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1. Introduction

The link between Obesity and the composition and function of the Intestinal
Microbiota has been studied and cited in recent years [1] [2] [3].

According to data from the Brazilian Ministry of Health, Obesity increased by
60% in ten years. Between 2006 and 2016, the index rose from 11.8% to 18.9%.
The World Health Organization points to Obesity as one of the greatest public
health problems in the world. In 2015, about 2.3 billion adults are overweight;
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and more than 700 million are obese [4].

The human Intestinal Microbiota is made up of approximately 100 trillion
bacteria, assisting the human metabolism in general. Some studies show that
obesity can be triggered and determined by the proportions of two bacterial
phyla of the human intestinal flora—Bacteroidetes (gram negative) and Firmi-
cutes (gram positive) [1]. Some authors still report on the possibility of treating
obesity through manipulation of the microbiotic community using probiotics [5]
(6] [7].

The Human Intestinal Microbiota consists on about 100 trillion of bacteria
that occupy mainly the region of the colon. It suffers diverse dynamical influ-
ences in its composition, like age, type of diet, way of delivery, medications in
use and current habits of the individuum [7] [8]. Some studies assure that Obes-
ity could be triggered and determined by the proportions presented of 2 Phyla of
bacteria of the intestinal flora: Bacteroidetes, gram negative and Firmicutes,
gram positive bacteria [8] [9] [10].

Therefore, in view of the great importance of this theme in the current medi-
cal situation, this article aims to present a summary of the main studies and dis-

cuss the participation of intestinal bacteria in obesity.

2. Methodology

In this study, we performed a literature review in the medical literature data
available on the web, based on studies from the year 2000 to 2018 that link obes-
ity to the intestinal microbiota. We used forty-one bibliographical references,
among which thirteen Brazilian articles and twenty-eight international articles.
A thorough review was performed on PubMed and Google Scholar and Scopus

» o«

databases. The following keywords were used: “probiotics”, “gut microbiota”,
“obesity”, “probiotics and obesity”.

Seven articles that showed researches in this field were analyzed in this paper.
They should have as main goal to characterize the possible change in the intes-
tinal flora associated with corporal weight or with the Body Mass Index (BMI).
To evaluate the effects of bacteria, studies should have been performed in hu-

mans, in vivo, and not in vitro or in animal models.

3. Obesity: Definition and Epidemiology

Chronic metabolic disease characterized by evident clinical manifestations and
high rates of prevalence, reaching epidemic proportions. In Brazil, the percen-
tage of obesity rose from 11.8% in 2006 to 18.9% in 2016. The current trend is
three out of four Americans will be overweight or obese in 2020, according to
the World Health Organization.

Excess weight, be it associated with local or widespread adipose tissue, is re-
lated to various morbidities such as metabolic syndrome, type 2 diabetes melli-
tus, cardiovascular disease and various forms of cancers, thus being a concerning
population, generating high cost economical and consequent public health bur-

den.
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Pathophysiology

Obesity presents a multifactorial etiology, where there is interaction between
genetic, metabolic, environmental factors in addition to cultural, psychological
and behavioral influences. There may be a better understanding with the neu-
roendocrine control of appetite, where the key regulator of the energy balance is
part of the central melanocortin system, in the hypothalamus. Consisting of two
populations of neurons, an appetite stimulating (orexigenic) with Neuropeptide
Y (NPY) and Agouti-related protein (AgRP) and another anorectic composed of
Pro-opiomelanocortin (POMC) and the cocaine and amphetamine regulated
transcript (CART). The alpha-melanocyte stimulating hormone is one of the
products of POMC cleavage and acts as an agonist for MC3-R and MC4-R, the
two main melanocortin receptors related to food intake control. The action of
Alpha-melanocyte, antagonized by the Agouti protein consists in inhibition of
feeding and increasing energy expenditure. Food deprivation increases the ex-
pression of the AgRP and NPY genes, and reduces the expression of the POMC
and CART genes. Therefore, the balance of hypothalamic peptides, orexigenic
and anorectics, are crucial for an adequate control of food intake [3].

Incisive and determinants in obesity, ghrelin and leptin are gaining day-to-day
research to deepen the understanding in their functions. The ghrelin, secreted
mainly by the cells of the stomach, acts on the central nervous system, signaling
the need to ingest food.

