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ABSTRACT 
 

Obesity is one of the major challenge of modern society which will lead to other health problems. 
Recently, researches have been conducted to understand the correlation between obesity and type 
of gut microflora with the objective to control severe health diseases by changing gut flora or diet. 
Researches also have been conducted to understand the relationship of serum leptin and obesity. 
Leptin is a hormone produced by white adipose tissue that acts as a satiety factor sending signals 
of nutritional status to the hypothalamus. Both gut microflora, as well as serum leptin, have shown 
significant associations with obesity individually and in relation to each other. However due to the 
great heterogeneous and complex nature of obesity, the question regarding their interaction with 
each other remains unclear. The objective of review are, firstly to identify the role of gut microflora 
& serum leptin; secondly, to analyse the interaction of gut microflora and serum leptin in the obese 
phenotype and lastly, to discuss the therapeutic benefits of gut microflora modulation for serum 
leptin.  
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ABBREVIATIONS 
 
ARC : Hypothalamic arcuate nucleus 
VAN : Vagal afferent neurons 
JAK/STAT : Janus kinase/ signal transducers 

and activators of transcription 
SOCS : Suppressors of cytokine 

signalling 
CONV-R : Conventionally raised 
GF : Germ free 
HFD : High fat diet 
LPS : Lipopolysaccharide  
 
1. INTRODUCTION 
 
Obesity is a growing worldwide epidemic 
affecting nearly 1.9 billion people as of 2014 [1] 
and the numbers continue to rise. It is caused by 
an imbalance in energy intake and expenditure 
resulting in increased body weight, metabolic 
dysfunction and chronic low grade inflammation 
[2]. It is a risk factor for the development of 
chronic non-communicable diseases with high 
morbidity such as diabetes and cardiovascular 
disorders [3]. In addition to negatively altering 
health conditions and lifestyle it is becoming an 
ever growing economic burden [4,5]. Many 
factors affect the development and the 
progression of obesity including genetics, age, 
sex and environment [6,7].  
 
There has been growing interest in the 
association of gut microflora as an environmental 
factor in obesity [8]. There are trillions of 
microorganisms and 1000 bacterial species living 
the human gastrointestinal tract [9]. For many 
years gut microflora were thought to simply live 
in the gastrointestinal tract without directly 
affecting the host, however recent research is 
suggesting otherwise. This huge load of 
microorganisms has its own genes and metabolic 
reactions which affects human health as the 
microorganisms are in direct contact with a 
mucosal absorptive surface with a rich blood 
supply and significant immunological function 
[10]. 
 
There has also been keen interest in the 
relationship of serum leptin and obesity. Leptin is 
a hormone produced by white adipose tissue that 
acts as a satiety factor sending signals of 
nutritional status to the hypothalamus. It affects 
food intake, metabolism, controls appetite and 
energy expenditure [11,12]. A rise in body fat 
mass increases serum leptin levels hence 
triggering satiety and inhibiting food intake. 
However leptin resistance develops in obese 

individuals causing a disruption in its function 
[13]. Therefore identifying the factors that lead to 
leptin resistance can help to combat weight gain 
and gut microflora is a promising factor in this 
aspect. 
 
Both gut microflora as well as serum leptin have 
shown significant associations with obesity 
individually and in relation to each other. 
However due to the great heterogeneous and 
complex nature of obesity the question regarding 
their interaction with each other remains unclear. 
This review aims to answer this question by 
firstly identifying the role of gut microflora and 
serum leptin; secondly analysing the interaction 
of gut microflora and serum leptin in the obese 
phenotype and thirdly discussing the therapeutic 
benefits of gut microflora modulation for serum 
leptin.  
 
2. LEPTIN AND LEPTIN RESISTANCE 
 
Adipose tissue act as an energy storage site as 
well as an endocrine tissue that releases various 
adipokines affecting glucose and lipid 
metabolism [14,15]. Leptin is one such hormone 
produced by adipose tissue in proportion to fat 
mass [16]. It regulates appetite, satiety, food 
intake and energy expenditure [11,12]. An 
increase in fat mass results in an increase in 
serum leptin levels which in turn inhibits food 
intake as there is sufficient stored energy in the 
body. As a result, mutation and defects in leptin 
production or the function of leptin receptor 
results in increase appetite, hyperphagia and 
severe early onset obesity [17–19]. 
 
