibiotic-treated) and L-arginine supplementation experiments
were used for mechanistic validation.

Results: SRSV preserved intestinal villi integrity, reversed CTX-induced immune
organ atrophy, and restored the CD4+T/CD8+T ratio. It enhanced bone marrow
hematopoiesis, elevated peripheral white blood cell and lymphocyte counts, and
modulated serum TNF-a levels. SRSV increased GM diversity, enriching beneficial
taxa (e.g., Ruminococcus, UBA1819, Anaerofustis) while reducing pathogenic
Atopobiaceae. Antibiotic-induced GM depletion abrogated SRSV's protective
effects. Metabolomics identified L-arginine as a key upregulated metabolite,
linked to arginine biosynthesis. L-arginine supplementation alone replicated
SRSV’s immunoprotective outcomes.

Discussion: SRSV attenuates CTX-induced immunosuppression through GM-
dependent mechanisms and L-arginine-mediated immunomodulation. GM
integrity is essential for SRSV efficacy, as its depletion abolishes protection. The
restitution of L-arginine levels underpins SRSV's capacity to restore
immune homeostasis.
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Conclusion: SRSV from Dolichos lablab L. is a promising natural adjuvant for
mitigating chemotherapy-induced immunosuppression and intestinal injury,
acting via GM modulation and arginine biosynthesis pathways.

Dolichos lablab L., oligosaccharide, gut microbiome, prebiotics, immunosuppression, chemotherapy

1 Introduction

Globally, the incidence and mortality rates of cancer are
escalating, positioning it as a leading cause of mortality and a
substantial barrier to extending human longevity (1, 2).
Chemotherapy, a prevalent treatment for tumors, functions
primarily by inhibiting the rapid proliferation of malignant cells.
However, cells such as hair follicles, immune, bone marrow, and
epithelial cells, which share rapid proliferative properties, are also
indiscriminately targeted and destroyed during chemotherapy (3).
This indiscriminate cellular damage can precipitate severe adverse
effects, such as immunosuppression, gastrointestinal mucosal
injuries, and disturbances in the GM (4-7). These adverse effects
frequently necessitate the premature discontinuation of
chemotherapy, reduce its efficacy, and facilitate tumor metastasis,
consequently diminishing patient survival. Therefore, the
development of effective strategies to mitigate these adverse effects
is imperative to enhance the therapeutic outcomes of chemotherapy.

Prebiotics have been shown to enhance immunity, and
oligosaccharides, the most extensively studied form of prebiotics,
exert beneficial effects on host health by influencing the GM. These
oligosaccharides are resistant to gastrointestinal digestion and
absorption, but they provide a carbon source for specific probiotics.
They can be fermented by bacteria in the gut, participating in the
regulation of the microenvironment and promoting gut health (8, 9).
During the early stages of life, oligosaccharides from breast milk are
pivotal in shaping the neonatal GM and modulating metabolic
product profiles (10), thereby safeguarding infants against colitis
and bolstering resistance to viral infections (11, 12). Bletilla
oligosaccharides (BO), derived from the traditional Chinese
medicinal herb Bletilla striata, have been shown to ameliorate
glucose intolerance and insulin resistance through modulation of
the GM and intestinal metabolites, while also effectively attenuating
chronic inflammation and preserving intestinal barrier integrity (13).
Low-molecular-weight Lycium barbarum oligosaccharides (LBO)
demonstrate superior antioxidant activity and gastrointestinal
digestibility compared to high-molecular-weight Lycium barbarum
polysaccharides in vitro. Supplementation with LBO has been shown
to restore the structural equilibrium of gut bacterial communities,
promote the proliferation of beneficial bacteria such as Bacillus,
Tyzzerella, Fournierella, and Coriobacteriaceae UCG-002 in the
gastrointestinal tract, and ameliorate changes in microbial
metabolism. Furthermore, LBO reduces serum levels of
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inflammatory cytokines and hepatic hydroxyproline, enhances
mitochondrial function in both the gut and liver, and alleviates
hepatic fibrosis in mice (14). -Manno-oligosaccharides (3-MOS)
are selectively fermented by intestinal microbiota, promoting the
growth of beneficial bacteria and the production of metabolites, such
as short-chain fatty acids (15, 16). Numerous studies on functional
oligosaccharides have demonstrated that they can maintain human
health by regulating intestinal flora, reducing intestinal inflammation,
enhancing immunity, and through many other mechanisms.

Traditional Chinese herbs are one of the primary sources of
functional oligosaccharides. Dolichos lablab L. has both high food
value and high medicinal value and has been used as nutritious food
and herbal medicine for thousands of years. The polysaccharides and
oligosaccharides derived from Dolichos lablab L. are key bioactive
components of the plant. Previous studies have shown that Dolichos
lablab L. polysaccharides play a role in regulating GM composition
and treating diseases. Li Wenjuan et al. purified a non-starch
polysaccharide, named WHBP, from mature Dolichos lablab L.
seeds. They found that WHBP restored intestinal barrier function
by modulating GM composition and exhibited hypoglycemic effects
in type 2 diabetic rats, contributing to diabetes management (17).
Chen Lei et al. extracted crude polysaccharides (DSP and DFP) and
ethanol extracts (DSE and DFE) from Dolichos lablab L. seeds (DS)
and flowers (DF), respectively. Their study demonstrated that DSE
and DFE suppressed oxidative stress, reduced the production of
inflammatory factors, and preserved intestinal barrier integrity in
mice with ulcerative colitis. 16S rRNA gene sequencing and
metabolomics analyses reveal that both polysaccharides and
ethanol extracts alleviate ulcerative colitis by modulating the GM
structure and reversing dysregulated metabolism in the host (18).
Therefore, it is evident that Dolichos lablab L. polysaccharides exhibit
effects such as modulating GM, anti-inflammatory properties, and
protecting the intestinal barrier. However, whether Dolichos lablab L.
oligosaccharides exert similar effects has not been reported. Research
on Dolichos lablab L. oligosaccharides is currently limited, likely due
to the challenges in their isolation and purification, which have
impeded further investigation. It has been demonstrated that
converting polysaccharides into oligosaccharides enhances their
biological activity and more effectively promotes the growth of
probiotics, such as Bifidobacteria and Lactobacilli (19).

