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Abstract
New evidences have shown that the gut microbiota is associated with intermediary metabolism, body weight, and 
inflammation. So, it could be involved in the pathogenesis of obesity and other metabolic disorders. Microbiota have 
influences on these disorders through different mechanisms related to host genes, environment, nutrition, appetite, 
lifestyle and systemic or adipocytes inflammation. Several factors including unhealthy dietary patterns, chronic intake 
of antibiotics, chronic stress, aging and different infections can disturb the balance between the number of helpful 
and pathogenic bacteria in the colon. So, consumption of prebiotic, probiotic or synbiotic may be in favor of the host 
health through alteration of the bacterial imbalance. In this review, we summarized the recent evidences that support 
the association between pre/pro/symbiotic consumption and prevention or treatment of obesity and the other metabolic 
disorders.   
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Introduction

Recently growing number of evidences shows that the high prevalence of obesity, type 2 
diabetes mellitus and other related metabolic disorders cannot be solely attributed to the 
known factors such as human genome, dietary patterns and physical activity habit or not 
even absence of nutrition knowledge that we showed the significant effect of it on glyce-
mic and lipidemic control in our previous study[1,2]. The new evidences suggest that gut 
microbiota has an important role not only in maintenance of human health, but also in 
occurrence/prevention of some metabolic disorders related to weight gain[3]. Dysbiosis of 
the gut ecosystem is associated with development of certain complications[4]. Human gut 
includes 300-500 strains different bacteria that are varied among different people. Gut mi-
crobiota includes more than 100 trillion cells that are mostly contained gram positive and 
anaerobic bacteria. Its composition is unique for each person[1]. Despite this exclusivity, 
two bacterial phyla named Firmicutes (most of them are gram positive) and Bacteridetes 
(gram negative) consist more than 90% of total gut bacteria[5,6]. Obesity is the main pre-
cursor for some metabolic disorders like metabolic syndrome. So, it can be targeted in 
developing various therapeutic strategies[7]. There are many evidencesshowing thatobesity 
and its causes are more complex than previously thought. Microbiota have some influenc-
es through different mechanisms related to host genes, environment, nutrition, appetite, 
lifestyle and systemic or adipocytes inflammation[8]. Therefore, microbiota modification 
may be a potential nutritional and pharmacological target to manage obesity and its rel-
ative disorders[9,10]. According to the recent hypothesis, the composition of microbiota is 
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the result of interaction among a complex of factors like dietary 
pattern, race, genetic and so on[11]. The microbiota composition 
is different in lean from obese animals and humans[12]. There are 
some mechanisms by which colon can regulate energy metabo-
lism, including energy extraction from the diet, the synthesis of 
intestinal hormones involved in energy homeostasis and appetite 
control, such as GLP-1 and PYY, regulation of fat storage, influ-
ence on GLP-2 secretion which is needed to maintain integrity 
of epithelium barrier, influence on immune system and effect 
on inflammatory factors such as IL-6, TNF- α via lipopolysac-
charide-TLR-4 axis[13,14]. Gut changes may lead to activation of 
Toll like receptors (TLRs) in the gut that may have profound 
effects on host metabolism through development of inflamma-
tion factors and insulin resistance[15]. Dysbiosis of the microbiota 
increases gut permeability, increase plasma lipopolysaccharides 
levels leading to metabolic endotoxemia. Metabolic endotox-
emia induces low-grade inflammation that can cause metabolic 
disorders including obesity, insulin resistance, diabetes, steato-
sis and oxidative stress[14,16]. There are certain species of Bifido-
bacterium and lactobacilliphyla that are responsible for make a 
balance in the intestinal microbiota. This balance is the result 
of increase in the number of helpful bacteria and decrease in 
pathogenic bacteria. It disturbs through several factors including 
unhealthy dietary patterns, chronic intake of antibiotics, chronic 
stress, ageing and different infections. Probiotics can help to gut 
health maintenance through releasing antimicrobial substances 
in the blood flow, protecting against harmful bacteria, prevent-
ing of attachment of pathogens to the gastrointestinal tract and 
improving the activity of brushborder enzymes[17]. Synbioticsare 
consisting of some probiotic bacteria accompanied with some 
prebiotic component as energy source for growing probiotics[18]. 
Synbiotic therapy also named as biotherapeutics. They area-
mong the new dietary strategies which many people are interest-
ed in learning the facts behind these health claims[7]. In order to 
FAO/WHO definition, probiotics are live bacteria which when 
administered in adequate amounts confer some health benefits 
on the host[19]. A prebiotic was defined as a none-digestible food 
ingredient that affects the health of gut by selectively stimulating 
the growth and/or activity of beneficial bacteria in the colon, 
and thus improves host health[20]. Therefore, considering the re-
sults of recent researches, treatment of obesity and its related 
complications like diabetes and metabolic syndrome with pre/
pro/synbiotics can be considered as a safe, natural and cost-ef-
fective approach. This review have studied researches assessing 
the effects of these new therapeutic agents on anthropometric, 
metabolic and inflammatory markers and their association with 
prevention or treatment of obesity and its related disorders in 
human and animal studies.

Effects on weight and appetite
Probiotic bacteria can alter the gut environment, reduce adhesion 
and cellular invasion. They can also produce antibacterial sub-
stances (eg, bacteriocins, hydrogen peroxide, and organic acids). 
These substances are able to inhibition of pathogen’s growth. 
New evidences introduce probiotics and prebiotics as weight 
manager via several mechanisms including improving microbial 
balance, increasing mucosal integrity, decreasing food appetite 
and decreasing abdominal adiposity[4,7]. The most common and 
researched probiotic species are belonged to the Lactobacil-

lus and Bifidobacteriumphyla. Manipulation in gut microbiota 
through pre/pro/synbiotics yields encouraging results for the 
treatment of obesity and its related disorders like diabetes and 
NAFLD in animal and in vitro models, but data in humans are 
still scarce[21]. The effect of the probiotic bacteria on gut micro-
biota may be different in animals from humans, so it makes dif-
ficult comparing the findings on animal studies with the human 
results[22]. As mentioned before, probiotics are bacteria in some 
food ingredients that are beneficial to health. There are some 
possible anti-obesity effects of probiotics, although the underly-
ing molecular mechanisms have not been shown yet[23-25]. Some 
recent investigations show that the number of Bacteroidetes  are 
reduced in obese people, so that the Firmicutes /Bacteroidetes 
ratio is different in obese from lean human[26,27], although, the 
others showed no difference in this ratio between obese and nor-
mal weight people[28,29]. Interestingly, some authors have showed 
an increase in Bacteroidetes and decrease in Firmicutes after 
adherence to a low calorie diet. Kotzampassi and colleagues 
showed that Bacteroidetes constitute approximately 3% of the 
gut bacteria before a low calorie diet and it reaches to approxi-
mately 15% after successful weight loss[8]. The similar result has 
been found after gastric bypass surgery procedure[28,30,31]. Chang-
es in the proportion of Firmicutes and Bacteridetes bacteria lead 
to change in food energy extraction capacity of microbiota. It 
means that the increase in Firmicutes bacteria seen in the obese 
people, increases the fucnction of food energy extraction and 
lead to less energy wasting in stool[31]. Furthermore, Pil and col-
leagues suggested that obese mice have a higher proportion of 
Firmicutes. They also showed that obese mice can extract calo-
ries from their diet more efficiently than lean mice, which had a 
higher percentage of Bacteroidetes[32].
 Kadooka and colleagues conducted a multicenter, dou-
ble-blind, randomized, placebo-controlled intervention trial on 
87 Subjects with high body mass index and abdominal viscer-
al fat area (81.2-178.5 cm2. They were randomly assigned to 
receive either fermented milk (FM) containing Lactobacillus 
gasseri SBT2055 (LG2055) (active FM; n=43) or FM without 
LG2055 (control FM; n=44), and were asked to consume 200 g/
day of FM for 12 weeks. Body weight and other measures de-
creased significantly (P<0.001) as follows: body weight, 1.4% 
(-1.1 (-1.5, -0.7) kg); BMI, 1.5% (-0.4 (-0.5, -0.2) kg/m(2)); 
waist, 1.8% (-1.7 (-2.1, -1.4) cm); hip, 1.5% (-1.5 (-1.8, -1.1) 
cm). In the control group, by contrast, none of these parame-
ters decreased significantly. In this study the probiotic LG2055 
showed lowering effects on abdominal adiposity, body weight 
and other measures, suggesting its beneficial influence on met-
abolic disorders[24]. In the other study conducted by Parnell and 
colleagues, oligofructose supplementation (21g/day) comparing 
with maltodextrin as placebo for 12 weeks lead to decrease in 
calorie intake, weight loss and improvement in glucose modula-
tion through anorexigenic hormones alteration[33]. It seems that 
microbiota modification lead to decrease in fat accumulation and 
weight through increase in expression and function of lipopro-
tein lipase inhibitor factor. This factor is one of the members of 
angiopoetin like proteins family that expressin epithelial differ-
entiated cells, liver and adipose tissues[34-36]. 
 Angiopoietin-like 4 (ANGPTL4) is a circulating lipo-
protein lipase (LPL) inhibitor that controls triglyceride deposi-
tion into adipocytes and has been reported to be regulated by 
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gut microbes[23]. According to animal studies, selective growth 
of lactobacillus in colon, lead to reduction of fat mass, through 
upregulation of Fiaf gene and inhibition of LPL[23,37]. On the 
other hand, short chain fatty acids (SCFAs) such as propionate 
and acetate, as fermentation products, are ligands for G protein 
receptors (Gpr43, Gpr41), and can act as molecular signal[31]. 
Therefore, changes in activation of these receptors may be con-
sidered as a treatment approach[8]. It should be noted that G pro-
tein receptors, are expressed in many gut cells and can stimulate 
secretion of some hormones involved in regulation of energy 
intake and consumption. When these SCFAs attached to G41, 
the secretion of PYY and GLP-1 increases and in turn, lead to 
satiety feeling, delay in gastric depletion and increase in insulin 
sensitivity[38]. In summary, there are some probable mechanisms 
in the field of the effects of pre/probiotics on improvement in an-
thropometric measures, including improve in balance of gut mi-
crobiota, decrease in appetite, increase in integration of gut bar-
rier and decrease in inflammatory tone[7]. This has been shown 
in our previous studies. We found a significant decrease in the 
mean of anthropometric measurements after 12 weeks supple-
mentation with synbiotic containing 7 strains probiotic bacteria 
(including Lactobacillus casei, Lactobacillus rhamnosus, Lac-
tobacillus bulgaricus, Lactobacillus acidophilus, Bifidobacteri-
umbreve, Bifidobacteriumlongum, Streptococcus thermophiles) 
plus Fructo-oligosaccharide as source of prebiotic (TVC: 2 × 

108 CFU), twice a day accompanied with a diet adjusting for 
required calorie for each person (P=0.001). Although we found 
this reduction in both intervention and placebo groups, the mean 
changes of antropometric variables including weight, waist cir-
cumference, hip circumference, in synbiotic group were sig-
nificantly more than control group (P=0.001). Interestingly, we 
found that in synbiotic group, GLP-1 and PYY are increased at 
the end of the study comparing with the beginning of it (P=0.008 
and 0.05, respectively). Moreover, the mean change of GLP-1 in 
synbiotic group was higher than in placebo group (P= 0.03)[39-42].
 Different studies according to metagenomics and bio-
logic approaches have shown that obese people gut microbiota 
has lower taxonomic diversity than non-obese people; however, 
controversy in this field may be for the reason of different age, 
clinical characteristics, obesity degree, diet, sample size and 
methodology in different studies. Furthermore, different strain 
of bacteria may play role in this controversy[43]. For example, 
Indias, et el. showed that lactobacillus plantarum and paracasei 
are accompanied with weight loss, while lactobacillus Ruteri is 
related to weight gain[44]. Of anti-obesity mechanisms of lactoba-
cillus are regulation of glucose and lipid metabolism, decrease in 
adiposity size and regulation of leptin[24,45]. On the other hand, it 
seems that anti-obesity effects of probiotic, are mostly related to 
increase in gene expression involved in metabolism and oxida-
tion of fatty acids, instead of decrease in their synthesis[46]. 

