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Abstract. - OBJECTIVE: Excessive body fat
and the associated dysmetabolic consequences
affect both developed and emerging countries.
An altered gut microbiota composition is an im-
portant environmental cause of these conditions.
Clinical trials targeting gut microbiome compo-
sition or functions with pro or prebiotics to pro-
mote a healthier profile are considered a promis-
ing tool for excessive body weight treatment and
prevention of dysmetabolic complications.

MATERIALS AND METHODS: We searched
PubMed and Cochrane Library using combinations
of probiotics/prebiotics and synbiotics with obesi-
ty/weight loss/metabolic syndrome as the search
terms. Clinical studies and significant pre-clinical
results showing molecular mechanisms support-
ing clinical results were also discussed.

RESULTS: Several studies in humans and in
animal models have elucidated biological mech-
anisms supporting the observed clinical efficacy
of selected probiotic and prebiotic compounds
for weight management. Efficacy appears to be
species or strain-specific. Fibers such as inu-
lin or galactomannan promote independent and
synergistic beneficial effects.

CONCLUSIONS: Diet supplementation with syn-
biotics prepared using selected strains (such as
Lactobacillus gasseri strains) showed to exert
weight-reduction and anti-inflammatory activity in
large independent studies. Their administration,
together with galactomannan and/or inulin fibers,
may increase weight management effects due to
synergistic effect on short chain fatty acid pro-
duction and microbiota ‘re-configuration’.
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Introduction

Excessive body fat and its metabolic conse-
quences are worldwide epidemics affecting both
developed and emerging countries (Obesity and
overweight: World Health Organization; fact-

sheets updated October Available from: http:/
www.who.int/mediacentre/factsheets/fs311/en/).
Metabolic comorbidities more frequently asso-
ciated with excessive abdominal body fat and
obesity are dyslipidemia, insulin resistance, hy-
pertension (the so-called Metabolic Syndrome),
diabetes, cardiovascular diseases (CVD), but also
cancer'”’.

However, despite the increased risk to develop
metabolic syndrome or CVD, recent data suggest
that not the body fat mass alone but a systemic
state of increased subclinical low-grade inflam-
mation and local (in the adipose tissue) metabolic
dysfunction may explain the pathogenic potential
of adipose tissue accumulation despite genetic or
environmental causes®. It has been proposed that
metaflammation is a key feature of the metabolic
syndrome, where a leaky intestinal barrier allows
translocation of proinflammatory bacterial com-
ponents (such as lipopolysaccharide released by
gram-negative bacteria, LPS). Metaflammation
promotes insulin resistance in the liver (even-
tually leading to non-alcoholic steatohepatitis;
NASH) and the release of various inflammatory
mediators from adipose tissues®”’.

Among the environmental determinants of
obesity and its comorbidities, the intestinal micro-
biota has recently been proposed to have a signif-
icant impact'®. Tts role in human energy balance
has been demonstrated and, in a co-evolutionary
perspective, it can be speculated that the increased
energy extraction from ingested food obtained
by virtue of the vast enzymatic armamentarium
of intestinal bacteria (especially for plant-derived
complex carbohydrates) is an advantage in condi-
tions of limited food availability'!?. Nowadays the
increased availability of food in Western countries
and changes in the proportion of diet components
have markedly changed the composition of our
gut microbiota*'. The main responsible for this
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change is the increased intake of fat (especially
unsaturated fatty acids) and sugar, the reduction
of plant-derived carbohydrates, the consumption
of processed food with wide usage of antimicrobial
preservatives and the antibiotic abuse (especially at
younger ages).

The recent availability of the next generation
technology for the massive sequencing of nucleic
acid extracted from human samples (sputum, feces,
biopsies, etc.) allowed us to reveal changes in the
microbiome (when referring to data collected from
microbiota sequencing), population and sometimes
even variation of very few bacterial species related
with increased weight accumulation and with met-
abolic dysfunctions or systemic inflammation'*'¢',
In fact, the gut microbiota has important physi-
ologic functions that have direct impact on host
metabolism, gut mucosal barrier development and
both local and systemic immune functions**2.
Targeting gut microbiota composition or metabolic
functions with natural and safe compounds, such
as pro or prebiotics, to promote a healthier “non-
obese” profile might, therefore, represent a promis-
ing tool for prevention and treatment of obesity and
correlated diseases. Indeed, a heterogeneous group
of pioneer clinical trials and more recent molecular
metagenomic analyses of intestinal microbes have
investigated these possibilities®’.

Recently, the ISAPP consensus panel pro-
posed a new definition of a prebiotic that better
fits recent data obtained in the “microbiome
era”: “a substrate that is selectively utilized by
host microorganisms conferring a health bene-
fit”?®. Today, even if new substances are known
to influence microbiota composition, fructans
(fructooligosaccharides (FOS), inulin) and galac-
tans (galactomannan or other galactooligosaccha-
rides) dominate this group of compounds. Their
activity is mainly mediated through enrichment
of Lactobacillus and/or Bifidobacterium species
but possibly also through modulation of the me-
tabolism of other beneficial microorganisms,
such as Akkermansia muciniphila, Faecalibac-
terium prausnitzii or some Clostridia groups®.
The metabolic activity of gut microbes directly
affects host energy homoeostasis and variations
of microbiome composition are associated with
obesity pathogenesis'®. Part of these effects may
also be due to the fact that humans utilize not
only glucose, long-chain fatty acids, and amino
acids as energy sources, but also short chain fatty
acids (SCFA) produced by these beneficial organ-
isms through fermentation of dietary fibers that
reach the anaerobic colon environment.

Probiotics are defined as live microorganisms
that confer a health benefit to the host when admin-
istered in adequate amounts®. Bifidobacterium and
Lactobacillus strains are still the most widely used
probiotic genera included in many functional foods
and dietary supplements. Next generation probiotics,
such as F. prausnitzii, A. muciniphila, or Clostridia
strains, were shown to be present in the majority
of people’s microbiota, but their relative reduction
was associated with increased risk of suffering from
immunometabolic diseases. However, in part due
to complex large-scale production of strictly an-
aerobe bacteria, they are still lacking clinical trials
to support their beneficial usage as supplements®.
At the same time, the newly discovered or better
elucidated beneficial interactions with the host of
commercially available probiotics preparation can
nowadays lead to a more scientifically robust and
evidence-based therapeutic or preventive approach
for weight loss, to limit the metabolic consequences
of obesity or to maintain and reinforce the efficacy
of weight reduction regimens.

Materials and Methods

The selected studies were reviewed inde-
pendently by all four researchers. Any disagree-
ment between the investigators was resolved by dis-
cussion. The following information were collected:
probiotic strain used, study design, duration of
intervention, sample size, subjects’ characteristics,
age, dose of probiotics/prebiotics and composition
of the synbiotic preparation, the vehicle used and
results of the intervention. The search was limited
to human studies for the generation of Tables.
Significant pre-clinical results obtained with the
bacterial strains present in the probiotic/synbiotic
compound described in the selected clinical stud-
ies were also analyzed to identify molecular mech-
anisms explaining clinical results. Studies with
probiotics that enrolled less than 50 subjects were
not considered, nor those that were not randomized
placebo-controlled trials. All results with possible
impact on weight loss and dysmetabolic diseases
were reported (BMI, body weight, TC, LDL-C,
triacylglycerol (TAG), inflammatory markers, the
homeostasis model assessment of insulin resis-
tance (HOMA-IR), etc.). We searched PubMed,
Cochrane Library, and EMBASE databases from
their inception through October 2017, using com-
binations of probiotics/prebiotics and synbiotics
with obesity or weight loss metabolic syndrome,
lactobacilli as the search terms.
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Plant-Derived Prebiotics: Glucomannan
and Inulin-Type Fructans

Not all fibers have the same efficacy and struc-
tural characteristics. There are short-chain (oli-
gofructose) and long-chain (polyfructose, such as
inulin) fructans typically present in the plant roots
where they are used as energy pools®'. Moreover,
their preferential degradation by host or bacterial
enzymes in the small or in the large intestine
respectively, suggests that enrich our diet with
prebiotics supplemented with specific type of
fibers can be more beneficial than a generic life-
style recommendation to eat indistinctly more
vegetables. Eating adequate amounts of fibers, es-
pecially highly viscous plant-derived fibers such
as glucomannan or inulin, was demonstrated to
reduce serum triacylglycerols in humans®.

Among the plant-derived beneficial fibers,
glucomannan (KJM), extracted traditionally
from the tuber root of Amorphophallus konjac,
has been used for centuries in Asia as a food
source and beneficial healthy remedy?®. Its safety
profile was recently assessed by the Food and
Drug Administration and Health Canada, and
was approved for general use by the European
Union (as E425). More interestingly, in 2010,
the European Food Safety Authority (EFSA) ap-
proved important health claims related to the
usage of glucomannan and reductions in body
weight, postprandial glycemia, and blood cho-
lesterol concentrations (EFSA Panel on Dietetic
Products, Nutrition and Allergies. EFSA J 2010;
8: 1798). EFSA strictly require assuming at least
1 g three times daily to allow the above men-
tioned approved claims. Similarly, Health Canada
also approved health claims for reductions in
cholesterol and postprandial glycemia related to
glucomannan supplementation, thus confirming
its beneficial metabolic function (Summary of
Health Canada’s assessment of a health claim
about a polysaccharide complex. Ottawa (Cana-
da): Bureau of Nutritional Sciences, Food Direc-
torate, Health Products and Food Branch, Health
Canada; 2016. 8. Summary of Health Canada’s
assessment of a health claim about a polysac-
charide complex (glucomannan, xanthan gum,
sodium alginate) and a reduction of the post-pran-
dial blood glucose response [updated May 2016].
Ottawa (Canada): Bureau of Nutritional Scienc-
es, Food Directorate, Health Products and Food
Branch, Health Canada; 2016.).