In this study, a crude oligosaccharide extract derived from the
seeds of Dolichos lablab L. was purified to obtain the oligosaccharide
mixture SRSV. It is hypothesized that SRSV can alleviate
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chemotherapy-induced immunosuppression and intestinal damage.
The underlying mechanism may involve enhancing immunity and
protecting intestinal barrier integrity by modulating the GM and their
metabolites. The findings will provide novel strategies for mitigating
chemotherapy side effects and enhancing the efficacy of cancer
treatment, while offering new insights into the pharmacological
effects and bioactive components of Dolichos lablab L.

2 Materials and methods
2.1 The source of materials

The crude Dolichos lablab L. oligosaccharide was provided by
Sichuan Weikeqi Biological Technology CO (Sichuan, China). The
standard oligosaccharides including sucrose, raffinose, stachyose,
and verbascose were purchased from Alading Reagent Co.
(Shanghai, China). Cellobiose and T series dextrans were
purchased from Yuanye Biotechnology (Shanghai, China).
Sodium hydroxide solution (12.5 mol/L) for HPAEC analysis was
purchased from Sigma-Aldrich (St. Louis, MO, USA).

CTX was purchased from Baxter Oncology GmbH (Halle,
Germany). The levels of tumor necrosis factor-o. (TNF-c) in the
mice serum were tested using the commercial ELISA kits based on
submitted instructions (Shanghai Enzyme-linked Biotechnology
Co., Ltd, Shanghai, China). PE anti-mouse CD3 and FITC anti-
mouse CD8a were purchased from BioLegend (San Diego, USA).
APC anti-mouse CD4 was purchased from Thermo Fisher Scientific
(Waltham, MA, USA). Ampicillin, kanamycin, streptomycin, and
vancomycin were purchased from Melone Pharmaceutical Co., Ltd.
(Dalian, China).

2.2 Preparation of the SRSV

2.2.1 Preparation and purification of SRSV

The crude oligosaccharide from Dolichos lablab L. was applied
to a DEAE-52 (JNC corporation, Tokyo, Japan) anion exchange
column (40 cm x 2.5 cm), and the sequential elution was carried out
with deionized water, 0.17, 0.34, 0.51, 0.68, and 0.85 mol/L NaCl
aqueous solution. The elution curve was derived from the total
carbohydrate amount in each tube quantified by the phenol-
sulfuric acid method with glucose as a standard (20). A major
fraction (DLO-W) eluted by deionized water was obtained and
subjected to further purification and bioassays.

The DLO-W was analyzed on a Waters high-performance gel
permeation chromatography (HPGPC) equipped with a Shodex
OHpak SB-806M HQ column as previously described (21). A
standard curve (IgMw = -1.3994T+14.973, R2 = 0.995) was
established using cellobiose and the T series dextrans (T-1, T-2,
T-3, T-5, and T-20) to evaluate the average molecular weight.

To further confirm the oligosaccharide structures in Dolichos
lablab L., DLO-W was loaded on a gel filtration column (120 cm x 2
cm) over Sephadex LH-20 (Pharmacia Biotech AB, Uppsala,
Sweden), with a stepwise gradient of EtOH-H20 (from 20% to
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0%, v/v) at a flow rate of 0.4 mL/min. The DLO-W, eluates, and
standard oligosaccharides were analyzed by a high-performance
anion exchange chromatography (HPAEC) coupled with a
CarboPac'" PA100 column and a pulsed amperometric detector
(Thermo Fisher Scientific, USA). Elution was performed with 0.2
mol/L NaOH for preliminary analysis and with 0.05 mol/L NaOH
for complete separation at a flow rate of 0.7 mL/min.

2.2.2 NMR spectroscopic analysis

24 mg of stachyose was dissolved in 0.5 mL D,O for analysis.
The NMR spectra including 'H, B¢, HSQC, and HMBC spectra
were measured with a Bruker Avance III HD 600 NMR
spectrometer (600 MHz for 'H and 150 MHz for '*C, respectively).

2.3 Construction and treatment of
immunosuppressed mouse models

ICR mice (5-6 weeks old, 22 + 2 g, male) used in this study were
obtained from the Pengyue Experimental Animal Center (No.
SCXK20190003, Jinan, China). The animals were housed in a
specific pathogen-free (SPF) facility with a 12-hour light/dark
cycle, maintained at approximately 25°C and 40%-70% humidity.
Mice had ad libitum access to food and water. After a 7-day
acclimatization period, the experiments were conducted. The
experimental protocols adhered to the ARRIVE guidelines, and all
animal treatments and experiments complied with the National
Guidelines for the Ethical Review of Laboratory Animal Welfare of
the People’s Republic of China (GB/T 35892-2018), as approved by
the Animal Ethics Committee of Binzhou Medical University
(No. 2015005).

Healthy ICR mice were randomly assigned to five groups (n = 6
per group): normal control (CTR), immunosuppressed model (CTX),
low-dose SRSV (SRSV-L), medium-dose SRSV (SRSV-M), and high-
dose SRSV (SRSV-H). The CTR and CTX groups were gavaged with
saline, while the SRSV-L, SRSV-M, and SRSV-H groups received
SRSV solutions at concentrations of 75 mg/kg, 150 mg/kg, and 300
mg/kg, respectively, prepared in saline. The gavage volume for all
groups was 10 mL/kg, administered once daily at a fixed time. After
14 days of gavage, the CTX, SRSV-L, SRSV-M, and SRSV-H groups
were intraperitoneally injected with CTX at a dose of 100 mg/kg,
while the CTR group was injected with saline. The injection volume
for all groups was 10 mL/kg. Four days after CTX injection, mice were
anesthetized, and samples were collected for analysis.

2.4 Establishment of the antibiotic-induced
microbiota-depletion mouse model

Broad-spectrum antibiotics, including sodium ampicillin,
kanamycin, and streptomycin (1 mg/mL each), as well as
vancomycin (0.5 mg/mL), were administered to the mice via
drinking water ad libitum. After seven days of treatment, fecal
samples were collected and inoculated onto solid and liquid
microbial culture media to evaluate microbial growth. After
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overnight incubation at 37°C, no colony formation was observed,
confirming the successful establishment of the AIMD mouse model.

