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In 1998 WHO define the association of
several metabolic diseases( obesity, type-
2 diabetes, dyslipidemia, & hypertension )
all contributing to G-V risk.

Whether you call it syndrome X, Insulin
resistance syndrome, cardiometabolic risk
or even Re a v syndrasne.

This dangerous constellation of risk factors
predispose a person to DM-o'g& CHD Is
rapidly appearing on radar screen globally



ATP III Identification of
Metabolic Syndrome

Risk Facior Defining Level
Abdominal obesity (waist circomference)

Men >102 cm (>40 )

Women >88 cm (=35 m)
Tnglycendes 2150 mg/dL
HDL cholesterol

Men =40 mg/dl.

Women <30 mg/dL
Blood pressure 2130/285 mm Hg
Fasting glucose =100 mg/dl.

= Diagnosis of metabolic syndrome reguires 3 of the 5 characteristics
- Ahdmninduheiyhmmﬁnﬂynnnﬂ:t&duiﬂimeﬁmi:rﬁﬁmhﬁﬂmiETHHL

Adapied with permission from Grundy SM, et al. Circulation. 2004;108:433-438_




The Metabolic Syndrome:
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Prevalence of the Metabolic
Syndrome Among US Adults
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Association of Obesity and
Metabolic Syndrome
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Association of Obesity and Insulin Resistance With
Cardiovascular Risk Factors and Atherosclerosis

Insulin resistance

Hypertension  Endothelial
dysfunction
« T VCAM,

E-selectin i
« L NO thrombolysis

|

— Atherosclerosis

MacFarlane 51, et al. J Chin Endocrinol Mefab. 2001;88:713-718.




Adverse prognostic implications N

. . "-
of cardiovascular metabolic syndrome
Population-based observational study in 1209 men
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Rising rates of overweight and obesity, the
pathophysiologic role of adipose tissue has
come Into focus.

Once viewed simply as a metabolically
Inert storage depot for triglycerides,
adipose tissue Is how considered to be an
active endocrine organ.



Adipose tissue releases a host of
factors Including cytokines,
Inflammatory mediators, leptin,
resistin, and adiponectin. Release of
some of the factors has been
assoclated with the ECS.

The ECS normally functions to increae
food Intake and energy. storage
through coordianted central and
peripheral mechanism.



Adipose Tissue as Endocrine Cells
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Adipose Tissue

Traditional View: Passive energy storage
Subsequent View: In 1994, |leptin identified (hormone that fat cells produce)

Evolving View: Excess Visceral Adipose Tissue
(complex, active metabolic organ)

Insulin Risistance
Hyperglycemia
Dyslipidemia
Hypertension
Prothrombotic and Proinflammatory States
Endothelial Dysfunction
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Increased CVD Risk




The Metabolic Syndrome: Summary

* |Increased risk of cardiovascular disease
and mortality

» Closely associated with insulin resistance

» Associated with obesity and predictive of
development of type 2 diabetes

» Also associated with novel risk factors
leading to proinflammatory and
prothrombotic states




Metabolic Syndrome is a wake
up call and clear signal that one
IS on the verge of developing
type 2 diabetes and is at an
Increased risk for cardiovascular
disease







WHAT IS THE ENDOCANNABINOID
SYSTEM (ECS)?

Naturally occurring system recently identified
and characterized in the brain & the peripheral
tissues

Acting through two receptors: CB1 & CB2

CB1 receptors play a role in maintenance of
energy balance and tobacco dependency

Over-activity of the ECS is observed in obesity,
excessive fat mass & smoking



The isolation of THC in 1964 marked the
discovery of ECsystem

1988, high-affinity cannabinoid binding
sites were discovered in rat brain.

