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Obesity: Pathophysiology and Clinical Management
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Abstract: Obesity is a serious socioeconomic, and also increasingly clinical problem. Between Y - '/ of population in the
developed countries can be classified as obese. Four major etiological factors for development of obesity are genetic de-
terminants, environmental factors, food intake and exercise. O besity increases the risk of t he development of v arious
pathologic conditions including: insulin-resistant diabetes mellitus, cardiovascular disease, non-alcoholic fatty liver dis-
ease, endocrine problems, and certain forms of cancer. Thus, obesity is a negative prognostic factor for longevity. In this
review w e provide broad overview of pathophysiology of obesity we also discuss various available, and experimental
therapeutic methods. We also highlight functions of adipocytes including fat storing capacity and secretory activity result-
ing in numerous endocrine effects like leptin, IL-6, adiponectin, and resistin. The anti-obesity drugs are classified accord-
ing to their primary action on energy balance. Major classes of these drugs are: appetite suppressants, inhibitors of fat ab-
sorption (i.e. orlistat), stimulators of thermogenesis and stimulators of fat mobilization. The appetite suppressants are fur-
ther divided into noradrenergic agents, (i.e. phentermine, phendimetrazine, benzphetamine, diethylpropion), serotoniner-
gic agents (i.e. dexfenfluramine), and mixed noradrenergic-serotoninergic agents (i.e. sibutramine). Thus, we highlight re-
cent advances in the understanding of the central neural control of energy balance, current treatment strategies for obesity

and the most promising targets for the development of novel anti-obesity drugs.
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INTRODUCTION

Obesity is a chronic disease that is increasing in preva-
lence s ince 1980 i n the Unit ed S tates a nd ot her parts o
Western World. It pos es a serious risk for the development
of diabetes mellitus along with insulin resistance, cardiovas-
cular d isease, non-a Icoholic fa tty liver di sease, e ndocrine
problems, and certain forms of ¢ ancer, modestly increasing
the risk of overall mortality. Obesity varies by age and sex,
and by race-ethnic group. In 2003-2004, 32.9% of adults 20-
74 years old were obese and more than 17% of te enagers
(age, 12-19 years) of North America were overweight [1].

The most widely used formula for relating the height and
weight of a n individual is body m ass index (BMI). BMI is
defined as a ratio of we ight (kilograms) and height’ (square
meters) [2]. A BMI between 20-25 kg/ m” is normal and as-
sociated w ith lo west mortality, whereasa BMI o f2 5-30
kg/m” is considered overweight. In adults a BMI above 30-40
kg/m”® is defined as obesity and BMI above 40 kg/ m” is se-
vere obesity. Among the children and adolescent population
with a BMI above the 95th percentile for a ge belong to the
obese group [3]. Howe ver, BM 1 does not dis criminate be -
tween muscle and adipose tissue and does not directly assess
regional adiposity [4]. Still, BMI primarily due to its sim-
plicity often serves a guide in treatment selection.

Regional fa t di stribution ha s a profound i nfluence on
health risks. In g eneral, measures of fat distribution such as
waist ¢ ircumference a nd sagittal a bdominal diameter a re
more highly correlated with cardiovascular disease risk fac-
tors an d d iabetes than B MI [ 4]. It ap pears that th e ty pical
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male (android) or visceral obesity is closely associated with
metabolic complications such as hypertension, insulin resis-
tance, hype ruricemia, and dys lipoproteinemia. T he t ypical
female or gynecoid obesity, with fat deposited in hips, femo-
ral a nd gl uteal re gions, ha s m uch less m etabolic ¢ onse-
quences. The waist-to-hip ratio has been used to determine
these forms of obe sity. A ratio above 1.0 in male subjects
and a bove 0. 6 i n wom en s uggests a n unde sirable obe sity
pattern [5].

Obesity could be viewed as a consequence of the interac-
tion of environmental fa ctors a nd the individual ge netic
predisposition. A child of two obese parents has about 80 %
chance of becoming obese, whereas the risk is only 15% for
the o ffspring of t wo parents of norm al weight. In addition,
obesity is strongly conditioned by available food and seden-
tary life style [6, 7].

Treatment of obe sity should be undertaken with a clear
understanding of t he re alities of t he probl em and it s out-
come. B oth, obe sity a nd hi gh vi sceral fat increase he alth
risks e ven when total body we ight and fat are not s ignifi-
cantly elevated. Weight re gain is common in obe sity upon
discontinuation of any treatment. Failure of diet and exercise
in the long-term treatment of obe sity is quite fre quent and
creates an obvious need for pharmacotherapy [8]. The regu-
lation of e nergy uptake and expenditure are controlled by
complex systems, thus an improved understanding of patho-
physiology is a prerequisite for selection of treatment options
of obesity.

