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Abstract

Obesity can be referred to as the central playethimdevelopment and progression of metabolic
syndrome. Although metabolic syndrome lacks a esendiefinition, insulin resistance,
dyslipidemia and hypertension appear to occupyfitbmet row with obesity at the driver's seat.
With over one billion people across the world aitlwerweight or obese the prevalence of
metabolic syndrome is also multiplying at an alarghrate. Hence unraveling the underlying
molecular aspects of obesity is slowly gaining madoma. One such evolving concept is
considering the role of adipose tissue which ia state of hypertrophy in obesity. In a condition
of adiposity the adipose tissue no longer remainpaasive storage site but acts an active
endocrine organ. The physiology of adipose tissa® & key role in the pathogenesis of the
metabolic syndrome and related cardiovascular dieos. This review discusses some vital
aspects of the involvement of adipose tissue irsigbdinked metabolic disturbances. The
increased levels of inflammatory cytokines sucineesleukin-1 (IL-1), tumor necrosis facter
(TNF-a), PAI-I (plasminogen activator inhibitor-l1) and ®RC-reactive protein) during obesity
are believed to be released from the adipose tiasdethus termed as adipokines. Here we have
discussed the role of some important adipose deéivemones leptin, adiponectin and resistin.
Many more such adipokines or adipose derived hoawasre coming into the picture thus
exposing their potential roles in the treatmentprevention of obesity associated metabolic
syndrome.
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INTRODUCTION

In the more recent years, metabolic syndrome hasech a revolution in vascular risk
stratification and is slowly emerging as a wellgmed concept among health science experts
[1]. It is described as accumulation of severat fectors of CVD and type 2 diabetes mellitus
within one individual. Metabolic syndrome has albeen called dysmetabolic syndrome,
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plurimetabolic syndrome, insulin resistance syndr@nd syndrome X. These names indicate its
multifaceted nature and hence the many definitadmaetabolic syndrome [2].

1. WHO definition (1998): This definition applie® tboth the diabetic and non-diabetic
populations. The definition suggests that metabeiliodrome involves glucose intolerance,
hyperinsulinemia and diabetes, plus at least tweratlinical or biochemical abnormalities [3].

= Abdominalobesity (waist: hip rati=0.90 or body mass index [BM#30 kg/nf).

» Dyslipidaemia consisting of triglycerid&4.7 mmol/l (150 mg/dlpr HDL-C <0.9 mmol/l (35
mg/dl).

= Hypertensiorfblood pressur&140/90 mmHg or receiving antihypertensimedication).

2. The EGIR Groupe Européen pour I'étude de l'insulinorésistgndefinition: Applicable only

to non-diabetic individuals , the definition asswsntlat the syndrome is indicated by a plasma
insulin concentration found in the top quartiletloé population plus two clinical or biochemical
criteria that differ from those in the WHO defioiti [4].

= Waist circumference Men > 94 cm ,Women > 80 cm

Triglycerides > 1.80 g/l or treatment

HDL Cholesterol < 0.40 g/l

Glycaemia> 1.10 g/l

Blood Pressure 140 / 90 mmHg

3. National Cholesterol Education Prograwmult Treatment Panel Ill (ATP Ill) definition: In
this definition, metabolic syndrome is diagnosédeen at least three of the following are present
[5]:

» Fasting plasmglucose=110 mg/dl (6.1 mmol/l).

= Abdominal obesity (e.g., waistrcumference=102 cm in men-88 cm in women).

= Triglyceride levelz150 mg/dl (1.7 mmol/l).

» High-densitylipoprotein cholesterol (HDL-C) level <40 mg/dl.0 mmol/l)in men and <50
mg/dl (1.3 mmol/l) in women.

4. IDF (International Diabetes Foundation) defomti(2005): The definition uses the NCEP

criteria, but considers waist measurement to benie, and essential, parameter along with two
other clinical or biochemical criteria [6].

