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Abstract

Aims: To investigate the intestinal microbiota and metabolic alteration of
8-week oral supplementation with microencapsulated Lactobacillus reuteri

DSM 17938 induced by high fat fructose diet in adult rats.

Materials and methods: In animal experiment, Male Wistar rats of 90 days
were fed a control diet or a high fat - high fructose diet for 8 weeks,
promoting signs of obesity and metabolic syndrome. Rats either fed a
Control diet or HFF diet were divided into three groups. The first one, the
control group (C) with the low-fat diet, the second, with the administration
of the L. reuteri inside the microcapsule (CRM), while the last, were
received simply L. reuteri (CR). In the same way the rats treated with a
high fat - high fructose (HFF) diet were divided in three groups: one with
the HFF (T), second group was administrated the L. reuteri inside the
microcapsule (TRM), and the third group, was administrated by the HFF
diet and the L. reuteri (TR). The research investigates the effect of
supplementation on glucose homeostasis, body composition, energy

balance, hepatic steatosis and fecal microbiota composition.
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Results: Supplementation with microencapsulated L. reuteri DSM 17938
for 8 weeks did not affect significantly body composition and energy
balance but affect significantly the plasma glucose and insulin resistance,
liver steatosis, and microbiota composition. Rats who received the
microencapsulated L. reuteri exhibited decreases in plasma glucose
compared with control. In addition, microencapsulated L. reuteri
supplementation significantly suppressed liver enzymes (AST, ALT) and
hepatic steatosis, also increase the abundance of Akkermansia muciniphila

which improves host metabolic parameters.

Conclusions: Intake of microencapsulated L. reuteri DSM 17938 for 8
weeks with diet induced obesity did not affect body composition and
energy balance; however, it improved plasma glucose, insulin sensitivity,

fatty liver
Aims of the thesis

The overall aim of this thesis is to contribute to the evidences regarding the
effects of microencapsulated probiotic Limosilactobacillus reuteri DSM
17938 on the intestinal microbiota and metabolic alteration induced by high
fat fructose diet. This general aim has been addressed through the
implementation of novel technique uses to limit the considerable loss of
viability of L. reuteri probiotic sStrain from gastrointestinal tract’s harsh
stress factors (acidic condition of stomach, digestive enzymes and bile salt)
in a combination with a diet induce obesity and metabolic disturbances. In

particular, the evaluation of 8 weeks oral administration of L. reuteri
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microcapsule on glucose homeostasis, body composition, energy balance
and gut microbiota composition along with high fat fructose diet in rat
model highly resembles dietary habits of Western countries, i.e.,
consumption of a high-saturated fat diet combined with a high fructose

intake.
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Chapter One
Literature Review

1.1 Obesity and metabolic syndrome

The human environment, behaviors, and lifestyle have all dramatically
changed in the last fifty years. Obesity and metabolic syndrome rates have
risen as a result of these changes (Zimmet et al.,2005). In addition, they are
major public health concerns due to their global prevalence and link to an

elevated risk of chronic disease development (Andersen et al., 2016).

Obesity and weight gain are the result of a discrepancy between energy
consumption and expenditure, and are a natural effect of over nutrition and
a sedentary lifestyle (Misra and Khurana.,2008). The prevalence of obesity
has increased over the past few decades. More than one-third of adults and
17% of children and adolescents in the United States are obese (Ogden et
al., 2012). Also, it has been deemed the leading cause of preventable death
(Jia et al., 2010) and has become a global economic and health burden
(Misra & Khurana., 2008). Clinical manifestation of obesity tissue stress
and dysfunction are often present as the parameters of metabolic syndrome
(MetS), a condition characterized by a clustering of 3 or more of the
following components (Jia et al., 2010): centrally distributed obesity,
decreased high density lipoprotein (HDL) cholesterol, elevated triglyceride,
high blood pressure, and hyperglycemia, connected with a threefold
increase in type 2 diabetes and a twofold rise in cardiovascular disease,

respectively (Zimmet et al ., 2005). In addition to these qualifying
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parameters, obesity and MetS are associated with endothelial dysfunction,
atherogenic dyslipidemia, insulin resistance, and chronic low-grade

inflammation (Huang, 2009).

As obesity is the main key antecedent for metabolic syndrome that can be
targeted in developing various therapies, several physical, psychological,
pharmaceutical and dietary therapies have been proposed for the
management of it. However, dietary practices have been demonstrated to
be more effective without causing any negative health implications.
Administration of probiotics as biotherapeutics is a relatively new field in
the development of dietary approaches, and many people are curious about

the science behind these health practices (Grover et al., 2012).

Probiotics are currently the focus of attention all over the world as potential
biotherapeutics in the management of several inflammatory metabolic
disorders, as they are now well recognized as powerful functional food and
dietary ingredients with multiple health promoting functions along with
their ability to fight specific diseases. However, because of the
physiological effects attributed to probiotics are highly strain specific,
strain selection may be critical in demonstrating their functional efficiency

(Grover et al., 2012).
1.2 The gut microbiota

The term human microbiota characterizes the cooperative of
microorganism’s occupation of our body, and the intestine being the main

place in the body contain the largest number of microorganisms. At time,
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the bacterial load in the human body is estimated to be about forty trillion
(i.e., 3.8 x 10 13), mainly concentrated in the colon, and with a ratio against
human cells of 1.3:1 (Sender et al., 2016). In the last years, more and more
scientific papers have been published to describe the gut microbiota
composition and their role in human and animal metabolism and
physiology. Rapid increasing in number of papers happens with the coming
of High-Throughput Next Generation Sequencing (HTNGS) technology.
The advances of this technology have facilitated gut microbiome research
and enabled the exploration of genetic and functional of intestinal bacteria
population with reasonable costs and adequate productivity (Ji & Nielsen,

2015).

The microbiota of human adults has been extensively studied even though
investigation into structural changes and compositional evolution from
infants to the elderly has been only partially characterized. In healthy
adults, 80% of the identified fecal microbiota can be classified into three
dominant phyla: Bacteroidetes, Firmicutes and Actinobacteria (Harmsen et
al., 2002). In general, terms the Firmicutes to Bacteroidetes proportion is
considered to be an important formation the human intestine microbiota
structure (Harmsen et al., 2002). On a more refined level, however, the
fecal microbiota is a highly complex and diverse bacterial ecosystem.
Within this ecosystem exists a hierarchy of dominant (>10° CFU/g)
anaerobic bacteria, represented by the genera Bacteroides, Eubacterium,
Bifidobacterium, Peptostreptococcus, Ruminococcus, Clostridium and

Propionibacterium, and sub-dominant (<10° CFU/g) bacteria of the
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Enterobacteriaceae family, especially E. coli, and the genera
Streptococcus, Enterococcus, Lactobacillus, Fusobacterium, Desulfovibrio
and Methanobrevibacter (Mariat et al., 2009). Gut microbiota has multiple
functions and plays a crucial role in the human metabolism and physiology.
First, gut microbiota forming the intestinal barrier, stimulate the continuous
presence of gut microbiota, encourages intestinal epithelial cell
reproduction, and produces mucus and nourishes mucosa by producing
short chain fatty acids (SCFAs) (Burgervan Paassen et al., 2009). Gut
microbiota is involved in the maturation of immune system by stimulating
innate immune system in the early stage of life, which leads to the maturity
of gut-associated lymphoid tissue (GALT), inspires the acquired immunity
by stimulating local and systemic immune responses (Nell et al., 2010),
intestinal synthesis and metabolism of certain nutrients, hormones and
vitamins, and plays an important role in drug and poison removal (Rakoff
Nahoum et al., 2004). Moreover, several studies in the last twenty years
have described the role of gut microbiota in the production of important
neurotransmitters and the microbiota-gut-brain axis concept was proposed
(Cryan et al., 2015). First, studies in germ-free animals showed that the
brain is affected in the absence of microbiota (Diaz Heijtz et al., 2011,
Bercik et al., 2011). Second, animals given specific strains of bacteria had
alterations in behavior (Bravo et al., 2011; Savignac et al., 2014), and
human studies of such strains confirmed the potential translatability of such
findings (Pinto-Sanchez et al., 2017; Tillisch et al., 2013). However, an

unbalanced gut microbiota, which is often defined dysbiosis, can also cause
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disease. Some common diseases in western countries such as obesity and
type 2 diabetes have been contributed to shifts in the gut microbiota from
state of eubiosis to state of dysbiosis, which is related to changes in
composition and tasks of this bacteria, compared to healthy individuals.
Dysbiosis may be occur through gain or loss of bacteria composition or
alters in ratio of microorganisms. However, the main cause of dysbiosis of
unhealthy individuals has been correlated with dietary habits (Wu et al.,
2011; Menni et al., 2017). The new frontier of microbiota functionalities is
constituted by the chemical interaction between microbiota and host cells
to regulate gene expression. As mentioned before, microbiome genes
quantity at least 100 times more than human genome (Qin et al., 2010).
Thus, it is necessary to understand the metabolic interaction between the
gut microbiota and the host genetic diversity in bacteria responsible for

multiple function.

1.3 Cross talk between Gut microbiota and obesity and metabolic

alteration

The link between gut microbiota, role in the host’s metabolic homeostasis
and obesity has been widely established (Cani et al.,2009). Since type 2
diabetes and obesity are linked to low-grade inflammation and changes in
gut microbiota composition, a bacterial component could have a role in the
development of these disturbances induced by a high-fat diet. Several
studies indicated that the bacterial substance was lipopolysaccharide (LPS),

a component of gram-negative bacteria's cell wall (Delzenne et al.,2011).
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One study showed that mice fed with high-fat diet exhibited enhanced
levels of plasma LPS, a condition known as metabolic endotoxemia (Cani
et al.,2007). Associations between circulating LPS level, consumption of a
high fat diet and the presence of obesity and type 2 diabetes mellitus have
been confirmed in humans too. Erridge and colleagues in 2007 found that a

high-fat diet induces metabolic endotoxemia in healthy individuals.

Endotoxemia was linked to serum insulin and triglyceride levels, as well as
an inverse relationship between endotoxemia and serum HDL cholesterol
level, in people with type 2 diabetes and obesity. (Al-Attass et al.,2009).
Furthermore, associations have been proposed between high-fat diet,
metabolic endotoxemia and levels of inflammatory markers in
mononuclear cells in Ghanim study in 2009 (Ghanim et al.,2009).
Altogether, these findings support the theory that fat consumption and
absorption, obesity, and the development of metabolic endotoxemia are all

linked (Delzenne et al., 2011).

As mentioned before, some of the mechanisms that are involved in the
development of metabolic endotoxemia seem to be related to the fat content
of the diet (Delzenne et al.,2011). One investigator has shown that
intraluminal fat increases intestinal LPS absorption through its
incorporation into chylomicrons (Ghoshal et al.,2009). Accordingly, other
investigator showed that the administration of lipase inhibitors reduces the
severity of metabolic endotoxemia (Dixon et al.,2008). Cani and colleagues

in 2008 found changes in the integrity of the intestinal barrier in both the
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proximal and distal parts of the gut, potentially allowing LPS to enter the
systemic circulation. Altered distribution and localization of two tight-
junction proteins (ZO-1 and occludin) in the intestinal epithelium have
been associated with an increased permeability of the intestinal wall in
obese and diabetic rodents (Cani et al.,2008). Furthermore, glucagon-like
peptide-2 (GLP-2), a gut peptide already known to be involved in the
control of epithelial cell proliferation, was confirmed as a regulator of the
expression and localization of tight-junction proteins and of the

permeability of the intestinal wall in obese mice (Cani & Delzenne ,2009).

In order to identify the joining link between gut microbiota and metabolic
pathologies, an intestinal permeability (IP) analysis is crucial. Over time,
the study on IP has gained the interest of many research groups,
highlighting the role that its increase could have in determining different
metabolic disorders, both in animal and human models (Dumas et al.,2006;

Wigg et al.,2001).

Even if the available literature does not uniformly agree on effective gut
mucosal colonization (Markowiak & Slizewska ,2017), probiotics include
microorganisms proven to exert positive effects on intestine and human

health, such as Lactobacillus and Bifidobacterium genera (Fijan ,2014).

On the contrary, some intestinal bacteria are capable of activating
inflammation pathways by interfering with the metabolism of lipids in
adipocytes, macrophages, and vascular cells, inducing insulin resistance

and the production of trimethylamine oxide. These facts represent the
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pathogenetic environment to develop metabolic syndrome (Blaser &

Falkow ,2009).

Finally, targeting microbiota may present new avenues for therapeutic
interventions aimed at preventing or treating obesity and associated
metabolic disorders. These strategies include dietary manipulation such as
the use of prebiotics, probiotics or symbiotic, as well as transplantation of

fecal microbial communities (Davis,2017).

