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In this study, we determined whether gypenosides exert a therapeutic effect on colitis. We then 
explored the underlying mechanism of gypenosides in the treatment of ulcerative colitis (UC) via 
multiomics analyses. Dextran sulfate sodium (DSS) was used to establish a UC model in mice, and 
a subgroup of colitis model mice was subjected to gypenosides intervention. The inflammatory 
manifestations of the model and drug groups were determined via histological and molecular 
experiments. In addition, tissue and blood samples were collected for transcriptome and metabolomics 
analysis, respectively. Immunohistochemistry was used to detect the key proteins involved in UC 
pathogenesis and drug intervention. By combining transcriptomics and metabolomics assays, we 
explored one of the possible mechanisms by which gypenosides ameliorate UC in mice. Gypenosides 
treatment significantly alleviated clinical symptoms, prevented colon shortening, and decreased 
the disease activity index (DAI) in an 3% DSS-induced UC mouse model. Transcriptome sequencing 
revealed that the intestinal stem genes Ascl2 and Lgr5 ranked forefront in terms of differential 
expression before and after intervention with gypenosides. The metabolomics results suggest 
that the tricarboxylic acid cycle (TCA) and amino acid metabolism (AM) were the main metabolic 
pathways associated with UC and gypenosides treatment. Taken together, these results suggest 
that gypenosides may affect the biological activity of stem cells by regulating the tricarboxylic 
acid cycle and glutamine metabolism, promoting the repair of the damaged mucosa. In this study, 
we demonstrated that gypenosides alleviate colitis, likely by regulating the expression of genes 
associated with stemness and modulating the tricarboxylic acid cycle and amino acid metabolism, in a 
DSS-induced colitis mouse model.
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Ulcerative colitis (UC) is a chronic and recurrent autoimmune disease. The incidence of UC has been increasing 
globally over the past few decades, particularly in newly industrialized countries in Asia, such as China and India1. 
Although the exact cause of UC remains unclear, several studies indicate that various factors play important roles 
in its pathogenesis. These factors include genetics, environmental exposures, immune dysregulation, alterations 
in the gut microbiota, barrier dysfunction, and endoplasmic reticulum stress2. 5-Aminosalicylic acid drugs, 
steroids, immunosuppressants, immunomodulators, biologics, and surgery are the most widely used treatments 
for UC3. Although effective means of treatment have been applied in controlling UC, the management of UC has 
remained a challenge until now. Further studies are needed to discover new therapeutic drugs and preventive 
strategies.

Traditional Chinese Medicine (TCM) is recognized for its multitarget approach and low toxicity, making 
it increasingly important in research on the prevention and treatment of UC. Traditionally, Gynostemma 
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pentaphyllum was prepared as a tea and valued for its delightful flavor and weight loss benefits. Researchers 
have further identified numerous bioactive compounds in Gynostemma pentaphyllum, including saponins 
(gypenosides), polysaccharides, flavonoids, and phytosterols. Studies indicate that the active components in 
Gynostemma pentaphyllum significantly inhibit the production and release of inflammatory mediators, thereby 
reducing intestinal inflammation. For example, one study demonstrated that Gynostemma pentaphyllum extract 
alleviates colitis symptoms in a rat model through inhibiting the nuclear factor-kappa B (NF-κB) signalling 
pathway. The herb has immunomodulatory effects, balancing the immune system and reducing autoimmune 
damage to the intestines4. Gynostemma pentaphyllum can also regulate the functions of T cells and B cells, 
promoting immune responses in vivo5. Moreover, gypenosides, the primary active components of Gynostemma 
pentaphyllum, have been reported to have significant anti-inflammatory and antioxidant effects6–11. Previous 
studies have demonstrated that gypenosides are capable of reducing oxidative stress damage to the intestines, 
and alleviating intestinal inflammation by inhibiting the release of inflammatory mediators, thereby suppressing 
inflammatory signalling pathways12. In terms of their anti-inflammatory and antioxidant effects, gypenosides 
show multifaceted potential in the treatment of intestinal diseases. Several studies have further demonstrated that 
it enhances intestinal barrier function and reduces intestinal permeability13. However, the potential therapeutic 
effects of gypenosides on UC have not been reported. Therefore, we aimed to evaluate the potential impact of 
gypenosides on UC and the underlying mechanisms in this study.

A series of studies have reported that high-throughput transcriptomics and metabolomics are effective 
approaches for elucidating the mechanisms of TCM active compounds14. Transcriptomic analysis reveals 
the relationships between gene expression patterns and cellular functions, biological processes, and disease 
mechanisms, and has been widely used to identify TCM-affected genes15,16.These genes directly participate in or 
regulate metabolic pathways, thereby influencing the production of and changes in metabolites. Metabolites can 
also influence gene expression through feedback mechanisms. When TCM is effective, integrated analysis helps 
establish causal networks from gene expression to metabolite production, revealing the underlying biological 
mechanisms17. In this study, we created an animal model of UC with dextran sulfate sodium (DSS) to explore 
the anti-UC effect of gypenosides. Additionally, we used a multiomics approach to screen potential targets and 
explore the mechanism of gypenosides. To confirm the relevant mechanism, we detected the expression of 
candidate genes via molecular methods. In conclusion, we investigated the anti-UC effects of gypenosides and 
the underlying mechanisms.

Methods
Animals
Six-to eight-week-old male C57BL/6J mice were purchased from Hunan SJA Laboratory Animal Co., Ltd. The 
mice were housed in a specific pathogen-free (SPF) facility at the Animal Center of South China University. 
The environmental conditions were maintained at a temperature of 22 ± 2 °C and a humidity of 55 ± 5%, with a 
12 h light/dark cycle. All the mice were acclimated for 1 week prior to the experiments. All procedures will be 
approved by the First Hospital of South China University (2023LL0908001), in line with the Guide for ARRIVE 
to decrease animal number and suffering as much as possible. All methods were carried out in accordance with 
relevant regulations and ARRIVE guidelines.