Several meta-analyses of large clinical trials
confirmed that KJM can safely and effectively be
used for cardiovascular diseases (CVD) risk re-
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duction, reduction of LDL cholesterol (about 20%
total reduction) and non-HDL cholesterol (almost
20-30% reduction) both in adults and children
at all doses of KJM used (2.0-15.1 g/d). Several
early and more recent investigations®* have also
shown that supplements containing glucomannan,
as stated in the EFSA claim promoted weight loss
and reduction of postprandial glycemia. Another
oligosaccharide with interesting activity and suf-
ficient body of good quality literature is inulin.
Even if inulin has not obtained an official claim
for weight-loss management, recent meta-analyses
of randomized clinical trials that tested the effect
of inulin-type fructans on serum triacylglycerols
and other dysmetabolic parameters showed that
the intake of inulin or oligofructose was associated
with a significant decrease (about 20 mmol/L) in
serum triacylglycerol concentrations in the vast
majority of clinical trials (>80% of trials)***¢. No-
tably, as already observed with galactomannan,
the effects were not dependent on the condition of
the patients (lipid levels before supplementation).
Most effective and safe dosage varies from 3 to
10 g of fibers. Self-supplementation or ad libitum
administration of larger doses of purified complex
fibers (more than 10/15 grams/daily) should be
avoided to minimizes gastrointestinal discomfort
and bloating, that are otherwise commonly as-
sociated side effects that often reduce patients’
compliance. The amount of reduction in serum tri-
acylglycerol (7 and 8%) is remarkable, considering
that it is obtained in a few weeks of supplemen-
tation (4-12) without difficult-to-follow changes
in dietary (reduction of carbohydrates, fats, etc.)
and behavioral strategies (exercise, etc.) (Table I).
Moreover, because inulin fibers are not absorbed
in the small bowel, they have no effect on post-
prandial blood glycaemia and, at the same time,
their low-glycemic-index minimally stimulates
cholesterol synthesis, thus lowering cholesterol
blood concentrations®”**. Of note, short chain fatty
acids (SCFA) produced during colon fermentation
of inulin or galactomannan fibers that reach the
colon almost unaltered, specifically bind a series
of orphan G protein-coupled receptors. In partic-
ular, the free fatty acid receptor 3 (FFA3/GPR4l)
that is expressed both in the intestine and sympa-
thetic nervous system, recognize SCFA including
propionate and butyrate, that trigger several folds
higher receptor activation compared to acetate®**°.
Lack of this GPR4I receptor in mice causes lower
energy expenditure and reduced glucose tolerance
compared to wild-type mice”#. Other groups
have also shown that SCFA are directly involved



Table 1. Prebiotics.

Fiber Duration Population: M/F Study design Results Ref.
Oligofructose-enriched 16 weeks 42 subjects Single center, double blind, Reduced body weight z-score, percent Nicolucci et al'®
inulin (8 g/day) 24M/18F placebo controlled body fat, percent trunk fat, and serum
level of interleukin 6
Low calorie diet + 12 weeks 59 female subjects Randomized, controlled, Reduced triglycerides and improved intake ~ Tovar et al'”!
Inulin 10 g longitudinal of micronutrients
Galacto-oligo-saccharide 12 weeks 45 subjects; Double blind, randomized, Decreased: fasting insulin, TC, TG, CRP, Vulevic et al'??
559 16M/29F placebo controlled, fecal calprotectin
crossover
Inulin (10 g) 8 weeks 49 female subjects Randomized, triple blind Decreased: FBG, Alc, malondialdehyde; Gargari et al'®
controlled Increased: antioxidant defense
Inulin (10 g) 8 weeks 49 female subjects Randomized controlled Reduction in FBS, HbAlc, total cholesterol, Dehghan et al'**
triglyceride, LDL-c, LDL-c¢/HDL-c ratio
and TC/HDL-c ratio, increased HDL-c
Oligofructose-enriched 8 weeks 52 female subjects Triple-blind randomized Decreased fasting plasma glucose, glycosylated ~ Dehghan et al*’
inulin (10 g) controlled hemoglobin, interleukin-6, tumor necrosis
factor-a and plasma lipopolysaccharide
Glucomannan/Capsule 4 weeks 63 subjects Double-blind crossover, Reduced total cholesterol, LDL-C, Arvill et al'®
043 g) placebo controlled triglycerides and systolic BP
Glucomannan/Capsule 8 weeks 40 subjects; Randomized controlled Reduced plasma total cholesterol and LDL-C Martino et al'*
@ g/d) 20M/20F
Glucomannan/Capsule 8 weeks 40 subjects; Randomized, double blind, Reduced total cholesterol and LDL-C Martino et al'”’
(2 g/d) 19M/21F six-arm parallel
Glucomannan/Capsule 8 weeks 60 subjects; Randomized, double blind Decrease of alpha-lipoprotein; increase Vido et al'®
(2 g/d) 33M/27F of pre-beta-lipoprotein and triglycerides
Glucomannan/Capsule 8 weeks 42 subjects; Randomized, placebo Reduced body mass, fat mass, total cholesterol, Kraemer et al'”
(3 g/d) 22M/20F double blind, crossover and LDL-C
Glucomannan/Capsule 12 weeks 58 subjects; Double-blind, placebo Reduced total cholesterol and LDL-C Vasques et al'?
(1.5 g/d) 12M/46F controlled
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in the so-called ‘gut-brain axis’, that affects host
energy expenditure by directly up-regulating the
activity of the sympathetic nervous system via
GPR41 and enhancing body energy expenditure®.

The biological mechanisms by which
prebiotics, viscous plant-derived oligo-
saccharides, exert their health effects (Figure 1)
Highly viscous soluble fibers exert their ac-
tivity in different districts of the gastrointestinal
tract and can affect host physiology and gut bar-
rier function directly or indirectly.
* Delay gastric emptying, thereby affecting nu-
trient kinetics and satiety*.
* Enhance intestinal viscosity, that impairing
the uptake of dietary cholesterol and reducing
bile acids reabsorption*.

* Increase bacterial fermentation in the colon
and promote beneficial bacteria replication
and metabolic production of SCFA thus in-
creasing the molar ratio of propionate to ac-
etate, that affect gut barrier integrity and
cholesterol metabolism®.

* Inhibit or down-regulate liver lipogenic path-
ways through propionic acid production®.

* SCFA production reduced translocation of
Gram-negative bacteria derived Lipopolysac-
charide (LPS) systemic metaflammation both
in human and animal models*’.

» SCFA production affects the secretion of gas-
trointestinal hormones such as regulation of
incretin hormone GLP-1 and other gastroin-
testinal peptides (the PY'Y satiety hormone for
example)**#.

Prebiotic
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Figure 1. The biological mechanisms by which prebiotics exert their health effects. 1) Delay gastric emptying, thereby affect-
ing nutrient kinetics and satiety. 2) Enhance intestinal viscosity, that impairing the uptake of dietary cholesterol and reducing
bile acids reabsorption. 3) Increase bacterial fermentation in the colon and promote beneficial bacteria replication and metabolic
production of SCFA thus increasing the molar ratio of propionate to acetate, that affect gut barrier integrity and cholesterol
metabolism. 4) Inhibit or down-regulate liver lipogenic pathways through propionic acid production. 5) SCFA production re-
duced translocation of Gram-negative bacteria derived Lipopolysaccharide (LPS) systemic metaflammation both in human and
animal models. 5) SCFA production affects the secretion of gastrointestinal hormones such as regulation of incretin hormone
GLP-1 and other gastrointestinal peptides (the PYY satiety hormone for example).
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Probiotics

A major obstacle in defining the efficacy
of currently available probiotic preparations on
weight control and metabolic syndrome treat-
ment reside in the numerous confounding factors
that affect both the formulation and, most of the
time, also the study design. In fact, under the
common definition of probiotics, several micro-
bial strains including yeasts or bacteria were
used. Unfortunately, even if bacteria present in
different products belong to the same genera or
species, they often have important strain-spe-
cific phenotypic differences that may modulate
their beneficial activity™. Different amount of
viable bacterial cells in the available commercial
preparations were used, sometimes with poorly
standardized shelf-life (number of living bacterial
cell at time of expiration) determinations. Com-
mercial preparations often lack clear description
of the relative representation of each strain when
bacterial blends are used. Similarly, different
types of formulations, including capsules, sa-
chets, yoghurts etc. were used. Moreover, several
comorbidities or co-factors (such as age, sex, au-
toimmune diseases, diabetes, etc.) today known
to be independently associated with microbiota
alterations, were not always considered in the
exclusion criteria for patient’s enrolment nor were
they eventually discussed in the analysis of re-
sults. However, and despite these biases, several
meta-analyses and large review studies clearly
suggest that some probiotic strains or synbiotic
formulations may exert a beneficial effect on
weight loss and on metabolic syndrome manage-
ment and may help to design improved probiotic
or synbiotic formulations. Only very few prod-
ucts containing the probiotic strain alone or in
blend were tested in sufficiently large clinical
trials in order to promote weight loss, improve
lipid metabolism or reduce inflammatory markers
in patients with metabolic syndrome (Table II).
The majority of results are negative regarding the
weight loss effect, with a few of them showing
improved lipid or inflammatory markers (Table
IT). This suggests that the beneficial effects are
species, or even strain dependent and cannot
be ascribed indistinctly to all available com-
mercial products. This seems especially true if
recent analyses will be confirmed, suggesting a
deleterious weight-gain effect caused by the ma-
jority of probiotic preparations containing very
commonly used Lactobacilli strains®'. This may
represent an important issue for products con-
taining probiotic blends or for those preparations

that indicate the species but not the strain as per
good-manufacturing guidelines. This may cause
under-supplementation of the beneficial strains or
over-supplementation with bacteria with deleteri-
ous weight-gain consequences. Some strains are
in fact more resistant than others to the indus-
trial processing or at normal storage conditions
(such as Streptococcus thermophilus). Thus, by
the time the commercial preparations reach the
shelf, the supplement may still contain a high
number of living microbes but with only one
or a few single species (personal observation).
Moreover, some products commercialized under
the same blend name, varied the strains quantity
and composition many times (even changing the
strains) over the years, thus affecting the scien-
tific reproducibility of previously obtained results
or any reliable conclusion.

In many cases probiotics were administered
as fermented milk or yoghurt or cheese in hu-
man trials not allowing a proper evaluation of
the number of living bacteria. Moreover, in this
case, products should more properly considered
synbiotic preparations, since they contain also
prebiotic components that are fermented by the
probiotic bacteria or by the host microbiota, that
some authors or patients were not probably fully
aware (milk oligosaccharides for examples, or
other carbohydrates present in yoghurts or in
fermented milks or skimmed milk powder ex-
cipients that may confer synergistic beneficial
effects). In some cases, this bias was addressed by
using chemically ‘fermented’ yoghurt as placebo.
For these reasons, these studies are discussed in
the Synbiotic session.