2.5 Sample collection

On the day before the conclusion of the experiment, mouse feces
were collected in sterile cryogenic tubes and stored at —80°C for
subsequent analysis. Mouse blood was collected, and centrifuged at
4°C at 3000 rpm for 10 minutes, and the serum was separated and
stored at —80°C. The spleen and thymus were rinsed with cold, sterile
saline, blotted dry with filter paper, and weighed. Mouse femur tissue
was isolated, while the distal colon and ileum were collected and fixed
in 4% paraformaldehyde for 48 hours. The remaining portions of the
colon, ileum, and their contents were stored at —80°C.

2.6 Calculation of immune organ index

At the end of the experiment, the body weight of each group of
mice was recorded prior to euthanasia. The thymus and spleen were
carefully dissected, and the surrounding fascia and adipose tissue
were meticulously removed. The organs were then weighed, and the
organ index was calculated using the formula: Organ weight (g) x
100/Body weight (g).

2.7 Cytokines detection by ELISA

The TNF-o level in mouse serum was measured using an ELISA
kit (Shanghai Enzyme-linked Biotechnology Co., Ltd., Shanghai,
China) following the manufacturer’s instructions. After the reaction
was terminated, absorbance at 450 nm was measured using a
microplate reader (Biotek, USA), and the serum cytokine
concentration was calculated.

2.8 Flow cytometry

The fresh spleen was carefully separated from connective tissue
and thoroughly homogenized. The cell concentration was adjusted
to 1 x 10° cells/mL, and the cell morphology was observed under a
microscope. Red blood cell lysis buffer was added to remove
erythrocytes. For flow cytometric analysis of T cell subsets,
samples were first stained with CD3-PE to identify T
lymphocytes. Subsequently, within the CD3" T cell population,
CD4-APC and CD8a-FITC were used to determine the proportions
of CD4" and CD8" T cells, respectively. All staining procedures
were conducted at 4°C for 30 minutes in the dark. After incubation,
the samples were washed twice with PBS and analyzed using a BD
Canto II flow cytometer (BD Biosciences, USA).
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2.9 Histological analysis

Jejunum and femur tissues were fixed in 4% paraformaldehyde
for 48 hours, followed by dehydration. The femur tissues were
decalcified in a decalcification solution for 14 days before
dehydration. The embedded tissues were sectioned into 4-um
thick slices, fixed onto slides, and stained with Hematoxylin and
Eosin (HE). Histological differences between groups were observed
using an optical microscope (OLYMPUS BX53, Japan), and images
were captured. Intestinal sections were scanned using a Pannoramic
MIDI scanner, and villus length was measured with CaseViewer 2.4.

2.10 Analysis of GM and metabolites

Fecal samples from mice were collected under sterile conditions,
flash-frozen in liquid nitrogen, and stored at —80°C for later analysis.
DNA was extracted from the fecal samples using the Omega Bio-tek
kit (Norcross, GA, USA) for assessing GM diversity and composition.
PCR amplification, 16S rRNA sequencing, metabolite sample
preparation, and LC-MS analysis were performed at Majorbio
Biotech (Shanghai, China). The sequencing data were analyzed and
processed using the Majorbio Cloud Platform (www.majorbio.com).

2.11 Statistical analysis

For comparisons between two groups, an unpaired, two-tailed
Student’s t-test was used. To identify significantly altered bacterial
populations, the Wilcoxon rank-sum test was performed using the
Majorbio Cloud Platform, with p-values calculated using a two-
tailed FDR-corrected method. A significance threshold of 0.05 was
applied, and 95% confidence intervals were determined using the
bootstrap algorithm. For comparisons involving more than two
groups, one-way or two-way ANOVA followed by Dunnett’s test
was applied. Data are presented as mean + SD, with p < 0.05
considered statistically significant. All statistical analyses were
performed using GraphPad Prism (GraphPad Software Inc., USA).

3 Results

3.1 Characterization and purification of
oligosaccharides

3.1.1 Purification and oligosaccharide profile
analysis of DLO-W

The crude Dolichos lablab L. oligosaccharide was fractionated
using DEAE-cellulose-52 column chromatography, sequentially
eluted with water, 0.17, 0.34, 0.51, 0.68, and 0.85 mol/L NaCl
aqueous solutions. The major fraction, containing 92% of the
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FIGURE 1

Purification and oligosaccharide profile analysis of DLO-W. (A) DEAE-cellulose elution curve of the crude oligosaccharide. (B) HPGPC chromatogram
of DLO-W. HPAEC chromatograms for mixed oligosaccharide standards (C) and DLO-W (D, E) Sephadex LH-20 elution curve of DLO-W.

total eluate mass, was obtained in the water elution and was
designated as DLO-W (Figure 1A). Additionally, after purification
by anion exchange chromatography, the total sugar content of the
crude oligosaccharide increased from 44% to greater than 86% in
DLO-W.

Analysis of carbohydrate compositions by HPGPC indicated
that DLO-W consisted of oligosaccharides with a molecular weight
of less than 1378 Da, with the major oligosaccharide having a
molecular weight of approximately 630 Da (tR = 10.84 min)
(Figure 1B). Next, HPAEC coupled with a CarboPac PA100
column was employed for oligosaccharide profile analysis. The
chromatogram displayed four distinct absorption peaks typical of
raffinose family oligosaccharides, which are widespread across the
plant kingdom, particularly in the seeds of legumes (22). Further
optimization of the chromatographic conditions resulted in the
complete separation of the four oligosaccharides in DLO-W. As
shown in Figures 1C, D, the four oligosaccharides were identified as
sucrose, raffinose, stachyose, and verbascose, with a mass ratio of
19:16.8:50:14.2, confirming that stachyose is the major
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oligosaccharide, in agreement with the HPGPC results. These
results indicate that DLO-W represents the total oligosaccharides
of Dolichos lablab L. The purified DLO-W (with a purity greater
than 86%) was used for subsequent biological activity studies and
was renamed SRSV.

Moreover, DLO-W was further purified using Sephadex LH-20
column chromatography, and the oligosaccharides in each fraction
were analyzed by HPAEC. As illustrated in Figure 1E, most of the
stachyose was separated from DLO-W. Over 84% of the stachyose,
with a purity of 87.9%, was obtained in four fractions, of which
more than 68%, with a purity of 93.1%, was obtained in two
fractions. However, the separation efficiency of Sephadex LH-20
for sucrose and raffinose was limited. The elution fractions were
concentrated, lyophilized, and subjected to NMR analysis for
structural confirmation.