= Waist circumference Men > 94 cm, Women > 80 cm

= Triglycerides > 1.50 g/

= HDL Cholesterol : Men < 0.40 g/l ; Women < 0.50 g/l

» Glycaemia>1 g/l

* Blood Pressure130/85 mmHg

All of these definitions of metabolic syndrome sfgrits multi-factorial nature thus making its

management rather complicated. Hence unwindingutiteerlying mechanism of its cause can
prove beneficial in prevention and treatment ofabetic syndrome.

Obesity: A global health concern
Obesity is an excessive accumulation of energhenférm of body fat which impairs health and
has reached epidemic proportions globally, withenbian 1 billion adults overweight - at least
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300 million of them clinically obese - and is a oragontributor to the global burden of chronic
disease and disability. Often coexisting in devilgountries with under-nutrition, obesity is a
complex condition, with serious social and psychmal dimensions, affecting virtually all ages
and socioeconomic groups.

Increased consumption of more energy-dense, nt{pmor foods with high levels of sugars and
saturated fats, combined with reduced physicaliégtinave led to obesity rates that have risen
three-fold or more since 1980 in some areas of iNArnherica, the United Kingdom, Eastern

Europe, the Middle East, the Pacific Islands, Aalagia and China.

The prevalence of obesity is commonly assesseding tbody mass index (BMI), defined as the
weight in kilograms divided by the square of thgghein meters (kg/f). A BMI over 25 kg/m
is defined as overweight, and a BMI of over 30 Kga® obese [7, 8.

Table1l. WHO classification of obesity

WHO Popular BMI (kg/m?) | Risk of co-morbidities
Classification Description
Underweight Thin <18.5 Low (but risk of other
clinical problems increased)
Normal range Normal 18.5-24.9 Average
Overweight 25.0
* Pre-obese Overweight 25-29.9 Increased
e Obese Class | | Obese 30.0 - 34.9 Moderate
e Obese Class Il | Obese 35.0-39.9 Severe
* Obese Class Il | Morbidly Obese| > 40.0 Very severe

Pathophysiology of obesity associated metabolic complications: role of adipose tissue

Over the last few decades obesity research has dieeacterised by a dramatic change in the
overall understanding about the adipose tissuatandle in pathophysiology [9]. The secretory

nature of adipocytes or fat cells which encomp&s$ 6f total body cells has shifted the concept
of white adipose tissue (WAT) as a mere energyirgjoorgan to that of an extremely active

endocrine tissue [10]. The large number of secrptetkins includes hormones, growth factors,
enzymes, cytokines, complement factors, and matoteins, collectively termed as adipokines

or adipocytokines [11-14]. Since in obesity thepade tissue is in a state of hypertrophy this
secretory activity of WAT is believed to be exagged and closely associated with obesity
induced metabolic syndrome.

Amid all these secreted products cytokines or belecribed as pro-inflammatory cytokines are
thought to be fore-runners in obesity associatethlbodic syndrome. The two major mechanisms
linking inflammatory adipocytokines to metabolicstulirbances are oxidative stress and
endothelial dysfunctio(see Figure 1).
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1. Oxidative stress:

Oxidative stress is a condition in which generatbneactive oxygen species (ROS) exceeds the
capacity of the antioxidant defense system. Thuislative stress can occur as a consequence of
excess generation of ROS, depressed antioxidardacitgp or a combination of the two.
Inflammation and oxidative stress are inseparatgrconnected. The ROS generated activates
the redox sensitive transcriptional factorsidBFand AP-1(activator protein 1) which in turn
trigger the release of cytokines and adhesion mtdscwhereas on the other hand production of
ROS is an inherent property of activated immunésdgls in the case of inflammation). Also
these ROS oxidize LDL to LDL-ox (oxidized LDL), wdti damages the artery wall and initiates
the development of atherosclerosis [15].

2. Endothelial dysfunction:

Nitric oxide is the key endothelium-derived relaxifactor (EDRF) that playa pivotal role in
the regulation of vascular tone and vasoméioction. In addition to its vasodialatory effect,
NO also protectagainst vascular injury, inflammation and thrombdsy inhibitingleukocyte
adhesion to the endothelium, maintaining the vassahooth muscle in a non-proliferative state,
and limiting plateleaggregation [16].