Construction of UC animal models
C57BL/6J mice were first stratified into blocks of three based on their initial body weight to ensure homogeneity 
within blocks. Then mice were randomly divided into three groups: the control (NC) group, the model (DSS) 
group, and the gypenosides (GP) group, with 10 mice in each group. Except for those in the control group, all 
the mice were administered 3.0% DSS for 7 days to induce acute colitis. The mice in the gypenosides (GP) group 
were gavaged with a 400 mg/kg gypenosides solution until the DSS treatment was stopped. During the modeling 
period, monitoring of body weight, stool consistency, and the presence of occult or gross blood in the stool was 
conducted to assess the progression of colitis18.

Histopathological validation
On the 8th day of the experiment, the mice were anaesthetized prior to sacrifice using carbon dioxide. The 
length of each colon was measured. Colon tissues were harvested, fixed in 10% neutral-buffered formalin, 
embedded in paraffin, and sectioned. The tissue sections were stained with haematoxylin and eosin (H&E) to 
evaluate histopathological changes. Histopathological evaluation were performed via a standard scoring system 
to quantify the severity of inflammation and tissue damage19.

Enzyme-linked immunosorbent assay (ELISA)
The levels of TNF-α, and IL-6 in colon tissues were quantified using ELISA kits following the manufacturer’s 
protocols. The concentrations in the colonic tissues were normalized using a bicinchoninic acid (BCA) assay.

Transcriptomic sequencing
Total RNA was extracted from colon tissues using TRIzol reagent following the manufacturer’s protocol. The RNA 
quality and concentration were assessed using a NanoDrop spectrophotometer and Agilent Bioanalyzer. RNA-
Seq libraries were prepared using the Illumina TruSeq RNA Sample Preparation Kit. After library construction, 
PCR amplification was employed to enrich library fragments, selecting a library size of approximately 450 bp. The 
library was then quality checked via an Agilent 2100 Bioanalyzer, and both the total and effective concentrations 
of the library were measured. The raw sequencing data underwent quality control using FastQC, and then were 
filtered using HISAT2 to remove low-quality sequences. These high-quality sequences were then aligned to 
the reference genome of the species. The remaining high-quality sequences were then aligned to the reference 
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genome of the species. This alignment allows us to determine the genomic position of each sequence and 
calculate the expression level of each gene. Differentially expressed genes (DEGs) were subsequently identified 
via DESeq2 with the criteria of |log2-fold change| > 1 and an adjusted p value < 0.05.

Gene ontology (GO) and kyoto encylcopedia of genes and genomes (KEGG) pathway 
enrichment analysis
All identified genes were subjected to KEGG pathway and GO enrichment analyses via the “clusterProfiler” and 
“topGO”, respectively, with annotations from “org.Mm.eg.db” in R. The significance thresholds were set at a p 
value < 0.01 and a q-value < 0.05.

Pathway impact diagram
A pathway impact diagram combines the centrality of metabolites within a network and pathway enrichment 
results. It calculates the sum of importance measures for each matched metabolite, then divides this sum by the 
total importance measures of all metabolites within each pathway. For the importance measures, we utilized 
both betweenness centrality and out-degree centrality.

Immunohistochemical validation
Paraffin-embedded colon sections were deparaffinized, rehydrated, and subjected to antigen retrieval. The 
sections were incubated with the primary antibody at 4 °C overnight. After the samples were washed, they were 
incubated with an HRP-conjugated secondary antibody at room temperature for 1 h. Freshly prepared DAB 
substrate solution was added for colour development. The slides were counterstained with haematoxylin and 
examined via a light microscope.

Metabolomic analysis
Blood samples were delivered to Bioprofile for the metabolomics analysis. Blood samples were collected by 
enucleating the eyes via sterile surgical tweezers. After allowing the blood to sit for 30 min, it was centrifuged 
(3500 rpm, 4 °C, 30 min) to obtain the serum, which was then stored at -80 °C for future use. Metabolomic 
analysis was conducted using a UPLC-ESI-Q-Orbitrap-MS system. QC samples were used to equilibrate the 
chromatography-mass spectrometry system, monitor instrument performance, and assess overall system stability 
throughout the experimental process. For liquid chromatography, samples were separated on an Acquity UPLC 
column from Waters. The flow rate was maintained at 0.3 mL/min with mobile phase A (0.1% formic acid in 
water) and mobile phase B (100% acetonitrile). The gradient program was as follows: 0% B for 2 min, increased 
to 48% B over 4 min, ramped up to 100% B over 4 min, held at 100% B for 2 min, decreased to 0% B in 0.1 min, 
and then re-equilibrated for 3 min. Mass spectrometry data were acquired in both positive and negative modes 
using electrospray ionization (ESI). The HESI source conditions were: spray voltage at 3.8 kV (positive) and 
3.2 kV (negative); capillary temperature at 320 °C; sheath gas flow rate at 30 ARB; auxiliary gas flow rate at 5 
ARB; probe heater temperature at 350 °C; and S-lens RF level at 50. The full MS scan range was 70–1050 m/z, 
with a resolution of 70,000 at m/z 200 for full MS scans and 17,500 at m/z 200 for MS/MS scans. The maximum 
injection time was set to 100 ms for MS and 50 ms for MS/MS. The MS2 isolation window was 2 m/z, with 
stepped normalized collision energies of 20, 30, and 40. Processed data underwent rigorous quality control and 
transformation. Metabolic features exhibiting > 50% missingness within any experimental group were excluded, 
followed by independent total peak area normalization of positive and negative ionization mode datasets. 
Subsequently, integrated cross-mode features were subjected to multivariate pattern recognition using Python.
The variable importance for the projection (VIP) scores obtained from the OPLS-DA model were used to assess 
the impact and explanatory power of each metabolite’s expression pattern in distinguishing between different 
sample groups. This approach helps to identify biologically significant differentially abundant metabolites. One-
way ANOVA test was used to analyse the significance of metabolites across multiple groups. Metabolites with 
a p value less than 0.05 and an OPLS-DA VIP score greater than 1 were considered statistically significant. The 
pathway impact plot is a combination of the center of the metabolite network and pathway enrichment results. 
The sum of importance measures for each matching metabolite is calculated and then divided by the sum of 
importance measures for all metabolites with in each pathway. We used betweenness centrality and out degree 
centrality to measure importance.