ENERGY BALANCE IN THE BODY
Fat accounts for 21-37 % of the body weight of middle-

aged m en and wom en. In ¢ ase of obe se individual more
calories are consumed than expended and appetite does not
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subsequently reduced to compensate for the increase in en -
ergy s tores (Fig. 1). T he a mount of t he adipose t issue is

tightly re gulated through neural and hum oral signals trans-
mitted to the brain. Failure of fat cells to send adequate sig-
nals or failure of the brain to respond to appropriate signals
causes obesity [9]. An effective system for the regulation of
energy balance re quire s ensors of energy stores in adipose
tissue, mechanisms of relay of information to central control
sites (hypot halamus) for s ubsequent i ntegration, whi ch in

turn will determine food intake and energy expenditure [10].

Genetic experiments on a nimal models helped to under-
stand the regulation of fa t metabolism. Mice become obe se
due to mutations of at least 5 identified genes — the ob (obe-
sity) ge ne encoding le ptin [ 11],t he db ( diabetes) g ene,
agouti yellow, tubby, and fat genes. Hom ozygosity for m u-
tant forms of ob or db genes produces the following pheno-
type: these mice eat excessively and have low energy expen-
diture, t hey be come gros sly fat and s uffer from num erous
metabolic a bnormalities i ncluding hyperglycemia, hyperin-
sulinaemia, hypot hermia, de creased t hyroid horm one a nd
reduced reproductive function.

Leptin is a peptide hormone that provides signals to the
brain about the amount of fa t stores and is secreted mainly
by the adipose tissue [12]. Leptin is found i n the blood of
normal mice but no t of ge netically obe se ob/ob mi ce. I
recombinant | eptin is injected in to the th ird o r th e la teral
ventricle of t he ob/ob m ouse, it r educes food intake a nd
weight gain, acting on neural networks of the brain involved
in the control of food intake and energy expenditure. In addi-
tion, lep tin in creases th e lev el of activity in th e recipient
mice, normalizes body temperature and restores reproductive
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function (Fig. 2). Leptin mRNA is expressed exclusively in
fat cells. The concentration o f1eptin in th e c irculation is
proportional to fat stores and BMI in normal subjects, and its
secretion is pulsatile and inversely related to hydrocortisone
levels [13]. The generation of | eptin is enhanced by gl uco-
corticoids, e strogens a nd i nsulina ndi sre duced by J-
adrenergic agonists [14]. From fat storage sites leptin reaches
the brain and enters by saturable transport to hypothalamus.

In contrast to leptin, le ptin receptor is found i n s everal
forms. T he leptin re ceptor, O B-R, is the product of t he db
gene and it belongs to the class I ¢ ytokine re ceptor family.
Atleast six OB-R splice variants have been identified. The
most abundant one has the l ongest ¢ ytoplasmic tail, and it
interacts with the Jak/Stat (Janus Kinase — Signal Transducer
and Activator of Transcription) signaling pathway. The long
form leptin receptor belongs to the cytokine receptor super-
family. This pathway is essential for the regulation of energy
homeostasis by leptin but not for the leptin-dependent con-
trol of re productive function and glucose homeostasis [15].
Activation of PI13-K/Akt pathway as well as the downstream
mTOR pathway is also involved in the c ontrol of a ppetite
and weight loss by leptin [16, 17]. The shortest variant of the
receptor en codes a s oluble form th at lacks th e in tracellular
and trans-membrane dom ains [12]. Weight gain is not sup-
pressed in a db/db mouse by parabiosis with a lean mouse or
by leptin injections; this suggests that these mice are defec-
tive in the re sponse to leptin as a result of m utation in the
leptin receptor [18].

Mutations in leptin and in leptin receptor have been de-
scribed at least in some obese patients. Since large popula-
tions of obe se individuals h ave norm al leptin and OB -R
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Fig. (1). Energy balance and etiology of obesity. Energy balance is determined by the interplay between food intake, energy expenditure
and energy storage. Obesity is a multifactorial disorder resulting from combination of several environmental and genetic factors. Reduction
in physical activity, metabolic rate and thermogenesis eventually decrease energy expenditure leading to increased energy storage and obe-
sity. Availability of palatable food as well as hypothalamic injury and different drugs stimulate food intake. A growing list of genetic factors
including dysmorphic syndromes, leptin/receptor mutation, $-3 AR mutation and overexpression of NPY contribute to development of obe-

sity.
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Fig. (2). Physiologic regulation and metabolic effects of leptin and adiponectin. Adipose tissue secretes leptin in states of food depriva-
tion, SN'S stimulation, exercise and cold exposure. Leptin secretion from adipose tissue is inhibited by obesity states, glucocorticoids, glu-
cose and insulin. L eptin reaches hypothalamus, where in turn it inhibits secretion of NPY that normally reduces energy expenditure, en-
hances appetite and stimulates synthesis and storage of fat. Adiponectin normally sensitizes tissues for insulin effects. Obesity and insulin
resistance negatively regulate adiponectin secretion from adipose tissue, whereas weight reduction enhances its secretion.

genes, likely obesity has multiple causes, including environ-
mental f actors a nd a ssociation of a lleles of va rious ge nes
implicated in the regulation of energy metabolism [12].