Endothelial dysfunction is characterized by defeéctdhe normal vascular relaxation response to
mediators like acetylcholine or to increased bldlosv. The basis for endothelial dysfunction
involves a reduction in the amount of bioavailabitic oxide (NO) [17, 18]. Thus endothelial
dysfunction can cause progression of atherosckerosi

OBESITY |

Inflammatory adipokines

INFLAMMATION |

ROS dacreases availabiiity of NO

OXIDATIVE STRESS |

ENDOTHELIAL DYSFUNCTION |

ATHEROSCLEROSIS | INSULIN RESISTANCE |

Figure 1: Mechanisms linking obesity to the two major implications of metabolic syndrome
viz. CVD and insulin resistance. ROS: reactive oxygen species, NO: nitric oxide

The reduced bioavailability of NO also affects M@ release stimulated by insulin. It is through
the release of NO that insulin increases vasodidetaand improves the transport of glucose to
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skeletal muscles, liver where it triggers the uptak glucose. This explains how endothelial
dysfunction can provoke insulin resistance [19].

Oxidative stress can also induce endothelial dygfon by converting NO produced by eNOS
(endothelial nitric oxide synthase) to peroxyn&nthich cannot induce vascular relaxation and
is itself a strong oxidant that can damage tis§2@ls

Since it is these pro-inflammatory adipocyte horemithat mainly promote the progression of
obesity into the manifestations of metabolic synugp administration or regulation of these
adipocytokines can prove to be an attractive adtira for the treatment of metabolic syndrome
[21].

Some important adipokinesinvolved in obesity associated metabolic syndrome

1. Leptin

Leptin was discovered in 1994 and is product ofdhebgene. Although it is mainly secreted
by the adipocytes, it is also expressed at lowezldein other tissues such as gastric epithelium,
muscle and placenta. [22-24]. Plasma leptin comagohs positively correlate with
subcutaneous, rather than intra-abdominal, fati¢issass [26]. Obese individuals have higher
leptin mMRNA and protein levels than lean individualdicating that adipocytes secrete leptin in
direct proportion to adipose tissue mass as welhasitional status [27, 28]. It has been
evidenced that leptin plays crucial roles in regalaof food intake, body weight and energy
balance via central and peripheral pathways [28htlly leptin acts via the Ob-R receptors
(JAK-STAT pathway) and inhibits anabolic peptideBYN(Neuropeptide Y) and AgRP (agouti
related peptides). It also up-regulates pro-opiamatortin (POMC)/cocaine- and amphetamine-
regulated transcript (CART)-containing neurons \mhigdtimately results in decreased food
intake and increased energy expenditure. Plasnim llgvels and its actions change with the
changes in body weight and body fat (Figure 2).

BODY STATE | LEPTIN LEVELS |
: - WEIG | NORMAL LEPTIN FOOD INTAKE =
Bl R sk LSSy LEVELS ENERGY EXPENDITURE

: . FOOD INTAKE >
DECREASED BODY FATFE.DEC REASED LEPTIN |y ENERGY EXPENDITURE

LEVELS
- _ INCREASED LEPTIN FOOD INTAKE <

LERSALE On e S B NS E R SR B Y LEVELS =% CNERGY EXPENDITURE
| INCREASED LEPTIN FOOD INTAKE »

S RESISTANCE = rRGY EXPENDITURE

Figure 2: Changes in leptin levels and its actions corresponding to changes in body
weight and body fat
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Thus, obese individuals have higher circulatingls\of leptin, indicating that leptin may play a
role in obesity associated metabolic turbulences.

Leptin and Cardiovascular diseases

» Leptin increases generation of reactive oxygen ispe¢ROS) in endothelial cells and
stimulates secretion of pro-inflammatory cytokireeeh as tumor necrosis factoro~TNF-o)
and interleukin -6 (IL-6) both of which are prom®f hypertension and atherosclerosis [29].

