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ABSTRACT

Obesity is a preclinical sign of lifestyle related disease. It is associated with an increased cardiometabolic risk (CMR) factors that appear to directly promote the development of cardiovascular disease (CVD). The Endocannabinoid system (ECS) is an endogenous and physiological system which is important in the control of energy balance and body weight. When the ECS is overactive, additional fat is stored and the risk of insulin resistance, glucose intolerance, elevated triglyceride (TG) levels, and low HDL-C levels is increased. Over activation of the ECS has now been demonstrated in both human obesity and obesity with a predominance of central abdominal adipose tissue. The ESC comprises the CB1 and CB2 receptors and their endogenous ligands, anandamide (AEA) and 2-AG. The activation of the ECS causes hyperphagia, excessive fat accumulation, and increased cardiovascular risk factors. Rimonabant is the first selective CB1-Receptor blocker which eliminates endocannabinoid-induced hyperphagia, lipogenesis, and metabolically improves cardiovascular risk factors; this drug may inhibit nicotine-induced dopamine release leading to smoking cessation. On the basis of preliminary results, rimonabant may be developed for the management of obesity and smoking cessation. Rimonabant can play an important role in reducing obesity-related cardiometabolic risk (CMR) factors. 
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INTRODUCTION

Obesity, a new pandemic, is a preclinical sign (Stage-2) of lifestyle related disease and is associated with an increased cardiometabolic risk (CMR) factors that appear to directly (via the metabolic syndrome = the MetS?) promote the development of cardiovascular disease (CVD). On the basis of the author’s clinical experiences the chronologic evolution of lifestyle related disease (LRD) can be staged as follows: Stage-0 (healthy lifestyle), Stage-1 (unhealthy lifestyle), Stage-2 (abdominal obesity, atherogenic dyslipidemia), Stage-3 (prediabetes, hypertension, the MetS, adolescent obesity), and Stage-4 (type 2 diabetes = T2DM, CVD, stroke, etc). Globally, there are more than 1 billion overweight adults, at least 300 million of them obese (a BMI over 30 kg/m2; Indonesian Criteria for obese is > 25 kg/m2). Such facts pose a major risk for chronic disease as manifested in Stage-4, including T2DM, CVD, hypertension and stroke, and certain forms of cancer. The main causes of such LRDs are increased consumption of energy-dense foods high in saturated fats and sugars, and reduced physical activity (Stage-1). 

Fat cell/adipose tissue secretes minimally 60 hormones and a large number of other active signaling molecules as depicted by the author in FIGURE-1 of this paper. Fatty acids, leptin, adiponectin, resistin, and specific peptides secreted by adipose tissue are not known to be produced elsewhere. In addition, there are several pathogenic manifestations of obesity such as: 1. excess fat is deposited in liver, muscle, and pancreatic islets that may cause insulin resistance; 2. TNFa is constitutively expressed by adipose tissue which can stimulate preadipocytes (and also endothelial cells) to produce MCP-1. 

Both preadipocytes and endothelial cells could be responsible for attracting macrophages to adipose tissue; 3. these macrophages may present and be active in the obese adipose tissue, and could perpetuate a vicious cycle of macrophage recruitment, and production of inflammatory cytokines, and then adipocyte dysfunction may pursue (oxidative stress, increase in TNFa, MCP-1, PAI-1, and increase in adiponectin).

Oxidative stress as occurs in severe obesity (Eid et al 2004) may increase the production of asymmetric dimethylarginine (ADMA), an endogenous nitric oxide synthasae (NOS) inhibitor. Several lines of evidence suggest that ADMA, being an endogenous NOS inhibitor, may not only be a marker of several diseases (end-stage renal disease = ESRD, liver failure, CVDs, hypertension, diabetes, preeclampsia) but a player. ADMA is selectively degraded by dimethylarginine dimenthylaminohydrolase (DDAH), and in humans there are two major forms of DDAH (DDAH-1 and DDAH-2), with partly overlapping tissue distributions in kidney, liver and small intestine (Maas 2005). Oxidative stress activates protein–arginine methyltransferases (PRMTs), and the latter proteolyses protein-1-arginine and leads to liberation of ADMA. In kidneys, ADMA is filtrated by glomeruli and secreted and re-uptake by tubuli cells. Several studies reported that a strong relationship is found between BMI and plasma levels of ADMA and the L–arg / ADMA ratio; this indicates a link to endothelial dysfunction in obese subjects (Krzyanowska et al 2004). The results of other studies supported this report that weight loss may reduce circulating ADMA levels in morbidly obese women. Decreased adiponectin (Apn) levels are noted in obese subjects and individuals with uncontrolled T2DM. Low Apn levels are associated with reduced HDL-C, hypertriglyceridemia, small dense LDL particles, and increased risk of developing T2DM, hypertension, and CVDs.

