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ABSTRACT
Obesity has emerged as one of the leading medical challenges of the 21st century. Obesity occurs as a
result of imbalance between energy input and output and is tightly linked with metabolic diseases.
Hypothalamus, a critical portion of the brain, regulates varied number of physiological processes
including energy balance and nutrient metabolism. One of many theories explaining obesity proposes
that weight gain is caused by dysfunction of the hypothalamic neurons that regulate energy
homeostasis. A possible cause of neuronal dysfunction is inflammation. This inflammation has been
implicated in leptin and insulin hormone resistance resulting defective food intake. An epidemic of
obesity has forced us to evaluate the role of hypothalamic inflammation in the health implications of
obesity.
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INTRODUCTION
Obesity is a disorder of having excess body fat, which to a
great extent, has a negative impact on one’s health. Obesity
means higher body weight than what is considered healthy for
a person’s height. The scientific definition of obesity is quite
different from the social perception of being “overweight”. The
World Health Organization (WHO) and the National Institutes
of health (NIH) have being overweight as having a Body Mass
Index (BMI) between 25.0 and 29.9 kg/m2; and obesity as
having a BMI greater than 30.0 kg/m2 (Wen et al., 2008). As
stated by the WHO, worldwide,
ide, at least 2.8 million people die
each year as the result of direct or indirect consequences of
being overweight or obese and this rate is rising exponentially
with each passing year. Obesity is caused by a complex
interaction between the environment, genetic predisposition
and human behavior (Nguyen and El-Serag et al.,
al 2010). Some
of the factors responsible for obesity are genetic modifications,
medical illnesses like Cushing’s syndrome, certain medications
like steroids, lack of sleep, smoking and pregnancy.
egnancy. However,
the predominant factors causing obesity include sedentary
lifestyle, having higher calorie intake than output and eating
high fat food. The regulation of obesity is associated with the
regulation of appetite that affects energy homeostasis.
homeostasi The
amount of energy that we take in the form of food involves
several mechanisms.
*Corresponding author: Dr. Adnan Bashir Bhatti, MD
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These mechanisms connect the brain with the gut, which then
controls body weight over time on short term and long term
basis (Srivastava et al.,., 2007). Obesity occurs as a result of
imbalance between energy input and expenditure.
Hypothalamus, a critical portion
ortion of the brain, controls the food
intake and energy output. It connects the nervous system to the
endocrine system via the pituitary gland. The neuro
neuro-hormones,
leptin and ghrelin control the appetite by acting on the
hypothalamus.
Over the years, regaining
aining lost weight is the major concern in
the effective treatment of obesity (Kushner, 2012).
Hypothalamic inflammation is a novel mechanism contributing
to obesity (Thaler et al.,., 2010). Recent findings gathered by
experiments done on animal (rodent) mod
models implicate that
inflammation in the vital hypothalamic regions, which control
body weight, lead to obesity (Joshua et al., 2013). However,
there is a dissonance if the inflammation in hypothalamus
contributes to obesity pathogenesis or obesity itself is a cause
of hypothalamic injury.
In this review we’ll discuss the exact role of hypothalamus in
energy homeostasis; the biological process that underlies the
control of body fat mass. We’ll then assess the growing
evidence that the brain inflammation, spe
specifically inflammation
of the hypothalamus, is associated with obesity. Finally, we’ll
briefly discuss the preventives that can help mitigate this
condition.
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Hypothalamus and Energy Regulation
Hypothalamus is a section of forebrain responsible for the
production of many essential hormones and chemical
substances that help in the regulation of cells and organ
function. Hypothalamus is a link between the endocrine and the
nervous system. Hypothalamus governs several important
physiologic functions such as regulating body temperature,
electrolyte-fluid balance, emotions, growth, sleep, hunger,
thirst and milk production in lactating mother. Moreover, it
plays a crucial role in maintaining the body’s internal balance
called energy homeostasis (Williams et al., 2000).
In human beings, the body weight is maintained by regular
action of hormones and their association with hypothalamus.