3.1.2 Characterization of stachyose

The 1D and 2D NMR spectra of the major oligosaccharide are
shown in Figure 2. The 'H and '>C NMR spectra displayed three
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1D and 2D NMR spectrum of stachyose. (A) *H NMR, (B) **C NMR, (C) HSQC (red correlations: CH/CHs; blue correlations: CH), and (D, E) HMBC.

sets of anomeric proton signals at 8 (4.91, 4.90)/(97.99, 98.34), and
5.34/92.08 ppm, along with a significantly shielded quaternary
carbon signal at 8 103.77 ppm, indicating the presence of four
monosaccharide residues. The NMR spectra were identical to those
of stachyose. The only minor differences were that the overlapped
carbon signals reported in the reference were distinguishable at &
70.97,70.92, 69.48, 69.45, 69.34, and 69.31 (Figures 2A, B), and were
assigned to C-a5, C-c2, C-c4, C-a3, C-b3, and C-b4, respectively,
based on the associations observed in the HSQC spectrum
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(Figure 2C). The key HMBC correlations of CH-al with CH,-b6,
and CH-b1 with CH,-b6, assigned the overlapped anomeric signals
at 8 4.91/97.99 to the terminal galactose (a), and those at 4.90/98.34
to —6)-Gal-(1— (b) (Figures 2D, E). Based on the comprehensive
interpretation of the 2D NMR spectra and reference to the literature
data (23), the full assignments of the NMR data were made and
summarized in Supplementary Table 1. Similarly, the other three
oligosaccharides were identified as sucrose, raffinose, and
verbascose, respectively (data not shown).
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FIGURE 3

Effects of varying concentrations of SRSV on immune function in immunosuppressed mice. (A) Experimental procedure flowchart. Mice in the CTR and
CTX groups were gavaged with saline, while the intervention groups received an equivalent volume of SRSV solution prepared in saline. On day 14, all
groups except the CTR group were intraperitoneally injected with CTX. Samples were collected on day 18. (B) Changes in peripheral blood WBC counts
across all groups. (C) Changes in peripheral blood lymphocyte count across all groups. (D, E) Alterations in the CD4*/CD8" T lymphocyte ratio in the
spleen following SRSV treatment, with representative flow cytometry images. (n = 5, *P < 0.05, **P < 0.01, ***P < 0.001). ns: not significant (p > 0.05).

3.2 SRSV effectively alleviates CTX-induced
immune suppression

Next, we investigated the biological activity of SRSV, specifically
its potential to restore immune function in CTX-induced
immunosuppressed mice. Mice were gavaged with SRSV solutions
at concentrations of 75, 150, and 300 mg/kg from day 1 to day 18.
On day 14, all groups except the control group received an
intraperitoneal injection of CTX at a dose of 100 mg/kg
(Figure 3A). During the experiment, mice in the model group
exhibited symptoms of appetite loss and lethargy following CTX
administration, which were alleviated in the SRSV-treated groups.
The primary effect of CTX on the hematologic system was a
reduction in the white blood cell (WBC) count. Compared to the
CTX group, both the SRSV-M and SRSV-H groups showed
significant increases in WBC count (P < 0.01 and P < 0.05,
respectively), with the most pronounced improvement observed
in the SRSV-M group (Figure 3B). Statistical analysis of WBC
classification revealed that both SRSV-M and SRSV-H significantly
reversed the CTX-induced reduction in lymphocyte count (P < 0.01
and P < 0.01), whereas the SRSV-L group showed a modest
improvement, which was not statistically significant (Figure 3C).
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T lymphocyte subtyping of spleen samples indicated that CTX
treatment led to a reduced CD4"/CD8" T lymphocyte ratio, which
was reversed by SRSV treatment (Figures 3D, E).

The thymus and spleen are crucial immune organs in the body,
and the immune organ index is considered a fundamental indicator
of immune function (24). Compared to the control group (CTR),
both the thymus and spleen indices were significantly reduced in
the cyclophosphamide (CTX) group. However, the thymus and
spleen indices in the three SRSV-treated groups were significantly
higher than those in the CTX group (Figures 4A, B), indicating that
SRSV effectively mitigates the CTX-induced reduction in immune
organ indices and helps prevent immune organ atrophy
(Supplementary Figures SIA, B). Next, we assessed the impact of
SRSV on intestinal damage and hematopoietic function in
immunosuppressed mice through histological analysis and serum
inflammatory cytokine measurement. Tumor necrosis factor-alpha
(TNF-), a key pro-inflammatory cytokine, is typically maintained
at low levels under normal conditions. After CTX treatment, serum
TNF-o levels significantly increased. However, SRSV treatment
effectively reversed the CTX-induced elevation of TNF-o levels,
restoring them to near-normal levels (Figure 4C). IgM is typically
the first antibody produced during the early stages of infection and
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measurements using CaseViewer 2.4, with statistical analysis. (G) Histological analysis. The first row shows jejunum tissue, and the second row
shows bone marrow tissue. The white circular areas in the images represent vacuoles observed in yellow bone marrow following HE staining. (n=5,

*P < 0.05, **P < 0.01, ***P < 0.001).

serves as an important indicator of the body’s rapid response to
pathogens. In contrast, IgG is generated later and provides long-
term immune protection. Measuring the levels of IgM and IgG can
thus help evaluate both the strength and type of immune response.
Figures D and E show the differences in serum IgM and IgG
concentrations among the groups. In the SRSV-treated groups,
both IgM and IgG levels were elevated compared to the CTX group,
with the most pronounced improvement observed in the SRSV-M
group. These findings suggest that SRSV treatment can promote the
synthesis of IgM and IgG to a certain extent, thereby enhancing
long-term immune responses, particularly in the SRSV-M group
(Figures 4D, E). Histological analysis of the jejunum using HE
staining revealed that compared with the normal group, the
intestinal villi in the CTX group were damaged by drug-induced
side effects, appearing irregular and fragmented, with clearly visible
sheet-like lesions at the villus tips. Following intervention with
SRSV at three different dosages, the villi appeared relatively intact,
and the average villus length was significantly increased compared
to the model group (Figures 4F, G). As an essential hematopoietic
and immune tissue, the bone marrow is often suppressed by
prolonged CTX treatment. HE-stained femur sections showed
that, following treatment with all three doses of SRSV, bone
marrow tissue was denser compared to the CTX group.
Additionally, the number of vacuoles in the bone marrow
decreased, and the number of nucleated and dividing cells was
significantly restored (Figure 4G).
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3.3 SRSV modulates the structure and
composition of the GM in mice

Given that oligosaccharides provide a carbon source for specific
probiotics and can influence the structure and composition of the GM,
we conducted 16S rRNA gene sequencing on fecal samples from CTX-
induced immunosuppressed mice to assess how SRSV affects their GM.
After investigating the immune-modulatory effects of various SRSV
concentrations on immunosuppressed mice, we found that the
medium dose (150 mg/kg) yielded the most significant
improvement. As a result, we selected the medium dose (150 mg/kg)
as the intervention concentration for GM analysis and compared it
with the CTR and CTX groups for further examination.