Integrated transcriptomic and metabolomic analysis
Integrated analysis of transcriptomic and metabolomic data were performed to identify correlations between 
gene expression and metabolite levels. Correlation analysis refers to the examination of two or more correlated 
variables to measure the degree of association between them. The Spearman correlation coefficient can be used 
to assess the relationships between species diversity and metabolites in environmental samples. In this study, the 
Spearman correlation method was used to calculate the correlation coefficients between significantly different 
metabolites and significantly different genes in R (version 4.0.5). To streamline the data for visualization, we 
ranked the elements on the basis of the absolute value of their correlation coefficients between the two omics 
methods and selected the top 60 elements. These elements were used for subsequent correlation coefficient 
matrix heatmaps, hierarchical clustering heatmaps, and correlation network diagrams.

Statistical analysis
The data are presented as the means ± standard deviation (SDs). Comparisons between groups were statistically 
analysed using Student’s t-test or ANOVA (post-test: Tukey), depending on the experimental design. Statistical 
significance was set at a p value < 0.05. All analyses were performed using GraphPad Prism or SPSS software.
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Results
Gypenosides alleviate symptoms in DSS-induced UC model mice
To evaluate the therapeutic effect of gypenosides on UC, DSS-induced UC model mice were treated with 
gypenosides(Fig.  1A). Compared with their initial body weights, the body weights of the mice treated with 
gypenosides were greater (Fig. 1B), and the disease activity indexes (DAIs) were lower (Fig. 1C). Treatment with 
gypenosides also led to a statistically significant trend towards increased colon length (Fig. 2A). H&E stained 
sections revealed that gypenosides restored the morphology and architecture of the colonic villi damaged by 
DSS (Fig. 2B). The pathological state of the GP group significantly improvement. The expression levels of colon 
inflammatory factors in the GP group were significantly lower than those in the DSS group (Fig. 2C). Overall, 
these results demonstrate that gypenosides treatment can alleviate symptoms in a DSS-induced UC mouse 
model.

Effects of gypenosides on the transcriptome of the colon
To differentially expressed genes between the two groups, a volcano plot was generated. A total of 2099 DEGs were 
identified between the NC and DSS groups, with 1243 upregulated and 856 downregulated genes (Fig. 3A). A 
total of 356 DEGs were identified between the DSS and GP groups, with 254 upregulated and 102 downregulated 
genes (Fig. 3B). A total of 1657 DEGs were identified between the DSS and GP groups, with 1081 upregulated 
genes and 576 downregulated genes (Fig. 3C). Venn diagrams show the shared and unique genes among the 

Fig. 1.  Gypenosidess alleviated the progression of UC in mice with DSS-induced colitis. (A) Experimental 
design flow. Changes in body weight (B) and the DAI (C) were monitored over 7 days of DSS induction. 
Compared with the DSS group, *P < 0.05, **P < 0.01, ***P < 0.001.
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three groups (Fig. 3D). The DEGs were predominantly associated with signal transduction and the immune 
system, such as the response to external stimuli, the inflammatory response, the defence response, immune 
system processes, the immune response, the response to other organisms, the response to external biotic stimuli, 
the regulation of immune system processes, the response to biotic stimuli, and the regulation of the response to 
external stimuli (Fig. 4A–D). These findings suggest that gypenosides may exert their anti-UC effects primarily 
through immune regulation, cell signal transduction, stress response, and adaptation mechanisms.

Gypenosides increase amino acid metabolite levels in DSS-induced UC model mice
OPLS-DA was performed on all metabolic profiles to study the overall metabolic changes in each group of 
mice. The three-dimensional results show that the samples were clearly distributed in three regions according 

Fig. 2.  Gypenosidess slowed the progression of UC in mice with DSS-induced colitis.  (A) Images and lengths 
of colons from the three experimental groups. (B) Representative H&E staining. (C) Levels of IL-6 and TNF-α. 
Compared with the DSS group, *P < 0.05, **P < 0.01, ***P < 0.001.
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to the processing method (Figure S1). Most of the changes were observed between the DSS and the NC group 
(Fig.  5A), as well as the comparison between the GP group and the model group (Fig.  5B), indicating that 
both UC modelling and gypenosides treatment significantly altered the metabolic components in mouse serum. 
All replicates of each processed organism were clustered together and significantly separated from the other 
samples. Using the projection variable importance (VIP) of the OPLS-DA model, as well as univariate analysis 
(T-test P value) and multiple change (FC), we determined the differentially abundant metabolites in the serum of 
the DSS group compared with the NC group. The screening criteria were VIP > 1, FC > 1.5 or FC < 1/1.5, and a P 

Fig. 3.  Effects of gypenosidess treatment on intestinal transcript levels in DSS-induced colitis model mice. 
Differentially abundant transcripts were compared between the NC group and the DSS group (A), the DSS 
group and the GP group (B), and the NC group and the GP group (C), with differences defined by a fold 
change ≥ 1.5 and a P value < 0.05. (D Venn diagram showing differentially abundant transcripts among the 
three groups (n = 10).
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value < 0.05. We generated a chord diagram, and further pathway impact analysis revealed that the differentially 
abundant metabolites were associated with amino acid biosynthesis, aminoacyl tRNA synthesis, arginine 
biosynthesis, and glutamate metabolism (Fig. 5C, D). Furthermore, a total of 245 different metabolites were 
identified among the three groups. The number of differentially abundant metabolites between the DSS group 
and the NC group, as well as between the GP group and the DSS group, was 249 and 86, respectively (Fig. 6A, 
B). Pathway analysis suggested that saponins from Gynostemma pentaphyllum may alleviate inflammatory 
symptoms by regulating amino acid metabolism pathways (Fig. 6C-D).