Indeed, both genetic and physiological predispositions, as well as
environmental factors, influence gut microbiome composition, and these
factors work together to maintain gut homeostasis. As a consequence,
maintaining a healthy gut microbiota composition is critical for both
intestinal and distal appropriate host metabolic functioning (Yang and
Kweon, 2016). (Figure 1) illustrates such interactions between the gut

microbiota and the host metabolism.
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Fig 1: The gut microbiota and the host metabolism interact. External factors such as the
host's environment, diet, and medical treatments can all have an impact on the gut
microbiota. By affecting host insulin sensitivity or energy homeostasis, an imbalance of the
gut microbiota can lead to severe metabolic diseases such as obesity and type 2 diabetes
(Yang and Kweon, 2016).

1.4 Diet and gut microbiota

The main contributor to the diversity of the gut microbiota is diet
(Maukonen & Saarela,2015; Rothe & Blaut,2013). It has been suggested
that changes in the diet can account for 57% of the variations in microbiota
compared to genetic variations in host that can only account for 12%
(Brown et al.,2012). The effect of diet on microbiota composition is
prominently observed as early as during breast and formula feeding as
mentioned above. For example, level of Bifidobacteria is higher in breast-
fed babies compared to formula fed babies (Pozo-Rubio et al.,2011; Roger
et al.,2010). Moreover, probiotics and prebiotics are among the most
dietary strategies established for controlling the composition and metabolic
activity of gut microbiota (Baothman et al.,2016). Probiotics are non-
pathogenic microorganisms used as food ingredients to benefit the hosts’

health. Jones et al. (2012) investigated the effect of a bile salt-hydrolyase
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Lactobacillus reuteri strain in hypercholesterolemic individuals. They
found this strain can significantly lower the low-density lipoprotein
cholesterol (LDL-C). Also, they proposed the role of nuclear receptor
farnesoid X receptor (FXR) as transactional factor in reducing fat
absorption from intestine. Furthermore, prebiotics have been shown to
impact the host by specifically stimulating changes in the composition
and/or activity of bacteria in the colon, and thus improving the hosts’ health
(Gibson & Roberfroid,1995). Lactulose, resistant starch and inulin are the
most prebiotic compounds used by the food industry to modify the
composition of gut microbiota to benefit human health. These have been
shown to mostly target bifidobacteria and lactobacilli (Macfarlane et al.,
2008). Prebiotics are carbohydrate-like compounds, such as lactulose and
resistant starch, and have been used in the food industry to modify the
composition of the microbiota species to benefit human health in recent
years (Gibson et al.,2004). Inulin is one type of prebiotics. These prebiotics
mostly target bifidobacteria and lactobacilli, which are two kinds of
probiotics (Macfarlane et al.,2008). Recent research suggested that
combining both prebiotics and probiotics, namely synbiotics can also fight

obesity (De los Reyes-Gavilan et al.,2014).

The possibility that diet may be able to influence the gut microbiota has
been discussed in the scientific community since the 1960s. Latest
evidences have focused on using animal models and the analysis of
intestinal microbiota and metagenomes to investigate the association

between diet and the composition and function of the gut microbiome
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(Hemarajata & Versalovic,2013). Human diets may have a direct impact on
the microbiome, resulting in changes in metabolic reaction patterns in the
intestinal lumen. Animals fed a high-fat, high-sugar Western diet showed
rapid changes in intestinal microbial community structure, with increased
numbers of members of the phylum Firmicutes and decreased abundance of
members of the phylum Bacteroidetes, in experiments using germ-free
mice transplanted with human fecal microbiota. However, after going back
to a conventional chow diet for a week, microbial communities restored to
their previous condition (Goodman et al.,2011). As a result, a high-fat,
Western-style diet has been shown to influence the gut microbiota in a
recent clinical trial in which healthy volunteers were fed with high-fat,
Western-style diet for a month. Individuals who were fed a high-fat diet
had higher plasma endotoxin levels than those who were fed an isocaloric
regular diet, which may be a result of perturbations microbiome (Pendyala
et al. 2012). However, it is still not known whether alterations of intestinal
microbial communities represent causes or consequences of changes in
human health status and different disease states (Hemarajata and

Versalovic,2013).

The role of the diet in determining metabolic and inflammatory disorders,
has modified in the last years, due to the huge scientific interest for gut
microbiota (Federico et al., 2017). Pro or anti-inflammatory activity of
some food would be only in part their intrinsic property, since in some
cases, it can be linked to the formation of bacterial metabolites which, once

absorbed in intestine, carry out a local and systemic action (Le Chatelier et
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al.,2013). In this regard, dietary phospholipid phosphatidylcholine
metabolism by bacterial enzymes causes the formation of trimethylamine
(TMA) metabolized by hepatic Flavin monooxygenases to TMA Noxide,
which is able to stimulate macrophage activity and induce atherosclerosis, a
condition that could explain, at least in part, the higher cardiovascular risk
in patients with both particular dietary habits and intestinal microbiota
(Koeth et al.,2013). The diet also can be able to trigger metabolic and
inflammatory alterations as happens in subjects who follow the Western
diet, that is able to influence cytokine signaling, has a direct action on
immune cells and increases toll-like receptors (TLR) expression and
intestinal permeability (IP) (Pendyala et al.,2012). This harmful dietary
habit causes a modification in intestinal microbial composition and large
alterations associated with switching to the high-fat diet, including a
decrease in Bacteroidetes and an increase in both Firmicutes and
Proteobacteria, as happens in cases of high fat diet related dysbiosis

(Hildebrandt et al.,2009).

Therefore, it is clear that any type of effect due to the diet in determining a
large number of pathologies, cannot neglect the evaluation of possible roles
carried out by gut microbiota. According to another point of view, the diet
is able to modulate intestinal microbial composition, favoring the
colonization of microbial species able to metabolize food, differently from
health gut microbiota. In this way, a modification of interconnection

between nutrients and health occurs. Moreover, the adage “we are what we



13
eat” could be changed into “we are what the gut microbiota transforms”

(Federico et al., 2017).
1.5 Probiotic

Probiotics are defined as ‘live microorganisms with Generally regarded as
safe (GRAS) status, that when administered in adequate amounts, confer a
health benefit on the host’. Lactobacillus and Bifidobacterium strains are

the most often used probiotics (Hill et al.,2014).

The administration of probiotics as prospective biotherapies in the
management of metabolic disorders, helps the body stay healthy in a
variety of ways, colonizing resistance, generating acid, and short chain
fatty acid (SCFA), controlling intestinal transit, restoring disturbed
microbiota, boosting enterocyte turnover, and competitive exclusion of
pathogens are all examples of common processes among examined
probiotic strains (Hill et al., 2014). And in weight management with
possible mechanisms of improved microbial balance, decreased food
intake, decreased abdominal adiposity and increased mucosal integrity with

decreased inflammatory tone (Grover et al.,2012).

Interestingly, probiotic must meet specific criteria in order to be deemed
effective. These include the ability to resist in the gastrointestinal tract, a
high tolerance to gastric acids, the lack of any antibiotic resistance genes
that can be transmitted, and the ability to provide clear beneficial effects to
the host (Montalban-Arques et al., 2015). For instance, supplementing with

specific Lactobacillus and Bifidobacterium strains has been shown to (1)
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improve epithelial and mucosal barrier functions, (2) inhibit the growth of
pathogenic enteric bacteria and reduce the formation of pathogenic toxins,
(3) mediate some of the negative effects associated with high-fat diets, (4)
modulate the immune system, blood glucose levels and lipid profiles

(Markowiak & Slizewska ,2017).

In a double blind, randomized placebo-controlled intervention trial was
conducted on 87 subjects with high body mass index who were randomly
assigned to receive Lactobacillus gasseri SBT 2055 (LG2055). The
probiotic LG2055 was utilized as an auxiliary culture in yoghurt fermented
with traditional yoghurt cultures, Streptococcus thermophilus and L.
delbrueckii ssp. bulgaricus, in this investigation; yoghurt without LG2055
served as a placebo. According to the findings of this study, the probiotic
strain significantly reduced abdominal adiposity, body weight, and other
measurements, implying that it has a favorable effect on metabolic
disorders (Kadooka et al.,2010). In another study, oral administration of L.
gasseri BNR17 prevented increases in body weight and adipose tissue in

diet-induced overweight rats (Kang et al.,2010).

Finally, probiotics appear to play a crucial role in metabolic syndrome and
associated consequences, according to research conducted on animal
experimental models, supplementation with Lactobacillus rhamnosus
reduced visceral adiposity and diet-induced obesity in a mouse model of
obesity, while also enhancing the integrity of the gastrointestinal microbial

lining (Le Barz et al.,2019).
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1.6 Probiotic microencapsulation

One of the most significant characteristics of a probiotic bacteria is that it
must be viable in high concentration until it reaches the gut in order to
achieve many of its health benefits on the host (Mattila-Sandholm et
al.,2002). Furthermore, after the administration of a probiotic, there is, in
many strains, a considerable loss of viability due to the gastrointestinal
tract's harsh stress factors (e.g., acidic conditions of the stomach, digestive
enzymes, and bile salts of the small intestine) (Charteris et al.,1998). The
fact that the human digestive tract has such a diverse range of condition
makes constructing a probiotic release system difficult, but it also allows
for the creation of a highly customized system that targets the desired

position (Cook et al.,2012).

The bacteria’s survivability can be improved by microencapsulating them in
a polymer matrix. It's critical that the microencapsulation matrix resists
acid and that the preparation routine is delicate enough not to harm the
entrapped cells. Furthermore, the polymer utilized must be non-cytotoxic
and non-antimicrobial to ensure that neither the host nor the bacteria are
damaged (Mandal et al.,2006). Microencapsulation in specialized ultrathin
semipermeable polymer membranes has been successfully shown to protect
live bacterial cells in oral and other delivery applications (Ainsley Reid et

al.,2005).
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1.7 Modification of the gut microbiota by the administration of

probiotics

According to the actions exerted by human gut microbiota in humans
(Ludovico Abenavoli et al.,2019) we can recognize three main mechanisms
of action in obesity treatment by probiotics: antagonistic effects on
pathogenic microorganism growth and competitive adherence to intestinal
mucosa and epithelium (antimicrobial activity), increased intestinal mucus
layer production and reduced intestinal permeability (barrier function), and
modulation of the gastrointestinal immune system (immunomodulation)
figure 1 (Thomas and Versalovic,2010). Altogether, these mechanisms can
modulate gut microbiota composition and host metabolism, restoring a

“lean gut microbiota” (Markowiak and Slizewska,2017).
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Fig 2: Probiotic mechanisms in the human gastrointestinal tract. Probiotics may
manipulate intestinal microbial communities and suppress growth of pathogens by
inducing the host’s production of B-defensin and IgA. Probiotics may be able to fortify the
intestinal barrier by maintaining tight junctions and inducing mucin production.
Probiotic-mediated immunomodulation may occur through mediation of cytokine
secretion through signaling pathways such as NFkB and MAPKSs, which can also affect
proliferation and differentiation of immune cells (such as T cells) or epithelial cells. Gut
motility and nociception may be modulated through regulation of pain receptor expression
and secretion of neurotransmitters (Thomas and Versalovic ,2010).
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1.8 Animal experiment

Mention mice and rats to most people and images of unsanitary conditions
and urban decay come to mind. But what is not always appreciated is the
extraordinary impact that laboratory mice and rats have on biomedical
research. They are often the preferred animal model for studies of human
disease and the standard species of choice for pre-clinical trials. Mice and
rats have long served as the preferred species for biomedical research
animal models due to their anatomical, physiological, and genetic similarity
to humans. Advantages of rodents are relatively small and require little
space or resources to maintain, have short gestation times but relatively
large numbers of offspring, and have fairly rapid development to adulthood
and relatively short life spans. For example, mice have a gestation period of
approximately 19-21 days; can be weaned at three to four weeks of age,
and reach sexual maturity by five to six weeks of age, allowing large
numbers of mice to be generated for studies fairly quickly. And also, they
are abundant genetic resources (Bryda,2013). Additionally, laboratory rats
and mice are abundant genetic resources, provide ideal animal models for
biomedical research and comparative medicine studies because they have
many similarities to humans in terms of anatomy and physiology.
Likewise, rats, mice, and humans each have approximately 30,000 genes of
which approximately 95% are shared by all three species (Sloane,2011;

CDC,2012; Gibbs et al.,2004).
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Rats are often the preferred rodent model for research where their larger
size is an advantage, especially for facilitating surgical procedures and
other types of testing. Many unique strains of rats have been generated that
model the complex nature of human obesity, diabetes, and cardiovascular
disease and therefore in this case, rats provide excellent animal models for
the study of these diseases (Cowley et al.,2004; Kwitek-Black &
Jacob,2001).
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Chapter Two
Materials and Methods

2.1 Animals and Treatment

All experimental procedures involving animals were approved by
“Comitato Etico-Scientifico per la Sperimentazione Animale” of the
University of Naples Federico Il and authorized by Italian Health Minister
(4448/2019-PR). This work complies with the animal ethics principles and
regulations of the Italian Health Ministry. The authors ensured that all steps

were taken to minimize the pain and suffering of the animals.

Male Wistar rats (Charles River, Calco, Lecco, Italy) of 90 days were
caged singly in a temperature-controlled room (23 £ 1°C) with a 12 h

light/dark cycle (06.30 — 18.30 h).