» Leptin has direct vasodilatory effects due stimatatof NO synthesis. However leptin
increases release of endothelin -1 (ET-1), a vasidotor secreted primarily by endothelial
cells and also by macrophages, fibroblasts andaragecytes which counteracts effects of NO
inhibition [30]. Also as mentioned earlier the d@atory sympathetic activity of leptin is
continued even in hyperleptinemia, this explainpémtensive conditions in obese subjects with
high levels of circulating leptin.

» The proatherogenic action of leptin is likely ditriable to a combination of its effects on
various cell types. In endothelial cells as mergtrearlier leptin triggers oxidative stress and
inflammatory responses, thus increases the pramucti monocyte chemoattractant protein-1 (
MCP-1) and monocyte colony stimulating factor (MFE}Sthus contributing to the development
of atherosclerosis [31,32] Leptin also promotegitiahtion of cells of the vascular wall and
facilitates thrombosis by increasing platelet aggten [33].

Leptin and insulin resistance

Leptin administration enhances the inhibitory actaf insulin on hepatic glucose production
(HGP) via complete suppression of hepatic glycobem® (leptin lowers the mRNA levels of
gluconeogenesis enzymes). Also leptin has foungdtentiate glucose uptake by insulin.
However these pro-insulin effects of leptin areepeindent of the feeding state and are observed
in normal physiologic levels of leptin [34]. In aditions of overfeeding and obesity the anti-
insulin effects of leptin are observed.

» |t was observed that after 3 days of overfeedirge fction of leptin on hepatic
gluconeogenesis was blunted. Hepatic insulin rm@st&t and leptin resistance was demonstrated
after just 3 days of voluntary hyperphagia [36].

= Leptin increases the release of ThFom adipocytes. TNIe- has a direct effect on insulin
resistance. Also leptin induces oxidative stresdclwhalso leads to insulin resistance via
endothelial dysfunction [38, 29].

» In pancreatic 3 cells, leptin causes the activatibphosphodiesterase 3B (PDE3B), which
leads to marked inhibition of glucagon-like peptidestimulated insulin secretion. However this
effect in obese subjects has not been fully estadd[39].

Current drugs modulating leptin

4-phenyl butyric acid (PBA), and tauroursodeoxyachacid (TUDCA), have the ability to
decrease ER (endoplasmic reticulum) stress andasaleiptin-sensitizing agents which has been
indicated by research on mice fed with high fat §40]. Currently, 4-PBA is used to treat cystic
fibrosis and urea cycle disorders, while TUDCA s®d to treat liver diseases. Since both drugs
are already FDA-approved, the researchers belleateitt will be easy to move them quickly to
human trials. Also there is a proposal of nanot®de unique form of antibodies that is
characterized by a single antigen-binding domaith generally does not cross the blood-brain
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barrier) may lead to an antagonist that could sekdy inhibit peripheral activities of leptin
[41]. This form of leptin antagonist might be ctally useful, as they can target peripheral
adverse effect of leptin without inducing centraight gain.

2. Adiponectin

Adiponectin or adipocyte complement-related protein30 kDa (Acrp30) also known as
AdipoQ, ApM1 and GBP28, is an adipocytokine exalali expressed and secreted by adipose
tissue [42, 43]. Adiponectin plays an importanterah the regulation of insulin function and
energy homeostasis [44, 45]. Though synthesizeddiyocytes, circulating levels and adipose
tissue gene expression are found to be lower irobese and in type 2 diabetes subjects with
respect to healthy controls [46-48] and negatiwalgrelate with the body mass index (BMI), the
plasma levels of glucose, insulin, triglyceridesl dhe insulin-resistance [49]. Lower levels of
circulating adiponectin in obese individuals careréfore be correlated directly to the
progression of metabolic syndrome.

Adiponectin attenuates the inflammatory responsiigad by different stimuli by modulating
signal transduction mechanisms in different celsl dhese anti-inflammatory properties of
adiponectin could account for its beneficial effeon cardiovascular (Figure 3) and metabolic
disorders, including atherosclerosis and insulsistance [50].

