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Background: Recent research has increasingly focused on plant-derived products as potential alternatives to chemotherapeutic 
agents, aiming to reduce side effects. Among these, plant-derived nanovesicles (NVs) have garnered significant attention for their 
potential in treating colitis.
Methods: In this study, we extracted NVs from the leaves (LNVs) and stems (SNVs) of Taxus, a well-known natural anti-cancer 
plant. The targeting ability of these NVs was evaluated in the mouse colon using an IVIS imaging system. Additionally, we assessed 
the therapeutic effects of these plant-derived NVs on ulcerative colitis in a mouse model.
Results: Our findings reveal that the NVs exhibit an ideal vesicle size of 150.0 nm and contain a rich array of lipids, functional 
proteins, and bioactive small molecules. In vitro anti-inflammatory experiments demonstrated that both LNVs and SNVs enhanced cell 
viability and reduced levels of pro-inflammatory cytokines. Importantly, neither LNVs nor SNVs induced significant cytotoxicity. In 
vivo, oral administration of LNVs and SNVs ameliorated colitis-related symptoms in mice and accelerated colitis resolution by 
suppressing the TLR4/MyD88/NF-κB pathway and reducing levels of pro-inflammatory cytokines, including IL-1β, IL-6, and TNF-α. 
Furthermore, 16S rDNA sequencing data suggested that LNVs play a crucial role in regulating gut microbiota.
Conclusion: Collectively, our findings suggest that plant-derived NVs from Taxus represent a promising novel natural nanomedicine 
for use as an anti-inflammatory agent in the treatment of colonic diseases.
Keywords: colitis, plant-derived nanovesicles, gut microbiota

Introduction
Ulcerative colitis (UC) is a chronic inflammatory condition affecting the colon and rectum, characterized by mucosal and 
submucosal inflammation.1 Despite extensive research, the precise etiology of UC remains elusive. Common symptoms 
include diarrhea, weight loss, rectal bleeding, and dysbiosis of the gut microbiota.2 Current therapeutic strategies 
primarily involve immunosuppressants, amino-salicylic acid derivatives, and biologics, which, while effective, are 
often associated with significant adverse effects such as allergic reactions, nausea, and hepatotoxicity.3,4 These limita
tions underscore the urgent need for safer and more effective treatment options.

Recent advancements in drug delivery systems have highlighted the potential of nanoparticles with colon-targeting 
capabilities for UC therapy.5–7 However, concerns regarding biosafety and the high cost of large-scale production have 
hindered their clinical application.8 In this context, nanovesicles (NVs) derived from natural sources have emerged as 
promising candidates.9,10 These NVs are rich in bioactive molecules, exhibit excellent biosafety profiles, and can be 
produced on a large scale.11 Notably, plant-derived NVs have shown the ability to interact with mammalian cells, 
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particularly intestinal macrophages, and exert diverse biological effects depending on their plant origin.12–18 This has led 
to the exploration of plants as nano-factories for the production of therapeutic NVs, offering a novel platform for disease 
treatment.

Taxus, a globally endangered tree species, is renowned for its bark, which contains paclitaxel, a potent anticancer 
compound.19 Paclitaxel is widely used in the treatment of various cancers, including breast, lung, and ovarian cancer.20,21 

However, the limited availability of paclitaxel in Taxus chinensis (T. chinensis) bark has prompted the search for 
additional bioactive compounds within this species.22–24 Recent studies have identified a variety of antimicrobial, 
antioxidant, and anticancer metabolites in T. chinensis, such as dodecanol, phosphomycin, L-malic acid, tartaric acid, 
2,3-dihydroxybenzoic acid, and salicin.25–31 Despite these findings, the potential effects and mechanisms of T. chinensis 
on colitis remain poorly understood.

In this study, we hypothesize that orally administered T. chinensis-derived NVs (TcNVs) may exert therapeutic effects 
on UC. We aim to investigate the anti-inflammatory properties of TcNVs both in vitro and in vivo, focusing on their 
impact on UC symptoms, colonic phenotype, disease activity index, histopathology, pro-inflammatory cytokine expres
sion, and gut microbiota composition. Our findings may provide new insights into the development of natural nanome
dicines for the treatment of colonic diseases.

