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Introduction: Thiamine (vitamin B1) in the gut is crucial for maintaining intestinal 
homeostasis and host health. Our previous study identified significantly lower 
levels of fecal thiamine in individuals with obesity; however, its potential and 
mechanisms for alleviating obesity induced by a high-fat and high-fructose 
diet (HFFD) remain unclear. Therefore, in the present study, the effects of high-
dose thiamine supplementation on HFFD-induced obesity and gut microbiota 
dysbiosis were investigated.

Methods: HFFD-fed mice were supplemented with high-dose thiamine for 
eight weeks. Biochemical analysis and histological analysis were conducted to 
assess phenotypic changes. Fecal 16S rRNA gene sequencing was performed to 
analyze alterations in the gut microbiota.

Results: The results showed that high-dose thiamine supplementation for eight 
weeks could significantly alleviate symptoms of HFFD-induced obesity and improve 
HFFD-induced intestinal epithelial barrier dysfunction by enhancing the tight junction 
function. Furthermore, oral administration of high-dose thiamine also regulated 
HFFD-induced gut microbiota dysbiosis by reshaping its structure and composition 
of gut microbiota, such as increasing the relative abundance of Actinobacteria 
and Bifidobacterium pseudolongum, and reducing the relative abundance of 
Proteobacteria and Ruminococcus gnavus, accompanied by decreased level of 
gut-derived endotoxin. Finally, significant correlations were found between obesity-
related phenotypes and gut microbiota through correlation analysis.

Conclusion: Our findings suggest that the potential mechanism by which 
high-dose thiamine supplementation alleviated HFFD-induced obesity might 
involve reshaping gut microbiota and restoring the intestinal barrier, thereby 
ameliorating gut microbiota-related endotoxemia.
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1 Introduction

Obesity is the excessive or abnormal accumulation of fat or adipose tissue in the body that 
impairs health via its association with the risk of development of diabetes mellitus, 
cardiovascular disease, hypertension, and hyperlipidemia (1). With its prevalence increasing 
dramatically over the past few decades, obesity has become a global health epidemic that 
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continues to worsen (2–4). This complex disease has a multifactorial 
etiology (1). Generally, obesity is primarily driven by a myriad of 
genetic and environmental factors (1, 5).

Over the past decades, a growing body of evidence indicates that 
gut microbiota is an important environmental factor contributing to the 
onset and progression of obesity and related metabolic disorders (3, 
6–8). Gut microbiota produce a diverse array of metabolites that 
influence energy metabolism, including short-chain fatty acids (SCFAs), 
bile acids, and different bioactive lipids (2). Notably, butyrate 
supplementation has been shown to alter gut microbiota composition 
and confer multiple metabolic benefits, including the prevention of 
high-fat diet-induced obesity (9). Targeting the microbiome has been 
emerging as a very attractive therapy for the treatment of obesity (7, 10).

B vitamins are essential micronutrients for both the host and gut 
microbiota, serving as biosynthetic precursors for universally essential 
cofactors used in numerous metabolic pathways (11, 12). For example, 
thiamine is required in amino acid and carbohydrate metabolism and is 
active in energy generation reactions (13); riboflavin acts as a precursor 
element of the flavin adenine dinucleotide and flavin mononucleotide, 
involved in electron balance during the production of aerobic energy 
(14); biotin acts as a carrier of carbon dioxide and plays a role in 
carboxylase enzymes involved in gluconeogenesis and fatty acid 
metabolism (15). B vitamins are considered to significantly contribute 
to intestinal homeostasis and host health (11, 12, 16, 17), and represent 
promising targets for reshaping microbial communities (18, 19). Studies 
have reported that supplementing with B vitamins or B vitamins-
producing probiotics can modulate the gut microbiota, thereby affecting 
host health (16, 18, 20). For example, in the microbiota, the homeostasis 
of biotin metabolism and recycling is key for proper bacterial growth 
and function (21). Supplementing high-fat diet-fed mice with fructo-
oligosaccharides and biotin improves not only the microbiome diversity 
but also the potential of bacterial production of biotin and B vitamins 
while limiting weight gain and glycaemic deterioration (21).

Thiamine (vitamin B1) is essential for the growth of 
microorganisms, thereby influencing the composition of gut 
microbiota (20). Gut microbiota is capable of producing thiamine on 
its own, which is crucial to the microbial community in the distal gut 
due to the efficient absorption of routine dietary vitamins in the small 
intestine (11, 19). Notably, when administered in large amounts 
beyond the threshold of small intestinal absorption, a portion of 
vitamins may escape absorption and directly modulate microbiota in 
the distal gut (22, 23). It has been reported that sufficient dietary 
thiamine intake had an influence on the gut microbial community 
(24). More importantly, it has been reported that high-dose thiamine 
could counter dyslipidemia in streptozotocin-induced diabetic rats 
(25) and had the potential to prevent obesity and metabolic disorders 
in Otsuka Long-Evans Tokushima Fatty rats (26). Our previous study 
observed a significantly lower fecal thiamine in obesity compared with 
healthy individuals (27). In agreement with our findings, a study 
conducted by Gao et al. (28) revealed a remarkable downregulation of 
thiamine metabolism in individuals with obesity. Recent studies also 
suggested that thiamine might be a drug candidate for the prevention 
of atherosclerotic cardiovascular disease in high-risk patients (29) and 
a potential therapeutic candidate for patients with gestational diabetes 
mellitus (30).

Although previous studies have provided valuable insights into 
the effects of thiamine on metabolic disease and gut microbiota, little 
is known about thiamine as a therapeutic agent to ameliorate 

diet-driven obesity by acting on the gut microbiota. Therefore, in the 
present study, a mouse model of HFFD-induced obesity was applied 
to explore the anti-obesity effect of high-dose thiamine 
supplementation by disease symptoms, intestinal barrier homeostasis, 
and gut microbiota.

2 Materials and methods

2.1 Animals and experimental design

Twenty-four male C57BL/6J mice, aged 5 weeks, were obtained 
from Gempharmatech Co., Ltd. (Nanjing, Jiangsu, China) and 
housed in a controlled, specific pathogen-free environment 
(21°C ± 2°C, 12-h dark–light cycle) with ad libitum access to food 
and water. After 1 week of acclimation on a normal diet, as shown 
in Figure  1A, 24 mice were randomly divided into four groups 
(n = 6 per group), including the low-fat diet (LFD) group fed with a 
low-fat diet (D12450J, Research Diets, Inc., United  States), the 
high-fat high-fructose (HFFD) group fed with a high-fat diet 
(D12492, Research Diets, Inc., United  States) plus 10% fructose 
water, and the low-dose thiamine group (THIL, 50 mg/kg/day, 
gavage) fed with HFD plus 10% fructose water, and high-dose 
thiamine group (THIH, 100 mg/kg/day, gavage) fed with HFD plus 
10% fructose water. An oral supplement of 50 mg/kg or 100 mg/kg, 
corresponding to approximately 250 or 500 times the recommended 
dietary allowances for humans (31), respectively. The LFD group 
and the HFFD group administered the same volume of vehicle by 
intragastric gavage. The body weight of each mouse was measured 
using a calibrated digital scale at the beginning of the feeding period 
and weekly thereafter until euthanasia. Additionally, overall food 
intake for each group was monitored weekly throughout the study. 
The in vivo intervention lasted for 8 weeks (Figure 1A). At the end 
of the experiment, the mice, aged 14 weeks, were fasted for 12 h and 
then anesthetized in chambers saturated with isoflurane. The whole 
blood was collected through retroorbital sampling, after which the 
mice were sacrificed by cervical dislocation. Tissues, including 
adipose tissue, colon, and liver, were collected, weighed, and stored 
at −80°C for further analysis. The liver index was calculated as the 
ratio of liver weight to the body weight; while the epididymal fat 
index was calculated as the ratio of epididymal fat weight to the 
body weight. Animal experiments were conducted in accordance 
with the Guidelines for Animal Experimentation of China 
Pharmaceutical University (Nanjing, China), and the protocols were 
approved by the Animal Ethics Committee of this institution (No. 
202407022).