Table 1: Human Clinical trials to assess the effects of pre/pro/symbiotic on anthropometric measurements, metabolic and inflammatory biomarkers 
and gut hormones
Author, year Subject intervention Variables studied Significant findings
Hekmatdoost, 
2017

50 patients with 
NAFLD

Symbiotic capsules for 28 
weeks, twice a day

 Metabolic profile,hepat-
icsteatosis and fibrosis

-Decrease in FBS most of inflammatory 
biomarkers

Rabiei, 2015 46 MetS patients Symbiotic capsules accompa-
nied with a diet adjusted for 
BMI, for 12 weeks, twice a day

Anthropometric measure-
ments, body composition, 
BP, metabolic profile, he-
CRP, insulin resistance, 
HOMA-IR, PYY, GLP-1

-Increase in FBS, insulin resistance, HO-
MA-IR, GLP-1, PYY
-Decrease in anthropometric measurements 
and BP
-Decrease in hs-CRP but not significant

H u l s t o n e , 
2015

17 healthy men 
and women

Probiotic milk for 4 weeks twice 
a day, following with a high fat 
and high calorie diet for 7 days

Insulin resistance -No changes in body weight and insulin 
sensitivity
-Increase in FBS

Ostadrahimi, 
2015

60 diabetic pa-
tients

600 ml Probiotic milk for 8 
weeks

FBS, HbA1c Decrease in FBS, HbA1c

Tajdadi-Ebra-
himi, 2014

78 diabetic pa-
tients for 12 weeks

Symbiotic bread Insulin resistance, in-
flammation

-Decrease in insulin resistance, HOMA-IR
-No change on hs-CRP

M a h b o o b i , 
2014

60 pre diabetic pa-
tients

Probiotic capsules (500 mg) for 
8 weeks

Lipid profile, BP -No changes in lipid profile 
-decrease in systolic BP (only before ad-
justment for confounders)

Asemi, 2014 62 diabetic pa-
tients

Synbiotic packages containing 
inulin, lactobacillus sporogenes 
for 6 weeks, 3 times a day

Metabolic profile, hs-
CRP, oxidative stress

-Decrease in insulin and hs-CRP
-Increase in total GSH
-No changes in FBS and lipid profile

Hekmatdoost, 
2014

38 Mets patients Symbiotic capsules for 28 
weeks, twice a day

FBS,insulin resistance -Decrease in FBS and insulin resistance

Sharafedtin-
ov, 2013

40 metabolic syn-
drome

Probiotic cheese accompanied 
with 1500 kcal diet for 3 weeks

BMI and blood pressure Decrease in BMI and BP

Gobel, 2012 50 obese adoles-
cents for 12 weeks

Probiotic capsules MetS determinants and 
inflammatory biomarkers

-No change in anthropometric measure-
ments, FBS, BP, Insulin, peptide C, CRP, 
IL-6, TNFα

MetS= metabolic syndrome, BP= blood pressure, FOS= fructooligosacharide, 2hPG= 2 hours postprandial glucose, GLP-1= glucagon like pep-
tide-1, hs-CRP= high sensitive C reactive protein
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Effects on glucose and insulin metabolism
There are some studies that suggest that pre/pro/synbioticshave 
influence on glucose and insulin plasma concentration. They 
may improve insulin resistance through effect on inflamma-
tion pathways[47], increase in pro-glucagon expression[48] and 
decrease in adiposity[49]. In some animal studies, probiotic con-
sumption leads to improvement in insulin resistance through de-
crease in hs-CRP inflammatory response. Some of the involved 
mechanisms in pathophysiology of insulin resistance are as fol-
lows: disorder in translocation of GLUT-4 to cell membrane and 
decrease in glucose uptake in muscles, increase in liver produc-
tion of glucose, consequently and disorder in function of beta 
cells leading to decrease in insulin secretion[50,51]. Increase in 
expression of GLUT4 in skeletal muscles lead to improvement 
in insulin resistance in obese and diabetic people. Kang, et al. 
suggested that probiotic may have an antidiabetic function via 
regulation of GLUT4 and insulin. They have showed that insulin 
level in probiotic consumers is significantly lower than control 
group[46], in agreement with our previous studies.We found that 
the levels of fasting blood glucose and insulin resistance im-
proved significantlyafter 28 weeks of treatment with synbiotic 
capsules containing 200 million of seven strains of friendly bac-
teria plus fructooligosaccharide, twice a day[52]. We also found in 
another our study thatFBS, insulin and HOMA-IR are reduced 
at the end of the study (12 weeks) comparing with the beginning 
of it, only in synbiotic group (P=0.001)[40]. There are some studi-
esthatshowed that a high fat diet changes the gut microbiota and 
decreases Bifidobacterium. It associates with higher gut perme-
ability and increase in plasma level of lipopolysaccharides. It 
calls metabolic endotoxemia[16,37]. Lipopolysaccharides lead to 
production of pro-inflammatory cytokines leading to insulin dys-
function through increase in serine phosphorylation of insulin 
receptors[53]. Intestinal epithelium, as a physical barrier, usually 
prevents lipopolysaccharides translocation into blood stream. 
In animal models with insulin resistance and diabetes type 2, 
the expression of proteins in tight junctions of epithelium, like 
ZO-1, is decreased and gut permeability is increased[54,55]. So, 
metabolic endotoxemia induced by lipopolysaccharides derived 
from microbiota, is associated with inflammation and insulin re-
sistance[38]. In addition to these well-known mechanisms, chang-
es in microbiotacomposition may play an important role. For 
example, there are changes in Firmicutes and Bacteridetes ratio 
as well as proteobacteria family in patients with diabetes type 2 
comparing with healthy people[56]. Firmicutesphyla have more 
genes related to carbohydrate and fat metabolism than Bacteri-
detesphyla[57]. Some authors have suggested that a high fat diet is 
associated with increase in the ratio of some gram negative strains 
of Firmicutesphyla like Veillonella to gram positive bacteria 
phyla such as Bacteridetes[58]; while consumption of a prebiotic 
such as oligofructose as dietary fiber, decreases the ratio of gram 
negative to gram positive bacteria and endotoxemia in rats[59]. 
On the other hand, some studies on obese rats have showed that 
increase in bifidobacteria is accompanied with decrease in gut 
permeability[60]. Increase in bifidobacteria is positively related to 
improvement in inflammation and glucose intolerance and insu-
lin secretion[59]. Furthermore, we should consider that probiotic 
bacteria, consume glucose as a primary energy source; so, they 
can affect serum glucose and insulin level through decrease in 
glucose absorption in blood stream. Probiotics can also decrease 

insulin resistance through decrease in inflammation signaling, 
upregulation of proglucagone and decrease in adiposity[47-49]. 
There are some other mechanisms for improvement in insulin 
resistance induced by probiotic consumption, including decrease 
in JNK (a regulatory kinase by TNF) and decrease in NF-kB 
binding to DNA. In some animal studies, probiotic consumption 
lead to improvement in insulin resistance through increase in 
Natural Killer T in liver cells[61].
 On the other hand, propionate, one of the bacterial 
fermentation products, causesthe activation of GPR43 in adipo-
cytes and decreases blood glucose[62]. Moreover, some animal 
studies show that butyrate, as the other products of bacterial fer-
mentation, improves insulin resistance through upregulation of 
PPARγ expression that increases fatty acids oxidation in mus-
cles[63]. Recently, it has been shown that activation of GPR41 by 
SCFAs like propionate and butyrate,improves glucose tolerance 
through induction of intestinal gluconeogenesis via brain-gut-
circuit. Such that propionate injunction in portal vein, actives 
glucose-6-phosphatase in jejunum. It is a rate limiting enzyme 
in gluconeogenesis pathway[64]. Prebiotics can also decrease 
post absorption glucose and insulin secretion due to their low 
glycemic index. Decrease in insulin level leads to upregulation 
of insulin receptors and increase in tissues sensitivity to insulin 
through secondarymembrane signaling[65]. Furthermore, SCFAs 
lead to improvement in liver sensitivity to insulin[66]. Therefore, 
prebiotics play an important role in reduction of after meal hy-
perglycemia risk[67]. Sharafedtinov, et al. showed that following 
a low calorie diet plus probiotic supplemention for 3 weeks, is 
associated with 18% reduction in blood glucose, both in inter-
vention and control groups. Since thiseffect occurred in both 
groups, the authors considered the role of a low calorie diet plus 
probiotic supplementation in reduction of blood glucose[68]. It 
is partly similar to our previous study. We assessed the effects 
of synbiotic supplementation plus a weight loss diet in patients 
with metabolic syndrome. In the beginning of the study, the 
mean of serum glucose was higher than 126 mg/dl, which is cat-
egorized as diabetes. We found a significant decrease in blood 
glucose at the end of study (after 3 months), however, it was 
still in the diabetic range (the mean change between end and 
beginning of the study: -11.65 ± 5.4 in synbiotic group and 13 
± 8.4 in placebo group).We assumed that continue to consume 
synbiotic supplements more than 3 months, might lead to more 
decrease in glucose level, until lower than diabetic range[40]. Our 
study also showed that when a weight-loss diet is accompanied 
with synbiotic supplementation, the decreases in FBS, insulin, 
and HOMA-IR will be signifcantly more than when a weight-
loss diet is used alone. According to results of a meta-analysis 
including 26 randomized controlled trials conducted between 
January 2000 and September 2013, involving 831participants, 
prebiotic supplementation was associated with reduction in 
postprandial glucose (–0.76, 95% CI [–1.41, –0.12]) and insulin 
concentrations (–0.77, 95% CI [–1.50, –0.04]). It also may im-
prove insulin resistance due to increase in hepatic natural killer 
T cells and reduction in the inflammatory response[25,39,40]. So the 
beneficial effects of probiotic bacteria on insulin concentration 
might be mediated through their effect on a surrogate measure of 
inflammation, high-sensitivity C-reactive protein (hs-CRP)[47]. 
Some reports have shown that insulin resistance and increased 
CRP concentrations are significantly associated with several car-
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diovascular risk factors, such as hypertension, dyslipidemia, and 
overweight, which are determinants of metabolic syndrome[61]. 
So, pre/pro/synbiotic supplementation may be as a potential can-
didate to treat several important metabolic disorders.