Adiponectin and cardiovascular diseases

Adiponectin and endothelial cells

Adiponectin has novel vascular actions to direstiynulate production of nitric oxide (NO) in
endothelial cells via the phosphorylation of eneét#i nitric oxide synthase (eNOS) by
adenosine-monophosphate-activated protein kina8&P¢ [51]. It inhibits the production of
inflammatory adipokines like TNE IL-6 and indirectly CRP by interfering with theuclear
transcription factor kappa B (N#B) signaling. Thus it reduces expression of admmesio
molecules like intercellular adhesion molecule (MDAL, vascularcell adhesion molecule
(VCAM)-1 [52, 53].

Adiponectin and foam cell transfor mation

Adiponectin suppresses macrophage to foam celfivtamationby suppressing the expression of
macrophage SR-As (class A scavenger receptorsyjtings in the reductiorof foam cell
formation and decreasing the secretion of pro-nffeatorycytokines [54]. Foam cell formation
is further reduced by adiponectin-inducddwn-regulation of acyl-coenzyme A:cholesterol
acyltransferase-h macrophages, the enzyme that catalyzes the fammaf cholesteryksters
[55].Also adiponectin induces anti-inflammatacytokine IL-10 secretion from macrophages
[56]. Accordingly,adiponectin limits the initiation of atherosclewopilagque formation.

Adiponectin and smooth muscle cells

Adiponectin suppresses the proliferation and mignabf smootimuscle cells (SMCs) induced
by platelet-derived growth factor (PDGF) in theinm, thus interfering with the evolution of
fatty acid streak.
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ADIPONECTIN
t NO production § expression of § expression of # PDGF induced # acyl-coenzyme A:
inflammatory macrophage 5R-As proliferation and cholesterol
adipokines migration of SMCs acyltransferase-1
¥ expression of § foam cell formation 4 formation of
ICAM-1 and VCAM-1 cholesteryl esters.

RETARDS PROGRESSION OF ATHEROSCLEROSIS

Figure 3: Cardioprotective effects of adiponectin

NO: nitric oxide; SR-As: class A scavenger recepgt®DGF: platelet derived growth factors; SMCs: sitio
muscle cells; ICAM-1: intercellular adhesion molkzd; VCAM-1: vasculacell adhesion molecule-1;

Adiponectin and insulin resistance

It has been observed that adiponectin reduces sputevels in different animal models of
obesity/diabetes mellitus and this hypoglycemieefis not associated to stimulation of insulin
secretion, whose levels are reduced in paralldi Wibse of glucose, but to an increased insulin
sensitivity [57].

» Stimulating glucose uptake by muscle and liversceld the phosphorylation and activation of
5’-adenosine monophosphate activated protein ki(asEK) [51].

» Adiponectin decreasdeepatic glucose production by inhibiting enzymeglifconeogenesis,
and thus contributes to reduction in blood gludesels innormal and diabetic animals.

= Adiponectin inhibits the production of TNFwhich directly produces insulin resistance via
IRS1 associated decreased PI3 kinase activity sclay58].