To have the stable weight throughout many years, there has to
be an energy balance (Spiegelman and Flier et al., 2001). This
means the energy intake in the form of food must be equal to
energy expenditure in the form of cellular metabolism and
exercise. The process that regulates this behavior is called
energy homeostasis (Woods et al., 2000). Whenever this
balance gets disturbed, problems related with weight such as
obesity and binge eating syndrome arise. Leptin and ghrelin are
two hormones that have been recognized to have a major
influence on energy balance (Ruben et al. 2008). Leptin is a
satiety hormone and a moderator of long-term regulation of
energy balance, suppressing food intake and thereby inducing
weight loss. On the other hand, ghrelin is afast-acting hunger
hormone, playing a role in meal initiation (Klok et al., 2007).
Both these hormones are produced in the periphery and operate
by acting on the receptors of the hypothalamus. Since leptin
and ghrelin hormonal systems are disturbed in obesity, it is
important to understand their mechanism of action.
Several studies have proved that the effects of leptin on energy
homeostasis are opposite to those of ghrelin. The secretion of
leptin leads to appetite suppression and thereby leading to
weight loss, whereas ghrelin leads to increased food intake due
to appetite stimulating signals (Ruben et al., 2008). The
hormone leptin was identified by Zhang et al. in 1994 by
characterizing the human obese (ob) gene and its product leptin
in the animal models. Leptin is produced mainly in the
adipocytes of adipose tissue. It is secreted in direct proportion
to the amount of fat stored in individual adipocytes, such that
leaner individuals secrete less and fatter individuals secrete
more of it (Woods et al., 2000). Leptin is released into the
circulatory system by the adipose tissue as a function of the
energy stores (Havel, 2000). After getting into the blood, leptin
gives signals to the brain about the status of the body energy
stores. This results in a decrease in food intake and an increase
in energy expenditure to maintain the size of the body fat
stores. Therefore in a fed state, leptin serves as a potent signal
for satiety (Irving and Harvey, 2014). Leptin’s role in energy
balance is mediated through the hypothalamus. To learn in
depth, once leptin is released in the bloodstream, it crosses the
blood brain barrier (BBB) and gets bound to the leptin
receptors present in the hypothalamus. By binding to these
receptors, leptin influences the activity of various hypothalamic
neurons and neuropeptides expression to regulate energy
homeostasis. There are two types of neuropeptides located in
hypothalamus that are involved in the energy regulation;

orexigenic and anorexigenic (Williams et al., 2000; Sainsbury
et al., 2002). As the name suggests, orexigenic neuropeptides
are
appetite
stimulating
peptides,
which
include
neuropeptide Y (NPY), agouti-related protein (AgRP),melanin
concentrating hormone (MCH) and galanin like peptide (GLP)
(David et al., 2008). Whereas, anorexigenic peptides (appetite
suppressing) are influenced by leptin and include proopiomelanocortin (POMC), cocaine and amphetamine
regulated transcript, neurotensin (NT), corticotropin-releasing
hormone (CRH) andbrain-derived neurotrophic factor (Emrah
et al. 2012).
Furthermore, ghrelin affects hypothalamic neurons by blocking
leptin’s action through the activation of the hypothalamic NPY
receptor pathway. Ghrelin peptide is originally located in the
stomach (Dornonville de la Cour et al., 2001; Kagotani et al.,
2001). However, studies have also proved the presence of
ghrelin peptides in the gastrointestinal tract, pancreas, adrenal
cortex and ovaries (Date et al., 2000; Date at al., 2002;
Tortorella et al., 2003). In the brain, ghrelin producing neurons
are located in the pituitary and hypothalamic arcuate (ARC)
nucleus. The secretion of ghrelin by the stomach depends
largelyon the nutritional state. There is pre-prandial increase
and post-prandial decrease of ghrelin levels. Additionally,
ghrelin levels seem to be varying with age, gender, BMI,
insulin and glucose levels. After release into the bloodstream
by the stomach, ghrelin may cross the BBB and bind to its
receptors in the hypothalamus. There is also an alternative path
for ghrelin to reach brain; which is via vagal nerve. The third
pathway of ghrelin production is hypothalamus itself, where
ghrelin may directly affect the various hypothalamic nuclei
(Ferrini et al., 2009). Results of experiments done on rodents
have shown that ghrelin stimulates the activity of neurons
expressing NPY, AgRP and orexin. On the contrary, it inhibits
the effect of anorexigenic neuropeptides by suppressing POMC
and CRH producing neurons (Kenneth et al., 2012).