Materials and Methods
Chemicals and Reagents
Fresh leaves and stems of T. chinensis were collected from the botanical garden, located in Chengdu University of 
Traditional Chinese Medicine (Chengdu, China) and the plant materials were identified by Professor Yuntong Ma from 
Chengdu University of Chinese Medicine and stored in the Herbarium of Chengdu University of Chinese Medicine 
(No. 511113200508236LY). Sucrose was provided from Sangon Biotech (Shanghai, China). All cell culture reagents, 
including RPMI 1640 medium, fetal bovine serum (FBS), Penicillin/Streptomycin, were purchased from Gibco. 
Phosphate buffered saline (PBS) and 4% paraformaldehyde were purchased from Biosharp (Hefei, China). 
1,1-Dioctadecyl-3,3,3,3-tetramethylindotricarbocyanine iodide (DiR) was obtained from AAT Bioquest (Pleasanton, 
USA). Phalloidin-FITC was purchased from Abcam. 4′,6′-Diamidino-2-phenylindole (DAPI), Alexa Fluor 488 and 
594 were purchased from Solarbio (Beijing, China). Lipopolysaccharide (LPS) and phorbol 12-myristate 13-acetate 
(PMA) were provided by Sigma-Aldrich. Dextran Sulfate Sodium Salt (DSS, 36000–50000 Da, colitis grade) was 
obtained from MP Biomedicals. The Cell Counting Kit-8 (CCK-8) and RIPA buffer were obtained from Beyotime 
(Beijing, China). Trizol was purchased from TianGen (Beijing, China), M-MLV reverse transcriptase and SYBR 
quantitative PCR Mix were provided from Vazyme (Nanjing, China). The bicinchoninic acid (BCA) protein assay kit 
was obtained from Thermo Fisher Scientific. TLR4, β-ACTIN, and MyD88 primary antibodies were purchased from 
Proteintech (Wuhan, China). The antibody of p-NF-κB-p65 was obtained from Cell Signaling Technology (Danvers, 
USA). PVDF membrane and chemiluminescence reagent were purchased from Millipore (Massachusetts, USA). ELISA 
kits (mouse TNF-α, IL-1β, IL-6, ALT, AST) were provided by Neobioscience (Shenzhen, China).

Isolation and Purification of TcNVs
Fresh leaves and stems of T. chinensis (10 g) were placed into 50 mL PBS and homogenized in a blender. The resulting 
juice was centrifuged at 1000 × g, 3000 × g, and 10,000 × g for 10, 20, and 30 min, respectively. The supernatant was 
filtered at 0.45 μm to remove large particles of fibers and tissue. Subsequently, NVs were isolated by centrifuged at 
100,000 × g for 3 h and purified on a discontinuously sucrose gradient (8%, 15%, 30%, 45%). NVs from 30/45% 
interface were harvested, and BCA was used to determine the protein concentration. NVs were stored at −80°C.

Compositional Analysis of TcNVs
For TcNVs lipids composition analysis, total lipids of TcNVs were extracted by methyl tert-butyl ether/methanol (3:1, v/ 
v) mixed solvent, and the lipidomic analysis of TcNVs was performed using triple quadrupole-linear ion trap mass 
spectrometer (Applied Biosystems, Foster City, USA).
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For proteomics analysis, TcNVs were shipped to Duolaimi Biotechnology Co., Ltd. on dry ice. Proteins in TcNVs 
were analyzed by liquid chromatography-tandem mass-spectrometry. Briefly, the sample was separated on Easy-nLC 
chromatographic system. The elution program was as follows: 0–50 min, the rate of buffer solution B (acetonitrile: 
formic acid = 800:1, v/v) ranging from 8% to 95%. The isolated proteins were then subjected to data-independent 
acquisition mass spectrometry analysis.

Biodistribution Study of TcNVs
Oral administration of DiR-labeled TcNVs (1 mg protein/kg) was given to the healthy mice for 2 h. Then, the distribution 
of TcNVs was captured by the IVIS Lumina LT Series III (PerkinElmer, Hopkinton, USA). Subsequently, the mice were 
killed, and their gastrointestinal tissues were excised for imaging.

In vitro Anti-Inflammatory Activity of TcNVs
THP-1 monocyte cells (National Collection of Authenticated Cell Cultures, Serial No. SCSP-567) (2 × 104 cell/well or 5 
× 105 cell/well) were seeded in 96-well plates or 6-well plates (Corning, Kennebunk, USA) and differentiated into 
macrophages by 100 ng/mL PMA treatment for 24 h. Then, the cells were stimulated with 2 μg/mL LPS and different 
concentrations of NVs for 24 h. The cell vitality was tested by CCK-8 and the expression of inflammation-related genes 
were analyzed using RT-qPCR.

