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Abstract

Although the pathophysiology of obesity is multifactorial, many recent studies have suggested that it implies an alteration of
gut microbiota. The mechanisms by which dysbiosis contributes to obesity are numerous and include an increased energy
harvest, alteration of intestinal barrier, systemic inflammation and hormonal imbalance. The therapeutic interventions for the
improvement of intestinal microflora may promote weight loss and prevent weight gain. Probiotics and prebiotics have been
proposed as practical and affordable solutions for reaching this goal. This paper, by reviewing the scientific literature, intends
to clarify whether and in what conditions these agents can be used in the management of obesity.

Rezumat

Desi fiziopatologia obezitdtii este multifactoriald, studii recente sugereaza implicarea unor modificari ale florei intestinale.
Mecanismul prin care disbiozele contribuie la instalarea obezitatii sunt numeroase si includ o extractie crescutd de energie
din bolul alimentar, alterarea barierei intestinale, inducerea unei inflamatii sistemice si a unui dezechilibru hormonal. in acest
context, interventiile terapeutice destinate reechilibrarii microbiomului intestinal pot reprezenta o solutie pentru scaderea in
greutate si prevenirea obezititii. Probioticele si prebioticele au fost propuse ca agenti capabili de a realiza acest deziderat. in
aceastd lucrare ne-am propus ca, prin analiza literaturii de specialitate, sa clarificim daca si in ce conditii probioticele pot fi
utilizate in managementul obezitatii.
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Introduction knowledge about the manipulation of the intestinal
microbiota by probiotics and find out whether this
method is or is not a viable solution for the management
of obesity.

The incidence of obesity has reached epidemic
proportions. It is therefore important to find a viable
approach for this condition. Even if the most frequent
cause which leads to the obesity development is a dis-

. . Th le of intestinal microfl i
balance between energy intake and energy expenditure, ¢ role of intestinal microflora in the host

the pathophysiology of obesity is multifactorial, and metabolism

includes genetic [2, 12] and epigenetic factors, like The human intestine harbours an extremely diverse
diet and sedentary lifestyles [38]. ecosystem of bacterial flora, which includes 1014
Because intestinal microflora is environmentally bacterial species [109] and presents great individual
acquired, it could represent the link between these variations [32]. The endogenous intestinal microflora
factors, a metabolic gateway between the outer is considered an essential “organ”, being involved
environment and the host [54]. Although the role of gut in many physiological processes like body nutrition,
microbiota in human health has been long neglected immune system regulation, angiogenesis, epithelial
[43, 83] it could represent a potential new target for intestinal cell protection, although its role is not
therapeutic drugs or nutritional interventions [48]. completely elucidated [32, 113]. In this paper, we
Microflora composition seems to be a key factor are particularly interested on the involvement of the
affecting energy homeostasis [89], many recent studies intestinal microflora in the host nutrition, metabolism
showing an association between obesity and an and energy storage [8, 80].

imbalance in the normal gut microbiota composition. The initial link between gut microbial ecology and
In this paper, by thoroughly reviewing the specialty obesity was determined by a series of pioneering studies
literature, we intend to systematize the current led by Ley and Turnbaugh, carried out between 2005 -

667



FARMACIA, 2017, Vol. 65, 5

2006 [62, 63, 112]. The first of these studies showed
that there is a difference between the microbiome
of fat and lean mice, with a greater representation of
Firmicutes and fewer Bacteroidetes in the obese host
microbiota [62]. This microbiota has greater energy
extraction efficiency, with less energy leftovers in
faeces and greater levels of short-chain fatty acids
(SCFAs) in the cecum. Turnbaugh reported that,
when the luminal contents from the ceca of obese
or lean mice were transferred to lean germ-free
recipients, the mice receiving the microbes from the
obese donors gained more weight over a 2-week
period compared to the recipients of microbes from
lean donors, despite an equivalent food intake [112].
These observations were extended to humans by
Ley [63] and later by Ferrer [39] which confirmed
these findings comparing the intestinal microbiota
in lean and obese adolescents. Other authors also
showed the involvement of intestinal flora in the
pathogenesis of obesity and type 2 diabetes [34, 68, 78].
There have been described more types of microbiota
associated with obesity: a decrease in the Bacteroidetes/
Firmicutes ratio [8, 9, 34, 63, 108, 112, 110], a
decrease in the Archaea Methanobrevibacter smithii
[73, 108] or an increase in some bacterial groups like
Lactobacillus [5], Staphylococcus aureus [25, 52],
Escherichia coli [105] and Faecalibacterium prausnitzii
[11].

Even though the most studies indicate that an increase
in the ratio Firmicutes/Bacteroidetes is associated
with obesity, not all studies have concluded this
[31, 92]. A possible explanation is the use of stool
culture to analyse the intestinal microbiota, a method
which is not considered reliable enough, because the
faecal biome may be different that the intestinal one,
which varies significantly across different anatomical
segments [32, 124].

It seems that obesity can be associated not only
with a dysbiosis of the microbiota from the lower
intestinal tract, but also from the small intestine,
where bacterial overgrowth has been shown to be
more common in morbidly obese patients than in
healthy weight individuals [101]. Even the oral
flora is modified in obese persons: salivary bacteria
Prevotellas (a group within the Bacteroidetes phylum)
were in greater abundance in the overweight persons,
while Selenomonas was present only in the over-
weight individuals [42]. These studies indicate that
obesity may be associated with a dysbiosis of the
normal microbiota throughout the body.

The relationship between obesity and dysbiosis

As already mentioned, Turnbaugh, Ley, Béckhed
and the other authors considered that modifications
of intestinal microbiome influence energy homeostasis,
since the energy extraction and storage is more
efficiently, for the same diet, in an obese person
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compared to a lean one, which implies that dysbiosis
can initiate obesity [8, 62, 111, 112]. Kalliomaki ef al.
[52] showed in a prospective study concerning the
microbiota and weight gain in children, that those
who became overweight by age 7 had lower levels of
Bifidobacteria and higher levels of Staphylococcus
aureus in infancy compared with those that kept a
healthy weight. Also, in overweight adolescents, the
response to a diet and exercise weight-loss program
was dependent on the initial microbiota prior to the
treatment [104]. Other authors also agree that the
efficiency of energy extraction from diet depends on
the community composition [61]. On the other hand,
Murphy et al. didn’t find any relationship between the
compositional changes of the major phyla Firmicutes,
Bacteroidetes and Actinobacteria and the markers
of energy harvest [76].

Cani et al. have proposed as a possible mechanism
by which a microbiome with a reduced number of
Bifidobacteria can interfere the energy balance,
increasing the intestinal permeability, which allows
more lipopolysaccharide (LPS) to translocate to the
serum, while greater levels of Bifidobacteria have
been associated with reduced gut leakiness [20].

