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ARTICLE INFO ABSTRACT

Keywords: Inflammatory bowel diseases (IBD), including ulcerative colitis and Crohn’s disease, arise from various factors

IBD such as dietary, genetic, immunological, and microbiological influences. The gut microbiota plays a crucial role

x_icrobiome in the development and treatment of IBD, though the exact mechanisms remain uncertain. Current research has
B;rc;::ophage yet to definitively establish the beneficial effects of the microbiome on IBD. Bacteria and viruses (both pro-

karyotic and eukaryotic) are key components of the microbiome uniquely related to IBD. Numerous studies
suggest that dysbiosis of the microbiota, including bacteria, viruses, and bacteriophages, contributes to IBD
pathogenesis. Conversely, some research indicates that bacteria and bacteriophages may positively impact IBD
outcomes. Additionally, plant metabolites play a crucial role in alleviating IBD due to their anti-inflammatory
and microbiome-modulating properties. This systematic review discusses the role of the microbiome in IBD
pathogenesis and evaluates the potential connection between plant metabolites and the microbiome in the
context of IBD pathophysiology.

Plant metabolites

1. Introduction

Inflammatory bowel disease (IBD) is recognized by the World Health
Organization as a chronic, recurrent intestinal condition that shows
various symptoms, including intestinal bleeding, diarrhea, abdominal
discomfort, and weight loss [1]. The disease is primarily divided into
two types: Crohn’s disease (CD) and ulcerative colitis (UC), with UC
becoming increasingly prevalent worldwide [2,3]. Ulcerative colitis was
first identified in 1859, while Crohn’s disease was described later in
1932 [4]. The most common manifestation of Crohn’s disease is inter-
mittent inflammation that can occur any-part along the digestive tract,
from the oral cavity to the rectum, and can even penetrate deeper bowel
layers [5]. Conversely, UC is characterized clinically by diffuse inflam-
mation of the mucosal surface, primarily affecting the lower colon and
the rectum [6]. For a long time, IBD was predominantly documented in
developed countries and was rare in developing regions [7]. As of 2019,
approximately 4.9 million cases of IBD were reported globally, with the
highest numbers in China and USA, accounting for 911,405 and 762,890
cases respectively (66.9 and 245.3 cases per 100,000 people) [8]. In
China, the number of IBD cases was 0.45 million in 2017, and this figure

is projected to rise to over 1.5 million by 2025 [9]. In Australia, ac-
cording to PricewaterhouseCoopers Australia (PwC), the number of
cases ranged from 75,302 to 92,571 in 2018, with a significant
increasing trajectory [10].

Patients suffering from IBD face considerably higher healthcare ex-
penses and dedicate more time to managing their health compared to
patients who do not have the condition. Australia spends about AU $100
million each year for hospitalizations related to IBD, along with over AU
$380 million spent on lost productivity, and an additional AU $2.7
billion on other financial and economic expenses linked to the IBD
conditions [11]. Clinically, IBD is characterized according to symptoms
that signify the initial acute stage of the disease, including severe diar-
rhea, gastrointestinal bleeding, abdominal pain, and significant loss of
fluids and electrolytes [12]. The exact aetiology of IBD remains largely
unknown. However, it is widely accepted that the immune system, gut
microbiota, genetics, and environmental factors all play significant roles
in its development. A key factor in the pathophysiology of IBD is the
dysregulated intestinal immune response to the gut microbiota [13] as
depicted in Fig. 1 for both normal and IBD immunological responses in
the gut. Due to an imbalanced immunological response in IBD, there is
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an increased secretion of cytokines and chemokines (such as IL-12,
IL-23, and TNF-a) compared to the normal gut, which is responsible
for increasing the permeability of the epithelial membrane [14].

Gut microbiome is a mysterious element that has a major impact on
the pathology of IBD through multiple mechanisms, and several pre-
clinical mouse models have suggested its potential involvement in the
development and severity of the disease [15]. The gastrointestinal tracts
contain over 100 trillion diverse microorganisms, encompassing viruses,
bacteria, fungi, and protozoa [16]. Global initiatives focused on the
microbiome have been established to understand the roles of these
symbionts and their impact on human health [17]. In healthy adults,
Firmicutes and Bacteroidetes are the predominant phyla in the intestines,
with Proteobacteria and Actinobacteria comprising the majority of other
bacteria [18]. The gut microbiota plays a crucial role in maintaining
host homeostasis in a number of ways, including nutrition, immuno-
logical development, metabolic processes, and defence against pathogen
[19]. Over the last ten years, inflammatory bowel disease has become
one of the most researched human conditions associated with gut
microbiota [19]. Numerous studies have indicated that IBD results from
structural imbalances or dysbiosis in the microbiome [20]. Rather than
bacteria, viruses are another crucial part of microbiome but there has
been limited research focused on the virome, including eukaryotic vi-
ruses such as DNA and RNA viruses, and prokaryotic viruses like bac-
teriophages, in relation to inflammatory bowel disease. Norman and
colleagues noted that the virome influences microbiota composition,
highlighting an increase in Caudovirales bacteriophages in IBD
compared to healthy controls, which correlates with reduced bacterial
richness and diversity—two hallmarks of intestinal dysbiosis associated
with IBD [21]. The mechanism of the infection between bacteriophages
and bacteria have also been examined in the context of Faecalibacterium
prausnitzii, a type of bacteria typically diminished in IBD, revealing that
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the decreased abundance of F. prausnitzii in IBD is linked to an increased
proportion of F. prausnitzii phages in comparison to controls, indicating a
higher phage-mediated destruction of F. prausnitzii may occur in IBD
[22]. In patients with inflammatory bowel disease, caudovirales are
probably the most enriched bacteriophages, potentially contributing to
bacterial dysbiosis. Additionally, early stages of intestinal inflammation
have been associated with eukaryotic viruses, specifically Hepadnavir-
idae and Hepeviridae [23]. Eukaryotic viruses interact not only with
human host cells but also with other eukaryotic microbiota such as fungi
[24]. The development and severity of IBD have been linked to changes
in the gut virome structure [25,26]. Furthermore, a previous compre-
hensive study not only explored the dynamics of the gut virome and
strategies for identifying potential disease mechanisms but also high-
lighted virome dysbiosis as a significant component in the onset of IBD
[27].

Plant components can modify both the composition and function of
microbial communities, potentially influencing the overall health and
homeostasis of the host [28,29]. When plant components are consumed
orally through plant-based diets, dietary supplements, or herbal medi-
cations, it is reasonable to assume that any compounds that are not
absorbed in the upper gastrointestinal tract will come into contact with
colonic microbe and then interactions with the gut microbiota may
result in the metabolization of plant components by gut microbes and
the production of metabolites with modified bioactivity profiles [30].
Plant compounds have been utilized for thousands of years to treat
various common diseases in humans [31,32]. Ancient Indian scriptures
also document the use of plant extracts and medicines for curing a range
of human diseases. With the advancement of technology, it has become
easier to isolate and identify secondary metabolites from crude plant
extracts [33]. Plants and plant-derived compounds are being investi-
gated as potential remedies for a variety of inflammatory and
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Fig. 1. Schematic on the immune responses for both normal and inflammatory bowel disease. The immune response is altered in response to gut infections in both
Crohn’s disease and ulcerative colitis, contributing to chronic inflammation in the gastrointestinal tract over time. During IBD, the levels of inflammatory cytokines
such as TNFa, IL-12, and IL-23 increase, which in turn increases the permeability of the mucus layer. While the immune system normally protects the body from
infections, abnormal activity can lead to tissue damage in the gut [Created in https://BioRender.com].
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immunomodulatory conditions due to their affordability, therapeutic
potential, and minimal side effects [34]. Additionally, plant metabolites
exhibit properties such as lipid-lowering, anti-inflammatory, antimi-
crobial, antihelminthic, anticoagulant, and antidiabetic effects [35].
Several studies have demonstrated that plant-derived extracts or de-
rivatives, such as flavonoids and phenolic compounds, exhibit
anti-inflammatory activity by modulating the levels of various inflam-
matory mediators or cytokines, including COX-2, NO, iNOS, TNF-q, IL-6,
and IL-10 [36]. Currently, there is no established cure for IBD due to the
unresolved complex pathological mechanisms underlying the disease
[11]. A class of drugs known as biologic agents, corticosteroids, im-
munosuppressants, and aminosalicylates are traditionally used in med-
ical procedures, but these medications often have numerous side effects,
making it challenging to achieve optimal therapeutic outcomes [37].
Therefore, finding a novel and safe medication is essential, particularly
since many IBD patients seek alternative treatments that are perceived
as safer, such as conventional plant-based medicines [38]. In this re-
view, we have discussed the potential role of microbiome, specifically
the virome and bacteriophage, in the context of IBD. Moreover, we also
explored the potential interactions between plant metabolites and
microbiome in the context of mitigating IBD.

2. Materials and methods
2.1. Search strategy

The data collection was conducted up until July 2024, the electronic
searches included the databases MEDLINE, PubMed, Web of Science,

Scopus, and Google Scholar, using the search strategy by selective
keywords such as IBD, virome, bacteriophage, plant metabolites, and
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microbiome with the following filters: Clinical Trial, Controlled Clinical
Trial, Observational Study, Review, and Humans. We also searched
EMBASE, and Science Citation Index using the same terms. We inte-
grated electronic searches with manual searches, which encompassed
reviewing reference lists of relevant papers, examining conference
proceedings, and engaging in correspondence with experts in the field.
Initially, 303 articles were identified for review, with a few excluded due
to irrelevant information. Ultimately, 179 articles were included in this
review (Fig. 2).

2.2. Inclusion criteria

The inclusion criteria employed for this systematic review were as
follows:

1. Studies with microbiome, plant metabolites and inflammatory bowel
disease were sourced from a variety of research publications and
databases.

2. Studies conducted both in vivo and in vitro, with or without the use
of experimental animals, as well as those involving human subject.

3. Studies with or without elucidation of the mechanism of action.

2.3. Exclusion criteria

Following exclusion criteria were meticulously applied to ensure the
rigor and relevance of this systematic review:

1. Titles and/or abstracts that did not meet the inclusion criteria, as
well as duplicates of data, were excluded from the review.

Find out of new studies from several database and registers
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Fig. 2. PRISMA flow-diagram based on data extraction (please see supplementary file for PRISMA checklist).
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2. Studies addressing the microbiome but focusing on topics that
obscure or are unrelated to the current subject of interest were
excluded.

3. Studies on plant metabolites that address topics obscuring or unre-
lated to the current subject of interest were excluded.

2.4. Findings

Among the extensive body of evidence, a selection of published ar-
ticles retrieved from databases, which include screening reports on the
microbiome and plant metabolites in relation to inflammatory bowel
disease, is summarised in Fig. 2.

2.5. Risk of bias in individual studies

To assess the reliability of the results from the selected studies, we
used the Cochrane risk-of-bias assessment criteria, specifically the RoB 2
tool version, dated 22 August 2019. This tool evaluates risk across
several domains: the randomization process, deviations from intended
interventions, missing outcome data, outcome measurement, selection
of reported results, and other potential sources of bias. Each category
comprised of questions across these domains, with responses catego-
rized as “YES” (indicating low risk of bias, color-coded green), “NO”
(indicating high risk of bias, color-coded red), or “Some Concern”
(indicating uncertain risk of bias, color-coded yellow) (Fig. 3).

3. Results
3.1. Pathogenesis of IBD
The exact cause of IBD is still uncertain, numerous studies have been

conducted to identify new pathogenic variables associated with IBD
which are related to immune response, microbial, genetic, and

C
N
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environmental factors [39] as summarised in Fig. 4. Research indicates
that the aetiology of IDB may be attributed to genetic susceptibility in
the host. Through genome sequencing analyses, and other studies over
240 distinct genetic loci were found, where approximately 30 of such
loci are shared between ulcerative colitis and Crohn’s disease [40-42].
The examination of the genes and genetic loci linked to IBD reveals a
number of pathways that are crucial for conserving intestinal homeo-
stasis [43]. The first gene linked to Crohn’s disease was identified as
nucleotide-binding oligomerization domain 2 (NOD2), around just over
a third of patients commonly have mutated with Crohn’s disease [44,
45]. Furthermore, genome-wide association studies (GWAS) have been
found a large number of single-nucleotide polymorphisms (SNPs) in the
IL-23R gene, which show a significant association with both ulcerative
colitis and Crohn’s disease [46,47]. However, other studies have con-
tradicted the pathophysiological link between IBD and gut microbial
factors. It has been suggested that the gut microbiota can provoke
abnormal host immune responses in individuals with IBD [16,48,49].
Recent studies on the epidemiology of IBD also indicate that environ-
mental factors play a substantial role in the pathophysiology of the
disease. Among these factors, dietary habits have been identified as
significant influencers in the onset of IBD [50]. Additionally, smoking
appears to exacerbate Crohn’s disease while protecting against ulcera-
tive colitis, making it a disease-specific modifier [51,52]. Other envi-
ronmental factors, such as psychological stress, appendectomy, diet, and
medication, can also have an impact on the development of IBD [53]. It
is still difficult to be sure on the mechanisms by which environmental
factors affect the progression of IBD disease, despite the fact that
numerous epidemiological studies have already linked those factors to
the IBD’s evolution [53].