The rarefaction curve (Supplementary Figure S2A) demonstrates
that the sequencing data captured most of the species diversity,
ensuring sufficient coverage for subsequent data analysis. PLS-DA
results revealed a distinct separation of the three sample groups along
the axes at the operational taxonomic unit (OTU) level, enabling
differential analysis between the species groups (Figure 5A). Figure 5B
illustrates the relative abundance of microbial taxa in fecal samples
from different groups. At the phylum level, the most abundant
microbial phyla across all experimental groups were Bacteroidota,
Firmicutes, and Proteobacteria, with Bacteroidota being the dominant
phylum in the GM of healthy mice. Treatment with CTX disrupted
the GM’s original balance, leading to a decrease in the relative
abundance of Bacteroidota and an increase in the abundance of
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Effects of SRSV on GM. (A) Partial least squares discriminant analysis (PLS-DA): a method that reduces within-group variance while maximizing
between-group variance, visually displaying group differences along coordinate axes. (B) Bar chart of relative abundance at the phylum level: depicts
community composition across groups, highlighting changes in dominant microbial phyla. (C) Alpha diversity indices: includes Sobs, ACE, Chao,
Shannon, Simpson, and coverage indices, reflecting the richness and diversity of GM in fecal samples among groups. (D) Venn diagram at the class
taxonomic level: illustrates shared and unique species across the experimental groups, providing insights into species overlap and differences.

(E) Comparison of differentially enriched taxa at the family level: highlights significant variations in the abundance of microbial families across groups.
(F) Correlation heatmap at the family level: displays associations between differentially abundant microbial families and immune indices, emphasizing
positive and negative correlations. (G) Correlation heatmap at the genus level: shows relationships between genus-level microbial taxa and immune
indicators, identifying key genera associated with improved immune function. n = 5, *P < 0.05, **P < 0.01.
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Firmicutes. Changes in high-abundance species are often key drivers
of GM alterations, and SRSV was found to reverse the imbalance
between the Bacteroidota and Firmicutes phyla. The o-diversity index
is commonly used to describe the richness and diversity of microbial
communities. To assess this, we evaluated several common o-
diversity indices, including the Sobs, ACE, and Chao indices, to
characterize the species richness of the communities. The SRSV-M
group showed an increase in all three indices compared to the CTX
group, suggesting that SRSV-M supplementation enhanced
community richness. The Shannon and Simpson indices are used
to assess the diversity of microbial communities. Compared to the
CTX group, SRSV treatment increased the Shannon index and
decreased the Simpson index (Figure 5C), suggesting that SRSV
supplementation improved both the richness and diversity of the
GM in the CTX-treated mice.

Venn diagrams were used to visualize the shared and unique
species across the three groups of samples, providing an intuitive
representation of the similarity and overlap in species composition. At
the class level, the Venn diagram showed that the CTX group lacked
species shared by both the CTR and SRSV groups, such as c:
Cyanobacteriia (Figure 5D). At the family taxonomic level,
significant differences were observed in the abundances of
Atopobiaceae, Brachyspiraceae, UCG-010, Anaerofustaceae, and
Enterococcaceae across the three groups. Moreover, SRSV treatment
was found to alleviate the dysbiosis in the GM induced by CTX,
restoring the abundance of these microbial families (Figure 5E). A
heatmap was used to analyze the correlation between differentially
abundant microbial taxa at the family level and immune indicators.
The results demonstrated that Brachyspiraceae and Anaerofustaceae
were positively correlated with white blood cell and lymphocyte counts,
and negatively correlated with inflammatory cytokine levels
(Figure 5F). The Kruskal-Wallis rank sum test was used to assess
significant intergroup differences. The analysis revealed that
Ruminococcus (some members of which produce short-chain fatty
acids), UBA1819, Anaerofustis, and other genera were the primary taxa
exhibiting significant differences between the CTX group and the other
two groups of mice (Supplementary Figure S2B). A correlation
heatmap was generated to explore the relationship between
differentially abundant genera and immune indices. The analysis
revealed that genera enriched in the CTR and SRSV-M groups, such
as Ruminococcus, Brachyspira, UBAI819, and Anaerofustis, showed a
positive correlation with improved immune indices (Figure 5G). These
findings suggest that SRSV intervention alleviates CTX-induced GM
dysbiosis by inhibiting the growth of harmful bacteria and promoting
the proliferation of beneficial bacteria.

3.4 Depletion of the GM in mice
significantly compromised the ameliorative
effects of SRSV on CTX-induced
immunosuppression