Table 2: Animal studies to assess the effects of pre/pro/symbiotic on 
anthropometric measurements, metabolic and inflammatory biomarkers 
and gut hormones
Author, 
year

Sub-
ject

intervention Variables 
studied

Significant find-
ings

Bom-
hof, 
2014

Obese 
rats

FOS with and 
without probiot-
ic bacteria for 8 
weeks

Meta-
bolic 
profile, 
weight, 
GLP-1

-Decrease in 
energy intake, 
weight, insulin 
and fat mass and 
increase in GLP-
1 in FOS group 
-Decrease in FBS 
in FOS with pro-
biotic group

Fross-
ten, 
2013

Wistar 
rats

Fermented milk 
including Lacto-
bacillus strains

PYY Increase in PYY

Omidi, 
2011

Dia-
betic 
rats

Carrots juice in-
ducted with Lacto-
bacillus acidophi-
lus for 14 days

FBS -Decrease in FBS

Effects on Inflammation
hs-CRP is one of the inflammatory biomarkers related to car-
diovascular disease and diabetes; such that considering it in the 
protocol of metabolic syndrome screening is suggested. hs-CRP 
level is categorized as below[69]:
Lower than 1 mg/l: low risk; 1-3 mg/l: moderate risk; 3mg/l 
or higher: high risk. Generally, hs-CRP and IL-6 serum lev-
el in patients with metabolic syndrome and diabetes is higher 
than healthy people[70]. In order to the report of Third National 
Health and Nutrition Examination, the level of hs-CRP in over-
weight and obese people is higher than people with normal body 
mass index[71-73]. It occurs due to increase in cytokines like IL-6 
and TNF-α that are expressed in adipose tissues. They are of 
the main regulators of CRP production in the liver[73,74]. When 
hypertrophy of adipocytes occurs in response to excess energy 
intake, production of TNF-α increases in adipose tissues and it 
leads to stimulation of chemotactic factors and consequently, 
production of pro-inflammatory macrophages in adipose tissues 
and increase in production of IL-1 and IL-6[44]. These inflamma-
tory factors are upregulated in insulin target tissues including 
liver, adipose and muscles and play an important role in insulin 
resistance[75]. Changes in gut microbiota and thigh junctions of 
epithelium cells occurring in diabetes type 2, lead to activation 
of insulin receptors via some gut bacteria and consequently, 
creation of inflammatory response inducing serine phosphoryla-
tion of these receptors and finally, decrease in insulin sensitivi-
ty[76]. Microbiota has influence on expression of genes involved 
in immune system. Disorders in microbiota lead to production 
of pro-inflammatory molecules and increases macrophages ac-
cumulation and inflammation in adipose tissues through TLRs 
signaling. TLRs are of essential parts of immune system that 

are expressed by macrophages and epithelial cells. Activation of 
TLRs in macrophages can significantly disturb glucose homeo-
stasis[15]. Activation of TLR-4 in beta cells may lead to increase 
in production of pro-inflammatory cytokines both in macro-
phages and beta cells and disrupt function of beta cells[77]. On 
the other word, activation of TLR-4 directly lead to decrease in 
expression and secretion of insulin[78]. On the other hand, as it 
mentioned before, lipopolysaccharides play an important role in 
development of inflammation in metabolic syndrome. It creates 
metabolic disorders induced by low-grade inflammation includ-
ing insulin resistance, diabetes, obesity, steatosis and oxidative 
stress. Furthermore, increase in epithelial permeability lead to 
translocation of bacterial antigens such as lipopolysaccharides 
into other tissues and blood stream. It in turn leads tochronic sys-
temic inflammation. Lipopolysaccharides in blood stream can 
cause secretion of pro-inflammatory cytokines via macrophages 
and B- lymphocytes[14,15]. Lipopolysaccharides can also cause the 
up regulation of nuclear factor NF-κB and active the pathways 
mediated by MAPK in adipocytes[78]. They are also strong acti-
vators of immune system in mammals. The interactions between 
these substances and immune cells lead to excess production of 
reactive oxygen species (ROS), secretion of pro-inflammatory 
cytokines, weight gain and insulin resistance[79]. Lipopolysac-
charides binding proteins initiate monomerization of lipopoly-
saccharides and create immune response. So, they make a link 
between inflammatory processes and antigens induced intestine. 
These inflammatory processes are recognized by plasma level of 
CRP[76]. Attachment of lipopolysaccharides to TLR-4 creates a 
cascade signaling that codes pro-inflammatory molecules. Free 
fatty acids that usually increase as weight increases, active TLR-
4 signaling in adipocytes and macrophages, inflammation and 
insulin resistance[8]. We should note that fat has the most abili-
ty for translocation of lipopolysaccharides from gut into blood 
stream[80]. So, as we mentioned before, a high fat diet increases 
level of lipopolysaccharides. It also increases gut permeability 
and induces inflammatory signaling via NF-κB, increase in ex-
pression of TNF-α and IL-6[81].
 On the other hand, AGEs produces in body as produc-
tions of normal metabolism, but their level increase in people 
with chronic high blood glucose, like uncontrolled diabetes[82]. 
AGEs also increases in metabolic syndrome that is accompa-
nied with oxidative stress[83]. Excess and uncontrolled produc-
tion of ROS leads to stop glycosylation and produce dicarbon-
ylwhich is necessary for formation of AGEs[84]. Attachment of 
AGEs to their receptors targets some cascade pathogenic medi-
ators. When AGEs bind to their special receptors, RAGEs, the 
activity of NF-κB increases and in turn, leads to upregulation 
of some chemokines like MCP-1 and profibrogenic mediators 
like TGFβ, in addition to pro-inflammatory cytokines involv-
ing in thrombogenesis, vascular inflammation and angiogene-
sis. Recently it has been shown that AGEs are associated with 
insulin resistance and can induce low-grade inflammation and 
dysfunction of beta cells[85]. It seems that AGEs are indigestible 
by gut enzymes. So, they enter to colon and act as growth fac-
tor for harmful bacteria such as clostridiums and bacteriods[86]. 
In the contrary, supplementation with prebiotics like fructooli-
gosacharides and inulin changes the microbiota composition in 
favor of selective proliferation of beneficial bacteria producing 
lactic acid such as Bifidobacterium and lactobacillus. It leads to 
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decrease in production of ROS and inflammatory markers[9]. Mi-
crobiota alteration through prebiotic supplementation decreases 
AGEs accumulation via different mechanisms, including main-
tenance of gut barrier function, decrease in oxidative stress, and 
increase in antioxidant capacity and decrease in hyperglycemia. 
Prebiotics finally lead to decrease inflammation and insulin re-
sistance[79]. The beneficial effects of microbiota are related to 
content and activity of SCFAs. Especially, propionate and bu-
tyrate have some effects on decrease in inflammation, regulation 
of proliferation, cell differentiation and hormonal secretions[87]. 
SCFAs probably show their anti-inflammatory effects through 
creation of balance between suppression of inflammatory medi-
ators and induction of anti-inflammatory cytokines[78]. Increase 
in pro-inflammatory cytokines and ROS that are frequently seen 
in pre-diabetic patients, increase the tightness of intra cellular 
junctions, destroy the mucosal integrity and increase absorption 
of large and harmful substances. The changes in microbiota in-
duced by prebiotics, increase endogenous production of GLP-2 
which in turn, improve function of gut barrier through increase 
proliferation of crypt cells[54,88]. Furthermore, prebiotic fermen-
tation products (SCFAs) can decrease gut permeability and de-
crease exogenous AGEs’ absorption[88]. So that SCFAs enter to 
host blood flow and effect on expression of some genes related 
to proliferation, differentiation and apoptosis. SCFAs are ligands 
of G protein receptors in immune cells. These receptors are re-
sponsible for down-regulation of pro-inflammatory cytokines, 
chemokines and ROS produced by immune system[89]. Acetate, 
propionate and butyrate show their anti- inflammatory effects 
through suppression of NF-κB, prevention of TNF-α production 
and suppression of cytokines production[90]. Acetate and butyrate 
are also involved in epithelial integrity maintenance. Acetate in-
creases colon blood flow and butyrate is the main source of ener-
gy forcolonocytes and decreases gut permeability. Furthermore, 
butyrate increases the expression of genes related to mucin for-
mation that is an important factor for epithelial integrity[91]. It 
is also inhibitor of histone deacetylase enzyme, so it increases 
transcription of proteins in thigh junctions, probably[54]. Butyr-
ate is effective on reduction of inflammation, carcinogenesis 
and oxidative stress[92]. The other mechanism by which SCFAs 
can act as anti-inflammation factors is down-regulation of ad-
hesion molecules in endothelial cells that leads to suppression 
of leucocytes migration to inflammatory sites[93]. SCFAs can 
decrease infiltration of immune cells to adipose tissues through 
prevention of adhesion and inflammatory cells chemotaxis[94]. It 
is worth mentioning that hyperglycemia is usually accompanied 
with oxidative stress. The relative mechanisms to increase in 
oxidative stress in diabetic patients, are not only included in-
crease in non-enzymatic and auto oxidative glycosylation, but 
also decrease in antioxidant defense potential[19]. Some clinical 
trials have shown that prebiotic supplementation can successful-
ly decrease lipopolysaccharides level, markers of lipid peroxida-
tion and production of Ages’ precursors, consequently. Pre/pro-
biotics show these beneficial effects through reduction of ROS 
production and anti-oxidative potential of Bifidobacterium and 
lactobacillus[95,96].Some species of lactobacillus and Bifidobacte-
rium are effective scavengers for malondialdehyde, i.e. produc-
tion of lipid peroxidation. So they protect body against excess 
accumulation of these toxic precursors of AGEs[95]. Moreover, 
inulin can show the antioxidant activity through its ability to 