In. mid 1990 the CB, & CB, had been
cloned and the two endogenous ligands
(endocanabinoids) anandemide & 2AG had
been identified



% In this century, discoveries have included
identification of new endocannabinoids,
and an understanding of the role of the
ECSIn metabolism

x ECS are produced on demand & have a
transitory action, acting locally on CBand
CB, receptors located In different areas



Human Cannabinoid
CB; Receptor
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Anandamide
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Extracellular

Intracellular

Anandamide —"

AM374 Arachidonic acid

Biological
responses Ethanolamine

Adapted From

The endocannabinoid
system as a target for
therapeutic drugs

Trends in Pharmacological
Sciences, Volume 21, Issue
6, 1 June 2000, Pages 218 -
224

Daniele Piomelli et al.



ECS

EC activity Is also regulated by
adipocytokine, leptin.

When leptin levels rises, anorexigenic
neuropeptides are up-regulated & EC
levels are decreased, resulting in reduction
In CB, receptor activation and subsequent
reduction of food Intake.



EC system
Central and Peripheral mode of action

*The mesolimbic system translates the M esalim bic
Incentive value of food into the system

motivation to eat

» Adipocytes, via decreased leptin, signal the

lack of energy to the hypothalamus, which
transiates this into appetite

Leptim

Cannabinoid

« Energy replenishment is translated )
into fat accumulation in CB,-receptors, and ECs

adipocytes, and signaled to the | Adipocyte to activate them, are
hypothalamus via increase of leptin, present in ALL these

etc tissues




ECS

Under normal condition, the EC system
plays a regulatory role

Acting via CB, receptors located
peripherally like adipocytes and centrally
In the hypothalamus &

Mesolimbic system by signalling a need for
energy intake, fat-accumulation &
activating the motivation to eat



Control of Appetite

Hormonal and
metabolic signals:

T LC-FAs A . —_—
Aglucose o : onomic, neurogndocrine

Insulin and behavioral effector
Leptin \1
Ghrelin

etc. Coordinated
outputs

Insulin + glucose
Targel tissues:
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Adipocytes Pancreas Liver Muscle l’eedmg behavior [nergy expenditure

4 glucose A insulin 4 glucose 4 glucose
uptake secretion  production uptake

e A

( Changes in body weight

» Altered glucose homeostasis

I Kimberly #omer




BODY WEIGHT REGULATION
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Hypothalamus —
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ECS

Over stimulation of EC system leads to
disruption of feedback mechanisms that
would normally generate steady state of
energy homeostasis

This over activation occurs both centrally
& peripherally illustrated by elevated
hypothalamic EC levels & upregulation of
adipocyte CB, receptors.
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Adenylate cyclase
Mitogen -activated: protein (MAP) kinase
Ca" channels (N-type & P/Q -type)

K* channels (D-type ) (M. -type)

K* channels (A-type) (Inwardly rectifying)

Adenylate cyclase

Mitogen -activated:protein (MAP) kinase



L HEERGOCaTinabinoid SySte I

AR So——— | Anandamide

5 AC Metabolites
— | .
TRPV1 / Synthetic
Compounds
ca, /7 L ﬂ i
CB, receptors CB, receptors
Location Neurones,innnunie cells Immune ceiis
Function
Therapeutic
targets
Adverse effects Hallucination, paranoia




These endogenous ligands or endocannabinoids,
are not preformed and stored in cells prior to
use. Rather, when endocannabinoids are
needed, the enzyme that synthesize them are
rapidly activated.

Endocannabinoids act locally as retrograde
messengers In the nervous system. After their
release from postsynaptic cells, they bind to
activate CB1 receptors located presynaptically.



Schematic diagram of endocannabinoid -mediated retrograde synaptic signalling.
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FREUND, T. F. et al. Physiol. Rev. 83: 1017-1066 2003;

Physiological Reviews



Endocannabinoid (EC) retrograde signalling between
postsynaptic dopaminergic neurons and
presynaptic glutamatergic neurons

DA-releasing neuron

S




Thereafter, they are rapidly Inactivated,
and this Is thought to be medated
through uptake by a transport protein.

In the non-neural cells, such as adipose
tissue, the ECSappears to have additional,
possibly longer-term modulatory effects by
Influencing gene transcription of certain
proteins such as adiponectin.