2.2 Biochemical analysis

Serum samples were obtained after the blood samples were 
collected and centrifuged at 3,500 RPM for 15 min. Fasting serum 
glucose, triglycerides (TG), total cholesterol (TC), low-density 
lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol 
(HDL-C) was measured by biochemistry automatic analyzer (Hitachi 
7100, Japan). Serum endotoxin was assessed by commercial 
colorimetric kits (Xiamen Bioendo Technology, Xiamen, China) 
according to the manufacturer’s instructions (32).
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2.3 Measurement of fecal thiamine

Fecal thiamine was measured by high-performance liquid 
chromatography-electrospray ionization-tandem mass spectrometry 
(HPLC-ESI-MS/MS) as we previously established (27).

2.4 Histological analysis

Livers, colon, and epididymal adipose tissues taken from the mice 
were was fixed with 4% paraformaldehyde overnight and embedded 
in paraffin wax. Then, the sections were sliced and stained with 

FIGURE 1

High-dose thiamine supplementation ameliorated HFFD-induced obesity. (A) Schematic diagram of the experimental design for the HFFD-induced 
obesity model and thiamine intervention. (B) Body weight of the LFD-fed mice and HFFD-fed mice treated daily with or without thiamine for 8 weeks. 
(C) Body weight changes of mice. (D) Average weekly food intake per mouse. (E) Epididymal fat index. (F) Representative pictures of hematoxylin and 
eosin (H&E)-stained white adipose tissue (scale bar, 100 μm) and adipocyte area. (G) Liver index. (H) Representative pictures of H&E-stained liver (scale 
bar, 100 μm). (I) Fasting serum glucose. Data were expressed as mean ± SD (n = 6). *p < 0.05 and **p < 0.01 vs. LFD group. ※p < 0.1, #p < 0.05, and 
##p < 0.01 vs. HFFD group.
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hematoxylin and eosin (H&E). Frozen liver sections were stained with 
Oil Red O and counterstained with hematoxylin to visualize the lipid 
droplets. The images of sections at 300 dpi resolution were captured 
using Leica Thunder Imaging System (Leica Microsystems). The area 
of adipocyte in epididymal fat tissue and the area of lipid droplets in 
liver tissue were determined by Image J software.

2.5 Immunofluorescence staining

The colon sections were incubated with 10% goat serum in 
phosphate-buffered saline (PBS) for 30 min. Subsequently, the primary 
antibodies, anti-zonula occludens-1 (anti-ZO-1, Servicebio, GB151981) 
diluted 1:2,000 and anti-occludin (Servicebio, GB111401) also diluted 
1:2,000, were applied to the sections in a blocking solution and incubated 
overnight at 4°C. Following this, the sections were washed three times 
with PBS and treated with the specified fluorescein-labeled secondary 
antibody (Servicebio, GB23303) for 50 min. Cell nuclei were stained 
with 4,6-diamidino-2-phenylindole (DAPI) for 10 min and then washed 
three times with PBS. After sealing the slides with an anti-fluorescence 
quenching agent, images of the sections at 300 dpi resolution were 
captured using the Leica Thunder Imaging System (Leica Microsystems). 
The mean fluorescence intensity was determined by Image J software.

2.6 16S rRNA gene sequencing for gut 
microbiota analysis

Genomic DNA of fecal samples was extracted using MagBeads Fast 
DNA Kit for Soil (MP Biomedicals, CA, United States) and quantified 
using Nanodrop One spectrophotometer (Thermo Scientific). DNA 
was used to generate amplicons using a TruSeq Nano DNA LT Library 
Prep Kit. V3 and V4 hypervariable regions of prokaryotic 16S rDNA 
were selected for generating amplicons and following taxonomy 
analysis (32). DNA libraries were validated by Agilent High Sensitivity 
DNA Kit (Agilent Technologies, Palo Alto, CA, United States) and 
quantified by Quant-iT PicoGreen dsDNA Assay Kit. DNA libraries 
were multiplexed and loaded on an Illumina NovaSeq instrument 
according to the manufacturer’s instructions (Illumina, San Diego, CA, 
United  States). Sequencing was performed using paired-end 
configuration; image analysis and base-calling were conducted by the 
Quantitative Insights Into Microbial Ecology 2 (QIIME2) Software. 
Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis was 
performed using Phylogenetic Investigation of Communities by 
Reconstruction of Unobserved States (PICRUSt2) software. 16S rRNA 
gene sequencing data can be accessed on the Sequence Read Archive 
(SRA) database, accession number: PRJNA1188793.

2.7 Statistical analysis

Statistical analysis was performed using GraphPad Prism software 
(version 8). The results of biological assay are presented as 
mean ± standard deviation (SD). The differences between two groups 
were analyzed by Student’s t-test. Datasets that involved more than 
two groups were assessed by one way analysis of variance (ANOVA) 
followed by Tukey’s multiple comparison’s test. Permutational 
multivariate ANOVA (PERMANOVA) and principal-coordinate 
analysis (PCoA) were performed to analyze microbial β-diversity. The 

correlation between the microbiota and phenotypic characteristics 
was assessed using the multivariate linear regression test (MAASLIN). 
Additionally, correlations among the microbes were examined with 
Sparse Correlations for Compositional Data (SparCC). The statistical 
significance was set at p < 0.05.

3 Results

3.1 High-dose thiamine supplementation 
alleviated HFFD-induced obesity in mice

The effects of thiamine in preventing HFFD-induced obesity and the 
associated metabolic disorders were investigated by treating mice with 
high-dose thiamine for 8 weeks. As shown in Figures  1B,C, within 
8 weeks of HFFD feeding, the body weight of mice in the HFFD group 
increased significantly compared with the LFD group, while oral 
administration of high-dose thiamine significantly inhibited HFFD-
induced body weight gain after 4 weeks of thiamine administration. 
However, the weight loss effect was not observed to be dose-dependent 
between the THIL and THIH groups. No significant difference in food 
intake was observed among groups fed with HFFD, suggesting that the 
effects of thiamine were not due to reduced food consumption 
(Figure 1D and Supplementary Table S1). The epididymal fat index in 
HFFD-fed mice increased significantly than those in LFD-fed mice, and 
a trend toward a decreased epididymal fat index was observed in the 
THIH group, but not in the THIL group (Figure  1E and 
Supplementary Table S1). The histological analysis corroborated that 
thiamine intervention decreased epididymal fat deposits and adipocyte 
area (Figure 1F and Supplementary Table S1). In addition, thiamine 
intervention increased the liver index and alleviated the hepatic steatosis 
in liver tissues (Figures 1G,H and Supplementary Table S1). Furthermore, 
we  found that the HFFD-induced hyperglycemia was attenuated by 
thiamine intervention, evidenced by a reduction of serum fasting glucose 
levels in thiamine-treat groups (Figure 1I and Supplementary Table S1).