As an example, the administration for eight
weeks of L. acidophilus La5, B. lactis BbI2, and
L. casei DNOO1 as yoghurt to patients with high
BMI, showed a reduction in BMI, fat percent-
age, and leptin level and also a reduction in the
serum levels of inflammatory markers as well
as immunomodulation of PBMCs. The effect
was augmented if the supplement was associated
with weight-loss diet. The intake of a similar
combination of bacteria, (L. acidophilus La5 and
B. animalis subsp. lactis Bbl2) in capsules, did
not affect HOMA-IR, blood pressure, heart rate
nor the serum lipid concentrations in overweight
adults®*. This may suggest a critical role for
the presence of the prebiotic milk present in the
yoghurt vehicle or to L. casei present in only one
product. Researches™> that evaluated Lactoba-
cillus casei Shirota alone as probiotic in patients
with insulin resistance demonstrated that the only
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Table Il. Probiotics.

Strain/vehicle (dosage) Duration  Population: M/F Study design Results Ref.

L. salivariusLs-33/Capsule 12 weeks 50 obese adolescents ~ Double-blind, randomized, Increase in ratios of Bacteroides, Larsen et al®’
(10" CFU) placebo controlled Prevotellaceae and Porphyromonas

L. salivariusLs-33/Capsule 12 weeks 50 adolescents with Double-blind, randomized, No effect Gobel et al*®
(10" CFU) obesity: 22M/28F placebo controlled

Bifidobacteria, Lactobacilli, 6 weeks 60 overweight subjects Randomized, placebo controlled Improvement in lipid profile, insulin Rajkumar et al*
and S. thermophiles/Capsule sensitivity and decrease in CRP
(112.5x10° CFU)

L. paracaseiN19/Sachet 6 weeks 58 obese post- Single-blind, randomized, No effect Brahe et al®
(9.4x10" CFU) menopausal women parallel group

B. longum BL999 16 weeks 112 subjects: Multicentric: prospective, Weight gain; daily weight gain Chouraqui et al'™
(1.3x10% CFU) 54M/58F double blind, reference on 4 months (g/d)

L. rhamnosus LPR controlled, randomized
(6.45x10 CFU)/100 mL
formula from powder

L. salivarius CECT5713 24 weeks 80 subjects: Monocentric: prospective, Weight gain on 6 months (g) Maldonado et al'?
(2x10° CFU/g) on formula 39M/41F double blind, placebo

controlled, randomized

L. acidophilus ATCC4962 1 week 800 newborns subjects Two centers: Weight gain; weight gain at one month ~ Robinson et al'’®

and ATCC4963 prospective, randomized

(>5x10% CFU), 1 ml to
each quart of formula

Hydrolyzed casein formula 16 weeks 188 subjects: Multicentric: prospective, Growth and tolerance; weight gain (g/d) Scalabrin et al'
with L. rhamnosus strain GG 94M/94F double blind, randomized
(108 CFU/g of formula powder)

L. rhamnosus strain GG 24 weeks 120 subjects; Multicentric: prospective, Growth and fecal flora on 6 months Vendt et al'’s
ATCC53103/Formula 60M/60F double blind, randomized
(1x10” CFU)
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parameter that was clearly ameliorated was in-
sulin sensitivity index, but gut permeability was
unfortunately increased despite lack of increased
LPS translocation. Other studies tested the effect
of a blend containing bifidobacteria, lactobacilli,
and Streptococcus thermophilus (as capsules) in
overweight subjects. The mixture had a signifi-
cant improvement in their lipid profiles, reducing
triacylglycerols, total cholesterol, and LDL-C lev-
els with beneficial effect on high-density lipopro-
tein cholesterol levels and on insulin sensitivity
as well as on inflammatory markers (C-reactive
protein, CRP)*. Other randomized, double-blind,
placebo-controlled studies in overweight and
obese subjects designed to evaluate the effects of
an Enterococcus faecium strain (that unfortunate-
ly is a pathobiont, an opportunistic microbe that
can cause infections in humans) and two strains
of Streptococcus thermophilus supplemented as
yoghurts, showed a beneficial effect on cardio-
vascular risk factors including reduction in body
weight, blood pressure and LDL-C*. Negative
results were also obtained by Gobel et al*® with
Lactobacillus salivarius Ls-33 on inflammation
biomarkers and several dysmetabolic parameters
associated with metabolic syndrome in a popula-
tion of adolescents with obesity. These data are in
agreement with more recent findings™ obtained
in a similar population of obese adolescents that
showed no effects on weight reduction after 12
weeks of supplementation with L. salivarius Ls-
33. Other studies showed that L. paracasei F19
did not modulate any markers associated with
metabolic dysfunctions (HOMA-IR), C-reactive
protein, and lipid profile) when compared with
the placebo®.

The biological mechanisms by which

some probiotic strains exert their health

effects (Figure 2)

* Competitive adherence to the mucosa and
epithelium with proinflammatory microbes®’.

* Regulation of the gut associated lymphoid
immune system through intestinal cell pat-
tern recognition receptors, (toll-like recep-
tors and nucleotide-binding oligomerization
domain-containing protein-like receptors) or
through the release of metabolites or immu-
nomodulating peptides®.

* Bile-acid deconjugation by some lactobacilli
strains, thus reducing lipid absorption and
calories intake®.

e Induction of lipolysis via production of
trans-10, cis-12-conjugated linoleic acid®.

* Increase in sympathetic nerve activity®.

* Suppression of fat deposition via increased
expression of angiopoietin-like 4, a circulating
inhibitor of lipoprotein lipase®®-’.

* Induction of transcriptional activation of fatty
acid B-oxidation-related genes in the liver and
muscle®®%,

* Inhibition of the transcription of fatty acid
synthase in the liver”®".

* Improve insulin sensitivity and glucose toler-
ance through SCFA production and reduction
of LPS translocation’ 7.

* Improvement of the gut barrier function,
through SCFA production and immunomod-
ulation of gut immune cells™.

* Modulate the gene expression profile in PB-
MCs and intestinal immune cells of ROR-gt
(down-regulated) and FOXP3 (up-regulated)
transcription factors, dampening inflamma-
tion and promoting immunomodulation’.

* Regulation of appetite’.

Synbiotics

When the probiotic strains are used in com-
bination with prebiotics, the final product can
correctly be described as synbiotic if an in-
creased synergistic health benefit is obtained’.
Some trials were conducted with synbiotics to
investigate their combined effects on weight loss
and maintenance in obese adults or children.
Used preparations contained mainly lactobacilli,
more frequently including L. rhamnosus (CG-
MCCI1.3724 strain), L. plantarum, L. paraca-
sei F19, L. acidophilus La5 and B. animalis
subsp. Lactis Bbl2 together with oligo-fructose
and inulin fibers (Table III). Some studies used
complex blends of probiotics (5 or more strains)
and different amounts of inulin-type fructans.
Despite some discrepant results, supplementation
with synbiotics appears to confer clear beneficial
effects on waist circumference, on BMI, VFA
and hip circumference in overweight or obese
people (Table III). In women, but not in men, L.
rhamnosus CGMCC1.3724 + inulin supplemen-
tation allowed to obtain a significantly higher
weight loss than in the placebo group after the
first 12 weeks, with a parallel modification of gut
microbiota”. The synbiotic induced weight loss
was also associated with reductions in visceral
fat mass and circulating leptin concentrations. In
obese children, the intake of synbiotics resulted
in a significant reduction in the BMI z-score,
waist circumference, TC, LDL-C and TAG as
well as reduction of total oxidative stress serum



R. Ferrarese, E.R. Ceresola, A. Preti, F. Canducci

Probiotic

( TLRs =

Metabolites

IM peptides )

P od

\_
4 )
\ Z
( )

sroTodemart ey ===ea=d Lipolysis

\, Calories intake
4 )
2 O
t.:!:\
L
\, _rn <
7 angiopoietin-like 4 N\
B-oxidation Fatty acid
\ ) related genes synthase
( )

\ J
Insulin sensitivity e 1 Gut barrier functions
Glucose tolerance

Figure 2. The biological mechanisms by which probiotics exert their health effects. 1) Competitive adherence to the mucosa and ep-
ithelium with proinflammatory microbes. 2) Regulation of the gut associated lymphoid immune system through intestinal cell pattern
recognition receptors (toll-like receptors and nucleotide-binding oligomerization domain-containing protein-like receptors) or through
the release of metabolites or immunomodulating peptides. 3) Bile-acid deconjugation by some lactobacilli strains, thus reducing
lipid absorption and calories intake. 4) Induction of lipolysis via production of trans-10, cis-12-conjugated linoleic acid. Increase in
sympathetic nerve activity. 5) Suppression of fat deposition via increased expression of angiopoietin-like 4, a circulating inhibitor of
lipoprotein lipase. 6) Induction of transcriptional activation of fatty acid B-oxidation-related genes in the liver and muscle. 7) Inhibition
of the transcription of fatty acid synthase in the liver. 8) Improve insulin sensitivity and glucose tolerance through SCFA production
and reduction of LPS translocation. 9) Improvement of the gut barrier function through SCFA production and immunomodulation of
gut immune cells. 10) Modulate the gene expression profile in PBMCs and intestinal immune cells of ROR-gt (down-regulated) and
FOXP3 (up-regulated) transcription factors, dampening inflammation and promoting immunomodulation. 11) Regulation of appetite.

longum, L. bulgaricus and fructo-oligosaccha-
rides, in a study with 52 adults over 28 weeks,
demonstrated that synbiotic supplementation

levels suggesting an overall protection against
CVD risk factors®*®!, Patients with insulin resis-
tance supplemented with synbiotic capsules (sev-

en strains plus fructo-oligosaccharide) showed a
significant improvement of fasting blood sugar
and insulin resistance as compare with the pla-
cebo group®. Recently, a randomized study on
the use of a synbiotic that contains five probiotics
(L. plantarum, L. delbrueckii spp. bulgaricus,
L. acidophilus, L. rhamnosus, B. bifidum and
inulin) over 6 months in adult patients with
NASH was associated with a significant decrease
in THTG®*#4, The evaluation of supplementation
with a synbiotic containing L. casei, L. rhamno-
sus, S. thermophilus, B. breve, L. acidophilus, B.
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dampened NF-kB and reduced TNF-a produc-
tion. This observation suggests that the reduction
of pro-inflammatory cytokines, such as tumor ne-
crosis factor (TNF), may have improved insulin
resistance and reduced hepatic inflammatory cell
recruitment observed in metabolic syndrome and
NASH®. Two L. gasseri strains supplemented in
synbiotic preparations (SBT2055 and BNR17 in
yoghurt, fermented milk or with skimmed milk
powders) have shown significant anti-obesity effects
in independent well-designed clinical trials with
medium to low risk of biases in study design®¢-*,



Table Ill. Synbiotics.