It has been postulated by the researchers that leptin also has an
effect on circulating ghrelin levels. The satiation inducing
effect of leptin leads to clamping down of ghrelin secretion
(Yildiz et al., 2004).There is one hormone i.e. insulin, which
plays a role in removing glucose from the blood. Similar to
leptin, the level of insulin is also directly responsive to the
blood glucose levels. The disruption of this mechanism leads to
either hypoglycemia or hyperglycemia (Woods et al., 2000).
Furthermore, Weigle et al. in 2003 showed that leptin seems to
contribute to ongoing weight loss after 12 weeks of dietary fat
restriction in healthy humans. Until several years ago, leptin
had been thought only toplay a significant role in long-term
regulation of energy balance. More recent data indicates that
leptin also seems to play a role in short-term regulation of food
intake and body weight by controlling meal size (Attele et al.,
2002; Pico et al., 2003).
Obese individuals show a disturbance in leptin and ghrelin
functions. It is still not clear if these abnormalities in the leptin
and ghrelin systems are a cause or a consequence of obesity.
The obese humans show elevated levels of leptin in serumand
adipocytes attenuate the leptin signaling pathway, which
gradually leads to leptin resistance (Myers Jr et al., 2010). The
development of leptin resistance results in binge eating, which
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furthermore increases leptin levels in the circulatory system. As
a result, hypothalamus is exposed to such high levels of leptin,
leading to hypothalamus damage. After this, obese individuals
are no more sensitive to leptin, in turn resulting in further over
eating and weight gain.
Obesity and Hypothalamic Inflammation
Obesity and overweight are major risk factors for metabolic
diseases such as type 2 diabetes mellitus, hypertension,
atherosclerosis, and hypertriglyceridemia. When patients have
three or more of these symptoms, the condition is known as
‘metabolic syndrome’. Recent studies indicate that excess body
weight and obesity can also lead to neurodegenerative diseases
(Cai 2013; Purkayastha and Cai, 2013). The pathophysiology
in these neurodegenerative diseases include up gradation of
pro-inflammatory factors such as C-reactive protein (CRP),
Tumor Necrosis Factor (TNF)-alpha, IκB kinase-β
(IKKβ),nuclear transcription factor NF-κB,Interleukin-6 (IL-6)
and soluble adhesion molecules (Hotamisligil et al., 2006;
Anty et al., 2006; Ingelsson et al., 2008). Hypothalamus of the
central nervous system is one of the key regulators of various
fundamental physiological processes in the body. This
regulatory mechanism is disrupted in cases of brain or
hypothalamic inflammation, resulting from over nutritioninduced intracellular stress. Recent studies unveiled that some
of the intracellular pathways of inflammation in the
hypothalamus have causative roles in weight gain and related
disorders (Cai and Liu et al., 2011 and 2012)
It has been widely reported that there exists a chronic low
grade inflammation in obesity. The consumption of foods high
in sugar and saturated fat is a crucial contributor to the
alarming incidence of obesity and its associated morbidities.
These diets have been reported to induce an inflammatory
response in the hypothalamus, which promotes the
development of central leptin resistance and obesity (de Git and
Adan et al., 2015). At the cellular level, an exposure of neurons
to nutrient excess leads to significant stress not only to
hypothalamic neurons themselves but also to neighboring nonneuronal cells in the brain such as glial, vascular and
periventricular cells (Kandel et al., 2000). Non-neuronal cells
like astrocytes and microglia alter their own genetic programs
and guard brain cells against local tissue injury (Pekny et al.,
2005; Sofroniew et al., 2009). A study has demonstrated that
early postnatal nutritional overload through high fat diet (HFD)
feeding leads to excessive production of IL-6 in activated
microglia and consequent weight gain (Tapia-Gonzalez et al.,
2011). A leptin administration and HFD feeding in rodent
models modulated glucose and glutamate transporter
expression in hypothalamic astrocytes. These results suggest
that there is an association between nutritional status and glial
cell function (Fuente-Martín et al., 2012). During HFD
feeding, obesity pathogenesis involves major alteration of
hypothalamic systems that regulate food intake and energy
expenditure (Velloso and Schwartz et al., 2011). Studies used
experimental models of HFD feeding or intra-cerebrovascular
lipid infusion in rodents and brought about over-nutrition
induced hypothalamic inflammation. With these experiments,
researchers found that excess lipid in diet activated
hypothalamic IKKβ and NF-κB factors (Milanski et al., 2009),

consequently impairing hypothalamic leptin and insulin
signaling pathway leading to weight gain and metabolic
dysfunctions (Zhang et al. 2008, Milanski et al., 2009, Posey et
al., 2009).