3.2. Microbiome, gut health and interrelationship to IBD

Both local and systemic immune systems, as well as non-immune
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Fig. 3. Risk of bias assessment. According to the Cochrane risk-of-bias tool for randomized trials (RoB 2) Interventions, +: low risk of bias; -: high risk of bias; !: some
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Fig. 4. Pathogenesis of inflammatory bowel disease (IBD) and the modulatory role of plant metabolites on gut-immune interactions. Pattern recognition receptors
(PRRs) like Toll-like receptors (TLRs) and NOD-like receptors (NLRs) detect microorganism-associated molecular patterns (MAMPs) from both intra and extracellular
bacteria. This recognition triggers the activation of nuclear factor-xB (NF-kB), which promotes the transcription of genes encoding pro-inflammatory cytokines and
chemokines. NF-kB activation also plays a role in maintaining tissue homeostasis and mucosal tolerance, even in the absence of barrier damage. Activated lamina
propria cells in the local tissue produce significant amounts of pro-inflammatory cytokines such as TNF, IL-1p, IFN-y, and cytokines from the IL23/Th17 pathway.
Plant-derived metabolites can beneficially modulate the gut microbiota, enhance epithelial barrier function, inhibit NF-kB signalling, and suppress pro-inflammatory
cytokines. These effects collectively contribute to restoring gut immune balance and mitigating intestinal inflammation. This figure highlights the interplay between
microbial dysbiosis, immune activation, and the protective role of plant metabolites in the pathogenesis of IBD [Created in https://BioRender.com].

components, rely on commensal microorganisms for their development
and differentiation [49,54]. The outcome of an infection is influenced by
both pathogenic and commensal microbes. Many microorganisms
contain pathogen-associated molecular patterns (PAMPs), which can be
identified by pattern recognition receptors (PRRs) such as Toll-like re-
ceptors (TLRs), NOD-like receptors (NLRs), C-type lectin receptors, and
RIG-I-like receptors which plays a crucial role in identifying and
responding to microbes [48,49,54]. Recognition of PRRs triggers the
innate immune system, leading to the activation of NF-kB and inflam-
masomes that can promote tissue homeostasis and mucosal tolerance,
even without barrier disruption, by stimulating the production of
proinflammatory cytokines and chemokines, summarised in Fig. 4 [54,
55]. Immunological dysregulation is characterised by an inability of
immunological modulation to restrain the inflammatory reaction,
alongside imbalanced intestinal microbes and significant infiltration of
various cells into the lamina propria, including T and B lymphocytes,
macrophages, dendritic cells (DCs), and neutrophils [56-58]. In the
local tissue, activated lamina propria cells produce significant quantities
of proinflammatory cytokines, including TNF-o, IL-1p, IFN-y, and cyto-
kines of the IL-23/Th17 pathway [56,57]. Among genetic contributors
to IBD, NOD2 is one of the most well-established risk factors for Crohn’s
disease, with loss-of-function mutations impairing the host’s ability to
sense bacterial components, thereby contributing to microbial-induced
immune dysregulation in IBD pathogenesis [59]. Recent evidence
strengthens the connection between microbial-host interactions by
highlighting that NOD2 not only functions in pathogen detection and
phagocytosis but also plays a pivotal role in neutrophil-mediated in-
flammatory responses [60,61]. Specifically, NOD2 dysfunction is asso-
ciated with impaired microbial containment and altered interactions
with key commensals, such as Faecalibacterium prausnitzii and Bacter-
oides fragilis, highlighting its central role at the host-microbiota interface
[62,63]. This axis underscores how gut microbiota can trigger aberrant

immune responses through NOD2, contributing to sustained inflamma-
tion and tissue damage in Crohn’s disease [60-62,64,65].

Plant based diet being one of the most crucial factors that greatly
influences the composition of microorganisms, it is also associated with
host immunity and the morpho-functional integrity of the intestinal
barrier [66]. Variations in dietary patterns, particularly those rich in
plant-derived nutrients, lead to significant alterations in microbial
community profiles [67]. Consuming Mediterranean-style foods such as
fruits, vegetables, whole grains, legumes, nuts, seeds promotes the
growth of beneficial commensal bacteria, thereby enhancing host im-
mune functions [68]. In order to identify the primary and
coarse-modulating impacts of the MedDiet on the gut microbiome, it is
feasible to state that there is a widespread and consistent trend toward
the phylum Firmicutes and related taxonomic units changing from
dominating structure to lower abundance while increasing the abun-
dance of the Bacteroidetes phylum [69].

Extensive research has demonstrated the therapeutic efficacy of
plant extracts and compounds against experimental models of inflam-
matory bowel disease. According to Lin et al. [70] study, an aqueous
extract from Bruguiera gymnorrhiza (L.) Rhizophoraceae can modulate
inflammatory cytokines TNF-a, TNF-y, and IL-6 along with other in-
dicators of oxidative stress and inflammation, also ability to decrease the
levels of inducible nitric oxide synthase (iNOS). Another study by Guo
et al. [71] found that ginger preparation alleviated ulcerative colitis in
mice by reducing disease activity index scores, preventing colon short-
ening, lowering levels of IL-6 and iNOS, improving spleen index, and
reducing the severity of mucosal injury. However, there are approxi-
mately 10,000 distinct phytochemicals, which are primarily divided into
five groups: polyphenols, glycosinolates, carotenoids, alkaloids, and
terpenes [72]. In vitro and animal models have demonstrated the
involvement of these compounds in multiple biological processes:
scavenging radicals, triggering anti-inflammatory reactions, regulating
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gut microbiota homeostasis, activating intestinal T regulatory cells,
maintaining mucosal barrier integrity, and controlling inflammatory
pathways [73]. Polyphenols, also achieve their anti-inflammatory ef-
fects by blocking TLR4/NF-kB signalling pathways and suppressing the
expression of molecules that promote inflammation [74]. The benefits of
phytochemicals for health are also associated with the regulation of
various microRNAs, which are involved in the control of the Th17 sig-
nalling pathway, T-cell differentiation, and the intestinal epithelial
barrier. Additionally, they disrupt certain pathways related to inflam-
mation signalling (NF-kB) and signal transducer and activator of tran-
scription (STAT/IL-6) pathways [75]. Specifically, the bioactive
elements of the plants, such as aloein, arctigenin, boswellic acid, cur-
cumin, shagol, gymnemic acid, and cannabidiol, have been successfully
utilized to treat ulcerative colitis [76-81]. Additionally, clinicians are
now interested in using anthocyanins, which are polyphenols with
purple, violet, or blue colors, to treat ulcerative colitis because studies
have shown that plants like blueberries, bilberries, black raspberries,
cranberries, and grapes can help in animal models of inflammatory
bowel disease [82]. A meta-analysis of 7 placebo-controlled clinical
trials involving 474 patients, conducted by Rahimi et al. [83], indicates
that herbal remedies may help induce remission in IBD patients. Ac-
cording to Guo et al. [84], Red Ginseng enhanced the gut microbiota
structure in rats with TNBS-induced colitis by promoting the coloniza-
tion of Lactobacillus and Bifidobacterium, while inhibiting the growth of
E. coli.

3.3. Virome and possible relation with IBD

3.3.1. Virome and human IBD

The gut virome exerts a substantial influence on immunity, inflam-
mation, physiology, and disease. Our comprehension of the gut virome’s
role in IBD is relatively recent. The human gut virome consists of
eukaryotic viruses, encompassing both DNA and RNA viruses, as well as
bacteriophages (viruses that infect bacteria) [85], summarised in Fig. 5.
The pathophysiology of ulcerative colitis and Crohn’s disease has been
associated with eukaryotic viruses that target DNA and RNA, which have
the ability to transmit their genetic material directly to host cells [86].
The coexistence of viruses and bacteria in the gut has garnered increased
attention, prompting some studies to concentrate on elucidating the
roles of viruses in both pathogenic conditions and gut homeostasis [87].
The most extensively studied on eukaryotic viruses that may contribute
to gut inflammation are Epstein-Barr virus (EBV) and cytomegalovirus

Eukaryotic viruses
£

@
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(CMV). Both CMV and EBV, members of the Herpesviridae family, are
typically asymptomatic and can remain latent throughout a person’s
healthy life [88]. There are evidence suggesting that eukaryotic viruses
may serve as potential triggers of intestinal inflammation. To further
extend, study conducted by Ding et al. [89] found three viruses—a
polyomavirus, an anellovirus, and a novel CRESS-DNA virus, which are
more prevalent in individuals with Crohn’s disease in contrast to healthy
ones. These viruses could eventually be used as diagnostic markers for
the Crohn’s disease. Another study by Huppertz et al. [90] suggests that
rotavirus infection may exacerbate chronic IBDs, including Crohn’s
disease and ulcerative colitis. Adenovirus, rotavirus, and calicivirus
were among the very few enteric viruses found in the feces of newly
diagnosed patients with ulcerative colitis, according to research on 70
paediatric IBD patients employing high-throughput sequencing (Vir-
CapSeq-Vert) for virome analysis [91]. Many families of viruses,
including the Anelloviridae, Adenoviridae, Astroviridae, Picornaviridae,
Parvoviridae, and Picobirnaviridae, begin to colonize the gut mucosa early
in childhood, and as people mature, their diversity rises [24]. These
viruses in the gut may either induce symptomatic manifestations or
remain latent for extended periods in healthy individuals, and they
could potentially exert beneficial effects [24].

3.3.2. Virome characteristics of IBD

Animal studies have demonstrated that specific eukaryotic viruses
have the capacity to initiate inflammatory bowel disease in experi-
mental models, highlighting their potential role in the pathogenesis of
the disease [27]. For instance, intestinal infections caused by norovirus
in Atgl6L1-deficient mice result in intestinal disorders that, in a manner
reliant on commensal bacteria, resemble Crohn’s disease [92]. Simi-
larly, chronic intestinal inflammation and disruption of the epithelial
barrier were caused by norovirus infection in mice lacking IL-10 [93].
These findings imply that eukaryotic viruses may play a role in medi-
ating pathogenic manifestations in genetically dependent hosts by
potentially operating in a "hit-and-run" manner, making infections un-
detectable following viral clearance. In patients with Crohn’s disease,
the intestinal mucosa has shown an enrichment of RNAs from the
Hepeviridae family, which typically cause hepatitis in mammals whereas
patients with ulcerative colitis have exhibited transcripts from the
Hepadnaviridae family, which includes the hepatitis B virus (HBV). These
findings suggest that the etiopathogenesis of IBD may be linked to these
eukaryotic viral families [24].

Further investigations are necessary to better understand the
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Fig. 5. Virome, including eukaryotic viruses, contributes to the pathogenesis of inflammatory bowel disease. DNA and RNA viruses like norovirus, EBV and CMV are
well known to induce inflammation in intestines [Created in https://BioRender.com].
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relationship between the virome and IBD, as well as to elucidate any
potential mechanisms of action that may shed light on new avenues for
studying IBD.

