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ABSTRACT

Introduction: The gut microbiota is defined as microorganisms that inhabit the gastrointestinal tract.
This population is involved in critical functions for host homeostasis, including nutrient digestion and
synthesis, cell integrity, immune system development, a barrier against pathogens, and consequently
local inflammatory processes. The composition of the microbiota can be altered by various factors
such as maternal microbiota, age, genetic factors, antibiotic use, lifestyle, and especially diet. It is well
known that dietary habits play a crucial role in altering the composition of the microbiota. Objective:
The aim of this work was to investigate the relationship between cellular integrity, gut microbiota, and
n-3 polyunsaturated fatty acids in inflammation. Methods: The study consists of a narrative literature
review based on articles published in journals indexed in electronic databases. The descriptors in Health
Sciences (DeCs): “Interactions between host and microorganisms”, “Gastrointestinal tract”, “Omega-3”,
“Eicosapentaenoic acid” and “Inflammation”. The languages considered were: Portuguese, English and
Spanish and there was no delimitation of the publication period. Results: Certain types of fats are known
to improve symptoms of various diseases, including cardiometabolic and inflammatory diseases. In
particular, the changes in the gut microbiota associated with n-3 fatty acids are poorly understood. In this
review, we showed that experimental studies suggest that n-3 promotes improvement in gut microbiota
and intestinal integrity, in addition to controlling local inflammation. Conclusion: This review shows that
the systemic anti-inflammatory effects of n-3 polyunsaturated fatty acids have been widely studied in
various medical conditions, and their consumption is beneficial for health.
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RESUMO

Introducgao: A microbiota intestinal é definida como a populagédo de microrganismos que habita o
trato gastrointestinal e esta envolvida em fungbes cruciais para a homeostasia do hospedeiro, como
digestao e sintese de nutrientes, integridade celular, desenvolvimento do sistema imunitario, barreira
contra patégenos e, consequentemente, processos inflamatorios locais. A composi¢céo da microbiota
pode ser alterada por diversos fatores, como a microbiota materna, idade, fatores genéticos, uso de
antibidtico, estilo de vida e especialmente a dieta. Objetivo: Analisar a relagéo da integridade celular,
microbiota intestinal e acidos graxos poliinsaturados n-3 na inflamacao. Métodos: O estudo consiste
em uma revisao de literatura do tipo narrativa baseada em artigos publicados em revistas indexadas
em bases eletrbnicas. Foram utilizados os descritores em Ciéncias da Saude (DeCs): “Interagées
entre hospedeiro e microrganismos”, “Trato gastrointestinal”, “Omega-3”, “Acido eicosapentaenoico” e
“Inflamacgéao”. Os idiomas considerados foram: portugués, inglés e espanhol e ndo houve a delimitagao
do periodo de publicagdo. Resultados: Habitos alimentares desempenham um papel crucial na criagao
de uma variacao interindividual na composi¢cao da microbiota e tipos especificos de lipideos melhoram
os sintomas de varias doengas. Em particular, alteragdes da microbiota intestinal associadas aos acidos
graxos n-3 sao pouco conhecidos. Nesta revisao sdo mostrados estudos experimentais que sugerem
que o n-3 promove melhoras na microbiota intestinal, na integridade intestinal e adicionalmente controla
a inflamacao local. Conclusao: Esta revisdo mostra que os efeitos anti-inflamatoérios sistémicos dos
acidos graxos poliinsaturados n-3 tém sido amplamente estudados em varias condigcdes médicas e
que seu consumo € benéfico para a saude.

Palavras-chave: Microbiota Intestinal; Sistema Imune; Acidos Graxos Poliinsaturados n-3; Inflamagéo.

INTRODUCTION

In recent years, knowledge and interest in the role of the gut microbiota in human health and
disease have grown, mainly due to advances in molecular methods’. New technologies, such as
genomics, metabolomics, and metagenomics, have facilitated the large-scale analysis of the metabolic
and genetic profiles of the microbial community, making it possible to consider it as a new organ in
the human body and offer the possibility of new therapeutic approaches?. The significant factor for this
increase was the understanding that the commensal microorganisms that constitute the microbiota are
not just simple passengers in the intestine but also develop relevant functions in the health of the host®.

