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(Abstract : Obesity isa problem of energy balance, which devel ops when energy intake is more than the total energy expenditure\
(BMR, Thermogenic Physical Activity & Non Exercise Activity Thermo genesis). Adipose tissue consists of adipocytes which
store the lipids, and also produce various molecules which affect the body’s energy management like leptin, adiponectin,
adipsin, resistin etc. Leptin has been proven to be the principal afferent signal in the negative feedback loop regulating the
size of the adipose tissue mass, thereby regulating obesity. Leptin receptors are found in hypothalamus, where an increase in
leptin level, leads to decreased appetite and increased energy expenditure, via Melanocyte Simulating Hormone (MSH).
Low leptin levels stimulate Neuropeptide Y, causing an increase in food intake and decreased energy expenditure. Obesity
results from either impaired secretion of leptin, or due to resistance to the action of leptin. Ghrelin, which is an endogenous
ligand for the growth hormone secretagogue receptor, when secreted into the plasma by neuroendocrine cells of stomach,
acts on hypothalamus via Neuropeptide Y & Agouti Related Peptide (AgRP), which are potent orexigenic peptides. Somach
has an important role in energy homeostasis, apart from ghrelin release, gastric distension and emptying play an important
role in regulating food intake. Various molecules like cholecystokinin and enterostatin act on stomach and inhibit gastric
emptying, thereby reducing food intake. Hypothalamus is the central agency for integration of all signals for maintenance of
energy balance of body. Orexin, Melanin Concentrating Hormone, NP-Y and AgRP stimulate appetite, while MSH and GLP-
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\1 suppress appetite. Knowledge of molecular basis of the signalling will help modulate therapeutic measures for obesity. Y

INTRODUCTION

Obesity has gone from being amerely medicd diagnosisto amorbid
state with widespread physicd, mentd and socid ramifications. No
disorder can be effectivly managed if its cause is not known and
blaming obesity on the gluttonous habits of the person is not tenable
any longert. We are dill unraveling the interlinking and intertwined
threads of metabolism that make up the complex tapestry of obesity.
Thisreview isan overview of the latest research availablein medical
literature on the agtiopathogenesis of obesity.

ADIPOSE TISSUE

At the badic level obesity occurs whenever the energy expenditure
fdls behind the energy intake leading to the body storing the excess
energy as adipose tissue. As with dl human physiology there is a
homeogtaticloopinvolving energy intakeand digposal; with theadipose
tissue itsAf playing avitd part. Adipose tissue congsts of the much
maligned adipocyte which stores the lipids in its cytoplasm and the
stromd and vascular framework from which the preadipocytes are
derived. However the adipocyte is not content just to act as alipid
storebut dso moonlightsasapralificendocrinecdll producing various
moleculeswhich affect the body’s energy management?. Leptinisthe
major molecule secreted that has been extensvely studied and is
discussad in detail bel ow. Other moleculesindudeAdiponectinwhich
enhancesinaulin sengtivity and lipid oxidation; adipsin or Factor D a
complement molecule; resstin which contributestoinsulin resstance.
A lessunderstood part isthe role of Brown Adipose Tissue (BAT). In
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essence BAT contains an enzyme which decouples the oxidative
respirative chain from ATP generation leading to disspation of the
energy as heat. In mice BAT activity isincreased by the sympathetic
dimulation mediated by leptin leading to thermogenic disspation of
energy®. Mice deficient in BAT become obese and might become
digbetic. Simulaion of the BAT by 33 agonists on the other hand
would protect the mice from obesity*

LEPTIN

Leptin (leptos—greek: thin) circulaesasaprotein of relaivemolecular
mass 16,000 in mouse and human plasma®. It was initially
conceptudised during experiments on mice in which recessive
mutations in the obese (ob) and diabetes (db) genes lead to obesity
and diabetes resembling human morbid obesity®. It was postulated
on the basis of further cross circulaion experimentsthat the ob gene
encoded for a circulating factor thet regulated energy baance and
that the db gene encoded the receptor for this factor®. This was
confirmed when leptin RNA wasfound to be expressed in adipocytes
and the plasma leves of |eptin were highly corrdated with adipose
tissuemass’. Leptin levelsunderwent asharp fal in both humansand
mice after weight loss’.Obese humans tend to have high leves of
leptin thus meking leptin the principd afferent sgnd in the negative
feedback loop regulating the size of the adipose tissue mass. As
would be expected adminigtration of leptin by injection resultsin a
dose dependent decrease in body weight and this weight loss is
restricted to the adipose tissue mass with sparing of lean body mass®.
Theleptin receptor (Ob—R) isencoded by thedb gene. Itisamember
of the cytokine family of receptorsfirst isolated in the choroid plexus
of mice®. Mutationsinthe Ob—R resUltinan obesephenotypeidentical
to ob mice indicating Ob — R essentidity in leptin action. The leptin
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receptor isexpressedin high levelsin the hypothaamic neurons. Low
leptin levels lead to stimulation of neuropeptide Y or its receptors;
Neuropeptide Y being the most potent orexigenic stimulus when
adminigtered intrathecaly™°. Thisthen leadsto the starvation response
including an increased food intake, decreased energy expenditure,
GHRH and GnRH. Weight gain and a consequent increased leptin
acts through the Meanocyte Simulating Hormone (MSH) and its
precursor Proopiome anocortin (POM C) inthehypathdamusresulting
in adecreased food intake and increased energy expenditure™. Leptin
gppearstoact withinalargely long term system of controlling feeding
behaviour and energy balance and influences the quantity of food
consumed reletive to the amount of energy expended.