Rats were fed a control diet or a high fat - high fructose diet for 8 weeks,
promoting signs of obesity and metabolic syndrome (Crescenzo R. et al.,

2017). The composition of the two diets is shown in Table 1.

Rats either fed a Control diet or HFF diet were divided into three groups
(each group constituted by 8 rats with the same mean body weight). The
first one, the control group (C) with the low-fat diet, the second, with the
administration of the 500 microliter L. reuteri inside the microcapsule
(CRM), while the last, were received 100 microliters simply L. reuteri

(CR).
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In the same way the rats treated with a high fat - high fructose (HFF) diet
were divided in three groups: one with the HFF (T), second group was
administrated the L. reuteri inside the microcapsule (TRM), and the third

group, was administrated by the HFF diet and the L. reuteri (TR) (Figure 3)

RATS
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« CR CRM

Q-@-_Gr

Figure 3: Experimental design

During the treatment, body weight and food intake were monitored daily.
At the end of the experimental period, the rats were euthanized by
decapitation, portal blood, systemic blood, cecum, liver, colon, pancreas,
muscle, ileum as well as samples of WAT and IBAT, were collected and
frozen at -80 °C. Finally, carcasses were used for body composition

determination.

Table 1. Composition of experimental diets.

Component Composition g/1000 g
Low Fat High Fat- High Fructose
Standard Chow“®a 395.3 231.5
Sunflower oil 19.3 19.3
Casein 59.7 133.3
Water 175.7 175.4
AIN-93 Mineral mix 11.4 11.4
AIN-93 Vitamin mix 3.2 3.2
Choline 0.7 0.7
Methionine 0.9 0.9
Cornstarch 333.8 0
Butter 0 129.8
Fructose 0 294.6
Energy content and composition
ME content, kJ/g” 11.2 14.9
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Lipids, J/100J 10.5 39.3
Proteins, J/100 J 19.9 19.8
Complex carbohydrates, J/100J | 63.9 7.5

Simple sugars, J/100 J 5.7 33.4

®4RF21, Mucedola, Italy; PEstimated by computation using values (kJ/g) for energy
content as follows: Protein 16.736, lipid 37.656, and carbohydrate 16.736. ME =
metabolizable energy; AIN= American Institute of Nutrition.

2.2 GLUCOSE TOLERANCE TEST AND INSULIN
DETERMINATION

Food was withdrawn at 08.00 a.m. After 6 hours, basal post-absorptive
samples obtained from venous blood from a small tail clip were collected
in EDTA-coated tubes and then glucose (2 g kg™) was injected
intraperitoneally. Blood samples were collected after 20, 40, 60, 90, 120
and 150 min and placed in EDTA coated tubes. The blood samples were
centrifuged at 1400 g for 8 min at 4°C. After centrifugation at 1400 g for 8
min at 4°C, plasma was isolated and stored at —20°C until used for
determination of substrates and hormones. Plasma glucose concentration
was measured by a colorimetric enzymatic method (Pokler Italia,
Pontecagnano, Italy). Plasma insulin concentration will be determined
using an ELISA kit (Mercodia AB, Uppsala, Sweden) in a single assay to
avoid interassay variations. Basal postabsorptive values of plasma glucose
and insulin were used to calculate the homeostatic model assessment
(HOMA) index. The hepatic insulin resistance index will be calculated
according to Abdul-Ghani et al. (2007). Briefly, after glucose injection, the
increase in plasma glucose and insulin concentrations is proportional to the
degree of hepatic insulin resistance (Abdul-Ghani, 2007), the HOMA index

was calculated using the formula: (Glucose (mg/dl) x Insulin (mU/ [))/405.
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Hepatic insulin resistance index was calculated according to Abdul-Ghani
(2007). Briefly, since the magnitude of the rise in plasma glucose and
insulin concentrations immediately (0—-30 min) following the glucose load
Is proportional to the magnitude of hepatic insulin resistance, we calculated
the rise in plasma glucose and insulin concentrations during the period 0-30
minutes of the glucose load, by measuring the area under the curve (AUC)
of plasma glucose and insulin. Then, hepatic insulin resistance index was
calculated as: (glucose AUC 0-30) x (insulin AUC 0-30) (Abdul-Ghani et
al, 2007).

2.3 Body composition and energy balance

Body composition was measured as previously described (Crescenzo R. et
al, 2012). Briefly, the alimentary tract was cleaned of undigested food and
the carcasses were then autoclaved. After dilution in distilled water and
subsequent homogenization of the carcasses, duplicate samples of the
homogenized carcass were analyzed for energy content by bomb
calorimetry. Body lipid content was measured by the Folch extraction
method (Folch J. et al, 1957). Body protein content was determined using a
formula relating total energy value of the carcass, energy derived from fat,
and energy derived from protein (Dullo AG, 1992) the caloric values for
body fat and protein were taken as 39.2 and 23.5 kJ/g, respectively
(Armsby, HP, 1917). Energy balance measurements were conducted by the
comparative carcass technique over the experimental period, as detailed

previously (Crescenzo R, et al 2013). Briefly, during the experimental
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period, metabolizable energy (ME) intake was determined by subtracting
the energy measured in faeces and urine from the gross energy intake,
determined from daily food consumption and gross energy density of the
diet. Body energy, fat and protein gain were calculated as the difference
between the final and initial content of body energy, fat and protein.
Energy expenditure was determined as the difference between ME intake
and energy gain, and energetic efficiency was calculated as the percentage
of body energy retained per ME intake. Lipid and protein partitioning was
obtained by calculating the amount (expressed in %) of lipid or protein

intake that was stored or oxidized.

2.4 Cultivation and microencapsulation of Limosilactobacillus reuteri

DSM 17938

Limosilactobacillus reuteri DSM 17938 was isolated from Reuterin (Noos
S.r.l.; BioGaia AB, Stockholm, Sweden) and cultured in MRS Broth
(OXOID Ltd., Basingstoke, Hampshire, England) at 37 °C, checked for
purity and maintained on MRS Agar (Oxoid). Free and microencapsulated
cells of L. reuteri DSM 17938 were routinely cultured and counted on
MRS Agar at 37 °C for 48 h in aerobic conditions. Pseudomonas fragi 25P
used in reuterin production test, belonging to microorganism’s collection of
Department of Agriculture, University of Naples Federico I, was
previously isolated from fresh meat sample (Ercolini, Russo, Nasi, Ferranti,
& Villani, 2009). It was cultured in Tryptone Soya Broth (TSB, Oxoid)

supplemented with 5 g/L Yeast Extract Powder (Oxoid) at 20 C.
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Microencapsulation of bacterial cells was carried out by using the
Encapsulator B-395 Pro equipped with a 120 mm nozzle and a syringe
pump (BUCHI Labortechnik, Flawil, Switzerland). A scheme of the Buchi
encapsulator is reported in the (Figure 4) (De Prisco et al.,2014). In detail,
the cells of a defined volume of L. reuteri DSM 17938 culture in the early
stationary phase were harvested by centrifugation at 5200 g for 15 min. The
cell pellet was washed once in an equal volume of a sterile quarter-strength
Ringer solution (Ringer), harvested by centrifugation and finally suspended
in an equal volume of a 12 g/L alginate (Sigma, Milan, Italy, product n.
A2033) solution, previously degassed and sterilized, to reach a
concentration of about 9.40 £ 0.10 Log. The syringe, used in the feeding
system, was loaded with 50 ml of the alginate cell suspension and placed
on the Encapsulator according to the instruction of supplier. The
microencapsulation conditions used were: flow rate 2.91 ml/min, vibration
frequency 1740 Hz, electrode voltage 950 mV. Alginate droplets
containing bacterial cells were hardened in 200 ml of a 0.5 mol/L CaCl2
solution (in ratio 4:1 with alginate cell suspension) for about 20 min in
stirring to obtain monodisperse cross-linked microcapsules. Suspension
was left 30 min at room temperature for the sedimentation of microcapsules
and then a volume of 150 ml of the upper phase was gently sucked and
discarded to restore the initial cell concentration. Alginate microcapsules

(MC) were routinely stored at 4 °C for further experiments.
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The vibration nozzle technology is based on the principle that a laminar flowing liquid jet breaks up Into equal sized
droplets by a superimposed vibration. The selectable vibration frequency determines the quantity of droplets pro-
duced, for example a vibration frequency of 700 Hz generates 700 droplets per second.
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Fig 4: Steps of vibrating technology and scheme of the Encapsulator B-395 Pro (BUCHI,
Switzerland).

2.5 PCR amplification of specific strain surface protein of DSM 17938

DNA, which was extracted from rat’s feces and colon content by using
DNeasy Tisue Kit used in identification L. reuteri DSM 17938 specific
PCR, was identified using PuReTaq Ready-To-Go PCR Beads (GE
Healthcare 27-9559-01), TBE(Tris/Borate/EDTA) buffer, standard agarose,
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magnesium, ethidium bromide, loading dye, base-pair ladder (100 bp
intervals) and strain-specific primers LR1/1694f: (5°-
TTAAGGATGCAAACCCGAAC-3”) and LR1/1694r: (5°-
CCTTGTCACCTGGAACCACT-3") (Personal communication from
Stephan Ross of Bio Gaia). The primer pair (both forward and the reverse
primer) were mixed to the concentrations 10 pmol/25 ul (of each primer) in
water. Briefly, total reaction volume of 50 pl (containing buffer 5 pl,
magnesium 2.5 pl, LR1f (10 pM) 1 pl, LRIr (10 pM) 1 pl, d-NTPs
(25mM) 0.5 pl, Taq 0.5 pl and sterile water) was added 4,5,10 pl of the
DNA extracted. PCR condition was 30x (95°C for 30 s; 54°C for 30 s;
72°C for 30 s); 72°C for 10 min; 16°C until stopping the program. PCR
products mixed with loading dye were then verified by electrophoresis on
agarose gel (1% agarose, 0.5 ug/ml ethidium bromide, 0.5x TBE buffer)
allowed to run for 40 min at 100 V Mix. The presence of an amplicon at

about 177 bp was verified by UV illumination and the results documented.
2.6 DNA extraction and 16S rRNA gene sequencing

Fresh feces of 48 rats (8 replicates for each of six different groups) were
collected at three times during the experiments (time 1 before start
treatment, time 2 after 4 weeks of treatments and time 3 after 8 weeks of
treatment). The colon content was squeezed out and collected separately.
Both were immediately placed onto dry ice. The colon content centrifuged
at (1,000 rpm X 1 min) in order to pellet debris. The supernatant was

centrifuged again (12,000 X g, 2 min), and the pellet was used for DNA
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extraction. The DNA was extracted by using DNeasy PowerSoil Kit
(QIAGEN) (figure 5) following the manufacturer’s instructions. The V3-
V4 region (figure 6) of the 16S rRNA gene was amplified by using the
primers S-D-Bact-0341F5’-CCTACGGGNGGCWGCAG and S-D-Bact-
0785R5’-GACTACHVGGGTATCTAATCC (Klindworth et al., 2013).
Each 50 pl PCR mix contained (3 pl or 4 ul or 5 pl of DNA, buffer 5 pl,
enhancer 10 pul,V3(10 uM) 1 pl,V4 (10 uM) 1 pl, base-pair ladder (d-NTPs)
1 pl ,Tag 0.5 ,and sterile water). The PCR conditions used 95°C for 3
minutes, then 25 cycles of (95°C for 30 seconds,55°C for 30 seconds,72°C
for 30 seconds), after that 72°C for 5 minutes, hold at 4°C.
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Figure 5: DNeasy Power Soil kit for DNA extraction

The PCR products mixed with loading dye were then verified by
electrophoresis on agarose gel (1.5% agarose, 0.5 pg/ml ethidium bromide,
0.5x TBE buffer) allowed to run for 40 min at 100 V Mix. the DNA
fragments visualize by UV illumination and the results documented

(figure 6).
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Figure 6: Scheme of the subdivision of hypervariable regions within the 16S rRNA gene
sequence.

2.7 llumina library preparation

From the total DNA, a portion of the gene coding for 16S ribosomal RNA
(regions V3-V4) was amplified, resulting in an amplicon of approximately
~ 460 bp, and the space region ITS1-2, of variable size between species
(200-450 bp). The primers used include, in addition to the specific
sequence for the gene of interest, also a sequence that will allow the
amplicon to bind to specific adapters for sequencing on the Illumina

platform (Figure 7).
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PCR amplify template out of genomic DNA using
region of interest-specific primers with overhang adapters
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Figure 7: A pair of forward and reverse primers specific for the region of interest is
designed together with an adaptive sequence: the construct is used to amplify the
extracted genomic DNA as a template. A second amplification cycle is used to add the
index (specific for each sample) and an adapter sequence, which allows binding to the
Illumina sequencing plate. The amplicons are then normalized and joined, and
subsequently sequenced with the lllumina MiSeq system.