Fig. 4.  GO and KEGG enrichment analyses.  Histogram of the GO analysis results for (A) the NC group and 
the DSS group and (C) the DSS group and the GP group. Bubble plot of the KEGG analysis results for (B) the 
NC group and the DSS group and (D) the DSS group and the GP group.
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Fig. 5.  Effect of gypenosidess on intestinal metabolism in DSS-induced colitis model mice.  Differentially 
abundant metabolites between the NC group and the DSS group (A), the DSS group and the GP group (B), 
the NC group and the GP group (C). The criteria for determining differences were a fold change ≥ 1.5 and a 
p value < 0.05. Pathway impact analysis between the NC group and the DSS group (C), and between the DSS 
group and the GP group (D).
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Immunohistochemical analysis
The highly expressed differentially expressed genes are listed in Table 1. To confirm the reliability of the RNA 
sequencing results, immunohistochemistry was conducted. Compared with those in the NC group mice, the 
protein expression levels of Ascl2 and Lgr5 were significantly lower in the colons of the DSS group mice, and 
gypenosides administration restored the altered gene expression levels to levels similar to those in the NC group.

Lgr5 and Ascl2 are key markers and regulators of intestinal stem cells, and play crucial roles in the 
maintenance and regeneration of the intestinal epithelium. Our transcriptome sequencing analysis revealed that 
Lgr5 and Ascl2 were among the top 20 DEGs. Therefore, we selected Lgr5 and Ascl2 as differential genes for 

Fig. 6.  Changes in intestinal metabolism caused by gypenosides treatment.  Volcano plot of metabolism 
between the NC group and the DSS group (A), and between the DSS group and the GP group (B). KEGG 
analysis revealed potential pathways associated with metabolites involved in regulation between the NC group 
and the DSS group (C), and between the DSS group and the GP group (D).
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gene_id BP CC MF Pathway

ENSMUSG00000022018

GO:0000082//G1/S transition of 
mitotic cell cycle;GO:0001100//
negative regulation of exit 
from mitosis;GO:0001818//
negative regulation of cytokine 
production;GO:0001819//
positive regulation of cytokine 
production;GO:0001937//
negative regulation 
of endothelial cell 
proliferation;GO:0003331//
positive regulation of 
extracellular matrix constituent 
secretion;GO:0006956//
complement 
activation;GO:0007049//cell 
cycle;GO:0008285//negative 
regulation of cell population 
proliferation;GO:0010628//
positive regulation of gene 
expression;GO:0010718//
positive regulation of 
epithelial to mesenchymal 
transition;GO:0016525//
negative regulation of 
angiogenesis;GO:0032147//
activation of protein kinase 
activity;GO:0032967//
positive regulation of 
collagen biosynthetic 
process;GO:0043537//
negative regulation of 
blood vessel endothelial cell 
migration;GO:0045737//positive 
regulation of cyclin-dependent 
protein serine/threonine 
kinase activity;GO:0045840//
positive regulation of mitotic 
nuclear division;GO:0045944//
positive regulation of 
transcription by RNA 
polymerase II;GO:0051091//
positive regulation of 
DNA-binding transcription 
factor activity;GO:0051496//
positive regulation of stress 
fiber assembly;GO:0051726//
regulation of cell 
cycle;GO:0071456//
cellular response to 
hypoxia;GO:0072537//fibroblast 
activation;GO:0090272//
negative regulation of 
fibroblast growth factor 
production;GO:1900087//
positive regulation of G1/S 
transition of mitotic cell 
cycle;GO:1901203//positive 
regulation of extracellular 
matrix assembly;GO:1901991//
negative regulation of 
mitotic cell cycle phase 
transition;GO:2000048//
negative regulation of cell-
cell adhesion mediated by 
cadherin;GO:2000353//positive 
regulation of endothelial cell 
apoptotic process;GO:2000573//
positive regulation of DNA 
biosynthetic process;

GO:0005634//nucleus;GO:0005654//
nucleoplasm;GO:0005730//
nucleolus;GO:0005737//
cytoplasm;GO:0005813//
centrosome;GO:0005815//microtubule 
organizing center;GO:0005856//
cytoskeleton;

GO:0005515//protein 
binding;GO:0019901//
protein kinase 
binding;GO:0030295//
protein kinase activator 
activity;GO:0070412//R-
SMAD binding;

–

ENSMUSG00000029832

GO:0000122//negative 
regulation of transcription 
by RNA polymerase 
II;GO:0006355//regulation 
of transcription, DNA-
templated;GO:0006357//
regulation of transcription by 
RNA polymerase II;

GO:0005634//nucleus;GO:0090575//
RNA polymerase II transcription 
regulator complex;

GO:0000978//
RNA polymerase II 
cis-regulatory region 
sequence-specific DNA 
binding;GO:0000981//
DNA-binding 
transcription factor 
activity, RNA polymerase 
II-specific;GO:0001227//
DNA-binding 
transcription repressor 
activity, RNA polymerase 
II-specific;GO:0003677//
DNA 
binding;GO:0003700//
DNA-binding 
transcription factor 
activity;

–
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gene_id BP CC MF Pathway

ENSMUSG00000074480 GO:0008150//biological_
process;

GO:0000932//P-body;GO:0005829//
cytosol;

GO:0003674//molecular_
function;GO:0003676//
nucleic acid 
binding;GO:0003723//
RNA 
binding;GO:0046872//
metal ion binding;

–

ENSMUSG00000020140

GO:0001942//hair follicle 
development;GO:0007165//
signal 
transduction;GO:0007186//G 
protein-coupled 
receptor signaling 
pathway;GO:0009994//oocyte 
differentiation;GO:0042127//
regulation of cell population 
proliferation;GO:0048839//
inner ear 
development;GO:0090263//
positive regulation of 
canonical Wnt signaling 
pathway;GO:2001013//epithelial 
cell proliferation involved in 
renal tubule morphogenesis;