Reverse Transcription-quantitative (RT-q) PCR Assays
Total RNA was extracted from the cell with Trizol, and 1 µg of RNA was used for reverse transcription and the gene 
expression was quantified by SYBR qPCR machine (Roche, Rotkreuz, Switzerland). The following conditions were 
used: 94°C for 2 min, followed by 40 cycles at 94°C for 20 s and 60°C for 30 s. Primers used are shown in Table S1.

Animal Experiments
C57BL/6J mice (male, 8 weeks, 18–22 g) were purchased from Dossy Experimental Animal Ltd. (Chengdu, China) and 
housed under a 12-hour dark/light cycle at 25 °C and 50% humidity. All mice were adapted feeding for 7 days, and then 
randomly divided into four groups: negative control, positive control, LNVs and SNVs groups (n = 8 per group). Mice in 
the LNVs and SNVs groups were administered with NVs (1 mg/kg/day) by gavage for 17 days. Between days 8 and 17, 
mice in the positive control, LNVs and SNVs groups received 2% DSS in their drinking water. UC-related symptoms, 
including body weight, stool consistency, and fecal bleeding, were recorded daily. On the 17th day, all mice were 
sacrificed and the colon tissue, blood, and colonic contents were collected. About 1 cm colons were fixed in 4% 
paraformaldehyde and paraffin sections (4 μm thickness) and used for histological assessment by hematoxylin and eosin 
(H&E). Colonic content samples were snap frozen at −80 °C after collection.

Western Blotting
Total proteins from colon tissue were lysed in RIPA buffer for 20 min. Protein concentration was measured by BCA and 
separated by SDS-PAGE and then transferred to a PVDF membrane at 80 V for 2 h. Blots were incubated with TLR4, 
MyD88, p-NF-κB-p65 antibody (1:1000) and anti-β-ACTIN (1:5000) overnight at 4 °C. Blots were incubated with 
a secondary antibody (horseradish peroxidase-conjugated) for 1 hour at room temperature and then chemiluminescence 
reagent was used to detect the proteins.

16S rDNA Gene Sequencing
Microbial DNA was extracted from the colonic contents using the DNeasy PowerSoil kit (Qiagen, Hilden, Germany). 
The quality of the isolated DNA was checked using 1.5% agarose gel electrophoresis. Universal primer couples were 
used to amplify the V3−V4 segment of the ribosomal DNA (16S) gene from bacteria (798R: 5′-AGGGTATCTAATCCT 
-3′; 343F: 5-TACGGRAGGCAGCAG-3′). The PCR products were purified with AMPure beads (Beckman, California, 
USA). After adjusting the concentrations, sequencing was completed by OE Biotech Company (Shanghai, China).
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Bioinformatic Analysis
The first step in processing raw paired-end reads is performed using Cutadapt software; this involves identifying and 
removing the adapter sequence. Then, reads were processed using DADA2 with QIIME2 to filter low-quality 
sequences.32 At last, the representative reads and the amplicon sequence variant (ASV) abundance table were generated. 
All representative reads were assigned against Silva 138 database using q2-feature-classifier with the default parameters. 
The microbial alpha diversity in colonic content samples was estimated using the ASV table including Observed ASVs, 
Shannon index, and PD whole tree indices. The beta diversity distance matrix Jaccard was constructed by QIIME2 and 
was used for Principal coordinates analysis (PCoA).

Statistical Analysis
All biochemical and host data were analyzed using OriginLab Corporation 9.0 and IBM SPSS Statistics software 25.0, 
and the data were presented as means ± standard deviation (SD). The one-way ANOVA was used to compare the 
differences between groups, and P values greater than 0.05 were considered not significant. The R software was used to 
analyze the microbial significant differences between different groups using T test (pairwise comparisons with pooled 
SD) for alpha diversity, PERMANOVA for community structure, and Kruskal Wallis statistical test for composition data. 
Linear discriminant analysis (LEfSe) was used to compare the microbial taxonomic abundance spectrum. Spearman 
correlation was performed by “psych” package 1.9.12.31 in R 3.6.2.