Thisnearly perfect Leptin system of long term energy baancecango

wrong a three Sites

1. Falureto produce leptin: as occursin ol/ob mice; andogous to
type 1 dicbetesmdlitus. Severd familieswith early onset morbid
obesity caused by inactivating mutations in leptin have been
described®.

2. Ingppropriately low leptin secretion for agiven fat mass. In such
patientstheadi posetissuewould expand until normd leptinlevels
are reeched thus resulting in obesity.

3. Rdativeor absoluteinsengtivity to leptin et itsSte of action: as
occursin db/db mice; andogousto type 2 digbetesmdlitus. Such
patients will usudly have high circulating leptin levels. The
resistance might be at the receptor leve in form of mutations of
thedb gene. Mechanismsof resistance could dsoinvolve POMC
mutations preventing synthessof MSH & mutationsinvalving
the melanocortin 4 receptor™. Involvement of peptide processing
enzymes Carboxypeptidase E (product of thefat gene) and PC—
1leadsto obesity and hyperl eptinaemiain mice; asdoesmutation
of the tub gene. Additionally the entry of leptin into the
cerebrospind fluid may be limiting in some patients and morbid
obesity could result when the plasma leptin levels exceed the
cgpacity of the transport systemt™.

The above mentioned mutetions are a rare cause of human obesity.

The exact agtiology of common obesity is dill unknown there being

noevidenceof polymorphismsof leptin or leptin receptor geneamong

the common forms of obesity’®.

GHRELIN

Ghrelinisan endogenousligand for thegrowth hormone secretagogue
receptor (GHS receptor) . GHSswere anon natura synthetic group
of molecules developed asaressarch tool . GHSsact onaG protein
coupled receptor (GHS Receptor type la— GHS-RIg) didtinct from
that of GHRH. Tomassetto et d isolated ghrdin asthe matilin related
peptide’ with sructura and effect related Smilarities to the duodend
hormone motilin and Kojima et d correctly identified it as the
endogenousligand for the GHS-RIareceptor whichispredominantly
expressed in the pituitary and the hypothdamus™°.

Ghrelinitsdf is expressed mainly in the somach by neuroendocrine
cdls (PID1 cdls in humans) in the fundus and is secreted into the
circulation. Ghrelin concentretions in the plasma rise progressively
during fagting and fdl to a nadir within an hour of refeeding. Both
open and dlosed gedtric ghrdlin cdls exist in the somach suggesting
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they receive both lumind and neuroendocrine information. Gastric
ghrelin production is regulated by nutritiona and hormond factors.
Inhibitory signas include somatostatin, interleukin 18, growth
hormone, high fat diet and vagd tone. Fasting and low protein diet
leads to increased expresson and plasma concentrations of ghrelin.
Thisisin contrast to mgjority of gut hormones whose secretion
increases with food intake and decreases with fasting. Ghrelin
administered into the periphery or cerebral ventricles potently
simulatesfoodintakeleading toweight gaininrodents®. Thepremed
increaseof ghrelinmay trigger thedesireto egt inanima sand humans.
Ghrelin secreted into the plasma acts on the hypothdamus through
NeuropeptideY (NPY') and Agouti rel ated Peptide (AgRP), two potent
orexigenic peptides™. NPY promotes net energy gain by increasing
food intake, decreasing energy expenditure and exerting effects in
peripherd tissues, including stimulaion of glucocorticoid and insulin
secretionthat favour deposition of triglyceridesinwhiteadiposetissue.
AgRPisal32aminoacid peptide, syntheszedinthebrainexdusvely
in the arcuate nucleus by neurons that project to the paraventricular
nucleus and laterd hypothdamic area. AgRP's antagonism of the
melanocortin 4 receptor simulates food intake and decreases energy
expenditure. A 17% diet induced weight lossleadsto a24% increase
in plasma ghrelin levels indicating thet ghrelin is atleast partialy
responsibly for the poor adherence to weight reducing diets. The
success of gastric bypass in maintaining weight reduction is
consequently duein part to the very low ghrdlin levelsfound in these
petients2.