3.2 High-dose thiamine supplementation 
alleviated HFFD-induced metabolic 
disorders in mice

Compared to LFD feeding, HFFD feeding significantly altered lipid 
metabolism in mice, accompanied by adipose deposition, lipid 
accumulation in liver. However, these shifts were observed to be reversed 
by thiamine intervention. As shown in Figures  2A–D and 
Supplementary Table S1, the serum levels of TC and LDL-C were 
significantly reduced in the thiamine-treat groups compared with HFFD 
group. While, no significant changes in the serum levels of serum TG 
and serum HDL-C were observed in the thiamine-treated groups. Oil 
Red O staining revealed that lipid accumulation within the liver was 
reduced in thiamine-treat groups (Figure 2E and Supplementary Table S1).

3.3 High-dose thiamine supplementation 
alleviated HFFD-induced intestinal barrier 
dysfunction in mice

Endotoxemia is a pivotal contributor to the onset and 
development of obesity. as shown in Figure  3A and 
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Supplementary Table S1, we observed a higher serum endotoxin in 
HFFD group, whereas this increase was significantly reversed by 
thiamine intervention. The impairment of intestinal barrier is one 
of the important causes of endotoxemia; to further explore the 
effect of thiamine intervention on the histological damage in 
HFFD-induced obese mice, H&E staining was performed for 
histological examination of colon sections. The colon sections of 
healthy mice in LFD group exhibited a natural structure with a 
balanced distribution of goblet cells. However, compared to LFD 
group, HFFD feeding resulted in the destruction of crypt structures 
in the mucosa, edema in the submucosa, a reduction in goblet cells, 
and infiltration of inflammatory cells (Figure 3B). Notably, high-
dose thiamine supplementation significantly alleviated these 
colonic structural damage and infiltration degree of inflammatory 
cells in HFFD-fed mice (Figure 3B).

Studies have shown that the integrity of the intestinal epithelial 
barrier is compromised in obesity, which is characterized by 
dysfunction of tight junctions. Tight junction proteins (e.g., ZO-1 
and occludin) of epithelial cells are vital for the intestinal barrier 
integrity. To further explore the effect of thiamine intervention on 
intestinal barrier integrity, immunofluorescence staining analyses 
were performed to analyze the levels of intestinal tight junction 
proteins. As shown in Figures  3C–E, the levels of ZO-1 and 
occludin were significantly reduced in the HFFD-treated group 
compared to LFD group. Conversely, high-dose thiamine 
supplementation mitigated the intestinal barrier damage induced 

by HFFD feeding. These results suggest that thiamine intervention 
may positively regulate intestinal barrier permeability by 
preventing the decrease of tight junction protein levels in HFFD-
induced obese mice.

3.4 Effects of thiamine intervention on the 
composition and function of gut 
microbiota in HFFD-induced obese mice

Impairment of intestinal barrier and endotoxemia is closely 
linked to gut microbiota disruption or dysbiosis. Notably, 
we observed that fecal thiamine levels in the HFFD group were 
significantly lower than those in the LFD group. In contrast, oral 
administration of high-dose thiamine resulted in a significant 
increase in fecal thiamine levels (Figure 4A). We next analyzed the 
composition and structure of fecal microbiota by 16S rRNA gene 
sequencing method to study the effect of thiamine on the gut 
microbiota of obese mice. As shown in Figure 4B, Chao1 index 
gradually reached a saturation plateau as the number of sequences 
increased, indicating that the amount of sequencing data is 
sufficient to reflect the most of the microbial information in the 
samples. Alpha diversity indices reflect the intrasample diversity of 
gut microbiota. As shown in Figures  4C–E and 
Supplementary Table S1, the gut microbiota structure of HFFD-
feeding mice was characterized by increased Shannon index and 

FIGURE 2

High-dose thiamine supplementation improved HFFD-induced metabolic disorders. (A) Serum TC. (B) Serum TG. (C) Serum HDL-C. (D) Serum LDL-C. 
(E) Liver lipid content was assessed using Oil Red O staining (scale bar, 50 μm) and area of lipid droplets. Data were expressed as mean ± SD (n = 5–6). 
*p < 0.05 and **p < 0.01 vs. LFD group. ※p < 0.1, #p < 0.05, and ##p < 0.01 vs. HFFD group.
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Simpson index compared to the LFD group. Notably, a trend toward 
a decreased Shannon index was observed in the THIH group, but 
not in the THIL group. Furthermore, the Chao1 index was altered 
by thiamine intervention when compared to the HFFD group. Beta 
diversity reflects differences in species diversity among samples. The 
results of PCoA indicated a distinct separation gut microbiota 
community among the four groups (Figure 4F).

To identify the key gut microbes that most likely explain 
differences between HFFD group and LFD group, Linear 
Discriminant Analysis Effect Size (LEfSe) analysis was performed. 
Multiple taxonomic differences between two groups were identified 
(LDA score >2) (Figure  4G), indicating HFFD feeding had a 

dramatic influence on composition on the gut microbiota. We next 
examined the abundance of the aforementioned bacteria in the gut 
microbiota of each group at the phylum, genus, and species levels 
to further investigate the impact of thiamine intervention on the 
alterations of microbial composition induced by HFFD feeding. At 
the phylum level, gut microbiota in the four groups was mainly 
composed of Firmicutes, Actinobacteria, Proteobacteria, 
Bacteroidetes, Deferribacteres, Verrucomicrobia, Tenericutes, TM7, 
Acidobacteria and Chloroflexi (Figure  5A). Among them, 
we  observed that the relative abundance of Proteobacteria was 
significantly boosted in the HFFD group, whereas thiamine 
intervention prominently reversed the relative abundance of that 

FIGURE 3

High-dose thiamine supplementation protected against the intestinal barrier damage caused by HFFD feeding. (A) Serum endotoxin 
(lipopolysaccharides, LPS) levels. (B) Representative images of H&E-stained colon tissue sections (scale bar, 50 μm and 200 μm). (C) Representative 
pictures of immunofluorescence staining of ZO-1 and occludin in the colon (scale bar, 100 μm). (D) Mean fluorescence intensity of occludin. 
(E) Mean fluorescence intensity of ZO-1. Data were expressed as mean ± SD (n = 4–6). *p < 0.05 and **p < 0.01 vs. LFD group. #p < 0.05 and 
##p < 0.01 vs. HFFD group.

https://doi.org/10.3389/fnut.2025.1532581
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Xia et al. 10.3389/fnut.2025.1532581

Frontiers in Nutrition 07 frontiersin.org

caused by HFFD feeding (Figure 5C and Supplementary Table S1). 
Thiamine intervention also exhibited a trend toward a decreased 
Bacteroidetes (Figure  5D and Supplementary Table S1). On the 
contrary, the relative abundance of Actinobacteria was significantly 
depleted in the HFFD group, whereas thiamine intervention 
prominently increased the relative abundance of that caused by 
HFFD feeding (Figure  5B and Supplementary Table S1). At the 

genus level (Figures 5E–J and Supplementary Table S1), we observed 
that the relative abundance of Oscillospira, Ruminococcus and AF12 
were significantly boosted in the HFFD group, whereas thiamine 
intervention prominently reversed the relative abundance of them 
caused by HFFD feeding. Notably, Adlercreutzia enriched in HFFD 
group only exhibited a significant reduction in THIH group, but not 
in the THIL group. On the contrary, the relative abundance of 

FIGURE 4

High-dose thiamine supplementation alleviated HFFD-induced gut dysbiosis. (A) Fecal thiamine levels. (B) Rarefaction curves based on Chao1 index. 
(C) Chao1 index. (D) Shannon index. (E) Simpson index. (F) Principal coordinate analysis (PCoA) of gut microbiota. (G) Cladograms generated by LEfSe 
indicating differences in the bacterial taxa between LFD group and HFFD group. *p < 0.05 and **p < 0.01 vs. LFD group. ※p < 0.1, #p < 0.05, and 
##p < 0.01 vs. HFFD group.
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Bifidobacterium was significantly depleted in the HFFD group, 
while thiamine intervention exhibited a tendency to restore the 
relative abundance affected by HFFD feeding. At the species level 
(Figures 5K–M and Supplementary Table S1), we observed that the 
relative abundance of Ruminococcus gnavus was significantly 
boosted, whereas Bifidobacterium pseudolongum was significantly 
depleted in the HFFD group. Notably, thiamine intervention 
significantly reversed these changes.