3.4. Bacteriophage’s activity on IBD

Bacteriophages, commonly referred to as phages, plays a crucial part
in gut microbiome regulation [94]. The main work of phages is to infect
bacteria however, a number of studies have shown that eukaryotic cells
and bacterial viruses can have interdependent relationships. Due to their
ability to translocate into eukaryotic cells, it activates the immune sys-
tem; phages can directly interact with the human body that aggravate
the chronic colitis symptoms and enhancing the antibacterial response
[95,96]. In recent years, phages have gained significant attention in the
medical and microbiological fields because these viruses can be utilized
to treat bacterial infections, especially given the growing concern over
antibiotic resistance [97]. Several studies suggest that intestinal bacte-
rial dysbiosis is a key factor contributing to IBD [98]. Researchers have
observed higher relative abundance and growth rates of pathogenic
bacteria, such as Bacteroides fragilis, in individuals with Crohn’s disease
and ulcerative colitis compared to healthy controls [99]. Another
research also suggests that phages could be a viable therapeutic option
for targeting pathogenic Bacteroides fragilis [100]. Additionally, Rumi-
nococcus torques and Ruminococcus gnavus are found to be enriched in
individuals with Crohn’s disease and ulcerative colitis at the onset of the
disease [101].

An estimate of the overall phage population in the human gut around
1015, ten times higher than the number of gut bacteria (1 0'"). Besides
their large population, gut phages can modify bacterial community
structure by lysing and eliminating host bacteria, potentially influencing
immune system modulation and contributing to inflammation reduction
[98]. The dysbiosis of gut phages also contribute to the development or
aggravation of gastrointestinal disease [102]. To date, a significant
amount of research has been done using both clinical samples and
experimental models to illustrate the connection between the start and
progression of IBD and gut phage homeostasis [21,103,104]. Based on
experimental findings, it has been postulated that gut phages could have
been involved in the development of IBD through three pathways: (1)
altering gut phage diversity, (2) regulating gut bacterial populations,
and (3) modulating pro-inflammatory activity and local immune re-
sponses [98]. Some research also witnessed a synergistic effect of using
plant extracts and bacteriophages together against bacteria. The com-
bined treatment of 0.1 mg/ml neem extract with an isolated phage
vB_EcoM_C2 at a titer of 10'! effectively controlled the growth of E. coli
E1 [105]. Additionally, phages have demonstrated therapeutic effects
against IBD and may also contribute negatively to its development.
Further research is warranted to explore phage activity in treating IBD
and to investigate the synergistic effects of plant extracts and phages
against bacteria in the context of IBD.

3.5. Natural products and microbial communities

Gut microbiota (GM) is essential for maintaining the integrity of the
intestinal barrier and performs crucial roles in host pathophysiological
processes, including the development of the immune system, nutrient
absorption, energy metabolism, and the maturation of the intestinal
mucosal barrier [106]. Research suggests that a reduction in the di-
versity and abundance of harmful gut microbiota is linked to a higher
incidence of colitis [107]. In the host gut lumen and mucosa, over 104
commensal bacteria coexist that impacting the immune system and
metabolic processes [108]. The homeostasis of the gut microbiome is
essential to the maintenance of gut health. To maintain intestinal ho-
meostasis, it is necessary to regulate the colonization of probiotic bac-
teria, prevent bacterial transmission into colon tissue, and regulate the
colonization of pathogenic bacteria [108]. The gut microbes have a
significant impact on the intestinal barrier. The symbiotic relationship of
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bacteria with the gut plays a crucial role in protecting the gut barrier by
improving the mucus layer, regeneration of Tight junctions (TJs), and
regulating the growth and apoptosis of the epithelial cells [109]. Some
preclinical studies have reported that plant metabolites possess
anti-inflammatory properties and are capable of modulating the gut
microbiome [110]. The anti-inflammatory properties have been attrib-
uted primarily to plant metabolites belonging to the polyphenol, ter-
penoids, flavonoid, saponin, and tannin families [111].

Short-chain fatty acids (SCFAs) are key elements for gut health, and
their production is largely related to the gut microbiome through the
fermentation of dietary fibres, which has the potential to reshape gut
ecology, modulate immune responses and antibiotic activity, and in-
fluence inflammatory signalling cascades during gut inflammation
[112]. In recent times, there is increasing interest in the role of
short-chain fatty acids in immune modulation, particularly through the
signalling pathways mediated by G protein-coupled receptors (GPRs)
and Toll-like receptors [113]. A study found that SCFAs exposure in
pre-adipocytes triggered an innate immune response, suggesting that
maintaining optimal SCFA levels is crucial for effective immune regu-
lation in inflammatory diseases [114]. In the human colon, short-chain
fatty acids are predominantly found in the following proportions: acetic
acid (acetate) constitutes about 60 %, while propionic acid (propionate)
and butyric acid (butyrate) each make up around 20 % [115]. Firmicutes
species, such as Lactobacillaceae, Ruminococcaceae, and Lachnospiraceae,
can break down complex polysaccharides and different sugars through
hydrolysis, leading to the formation of butyrate and other short-chain
fatty acids [116,117]. Microbial communities that produce butyrate
are vital for a healthy gut, as they play a key role in blocking the entry
and colonization of harmful pathogens [118]. Butyrate production by
these bacteria is crucial for colonocytes to produce energy and boost
epithelial oxygen consumption [119,120]. Patients with UC appear to
have decreased SCFA production as well as inhibited butyrate uptake
and oxidation [121]. As a result, their anti-inflammatory activity is
diminished, which accelerates the course of the illness. SCFAs also help
to lower the levels of proinflammatory cytokines by inhibiting the ac-
tivity of NF-kB and histone deacetylases (HDACs) [122-124], and to an
increasing the levels of anti-inflammatory cytokines through the acti-
vation of G-protein-coupled receptors (GPCRs) [125].

Plant compounds exhibit diverse effects on the microbiome; while
some enhance beneficial bacteria and reduce harmful ones, others have
the opposite effect, promoting harmful bacteria and diminishing bene-
ficial ones (Fig. 6 and Table 1). Therefore, the activity of plant metab-
olites on the microbiome depends on the specific interactions between
different types of metabolites. Caffeic acid, luteolin, isoorientin,
resveratrol, ursolic acid, genistein, apigenin, betaine, and other plant
metabolites have been shown to increase beneficial bacterial phyla and
genera such as Bacteroidetes, Firmicutes, Campylobacterota, and Akker-
mansia, while decreasing bacterial phyla and genera that have negative
impacts related to inflammatory bowel disease (IBD), such as Proteo-
bacteria; additionally, some metabolites also reduce Actinobacteria,
Bacteroidetes, Firmicutes, and others [126-132]. This context-specific
modulation reveals the complexity of phytochemical-microbiome in-
teractions and highlights the importance of identifying bioactive com-
pounds with consistent anti-inflammatory profiles.

Once ingested, many plant compounds are bio-transformed by the
gut microbiota into secondary metabolites with enhanced bioactivity
and therapeutic potential [133]. Emerging evidence suggests that these
metabolites play a pivotal role in modulating immune responses and
maintaining intestinal homeostasis. Key phytochemicals including
quercetin, curcumin, and resveratrol are metabolized into derivatives
such as dihydroresveratrol, urolithins, and sulfated or methylated forms,
which exhibit amplified anti-inflammatory properties [134-136]. These
metabolites are capable of suppressing key pro-inflammatory mediators
such as TNF-q, IL-6, and NF-xB in colonic tissues [137]. Additionally,
microbiota-mediated transformations generate SCFAs and secondary
bile acids (SBAs), which collectively upregulate P-glycoprotein (P-gp)
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Fig. 6. Mechanism of action of plant-derived compounds on IBD and microbiome. Plant metabolites can have dual effects on the microbiome: some promote the
growth of both beneficial and harmful bacteria, while others inhibit their growth. These metabolites play a crucial role in supporting the intestinal barrier by
facilitating the conversion of certain bacterial metabolites into short-chain fatty acids (SCFAs) and secondary bile acids (SBAs). Through these mechanisms, plant
metabolites assist microbiomes in reducing inflammatory cytokines such as IL-6, TNFa, and caspase-3. They also regulate the balance of Treg/Th17 cells, inhibit
SGK1/NLRP3 pathways and regulate colonic pH. Controlled pH helps to suppress pathogenic substances linked to inflammatory bowel disease inducing factors

[Created in https://BioRender.com].

expression and enhance butyric acid (i-butyric acid) production, further
reinforcing the intestinal barrier [127,130,138].

The synergistic interaction between plant metabolites and the gut
microbiota also modulates critical immune pathways, including sup-
pression of the SGK1/NLRP3 axis, reduction of caspase-3 activity, and
rebalancing of the Treg/Th17 cell ratio. Moreover, Firmicutes contribute
to inhibiting intestinal inflammation by regulating colonic pH and
suppressing pathogen growth [128,139-142]. As summarised in
Table 1, these insights provide a framework for exploring plant metab-
olites and their potential interactions with the microbiome, highlighting
emerging outcomes that signify a new era in IBD research.

4. Discussion

Intestinal microbes are one of the key factors driving the develop-
ment of colitis by influencing the inflammatory processes within the
gastrointestinal tract. According to a recent study, gut microbiomes have
significantly dysregulated in experimental animal models and patients
with IDB [158-161]. Bacteroides and Firmicutes are the two main phyla
that constitute intestinal microorganisms [162]. As per clinical study,
patients with ulcerative colitis had a lower Firmicutes to Bacteroides ratio
(F/B), while Proteobacteria became much more prevalent in
colitis-affected mice and were also a hallmark of gut dysbiosis [163,
164]. From an immunological perspective, the dysregulation of
Treg/Th17 cell differentiation stands as a pivotal factor influencing the
onset, progression, and prognosis of IBD [165]. The pathogenic micro-
organisms and their bacterial byproducts act directly on TLRs and
trigger DCs to release TGF-f and IL-6, which causes naive CD4" T cells to
mature into Th17 cells [166]. In addition to protecting the intestinal
mucosa by eradicating pathogens, Th17 cells can intensify the inflam-
matory response within the gut by producing pathogenic cytokines such
as IL-17F, IL-17A and IL-22 [167].

Conversely, Treg cells primarily contribute to immune tolerance
maintenance through the secretion of IL-10, which prevents intestinal
inflammation [168]. Several investigations have demonstrated that the

composition of gut microbiota can influence Treg/Th17 differentiation
[169]. Besides bacteria, a significant portion of the gut microbiota
consists of viruses that infect both eukaryotic and prokaryotic cells,
collectively forming the gut virome. The pathogenesis of IBD has been
linked to eukaryotic virome dysbiosis because these viruses integrate
into the genome of human and may affect the physiological condition of
intestinal cells [170-173]. A comprehensive metagenomic analysis of a
significant number of patients with ulcerative colitis revealed higher
enrichment of the eukaryotic Pneumoviridae family in UC patients
compared to controls, while the eukaryotic Anelloviridae family was
more prevalent in controls than in UC patients [174]. In parallel, pro-
karyotic viruses such as bacteriophages also play a critical role in
shaping gut ecology and potentially influencing IBD pathogenesis. It is
hypothesized that these phages affect human health by influencing the
structure of the bacterial microbiome [15]. However, the precise func-
tion of the phages in relation to intestinal homeostasis and illness is still
unknown. It is important to note that the gut phageome in healthy adults
is characterized by significant diversity and individual variability, with
crAss-like and Microviridae phages being the most consistently present
colonizers in a healthy state [175].

The predominate bacterial taxa, including Bacteroides, Prevotella, and
Faecalibacterium, are correlated with these stable intestinal phage pop-
ulations [15]. Plant metabolites have traditionally been used to treat
various diseases, including inflammation [176]. Due to the
anti-inflammatory [36] and microbiome modulation activity of plant
metabolites summarised in Table 1, we can assume that plant metabo-
lites have the capacity to influence the murine models of colitis that
helps to enhance the presence of beneficial bacteria while reducing
harmful ones.

Despite these promising findings, numerous challenges persist before
plant compounds can be effectively utilized for modulating the gut
microbiota in treating colitis. Primarily, investigations of plant metab-
olites activity on gut microbiota conducted only in preclinical models.
There are significant anatomical differences between the gut compart-
ments of mice/rats and humans, as well as variations in the composition
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Table 1

| Effects of plant metabolites on microbiota against IBD and their possible outcomes.
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Plant metabolites/
extracts

Chemical structure

Major classes

Source

Effects on microbiota composition

Outcomes References

Caffeic acid

Isoorientin

Liquiritin apioside

Luteolin

Kaempferol

Stigmasterol

Schisandra
chinensis extract

Schisandrin

Quercetin

Resveratrol

HO—CH

Flavonoid

Flavonoid

Flavonoid

Flavonoid

Phytosterol

Lignans

Flavonoid

Flavonoid

coffee, oats, wheat,
rice, argan oil, and
olive oil

bamboo leaves

Glycyrrhiza aspera

Capsicum annuum L.,
Ghrysanthemum
indicum L., and Perilla

frutescem (L.)

green leafy
vegetables, including
spinach and kale, and
herbs such as dill,
chives, and tarragon
Ophiopogon japonicus,
Mirabilis jalapa

Schisandra chinensis
(Turcz.) Baill.

