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ABSTRACT

Introduction: In recent decades, the development of chronic diseases has become a global
problem burdening health care resources. The intestinal microbiota is a complex community of
microbes involved in maintaining host homeostasis, and nutritional interventions affecting its
functioning are the subject of many scientific studies. Phytochemicals are bioactive components
of plants that have multiple actions in the metabolic pathways of human cells. There are many
studies describing their diverse activities, including anti-inflammatory, anti-cancer, anti-
allergic, and antioxidant. In this review, we described the effects of resveratrol, quercetin,
curcumin, fisetin, berberine on the gut microbiota and intestinal barrier integrity through
various metabolic pathways and the effects of their consumption on the development of chronic
diseases.

Materials and Methods: The analysis was conducted based on data available in studies found
in the PubMed database. The research concerned the impact of phytochemicals on the gut
microbiota and intestinal barrier integrity and their relationship with the development of chronic
diseases.

Conclusions: Studies indicate that diet has a direct impact on the state of the gut microbiota. A
link between the consumption of products rich in phytochemicals and the reduction of the
development of chronic diseases through the modulation of the gut microbiota has been
described. Dietary interventions are an interesting and promising research subject, and
development in this field should continue to be implemented in clinical practice.
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Introduction
In the last decades chronic diseases, such as type 2 diabetes, obesity, chronic kidney disease,
hypertension, coronary heart disease and arthritis, have become one of the main problems in
healthcare and remain a significant cause of mortality and morbidity around the world. Due to
the increasing costs of treatment, public health experts are drawing attention to the importance
of preventive strategies [1]. The occurrence of chronic diseases is the result of lifestyle,
genetics, environmental influences and daily habits, including nutrition. Therefore, chronic
diseases are - at least partially - preventable in many cases [2]. In recent years, due to the great
interest in the topic of chronic diseases prevention, dietary choices and their impact on the
functioning of the gut microbiota and the intestinal barrier integrity, are the subject of an
increasing number of studies. It is known that chemical compounds supplied with food affect
the environment of the gut microbiome, therefore providing compounds that have a beneficial
effect on gut bacteria may be a promising strategy for treating or preventing many diseases [3].
The human gastrointestinal tract is a habitat for a dynamic community of
microorganisms (bacteria, fungi, viruses, parasites) that collectively form the gut microbiome.
It is estimated that about 100 trillion bacteria participate in this mutually beneficial relationship.
The interconnection is the result of years of co-evolution and crosstalk between human and
bacterial cells [4]. It is well known the gut microbiota has multiple important roles in human
physiology, and its composition can be influenced by many factors including pH of
gastrointestinal tract, production of digestive enzymes and bile acids, oxygen concentration,
mucus production, and peristalsis [5,6]. The proportion of bacterial phyla varies depending on
the part of the gastrointestinal tract (Table 1.). In healthy subjects, the stomach is colonized by
five major bacterial phyla: Pseudomonadota, Bacteroidota, Actinomycetota, Bacillota and
Fusobacteriota. Bacillota and Pseudomonadota constitute the main phyla colonizing the small
intestine, while in the large intestine, the most common phyla are Bacillota, Bacteroidota,
Actinomycetota, Pseudomonadota and Verrucomicrobiota. Each perturbation in the gut
microbiome profile may lead to dysbiosis and can have a key role in human disease progression
[6,7]. In addition to supporting the processes of fermentation, food digestion and synthesis of
vitamins, the intestinal microbiome performs many functions essential for maintaining the
homeostasis of the host organism. Its participation in metabolic processes and immune
mechanisms seems to be the most significant [7]. The interactions between the microbiome,
intestinal mucosa and immune cells are crucial in creating the gut barrier (GB) and maintaining

its integrity. A normal GB is composed of many layers and functions not only as a physical



