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METABOLIC 
SYNDROME 



Metabolic Syndrome 

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

 
● Whether you call it syndrome X, insulin 

resistance syndrome, cardiometabolic risk 
or even Reaven’s syndrome. 

 
● This dangerous constellation of risk factors 

predispose a person to DM-ΙΙ & CHD is 
rapidly appearing on radar screen globally 















Role of adipose tissue in MS 

 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 now considered to be an 
active endocrine organ. 



Contd.. 

 Adipose tissue releases a host of 
factors including cytokines, 
inflammatory mediators, leptin, 
resistin, and adiponectin. Release of 
some of the factors has been 
associated with the ECS.  

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











ECS 





Overview of the EC system 

The isolation of THC in 1964 marked the 
discovery of EC system 

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

In mid 1990 the CB1 & CB2 had been 
cloned and the two endogenous ligands 
(endocanabinoids) anandemide & 2AG had 
been identified 



Contd. 

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

ECS are produced on demand & have a 
transitory action, acting locally on CB1and 
CB2 receptors located in different areas  
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The Endocannabinoid System 

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 CB1 receptor activation and subsequent 
reduction of food intake. 





ECS 

Under normal condition, the EC system 
plays a regulatory role 

  

Acting via CB1 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   





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 CB1 receptors. 



Adenylate cyclase 
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TRPV1 

CBx 

PPARa 
Metabolites 

Synthetic 
Compounds 

The Endocannabinoid System 

Anandamide  
2 AG  

CB1 receptors 

Neurones,Immune cells 
 
Modulation of 
neurotransmitter release 
 
MS, Pain (agonists) 
Obesity (antagonists) 
Osteoporosis (antagonists) 
 
Hallucination, paranoia 

CB2 receptors 

Immune cells 
 
Modulation of cytokine 
release 
 
Pain, Inflammation, 
Osteoporosis, 
Rheumatoid Arthritis 

Location 
 
Function 
 
 
Therapeutic  
targets 
 
 
Adverse effects 
 



 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.  



Copyright ©2003 American Physiological Society 

FREUND, T. F. et al. Physiol. Rev. 83: 1017-1066 2003; 

Schematic diagram of endocannabinoid-mediated retrograde synaptic signalling. 



Endocannabinoid (EC) retrograde signalling between 
postsynaptic dopaminergic neurons and 

presynaptic glutamatergic neurons 
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  Thereafter, they are rapidly inactivated, 

and this is thought to be mediated 

through uptake by a transport protein.  

   In the non-neural cells, such as adipose 

tissue, the ECS appears to have additional, 

possibly longer-term modulatory effects by 

influencing gene transcription of certain 

proteins such as adiponectin. 

 



Endocannabinoid (EC) retrograde signalling between 

cerebellar Purkinje cells and presynaptic glutamatergic 

granule cells 
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Endocannabinoid molecules released from 

cerebellar Purkinje cells act on presynaptic 

cannabinoid receptors to inhibit Glu and GABA 

release so as to modulate the firing of Purkinje cells 

Glu Purkinje cell 

GABA 

Retrograde signalling 

      by endocannabinoid molecules 

Retrograde signalling 

      by endocannabinoid molecules 



Glu 
Pyramidal cell 

GABA 

Retrograde inhibition of GABA release by 

endocannabinoid molecules: these act on 

CB1 receptors located on GABAergic terminals  

to disinhibit firing of hippocampal pyramidal cells  

Retrograde signalling 

by endocannabinoid molecules 



 Of particular importance, CB1 receptors 
are present in many central and peripheral 
sites involved in the control of energy 
homeostasis. Outside the CNS, CB1 
receptors are present in a number of 
peripheral tissues and organs, including 
adipose tissue, liver, gastrointestinal tract 
, pancreas and muscle. It should be noted 
that,  



CB1 receptors are also present in the 
heart and vasculature, having possible 
effects on vasodilatation and endothelial 
growth and proliferation, including 
angiogenesis. 

 

CB2 receptor occur mainly on cells in 
structures associated with the immune 
system and hematopoisis. 