break some linkages in ROSs[97]. Butyrate can also lead to in-
crease production of glutathione. Glutathione is a necessary an-
tioxidant for activation of glyoxalase-1. It is needed to destroy 
one of the Ages’ precursors named methyl glyoxyl. Increase in 
ROSs leads to depletion of glutathione storages. Prebiotics are 
involved in upregulation of glyoxalase pathway through reduc-
tion of oxidative stress[62]. Totally, many studies have shown that 
pre/pro/synbiotics decrease inflammatory and immune response 
and increase insulin sensitivity[76]. In our previous study, hs-CRP 
level in all participants was in high risk category in the begin-
ning of the study. At the end of the study,it still remained in that 
category in the placebo group, while it went to moderate risk 
category in the intervention group who consumed synbiotic for 3 
months, although this reduction was not statistically significant 
but it was important clinically[40]. Our finding is partly consis-
tent with Mazloom, et al. They have showed that probiotic sup-
plementation in diabetic patients is associated to insignificant 
decrease in hs-CRP and IL-6[19]. In the other our previous study 
conducted on 52 patients with NAFLD, 28 weeks supplementa-
tion with synbiotic(including Lactobacillus casei, Lactobacillus 
rhamnosus, Lactobacillus bulgaricus, Lactobacillus acidophilus, 
Bifidobacteriumbreve, Bifidobacteriumlongum, Streptococcus 
thermophiles, Fructooligosaccharide) comparing with placebo 
lead to improvement in inflammatory biomarkers as follow: hs-
CRP [-2.3 (-3, -1.5) compared with -1.04 (-1.5, -0.6) mmol/L; P 
< 0.05], YNF-α [-1.4 (-1.7, -1.1) compared with -0.59 (-0.8, -0.3) 
mmol/L; P < 0.001], NF κ-B p65 [-0.016 (-0.022, -0.011) com-
pared with 0.001 (-0.004, -0.007) mmol/L; P < 0.001]. Generally 
we showed the beneficial effects of synbiotic supplementation 
on the main features of NAFLD, partially through reduction in 
inflammatory markers. These findings show a potential tripartite 
relation between the gut, diet, and the liver[98,41]. 
 Despite the mentioned mechanisms about the effects of 
pre/pro/synbiotics on reduction of inflammatory markers, sever-
al studies found different results. For example, Kelishadi, et al. 
have showed that synbiotic supplementation in obese children is 
associated with significant decrease in TNF-α and IL-6 but only 
before adjusting for BMI. It shows that the effect of synbiotic 
on inflammation is depend on weight loss[99]. Tajadadi-Ebrahimi 
have showed synbiotic bread consumption containing lactoba-
cillus sporogenes (1× 108 CFU) and inulin does not have any 
effect on hs-CRP in diabetic patients[100]. In the study conducted 
by Gobel, et al. probiotic consumption for 12 weeks in adoles-
cents with metabolic syndrome did not have any effect on hs-
CRP and IL-6, too[101]. Despite these studies, Zarrati, et al.[102] 
and Rajkumar, et al[103] have showed that probiotic yogurt in 
healthy people is associated with decrease in hs-CRP. Moreover, 
Asemi, et al. showed that synbiotic supplementation for 8 weeks 
in diabetic patients decreases these inflammatory factors[104]. 
Duration of intervention, clinical characteristics of participants, 
type of supplement, dose of supplementation and sample size in 
different studies may partly explain these inconsistent findings. 
Furthermore, in most of the studies, including our studies, situ-
ations including occurrence of different diseases like a cold or 
other diseases leading to inflammation and exposure to stress-
ful situations during the study did not considered, although the 
same situations can affect inflammatory markers. Therefore, it is 
recommended that for the future studies to consider these situa-
tions. Furthermore, due to the antioxidant effects of vitamin A, 
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E, C and their beneficial effects on immune system, assessing 
the intake of these vitamins is suggested in the future clinical 
trials, since these vitamins prevent oxidative changes induced 
by ROSs and other free radicals. So, they may be as confounder 
factors when we are assessing the effects of pre/pro/synbiotics 
on inflammation[105].

Conclusion 

Generally, there are many studies reveal that the gut microbiota 
may have specific functions in the body weight, metabolism and 
hormonal and immune systems. On the other words, gut micro-
biota is associated with obesity and related disorders. So, the 
advance in the field of gut manipulating could be valuable to 
improve therapeutic strategies to manage obesity and its associ-
ated metabolic disorders. Making the balance in gut microbiota 
through pre/pro/synbiotic supplementation, might have benefi-
cial effects on reduction of fat storages, secretion of satiety pep-
tides, and decrease in body weight, improvement in glucose and 
insulin metabolism and reduction in inflammatory biomarkers. 
This finding provides new opportunities to design improved di-
etary intervention strategies to prevent or treatment of obesity 
and its associated disorders, especially diabetes and metabolic 
syndrome.

Acknowledgment: SR has designed and written the manuscript 
and AH has revised it. All authors have read and approved the 
manuscript.

Funding: There is not any funding support. 

References

1. Backhed, F., Ley, R., Sonnenburg, J., et al. Host-bacte-
rial mutualism in the human intestine. (2005) Science 
307(5717): 1915–1920.
Pubmed | Crossref | Others

2. Askari, F., Rabiei, S., Rastmanesh, R. The Effects of Nutri-
tion Education and Diet Therapy on Glycemic and Lipidem-
ic Control in Iranian Patients with Type 2 Diabetes. (2013) 
J Obes Weight Loss Ther 3(5).
Pubmed | Crossref | Others

3. Cani, P.D., Delzenne, N.M., Amar, J., et al. Role of gut mi-
croflora in the development of obesity and insulin resistance 
following high-fat diet feeding. (2008) Pathol Biol 56(5): 
305-309.
Pubmed | Crossref | Others

4. Patel, R., DuPont, H. New approaches for bacteriothera-
py: prebiotics, new-generation probiotics, and synbiotics. 
(2015) Clin Infect Dis 60(Suppl 2): S108-S121. 
Pubmed | Crossref | Others

5. Eckburg, P., Bik, E., Bernstein, C.N., et al. Diversity of the 
human intestinal microbial flora. (2005) Science 308(5728): 
1635–1638.
Pubmed | Crossref | Others

6. Hugenholtz, P., Goebel, B., Pace, N.R. Impact of culturein-
dependent studies on the emerging phylogenetic view of 
bacterial diversity. (1998) Journal of Bacteriology 180(18): 
4765–4774.

Pubmed | Crossref | Others
7. Mallappa, R., Rokana, N., Duary, R., et al. Management of 

metabolic syndrome through probiotic and prebiotic inter-
ventions. (2012) Indian J Endocrinol Metab 16(1): 20-27.
Pubmed | Crossref | Others

8. Kotzampassi, K., Giamarellos-Bourboulis, E., Stavrou, G. 
Obesity as a Consequence of Gut Bacteria and Diet Interac-
tions. (2014) ISRN Obesity.
Pubmed | Crossref | Others

9. Delzenne, N.M., Neyrinck, A.M., Bäckhed, F., et al. Tar-
geting gut microbiota in obesity: effects of prebiotics and 
probiotics. (2011) Nat Rev Endocrinol 7(11): 639-646.
Pubmed | Crossref | Others

10. Duncan, S., Lobley, G., Holtrop, G., et al. Human colon-
ic microbiota associated with diet, obesity and weight loss. 
(2008) Int J Obes 32(11): 1720-1724.
Pubmed | Crossref | Others

11. Palmer, C., Bik, E., DiGiulio, D., et al. Development of the 
human infant intestinal microbiota. (2007) PLoS Biology 
5(7): e177.
Pubmed | Crossref | Others

12. DiBaise, J.K., Zhang, H., Crowell, M.D., et al. Gut microbi-
ota and its possible relationship with obesity. (2008) Mayo 
Clin Proc 83(4): 460-469.
Pubmed | Crossref | Others

13. Musso, G., Gambino, R., Cassader, M. Gut microbiota as 
a regulator of energy homeostasis and ectopic fat deposi-
tion: mechanisms and implications for metabolic disorders. 
(2010) Curr Opin Lipidol 21(1): 76-83.
Pubmed | Crossref | Others

14. Cani, P., Nathalie, M.D. Interplay between obesity and asso-
ciated metabolic disorders: new insights into the gut micro-
biota. (2009) Curr Opin Pharmacol 9(6): 737–743.
Pubmed | Crossref | Others

15. Bäckhed, F. Programming of host metabolism by the gut 
microbiota. (2011) Ann Nutr Metab 58(suppl2): 44-52.
Pubmed | Crossref | Others

16. Cani, P.D., Delzenne, N.M. The role of the gut microbiota 
in energy metabolism and metabolic disease. (2009) Curr 
Pharm Des 15(13): 1546-1558.
Pubmed | Crossref | Others

17. SadrzadehYeganeh, H., Elmadfa, I., Djazayery, A., et al. 
The effects of probiotic and conventional yoghurt on lipid 
profile in women. (2010) Br J Nutr 103(12): 1778-1783.
Pubmed | Crossref | Others

18. Tomaro-Duchesneau, C. Microencapsulated ferulic acid 
esterase active lactobacillus fermentum for the reduction 
of inflammation and cholesterol in metabolic syndrome. 
(2013) Montréal, Québec, Canada: McGill University.
Pubmed | Crossref | Others

19. Mazloom, Z., Yousefinejad, A., Dabbaghmanesh, M. Effect 
of probiotics on lipid profile, glycemic control, insulin ac-
tion, oxidative stress, and inflammatory markers in patients 
with type 2 diabetes: a clinical trial. (2013) Iran J Med Sci 
38(1): 38-43.
Pubmed | Crossref | Others

20. Pineiro, M., Asp, N.G., Reid, G., et al. FAO Technical 
meeting on prebiotics. (2008) J Clin Gastroenterol 42(3): 
S156-S159.