HYPOTHALAMUS

From the above discussion it is dear that the hypothdamus is the
central agency for integration of dl the signds both neurond and
endocrine and maintaining the energy baance in the body. Neurd
impulsesmostly vagd and hormond sgndsinformof leptin, ghrelin,
insulin, cholycystokinin al act on the hypothdamus aong with
metaboliteslike glucose These diverse sgds causetherdease of the
variouspeptidesin thehypothalamuswhich modify both food seeking
and energy expending behaviour. Orexin, melanin concentrating
hormone (MCH), NPY and AgRP simulate appetite whereas MSH
and GLP— 1(Glucagon like peptide 1) would suppress gppetite. This
might be partidly routed through the autonomic nervous sysem. In
micesymphathetic activation of BAT isoneof themethodsof increased
energy expenditure.

Another method of thermogenesis is the NonExercise Activity
Thermogenesis (NEAT)Z. NEAT is the thermogenesis that
accompaniesall theroutineactivitiesof daily lifelikewaking, sanding,
fidgeting, posture maintenance etc., in short dl activities gpart from
volitiond exercise. If energy baanceisided dmost 70 percent of the
extraenergy expenditure on overfeeding is attributed to NEAT. The
relative strength of induction of NEAT would determine to some
extent the amount of extraenergy leftover which would be sored as
fat.

Lesonsof the hypothadamusliketumoursor inflammetion can cause
hypothaamic dysregulation resulting in obesity.
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HYPOTHALAMO-PITU TARY-ADRENAL
AXIS

Central obesity is one of the hallmarks of Cushing’s syndrome.
Even though serum cortisol might be higher in obese patients, an
overnight dexamethasone suppression test will be positive in an
overwhelming 90% of patientsthereby preventing confusion. The
remaining 10% can be excluded on the basis of a2 day low dose
dexamethasone suppression test.

However more ominousis the permissive role of glucocorticoids
in the development of central obesity in ‘common’ obesity (as
opposed to those associated with specific disorders/mutations).
The thrifty phenotype hypothesis suggests that in response to
undernutrition, a foetus will selectively distribute nutrients to
preserve brain growth at the expense of other organssuch asliver,
pancreas, and muscle?*. The stress response to foetal
undernutrition will lead to an increased ACTH secretion and a
probableresetting of the HPA axis. Astheseindividua sexperience
improved postnatal nutrition , the compensatory catch up growth
isassociated, asearly Syrsof age, with increased viscerd adipose
tissueand later withinsulinresistance®. Thismightin part explain
the explosion of obesity and diabetes in India and also the
relatively higher incidence of diabetes in poor migrants from
developing countries settling in urban centres/devel oped
countries.

STOMACH

Thestomach playsanextremely important roleinenergy homeostasis,
ghrelin release being only one of the mechaniams. Gedtric disension
and emptying playimportant roles in regulating food inteke. Gastric
digensonwithfood rdlaysasatiety Sgnd tothehypothaamusthrough
vagd dfferentsinhibiting further foodintake®. Anorexigenicmolecules
like cholecystokinin not only suppress feeding on a hypothaamic
level but aso decrease gadtric transit, thereby further inhibiting food
intake?”. On the other hand rapid gastric emptying is associated with
overeating and obesity. Lesions of the ventromedid nucleus (VMH)
of the hypothadamus result in disruption of autonomic control of the
stomach causing an accdlerated trangt of food from the stomach?.
As the ssomach does not appropriately distend with food satiety
signdling is defective resulting in overeating and obesity. This is
thought to be the mgjor cause of the obese VMH syndrome.

Leptin and its receptor have been identified in the gestric mucosain
humans®. Gastric leptin can be rdeased into the blood and gestric
juicedfter feeding, insulin-induced hypoglycemia, or infusionof CCK-
8, pentagadtrin, and secretin. Gadtric leptin may havearolein appetite
regulation by acting directly in the hypothdamus or in synergy with
CCK viathe vagd pathway or by modifying absorption of dietary
protein and fats®.

Enterogatin, aderivativeof procolipase (protein necessary for intesting
fat digestion) is dso produced by the gadtric chief cdls. Enterogtatin
increases during fat feeding, whereit isfound in circulating blood as
well asinintesting lumenandthelymph?. Enterostatininhibitsgastric
emptying and signds the hypothdamus as a sdtiety factor thereby
reducing food intake.
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CONCLUSION

Multiplesignals converge on the hypothal amusto regul ate energy
balance in the body. Knowledge of the molecular basis of the
signalling will help modul ate therapeutic measures to induce and
maintain weight loss and prevent weight gain in the first place.
However research into obesity has still along way to go before
trandating into thergpeutic measures.
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