The Endocannabinoid system (ECS) is an endogenous and physiological system which is important in the control of energy balance and body weight. When the ECS is overactive, additional fat is stored and the risk of insulin resistance, glucose intolerance, elevated triglyceride (TG) levels, and low HDL-C levels is increased. Over activation of the ECS has now been demonstrated in both human obesity and obesity with a predominance of central abdominal adipose tissue. There are 2 cannabinoid receptors, CB1 and CB2. The CB1 receptors are centrally present in the cortex / hippocampus, basal ganglia, hypothalamus, cerebellum, spinal cord, dorsal root ganglia, and enteric nervous system, and peripherally in adiposecytes, endothelial cells, hepatocytes, muscle, and G.I tract. The CB2 receptors are found in immune cells and other tissues (T-cells, B-cells, spleen, tonsils and activated microglial cells.

The blockade of CB1-receptor by the selective CB1 receptor antagonist rimonabant may result in centrally (decreased food intake and increased thermogenesis) and peripherally in the GI tract (decreased food intake) and in the adipose tissue (decreased waist circumference, C-reactive proteins, insulin resistance, TG, small dense LDL, glucose intolerance, and increased Apn and HDL-C). Rimonabant was first described in 1994 by Rinaldi Carmona et al, and this may down regulate the activity of the ECS and targets key mechanism of diet-induced obesity.

As of December 2005, there are several clinical trials of RIO (Rimonabant in Obesity); three published trials (RIO-Lipids, RIO-Europe, RIO-NA), three presented trials (RIO-Diabetes, STRATUS-US, STRATUS-WW), one completed trials (STRATUS-EU), and two enrolled trials (STRADIVARIUS, and Rimonabant to Reduce Alcohol Consumption). The RIO trials showed that in obese patients, including those with CMR factors, compared with placebo, rimonabant treated group is associated with a significant reduction in body weight and waist circumference (WC). Such treatment is also associated with other favorable changes in the CMR profile, including an improvement in the lipid profile, and overall decreased in the prevalence of the MetS. Rationally, decrease in WC will be accompanied with lower levels of ADMA. 

Serious consequences of obesity should be well recognized, and programmed intervention should urgently be started. Obesity, a new pandemic, is associated with an increased CMR factors, and with an increased risk of morbidity and mortality. Health education, healthy lifestyle (medical nutrition therapy and regular exercise) should be initiated in the family levels, minimally before Stage-2 (abdominal obesity). For subjects with Stage-2 – onward, healthy lifestyle should be emphasized and combined with pharmacologic therapy, both for weight loss and for minimized CMR factors. The results of RIO trials with rimonabant show promise. Taken together, rimonabant (Accomplia®) improves weight measurement (BMI and WC) as well as most of CMR factors associated with obesity. In conclusion, if no programmed intervention is taken to the obesity pandemic (Roth et al 2004), this momentum will become a “time-bomb disease”, and will profoundly increase impaired quality of life, morbidity and mortality.

THE SECRETORY PRODUCT 
OF ADIPOSE TISSUE 

Since 1997, 60 hormones and biologic substances have been summarized by the author (Figure 1). Adipose tissue secretes leptin, adiponectin, and resistin, peptides that are not known to be produced elsewhere. In addition, adipose tissue is responsible for the secretion of a large number of other signaling molecules. Adipose tissue contains adipocytes and activated macrophages, which are both secretory cells. Leptin and adiponectin in humans are from adipocytes, whereas resistin is a product of macrophages. The activated macrophage in adipose tissue is a potential contributor to the behavior of “bad” fat and generates pro-inflammatory stimuli characteristic of obesity. The inflammatory cytokines are important contributors to insulin resistance, and are mediators of pathology in obesity, diabetes, and atherosclerosis. The advanced state of this adipocyte dysfunction may result in oxidative stress, and then low adiponectin with high levels of ADMA may pursue.