Approximately 99% of the microorganisms in the human gut belong to about 1,200 bacterial
species, with the remainder consisting of archaea, viruses, or other prokaryotes*. These bacterial species
mainly belong to genera from one of the four known phyla: Firmicutes, Bacteroides, Proteobacteria,
and Actinobacteria. The composition of the microbiota in the adult gut varies greatly from person to
person and is directly related to factors such as genetic inheritance, diet, and environment®.

A balanced gut microbiota ensures the adequate performance of host physiological functions by
aiding in the digestion and absorption of nutrients, producing vitamins, and reducing the proliferation
of pathogens by excluding competition. In addition, it acts as a barrier against bacterial translocation,
invasion of pathogens or harmful substances, and improves local immunity®. Therefore, intestinal
homeostasis is regulated by a complex interaction between mucosal immunity, epithelial integrity,
gut microbiota, and nutrient supply. The latter is increasingly recognized as a variable that plays an
important role in this process, either by directly influencing the health of the epithelium or by altering
the composition of the gut microbiota’.

Therefore, the imbalance may lead to increased permeability of the intestinal epithelium,
allowing the translocation of intestinal bacteria and their products such as lipopolysaccharides
(LPS) and toxins, and activating toll-like receptors (TLRs). This fact promotes a cascade of pro-
inflammatory cell signaling leading to overproduction of inflammatory mediators and reactive oxygen
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species (ROS) that damage and kill intestinal cells®.

It is well known that in cases of dysbiosis and to restore cellular integrity, it is essential to stimulate
the growth and multiplication of bifidobacteria and lactobacilli®. This stimulus can come from the diet
with the consumption of soluble and insoluble fiber, resistant starch, and oligosaccharides, which after
ingestion are fermented in the colon and stimulate the growth of these species beneficial to the host,
resulting in significant changes in the composition of the gut microbiota by increasing the number of
probiotics and reducing the number of potentially pathogenic bacteria'

Our diet is directly related to the composition of the flora. Polyunsaturated fatty acids are important
components of the phospholipids of all cell membranes, including cells of epithelial tissue, in which they
provide the proper environment for membrane fluidity and cell signaling and serve as substrates for the
synthesis of lipid mediators, thus contributing to integrity®. On the other hand, to eating these foods,
sugars, saturated fats, and processed foods should be avoided as they increase intestinal permeability
and contribute to the absorption of contaminants that increase systemic inflammation. Despite a large
number of publications on the effects of carbohydrates, the effects of dietary fats on the gut microbiota
are less well defined, especially when it comes to certain types of lipids, such as n-3 polyunsaturated
fatty acids, which alter the gut microbiota™.

Fish oil, an n-3 source, has been extensively studied in animal models, particularly in inflammatory
bowel disease (IBD), for its protective effects against intestinal inflammation, and thus has been
highlighted as an important component in controlling symptoms due to its influence on inflammation.

This review, therefore, aims to discuss the evidence on the relationship between cell integrity, gut
microbiota, and omega-3 in local inflammation..

MATERIAL AND METHODS

The present study consists of a narrative literature review based on scientific articles published
in journals indexed in electronic databases, manual search of citations in publications, in addition
to the inclusion of dissertations and theses. The electronic databases consulted were: Pubmed, the
Medical Literature analysis and Retrieval System Online (MEDLINE), the Scientific Electronic Library
Online (SCIELO). The languages considered were: Portuguese, English and Spanish and there was
no delimitation of the publication period.

To search for the articles, the descriptors in Health Sciences (DeCs) and their combinations
were used: “Interactions between host and microorganisms”, “Gastrointestinal tract”, “Omega-3”,
“Eicosapentaenoic acid” and “Inflammation” in the languages cited. The localized terms were combined
using the Boolean operators “and”, “or” or “not”.

The inclusion criteria were scientific articles with review methodology, clinical and experimental
trials using humans and animals, available in full during the period of this search and with the content
of at least one of the descriptors mentioned. Expanded abstracts were excluded.