In fact, the structure of intestinal flora generates
complex effects upon host metabolism, which are
not limited to an increase in energy extraction
capacity and influencing the gut permeability. As
early as 1994, Uribe et al. claimed that intestinal
microflora modulates the endocrine cells in the
gastrointestinal mucosa of the rat [114]. Other
researchers detailed the complex mode in which
microbial flora is involved in the secretion of hormones
that coordinate the energy intake and expenditure
[19, 21, 29, 87, 102, 115, 119]. In 2010, Matsumura
signalled the inhibitory effect of certain Lactobacillus
strains upon pancreatic lipase activity [70], his finding
being supported later on by the 2013 study of Zhou
et al. [123]. As a matter of fact, the direct inhibitors of
pancreatic lipase are already used as pharmaceutical
agents in the management of obesity [46].
Therefore, the mechanisms by which dysbiosis
contributes to obesity are numerous, including an
increase in energy harvest, alteration of intestinal
barrier, systemic inflammation, hormonal imbalance
etc. [15, 20, 30, 112]. In spite of these, our basic
understanding of gut microbiota ecosystem remains
incomplete and many other mechanisms may be
involved [10, 47, 65].

These studies suggest that therapeutic interventions
aimed at reshaping the gut microbiota may be beneficial
for weight loss as well as preventive against weight
gain.

How are dysbiosis produced?

The genetic factors can influence the structure of
intestinal microbiome, the members of a family
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presenting certain common characteristics of the
intestinal flora [112]. It is possible to exist a genetic
determinant of the intestinal bacterial population, as
have been described in some previous papers, which
recorded that genetically ‘identical’ monozygotic
(MZ) twin pairs [17] gain weight in response to
overfeeding in a more reproducible way than do
unrelated individuals [16] and are more concordant
for body mass index (BMI) than dizygotes (DZ)
twin pairs [67]. Other direct evidence for the existence
of a transmissible obesity microbiota is the study of
Ridaura et al. [99].

On the other hand, the environmental factors also
significantly influence the structure of the intestinal
microbiome. Diet-related microbiome associations
have been more extensively studied [107, 116].
Intestinal microorganisms are specifically stimulated
by a certain diet, their multiplication being induced
by certain components of it [27].

In a paper published in 2014, Albenberg and Wu
extensively discussed the fact that mutual relationship
between the intestinal microbiota and its mammalian
host is influenced by diet. Diet affects the structure
and metabolome of the human intestinal microbiome
and may contribute to health or the pathogenesis of
some disorders such as coronary vascular disease
and inflammatory bowel diseases [1].

A meta-analysis of the studies concerning the impact
of host’s geographic location and behavioural factors
(diet and physical activity) on microbial community
structure and obesity, concluded that the environmental
factors influences the human gut microbiota in the
development of the obese phenotype [57]. The study
of microbiome in cloned pigs has demonstrated that
association between the diet-induced obesity and
increase in the relative abundance of Firmicutes
that occurs even when the genetic variable was
eliminated [93].

Bell considers that the excess production of bile
acids induced by the high-fat and calorie diets and
utilization of the artificial sweeteners in modern
diet cause an acidic intestinal environment which
promotes the development of intestinal bacteria
associated with obesity [13]. However, certain diet
components, such as the dietary resistant starch,
appear to result in greater changes in gut microbiota
compared to other dietary manipulations, both in the
short-term dietary interventions and in the response
to habitual long-term dietary intake [40, 118].

It seems that other characteristics of the diet, except
its composition, can influence the intestinal microbiome
structure. Thus, a study in humans showed that the
proportion of Bacteroidetes bacteria increased after
restricted diets over time, mirroring reductions in
host weight, regardless of whether the hypocaloric
diets followed were of carbohydrate-restricted or
fat-restricted type [63]. Another factor that may
influence gut microbiota is how the food is ingested
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throughout the day and how long the fasting periods
last. Thus, the fasted mice have been shown to
harbour a greater proportion of Bacteroidetes in their
ceca compared to unfasted mice with equivalent
body fat [26].

Other local environmental factors, such as physical
activity behaviours may also influence gut microbiota
composition [24, 36, 69, 94, 95]. Physical activity
training has beneficial effects on the gut microbiota
diversity and improves the ratio between certain
bacterial genera [14, 24, 95].

The previous mentioned studies provide support for
associations between the gut microbiota and the
development of obesity through many levels of
causation or determinants (e.g. dietary habits, daily
physical activity, genetic factors etc.).

In conclusion, there are scientifically arguments in
the specialty literature for the presence of a feedback
between the intestinal microbiome and host’s energy
balance. Ley et al. consider that obesity affects
intestinal microbial flora, but also suggests the opposite
relationship, in which the manipulation of this structural
community can be useful for adjusting the energy
balance in obese patients [62].

The probiotic potential in treating obesity-
associated dysbiosis

The studies depicted above are a powerful argument
for manipulating the intestinal microbiome as a key
to fight obesity. Although the microbiome transfer
from lean to obese persons is a therapeutically
procedure that has started to be studied [117], the
administration of probiotics is a much simple solution,
proved to be also effective.

The probiotics are defined by the Food and Agriculture
Organization of the United Nations and the WHO
(FAO/WHO) as "live microorganisms which when
administered in adequate amounts confer a health
benefit on the host" [45]. The diversity of the gut
microbiota and its composition may be altered after
the probiotic treatment [88] directly by modulating
its bacterial content, and indirectly through bacteriocins
produced by the probiotic bacteria [72]. The studies
have demonstrated the beneficent effect of probiotic
administration on the health of the digestive tract
and in the management of some chronic diseases
such as atherogenesis, allergy, inflammatory bowel
disease [79, 96, 100].

The probiotics that can manipulate the gut microbiota
may be interesting agents not only for the risk factors
underlying the development of metabolic syndrome
including dyslipidaemia, elevated fasting glucose
levels and insulin resistance [56], but also for targeting
obesity management [28, 77]. Administration of
probiotics can induce the modulation of the structure
and/or activity of the gut microbiota, with positive
effects in the management of obesity [28]. Multiple
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in vivo studies provide evidence that some probiotics
can reduce diet-induced obesity in rodents [3, 6, 23,
53,55, 62, 63, 66].

However, the intestinal flora is extremely complex,
in the intestinal lumen exists a real ecosystem,
characterized by diverse interactions and inter-
dependencies and therefore the exact understanding
of its controlling mechanisms requires intense studies,
unfortunately only recently started. Possible due to
this reason, the administration of probiotics has not
always produced a consistent modification of the
intestinal microbiome so it can generate a significant
weight loss [7, 33, 90, 97]. A critical review of the
specialty literature regarding the possibility of treating
obesity by modifying the proportion of intestinal
Firmicutes and Bacteroidetes, published in 2015,
contends that the transfer of an obese microbiota to
germ free and lean animals results in obesity, and the
introduction of a lean microbiota will result in weight
loss in obese animals; in humans the manipulation
of microbiome only by utilizing probiotics has not
been shown to result in weight loss [13]. Moreover,
there are reports of probiotics that actually cause
weight-gain in rodents [120] and some probiotics
has been used for growth promotion in farm animals
for at least 30 years [41] the most used being
various strains of Lactobacillus: Lactobacillus
acidophilus, Lactobacillus plantarum, Lactobacillus
casei, Lactobacillus fermentum, Lactobacillus reuteri
[4].