Among other targets, in the brain, leptin acts on neurons
within arcuate nucleus of hypothalamus and signals them to
reduce neuropeptide Y (NPY) production [19]. Food depri-
vation e nhances produc tion of NP Y by t he hypot halamus.
NPY stimulates food intake and decreases sympathetic out-
flow, and through these ways lowers energy expenditure. It
also prom otes storage and s ynthesis of fa t by a n action on
lipoprotein lipase in adipose tissue [14]. Although NPY is an
important c omponent of t he re sponse, its absence canb e
compensated by other mechanisms.

Leptin acts on ot her important targets: it increases gene
expression of ¢ orticotropin-releasing fa ctor ( CRF)in the
hypothalamus, which reduces food intake [18]. The action of
melanocyte-stimulating hormone (MSH) may also be neces-
sary for the response to leptin [11]. Orexins and other media-
tors produc ed in the hypothalamus actin central fe edback
mechanisms that regulate feeding behavior [20]. Food intake
and energy expenditure will finally determine the weight of
an individual.

Food intake is regulated by at least four processes: olfac-
tory and gustatory factors, gastrointestinal distension, release
of gastrointestinal hormones such as insulin, cholecystokinin
(CCK) and gastrin-releasing peptide and activation of t her-
mogenic components of t he e fferent s ympathetic ne rvous
system (SNS) [20, 21]. Most important hormones related to
obesity are insulin and cholecystokinin. Serum insulin level
is proportional to the mass of adipose tissue. It s timulates
leptin release from fat cells and working centrally decreases

food intake by affecting actions of CCK and NPY. However,
the main action of i nsulin is to increase food upt ake by de -
creasing blood glucose. CCK is a peptide secreted by duode-
num in the presence of food. When it acts on CCK-A recep-
tor in the gastrointestinal tract, it decreases food intake. Cir-
culating CCK does not cross the blood-brain barrier, but the
peptide s ynthesized in the brain a cts on CCK-B r eceptors
and functions as a satiety factor.

The appetite-inducing hormone ‘ghrelin’ is derived from
its prohorm one proghre lin by pos ttranslational proc essing.
The presence of a nother p eptide hormone called ‘obestatin’
was 1initially pre dicted on ba sis of t he bi oinformatics da ta
and later isolated from rat stomach. Ghrelin is a ligand for
growth hormone secretagogue receptor and it is synthesized
in stomach [22, 23]. Interestingly, both ghrelin and obestatin
are biosynthesized from the same precursor protein but pos-
sess opposing biological properties [24]. F or instance injec-
tions of ghrelin stimulate feeding in mice, whereas injections
of obe statin i nhibit it . S imilarly, ghre lin increases ga stric
emptying but obestatin slows it down. Ghrelin regulates the
pituitary horm one axis, m etabolism of ¢ arbohydrates a nd
different functions of the kidney, heart, adipose tissue, pan-
creas, and gonads as well [25]. Chronic ghrelin administra-
tion increases food intake in addition to d ecrease in energy
expenditure. These e ffects lead to weight gain and possible
development of obesity. In contrast obestatin seems to work
as a norexic horm one and t hus pre vent weight ga in [26] .
Ghrelin and obestatin differ in their e ffects on growt h hor-
mone, obestatin does not seem to have any effect on growth
hormone axis. This fact undermines the importance of t heir
posttranslational modification [24].
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Energy expenditure is de termined by phys ical activity,
metabolic r ate and t hermogenesis. T he m etabolic s ide o f
energy e xpenditure includes ¢ ardio-respiratory work, t he
maintenance of i on gradients and various enzymatic activi-
ties. Physical activity increases energy expenditure by wor k
of the s keletal muscle in a ddition to all a bove-mentioned
factors. The SNS affects not only skeletal muscle and car-
diovascular system but also thermogenesis [27]. Brown fat is
specialized in adaptive th ermogenesis. Its th ermogenic ca -
pacity is possible through the e xpression of t he uncoupling
protein-1 (UCP-1), which uncouples oxidative phosphoryla-
tion from e lectron transport t hrough m itochondrial re spira-
tory chain [28]. Brown fat cells are rich in mitochondria, and
produce more heat and less ATP than white fat cells. UCP-2
occurs in both brown and white fat and is upregulated if mice
are fed a high-fat diet. In humans, fat cells express the prod-
uct of a gene similar to the mouse gene for UC P-2. Infants
and children have much more brown fa t than adults, it has
extensive s ympathetic i nnervations. He ati s produc ed
through the action of nora drenalin on 3 ARs (mainly B;) in
brown fat. Activation of B ARs increases lipolysis and fatty
acid oxidation. Interestingly, in ge netically obe se mice the
expression of B; ARs is decreased [27].