Role of 
Endocannabinoid 

system 







• The ECS appears to be overactive in 
obesity 

 

• The ECS may be involved in a Feed-
Forward mechanism that is driving weight 
gain 

 











Overview of the cannabinoid action by CB1 

activation in the various endocrine axes 

Endocrine axis Cannabinoid actions 

HPA axis •Acute stimulation of CRH by CB1 agonists 

•Stimulation of the HPA by CB1 antagonists 

inducing a potentiation of stress induced rise 

of the axis 

•Direct stimulation at the level of ACTH-

producing cells 

•No studies on the direct effect at adrenal 

gland 

Hypothalamus-

pituitary-GH axis 

Inhibitory action through somatostatin 

activation 



Hypothalamus-pituitary-

thyroid axis 

Inhibition of T3 & T4 secretion by direct 

action at the level of the thyroid 

Hypothalamus-PRL axis •Action at the level of PRL-producing cells 

•Inhibitory action through dopamine 

activation 

Hypothalamus-pituitary-

gonadal axis 

•No effect on FSH 

•Inhibition of LH pulse through a multiple 

action on neuronal systems 

•Regualting GnRH secretion 

• inhibition of testosterone and overian   

androgens 

•Inhibition of achrosome reaction 

•Inhibition of sperm fertilization and 

capacity 

ENDOCRINE REVIEWS 27:73-100,2006. 



Actions of CB1 antagonists on the target organs involved in food 

intake and metabolic control. Schematic drawing illustrating the 

main sites of action of CB1 antagonists in the control of energy 

balance 

http://edrv.endojournals.org/content/vol27/issue1/images/large/zef0020626090003.jpeg


Therapeutic Uses of Cannabinoid Agonists:  
Current Clinical Applications  

 suppression of nausea and vomiting 
 stimulation of appetite 



 disorders of movement, muscle tone etc. multiple sclerosis 

 acute pain; inflammatory and/or neuropathic chronic pain 

 bronchial asthma and/or other bronchial disorders 

 glaucoma 

 neuroprotection 

 cancer 

 cardiovascular disorders? 

 gastrointestinal disorders?  

 disorders of other autonomically innervated tissues? 

 disorders of the immune system? 

 mood disorders? 

Therapeutic Uses of Cannabinoid Agonists:  
Future Clinical Applications  



beneficial effects - are they of clinical significance?  

Therapeutic potential of cannabinoids: some important questions 

unwanted effects - are they acceptable? 

tolerance - does this pose a problem? 

cannabis or single cannabinoids - which to give? 

routes of administration - which to use? 



• to improve cognition and memory 
 
 

• to treat acute schizophrenia  
 
• to suppress appetite 
 

Therapeutic potential of CB1 antagonists 



CB1 Antagonists and Obesity:  CB1 knockout animals do not gain weight 
and antagonists blocks weight gain in wild type animals 

Leptin-regulated 
endocannabinoids 
are involved in 
maintaining food 
intake.. 
Nature 410, 822-
825 Di Marzo et al 
 
 



CB1 Antagonists and Obesity:  The appetite suppressing 
hormone, leptin decreases levels of endocannabinoids in 
the hypothalamus.  

Leptin-regulated 
endocannabinoids 
are involved in 
maintaining food 
intake.. 
Nature 410, 822-
825 Di Marzo et al 
 
 



CB1 Antagonists 
and Obesity:   

 
The CB1 receptor 

antagonist, 
SR141 causes 
weight loss in 

genetically obese 
(ob/ob) mice.  

Leptin-regulated 
endocannabinoids 
are involved in 
maintaining food 
intake.. 
Nature 410, 822-
825 Di Marzo et al 
 
 



Conclusion   

○The ECS is a recently characterized 
enodgenous signaling system that plays 
an important role in the integrated 
regulation of energy balance, feeding 
behavior, hepatic lipogenesis and 
glucose homeostasis. 

  
○The ECS is overactivated in human 

obesity and in animal models of genetic 
and diet-induced obesity.  



Contd. 

○ECS now provides the promise of a novel 
mechanistic pathway for modulating 
cardiometabolic process, including 
energy intake and expenditure as well as 
lipid and glucose metabolism. 
 

○Inhibitors of the ECS receptor reduce 
prevalence of metabolic syndrome by 
improving all components of the 
metabolic syndrome 