Current drugs modulating adiponectin

Pharmacological interventions, namely, with PPARBRgonists othiazolidinediones, appear to
enhance adiponectin expressitdsed clinically to treat Type 2 diabetes by imprayiinsulin
sensitivity, thiazolidinediones increase adipomechRNA expressioand secretion in adipose
tissue by activating the adiponeciammomoter [59]. In a randomized, double-blind plazeb
controlledtrial conducted on patients with Type 2 diabet@siglitazonetherapy for 6 mg
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resulted in a significant increase in circulatipigsma levels compared with placebo [60].
Additionally, rosiglitazonetherapy has been reported to selectively elevassnph high-
molecular-weighadiponectin in humans and rodents [61]. Pioglitezexertsa similar effect on
adiponectin levels [62] and increasesgberetion of the high-molecular-weight (HMW) forrh o
adiponectin [63]Furthermore, PPAR-agonists appear to enhance the expressigkdipoR1
and AdipoR2 in skeletal muscle and adipose tissug thereby may enhance adiponectin
intracellular signalingpathways that promote glucose utilization and atiterosclerotic
conditions [64]. In addition to PPAR-agonists, treatment withoth angiotensin-converting
enzyme inhibitors and angiotensiaeceptor blockers increased adiponectin conceotratin
insulin-resistant hypertensive patients, without affecting BMI; howev the molecular
mechanisms involved remain to be elucidated [68Ldrtlythe Rimonabant in Obesity-Lipids
(RIO-Lipids) study examinedhe effects of rimonabant, a selective cannabidoicceptor
blocker, on metabolic risk factors [66]. Rimonab&nbelievedo induce significant weight loss
in obese patients via tlaetivation of the endocannabinoid system through Gihichplays an
important role in both the central and peripheegjulationof energy balance, body weight, and
food intake [67]. Rimonabanst a dose of 20 mg daily, resulted in a significentreasan
plasma adiponectin, at levels above those thatdcbal explainedy weight loss alone [65].
Finally, as the beneficial molecularoperties of adiponectin continue to emerge, amdgnant
form of adiponectin may become available for thetdjg useor, alternatively, an adiponectin
receptor-specific agonistnay be developed to optimize the favorable celludéfiects of
adiponectin.

3. Resistin

Resistin is a 12.5-kDa polypeptide is expressedsagdeted by both brown and white adipocytes
in proportion to fat size stores leading to impaigtucose tolerance and insulin action [68].
Resistin is not exclusively expressed in adipossu®, but is also expressed in the
gastrointestinal tract, adrenal glands, and sKetetescle [69]. Furthermore, resistin expression
was demonstrated to be regulated in a tissue- andeg-specific manner.

Circulating resistin concentrations have been shtwae increased in genetically obese rodents
(ob/ob and db/db mice) as well as in high-fat-diet-induced obesityRresistin
immunoneutralization has been reported to improypehglycemia and insulin resistance in
high-fat-induced obese mice, while recombinant stesi administration impairs glucose
tolerance and insulin action in normal mice [70l). tAese reports highlight the role of resistin in
obesity linked metabolic syndrome.

Resistin and cardiovascular disorders

It has recently been found that resistin parti@paih the inflammatory response. In further
support of its inflammatory profile, resistin hagelm shown to increase transcriptional events
leading to an increased expression of severalrftannmatory cytokines including IL-6, TNé&-
etc. in an NR<B mediated fashion. It has also been demonstrdtat resistin upregulates
intracellular adhesion molecule-1 (ICAM1) vascutetl-adhesion molecule-1 (VCAM1), all of
which are occupied in chemotactic pathways involedeukocyte recruitment to sites of
infection [71].Therefore resistin may be a linkthre well-known association between obesity,
inflammation and cardivascular complication.
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Resistin and insulin resistance

The role of resistin in mediating insulin resistangas studied in mice using various in vivo
tests. Purified recombinant resistin was admingstentraperitonially (i.p.) to C57B1/ 6J mice
and glucose tolerance was measured. Peak bloodsgluevel increased in the resistin-treated
mice, compared to control-injected mice. This wak¥ved by a concomitant increase in insulin
levels. These results, suggested impairment inogkidolerancén vivo as a direct function of
resistin administration. Resistin neutralizatiorpesiments in mice were carried out to further
document the involvement of resistin in insuliniseance. Diet induced insulin-resistant obese
mice when administered anti-resistin IgG therapystd a significant decrease in blood glucose
and reversibly reduced hyperglycaemia. Anti-resiggiG-treated mice showed much improved
insulin sensitivity compared to non-specific Ig@&ated mice [72]. These experiments clearly
point out the involvement of resistin in mediatimgulin resistance in diet-induced obesity.
However the exact mechanism through which resisiiluces insulin resistance is not clearly
known, but resistin mediated inflammation may be ohthe pathways.