One of the most probable causes for these contradictory
results can be considered the use of different probiotic
strains. But, different probiotic species can exert
variable effects on lipid accumulation and obesity
[120]. In fact, even for the same genus of intestinal
bacteria, certain strain can have paradoxical effects
upon nutritional status. A very interesting meta-
analysis, of clinical studies and experimental models,
has been performed and published in 2012 [74];
and intended to assess the effects of Lactobacillus
species on weight change. This analysis included
17 randomized controlled trials, 51 studies on farm
animals and 14 experimental models. The conclusions
of this research were that Lactobacillus acidophilus
administration resulted in significant weight gain in
humans and in animals, Lactobacillus fermentum and
Lactobacillus ingluviei were associated with weight
gain in animals, Lactobacillus plantarum was
corroborated with weight loss in animals and
Lactobacillus gasseri was associated with weight
loss both in obese humans and in animals. This
meta-analysis showed that the effect of Lactobacillus
species on body weight in humans and animals is
species-dependent and host-specific. The authors, at
the end of their paper, warned about the potential
effects of commonly marketed Lactobacillus —
containing probiotics on weight gain [74].
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Consequently, if many probiotic strains have varying
metabolic effects [71], a major challenge for scientists
is to discover the probiotic strains, which may help
protect against obesity [71, 121].

Among the bacteria that were studied in relation to
their role in body weight regulation, the Lactobacillus
gasseri has shown the most promising effects on
weight loss, both in mice and rats [44, 49, 75, 106]
and also in obesity-predisposed humans [50]. In one
of these studies, the administration of Lactobacillus
gasseri produced in mice a significant reduction in
average adipocyte size in mesenteric white adipose
tissue (p = 0.004) and a decreased serum leptin
concentrations to 32% compared with the control
group [106].

A possible mechanism of this action, capable of
explaining the anti-adiposity effects of Lactobacillus
gasseri (LG2055) is that it may inhibit the absorption
of dietary fat, increasing the amount of fat excreted
with faeces [44, 70, 84] due to an action upon the
fat emulsion size, leading to suppression of lipase-
mediated hydrolysis [84]. Other Japanese authors
consider that the possible mechanism underlying the
anti-obesity effect of LG2055 is the improvement
in the inflammatory state of the adipose tissue [75].

But constant consumption might be needed to maintain
the effect. A randomized controlled trial [84] using
210 healthy Japanese adults with large visceral fat
areas showed that consumption of LG2055 at doses
as low as the order of 10(8) cfu/d for 12 weeks,
exhibited a significant lowering effect on abdominal
adiposity (-8.2% - 8.5%), waist and hip circumferences
and body mass index (BMI). But, even for the same
strain of LG2055, the 7 day-study or 4 weeks-study
did not record a significant reduction in the percentage
of adipose tissue in the studied group compared to
control [49, 50, 51, 84].

Other strains of Lactobacillus have also been proposed
and studied for their anti-obesity effects: Lactobacillus
fermentum or Lactobacillus amylovorus [85],
Lactobacillus rhamnosus [59, 103], Lactobacillus
sakei [64], Lactobacillus paracasei [6], Lactobacillus
plantarum [60]. The multi-strain probiotics, like
combination of Lactobacillus plantarum and
Lactobacillus curvatus [89, 121] or a probiotic formula
like VSL#3 [86, 119] showed synergistic effect on
metabolic alterations in diet-induced obesity.

Association of prebiotics

The contradictory results regarding microbiota changes
in response to probiotics in some studies may be partly
due to an inter-individual variability in microbiota
composition, caused by the environmental factors
like diet and genetic background [37, 64]. Since the
intestinal microbiota is shaped by diet [40], the
association of certain prebiotics is a logical solution to
promote the development of target bacterial strains
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in the effort to obtain and maintain the desired
microbiome.

Some recent studies have revealed that some nutrients
which are capable to reverse host metabolic alterations
in obese individuals, target the gut microbiota
dysbiosis. The therapeutic potential of certain pre-
biotics, such as inulin and oligofructose, in obesity
seems to be due not only to the effects upon gut
satiety hormones, energy expenditure, gastric emptying,
but also an increased proportion of Bacteroidetes and
a decreased proportion of Firmicutes. The mechanisms
involved are regulated in a dose-dependent manner
[91]. Cani et al. also, have obtained in obese mice
an increased proportion of Bifidobacterium after the
oral administration of inulin-type fructans [18]. Non-
digestible carbohydrates (NDC) derived from wheat
may constitute functional cereal food products in the
management of obesity and diabetes, notably through
modulation of gut microbiota [81, 82]. Rastmanesh
[98] considered that the reason are the polyphenols,
found in certain fruits like grapefruit, apples or green
tea, that can reduce the body weight in the obese
people, and is precisely related to a modification in
the relative proportion of Bacteroidetes and Firmicutes;
the authors proposed the supplementation with poly-
phenols as a therapeutic solution for the obese
individuals with higher Firmicutes/Bacteroidetes
community ratio phenotype.

The analysis of mice intestinal content after the
administration of berberine, a major pharmacological
component of the Chinese herb Coptis chinensis,
which was originally used to treat bacterial diarrhoea,
revealed a marked shift of the gut microbiota structure
and has been demonstrated to be clinically effective
in alleviating type 2-diabetes [122].

Administration of trans-resverastrol and quercetin
could counteract gut microbiota dysbiosis, produced
by high-fat and sucrose diet, attenuating Firmicutes/
Bacteroidetes ratio and inhibiting the growth of
bacterial species previously associated to diet-induced
obesity (Erysipelotrichaceae, Bacillus, Eubacterium
cylindroides) [35].

Summarizing the presented studies, it seems that the
anti-obesity effect, characteristic to certain prebiotics,
results exactly from their influence on the structure
of the intestinal microbial flora. For this perspective,
it is logical to assume that the therapies which are
pursuing this goal will associate the probiotics and
prebiotics, to take advantage of the synergistic effect.

Association of antibiotics

Attention has recently been drawn to the association
between antibiotic use and weight gain in children
and adults [72]. The possible mechanism is represented
by a decrease in the diversity of intestinal flora,
induced by antibiotics, because individuals with
metabolic syndrome were also associated with a
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lower microbial diversity compared to the lean
healthy subjects [117]. The richness of human gut
microbiome has been linked to metabolic markers
[58] and for this reason, a microbiota aggression
like the antibiotic use may be a contributing factor
to the increased incidence of obesity [22]. Actually,
administration of antibiotics has been used for a
long time as a growth promoter in animals. But, the
effect on the intestinal microbial population may be
different, depending on the used antibiotic. Thus,
the administration of vancomycin in mice subjected
to a high-fat diet has shown a smaller weight gain
than in other mice, which followed a similar diet,
with the same caloric content. The analysis of the
intestinal microbiome has shown that vancomycin
generated a change in the microbiome composition in
the sense of a significant decrease in the proportion
of Firmicutes and Bacteroidetes, but a dramatic
increase of Proteobacteria, while maintaining the
proportion of Actinobacteria at a level similar to the
initial one. Other significant parameters of energy
metabolism have also shown modifications after the
treatment with vancomycin: lower fasting blood
glucose, plasma TNFa and triglyceride levels compared
with diet-induced obese controls. An increase in the
proportion of Bacteroidetes and Proteobacteria,
without a decrease in the proportion of Firmicutes,
obtained by the administration of bacteriocin-producing
probiotic, had no significant impact upon the metabolic
profiles of the obese mice. The authors’ conclusion
was that the utilization of a specific antibiotic may be
critical in the modification of intestinal microbiome
as a therapeutic solution for improving the metabolic
abnormalities associated with obesity [77].