RESULTS AND DISCUSSION

The intestine and its cellular integrity

It should be noted that the human intestine, due to its histological and functional nature, is capable
of performing the function of processing, selecting, and absorbing nutrients. Therefore, it is in constant
contact with agents and substances from the external environment and is thus also responsible for
preventing foreign agents or substances from being absorbed into the body'2. In addition to the physical
barriers that, when intact, limit the entry of pathogens into the gastrointestinal tract, there are a number
of receptors widely distributed throughout the gastrointestinal mucosa that are specialized to recognize
immunogens and are essential for immunity and inflammatory processes®.
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The ability to preserve intestinal cells is important to prevent the occurrence of various pathologies
and local and systemic changes. To this end, intestinal tissue provides an excellent physical barrier that
prevents the invasith n of antigenic molecule. It also lives in equilibrium with a large number of food
components and microorganisms's.

However, when the integrity of the intestinal wall is compromised, permeability may change to the
extent that pathogenic microorganisms, antigens, drugs, cytokines, and exogenous toxins can enter.
The extent to which the competence of the intestinal barrier is compromised varies and the duration
depends on the nature and presence of the aggressive stimulus™.

Barrier function is maintained by nonimmunological and immunological defenses. As for
the nonimmunological defense system of the intestine, it has a large number of cells whose main
characteristic is a high rate of epithelial regeneration’. Among these cells are a greater proportion of
enterocytes, which constitute 80% of all epithelial cells in the intestine and form occlusion junctions that
effectively assist in separating the luminal contents from the interior of the epithelium. These help the
immune system as antigen-presenting cells (CAA) express molecules of the major histocompatibility
complex (MHC) class Il and toll-like receptors™®.

The integrity of the intestine is also maintained by Paneth cells, goblet cells, and enteroendocrine
cells. The main role of Paneth cells is to provide a physical barrier against contact with the surface
of the epithelial tissue and the underlying immune cells, thus forming the first line of defense against
microbial invasion'’. Goblet cells are actively involved in the production of intraluminal mucin. Mucin,
together with electrolytes and proteoglycans, forms the mucus that lines the surface of the intestinal villi
and keeps the various pathogenic components separated from the epithelium™.

As for the mechanisms of immune defense, barrier function is maintained by secretory
immunoglobulin A (IgA) production and by gut-associated lymphoid tissue (GALT) composed of
intramucosal lymphocytes, Peyer’s patches (PPs), and mesenteric lymph nodes. The PPs are a
collection of peripheral lymph nodes rich inimmune cells, particularly B and T lymphocytes, and covered
by M cells that express MHC-II molecules and can produce interleukin-1 (IL — 1)17. In addition, they
capture antigens from the lumen and pass them to dendritic cells for antigen presentation. These cells
in the gastrointestinal tract control the complex interactions of the gut microbiota with the innate and
adaptive immune response by modulating tolerance to commensal microorganisms and the immune
response to pathogens’®.

When presented to T lymphocytes, they can differentiate into Th1 or Th2 cytokine-producing
cells. Th1 type cytokines stimulate interferon-gamma (INF-y) and tumor necrosis factor (TNF-a), which
increase cell-mediated immunity. The predominant Th1 effect results in the activation of macrophages
and Th, particularly cytotoxic ones™.

Luminal immunoglobulins also function of capturing antigens or microorganisms and may
prevent the binding of these antigens to host cell receptors, thereby reducing the inflammatory
response. IgAis the main representative of gut humoral immunity, and its products can be influenced
by the commensal microbiota™.

The gut microbiota

Each person has a different microbiota composition, which is partly genetic and partly determined
by individual and environmental characteristics, such as type of birth (normal delivery or caesarean
section), breastfeeding, age, dietary habits, hormonal status, and even personal hygiene, resulting in
a large intra- and interindividual variability®°.

During the establishment of the gut microbiota, the high oxygen content in the neonate’s gut
primarily favors the growth of aerobic or facultative anaerobic bacteria, such as enterobacteria,
enterococci, and staphylococci'. As these groups consume oxygen, the environment is favorable for
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the growth of obligate anaerobic bacteria causing the proliferation of Bacteroides, Bifidobacteria, and
Clostridia. Thus, Lactobacillus is the major component of the gut microbiota until the onset of solid food
intake by the child, when Escherichia coli becomes predominant in the distal ileum. Stability of the gut
microbiota is achieved by two years of age, and considerable stability exists in adults?'.