GO:0005654//
nucleoplasm;GO:0005794//
Golgi apparatus;GO:0005886//
plasma membrane;GO:0005887//
integral component of plasma 
membrane;GO:0016020//
membrane;GO:0016021//
integral component of 
membrane;GO:0032588//trans-Golgi 
network membrane;

GO:0004888//
transmembrane 
signaling receptor 
activity;GO:0004930//G 
protein-coupled receptor 
activity;GO:0005515//
protein 
binding;GO:0016500//
protein-hormone receptor 
activity;

ko04310(Wnt signaling pathway)

ENSMUSG00000067599 GO:0007155//cell adhesion;

GO:0005886//plasma 
membrane;GO:0009897//external side 
of plasma membrane;GO:0016020//
membrane;GO:0016021//integral 
component of membrane;

GO:0030246//
carbohydrate binding;

ko04650(Natural killer cell 
mediated cytotoxicity)

ENSMUSG00000030173 GO:0007155//cell adhesion;
GO:0005886//plasma 
membrane;GO:0016020//
membrane;GO:0016021//integral 
component of membrane;

GO:0030246//
carbohydrate binding; –

ENSMUSG00000023132

GO:0006508//
proteolysis;GO:0009617//
response to 
bacterium;GO:0019835//
cytolysis;GO:0032078//
negative regulation of 
endodeoxyribonuclease 
activity;GO:0043065//positive 
regulation of apoptotic 
process;GO:0043392//
negative regulation of DNA 
binding;GO:0051354//negative 
regulation of oxidoreductase 
activity;GO:0051603//
proteolysis involved in 
cellular protein catabolic 
process;GO:0070269//
pyroptosis;GO:0140507//
granzyme-mediated 
programmed cell 
death signaling 
pathway;GO:1902483//cytotoxic 
T cell pyroptotic process;

GO:0005576//extracellular 
region;GO:0005634//nucleus;

GO:0004252//serine-
type endopeptidase 
activity;GO:0008233//
peptidase 
activity;GO:0008236//
serine-type peptidase 
activity;GO:0016787//
hydrolase 
activity;GO:0042803//
protein homodimerization 
activity;

ko04080(Neuroactive ligand-
receptor interaction)

ENSMUSG00000017724

GO:0006355//regulation 
of transcription, DNA-
templated;GO:0006357//
regulation of transcription 
by RNA polymerase 
II;GO:0006366//transcription 
by RNA polymerase 
II;GO:0008045//motor neuron 
axon guidance;GO:0010628//
positive regulation of gene 
expression;GO:0030154//cell 
differentiation;GO:0033600//
negative regulation of 
mammary gland epithelial cell 
proliferation;GO:0045618//
positive regulation 
of keratinocyte 
differentiation;GO:0045893//
positive regulation of 
transcription, DNA-
templated;GO:0045944//positive 
regulation of transcription 
by RNA polymerase 
II;GO:0048863//stem cell 
differentiation;GO:0060444//
branching involved in 
mammary gland duct 
morphogenesis;

GO:0005634//nucleus;GO:0005694//
chromosome;GO:0005730//nucleolus;

GO:0000978//
RNA polymerase II 
cis-regulatory region 
sequence-specific DNA 
binding;GO:0000981//
DNA-binding 
transcription factor 
activity, RNA polymerase 
II-specific;GO:0001228//
DNA-binding 
transcription activator 
activity, RNA polymerase 
II-specific;GO:0003677//
DNA 
binding;GO:0003700//
DNA-binding 
transcription factor 
activity;GO:0043565//
sequence-specific DNA 
binding;GO:1990837//
sequence-specific double-
stranded DNA binding;

ko05202(Transcriptional 
misregulation in cancer)
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gene_id BP CC MF Pathway

ENSMUSG00000047517
GO:0006897//
endocytosis;GO:0015031//
protein transport;GO:0030154//
cell differentiation;

GO:0005576//extracellular 
region;GO:0016020//
membrane;GO:0016021//
integral component of 
membrane;GO:0110165//cellular 
anatomical entity;

GO:0005044//scavenger 
receptor activity; ko04970(Salivary secretion)

ENSMUSG00000071553 GO:0006508//proteolysis;
GO:0005576//extracellular 
region;GO:0005615//extracellular 
space;

GO:0004180//
carboxypeptidase 
activity;GO:0004181//
metallocarboxypeptidase 
activity;GO:0008233//
peptidase 
activity;GO:0008237//
metallopeptidase 
activity;GO:0008270//zinc 
ion binding;GO:0016787//
hydrolase 
activity;GO:0046872//
metal ion binding;

ko04974(Protein digestion and 
absorption);ko04972(Pancreatic 
secretion)

ENSMUSG00000000318
GO:0002248//connective 
tissue replacement involved in 
inflammatory response wound 
healing;

GO:0009897//external side of 
plasma membrane;GO:0016020//
membrane;GO:0016021//integral 
component of membrane;

GO:0030246//
carbohydrate binding; –

ENSMUSG00000025163

GO:0002250//adaptive immune 
response;GO:0002376//immune 
system process;GO:0048873//
homeostasis of number of cells 
within a tissue;

GO:0016020//
membrane;GO:0016021//integral 
component of membrane;

GO:0038023//signaling 
receptor activity;

ko04640(Hematopoietic cell 
lineage)

ENSMUSG00000062082 GO:0150077//regulation of 
neuroinflammatory response;

GO:0005886//plasma 
membrane;GO:0009897//external side 
of plasma membrane;GO:0009986//
cell surface;GO:0016020//
membrane;GO:0016021//integral 
component of membrane;

GO:0005515//protein 
binding;GO:0038023//
signaling receptor activity;

ko05167(Kaposi sarcoma-
associated herpesvirus infection)