We also investigated the potential alterations in functional 
pathways. As shown in Supplementary Figure S1, the PICRUSt 
analysis revealed several alterations in KEGG pathways between the 
LFD and HFFD groups. Notably, “fatty acid biosynthesis” and “beta-
alanine metabolism” were enriched, while “protein digestion and 
absorption” and “other glycan degradation” were diminished in the 
HFFD group compared to the LFD group.

3.5 Correlation analysis of experimental 
parameters in HFFD-induced obesity 
mice

Correlation analyses were conducted to identify the 
relationships between gut microbiota and obesity-related 
phenotypes, as well as among the gut microbes. As shown in 
Figure  6A and Supplementary Table S2, the abundance of 
Actinobacteria, Bifidobacterium, and Bifidobacterium pseudolongum 
were negatively correlated with BMI, TC, LDL-C, and fasting serum 
glucose. In contrast, Proteobacteria, Oscillospira, and Ruminococcus 
gnavus exhibited positive correlations with BMI, TC, LDL-C, and 
fasting serum glucose. Additionally, as shown in Figure 6B and 
Supplementary Table S3, the abundance of Proteobacteria was 
positively correlated with Ruminococcus gnavus. Collectively, these 

FIGURE 5

Effects of high-dose thiamine supplementation on gut microbiota composition and the relative abundance of specific microorganism in HFFD-
induced obese mice. (A) Relative abundance of gut microbiota at the phylum level. (B) Relative abundance of Actinobacteria. (C) Relative abundance of 
Proteobacteria. (D) Relative abundance of Bacteroidetes. (E) Relative abundance of gut microbiota at the genus level. (F) Relative abundance of 
Bifidobacterium. (G) Relative abundance of Oscillospira. (H) Relative abundance of Adlercreutzia. (I) Relative abundance of Ruminococcus. (J) Relative 
abundance of AF12. (K) Relative abundance of gut microbiota at the species level. (L) Relative abundance of Bifidobacterium pseudolongum. 
(M) Relative abundance of Ruminococcus gnavus. *p < 0.05 and **p < 0.01 vs. LFD group. ※p < 0.1, #p < 0.05, and ##p < 0.01 vs. HFFD group.
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findings suggest that high-dose thiamine mitigates HFFD-induced 
obesity by modulating specific gut microbiota.

4 Discussion

Obesity is one of the most prevalent chronic metabolic diseases 
with significant medical, social, and economic consequences, and 
it represents a major contributor to poor health in many countries 
(5, 33). Therefore, there is an urgent need for the development of 
effective and safe therapeutic agents. Gut microbiota dysbiosis has 
been extensively linked to obesity, rendering it a potential target 
for the treatment of obesity and associated comorbidities (7, 34, 
35). B vitamins are essential micronutrients for both host and 
microorganisms (36), they are critical for maintaining the 
intestinal homeostasis (12, 16, 20). Dietary B vitamins are absorbed 
primarily in the proximal small intestine, and thus it is unlikely 
that they reach the distal gut, where densely populated microbial 
communities reside (19). Nevertheless, it has been reported that B 
vitamins can directly modulate gut microbiota when colon-
targeted delivery or administered in large amounts (19). Our 
previous study observed significantly lower levels of fecal thiamine 
in individuals with obesity compared to healthy individuals (27). 
In the present study, we demonstrated that high-dose thiamine 
supplementation could significantly suppress the HFFD-induced 
body weight gain in the context of comparable food intake, and 
improve the disorder of glycolipid metabolism induced by HFFD 
feeding. Additionally, we illustrated that the potential mechanism 
of its anti-obesity effect involves reshaping gut microbiota and 
restoring the intestinal barrier, thereby alleviating gut microbiota-
related endotoxemia.

Diet is one of the main factors shaping the gut microbiome (5), 
which plays a pivotal role in multiple phenotypes associated with 
obesity (10). It has been suggested that 60% of the gut microbial 
composition is determined by the host diet (37). Consistent with 
the previous reports, HFFD feeding leads to dramatic changes in 
gut microbial composition and structure, evidenced by the 
significant alterations in microbial α-diversity and β-diversity (38, 

39). Our study demonstrated that high-dose thiamine 
supplementation in HFFD-fed mice restored the α- and β-diversity 
of the gut microbiota community observed in LFD-fed mice. 
Comparison of gut microbial composition between LFD and HFFD 
mice by 16S rDNA sequencing revealed multiple taxonomic 
differences from the phyla to genera. At the phylum level, HFFD 
feeding enriched the abundance of Proteobacteria while depleting 
Actinobacteria. Proteobacteria is the most consistently reported 
obesity-associated phylum (40). Studies have indicated that 
Proteobacteria often accompanied a high-at/high-sugar diet (41), 
and increased level of Proteobacteria is considered to be a potential 
indicator of dysbiosis and risk of disease (42). Correlation analysis 
revealed that the abundance of Proteobacteria was positively 
correlated with BMI, TC, LDL-C, and fasting serum glucose levels. 
Additionally, Proteobacteria is considered to be the main source of 
lipopolysaccharide (LPS) and is often associated with an increase in 
circulating LPS levels (34, 41). Notably, high-dose thiamine 
treatment restored this microbial shift in the HFFD group. At the 
genus level, HFFD feeding significantly enriched the abundance of 
Ruminococcus, Adlercreutzia, Oscillospira, and AF12, which could 
be restored by the thiamine intervention. Notably, Ruminococcus 
has been reported to increase with carbohydrate intake (43) and is 
considered to be an obesity-associated genus in studies from the 
West (40). Particularly, Ruminococcus gnavus, a prevalent mucolytic 
inflammatory gut microbe, is reproducibly associated with several 
features of metabolic syndrome in humans, including increased 
body fat percentage (44). In the present study, we found that 
Ruminococcus gnavus exhibited positive correlations with BMI, TC, 
LDL-C, and fasting serum glucose. A recent study revealed that 
Ruminococcus gnavus synergizes with HFD to promote glucose 
intolerance and hepatic steatosis potentially through rewiring of 
microbial tryptophan and phenylalanine metabolism (45). Our 
results revealed that high-dose thiamine supplementation could 
significantly reduce the abundance of Ruminococcus gnavus in 
HFFD-induced obese mice. Additionally, the HFFD feeding 
significantly down-regulated the relative abundances of 
Bifidobacterium, while thiamine intervention exhibited a trend 
toward an increased Bifidobacterium, particularly in the THIH 

FIGURE 6

Correlation heat map of experimental parameters in HFFD-induced obesity mice. (A) Correlation heat map between the microbiota and phenotypic 
characteristics using MAASLIN. (B) Correlation heat map among the microbes using SparCC. *Represents statistical significance, *p < 0.05 and 
**p < 0.01.
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group. Bifidobacterium is a widely recognized beneficial genus with 
health-promoting effects on the human host and is included in 
many probiotic preparations (46). Several studies have reported a 
correlation between a low abundance of Bifidobacterium spp. and 
obesity (47). In the present study, we found that Bifidobacterium 
pseudolongum was negatively correlated with BMI, TC, LDL-C, and 
fasting serum glucose. In addition, our study revealed that high-
dose thiamine supplementation exhibited a trend toward an 
increased Bifidobacterium pseudolongum. Consistently, previous 
studies had also observed increased Bifidobacterium pseudolongum 
after prebiotic intervention in HFD-induced obese mice (48, 49). 
Furthermore, it has been reported that Bifidobacterium 
pseudolongum had the therapeutic potential for the treatment of 
obesity-related metabolic disorders (50). Together, these results 
indicate that high-dose thiamine supplementation could modulate 
the gut microbiome toward a healthier profile.