Its role in the control of metabolism has recently been studied, and it has been
observed that ghrelin administration in rats induces the behavior of food intake,
reduction in metabolic spending and obesity. The secretion of ghrelin is inhi-
bited by the ingestion of nutrients, as these stimulate the secretion of several
other intestinal and pancreatic hormones that would control their release.

The ghrelin stimulates the release of hypothalamic peptides (NPY and AgRP
the) which are potent stimulators of appetite, 7.e. Orexigenic [3].

Leptin’s name is derived from the Greek word /epfos, which means “thin”.
Leptin is a hormone comprised of 167 with amino acids, transcribed from the ob
gene, which was originally cloned in mice. The mutation of this gene, or its dys-
function, causes severe obesity and type II diabetes in these animals. The human
leptin gene is located on chromosome 7q31 and its DNA has more than 15,000
pairs of bases and there are three exons. Leptin is produced mainly in white
adipose tissue and, when injected into ob/ob mouse (that has genetic deficiency
of this peptide) reduces the consumption of food and increases energy expendi-
ture. On the other hand, when leptin is injected in the db/db mouse (featuring
leptin receptor deficiency) there is no weight loss or decreased energy consump-

tion [4].

4. Insulin Resistance

Situation in which insulin does not have its full activity, where there is evidence
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that a chronic inflammatory process could represent the triggering factor at the
origin of this and eventually the onset of type 2 diabetes. There are two main
adipocytes in the human body, the subcutaneous adipocytes and the visceral
adipocytes. The first is smaller, multiplies easily, stores large capacities of free
fatty acids and produces few inflammatory cytokines [5].

In contrast, the visceral adipocytes are large cells that rarely divide, are meta-
bolically more active, accumulate less free fatty acids and have great ability to
secrete inflammatory cytokines. The excess of pro-inflammatory cytokines (es-
pecially TNF-alpha and IL-6) result in inflammation in adipose tissue that
spreads to a global systemic inflammation associated with the development of
obesity and insulin resistance. Therefore, overfeeding, especially rich in satu-
rated fats, and also environmental influences, such as chronic stress, could, to-
gether, result in increased secretion of these cytokines and consequently devel-

opment of insulin resistance and obesity [5] [6].

5. Intestinal Microbiota

The intestinal microbiota is defined as a set of micro-organisms, including bac-
teria, Archaea, fungi, and viruses that inhabit the human gut in a dynamic and
stable manner, establishing a symbiotic relationship.

Spezia et al, 2009, say that these microorganisms proliferate mostly in the re-
gion of colon, due to the nutritional supply available, lack of intestinal secretion
and slow peristaltic waves [7].

Penteado J.O., 2017 et al claim that the human intestinal microbiota, stores
up to 100 trillion bacteria. There are 2 predominant phyla in adults, highlighting
the Bacteroidetes, composed of gram-negative and Firmicutes, gram-positive.
The Firmicutes are divided into 3 classes: Bacilli (voluntary or compulsory aero-
bic, mainly involving Lactobacillus and Enterococcus); Mollicutes and Clostridia
(anaerobes) [8]. Secondly there are the species of Bifidobacterias (gram-positive),
Eubacteria, Fusobacterias.

It was believed that at birth the child gastrointestinal tract was sterile. Bou-
langé C.I., 2016 et al say that gut colonization begins in prenatal life, through
the transmission of bacteria from the mother to the fetus through the placenta.
The route of delivery is an important factor in this colonization, since through
the vaginal birth, the child comes into contact with the vaginal and perineal mi-
crobiota of the mother [9].

In cesarean section, this does not occur and one acquires bacteria from the
contact with the environment, and especially with the type of diet offered. Hig-
hlighting the supply of breast milk, which favors the appearance of Bifidobacte-
rias [9].

By the age of 2 to 5 years of age, the child presents a micro-pattern very simi-
lar to the adult, with small fluctuations [10].

Thus, such factors may lead to overgrowth of bacteria, so that transient mi-

crobiota passes the overlap to the resident, changing gastrointestinal function.
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The elderly have a higher number of anaerobic bacteria, increasing the num-
ber of pathogenic bacteria (enterobacteria and clostridia), decreasing the num-
ber of protective bacteria such as Bifidobacteria.

The intestinal microbiota has great power to adapt the diet held, producing
different metabolic responses.