As aforementioned, hypothalamic neuropeptides are essential
for normal energy homeostasis and impaired leptin
responsiveness is a feature of more common causes of obesity.
Hence, this feature may contribute to obesity pathogenesis in
susceptible individuals (Thaler et al., 2013). With this theory,
growing evidence suggests that obesity associated
hypothalamic inflammation can cause leptin resistance (Borges
et al., 2011). However, few studies state that obesity
associated leptin and insulin resistance contribute to increased
level of body fat stores thereby underlying inception of obesity
(Myers et al., 2008). Therefore, this cause and effect model has
proven to be challenging. Thaler et al. hypothesized there
exists a vicious cycle involving obesity, leptin resistance and
inflammation. The hypothesis states that inflammation arising
from over eating leads to leptin resistance that promotes weight
gain, which in turn triggers further inflammation and leptin
resistance. This eventually leads to elevated levels of body fat.
Stemming from this background, recent research has found that
in metabolic syndrome and related diseases, like obesity and
type 2 diabetes mellitus, there is a chronic metabolic
inflammation of the hypothalamus (Gregor and Hotamisligil
2011; Ahima et al., 2006). Clinical studies over past years have
consistently shown that chronic HFD feeding in rodents can
stimulate pro-inflammatory pathways and related stress
signaling in the hypothalamus facilitating over nutritioninduced metabolic diseases such as obesity and insulin
resistance (De Souza et al., 2005; Purkayastha et al., 2011). De
Souza et al. showed that over 16 weeks of HFD feeding
induces the expression of several pro-inflammatory cytokines
and inflammatory responsive proteins in hypothalamus. This
leads to impaired anorexigenic insulin signaling pathway. A 20
week HFD feeding study reported increased reactive oxygen
species and prostaglandin E2 production along with upregulation of NF-κB signaling in the rat cerebral cortex (Zhang
et al., 2005). Increased hypothalamic reactive oxygen species
release contributes to alterations of autonomic nervous system
and neuroendocrine function, leading to metabolic diseases
such as obesity and type2 diabetes mellitus (Drougard et al.,
2015). Hypothalamic inflammatory signaling was evident in
both rats and mice within 1 to 3 days of HFD feeding, prior to
substantial weight gain. Furthermore, both reactive gliosis and
markers indicting neuron injury were marked in hypothalamic
ARC nucleus of rats and mice within first week of HFD.
Moreover, leptin resistance was detectable in hypothalamus
ARC neurons even after relatively short periods of HFD
feeding, before substantial fat gain (Münzberg et al., 2004).
One more interesting research reported that high saturated fat
diet feeding in rats for 4 weeks prior to mating showed
profound influence on their offspring. The maternal obesity led
to brain inflammation and cognitive changes in the offspring
(Bilbo and Tsang, 2010). All these findings denote that obesity
is a consequence of hypothalamus inflammation which is
caused due to HFD.
With so many studies stating about the role of hypothalamic
inflammation on the genesis of obesity, the other school of
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thought proclaims that obesity leads to hypothalamic
inflammation. This concept is well established in animal
models. To explain this theory the rodent models with Diet
Induced Obesity (DIO) in which palatable food was voluntarily
over consumed were studied. In this form of obesity, increased
fat mass is accompanied by the elevation of plasma insulin and
leptin levels. These findings suggest that DIO is characterized
by functional central nervous system resistance to insulin and
leptin (Munzberg et al., 2004), which, in turn, contributes to
the hypothalamus inflammation and further weight gain. The
DIO rats when kept on high energy diet for 4 weeks, showed
over expression of NPY which led to leptin resistance (Levin
and Dunn-Meynell, 2002).