Conclusions

Probiotics present a great therapeutically potential,
still insufficiently explored, in the management and
prevention of obesity. The studies previously depicted
can be considered a strong argument for the necessity
of conceiving a specific probiotic, able to induce
the development of an intestinal ecosystem, which
will promote a decrease in the host weight. Ideally,
this should include strains that proved positive
effects upon metabolism (e.g. Lactobacillus gasseri,
Lactobacillus rhamnosus, Lactobacillus curvatus,
Lactobacillus plantarum etc.) and should not contain
strains that promote energy harvest (e.g. Lactobacillus
acidophilus etc.). The administration of these pro-
biotics should be carried out over a period of time
long enough to produce sustainable modifications of
the intestinal microbial flora, which will determine
significant effects upon body weight (at least 12
weeks).

However, the modification of intestinal flora via
this type of therapeutic agents is complex and should
take into account both the type of the selected
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strains and the necessity to create an environment
which promotes survival and development. For this
reason, an efficient therapy should also include
therapeutic agents such as prebiotics (e.g. inulin,
polyphenols, trans-resveratrol, quercetin etc.) and
moreover, even an antibiotic (e.g. vancomycin) in
order to reset a compromised microbial flora. Also,
the modification of the environmental factors that
generated the dysbiosis, such as the diet and sedentary
lifestyles, is an important premise for the success of
this therapy in the long term obesity management
and prevention.

References

1.

10.

11.

Albenberg L.G., Wu G.D., Diet and the intestinal
microbiome: associations, functions, and implications
for health and disease. Gastroenterology, 2014;
146(6): 1564-1572.

Allison D.B., Kaprio J., Korkeila M., Koskenvuo M.,
Neale M.C., Hayakawa K., The heritability of body rs
index among an international sample of monozygotic
twins reared apart. Int. J. Obes. Relat. Metab.
Disord., 1996; 20: 501-506.

An HM.,, Park S.Y., Lee D.K., Kim J.R., Cha M.K.,
Lee S.W., Lim H.T., Kim K.J., Ha N.J., Antiobesity
and lipid-lowering effects of Bifidobacterium spp.
in high fat diet-induced obese rats. Lipids Health
Dis., 2011; 10: 116.

Anadon A., Martinez-Larranaga M.R., Aranzazu M.,
Probiotics for animal nutrition in the European Union.
Regulation and safety assessment. Regul. Toxicol.
Pharmacol., 2006; 45: 91-95.

Armoogom F., Henry M., Vialettes B., Raccah D.,
Raoult D., Monitoring bacterial community of human
gut microbiota reveals an increase in Lactobacillus
in obese patients and Methanogens in anorexic
patients. PLoS One, 2009; 4: 7125.

Aronsson L., Huang Y., Parini P., Korach-André
M., Hakansson J., Gustafsson J.A., Pettersson S.,
Arulampalam V., Rafter J., Decreased fat storage
by Lactobacillus paracasei is associated with
increased levels of angiopoietin-like 4 protein
(ANGPTLA4). PLoS One, 2010; 5(9): 1-7.

Arora T., Anastasovska J., Gibson G., Tuohy K.,
Sharma R.K., Bell J., Frost G., Effect of Lactobacillus
acidophilus NCDC 13 supplementation on the
progression of obesity in diet-induced obese mice.
Br. J. Nutr.,2012; 108(8): 1382-1389.

Bédckhed F., Ding H., Wang T., Hooper L.V., Koh
G.Y., Nagy A., Semenkovich C.F., Gordon J.I.,
The gut microbiota as an environmental factor that
regulates fat storage. Proc. Natl. Acad. Sci. USA,
2004; 101(44): 15718-15723.

Bajzer M., Seeley R.J., Physiology: obesity and gut
flora. Nature, 2006; 444: 1009-1010.

Bakker G.J., Zhao J., Herrema H., Nieuwdorp M.,
Gut microbiota and energy expenditure in health and
obesity. J. Clin. Gastroenterol., 2015; 49(Suppl 1):
S13-S19.

Balamurugan R., George G., Kabeerdoss J., Hepsiba
J., Chandragunasekaran A.M., Ramakrishna B.S.,
Quantitative differences in intestinal Faecalibacterium

672

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

prausnitzii in obese Indian children. Br. J. Nutr.,
2010; 103: 335-338.

Barsh G.S., Farooqi L.S., O’Rahilly S., Genetics of
body-weight regulation. Nature, 2000; 404: 644-651.
Bell D.S., Changes seen in gut bacteria content and
distribution with obesity: causation or association?.
Postgra. d Med., 2015; 127(8): 863-868.

Bermon S., Petriz B., Kajeniene A., Prestes J.,
Castell L., Franco O.L., The microbiota: an exercise
immunology perspective. Exerc. Immunol. Rev.,
2015;21: 70-79.

Bleau C., Karelis A.D., St-Pierre D.H., Lamontagne
L., Crosstalk between intestinal microbiota, adipose
tissue and skeletal muscle as an early event in
systemic low-grade inflammation and the development
of obesity and diabetes. Diabetes Metab. Res. Rev.,
2015; 31(6): 545-561.

Bouchard C., Tremblay A., Després J.P., Nadeau A.,
Lupien P.J., Thériault G., Dussault J., Moorjani S.,
Pinault S., Fournier G., The response to long-term
overfeeding in identical twins. N. Engl. J. Med.,
1990; 322: 1477-1482.

Bratoeva K.Z., Radanova M.A., Merdzhanova A.V.,
Doneyv LS., Protective role of S-Adenosylmethionine
against fructose-induced oxidative damage in obesity.
J. Mind Med. Sci., 2017; 4(2): 163-171.

Cani P., Neyrinck A., Fava F., Knauf C., Burcelin
R.G., Tuohy K.M., Gibson G.R., Delzenne N.M.,
Selective increases of bifidobacteria in gut microflora
improve high-fat-diet-induced diabetes in mice
through a mechanism associated with endotoxaemia.
Diabetologia, 2007; 50: 2374-2383.

Cani P.D., Delzenne N.M., The role of the gut
microbiota in energy metabolism and metabolic
disease. Curr. Pharm. Design, 2009; 15: 1546-1558.
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., Delzenne
N.M., Changes in gut microbiota control inflammation
in obese mice through a mechanism involving
GLP-2-driven improvement of gut permeability.
Gut, 2009; 58(8): 1091-1103.

Confederat L., Stefan R., Lupascu F., Constantin S.,
Avram 1., Doloca A., Profire L., Side effects induced
by hypoglycaemic sulfonylureas to diabetic patients -
a retrospective study. Farmacia, 2016; 64(5): 574-679.
Chassaing B., Gewirtz A.T., Has provoking microbiota
aggression driven the obesity epidemic?. Bioessays,
2016; 38(2): 122-128.

Chen J.J., Wang R., Li X., Wang R., Bifidobacterium
longum supplementation improved high-fat-fed-induced
metabolic syndrome and promoted intestinal Reg I
gene expression. Exp. Biol. Med.,2011; 236: 823-831.
Clarke S.F., Murphy E.F., O’Sullivan O., Lucey
A.J., Humphreys M., Hogan A., Hayes P., O’Reilly
M., Jeffery 1.B., Wood-Martin R., Kerins D.M.,
Quigley E., Ross R.P., O'Toole P.W., Molloy M.G.,
Falvey E., Shanahan F., Cotter P.D., Exercise and
associated dietary extremes impact on gut microbial
diversity. Gut, 2014; 63(12): 1913-1920.