Results
Characterization of TcNVs
To investigate NVs in the stems and leaves of T. chinensis, NVs from stems (SNVs) and leaves (LNVs) were extracted by 
differential centrifugation. Transmission electron microscope images revealed that SNVs and LNVs appeared circular and 
varied in size 100–200 nm (Figure 1A). The size distribution of SNVs and LNVs were measured by nanoparticle tracking 
analysis. The average diameter of SNVs and LNVs was 148.8 and 149.1 nm, consistent with transmission electron 
microscope results, and the concentration of SNVs and LNVs was 0.0314 mg/g and 0.0533 mg/g, respectively (Figure 1B).

Lipids compositional analysis showed that TcNVs were mainly comprised of triacylglycerol (TG), phosphatidyletha
nolamine (PE), diacylglycerol (DG), phosphatidylcholine (PC), and monogalactosyldiacylglycerol (MGDG) (Figure 1C 
and Table S2). Based on the present liposome delivery system, these lipids in TcNVs largely promote the formation of 
nanovesicles and maintain their spherical structure. For example, PE, PC, phosphatidylcholine (PA), and other phos
pholipids constitute the essential components of liposome lipid bilayer.33 MGDG has an important contribution to the 
stability of liposomes in low-temperature environment.34

Next, protein composition analysis revealed that a series of membrane-related proteins, such as H+-exporting dipho
sphatase, lipid-transfer protein, tubulin alpha chain, murein transglycosylase, outer membrane lipoprotein I, and plasma 
membrane intrinsic protein, were found in TcNVs (Figure 1D and Table S3). These membrane-associated proteins likely 
contribute to vesicle stability and biological activity, thereby maintaining the nanovesicle-like properties of TcNVs.

Intestine and Cellular Uptake of TcNVs
To exert biological effects, it is necessary for NVs to transfer their molecular contents into the intestine in the treatment 
of UC.35 We measured in vivo accumulation of oral DiR-labeled TcNVs in healthy mice. Compared with the control 
group, the fluorescence intensity of TcNVs in gastrointestinal tissues, especially in colon, was significantly enhanced 
(Figure 2). The data indicated that TcNVs can be targeted to accumulate in the colon to exert their biological activity.

We also tested whether TcNVs can be taken up by human cells. We treated THP-1 macrophage cells with DiI-labeled 
TcNVs. The data in Figure S1 revealed that the fluorescence intensity gradually increased in a time-dependent and 
concentration-dependent manner. Microscope analysis revealed that TcNVs were widely distributed throughout the cell 
cytosol and surrounding the nucleus, implying that TcNVs can be absorbed by human cells. Plant NVs can be specifically 
internalized by galactose receptor-mediated endocytosis (ligand–receptor interaction),36 so TcNVs may also be absorbed 
by macrophages through the same internalization.
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In vitro Anti-Inflammatory Activity of TcNVs
To clarify whether TcNVs have a regulatory effect on macrophages after ingestion by THP-1, we analyzed the effect of 
TcNVs on THP-1 proliferation. As shown in Figure S2, different concentrations of TcNVs had no significant influence or 
toxic effect on the cell vitality of macrophages.

We then evaluated the anti-inflammatory effect in LPS-induced THP-1 cells. Notably, the SNVs and LNVs treatment 
significantly increased the cell vitality of THP-1 cells in a dose-dependent manner (Figure 3A and B). According to the 
anti-inflammatory experimental results, 10 µg/mL TcNVs was considered to be the best concentration to enhance the 
anti-inflammatory effect of cells (cell viability was maintained about 90%). In addition, the SNVs and LNVs treatment 
suppressed the expression of inflammation cytokines IL-6, IL-8, IL-1β, and TNF-α compared with the LPS treatment 
(Figure 3C–F). These results suggested that TcNVs have anti-inflammatory activity in LPS-induced macrophage cells.

Biosafety of TNVs in vivo
To assess the safety of orally administered TNVs, major organs (heart, liver, spleen, lung, and kidney) and serum sample 
were collected from mice that were administered 1 mg/kg TNVs for 17 days. Histological examination of the major 
organs by H&E staining revealed that there were no obvious signs of damage or abnormality in the organs of TNVs- 
treated mice (Figure S3A). In addition, there were no significant changes in ALT and AST levels between control and 
TNVs-treated mice (Figure S3B).