After emergence, the Firmicutes and Bacteroides phyla have a significant prevalence in the
composition of the gut microbiota. The Firmicutes phylum is characterized by being constituted of
aerobic and anaerobic Gram-positive bacteria’. These microorganisms are considered strategists
because they multiply rapidly in the environment in which they live in response to a large supply of
nutrients. They are also cellulosic organisms and play an important role in the degradation of cellulose™.
The second most common phylum is Bacteroides, which is composed of Gram-negative bacteria that
have chemoorganotrophic properties and are capable of degrading polymers such as cellulose, pectin,
and glycans, especially in anaerobic environments.?'.

The populations that make up the microbiota vary throughout the intestinal region because
there are specific sites where bacteria adhere to the intestinal mucosa and adhesion is critical for
their colonization. Although the stomach has specific sites, there is usually little bacterial activity there
because hydrochloric acid acts as a microbicidal agent®.

The composition of the microbiota of the small intestine, especially the duodenum, is similar to
that of the stomach. This similarity is due to the fact that the duodenum is the first part of the intestine
into which the food pulp enters from the still acid stomach?2. However, from the duodenum to the ileum,
the acidity gradually decreases. The ileocecal junction contains many microorganisms because the
digestive enzymes released in this region produce more bicarbonate to function properly?3.

Three distinct levels can be observed in the colon: the dominant, the subdominant, and the
residual microbiota. The dominant microbiota consists only of strictly anaerobic bacteria: Bacteroides,
Eubacterium, Fusobacterium, Peptostreptococcus, Bifidobacterium, while the subdominant
microbiota is predominantly anaerobic-facultative: Escherichia coli, Enterococcus faecalis and
sometimes Lactobacillus. The remaining microbiota contains a variety of prokaryotic microorganisms:
Enterobacteriaceae, Pseudomonas spp., Veillonella spp., and eukaryotes: yeasts and protozoa®.

Relationship between the gut microbiota and the inflammatory response

The intestinal tissue is responsible for the secretion of various substances, absorption of nutrients,
and lining, but it also separates the internal organs from an environment full of potential aggressors and
pathogens that can promote lesions and consequently local inflammatory processes?.

For protection, the mucous membranes have a complex defense system known as the mucosal
immune system (MIS) that promotes defense against infectious agents, provides tolerance to self-
antigens and those from digestion and absorption of nutrients. This system has not only cells but also
an active local microbiota that tends to develop and positively stimulate components of the immune
system as it helps to control microorganisms, prevent their translocation into the bloodstream, and
reduce susceptibility to infection while stimulating itself to act as an immune barrier?®.

The process promoted by resident bacteria results in local immunological tolerance that favors
the persistence of these and their commensal functions and, in parallel, controls the release of
inflammatory mediators as such cell membrane receptors recognize and discriminate normal internal
molecular signals, dysfunction, or dangerous situations'. Thus, the gut is in a baseline state of low-
grade inflammation due to the environmental and bacterial stimuli it receives'”. However, alterations
in immune and cellular functions, as well as in the composition of the gut microbiota, lead to structural
damage in the gut and alter its functioning, reducing barrier function and increasing the number of
microorganisms and/or their potentially pathogenic metabolites11. As aresult, dysbiosis and imbalance in
the gut microbiota occur with deleterious effects and increased release of pro-inflammatory cytokines®.
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When the inflammatory reaction has subsided and the infectious agents have been eliminated,
the phase of tissue repair and elimination of inflammation begins6. However, if the inflammatory
response fails to clear infectious agents, the condition of chronic inflammation is promoted. In this case,
neutrophils are replaced by macrophages and T cells'. This change promotes tissue damage due to
the degree of inflammation, which is increased by the aggravation of the innate and adaptive immune
response through the action of macrophages, dendritic cells, pro-inflammatory T helper (Th), Th1, Th2,
and Th17 lymphocytes, which begin to produce amounts of pro-inflammatory cytokines (TNF-a, IL -1,
IL -6, IL -8, and IL -17)°. There is also an increase in the expression of nuclear factor-kappa (NF-kB),
which further promotes the production of pro-inflammatory cytokines?.