ADIPOSE TISSUE AND ITS PHYSIOLOGY

Physiological F eatures of White A dipose Tissue Innerva-
tions

The fat cell is under multiple influences, including that of
autonomous ne rvous s ystem (F ig. 2),1 ocal bl ood fl ow
changes and various horm ones and fa ctors de livered fro m
plasma or produc ed locally. Following S NS s timulation,
noradrenaline and NPY are released from sympathetic nerve
terminals, whereas adrenal medulla secretes adrenaline. The
major pathways regulating lipolysis are adrenergic. In human
fat cells, both B, & [, adrenergic re ceptors (A Rs) initiate
activation of 1 ipolytic ¢ ascade by s timulation of ¢ yclic
adenosine monophosphate (cAMP) production, activation of
cAMP-dependent protein kinase A (PKA) leading to phos-
phorylation of perilipin and hormone-sensitive lipase (HSL),
and prom otion of 1i polysis in vitro [29]. Hum an fatc ells
express large number of o, adrenergic receptors, their stimu-
lation inhibits c AMP production and lipolysis. Rodents pos-
sess B3 adrenergic receptors in the white fat cells, whereas in
human fat cells the role of the 3; ARs is unclear.

Differences exist in the adrenergic regulation of lipolysis
in adipose tissues from different sites in normal-weight sub-
jects and in obese subjects. The lipolytic response of isolated
fat c ells to th e c atecholamines is w eaker in s ubcutaneous
(abdominal/femoral) than in visceral adipose tissue [30]. One
possible e xplanation includes de fective s ignaling pa thways
such as reduced B, or B, ARsorincreased o, AR respon-
siveness. Alterations in expression and function of HS L or
other interacting proteins like adipocyte lipid-binding protein
(ALBP) may also explain these site-related re gional differ-
ences in lipolysis [31].

Reduced lipid m obilization oc curs duri ng e xercise in
subcutaneous fat of obe se subjects [32]. Functional changes
in op/B1&PB, a drenergic r eceptors b alance appear with the
extent of the fat mass and are related to fat cell hypertrophy.
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Hypertrophic subcutaneous fat cells (abdominal, femoral) are
least responsive to the lipolytic action of catecholamins, they
exhibit the highest amount of o, ARs and the lowest amount
of B; & B, AR s. Increased e xpression of t he form er w ith
concomitant de crease of t he latter in hypertrophied fat cell
could be a physiological adaptation leading to a reduction of
the lipolytic responsiveness of the hypertrophied adipocytes
[33]. Limitation of basal and SNS-dependent lipolysis avoids
excessive non-e sterified fa tty acids (NE FA) r elease fro m
some fat deposits.

The “buffering” effect of NEFA by adipose tissue is an
important phe nomenon. Wh en NE FA buffering c apacity is
inadequate, ot her ti ssues are exposedt o elevated N EFA
concentrations [34]. Profound unresponsiveness of the sub-
cutaneous adipose tissue to lipolysis by ne ural s timulation
has be en de scribed in ob ese subjects [35]. B, adrenergic —
mediated increases in thermogenesis and lipid oxidation are
impaired i n obe se i ndividuals [36]. P olymorphisms in the
coding and non-coding sequences in the human [3,-AR gene
could be of m ajor importance for obe sity, energy expendi-
ture,a nd [,-AR de pendant li polytic func tion. F ull B-
adrenergic activation of t he human fat cell usually re quires
synergistic a ctivation of [; and [,-ARs. A [,-adrenergic
defect ¢ ould be s ufficient e nought oa lter norm al -
adrenergic re sponsiveness. Be sides, in human fat cell, any
reduction in B,-AR mediated lipolytic response disturbs the
normal func tional ba lance existing be tween o, and B-AR
mediated a ffects a nd amplifies reduction of't he | ipolytic
responsiveness i nitiated byt he physiological a mines in
stressful situations [33].