barrier, but also as a functional one. The outer part of the GB is composed of a layer of mucus,
proteins involved in defense mechanisms (such as secretory immunoglobulin A) and intestinal
microbiota. The middle part is formed by a single layer of intestinal epithelial cells, and the
inner part is composed of immune system cells. The intestinal epithelial cells are tightly
connected to each other by the apical junctional complex, which includes tight junctional
proteins, desmosomes and adherens junctions [8,9]. Factors damaging the GB may cause
disruption of its integrity, which results in easier penetration of bacteria and small molecules
into the systemic circulation of the host. The malfunctions eventually trigger an immune system
response and the development of inflammation [9]. Daily dietary choices and maintaining
diversity in the food consumed, significantly influence the functioning of GB and microbiota
from the first days of life. In newborns, when solid foods are introduced to the diet, an increase
in the number and diversity of gastrointestinal bacteria is observed, whereas the reduced
diversity of foods in the older population results in a depletion of intestinal bacterial species
[3]. Therefore, diet seems to be an extremely important modifiable factor influencing the
condition of the intestinal microbiota and the proper functioning of the GB. In recent years,
dietary modulation has become the subject of numerous scientific studies describing the

influence of different nutrients on the dynamic microbiota environment.

Estimated total
Dominant phyla
abundance of bacteria

Actinomycetota, Bacteroidota,

_ 101 — 10%2 Bacillota, Fusobacteriota,
Oral cavity . .
Pseudomonadota, Saccharibacteria,
Spirochaetota
Pseudomonadota, Bacteroidota,
Stomach

107 Actinomycetota, Bacillota,

Fusobacteriota




Duodenum 107 101 Bacillota, Bacteroidota,
Jejunum Pseudomonadota, Fusobacteriota,
lleum Actinomycetota
Bacillota, Bacteroidota,
1014
Colon Actinomycetota, Pseudomonadota,
Verrucomicrobiota

Table 1. Total abundance and dominant phyla of bacteria colonizing human

gastrointestinal tract [6,10,11].

Phytochemicals are a group of chemical compounds (such as polyphenols, carotenoids,
saponins, isoprenoids) with many biological activities necessary for the physiological processes
of plants. They are bioactive compounds found in plant foods — vegetables, fruit, nuts, whole
grains, teas [12]. So far, scientists have discovered over 1000 phytochemicals, and their
participation in many metabolic pathways important in human cells have been described. They
possess antioxidant, anti-inflammatory and antimicrobial activities. There are dozens of studies
describing their participation in the regulation of immunological processes, anti-cancer,
analgesic and anti-allergic mechanisms [13,14,15]. This suggests a beneficial effect of
phytochemicals in maintaining general homeostasis, which makes them a promising target for
further scientific research. The constantly growing interest in the issue of human microbiota
results in the search for new solutions to improve its functioning. Recent research indicates the
beneficial effect of phytochemicals on maintaining the homeostasis of the intestinal
microbiome [16]. This review aims to summarize current knowledge on the role of consuming
foods rich in selected phytochemicals (Table 2.), its influence on the composition and
functioning of the gut microbiome and the importance of nutritional interventions in prevention

of chronic diseases.



Resveratrol Dark grapes, peanuts, raisins, blueberries,

cranberries

Quercetin Grapes, apples, berries, onions, broccoli,

peppers, nuts, wine

Curcumin Curcuma longa (root)

Fisetin Apples, persimmons, grapes, onions, Kiwi,

kale, strawberries, cucumbers

Berberine Coptidis rhizoma

Table 2. Food sources of phytochemicals [17,18,19].

Materials and Methods
A literature search was conducted across multiple databases, including PubMed and Google

Scholar. Keywords, and their combinations, such as "gut microbiota,” "gut barrier,”
"phytochemicals,” "nutrition,” and "chronic diseases” were used to identify relevant studies.
Analysis included findings from clinical trials, reviews and meta-analyses examining
interconnections between gut microbiota, food rich in phytochemicals and development of
chronic diseases. Additional data was sourced through reference lists of chosen studies to

capture relevant research missed by the initial search.

Resveratrol

Resveratrol (3,5,4’-trihydroxy-trans-stilbene) is a natural polyphenol, first found in the roots of
Veratrum grandiflorum and then isolated from the root of Polygonum cupsidatum. Its
production in plants increases under stress conditions, such as exposure to pathogens or physical
injury, making it a vital component of the plant's defense mechanisms. Many natural food
products have been described as sources of resveratrol, including blueberries, grapes,
cranberries, peanuts, and red wine [20]. In recent years, many scientific studies have appeared
describing the impact of resveratrol on biochemical processes in animal and human cells and