Predominant consumption of saturated fats and polyunsaturated fats set up
the conditions that lead to the predominance of Firmicutes bacteria in the intes-
tine. That then leads to a situation where greater absorption and storage of nu-
trients, favoring obesity. Notes that this type of diet alters intestinal permeability
increases the presence of bacterial lipopolysaccharides (LPS) in the lumen and
predisposes to subclinical chronic inflammation. In the liver, they act by induc-
ing local inflammation, decrease insulin sensitivity and favor the infiltration of
macrophages. In adipose tissue and muscle there is also the increase of lipo-
protein lipase [11].

On the other hand, high-fiber diet (fruit, vegetables) are associated with proli-
feration of Bacteroidetes and a lesser proportion, Clostridium and Bifidobacte-
rium. They improve metabolism, the immune system, endocrine signaling, brain
function. These effects are associated to the increase of short chain fatty acids,
fruits of food fermentation, decreasing the local pH, favoring the relative proli-
feration of Bacterioides [12].

Another observation is the presence of toll-like receptors (TRL4), which are
membrane receptors present in intestinal cells, which when activated recognize
fatty acids and lipopolysaccharides that induce insulin resistance and obesity.
Andrade V.L. et al showed that rats submitted to a high fat diet had a higher
expression of TRL4, suggesting an association of the activation of this receptor
with increased hunger and accumulation of body fat. There is also the activation
of toll-like receptors (TRL5) which is mainly related to changes in insulin sensi-
tivity.

6. Linking Obesity and Insulin Resistance to Intestinal
Microbiota

The intestinal microbiota emerged as a new contribution in research on obesity
and its comorbidities such as insulin resistance, type 2 diabetes mellitus and
others. The pathophysiological processes remain partially obscure in changing
the composition and function of intestinal microbiota.

Some mechanisms have been proposed in an attempt to explain the relation-
ship between obesity and intestinal flora such as: the function of the intestinal
flora in the energy extraction of nondigestible polysaccharides, the modulation
of lipopolysaccharide levels by the intestinal flora, which triggers chronic sub-
clinical inflammation that leads to obesity and diabetes and there is also the
mechanism that proposes that the intestinal flora can induce the gene regulation
of the host systems that modulate how energy is spent and stored.

In a study by Backhed ef al in 2004, where they analyzed for 14 days skinny
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mice colonized by microbiota of genetically obese mice, obtained data that
showed modest fat gain in those mice, as well as greater extraction of energy
from food. When colonized with microbiota from genetically obese mice, they
showed a 60% increase in body fat. Moreover, insulin resistance increased de-
spite reducing food intake, producing a considerable increase in body fat, despite
the reduction in food consumption [13].

When the diet offered was high in fat, rats showed increased endotoxin,
proinflammatory cytokines, increased macrophage infiltration, inflammation of
the intestinal microbiota, with consequent imbalance of the intestinal flora, in-
duced growth of enterobacteria and increase in relation to the firmicutes and
bacterioides [13].

It was also observed that non-germ rats were protected from obesity, insulin
resistance, dyslipidemia and non-alcoholic hepatic steatosis (NASH), even when
fed with high-fat diet [13].

Bidckhed ef al also showed that germ-free mice need to consume approximately
30% more calories to maintain body weight similar to those colonized with the
intestinal microbiota [13].

In another study, where the animal model was also used, Ley et al (2005)
compared the microbiota of the intestine of lean mice with obese mice. This
showed that the relative amount of Bacteroidetes in ob/ob (obese) mice was 50%
lower, whereas that of Firmicutes was 50% higher [14].

It is believed that the intestinal microbiota contributes to metabolic diseases
by stimulating low-grade inflammation leading to obesity. The expression of
genes involved in energetic homeostasis, lipid metabolism and mitochondrial
metabolism in different parts of the intestine, as well as in liver and adipose tis-
sues, is markedly different in rats without germ as well as the conventional one
[15].

The communication of the microbiota with the immune system is due to the
increase of the innate immune response and the control of the inflammation
through the pathways regulated by toll-like receptors (TRL). Activation of TRL5
in epithelial or myeloid cells affects the intestinal microbiota structure, which
regulates appetite, weight gain and insulin sensitivity [15].

Recent studies suggest that Bifidobacteria and Bacteroides ssp appear to be
able to protect against weight gain, giving rise to the “microbial hypothesis” of
obesity, which may determine important therapeutic implications in the future.