Strain/vehicle (dosage) Duration Population: M/F  Study design Results Ref.

L. rhamnosus CGMCC1.3724/ 36 weeks 125 obese subjects: Double-blind, randomized, Weight loss and reduction in leptin. Sanchez et al”®
Capsule (1.6x10* CFU) 48M/T7F placebo controlled Increase in Lachnospiraceae

L. casei, L. rhamnosus, S. thermophilus, 8 weeks 70 children and Randomized, triple-masked Decrease in BMI z-score and waist Safavi et al*
B. breve, L. acidophilus, B. longum, adolescents with controlled circumference
L. bulgaricus, and FOS high BMI

L. acidophilus, L. rhamnosus, 4 weeks 77 obese children Open-label, randomized, Changes in anthropometric Ipar et al®!
B. bifidum, B. longum, controlled study measurements. Decrease in TC,
E. faecium, and FOS LDL-C

L. gasseri SBT2055/Yoghurt 12 weeks 87 subjects with high Multicenter, double-blind, Reduction in BMI, abdominal VFA. Kadooka et al®®
(5x10" CFU/g) BMI: 59M/28F randomized, placebo controlled Increase in adiponectin levels

L. gasseri SBT2055/Yoghurt 12 weeks 210 adults with large Multicenter, double-blind, parallel Reduction in BMI, waist, abdominal Kadooka et al®’
(10® CFU/g) VFA: 105M/105F group randomized controlled VFA and hip circumference

L. gasseri BRN17/Capsule 12 weeks 57 subjects: Randomized, double blind, Body weight, BMI e waist and Jung et al”
(10" CFU); filler powder 22M/35F controlled hip circumferences decreased in
(50% trehalose, 25% skim test group
milk and 25% FOS)

L. acidophilus, L. casei, L. rhamnosus, 8 weeks 54 patients with Double-blind, randomized, Increased HOMA-IR and TGL plasma  Asemi et al''®
L. bulgaricus, B. breve, B. longum, T2D (35-70 years) placebo controlled level: reduced CRP in serum
S. thermophilus, (109 CFU)
and 100 mg FOS

L. sporogenes/Bread 8 weeks 81 patients Double-blinded, randomized, Significant reduction in serum insulin ~ Tajadadi-Ebrahimi
(1x10® CFU) and Inulin/ with T2D controlled levels, HOMA-IR, and homeostatic etal'”
Bread (0.07g/1 g) model assessment-cell function

L. sporogenes/Bread 8 weeks 78 patients Double-blinded, randomized, Decrease in serum lipid profile Shakeri et al'®
(1x10® CFU) and with T2D: controlled (TAG, TC/HDL-C) and
Inulin/Bread (0.07g/1 g) 15M/63F increase in HDL-C levels

L. casei, L. rhamnosus, S. thermophilus, 30 weeks 52 adult Double-blind, randomized, Inhibition of NF-kB and Eslamparast et al*?
B. breve, L. acidophilus, B. longum, individuals placebo controlled reduction of TNF-a
L. bulgaricus, and FOS/ with NAFLD:
Capsule (2x10% CFU) 25M/27F

Bofutsushosan herb + DUOLAC7 8 weeks 50 female subjects Randomized, double blind, Increased HDL, increased B. Lee et al'?
(L. acidophilus, L. plantarum, placebo controlled Breve, B. Lactis, B. rhamnosus,
L. rhamnosus, B. lactis, B. longum, B. Plantarum
B. breve, S. thermophiles)
(5x109 CFU)

Inulin 1.08 g + L. sporogenes 6 weeks 62 subjects: Randomized, double blinded, Decreased hsCRP: Asemi et al'?
(2.7x10% CFU) 19M/43F crossover controlled increased GSH, Uric acid

Continued
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Table Ill. Synbiotics.

sweeteners, soybean polysaccharide,
food emulsifier and 200 mg of
L. amylovorus)

decreased in test group

Strain/vehicle (dosage) Duration Population: M/F  Study design Results Ref.

FOS 2.5 g+ B. longum W11 24 weeks 66 subjects: Randomized, double blind, Decreased LDL, CRP, TNF-a, LPS, Malaguarnera et al'?!
(5x109 CFU) 33M/33F placebo controlled Steatosis

L. acidophilus La$5, B. lactis 8 weeks 75 subjects with Double-blind, randomized, Changes in gene expression Zarrati et al”
Bbl2, and L. casei DN0OO1/ high BMI placebo controlled in PBMCs as well as BMI,
Yoghurt (10® CFU/g) fat percentage and leptin levels

E. faecium, two strains 8 weeks 70 overweight and Double-blind, randomized, Reduction in body weight, systolic BP,  Agerholm-
of S. thermophiles/Yoghurt obese subjects: placebo and compliance LDL-C, and increase on fibrinogen Larsen et al*’
(6x107 — 1x10° CFU/g) 20M/50F controlled, parallel levels

L. acidophilus La5, B. animalis 6 weeks 156 overweight Double-blind, randomized, =~ Reduction in fasting glucose Ivey et al®3
subsp. Lactis Bbl2/Yoghurt- adults: parallel study concentration and increase
capsule (3x10° CFU) 96M/60F in HOMA-IR

L. acidophilus La5 and B. lactis 6 weeks 60 patients Double-blinded, randomized Reduced fasting blood glucose Ejtahed et al1*
Bb12/Yoghurt (7.23x10° and with T2D: controlled and antioxidant status
6.04x10° CFU/g) 23M/37F

L. acidophilus La5 and B. lactis 6 weeks 60 patients with T2D: Double-blinded, randomized TC and LDL-C improvement Ejtahed et al'®
Bb12/Yoghurt 23M/37F controlled

L. acidophilus La5 8 weeks 72 patients Double-blinded, randomized, Reduced serum levels of ALT, Nabavi et al'**
and B. breve subsp. with NAFLD: controlled ASP, TC, and LDL-C
lactis Bb12/Yoghurt 33M/39F

Lactobacillus curvatus (2.5x10° 12 weeks 95 subjects: Double blind, Placebo Body weight, BMI, waist circumference Jung et al'®®
CFU) and L. plantarum 34M/61F controlled, randomized and subcutaneous fat mass decreased
(2.5x10° CFU)/powder containing in test group
1.24 g of cellulose, 0.5 g of lactose,
0.06 g of blueberry flavoring

L. amylovorus CP1563/Powder 12 weeks 200 subjects: Randomized, double blind, Body fat percentage, visceral fat Nakamura et al'?
(skim milk, citrate, flavors, 100M/100F placebo controlled area and whole-fat area

Bifidobacterium. lactis Bb12/
Yoghurt (4x107 CFU)

randomized

S. thermophilus, L. acidophilus, 8 weeks 101 subjects: Randomized, double blind, Reduced LDL-cholesterol, Chang et al'”’
B. infantis/Yoghurt (10°-10"° CFU) 31M/70F placebo controlled, parallel ~ body weight and BMI

L. acidophilus L-1/Yoghurt 2 weeks 78 subjects: Monocentric; prospective, Lipid profile and body weight change;  De Roos et al'?®
(5x10°to 3x10" CFU d) 22M/56F double blind, randomized weight change difference (kg)

L. acidophilus Lal and 6 weeks 90 female subjects prospective, double blind, Lipid profile; weight change (kg) Sadrzadeh-

Yeganeh et al'®?
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Probiotics, prebiotics and synbiotics for weight loss and metabolic syndrome

Lactobacillus gasseri strains are probiotic lactic
acid bacteria isolated from the gastrointestinal
tract or sometimes from the vagina of healthy
subjects. L. gasseri SBT2055 strain was exam-
ined in two studies®** using a cohort of Japa-
nese adults with large visceral fat areas (VFA).
The participants received increasing amounts of
L. gasseri SBT2055 for 12 weeks. The results
showed a reduction in body mass index (BMI),
waist, abdominal VFA and hip circumferences.
In obese individuals, the difference was clinical-
ly relevant since an average weight loss of 6 kg
(3-6%) was obtained in overweight patients in a
few weeks®*-#*.

Both studies with L. gasseri strains observed
decreased visceral fat. This is an important
achievement since visceral fat is associated with
insulin resistance, cardiovascular risk and dia-
betes mellitus®*®. In vitro and preclinical data
suggest that these genera of Lactobacilli strains
suppress lipogenic gene expression and accu-
mulation of lipids in adipose cells*°. This is
also in agreement with Kawano et al’! findings
that demonstrated, in rats, that L. gasseri strain
SBT2050 reduced gut permeability in mice fed
with high fat diet, thus possibly ameliorating gut
barrier function and reducing bacterial trans-
location and the associated low-grade systemic
inflammation®-*2. L. gasseri BRN17 was also
associated with weight loss in humans (even if
not statistically significant) and with reduced
adipose tissue accumulation under a carbohy-
drate-rich diet in animal models’>". Lacto-
bacillus gasseri BNR17 has recently received
the South Korean FDA approval as functional
ingredient for body fat reduction®. Other authors
showed that LG2055 supplementation decreases
lymphatic triacylglycerols (TAG) absorption, in-
creases fecal fatty acid excretion in animal mod-
els and decreases postprandial TAG absorption
in humans. This may be explained in part by the
strong bile salt hydrolase (BSH) activity of some
lactobacilli, including L. gasseri strains, that may
help to reduce bile-acid re-adsorption®. Bile salts
are conjugated with glycine or taurine in the liver
and stored in the gall bladder and released into
the small intestine where they help to absorb
lipids®®. The BSH enzyme hydrolyzes conjugated
bile salts into a deconjugated form that is much
less soluble and thus not absorbed by intestinal
cells. Elimination of deconjugated bile salts, re-
sults in de novo synthesis of bile acid from cho-
lesterol in the liver, thereby lowering both lipid
absorption from the bowel and serum cholesterol

levels®®?7. Other mechanisms demonstrated in
animal models probably involve increased energy
expenditure and improved glucose tolerance by
synbiotic L. gasseri supplementation®.