https://www.ncbi.nlm.nih.gov/pubmed/15790844
https://doi.org/10.1126/science.1104816
https://science.sciencemag.org/content/307/5717/1915
https://www.omicsonline.org/open-access/the-effects-of-nutrition-education-and-diet-therapy-on-glycemic-and-lipidemic-control-in-iranian-patients-with-type-diabetes-2165-7904.1000186.php?aid=17625
https://www.ncbi.nlm.nih.gov/pubmed/18178333
https://doi.org/10.1016/j.patbio.2007.09.008
https://www.sciencedirect.com/science/article/pii/S0369811407002210?via%3Dihub
https://www.ncbi.nlm.nih.gov/pubmed/25922396
https://doi.org/10.1093/cid/civ177
https://academic.oup.com/cid/article/60/suppl_2/S108/379916
https://www.ncbi.nlm.nih.gov/pubmed/15831718
https://doi.org/10.1126/science.1110591
https://science.sciencemag.org/content/308/5728/1635
https://www.ncbi.nlm.nih.gov/pubmed/9733676
https://europepmc.org/abstract/med/9733676
https://www.ncbi.nlm.nih.gov/pubmed/22276249
https://doi.org/10.4103/2230-8210.91178
http://www.ijem.in/article.asp?issn=2230-8210;year=2012;volume=16;issue=1;spage=20;epage=27;aulast=Mallappa
https://www.ncbi.nlm.nih.gov/pubmed/24977101
https://doi.org/10.1155/2014/651895
https://www.hindawi.com/journals/isrn/2014/651895/
https://www.ncbi.nlm.nih.gov/pubmed/21826100
https://doi.org/10.1038/nrendo.2011.126
https://www.nature.com/articles/nrendo.2011.126
https://www.ncbi.nlm.nih.gov/pubmed/18779823
https://doi.org/10.1038/ijo.2008.155
https://www.nature.com/articles/ijo2008155
https://doi.org/10.1371/journal.pbio.0050177
https://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.0050177
https://www.ncbi.nlm.nih.gov/pubmed/18380992
https://doi.org/10.4065/83.4.460
https://www.mayoclinicproceedings.org/article/S0025-6196(11)60702-7/fulltext
https://www.ncbi.nlm.nih.gov/pubmed/19915460
https://doi.org/10.1097/MOL.0b013e3283347ebb
https://insights.ovid.com/crossref?an=00041433-201002000-00013
https://www.ncbi.nlm.nih.gov/pubmed/19628432
https://doi.org/10.1016/j.coph.2009.06.016
https://www.sciencedirect.com/science/article/pii/S1471489209000927?via%3Dihub
https://www.ncbi.nlm.nih.gov/pubmed/21846980
https://doi.org/10.1159/000328042
https://www.karger.com/Article/FullText/328042
https://www.ncbi.nlm.nih.gov/pubmed/19442172
https://www.ncbi.nlm.nih.gov/pubmed/20100374
https://doi.org/10.1017/S0007114509993801
https://www.cambridge.org/core/journals/british-journal-of-nutrition/article/effects-of-probiotic-and-conventional-yoghurt-on-lipid-profile-in-women/777D9C758EE0528E57405C3B0EFCFEC1
http://digitool.library.mcgill.ca/webclient/StreamGate?folder_id=0&dvs=1557996974707~347
https://www.ncbi.nlm.nih.gov/pubmed/23645956


page no: 50

Citation: Rabiei, S., et al. New Therapeutic Agents to Treat Obesity and Its Related Disorders: Prebiotic, Probiotic and Synbiotic Supplementation. (2019) J Food 
Nutr Sci 6(1): 43-53.

www.ommegaonline.org

Gall
ey

Proof

Pubmed | Crossref | Others
21. Musso, G., Gambino, R., Cassader, C. Obesity, Diabetes, 

and Gut Microbiota. (2010) Diabetes Care 33(10): 2277–
2284.
Pubmed | Crossref | Others

22. Leber, B., Tripolt, N., Blattl, D., et al. The influence of pro-
biotic supplementation on gut permeability in patients with 
metabolic syndrome: an open label, randomized pilot study. 
(2012) Eur J Clin Nutr 66(10): 1110-1115.
Pubmed | Crossref | Others

23. Aronsson, L., Huang, Y., Parini, P., et al. Decreased fat stor-
age by Lactobacillus paracasei is associated with increased 
levels of angiopoietin-like 4 protein (ANGPTL4). (2010) 
PloS one 5(9).
Pubmed | Crossref | Others

24. Kadooka, Y., Sato, M., Imaizumi, K., et al. Regulation of 
abdominal adiposity by probiotics (Lactobacillus gasseri 
SBT2055) in adults with obese tendencies in a randomized 
controlled trial. (2010) Eur J Clin Nutr 64(6): 636-643.
Pubmed | Crossref | Others

25. Ma, X., Hua, J.L.Z. Probiotics improve high fat diet-in-
duced hepatic steatosis and insulin resistance by increasing 
hepatic NKT cells. (2008) J Hepatol 49: 821-830.
Pubmed | Crossref | Others

26. Armougom, F., Henry, M., Vialettes, B., et al. Monitoring 
bacterial community of human gut microbiota reveals an in-
crease in Lactobacillus in obese patients and Methanogens 
in anorexic patients. (2009) PloS one. 4: e7125.
Pubmed | Crossref | Others

27. Santacruz, A., Collado, M., Garcia-Valdes, L., et al. Gut 
microbiota composition is associated with body weight, 
weight gain and biochemical parameters in pregnant wom-
en. (2010) Br J Nutr 104: 83-92.
Pubmed | Crossref | Others

28. Zhang, H., DiBaise, J., Zuccolo, A., et al. Human gut micro-
biota in obesity and after gastric bypass. (2009)  Proc Natl 
Acad Sci U S A 106: 2365-2370.
Pubmed | Crossref | Others

29. Schwiertz, A., Taras, D., Schafer, K., et al. Microbiota and 
SCFA in lean and overweight healthy subjects. (2010) Obe-
sity (Silver Spring) 18: 190-195.
Pubmed | Crossref | Others

30. Furet, J.P., Kong, L.C., Tap, J. Differential adaptation of 
human gut microbiota to bariatric surgery-induced weight 
loss: links with metabolic and low-grade inflammation 
markers. (2010) Diabetes Care 59(12): 3049–3057.
Pubmed | Crossref | Others

31. Brown, A., Goldsworthy, S., Barnes, A. The orphan Gpro-
tein-coupled receptors GPR41 and GPR43 are activated by 
propionate and other short chain carboxylic acids. (2003) J 
Biol Chem 278(13): 11312-11319.
Pubmed | Crossref | Others

32. Jung, S., Lee, K., Kang, J., et al. Effect of Lactobacillus 
gasseri BNR17 on Overweight and Obese Adults: A Ran-
domized, Double-Blind Clinical Trial. (2013) Korean J Fam 
Med 34: 80-89.
Pubmed | Crossref | Others

33. Parnell, J., Reimer, R. Weight loss during oligofructose sup-
plementation is associated with decreased ghrelin and in-

creased peptide YY in overweight and obese adults. (2009) 
Am J Clin Nutr 89(6): 1751-1759.
Pubmed | Crossref | Others

34. Flint, H., Bayer, E., Rincon, M., et al. Polysaccharide utili-
zation by gut bacteria: potential for new insights from ge-
nomic analysis. (2008) Nat Rev Microbiol 6(2): 121-31.
Pubmed | Crossref | Others

35. Wolf, G. Gut microbiota: a factor in energy regulation. 
(2006) Nutr Rev 64(1): 47-50.
Pubmed | Crossref | Others

36. Kobyliak, N., Virchenko, O., Falalyeyeva, T. Pathophysio-
logical role of host microbiota in the development of obesi-
ty. (2016) Nutrition Journal 15: 43.
Pubmed | Crossref | Others

37. Backhed, F., Ding, H., Wang, T. The gut microbiota as an 
environmental factor that regulates fat storage. (2004) Proc 
Natl Acad Sci U S A 101: 15718-15723.
Pubmed | Crossref | Others

38. Han, J., Lin, H. Intestinal microbiota and type 2 diabetes: 
from mechanism insights to therapeutic perspective. (2014) 
World J Gastroenterol 20(47): 17737-17745.
Pubmed | Crossref | Others

39. Kondo, S., Xiao, J., Satoh, T., et al. Antiobesity effects 
of Bifdobacterium breve strain B-3 supplementation in a 
mouse model with high-fat diet-induced obesity. (2010) 
Biosci Biotechnol Biochem 74: 1656–1661.
Pubmed | Crossref | Others

40. Esteve, E., Ricart, W., Fernández-Real, J. Gut microbiota 
interactions with obesity, insulin resistance and type 2 dia-
betes: did gut microbiote co-evolve with insulin resistance? 
(2011) Curr Opin Clin Nutr Metab Care 14: 483–490.
Pubmed | Crossref | Others

41. Rabiei, S., Hedayati, M., Rashidkhani, B., et al. The Effects 
of Synbiotic Supplementation on Body Mass Index, Met-
abolic and Inflammatory Biomarkers, and Appetite in Pa-
tients with Metabolic Syndrome: A Triple-Blind Random-
ized Controlled Trial. (2018) J Diet Suppl
Pubmed | Crossref | Others

42. Rabiei, S., Shakerhosseini, R., Saadat, N. The effects of 
symbiotic therapy on anthropometric measures, body com-
position and blood pressure in patient with metabolic syn-
drome: a triple blind RCT. (2015) Med J Islam Repub Iran 
29: 213.
Pubmed | Crossref | Others

43. Turnbaugh, P., Hamady, M., Yatsunenko, T., et al. A core 
guts microbiome in obese and lean twins. (2008) Nature 
457: 480-484.
Pubmed | Crossref | Others

44. Moreno-Indias, I., Cardona, F., Tinahones, F., et al. Impact 
of the gut microbiota on the development of obesity and 
type 2 diabetes mellitus. (2014) Front Microbiol 29(5): 190.
Pubmed | Crossref | Others

45. Takemura, N., Okubo, T., Sonoyama, K. Lactobacillus plan-
tarum strain No. 14 reduces adipocyte size in mice fed high-
fat diet. (2010) Exp Biol Med (Maywood) 235: 849-856.
Pubmed | Crossref | Others

46. Kang, J.H., Yun, S.I., Park, M.H., et al. Anti-Obesity Effect 
of Lactobacillus gasseri BNR17 in High-Sucrose Diet-In-
duced Obese Mice. (2013) PloS one 8(1): e54617.