Schisandra chinensis

citrus fruits

grapes, blueberries,
raspberries, and
peanuts

|Bacteroides, | Turicibacter, 1Alistipes,
1Dubosiella, 1Akkermansia

tBacteroides
(Lachnospiraceae_NK4A136_group)

|Bacteroidetes, 1Firmicutes

1Bacteroidetes & | (Firmicutes and
Proteobacteria)

1(Prevotellaceae & Ruminococcaceae),
|Proteobacteria

1(Ruminococcus, Prevotella, Helicobacter,
Paraprevotella, Clostridium IV,
Odoribacter, & Clostridium_XIVa);
|(Streptococcus, Escherichia, Enterococcus
& Allobaculum)

1Bacteroidetes, |Actinobacteria

tLactobacilli spp, |Bacteroides

1(Bacteroides, Bifidobacterium,
Lactobacillus, and Clostridia),]
(Fusobacterium & Enterococcus)

TRuminococcus (R. gnavus and
A. muciniphila), |B. acidifaciens

lowering Bacteroides [126]
reduces pro-
inflammatory cytokines,
Akkermansia increases
anti-inflammatory
ability and correlates
with IL-10 mRNA
expression, in colon
tissue, Dubosiella was
shown to be linked with
the mRNA synthesis of
HO-1, Gpx1, Gpx2, Nrf-
2, and IL-10, indicating a
potential function for
the bacterium in
promoting antioxidative
and anti-inflammatory
properties.

synthesis of serum bile
acids (SBAs) and
functional short-chain
fatty acids (SCFAs)
together increase the
expression of P-
glycoprotein (P-gp).
corrected the
unbalanced Treg/Th17
differentiation while
stimulating the synthesis
of SCFAs

[128]

[140]

functions of the
microbiota were purine
metabolism, ribosome
function, pyrimidine
metabolism, DNA repair
and recombination
proteins, and peptidases
controlling kaempferol’s
function

[127]

[143]

restores the balance of
Treg/Th17 cells,
increased the synthesis
of gut microbiota-
derived SCFAs

[144]

produce conjugated
linoleic acid, which has a
preventive impact on
UG, and they support the
gut flora’s balance
SGK1/NLRP3 signalling
pathway’s inhibition,
converting primary to
secondary bile acids, and
altering the gut
microbiota

improve gut protection

[138,145]

[146]

[139]

increasing i-butyric acid [147]
production, Treg

induction, and

suppression of

inflammatory Th1/

Th17 cells

(continued on next page)
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Plant metabolites/ Chemical structure Major classes Source Effects on microbiota composition Outcomes References
extracts
Epigallocatechin- Flavonoid green tea 1(Akkermansia, Faecalibaculum, increased production of [148]
3-gallate Bifidobacterium) protective SCFAs
Ginger - - Zingiber officinale | (Proteobacteria, Firmicutes, no specific data [71]
Gemmatimonadetes, Lachnospiraceae)
Curcumin Flavonoid Curcuma longa 1(Coprococcus, Odoribacter, Akkermansia), helps to reduce [149]
| (Turicibacter, Enterococcaceae) inflammatory cytokine
(IL-6, TNF-a) and
caspase-3
Ursolic acid s Triterpenoid Lavandula tFirmicutes (Lactobacillus, Bifidobacterium,  restored Treg/Th17 cell [129]
angustifolia, Salvia & Ruminococcaceae UCG-014), balance
officinalis, Ocimum |(Bacteroidetes, Actinobacteria,
basilicum, Origanum Verrucomicrobia & Proteobacteria)
majorana, Melissa
officinalis, & Satureja
montana
Rosmarinic Acid o Polyphenol Rosemary, Prunella 1Bacteroidaceae, |Firmicutes helps to increase [150]
J\Ej/ vulgaris, and Oregano bioavailability and
o bioactivity
Licoflavone B Flavonoid Lupinus albus, 1Bacteroidetes, |Firmicutes inhibit inflammation [151]
Glycyrrhiza glabra, and protect intestinal
and Glycyrrhiza epithelium
inflata
Berberine Alkaloid Cortex Phellode, 1Bacteroidetes, |Firmicutes microbiota responsible [152]
Rhizoma Coptidis, and for controlling the Treg/
Berberis Th17 ratio
Sinomenine Alkaloid root of Sinomenium 1Bacteroidetes, | (Firmicutes, not specified [153]
acutum Proteobacteria)
Echinacea - Polysaccharides  Echinacea purpurea 1(Firmicutes, Actinobacteria), exert anti-UC effects [154]
purpurea | (Bacteroides, Proteobacteria)
polysaccharides
Acteoside f Glycoside Osmanthus fragrans 1(Odoribacter, A. muciniphila & mediated the anticolitic [155]
flowers B. thetaiotaomicron), |Desulfovibrio effects of acteoside
Ellagic acid o Polyphenol grapes, 1Bacteroidetes, |Firmicutes colonic inflammation [156]
O pomegranates, reduction was
© 0 strawberries, favourably correlated
© O o persimmon, peaches, with gut microbiota
o plums, almonds,
OH walnuts, vegetables
and wine
Genistein on 9 Flavonoid soybeans {Firmicutes, |(Bacteroidota & promote the production [130]
O ] Proteobacteria) of SCFAs
o' o
Apigenin Flavonoid celery t(Verrucomicrobia, Bacteroidota), inhibit inflammation [131]

10

|(Proteobacteria & Firmicutes)

and protect gut barrier

(continued on next page)



Md.M. Rahaman et al.

Table 1 (continued)

Microbial Pathogenesis 205 (2025) 107608

Plant metabolites/ Chemical structure Major classes Source Effects on microbiota composition Outcomes References
extracts
Baicalin Flavonoid Huangqin 1Firmicutes, | (Proteobacteria & helps to produce SCFAs [141]
Actinobacteria)
Protopine Alkaloid Macleaya cordata 1(Firmicutes, Akkermansia), Firmicutes control [142,157]
| (Proteobacteria, Escherichia-Shigella, colonic pH and stop the
Enterococcus) development of
pathogens to reduce
intestinal inflammation
Betaine - beets, spinach, and 1(Bacteroidota, Campylobacterota), helps to attenuate IBD [132]

whole grains

| (Firmicutes, Proteobacteria)

of their gut microbiota [177]. Therefore, translational gaps persist,
highlighting the need for well-designed clinical trials to validate the
therapeutic potential of these compounds in human populations.

Looking forward, the integration of virome research with phyto-
chemical based therapeutic strategies represents a novel and promising
direction for IBD treatment. Certain plant metabolites may exert dual
activity-modulating both bacterial and viral components of the micro-
biota thereby offering a more comprehensive restoration of intestinal
homeostasis [178,179]. Additionally, virome signatures, when com-
bined with microbial and host biomarkers, may serve as innovative
diagnostic tools for IBD subtypes [23,179]. Future research should aim
to identify specific plant-derived compounds that can selectively influ-
ence virome structure and function, enabling the development of
personalized, plant-based phage therapies and diagnostic platforms for
IBD.

5. Conclusion

We cautiously embrace the potential impact of microbiome studies
on our comprehension and management of IBD. There exists ample high-
quality data supporting the hypothesis that altering the microbiome
could play a crucial role in the onset and severity of IBD in certain pa-
tients. Researchers have extensively explored the microbiome to deter-
mine its potential role in IBD, though definitive conclusions have not yet
been reached. Bacteria and virome (including eukaryotic and prokary-
otic) are key components of the microbiome that exert significant effects
on IBD. Plant metabolites also present an intriguing area of research for
their anti-inflammatory properties and ability to modulate dysbiosis in
the gut microbiota, potentially impacting IBD treatment. Further
investigation is necessary to elucidate the pathophysiological mecha-
nism of IBD, and their inter-connection with bacteria and viruses in
response to using plant metabolites for the treatment of IBD.

CRediT authorship contribution statement

Md. Mizanur Rahaman: Writing — original draft, Visualization,
Methodology, Investigation, Formal analysis, Conceptualization.
Phurpa Wangchuk: Writing — review & editing, Supervision, Concep-
tualization. Subir Sarker: Writing — review & editing, Supervision,
Software, Resources, Methodology, Funding acquisition,
Conceptualization.

Data availability

No data was used for the research described in the article.

Funding

This research received no external funding.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgement

Sarker is the recipient of an Australian Research Council Discovery
Early Career Researcher Award (grant number DE200100367) funded
by the Australian Government. The Australian Government had no role
in the study design, data collection and analysis, decision to publish, or
preparation of the manuscript.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.micpath.2025.107608.

References

[1] Y. Chang, L. Zhai, J. Peng, H. Wu, Z. Bian, H. Xiao, Phytochemicals as regulators
of Th17/Treg balance in inflammatory bowel diseases, Biomed. Pharmacother.
141 (2021) 111931.

[2] P. Dk, Inflanain bowel diease, N. Engl. J. Med. 347 (2002) 417-429.

[3] P. Wangchuk, C. Shepherd, C. Constantinoiu, R.Y. Ryan, K.A. Kouremenos,

L. Becker, et al., Hookworm-derived metabolites suppress pathology in a mouse
model of colitis and inhibit secretion of key inflammatory cytokines in primary
human leukocytes, Infect. Immun. 87 (2019), https://doi.org/10.1128/
1ai.00851-18.

[4] A.H. Aufses, The history of Crohn’s disease, Surg. Clin. 81 (2001) 1-11.

[5] R. Kalla, N.T. Ventham, J. Satsangi, I.D. Arnott, Crohn’s disease, BMJ (Int. Ed.)

349 (2014) g6670.

H-t Xiao, B. Wen, X-c Shen, Z-x Bian, Potential of plant-sourced phenols for

inflammatory bowel disease, Curr. Med. Chem. 25 (2018) 5191-5217.

[7] E. Legaki, M. Gazouli, Influence of environmental factors in the development of

inflammatory bowel diseases, World J. Gastrointest. Pharmacol. Therapeut 7

(2016) 112.

R. Wang, Z. Li, S. Liu, D. Zhang, Global, regional and national burden of

inflammatory bowel disease in 204 countries and territories from 1990 to 2019: a

systematic analysis based on the Global Burden of Disease Study 2019, BMJ Open

13 (2023) e065186.

[9] G.G. Kaplan, The global burden of IBD: from 2015 to 2025, Nat. Rev.
Gastroenterol. Hepatol. 12 (2015) 720-727.

[10] national-strategic-action-plan-for-inflammatory-bowel-disease-inflammatory-
bowel-disease-national-action-plan-2019_0.pdf>.

[11] K. Yeshi, R. Ruscher, L. Hunter, N.L. Daly, A. Loukas, P. Wangchuk, Revisiting
inflammatory bowel disease: pathology, treatments, challenges and emerging
therapeutics including drug leads from natural products, J. Clin. Med. 9 (2020)
1273.

[6

[8


https://doi.org/10.1016/j.micpath.2025.107608
https://doi.org/10.1016/j.micpath.2025.107608
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref1
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref1
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref1
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref2
https://doi.org/10.1128/iai.00851-18
https://doi.org/10.1128/iai.00851-18
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref4
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref5
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref5
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref6
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref6
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref7
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref7
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref7
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref8
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref8
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref8
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref8
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref9
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref9
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref11
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref11
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref11
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref11

Md.M.

[12]

[13]
[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]
[33]

[34]

[35]

[36]

[37]

[38]

[39]
[40]

[41]

[42]

[43]

Rahaman et al.

C. Shepherd, P. Giacomin, S. Navarro, C. Miller, A. Loukas, P. Wangchuk,

A medicinal plant compound, capnoidine, prevents the onset of inflammation in a
mouse model of colitis, J. Ethnopharmacol. 211 (2018) 17-28.

A. Ueno, L. Jeffery, T. Kobayashi, T. Hibi, S. Ghosh, H. Jijon, Th17 plasticity and
its relevance to inflammatory bowel disease, J. Autoimmun. 87 (2018) 38-49.
C. Abraham, J.H. Cho, Mechanisms of disease, N. Engl. J. Med. 361 (2009)
2066-2078.