Collado M.C., Isolauri E., Laitinen K., Salminen S.,
Distinct composition of gut microbiota during
pregnancy in overweight and normal-weight women.
Am. J. Clin. Nutr., 2008; 88: 894-899.



FARMACIA, 2017, Vol. 65, 5

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Crawford P., Crowley J., Sambandam N., Mueggeb
D., Costello E.K., Hamady M., Knight R., Gordon J.L.,
Regulation of myocardial ketone body metabolism
by the gut microbiota during nutrient deprivation.
Proc. Natl. Acad. Sci. USA, 2009; 27: 11276-11281.
Cummings J.H., Macfarlane G.T., Role of intestinal
bacteria in nutrient metabolism. J. Parenter. Enteral.
Nutr., 1997; 21(6): 357-365.

Delzenne N., Neyrinck A.M., Backhed F., Cani P.D.,
Targeting gut microbiota in obesity: effects of
prebiotics and probiotics. Nat. Rev. Endocrinol.,
2011; 7: 639-646.

Diamant M., Blaak E.E., de Vos W.M., Do nutrient-
gut-microbiota interactions play a role in human
obesity, insulin resistance and type 2 diabetes?.
Obes. Rev., 2011; 12, 272-228.

Ding S., Chi M.M., Scull B.P., Rigby R., Schwerbrock
N.M., Magness S., Jobin C., Lund P.K., High-fat diet:
bacteria interactions promote intestinal inflammation
which precedes and correlates with obesity and insulin
resistance in mouse. PLoS One, 2010; 5(8): 1-13.
Duncan S.H., Lobley G.E., Holtrop G., Ince J.,
Johnstone A.M., Louis P., Flint H.J., Human colonic
microbiota associated with diet, obesity and weight
loss. Int. J. Obes., 2008; 32(11): 1720-1724.

Dragoi C.M., Nicolae A.C., Grigore C., Dinu-Pirvu
C.E., Arsene A.L., Characteristics of glucose
homeostasis and lipidic profile in a hamster metabolic
syndrome model, after the co-administration of
melatonin and irbesartan in a multiparticulate
pharmaceutical formulation. The 2™ International
Conference on Interdisciplinary Management of
Diabetes Mellitus and its Complications, INTERDIAB
2016, 3-5 March, Bucharest, Romania, Diabetes
Mellitus as Cardiovascular Disease, Ed. Niculescu
Bucuresti, 221-229.

Ehrlich S.D., Probiotics: little evidence for a link to
obesity. Nat. Rev. Microbiol., 2009; 7: 901.

Esteve E., Ricart W., Fernandez-Real J.M., Gut
microbiota interactions with obesity, insulin resistance
and type 2 diabetes: did gut microbiote co-evolve
with insulin resistance?. Curr. Opin. Clin. Nutr.
Metab. Care, 2011; 14: 483-490.

Etxeberria U., Arias N., Boqué N., Macarulla M.T.,
Portillo M.P., Martinez J.A., Milagro F.I., Reshaping
faecal gut microbiota composition by the intake of
trans-resveratrol and quercetin in high-fat sucrose
diet-fed rats. J. Nutr. Biochem.,2015; 26(6): 651-660.
Evans C.C., LePard K.J., Kwak J.W., Stancukas
M.C., Laskowski S., Dougherty J., Moulton L.,
Glawe A., Wang Y., Leone V., Antonopoulos D.A.,
Smith D., Chang E.B., Ciancio M.J., Exercise
prevents weight gain and alters the gut microbiota
in a mouse model of high fat diet-induced obesity.
PLoS One, 2014; 9(3): 1-14.

Everard A., Lazarevic V., Gaia N., Johansson M.,
Stahlman M., Backhed F., Delzenne N.M., Schrenzel
J., Francois P., Cani P.D., Microbiome of prebiotic-
treated mice reveals novel targets involved in host
response during obesity. ISME J., 2014; 8(10): 2116-
2130.

Feinberg A.P., Irizarry R.A., Fradin D., Aryee M.J.,
Murakami P., Aspelund T., Eiriksdottir G., Harris T.B.,
Launer L., Gudnason V., Fallin M.D., Personalized

673

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

epigenomic signatures that are stable over time and
covary with body mass index. Sci. Transl. Med.,
2010; 2: 1-16.

Ferrer M., Ruiz A., Lanza F., Haange S.B., Oberbach
A., Till H.,, Bargiela R., Campoy C., Segura M.T.,
Richter M., von Bergen M., Seifert J., Suarez A.,
Microbiota from the distal guts of lean and obese
adolescents exhibit partial functional redundancy
besides clear differences in community structure.
Environ. Microbiol., 2013; 15(1): 211-226.

Flint H.J., The impact of nutrition on the human
microbiome. Nutr. Rev., 2012; 70(Suppl 1): S10-13.
Fuller R., Probiotics in man and animals. J. Appl.
Bacteriol., 1989; 66: 365-378.

Goodson J.M., Groppo D., Halem S., Carpino E., Is
obesity an oral bacterial disease?. J. Dent. Res.,
2009; 88: 519-523.

Guarner F., Malagelada J.R., Gut flora in health
and disease. Lancet, 2003; 361: 512-519.

Hamad E.M., Sato M., Uzu K., Yoshida T., Higashi
S., Kawakami H., Kadooka Y., Matsuyama H., Abd
El-Gawad LA., 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.

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., Sanders M.E., Expert
consensus document. 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(8): 506-514.

Hvizdos K.M., Markham A., Orlistat: A review of
its use in the management of obesity. Drugs, 1999;
58:743-760.

Janssen A.W., Kersten S., The role of the gut
microbiota in metabolic health. FASEB J., 2015;
29(8): 3111-3123.

Jia W., Li H., Zhao L., Nicholson J.K., Gut microbiota:
a potential new territory for drug targeting. Nat.
Rev. Drug Discov., 2008; 7: 123-129.

Kadooka Y., Ogawa A., Ikuyama K., Sato M., The
probiotic Lactobacillus gasseri SBT2055 inhibits
enlargement of visceral adipocytes and upregulation
of serum soluble adhesion molecule (SICAM-1) in
rats. Int. Dairy J., 2011; 21: 623-627.

Kadooka Y., Sato M., Imaizumi K., Ogawa A.,
Ikuyama K., Akai Y., Okano M., Kagoshima M.,
Tsuchida T., Regulation of abdominal adiposity by
probiotics (Lactobacillus gasseri SBT2055) in adults
with obese tendencies in a randomized controlled
trial. Eur. J. Clin. Nutr., 2010; 64(6): 636-643.
Kadooka Y., Sato M., Ogawa A., Miyoshi M., Uenishi
H., Ogawa H., Ikuyama K., Kagoshima M., Tsuchida
T., Effect of Lactobacillus gasseri SBT2055 in
fermented milk on abdominal adiposity in adults in
a randomised controlled trial. Br. J. Nutr., 2013;
110(9): 1696-1703.

Kalliomaki M., Collado C., Salminen S., Isolauri E.,
Early differences in fecal microbiota composition
in children may predict overweight. Am. J. Clin.
Nutr., 2008; 87: 534-538.