Retardation of UC Development by TcNVs
Based on these results, we next aim to investigate the effect of TcNVs on DSS-induced colitis, which is a well- 
established mouse model for studying UC in humans.37,38 Consistent with previous studies, the model mice exhibited 
varying degrees of diarrhea, weight loss, blood in the stool, and other colonic inflammation. Compared with the normal 
group, the colon length of mice in the model group was shortened (P < 0.01), the DAI scores of weight loss, bloody stool, 

Figure 1 Characterization of TcNVs. (A) TcNVs were examined by transmission electron microscopy. Scale bar = 100 nm. Magnification: 120000X. (B) The particle size of 
TcNVs was analyzed by nanoparticle tracking analysis. (C) The lipid profiles of TcNVs under positive and negative mode. The lipid composition of TcNVs was determined by 
using a triple quadrupole mass spectrometer. The data are as percent ages of total signal for the molecular species determined after normalization of the signals in internal 
standards of the same lipid class. (D) The go secondary classification statistical charts of TcNVs. 
Abbreviations: TG, triacylglycerol; PE, phosphatidylethanolamine; DG, diacylglycerol; PC, phosphatidylcholine; MGDG, monogalactosyldiacylglycerol; DGDG, digalacto
syldiacylglycerol; PG, phosphatidylglycerol; PA, phosphatidic acid; LPC, lysophosphatidylcholine; PI, phosphatidylinositol; Cert, phytoceramide; FFA, free fatty acid; Cer, 
ceramide; DGTs, diacylglyceryl trimethylhomoserine; HexCer, hexosylceramide.
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and diarrhea were significantly increased (P < 0.01) (Figure 4). Compared to the model group, SNVs and LNVs treatment 
group could improve the shortened colon in colitis mice (P < 0.01) (Figure 4D and E), and the DAI scores were 
significantly reduced in colitis mice (P < 0.01, 0.05) (Figure 4C). This suggests that TcNVs can effectively prevent colon 
damage in colitis mice.

Effects of TcNVs on the Pathological Changes of Colon Tissue in UC
The histological effects of TcNVs on colitis were evaluated by H&E staining (Figure 5A). DDS-treated mice exhibited 
increased mucosal damage and inflammatory cell infiltration, compared to the normal mice. However, mice treated with 
TcNVs showed decreased mucosal injury and inflammatory infiltrates. Further H&E staining scores of colon tissue 
showed that TcNVs treatment significantly decreased the score of colonics (P < 0.01) (Figure 5B).

Moreover, electron microscopy of epithelial cells in the colonic mucosa of mice demonstrated notable differences 
among the experimental groups. In comparison to the control group, the model group exhibited incomplete and partially 
damaged tight junctions between intestinal epithelial cells, along with a disrupted microvillus structure. Conversely, the 
TcNVs treatment group showed a tendency towards intact tight junctions, with no significant morphological damage 
observed (Figure S4). These findings suggest that TcNVs may effectively prevent and ameliorate intestinal barrier 
damage associated with colitis.

Figure 2 In vivo distribution of DiR-labeled TcNVs. (A) Whole body imaging of the mice (healthy, LNVs treated and SNVs treated) at 2 h after oral administration of DiR-labeled 
TcNVs (1 mg/kg) by IVIS Spectrum Series imaging system. (B) The distribution of DiR-labeled TcNVs in the gastrointestinal tract captured by the IVIS system at 2 h after gavage. (C) The 
distribution of DiR-labeled TcNVs in the distal colons captured by the IVIS system at 2 h after gavage. (D) The relative fluorescence intensity in (C) was quantified using Image J software. 
The lowercase letters above bars indicated significant differences by one-way ANOVA. Data are shown as the mean ± SD (n=3). **p < 0.01 compared to the control group.
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During UC development, neutrophils are usually activated at inflamed intestinal sites.39 This process may be accom
panied by an increase in the levels of pro-inflammatory cytokines (TNF-α, IL-6, and IL-1β) in the model group compared to 
healthy mice (Figure 5C–E), while oral administration of TcNVs could decrease the secretion of these cytokines.