A diet high in fat has pro-inflammatory effects (34). Low-grade 
inflammation is recognized as one of the hallmarks of obesity and 
related metabolic disorders (34). Several studies have demonstrated 
that HFFD feeding could lead to increasing levels of gut microbiota-
related LPS in the bloodstream (38). Chronically elevated levels of 
circulating gut-derived LPS or “metabolic endotoxemia” can result in 
sustained systemic inflammation, subsequently inducing metabolic 
disorders through the activation of Toll-like receptor 4 (TLR4) 
signaling (51, 52). In the present study, we  likewise observed a 
significantly higher serum LPS in HFFD group compared with LFD 
group, consistent with the finding of enriched proteobacteria in 
HFFD-fed mice. Notably, our results demonstrated that high-dose 
thiamine supplementation could ameliorate HFFD-induced body 
weight gain and hepatic steatosis, decrease the levels of serum 
endotoxin, serum TC, serum LDL-C and fasting glucose in HFFD-
induced obese mice.

In addition to the microbial overproduction of LPS in the gut, 
impaired integrity of the intestinal barrier can exacerbate LPS 
entering the bloodstream. Consistent with the previous reports (39), 
HFFD feeding significantly impairs the intestinal barrier, evidenced 
by the destruction of crypt structures in the mucosa, edema in the 
submucosa, a reduction in goblet cells, and infiltration of 
inflammatory cells in the HFFD group compared with the LFD 
group. Importantly, we  observed that high-dose thiamine 
supplementation could promote intestinal barrier integrity and 
improve the impaired barrier function caused by epithelial damage 
and by dysregulation of tight junction proteins (ZO-1 and occludin). 
It has been reported that Bifidobacterium can interact with intestinal 
epithelial cell junctions to maintain the integrity of the intestinal 
barrier and inhibit LPS translocation; it can also protect the 
intestinal barrier from damage by maintaining the abundance of 
intestinal microbial species (53). A recent study found that 
Bifidobacterium pseudolongum was significantly correlated with 
enhanced intestinal barrier function induced by raspberry 
polysaccharides treatment (48). However, Ruminococcus gnavus has 
been considered to be closely linked to gut inflammation, as well as 
chronic inflammatory and metabolic diseases (54–56). Taken 
together, high-dose thiamine supplementation exhibited a positive 
effect on intestinal barrier protection by modulating the gut 
microbiota, and prevented gut microbiota-related endotoxin entry 
into the blood, which might explain its metabolic protective effect 
on one hand.

On the other hand, thiamine plays a vital role in a variety of 
metabolic reactions in all mammalian cells (57). Cellular deficiency/
suboptimal levels of thiamine lead to impaired energy metabolism 
and increased oxidative stress; it also negatively impacts the normal 
physiology of mitochondria (57). Thiamine transporter-1 and -2 
(THTR-1 and THTR-2) are well-characterized receptors that can 
uptake thiamine from both the small intestine and large intestine 
(58, 59). A recent study found that maternal high-fat diet during 
pregnancy could disrupt the balance of gut microbiota, leading to 
reduced levels of maternal gut microbiota-related thiamine, thereby 
resulting in impaired absorption of thiamine by down-regulating 
the protein expression level of thiamine transporter SLC19A3 (the 
gene encoding THTR-2). Intriguingly, these defects could 
be  restored via thiamine supplementation (30). Another recent 
study demonstrated that exposure of gut epithelia to LPS could 
result in inhibition in thiamine uptake due to a decrease in the level 
of expression of its transporters (THTR-1 and -2) at the cell 
membrane that is likely mediated via a protein kinase A (PKA) 
signaling pathway (13). Additionally, diet-induced obesity is often 
accompanied by hypoxia in tissues and cells (60). It has been 
reported that hypoxia can cause a significant inhibition in thiamine 
uptake and a significant reduction in the expression of thiamine 
(SLC19A2 and SLC19A3) transporters and in the activity of their 
gene promoters (61). Taken together, it is reasonable to speculate 
that restoring thiamine absorption in colonocytes, thereby repairing 
the intestinal barrier, may be one mechanism by which high-dose 
thiamine supplementation ameliorates HFFD-induced obesity 
through the modification of gut microbiota. The detailed 
mechanism of action requires further investigation.

5 Conclusion

The present study revealed for the first time that high-dose 
thiamine supplementation effectively reduced body weight gain and 
improved glycolipid metabolism in HFFD-fed obese mice. 
Furthermore, high-dose thiamine supplementation reversed the gut 
microbiota dysbiosis induced by HFFD feeding, particularly by 
enriching beneficial Bifidobacterium pseudolongum and 
downregulating potentially pathogenic Proteobacteria and 
Ruminococcus gnavus. Additionally, high-dose thiamine 
supplementation could repair intestinal barrier damage, thereby 
protecting against gut microbiota-related endotoxemia in HFFD-fed 
obese mice. Collectively, these findings indicate that high-dose 
thiamine supplementation can mitigate obesity and related 
metabolic disorders by reshaping the gut microbiota in HFFD-fed 
obese mice. We believe that thiamine exhibits great potential as a 
novel therapeutic agent against HFFD-induced obesity in terms of 
its efficacy and safety. However, the detailed mechanisms by which 
high-dose thiamine supplementation repairs the intestinal barrier 
warrant further investigation in our future work.

Data availability statement

The datasets presented in this study can be  found in online 
repositories. The names of the repository/repositories and accession 
number(s) can be found in the article/Supplementary material.

https://doi.org/10.3389/fnut.2025.1532581
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Xia et al. 10.3389/fnut.2025.1532581

Frontiers in Nutrition 11 frontiersin.org

Ethics statement

The animal study was approved by Animal Ethics Committee of 
China Pharmaceutical University. The study was conducted in 
accordance with the local legislation and institutional requirements.

Author contributions

YX: Conceptualization, Methodology, Writing – original draft, 
Writing  – review & editing, Project administration. LW: 
Conceptualization, Methodology, Writing – original draft, Writing – 
review & editing. YQ: Conceptualization, Project administration, 
Supervision, Writing – original draft, Writing – review & editing. 
WG: Conceptualization, Methodology, Writing  – original draft, 
Writing – review & editing, Supervision.

Funding

The author(s) declare that financial support was received for the 
research, authorship, and/or publication of this article. This work was 
supported by the National Science and Technology Major Projects 
(No. 2020YFC2008303).

Acknowledgments

The authors wish to thank Animal Experimental Center of China 
Pharmaceutical University for helping with animal experiments.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Generative AI statement

The authors declare that no Generative AI was used in the creation 
of this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fnut.2025.1532581/
full#supplementary-material

References
 1. Khanna D, Welch BS, Rehman A. Pathophysiology of obesity In: StatPearls. 