The libraries were prepared using the Microlab STARIlet workstation
(Hamilton Company). The instrument is able to carry out the various
purification steps with magnetic beads, quantification and normalization

required for the preparation of metagenomic libraries.
2.8 Bioinformatic and statistical analysis

Demultiplexed, forward, and reverse reads were joined by using FLASH
(Mago¢ and Salzberg, 2011). Joined reads were quality trimmed (Phred
score < 20) and short reads (<250 bp) were discarded by using Prinseq

(Schmieder and Edwards, 2011). High-quality reads were then imported
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into QIIME (Caporaso et al., 2010). Operational taxonomic units (OTU)
were picked using a de novo approach and the uclust method, and
taxonomic assignments were obtained by using the RDP classifier and the
Greengenes (McDonald et al.,, 2012) database, following a pipeline
previously reported (De Filippis et al., 2014). In order to avoid biases due
to the different sequencing depth, OTU tables were rarefied to the lowest
number Data were expressed as mean values + SEM. The program
GraphPad Prism 8 (GraphPad Software, San Diego, CA, USA) was used to
verify that raw data have normal distribution and to perform one-way
ANOVA followed by Tukey post-test. A probability < 5% (P < 0.05) was
considered statistically significant in all analyses. of sequences per sample.
Bray-Curtis distance matrix and alpha diversity indices were computed by
QIIME on rarefied OTU tables. PICRUSt (Phylogenetic Investigation of
Communities by Reconstruction of Unobserved States
(http://picrust.github.io/picrust) (Langille et al., 2013) was used to predict
the functional profiles of the samples, as recently reported (De Filippis et
al., 2016). Statistical analyses and plotting were carried out in an R
environment  (https://www.r-project.org). Permutational multivariate
analysis of variance (nonparametric MANOVA) based on Jaccard and
Bray-Curtis distance matrices was carried out using 999 permutations to
detect significant differences in the overall microbial community or
oligotype patterns, by using the adonis function in the vegan package. The
Bioconductor statistical package DeSeqg2 (Love et al., 2014) was used to

find taxa differentially abundant between the groups. Spearman’s pairwise
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correlations were computed between OTU and other quantitative variables
(the corr.test function in the psych package) and plotted by using the
heatplot function in the made4 package. P values were corrected for
multiple testing using the Benjamini-Hochberg procedure (Benjamini and

Hochberg, 1995).

Data for body composition, energy balance and glucose homeostasis were
expressed as mean values =+ SEM. The program GraphPad Prism 8
(GraphPad Software, San Diego, CA, USA) was used to verify that raw
data have normal distribution and to perform one-way ANOVA followed
by Tukey post-test. A probability < 5% (P < 0.05) was considered

statistically significant in all analyses.
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Chapter Three

Results

3.1 Microencapsulated L. reuteri improved glucose homeostasis in the

HFF diet -induced rats

In order to have general picture of glucose balance homeostasis, plasma
glucose levels during GTT analysis were evaluated. After 8 weeks of
treatment, HFF fed rats exhibited significantly higher values of plasma
glucose compared to the control rats, while the TR and TRM groups

showed values comparable to the control. (Figure 8).
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Fig 8: L.reuteri (free and microcapsulated) improved glucose homeostasis in HFF diet-
induced obese rats. Serum glucose levels at different time-points in oral glucose tolerance
tests (GTT). Values are the means + SEM of eight different rats. * p < 0.05 compared to
respective control (one-way ANOVA followed by Tukey post-test).

The area under the curve (AUC) was significantly higher in the HFF group
(T) than in the normal group (C) . Nevertheless, treatment of the HFD
group with L.reuteri (free and microcapsules) reduced the levels of this

parameter comparing to HFF group (T) (figure 9).
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Fig 9: L.reuteri improved glucose homeostasis in HFF diet induced obese rats. Areas
under the curve of GTT measured between 0 and 120 min after glucose administration.
Values are the means + SEM of eight different rats. **** p < 0.0001 compared to
respective control (one-way ANOVA followed by Tukey post-test).(#: TR, TRM vs T )

3.2 Body composition and energy balance

High fat fructose diet-induced obese rats were used in this experiment to
evaluate the role of free and microencapsulated L. reuteri DSM 17938 on
body composition and energy balance. The initial body weight for all rats
were almost the same (figure 10 A). At the end of the experiment the final
body weight for HFF rats groups treated with L. reuteri free and
microencapsulated (T, TR, TRM) were almost the same, but significantly

higher comparing to their control groups (C, CR, CRM) (figure 10 B).

It was observed that rats treated with high fat fructose diet supplemented
with free and microencapsulated L. reuteri significantly exhibited higher
body weight gain after 8 weeks (figure 10 C) comparing to controls. The
HFF diet group (T) showed a significant increase in body energy (figure 10
G), and body lipid (figure 10 D), without any significant change in body
water (figure 10 F) and body protein (figure 10 E) (g/100g) between all

groups.
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Figure 10 : Body compostion .Initial body weight (A), final body weight (B) ,body weight
gain (C),body lipids (D),body protiens (E ),body water (F) and body energy (G) of high fat
fructose diet fed group, high fat fructose diet with microencapsulated and free L.reuteri -
supplemented rats groups and their counterparts after eight-week treatment (n=8 for
each group). Values are the means + SEM of eight different rats.* p < 0.05 ,** p < 0.01
compared to respective control (one-way ANOVA followed by Tukey post-test).
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Body energy gain results showed a significant increase in HFF fed rats
while no significant changes in HFF with microencapsulated L.reuteri rats
group comparing to controls (figures 11 H).Also body lipid gain was
significantly higher in group treated with HFF diet comparing to their

control(figure 11 1)

Body protiens gain results (calculated as the difference between body
energy gain and lipid energy gain and expressed in KJ) indicated a no
significant diffrences between the groups treated HFF diet (T , TR ,TRM)
and their control groups (C, CR, CRM) (figure 11 J).

Gross energy intake KJ was significantly higher in HFF diet fed groups (T,
TR, TRM) compare to their controls (C, CR, CRM) (figure 11 K), whereas

food intake did not change ( figure 11 L ).

Since changes in energy intake are the primary drive of obesity
development, metabolisable energy (ME) intake was monitored throughout
the experimental period to verify whether the fat fructose-induced affect
body energy and lipid content due to an change of ME. To this aim, food
intake and energy loss through faeces were analyzed and indicated that ME
intake was similar in all high fat fructose groups (T ,TR ,TRM), but
significantly different from control groups (C, CR, CRM) (figure 11 M).
Energy expenditure was significantly increased (p < 0.05) after
supplemntation with microencapsulated and free L.reuteri in HFF diet

group comparing to their control (figure 11 N ).
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Figure 11: Energy balance. Body energy gain (H), body lipids gain (I), body proteins gain
(J), food intake (L), gross energy intake (K), metabolizable energy intake (M) and energy
expenditure (N) of high fat fructose diet fed group, high fat fructose diet with
microencapsulated and free L. reuteri -supplemented rat’s groups and their counterparts
after eight-week treatment (n=8 for each group). Values are the means + SEM of eight
different rats. * p < 0.05, ** p < 0.01, *** p < 0.001 , **** p < 0.0001 compared to
respective control (one-way ANOVA followed by Tukey post-test).
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3.3 Microencapsulated L.reuteri attenuated high fat-fructose diet-

induced hepatic steatosis

High fat diet-fructose fed rats showed significantly higher levels of serum
ALT and AST than those of control diet-fed rats (*** p < 0.001 for AST
,and **** p < 0.0001 for ALT ). To determine whether microencapsulated
L.reuteri treatment could mitigate the HFD-induced liver injury, the
concentrations of these enzymes were examined. The HFF diet-induced
elevation in serum AST and ALT were significantly prevented by
microencapsulated L.reuteri administration in HFF-fed rats (figure 13).
Assessment of hepatic steatosis by quantififcation revealed that after 8
weeks of fat fructose-rich diet the steatosis (Figure 13 C), significantly
increased in HFF rats, while all these modifications were completely

reversed after treatment with microencapsulated L.reuteri.
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Figure 12 :Effect of microencapsulated L.reuteri on liver enzymes, (A) AST serum level,
(B) ALT serume level ,(C) liver quantification (D) liver images .Values are the means +
SEM of eight different rats. *** p < 0.001 , **** p < 0.0001 compared to respective control
(one-way ANOVA followed by Tukey post-test). (#: TR, TRM vs T )

3.4 The effect of L.reuteri adminstration on the intestinal microbiota

composition in the HFF-Induced Rats

To profile the effects of diet and L. reuteri on microbiota composition, we
performed sequencing of bacterial 16S rRNA gene V3 and V4 regions for
144 fecal samples collected from 48 rats at baseline, after 4 weeks, and
after 8 weeks. The overall microbial composition of the gut of rats of

groups C, CR and CRM at the genus level were altered by the different
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treatments (free L. reuteri and ME L. reuteri) (p < 0.05) in the three
different times.The most abundant genera were colostridia which was the
same in all groups and different times, Verrucomicrobia- akkermansia
muciniphila and prevotellaceae were more abundant at baseline in all
groups implemented control diet and treated with free or microencapsulated
L.reuteri and these two genera have been shown to decrease with the time
(figure 13). In addition, the microbial composition of the gut of the rats of
groups T,TR,TRM at the genus level were altered by the different
treatments (free L. reuteri and ME L. reuteri) (p < 0.05) in the three
different times. Prevotellaceae showed decrease with the time, colostridia
did not change with time in different groups but Verrucomicrobia-
akkermansia muciniphila significantly increase in groups during the time

(Figure 14).

CONTROL DIET

.

. "

. oprococcs

. utia

uf_Lach erustipes

tridacese g

. eaen_Lactobs

. Bl

. N

.

.

"
— —_— I ==
€D OWEEKS €D4WEEKS D8 WEEKS CD+LReuteriOWEEKS (D« LReuteridWEEKS  CD+ LReuteri SWEEKS (D +LReuteri MEOWEEKS CD + L Reuteri ME 4 WEEKS €D + LReuteri ME 8 WEEKS

Figure 13: Relative Operational Taxonomic Units (OTUs) abundance at the genus level in
control diet (C), control diet with L. reuteri (CR), and control diet with microencapsulated
L. reuteri (CRM) rats in three different time. Composition of fecal microbiota of rats from
different groups as revealed by Illumina sequencing of VV3-V4 hypervariable region of 16S
rRNA gene. Population analyses for each group show phylotypes at genus level and are
reported as means of eight rats for each group (p < 0.05).
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Figure 14: Relative Operational Taxonomic Units (OTUs) abundance at the genus level in
high fat fructose diet (T), high fat fructose diet with L. reuteri (TR), and high fat fructose
diet with microencapsulated L. reuteri (TRM) rats in three different time. Composition of
fecal microbiota of rats from different groups as revealed by Illumina sequencing of V3-
V4 hypervariable region of 16S rRNA gene. Population analyses for each group show
phylotypes at genus level and are reported as means of eight rats for each group (p < 0.05).
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Chapter Four
Discussion and Coclusion

4.1 Discussion

We observed a statistically significant increase in body weight in HFF diet
fed groups supplemented with microencapsulated or free L. reuteri DSM
17938. In fact, this increase was reflected the increase in energy intake due
to HFF diet consumption. The analysis of the administration of
microencapsulated L.reuteri on HFF diet rats groups on energy balance and
other body composition showed no significant changes, as a matter of fact,
we don’t suspect that probiotic bacteria decrease body weight ,fat gain or
energy gain specially in presence of high fat fructose diet which is needed
to show how the composition of this diet affect on these parameters. One
another hand, one systematic review, found that probiotic effect in body
weight is specie and strain specific.For instance L. gasseri BNR17, reduced
the weight gain compared to controls ,L. gasseri L66-5 promoted weight
gain,while L. rhamnosus GGMCC is the only one that had a positive effect
in weight loss in humans (Rouxinol-Dias et al.,2015). This discrepancy
might be due to the difference in strain, length of the treatment ,diet content

, Or the target population.

Recently, it was found that, in adult rats, long-term feeding a high-fructose
and high-fat diet elicits the development of obesity and insulin resistance
(Crescenzo et al.,2013; Lionetti et al.,2007) .Also growing evidence

supports the crosstalk between gut microbiota and host health, and



42
alterations in the composition of gut microbiota are involved in the
development of metabolic disorders such as obesity and T2DM (Hartstra et
al. 2015). Thus, elucidating the effects of candidate bacterial species on
host metabolism will provide new methods for preventing and treating
metabolic diseases. In this study, we examined the metabolic benefits of
L.reuteri in rats fed HFF diet. Interestingly, we found that L.reuteri daily
gavage for eight weeks significantly improved plasma glucose. In fact, Gut
microbiota ultimately contribute to the regulation of incretin hormone
secretion through the interaction between the aforementioned metabolites
(SCFAs, bile acids) and their receptors (GPR1 and GPR43, TGR5), which
are expressed on enteroendocrine L cells (Osborn & Olefsky,2012; Caesar
et al.,2015; Feuerer et al.,2009). The stimulated enteroendocrine L cells
secrete incretin hormone peptides, such as glucagonlike peptide-1 (GLP-1),
glucagon-like peptide-2 (GLP-2), and peptide YY (PYY), which in turn
stimulate insulin release and decrease blood glucose levels (Drucker &
Nauck, 2006). These secreted peptides affect a wide range of organs and
tissues to improve insulin sensitivity, glucose tolerance, and energy
homeostasis, thereby contributing to protection in metabolic disorders such
as obesity and type 2 diabetes (Yang& Kweon, 2016). Also we can say,
despite the HFF rats groups increase their body weight, they still have
healthy metabolic parameters (plasma glucose and insuline resistance)
Finally these result were inconsistancy with Mobini et al. in 2017 revelaed

that oral supplementation with Lactobacillus reuteri DSM 17938 in patients
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with type 2 diabetes for 12 weeks improved insulin sensitivity and glucose

homeostasis (Mobini et al.,2017).