Current drugs modulating resistin

Studies on db/db mice suggest that as comparéztoltese micalb/dbmice) and age-matched
lean controls, resistin protein expression was ceduy 58% in the obese mice with severe
hyperinsulinemia. It was observed in this studyt tiatformin upregulates resistin expression
via the improvement of hyperinsulinemia in obe$ig]. Also thiazolidinediones are found to
suppress resistin release from adipocytes viatteraon PPAR receptors [74].

Some Nove Adipokines

1.Chemerin

Chemerin is a novel adipokine that has been suegelt play an important role in the
pathogenesis of metabolic syndrome. Chemerin,ladlewn as tazarotene induced gene 2 (TIG2)
and retinoic acid receptor responder 2 (RARRES2g recently discovered adipokine that has
been reported to modulate immune system functiooutih its binding to the chemerin receptor
(ChemerinR, a G protein-coupled receptor) [75]. iespion of chemerin and its receptor
increases during the differentiation of pre-adigesyinto adipocytes. A critical function of
chemerin/ ChemerinR is to regulate adipogenesismaethbolic homeostasis in adipocytes in
mice and humans [76].

Recent results also indicate that chemerin and @haR could have an important biological
role in the formation of white adipose tissue dgrimormal development and in pathological
states such obesity [76,77]. Chemerin downregulatioring adipocyte maturation results
subsequently in lower expression of perilipin, Gl4J{insulin-regulated glucose transporter),
adiponectin and leptin by mature adipocytes. Ttogeh adipokine probably also modulates
metabolic pathways in mature adipocytes. In agreemeth this, the absence of chemerin
expression results in a reduced basal and stintuletee of lipolysis. On the other hand,
nanomolar concentration of chemerin decreases celtdar cAMP (cyclic-adenosin

monophosphate) leading to the assumption that aremeght oppose the lipolytic action of

catecholamines by reducing intracellular cAMP [16]summary, chemerin has a regulatory role
in adipogenesis and adipocyte metabolism, andanfling chemerin and ChemerinR signaling,
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might pave a way to novel therapeutic approachéldrtireatment of obesity- related metabolic
syndrome.

2. Fibroblast growth factor (FGF)

The fibroblast growth factor (FGF) family is compdsof 22members (FGF1 to FGF22) with a
wide range of biological functions, includingll growth, development, angiogenesis, and wound
healing [78,89]FGF21 was first suggested as a metabolic regweitbr potentialanti-diabetic
properties during a high throughput screeningafggnts capable of increasing glucose uptake in
3T3-L1 adipocyte$80]. Addition of recombinant FGF21 to adipocyteassfound tcstimulate
insulin-independent glucose uptake by enhancingxtpesssion of GLUT1 [80]. A recent study
has demonstrated a profowsyhergy between FGF21 and the anti-diabetic agsiglitazonga
peroxisome proliferator—activated recepifi?PARY] agonist) in stimulating glucose uptake [81].
Transgenic mice with over expression of FGF21 wesstantto diet-induced obesity and
metabolic disturbance [80]. In botbb/ob and db/db obese/ diabetic mice, therapeutic
interventionwith recombinant FGF21 resulted in a reduction lobt glucosend triglycerides

to near normal levels, without apparent mitogepjcitypoglycemia, or weight gain [80].
Furthermore, chronic treatmeoit diabetic rhesus monkeys with FGF21 for a penbé weeks
could provide efficient and durable glucose contnd triglyceriddowering without obvious
adverse effects [82].

More importantly FGF21 administration led to significant improvengeint lipoproteirprofiles,
including decreased LDL and elevated HDL choles$taral beneficial changes in the circulating
levels of severatardiovascular factors [82]. Also FGF21 has alsenkshown to improve
pancreati@3-cell function and survivdly activation of extra cellular signal-regulateddsel/2
and Akt signaling pathways [83]. The multiple beciet effects of FGF21 on glucose and lipid
metabolism and insuligensitivity suggest that this small-molecular weigblypeptidemight
represent a promising therapeutic agent for thatriventof diabetes and other obesity-related
metabolic disorders [82,83]. Although these anibeded studies are certainly of
pharmacologicahterest, the physiological role of FGF21 remaiasrty understood.