ENSMUSG00000038304

GO:0002250//adaptive immune 
response;GO:0002376//immune 
system process;GO:0002385//
mucosal immune 
response;GO:0002729//
positive regulation of 
natural killer cell cytokine 
production;GO:0002819//
regulation of adaptive immune 
response;GO:0002857//positive 
regulation of natural killer cell 
mediated immune response 
to tumor cell;GO:0014065//
phosphatidylinositol 3-kinase 
signaling;GO:0016525//
negative regulation of 
angiogenesis;GO:0031295//T 
cell costimulation;GO:0032729//
positive regulation 
of interferon-gamma 
production;GO:0043323//
positive regulation 
of natural killer cell 
degranulation;GO:0045087//
innate immune 
response;GO:0045954//
positive regulation of 
natural killer cell mediated 
cytotoxicity;GO:0050829//
defense response 
to Gram-negative 
bacterium;GO:0050860//
negative regulation of T 
cell receptor signaling 
pathway;GO:1900280//
negative regulation of CD4-
positive, alpha-beta T cell 
costimulation;GO:1905675//
negative regulation of 
adaptive immune memory 
response;GO:2000353//positive 
regulation of endothelial cell 
apoptotic process;

GO:0005576//extracellular 
region;GO:0005886//plasma 
membrane;GO:0016020//
membrane;GO:0031225//
anchored component of 
membrane;GO:0046658//anchored 
component of plasma membrane;

GO:0004888//
transmembrane 
signaling receptor 
activity;GO:0005102//
signaling receptor 
binding;GO:0005515//
protein 
binding;GO:0019900//
kinase 
binding;GO:0023024//
MHC class I 
protein complex 
binding;GO:0032393//
MHC class I receptor 
activity;GO:0032394//
MHC class Ib receptor 
activity;GO:0032397//
activating MHC class I 
receptor activity;

–
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gene_id BP CC MF Pathway

ENSMUSG00000009185

GO:0002548//monocyte 
chemotaxis;GO:0006816//
calcium ion 
transport;GO:0006874//
cellular calcium ion 
homeostasis;GO:0006887//
exocytosis;GO:0006935//
chemotaxis;GO:0006954//
inflammatory 
response;GO:0006955//immune 
response;GO:0007165//signal 
transduction;GO:0007186//G 
protein-coupled 
receptor signaling 
pathway;GO:0007267//cell-
cell signaling;GO:0030593//
neutrophil 
chemotaxis;GO:0031640//
killing of cells of other 
organism;GO:0043547//
positive regulation of GTPase 
activity;GO:0044828//
negative regulation by 
host of viral genome 
replication;GO:0045663//
positive regulation of myoblast 
differentiation;GO:0048245//
eosinophil 
chemotaxis;GO:0048247//
lymphocyte 
chemotaxis;GO:0060326//
cell chemotaxis;GO:0061844//
antimicrobial humoral 
immune response 
mediated by antimicrobial 
peptide;GO:0070098//
chemokine-mediated signaling 
pathway;GO:0070374//positive 
regulation of ERK1 and 
ERK2 cascade;GO:0071346//
cellular response to interferon-
gamma;GO:0071347//cellular 
response to interleukin-
1;GO:0071356//cellular 
response to tumor necrosis 
factor;GO:1901741//positive 
regulation of myoblast fusion;

GO:0005576//extracellular 
region;GO:0005615//extracellular 
space;

GO:0004672//
protein kinase 
activity;GO:0005125//
cytokine 
activity;GO:0008009//
chemokine 
activity;GO:0008201//
heparin 
binding;GO:0016004//
phospholipase activator 
activity;GO:0048020//
CCR chemokine receptor 
binding;

ko04062(Chemokine signaling 
pathway);ko04061(Viral 
protein interaction with 
cytokine and cytokine 
receptor);ko04060(Cytokine-
cytokine receptor interaction)

ENSMUSG00000009248

GO:0000122//negative 
regulation of transcription 
by RNA polymerase 
II;GO:0001666//response 
to hypoxia;GO:0001701//
in utero embryonic 
development;GO:0001890//
placenta 
development;GO:0006357//
regulation of transcription 
by RNA polymerase 
II;GO:0007399//nervous system 
development;GO:0007423//
sensory organ 
development;GO:0010626//
negative regulation 
of Schwann cell 
proliferation;GO:0030154//cell 
differentiation;GO:0030182//
neuron 
differentiation;GO:0035019//
somatic stem cell population 
maintenance;GO:0045944//
positive regulation 
of transcription by 
RNA polymerase 
II;GO:0050767//regulation of 
neurogenesis;GO:0060708//
spongiotrophoblast 
differentiation;GO:0060712//
spongiotrophoblast layer 
development;

GO:0005634//nucleus;GO:0005737//
cytoplasm;GO:0090575//RNA 
polymerase II transcription regulator 
complex;

GO:0000977//
RNA polymerase 
II transcription 
regulatory region 
sequence-specific DNA 
binding;GO:0000978//
RNA polymerase II 
cis-regulatory region 
sequence-specific DNA 
binding;GO:0000981//
DNA-binding 
transcription factor 
activity, RNA polymerase 
II-specific;GO:0001227//
DNA-binding 
transcription repressor 
activity, RNA polymerase 
II-specific;GO:0003677//
DNA 
binding;GO:0003700//
DNA-binding 
transcription factor 
activity;GO:0043565//
sequence-specific DNA 
binding;GO:0046983//
protein dimerization 
activity;GO:0070888//
E-box 
binding;GO:1990837//
sequence-specific double-
stranded DNA binding;

–
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gene_id BP CC MF Pathway

ENSMUSG00000033576

GO:0006869//lipid 
transport;GO:0008150//
biological_
process;GO:0042157//
lipoprotein metabolic process;

GO:0005575//cellular_
component;GO:0005576//
extracellular region;GO:0016020//
membrane;GO:0016021//integral 
component of membrane;

GO:0003674//molecular_
function;GO:0008289//
lipid binding;