There are multiple metabolic mechanisms that associate microbiota, obesity
and hepatic steatosis. We can relate the bacterial fermentation of polysaccharides
that were not previously digested by man, which leads to the production of mo-
nosaccharides and short-chain fatty acids (SCFAs). These are substrates of co-
lonocytes and precursors of cholesterol and fatty acids, favoring participation in
hepatic gluconeogenesis; SCFAs bind to specific receptors in intestinal endocrine
cells, known as GPR41 and GPR43, which are G protein conjugates.

Continuing the metabolic mechanisms involved, the microbiota has the
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Table 1. Research showing the relationship between obesity and the intestinal microflora.

Study

Design

Objective

Outcomes and Comments

1) Bickhed et al (2004) [13]

2) Turnbaugh et al. (2006) [17]

3) Collado et al (2008) [21]

4) Ley et al. (2005) [14]

5) Kalliomaki et al. (2008) [18]

6) Santa Cruz et al. (2010) [19]

7) Jumpertz et al. [20]

Rats with sterile microbiota and
conventional mice.
Time period: 2 weeks

Obese rats (ob:ob) and lean mice

18 pregnant women with
overweight and 36 with normal
weight. Follow up for 9 months.

Genetically obese mice (ob/ob)
and lean mice monitoring
for 2 weeks

25 obese and overweight
children 24 with normal weight
Ages between 4 and 7 years

Intestinal Microbiotic Analysis of
pregnant women (50) obese (16)
and non-obese (34)

Evaluation of the role of the
microbiota in the regulation of
nutrient absorption in twelve
lean and nine obese individuals
subject to a daily diet of different
energy value

Evaluate the colonization and
change of intestinal microflora
of mice

Analyze the relationship between
obesity and intestinal microbiota

To evaluate the composition of
the intestinal microbiota

To compare the intestinal
microbiota of ob/ob
versus lean mice

To establish whether the
composition of the early
intestinal microbiota may
influence body weight in
childhood

To analyze the composition of
the intestinal microbiota of
healthy and obese pregnant

women, to establish the
relationship between the
microbiota and weight gain
during pregnancy

Evaluation of the regulation of
nutrient bioavailability

It showed that the microbiota
transported from obese rats to
the sterile mice not only
increased the absorption of
calories from the diet, but also
increased the adiposity in these
rats, even maintaining the
standard diet.

Microbiota of obese > ability to
store energy

Microbiota of overweight
women > concentration of
Bacterioides and Staphylococcus
The greater the overweight > the
concentration of Bacteroidetes,
Clostridium and Staphylococcus

Obesity rats colonized with
microbiota had modest fat gain
and extracted more energy from

their diet.

Microbiota of obese and
overweight > concentration of
Staphylococcus aureus
Microbiota of children with
normal weight > number of
Bifidobacteria

Microbiota of obese pregnant
women is different from the
microbiota of previously healthy
pregnant women

The change in nutrient
load-induced microbiota is
directly related to feces in lean
individuals and that a 20%
increase in Firmicutes and a
corresponding decrease in
Bacteroidetes was associated with
an increased energy absorption
of 150 kcal

function of regulating some host genes responsible for lipid deposition in adi-

pocytes; In addition to increasing the hepatic capture of monosaccharides from

the portal circulation potentiating lipogenesis [16].

The main studies showing a possible relationship between Obesity and the In-

testinal Microflora are shown on Table 1.
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7. Conclusions

Studies suggest that there are relevant differences between the composition of
the intestinal microbiota of an obese person and that of a healthy one.

These analysed articles suggest that the intestinal microbiota may participate
in the pathophysiology of obesity. Despite the great interest in the subject, these
studies are so far small and some questions still remain unanswered: Could there
be a treatment for obesity by manipulating the intestinal microbiota? Could a
change of the intestinal flora of a patient lead to weight loss without dieting?
How could we avoid or stimulate the change of intestinal flora in our environ-
ment? Why and how do lean patients preserve their intestinal bacteria over the
years despite habit changes?

Therefore, the role of the gut microbiota in obesity remains a current hot top-
ic. This review suggests a need for further research of this theme by clinical tri-
als, regarding a possible new trait in understanding and treating obesity through

the manipulation of the gut microbiota.
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