Conclusions

In the pre-microbiome era, almost none of
the trials were designed to identify the molecu-
lar mechanisms underlying the beneficial effects
observed in humans supplemented with pre/pro/
synbiotic preparations on weight loss and metabol-
ic syndrome dysmetabolism. Nevertheless, more
recent studies on human and animal models have
in part elucidated several biological mechanisms
supporting their usage in these clinical conditions.
Future studies attempting to demonstrate a bene-
ficial role for synbiotics in clinical trial will have
to evaluate accurately the gut microbiota compo-
sition and functions to confirm already described
mechanism of actions or to identify new benefi-
cial microbe-host interactions affecting local and
systemic inflammation and metabolic pathways.
Characterization of baseline microbiome compo-
sition in patients’ enrolled in future clinical trial
may help to understand the individual responses to
synbiotic supplementation and may indeed guide
to more effective weight-management treatments
and results interpretation. Some results obtained
in early studies appear indeed controversial, but
several reasons may explain some discrepancies.
In fact, heterogeneous amounts of bacterial cells,
complex mixtures of bacteria strains and different
dosages of prebiotic fibers were used (Tables I-111).
In fact, the weight control activity appears to be
a species or even a strain-specific characteristic
and some probiotic strains such as L. acidophilus,
L. ingluviei, L. fermentum and delbrueckii (and
probably other endogenous Lactobacillus species
that increase in obese patients) were linked to a
paradoxical significant weight-gain effect both in
animal or human studies®’. Therefore, diet sup-
plementation only with synbiotics, prepared us-
ing selected strains (such as Lactobacillus gasseri
strains) that showed to exert weight-reduction and
anti-inflammatory activity in large independent
correctly designed studies, together with galacto-
mannan and/or inulin fibers, may exert more pow-
erful anti-obesity effects due to synergism in SC-
FA production and microbiota ‘re-configuration’.
Novel synbiotics may reduce insulin resistance,
cardiovascular risk and type-2 diabetes develop-
ment through VFA reduction. Better-designed syn-
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biotics may promote not only weight loss but they
may also help to maintain the beneficial results of
weight reduction regimens through the promotion
of a persistently healthier microbiota composition.
Obese-type gut microbiota, in fact, induces neuro-
behavioral changes even in the absence of obesity
and data on the effects of the gut microbiota on
host behavior showed that microbiota composi-
tion and some microbial metabolites can regulate
host appetite®. This further suggests that synbiotic
preparations may exert their beneficial effect on
weight control also through the gut-brain axis by
activating host satiety pathways and affecting host
control of appetite’. Probiotic strains may indeed
interact with the brain-gut axis, by producing, up-
on fibers fermentation, SCFA or specific molecules
that have evolved to regulate host nutrient intake
or energy expenditure’®®”. Further investigations
to evaluate the best dose-response effect and the
length of probiotics and synbiotics supplementa-
tion are also needed, to evaluate if the persistence
of their potential beneficial effects is maintained
after interruption or if continuous supplementation
should be used for an efficient treatment or dys-
metabolic diseases prevention.

Acknowledgments

This study was partially funded by the Italian Ministry
of University and Research and by the Italian Ministry of
Health (grant GR-2011-02347170).

Conflict of Interests

The Authors declare that they have no conflict of interests.

References

1. Pi-Sunver FX. The obesity epidemic: pathophysi-
ology and consequences of obesity. Obes Res
2002; 10 Suppl 2: 97S-104S.

2. HammonDp RA, Levine R. The economic impact of
obesity in the United States. Diabetes Metab
Syndr Obes 2010; 3: 285-295.

3. Morcen CS, Sorensen TI. Obesity: global trends in
the prevalence of overweight and obesity. Nat
Rev Endocrinol 2014; 10: 513-514.

4. AtrFano M, Canbuccal F, Nesutont M, CLEMENTI M,
Montorsi F, Saonia A. The interplay of extracel-
lular matrix and microbiome in urothelial bladder
cancer. Nat Rev Urol 2016; 13: 77-90.

5. CAVARRETTA |, FERrRARese R, CazzaNiGa W, SaAita D,
LuciaNO R, CeresoLA ER, LocATeLL I, VisconTi L, LAVOR-
GNA G, BriganTi A, NEBuLONI M, DogLiont C, CLEMENTI
M, Monrorsi F, Canpuccl F, Satonia A. The microbi-
ome of the prostate tumor microenvironment. Eur
Urol 2017; 72: 625-631.

7600

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

. Dotrapy J, Sorini C, Di PieTRo C, CosoricH |, FERRA-

RESE R, SAITA D, CLemenTti M, Canpuccl F, FALCONE M.
Oral probiotic VSL#3 prevents autoimmune dia-
betes by modulating microbiota and promoting in-
doleamine 2,3-dioxygenase-enriched tolerogen-
ic intestinal environment. J Diabetes Res 2016;
2016: 7569431.

. Canbpuccl F, SAITa D, FoaLient C, PiscorieLLo MR, CHie-

sA R, CoLomBo A, CIANFLONE D, MAaseri A, CLEMENTI M,
Buriont R. Cross-reacting antibacterial auto-an-
tibodies are produced within coronary athero-
sclerotic plaques of acute coronary syndrome
patients. PLoS One 2012; 7: e42283.

. Cant PD, Derzenne NM. The gut microbiome as

therapeutic target. Pharmacol Ther 2011; 130:
202-212.

. ALLER R, DE Luis DA, lzaoLa O, ConDpE R, GONzALEZ

SAGrRADO M, Privo D, De LA Fuente B, GonzALEz J.
Effect of a probiotic on liver aminotransferases in
nonalcoholic fatty liver disease patients: a double
blind randomized clinical trial. Eur Rev Med Phar-
macol Sci 2011; 15: 1090-1095.

ParexH PJ, Arusi E, Vinik Al, JoHnsoN DA. The role
and influence of gut microbiota in pathogenesis
and management of obesity and metabolic syn-
drome. Front Endocrinol (Lausanne) 2014; 5: 47.
Kocetak P, ZAk-GorDPB A, ZAHORSKA-MARKIEWICZ B,
APTEKORZ M, ZIENTARA M, MARTIROSIAN G, CHUDEK J,
Ovszanecka-GLINIANOwIcz M. Resting energy ex-
penditure and gut microbiota in obese and normal
weight subjects. Eur Rev Med Pharmacol Sci
2013; 17: 2816-2821.

De Fiupro C, Cavalieri D, Di PaolA M, RAMAZzzOTTI
M, Pouttet JB, Massart S, CoLuint S, PiERACCINI G,
LioneTTi P. Impact of diet in shaping gut microbiota
revealed by a comparative study in children from
Europe and rural Africa. Proc Natl Acad Sci U S
A 2010; 107: 14691-14696.

BiBBO S, IANIRO G, GIoraIO V, ScALDAFERRI F, MAsucal L,
GasearriNI A, CammaroTA G. The role of diet on gut
microbiota composition. Eur Rev Med Pharmacol
Sci 2016; 20: 4742-4749.

Hold GL. Western lifestyle: a ‘master’ manipulator
of the intestinal microbiota? Gut 2014; 63: 5-6.
DrUART C, ALuGiER M, SALAZAR N, NEYrRINck AM, DeL-
zenNe NM. Modulation of the gut microbiota by
nutrients with prebiotic and probiotic properties.
Adv Nutr 2014; 5: 624S-633S.

KacLLus SJ, BranoT LJ. The intestinal microbiota and
obesity. J Clin Gastroenterol 2012; 46: 16-24.
TurRNBAUGH PJ, Ley RE, MaHowALD MA, MAGRINI V,
Marpis ER, Goroon JI. An obesity-associated gut
microbiome with increased capacity for energy
harvest. Nature 2006; 444: 1027-1031.

DuncaN SH, LosLey GE, Hottror G, INCE J, JOHNSTONE
AM, Lours P, Funt HJ. Human colonic microbiota
associated with diet, obesity and weight loss. Int
J Obes (Lond) 2008; 32: 1720-1724.

Ley RE, BAckHED F, TurnBaugH P, Lozupone CA,
KnigHT RD, Goroon JI. Obesity alters gut microbial
ecology. Proc Natl Acad Sci U S A 2005; 102:
11070-11075.

Ley RE, TurnBauGH PJ, KLein' S, Gorpon JI. Microbial
ecology: human gut microbes associated with
obesity. Nature 2006; 444: 1022-1023.



Probiotics, prebiotics and synbiotics for weight loss and metabolic syndrome

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

RemELY M, TesAr I, HippE B, GNAUER S, Rust P, HAsL-
BERGER AG. Gut microbiota composition correlates
with changes in body fat content due to weight
loss. Benef Microbes 2015; 6: 431-439.

VicGiaNo D, IaNnirRo G, VANELLA G, BiBed S, BrunO
G, SiveoNe G, Mete G. Gut barrier in health and
disease: focus on childhood. Eur Rev Med Phar-
macol Sci 2015; 19: 1077-1085.

CosoricH |, DALLA-CostA G, SoriNni C, FERRARESE R,
MessiNa MJ, Dotrraby J, RapicE E, MARIANI A, TESTONI
PA, Canpuca F, Comi G, MARTINELLI V, FALcONE M.
High frequency of intestinal TH17 cells correlates
with microbiota alterations and disease activity in
multiple sclerosis. Sci Adv 2017; 3: e1700492.
PeLLEGRINI S, Sorpi V, Boria AM, SAMA D, FERRARESE
R, Canpuccl F, CLemenTi M, INVERNIZZI F, MARIANI A,
BonFaNTI R, BARERA G, TestoNi PA, DocLiont C, Bosi
E, Piemonti L. Duodenal mucosa of patients with
Type 1 diabetes shows distinctive inflammatory
profile and microbiota. J Clin Endocrinol Metab
2017; 102: 1468-1477.

PoweLlLt N, WAaLker MM, TaLtey NJ. The mucosal
immune system: master regulator of bidirectional
gut-brain communications. Nat Rev Gastroenterol
Hepatol 2017; 14: 143-159.

SAamAa D, Ferrarese R, FoaLienl C, Esposito A, Canu T,
Perani L, CeresoLA ER, VisconTi L, Burioni R, CLEMENTI
M, Canpbucal F. Adaptive immunity against gut micro-
biota enhances apoE-mediated immune regulation
and reduces atherosclerosis and western-diet-relat-
ed inflammation. Sci Rep 2016; 6: 29353.

Davip LA, Maurice CF, CarmoDpy RN, GooTenBerG DB,
ButTton JE, Wolre BE, LiNnGg AV, DeviiN AS, VARMA Y,
FiscHBACH MA, BIDDINGER SB, DuTTON RJ, TURNBAUGH
PJ. Diet rapidly and reproducibly alters the human
gut microbiome. Nature 2014; 505: 559-563.
GiesoN GR, Hutkins R, SANDERS ME, PrescotT SL, REIMER
RA, SALMINEN SJ, ScotT K, StanToN C, SwansoN KS, CANi
PD, Vereeke K, Rep G. Expert consensus document:
The International Scientific Association for Probi-
otics and Prebiotics (ISAPP) consensus statement
on the definition and scope of prebiotics. Nat Rev
Gastroenterol Hepatol 2017; 14: 491-502.