Treasure Island, FL: StatPearls Publishing (2024)

 2. Cani PD, Van Hul M. Gut microbiota in overweight and obesity: crosstalk with 
adipose tissue. Nat Rev Gastroenterol Hepatol. (2024) 21:164–83. doi: 10.1038/
s41575-023-00867-z

 3. Chanda D, De D. Meta-analysis reveals obesity associated gut microbial alteration 
patterns and reproducible contributors of functional shift. Gut Microbes. (2024) 
16:2304900. doi: 10.1080/19490976.2024.2304900

 4. Deehan EC, Mocanu V, Madsen KL. Effects of dietary fibre on metabolic health and 
obesity. Nat Rev Gastroenterol Hepatol. (2024) 21:301–18. doi: 10.1038/
s41575-023-00891-z

 5. Murga-Garrido SM, Ulloa-Perez EJ, Diaz-Benitez CE, Orbe-Orihuela YC, Cornejo-
Granados F, Ochoa-Leyva A, et al. Virulence factors of the gut microbiome are 
associated with BMI and metabolic blood parameters in children with obesity. Microbiol 
Spectr. (2023) 11:e0338222. doi: 10.1128/spectrum.03382-22

 6. Lynch SV, Pedersen O. The human intestinal microbiome in health and disease. N 
Engl J Med. (2016) 375:2369–79. doi: 10.1056/NEJMra1600266

 7. de Wit DF, Hanssen NMJ, Wortelboer K, Herrema H, Rampanelli E, Nieuwdorp M. 
Evidence for the contribution of the gut microbiome to obesity and its reversal. Sci 
Transl Med. (2023) 15:eadg2773. doi: 10.1126/scitranslmed.adg2773

 8. Sarmiento-Andrade Y, Suarez R, Quintero B, Garrochamba K, Chapela SP. Gut 
microbiota and obesity: new insights. Front Nutr. (2022) 9:1018212. doi: 10.3389/
fnut.2022.1018212

 9. Li Z, Yi CX, Katiraei S, Kooijman S, Zhou E, Chung CK, et al. Butyrate reduces 
appetite and activates brown adipose tissue via the gut-brain neural circuit. Gut. (2018) 
67:1269–79. doi: 10.1136/gutjnl-2017-314050

 10. Zeng SL, Li SZ, Xiao PT, Cai YY, Chu C, Chen BZ, et al. Citrus polymethoxyflavones 
attenuate metabolic syndrome by regulating gut microbiome and amino acid 
metabolism. Sci Adv. (2020) 6:eaax6208. doi: 10.1126/sciadv.aax6208

 11. Yang Y, Ke Y, Liu X, Zhang Z, Zhang R, Tian F, et al. Navigating the B vitamins: 
dietary diversity, microbial synthesis, and human health. Cell Host Microbe. (2024) 
32:12–8. doi: 10.1016/j.chom.2023.12.004

 12. Zhan Q, Wang R, Thakur K, Feng JY, Zhu YY, Zhang JG, et al. Unveiling of dietary 
and gut-microbiota derived B vitamins: metabolism patterns and their synergistic 
functions in gut-brain homeostasis. Crit Rev Food Sci Nutr. (2024) 64:4046–58. doi: 
10.1080/10408398.2022.2138263

 13. Anthonymuthu S, Sabui S, Manzon KI, Sheikh A, Fleckenstein JM, Said HM. 
Bacterial lipopolysaccharide inhibits free thiamin uptake along the intestinal tract via 
interference with membrane expression of thiamin transporters 1 and 2. Am J Physiol 
Cell Physiol. (2024) 327:C1163–77. doi: 10.1152/ajpcell.00570.2024

 14. Silva-Araujo ERD, Toscano AE, Pontes PB, Campos F, Souza LMF, Dos Santos 
Junior JP, et al. Neonatal high-dose riboflavin treatment channels energy expenditure 
towards sensorimotor and somatic development and reduces rodent growth and weight 
gain by modulating Nrf-1 in the hypothalamus. Physiol Behav. (2024) 287:114693. doi: 
10.1016/j.physbeh.2024.114693

 15. LiverTox®. LiverTox: clinical and research information on drug-induced liver 
injury. Bethesda, MD: National Institute of Diabetes and Digestive and Kidney 
Diseases (2012).

 16. Uebanso T, Shimohata T, Mawatari K, Takahashi A. Functional roles of B-vitamins 
in the gut and gut microbiome. Mol Nutr Food Res. (2020) 64:e2000426. doi: 10.1002/
mnfr.202000426

 17. Magnusdottir S, Ravcheev D, de Crecy-Lagard V, Thiele I. Systematic genome 
assessment of B-vitamin biosynthesis suggests co-operation among gut microbes. Front 
Genet. (2015) 6:148. doi: 10.3389/fgene.2015.00148

 18. Degnan PH, Taga ME, Goodman AL. Vitamin B12 as a modulator of gut microbial 
ecology. Cell Metab. (2014) 20:769–78. doi: 10.1016/j.cmet.2014.10.002

 19. Steinert RE, Lee YK, Sybesma W. Vitamins for the gut microbiome. Trends Mol 
Med. (2020) 26:137–40. doi: 10.1016/j.molmed.2019.11.005

https://doi.org/10.3389/fnut.2025.1532581
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fnut.2025.1532581/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnut.2025.1532581/full#supplementary-material
https://doi.org/10.1038/s41575-023-00867-z
https://doi.org/10.1038/s41575-023-00867-z
https://doi.org/10.1080/19490976.2024.2304900
https://doi.org/10.1038/s41575-023-00891-z
https://doi.org/10.1038/s41575-023-00891-z
https://doi.org/10.1128/spectrum.03382-22
https://doi.org/10.1056/NEJMra1600266
https://doi.org/10.1126/scitranslmed.adg2773
https://doi.org/10.3389/fnut.2022.1018212
https://doi.org/10.3389/fnut.2022.1018212
https://doi.org/10.1136/gutjnl-2017-314050
https://doi.org/10.1126/sciadv.aax6208
https://doi.org/10.1016/j.chom.2023.12.004
https://doi.org/10.1080/10408398.2022.2138263
https://doi.org/10.1152/ajpcell.00570.2024
https://doi.org/10.1016/j.physbeh.2024.114693
https://doi.org/10.1002/mnfr.202000426
https://doi.org/10.1002/mnfr.202000426
https://doi.org/10.3389/fgene.2015.00148
https://doi.org/10.1016/j.cmet.2014.10.002
https://doi.org/10.1016/j.molmed.2019.11.005


Xia et al. 10.3389/fnut.2025.1532581

Frontiers in Nutrition 12 frontiersin.org

 20. Wan Z, Zheng J, Zhu Z, Sang L, Zhu J, Luo S, et al. Intermediate role of gut 
microbiota in vitamin B nutrition and its influences on human health. Front Nutr. (2022) 
9:1031502. doi: 10.3389/fnut.2022.1031502

 21. Belda E, Voland L, Tremaroli V, Falony G, Adriouch S, Assmann KE, et al. 
Impairment of gut microbial biotin metabolism and host biotin status in severe obesity: 
effect of biotin and prebiotic supplementation on improved metabolism. Gut. (2022) 
71:2463–80. doi: 10.1136/gutjnl-2021-325753

 22. Kelly CJ, Alexeev EE, Farb L, Vickery TW, Zheng L, Eric LC, et al. Oral vitamin 
B12 supplement is delivered to the distal gut, altering the corrinoid profile and selectively 
depleting bacteroides in C57bl/6 mice. Gut Microbes. (2019) 10:654–62. doi: 
10.1080/19490976.2019.1597667

 23. Wang H, Liu Z, Zhan K, Ma Q, Xu L, Li Y, et al. Vitamin K2 alleviates dextran 
sulfate sodium-induced colitis via inflammatory responses, gut barrier integrity, and the 
gut microbiota in mice. Int J Biol Macromol. (2024) 280:136091. doi: 10.1016/j.
ijbiomac.2024.136091