Effects of TcNVs on TLR4/MyD88/NF-κB Inflammatory Pathway in UC
The toll-like receptor 4 (TLR4) and nuclear factor κB (NF-κB) constitute a crucial inflammatory signal transduction 
pathway in UC progression.40 This pathway plays a pivotal role in mediating inflammatory responses and promoting the 
synthesis of pro-inflammatory cytokines, thereby exacerbating epithelial barrier dysfunction. DSS-treated mice signifi
cantly increased the expression levels of MyD88 and TLR4, as well as the phosphorylation levels of NF-κB p65, 
compared to the normal mice (p < 0.05). Notably, the TcNVs treatment remarkably induced under-expression of MyD88 
and TLR4, and the under-phosphorylation of NF-κB p65 by 47%, 49%, and 79% (p < 0.05) compared to the model 
group, respectively (Figure 6A–D). Therefore, the anti-UC activity of TcNVs could be partly attributed to down- 
regulated the TLR4/MyD88/NF-κB inflammatory pathway.

Effects of TcNVs on the Bacterial Composition and Community Structure of the UC 
Mice
The gut bacteria were analyzed by 16S rDNA sequencing to explore the enteric-origin mechanism of TcNVs against UC. 
Rank abundance and alpha diversity index analysis found that LNVs and SNVs had no significant influence on the gut 

Figure 3 In vitro anti-inflammatory properties of TcNVs. (A and B) The LNVs (A) and SNVs (B) dose-dependently enhanced the cell vitality of LPS stimulated 
macrophages. Different amounts of TcNVs (1 µg/5 µg /10 µg /20 µg/mL, represented by SNV/LNV-1/5/10/20) were added to the THP-1 macrophages for 24 h. The cell 
vitality was tested by Cell Counting Kit-8. (C–F) Result of inflammation-related cytokine IL-6 (C), IL-8 (D), IL-1β (E), and TNF-α (F) mRNA expression in LPS stimulated 
macrophages. Data are shown as the mean ± SD (n=3). **p < 0.01 compared to the negative control group; ##p < 0.01 compared to the positive control group.
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bacterial diversity (Figure S5). Thus, we focused on the changes in bacterial community structure, given that minor 
difference in diversity after TcNVs were applied in the current study. The number of intestinal bacterial ASV of mice in 
the negative control group, positive control group, LNVs group and SNVs group were 582, 285, 295, and 204, 
respectively (Figure 7A). At the phylum level, Firmicutes, Bacteroidota, Proteobacteria, Desulfobacterota, and 
Campilobacterota were the top five phyla (Figure 7B). At the genus level, Muribaculaceae_, Lachnospiraceae 
NK4A136 group, Bacteroides, Escherichia−Shigella, Parasutterella, Helicobacter, Mucispirillum, Colidextribacter, 
Odoribacter, Alistipes, Clostridia vadinBB60 group, Lactobacillus, Lachnoclostridium, Rikenellaceae RC9 gut group, 
and Roseburia were the dominant genera (Figure 7C). The PCoA analysis (Jaccard distance) showed that marked 
changes in gut community among the groups (P = 0.001) (Figure 7D).

Effects of TcNVs on the Taxonomic Biomarkers and Correlation with Host in the UC 
Mice
We further explored the biomarkers (significantly altered taxa) in the gut of DSS-induced UC mice after the TcNVs 
treatment by LEfSe analysis. Unexpectedly, Escherichia coli, a species from genus Escherichia−Shigella, was found to 
bloom in the LNVs group but was at a similar level in SNVs group with negative group (Figures S6A and 8A). 
Importantly, Clostridiales bacterium was significantly decreased after SNVs treatments and uncultured bacterium 
(Lachnospiraceae NK4A136 group) was increased in the positive control group, but decreased to similar level of that 
in the negative control group after LNVs and SNVs treatments (Figure S6B and C). Genera Bacteroides, Butyricimonas, 
Dubosiella, Prevotellaceae_UCG_001, and Eubacterium_coprostanoligenes_group were enriched in the SNVs group 
(Figure 8A).

We finally used Spearman’s algorithm to analyze the correlation between DAI, inflammatory factors (IL-1β, TNF-α, 
and IL-6), and the intestinal bacteria, including significantly enriched in LNVs and SNVs groups identified by LEfSe 
(Figure 8B). Bacteroides was significantly positively correlated with DAI (FDR < 0.001) and IL-6 (FDR < 0.05), while 
showed a significant negative correlation with body weight (FDR < 0.01) and colon length (FDR < 0.05). Conversely, 