Gut microbiota and food consumption

In adults, 60 to 70% of the microbiota composition remains stable throughout life. However, 30%
to 40% of the population of resident microbiota can be altered by factors such as lifestyle, bacterial
infections, antibiotic use, surgical treatments, and dietary changes?. Among these factors, the one
most strongly related to the gut microbiota is diet, as dietary habits are associated with gut microbial
composition, which in turn may interact with host metabolism?.

This effect is due to the quality and quantity of nutrients that the diet provides and its ability to
create a favorable or unfavorable environment for gut bacteria?”. Especially in the colon, it provides
a great metabolic activity that affects the fermentation process of substances that are not absorbed
by the mucosa, such as some polysaccharides, oligosaccharides, proteins, and mucins. However,
the nature of this fermentation can have different effects on health. For example, products derived
from carbohydrate metabolism are beneficial, whereas products derived from proteins can have toxic
effects'”. Therefore, it is important to consider that the use of certain substances in the diet may promote
the development of microbiota with positive or negative effects on human health®.

As for the beneficial effects, prebiotics are highlighted because they are complex carbohydrates
that are considered fiber and are resistant to the action of salivary and intestinal enzymes. They are not
digested or absorbed in the gastrointestinal tract and do not provide direct energy to intestinal cells, but
they perform important functions in the body as they are fermented by intestinal bacteria and converted
into other metabolites. These fibers are used in particular by the genera Bacteroides, Bifidobacterium,
Ruminococcus, Eubacterium, and Lactobacillus®.

Microbial activity leads to the production of Short-Chain Fatty Acids (SCFAs), mainly acetate,
propionate, and butyrate, which are absorbed in the colon and each of which has a specific function®.
Butyrate, for example, serves as an energy substrate for colonic epithelial cell metabolism and,
according to some studies, may also decrease the expression of pro-inflammatory cytokines responsible
for Inflammatory Bowel Diseases (IBD)'. The rest goes to the liver and serves as a substrate for
gluconeogenesis and lipogenesis, which are fundamental for the formation of glucose and fatty
acids, respectively. In addition, they promote the formation of intestinal cell structures by inducing the
expression of genes encoding cell junction proteins?'.

Some food components have already been sufficiently studied to be classified as pro-inflammatory
or anti-inflammatory. Foods that are considered anti-inflammatory include whole grains, fiber, fruits,
vegetables, soy, nuts, nuts, and fish. Food components that are considered pro-inflammatory include
advanced glycation products (AGEs), saturated fat, trans fat, omega-6, and carbohydrates’.

Omega 3

Fat is one of the components of the human diet and is characterized by providing a greater
amount of energy compared to carbohydrates and proteins because it is a structural component of
cell membranes, messengers for metabolic processes, enzymatic cofactors, and provides essential
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fatty acids®2.

Fatty acids (FA) with single bonds are termed saturated, and FA with double bonds are termed
unsaturated, which are classified as monounsaturated and polyunsaturated:.

There are two main families of polyunsaturated fatty acids: omega-6 (W-6), linoleic acid (LA), and
omega-3 (W-3), a-linolenic acid (ALA). W-3 polyunsaturated fatty acids are found in plant and animal
foods**. Foods of plant origin on land are sources of ALA, which can be converted in the human body
to docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA). Most foods of marine origin (plant
or animal) are sources of both DHA and EPA, but in their composition, DHA predominates®. Chia
seeds, seeds, and flaxseed oil are examples of plant sources of ALA; microalgal oil, fish oil, salmon
oil, herring, and horsetail are examples of marine sources of EPA and DHA plant or animal origin. As
for sources of W-6 polyunsaturated fatty acids, we can mention canola oil, corn oil, and soybean oil as
sources of plant origin, and chicken meat, chicken eggs, and cow’s milk as sources of animal origin®.