the potential benefits of its use in the treatment and prevention of chronic diseases. It has been
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demonstrated to have antimicrobial, anti-diabetic, anti-obesity, anti-cancer and anti-
atherosclerosis properties [21,22]. Despite the extensive studies highlighting significant
interactions between dietary resveratrol and gut microbiota, the exact mechanisms connecting
bacteria, dietary changes, and the onset of chronic diseases remain under investigation. In
individuals with type 2 diabetes, a relationship has been observed between dysbiosis, increased
insulin resistance, and the onset of complications such as neuropathy, retinopathy, and
nephropathy [23]. Jung et al. [24] conducted a study analyzing the composition of the
microbiota in normal and diet-induced obese mice. For 8 weeks, mice were fed a standard
(12.41% kcal from fat) or high-fat diet (60% kcal from fat). In both groups, 200 mg/kg/day of
resveratrol was administered or not. Resveratrol treatment decreased the abundance of
Clostridium cluster XI, Lactococcus, Oscillibacter and Hydrogenoanaerobacterium in mice fed
the high-fat diet. The authors concluded that these alterations were linked to mTOR
(mammalian target of rapamycin), a tyrosine protein kinase involved in activating insulin-like
growth factor 1 receptors and insulin receptors. In mice, changes in intestinal inflammation and
insulin resistance associated with resveratrol treatment were observed, and mTOR signaling
played a key role in altering the composition of the intestinal microbiota.

Several studies have highlighted the impact of resveratrol intake on the
Bacillota/Bacteroidota ratio within gut microbiota, showing that an increased ratio is linked to
obesity. In both humans and the mice model, a reduction in the ratio of Bacillota to Bacteroidota
and a reduction in the abundance of Clostridium strains and the frequency of occurrence in the
Lachnospiraceae family were observed [25]. Chen et al. [26] conducted a study using male rats
that developed nonalcoholic fatty liver disease (NAFLD) when fed a high-fat diet. After six
weeks of resveratrol supplementation, there was a notable increase in the abundance of
Ruminococcaceae, Akkermansia muciniphila, and Lachnospiraceae.  Resveratrol
supplementation resulted in upregulation in the expression of tight junctions in the intestinal
barrier and reduced intestinal permeability. In rats, inhibition of the development of NASH and
colon inflammation was observed. Thus, leveraging resveratrol’s effects on gut microbiota and
gut barrier emerges as a promising strategy for preventing chronic diseases. However, it should
be taken into consideration that the use of resveratrol may be difficult due to its phase Il
metabolism in the liver. Research suggests that, in comparison to other polyphenols, resveratrol
has low bioavailability and limited ability to penetrate the blood-brain barrier after oral
administration [27]. Further research describing metabolic pathways linking resveratrol and GB

IS necessary.



Quercetin

Quercetin is a natural flavonoid widely present in vegetables, fruits, cereals, nuts [28]. It has
been described to possess many beneficial health properties (antioxidant, antiapoptotic, anti
inflammatory, anti-diabetic) and plays an important role in treatment of aging-related diseases
[29]. It is engaged in intestinal barrier repairing and remodeling the intestinal microbiota [30].
A mice study with Citrobacter rodentium-induced colitis, conducted by Lin et. al. [31] has
shown that dietary quercetin supplementation (30mg/kg) resulted in suppression of production
of pro-inflammatory cytokines (IL-17, TNFa, IL-6) while promoting the production of IL-10
in colon tissues. IL-10 is crucial for maintaining cellular homeostasis and modulating
inflammation, acting as an anti-inflammatory cytokine that protects against uncontrolled
immune response [32.] Another study [33] has demonstrated that quercetin enhanced
Bacteroides, Bifidobacterium, Lactobacillus, Clostridia population and reduced Fusobacterium
and Enterococcus populations. Animal studies have also shown that glycoside forms of
quercetin can suppress the translocation of gut-invasive bacteria such as Escherichia coli,
Enterococcus spp., Proteus spp., and Klebsiella pneumoniae. In the mice model quercetin was
able to alleviate intestinal oxidative damage (H202-induced colitis) [34]. This protective effect
was attributed to the upregulation of glutamate-cysteine ligase catalytic subunit, an enzyme
involved in glutathione synthesis, as well as increased transcription of glutathione reductase,
leading to higher intracellular glutathione levels and the elimination of excessive reactive
oxygen species (ROS) produced by H20».

