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Male C57BL/6 mice (19.6 £ 0.4 g, 7 weeks) were randomly divided into 3 groups:
normal control (NC) group, UC (Dextran Sulfate Sodium, DSS) group, and hydrogen-rich
water (HRW, 0.8 ppm)-treated UC (DSS + HRW) group. Mice in the DSS treatment
group were treated with DSS for the following 3 cycles to establish chronic UC model:
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the first 2 cycles consisted of 2.5% DSS for 5 days, followed by drinking water for 16
days, and a third cycle consisted of 2% DSS for 4 days, followed by drinking water for 10
days. The mice in the DSS + HRW group were administered HRW daily throughout the
experiment.

Results

The mice in the DSS groups developed typical clinical signs of colitis. HRW treatment
partially ameliorated colitis symptoms, improved histopathological changes,
significantly increased glutathione (GSH) concentration and decreased TNF-a level.

Notably, HRW treatment significantly inhibited the growth of Enterococcus faecalis,

Clostridium perfringens and Bacteroides fragilis (P < 0.05 vs. DSS group), with the
relative abundance that was close to the levels in the NC group. Microarray analysis

revealed that 252 genes were significantly modified after HRW treatment compared
with those in the DSS treatment alone group, and 17 genes were related to
inflammation, including 9 interferon-stimulated genes (ISGs).

Conclusions

Hydrogen-rich water partially alleviates inflammation, oxidative stress and intestinal

flora dysbiosis in DSS-induced chronic UC mice.

Introduction

Ulcerative colitis (UC) is a complex, chronic, immune-mediated inflammatory disorder
of the colon. Epidemiological and experimental studies have suggested that diet is one
of the environmental factors that contributes to the onset and pathophysiology of UC
[1]. Studies have shown that higher consumption of total fats, oleic acid, saturated fatty
acids (SAFAs), total polyunsaturated fatty acids (PUFAs), trans fat, monounsaturated
fatty acids (MUFAs), and linoleic acid is significantly associated with an increased risk
for UC [2]. A diet high in protein, particularly animal protein, may also be associated
with an increased risk of inflammatory bowel disease and relapse [3]. In recent years,
UC incidence has increased in many countries because of unhealthy diet styles in many
regions [4,5].

UC has a significant impact on the quality of life of patients since it causes digestive
disorders and inflammation in the gastrointestinal tract, leading to diarrhea,
abdominal pain, rectal bleeding, weight loss and susceptibility to infection, in addition
to the side effects of therapeutic drugs. Notably, patients with longstanding UC have an
increased risk of colorectal cancer (CRC) [6]. As the global UC incidence and prevalence
continue to increase, the development of an effective strategy to prevent this disease
and improve patients’ quality of life are urgently needed.

It is widely believed that the disease pathology of UC is caused by various factors, such
as heredity, inflammation, oxidative stress, and intestinal flora imbalance [7]. Among
them, oxidation and inflammation are reciprocally related. Activated macrophages and
neutrophils aggregate in the inflamed gut and produce an excessive amount of reactive
oxygen species (ROS). The increase in the level of ROS results in severe oxidative stress
and substantial damage to DNA, proteins and lipids, thus exacerbating oxidative stress
injuries in UC patients [8] Thus, an impaired antioxidant mechanism has been
implicated as a pathogenic cause of colitis, and the use of antioxidants has been
proposed as a novel therapeutic strategy for UC [9]. In addition, studies have shown
that the intestinal microbiota is also one of the key players in the etiology of UC since
gut microbiome dysbiosis usually leads to a dysregulated immune response [10].
Therefore, manipulation of microflora with probiotics and/or prebiotics is also an
attractive strategy for the management of UC [11].