In the past decade, research on probiotics has attracted much attention due
to their protective role in NAFLD(Azarang et al.,2020). Plasma levels of
ALT and AST were assessed as marker of liver damage(Yin et al.,2012).
NKT cells regulation of inflammatory processes and chronic inflammation
iIs known to be associated with insulin resistance and fatty liver
disease(Yuan et al.,2001). In the present study, we demonstrated that
microencapsulated L.reuteri effectively prevents HFF diet-induced hepatic
steatosis in rats.One study reported that a high fat diet that induces obesity,
insulin resistance and hepatic steatosis also leads to hepatic NKT cell
depletion. However, it was not clear whether the depletion of hepatic NKT
cells was the cause or the consequence of overall metabolic
dysfunction(Ma et al.,2008). Cani and colleagues reported that a high fat
diet increases plasma lipopolysaccharide (LPS) level, which also
contributes to the pathogenesis of insulin resistance and increased liver
triglyceride content (Cani et al.,2007) .1t is possible that the endotoxinemia

caused by high fat diet reduces intrahepatic NKT cells(Ma et al.,2008).

The ability of probiotics to restore hepatic NKT cells and improve HF diet-
induced insulin resistance and fatty liver are novel findings and intriguing
(Ma et al.,2008).And that findings were inconsistancy with our hypothesis
that microencapsulated L.reuteri modulation of hepatic NKT cells, reduce

inflammatory signaling and ultimately lead to improved insulin resistance
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and to improved fatty liver disease.NKT cells regulation of inflammatory
processes and chronic inflammation is known to be associated with insulin

resistance and fatty liver disease.

Metabolic disorders were characterized by intestinal inflammation and
mucosal-barrier dysfunction, which facilitate the translocation of luminal
toxicity into the host (Winer et al.,2016). An HFD clearly damages
intestinal barrier function and downregulates the major goblet cell mucin
producing gene Muc2, antimicrobial gene Reg3g (Chang et al.,1996) ,and
tight junction proteins ZO-1 and occludin in mice (Rahman et al.,2016). A
high fat-fructose diet on male Wistar rats for 4 weeks decreased the
abundance of A. muciniphila, but it increased again after 8 weeks. While,
supplementation with microencapsulated L. reuteri on the high fat-fructose
diet was able to increase the abundance of A. muciniphila more than the
high fat fructose diet alone. The exact mechanisms by which A.
muciniphila exerts the beneficial impact on health have not been fully
elucidated. The positive modulation of mucus thickness and gut barrier
integrity by A. muciniphila could be the key (Zhou,2016). A. muciniphila
supplementation was able to restore mucus thickness in obese and type 2
diabetic mice where gut mucus was disrupted by high fat diet treatment
(Everard et al., 2013).Although how A. muciniphila could promote mucus
thickness is not known. One of the reasons could be A. muciniphila
stimulates mucus turnover rate by making short-chain fatty acids from the
degraded mucin, the preferable energy sources for the host epithelium

which synthesize and secret mucin (Zhou,2016).
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4.2 Coclusion

This study strongly suggests that supplementation with microencapsulated
L.reuteri DSM 17938 is an effective probiotic bacterium in decreasing
plasma  glucose, improving insulin  sensitivity and glucose
homeostasis,hepatic homeostasis and improving gut microbiota specially in
high fat fructose diet without changes on body compostion and energy
balance. However, there is a need for further investigation on this L.reuteri

strain, especially on humans.



46

References

e Abdul-Ghani, M. A., Matsuda, M., Balas, B., &amp; DeFronzo, R. A.
(2006). Muscle and Liver Insulin Resistance Indexes Derived From the
Oral Glucose Tolerance Test. Diabetes Care, 30(1), 89-94.
https://doi.org/10.2337/dc06-1519

e Abenavoli, L., Scarpellini, E., Colica, C., Boccuto, L., Salehi, B.,
Sharifi-Rad, J., Aiello, V., Romano, B., De Lorenzo, A., 1zzo, A. A.,
&amp; Capasso, R. (2019). Gut Microbiota and Obesity: A Role for
Probiotics. Nutrients, 11(11), 2690. https://doi.org/10.3390/nu11112690

e Ainsley Reid, A., Vuillemard, J. C., Britten, M., Arcand, Y., Farnworth,
E., &amp; Champagne, C. P. (2005). Microentrapment of probiotic
bacteria in a Ca2 +-induced whey protein gel and effects on their
viability in a dynamic gastro-intestinal model. Journal of
Microencapsulation, 22(6), 603-619.
https://doi.org/10.1080/02652040500162840

o Al-Attas, O. S., Al-Daghri, N. M., Al-Rubeaan, K., da Silva, N. F.,
Sabico, S. L., Kumar, S., McTernan, P. G., &amp; Harte, A. L. (2009).
Changes in endotoxin levels in T2DM subjects on anti-diabetic
therapies. Cardiovascular Diabetology, 8(1), 20.
https://doi.org/10.1186/1475-2840-8-20



https://doi.org/10.2337/dc06-1519
https://doi.org/10.3390/nu11112690
https://doi.org/10.1080/02652040500162840
https://doi.org/10.1186/1475-2840-8-20

47
Andersen, C. J., Murphy, K. E., &amp; Fernandez, M. L. (2016). Impact
of obesity and metabolic syndrome on immunity. Advances in Nutrition,

7(1), 66-75. doi:10.3945/an.115.010207

Armsby, H. P. (1917). The nutrition of farm animals.
https://doi.org/10.5962/bhl.title.19793

Azarang, A., Farshad, O., Ommati, M. M., Jamshidzadeh, A., Heidari,
R., Abootalebi, S. N., &amp; Gholami, A. (2020). Protective Role of
Probiotic Supplements in Hepatic Steatosis: A Rat Model Study.
BioMed Research International, 2020, 1-15.
https://doi.org/10.1155/2020/5487659

Baothman, O. A., Zamzami, M. A., Taher, I., Abubaker, J., &amp; Abu-
Farha, M. (2016). The role of Gut Microbiota in the development of
obesity and Diabetes. Lipids in Health and Disease, 15(1).
https://doi.org/10.1186/s12944-016-0278-4

Bercik, P., Denou, E., Collins, J., Jackson, W., Lu, J., Jury, J., Deng, Y.,
Blennerhassett, P., Macri, J., McCoy, K. D., Verdu, E. F., &amp;
Collins, S. M. (2011). The Intestinal Microbiota Affect Central Levels
of Brain-Derived Neurotropic Factor and Behavior in Mice.

Gastroenterology, 141(2). https://doi.org/10.1053/j.gastro.2011.04.052

Blaser, M. J., &amp; Falkow, S. (2009). What are the consequences of
the disappearing human microbiota? Nature Reviews Microbiology,

7(12), 887-894. https://doi.org/10.1038/nrmicro2245



https://doi.org/10.5962/bhl.title.19793
https://doi.org/10.1155/2020/5487659
https://doi.org/10.1186/s12944-016-0278-4
https://doi.org/10.1053/j.gastro.2011.04.052
https://doi.org/10.1038/nrmicro2245

48
Bravo, J. A., Forsythe, P., Chew, M. V., Escaravage, E., Savignac, H.
M., Dinan, T. G., Bienenstock, J., &amp; Cryan, J. F. (2011). Ingestion
of Lactobacillus strain regulates emotional behavior and central GABA
receptor expression in a mouse via the vagus nerve. Proceedings of the
National ~ Academy of  Sciences, 108(38), 16050-16055.
https://doi.org/10.1073/pnas.1102999108

Brown, K., DeCoffe, D., Molcan, E., &amp; Gibson, D. L. (2012). Diet-
Induced Dysbiosis of the Intestinal Microbiota and the Effects on
Immunity and Disease. Nutrients, 4(8), 1095-1119.
https://doi.org/10.3390/nu4081095

Bryda, E. C. (2013). The Mighty Mouse: the impact of rodents on

advances in biomedical research. Missouri medicine, 110(3), 207.

Burger-van Paassen, N., Vincent, A., Puiman, P. J., Sluis, M., Bouma,
J., Boehm, G., . . . Renes, I. B. (2009). Regulation of the intestinal
mucin muc2 expression by short chain fatty acids: Implications for
epithelial protection. The FASEB Journal, 23(S1).
doi:10.1096/fasebj.23.1_supplement.109.5

Caesar, R., Tremaroli, V., Kovatcheva-Datchary, P., Cani, P. D., &amp;
Backhed, F. (2015). Crosstalk between Gut Microbiota and Dietary
Lipids Aggravates WAT Inflammation through TLR Signaling. Cell
Metabolism, 22(4), 658-668.
https://doi.org/10.1016/j.cmet.2015.07.026



https://doi.org/10.1073/pnas.1102999108
https://doi.org/10.3390/nu4081095
https://doi.org/10.1016/j.cmet.2015.07.026

49

e Cani, P. D., Amar, J., Iglesias, M. A., Poggi, M., Knauf, C., Bastelica,
D., Neyrinck, A. M., Fava, F., Tuohy, K. M., Chabo, C., Waget, A,
Delmee, E., Cousin, B., Sulpice, T., Chamontin, B., Ferrieres, J., Tanti,
J.-F., Gibson, G. R., Casteilla, L., ... Burcelin, R. (2007). Metabolic
Endotoxemia Initiates Obesity and Insulin Resistance. Diabetes, 56(7),

1761-1772. https://doi.org/10.2337/db06-1491

e Cani, P. D., Amar, J., Iglesias, M. A., Poggi, M., Knauf, C., Bastelica,
D., Neyrinck, A. M., Fava, F., Tuohy, K. M., Chabo, C., Waget, A,
Delmee, E., Cousin, B., Sulpice, T., Chamontin, B., Ferrieres, J., Tanti,
J.-F., Gibson, G. R., Casteilla, L., ... Burcelin, R. (2007). Metabolic
Endotoxemia Initiates Obesity and Insulin Resistance. Diabetes, 56(7),

1761-1772. https://doi.org/10.2337/db06-1491

e Cani, P. D., Bibiloni, R., Knauf, C., Waget, A., Neyrinck, A. M.,
Delzenne, N. M., &amp; Burcelin, R. (2008). Changes in Gut
Microbiota Control Metabolic Endotoxemia-Induced Inflammation in
High-Fat Diet-Induced Obesity and Diabetes in Mice. Diabetes, 57(6),
1470-1481. https://doi.org/10.2337/db07-1403

e Cani, P. D., Possemiers, S., Van de Wiele, T., Guiot, Y., Everard, A.,
Rottier, O., Geurts, L., Naslain, D., Neyrinck, A., Lambert, D. M.,
Muccioli, G. G., &amp; Delzenne, N. M. (2009). Changes in gut
microbiota control inflammation in obese mice through a mechanism
involving GLP-2-driven improvement of gut permeability. Gut, 58(8),
1091-1103. https://doi.org/10.1136/qut.2008.165886



https://doi.org/10.2337/db06-1491
https://doi.org/10.2337/db06-1491
https://doi.org/10.2337/db07-1403
https://doi.org/10.1136/gut.2008.165886

50
e Cani, P., &amp; Delzenne, N. (2009). The Role of the Gut Microbiota
in Energy Metabolism and Metabolic Disease. Current Pharmaceutical
Design, 15(13), 1546-1558.
https://doi.org/10.2174/138161209788168164

e Caporaso, J. G., Kuczynski, J., Stombaugh, J., Bittinger, K., Bushman,
F. D., Costello, E. K., Fierer, N., Pefia, A. G., Goodrich, J. K., Gordon,
J. I, Huttley, G. A., Kelley, S. T., Knights, D., Koenig, J. E., Ley, R. E.,
Lozupone, C. A., McDonald, D., Muegge, B. D., Pirrung, M., ...
Knight, R. (2010). QIIME allows analysis of high-throughput
community sequencing data. Nature Methods, 7(5), 335-336.
https://doi.org/10.1038/nmeth.f.303

e CDC. Notes from the field: hantavirus pulmonary syndrome in visitors
to a national park - yosemite valley, california, 2012. MMWR Morb
Mortal Wkly Rep 61, 952 (2012).

e Chang, S.-K., Dohrman, A. F., Basbaum, C. B., Ho, S. B., Tsuda, T.,
Toribara, N. W., Gum, J. R., &amp; Kim, Y. S. (1994). Localization of
mucin (MUC2 and MUC3) messenger RNA and peptide expression in
human normal intestine and colon cancer. Gastroenterology, 107(1), 28—