Insulin Signaling in the Adipocytes

Insulin plays a major role in the control of adipose tissue
development and func tion. Ins ulin not onl y re gulates lipo-
genesis but also the rate of lipolysis and NEFA efflux. Insu-
lin controls g lucose uptake and causes fatty acid transport
protein translocation and enhanced fatty acid uptake in adi-
pocytes [37]. Ins ulin i nhibits ba sal and c atecholamine-
stimulated lipolysis through phosphorylation via the Ser/Thr
protein kinase B (PKB) -dependent action and activation of
type 3B phosphodiesterase (PDE-3B), leading to a decreased
cAMP level, that pre vents HS L activation. Ins ulin-induced
antilipolysis a nd a ctivation of NE FA r e-esterification a re
blunted in omental compared to subcutaneous fat cells. Vari-
ous functional differences have been identified at the recep-
tor level and the post-receptor level of insulin signaling cas-
cade [38].

Other s ubstances pos sibly pl aying a rol ein lipolytic
pathways ar e a trial n atriuretic p eptide ( ANP), g rowth h or-
mone (GH), and miscellaneous a gents such as nitric ox ide
(NO). A NP s timulation o f h uman fat ce lIs ac tivates cy clic
GMP (cGMP)-dependent protein kinase (¢cGK-I type), which
phosphorylates p erilipin and HSL, thus explaining lipolytic
action [39]. A lthough GH treatments in a dults r educe vi s-
ceral obesity and affect insulin sensitivity, the physiological
contribution of GH t o the control of hum an adipose tissue
lipid mobilization remains elusive [33]. GH dependent modi-
fication of t he re lationships be tween a denylyl cyclase and
Gioy, prot ein re moves i nhibition of ¢ AMP produc tion a nd
consequently increases li polysis [40]. N O or re lated r edox
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species such as N O'/NO™ have b een proposed as pote ntial
regulators of | ipolysis in rodent and human fat cells [41].
Cachexia-inducing tumors produce a lipid-mobilizing factor
(LMF), and induction of 1 ipolysis by L MF w as a ssociated
with increased lev els of intracellular cAMP [42]. ZAG is a
new a dipose ti ssue prot ein t hat m ay be involvedint he
modulation of 1 ipolysis in adipocytes. Z inc-0,-glycoprotein
(ZAG) an d tu mor r elated L MF w ere d etected in m ajor fat
deposits i n m ice. Z AG e xpression a nd prot ein wa s a Iso
found in human fat cells [42]. Various hormones and auta-
coids are known to negatively control adenylyl cyclase activ-
ity and inhibit cAMP production and lipolysis in fat cells. In
addition, t he s timulation of | eptin s ecretion wa s obs erved
with va rious a gonists (A j-adenosine, 0,-AR, and NPY-Y,
receptor agonists) [33].

Functional Roles of Adipocytes

Adipocytes allow surplus energy to be stored as triacyl-
glycerol (TAG) during caloric abundance for retrieval during
periods of food s hortage or calorie debt. NEFAs appear as a
result of lipolysis of TAG stores; they are released into circu-
lation a nd m ainly oxi dized i n s keletal m uscle t o provi de
energy. Unde r norm al conditions there i s fi ne-tuning be -
tween TAG s ynthesis and I ipolysis. S o a dipocytes ¢ ould
limit an abnormal increase in plasma NEFAs that is consid-
ered as an im portant et iological factor in th e in itiation of
insulin re sistance a nd metabolic s yndrome in t he obe se.
NEFAs are elevated in obese and represent a r isk factor for
the development of type 2 diabetes [43].

Another i mportant func tion of a dipocytes is their c om-
plex secretory activity. A number of pe ptide hormones and
pro-inflammatory ¢ ytokines ( adipokines) s ecreted by the
adipocytes exert numerous endocrine effects. Among them is
the previously mentioned leptin, which derives from subcu-
taneous fat depots. Adipocytes size and anatomical location
appear to be the major determinants of leptin mRNA expres-
sion. In vivo, overfeeding and obesity, glucocorticoids treat-
ments, glucose, and insulin administration increase circulat-
ing l eptin le vels, wh ereas fa sting, s ustained exercise, cold
exposure, and SNS activation reduce leptin levels [44].

An important secretory product of the adipocytes is Inter-
leukin-6 (IL-6). P lasma IL-6 c oncentration is i ncreased in
obese subjects and correlates with fat mass and BMI. High
levels of IL-6 are found in type 2 diabetes and correlate with
fasting insulin levels. In s ubcutaneous adipose ti ssue IL -6
secretion in creases f ollowing ex ercise w ith co ncomitant
increase i n N EFA out put, wh ich s uggests a pos t-exercise
lipid-mobilizing contribution of the cytokine [45].