DHA plays an important role in retinal and brain function and development, being predominant in
most cell membranes. EPA and arachidonic acid (AA) produce eicosanoids, inflammatory mediators of
lipidic origin, with AA being the main substrate for the synthesis of eicosanoids®. Research suggests
that EPA impairs the production of prostaglandin series 3 (PG), a hormone-like substance that regulates
and protects the body from effects such as platelet aggregation (due to its antithrombotic effect),
inflammation, and decreased immune responses. The n-3 and n-6 polyunsaturated fatty acids have
different effects on the immune and inflammatory response®.

The balance in the uptake of these fatty acids and consequently the incorporation of
polyunsaturated fatty acids into the immune cell membrane is important in determining the severity of
the inflammatory process34. The n-3 polyunsaturated fatty acids have suppressive effects, such as
inhibition of lymphocyte proliferation, production of antibodies and cytokines, expression of adhesion
molecules, and activation of Natural Killers (NK) cells®.

The nutritional, structural, and regulatory functions of w-3 have a significant impact on important
physiological processes such as the immune response and inflammation39. Currently, supplementation
of this nutrient is being studied in various clinical settings to evaluate its effects on complications related
to immune and inflammatory function promoted by some diseases*.

Relationship between cell integrity, gut microbiota, and n-3 polyunsaturated fatty acids in
inflammation.

Inflammation is part of the body’s natural defense mechanism to ward off pathogenic organisms
and other damage to body homeostasis*'. Inflammation creates an antagonistic environment for
pathogen survival by initiating combative actions and inducing changes in host metabolism, as well
as stimulating tissue repair processes that support the restoration of homeostasis at infected or
damaged sites*?.

Processes include an increase in local blood flow and vascular permeability, which allows the
passage of plasma and molecules through the endothelium“3. Thus, cells such as leukocytes migrate
from the blood to surrounding tissues due to the local production of chemoattractants and upregulation of
adhesion molecules in the endothelium*¢. These in turn release mediators derived from lipid precursors
such as prostaglandins and leukotrienes, and others such as ROS, platelet-activating factor, cytokines,
and chemokines (peptide mediators) derived from amino acids and enzymes*5. However, this response
depends on factors such as the type of inflammation, the stage of the inflammatory reaction, the
anatomical location, and the defense of the affected tissue cells?®.

Under homeostatic conditions, the intestinal epithelial cell layer allows efficient uptake of nutrients
by the body while providing a physical barrier that prevents the transport of harmful substances from the
luminal area into the bloodstream and adjacent tissues, mainly through tight junctions (TJ) responsible for
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selective permeability'”. TJ are protein complexes formed by transmembrane proteins such as claudin,
occludin, and junctional adhesion molecules (JAM) as well as a wide range of cytosolic molecules such
as zona occludens (ZO) proteins that are essential for cell integrity*’. They are dynamically coordinated
by numerous external factors, such as various types of food“®.

Recent studies have shown that mice fed a diet rich in saturated fat exhibited changes in intestinal
permeability, as a decrease in the expression of ZO-2, claudin 1 and 3, and JAM -1 proteins were
observed in the colon of these animals compared with mice fed a control diet*. In addition, it was
demonstrated that the high-fat diet also resulted in changes in the composition of the gut microbial
population, increasing the number of Gram-negative bacteria to the detriment of Gram-positive
bacteria®®. These changes led to the breakdown of the intestinal barrier and a marked increase in LPS
levels and its extravasation into the bloodstream®'.

The presence of LPS in the bloodstream and tissues enables its interaction with Toll-like
receptors, such as TLR4, which are present on the membrane surface of numerous cells of the immune
system and other nonimmune cells such as adipocytes, hepatocytes, and cells such as enterocytes
and colonocytes*?. When LPS binds to TLR4, a cascade of pro-inflammatory signaling pathways is
activated, culminating in the production of cytokines such as IL -6, TNF-a and the expression of inducible
nitric oxide synthase (iNOS), which induce an inflammatory state®2. On the other hand, some studies
show that polyunsaturated fatty acids, especially n-3, reduce inflammation and improve symptoms of
inflammatory and cardiovascular diseases, asthma, allergies, and diabetes®3. And in the gut, they have
also been shown to be strongly protective against local inflammation in animal models®®.