 24. Park J, Hosomi K, Kawashima H, Chen YA, Mohsen A, Ohno H, et al. Dietary 
Vitamin B1 intake influences gut microbial community and the consequent production 
of short-chain fatty acids. Nutrients. (2022) 14:2078. doi: 10.3390/nu14102078

 25. Babaei-Jadidi R, Karachalias N, Kupich C, Ahmed N, Thornalley PJ. High-dose 
thiamine therapy counters dyslipidaemia in streptozotocin-induced diabetic rats. 
Diabetologia. (2004) 47:2235–46. doi: 10.1007/s00125-004-1582-5

 26. Tanaka T, Kono T, Terasaki F, Yasui K, Soyama A, Otsuka K, et al. Thiamine 
prevents obesity and obesity-associated metabolic disorders in OLETF rats. J Nutr Sci 
Vitaminol. (2010) 56:335–46. doi: 10.3177/jnsv.56.335

 27. Xia Y, Ji C, Li M, Zhang W, Cheng X, Qiu Y, et al. Simultaneous quantification of 
seven B vitamins in human faeces by stable isotope label-based high-performance liquid 
chromatography-tandem mass spectrometry. J Pharm Biomed Anal. (2024) 237:115784. 
doi: 10.1016/j.jpba.2023.115784

 28. Gao R, Zhu C, Li H, Yin M, Pan C, Huang L, et al. Dysbiosis signatures of gut 
microbiota along the sequence from healthy, young patients to those with overweight 
and obesity. Obesity. (2018) 26:351–61. doi: 10.1002/oby.22088

 29. Li Y, Zhou M, Li H, Dai C, Yin L, Liu C, et al. Macrophage P2Y6 receptor deletion 
attenuates atherosclerosis by limiting foam cell formation through phospholipase Cβ/
store-operated calcium entry/calreticulin/scavenger receptor A pathways. Eur Heart J. 
(2024) 45:268–83. doi: 10.1093/eurheartj/ehad796

 30. Liu WX, Liu HN, Weng ZP, Geng Q, Zhang Y, Li YF, et al. Maternal vitamin B1 is 
a determinant for the fate of primordial follicle formation in offspring. Nat Commun. 
(2023) 14:7403. doi: 10.1038/s41467-023-43261-8

 31. Mrowicka M, Mrowicki J, Dragan G, Majsterek I. The importance of thiamine 
(vitamin B1) in humans. Biosci Rep. (2023) 43:BSR20230374. doi: 10.1042/BSR20230374

 32. Zhang XL, Chen L, Yang J, Zhao SS, Jin S, Ao N, et al. Vitamin D alleviates non-
alcoholic fatty liver disease via restoring gut microbiota and metabolism. Front 
Microbiol. (2023) 14:1117644. doi: 10.3389/fmicb.2023.1117644

 33. Zhang J, Wang Z, Du W, Huang F, Zhang B, Wang H. Differential association of 
wheat and rice consumption with overweight/obesity in Chinese adults: China Health 
and Nutrition Survey 1991–2015. Front Nutr. (2022) 9:808301. doi: 10.3389/
fnut.2022.808301

 34. Portincasa P, Khalil M, Graziani A, Fruhbeck G, Baffy G, Garruti G, et al. Gut 
microbes in metabolic disturbances. Promising role for therapeutic manipulations? Eur 
J Intern Med. (2024) 119:13–30. doi: 10.1016/j.ejim.2023.10.002

 35. Afzaal M, Saeed F, Shah YA, Hussain M, Rabail R, Socol CT, et al. Human gut 
microbiota in health and disease: unveiling the relationship. Front Microbiol. (2022) 
13:999001. doi: 10.3389/fmicb.2022.999001

 36. Kareem O, Nisar S, Tanvir M, Muzaffer U, Bader GN. Thiamine deficiency in 
pregnancy and lactation: implications and present perspectives. Front Nutr. (2023) 
10:1080611. doi: 10.3389/fnut.2023.1080611

 37. Zhang C, Zhang M, Wang S, Han R, Cao Y, Hua W, et al. Interactions between gut 
microbiota, host genetics and diet relevant to development of metabolic syndromes in 
mice. ISME J. (2010) 4:232–41. doi: 10.1038/ismej.2009.112

 38. Tian X, Dong W, Zhou W, Yan Y, Lu L, Mi J, et al. The polysaccharides from the 
fruits of Lycium barbarum ameliorate high-fat and high-fructose diet-induced cognitive 
impairment via regulating blood glucose and mediating gut microbiota. Int J Biol 
Macromol. (2024) 258:129036. doi: 10.1016/j.ijbiomac.2023.129036

 39. Chen P, Wang R, Lei J, Feng L, Zhou B. Urolithin B protects mice from diet-
induced obesity, insulin resistance, and intestinal inflammation by regulating gut 
microbiota composition. Food Funct. (2024) 15:7518–33. doi: 10.1039/d4fo02545h

 40. Xu Z, Jiang W, Huang W, Lin Y, Chan FKL, Ng SC. Gut microbiota in patients with 
obesity and metabolic disorders—a systematic review. Genes Nutr. (2022) 17:2. doi: 
10.1186/s12263-021-00703-6

 41. Ecklu-Mensah G, Choo-Kang C, Maseng MG, Donato S, Bovet P, Viswanathan B, 
et al. Gut microbiota and fecal short chain fatty acids differ with adiposity and country 
of origin: the METS-microbiome study. Nat Commun. (2023) 14:5160. doi: 10.1038/
s41467-023-40874-x

 42. Shin NR, Whon TW, Bae JW. Proteobacteria: microbial signature of dysbiosis in 
gut microbiota. Trends Biotechnol. (2015) 33:496–503. doi: 10.1016/j.tibtech.2015.06.011

 43. Hills RD Jr, Pontefract BA, Mishcon HR, Black CA, Sutton SC, Theberge CR. Gut 
microbiome: profound implications for diet and disease. Nutrients. (2019) 11:1613. doi: 
10.3390/nu11071613

 44. Grahnemo L, Nethander M, Coward E, Gabrielsen ME, Sree S, Billod JM, et al. 
Cross-sectional associations between the gut microbe Ruminococcus gnavus and features 
of the metabolic syndrome. Lancet Diabetes Endocrinol. (2022) 10:481–3. doi: 10.1016/
S2213-8587(22)00113-9

 45. Wu X, Chen S, Yan Q, Yu F, Shao H, Zheng X, et al. Gpr35 shapes gut microbial 
ecology to modulate hepatic steatosis. Pharmacol Res. (2023) 189:106690. doi: 10.1016/j.
phrs.2023.106690

 46. Vallianou N, Stratigou T, Christodoulatos GS, Tsigalou C, Dalamaga M. Probiotics, 
prebiotics, synbiotics, postbiotics, and obesity: current evidence, controversies, and 
perspectives. Curr Obes Rep. (2020) 9:179–92. doi: 10.1007/s13679-020-00379-w

 47. Klancic T, Reimer RA. Gut microbiota and obesity: impact of antibiotics and 
prebiotics and potential for musculoskeletal health. J Sport Health Sci. (2020) 9:110–8. 
doi: 10.1016/j.jshs.2019.04.004

 48. Huang Y, Hu J, Xia Q, Tang M, Wang Y, Wang G, et al. Amelioration of obesity 
and inflammation by polysaccharide from unripe fruits of raspberry via gut 
microbiota regulation. Int J Biol Macromol. (2024) 261:129825. doi: 10.1016/j.
ijbiomac.2024.129825

 49. Chiou WC, Lai WH, Cai YL, Du ML, Lai HM, Chen JC, et al. Gut microbiota-
directed intervention with high-amylose maize ameliorates metabolic dysfunction 
in diet-induced obese mice. Food Funct. (2022) 13:9481–95. doi: 10.1039/
d2fo01211a