Adiponectin is an adipocytes-derived insulin-sensitizing
hormone, whi ch is s ecreted in hi gh c oncentrations in the
serum. Adiponectin concentrations are reduced in a v ariety
of obe se and insulin-resistant s tates [46]. Hypoadiponecti-
nemia is closely linked to impaired vasoreactivity and endo-
thelial dysfunction in humans. Adiponectin may play a pro-
tective r ole ag ainst a therosclerotic v ascular ch anges [ 47].
Adiponectin e ffects are m ediated by a denosine m onophos-
phate activated protein kinase (A MPK) that increases fa tty
acid oxidation during muscle contraction and represses key
enzymes of gl uconeogenesis i n he patocytes. A MPK a Iso
mediates in sulin-sensitizing ef fect o fex ercise, s ome an ti-

Current Medicinal Chemistry, 2009 Vol. 16, No.1 5

diabetic actions of m etformin, and leptin action on s keletal
muscle [48]. Unli ke ot her a dipokines a diponectin i s de -
creased in obe sity and increased in we ight re duction. The
mechanisms th at d etermine in ter-individual v ariability o f
adiponectin secretion, hence a ffecting body fa tness, r emain
to be clarified [33].

Resistin is a 10-kDa adipocyte-secreted protein that pos-
sesses hormonal properties that have been claimed to repre-
sent and an important link between obesity and insulin resis-
tance [33]. In m ice re sistin administration ¢ aused gl ucose
intolerance and in sulin resistance. In ad dition, s erum levels
of resistin were higher in mouse models of obe sity and de-
creased after pe roxisome proli ferator-activated r eceptor y
(PPARY) a gonist treatment. Whit e a dipose tissue re sistin
mRNA and serum protein levels dropped during fasting and
increased during re feeding [49]. The role of re sistin in hu-
man insulin resistance remains quite controversial [33].

Adipose tissue of t he obe se e xpresses several pro-
inflammatory prote ins such as TNF aand B1, IL-1, IL -6,
inducible nitric oxide synthase (iNOS), monocyte chemotac-
tic prote in ( MCP-1), proc oagulant pla sminogen activator
inhibitor-1 ( PAI-1), fa ctor V and tissue f actor a nd acute
phase (s erum amyloid 3, «-1-glycoprotein, a nd li pocain
24p3). T NF i s increasedin fa tc ells in obe sity and B-
adrenergic stimulation is a positive regulator of TNF expres-
sion, whereas GH and PPARY activators suppress its expres-
sion. Regulators of T NF produc tion in a dipocytes m ight
modulate insulin sensitivity via this cytokine [33].

Two recent studies have led to a major breakthrough in
the understanding of the origin and the role of TNF and other
cytokines in obesity [50, 51]. They have shown that macro-
phages a ccumulate in t he adipose tissue of obe se mouse
strains and in human adipose tissue. Macrophage accumula-
tion oc curs in proportion to adipocyte size and it increases
the c apacity for produc tion of pro-i nflammatory and acute
phase molecules that contribute to obesity - related disorders.
Thus, the adipose ti ssue m acrophages could be largely re -
sponsible for the major part of adipose tissue TNF, IL-1, IL-
6, MC P-1, and iNOS expression. Release of m acrophage
TNF an d I L-6 m ay co ntribute to lo cal d ecrease in in sulin
sensitivity of fa t cells and to all o ther re lated disturbances
[52].

PATHOGENESIS AND ETIOLOGY OF OBESITY

Obesity as a Disorder of the Homeostatic Control of En-
ergy Balance

Although it is known t hat a disturbance of the hom eo-
static mechanisms controlling energy balance causes obesity,
it is less clear how the balance is disturbed, since the mecha-
nisms are very complex and involve numerous systems in the
body. Soon after the first demonstration of 1 eptin deficiency
and leptin receptor dys function in mice, it was thought that
alterations in leptin kinetics might provide a simple explana-
tion of how energy balance was disturbed in obese subjects.
But most of i nformation on le ptin was derived from rodent
experiments. Plasma leptin is higher in obese subjects com-
pared with normal weight individuals. In fact, leptin concen-
trations are proportional to body fat mass in both obese and
lean subjects [53]. Thus, obesity is not due to the deficiency
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in c irculating le ptin. Resistance to le ptin might be one o f
factors in development of obe sity. Such resistance could be
at the level of carriage of leptin in the circulation or its trans-
port into the central nervous system (CNS) [54]. Defects in
the leptin receptor (as in db/db mice) or in the transducing
system — de creased expression of CRF or ove rexpression of
NPY c ould re present ot her di sturbances i n le ptin s ystem
[55].