3. Neprilysin [84]

Neprilysin (NEP) is a zinc containing metalloendpi@ase which cleaves several bioactive
peptides involvedn the regulation of vascular function. NEP deged@sodilator peptides
(substance P, bradykinin and the natriuretic peptiahd vasoconstrictor peptides (endothelin-1
and angiotensin). In human microvasceladothelial cells, fatty acids and glucose incrééise
activity, and inhibition of NEP in animal studies results imcreasedinsulin sensitivity,
suggesting that NEP may be related tonie¢abolic syndrome.

Dual NEP/ACE Inhibitors are more effective in regig blood pressure than ACE inhibitor
alone, suggesting NEP has a predominant effect asooonstricting peptides. Omapatrilat
(NEP/ACE-I): has profound insulin-sensitizing prdpes and increases insulin stimulated
glucose uptake both at the whole body level anthéinsulin responsive tissues, indicating a
potential role of NEP in the metabolic syndrome.

This hypothesis was tested at the University ofdsefivision of diabetes and cardiovascular
disorders) on cell, animand human based models. In a diet induced animaemamnale
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C57BL/6Jmice were fed with a high-fat diet, which resulteddecreased glucose tolerarscel
insulin resistance in obese mice. Results of ithigivo model suggested that plasma levels of
NEP measured after 15 weeks of high fat diet fegdiare significantly higher in obesg@ce as
compared to lean mice. Also the epididymal and miesie fat in obese showed 4 to 9 folds
higher levels of NEP as compatedean, mice. In a study of 318 healthy white Ep@an males,
plasma NEP measured by activity assay was significhigherin subjects with the metabolic
syndrome. NEP levels were found to be approximagefgld higher in those with metabolic
syndrome as compared withose without the syndrome. High NEP levels coteglavith high
triglycerides, decreased HDL levels and raised dlo@ssure.

These findings show an association of NEP with riietabolic syndrome that seems to be
mediated by obesity. These data amgbcate that NEP is a novel adipokine that linksreased
fat to insulin resistancend vascular risk.

CONCLUSION

In this review we have tried to highlight the ralé obesity in the pathogenesis of metabolic
syndrome, a pandemic gaining steady momentum. dseck adipocyte activity and release of
inflammatory mediators and their interplay seemsbeéahe link. From a regulatory standpoint,

the lack of a universal definition, the lack ofiagie etiologic factor or central pathophysiologic

abnormality identified as mediating the constetiatof features, uncertainty regarding study end
points, heterogeneous study population, existirgattnents, and regulatory precedent for
established risk factors all suggest that somdeaigeés will have to be solved before any new or
existing drugs will be approved for the indicatisihmetabolic syndrome. In February 2007, the
US Food and Drug Administration (USFDA) stated idraft guidance document that “it does

not necessarily consider the metabolic syndromepcesent a distinct disease entity”. However,
the USFDA concluded that “a therapeutic produatndied to treat metabolic syndrome should
normalize or improve all components of the syndronmelependent of weight loss, and

ultimately be shown to prevent the development iabetes and reduce CVD morbidity and

mortality”. Although this is a very high aspiratidrom one drug, drugs modulating adipokine

actions is an attractive option to impede the pFsgion of obesity to type 2 diabetes mellitus and
cardiovascular complications.

Futuredirections

Research suggests that aggressive treatment ofowasdular risk factors associated with
metabolic syndrome may prevent 80% of clinical mardscular events [85]. With the recent
discovery of adipose tissue hormones, a palettenasfel therapeutics targeting metabolic
syndrome has emerged. Further elucidation of bjolgd mechanisms of adipokines promises
newer discoveries resulting in paradigm shift ie @ppraisal of role of adipocyte in multi-

component diseases.
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