Hitt C, Guarner F, Rep G, GiesoN GR, MErensTein DJ,
Por B, Moretul L, Canani RB, Funt HJ, SALMINEN S,
Caper PC, Sanpers ME. Expert consensus docu-
ment. The International Scientific Association for
Probiotics and Prebiotics consensus statement on
the scope and appropriate use of the term probiotic.
Nat Rev Gastroenterol Hepatol 2014; 11: 506-514.
Couuns S, Reip G. Distant site effects of ingest-
ed prebiotics. Nutrients 2016; 8. pii: E523. doi:
10.3390/nu8090523.

BarenGorts E. Gut microbiota, prebiotics, probi-
otics, and synbiotics in management of obesity
and prediabetes: review of randomized controlled
trials. Endocr Pract 2016; 22: 1224-1234.

Ho HVT, JovaNovski E, ZurBau A, BLANCO MEJIA S,
SievenpipER JL, Au-YEunG F, Jenkins AL, Duvniak L,
Lemer L, Vuksan V. A systematic review and me-
ta-analysis of randomized controlled trials of the
effect of konjac glucomannan, a viscous soluble
fiber, on LDL cholesterol and the new lipid targets
non-HDL cholesterol and apolipoprotein B. Am J
Clin Nutr 2017; 105: 1239-1247.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

CHuA M, Bawbwin TC, Hocking TJ, CHan K. Tra-
ditional uses and potential health benefits of
Amorphophallus konjac K. Koch ex N.E.Br. J
Ethnopharmacol 2010; 128: 268-278.

Soop N, Baker WL, CoLeman Cl. Effect of glucomannan
on plasma lipid and glucose concentrations, body
weight, and blood pressure: systematic review and
meta-analysis. Am J Clin Nutr 2008; 88: 1167-1175.
BrigHEnTI F. Dietary fructans and serum triacyl-
glycerols: a meta-analysis of randomized con-
trolled trials. J Nutr 2007; 137: 25525-2556S.
Pereira DI, Gisson GR. Effects of consumption of
probiotics and prebiotics on serum lipid levels in
humans. Crit Rev Biochem Mol Biol 2002; 37:
259-281.

Bevior M. Effects of inulin-type fructans on lipid
metabolism in man and in animal models. Br J
Nutr 2005; 93 Suppl 1; S163-168.

Luo J, RizkaLLa SW, ALamowitcH C, Boussarl A, BLavo
A, BArrY JL, LAFFITTE A, GuyoN F, BorNET FR, SLAMA
G. Chronic consumption of short-chain fructool-
igosaccharides by healthy subjects decreased
basal hepatic glucose production but had no
effect on insulin-stimulated glucose metabolism.
Am J Clin Nutr 1996; 63: 939-945.

IcHMURA A, HARA T, Hirasawa A. Regulation of en-
ergy homeostasis via GPR120. Front Endocrinol
(Lausanne) 2014; 5: 111.

HARA T, KASHIHARA D, IcHIMURA A, KIMURA I, TsusimoTo
G, Hirasawa A. Role of free fatty acid receptors
in the regulation of energy metabolism. Biochim
Biophys Acta 2014; 1841: 1292-1300.

BettaHcene M, O'Dowp JF, WARGeNT ET, Zaisi MS,
Hiscor DC, NGaLA RA, SmitH DM, CAwTHORNE MA,
Stocker CJ, ArcH JR. Male mice that lack the G-pro-
tein-coupled receptor GPR41 have low energy
expenditure and increased body fat content. Br J
Nutr 2013; 109: 1755-1764.

KiMura |, INoue D, Maeba T, HARA T, ICHIMURA A,
MivaucHr S, KoBavasHi M, Hirasawa A, TsusimMOTO
G. Short-chain fatty acids and ketones directly
regulate sympathetic nervous system via G pro-
tein-coupled receptor 41 (GPR41). Proc Natl Acad
Sci U S A 2011; 108: 8030-8035.

Bauer PV, Hamr SC, Duca FA. Regulation of energy
balance by a gut-brain axis and involvement of the
gut microbiota. Cell Mol Life Sci 2016; 73: 737-755.
Frost GS, BryNEs AE, DHiLLo WS, BLoom SR, McBur-
NeEy MI. The effects of fiber enrichment of pasta
and fat content on gastric emptying, GLP-1, glu-
cose, and insulin responses to a meal. Eur J Clin
Nutr 2003; 57: 293-298.

WonG JM, pE Souza R, Kenball CW, Emam A, JENKINS
DJ. Colonic health: fermentation and short chain fatty
acids. J Clin Gastroenterol 2006; 40: 235-243.
YosHIDA M, VANSTONE CA, PArRsoNs WD, Zawistowski J,
Jones PJ. Effect of plant sterols and glucomannan
on lipids in individuals with and without type Il
diabetes. Eur J Clin Nutr 2006; 60: 529-537.
DEHGHAN P, POURGHASSEM GARGARI B, ASGHARI JA-
FaR-ABADI M. Oligofructose-enriched inulin im-
proves some inflammatory markers and meta-
bolic endotoxemia in women with type 2 diabetes
mellitus: a randomized controlled clinical trial.
Nutrition 2014; 30: 418-423.



R. Ferrarese, E.R. Ceresola, A.

Preti, F. Canducci

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

MEier JJ, GETHMANN A, Gotze O, GALLwiITz B, Holst
JJ, Schmiot WE, Nauck MA. Glucagon-like peptide
1 abolishes the postprandial rise in triglyceride
concentrations and lowers levels of non-esterified
fatty acids in humans. Diabetologia 2006; 49:
452-458.

DeLzenne NM, Cani PD, Dausiour C, NEYRINCK AM.
Impact of inulin and oligofructose on gastrointes-
tinal peptides. Br J Nutr 2005; 93 Suppl 1: S157-
161.

Fak F, BackHep F. Lactobacillus reuteri prevents
diet-induced obesity, but not atherosclerosis, in a
strain dependent fashion in Apoe-/- mice. PLoS
One 2012; 7: e46837.

Crovesy L, Ostrowski M, Ferreira D, Rosapo EL,
Soares-Mota M. Effect of Lactobacillus on body
weight and body fat in overweight subjects: a sys-
tematic review of randomized controlled clinical
trials. Int J Obes (Lond) 2017; 41: 1607-1614.
Ivey KL, HobagsoN JM, Kerr DA, Lewis JR, THOMPSON
PL, Prince RL. The effects of probiotic bacteria on
glycaemic control in overweight men and women:
a randomised controlled trial. Eur J Clin Nutr
2014; 68: 447-452.

Ivey KL, Hobcson JM, Kerr DA, THompsoN PL,
Stosceski B, Prince RL. The effect of yoghurt and
its probiotics on blood pressure and serum lipid
profile; a randomised controlled trial. Nutr Metab
Cardiovasc Dis 2015; 25: 46-51.

Leser B, TriroLt NJ, BLartL D, Eper M, WAscHER TC,
PieBER TR, StAUBER R, Souru H, OEeTTL K, STADLBAUER V.
The influence of probiotic supplementation on gut
permeability in patients with metabolic syndrome:
an open label, randomized pilot study. Eur J Clin
Nutr 2012; 66: 1110-1115.

Tripowt NJ, LeBer B, BrartL D, Eper M, WoniscH W,
ScHARNAGL H, Stosakovic T, OBERMAYER-PIETSCH B,
WAascHER TC, PieBER TR, STADLBAUER V, Souri H. Short
communication: effect of supplementation with
Lactobacillus casei Shirota on insulin sensitivity,
beta-cell function, and markers of endothelial
function and inflammation in subjects with meta-
bolic syndrome--a pilot study. J Dairy Sci 2013;
96: 89-95.

RAaJkumArR H, MaHmoop N, Kumar M, VARIKUTI
SR, CHaLLA HR, MvyakaLa SP. Effect of probiotic
(VSL#3) and omega-3 on lipid profile, insulin
sensitivity, inflammatory markers, and gut col-
onization in overweight adults: a randomized,
controlled trial. Mediators Inflamm 2014; 2014
348959.

AGERHOLM-LARSEN L, RABEN A, HAULRIK N, HANSEN AS,
Manpers M, Astrup A. Effect of 8 week intake of
probiotic milk products on risk factors for car-
diovascular diseases. Eur J Clin Nutr 2000; 54:
288-297 .

GoBeL RJ, LarseN N, JakosseN M, MoLGaarp C,
MicHaeLsen  KF. Probiotics to adolescents with
obesity: effects on inflammation and metabolic
syndrome. J Pediatr Gastroenterol Nutr 2012; 55:
673-678.

LARSEN N, VocenseN FK, GgBeL RJ, MicHAELSEN KF,
ForssTen SD, LAHTINEN SJ, Jakossen M. Effect of Lac-
tobacillus salivarius Ls-33 on fecal microbiota in
obese adolescents. Clin Nutr 2013; 32: 935-940.

7602

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

BrAHE LK, LE CHATELIER E, PriFTi E, Pons N, KENNEDY S,
BLADEL T, HAkANSsON J, DALSGAARD TK, HANSEN T, Pep-
ERSEN O, AstruP A, EHRrLIcH SD, Larsen LH. Dietary
modulation of the gut microbiota--a randomised
controlled trial in obese postmenopausal women.
Br J Nutr 2015; 114: 406-417.

BLANDER JM, LoNGMAN RS, ILEV ID, SONNENBERG GF,
Armis D. Regulation of inflammation by microbiota
interactions with the host. Nat Immunol 2017; 18:
851-860.

PoweLL N, MacDonaLp TT. Recent advances in gut
immunology. Parasite Immunol 2017; 39.

RaNI RP, ANANDHARAJ M, RavinDRAN AD. Characteriza-
tion of bile salt hydrolase from Lactobacillus gasseri
FR4 and demonstration of its substrate specificity
and inhibitory mechanism using molecular docking
analysis. Front Microbiol 2017; 8: 1004.

Lee K, Paex K, Lee HY, Parc JH, Lee Y. Antiobesity
effect of trans-10,cis-12-conjugated linoleic ac-
id-producing Lactobacillus plantarum PL62 on
diet-induced obese mice. J Appl Microbiol 2007;
103: 1140-1146.