Leptin receptor is a single membrane spanning 
protein comprising of several isoforms with the 
long isoform LebRb being the primary signalling 
isoform [20–22]. Leptin receptors are found 
mainly on the hypothalamic arcuate nucleus 
(ARC) [23] but they can also be found in vagal 
afferent neurons (VAN) [24]. Activation of leptin 
receptor is achieved through the Janus 
kinase/signal transducers and activators of 
transcription (JAK/STAT) pathway [25] which is 
regulated by suppressors of cytokine signalling 
(SOCS) family of proteins in particular SOCS-3 
[26].  
 
Despite the high levels of serum leptin in obese 
individuals it does not cause weight loss and 
administration of exogenous leptin to obese 
individuals does not promote weight loss either, 
hence suggesting the development of leptin 
resistance in obesity [13]. Over expression of 
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SOCS-3 is suggested to cause leptin resistance 
where increased leptin increases SOCS-3 
expression and decreases leptin receptor 
signalling [27].  
 
Experiments on rat models show that 
hypothalamic leptin resistance develops after 
hyperphagia and obesity [28] whereas leptin 
resistance in VAN coincides with hyperphagia 
[29] suggesting that resistance in hypothalamic 
neurons does not initiate hyperphagia and 
obesity. In fact deletion of leptin signalling by 
knocking out leptin receptor expression in VAN 
lead to hyperphagia and obesity by preventing 
post prandial gut brain signalling [30]. This 
suggest that VAN are involved in the initiation of 
leptin resistance. 
 
3. GUT MICROFLORA 
 
Gut microflora have been shown to increase 
energy absorption in the intestine by breaking 
down indigestible products and making them 
available for absorption and utilisation [31–33].  
Studies comparing conventionally raised (CONV-
R) mice and germ free (GF) mice found that food 
intake is lower in CONV-R mice but they weighed 
more than the GF mice with the GF mice free 
from high fat diet (HFD) associated metabolic 
dysfunction [32,34,35]. Inversely, implanting gut 
microbiota from CONV-R obese mice into GF 
mice caused an increase in body fat and insulin 
resistance in the GF mice [36,37]. The gut 
microflora increased adiposity in the animals 
despite reduced food intake supporting the 
suggestion that gut microbes increase energy 
absorption from food. 
 
Changes in the composition of gut microflora 
have been reported in obese individuals of both 
animal and human models (as summarised in 
Table 1). However, there have been conflicting 
reports on the nature of these changes. Some 
human studies have found an increase in the 

Firmicutes to Bacteroides ratio with relative 
decrease in Bacteroides and an increase in 
Firmicutes in the obese individuals compared to 
their lean counterparts [38]. These findings were 
mirrored in several studies involving obese mice, 
high fat diet induced obese mice [39–41] as well 
as Beagle dogs [42]. However not all studies 
corroborated these exact observations [43,44]. 
 
4. LEPTIN AND GUT MICROFLORA 
 
4.1 Gut Microflora and Leptin Receptors 
 
LebRb-defficient mice were used to determine 
the presence of a link between leptin signalling 
and gut microflora. Pair fed LepRb-defficient 
mice had an increased ratio of Firmicutes to 
Bacteroidetes in comparison to wild-type pairs. A 
change similar to that found in obese mice. This 
shows that leptin signalling affects gut microflora 
independently of other factors such as diet and 
body weight [50].  
 
Inversely there is evidence indicating that gut 
microbiota can reduce leptin sensitivity. A study 
showed an upregulation of SOCS-3, an inhibitor 
of cytokine signalling [26] associated with leptin 
resistance [27] in CONV-R mice but not in GF 
mice. Exogenous administration of leptin caused 
a significant drop in body weight of GF mice but 
not in CONV-R mice. This shows that the 
presence of gut microflora directly affects leptin 
levels by decreasing leptin inhibition possibly 
leading to or accelerating leptin resistance [51]. 
 