FARMACIA, 2017, Vol. 65, 5

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Kang JH., Yun S.I., Park H.O., Effects of
Lactobacillus gasseri BNR17 on body weight and
adipose tissue mass in diet-induced overweight rats.
J. Microbiol., 2010; 48: 712-714.

Kobyliak N., Conte C., Cammarota G., Haley A.P,
Styriak 1., Gaspar L., Fusek J., Rodrigo L., Kruzliak
P., Probiotics in prevention and treatment of obesity:
a critical view. Nutr. Metab., 2016; 13: 1-13.
Kondo S., Xiao J.Z., Satoh T., Odamaki T.,
Takahashi S., Sugahara H., Yaeshima T., Iwatsuki
K., Kamei A., Abe 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.

Kootte R.S., Vrieze A., Holleman F., Dallinga-Thie
G.M., Zoetendal E.G., de Vos W.M., Groen A K.,
Hoekstra J.B., Stroes E.S., Nieuwdorp M., The
therapeutic potential of manipulating gut microbiota
in obesity and type 2 diabetes mellitus. Diab. Obes.
Metab., 2012; 14: 112-120.

Lara R., Dugas L., Fuller M., Gilbert J., Layden B.T.,
The obese gut microbiome across the epidemiologic
transition. Emerg. Themes Epidemiol., 2016; 13: 1-9.
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., Jergensen T., Brandslund
I., Nielsen H.B., Juncker A.S., Bertalan M.,
Levenez F., Pons N., Rasmussen S., Sunagawa S.,
Tap J.,, Tims S., Zoetendal E.G., Brunak S.,
Clément K., Doré J., Kleerebezem M., Kristiansen
K., Renault P., Sicheritz-Ponten T., de Vos W.M.,
Zucker J.D., Raes J., Hansen T.; MetaHIT
consortium, Bork P., Wang J., Ehrlich S.D.,,
Pedersen O., Richness of human gut microbiome
correlates with metabolic markers. Nature, 2013;
500(7464): 541-546.

Lee H.Y., Park J.H., Seok S.H., Back M.W., Kim
D.J., Lee K.E., Paek K.S., Lee Y., Park J.H., Human
originated bacteria, Lactobacillus rhamnosus PL60,
produce conjugated linoleic acid and show anti-
obesity effects in diet-induced obese mice. Biochim.
Biophys. Acta, 2006; 1761: 736-744.

Lee K., Pack K., Lee H.Y., Park J.H., Lee Y., Anti-
obesity effect of trans-10, cis-12-conjugated linoleic
acid-producing Lactobacillus plantarum PL62 on
diet-induced obese mice. J. Appl. Microbiol., 2007;
103: 1140-1146.

Ley E.R., Obesity and the Human Microbiome.
Curr. Opin. Gastroenterol., 2010; 26(1): 5-11.

Ley R.E., Bickhed F., Turnbaugh P., Lozupone C.A.,
Knight R.D., Jeffrey 1., Gordon J.I., Obesity alters
gut microbial ecology. Proc. Natl. Acad. Sci. USA,
2005; 102(31): 11070-11075.

Ley R.E., Turnbaugh P.J., Klein S., Gordon J.I.,
Microbial ecology: human gut microbes associated
with obesity. Nature, 2006; 444: 1022-1023.

Lim S.M., Jeong J.J., Woo K.H., Han M.J., Kim D.H.,
Lactobacillus sakei OK67 ameliorates high-fat diet-
induced blood glucose intolerance and obesity in mice
by inhibiting gut microbiota lipopolysaccharide
production and inducing colon tight junction protein
expression. Nutr. Res., 2016; 36(4): 337-348.

674

65.

66.

67.

68.

69.

70.

71.

72.

73.

74,

75.

76.

77.

Lopez-Cepero A.A., Palacios C., Association of the
intestinal microbiota and obesity. P. R. Health Sci.
J., 2015; 34(2): 60-64.

Ma X., Hua J., Li Z., Probiotics improve high fat
diet-induced hepatic steatosis and insulin resistance
by increasing hepatic NKT cells. J. Hepatol., 2008;
49: 821-830.

Maes H.H., Neale M.C., Eaves L.J., Genetic and
environmental factors in relative body weight and
human adiposity. Behav. Genet., 1997; 27: 325-351.
Manco M., Putignani L., Bottazzo G.F., Gut microbiota,
lipopolysaccharides, and innate immunity in the
pathogenesis of obesity and cardiovascular risk.
Endocr. Rev.,2010; 31: 817-844.

Matsumoto M., Inoue R., Tsukahara T., Ushida K.,
Chiji H., Matsubara N., Hara H., Voluntary running
exercise alters microbiota composition and increases
n-butyrate concentration in the rat cecum. Biosci.
Biotechnol. Biochem., 2008; 72(2): 572-576.
Matsumura A., Inhibitory effects of probiotics on
pancreatic lipase. J. Intest. Microbiol., 2010; 24:
287-292.

McNulty N.P., Yatsunenko T., Hsiao A., Faith J.J.,
Muegge B.D., Goodman A.L., Henrissat B., Oozeer R.,
Cools-Portier S., Gobert G., Chervaux C., Knights
D., Lozupone C.A., Knight R., Duncan A.E., Bain
J.R.., Muehlbauer M.J., Newgard C.B., Heath A.C.,
Gordon J.I., The impact of a consortium of fermented
milk strains on the gut microbiome of gnotobiotic
mice and monozygotic twins. Sci. Transl. Med., 2011,
3: 1-26.

Million M., Lagier J.C., Yahav D., Paul M., Gut
bacterial microbiota and obesity. Clin. Microbiol.
Infect., 2013; 19(4): 305-313.

Million M., Maraninchi M., Henry M., Armougom F.,
Richet H., Carrieri P., Valero R., Raccah D., Vialettes
B., Raoult D., Obesity-associated gut microbiota is
enriched in Lactobacillus reuteri and depleted in
Bifidobacterium animalis and Methanobrevibacter
smithii. Int. J. Obes., 2012; 36(6): 817-825.
Milliona M., Angelakisa E., Paulb M., Armougoma F.,
Leibovici L., Raoulta D., Comparative meta-analysis
of the effect of Lactobacillus species on weight
gain in humans and animals. Microbial Pathogenesis,
2012; 53(2): 100-108.

Miyoshi M., Ogawa A., Higurashi S., Kadooka Y.,
Anti-obesity effect of Lactobacillus gasseri SBT2055
accompanied by inhibition of pro-inflammatory gene
expression in the visceral adipose tissue in diet-
induced obese mice. Eur. J. Nutr., 2014; 53(2):
599-606.

Murphy E.F., Cotter P.D., Healy S., Marques T.M.,
O'Sullivan O., Fouhy F., Clarke S.F., O'Toole P.W.,
Quigley E.M., Stanton C., Ross P.R., O'Doherty
R.M., Shanahan F., Composition and energy harvesting
capacity of the gut microbiota: relationship to diet,
obesity and time in mouse models. Gut, 2010; 59:
1635-1642.