–

ENSMUSG00000021214

GO:0006693//prostaglandin 
metabolic process;GO:0006709//
progesterone catabolic 
process;GO:0007186//G 
protein-coupled 
receptor signaling 
pathway;GO:0007565//female 
pregnancy;GO:0007567//
parturition;GO:0008202//
steroid metabolic 
process;GO:0008284//positive 
regulation of cell population 
proliferation;GO:0010942//
positive regulation of cell 
death;GO:0016488//farnesol 
catabolic process;GO:0034614//
cellular response to reactive 
oxygen species;GO:0042448//
progesterone metabolic 
process;GO:0042574//retinal 
metabolic process;GO:0044597//
daunorubicin metabolic 
process;GO:0044598//
doxorubicin metabolic 
process;GO:0048385//
regulation of retinoic 
acid receptor signaling 
pathway;GO:0050810//
regulation of 
steroid biosynthetic 
process;GO:0051897//positive 
regulation of protein kinase 
B signaling;GO:0061370//
testosterone biosynthetic 
process;GO:0071276//
cellular response to 
cadmium ion;GO:0071277//
cellular response to 
calcium ion;GO:0071372//
cellular response to follicle-
stimulating hormone 
stimulus;GO:0071379//cellular 
response to prostaglandin 
stimulus;GO:0071384//cellular 
response to corticosteroid 
stimulus;GO:0071394//cellular 
response to testosterone 
stimulus;GO:0071395//
cellular response to jasmonic 
acid stimulus;GO:0071560//
cellular response to 
transforming growth factor beta 
stimulus;GO:0071799//cellular 
response to prostaglandin 
D stimulus;GO:0097211//
cellular response to 
gonadotropin-releasing 
hormone;GO:1900053//
negative regulation of 
retinoic acid biosynthetic 
process;GO:1904322//
cellular response to 
forskolin;GO:1990646//
cellular response to 
prolactin;GO:2000224//
regulation of 
testosterone biosynthetic 
process;GO:2000353//positive 
regulation of endothelial cell 
apoptotic process;GO:2000379//
positive regulation of reactive 
oxygen species metabolic 
process;

GO:0005634//nucleus;GO:0005737//
cytoplasm;GO:0005829//cytosol;

GO:0001758//retinal 
dehydrogenase 
activity;GO:0004032//
alditol:NADP+ 
1-oxidoreductase 
activity;GO:0004033//
aldo-keto 
reductase (NADP) 
activity;GO:0004745//
NAD-retinol 
dehydrogenase 
activity;GO:0016229//
steroid dehydrogenase 
activity;GO:0016491//
oxidoreductase 
activity;GO:0016655//
oxidoreductase 
activity, acting on 
NAD(P)H, quinone or 
similar compound as 
acceptor;GO:0018636//
phenanthrene 
9,10-monooxygenase 
activity;GO:0032052//
bile acid 
binding;GO:0035410//
dihydrotestosterone 
17-beta-dehydrogenase 
activity;GO:0045550//
geranylgeranyl reductase 
activity;GO:0045703//
ketoreductase 
activity;GO:0047006//17-
alpha,20-alpha-
dihydroxypregn-4-en-
3-one dehydrogenase 
activity;GO:0047020//15-
hydroxyprostaglandin-D 
dehydrogenase (NADP+) 
activity;GO:0047023//
androsterone 
dehydrogenase 
activity;GO:0047086//
ketosteroid 
monooxygenase 
activity;GO:0047787//
delta4-3-oxosteroid 5beta-
reductase activity;

ko00140(Steroid hormone 
biosynthesis)

ENSMUSG00000053399

GO:0001654//eye 
development;GO:0006508//
proteolysis;GO:0030198//
extracellular matrix 
organization;GO:0090331//
negative regulation of platelet 
aggregation;

GO:0005576//extracellular 
region;GO:0005634//
nucleus;GO:0031012//extracellular 
matrix;

GO:0004222//
metalloendopeptidase 
activity;GO:0008233//
peptidase 
activity;GO:0008237//
metallopeptidase 
activity;GO:0016787//
hydrolase 
activity;GO:0046872//
metal ion binding;

–
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immunohistochemical validation. As shown in Fig. 7A, the expression levels of Lgr5 and Ascl2 were significantly 
lower in the DSS group than in the NC group. However, after the DSS group mice were treated with gypenosides, 
the expression levels of these two genes increased significantly (P < 0.05). This trend is consistent with the 
transcriptome sequencing data, indicating that gypenosides may alleviate colitis in mice by modulating the 
expression of Lgr5 and Ascl2.

Spearman’s correlation of Lgr5, Ascl2, and differentially abundant metabolites
To determine the correlations among Lgr5, Ascl2, and differentially abundant metabolites, Spearman’s correlation 
analysis was conducted using spearman’s rank correlation coefficient. We performed Spearman correlation 
hierarchical clustering analysis on the two omics elements and presented the results in the form of a correlation 
hierarchical clustering heatmap. The results revealed that Lgr5 and Ascl2 levels were positively correlated with 
the relative abundance of glutamine, whereas Lgr5 and Ascl2 levels were negatively correlated with the level of 
arginine, which plays a role in intestinal homeostasis (Fig. 7B).

Discussion
Current medications for UC often lead to multiple side effects and complications with prolonged use. Hence, 
new treatments derived from natural products for the clinical management of this disease are urgently needed. 
In this study, we validated the intestinal protective effect of gypenosides and explored the underlying mechnisms 
via transcriptomics and metabolomics, providing experimental evidence for its potential as a novel therapeutic 
agent against UC. We used a DSS-induced mice model to simulate the typical clinical conditions of UC, and 
elucidated the drug-transcriptomic/ metabolomic-disease interactions. Our findings confirm the intestinal 
protective effects of gypenosides. Treatment with a 400 mg/kg gypenosides solution alleviated colitis symptoms 
in UC model mice, as evidenced by increased body weight and colon length, and reduced histological tissue 
inflammation. Moreover, drug intervention effectively reduced the expression levels of inflammatory cytokines 
(IL-6 and TNF-α) in UC model mice. As a natural product, gypenosides are both cost-effective and relatively 
safe, making them a promising alternative or supplementary therapy for UC treatment. To elucidate the 
therapeutic mechanisms of gypenosides in UC, we conducted comprehensive metabolomic and transcriptomic 
analyses. Transcriptomic analysis revealed that the intestinal stem cell markers Ascl2 and Lgr5 were restored 
to normal levels by gypenosides treatment. The expression of Ascl2 and Lgr5 in the DSS mice was significantly 
lower than that in the NC group. However, the administration of gypenosides abrogated this downwards trend 
in expression. In summary, our findings offer substantial evidence demonstrating the beneficial effects of 
gypenosides in alleviating UC and clarify the underlying mechanisms that support its clinical application.