4.2 Bacterial Cell Wall Component 
 
A hypothesis suggests that the breakdown of the 
bacteria is what triggers obesity by causing 
metabolic endotoxaemia. Metabolic 
endotoxaemia is an increase in bacterial cell wall 
component lipopolysaccharide (LPS) in the blood 
stream [52]. This condition is characteristic of 
many metabolic diseases and is thought to

 
Table 1. Studies linking obesity and gut microflora alterations in human and mouse models 

 
Studies Model Phenotype Microflora alteration 
[38] Homo sapien 

Human 
Obesity Increased Firmicutes : 

Bacteroides ratio 
[8] Homo sapien 

Human 
Obesity Decreased diversity 

Decreased Bacteroides 
[32,34,45–48] Mus musculus 

mouse 
Increased adiposity, weight 
gain and insulin resistance 

Whole microbiome 

[33,36,37,49] Mus musculus 
mouse 

Increased adiposity and 
obesity 

Increased Firmicutes : 
Bacteroides ratio 

 



initiate obesity [52–54] by many mechanisms 
including adipose tissue inflammation and 
stimulating adipose progenitor cells 
 
Chronic exposure to LPS has been found to 
inhibit secretion of leptin [39]. On the other hand, 
a study on mice found that chronic LPS 
stimulation decreases vagal afferent signalling 
resulting in the subsequent decrease of leptin
induced STAT3 phosphorylation, however these 
changes were not observed in hypothalamic 
leptin signalling [56]. Increased vagal stimulation 
can cause hyperphagia increasing energy intake 
and further altering the gut microflora and 
intestinal barrier function [57
significantly increases intestinal permeability
[45,58].  
 
These findings when combined, suggest that a 
HFD decreases membrane barrier function 
resulting in increased LPS in the blood causing 
impaired leptin receptor signalling via decreased 
STAT 3 phosphorylation as well as decreased 
vagal afferent signalling causing hyperphagia. 
Hence a possible mechanism between HFD 
induced gut microflora changes and impaired 
leptin signalling/function is obtained. 
 
This effect was not found in gram positive 
bacterial cell wall components. Therefore it ha
been suggested that addition of gram positive 
bacteria like Lactobacillus and Bifidobacterium 
may ameliorate the effects of LPS by being the 
competitive alternative [39]. 
 
4.3 Autoimmunity 
 
Gut microbes release many molecules into the 
intestinal environment due to regular metabolism 
or breakdown. The intestinal tract is rich with 
Payer’s patches and peripheral lymphoid tissue, 
to monitor and protect the intestinal environment 
as necessary by producing antibodies, especially 
IgA as it is a mucous membrane [59
 
IgA and IgG autoantibodies against appetite
regulating peptides including leptin were found in 
 

Fig. 1. Decreased leptin signalling by metabolic endotoxaemia
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by many mechanisms 
including adipose tissue inflammation and 

 [55]. 

Chronic exposure to LPS has been found to 
. On the other hand, 

a study on mice found that chronic LPS 
stimulation decreases vagal afferent signalling 
resulting in the subsequent decrease of leptin-
induced STAT3 phosphorylation, however these 
changes were not observed in hypothalamic 

. Increased vagal stimulation 
can cause hyperphagia increasing energy intake 
and further altering the gut microflora and 

57] as HFD 
significantly increases intestinal permeability 

These findings when combined, suggest that a 
HFD decreases membrane barrier function 
resulting in increased LPS in the blood causing 
impaired leptin receptor signalling via decreased 
STAT 3 phosphorylation as well as decreased 

afferent signalling causing hyperphagia. 
Hence a possible mechanism between HFD 
induced gut microflora changes and impaired 
leptin signalling/function is obtained.  

This effect was not found in gram positive 
bacterial cell wall components. Therefore it has 
been suggested that addition of gram positive 

Bifidobacterium 
may ameliorate the effects of LPS by being the 

Gut microbes release many molecules into the 
intestinal environment due to regular metabolism 
or breakdown. The intestinal tract is rich with 
Payer’s patches and peripheral lymphoid tissue, 
to monitor and protect the intestinal environment 

necessary by producing antibodies, especially 
59].  

IgA and IgG autoantibodies against appetite-
regulating peptides including leptin were found in 

the sera of health humans [60,61]. This could be 
part of the physiological control of appetite
regulating peptide and the presence of IgA 
suggest possible involvement of luminal antigens 
including gut microflora. Though the presence of 
these autoantibodies is not depende
microflora, as they are also found in GF mice, the 
levels of autoantibodies can be altered by the 
composition of gut microflora.  
 
Using the concept of molecular mimicry, 
commensal and pathogenic intestinal flora were 
examined for peptide fragments similar to any 
part of different appetite-regulating peptides. 
Lactococcus lactis, Escherichia coli
bacteriophage, Yarrowia lipolytica, 
Aspergillus species and Streptococcus 
peptide fragments identical to leptin 
results suggest that the presence of or infection 
with these bacteria could result in production of 
autoantibodies against leptin.  
 