Figure 4 TcNVs ameliorated the progression of DSS-induced mice colitis. (A) Experimental design to test the effects of TcNVs on DSS-induced colitis in mice (n = 8/ 
group). (B) Result of body weight on TcNVs treatment in DSS-induced colitis. (C) Disease activity index (DAI) scores in each group. (D) Representative images of colon 
length in each group. (E) Statistical analysis of colon length in (D). Data are shown as the mean ± SD (n=8). **p < 0.01 and *p < 0.05 compared to the negative control group; 
##p < 0.01 and #p < 0.05 compared to the positive control group.
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Muribaculaceae and Roseburia were significantly negatively correlated with DAI (FDR < 0.05) and IL-6 (FDR < 0.05), 
whereas they were positively correlated with body weight (FDR < 0.05) and colon length (FDR < 0.05). In addition, 
Lactobacillus and Rikenella were significantly negatively correlated with DAI (FDR < 0.05, 0.01), but markedly 
positively correlated with body weight (FDR < 0.05, 0.01).

Discussion
Nanoparticulate systems have drawn interest as potential treatments for colitis, because they possess unique physico
chemical properties and the ability to target disease sites.41,42 Nanovesicles (NVs) derived from plants have become 
a branch of nanomedicine due to their ability to inter-kingdom communicate between the animal and plant, and thus 
possess the potential for treating a variety of diseases, including UC.43 Here, TcNVs were obtained from fresh 
T. chinensis, a natural anti-cancer plant in the world. The preparation process of TcNVs does not need to add any 
organic solvent and is easy for industrial large-scale production. Therefore, TcNVs may provide a safe and simple 
approach to UC therapy.

Plant-derived NVs have the function of targeting the colon. After oral administration of vesicles, a large concentration 
of vesicles can be detected in the colon or colon stem cells.13,14,44 In the diseased colonic site, NVs accumulation can 
exert anti-inflammatory activity by inducing the proliferation of intestinal stem cells and restoring the intestinal barrier 
(such as enhancing the expression of tight junction proteins such as ZO-1 and occludin).13,16,45 We also found that 

Figure 5 TcNVs treatment improved mucosal inflammation of colitis tissues. (A and B) Representative colon histological sections stained with hematoxylin and eosin 
(H&E). Scale bar = 200 µm. (C–E) Result of IL-1β, IL-6, and TNF-α in serum. Data are shown as the mean ± SD (n=3). **p < 0.01 compared to the negative control group; 
##p < 0.01 compared to the positive control group.
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TcNVs can accumulate in large numbers in the colon when orally passed through the digestive tract (Figure 2), providing 
a basis for their anti-colitis activity.

Previous studies have demonstrated the pivotal role of the TLR4 signaling pathway in the inflammatory cascade 
during UC progression.40 This pathway primarily mediates inflammatory responses and actively participates in immune 
regulation, colon inflammation, and other biological processes, thereby playing a crucial role in UC pathogenesis. In 
patients with chronic inflammation, disruption of the intestinal mucosal barrier leads to elevated levels of bacterial 
products such as LPS in the serum.46 Upon recognition by host cells, LPS triggers activation of TLR4, subsequently 
initiating MyD88-dependent downstream signaling cascades. Notably, NF-κB serves as a vital transcription factor 
regulating immune responses, and its activation promotes synthesis of pro-inflammatory cytokines including IL-1β, 
IL-6, and TNF-α,14 thus significantly contributing to UC pathogenesis. In this study, administration of DSS to mice 
induced upregulation of TLR4 expression along with subsequent inflammatory effects consistent with findings reported 
by Zhu et al.15 However, our results demonstrate that TcNVs effectively suppress the expressions of TLR4, MyD88, and 
NF-κB as well as inhibits NF-κB-induced production of pro-inflammatory cytokines (IL-1β, IL-6, and TNF-α) within the 

Figure 6 TcNVs suppresses the TLR4/MyD88/NF-κB signaling pathway. (A) Blots of TLR4, MyD88, p-NF-κB-p65 in the different experimental groups. (B–D) Quantification 
the protein levels of TLR4 (B), MyD88 (C), p-NF-κB-p65 (D) in the different experimental treatment. Error bar represents SD (n = 3). **p < 0.01 compared to the negative 
control group; ##p < 0.01 compared to the positive control group.
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colonic tissue from DSS-induced UC mice (Figures 5 and 6). These findings support that TcNVs may ameliorate colitis 
lesions through inhibition of TLR4/MyD88/NF-κB signaling pathway activation.