Dysfunctions of m ediators ot her than le ptin are impli-
cated in obesity. TNF, another cytokine that relays informa-
tion from fatto brain, is increased in the ad ipose tis sue of
insulin-resistant obese individuals [56]. It has been suggested
that UCP-2, a protein uncoupling oxidative phosphorylation
in white fat cells is dysfunctional in obese individuals [21].
Alterations in PPAR tr anscription factors o, Band ymay
have a role in obesity. These transcription fa ctors prom ote
lipogenesis and regulate gene expression of enzymes associ-
ated with lipid and glucose homeostasis. PPARY is preferen-
tially expressed in adipose tissue and has a synergistic action
with another transcription factor C/EBPo, to prom ote c on-
version of pre-adipocytes to adipocytes. The gene for UCP in
white a dipose tissue ha s r egulatory s ites for P PARyan d
C/EBP-a. [57].

Genetics and Obesity

Genetic d eterminants can either play a m ajor role in the
pathogenesis of obe sity or e nhance s usceptibility to its de -
velopment. The dysmorphic forms of obesity in which genet-
ics p lay am ajor ro le include t he P rader-Willi syndrome,
Ahlstrom’s s yndrome, the Laurence-Moon-Biedl s yndrome,
Cohen’s s yndrome, and Carpenter’s s yndrome [7]. R eport-
edly, 244 g enes, when mutated in the mouse, result inan
obese phe notype. A grow ing num ber of s tudies indicate
associations be tween DN A s equence va riation i n s pecific
genes and the oc currence of obe sity. Inte restingly, the in-
volvement of 22 s uch genes w as r eported in at le ast five
separate s tudies. The obesity gene map shows putative loci
on all chromosomes except Y [58].

In the ob/ob mice both copies of t he leptin gene are de-
fective re sulting i n t runcated prot ein. Unli ke in hum ans,
treatment of obese mice with leptin reduces both food intake
and body fat. Splicing defects on the leptin receptor are re-
sponsible for t he obesity in the db/db mouse, which is phe-
notypically s imilar t o the ob/ob m ouse. The g ene d efect
called tubr esults in a de fective phos phatase a nd causes
retinitis pigmentosa and obesity in mice, making it similar to
the Laurence-Moon-Biedl syndrome in humans [7].

Linkage of hum an obesity to other factors related to en-
ergy balance has been reported. For instance, the Trp/64/Arg
mutation of the human [;-adrenergic receptor (;-AR) gene
is as sociated w ith an e arlier age o fonset o f NIDDM an d
characteristics of insulin resistance as well as weight gain in
patients w ith morbid obesity. How ever, such findings have
not be en c onsistent in di fferent e thnic popul ations [59]. 1t
has b een r eported th at p lasma I L-8 lev els ar e in creased i n
obese subjects. IL-8 is related to fat mass and TNF system.
Elevated circulating IL-8 could be one of the factors that link
obesity to greater cardiovascular risks [60]. Most of genomic
studies in humans, demonstrated s ubstantial genetic he tero-
geneity influencing BMI regulation [61].

Gurevich-Panigrahi et al.

Environmental Factors and Obesity

Environmental factors interact with genetic susceptibility
in the pa thogenesis of obe sity. For e xample, hypot halamic
injury from trauma or surgery and destructive lesions in the
region of the ventromedial or the paraventricular nuclei can
produce obe sity. The two m ajor f actors i n hypot halamic
obesity are hyperphagia and a disturbance in the ANS activ-
ity. One explanation for t hisis a Itered s ecretion of NP Y,
which is produced in arcuate nucleus and stimulates eating
[62]. Other pos sible e xplanations are impairment in re pro-
ductive f unction, d ecrease in s ympathetic and in creasein
parasympathetic a ctivity — ot her ke y fe atures of hypot ha-
lamic obe sity [63]. Endocrine disorders such as Cushing’s
disease, pol ycystic ov ary s yndrome and a dministration o f
some drugs (phenothiazines; such as chlorpromazine, antide-
pressants; a mitriptyline, an tiepileptics; v alproate, s teroids;
glucocorticoids, antihypertensive a gents; te razosin) may b e
associated with obesity [64, 65].