Elevated plasma ADMA levels are found in several clinical settings ranging from renal failure and liver failure to atherosclerosis, hypertension, diabetes, and pre-eclampsia. Moreover, in patients with CVD, ESRD, or critical illness, elevated ADMA levels independently predict progression of atherosclerosis, future vascular events and / or overall mortality (Teerlink 2005). Several independent lines of evidence indicate that impairment of DDAH activity by oxidative stress (in obesity) is the final mechanism leading to elevation of ADMA in diverse clinical conditions. Oxidized LDL (ox LDL) but not native LDL was found to decrease DDAH activity and increase cellular ADMA libration. However, ox LDL and high concentration of native LDL lead to upregulation of protein-arginine methyltranferases (PRMTs) and cellular ADMA synthesis. Several lines of evidence suggest that ADMA, an endogenous NOS inhibitor, may not only be a marker of CVD, but a key player.
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(Summarized : Tjokroprawiro 1997-2007)

FIGURE-1   MAP of FAT Cell :  60  Hormones and Biologic Substances
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VASOPROTECTIVE ACTIONS 
OF ADIPONECTIN

Several vasoprotective actions of adiponectin (Apn) has been summarized as follows: 1. Insulin Sensitizing, it reduces insulin resistance, improves hyperglycemia, increases fatty acid oxidation, inhibits fatty acid and triglyceride synthesis, Activates eNOS (increases NO production). 2. Anti-atherogenic, it inhibits macrophage scavenger receptor expression and foam cell formation, suppresses TNFa induced HB-EGF expression. 3. Anti-inflammatory, it suppresses TNFa expression, inhibits TNFa and resistin induced adhesion molecule expression, reduce TNFa induce monocyte adhesion, inhibits NFkB signaling. 4. Anti-oxidant, it suppresses oxidized LDL induced superoxide formation, eNOS inactivation and endothelial cell proliferation, and increases superoxide dismutase activity.

There are 4 selected reports on Adiponectin and CVD in man. Low serum adiponectin levels are found in subjects with CAD and predicted CV events in patients with end-stage renal failure. Hypoadiponectinemia is associated with endothelial dysfunction, an early change in atherosclerosis, in both diabetic & non-diabetic subjects. High adiponectin is associated with a lower risk of myocardial infarction: Health Professional Study (1993-1995); nested case-control study; adiponectin in highest versus lowest quintile: RR 0.39; p for trend < 0.001. Low adiponectin was associated with increase in 5-year post-stroke mortality. Decreased adiponectin levels are noted in obese subjects and those with T2DM. Low adiponectin levels are associated with reduced HDL-C, hypertriglyceridemia, small dense LDL particles, and increased risk of developing T2DM and hypertension. Increasing adiponectin levels are associated with reduction in body weight and insulin, leading to improved insulin sensitivity.

STAGING OF LIFESTYLE RELATED DISEASE (FIVE STAGES: 0 – 4) 

Based on clinical experiences (Figure 2), the evolution of lifestyle related disease (LRD) can be staged as follows: Stage-0 (healthy lifestyle), Stage-1 (unhealthy lifestyle), Stage-2 (abdominal obesity), Stage-3 (the MetS, prediabetes, adolescent obesity), and Stage-4 (ASCVD, T2DM, Stroke, Etc). The MetS, which affects 
about 40% of the population over 50 in the US and nearly 30% in Europe, is a significant public health issue worldwide and one of the major causes of ASCVD. The prevalence of the MetS (ATP III criteria) in individuals (over 40) who underwent medical check up in Surabaya was 32%, whereas it was reported 43.3% in treated T2DM and 59.0% in naïve T2DM as observed in the private clinic. However, the prevalence of the MetS (ATP III criteria) in obese patients with T2DM was 81.7%. The MetS is a constellation of interrelated risk factors of metabolic origin-metabolic risk factors – that appear to directly promote the development of ASCVD, and patients with the MetS also are at an increased risk for developing T2DM.
AN OVERVIEW OF THE ENDOCANNABINOID SYSTEM (FOCUS ON CB1-RECEPTOR BLOCKER) 

Several information about the novel selective CB1-Rec. blocker and its correlation are summarized as follows. Two types of cannabiniod receptor have been discovered so far, CB1, cloned in 1990, and CB2, cloned in 1993 (Cannon et al. 2005; Cota et al. 2003; Horvath 2003; Howled et al. 2002, 2004; and McAllister et al. 2002). The most notable endogenous cannabinoids are Anandamide = Arachidonyl ethanolamide = AEA, 2-AG (2-Arachidonoyl glycerol), 2-Arachidonyl glyceryl ether = Noladin, and Virodhamine.
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Figure -2 Staging of Lifestyle Related Disease

(Clinical Experiences : Tjokroprawiro 2005-2007)