Recent insights have increasingly implicated the microbiota residing within the gastrointestinal tract in the pathogen
esis of UC.47 Loss of homeostasis (mainly decreasing) of gut microbial diversity leads to various diseases including 
inflammatory bowel diseases (IBD), such as UC and Crohn’s disease.48 Generally, TcNVs (especially LNVs) presented 
a potential power to improve the microbial diversity disorder caused by the DSS-induced UC in mice (Figure S5). 
Similar to other studies, treating UC with plant-derived NVs could improve gut microbial diversity.15,44,49

Figure 7 Change of bacterial composition and community structure of gut microbiota in DSS-induced UC mice model under TcNVs interventions. (A) Venn diagram of all 
samples from four groups at ASV level. (B) Circos diagram of assigned main bacterial phyla between four groups. Top five phyla were shown. (C) Microbial compositions at 
genus level between groups. Top 15 genera were shown. (D) Principal coordinate analysis (PCoA) of Jaccard distance for DSS-induced UC mice model with different 
treatments (n = 6–7).
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In the current study, Escherichia coli, a species from genus Escherichia−Shigella, was found to bloom in the LNVs 
group but not in the SNVs (Figures S6A and 8A). The E. coli could be inhibiting production of hydroxyl radicals that 
affect certain stages of active UC.50 Our findings indicated that SNVs have a better property to improve gut microbial 
dysfunction by UC than LNVs. This could also be supported by the PCoA results (Figure 7D). LNVs group, not SNVs 
group, was clustered with positive control group. Compositionally, SNVs treatment increased several beneficial genera 
Bacteroides, Butyricimonas, Dubosiella, and Eubacterium_coprostanoligenes_group (Figure 8A). Recently, Eubacterium 
coprostanoligenes have been demonstrated to inhibit chemotherapy-induced colitis, and simultaneously promote intest
inal mucus production.51 Genera Butyricimonas and Dubosiella were butyrate producing bacteria. Butyrate can exhibit 
potent anti-inflammation via multiple metabolic routes that might normalize pro-inflammatory cytokines and regulate the 
activity of regulatory T-cells in reducing synthesis of TNF-α as well as IL-6.52 Thus, the beneficial function of SNVs for 
UC may partly contribute to bacterial metabolite butyrate, which is needed to further validate.

To further explore the Spearman correlation between alterations in intestinal microbiota and the onset of UC and the 
improvement effect of TcNVs on UC, we analyzed the correlation between host data (DAI, body weight, colon length), 
inflammatory factors (IL-1β, IL-6, TNF-α), and intestinal microbiota. Bacteroides spp. which was previously indicated 
having an influence on the pathogenesis of the UC correlated positively with DAI and IL-6 level in our study.53 

Therefore, it significantly negatively correlated with colon length and body weight of mice. Genera Muribaculaceae, 
Roseburia, and Lactobacillus were found to be significantly negatively correlated with DAI and IL-6, whereas they were 
positively correlated with body weight of mice. It is reported that members of Muribaculaceae were abundant in different 
laboratory facilities, suggesting facility-specific emergence of this common murine gut bacteria group.54 Roseburia 
species play a crucial role in the human gut microbiota and low levels of this bacteria have been associated with human 
diseases. Lactobacillus are considered an example of a beneficial bacterium used for probiotic-assisted therapies in IBD, 
where several Lactobacillus species were shown to mitigate gut injury as well as improve the integrity of the gut 
immune, epithelial layer, and bacterial vaginal membrane.55 So, these findings again strongly support the idea that 

Figure 8 TcNVs treatments affected the taxonomic biomarkers and correlation with host in the DSS-induced UC mice. (A) Microbial biomarker analysis between the 
groups by Linear discriminant analysis effect size (LEfSe) analysis, LDA score (Log10) > 2.0. (B) Heatmap of Spearman correlation analysis between host data and top 30 
genera that included the significantly enriched genera in TcNVs treatment groups. *FDR < 0.05. **FDR < 0.01. ***FDR < 0.001.
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modifying the composition of the gut microbiome appears to play an important role in decreasing the risk of develop
ing UC.

To conclude, our work demonstrated that TcNVs not only protect macrophages from inflammation with no toxic 
effect in vitro but also meliorated DSS-induced colitis through reducing the degree of histological damage in the colon 
and decreasing the expression of inflammatory factors, and regulating the gut microbiota homeostasis. However, there are 
some limitations to this study: the need to carefully extrapolate results from animals to humans, the need to address 
potential microbiota gaps, differences between acute and chronic models, and so on. All these are worthy of further study 
by researchers.
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