Several studies have indicated that quercetin can enhance the expression of tight
junctions, improve gut barrier function [35,36] promote intestinal cell proliferation, and support
the regenerative capacity of intestinal mesenchymal stem cells [34,37]. The impact on
quercetin-mediated assembly and expression of tight junctions proteins was possible due to the
change in phosphorylation status [35]. In addition, quercetin by the PKCa/ERK1-2 signaling
pathway activation could upregulate intestinal goblet cells secretory capacity and mucin level
in gut lumen, which provided positive effects on integrity of GB [38]. Immune regulatory
function of quercetin has been widely described [38]. Decreased infiltration of macrophages,
neutrophils, Th17 cells and increased regulatory T cell proportion were observed in mice study
during quercetin treatment [36]. Those findings indicate that dietary quercetin can exert
therapeutic effects and may be an effective strategy in controlling colitis caused by various

etiology via modifying gut microbiota or different pleiotropic effects. Given this information,



further research into quercetin's role in gut microbiota modulation presents a promising avenue

for the therapy of inflammatory bowel disease [39].

Curcumin

Curcumin is a natural phytochemical found in the rhizome of Curcuma longa, widely used as a
dietary spice. Many studies have confirmed its anti-inflammatory and anti-oxidant mechanisms
impacting the management of various diseases - including type 2 diabetes mellitus, neurological
disorders, gastrointestinal diseases, and several types of cancer [40,41]. Furthermore, curcumin
and its metabolites have been shown to positively influence gut microbiota [42]. Curcumin was
described to normalize the gut microbiota dysbiosis to a certain extent. The diversity of gut
microbiota of mice has been increased during oral administration of curcumin. The relative
abundances of several bacterial species associated with Alzheimer’s Disease development
(Bacteroidaceae, Prevotellaceae, and Lactobacillaceae) could be modulated by curcumin [43].
Studies have indicated that curcumin administration can significantly alter the ratio between
beneficial and harmful bacterial strains, favoring the growth of beneficial types, such as
Lactobacilli, Bifidobacteria, and butyrate-producing bacteria, while simultaneously reducing
pathogenic bacteria such as Enterobacteria, Prevotellaceae, Coriobacterales, and Rikenellaceae,
which are often associated with chronic diseases development. [44,45,46]. In ovariectomized
rats with induced estrogen deficiency, change in abundance and distribution of intestinal
microflora has been observed. Oral administration of curcumin (100mg/kg/day per 12 weeks)
was able to partially reverse changes in the diversity of gut microbiota [53].

Various studies report that curcumine affects intestinal barrier. Additionally, research
suggests that curcumin positively influences the intestinal barrier. It is a compound potentially
able to restore disrupted intestinal permeability on in vitro models [47]. In human colon
carcinoma cell lines (Caco-2) curcumin attenuated the disruption of intestinal barrier function
by counteracting LPS-induced IL-1p secretion and preventing tight junction protein disruption
[48]. Hou et. al. [49] conducted a study in which rats with NAFLD fed a high-fat diet for 16
weeks developed impairments in function of GB. However, treatment with curcumin (200
mg/kg daily) improved the structure of intestinal tight junctions, reduced serum concentrations
of TNF-a and LPS, and upregulated occludin expression in the intestinal mucosa. The group
with curcumin intervention showed a decrease in inflammatory cell infiltration and hepatocyte
steatosis. In mice study, after 16 weeks of high fat high cholesterol containing diet (Western

diet, WD) and 100 mg/kg daily oral curcumin supplementation observed its protective effects
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against WD-induced disruption of GB function, restoring activity of alkaline phosphatase (1AP)
activity and the expression of tight junction proteins ZO-1 and claudin-1 [50]. Notably, a
decrease in IAP levels has been observed in patients with inflammatory bowel disease.
Chimeric human IAP was evaluated in gut dysbiosis, inflammatory bowel disease and acute
kidney injury as therapeutic protein [51,52]. Collectively, these findings suggest that curcumin
plays a vital role in maintaining intestinal barrier integrity and could serve as a promising

therapeutic strategy to prevent the development of metabolic diseases.