This information provides useful and pragmatic 
insight to possible treatment options of obesity 
and leptin resistance through gut microflora. 
Increasing production of autoantibodies via 
immunisation or supplementation of these 
bacteria can help decrease hyperleptinemia 
and in turn manage leptin resistance in 
obesity. However, more work is required in this 
aspect. 
 
4.4 Other Peptide Hormones and 

Adipokines 
 
Due to the heterogeneous nature of obesity it is 
important to note that a few hormones and 
adipokines that contribute to obesity, and 
indirectly to the problem of leptin resistance, are 
also affected by gut microflora. 
 
Leptin is one of many hormones and cytokines 
secreted by adipose tissue, also known
adipokines. Adipokines that are commonly 
associated with obesity and metabolic 
dysfunction include adiponectin and resistin. An 
increase in circulating bacterial cell wall
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components, like LPS as seen in metabolic 
endotoxamia has been shown to mediate an 
increase in adiponectin, resistin and leptin [39]. 
This metabolic endotoxaemia coupled with the 
inflammatory effects of adipokines results in 
increased systemic inflammation which 
contributes to obesity and in turn leptin 
resistance [62]. 
 
There is well documented correlation between 
the incidence of type 2 diabetes and obesity [63]. 
Insulin is peptide hormone which is essential in 
healthy glucose metabolism [64]. Type 2 
diabetes is characterised by insulin resistance 
which seems to be affected by gut microflora 
composition in a similar way to obesity 
[2,35,48,65]. Increased circulating levels of leptin 
have been associated with insulin resistance 
[66]. Understanding the role of gut microflora in 
metabolic diseases that coincide with obesity can 
help in managing obesity and leptin resistance 
further down the line. 
 
Ghrelin, a peptide hormone that stimulates 
hunger and increases food intake [67] is also 
affected by gut microflora compositions [68]. 
Since hunger plays a part in hyperphagia, 
modulation of ghrelin levels through modulation 
of gut microflora composition may be a potential 
avenue to decreasing hyperphagia. 
 
5. THERAPEUTIC APPLICATION OF GUT 

MICROFLORA MODULATION 
 
It is becoming increasing clear that gut microflora 
is an important element in leptin control and 
obesity. Therefore modulating it would prove a 
beneficial therapeutic option. Gut microflora can 
be altered either by introducing beneficial 
bacteria (probiotics), consuming food that 
enhance the growth of certain bacteria (prebiotic) 
or consuming other compounds that alter the 
environment and either reverse or prevent the 
dysbiosis found in obese people. 
 
5.1 Probiotics 
 
Probiotics are live microorganisms that, when 
ingested in sufficient amounts provide health 
benefits to the host [69]. They come in many 
strains and confer benefits on various body 
systems including the gastrointestinal system. 
 
Lactobacillus species has shown promising 
benefits with respect to obesity. Administration of 

Lactobacillus plantarum LG42, to HFD fed mice 
resulted in decreased adiposity, significant 
decrease in weight gain and a significant 
decrease in leptin levels compared to control 
[70]. L. curvatus HY7601 and L. plantarum 
KY1032 supplementation to diet induced obese 
mice lead to reduced body weight gain and gut 
microbiota modulation compared to non-
supplemented group [71]. However studies using 
Lactobacillus acidophilus NCDC 13 [72] and 
Lactobacillus plantarum WCFS1 [58] didn’t show 
significant change suggesting that the benefits 
are strain specific. 
 
Bifidobacterium species is a commensal species 
that increases mucosal barrier function and 
decreases metabolic endotoxaemia [73,74]. it is 
decreased in HFD [75,76]. Oral administration of 
Bifidobacterium pseudocatenulatum CECT 7765 
to HFD fed mice caused decreased caloric 
intake, decreased weight gain, decreased 
adipocyte size, reduced fat micelles in 
enterocytes and a decrease in leptin levels [77]. 
Supplementation with L. curvatus HY7601 and L. 
plantarum KY1032 showed an increase in the 
relative abundance of Bifidobacterium 
pseudolongum although it was not externally 
administered [71] suggesting this increase could 
have been a factor in the benefits seen.  
 
