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besity is a chronic, stigmatized and 
costly disease with increasing preva-
lence acquiring pandemic proportions. 

Therefore, obesity prevention and management should be 
accomplished by high skills professionals, as with other 
common chronic diseases. Obesity substantially increas-
es the risk of suffering a number of conditions, includ-
ing type 2 diabetes mellitus, hypertension, dyslipidemia, 
coronary heart disease, congestive heart failure, stroke, 
gallbladder disease, non-alcoholic steatohepatitis, osteo-
arthritis, sleep apnea, and endometrial, breast, prostate, 
and colon cancer. An increase in all-cause mortality is also 
associated with higher body weight, since adipose tissue 
is an active endocrine organ that produces free fatty acids 
and pro-inflammatory mediators directly related to insulin 
resistance, hyperlipidemia, inflammation, thrombosis and 
hypertension. 

The need for a “magic bullet” in anti-obesity drug treat-
ment has been recognized. Several pharmacological ap-
proaches have been proposed to promote weight loss 
and/or minimize weight regain; however, the anti-obesity 
pharmacological market has remained almost unchanged 
for years. Nevertheless, the recent past has been charac-
terized by three major events: 1) the withdrawal, because 
of serious side effects, of two drugs widely used in Eu-
rope and in the US (fenfluramine and dexfenfluramine); 2) 
the widely clinical use of sibutramine and orlistat and 3) 
the development of new drugs like the endocannabinoid 
system antagonist, selective thyroid receptor agonists and 
MC-3R, MC4-R agonists that promise a new horizon in 
the management of this insidious condition. 

Key Words: Obesity, Body Mass Index, energetic balance, nor-
adrenergic agents, serotoninergic agents, sibutramine, orlistat.

besity is a multifactorial endocrine dis-
ease that obeys to a complex interac-
tion of strong but poorly defined ge-

netic basis, environmental, social and individual elements; 
whose key feature is an excessive accumulation of energy 
in the form of abnormal expansion of fat tissue1,2. Simply 
stated, obesity results when energy intake exceeds energy 
expenditure. This explanation, however, provides little in-
sight into the important social and environmental causes 
of higher energy consumption or lower energy expendi-
tures that drives to this chronic condition, associated to 
a high prevalence of co-morbidities and a progressive in-
crease in death risk.

The epidemic of obesity has become pandemic, affecting 
an exceptionally high proportion of the population. This 
epidemic strike was first distinguished in the United States 
of America and has now spread to other industrialized na-
tions and, most recently, to developing countries as well. 
First noted in adults, it is now a common problem in ado-
lescents and children3,4.

Under these circumstances, the objective of the standard 
therapeutic strategies is to produce an energy deficit in 
order to spend corporal energy reserves (in the form of fat 
depots) and diminish caloric ingestion, leading to weight 
loss and, thus, improving the overall metabolic profile and 
quality of life5. 

Obesity substantially increases the risk of a variety of con-
ditions, including high blood pressure, type 2 diabetes 
mellitus, hypertriglyceridemia with low HDL cholesterol, 
small and dense LDLs, congestive heart failure, premature 
atherosclerosis and its consequences (stroke and coronary 
artery disease), gallbladder disease, non alcoholic liver dis-
ease, sleep apnea, and breast, prostate, and colon cancer. 
An increase in all-cause mortality is also associated with 
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higher body weights. Adipose tissue is an active endocrine 
organ that produces free fatty acids and hormones, such 
as IL-6, TNF-α, plasminogen activator inhibitor–1, angioten-
sinogen, and others, directly related to the insulin resistance, 
hyperlipidemia, inflammation, thrombosis, and hyperten-
sion that characterize obesity6. Visceral fat appears to be the 
greatest contributor to these effects, probably because of its 
location in the portal circulation draining to the liver7. 

Even though obese patients can stabilize their weight, 
usually keeping a normal weight is a constant battle: they 
gain back the weight and the positive energy balance is 
perpetuated with a continuous weight increase over the 
years, causing a progressive transition from normal weight 
to overweight and then to obesity. After many years of 
this back and forth, clinical complications arise. Relapses 
are very common despite the patient’s continuous efforts 
to keep the weight down. 

Classic obesity management lies in life style changes such 
as diet, exercise and cognitive/behavioral therapy, which al-
together would have to promote corporal weight loss8,9. 
Nevertheless, several follow up and clinical studies have 
shown that this model frequently fails to achieve favorable 
long term results. Over the years, the lack of effective pre-
ventive measures and more effective non-pharmacological 
tools has lead to the development of pharmacological and 
surgical approaches with the aim to obtain better success 
rates in this group of patients10.

Obesity and Overweight Diagnostic Criteria

Obesity is a pathological entity defined by the indirect 
measurement of the amount of corporal fat; for which, 
one of the most widely used measures is the Body Mass 
Index (BMI), calculated in kilograms of weight divided by 
height in meters squared [kg/m2]. In 1997, the Interna-
tional Obesity Task Force (IOTF) recommended a standard 
classification of adult overweight and obesity based on the 
following BMI calculations: a BMI of 25.0 to 29.9 kg per 
m2 is defined as overweight; a BMI of 30.0 kg per m2 or 
more is defined as obesity. One year later, the Expert Panel 
on the Identification, Evaluation, and Treatment of Over-
weight and Obesity in Adults, convened by the National 
Heart, Lung, and Blood Institute (NHLBI) of the National 
Institutes of Health, adopted the WHO and IOTF classifica-
tion system. In adults, overweight and obesity are defined 
as BMI levels at which adverse health risks increase3,11. 