Previously, Ascl2 and Lgr5 were shown to be critical markers for intestinal stem cells (ISCs) and to play 
important roles in maintaining intestinal homeostasis and regeneration17. Lgr5 is expressed primarily on the 
cell surface of the intestine, and has been identified as a specific marker for crypt-base columnar cells (CBCs) 
in mice20. Lgr5 + intestinal stem cells (ISCs) are intricately regulated by the Wnt/β-catenin and Notch signalling 
pathways to maintain their self-renewal and differentiation functions, thereby sustaining crypt homeostasis and 
repairing intestinal mucosal damage21. This process is crucial for the homeostatic regeneration of the small 
intestine and colon. Moreover, Ascl2 is a transcription factor crucial for the maintenance and proliferation of 
intestinal stem cells, which that drives expression of Lgr5 gene22. The interaction between Ascl2 and Lgr5 is 
crucial for sustaining a population of active intestinal stem cells, which are vital for the ongoing renewal of 
the intestinal lining23–25. The increased interest in intestinal dryness has opened new avenues for the clinical 
treatment of UC. We performed immunohistochemistry validation and demonstrated that the ameliorative 
effect of gypenosides on colitis in mice might occur through the regulation of Lgr5 and Ascl2 expression, thereby 
affecting intestinal stem cell function.

Previous studies have shown that Ascl2 and Lgr5 together regulate the metabolic pathways of intestinal 
stem cells, including glycolysis, lipid metabolism, and amino acid metabolism26. These pathways provide the 
energy and building blocks necessary to support the efficient proliferation and differentiation of stem cells. In 
this study, the metabolomic analysis revealed significant pattern differences between UC model mice and those 
treated with gypenosides, indicating that metabolic disturbances during UC progression were abrogated by 
gypenosides intervention. Compared with UC model mice, mice treated with gypenosides presented significant 
differences in metabolic pathways related to amino acid metabolism. Previous studies have indicated that amino 
acid metabolism is associated with the development of colitis in UC patients, primarily involving pathways 
such as ‘aminoacyl-tRNA biosynthesis’, ‘arginine biosynthesis’, ‘alanine, aspartate, and glutamate metabolism’, 
‘biosynthesis of unsaturated fatty acids’, ‘valine, leucine, and isoleucine biosynthesis’, and ‘pantothenate and CoA 
biosynthesis’. Glutamine is a vital fuel source for enterocytes (intestinal epithelial cells) and plays a crucial role in 
maintaining the integrity and function of the intestinal barrier27. It supports the proliferation and differentiation 
of enterocytes, thereby reinforcing the mucosal lining of the gut. The combined analysis results further revealed 
a positive correlation between intestinal stem cell markers and glutamine levels. The rapid proliferation of 
intestinal stem cells requires a large supply of glutamine, which serves not only as a crucial amino acid for protein 
synthesis but also for energy metabolism and cell signalling. Glutamine acts as a nutrient sensor, influencing 
intestinal stem cell proliferation and differentiation by regulating pathways such as mTOR signalling28–30. 
Additionally, glutamine exerts strong antioxidant properties effects in the intestine, helping to reduce oxidative 
stress damage to intestinal stem cells and protecting them from environmental stimuli31–34. Although positively 
correlated with glutamine, Lgr5 and Ascl2 are negatively correlated with arginine. Arginine metabolism may 
lead to changes in the cellular metabolic state, affecting the transcriptional activity of Ascl2 21. For example, 
metabolites of arginine may inhibit Ascl2 expression by regulating the intracellular environment and signalling 
pathways35,36. Arginine plays a crucial role in immune cell function and inflammatory responses, which may 
indirectly regulate Lgr5 expression by affecting the homeostasis of the intestinal microenvironment37. Moreover, 

Scientific Reports |        (2025) 15:31803 21| https://doi.org/10.1038/s41598-025-11010-0

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


changes in the inflammatory response and immune status can influence the expression of genes, including Lgr5, 
in intestinal stem cells38. The relevant mechanisms are worth further exploration.

We have preliminarily confirmed the mechanism by which gypenosides in treat UC. However, our study also 
has certain limitations. First, integrated analyses of transcriptomics and metabolomics often rely on existing 
databases. These databases may not fully cover all genes and metabolites. Second, individual biological differences 
can affect the reliability of transcriptomic and metabolomic data. Large sample sizes are needed to control and 
correct for this variability. Besides, gypenosides may confer intestinal protection through the modulation of 

Fig. 7.  Experimental verification of key genes and analysis of their correlation with metabolism.  
Representative image of immunohistochemical staining. (B) Spearman correlation analysis of key genes and 
metabolites. * P < 0.05, ** P < 0.01, *** P < 0.001.
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intestinal stem cells, the potential secondary regulatory effects on gut function mediated by their central anti-
inflammatory actions via the brain-gut axis remain poorly characterized.Finally, gypenosides reduces colonic 
inflammation and improves UC symptoms. However, direct evidence for remission induction and the efficacy 
and safety require further validation in acute-phase models or clinical trials with earlier intervention.

Conclusion
In conclusion, we observed that gypenosides treatment alleviated DSS-induced colitis, with this effect correlating 
with altered expression of intestinal stem cell markers and amino acid metabolism profiles in a DSS-induced 
colitis mouse model.

Data availability
Data is provided within the manuscript or supplementary information files only for review. The sequencing 
datasets generated and analyzed during the current study are not publicly available as the research team is still 
conducting further data analysis and exploring underlying mechanisms. However, the data are available from 
the corresponding author upon reasonable request.
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