S. Federici, D. Kviatcovsky, R. Valdés-Mas, E. Elinav, Microbiome-phage
interactions in inflammatory bowel disease, Clin. Microbiol. Infection 29 (2023)
682-688.

A. Nishida, R. Inoue, O. Inatomi, S. Bamba, Y. Naito, A. Andoh, Gut microbiota in
the pathogenesis of inflammatory bowel disease, Clin. J. Gastroenterol. 11 (2018)
1-10.

J. Peterson, S. Garges, M. Giovanni, P. McInnes, L. Wang, J.A. Schloss, et al., The
NIH human microbiome project, Genome Res. 19 (2009) 2317-2323.

S.M. Jandhyala, R. Talukdar, C. Subramanyam, H. Vuyyuru, M. Sasikala, D.

N. Reddy, Role of the normal gut microbiota, World J. Gastroenterol.: WJG 21
(2015) 8787.

AM. O’Hara, F. Shanahan, The gut flora as a forgotten organ, EMBO Rep. 7
(2006) 688-693.

D.N. Frank, A.L. St Amand, R.A. Feldman, E.C. Boedeker, N. Harpaz, N.R. Pace,
Molecular-phylogenetic characterization of microbial community imbalances in
human inflammatory bowel diseases, Proc. Natl. Acad. Sci. 104 (2007)
13780-13785.

J.M. Norman, S.A. Handley, M.T. Baldridge, L. Droit, C.Y. Liu, B.C. Keller, et al.,
Disease-specific alterations in the enteric virome in inflammatory bowel disease,
Cell 160 (2015) 447-460.

J.K. Cornuault, M.-A. Petit, M. Mariadassou, L. Benevides, E. Moncaut,

P. Langella, et al., Phages infecting Faecalibacterium prausnitzii belong to novel
viral genera that help to decipher intestinal viromes, Microbiome 6 (2018) 1-14.
H.M. Tun, Y. Peng, L. Massimino, Z.Y. Sin, T.L. Parigi, A. Facoetti, et al., Gut
virome in inflammatory bowel disease and beyond, Gut 73 (2024) 350-360.

F. Ungaro, L. Massimino, S. D’Alessio, S. Danese, The gut virome in inflammatory
bowel disease pathogenesis: from metagenomics to novel therapeutic approaches,
United Europ. Gastroenterol. J. 7 (2019) 999-1007.

L.F. Camarillo-Guerrero, A. Almeida, G. Rangel-Pineros, R.D. Finn, T.D. Lawley,
Massive expansion of human gut bacteriophage diversity, Cell 184 (2021)
1098-1109, e9.

T. Zuo, S.H. Wong, K. Lam, R. Lui, K. Cheung, W. Tang, et al., Bacteriophage
transfer during faecal microbiota transplantation in Clostridium difficile infection
is associated with treatment outcome, Gut 67 (2018) 634-643.

G. Liang, A.G. Cobian-Giiemes, L. Albenberg, F. Bushman, The gut virome in
inflammatory bowel diseases, Curr. Opin. Virol. 51 (2021) 190-198.

C. Chang, H. Lin, Dysbiosis in gastrointestinal disorders, Best Pract. Res. Clin.
Gastroenterol. 30 (2016) 3-15.

W. Feng, H. Ao, C. Peng, D. Yan, Gut microbiota, a new frontier to understand
traditional Chinese medicines, Pharmacol. Res. 142 (2019) 176-191.

T.A. Thumann, E.-M. Pferschy-Wenzig, C. Moissl-Eichinger, R. Bauer, The role of
gut microbiota for the activity of medicinal plants traditionally used in the
European Union for gastrointestinal disorders, J. Ethnopharmacol. 245 (2019)
112153.

V. Sharma, D.N.S. Gautam, A.-F. Radu, T. Behl, S.G. Bungau, C.M. Vesa,
Reviewing the traditional/modern uses, phytochemistry, essential oils/extracts
and pharmacology of Embelia ribes Burm, Antioxidants 11 (2022) 1359.

W. Dai, L. Long, X. Wang, S. Li, H. Xu, Phytochemicals targeting Toll-like
receptors 4 (TLR4) in inflammatory bowel disease, Chin. Med. 17 (2022) 53.

S. Badyal, H. Singh, A.K. Yadav, S. Sharma, I. Bhushan, Plant secondary
metabolites and their uses, Plant Archiv. 20 (2020) 3336-3340.

R. Direito, S.M. Barbalho, M.E. Figueira, G. Minniti, G.M. de Carvalho, Zanuso
B. de Oliveira, et al., Medicinal plants, phytochemicals and regulation of the
NLRP3 inflammasome in inflammatory bowel diseases: a comprehensive review,
Metabolites 13 (2023) 728.

E.S. Teoh, E.S. Teoh, Secondary metabolites of plants. Medicinal Orchids of Asia,
2016, pp. 59-73.

T. Debnath, D.H. Kim, B.O. Lim, Natural products as a source of anti-
inflammatory agents associated with inflammatory bowel disease, Molecules 18
(2013) 7253-7270.

H-t Xiao, J. Peng, B. Wen, D-d Hu, X-p Hu, X-c Shen, et al., Indigo naturalis
suppresses colonic oxidative stress and Th1/Th17 responses of DSS-induced
colitis in mice, Oxid. Med. Cell. Longev. 2019 (2019).

E-j Cho, J.-S. Shin, Y.-S. Noh, Y.-W. Cho, S.-J. Hong, J.-H. Park, et al., Anti-
inflammatory effects of methanol extract of Patrinia scabiosaefolia in mice with
ulcerative colitis, J. Ethnopharmacol. 136 (2011) 428-435.

S.H. Lee, J. eun Kwon, M.-L. Cho, Immunological pathogenesis of inflammatory
bowel disease, Intestin. Res. 16 (2018) 26.

M.U. Mirkov, B. Verstockt, I. Cleynen, Genetics of inflammatory bowel disease:
beyond NOD2, Lancet Gastroenterol. Hepatol. 2 (2017) 224-234.

H. Huang, M. Fang, L. Jostins, M. Umicevi¢ Mirkov, G. Boucher, C.A. Anderson, et
al., Fine-mapping inflammatory bowel disease loci to single-variant resolution,
Nature 547 (2017) 173-178.

L.A. Peters, J. Perrigoue, A. Mortha, A. Tuga, W-m Song, E.M. Neiman, et al.,

A functional genomics predictive network model identifies regulators of
inflammatory bowel disease, Nat. Genet. 49 (2017) 1437-1449.

B. Khor, A. Gardet, R.J. Xavier, Genetics and pathogenesis of inflammatory bowel
disease, Nature 474 (2011) 307-317.

12

[44]

[45]

[46]

[47]

[48]

[49]
[50]
[51]
[52]

[53]

[54]

[55]
[56]

[57]

[58]
[591

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]
[73]

[74]

[75]

Microbial Pathogenesis 205 (2025) 107608

T. Kucharzik, C. Maaser, A. Liigering, M. Kagnoff, L. Mayer, S. Targan, et al.,
Recent understanding of IBD pathogenesis: implications for future therapies,
Inflamm. Bowel Dis. 12 (2006) 1068-1083.

G. Bamias, M.R. Nyce, S.A. De La Rue, F. Cominelli, New concepts in the
pathophysiology of inflammatory bowel disease, Ann. Intern. Med. 143 (2005)
895-904.

P.P. Ahern, C. Schiering, S. Buonocore, M.J. McGeachy, D.J. Cua, K.J. Maloy, et
al., Interleukin-23 drives intestinal inflammation through direct activity on T
cells, Immunity 33 (2010) 279-288.

R.H. Duerr, K.D. Taylor, S.R. Brant, J.D. Rioux, M.S. Silverberg, M.J. Daly, et al.,
A genome-wide association study identifies IL23R as an inflammatory bowel
disease gene, Science (Wash. D C) 314 (2006) 1461-1463.

M.L. Richard, H. Sokol, The gut mycobiota: insights into analysis, environmental
interactions and role in gastrointestinal diseases, Nat. Rev. Gastroenterol.
Hepatol. 16 (2019) 331-345.

M. Saleh, C.O. Elson, Experimental inflammatory bowel disease: insights into the
host-microbiota dialog, Immunity 34 (2011) 293-302.

T. Hibi, H. Ogata, Novel pathophysiological concepts of inflammatory bowel
disease, J. Gastroenterol. 41 (2006) 10-16.

S. Ardizzone, G.B. Porro, Biologic therapy for inflammatory bowel disease, Drugs
65 (2005) 2253-2286.

P.L. Lakatos, Environmental factors affecting inflammatory bowel disease: have
we made progress? Dig. Dis. 27 (2009) 215-225.

S.-M. Ho, J.D. Lewis, E.A. Mayer, C.N. Bernstein, S.E. Plevy, E. Chuang, et al.,
Challenges in IBD research: environmental triggers, Inflamm. Bowel Dis. 25
(2019) S13-S23.

S. Nell, S. Suerbaum, C. Josenhans, The impact of the microbiota on the
pathogenesis of IBD: lessons from mouse infection models, Nat. Rev. Microbiol. 8
(2010) 564-577.

J. Ni, G.D. Wu, L. Albenberg, V.T. Tomov, Gut microbiota and IBD: causation or
correlation? Nat. Rev. Gastroenterol. Hepatol. 14 (2017) 573-584.

J.R. Korzenik, D.K. Podolsky, Evolving knowledge and therapy of inflammatory
bowel disease, Nat. Rev. Drug Discov. 5 (2006) 197-209.

M.C. Choy, K. Visvanathan, P. De Cruz, An overview of the innate and adaptive
immune system in inflammatory bowel disease, Inflamm. Bowel Dis. 23 (2017)
2-13.

M.N. Ince, D.E. Elliott, Inmunologic and molecular mechanisms in inflammatory
bowel disease, Surg. Clin. 87 (2007) 681-696.

C. Danne, J. Skerniskyte, B. Marteyn, H. Sokol, Neutrophils: from IBD to the gut
microbiota, Nat. Rev. Gastroenterol. Hepatol. 21 (2024) 184-197.

H.S. Deshmukh, J.B. Hamburger, S.H. Ahn, D.G. McCafferty, S.R. Yang, Jr

VG. Fowler, Critical role of NOD2 in regulating the immune response to
Staphylococcus aureus, Infect. Immun. 77 (2009) 1376-1382.

A. Franke, D.P. McGovern, J.C. Barrett, K. Wang, G.L. Radford-Smith, T. Ahmad,
et al., Genome-wide meta-analysis increases to 71 the number of confirmed
Crohn’s disease susceptibility loci, Nat. Genet. 42 (2010) 1118-1125.

H. Aschard, V. Laville, E.T. Tchetgen, D. Knights, F. Imhann, P. Seksik, et al.,
Genetic effects on the commensal microbiota in inflammatory bowel disease
patients, PLoS Genet. 15 (2019) e1008018.

H. Chu, A. Khosravi, I.P. Kusumawardhani, A.H. Kwon, A.C. Vasconcelos, L.

D. Cunha, et al., Gene-microbiota interactions contribute to the pathogenesis of
inflammatory bowel disease, Science 352 (2016) 1116-1120.

J.-P. Hugot, M. Chamaillard, H. Zouali, S. Lesage, J.-P. Cézard, J. Belaiche, et al.,
Association of NOD2 leucine-rich repeat variants with susceptibility to Crohn’s
disease, Nature 411 (2001) 599-603.

Y. Ogura, D.K. Bonen, N. Inohara, D.L. Nicolae, F.F. Chen, R. Ramos, et al.,

A frameshift mutation in NOD2 associated with susceptibility to Crohn’s disease,
Nature 411 (2001) 603-606.

P.C. Calder, Marine omega-3 fatty acids and inflammatory processes: effects,
mechanisms and clinical relevance, Biochim. Biophys. Acta Mol. Cell Biol. Lipids
1851 (2015) 469-484.

K.M. Maslowski, C.R. Mackay, Diet, gut microbiota and immune responses, Nat.
Immunol. 12 (2011) 5-9.

T. Aziz, A.A. Khan, A. Tzora, C. Voidarou, I. Skoufos, Dietary implications of the
bidirectional relationship between the gut microflora and inflammatory diseases
with special emphasis on irritable bowel disease: current and future perspective,
Nutrients 15 (2023) 2956.