The 16S rRNA sequencing results demonstrated that SRSV

alleviated CTX-induced GM dysbiosis in mice. To elucidate the role
of GM in SRSV-mediated amelioration of CTX-induced
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immunosuppression, the AIMD mouse model was established.
Antibiotics were administered in sterile water prior to SRSV
treatment, and the mice were allowed to drink freely for 7 days
(Figure 6A). Fecal samples were then collected from both the control
group and the antibiotic-treated group for microbial culture. Compared
to the control group, the optical density (OD) values of fecal cultures
from antibiotic-treated mice were significantly reduced (P < 0.0001)
(Figure 6B). Solid and liquid culture media were used to cultivate the
fecal samples, with the control group exhibiting dense bacterial colonies,
whereas the antibiotic-treated group showed almost no colony growth
(Supplementary Figures S3A, B). These findings confirm that the
antibiotic treatment protocol successfully depleted the GM, thereby
establishing the AIMD mouse model for subsequent experiments.
After CTX administration, the peripheral blood white blood cell
count in mice significantly decreased; however, this effect was notably
alleviated by SRSV intervention. In contrast, in antibiotic-treated
mice that were subsequently given SRSV (Antibiotic+SRSV-M+CTX,
ASRSV-M), the increase in white blood cell count was less
pronounced compared to the SRSV-M group (Figure 6C). The
immune organ indices of the spleen and thymus demonstrated
that, under the influence of the GM, SRSV intervention mitigated
the decline in immune organ indices induced by CTX. However, the
increase in immune organ indices in the ASRSV-M group of mice
was not significantly different (Figures 6D, E). SRSV-M treatment
significantly reduced TNF-o levels and alleviated CTX-induced
inflammation, indicating that SRSV-M has anti-inflammatory
properties. However, in the antibiotic-treated ASRSV-M group,
TNF-o levels were not significantly decreased, suggesting that the
GM plays a critical role in the anti-inflammatory effects of SRSV
(Figure 6F). Furthermore, the levels of IgM and IgG in the SRSV-M
group were significantly higher than those in the CTX group,
indicating that SRSV effectively enhances the immune response. In
contrast, no significant increase in IgM and IgG levels was observed
in the ASRSV-M group, where the GM had been depleted, further
supporting the notion that the immune-enhancing effects of SRSV
are weakened following depletion of the GM (Figures 6G, H). In
healthy mice, the SRSV-M group improved immune function by
restoring CD4" T cell activity, resulting in a recovery of the CD4" T/
CD8 " T ratio. In contrast, in the ACTX group, antibiotic
intervention disrupted immune homeostasis by eliminating the gut
microbiota, resulting in abnormal proliferation of CD4" T cells and
an elevated CD4"/CD8" T cell ratio. This imbalance led to immune
dysregulation and aberrant immune responses. Nevertheless, in the
ASRSV-M group, this dysregulation was alleviated, suggesting that
SRSV-M treatment may help restore GM balance to a certain extent
(Figures 61, J). These findings indicate that the immunoenhancing
effects of SRSV in immunosuppressed mice are diminished when the
GM is depleted, compared to mice with an intact microbial
community. This attenuation may result from the disruption of the
GM’s essential role in immune modulation due to antibiotic
intervention. Nonetheless, SRSV was still capable of partially
mitigating the adverse effects associated with microbial dysbiosis,
suggesting that its immunomodulatory activity involves not only
direct regulation of the immune system, but also the restoration of
immune function and homeostasis through modulation of the GM.
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Impact of GM on SRSV efficacy in AIMD mouse models. (A) Experimental protocol. Antibiotic-treated mice were categorized into three groups:
ACTR (Antibiotic + CTR), ACTX (Antibiotic + CTX), and ASRSV-M (Antibiotic + SRSV-M + CTX). (B) OD values of bacterial cultures from fecal samples
were measured at 600 nm. (C) White blood cell counts. (D) Spleen Index (E) Thymus index. (F) Serum TNF-a Levels. (G) Serum IgM Levels.

(H) Serum IgG Levels. (l) Flow cytometry analysis of CD4* and CD8" T cell proportions in the spleen, including representative flow cytometry plots.

(J) CD4*/CD8" T cell ratios. (*P < 0.05, **P < 0.01, ***P < 0.001).

3.5 SRSV promotes the production of
immune-related gut microbial metabolites

The above results demonstrate that GM plays an important role
in the immunomodulatory effects of SRSV. However, the
interaction between the GM and the host is predominantly
mediated by microbial metabolites. These metabolites can
modulate endogenous signaling pathways, serve as nutritional
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substrates for host cells, and influence the intestinal
microenvironment, thereby playing a pivotal role in host-
microbiota communication and immune regulation (25). Certain
gut microbial metabolites, including short-chain fatty acids
(SCFAs), tryptophan, and secondary bile acids, have been shown
to regulate the host immune system and intestinal barrier function
(26). Based on this, we hypothesize that in this study, metabolites
produced by the GM under the influence of SRSV may act as
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Untargeted metabolomics analysis. (A) PLS-DA score plot under positive ion mode. (B) PLS-DA score plot under negative ion mode. (C) Volcano plot
of differential metabolites between the CTX and CTR groups. (D) Volcano plot of differential metabolites between the SRSV-M and CTX groups.

(E) KEGG pathway differential analysis between the CTX and CTR groups. (F) KEGG pathway differential analysis between the SRSV-M and CTX
groups. In the pathway enrichment analysis, each bubble represents a KEGG pathway, and the size of the bubble indicates the impact value; larger
bubbles represent more important pathways. (G) Analysis of L-Arg expression levels among the three groups (n=5, **P < 0.01). (H) ROC curve for L-
Arg in the CTX vs. CTR comparison (AUC > 0.7). (I) ROC curve for L-Arg in the SRSV-M vs. CTX comparison (AUC > 0.7).

chemical messengers, facilitating the interaction between the
microbiota and the host. To investigate this, we conducted
untargeted metabolomics analysis via liquid chromatography-
mass spectrometry (LC-MS) on fecal samples from the CTR,
CTX, and SRSV-M groups of mice.

Orthogonal Partial Least Squares Discriminant Analysis (PLS-
DA) score plots demonstrated clear segregation among the three
experimental groups (Figures 7A, B), with model validation
confirming robustness and the absence of overfitting
(Supplementary Figures S4A, B). These findings validate the
experimental design and grouping, supporting subsequent
analyses. Metabolomics profiling identified metabolites across
eight major categories, including vitamins, cofactors, and peptides
(Supplementary Figure S4C). Differential metabolites were
identified based on Variable Importance in Projection (VIP)
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values from PLS-DA, fold change, and p-values from univariate
analysis, and the results were visualized using volcano plots. The
volcano plots revealed that, compared to the CTR group, 53
metabolites were upregulated and 46 downregulated in the CTX
group. Relative to the CTX group, 101 metabolites were upregulated
and 56 downregulated in the SRSV-M group (Figures 7C, D). To
further investigate the metabolic pathways regulated by SRSV,
pathway analysis revealed that sphingolipid metabolism was
significantly altered between the CTR and CTX groups.
Specifically, the CTX group exhibited increased levels of the
metabolites N-palmitoyl sphingosine and phytosphingosine
within this pathway (Figure 7E). Additionally, significant
differences in the arginine biosynthesis and arginine-proline
metabolism pathways were observed between the CTX and SRSV-
M groups (Figure 7F). L-arginine (L-Arg) was identified as the key
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Impact of L-Arg on immune function in immunosuppressed mice. (A) Experimental protocol. The CTR and CTX groups were orally gavaged with
saline, while the L-Arg intervention group received L-Arg in saline. CTX was administered intraperitoneally on day 14, with samples collected on day
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Levels. (H) Serum IgG Levels. (n=5; *P < 0.05, **P < 0.01, ***P < 0.001).