Fisetin

Fisetin, a flavonol found naturally in a variety of fruits and vegetables, is classified as a
bioactive phytochemical with significant effects on cell division, angiogenesis, carcinogenesis,
oxidative stress, and inflammation [54]. Research has shown that fisetin provides
neuroprotective benefits against neurodegeneration by influencing the composition and
diversity of gut microbiota. In mouse models, fisetin significantly reduces dopaminergic
neurodegeneration caused by 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) [55].
Research has indicated that fisetin offers neuroprotective benefits in cases of neurodegeneration
by influencing the composition and diversity of gut microbiota. For instance, a study by Hill-
Burns et al. found that patients with Parkinson’s Disease displayed a reduced abundance of
Lachnospiraceae compared to healthy individuals [57]. Srivastav et al. demonstrated that the
application of probiotics could significantly increase the metabolite BHP of butyrate and
confirmed that butyrate is able to protect against MPTP- induced neurotoxicity by preventing
the loss of dopaminergic neurons and dopamine depletion. Additionally, it reduces gliosis
proliferation in Substantia Nigra and upregulates neurotrophic factors [58]. This study suggests
that fisetin may enhance neuroprotection by increasing the population of Lachnospiraceae
bacteria. This increase helps to mitigate gut inflammation and decrease the production of toxic
substances that can impact brain health and function. Dysbiosis has been noted in individuals
with Alzheimer’s disease (AS), where the gut microbiota may generate potentially harmful and
pro-inflammatory substances. This, in turn, can initiate chronic systemic inflammation, which
plays a role in both neuroinflammation and neurodegeneration [61,62]. Fisetin is able to
modulate gut microbiota, reducing potentially pathogenic gram-negative bacteria without
affecting probiotic microflora. Bactericidal activity against E. coli, P. aeruginosa, and C.
albicans has been observed. The author’s investiogation into the gut-brain axis and the

modulation of the microbiome has revealed fistein’s potential in Alzheimer’s disease therapy.
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By influencing the gut microbiome, fisetin presents a promising strategy for restoring a healthy
microbial community and mitigating neuroinflammatory processes [63].

Study conducted by Qian Ren et al. [59] indicated that fisetin protected against
hyperuricemia-induced chronic kidney disease (CKD), this protective effect was achieved
through modulation of gut microbiota-mediated tryptophan metabolism and aryl hydrocarbon
receptor (AHR) activation. Following fisetin treatment, significant restoration of dysregulated
gut bacteria, improvement in kidney function, and a reduction in renal fibrosis were observed
in mice experiencing CKD. L-kynurenine, one of gut microbiota-derived tryptophans’
metabolites was found to correlate with fisetin’s nephroprotective effects. AHR and an
endogenous L-kynurenine receptor were increased in hyperuricemic mice, afterwards decreased
in mice treated with fisetin. In vitro studies have shown that inhibition of AHR activation
reduced L-kynurenine-induced fibrosis. Furthermore, the accumulation of uremic toxins in the
bodily fluids of CKD patients can trigger AHR activation, influencing the progression of the
disease. Notably, AHR can be activated by ligands, specifically tryptophan metabolites [60].

Lin et al. [56] conducted a study where mice with fisetin treatment exhibited a
significantly higher abundance of Lachnospiraceae, a beneficial butyrate-producing bacterium
that is associated with gut health. Butyrate serves as an energy source for the gut epithelium. It
also inhibits the activation of NF-kB, helping to reduce gut inflammation. Lachnospiraceae, a
bacteria known for its antiinflammatory properties, has been observed as a decrease in dextran
sulfate sodium induced colitis [64]. After fisetin treatment notable increase in the abundance of
Lachnospiraceae was increased. In addition, fisetin was able to improve microbial imbalance
by increasing relative abundance of Bacillota and Verrucomicrobiota. It should be mentioned
that Bacillota possess anti-inflammatory properties and play an important role in colitis
management [65]. Verrucomicrobiota by its ability to generate mucin-degrading enzymes helps
to maintain a healthy gut barrier function. By breaking down mucus, these bacteria create an
environment that enables other bacteria to accesss essential nutrients and establish a balanced

microbial community within the gut [66].