Food Intake and Obesity

A typical obese subject has usually put on 20 kg over 10
years. This means that there has been a daily excess ofen-
ergy input ov er out put of 30-40 kc al initially, i ncreasing
gradually to maintain the increased body weight. The type of
food eaten can play arole in disturbing the energy balance.
Fat has more calories per gram compared to carbohydrates or
proteins. T here a re 9 ¢ alories pe r gr am of di etary fa t,
whereas caloric value of carbohydrates and proteins is only 4
calories. It is possible that the mechanisms regulating appe-
tite react more slowly to fat than to protein and carbohydrate,
so satiety systems come into the picture too late. Increase in
density of foods , portion s ize, be tter pa latability of food,
increase in availability and 1ow cost prom ote ob esity [66].
Obese people try to diet to lose weight. But when a subject
reduces c alorie in take, there is a shift in to negative energy
balance. An individual loses weight but, in parallel, the rest-
ing m etabolic ra te de creases, and t here is a concomitant
reduction i n e nergy e xpenditure. P robably, the s ystem is
trying t o re turn t he body we ight to the “set-point”, whi ch
implies maintenance of e nergy balance is dependent on nu-
merous metabolic feedback loops that are tuned by an indi-
vidual’s s usceptibility genes. T hus, an individual who wa s
previously obe se and i s now of norm al w eight, ge nerally
needs f ewer calories f or m aintaining that w eight th anan
individual who has never been obese. The decrease in energy
expenditure appears to be largely due to an alteration in the
conversion e fficiency of ¢ hemical e nergy t o m echanical
work in s keletal m uscle. T his ad aptation to the c aloric r e-
striction c ontributes to the difficulty of m aintaining we ight
loss by diet [67].

Physical Activity and Obesity

Physical activity can be broadly divided into exercise and
non-exercise a ctivities. Non-e xercise activities i nclude
employment related work and the activity of daily living. It
is difficult to measure the energy expended in non-exercise
activity. In general, an increase in sedentary behavior, and a
decrease in activity of daily living and employment physical
activity prom otes obe sity [68]. It i s now re cognized t hat
increased energy expenditure by physical activity has a more
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positive rol e in re ducing fa t s tores a nd a djusting e nergy
balance in th e o bese, e specially w hen itis co mbined w ith
modification of the diet. N ative popul ation s tudy gives an
example. M any y ears ag o, a tr ibe o f P ima I ndians w as d i-
vided into two groups : one of them settled in Mexico and
continued with simple life, eating frugally and spending most
of time in hard physical work. T hey are usually le an and
have low incidence of NIDDM. Another group moved to the
USA — an environment with easy access to calorie rich food
and less need for hard physical work. They are on average 57
pounds heavier than the Mexican group a nd have a higher
incidence of early onset NIDDM [69, 70].

PHARMACOTHERAPY OF OBESITY

Obesity re sults from an imbalance be tween e nergy up-
take and energy expenditure [7, 66, 68]. Obesity is a particu-
larly challenging medical condition b ecause of it s complex
etiology (Fig. 3). The environmental factors c an be modu-
lated through behavioral changes such as healthy eating and
physical a ctivity, wh ereas biological components are much
more difficult to address [71]. T he history of t reatment of
obesity is marked by 1i mited but long lasting s uccess, re -
bound re covery of we ight a fter c essation of t reatment, and
some therapeutic disasters. Cure of obe sity is rare and obe-
sity is not a single entity. Still, palliation of obe sity related
disorders remain a realistic clinical goal. Overweight patients
exhibit s ymptoms of t he m etabolic s yndrome that includes
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type 2 diabetes, hypertension, and dyslipidaemias [33]. Fail-
ure of diet and exercise in the long-term treatment of obesity
is common and c reates an obvi ous n eed for concomitant
pharmacotherapy. D rug tr eatment is r ecommended for sub-
jects with a BMI more than 30 kg/m” and thus at medical risk
from obesity, and if given at all, should be used only as an
adjunct behavioral and lifestyle changes. Characterization of
obesity - associated ge ne produc ts ha s re vealed ne w bi o-
chemical pathways and molecular targets for p harmacologi-
cal i ntervention, w hich w ill li kely I ead t o ne w t reatments
[71].

Anti-obesity d rugs can b e cl assified acco rding to th eir
primary mechanism o f action on energy balance. There are
four general classes of a nti-obesity drugs . T he first group
comprises drugs, which suppress appetite through re ducing
hunger pe rception, i ncreasing the f eeling of satiety, a nd
reducing food intake by acting in the CNS. As a result these
drugs facilitate compliance of the patient with caloric restric-
tion. The second group - inhibitors of fat absorption - reduce
energy intake through a peripheral, g astrointestinal mecha-
nism of a ction. The third group of drugs also acting periph-
erally i ncreases t hermogenesis w ithout pla nned phys ical
activity. The last group of drugs stimulates fat mobilization
acting pe ripherally t o re duce fa tm ass a nd/or de crease
triglyceride s ynthesis without p lanned increases in physical
activity or de crease in food i ntake. Importantly, the benefit
of all four groups can be overcome by decreased voluntarily
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