TaNIDA M, SHEN J, Maeba K, Hori Y, Yamano T,
FukusHima Y, Nacal K. High-fat diet-induced obesi-
ty is attenuated by probiotic strain Lactobacillus
paracasei ST11 (NCC2461) in rats. Obes Res Clin
Pract 2008; 2: I-II.

ARONSSON L, HUANG Y, PariNI P, KorRAcH-ANDRE M,
HAKANSSON J, GUSTAFsSON JA, PETTERSSON S, ARULAM-
raLAM V, RarTerR J. Decreased fat storage by Lac-
tobacillus paracasei is associated with increased
levels of angiopoietin-like 4 protein (ANGPTL4).
PLoS One 2010; 5. pii: €13087. doi: 10.1371/jour-
nal.pone.0013087.

Konbo S, Xiao JZ, SatoH T, OpamAki T, TAKAHASHI S,
SUGAHARA H, YAEsHIMA T, Iwatsuki K, Kamer A, Age K.
Antiobesity effects of Bifidobacterium breve strain
B-3 supplementation in a mouse model with
high-fat diet-induced obesity. Biosci Biotechnol
Biochem 2010; 74: 1656-1661.

Kim SW, Park KY, Kim B, Kim E, Hyun CK. Lactobacil-
lus rhamnosus GG improves insulin sensitivity and
reduces adiposity in high-fat diet-fed mice through
enhancement of adiponectin production. Biochem
Biophys Res Commun 2013; 431: 258-263.
Takemura N, Okuso T, Sonovama K. Lactobacillus
plantarum strain No. 14 reduces adipocyte size in
mice fed high-fat diet. Exp Biol Med (Maywood)
2010; 235: 849-856.

Park DY, AHN YT, Parc SH, Hun CS, Yoo SR, Yu R,
Sung MK, McGrecor RA, CHor MS. Supplementation
of Lactobacillus curvatus HY7601 and Lactoba-
cillus plantarum KY1032 in diet-induced obese
mice is associated with gut microbial changes and
reduction in obesity. PLoS One 2013; 8: €59470.
Yoo SR, Kim YJ, Park DY, Jung UJ, JEoN SM, AHN
YT, Hun CS, McGreGgor R, CHor MS. Prosiotics L.
plantarum and L. curvatus in combination alter
hepatic lipid metabolism and suppress diet-in-
duced obesity. Obesity (Silver Spring) 2013; 21:
2571-2578.

KanG JH, Yun SI, Park MH, Park JH, JEonG SY, PARk
HO. Anti-obesity effect of Lactobacillus gasseri
BNR17 in high-sucrose diet-induced obese mice.
PLoS One 2013; 8: €54617.



Probiotics, prebiotics and synbiotics for weight loss and metabolic syndrome

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

Okuso T, TAkEMURA N, YosHipa A, Sonovava K. KK/Ta
mice administered lactobacillus plantarum strain
No. 14 have lower adiposity and higher insulin
sensitivity. Biosci Microbiota Food Health 2013;
32: 93-100.

STENMAN LK, WAGET A, GARReT C, Krorp P, BURCELIN
R, LaHTinen S. Potential probiotic bifidobacterium
animalis ssp. lactis 420 prevents weight gain and
glucose intolerance in diet-induced obese mice.
Benef Microbes 2014; 5: 437-445.

Briskey D, HErRITAGE M, Jaskowski LA, PeAke J, Gose G,
SuBrAMANIAM VN, CrawrForD D, CampBeLL C, VITETTA
L. Probiotics modify tight-junction proteins in an
animal model of nonalcoholic fatty liver disease.
Therap Adv Gastroenterol 2016; 9: 463-472.
ZARRATI M, SHIDFAR F, NouruELYANI K, MoFiD V, Hos-
SEIN ZADEH-ATTAR MJ, BibAD K, NAJAFI F, GHEFLATI Z,
CHamaArl M, SaLeni E. Lactobacillus acidophilus
La5, bifidobacterium BB12, and lactobacillus ca-
sei DNOO1 modulate gene expression of subset
specific transcription factors and cytokines in
peripheral blood mononuclear cells of obese
and overweight people. Biofactors 2013; 39:
633-643.

PARNELL JA, Remer RA. Weight loss during oli-
gofructose supplementation is associated with
decreased ghrelin and increased peptide YY in
overweight and obese adults. Am J Clin Nutr
2009; 89: 1751-1759.

Pineiro M, Asp NG, ReiD G, MACFARLANE S, MORELLI
L, Brunser O, Tuory K. FAO Technical meeting on
prebiotics. J Clin Gastroenterol 2008; 42 Suppl 3
Pt 2: S156-159.

SANCHEZ M, DArimMonT C, DrAPEAU V, EMADY-AZAR
S, LeraGE M, Rezzonico E, Ncom-Bru C, BERGER B,
PHiLipPE L, AMMON-ZUFFRey C, LEONE P, CHEVRIER G,
S-AMAND E, MareTTE A, Dort J, TremsLay A. Effect
of Lactobacillus rhamnosus CGMCC1.3724 sup-
plementation on weight loss and maintenance
in obese men and women. Br J Nutr 2014; 111:
1507-1519.

Saravi M, FAraJIAN S, KELISHADI R, MirRLoHI M, HAsH-
emipour M. The effects of synbiotic supplemen-
tation on some cardio-metabolic risk factors in
overweight and obese children: a randomized
triple-masked controlled trial. Int J Food Sci Nutr
2013; 64: 687-693.

IPAR N, Avpocpu SD, Yibirim GK, INaL M, Gies |,
VanDenPLAs Y, Dintevict EC. Effects of synbiotic on
anthropometry, lipid profile and oxidative stress in
obese children. Benef Microbes 2015; 6: 775-782.
EsLAMPARAST T, ZAMANI F, HEKMATDOOST A, SHARAFKHAH
M, EGHTESAD S, MALEkzADEH R, PoustcHl H. Effects of
synbiotic supplementation on insulin resistance
in subjects with the metabolic syndrome: a ran-
domised, double-blind, placebo-controlled pilot
study. Br J Nutr 2014; 112: 438-445.

Wong VW, Won GL, CHim AM, CHu WC, YEunGg
DK, Li KC, CHan HL. Treatment of nonalcoholic
steatohepatitis with probiotics. A proof-of-concept
study. Ann Hepatol 2013; 12: 256-262.

Lirussi F, MAsTRoPAsQUA E, OranDO S, ORLANDO R.
Probiotics for non-alcoholic fatty liver disease
and/or steatohepatitis. Cochrane Database Syst
Rev 2007; (1): CD005165.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

EsLAmPARAST T, PoustcHl H, ZAMANI F, SHARAFKHAH
M, MALekzaDEH R, Hekmatpoost A. Synbiotic sup-
plementation in nonalcoholic fatty liver disease:
a randomized, double-blind, placebo-controlled
pilot study. Am J Clin Nutr 2014; 99: 535-542.
Mivosti M, Ocawa A, HicurasHi S, Kapooka Y. An-
ti-obesity effect of Lactobacillus gasseri SBT2055
accompanied by inhibition of pro-inflammatory gene
expression in the visceral adipose tissue in diet-in-
duced obese mice. Eur J Nutr 2014; 53: 599-606.
Kabooka Y, Sato M, Ocawa A, MivosHi M, UenisHi H,
Ocawa H, Ikuvama K, KacosHiva M, TsucHiba T. Effect
of Lactobacillus gasseri SBT2055 in fermented milk
on abdominal adiposity in adults in a randomised
controlled trial. Br J Nutr 2013; 110: 1696-1703.
KApookA Y, SAaTo M, Imaizumi K, OGawA A, Ikuyava K,
Akal'Y, OkaNno M, KaGosHiMA M, TsucHipa T. Regu-
lation of abdominal adiposity by probiotics (Lac-
tobacillus gasseri SBT2055) in adults with obese
tendencies in a randomized controlled trial. Eur
J Clin Nutr 2010; 64: 636-643.

Hamap EM, Sato M, Uzu K, YosHibA T, HigAsH S,
Kawakami H, Kabooka Y, Matsuvama H, ABp EL-Ga-
wAD IA, Imaizumi K. Milk fermented by Lactobacillus
gasseri SBT2055 influences adipocyte size via
inhibition of dietary fat absorption in Zucker rats.
Br J Nutr 2009; 101: 716-724.

Sato M, Uzu K, YosHipa T, HAMAD EM, Kawakami
H, Martsuvama H, Asbp Ei-Gawap IA, Imaizumi K. Ef-
fects of milk fermented by Lactobacillus gasseri
SBT2055 on adipocyte size in rats. Br J Nutr
2008; 99: 1013-1017.

Kawano M, MivosHi M, Ocawa A, SAKAl F, KADOOKA Y.
Lactobacillus gasseri SBT2055 inhibits adipose
tissue inflammation and intestinal permeability in
mice fed a high-fat diet. J Nutr Sci 2016; 5: €23.
LoreTuso LR, ScaLbarerri F, Bruno G, PeTito V,
FrancescH F, GasearriNt A. The therapeutic man-
agement of gut barrier leaking: the emerging
role for mucosal barrier protectors. Eur Rev Med
Pharmacol Sci 2015; 19: 1068-1076.

Jung SP, Lee KM, Kang JH, Yun SI, Park HO, Moon Y,
Kim JY. Effect of Lactobacillus gasseri BNR17 on over-
weight and obese adults: a randomized, double-blind
clinical trial. Korean J Fam Med 2013; 34: 80-89.
KanG JH, Yun SI, Park HO. Effects of Lactobacil-
lus gasseri BNR17 on body weight and adipose
tissue mass in diet-induced overweight rats. J
Microbiol 2010; 48: 712-714.

Yun SI, Park HO, Kang JH. Effect of Lactobacillus
gasseri BNR17 on blood glucose levels and body
weight in a mouse model of type 2 diabetes. J
Appl Microbiol 2009; 107: 1681-1686.

HormanN AF, Eckmann L. How bile acids confer gut
mucosal protection against bacteria. Proc Natl
Acad Sci U S A 2006; 103: 4333-4334.

Bectey M, Hi C, Ganan CG. Bile salt hydro-
lase activity in probiotics. Appl Environ Microbiol
2006; 72: 1729-1738.

SHIRoucHI B, NaGcao K, UMEGATANI M, SHIRAISHI A,
MoritA Y, KAl S, YANAGITA T, OGAawA A, KADOOKA Y,
Sato M. Probiotic lactobacillus gasseri SBT2055
improves glucose tolerance and reduces body
weight gain in rats by stimulating energy expen-
diture. Br J Nutr 2016; 116: 451-458.