IDF : International Diabetes Federation 

WC : Waist Circumference 

MetS : Metabolic Syndrome  

INA : Indonesia 


Activation of CB1-receptor (CB1-Rec) in the hypothalamus may lead to an increase in hyperphagia (and obesity may pursue); in liver, CB1-Rec plays a key role in increased serum lipid production, fatty liver, and possibly diet-induced obesity. Indeed, adipocyte has been found to express CB1, stimulation of which may affect fat metabolism by regulating the level of the adipocyte-derived hormone adiponectin or by increasing lipoprotein lipase activity. However, the role of adipose 
tissue in the novo lipogenesis is minor compared with that of the liver (Lichtman et al 2005). It can be concluded that endogenous cannabinoid system affects energy homeostasis via central orexigenic as well as peripheral lipogenesis and might therefore represent a promising target to treat obesity characterized by impaired energy balance. The effects of ECS overactivity can be seen in Figure 3 (Pagotto 2004).
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FIGURE-3   Effects of Endocannabinoid System Overactivity
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In obese rodents, the ECS becomes permanently overactivated in the hypothalamus, and adipocytes, and possibly, the nucleus accumbens. This causes hyperphagia and excessive fat accumulation. The chronic consumption of nicotine permanently overstimulates the ECS in the nucleus accumbens shell, with subsequent reinforcement of dopamine release and nicotine abuse. Blockade of CB1 receptor eliminates endocannabinoid-induced hyperphagia and fat accumulation, and reduces the motivation for nicotine administration. Ballantyne (2005) reviewed that CB1-Rec. blocker showed potential benefits for obese high-risk patients. Potential benefits of CB1 antagonism for obese high-risk patients are, to improve atherogenic profile: raised HDL-C, lower TG, and improve LDL particle size, reduce glucose, AIC, and insulin, reduce CRP and increase adiponectin, and lower blood pressure. 

The role of central and peripheral components of endocannabinoid system (ECS) is systematically drawn by Van Gaal (2005) and can be seen in Figure 4. 

The discovery of the endocannabinoid system provides a new target for acting on multiple cardiovascular risk factors. Rimonabant is the first selective cannabinoid type 1 (CB1) receptor blocker developed for the management of cardiovascular risk factors including abdominal obesity, metabolic syndrome, dyslipidemia, type 2 diabetes and tobacco dependence. The phase III clinical programme for rimonabant involves over 13.000 patients from 500 centers worldwide (Data on File Sanofi-Aventis, 2005) 

1. RIO: Rimonabant In Overweight/Obesity Trial Programme. The RIO trial programme assesses the efficacy and safety of rimonabant in weight loss, weight maintenance and metabolic risk factors. This programme includes four Phase III trials I over 6600 overweight/obese patients, with or without co-morbidities, from around the world. RIO-Lipids, RIO-Europe, RIO-NA, have been published, whereas RIO-Diabetes has been presented.

2. STRATUS: The STudies with RimonAbant and Tobacco USe. The STRATUS programme involves three Phases III trials in over 6500 patients worldwide to assess the efficacy and safety of rimonabant as an aid to smoking cessation, in the maintenance of abstinence and its impact on post-cessation weight gain. STRATUS-US and STRATUS-WW have been presented, and STRATUS-EU has been completed.

3. ATTEMPT: The Assessment Toward Tobacco Economical and Medical Prospective Trial. The ATTEMPT study aims to determine the medical and economic benefits of smoking cessation.

4. IDEA: The International Day for the Evaluation of Abdominal obesity. The IDEA study objective is to evaluate the global prevalence of abdominal obesity and other cardiovascular risk factors.

5. PROCEED: the Prospective Obesity Cohort of Economic Evaluation and Determinant studies. The PROCEED study aims to assess the medical and economic burdens of abdominal obesity.

6. STRADIVARIUS : Strategy to Reduce Atherosclerosis Development Involving Administration of Rimonabant – The Intravascular Ultrasound Study. 

7. Rimonabant to Reduce Alcohol Consumption are being enrolled.
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Rimonabant is an investigational drug used to treat obesity and smoking cessation including other CV risk factors (the MetS, T2DM, atherogenic dyslipidemia). The ECS consists of the endocannabinoid (anandamide, 2AG, etc) and cannabinoid receptors (Cb1, and CB2). The CB1-Rec has been associated with food intake regulation and brain reward function, and the two endocannabinoids have been linked with hyperphagia effects (Aronne 2007). The CB1-Rec blocker may ultimately modify the rewarding value of food, thus decreases eating, and may also inhibit nicotine-induced dopamine release from shell of the nucleus accumbens leading to smoking cessation. The preliminary results of ongoing phase III clinical studies on rimonabant (RIO, STRATUS, ATTEMPT, IDEA, and PROCEED) resulted in significant improvement of WC, weight loss and in smoking cessation, and several clinical benefits for people with the MetS and T2DM (Mostek, 2004).
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FIGURE-1   MAP of FAT Cell :  60  Hormones and Biologic Substances
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Figure -2 Staging of Lifestyle Related Disease

(Clinical Experiences : Tjokroprawiro 2005-2007)
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