The oral administration of Bacteroides uniformis 
CECT 7771 reduced body weight gain, liver 
steatosis and liver cholesterol and triglyceride 
concentrations and increased small adipocyte 
numbers in HFD fed mice. The strain also 
reduced serum cholesterol, triglyceride, glucose, 
insulin and leptin levels. B. uniformis CECT 7771 
increased Bifidobacterium spp. and Bacteroides 
spp [75]. 
 
Akkermansia muciniphila is a mucin degrading 
bacteria found in the mucus layer of the gut [78]. 
In healthy individuals its abundance inversely 
correlates with body weight [40,79,80]. 
Administration of alive A. muciniphila to mice 
reversed high-fat diet-induced metabolic 
disorders, including fat-mass gain, metabolic 
endotoxemia, adipose tissue inflammation, and 
insulin resistance [58]. 
 
5.2 Prebiotics 
 
Prebiotics are non-digestible polysaccharides 
and oligosaccharides which promote the growth 
of beneficial intestinal microflora [81]. 
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Table 2. Summary of gut microflora modulation methods 
 

Modulation 
methods 

Definition Action Example 

Probiotics Live microorganisms 
[69] 

Decrease or reverse 
obesity induced gut 
microflora dysbiosis 
 
 
Decrease adiposity 
 
 
Lowered serum leptin 
levels 

Lactobacillus species [70,71] 
Bifidobacterium species [76,77] 
Bacteroides species [75] 
Akkermansia muciniphila [58] 

 
Prebiotics 

Non-digestible 
polysaccharides and 
oligosaccharides [81] 

Oligofructose [40] 

Natural 
Products 

Plants or plant derived 
compounds 

Capsaicin (major capsaicinoid of 
red chilli peppers) [41] 
Plantago maxima leaf extract 
[83] 

 
Oligofructose is a probiotic that has shown great 
benefit. Supplementation with oligofructose in 
obese mice decreased Firmicutes and increased 
Bacteroidetes phyla. It also improved glucose 
tolerance, reduced fat-mass development, 
oxidative stress, and low-grade inflammation as 
well as improved leptin sensitivity [40]. 
Oligofructose supplementation in HFD fed mice 
restored Bifidobacterium levels which in turn 
reduced metabolic endotoxemia and related pro-
inflammatory factors [76].  
 
5.3 Natural Products 
 
The role of natural products and compounds in 
modulating obesity and serum leptin through gut 
microflora is a promising avenue. Two such 
products namely capsaicin and Plantago maxima 
leaves are good examples. 
 
Capsaicin is the major capsaicinoid found in red 
chilli. Topical application of capsaicin was found 
to decrease visceral adiposity by reducing fat 
mass in adipose tissue as well as significantly 
decreasing lipid droplets in adipose tissue overall 
decreasing the occurrence of large adipocytes 
[82]. In a more recent study HFD fed mice were 
given capsaicin as a supplement. Capsaicin 
reduced the gut microflora alteration related to 
obesity (lower increase in the Firmicutes 
compared to control HFD). It enhanced mucus 
secretion, significantly inhibited increased body 
weight with HFD and reduced leptin secretion 
with HFD [41]. 
 
Plantago maxima supplemented to mice on a 
HFD showed a decrease in adipocyte area, 
reversed leptin elevation, prevented diet induced 
change of colonic gram-positive, a decrease in 
gram negative flora bacteria compared to control 
HFD mice. Therefore it reduced HFD caused 

dysbiosis, resulting in better leptin sensitivity and 
adipose tissue health [83]. 
 
6. CONCLUSION 
 
Gut microflora directly and indirectly affects leptin 
levels in obesity by decreasing leptin sensitivity, 
inducing metabolic endotoxaemia and affecting 
the production of leptin specific antibodies by 
molecular mimicry. These aspects can be 
positively manipulated by modulating the gut 
microflora to include strains and species that 
support an intestinal environment with healthy 
gut barrier and metabolic function. Modulation 
can be done through probiotics, prebiotics as 
well as natural products. Many studies have 
demonstrated their benefits however there is a 
lack of sufficient human studies to solidify this 
evidence. Further studies into this aspect can 
hopefully involve inclusion of these modulation 
methods in mainstream obesity treatments in the 
near future rather than their current use just as 
supplements that are not available to all. Hence, 
giving hope of a more well-rounded treatment 
criteria that decreases the metabolic dysfunction 
in obesity and in turn decreases the risk of 
obesity induced chronic diseases. 
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