In recent years, the antioxidant and anti-inflammatory activities of hydrogen (H,) in
certain diseases have attracted much attention [12]. Previous studies have shown that
H, acts as a therapeutic antioxidant by selectively reducing cytotoxic oxygen radicals
(e.g., ONOO-, -OH) and protecting cells from oxidative stress injuries. Moreover, H,
molecules also exhibit marked anti-inflammatory characteristics during the course of
the inflammatory response [[13], [14], [15]]. In particular, Shen et al. [16] demonstrated
the significant therapeutic potential of hydrogen-rich water (HRW) in dextran sulfate
sodium (DSS)-induced acute colitis via inhibition of oxidative stress, partial
inflammatory factors, endoplasmic reticulum (ER) stress and upregulation of the
expression of heme oxygenase-1 (HO-1). Other studies have shown the protective
effect of Hyagainst acute UC in animal experiments via the inhibition of DSS-induced
pathogenic outcomes, including loss of body weight, increase in colitis score,
pathogenic shortening of colon length, elevated levels of IL-12, TNF-a and IL-1f in
colon lesions, and colonic tissue destruction [17]. However, a previous study related to
the beneficial effects of Hy have mainly focused on acute animal models [18]. How H,
will act on chronic UC remains unclear. In the present study, we investigated the effect
of HRW on oxidative stress, inflammation and intestinal bacteria in DSS-induced
chronic UC mice, and the preliminary mechanism was also explored.

Section snippets

Animals and groups

Male C57BL/6 mice (19.6 £ 0.4 g, 7 weeks) were purchased from Slack Laboratory
Animal Co., Ltd. (Shanghai, China). The animals were caged under specific pathogen-
free (SPF) conditions under a light cycle at 23 £ 2 °C and 50 + 10% relative humidity. All
mice were housed in solid-bottom cages with wood shavings and fed standard mouse
chow and tap water ad libitum.

We randomly divided 38 mice into 3 groups as follows: (1) normal control group (NC,
n = 10); (2) DSS-treated group (UC, ...

HRW partially ameliorates the manifestations of DSS-induced chronic
UC in mice

To investigate the preventive role of HRW in chronic UC, we used a model in which 8-
week-old mice were subjected to 3 cycles of DSS administration in drinking water
(Fig. 1). The clinical indices usually used in the evaluation of colitis include body
weight, diarrhea state, colon length and the histopathological appearance of the
colonic tissue. The normal control C57BL/6 mice (NC group) remained healthy
throughout the experiment. In contrast, the DSS-treated mice developed typical
clinical ...

Discussion

UC is a global disease with increasing incidence and is characterized by superficial
mucosal ulceration, rectal bleeding, diarrhea, and abdominal pain, which lead to a
decrease in patients’ quality of life. Moreover, long-term chronic UC is one of the main
factors in the pathogenesis of CRC [6,24]. Therefore, prevention of chronic UC through a
convenient and simple method that can be implemented in daily life (e.g., by drinking
water) will be meaningful.

Molecular H; is recognized as possessing ...

Conclusions

In summary, we preliminarily explored the antioxidative and anti-inflammatory effects
of HRW on chronic UC, its improvement efficacy with respect to some common indices
of colitis, and its regulatory effect on gut bacteria as well as the expression of ISGs. The
present study provides in vivo evidence that HRW can partially improve clinical
parameters in a chronic UC mouse model. These data implied its potential applicability
in the prevention of chronic UC. However, the efficacy of HRW in ...
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...Tryptophan metabolites produced by microbes have various physiological roles, including
regulating the adaptive and innate immune systems, and affecting asthma by binding to the aryl
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significant anti-inflammatory effects in chemotherapy-induced neuropathic pain [28], DSS-
induced colitis [29], and Alzheimer's disease [30] by regulating gut microbiota. The beneficial
effect of HRW on inflammation in asthma may also be partially attributed to the gut microbiota
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Show abstract v

Intestine-Targeted Controlled Hydrogen-Releasing MgH2 Microcapsules for

Improving the Mitochondrial Metabolism of Inflammatory Bowel Disease
2024, Advanced Functional Materials

Hydrogen therapy: recent advances and emerging materials

2024, Biomaterials Science

Hydrogen Regulates Ulcerative Colitis by Affecting the Intestinal Redox
Environment »

2024, Journal of Inflammation Research

Quinic acid ameliorates ulcerative colitis in rats, through the inhibition of
two TLR4-NF-«xB and NF-kB-INOS-NO signaling pathways

2023, Immunity Inflammation and Disease

> | View all citing articles on Scopus 7

© 2021 Medical University of Bialystok. Published by Elsevier B.V. All rights reserved.