https://www.ommegaonline.org/
https://www.ncbi.nlm.nih.gov/pubmed/18685504
https://doi.org/10.1097/MCG.0b013e31817f184e
https://insights.ovid.com/crossref?an=00004836-200809002-00002
https://www.ncbi.nlm.nih.gov/pubmed/20876708
https://doi.org/10.2337/dc10-0556
http://care.diabetesjournals.org/content/33/10/2277
https://www.ncbi.nlm.nih.gov/pubmed/22872030
https://doi.org/10.1038/ejcn.2012.103
https://www.nature.com/articles/ejcn2012103
https://www.ncbi.nlm.nih.gov/pubmed/20927337
https://doi.org/10.1371/journal.pone.0013087
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0013087
https://www.ncbi.nlm.nih.gov/pubmed/20216555
https://doi.org/10.1038/ejcn.2010.19
https://www.nature.com/articles/ejcn201019
https://www.ncbi.nlm.nih.gov/pubmed/18674841
https://doi.org/10.1016/j.jhep.2008.05.025
https://www.journal-of-hepatology.eu/article/S0168-8278(08)00374-7/fulltext
https://www.ncbi.nlm.nih.gov/pubmed/19774074
https://doi.org/10.1371/journal.pone.0007125
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0007125
https://www.ncbi.nlm.nih.gov/pubmed/20205964
https://doi.org/10.1017/S0007114510000176
https://www.cambridge.org/core/journals/british-journal-of-nutrition/article/gut-microbiota-composition-is-associated-with-body-weight-weight-gain-and-biochemical-parameters-in-pregnant-women/C6BF45134ED5B0678A2BCC8599889DEE
https://www.ncbi.nlm.nih.gov/pubmed/19164560
https://doi.org/10.1073/pnas.0812600106
https://www.pnas.org/content/106/7/2365
https://www.ncbi.nlm.nih.gov/pubmed/19498350
https://doi.org/10.1038/oby.2009.167
https://onlinelibrary.wiley.com/doi/full/10.1038/oby.2009.167
https://www.ncbi.nlm.nih.gov/pubmed/20876719
https://doi.org/10.2337/db10-0253
http://diabetes.diabetesjournals.org/content/59/12/3049
https://www.ncbi.nlm.nih.gov/pubmed/12496283
https://doi.org/10.1074/jbc.M211609200
http://www.jbc.org/content/278/13/11312
https://www.ncbi.nlm.nih.gov/pubmed/23560206
https://doi.org/10.4082/kjfm.2013.34.2.80
https://www.kjfm.or.kr/journal/view.php?doi=10.4082/kjfm.2013.34.2.80
https://www.ncbi.nlm.nih.gov/pubmed/19386741
https://doi.org/10.3945/ajcn.2009.27465
https://academic.oup.com/ajcn/article/89/6/1751/4596797
https://www.ncbi.nlm.nih.gov/pubmed/18180751
https://doi.org/10.1038/nrmicro1817
https://www.nature.com/articles/nrmicro1817
https://www.ncbi.nlm.nih.gov/pubmed/16491670
https://doi.org/10.1111/j.1753-4887.2006.tb00173.x
https://academic.oup.com/nutritionreviews/article-abstract/64/1/47/1830122?redirectedFrom=fulltext
https://nutritionj.biomedcentral.com/articles/10.1186/s12937-016-0166-9
https://www.ncbi.nlm.nih.gov/pubmed/15505215
https://doi.org/10.1073/pnas.0407076101
https://www.pnas.org/content/101/44/15718
https://www.ncbi.nlm.nih.gov/pubmed/25548472
https://doi.org/10.3748/wjg.v20.i47.17737
https://www.wjgnet.com/1007-9327/full/v20/i47/17737.htm
https://www.ncbi.nlm.nih.gov/pubmed/20699581
https://doi.org/10.1271/bbb.100267
https://www.tandfonline.com/doi/abs/10.1271/bbb.100267
https://www.ncbi.nlm.nih.gov/pubmed/21681087
https://doi.org/10.1097/MCO.0b013e328348c06d
https://insights.ovid.com/crossref?an=00075197-201109000-00013
https://www.ncbi.nlm.nih.gov/pubmed/29672196
https://doi.org/10.1080/19390211.2018.1455788
https://www.tandfonline.com/doi/abs/10.1080/19390211.2018.1455788?journalCode=ijds20
https://www.ncbi.nlm.nih.gov/pubmed/26478871
https://www.ncbi.nlm.nih.gov/pubmed/19043404
https://doi.org/10.1038/nature07540
https://www.nature.com/articles/nature07540
https://www.ncbi.nlm.nih.gov/pubmed/24808896
https://doi.org/10.3389/fmicb.2014.00190
https://www.frontiersin.org/articles/10.3389/fmicb.2014.00190/full
https://www.ncbi.nlm.nih.gov/pubmed/20558839
https://doi.org/10.1258/ebm.2010.009377
https://journals.sagepub.com/doi/abs/10.1258/ebm.2010.009377?journalCode=ebmb


page no: 51

Prebiotic, Probiotic and Synbiotic Supplementation

Rabiei, S., et al.

Gall
ey

Proof

Pubmed | Crossref | Others
47. Ma, X., Hua, J., Li, Z. Probiotics improve high fat diet-in-

duced hepatic steatosis and insulin resistance by increasing 
hepatic NKT cells. (2008) J Hepatol 49: 821–830.
Pubmed | Crossref | Others

48. Kondo, S., Xiao, J., Satoh, T., et al. Antiobesity effects 
of Bifidobacterium breve strain B-3 supplementation in a 
mouse model with high-fat diet-induced obesity. (2010) 
Biosci Biotechnol Biochem 74(8): 1656–1661.
Pubmed | Crossref | Others

49. Esteve, E., Ricart, W., Fernández-Real, J. Gut microbiota 
interactions with obesity, insulin resistance and type 2 dia-
betes: did gut microbiote co-evolve with insulin resistance? 
(2011) Curr Opin Clin Nutr Metab Care 14(5): 483-490.
Pubmed | Crossref | Others

50. Brons, C., Jensen, C., Storgaard, H. Impact of short-term 
high-fat feeding on glucose and insulin metabolism in 
young healthy men. (2009) J Physiol 587: 2287-2297.
Pubmed | Crossref | Others

51. Defronzso, R. Dysfunctional fat cells, lipotoxicity and type 
2 diabetes. (2004) Int J Clin Pract 58: 9-21.
Pubmed | Crossref | Others

52. Eslamparast, T., Zamani, F., Hekmatdoost, A., et al. Ef-
fects of synbiotic supplementation on insulin resistance in 
subjects with the metabolic syndrome: a randomised, dou-
ble-blind, placebo-controlled pilot study. (2014) Br J Nutr 
112(3): 438-445.
Pubmed | Crossref | Others

53. Mehta, N., McGillicuddy, F., Anderson, P. Experimental en-
dotoxemia induces adipose inflammation and insulin resis-
tance in humans. (2010) Diabetes 59(1): 172-181.
Pubmed | Crossref | Others

54. Cani, P., Possemiers, S., Van de Wiele, T., et al. Changes in 
gut microbiota control inflammation in obese mice through 
a mechanism involving GLP-2-driven improvement of gut 
permeability. (2009) Gut 58(8): 1091-1103.
Pubmed | Crossref | Others

55. Cani, P., Bibiloni, R., Knauf, C. Changes in gut microbio-
ta control metabolic endotoxemia-induced inflammation in 
high-fat diet-induced obesity and diabetes in mice. (2008) 
Diabetes 57: 1470-1481.
Pubmed | Crossref | Others

56. Larsen, N., Vogensen, F., van den Berg, F. Gut microbiota in 
human adults with type 2 diabetes differs from non-diabetic 
adults. (2010) PloS one 5: e9085.
Pubmed | Crossref | Others

57. Kaplan, J., Walker, W. Early gut colonization and subse-
quent obesity risk. (2012) Curr Opin Clin Nutr Metab Care 
15(3): 278-284.
Pubmed | Crossref | Others

58. Serino, M., Luche, E., Gres, S. Metabolic adaptations to a 
high-fat diet is associated with a change in the gut microbi-
ota. (2012) Gut 61:543-53.
Pubmed | Crossref | Others

59. Cani, P., Neyrinck, A., Fava, F. Selective increases of bi-
fidobacteria in gut microflora improve high-fat-diet-induced 
diabetes in mice through a mechanism associated with en-
dotoxaemia. (2007) Diabetologia 50(11): 2374-2383.
Pubmed | Crossref | Others

60. Hulston, C., Churnside, A., Venables, M. Probiotic supple-
mentation prevents high-fat, overfeeding-induced insulin 
resistance in human subjects. (2015) Br J Nutr 113(4): 596-
602.
Pubmed | Crossref | Others

61. Asemi, Z., Samimi, M., Tabassi, Z., et al. Effect of daily 
consumption of probiotic yoghurt on insulin resistance in 
pregnant women: a randomized controlled trial. (2013) Eur 
J Clin Nutr 67(1): 71-74.
Pubmed | Crossref | Others

62. Todesco, T., Rao, A., Bosello, O., et al. Propionate lowers 
blood glucose and alters lipid metabolism in healthy sub-
jects. (1991) Am J Clin Nutr 54(5): 860-865.
Pubmed | Crossref | Others

63. Gao, Z., Yin, J., Zhang, J., et al. Butyrate improves insulin 
sensitivity and increases energy expenditure in mice. (2009) 
Diabetes Care 58(7): 1509-1517.
Pubmed | Crossref | Others

64. Inoue, D., Tsujimoto, G., Kimura, K. Regulation of energy 
homeostasis by GPR41. (2014) Frontiers in Endocrinology 
5: 1-3.
Pubmed | Crossref | Others

65. Robertson, M.D., Currie, J.M., Morgan, L.M., et al. Prior 
Short-Term Consumption of Resistant Starch Enhances 
Postprandial Insulin Sensitivity in Healthy Subjects. (2003) 
Diabetol 46: 659-665.
Pubmed | Crossref | Others

66. Weickert, M.O., Mohlig, M., Schofl, C., et al. Cereal Fiber 
Improves Whole-Body Insulin Sensitivity in Overweight 
and Obese Women. (2006) Diabetes Care 29: 775-780.
Pubmed | Crossref | Others

67. Ludwig, D.S. The Glycemic Index: Physiological Mech-
anisms Relating to Obesity, Diabetes, and Cardiovascular 
Disease. (2002) JAMA 287: 2414-2423.
Pubmed | Crossref | Others

68. Sharafedtinov, K., Plotnikova, O., Alexeeva, R., et al. Hy-
pocaloric diet supplemented with probiotic cheese improves 
body mass index and blood pressure indices of obese hyper-
tensive patients--a randomized double-blind placebo-con-
trolled pilot study. (2013) Nutr J 12: 138.
Pubmed | Crossref | Others

69. Farooq, W., Farwa, U., Rashid Khan, F. The Metabolic Syn-
drome and Inflammation: Role of Insulin Resistance and 
Increased Adiposity. (2015) Oman Med J 30(2): 100-103.
Pubmed | Crossref | Others

70. Abu-Farha, M., Behbehani, K., Elkum, N. Comprehensive 
analysis of circulating adipokines and hsCRP association 
with cardiovascular disease risk factors and metabolic syn-
drome in Arabs. (2014) Cardiovasc Diabetol 13(76): 76.
Pubmed | Crossref | Others