In relation to inflammation, the role of n-3 is of great importance as it reduces the production
of pro-inflammatory eicosanoids due to competition for the converting enzyme and stimulates the
production of anti-inflammatory agents such as prostaglandins and leukotrienes, which are used to
prevent and treat various inflammatory diseases in animals and humans*.

Pusceddu et al. showed that long-term administration of EPA / DHA resulted in a positive anti-
inflammatory effect associated with the restoration of the composition of the gut microbiota, as it
stimulated the increase of butyrate-producing bacteria, Firmicutes and Bacteroidetes, in rats separated
early from the mother and decreased the amount of pro-inflammatory bacterial genera, such as
Akkermansia and Flexibacter®.

In a study aimed at investigating the associations between n-3 fatty acids, gut microbiota
composition, and fecal metabolomic profiles in middle-aged and elderly women, it was found that there
was an association between n-3 fatty acid intake and microbiota composition, independent of dietary
fiber intake354,

Butyrate is one of the three major short-chain fatty acids formed in the colon. The first is acetate
(50-60%), the second is propionate (20-25%), and the third is butyrate (15-20%)*. Although all SCFAs
are important for colonocyte trophism, butyrate is the most important because it is the main energy
producer for these colon cells. In addition, butyrate exerts other important actions related to the cellular
homeostasis of colonocytes, such as anti-inflammatory, antioxidant, and anticarcinogenic'®, since a
deficiency of butyrate increases the production of free radicals, which favors the destruction of the
defense mechanisms that form the intestinal mucosa and allows the infiltration of bacteria and antigens
into the layers of the intestinal wall*°.

Watson et al. conducted a randomized study aimed at investigating the effect of 2 formulations,
capsule, and drink containing n-3 polyunsaturated fatty acids (EPA /DHA) for 8 weeks at a level of
4 g on the human gut microbiota, using healthy volunteers with an average age of 50 years of both
sexes. As a result, it was found that the diversity of phyla did not change, but that regardless of the
formulation, there was an increase in Bifidobacterium, Roseburia, and Lactobacillus, which are already
known to produce short-chain fatty acids®.

Another role of the gut microbiota is to continuously stimulate macrophages to release amounts
of IL -10, which promote the induction of regulatory T cells (Treg) and inhibit the overdevelopment of
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helper T cells 17 (Th17). Symbiotic gut bacteria are important for the development and function of
specific lymphocyte subsets®.

Minimal amounts of LPS in the systemic circulation, have the potential to trigger an inflammatory
response in humans*’. LPS is known to enter the bloodstream through the intestinal epithelium or the
openings of intestinal tight junctions between two epithelial cells. This demonstrates the importance of
not only interventions that improve the profile and quantity of bacteria, but also cell integrity and control
of local inflammation®’.

In a study of two different groups of rodents, one fed fish oil, and the other lard, the results
showed that mice fed oil had higher levels of Lactobacillus and Akkermansia muciniphila than mice fed
lard, with Bilophila being more abundant. The increase in Lactobacillus is associated with the reduction
of inflammation in various inflammatory bowel diseases and the greater presence of Akkermansia
muciniphila improves barrier function and glucose metabolism®. Based on the studies analyzed, n-3
may be a useful tool for the prevention of diseases associated with dysbiosis®*

CONCLUSION

Taken together, this review show that the systemic anti-inflammatory effects of n-3 polyunsaturated
fatty acids have been widely studied in various medical conditions, and their consumption is beneficial
for health. However, their mechanisms of action in local inflammatory processes, e.g. in intestinal cells,
are still poorly understood, as is their influence on the composition of the gut microbiota. However,
tthe presence of this specific nutrient in the diet is able to promote positive changes in the normal
architecture of the intestinal barrier and gut microbiota, and consequently control the development of a
low-grade systemic inflammatory process in the presence of dysbiosis.

Given the increasing incidence of inflammatory bowel disease and the association of dysbiosis
with various pathologies and alterations in intestinal homeostasis, it is important to further investigate
the relationship between the gut microbiota and diet, with a focus on specific nutrients such as n-3
polyunsaturated fatty acids, to better understand their influence on the composition of the microbiota,
but also the local inflammatory state that develops following such imbalances.
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