1. Garcia-Mantrana, M. Selma-Royo, C. Alcantara, M.C. Collado, Shifts on gut
microbiota associated to mediterranean diet adherence and specific dietary
intakes on general adult population, Front. Microbiol. 9 (2018) 890.

Y. Lin, X. Zheng, J. Chen, D. Luo, J. Xie, Z. Su, et al., Protective effect of Bruguiera
gymnorrhiza (L.) Lam. fruit on dextran sulfate sodium-induced ulcerative colitis
in mice: role of Keapl/Nrf2 pathway and gut microbiota, Front. Pharmacol. 10
(2020) 1602.

S. Guo, W. Geng, S. Chen, L. Wang, X. Rong, S. Wang, et al., Ginger alleviates DSS-
induced ulcerative colitis severity by improving the diversity and function of gut
microbiota, Front. Pharmacol. 12 (2021) 632569.

R. Campos-Vega, B.D. Oomah, Chemistry and classification of phytochemicals.
Handbook of Plant Food Phytochemicals, 2013, pp. 5-48.

T. Larussa, M. Imeneo, F. Luzza, Potential role of nutraceutical compounds in
inflammatory bowel disease, World J. Gastroenterol. 23 (2017) 2483.

A.S. Sameer, S. Nissar, Toll-like receptors (TLRs): structure, functions, signaling,
and role of their polymorphisms in colorectal cancer susceptibility, BioMed Res.
Int. 2021 (2021) 1157023.

C. Amerikanou, E. Papada, A. Gioxari, I. Smyrnioudis, S.-A. Kleftaki,

E. Valsamidou, et al., Mastiha has efficacy in immune-mediated inflammatory


http://refhub.elsevier.com/S0882-4010(25)00333-X/sref12
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref12
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref12
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref13
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref13
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref14
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref14
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref15
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref15
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref15
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref16
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref16
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref16
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref17
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref17
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref18
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref18
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref18
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref19
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref19
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref20
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref20
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref20
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref20
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref21
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref21
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref21
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref22
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref22
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref22
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref23
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref23
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref24
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref24
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref24
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref25
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref25
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref25
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref26
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref26
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref26
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref27
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref27
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref28
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref28
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref29
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref29
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref30
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref30
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref30
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref30
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref31
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref31
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref31
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref32
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref32
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref33
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref33
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref34
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref34
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref34
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref34
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref35
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref35
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref36
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref36
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref36
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref37
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref37
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref37
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref38
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref38
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref38
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref39
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref39
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref40
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref40
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref41
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref41
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref41
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref42
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref42
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref42
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref43
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref43
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref44
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref44
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref44
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref45
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref45
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref45
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref46
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref46
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref46
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref47
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref47
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref47
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref48
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref48
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref48
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref49
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref49
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref50
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref50
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref51
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref51
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref52
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref52
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref53
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref53
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref53
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref54
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref54
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref54
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref55
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref55
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref56
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref56
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref57
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref57
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref57
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref58
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref58
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref59
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref59
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref60
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref60
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref60
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref61
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref61
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref61
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref62
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref62
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref62
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref63
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref63
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref63
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref64
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref64
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref64
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref65
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref65
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref65
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref66
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref66
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref66
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref67
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref67
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref68
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref68
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref68
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref68
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref69
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref69
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref69
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref70
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref70
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref70
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref70
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref71
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref71
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref71
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref72
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref72
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref73
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref73
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref74
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref74
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref74
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref75
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref75

Md.M.

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[971

[98]

[99]

[100]

[101]

[102]

Rahaman et al.

diseases through a microRNA-155 Th17 dependent action, Pharmacol. Res. 171
(2021) 105753.

T.-C. Huang, S.-S. Tsai, L.-F. Liu, Y.L. Liu, H.-J. Liu, K.P. Chuang, Effect of Arctium
lappa L. in the dextran sulfate sodium colitis mouse model, World J.
Gastroenterol.: WJG 16 (2010) 4193.

F. Borrelli, G. Aviello, B. Romano, P. Orlando, R. Capasso, F. Maiello, et al.,
Cannabidiol, a safe and non-psychotropic ingredient of the marijuana plant
Cannabis sativa, is protective in a murine model of colitis, J. Mol. Med. 87 (2009)
1111-1121.

M. Sataga, U. Lewandowska, D. Sosnowska, P.K. Zakrzewski, A. Cygankiewicz,
A. Piechota-Polanczyk, et al., Polyphenol extract from evening primrose pomace
alleviates experimental colitis after intracolonic and oral administration in mice,
N. Schmied. Arch. Pharmacol. 387 (2014) 1069-1078.

L.B. Arun, A.M. Arunachalam, K.D. Arunachalam, S.K. Annamalai, K.A. Kumar, In
vivo anti-ulcer, anti-stress, anti-allergic, and functional properties of Gymnemic
Acid Isolated from Gymnema sylvestre R Br, BMC Compl. Alternative Med. 14
(2014) 1-11.

C.-Y. Hsiang, H.-Y. Lo, H.-C. Huang, C.-C. Li, S.-L. Wu, T.-Y. Ho, Ginger extract
and zingerone ameliorated trinitrobenzene sulphonic acid-induced colitis in mice
via modulation of nuclear factor-xB activity and interleukin-1p signalling
pathway, Food Chem. 136 (2013) 170-177.

M. Briickner, S. Westphal, W. Domschke, T. Kucharzik, A. Liigering, Green tea
polyphenol epigallocatechin-3-gallate shows therapeutic antioxidative effects in a
murine model of colitis, J. Crohn’s Colitis 6 (2012) 226-235.

H.R. Sodagari, M.H. Farzaei, R. Bahramsoltani, A.H. Abdolghaffari,

M. Mahmoudi, N. Rezaei, Dietary anthocyanins as a complementary medicinal
approach for management of inflammatory bowel disease, Expet Rev.
Gastroenterol. Hepatol. 9 (2015) 807-820.

R. Rahimi, S. Nikfar, M. Abdollahi, Induction of clinical response and remission of
inflammatory bowel disease by use of herbal medicines: a meta-analysis, World J.
Gastroenterol.: WJG 19 (2013) 5738.

M. Guo, S. Ding, C. Zhao, X. Gu, X. He, K. Huang, et al., Red Ginseng and Semen
Coicis can improve the structure of gut microbiota and relieve the symptoms of
ulcerative colitis, J. Ethnopharmacol. 162 (2015) 7-13.

L.R. Lopetuso, G. laniro, F. Scaldaferri, G. Cammarota, A. Gasbarrini, Gut virome
and inflammatory bowel disease, Inflamm. Bowel Dis. 22 (2016) 1708-1712.

S. Lopes, P. Andrade, S. Conde, R. Liberal, C.C. Dias, S. Fernandes, et al., Looking
into enteric virome in patients with IBD: defining guilty or innocence? Inflamm.
Bowel Dis. 23 (2017) 1278-1284.

D.M. Lin, H.C. Lin, A theoretical model of temperate phages as mediators of gut
microbiome dysbiosis, F1000Research 8 (2019).

J.-F. Rahier, F. Magro, C. Abreu, A. Armuzzi, S. Ben-Horin, Y. Chowers, et al.,
Second European evidence-based consensus on the prevention, diagnosis and
management of opportunistic infections in inflammatory bowel disease,

J. Crohn’s Colitis 8 (2014) 443-468.

Y. Ding, M. Wan, Z. Li, X. Ma, W. Zhang, M. Xu, Comparison of the gut virus
communities between patients with Crohn’s disease and healthy individuals,
Front. Microbiol. 14 (2023) 1190172.

H.-I. Huppertz, N. Salman, C. Giaquinto, Risk factors for severe rotavirus
gastroenteritis, Pediatr. Infect. Dis. J. 27 (2008) S11-S19.

R. Tokarz, J.S. Hyams, D.R. Mack, B. Boyle, A.M. Griffiths, N.S. LeLeiko, et al.,
Characterization of stool virome in children newly diagnosed with moderate to
severe ulcerative colitis, Inflamm. Bowel Dis. 25 (2019) 1656-1662.

K. Cadwell, K.K. Patel, N.S. Maloney, T.-C. Liu, A.C. Ng, C.E. Storer, et al., Virus-
plus-susceptibility gene interaction determines Crohn’s disease gene Atgl6L1
phenotypes in intestine, Cell 141 (2010) 1135-1145.

M. Basic, L.M. Keubler, M. Buettner, M. Achard, G. Breves, B. Schroder, et al.,
Norovirus triggered microbiota-driven mucosal inflammation in interleukin 10-
deficient mice, Inflamm. Bowel Dis. 20 (2014) 431-443.

T.D. Sutton, C. Hill, Gut bacteriophage: current understanding and challenges,
Front. Endocrinol. 10 (2019) 490764.

S. Nguyen, K. Baker, B.S. Padman, R. Patwa, R.A. Dunstan, T.A. Weston, et al.,
Bacteriophage transcytosis provides a mechanism to cross epithelial cell layers,
mBio 8 (2017), https://doi.org/10.1128/mbio.01874-17.

L. Gogokhia, K. Buhrke, R. Bell, B. Hoffman, D.G. Brown, C. Hanke-Gogokhia, et
al., Expansion of bacteriophages is linked to aggravated intestinal inflammation
and colitis, Cell Host Microbe 25 (2019), 285-99. e8.

L. Marongiu, M. Burkard, S. Venturelli, H. Allgayer, Dietary modulation of
bacteriophages as an additional player in inflammation and cancer, Cancers 13
(2021) 2036.

L. Qv, S. Mao, Y. Li, J. Zhang, L. Li, Roles of gut bacteriophages in the
pathogenesis and treatment of inflammatory bowel disease, Front. Cell. Infect.
Microbiol. 11 (2021) 755650.

A. Vich Vila, F. Imhann, V. Collij, S.A. Jankipersadsing, T. Gurry, Z. Mujagic, et
al., Gut microbiota composition and functional changes in inflammatory bowel
disease and irritable bowel syndrome, Sci. Transl. Med. 10 (2018) eaap8914.
M. Tariq, F. Newberry, R. Haagmans, C. Booth, T. Wileman, L. Hoyles, et al.,
Genome characterization of a novel wastewater Bacteroides fragilis
bacteriophage (vB_BfrS_23) and its host GB124, Front. Microbiol. 11 (2020)
583378.

K. Matsuoka, T. Kanai, The gut microbiota and inflammatory bowel disease.
Seminars in Immunopathology, Springer, 2015, pp. 47-55.

M. Maronek, R. Link, L. Ambro, R. Gardlik, Phages and their role in
gastrointestinal disease: focus on inflammatory bowel disease, Cells 9 (2020)
1013.

13

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

[126]

[127]

[128]

[129]

[130]

Microbial Pathogenesis 205 (2025) 107608

B.A. Duerkop, M. Kleiner, D. Paez-Espino, W. Zhu, B. Bushnell, B. Hassell, et al.,
Murine colitis reveals a disease-associated bacteriophage community, Nat.
Microbiol. 3 (2018) 1023-1031.

A.G. Clooney, T.D. Sutton, A.N. Shkoporov, R.K. Holohan, K.M. Daly, O. O’'Regan,
et al., Whole-virome analysis sheds light on viral dark matter in inflammatory
bowel disease, Cell Host Microbe 26 (2019), 764-78. e5.

S.S. Sagar, S. Rani, S. Pushpa Sadanandan, Combined effect of isolated
bacteriophage and neem extract on isolated multiple drug-resistant pathogenic
Escherichia coli E1 from well water, Environ. Health Insights 17 (2023)
11786302231166818.

E.Z. Gomaa, Human gut microbiota/microbiome in health and diseases: a review,
Antonie Leeuwenhoek 113 (2020) 2019-2040.

K.L. Glassner, B.P. Abraham, E.M. Quigley, The microbiome and inflammatory
bowel disease, J. Allergy Clin. Immunol. 145 (2020) 16-27.