 50. Bo TB, Wen J, Zhao YC, Tian SJ, Zhang XY, Wang DH. Bifidobacterium 
Pseudolongum reduces triglycerides by modulating gut microbiota in mice fed high-
fat food. J Steroid Biochem Mol Biol. (2020) 198:105602. doi: 10.1016/j.
jsbmb.2020.105602

 51. Zong X, Zhang H, Zhu L, Deehan EC, Fu J, Wang Y, et al. Auricularia auricula 
polysaccharides attenuate obesity in mice through gut commensal Papillibacter 
cinnamivorans. J Adv Res. (2023) 52:203–18. doi: 10.1016/j.jare.2023.08.003

 52. Hersoug LG, Moller P, Loft S. Gut microbiota-derived lipopolysaccharide uptake 
and trafficking to adipose tissue: implications for inflammation and obesity. Obes Rev. 
(2016) 17:297–312. doi: 10.1111/obr.12370

 53. Tang J, Wei Y, Pi C, Zheng W, Zuo Y, Shi P, et al. The therapeutic value of 
Bifidobacteria in cardiovascular disease. npj Biofilms Microbiomes. (2023) 9:82. doi: 
10.1038/s41522-023-00448-7

 54. Schirmer M, Garner A, Vlamakis H, Xavier RJ. Microbial genes and pathways in 
inflammatory bowel disease. Nat Rev Microbiol. (2019) 17:497–511. doi: 10.1038/
s41579-019-0213-6

 55. Crost EH, Coletto E, Bell A, Juge N. Ruminococcus Gnavus: friend or foe for 
human health. FEMS Microbiol Rev. (2023) 47:fuad014. doi: 10.1093/femsre/fuad014

 56. Flores JA, Antonio JM, Suntornsaratoon P, Meadows V, Bandyopadhyay S, Han J, 
et al. The arginine and nitric oxide metabolic pathway regulate the gut colonization and 
expansion of Ruminococcous gnavus. J Biol Chem. (2024) 300:107614. doi: 10.1016/j.
jbc.2024.107614

 57. Anthonymuthu S, Sabui S, Lee K, Sheikh A, Fleckenstein JM, Said HM. Bacterial 
lipopolysaccharide inhibits colonic carrier-mediated uptake of thiamin pyrophosphate: 
roles for TLR4 receptor and NF-κB/P38/JNK signaling pathway. Am J Physiol Cell 
Physiol. (2023) 325:C758–69. doi: 10.1152/ajpcell.00272.2023

 58. Yoshii K, Hosomi K, Sawane K, Kunisawa J. Metabolism of dietary and microbial 
vitamin B family in the regulation of host immunity. Front Nutr. (2019) 6:48. doi: 
10.3389/fnut.2019.00048

 59. Said HM, Nexo E. Gastrointestinal handling of water-soluble vitamins. Compr 
Physiol. (2018) 8:1291–311. doi: 10.1002/cphy.c170054

 60. He C, Zhang M, Li J, Wang Y, Chen L, Qi B, et al. Novel insights into the 
consequences of obesity: a phenotype-wide Mendelian randomization study. Eur J Hum 
Genet. (2022) 30:540–6. doi: 10.1038/s41431-021-00978-8

 61. Sabui S, Ramamoorthy K, Romero JM, Simoes RD, Fleckenstein JM, Said HM. 
Hypoxia inhibits colonic uptake of the microbiota-generated forms of vitamin B1 via 
HIF-1α-mediated transcriptional regulation of their transporters. J Biol Chem. (2022) 
298:101562. doi: 10.1016/j.jbc.2022.101562

https://doi.org/10.3389/fnut.2025.1532581
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.3389/fnut.2022.1031502
https://doi.org/10.1136/gutjnl-2021-325753
https://doi.org/10.1080/19490976.2019.1597667
https://doi.org/10.1016/j.ijbiomac.2024.136091
https://doi.org/10.1016/j.ijbiomac.2024.136091
https://doi.org/10.3390/nu14102078
https://doi.org/10.1007/s00125-004-1582-5
https://doi.org/10.3177/jnsv.56.335
https://doi.org/10.1016/j.jpba.2023.115784
https://doi.org/10.1002/oby.22088
https://doi.org/10.1093/eurheartj/ehad796
https://doi.org/10.1038/s41467-023-43261-8
https://doi.org/10.1042/BSR20230374
https://doi.org/10.3389/fmicb.2023.1117644
https://doi.org/10.3389/fnut.2022.808301
https://doi.org/10.3389/fnut.2022.808301
https://doi.org/10.1016/j.ejim.2023.10.002
https://doi.org/10.3389/fmicb.2022.999001
https://doi.org/10.3389/fnut.2023.1080611
https://doi.org/10.1038/ismej.2009.112
https://doi.org/10.1016/j.ijbiomac.2023.129036
https://doi.org/10.1039/d4fo02545h
https://doi.org/10.1186/s12263-021-00703-6
https://doi.org/10.1038/s41467-023-40874-x
https://doi.org/10.1038/s41467-023-40874-x
https://doi.org/10.1016/j.tibtech.2015.06.011
https://doi.org/10.3390/nu11071613
https://doi.org/10.1016/S2213-8587(22)00113-9
https://doi.org/10.1016/S2213-8587(22)00113-9
https://doi.org/10.1016/j.phrs.2023.106690
https://doi.org/10.1016/j.phrs.2023.106690
https://doi.org/10.1007/s13679-020-00379-w
https://doi.org/10.1016/j.jshs.2019.04.004
https://doi.org/10.1016/j.ijbiomac.2024.129825
https://doi.org/10.1016/j.ijbiomac.2024.129825
https://doi.org/10.1039/d2fo01211a
https://doi.org/10.1039/d2fo01211a
https://doi.org/10.1016/j.jsbmb.2020.105602
https://doi.org/10.1016/j.jsbmb.2020.105602
https://doi.org/10.1016/j.jare.2023.08.003
https://doi.org/10.1111/obr.12370
https://doi.org/10.1038/s41522-023-00448-7
https://doi.org/10.1038/s41579-019-0213-6
https://doi.org/10.1038/s41579-019-0213-6
https://doi.org/10.1093/femsre/fuad014
https://doi.org/10.1016/j.jbc.2024.107614
https://doi.org/10.1016/j.jbc.2024.107614
https://doi.org/10.1152/ajpcell.00272.2023
https://doi.org/10.3389/fnut.2019.00048
https://doi.org/10.1002/cphy.c170054
https://doi.org/10.1038/s41431-021-00978-8
https://doi.org/10.1016/j.jbc.2022.101562

	High-dose thiamine supplementation ameliorates obesity induced by a high-fat and high-fructose diet in mice by reshaping gut microbiota
	1 Introduction
	2 Materials and methods
	2.1 Animals and experimental design
	2.2 Biochemical analysis
	2.3 Measurement of fecal thiamine
	2.4 Histological analysis
	2.5 Immunofluorescence staining
	2.6 16S rRNA gene sequencing for gut microbiota analysis
	2.7 Statistical analysis

	3 Results
	3.1 High-dose thiamine supplementation alleviated HFFD-induced obesity in mice
	3.2 High-dose thiamine supplementation alleviated HFFD-induced metabolic disorders in mice
	3.3 High-dose thiamine supplementation alleviated HFFD-induced intestinal barrier dysfunction in mice
	3.4 Effects of thiamine intervention on the composition and function of gut microbiota in HFFD-induced obese mice
	3.5 Correlation analysis of experimental parameters in HFFD-induced obesity mice

	4 Discussion
	5 Conclusion

	References