Murphy E.F., Cotter P.D., Hogan A., O'Sullivan O.,
Joyce A., Fouhy F., Clarke S.F., Marques T.M.,
O'Toole P.W., Stanton C., Quigley E.M., Daly C.,
Ross P.R., O'Doherty R.M., Shanahan F., Divergent
metabolic outcomes arising from targeted manipulation



FARMACIA, 2017, Vol. 65, 5

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

of the gut microbiota in diet-induced obesity. Gut,
2013; 62(2): 220-226.

Musso G., Gambino R., Cassader M., Obesity, diabetes,
and gut microbiota: the hygiene hypothesis expanded?.
Diabetes Care, 2010; 33: 2277-2284.

Nagpal R., Kumar A., Kumar M., Behare P.V., Jain
S., Yadav H., Probiotics, their health benefits and
applications for developing healthier foods: a
review. FEMS Microbiol. Lett., 2012; 334: 1-15.
Neish A.S., Microbes in gastrointestinal health and
disease. Gastroenterology, 2009; 136: 65-80.
Neyrinck A.M., Delzenne N.M., Potential interest
of gut microbial changes induced by non-digestible
carbohydrates of wheat in the management of
obesity and related disorders. Curr. Opin. Clin.
Nutr. Metab. Care, 2010; 13(6): 722-728.

Neyrinck A.M., Possemiers S., Druart C., Van de
Wiele T., De Backer F., Cani P.D., Larondelle Y.,
Delzenne N.M., Prebiotic effects of wheat arabinoxylan
related to the increase in bifidobacteria, Roseburia
and Bacteroides/Prevotella in diet-induced obese
mice. PLoS One, 2011; 6(6): 1-12.

O'Hara A.M., Shanahan F., The gut flora as a
forgotten organ. EMBO Rep., 2006; 7: 688-693.
Ogawa A., Kobayashi T., Sakai F., Kadooka Y.,
Kawasaki Y., Lactobacillus gasseri SBT2055
suppresses fatty acid release through enlargement
of fat emulsion size in vitro and promotes fecal fat
excretion in healthy Japanese subjects. Lip. Health
Dis., 2015; 20: 14-20.

Omara J.M., Chana Y.M., Jonesb M.L., Prakashb S.,
Jones P.J.H., Lactobacillus fermentum and Lactobacillus
amylovorus as probiotics alter body adiposity and
gut microflora in healthy persons. J. Funct. Foods,
2013; 5(1): 116-123.

Osterberg K.L., Boutagy N.E., McMillan R.P., Stevens
J.R., Frisard M.1., Kavanaugh J.W., Davy B.M., Davy
K.P.,, Hulver M.W., Probiotic supplementation
attenuates increases in body mass and fat mass
during high-fat diet in healthy young adults.
Obesity (Silver Spring), 2015; 23(12): 2364-2370.
Paduraru M., Ponchietti L., Casas .M., Pereira J.,
Landaluce-Olavarria A., Mariani D., Emergency
surgery and Limitation of therapeutic effort in relation
to neurologic deterioration in elderly patients — a
survey of European surgeons. J. Mind Med. Sci.,
2017; 4(2): 142-147.

Park D.Y., Ahn Y.T., Huh C.S., McGregor R.A., Choi
M.S., Dual probiotic strains suppress high fructose-
induced metabolic syndrome. World J. Gastroenterol.,
2013; 19(2): 274-283.

Park D.Y., Ahn Y.T., Park SH., Huh C.S., Yoo S.R,,
Yu S.R., Sung M.C., McGregor R.A., Choi M.S.,
Supplementation of Lactobacillus curvatus HY7601
and Lactobacillus plantarum KY1032 in diet-induced
obese mice is associated with gut microbial changes
and reduction in Obesity. PLoS One, 2013; 8(3): 1-12.
Parka S., Baeb J.H., Probiotics for weight loss: a
systematic review and meta-analysis. Nutr. Res.,
2015; 35: 566-575.

Parnell J.A., Reimer R.A., Prebiotic fibres dose-
dependently increase satiety hormones and alter
Bacteroidetes and Firmicutes in lean and obese
JCR:LA-cp rats. Br. J. Nutr.,2012; 107(4): 601-613.

675

92.

93.

94.

9s.

96.

97.

98.

99.

100.

101.

102.

103.

Patil D.P., Dhotre D.P., Chavan S.G., Sultan A.,
Jain D.S., Lanjekar V.B., Gangawani J., Shah P.S,
Todkar J.S., Shah S., Ranade D.R., Patole M.S.,
Shouche Y.S., Molecular analysis of gut microbiota
in obesity among Indian individuals. J. Biosci.,
2012; 37(4): 647-657.

Pedersen R., Andersen A.D., Mglbak L., Stagsted J.,
Boye M., Changes in the gut microbiota of cloned
and non-cloned control pigs during development of
obesity: gut microbiota during development of obesity
in cloned pigs. BMC Microbiol., 2013; 13: 1-9.
Petriz B.A., Castro A.P., Almeida J.A., Gomes
C.P., Fernandes G.R., Kruger R.H., Pereira R.W.,
Franco O.L., Exercise induction of gut microbiota
modifications in obese, non-obese and hypertensive
rats. BMC Genom., 2014; 15: 1-13.

Queipo-Ortuno M.I., Seoane L.M., Murri M., Pardo
M., Gomez-Zumaquero J.M., Cardona F., Casanueva
F., Tinahones F.J., Gut microbiota composition in
male rat models under different nutritional status
and physical activity and its association with serum
leptin and ghrelin levels. PLoS One, 2013; 8(5): 1-11.
Rane S.G., Beneficial metabolic effects of a probiotic
via butyrate-induced GLP-1 hormone secretion. J.
Biol. Chem., 2013; 288(35): 25088-25097.

Raoult D., Probiotics and obesity: a link?. Nat. Rev.
Microbiol., 2009; 7: 616.

Rastmanesh R., High polyphenol, low probiotic diet
for weight loss because of intestinal microbiota
interaction. Chem. Biol. Interact., 2011; 189(1-2):
1-8.

Ridaura VK., Faith JJ., Rey F.E., Cheng J.,
Duncan A.E., Kau A.L., Griffin N.W., Lombard V.,
Henrissat B., Bain J.R., Muehlbauer M.J., Tlkayeva O.,
Semenkovich C.F., Funai K., Hayashi D.K., Lyle
B.J., Martini M.C., Ursell L.K., Clemente J.C., Van
Treuren W., Walters W.A., Knight R., Newgard
C.B., Heath A.C., Gordon J.I., Gut microbiota from
twins discordant for obesity modulate metabolism
in mice. Science, 2013; 341(6150): 1 -22.

Rowland D.L., Motofei 1.G., Psycho-physiologic
emergentism; four minds in a body. J. Mind Med.
Sci., 2017; 4(2): 85-92.

Sabate J., Jouet P., Harnois F., Mechler C., Msika
S., Grossin M., Coffin B., High prevalence of small
intestinal bacterial overgrowth in patients with morbid
obesity: a contributor to severe hepatic steatosis.
Obes. Surg.,2008; 18: 371-377.

Samuel B., Shaito A., Motoike T., Rey F.E., Backhed
F., Manchester J.K., Hammer R.E., Williams S.C.,
Crowley J., Yanagisawa M., Gordon J.I., Effects of
the gut microbiota on host adiposity are modulated
by the short-chain fatty-acid binding G protein-
coupled receptor, Gprdl. Proc. Natl. Acad. Sci.
US4, 2008; 105: 16767-16772.