K. Honda, D.R. Littman, The microbiota in adaptive immune homeostasis and
disease, Nature 535 (2016) 75-84.

X. Ma, Y. Hu, X. Li, X. Zheng, Y. Wang, J. Zhang, et al., Periplaneta americana
ameliorates dextran sulfate sodium-induced ulcerative colitis in rats by Keapl/
Nrf-2 activation, intestinal barrier function, and gut microbiota regulation, Front.
Pharmacol. 9 (2018) 944.

M.K. Cheung, G.G.L. Yue, P.W.Y. Chiu, C.B.S. Lau, A review of the effects of
natural compounds, medicinal plants, and mushrooms on the gut microbiota in
colitis and cancer, Front. Pharmacol. 11 (2020) 541722.

Y.H. Gonfa, F.B. Tessema, A. Bachheti, N. Rai, M.G. Tadesse, A.N. Singab, et al.,
Anti-inflammatory activity of phytochemicals from medicinal plants and their
nanoparticles: a review, Curr. Res. Biotechnol. (2023) 100152.

I.H. McHardy, M. Goudarzi, M. Tong, P.M. Ruegger, E. Schwager, J.R. Weger, et
al., Integrative analysis of the microbiome and metabolome of the human
intestinal mucosal surface reveals exquisite inter-relationships, Microbiome 1
(2013) 1-19.

M. Akhtar, Y. Chen, Z. Ma, X. Zhang, D. Shi, J.A. Khan, et al., Gut microbiota-
derived short chain fatty acids are potential mediators in gut inflammation, Anim.
Nutr. 8 (2022) 350-360.

S. Garland, Short chain fatty acids may elicit an innate immune response from
preadipocytes: a potential link between bacterial infection and inflammatory
diseases, Med. Hypotheses 76 (2011) 881-883.

M.G. Rooks, W.S. Garrett, Gut microbiota, metabolites and host immunity, Nat.
Rev. Immunol. 16 (2016) 341-352.

A. Biddle, L. Stewart, J. Blanchard, S. Leschine, Untangling the genetic basis of
fibrolytic specialization by Lachnospiraceae and Ruminococcaceae in diverse gut
communities, Diversity 5 (2013) 627-640.

E. Herrmann, W. Young, V. Reichert-Grimm, S. Weis, C.U. Riedel, D. Rosendale, et
al., In vivo assessment of resistant starch degradation by the caecal microbiota of
mice using RNA-based stable isotope probing—a proof-of-principle study,
Nutrients 10 (2018) 179.

W. Fusco, M.B. Lorenzo, M. Cintoni, S. Porcari, E. Rinninella, F. Kaitsas, et al.,
Short-chain fatty-acid-producing bacteria: key components of the human gut
microbiota, Nutrients 15 (2023) 2211.

Y. Litvak, M.X. Byndloss, A.J. Bdumler, Colonocyte metabolism shapes the gut
microbiota, Science 362 (2018) eaat9076.

J.M. Manson, M. Rauch, M.S. Gilmore, The commensal microbiology of the
gastrointestinal tract. GI Microbiota and Regulation of the Immune System, 2008,
pp. 15-28.

V. De Preter, 1. Arijs, K. Windey, W. Vanhove, S. Vermeire, F. Schuit, et al.,
Impaired butyrate oxidation in ulcerative colitis is due to decreased butyrate
uptake and a defect in the oxidation pathway, Inflamm. Bowel Dis. 18 (2012)
1127-1136.

S.U. Lee, H.J. In, M.S. Kwon, B-o Park, M. Jo, M.-O. Kim, et al., p-Arrestin 2
mediates G protein-coupled receptor 43 signals to nuclear factor-«B, Biol. Pharm.
Bull. 36 (2013) 1754-1759.

W. Chen, F. Liu, Z. Ling, X. Tong, C. Xiang, Human intestinal lumen and mucosa-
associated microbiota in patients with colorectal cancer, PLoS One 7 (2012)
e39743.

P.V. Chang, L. Hao, S. Offermanns, R. Medzhitov, The Microbial Metabolite
Butyrate Regulates Intestinal Macrophage Function via Histone Deacetylase
Inhibition, vol. 111, Proceedings of the National Academy of Sciences, 2014,
pp. 2247-2252.

M.A. Cox, J. Jackson, M. Stanton, A. Rojas-Triana, L. Bober, M. Laverty, et al.,
Short-chain fatty acids act as antiinflammatory mediators by regulating
prostaglandin E2 and cytokines, World J. Gastroenterol.: WJG 15 (2009) 5549.
F. Wan, R. Zhong, M. Wang, Y. Zhou, Y. Chen, B. Yi, et al., Caffeic acid
supplement alleviates colonic inflammation and oxidative stress potentially
through improved gut microbiota community in mice, Front. Microbiol. 12
(2021) 784211.

B. Li, P. Du, Y. Du, D. Zhao, Y. Cai, Q. Yang, et al., Luteolin alleviates
inflammation and modulates gut microbiota in ulcerative colitis rats, Life Sci. 269
(2021) 119008.

L. Yang, Y. Feng, B. Duan, H. Zhang, J. Yang, Y. Tang, et al., [soorientin Alleviates
DSS-Treated Acute Colitis in Mice by Regulating Intestinal Epithelial P-
Glycoprotein (P-Gp) Expression, 2023.

W. Chen, Y. Yu, Y. Liu, C. Song, H. Chen, C. Tang, et al., Ursolic acid regulates gut
microbiota and corrects the imbalance of Th17/Treg cells in T1IDM rats, PLoS One
17 (2022) e0277061.

Q. Jia, S. Fang, R. Yang, Y. Ling, S. Mehmood, H. Ni, et al., Genistein alleviates
dextran sulfate sodium-induced colitis in mice through modulation of intestinal
microbiota and macrophage polarization, Eur. J. Nutr. (2024) 1-12.


http://refhub.elsevier.com/S0882-4010(25)00333-X/sref75
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref75
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref76
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref76
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref76
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref77
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref77
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref77
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref77
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref78
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref78
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref78
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref78
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref79
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref79
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref79
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref79
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref80
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref80
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref80
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref80
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref81
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref81
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref81
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref82
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref82
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref82
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref82
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref83
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref83
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref83
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref84
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref84
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref84
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref85
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref85
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref86
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref86
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref86
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref87
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref87
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref88
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref88
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref88
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref88
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref89
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref89
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref89
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref90
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref90
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref91
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref91
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref91
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref92
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref92
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref92
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref93
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref93
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref93
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref94
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref94
https://doi.org/10.1128/mbio.01874-17
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref96
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref96
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref96
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref97
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref97
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref97
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref98
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref98
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref98
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref99
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref99
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref99
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref100
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref100
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref100
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref100
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref101
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref101
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref102
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref102
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref102
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref103
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref103
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref103
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref104
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref104
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref104
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref105
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref105
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref105
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref105
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref106
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref106
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref107
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref107
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref108
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref108
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref109
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref109
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref109
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref109
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref110
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref110
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref110
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref111
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref111
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref111
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref112
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref112
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref112
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref112
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref113
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref113
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref113
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref114
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref114
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref114
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref115
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref115
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref116
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref116
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref116
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref117
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref117
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref117
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref117
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref118
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref118
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref118
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref119
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref119
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref120
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref120
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref120
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref121
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref121
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref121
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref121
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref122
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref122
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref122
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref123
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref123
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref123
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref124
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref124
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref124
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref124
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref125
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref125
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref125
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref126
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref126
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref126
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref126
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref127
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref127
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref127
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref128
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref128
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref128
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref129
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref129
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref129
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref130
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref130
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref130

Md.M.

[131]

[132]

[133]

[134]

[135]

[136]

[137]

[138]

[139]

[140]

[141]

[142]

[143]

[144]

[145]

[146]

[147]

[148]

[149]

[150]

[151]

[152]

[153]

[154]

Rahaman et al.

R. Fu, L. Wang, Y. Meng, W. Xue, J. Liang, Z. Peng, et al., Apigenin remodels the
gut microbiota to ameliorate ulcerative colitis, Front. Nutr. 9 (2022) 1062961.
N. Zhao, Y. Yang, C. Chen, T. Jing, Y. Hu, H. Xu, et al., Betaine supplementation
alleviates dextran sulfate sodium-induced colitis via regulating the inflammatory
response, enhancing the intestinal barrier, and altering gut microbiota, Food
Funct. 13 (2022) 12814-12826.

X. Chen, S. Pan, F. Li, X. Xu, H. Xing, Plant-derived bioactive compounds and
potential health benefits: involvement of the gut microbiota and its metabolic
activity, Biomolecules 12 (2022) 1871.

U. Shabbir, M. Rubab, E.B.-M. Daliri, R. Chelliah, A. Javed, D.-H. Oh, Curcumin,
quercetin, catechins and metabolic diseases: the role of gut microbiota, Nutrients
13 (2021) 206.

C.E. Iglesias-Aguirre, F. Vallejo, D. Beltran, E. Aguilar-Aguilar, J. Puigcerver,

M. Alajarin, et al., Lunularin producers versus non-producers: novel human
metabotypes associated with the metabolism of resveratrol by the gut microbiota,
J. Agric. Food Chem. 70 (2022) 10521-10531.

F. Li, Y. Han, X. Wu, X. Cao, Z. Gao, Y. Sun, et al., Gut microbiota-derived
resveratrol metabolites, dihydroresveratrol and lunularin, significantly contribute
to the biological activities of resveratrol, Front. Nutr. 9 (2022) 912591.

W. Liu, X. Cui, Y. Zhong, R. Ma, B. Liu, Y. Xia, Phenolic metabolites as therapeutic
in inflammation and neoplasms: molecular pathways explaining their efficacy,
Pharmacol. Res. 193 (2023) 106812.

Z. Bian, Y. Qin, L. Li, L. Su, C. Fei, Y. Li, et al., Schisandra chinensis (Turcz.) Baill.
Protects against DSS-induced colitis in mice: involvement of TLR4/NF-kB/NLRP3
inflammasome pathway and gut microbiota, J. Ethnopharmacol. 298 (2022)
115570.

R. Lin, M. Piao, Y. Song, Dietary quercetin increases colonic microbial diversity
and attenuates colitis severity in Citrobacter rodentium-infected mice, Front.
Microbiol. 10 (2019) 461845.

X. Xia, Y. Zhang, L. Zhu, Y. Ying, W. Hao, L. Wang, et al., Liquiritin apioside
alleviates colonic inflammation and accompanying depression-like symptoms in
colitis by gut metabolites and the balance of Th17/Treg, Phytomedicine 120
(2023) 155039.

L. Zhu, L.-Z. Xu, S. Zhao, Z.-F. Shen, H. Shen, L.-B. Zhan, Protective effect of
baicalin on the regulation of Treg/Th17 balance, gut microbiota and short-chain
fatty acids in rats with ulcerative colitis, Appl. Microbiol. Biotechnol. 104 (2020)
5449-5460.

M. Yue, J. Huang, X. Ma, P. Huang, Y. Liu, J. Zeng, Protopine alleviates dextran
sodium sulfate-induced ulcerative colitis by improving intestinal barrier function
and regulating intestinal microbiota, Molecules 28 (2023) 5277.

Y. Qu, X. Li, F. Xu, S. Zhao, X. Wu, Y. Wang, et al., Kaempferol alleviates murine
experimental colitis by restoring gut microbiota and inhibiting the LPS-TLR4-NF-
kB axis, Front. Immunol. 12 (2021) 679897.

S. Wen, L. He, Z. Zhong, R. Zhao, S. Weng, H. Mi, et al., Stigmasterol restores the
balance of Treg/Th17 cells by activating the butyrate-PPARy axis in colitis, Front.
Immunol. 12 (2021) 741934.