36. https://doi.org/10.1016/0016-5085(94)90057-4

e Charteris, Kelly, Morelli, &amp; Collins. (1998). Development and
application of an in vitro methodology to determine the transit tolerance

of potentially probiotic Lactobacillus and Bifidobacterium species in the


https://doi.org/10.2174/138161209788168164
https://doi.org/10.1038/nmeth.f.303

51
upper human gastrointestinal tract. Journal of Applied Microbiology,

84(5), 759-768. https://doi.org/10.1046/].1365-2672.1998.00407.x

Cook, M. T., Tzortzis, G., Charalampopoulos, D., &amp;
Khutoryanskiy, V. V. (2012). Microencapsulation of probiotics for
gastrointestinal delivery. Journal of Controlled Release, 162(1), 56-67.
https://doi.org/10.1016/j.jconrel.2012.06.003

Cowley, A. W., Liang, M., Roman, R. J., Greene, A. S., &amp; Jacob,
H. J. (2004). Consomic rat model systems for physiological genomics.
Acta Physiologica Scandinavica, 181(4), 585-592.
https://doi.org/10.1111/].1365-201x.2004.01334.x

Crescenzo, R., Bianco, F., Coppola, P., Mazzoli, A., Valiante, S.,
Liverini, G., &amp; lossa, S. (2013). Adipose tissue remodeling in rats
exhibiting fructose-induced obesity. European Journal of Nutrition,

53(2), 413-419. https://doi.org/10.1007/s00394-013-0538-2

Crescenzo, R., Bianco, F., Falcone, I., Coppola, P., Dulloo, A. G.,
Liverini, G., &amp; lossa, S. (2011). Mitochondrial energetics in liver
and skeletal muscle after energy restriction in young rats. British Journal
of Nutrition, 108(4), 655-665.
https://doi.org/10.1017/s0007114511005903

Crescenzo, R., Bianco, F., Falcone, 1., Coppola, P., Liverini, G., &amp;
lossa, S. (2012). Increased hepatic de novo lipogenesis and

mitochondrial efficiency in a model of obesity induced by diets rich in


https://doi.org/10.1046/j.1365-2672.1998.00407.x
https://doi.org/10.1016/j.jconrel.2012.06.003
https://doi.org/10.1111/j.1365-201x.2004.01334.x
https://doi.org/10.1007/s00394-013-0538-2
https://doi.org/10.1017/s0007114511005903

52
fructose. European Journal of Nutrition, 52(2), 537-545.
https://doi.org/10.1007/s00394-012-0356-y

Cryan, J., &amp; Dinan, T. (2015). Microbiota-gut-brain axis: From
neurodevelopment to behavior. Neurotoxicology and Teratology, 49,

140. https://doi.org/10.1016/j.ntt.2015.04.126

Davis, C. D. (2016). The Gut Microbiome and Its Role in Obesity.
Nutrition Today, 51(4), 167-174.
https://doi.org/10.1097/nt.0000000000000167

De Filippis, F., Pellegrini, N., Laghi, L., Gobbetti, M., &amp; Ercolini,
D. (2016). Unusual sub-genus associations of faecal Prevotella and
Bacteroides with specific dietary patterns. Microbiome, 4(1).

https://doi.org/10.1186/s40168-016-0202-1

De Filippis, F., Pellegrini, N., Vannini, L., Jeffery, I. B., La Storia, A.,
Laghi, L., Serrazanetti, D. I., Di Cagno, R., Ferrocino, I., Lazzi, C.,
Turroni, S., Cocolin, L., Brigidi, P., Neviani, E., Gobbetti, M., O'Toole,
P. W., &amp; Ercolini, D. (2015). High-level adherence to a
Mediterranean diet beneficially impacts the gut microbiota and
associated metabolome. Gut, 65(11), 1812-1821.
https://doi.org/10.1136/qutjnl-2015-309957

De Filippis, F., Vannini, L., La Storia, A., Laghi, L., Piombino, P.,
Stellato, G., Serrazanetti, D. I., Gozzi, G., Turroni, S., Ferrocino, 1.,

Lazzi, C., Di Cagno, R., Gobbetti, M., &amp; Ercolini, D. (2014). The


https://doi.org/10.1007/s00394-012-0356-y
https://doi.org/10.1016/j.ntt.2015.04.126
https://doi.org/10.1097/nt.0000000000000167
https://doi.org/10.1186/s40168-016-0202-1
https://doi.org/10.1136/gutjnl-2015-309957

53
Same Microbiota and a Potentially Discriminant Metabolome in the
Saliva of Omnivore, Ovo-Lacto-Vegetarian and Vegan Individuals.

PLoS ONE, 9(11). https://doi.org/10.1371/journal.pone.0112373

De Prisco, A., Maresca, D., Ongeng, D., &amp; Mauriello, G. (2015).
Microencapsulation by vibrating technology of the probiotic strain
Lactobacillus reuteri DSM 17938 to enhance its survival in foods and in
gastrointestinal environment. LWT - Food Science and Technology,

61(2), 452-462. https://doi.org/10.1016/j.lwt.2014.12.011

Delzenne, N. M., Neyrinck, A. M., Backhed, F., &amp; Cani, P. D.
(2011). Targeting gut microbiota in obesity: effects of prebiotics and
probiotics. Nature Reviews Endocrinology, 7(11), 639-646.
https://doi.org/10.1038/nrendo.2011.126

Delzenne, N., &amp; Reid, G. (2009). No causal link between obesity
and probiotics. Nature Reviews Microbiology, 7(12), 901-901.
https://doi.org/10.1038/nrmicro2209-c

Dixon, A. N., Valsamakis, G., Hanif, M. W., Field, A., Boutsiadis, A.,
Harte, A., McTernan, P. G., Barnett, A. H., &amp; Kumar, S. (2008).
Effect of the orlistat on serum endotoxin lipopolysaccharide and
adipocytokines in South Asian individuals with impaired glucose
tolerance. International Journal of Clinical Practice, 62(7), 1124-1129.

https://doi.org/10.1111/j.1742-1241.2008.01800.x



https://doi.org/10.1371/journal.pone.0112373
https://doi.org/10.1016/j.lwt.2014.12.011
https://doi.org/10.1038/nrendo.2011.126
https://doi.org/10.1038/nrmicro2209-c
https://doi.org/10.1111/j.1742-1241.2008.01800.x

54
Drucker, D. J., &amp; Nauck, M. A. (2006). The incretin system:
glucagon-like peptide-1 receptor agonists and dipeptidyl peptidase-4
inhibitors in type 2 diabetes. The Lancet, 368(9548), 1696—1705.
https://doi.org/10.1016/s0140-6736(06)69705-5

Dullo, A. G., &amp; Girardier, L. (1992). Influence of dietary
composition on energy expenditure during recovery of body weight in
the rat: Implications for catch-up growth and obesity relapse.

Metabolism, 41(12), 1336-1342. https://doi.org/10.1016/0026-

0495(92)90105-j

Dumas, M.-E., Barton, R. H., Toye, A., Cloarec, O., Blancher, C.,
Rothwell, A., Fearnside, J., Tatoud, R., Blanc, V., Lindon, J. C,,
Mitchell, S. C., Holmes, E., McCarthy, M. 1., Scott, J., Gauguier, D.,
&amp; Nicholson, J. K. (2006). Metabolic profiling reveals a
contribution of gut microbiota to fatty liver phenotype in insulin-
resistant mice. Proceedings of the National Academy of Sciences,

103(33), 12511-12516. https://doi.org/10.1073/pnas.0601056103

Ercolini, D., Russo, F., Nasi, A., Ferranti, P., &amp; Villani, F. (2009).
Mesophilic and Psychrotrophic Bacteria from Meat and Their Spoilage
Potential In Vitro and in Beef. Applied and Environmental

Microbiology, 75(7), 1990-2001. https://doi.org/10.1128/aem.02762-

08.

Erridge, C., Attina, T., Spickett, C. M., &amp; Webb, D. J. (2007). A

high-fat meal induces low-grade endotoxemia: evidence of a novel


https://doi.org/10.1016/s0140-6736(06)69705-5
https://doi.org/10.1016/0026-0495(92)90105-j
https://doi.org/10.1016/0026-0495(92)90105-j
https://doi.org/10.1073/pnas.0601056103
https://doi.org/10.1128/aem.02762-08
https://doi.org/10.1128/aem.02762-08

55
mechanism of postprandial inflammation. The American Journal of
Clinical Nutrition, 86(5), 1286-1292.
https://doi.org/10.1093/ajcn/86.5.1286

Everard, A., Belzer, C., Geurts, L., Ouwerkerk, J. P., Druart, C.,
Bindels, L. B., Guiot, Y., Derrien, M., Muccioli, G. G., Delzenne, N.
M., de Vos, W. M., &amp; Cani, P. D. (2013). Cross-talk between
Akkermansia muciniphila and intestinal epithelium controls diet-
induced obesity. Proceedings of the National Academy of Sciences,

110(22), 9066-9071. https://doi.org/10.1073/pnas.1219451110

Federico, A., Dallio, M., Di Sarno, R., Giorgio, V., &amp; Miele, L.
(2017). Gut microbiota, obesity and metabolic disorders. Minerva

Gastroenterology, 63(4). https://doi.org/10.23736/s1121-

421x.17.02376-5

Fijan, S. (2014). Microorganisms with Claimed Probiotic Properties: An
Overview of Recent Literature. International Journal of Environmental
Research and Public Health, 11(5), 4745-4767.
https://doi.org/10.3390/ijerph110504745

Folch, J., Lees, M., &amp; Stanley, G. H. S. (1957). A SIMPLE
METHOD FOR THE ISOLATION AND PURIFICATION OF TOTAL
LIPIDES FROM ANIMAL TISSUES. Journal of Biological Chemistry,
226(1), 497-509. https://doi.org/10.1016/s0021-9258(18)64849-5



https://doi.org/10.1093/ajcn/86.5.1286
https://doi.org/10.23736/s1121-421x.17.02376-5
https://doi.org/10.23736/s1121-421x.17.02376-5
https://doi.org/10.3390/ijerph110504745
https://doi.org/10.1016/s0021-9258(18)64849-5

56
Ghanim, H., Abuaysheh, S., Sia, C. L., Korzeniewski, K., Chaudhuri,
A., Fernandez-Real, J. M., &amp; Dandona, P. (2009). Increase in
Plasma Endotoxin Concentrations and the Expression of Toll-Like
Receptors and Suppressor of Cytokine Signaling-3 in Mononuclear
Cells After a High-Fat, High-Carbohydrate Meal: Implications for
insulin resistance. Diabetes  Care, 32(12), 2281-2287.
https://doi.org/10.2337/dc09-0979

Ghoshal, S., Witta, J., Zhong, J., de Villiers, W., &amp; Eckhardt, E.
(2009).  Chylomicrons  promote intestinal  absorption  of
lipopolysaccharides. Journal of Lipid Research, 50(1), 90-97.
https://doi.org/10.1194/jlr.m800156-jIr200

Gibbs, R.A. et al. Genome sequence of the Brown Norway rat yields
insights into mammalian evolution. (2004). Nature, 428(6982), 493—
521. https://doi.org/10.1038/nature02426

Gibson, G. R., &amp; Roberfroid, M. B. (1995). Dietary Modulation of
the Human Colonic Microbiota: Introducing the Concept of Prebiotics.
The Journal of Nutrition, 125(6), 1401-1412,
https://doi.org/10.1093/jn/125.6.1401

Gibson, G. R., Probert, H. M., Loo, J. V., Rastall, R. A., &amp;
Roberfroid, M. B. (2004). Dietary modulation of the human colonic
microbiota: updating the concept of prebiotics. Nutrition Research

Reviews, 17(2), 259-275. https://doi.org/10.1079/nrr200479



https://doi.org/10.2337/dc09-0979
https://doi.org/10.1194/jlr.m800156-jlr200
https://doi.org/10.1038/nature02426
https://doi.org/10.1093/jn/125.6.1401
https://doi.org/10.1079/nrr200479

57
Gonzélez de los Reyes-Gavilan, C., Delzenne, N., Gonzalez, S.,
Gueimonde Fernandez, M., & Salazar, N. (2014). Development of
functional foods to fight against obesity Opportunities for probiotics and

prebiotics.