71. Visser, M., Bouter, L.M., McQuillan, G.M., et al. Elevated 
C-reactive protein levels in overweight and obese adults. 
(1999) JAMA 282(22): 2131-2135.
Pubmed | Crossref | Others

72. Purohit, A., Ghilchik, M.W., Duncanet, L., et al. Aromatase 
activity and interleukin-6 production by normal and malig-
nant breast tissues. (1995) J Clin Endocrinol Metab 80(10): 
3052-3058.
Pubmed | Crossref | Others

https://www.ncbi.nlm.nih.gov/pubmed/23382926
https://doi.org/10.1371/journal.pone.0054617
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0054617
https://www.ncbi.nlm.nih.gov/pubmed/18674841
https://doi.org/10.1016/j.jhep.2008.05.025
https://www.journal-of-hepatology.eu/article/S0168-8278(08)00374-7/fulltext
https://www.ncbi.nlm.nih.gov/pubmed/20699581
https://doi.org/10.1271/bbb.100267
https://www.tandfonline.com/doi/abs/10.1271/bbb.100267
https://www.ncbi.nlm.nih.gov/pubmed/21681087
https://doi.org/10.1097/MCO.0b013e328348c06d
https://insights.ovid.com/crossref?an=00075197-201109000-00013
https://www.ncbi.nlm.nih.gov/pubmed/19332493
https://doi.org/10.1113/jphysiol.2009.169078
https://physoc.onlinelibrary.wiley.com/doi/full/10.1113/jphysiol.2009.169078
https://www.ncbi.nlm.nih.gov/pubmed/16035392
https://doi.org/10.1111/j.1368-504X.2004.00389.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1368-504X.2004.00389.x
https://www.ncbi.nlm.nih.gov/pubmed/24848793
https://doi.org/10.1017/S0007114514000919
https://www.cambridge.org/core/journals/british-journal-of-nutrition/article/effects-of-synbiotic-supplementation-on-insulin-resistance-in-subjects-with-the-metabolic-syndrome-a-randomised-doubleblind-placebocontrolled-pilot-study/A22D390EE747B91148544A395
https://www.ncbi.nlm.nih.gov/pubmed/19794059
https://doi.org/10.2337/db09-0367
http://diabetes.diabetesjournals.org/content/59/1/172
https://www.ncbi.nlm.nih.gov/pubmed/19240062
https://doi.org/10.1136/gut.2008.165886
https://gut.bmj.com/content/58/8/1091
https://www.ncbi.nlm.nih.gov/pubmed/18305141
https://doi.org/10.2337/db07-1403
http://diabetes.diabetesjournals.org/content/57/6/1470
https://www.ncbi.nlm.nih.gov/pubmed/20140211
https://doi.org/10.1371/journal.pone.0009085
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0009085
https://www.ncbi.nlm.nih.gov/pubmed/22327336
https://doi.org/10.1097/MCO.0b013e32835133cb
https://insights.ovid.com/crossref?an=00075197-201205000-00014
https://www.ncbi.nlm.nih.gov/pubmed/22110050
https://doi.org/10.1136/gutjnl-2011-301012
https://gut.bmj.com/content/61/4/543
https://www.ncbi.nlm.nih.gov/pubmed/17823788
https://doi.org/10.1007/s00125-007-0791-0
https://link.springer.com/article/10.1007%2Fs00125-007-0791-0
https://www.ncbi.nlm.nih.gov/pubmed/25630516
https://doi.org/10.1017/S0007114514004097
https://doi.org/10.1017/S0007114514004097
https://www.ncbi.nlm.nih.gov/pubmed/23187955
https://doi.org/10.1038/ejcn.2012.189
https://www.nature.com/articles/ejcn2012189
https://www.ncbi.nlm.nih.gov/pubmed/1951157
https://doi.org/10.1093/ajcn/54.5.860
https://academic.oup.com/ajcn/article-abstract/54/5/860/4694353?redirectedFrom=fulltext
https://www.ncbi.nlm.nih.gov/pubmed/19366864
https://doi.org/10.2337/db08-1637
http://diabetes.diabetesjournals.org/content/58/7/1509
https://www.ncbi.nlm.nih.gov/pubmed/24904531
https://doi.org/10.3389/fendo.2014.00081
https://www.frontiersin.org/articles/10.3389/fendo.2014.00081/full
https://www.ncbi.nlm.nih.gov/pubmed/12712245
https://doi.org/10.1007/s00125-003-1081-0
https://link.springer.com/article/10.1007%2Fs00125-003-1081-0
https://www.ncbi.nlm.nih.gov/pubmed/16567814
https://www.ncbi.nlm.nih.gov/pubmed/11988062
http://www.kickthecan.info/glycemic-index-physiological-mechanisms-relating-obesity-diabetes-and-cardiovascular-disease
https://www.ncbi.nlm.nih.gov/pubmed/24120179
https://doi.org/10.1186/1475-2891-12-138
https://nutritionj.biomedcentral.com/articles/10.1186/1475-2891-12-138
https://www.ncbi.nlm.nih.gov/pubmed/25960834
https://doi.org/10.5001/omj.2015.22
http://www.omjournal.org/articleDetails.aspx?coType=1&aId=621
https://www.ncbi.nlm.nih.gov/pubmed/24716628
https://doi.org/10.1186/1475-2840-13-76
https://cardiab.biomedcentral.com/articles/10.1186/1475-2840-13-76
https://www.ncbi.nlm.nih.gov/pubmed/10591334
https://www.ncbi.nlm.nih.gov/pubmed/7559896
https://doi.org/10.1210/jcem.80.10.7559896
https://academic.oup.com/jcem/article-abstract/80/10/3052/2653219?redirectedFrom=fulltext


page no: 52

Citation: Rabiei, S., et al. New Therapeutic Agents to Treat Obesity and Its Related Disorders: Prebiotic, Probiotic and Synbiotic Supplementation. (2019) J Food 
Nutr Sci 6(1): 43-53.

www.ommegaonline.org

Gall
ey

Proof

73. Baumann, H., Gauldie, J. The acute phase response. (1994) 
Immunology Today 15(2): 74-80.
Pubmed | Crossref | Others

74. Papanicolaou, D.A., Wilder, R.L., Manolagas, S.C., et al. 
The pathophysiologic roles of interleukin-6 in human dis-
ease. (1998) Ann Intern Med 128(2): 127-137.
Pubmed | Crossref | Others

75. Hotamisligil, G.S., Arner, P., Caro, J.F., et al. Increased ad-
ipose tissue expression of tumor necrosis factor in human 
obesity and insulin resistance. (1995) J Clin Invest 95(5): 
2409-2415.
Pubmed | Crossref | Others

76. Gomes, A.C., Bueno, A.A., de Souza, R.G., et al. Gut mi-
crobiota, probiotics and diabetes. (2014) Nutr J 13(1): 60.
Pubmed | Crossref | Others

77. Cucak, H., Mayer, C., Tonnesen, M., et al. Macrophage con-
tact dependent and independent TLR4 mechanisms induce 
beta-cell dysfunction and apoptosis in a mouse model of 
type 2 diabetes. (2014) PLoS ONE 9(3): e90685.
Pubmed | Crossref | Others

78. Puddu, A., Sanguineti, R., Montecucco, F., et al. Evidence 
for the Gut Microbiota Short-Chain Fatty Acids as Key 
Pathophysiological Molecules Improving Diabetes. (2014) 
Mediators of Inflammation.
Pubmed | Crossref | Others

79. Kellow, N., Coughlan, M., Reid, C. Metabolic benefits of 
dietary prebiotics in human subjects: a systematic review 
of randomised controlled trials. (2014) Br J Nutr 13: 1-15.
Pubmed | Crossref | Others

80. Boden, G., Shulman, G. Free fatty acids in obesity and type 
2 diabetes: defining their role in the development of insulin 
resistance and beta-cell dysfunction. (2002) Eur J Clin In-
vest 32(3): 14-23.
Pubmed | Crossref | Others

81. Shi, H., Kokoeva, M., Inouye, K., et al. TLR4 links innate 
immunity and fatty acid-induced insulin resistance. (2006) 
J Clin Invest 116(11): 3015-3025.
Pubmed | Crossref | Others

82. Brownlee, M. Biochemistry and molecular cell biology of 
diabetic complications. (2001) Nature 414(6865): 813-820.
Pubmed | Crossref | Others

83. Kotani, K., Sakane, N. C-reactive protein and reactive ox-
ygen metabolites in subjects with metabolic syndrome. 
(2012) J Int Med Res 40(3): 1074-1081.
Pubmed | Crossref | Others

84. Thornalley, P., Ann, N.Y. Dicarbonyl intermediates in the 
maillard reaction. (2005) Ann N Y Acad Sci 1043: 111-117.
Pubmed | Crossref | Others

85. Fiory, F., Lombardi, A., Miele, C., et al. Methylglyoxal 
impairs insulin signalling and insulin action on glucose-in-
duced insulin secretion in the pancreatic beta cell line INS-
1E. (2011) Diabetologia 54(11): 2941-2952.
Pubmed | Crossref | Others

86. Mills, D., Tuohy, K., Booth, J., et al. Dietary glycated pro-
tein modulates the colonic microbiota towards a more detri-
mental composition in ulcerative colitis patients and non-ul-
cerative colitis subjects. (2008) J Appl Microbiol 105(3): 
706-714.
Pubmed | Crossref | Others

87. Mortensen, P., Clausen, M. Short-chain fatty acids in the 
human colon: relation to gastrointestinal health and disease. 
(1996) Scand J Gastroenterol Suppl 216: 132-148.
Pubmed | Crossref | Others

88. Rapin, J., Wiernsperger, N. Possible links between intestinal 
permeability and food processing: A potential therapeutic 
niche for glutamine. (2010) Clinics (Sao Paulo) 65(6): 635-
643.
Pubmed | Crossref | Others

89. Vinolo, M., Rodrigues, H., Nachbar, R., et al. Regulation 
of inflammation by short chain fatty acids. (2011) Nutrients 
3(10): 858-876.
Pubmed | Crossref | Others

90. Lewis, K., Lutgendorff, F., Phan, V., et al. Enhanced trans-
location of bacteria across metabolically stressed epithelia 
is reduced by butyrate. (2010) Inflamm Bowel Dis 16(7): 
1138-1148.
Pubmed | Crossref | Others

91. Canani, R., Costanzo, M., Leone, L., et al. Potential ben-
eficial effects of butyrate in intestinal and extraintestinal 
diseases. (2011) World J Gastroenterol 17(12): 1519-1528.
Pubmed | Crossref | Others