About ScienceDirect 7 Remote access Contact and support Terms and conditions Privacy policy 7 Cookie settings &RELXTM

All content on this site: Copyright (© 2026 Elsevier B.V,, its licensors, and contributors. All rights are reserved, including those for text and data mining, AI training, and similar technologies. For all

G FEEDBACK

ELSEVIER open access content, the relevant licensing terms apply.



https://www.sciencedirect.com/journal/advances-in-medical-sciences
https://www.sciencedirect.com/journal/advances-in-medical-sciences
https://www.sciencedirect.com/journal/advances-in-medical-sciences/vol/67/issue/1
https://www.sciencedirect.com/journal/advances-in-medical-sciences/vol/67/issue/1
https://doi.org/10.1016/j.advms.2021.10.002
https://s100.copyright.com/AppDispatchServlet?publisherName=ELS&contentID=S1896112621000523&orderBeanReset=true
http://www.scopus.com/scopus/inward/citedby.url?partnerID=10&rel=3.0.0&eid=2-s2.0-85118974056&md5=20ffc84c4b680edd879ae749cfd98c
https://www.sciencedirect.com/author/36983511500/lihua-song
https://www.sciencedirect.com/author/12239835600/hongli-yan
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/intestine-flora
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/dysbiosis
https://www.sciencedirect.com/topics/medicine-and-dentistry/colitis
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/sodium-sulfate
https://www.sciencedirect.com/topics/immunology-and-microbiology/colitis
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/colitis
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/glutathione
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/enterococcus-faecalis
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/clostridium-perfringens
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/bacteroides-fragilis
https://www.sciencedirect.com/topics/medicine-and-dentistry/microarray-analysis
https://www.sciencedirect.com/topics/medicine-and-dentistry/oxidative-stress
https://www.sciencedirect.com/topics/immunology-and-microbiology/intestine-flora
https://www.sciencedirect.com/topics/medicine-and-dentistry/dysbiosis
https://www.sciencedirect.com/science/article/pii/S1590865811003756
https://www.sciencedirect.com/science/article/pii/S1542356516310552
https://www.sciencedirect.com/science/article/pii/S1055858617301099
https://www.sciencedirect.com/science/article/pii/S0955286305000136
https://www.sciencedirect.com/science/article/pii/S1521691816000093
https://www.sciencedirect.com/science/article/pii/S0006291X1000197X
https://www.sciencedirect.com/science/article/pii/S1567576912001038
https://www.sciencedirect.com/science/article/pii/S0764446901013506
https://www.sciencedirect.com/science/article/pii/S0022480413004952
https://www.sciencedirect.com/science/article/pii/S0006291X09010614
https://www.sciencedirect.com/science/article/pii/S0891584924005963
https://www.sciencedirect.com/science/article/pii/S1567576923005738
https://doi.org/10.1002/adfm.202316227
https://doi.org/10.1039/d4bm00446a
https://doi.org/10.2147/JIR.S445152
https://doi.org/10.1002/iid3.926
https://www.sciencedirect.com/science/article/pii/S1896112621000523
https://plu.mx/plum/a/?doi=10.1016%2Fj.advms.2021.10.002&theme=plum-sciencedirect-theme&hideUsage=true
https://www.sciencedirect.com/science/article/pii/S2405896322029962
https://www.sciencedirect.com/science/article/pii/S1896112621000547
https://www.sciencedirect.com/science/article/pii/S1896112621000535
https://www.elsevier.com/
https://www.elsevier.com/solutions/sciencedirect
https://www.sciencedirect.com/user/institution/login?targetURL=%2Fscience%2Farticle%2Fpii%2FS1896112621000523
https://service.elsevier.com/app/contact/supporthub/sciencedirect/
https://www.elsevier.com/legal/elsevier-website-terms-and-conditions
https://www.elsevier.com/legal/privacy-policy
https://www.relx.com/
https://www.sciencedirect.com/user/institution/login?targetUrl=%2Fscience%2Farticle%2Fpii%2FS1896112621000523
https://www.sciencedirect.com/getaccess/pii/S1896112621000523/purchase
https://www.elsevier.com/open-science/science-and-society/access-for-healthcare-and-patients
https://www.sciencedirect.com/
https://www.sciencedirect.com/user/login?targetURL=%2Fscience%2Farticle%2Fpii%2FS1896112621000523&from=globalheader
https://www.sciencedirect.com/user/institution/login?targetURL=%2Fscience%2Farticle%2Fpii%2FS1896112621000523
https://www.sciencedirect.com/browse/journals-and-books
https://www.sciencedirect.com/search