K. Nomura, D. Ishikawa, K. Okahara, S. Ito, K. Haga, M. Takahashi, et al.,
Bacteroidetes species are correlated with disease activity in ulcerative colitis,

J. Clin. Med. 10 (2021) 1749.

X. Wang, C. Shen, X. Wang, J. Tang, Z. Wu, Y. Huang, et al., Schisandrin protects
against ulcerative colitis by inhibiting the SGK1/NLRP3 signaling pathway and
reshaping gut microbiota in mice, Chin. Med. 18 (2023) 112.

H.R. Alrafas, P.B. Busbee, M. Nagarkatti, P.S. Nagarkatti, Resveratrol modulates
the gut microbiota to prevent murine colitis development through induction of
Tregs and suppression of Th17 cells, J. Leukoc. Biol. 106 (2019) 467-480.

7. Wu, S. Huang, T. Li, N. Li, D. Han, S. Zhang, et al., Oral, but not rectal delivery
of epigallocatechin-3-gallate alleviates colitis by regulating the gut microbiota.
Oxidative Stress, Inflammation, and Barrier Integrity, 2020.

X. Guo, Y. Xu, R. Geng, J. Qiu, X. He, Curcumin alleviates dextran sulfate sodium-
induced colitis in mice through regulating gut microbiota, Mol. Nutr. Food Res.
66 (2022) 2100943.

Q. Wang, K. Xu, X. Cai, C. Wang, Y. Cao, J. Xiao, Rosmarinic acid restores colonic
mucus secretion in colitis mice by regulating gut microbiota-derived metabolites
and the activation of inflammasomes, J. Agric. Food Chem. 71 (2023) 4571-4585.
J. Zhang, X. Xu, N. Li, L. Cao, Y. Sun, J. Wang, et al., Licoflavone B, an isoprene
flavonoid derived from licorice residue, relieves dextran sodium sulfate-induced
ulcerative colitis by rebuilding the gut barrier and regulating intestinal
microflora, Eur. J. Pharmacol. 916 (2022) 174730.

H. Cui, Y. Cai, L. Wang, B. Jia, J. Li, S. Zhao, et al., Berberine regulates Treg/Th17
balance to treat ulcerative colitis through modulating the gut microbiota in the
colon, Front. Pharmacol. 9 (2018) 571.

Y. Zhou, S. Chen, W. Gu, X. Sun, L. Wang, L. Tang, Sinomenine hydrochloride
ameliorates dextran sulfate sodium-induced colitis in mice by modulating the gut
microbiota composition whilst suppressing the activation of the NLRP3
inflammasome, Exp. Ther. Med. 22 (2021) 1-10.

F.-H. Wei, W.-Y. Xie, P.-S. Zhao, W. Gao, F. Gao, Echinacea purpurea
polysaccharide ameliorates dextran sulfate sodium-induced colitis by restoring
the intestinal microbiota and inhibiting the TLR4-NF-kB Axis, Nutrients 16 (2024)
1305.

14

[155]

[156]

[157]

[158]

[159]

[160]

[161]

[162]

[163]

[164]

[165]

[166]

[167]

[168]

[169]

[170]

[171]

[172]
[173]
[174]

[175]

[176]

[177]

[178]

[179]

Microbial Pathogenesis 205 (2025) 107608

Y. Liu, W. Huang, Y. Zhu, T. Zhao, F. Xiao, Y. Wang, et al., Acteoside, the main
bioactive compound in Osmanthus fragrans flowers, palliates experimental colitis
in mice by regulating the gut microbiota, J. Agric. Food Chem. 70 (2022)
1148-1162.

X. Li, L. Xu, X. Peng, H. Zhang, M. Kang, Y. Jiang, et al., The alleviating effect of
ellagic acid on DSS-induced colitis via regulating gut microbiomes and gene
expression of colonic epithelial cells, Food Funct. 14 (2023) 7550-7561.

H. Sokol, P. Seksik, J. Furet, O. Firmesse, I. Nion-Larmurier, L. Beaugerie, et al.,
Low counts of Faecalibacterium prausnitzii in colitis microbiota, Inflamm. Bowel
Dis. 15 (2009) 1183-1189.

C. Caenepeel, N. Sadat Seyed Tabib, S. Vieira-Silva, S. Vermeire, How the
intestinal microbiota may reflect disease activity and influence therapeutic
outcome in inflammatory bowel disease, Aliment. Pharmacol. Ther. 52 (2020)
1453-1468.

AK. Thomann, J.W. Mak, J.W. Zhang, T. Wuestenberg, M.P. Ebert, J.J. Sung, et
al., bugs, inflammation and mood—a microbiota-based approach to psychiatric
symptoms in inflammatory bowel diseases, Aliment Pharmacol. Therapeut. 52
(2020) 247-266.

Q. Li, Y. Cui, B. Xu, Y. Wang, F. Lv, Z. Li, et al., Main active components of Jiawei
Gegen Qinlian decoction protects against ulcerative colitis under different dietary
environments in a gut microbiota-dependent manner, Pharmacol. Res. 170 (2021)
105694.

Y. Zhang, D. Jiang, Y. Jin, H. Jia, Y. Yang, L.H. Kim, et al., Glycine attenuates
citrobacter rodentium-induced colitis by regulating atf6-mediated endoplasmic
reticulum stress in mice, Mol. Nutr. Food Res. 65 (2021) 2001065.

A. Beheshti-Maal, S. Shahrokh, S. Ansari, E.S. Mirsamadi, A. Yadegar, H. Mirjalali,
et al., Gut mycobiome: the probable determinative role of fungi in IBD patients,
Mycoses 64 (2021) 468-476.

J. Kabeerdoss, P. Jayakanthan, S. Pugazhendhi, B.S. Ramakrishna, Alterations of
mucosal microbiota in the colon of patients with inflammatory bowel disease
revealed by real time polymerase chain reaction amplification of 16S ribosomal
ribonucleic acid, Indian J. Med. Res. 142 (2015) 23-32.

N.-R. Shin, T.W. Whon, J.-W. Bae, Proteobacteria: microbial signature of dysbiosis
in gut microbiota, Trends Biotechnol. 33 (2015) 496-503.

N. Waldschmitt, S. Kitamoto, T. Secher, V. Zacharioudaki, O. Boulard, E. Floquet,
et al., The regenerating family member 3 p instigates IL-17A-mediated neutrophil
recruitment downstream of NOD1/2 signalling for controlling colonisation
resistance independently of microbiota community structure, Gut 68 (2019)
1190-1199.

R. Rogier, M.I. Koenders, S. Abdollahi-Roodsaz, Toll-like receptor mediated
modulation of T cell response by commensal intestinal microbiota as a trigger for
autoimmune arthritis, J. Immunol. Res. 2015 (2015) 527696.

P.M. Smith, M.R. Howitt, N. Panikov, M. Michaud, C.A. Gallini, M. Bohlooly-y, et
al., The microbial metabolites, short-chain fatty acids, regulate colonic Treg cell
homeostasis, Science 341 (2013) 569-573.

C.G. Mayne, C.B. Williams, Induced and natural regulatory T cells in the
development of inflammatory bowel disease, Inflamm. Bowel Dis. 19 (2013)
1772-1788.

G.J. Britton, E.J. Contijoch, I. Mogno, O.H. Vennaro, S.R. Llewellyn, R. Ng, et al.,
Microbiotas from humans with inflammatory bowel disease alter the balance of
gut Th17 and RORyt+ regulatory T cells and exacerbate colitis in mice, Inmunity
50 (2019), 212-24. e4.

F. Ungaro, L. Massimino, F. Furfaro, V. Rimoldi, L. Peyrin-Biroulet, S. D’alessio, et
al., Metagenomic analysis of intestinal mucosa revealed a specific eukaryotic gut
virome signature in early-diagnosed inflammatory bowel disease, Gut Microbes
10 (2019) 149-158.

T.M. Santiago-Rodriguez, E.B. Hollister, Human virome and disease: high-
throughput sequencing for virus discovery, identification of phage-bacteria
dysbiosis and development of therapeutic approaches with emphasis on the
human gut, Viruses 11 (2019) 656.

L. Beller, J. Matthijnssens, What is (not) known about the dynamics of the human
gut virome in health and disease, Curr. Opin. Virol. 37 (2019) 52-57.

H.W. Virgin, The virome in mammalian physiology and disease, Cell 157 (2014)
142-150.

T. Zuo, X.-J. Lu, Y. Zhang, C.P. Cheung, S. Lam, F. Zhang, et al., Gut mucosal
virome alterations in ulcerative colitis, Gut 68 (2019) 1169-1179.

A.N. Shkoporov, A.G. Clooney, T.D. Sutton, F.J. Ryan, K.M. Daly, J.A. Nolan, et
al., The human gut virome is highly diverse, stable, and individual specific, Cell
Host Microbe 26 (2019), 527-41. e5.

T. Jamtsho, K. Yeshi, M.J. Perry, A. Loukas, P. Wangchuk, Approaches, strategies
and procedures for identifying anti-inflammatory drug lead molecules from
natural products, Pharmaceuticals 17 (2024) 283.

T.L.A. Nguyen, S. Vieira-Silva, A. Liston, J. Raes, How informative is the mouse
for human gut microbiota research? Dis. Model. Mech. 8 (2015) 1-16.

L. Ju, Z. Suo, J. Lin, Z. Liu, Fecal microbiota and metabolites in the pathogenesis
and precision medicine for inflammatory bowel disease, Precis. Clin. Med. 7
(2024) pbae023.

D. Jansen, J. Matthijnssens, The emerging role of the gut virome in health and
inflammatory bowel disease: challenges, covariates and a viral imbalance, Viruses
15 (2023) 173.


http://refhub.elsevier.com/S0882-4010(25)00333-X/sref131
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref131
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref132
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref132
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref132
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref132
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref133
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref133
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref133
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref134
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref134
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref134
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref135
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref135
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref135
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref135
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref136
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref136
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref136
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref137
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref137
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref137
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref138
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref138
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref138
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref138
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref139
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref139
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref139
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref140
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref140
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref140
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref140
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref141
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref141
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref141
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref141
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref142
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref142
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref142
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref143
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref143
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref143
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref144
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref144
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref144
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref145
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref145
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref145
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref146
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref146
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref146
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref147
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref147
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref147
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref148
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref148
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref148
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref149
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref149
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref149
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref150
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref150
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref150
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref151
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref151
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref151
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref151
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref152
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref152
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref152
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref153
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref153
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref153
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref153
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref154
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref154
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref154
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref154
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref155
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref155
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref155
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref155
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref156
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref156
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref156
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref157
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref157
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref157
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref158
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref158
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref158
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref158
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref159
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref159
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref159
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref159
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref160
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref160
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref160
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref160
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref161
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref161
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref161
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref162
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref162
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref162
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref163
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref163
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref163
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref163
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref164
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref164
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref165
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref165
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref165
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref165
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref165
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref166
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref166
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref166
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref167
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref167
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref167
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref168
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref168
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref168
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref169
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref169
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref169
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref169
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref170
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref170
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref170
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref170
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref171
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref171
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref171
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref171
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref172
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref172
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref173
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref173
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref174
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref174
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref175
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref175
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref175
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref176
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref176
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref176
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref177
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref177
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref178
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref178
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref178
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref179
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref179
http://refhub.elsevier.com/S0882-4010(25)00333-X/sref179

	A systematic review on the role of gut microbiome in inflammatory bowel disease: Spotlight on virome and plant metabolites
	1 Introduction
	2 Materials and methods
	2.1 Search strategy
	2.2 Inclusion criteria
	2.3 Exclusion criteria
	2.4 Findings
	2.5 Risk of bias in individual studies

	3 Results
	3.1 Pathogenesis of IBD
	3.2 Microbiome, gut health and interrelationship to IBD
	3.3 Virome and possible relation with IBD
	3.3.1 Virome and human IBD
	3.3.2 Virome characteristics of IBD

	3.4 Bacteriophage’s activity on IBD
	3.5 Natural products and microbial communities

	4 Discussion
	5 Conclusion
	CRediT authorship contribution statement
	Data availability
	Funding
	Declaration of competing interest
	Acknowledgement
	Appendix A Supplementary data
	References