Goodman, A. L., Kallstrom, G., Faith, J. J., Reyes, A., Moore, A,
Dantas, G., &amp; Gordon, J. I. (2011). Extensive personal human gut
microbiota culture collections characterized and manipulated in
gnotobiotic mice. Proceedings of the National Academy of Sciences,

108(15), 6252—6257. https://doi.org/10.1073/pnas.1102938108

Grover, S., Mallappa, R. H., Rokana, N., Duary, R. K., Panwar, H.,
&amp; Batish, V. K. (2012). Management of metabolic syndrome
through probiotic and prebiotic interventions. Indian Journal of
Endocrinology and Metabolism, 16(1), 20.
https://doi.org/10.4103/2230-8210.91178

Grover, S., Mallappa, R., Rokana, N., Duary, R., Panwar, H., &amp;
Batish, V. (2012). Management of metabolic syndrome through
probiotic and prebiotic interventions. Indian Journal of Endocrinology

and Metabolism, 16(1), 20. doi:10.4103/2230-8210.91178

Harmsen, H. J., Raangs, G. C., He, T., Degener, J. E., &amp; Welling,
G. W. (2002). Extensive set of 16s rrna-based probes for detection of
bacteria in human feces. Applied and Environmental Microbiology,

68(6), 2982-2990. doi:10.1128/aem.68.6.2982-2990.2002


https://doi.org/10.1073/pnas.1102938108

58
Heijtz, R. D., Wang, S., Anuar, F., Qian, Y., Bjorkholm, B.,
Samuelsson, A., Hibberd, M. L., Forssberg, H., &amp; Pettersson, S.
(2011). Normal gut microbiota modulates brain development and
behavior. Proceedings of the National Academy of Sciences, 108(7),

3047-3052. https://doi.org/10.1073/pnas.1010529108

Hemarajata, P., &amp; Versalovic, J. (2012). Effects of probiotics on
gut microbiota: mechanisms of intestinal immunomodulation and
neuromodulation. Therapeutic Advances in Gastroenterology, 6(1), 39—

51. https://doi.org/10.1177/1756283x12459294

Hildebrandt, M. A., Hoffmann, C., Sherrill-Mix, S. A., Keilbaugh, S.
A., Hamady, M., Chen, Y. Y., Knight, R., Ahima, R. S., Bushman, F.,
&amp; Wu, G. D. (2009). High-Fat Diet Determines the Composition of
the Murine Gut Microbiome Independently of  Obesity.
Gastroenterology, 137(5). https://doi.org/10.1053/j.gastro.2009.08.042

Hill, C., Guarner, F., Reid, G., Gibson, G. R., Merenstein, D. J., Pot, B.,
Morelli, L., Canani, R. B., Flint, H. J., Salminen, S., Calder, P. C.,
&amp; Sanders, M. E. (2014). The International Scientific Association
for Probiotics and Prebiotics consensus statement on the scope and
appropriate use of the term probiotic. Nature Reviews Gastroenterology
&amp; Hepatology, 11(8), 506-514.
https://doi.org/10.1038/nrgastro.2014.66



https://doi.org/10.1073/pnas.1010529108
https://doi.org/10.1177/1756283x12459294
https://doi.org/10.1053/j.gastro.2009.08.042
https://doi.org/10.1038/nrgastro.2014.66

59
Huang, P. L. (2009). A comprehensive definition for metabolic
syndrome. Disease Models &amp; Mechanisms, 2(5-6), 231-237.
d0i:10.1242/dmm.001180

Ji, B., &amp; Nielsen, J. (2015). From next-generation sequencing to
systematic modeling of the gut microbiome. Frontiers in Genetics, 6.

doi:10.3389/fgene.2015.00219

Jia, H., &amp; Lubetkin, E. I. (2010). Trends in quality-adjusted life-
years lost contributed by smoking and obesity. American Journal of
Preventive Medicine, 38(2), 138-144.
doi:10.1016/j.amepre.2009.09.043

Jones, M. L., Martoni, C. J., &amp; Prakash, S. (2012). Cholesterol
lowering and inhibition of sterol absorption by Lactobacillus reuteri
NCIMB 30242: a randomized controlled trial. European Journal of
Clinical Nutrition, 66(11), 1234-1241.
https://doi.org/10.1038/ejcn.2012.126

Kadooka, Y., Sato, M., Imaizumi, K., Ogawa, A., Ikuyama, K., Akali,
Y., Okano, M., Kagoshima, M., &amp; Tsuchida, T. (2010). Regulation
of abdominal adiposity by probiotics (Lactobacillus gasseri SBT2055)
in adults with obese tendencies in a randomized controlled trial.
European Journal of Clinical Nutrition, 64(6), 636-643.
https://doi.org/10.1038/ejcn.2010.19



https://doi.org/10.1038/ejcn.2012.126
https://doi.org/10.1038/ejcn.2010.19

60
Kang, J.-H., Yun, S.-l., &amp; Park, H.-O. (2010). Effects of
Lactobacillus gasseri BNR17 on body weight and adipose tissue mass in
diet-induced overweight rats. The Journal of Microbiology, 48(5), 712—
714. https://doi.org/10.1007/s12275-010-0363-8

Koeth, R. A., Wang, Z., Levison, B. S., Buffa, J. A., Org, E., Sheehy, B.
T., Britt, E. B., Fu, X., Wu, Y., Li, L., Smith, J. D., DiDonato, J. A.,
Chen, J., Li, H., Wu, G. D., Lewis, J. D., Warrier, M., Brown, J. M.,
Krauss, R. M., ... Hazen, S. L. (2013). Intestinal microbiota metabolism
of I-carnitine, a nutrient in red meat, promotes atherosclerosis. Nature

Medicine, 19(5), 576-585. https://doi.org/10.1038/nm.3145

Kwitek-Black, A. E., &amp; Jacob, H. J. (2001). The use of designer
rats in the genetic dissection of hypertension. Current Hypertension

Reports, 3(1), 12-18. https://doi.org/10.1007/s11906-001-0072-0

Langille MGI, Zaneveld J, Caporaso JG, McDonald D, Knights D,
Reyes JA, Clemente JC, Burkepile DE, Thurber RLV, Knight R. 2013.
Predictive functional profiling of microbial communities using 16S

rRNA marker gene sequences. Nat Biotechnol 31:814.

Le Barz, M., Daniel, N., Varin, T. V., Naimi, S., Demers-Mathieu, V.,
Pilon, G., Audy, J., Laurin, E., Roy, D., Urdaci, M. C., St-Gelais, D.,
Fliss, 1., &amp; Marette, A. (2018). In vivo screening of multiple
bacterial strains identifies Lactobacillus rhamnosus Lb102 and

Bifidobacterium animalis ssp.lactis Bf141 as probiotics that improve


https://doi.org/10.1007/s12275-010-0363-8
https://doi.org/10.1038/nm.3145
https://doi.org/10.1007/s11906-001-0072-0

61
metabolic disorders in a mouse model of obesity. The FASEB Journal,

33(4), 4921-4935. https://doi.org/10.1096/1).201801672r

Le Chatelier, E., Nielsen, T., Qin, J., Prifti, E., Hildebrand, F., Falony,
G., Almeida, M., Arumugam, M., Batto, J.-M., Kennedy, S., Leonard,
P., Li, J., Burgdorf, K., Grarup, N., Jgrgensen, T., Brandslund, I.,
Nielsen, H. B., Juncker, A. S., Bertalan, M., ... Pedersen, O. (2013).
Richness of human gut microbiome correlates with metabolic markers.

Nature, 500(7464), 541-546. https://doi.org/10.1038/nature12506

Lionetti, L., Mollica, M. P., Crescenzo, R., D'Andrea, E., Ferraro, M.,
Bianco, F., Liverini, G., &amp; lossa, S. (2007). Skeletal muscle
subsarcolemmal mitochondrial dysfunction in high-fat fed rats
exhibiting impaired glucose homeostasis. International Journal of

Obesity, 31(10), 1596-1604. https://doi.org/10.1038/s].1j0.0803636

Love, M. I., Huber, W., &amp; Anders, S. (2014). Moderated
estimation of fold change and dispersion for RNA-seq data with

DESeq2. Genome Biology, 15(12). https://doi.org/10.1186/s13059-014-

0550-8

Ma, X., Hua, J., &amp; Li, Z. (2008). Probiotics improve high fat diet-
induced hepatic steatosis and insulin resistance by increasing hepatic
NKT  cells. Journal of Hepatology, 49(5), 821-830.
https://doi.org/10.1016/j.jhep.2008.05.025



https://doi.org/10.1096/fj.201801672r
https://doi.org/10.1038/nature12506
https://doi.org/10.1038/sj.ijo.0803636
https://doi.org/10.1186/s13059-014-0550-8
https://doi.org/10.1186/s13059-014-0550-8
https://doi.org/10.1016/j.jhep.2008.05.025

62
Macfarlane, G. T., Steed, H., &amp; Macfarlane, S. (2007). Bacterial
metabolism and health-related effects of galacto-oligosaccharides and
other prebiotics. Journal of Applied Microbiology.
https://doi.org/10.1111/j.1365-2672.2007.03520.x

Magoc, T., &amp; Salzberg, S. L. (2011). FLASH: fast length
adjustment of short reads to improve genome assemblies.
Bioinformatics, 27(21), 2957-2963.
https://doi.org/10.1093/bioinformatics/btr507

Mandal, S., Puniya, A. K., &amp; Singh, K. (2006). Effect of alginate
concentrations on survival of microencapsulated Lactobacillus casei
NCDC-298. International Dairy Journal, 16(10), 1190-1195.
https://doi.org/10.1016/}.idairyj.2005.10.005

Mariat, D., Firmesse, O., Levenez, F., Guimaraes, V., Sokol, H., Doré¢,
J., ... Furet, J. (2009). The FIRMICUTES/BACTEROIDETES ratio of
the human microbiota changes with age. BMC Microbiology, 9(1), 123.
d0i:10.1186/1471-2180-9-123

Markowiak P., Slizewska K. Effects of Probiotics, Prebiotics, and
Synbiotics on Human Health. Nutrients. 2017;9:1021. doi:
10.3390/nu9091021.

Markowiak, P., &amp; Slizewska, K. (2018). The role of probiotics,
prebiotics and synbiotics in animal nutrition. Gut Pathogens, 10(1).

https://doi.org/10.1186/s13099-018-0250-0



https://doi.org/10.1111/j.1365-2672.2007.03520.x
https://doi.org/10.1093/bioinformatics/btr507
https://doi.org/10.1016/j.idairyj.2005.10.005
https://doi.org/10.1186/s13099-018-0250-0

63
Mattila-Sandholm, T., Myllarinen, P., Crittenden, R., Mogensen, G.,
Fondén, R., &amp; Saarela, M. (2002). Technological challenges for
future probiotic foods. International Dairy Journal, 12(2-3), 173-182.
https://doi.org/10.1016/s0958-6946(01)00099-1

Maukonen, J., &amp; Saarela, M. (2014). Human gut microbiota: does
diet matter? Proceedings of the Nutrition Society, 74(1), 23-36.
https://doi.org/10.1017/s0029665114000688

McDonald, D., Price, M. N., Goodrich, J., Nawrocki, E. P., DeSantis, T.
Z., Probst, A., Andersen, G. L., Knight, R., &amp; Hugenholtz, P.
(2011). An improved Greengenes taxonomy with explicit ranks for
ecological and evolutionary analyses of bacteria and archaea. The ISME

Journal, 6(3), 610-618. https://doi.org/10.1038/ismej.2011.139

Menni, C., Jackson, M. A., Pallister, T., Steves, C. J., Spector, T. D.,
&amp; Valdes, A. M. (2017). Gut microbiome diversity and high-fibre
intake are related to lower long-term weight gain. International Journal

of Obesity, 41(7), 1099-1105. https://doi.org/10.1038/ij0.2017.66

Million, M., Maraninchi, M., Henry, M., Armougom, F., Richet, H.,
Carrieri, P., Valero, R., Raccah, D., Vialettes, B., &amp; Raoult, D.
(2011). Obesity-associated gut microbiota is enriched in Lactobacillus
reuteri  and  depleted in  Bifidobacterium animalis and
Methanobrevibacter smithii. International Journal of Obesity, 36(6),

817-825. https://doi.org/10.1038/ij0.2011.153



https://doi.org/10.1016/s0958-6946(01)00099-1
https://doi.org/10.1017/s0029665114000688
https://doi.org/10.1038/ismej.2011.139
https://doi.org/10.1038/ijo.2017.66
https://doi.org/10.1038/ijo.2011.153

64
Million, M., Thuny, F., Angelakis, E., Casalta, J.-P., Giorgi, R., Habib,
G., &amp; Raoult, D. (2013). Lactobacillus reuteri and Escherichia coli
in the human gut microbiota may predict weight gain associated with
vancomycin  treatment.  Nutrition  &amp; Diabetes, 3(9).

https://doi.org/10.1038/nutd.2013.28

Misra, A., &amp; Khurana, L. (2008). Obesity and the metabolic
syndrome in developing countries. The Journal of Clinical
Endocrinology &amp; Metabolism, 93(11_supplement_1).
doi:10.1210/jc.2008-1595

Mobini, R., Tremaroli, V., Stdhlman, M., Karlsson, F., Levin, M.,
Ljungberg, M., Sohlin, M., Bertéus Forslund, H., Perkins, R., Backhed,
F., &amp; Jansson, P.-A. (2017). Metabolic effects ofLactobacillus
reuteriDSM 17938 in people with type 2 diabetes: A randomized
controlled trial. Diabetes, Obesity and Metabolism, 19(4), 579-589.
https://doi.org/10.1111/dom.12861