Sanchez M., Darimont C., Drapeau V., Emady-Azar
S., Lepage M., Rezzonico E., Ngom-Bru C., Berger B.,
Philippe L., Ammon-Zuffrey C., Leone P., Chevrier
G., St-Amand E., Marette A., Doré¢ J., Tremblay A.,
Effect of Lactobacillus rhamnosus CGMCC1.3724
supplementation on weight loss and maintenance in
obese men and women. Br. J. Nutr., 2014; 111(8):
1507-1519.



FARMACIA, 2017, Vol. 65, 5

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

Santacruz A., Marcos A., Warnberg J., Marti A.,
Martin-Matillas M., Campoy C., Moreno L.A.,
Veiga O., Redondo-Figuero C., Garagorri J.M., Azcona
C., Delgado M., Garcia-Fuentes M., Collado M.C.,
Sanz Y., Interplay between weight loss and gut
microbiota composition in overweight adolescents.
Obesity (Silver Spring), 2009; 17(10): 1906-1915.
Santacruz A., Collado M.C., Garcia-Valdes L.,
Segura M.T., Martin-Lagos J.A., Anjos T., Marti-
Romero M., Lopez R.M., Florido J., Campoy C.,
Sanz Y., Gut microbiota composition is associated
with body weight, weight gain and biochemical
parameters in pregnant women. Br. J. Nutr., 2010;
104(1): 83-92.

Sato M., Uzu K., Yoshida T., Hamad E.M.,
Kawakami H., Matsuyama H., Abd El-Gawad L.A.,
Imaizumi K., Effects of milk fermented by
Lactobacillus gasseri SBT2055 on adipocyte size
in rats. Br. J. Nutr., 2008; 99(5): 1013-1017.
Schnorr S.L., Candela M., Rampelli S., Centanni
M., Consolandi C., Basaglia G., Turroni S., Biagi
E., Peano C., Severgnini M., Fiori J., Gotti R., De
Bellis G., Luiselli D., Brigidi P., Mabulla A.,
Marlowe F., Henry AG., Crittenden A.N., Gut
microbiome of the Hadza hunter-gatherers. Nat.
Commun., 2014; 5: 1-12.

Schwiertz A., Taras D., Schafer K., Beijer S., Bos
N.A., Donus C., Hardt P.D., Microbiota and SCFA
in lean and overweight healthy subjects. Obesity
(Silver Spring),2010; 18: 190-195.

Sekirov 1., Russell S.L., Antunes L.C., Finlay B.B.,
Gut microbiota in health and disease. Physiol. Rev.,
2010; 90: 859-904.

Tero-Vescan A., Vari C.E., Imre S., Osz B.E., Filip
C., Hancu G., Comparative analysis by HPLC-UV
and capillary electrophoresis of dietary supplements
for weight loss. Farmacia, 2016, 64(5): 699-705.
Turnbaugh P.J., Bickhed F., Fulton L., Gordon J.I.,
Diet-induced obesity is linked to marked but reversible
alterations in the mouse distal gut microbiome.
Cell. Host. Microbe, 2008; 3: 213-223.

Turnbaugh P.J., Ley R.E., Mahowald M.A., Magrini
V., Mardis E.R., Gordon J.I., An obesity-associated
gut microbiome with increased capacity for energy
harvest. Nature, 2006; 444(7122): 1027-1031.
Turroni F., Ventura M., Butt6 L.F., Duranti S.,
O'Toole P.W., Motherway M.O., van Sinderen D.,
Molecular dialogue between the human gut microbiota
and the host: a Lactobacillus and Bifidobacterium
perspective. Cell. Mol. Life Sci., 2014; 71(2): 183-203.
Uribe A., Alam M., Johansson O., Midtvedt T.,
Theodorsson E., Microflora modulates endocrine
cells in the gastrointestinal mucosa of the rat.
Gastroenterology, 1994; 107: 1259-1269.
Velagapudi V.R., Hezaveh R., Reigstad C.S,
Gopalacharyulu P., Yetukuri L., Islam S., Felin J.,

676

116.

117.

118.

119.

120.

121.

122.

123.

124.

Perkins R., Boren J., Oresic M., Backhed F., The gut
microbiota modulates host energy and lipid metabolism
in mice. J. Lipid Res., 2010; 51: 1101-1112.
Voreades N., Kozil A., Weir T.L., Diet and the
development of the human intestinal microbiome.
Front. Microbiol., 2014; 5: 1-9.

Vrieze A., Van Nood E., Holleman F., Salojarvi J.,
Kootte R.S., Bartelsman J.F., Dallinga-Thie G.M.,
Ackermans M.T., Serlie M.J., Oozeer R., Derrien M.,
Druesne A., Van Hylckama Vlieg J.E., Bloks V.W.,
Groen A.K., Heilig H.G., Zoetendal E.G., Stroes
E.S., de Vos W.M., Hoekstra J.B., Nieuwdorp M.,
Transfer of intestinal microbiota from lean donors
increases insulin sensitivity in individuals with
metabolic syndrome. Gastroenterology, 2012; 143(4):
913-916.

Walker A.W., Ince J., Duncan S.H., Webster L.M.,
Holtrop G., Ze X., Brown D., Stares M.D., Scott P.,
Bergerat A., Louis P., McIntosh F., Johnstone A.M.,
Lobley G.E., Parkhill J., Flint H.J., Dominant and
diet-responsive groups of bacteria within the
human colonic microbiota. ISME J., 2011; 5(2):
220-230.

Yadav H., Lee J.H., Lloyd J., Walter P., Rane S.G.,
Beneficial metabolic effects of a probiotic via butyrate-
induced GLP-1 hormone secretion. J. Biol. Chem.,
2013; 288(35): 25088-25097.

Yin YN, Yu QF, Fu N,, Liu X.W., Lu F.G,
Effects of four Bifidobacteria on obesity in high-fat
diet induced rats. World J. Gastroenterol., 2010;
16: 3394-3401.

Yoo S.R., Kim Y.J., Park D.Y., Jung U.J., Jeon SM.,
Ahn Y.T., Huh C.S., McGregor R., Choi M.S.,
Probiotics L. plantarum and L. curvatus in combination
alter hepatic lipid metabolism and suppress diet-
induced obesity. Obesity (Silver Spring), 2013;
21(12): 2571-2578.

Zaharescu 1., Moldovan A.D., Tanase C., Natural
killer (NK) cells and their involvement in different
types of cancer. Current status of clinical research. J.
Mind Med. Sci., 2017; 4(1): 31-37.

Zhou Y., Inoue N., Ozawa R., Maekawa T., Izumo T.,
Kitagawa Y., Kiso Y., Shibata H., Ikeda I., Effects
of heat-killed Lactobacillus pentosus S-PT84 on
postprandial hypertriacylglycerolemia in rats.
Biosci. Biotechnol. Biochem.,2013; 77: 591-594.
Zoetendal E.G., von Wright A., Vilpponen-Salmela
T., Ben-Amor K., Akkermans A.D., de Vos W.M.,
Mucosa-associated bacteria in the human gastro-
intestinal tract are uniformly distributed along the
colon and differ from the community recovered
from feces. Appl. Environ. Microbiol., 2002; 68(7):
3401-3407.