differential metabolite in these pathways. A separate analysis of L-
Arg expression across all three groups showed that L-Arg levels in
the CTX group were significantly lower than those in the CTR and
SRSV-M groups (Figure 7G). To further explore the relevance of L-
Arg, Receiver Operating Characteristic (ROC) curve analysis was
performed. The ROC analysis revealed that the Area Under the
Curve (AUC) values for both CTX vs. CTR and SRSV-M vs. CTX
comparisons exceeded 0.7, indicating strong differentiation between
the groups (Figures 7H, I). These findings suggest that L-Arg, as a
GM-derived metabolite, is enriched following SRSV treatment, and
its associated metabolic pathway is significantly enhanced. This
implies that enhancing L-Arg production by the GM may be a
potential mechanism through which SRSV exerts its immune-
enhancing effects.

3.6 L-Arg improves immune function in
immunosuppressed mice

To verify the aforementioned hypothesis, immunosuppressed
mice were fed L-Arg alone to investigate whether it could enhance
immune function. L-Arg was administered at a concentration of
500 mg/kg, following the protocol established for the SRSV
intervention experiment (Figure 8A). The results showed that L-
Arg alleviated the CTX-induced reduction in peripheral blood
leukocyte counts in mice (Figure 8B), achieving efficacy
comparable to that of SRSV (Figure 3B). Similarly, the decreases
in thymus and spleen indices caused by CTX were improved with L-
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Arg treatment (Figures 8C, D). The CTX-induced decline in the
spleen CD4+ T cell/CD8+ T cell ratio was reversed by L-Arg
administration (Figure 8E). Serum analysis further demonstrated
that L-Arg treatment significantly reduced CTX-induced elevations
in TNF-o levels (Figure 8F), indicating its potential anti-
inflammatory effects in suppressing CTX-triggered inflammatory
responses. Additionally, L-Arg mitigated the CTX-induced
reductions in IgM and IgG levels (Figures 8G, H). These findings
confirm that L-Arg can ameliorate CTX-induced
immunosuppression with effects comparable to those of SRSV,
supporting the hypothesis that SRSV enhances immune function
in chemotherapy-induced immunosuppression by modulating the
GM to increase L-Arg production.

4 Discussion

Prebiotics are organic compounds that are not digested or
absorbed by the host. They selectively promote the growth and
proliferation of beneficial gut microorganisms and modulate the
immune system, thereby enhancing the overall health of the host
(27, 28). Common prebiotics are primarily oligosaccharides, largely
derived from plants, especially edible herbs (29). In this study, a
mixture of oligosaccharides (SRSV) was obtained from the aqueous
extract of Dolichos lablab L. through isolation and purification. The
main components of SRSV include sucrose, raffinose, stachyose,
and verbascose. Among these, raffinose, stachyose, and verbascose
are recognized as prebiotics, and their probiotic effects have been
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widely documented. For example, stachyose has been shown to
regulate GM balance and, as a prebiotic, increase the relative
abundance of beneficial bacteria such as Bifidobacterium and
Lactobacillus (30). Additionally, it enhances the abundance of
Akkermansia, which exhibits anti-inflammatory effects,
particularly in DSS-induced colitis models in mice (31, 32).
Raffinose has shown promising potential in improving GM
balance and enhancing gut immunity. Its effects include
increasing the abundance of beneficial bacteria (33),
strengthening the intestinal barrier (34), promoting epithelial cell
renewal (35), and modulating immune responses and inflammation
(36). Verbascose, on the other hand, has been demonstrated to
enhance the phagocytic activity of peritoneal macrophages,
stimulate the release of nitric oxide and a variety of cytokines,
and exhibit potential immune-boosting effects. These properties of
raffinose and verbascose suggest their valuable roles as prebiotics,
contributing to both gut health and overall immune function (37).
Additionally, Yang et al. reported a novel oligosaccharide
preparation (DSG) consisting of 55.3% stachyose, 25.8% raffinose,
and 9.7% verbascose. This formulation was shown to promote the
growth of beneficial gut bacteria, suppress pathogenic bacteria,
enhance intestinal motility, and facilitate fecal excretion, thereby
improving gut health and alleviating constipation (38). The above
studies suggest that raffinose, stachyose, and verbascose exhibit
potential benefits in enhancing gut health, mitigating inflammatory
responses, regulating immune function, and modulating GM
composition. However, their potential to alleviate chemotherapy-
induced immunosuppression remains unexplored.

The present experimental study confirmed that early
intervention with SRSV successfully prevented the CTX-induced
reduction in peripheral blood leukocyte counts in mice. Peripheral
blood leukocytes play a pivotal role in the body’s immune defense
(39). The bone marrow serves as a critical site for both
hematopoiesis and immune regulation (40). CTX induces bone
marrow suppression, impairing hematopoietic function. This is
primarily manifested as a reduction in white blood cells and
neutrophils. Subsequently, the proliferation and differentiation of
hematopoietic stem cells (HSCs) are inhibited, leading to a decrease
in red blood cells and platelets (41). In our study, CTX
administration also led to a reduction in red blood cells and
platelets. To investigate whether SRSV could alleviate CTX-
induced bone marrow damage, femoral HE staining was
conducted on mice. Bone marrow sections from the SRSV-treated
group exhibited a significantly higher red-to-yellow marrow ratio
compared to the CTX model group, suggesting that SRSV protects
hematopoietic and immune functions from CTX-induced
suppression. As critical immune organs, the thymus and spleen
indices are direct indicators of nonspecific immunity and reflect the
organism’s overall immune functionality (42). The indices of
immune organs are positively correlated with the quantity of
immune cells residing within these organs. T lymphocytes, which
play a central role in cellular immunity, are marked by the broad
expression of CD3" T cells, on mature T cells, serving as a key
indicator of immune status. Within this population, CD4" T cells
facilitate supportive roles during immune responses, whereas CD8"
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T cells function as the primary effectors of cellular immunity,
efficiently eliminating invading pathogens. The CD4'/CD8" T
lymphocytes remain in equilibrium in a healthy state, and any
changes in this ratio may indicate a disturbance in cellular
immunity (43). This is consistent with the results of the present
study, where early intervention with SRSV protected the spleen and
thymus. Immune organ indices did not show significant reductions,
and the decrease in the CD4¥/CD8" T cell ratio in the spleen was
significantly ameliorated.