Montalban-Arques, A., De Schryver, P., Bossier, P., Gorkiewicz, G.,
Mulero, V., Gatlin, D. M., &amp; Galindo-Villegas, J. (2015). Selective
Manipulation of the Gut Microbiota Improves Immune Status in
Vertebrates. Frontiers in Immunology, 6.

https://doi.org/10.3389/fimmu.2015.00512

Nell, S., Suerbaum, S., &amp; Josenhans, C. (2010). The impact of the

microbiota on the pathogenesis of IBD: lessons from mouse infection


https://doi.org/10.1038/nutd.2013.28
https://doi.org/10.1111/dom.12861
https://doi.org/10.3389/fimmu.2015.00512

65
models.  Nature  Reviews  Microbiology, 8(8), 564-577.
https://doi.org/10.1038/nrmicro2403

Ogden, C. L., Carroll, M. D., &amp; Flegal, K. M. (2010). A review of
prevalence and trends in childhood obesity in the United States.
Childhood Obesity Prevention, 84-94.
doi:10.1093/acprof:0s0/9780199572915.003.0007

Osborn, O., &amp; Olefsky, J. M. (2012). The cellular and signaling
networks linking the immune system and metabolism in disease. Nature

Medicine, 18(3), 363-374. https://doi.org/10.1038/nm.2627

Pendyala, S., Walker, J. M., &amp; Holt, P. R. (2012). A High-Fat Diet
Is Associated With Endotoxemia That Originates From the Gut.
Gastroenterology, 142(5). https://doi.org/10.1053/j.gastr0.2012.01.034

Pinto-Sanchez, M. L., Hall, G. B., Ghajar, K., Nardelli, A., Bolino, C.,
Lau, J. T., Martin, F.-P., Cominetti, O., Welsh, C., Rieder, A., Traynor,
J., Gregory, C., De Palma, G., Pigrau, M., Ford, A. C., Macri, J., Berger,
B., Bergonzelli, G., Surette, M. G., ... Bercik, P. (2017). Probiotic
Bifidobacterium longum NCC3001 Reduces Depression Scores and
Alters Brain Activity: A Pilot Study in Patients With Irritable Bowel
Syndrome. Gastroenterology, 153(2).
https://doi.org/10.1053/j.gastro.2017.05.003

Pozo-Rubio, T., Mujico, J. R., Marcos, A., Puertollano, E., Nadal, I.,

Sanz, Y., &amp; Nova, E. (2011). Immunostimulatory effect of faecal


https://doi.org/10.1038/nrmicro2403
https://doi.org/10.1038/nm.2627
https://doi.org/10.1053/j.gastro.2012.01.034
https://doi.org/10.1053/j.gastro.2017.05.003

66
Bifidobacterium species of breast-fed and formula-fed infants in a
peripheral blood mononuclear cell/Caco-2 co-culture system. British
Journal of Nutrition, 106(8), 1216-1223.
https://doi.org/10.1017/s0007114511001656

Qin, J., Li, R., Raes, J., Arumugam, M., Burgdorf, K. S., Manichanh, C.,
Nielsen, T., Pons, N., Levenez, F., Yamada, T., Mende, D. R,, Li, J.,
Xu, J., Li, S., Li, D., Cao, J., Wang, B., Liang, H., Zheng, H., ... Wang,
J. (2010). A human gut microbial gene catalogue established by
metagenomic sequencing. Nature, 464(7285), 59-65.
https://doi.org/10.1038/nature08821

Rakoff-Nahoum, S., Paglino, J., Eslami-Varzaneh, F., Edberg, S.,
&amp; Medzhitov, R. (2004). Recognition of Commensal Microflora by
Toll-Like Receptors Is Required for Intestinal Homeostasis. Cell,

118(2), 229-241. https://doi.org/10.1016/j.cell.2004.07.002

Roger, L. C., Costabile, A., Holland, D. T., Hoyles, L., &amp;
McCartney, A. L. (2010). Examination of faecal Bifidobacterium
populations in breast- and formula-fed infants during the first 18 months
of life. Microbiology, 156(11), 3329-3341.
https://doi.org/10.1099/mic.0.043224-0

Rothe, M., &amp; Blaut, M. (2013). Evolution of the gut microbiota and
the influence of diet. Beneficial Microbes, 4(1), 31-37.
https://doi.org/10.3920/bm2012.0029



https://doi.org/10.1017/s0007114511001656
https://doi.org/10.1038/nature08821
https://doi.org/10.1016/j.cell.2004.07.002
https://doi.org/10.1099/mic.0.043224-0
https://doi.org/10.3920/bm2012.0029

67
Rouxinol-Dias, A. L., Pinto, A. R., Janeiro, C., Rodrigues, D., Moreira,
M., Dias, J., &amp; Pereira, P. (2016). Probiotics for the control of
obesity — Its effect on weight change. Porto Biomedical Journal, 1(1),

12—-24. https://doi.org/10.1016/j.pb}.2016.03.005

Savignac, H. M., Kiely, B., Dinan, T. G., &amp; Cryan, J. F. (2014).
Bifidobacteriaexert strain-specific effects on stress-related behavior and
physiology in BALB/c mice. Neurogastroenterology &amp; Motility,
26(11), 1615-1627. https://doi.org/10.1111/nmo.12427

Schmieder, R., &amp; Edwards, R. (2011). Quality control and
preprocessing of metagenomic datasets. Bioinformatics, 27(6), 863—

864. https://doi.org/10.1093/bioinformatics/btr026

Sender, R., Fuchs, S., &amp; Milo, R. (2016). Are we really vastly
outnumbered? Revisiting the ratio of bacterial to host cells in humans.

Cell, 164(3), 337-340. doi:10.1016/j.cell.2016.01.013

Shin, N.-R., Lee, J.-C., Lee, H.-Y., Kim, M.-S., Whon, T. W., Lee, M.-
S., &amp; Bae, J.-W. (2013). An increase in theAkkermansiaspp.
population induced by metformin treatment improves glucose
homeostasis in diet-induced obese mice. Gut, 63(5), 727-735.

https://doi.org/10.1136/gutjnl-2012-303839

Sloane, D. C. (n.d.). Death and Dying. Encyclopedia of American Urban
History. https://doi.org/10.4135/9781412952620.n119



https://doi.org/10.1111/nmo.12427
https://doi.org/10.4135/9781412952620.n119

68
Thomas, C. M., &amp; Versalovic, J. (2010). Probiotics-host
communication. Gut Microbes, 1(3), 148-163.
https://doi.org/10.4161/gmic.1.3.11712

Tillisch, K., Labus, J., Kilpatrick, L., Jiang, Z., Stains, J., Ebrat, B.,
Guyonnet, D., Legrain—Raspaud, S., Trotin, B., Naliboff, B., &amp;
Mayer, E. A. (2013). Consumption of Fermented Milk Product With
Probiotic Modulates Brain Activity. Gastroenterology, 144(7).
https://doi.org/10.1053/j.gastro.2013.02.043

Wigg, A. J. (2001). The role of small intestinal bacterial overgrowth,
intestinal permeability, endotoxaemia, and tumour necrosis factor alpha
in the pathogenesis of non-alcoholic steatohepatitis. Gut, 48(2), 206—
211. https://doi.org/10.1136/qut.48.2.206

Winer, D. A,, Luck, H., Tsai, S., &amp; Winer, S. (2016). The Intestinal
Immune System in Obesity and Insulin Resistance. Cell Metabolism,

23(3), 413-426. https://doi.org/10.1016/j.cmet.2016.01.003

Wu, G, Sun, Y., Qu, W., Huang, Y., Lu, L., Li, L., &amp; Shao, W.
(2011). Application of GFAT as a Novel Selection Marker to Mediate
Gene Expression. PLo0S ONE, 6(2).
https://doi.org/10.1371/journal.pone.0017082

Yang, J.-Y., &amp; Kweon, M.-N. (2016). The gut microbiota: a key
regulator of metabolic diseases. BMB Reports, 49(10), 536-541.
https://doi.org/10.5483/bmbrep.2016.49.10.144


https://doi.org/10.4161/gmic.1.3.11712
https://doi.org/10.1053/j.gastro.2013.02.043
https://doi.org/10.1136/gut.48.2.206
https://doi.org/10.1371/journal.pone.0017082

69

Yang, J.-Y., &amp; Kweon, M.-N. (2016). The gut microbiota: a key
regulator of metabolic diseases. BMB Reports, 49(10), 536-541.
https://doi.org/10.5483/bmbrep.2016.49.10.144

Yin, Y., Yu, Z., Xia, M., Luo, X., Lu, X., &amp; Ling, W. (2012).
Vitamin D attenuates high fat diet-induced hepatic steatosis in rats by
modulating lipid metabolism. European Journal of Clinical

Investigation, 42(11), 1189-1196. https://doi.org/10.1111/].1365-

2362.2012.02706.x

Yuan, M. (2001). Reversal of Obesity- and Diet-Induced Insulin
Resistance with Salicylates or Targeted Disruption of Ikkbeta. Science,

293(5535), 1673-1677. https://doi.org/10.1126/science.1061620

Zhou, K. (2017). Strategies to promote abundance of Akkermansia
muciniphila, an emerging probiotics in the gut, evidence from dietary
intervention studies. Journal of Functional Foods, 33, 194-201.

https://doi.org/10.1016/.jff.2017.03.045

Zimmet, P., Magliano, D., Matsuzawa, Y., Alberti, G., &amp; Shaw, J.
(2005). The metabolic syndrome: A global public health problem and a
new definition. Journal of Atherosclerosis and Thrombosis, 12(6), 295-

300. doi:10.5551/jat.12.295


https://doi.org/10.5483/bmbrep.2016.49.10.144
https://doi.org/10.1111/j.1365-2362.2012.02706.x
https://doi.org/10.1111/j.1365-2362.2012.02706.x
https://doi.org/10.1126/science.1061620
https://doi.org/10.1016/j.jff.2017.03.045

70
Usug S e Aagaiall DSM 17938 (xisny abusbisisamnganll (pagal) aag3il) il

B o)l b Sl gadl o L3 aliy Jiae Lua) cipilly slasy)
Aas)
s gl Ailea
Cilyd)
) a2 .0
shole aglila Lo
sadlall
Y dae Candiy) g € (< dpdll slall Jaaiy cilSslally Al capus dasll LgY) 4
Cislie (i ggb el ) Lyl bl odgd dam 3N Jaall dediey diedl)

Aayall (alyeYh dilaY) jhlie gl Ledally callall bl ue 8 dale dnea

sk (b lglaginl (e ) S JAdl Leliad eyl (L) a Liad) oY Bl
By Lalally LV aally duwdilly Zodead) GlaDlall o paall A58 5 a8 (ddlide ladle
DB (6l (b ) (0 adlad ST A8 Clsleall o) cud 3 elld aay AICEL o3
ullay) sk 8 G 1hos Ylae dign GladaS @ligugyll 3y ot dule daea

aaall Cilujled) 538 sy al€H alall Jya Jgund agadl Gelill (e LS5 (13])

17938 (oxisny CabwssiSlinsadl casll 2ol il 4 Gaissll ) Akl o3 Ciags
ol e 3 ol e 4nal) Clhially eled] lpus Sia e Alagaidl DSM

AN sl b sl

5l Jt\-‘-“:’j ubfﬁ »S.J a:maﬁ e:a “L\Lt\):\;j\ GJL 2\.\);3 ‘_é z\ubﬂ\ 532 étu ‘_A:_ d}aa;ﬂj
53 HFF 355l (e ddle dans e (ppaals e A1 ol ol oSas Jlae alaiy Lag 90
o sum Al Ol a8 S8 Jial) Ladlies i) Gl e Les a8

i sa (C) dasliall deganall ¢ Jo¥) deganall Lo sane O ) oSa3 Sl ol



71

J31 (§xgs) b 5L salll elhael po anedll Jili 313 Al (nlilly camal LB S0
slac) aa ausdll Q8 Jl3e a3 5AY) e genal) &5 &3 s 8 (CRM) 2283 Al
Ol e gl alhsy cadse Al ol s @3 ((CR) (9riisn) (alen 5 galll
(T) B8 5558 ol Je S ol saaly tolegens D6 ) (HFF) 3555
de ganally ((TRM) dadall Aguekl) Jala (53191 (udenr s s gaill Caniind Al de gandll
(TR) x5y oo siussadl) sllac) g 553585 pall e 3136 allasy candge 2
pnilly U ilgis puadl (sSis 3eSolall il e DL a8 ) Gy

DDA LBl ey (g2l

gl NVl il DL o) i gl Slaa¥) didadll e ol
el (psS5 de € IS8 S5 ol gl 8 52 DSM 17938 (53i3) (sabeas 558 s sl
oSally Pl 8 lgVly sSelall daglia e S IS8 i LeSly J8 Ol
b Laalaal ) dlgul) il S olnal) copglal Liigeal) LSl CuSig Al aal)
O s mganlll K (8 el ) ALYl L oSaT degena Alhe LD 5eSsla
(Sl ) puSally (ALT ¢AST ) aSll cilayl € IS5 hai aluagaid) (5y8s)

caall S Qi) c s Guny Lae Do buaibas SY) LS 885 (0 205 LS