Although the extent to which obesity and/or HFD feeding
impacts various hypothalamic cells in humans remains
uncertain, early insights from brain imaging studies are
nowadays representing this type of neuro-pathological model.
A retrospective analysis of magnetic resonance images (MRI)
from 34 subjects fed HFD (BMI range 17.7–44.1 kg/m2)
revealed evidence of gliosis in the mediobasal hypothalamus
that correlated with BMI (Thaler et al., 2012). One more study
in 44 overweight or obese subjects revealed that obesity
mediated inflammation may damage the brain circuit that
regulates food intake measured by MRI scan (Cazettes et al.,
2011). Therefore brain imaging techniques and other
modalities have important potential to establish association
between obesity and hypothalamus inflammation in humans.
Anti-inflammatories as Therapeutics or Preventives
The above observations demonstrate the requirement of
potential new approaches toward the development of drugs
that target inflammation and treat obesity and related diseases
(Lumeng and Saltiel, 2011). A major obstacle to effective
obesity treatment is that lost weight tends to be regained over
time. It is becoming more evident that inflammation plays an
important role in the metabolic consequences of obesity, as
well as other chronic degenerative conditions. A strong
association between hypothalamic inflammation and obesity
suggest additional targets for anti-inflammatory therapies in
obesity. Pharmacological and gene based approaches have
proven to be efficacious in limiting inflammation and
correcting the obesity causing genes (Cintra et al., 2012). A
key extension of these observations is the potential that antiinflammatory pathways may counteract CNS inflammatory
events and improve leptin sensitivity. Pharmacologically it is
possible to understand which parts of the inflammatory process
are important in treatment of obesity.
Ohashi et al. postulated the protective role of adiponectins
against the complications of obesity by exerting antiinflammatory effects. Adipinectins are protein hormones
formed in adipose tissues. These protein-based hormones boost
metabolism and enhances the ability of muscles to use
carbohydrates for energy and increases the rate in which the
body breaks down fat leading to weight loss (Ohashi et al.,
2014). The clinical studies have also shown beneficial effects
of etanercept administration. This exerts beneficial effects of
TNF-alpha blockade on fasting glucose and circulating
inflammatory cytokines, suggesting etanercept’s application in

obesity related morbidities (Dominguez et al., 2005; Stanley
et al., 2011).
Additionally understanding how natural components of the diet
can also affect the same molecular targets as pharmacological
interventions could provide attractive and cost-effective
alternatives to more traditional pharmacologic interventions.
The researchers state that anti-inflammatory nutrition therapy
reduces the effects of pro-inflammatory factors such as NF-κB.
However it is important to know that which nutrients are
necessary and in which concentrations that subside the
inflammation (Sears and Ricordi, 2011). Cintra et al.
demonstrated that unsaturated fatty acids in rats and mice act
directly on the hypothalamus, reverting diet-induced
inflammation and reducing body adiposity. The researchers of
this study state that in addition to pharmacological and genetic
approaches, nutrients can also be attractive candidates for
controlling hypothalamic inflammation in obesity (Cintra et al.
2012).
Despite steady research, more understanding of the mechanism
underlying the resistance to fat loss once obesity is established
remain incompletely understood. More developments in this
area may be required for the progress of effective new obesity
prevention and treatment strategies (Guyenet and Schwartz
2012).
Conclusion
Taken together, the available data are compatible with a model
in which the initial cause of hypothalamic inflammation
induced by HFD feeding involves injury to neurons that
maintain energy homeostasis in the body. In turn, this injury
may damage homeostatic responses that protect against weight
gain, thereby contributing to obesity pathogenesis. With above
mentioned studies it can be concluded that the evidences of
hypothalamic inflammation leading to obesity are stronger than
the other way around. Additional studies are warranted to
critically test this model and determine if therapeutic
interventions targeting this process have a role in the future of
obesity treatment.
The efforts in the field of treatment of obesity with antiinflammatory agents provide further opportunities to continue
this research and come up with understanding of exact
mechanism of action.
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