The GM functions as a signaling hub, integrating dietary,
environmental, genetic, and immune signals to modulate host
metabolism and immunity (44). The intestinal mucosal immune
system, which includes lymph nodes, the lamina propria, and
epithelial cells, serves as a protective barrier to maintaining intestinal
integrity. Our research demonstrated that the intestinal damage caused
by CTX injection was alleviated to some extent by SRSV pre-
intervention, as evidenced by the preservation of intestinal villi and
the reduction of inflammatory factors in the blood. The GM is
maintained under the constant monitoring of the mucosal immune
system. When alterations in microbiota composition or metabolic
activity are detected, the innate immune system communicates
adaptive signals to the host, enabling adjustments in the microbiota’s
composition and function (45). In the present study, SRSV eftectively
mitigated the CTX-induced shift in the Firmicutes-to-Bacteroidetes (F/
B) ratio. Firmicutes are primarily involved in protein metabolism,
whereas Bacteroidetes specialize in metabolizing fibers and
polysaccharides. Unlike proteins, glycans are not directly encoded in
DNA but are synthesized through enzymatic pathways encoded by
specific genes. Bacteroidetes leverage a diverse array of enzymes to
degrade and metabolize polysaccharides (46, 47). Alterations in the
Bacteroidetes-to-Firmicutes (F/B) ratio can disrupt intestinal
absorption and nutrient utilization, ultimately impacting overall
health. Research on ethanol-precipitated polysaccharides from
Dendrobium officinale (EPDO) demonstrated that EPDO enhanced
fatigue resistance in mice by increasing the F/B ratio in the GM. These
findings suggest that regulating the F/B ratio may contribute to
improved metabolic efficiency and overall host health (48). The
interplay between GM and the host is crucial for maintaining overall
health. Disruptions in the GM can weaken the intestinal barrier and
disturb mucosal immune balance, resulting in increased translocation
of microbial components and metabolites. This may lead to systemic
immune alterations and metabolic dysregulation. GM dysbiosis, often
marked by a reduction in beneficial symbiotic bacteria and an
overgrowth of opportunistic pathogens, is commonly associated with
the onset and progression of various diseases. The 16S rRNA
sequencing results in our study demonstrated that c:Cyanobacteriia, a
bacterial class present in the intestines of normal mice, disappeared
following CTX treatment, indicating significant dysbiosis. Remarkably,
pre-administration of SRSV preserved this bacterial class, enabling the
continued production of its associated metabolites. Previous studies on
Pterocarpus polysaccharides have linked Cyanobacteriia with the
SCFAs, highlighting their potential role in maintaining gut health
and metabolic stability (49). SCFAs are produced by gut bacteria
through the degradation and fermentation of undigested
carbohydrates by active enzymes (50). In this experiment, the
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The mechanism by which SRSV protects mice from the side effects of CTX treatment. SRSV acts on the gut microbiome to resist the damage caused
by CTX to the gut microenvironment, keeping the gut microbiome healthy and protecting the integrity of the intestinal barrier. Healthy GM produce
beneficial metabolite L-Arg, which is transported to various parts of the body, reducing inflammation and enhancing the immune organs’ immune
resistance to CTX, thereby avoiding the reduction in peripheral blood white blood cell counts and shrinkage of immune organs.

intervention with SRSV prevented the significant reduction of
Spirochetes, which are SCFA producers, caused by CTX treatment.
LESSE analysis showed significant enrichment of the pathogenic genus
Atopobiaceae in the CTX group. In contrast, SRSV treatment increased
the abundance of beneficial genera such as Ruminococcus and
Anaerofustis. Notably, members of the genus Ruminococcus include
SCFA producers known for their anti-inflammatory properties (51).
Validation experiments using AIMD mice further revealed that the
immune protective effects of SRSV were significantly diminished when
GM were depleted using antibiotics. This finding is consistent with
earlier research highlighting the role of GM in enhancing immune
function and resistance (52, 53).

To validate the hypothesis that SRSV exerts immunoprotective
effects by modulating the intestinal flora and influencing metabolite
production, further non-targeted metabolomics analyses were
conducted using mouse fecal samples. Metabolites exhibiting
significant intergroup differences and consistently high expression
were identified as potential contributors to key metabolic pathways,
likely playing critical biological roles in the observed effects. In this
study, KEGG pathway enrichment analysis of these differential
metabolites revealed that the arginine biosynthesis pathway was
significantly enriched in the SRSV-treated group. Moreover, SRSV
administration effectively reversed the CTX-induced reduction in
L-Arg levels. In anti-tumor responses, L-Arg plays a crucial role in
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promoting T-cell metabolism and enhancing survival fitness (54).
Previous studies have shown that in the MC38 mouse tumor model,
both oral administration of L-Arg and intratumoral injection of
engineered bacteria producing L-Arg can enhance the tumor-
suppressive effects of PD-L1 antibodies (55). In our experiment,
feeding immunosuppressed mice with L-Arg alone produced the
same immune-enhancing effects as SRSV. Furthermore, correlation
analysis between differential metabolites and immune indicators
revealed a positive correlation between L-Arg levels and improved
immune function in the mice. In conclusion, SRSV’s regulation of
GM enhances the production of anti-inflammatory and immune-
enhancing metabolites, particularly through the enrichment of the
L-Arg metabolism pathway, which may represent a key mechanism
through which SRSV exerts its immune-regulating effects.

5 Conclusion

This study successfully purified and identified oligosaccharides
extracted from Dolichos lablab L., determining that the main
components of the mixture are sucrose, raffinose, stachyose, and
verbascose. The purified oligosaccharide product, SRSV,
demonstrated significant efficacy in alleviating immunosuppression
induced by the chemotherapeutic drug CTX. Mechanistically, SRSV
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regulates GM structure and composition, increasing the abundance
of beneficial bacteria while suppressing pathogenic bacteria.
Furthermore, SRSV modulates the arginine biosynthesis and
metabolic pathways, enhancing the production of L-Arg, a
metabolite crucial for immune protection (Figure 9). These findings
present a promising strategy for mitigating chemotherapy-associated
side effects in clinical applications and offer new perspectives for the
development and use of medicinal food-grade Chinese
herbal remedies.
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