Berberine

Berberine is an active alkaloid predominantly found in all parts of Berberis vulgaris, particularly
in its fruit, known as barberry. The berberine content in the fruit ranges from 5.2% to 7.7% [67].
This compound is recognized for its various pharmacological properties and diverse therapeutic

applications. Its lipid-lowering, insulin-resistance improving action has been widely described
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and it was the main purpose of various clinical trials associated with its influence on
cardiovascular, gastrointestinal, endocrine, central nervous system and anticancer properties
[68]. Berberine operates through multiple mechanisms, including the modulation of
gastrointestinal microbiota composition, leading to a reduction in blood lipid and glucose levels.
This suggests a potential role in preventing obesity and combating insulin resistance [69].
Studies have shown that treatment with berberine enriches the abundance of Bacteroides in the
colon and terminal ileum of mice, while decreasing populations of Lactobacillus acidophilus,
Lactobacillus murinus, Lactococcus lactis, Ruminococcus gnavu, and Ruminococcus schinkii
[70]. Acting on so many strains of bacteria obviously has an impact on health. Mice studies
have described that berberine (given orally) modified intestinal bacterial composition by
increasing the abundance of butyrate-producing bacteria, then butyrate enters the blood and
reduces blood lipid and glucose levels [71]. Glucagon-like peptide 1 (GLP-1) and Peptide YY
(PYY) upregulation induced by butyrate may be important in preventing or treating obesity and
insulin resistance [72]. PYYY and neuropeptide YY have a key role, closely related to appetite
regulation and obesity formation [73].

Berberine’s influence on gastrointestinal barrier remains the subject of many studies.
Research by Chen et al. demonstrated that berberine administration increased the number of
colonic glands and mucus secretion from goblet cells, enhancing intestinal barrier function and
reducing serum glycolipid levels in hamsters with glucolipid metabolism disorders [74]. This
study has proven berberine via modulating gut microbiota and gut-microbiota-related
tryptophan metabolites could alleviate intestinal barrier dysfunction. In another study by Min
Tang et al. [75], the influence of the trichothecene deoxynivalenol (DON) on piglets has been
investigated. Trichothecenes, produced by the fungus Fusarium, contaminate food crops and
can cause significant public health issues, leading to adverse reactions such as vomiting,
abdominal pain, loss of appetite, nausea, growth inhibition, diarrhea, and immunotoxicity [76].
Piglets were assigned to groups with a basal diet, basal diet with 4mg/kg DON, basal diet with
4 mg/kg DON and 40 mg/kg of Berberine for 21 days. In groups with added berberine to diet
multiple beneficial actions were observed. Berberine was able to inhibit intestinal injury
induced by DON through increasing serum antioxidant enzymes expression and T cell surface
antigens and reducing proinflammatory cytokines release in the small intestine. Notable
upregulation of the protein levels as zonula occludens 1 (ZO-1), Occludin, Claudin-1, increased
morphological parameters of the jejunum have been observed. The multidirectional effect of

berberine related to the modulation of intestinal microbiota and GB should therefore be the
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subject of further scientific research so that in the future its properties can be used to prevent

the development of chronic diseases.

Conclusions

An unbalanced diet, bad eating habits, low food quality, exposure to stress, use of antibiotics
and low physical activity affect the composition and functioning of the intestinal microbiota
environment [77,78,79]. Although the composition of the human microbiota is unique to each
individual and remains relatively constant throughout most of life, the type and variety of foods
consumed is known to cause some alterations in the complex community of microbes [80,81].
Chronic diseases remain an important health care problem therefore it is necessary to look for
effective, and at the same time relatively easy to apply methods of prevention. In this review,
we described the importance of the gut microbiome and gut barrier in maintaining overall
homeostasis and the dietary interventions that could potentially benefit their functioning.
Dietary phytochemicals have been shown to have the ability to modulate many metabolic
processes in human cells. Resveratrol, quercetin, curcumin, fisetin, berberine belong to the
group of phytochemicals and have a potential effect on preventing the development of chronic
diseases such as type 2 diabetes, metabolic syndrome, obesity, atherosclerosis, and chronic
kidney disease. It should be taken into consideration that the phytochemical content of natural
products may be difficult to determine. Therefore, it is necessary to establish the amount of
natural sources of phytochemicals consumed through food that will provide a beneficial effect
on the gut microbiome and gut barrier. Recent population-based studies suggest the use of the
Pl (Phytochemical Index) indicator to determine the health effects of products rich in
phytochemicals. The method is based on a comparison of energy in a diet derived from foods
rich in phytochemicals to total energy intake per day [82]. It has been demonstrated that the use
of a high PI diet is correlated with a reduction in risk factors for diseases such as obesity,
NAFLD and breast cancer [83,84,85]. The wide variety and availability of phytochemical
sources makes them an interesting subject for further research. However, in order to use them
in clinical practice, a thorough analysis of the mechanisms involved in crosstalk between human

gut microbiota and intestinal epithelium is necessary.
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