7603



R. Ferrarese, E.R. Ceresola, A.

Preti, F. Canducci

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

BreToN J, TENNOUNE N, Lucas N, FRaANcois M, LEGRAND
R, Jacauemor J, GoicHoN A, GuUERIN C, PELTIER J, PEs-
TEL-CARON M, CHAN P, VAUDRY D, po ReGco JC, LIENARD
F, Pénicaup L, FioramonT! X, EBENEZER IS, HOKFELT T,
DecHerotte P, Femissov SO. Gut commensal E. coli
proteins activate host satiety pathways follow-
ing nutrient-induced bacterial growth. Cell Metab
2016; 23: 324-334.

Nicoruca AC, Hume MP, MARTINEZ |, MAYENGBAM S,
WaLter J, Remmer RA. Prebiotics reduce body fat
and alter intestinal microbiota in children who
are overweight or with obesity. Gastroenterology
2017; 153: 711-722.

Tovar AR, CaamaNo Mper C, GARcIA-PabiLLA S,
GArcia OP, DuarTE MA, Rosapo JL. The inclusion
of a partial meal replacement with or without
inulin to a calorie restricted diet contributes to
reach recommended intakes of micronutrients
and decrease plasma triglycerides: a random-
ized clinical trial in obese Mexican women. Nutr
J 2012; 18; 11:44.

VuLevic J, Juric A, Tzortzis G, GissoN GR. A mixture
of trans-galactooligosaccharides reduces mark-
ers of metabolic syndrome and modulates the fe-
cal microbiota and immune function of overweight
adults. J Nutr 2013; 143: 324-331.

PoOURGHASSEM GARGARI B, DEHGHAN P, ALIASGHARZADEH
A, AscHArl JaFarR-ABapl M. Effects of high perfor-
mance inulin supplementation on glycemic con-
trol and antioxidant status in women with type 2
diabetes. Diabetes Metab J 2013; 37: 140-148.
DEHGHAN P, POURGHASSEM GARGARI B, ASGHARIJAFARABA-
bl M. Effects of high performance inulin supple-
mentation on glycemic status and lipid profile
in women with type 2 diabetes: a randomized,
placebo-controlled clinical trial. Health Promot
Perspect 2013; 3: 55-63.

ArviLL A, Bopin L. Effect of short-term ingestion
of konjac glucomannan on serum cholesterol in
healthy men. Am J Clin Nutr 1995; 61: 585-589.
MarTino F, MArTINO E, MoRRONE F, CARNEVALI E,
Forcone R, Nigio T. Effect of dietary supplemen-
tation with glucomannan on plasma total choles-
terol and low density lipoprotein cholesterol in
hypercholesterolemic children. Nutr Metab Car-
diovasc Dis 2005; 15: 174-180.

Martino F, Pubbu PE, PANNARALE G, CoLanToni C,
MarTiNO E, Nicuio T, Zanoni C, BaritA F. Low
dose chromium-polynicotinate or policosanol is
effective in hypercholesterolemic children only in
combination with glucomannan. Atherosclerosis
2013; 228: 198-202.

Vipo L, FAccHIN P, ANTONELLO |, GoBBErR D, RiGoN F.
Childhood obesity treatment: double blinded trial
on dietary fibres (glucomannan) versus placebo.
Padiatr Padol 1993; 28: 133-136.

KrRAEMER WJ, VINGREN JL, SiLvESTRE R, SPIERING BA,
Hatriep DL, Ho JY, FrRacaLA MS, MaresH CM,
Vourek JS. Effect of adding exercise to a diet
containing glucomannan. Metabolism 2007; 56:
1149-1158.

Vasaues CA, RosseTto S, HALMENSCHLAGER G, LINDEN
R, Heckier E, FErnANDEZ MS, ALonso JL. Evaluation
of the pharmacotherapeutic efficacy of Garcinia
cambogia plus Amorphophallus konjac for the

7604

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

treatment of obesity. Phytother Res 2008; 22:
1135-1140.

CHouraaul JP, GratHwOHL D, LABAUNE JM, HAsSCOET
JM, b MoNTGOLFIER |, LEcLAIRE M, GIARRE M, STEEN-
Hout P. Assessment of the safety, tolerance, and
protective effect against diarrhea of infant formu-
las containing mixtures of probiotics or probiotics
and prebiotics in a randomized controlled trial.
Am J Clin Nutr 2008; 87: 1365-1373.

MALDONADO J, LARA-VILLOSLADA F, SIERRA S, SEMPERE L,
Gomez M, Robricuez JM, Boza J, Xaus J, OLIVARES
M. Safety and tolerance of the human milk pro-
biotic strain Lactobacillus salivarius CECT5713
in 6-month-old children. Nutrition 2010; 26: 1082-
1087.

Rosinson EL, THompson WL. Effect on weight gain
of the addition of Lactobacillus acidophilus to the
formula of newborn infants. J Pediatr 1952; 41:
395-398.

ScALABRIN DM, JornstoNn WH, Horrman DR, P’PooL
VL, Harris CL, Mitmesser SH. Growth and tolerance
of healthy term infants receiving hydrolyzed in-
fant formulas supplemented with Lactobacillus
rhamnosus GG: randomized, double-blind, con-
trolled trial. Clin Pediatr (Phila) 2009; 48: 734-
744.

VENDT N, GRrRUNBERG H, Tuure T, MawminiEMI O, WuoLl-
Joki E, TiLLmanN V, Sepp E, KorpeLa R. Growth during
the first 6 months of life in infants using formula
enriched with Lactobacillus rhamnosus GG: dou-
ble-blind, randomized trial. J Hum Nutr Diet 2006;
19: 51-58.

ASemI Z, ZARE Z, SHAKERI H, SABIHI SS, ESMAILLZADEH A.
Effect of multispecies probiotic supplements on
metabolic profiles, hs-CRP, and oxidative stress
in patients with type 2 diabetes. Ann Nutr Metab
2013; 63: 1-9.

TAJADADI-EBRAHIMI M, BAHMANI F, SHAKERI H, HADAEGH
H, Huuarar M, Asebl F, Asemi Z. Effects of daily
consumption of synbiotic bread on insulin me-
tabolism and serum high-sensitivity C-reactive
protein among diabetic patients: a double-blind,
randomized, controlled clinical trial. Ann Nutr
Metab 2014; 65: 34-41.

SHAKErRI H, HADAEGH H, ABEDI F, TAJABADI-EBRAHIMI M,
Mazroi N, GHanD!'Y, Asemi Z. Consumption of syn-
biotic bread decreases triacylglycerol and VLDL
levels while increasing HDL levels in serum from
patients with type-2 diabetes. Lipids 2014; 49:
695-701.

Lee SJ, Bose S, Seo JG, CHung WS, Lim CY, Kim H.
The effects of co-administration of probiotics with
herbal medicine on obesity, metabolic endotox-
emia and dysbiosis: a randomized double-blind
controlled clinical trial. Clin Nutr 2014; 33: 973-
981.

Asemi Z, KHorrAMI-RAD A, ALIZADEH SA, SHAKERI H,
EsmaiLLzaper A. Effects of synbiotic food consump-
tion on metabolic status of diabetic patients: a
double-blind randomized cross-over controlled
clinical trial. Clin Nutr 2014; 33: 198-203.
MALAGUARNERA M, VACANTE M, ANTIC T, GIORDANO M,
CHisARI G, AcQUAVIVA R, MASTROJENI S, MALAGUARNERA
G, MistreTta A, LI Vourt G, Gawvano F. Bifidobacte-
rium longum with fructo-oligosaccharides in pa-



Probiotics, prebiotics and synbiotics for weight loss and metabolic syndrome

122.

123.

124.

125.

tients with non alcoholic steatohepatitis. Dig Dis
Sci 2012; 57: 545-553.

EstAaHED HS, MoHTADI-NIA J, HOMAYOUNI-RAD A, NIAFAR
M, AscHARrI-JAFARABADI M, Morip V. Probiotic yogurt
improves antioxidant status in type 2 diabetic
patients. Nutrition 2012; 28: 539-543.

EJtaHED HS, MoHTtADI-NIA J, HomAYOUNI-RAD A, Ni-
AFAR M, ASGHARI-JAFARABADI M, MorFiD V, AKBAR-
IaN-MogHArl A. Effect of probiotic yogurt con-
taining Lactobacillus acidophilus and Bifidobac-
terium lactis on lipid profile in individuals with
type 2 diabetes mellitus. J Dairy Sci 2011; 94:
3288-3294.

NaBAvi S, RAFRAF M, Somi MH, HoMAYOUNI-RAD A,
AsGHARI-JAFARABADI M. Effects of probiotic yogurt
consumption on metabolic factors in individuals
with nonalcoholic fatty liver disease. J Dairy Sci
2014; 97: 7386-7893.

JunG S, LEe YJ, Kim M, Kim M, Kwak JH, Lee JW, AuN
WT, Sim JH, Lee JH. Supplementation with two
probiotic strains, Lactobacillus curvatus HY7601
and Lactobacillus plantarum KY1032, reduced

126.

127.

128.

129.

body adiposity and Lp-PLA2 activity in over-
weight subjects. FEBS Open Biol 2016; 6: 64-76.
NAKAMURA F, IsHIDA Y, AIHARA K, SAwWADA D, AsHI-
DA N, SUGAWARA T, Aokl Y, TAKEHARA |, TAKANO K,
Fuiwara S. Effect of fragmented Lactobacil-
lus amylovorus CP1563 on lipid metabolism
in overweight and mildly obese individuals: a
randomized controlled trial. Microb Ecol Health
Dis 2016; 27: 30312.

CHANG BJ, Park SU, JANG YS, Ko SH, Joo NM, Kim
SI, Kim CH, CHang DK. Effect of functional yogurt
NY-YP901 in improving the trait of metabolic syn-
drome. Eur J Clin Nutr 2011; 65: 1250-1255.

DE Roos NM, ScHouteN G, Katan MB. Yoghurt
enriched with Lactobacillus acidophilus does not
lower blood lipids in healthy men and women
with normal to borderline high serum cholesterol
levels. Eur J Clin Nutr 1999; 53: 277-280.
SADRZADEH-YEGANEH H, ELMADFA |, DJAZAYERY A, JALALI
M, HesHmat R, CHAamARY M. The effects of probiotic
and conventional yoghurt on lipid profile in wom-
en. Br J Nutr 2010; 103: 1778-1783.