92. Klinder, A., Forster, A., Caderni, G., et al. Fecal water geno-
toxicity is predictive of tumorpreventive activities by inu-
lin-like oligofructoses, probiotics (Lactobacillus rhamnosus 
and Bifidobacterium lactis), and their synbiotic combina-
tion. (2004) Nutrition and Cancer 49(2): 144-155.
Pubmed | Crossref | Others

93. Wu, G.D., Chen, J., Hoffmann, C., et al. Linking long-term 
dietary patterns with gut microbial enterotypes. (2011) Sci-
ence 334(6052): 105-8.
Pubmed | Crossref | Others

94. Meijer, K., deVos, P., Priebe, M. Butyrate andother short-
chain fatty acids as modulators of immunity: what relevance 
for health? (2010) Curr Opin Clin Nutr Metab Care 13(6): 
715-721.
Pubmed | Crossref | Others

95. Lin, M., Yen, C. Inhibition of lipid peroxidation by Lacto-
bacillus acidophilus and Bifidobacterium longum. (1999) J 
Agricul Food Chem 47(9): 3661-3664.
Pubmed | Crossref | Others

96. Yen, C., Kuo, Y., Tseng, Y., et al. Beneficial effects of fruc-
to-oligosaccharides supplementation on fecal bifidobac-
teria and index of peroxidation status in constipated nurs-
ing-home residents-a placebo-controlled, diet-controlled 
trial. (2011) Nutrition 27(3): 323-328.
Pubmed | Crossref | Others

97. Stoyanova, S., Geuns, J., Hideg, E., Vet al. The food ad-
ditives inulin and stevioside counteract oxidative stress. 
(2011) Int J Food Sci Nutr 62(3): 207-214.
Pubmed | Crossref | Others

98. Mofidi, F., Poustchi, H., Yari, Z., et al. Synbiotic supple-
mentation in lean patients with non-alcoholic fatty liver dis-
ease: a pilot, randomised, double-blind, placebo-controlled, 
clinical trial. (2017) Br J Nutr 117(5): 662-668.
Pubmed | Crossref | Others

99. Kelishadi, R., Farajian, S., Safavi, M., et al. A randomized 
triple-masked controlled trial on the effects of synbiotics on 
inflammation markers in overweight children. (2014) J Pe-

https://www.ommegaonline.org/
https://www.ncbi.nlm.nih.gov/pubmed/7512342
https://doi.org/10.1016/0167-5699(94)90137-6
https://www.sciencedirect.com/science/article/pii/0167569994901376?via%3Dihub
https://www.ncbi.nlm.nih.gov/pubmed/9441573
https://doi.org/10.7326/0003-4819-128-2-199801150-00009
https://annals.org/aim/article-abstract/711113/pathophysiologic-roles-interleukin-6-human-disease?doi=10.7326%2f0003-4819-128-2-199801150-00009
https://www.ncbi.nlm.nih.gov/pubmed/7738205
https://doi.org/10.1172/JCI117936
https://www.jci.org/articles/view/117936
https://www.ncbi.nlm.nih.gov/pubmed/24939063
https://doi.org/10.1186/1475-2891-13-60
https://nutritionj.biomedcentral.com/articles/10.1186/1475-2891-13-60
https://www.ncbi.nlm.nih.gov/pubmed/24594974
https://doi.org/10.1371/journal.pone.0090685
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0090685
https://www.ncbi.nlm.nih.gov/pubmed/25214711
https://doi.org/10.1155/2014/162021
https://www.hindawi.com/journals/mi/2014/162021/
https://www.ncbi.nlm.nih.gov/pubmed/24230488
https://doi.org/10.1017/S0007114513003607
https://www.cambridge.org/core/journals/british-journal-of-nutrition/article/metabolic-benefits-of-dietary-prebiotics-in-human-subjects-a-systematic-review-of-randomised-controlled-trials/1A7FB9FFAEE52BFBA26A9E5EF519F84B
https://www.ncbi.nlm.nih.gov/pubmed/12028371
https://www.ncbi.nlm.nih.gov/pubmed/17053832
https://doi.org/10.1172/JCI28898
https://www.jci.org/articles/view/28898
https://www.ncbi.nlm.nih.gov/pubmed/11742414
https://doi.org/10.1038/414813a
https://www.nature.com/articles/414813a
https://www.ncbi.nlm.nih.gov/pubmed/22906280
https://doi.org/10.1177/147323001204000326
https://journals.sagepub.com/doi/10.1177/147323001204000326
https://www.ncbi.nlm.nih.gov/pubmed/16037229
https://doi.org/10.1196/annals.1333.014
https://nyaspubs.onlinelibrary.wiley.com/doi/abs/10.1196/annals.1333.014
https://www.ncbi.nlm.nih.gov/pubmed/21861178
https://doi.org/10.1007/s00125-011-2280-8
https://link.springer.com/article/10.1007%2Fs00125-011-2280-8
https://www.ncbi.nlm.nih.gov/pubmed/18399977
https://doi.org/10.1111/j.1365-2672.2008.03783.x
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1365-2672.2008.03783.x
https://www.ncbi.nlm.nih.gov/pubmed/8726286
https://www.researchgate.net/publication/14476729_Short-Chain_Fatty_Acids_in_the_Human_Colon_Relation_to_Gastrointestinal_Health_and_Disease
https://www.ncbi.nlm.nih.gov/pubmed/20613941
https://www.ncbi.nlm.nih.gov/pubmed/22254083
https://doi.org/10.3390/nu3100858
https://www.mdpi.com/2072-6643/3/10/858
https://www.ncbi.nlm.nih.gov/pubmed/20024905
https://doi.org/10.1002/ibd.21177
https://academic.oup.com/ibdjournal/article-abstract/16/7/1138/4628425?redirectedFrom=fulltext
https://www.ncbi.nlm.nih.gov/pubmed/21472114
https://doi.org/10.3748/wjg.v17.i12.1519
https://www.ncbi.nlm.nih.gov/pubmed/15489207
https://doi.org/10.1207/s15327914nc4902_5
https://www.tandfonline.com/doi/abs/10.1207/s15327914nc4902_5
https://www.ncbi.nlm.nih.gov/pubmed/21885731
https://doi.org/10.1126/science.1208344
https://science.sciencemag.org/content/334/6052/105
https://www.ncbi.nlm.nih.gov/pubmed/20823773
https://doi.org/10.1097/MCO.0b013e32833eebe5
https://insights.ovid.com/crossref?an=00075197-201011000-00019
https://pubs.acs.org/doi/abs/10.1021/jf981235l
https://www.ncbi.nlm.nih.gov/pubmed/20579847
https://doi.org/10.1016/j.nut.2010.02.009
https://www.sciencedirect.com/science/article/pii/S0899900710000687?via%3Dihub
https://www.ncbi.nlm.nih.gov/pubmed/21043580
https://doi.org/10.3109/09637486.2010.523416
https://www.tandfonline.com/doi/abs/10.3109/09637486.2010.523416?journalCode=iijf20
https://www.ncbi.nlm.nih.gov/pubmed/28345499
https://doi.org/10.1017/S0007114517000204
https://www.cambridge.org/core/journals/british-journal-of-nutrition/article/synbiotic-supplementation-in-lean-patients-with-nonalcoholic-fatty-liver-disease-a-pilot-randomised-doubleblind-placebocontrolled-clinical-trial/EAB63C291F310282D1DE56ADD2A47433


page no: 53

Prebiotic, Probiotic and Synbiotic Supplementation

Rabiei, S., et al.

Gall
ey

Proof

Submit your manuscript to Ommega Publishers and 
we will help you at every step:

• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in all major indexing services
• Maximum visibility for your research

Submit your manuscript at

https://www.ommegaonline.org/submit-manuscript

diatr (Rio J) 90(2): 161-168.
Pubmed | Crossref | Others

100. Tajadadi-Ebrahimi, M., Bahmani, F., Shakeri, H., et al. Ef-
fects of Daily Consumption of Synbiotic Bread on Insulin 
Metabolism and Serum High-Sensitivity C-Reactive Pro-
tein among Diabetic Patients: A Double-Blind, Random-
ized, Controlled Clinical Trial. (2014) Ann Nutr Metab 
65(1): 34-41.
Pubmed | Crossref | Others

101. Gobel, R., Larsen, N., Jakobsen, M., et al. Probiotics to 
obese adolescents; RCT examining the effects on inflam-
mation and metabolic syndrome. (2012) J Pediatr Gastro-
enterol Nutr.
Pubmed | Crossref | Others

102. Zarrati, M., Salehi, E., Nourijelyani, K., et al. Effects of 
Probiotic Yogurt on Fat Distribution and Gene Expression 
of Proinflammatory Factors in Peripheral Blood Mononu-
clear Cells in Overweight and Obese People with or without 
Weight-Loss Diet. (2014) J Am Coll Nutr 31: 1-9.
Pubmed | Crossref | Others

103. Rajkumar, H., Mahmood, N., Kumar, M., et al. Effect of 
Probiotic (VSL#3) and Omega-3 on Lipid Profile, Insulin 
Sensitivity, Inflammatory Markers, and Gut Colonization 
in Overweight Adults: A Randomized, Controlled Trial. 
(2014) Mediators Inflamm
Pubmed | Crossref | Others

104. Asemi, Z., Zare, Z., Shakeri, H., et al. Effect of Multispecies 
Probiotic Supplements on Metabolic Profiles, hs-CRP, and 
Oxidative Stress in Patients with Type 2 Diabetes. (2013) 
Ann Nutr Metab 63(1-2): 1-9.
Pubmed | Crossref | Others

105. Kathleen, M.L., Escott-Stump S, Raymond J. Krause’s 
Food & the Nutrition Care Process. (2012) Saunders 71.
Pubmed | Crossref | Others

https://www.ommegaonline.org/submit-manuscript
https://www.ncbi.nlm.nih.gov/pubmed/24184299
https://doi.org/10.1016/j.jped.2013.07.003
https://www.sciencedirect.com/science/article/pii/S0021755713002039?via%3Dihub
https://www.ncbi.nlm.nih.gov/pubmed/25196301
https://doi.org/10.1159/000365153
https://www.karger.com/Article/Abstract/365153
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4606947/
https://www.ncbi.nlm.nih.gov/pubmed/25079040
https://doi.org/10.1080/07315724.2013.874937
https://www.tandfonline.com/doi/abs/10.1080/07315724.2013.874937
https://www.ncbi.nlm.nih.gov/pubmed/24795503
https://doi.org/10.1155/2014/348959
https://www.hindawi.com/journals/mi/2014/348959/
https://www.ncbi.nlm.nih.gov/pubmed/23899653
https://doi.org/10.1159/000349922
https://www.karger.com/Article/Abstract/349922
https://evolve.elsevier.com/cs/product/9780323340755?role=student

	Abstract
	Introduction
	References