Nonetheless, BMI does not represent corporal fat distribu-
tion which is an element that requires to be considered. 
Intra-abdominal fat accumulation is a risk factor for coro-
nary disease and diabetes mellitus12. Therefore, the mea-
surement of the Waist-Hip Index (WHI) or, even better, the 
abdominal circumference is recommended; parameters 
that are indirectly correlated with the volume of visceral 
fat and central adiposity12,13. According to the International 
Diabetes Federation World Consensus about Metabolic 
Syndrome, a cut-off of 90 cm in men and 80 cm in women 
in abdominal circumference should be considered to define 
central obesity in Caucasians.

Other more accurate techniques to estimate fat in a research 
setting are the determination of cytoplasmic mass from 40K, 
measurements by isotopes dilution, underwater weighting 
(to determine body density), measurements of total body 
electrical conductivity, computed tomography scanning, nu-
clear magnetic resonance, dual photon absorptiometry and 
ultrasonography, which are highly costly procedures that re-
quire specialized equipment and cannot be applied regularly 
in larger research studies or populations14.

Pharmacological management
The key element in obesity’s pharmacological therapy is 
reverting positive energy balance, which is responsible for 
excessive triglyceride accumulation in adipose tissue, by 
acting on the regulatory points of food ingestion (intes-
tinal absorption, intermediary metabolism, hypothalamic 
nucleus) and/or energy consumption (thermogenesis, 
basal metabolism), which traduces in fat mass reduction. 
Even though it seems to be a simple statement, these goals 
comprise, in addition to weight reduction, long term nor-
mal weight maintenance with minimum adverse effects 
while avoiding the rebound effect.

The United States Foods and Drugs Administration (FDA) 
and the NHLBI suggest that the pharmacological approach 
must be limited to patients with BMIs higher or equal to 
30 kg/m2 in absence of associated pathological entities. On 
the other hand, if the overweight is accompanied by co-
morbidities, pharmacological management can be used in 
patients with BMIs of 27 kg/m2 or more15.

Some exclusion criteria, such as medical history of anorexia 
nervosa, pregnancy, breast feeding, coronary artery dis-
ease, high blood pressure and psychiatric conditions like 
anxiety or bipolar disorder, must be considered when ini-
tiating pharmacologic treatment for obesity. For example, 
serotoninergic agents like sibutramine are contraindicated 
in individuals on monoamine oxidase inhibitors (MAOIs), 
and agents that affect intestinal absorption, like Orlistat, 
should not be used in patients with digestive conditions 
like chronic malabsorption syndrome, cholestasis, Crohn’s 
disease or ulcerative colitis15.

Historical Review: Learning from mistakes
Many drugs used for the treatment of obesity over the 
years has shown several adverse effects, which were con-
clusive for their pharmaceutical market withdrawal. This 
led to an intensive worldwide research initiative focused 
on the design of new and safe anti-obesity drugs, which 
resulted in the development of sibutramine16,17.

By the end of the 19th century, clinicians speculated that 
the background of obesity was secondary to thyroid dys-
function; thus, thyroid extract administration was actively 
prescribed resulting in rapid weight loss, by both, muscle 
catabolism and hormone sensible lipase induction. Never-
theless, frequent cardiovascular adverse effects such ar-
rhythmias, coronary angina, high blood pressure, cardiac 
failure and sudden death were reported18,19.

Subsequent to these events, in 1933, the uncoupling agent 
dinitrophenol was introduced. This drug increases meta-
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bolic rate by producing energy loss as it increments heat 
dissipation20,21. Nevertheless, this drug was no longer used 
because of several toxic effects like cataracts, neuropathy 
agranulocytosis, dermatitis, hepatitis and death22-24.

Amphetamine (alpha-methyl-phenethylamine) was first 
synthesized in 1887 by Lazar Edeleanu at the University 
of Berlin. Amphetamine and its derivates have important 
CNS stimulating effects. As a result of their anorexigenic 
properties mediated by norepinephrine and dopamine re-
lease, they were extensively used in obesity management25. 
The action of amphetamine in treating obesity may result 
from mechanisms besides appetite suppression at the lat-
eral hypothalamic feeding center. The anorexigenic effect 
is postulated to be secondary to CNS stimulation and a 
decrease in the acuity of smell and taste26. Amphetamines 
do not seem to alter the basal metabolic rate or nitrogen 
excretion. It is unknown if other CNS actions or metabolic 
effects may be involved in the promotion of weight loss 
with amphetamines. Amphetamine also releases stores of 
serotonin from synaptic vesicles when taken in relatively 
high doses. Unfortunately, amphetamine long term use 
drives to tolerance and dependency seeding doubt about 
its extensive clinical use27. In 1967, the combination of 
digitalis, amphetamines and diuretics (Rainbow pills) be-
gan to be used for body weight reduction but with high 
incidence of sudden death by arrhythmias24,28,29. A similar 
effect was experienced with the introduction of Aminorex 
in 1965, which was an anorexigenic drug with sympa-
thomimetic properties, without the addiction of amphet-
amines but with pulmonary hypertension risk30. Further-
more, Dexfenfluramine and Fenfluramine-Fentermine 
combination were implicated in valvular heart disease de-
velopment, causing their withdrawal from the market31.

Classification of weight reduction agents 
As a rule, obesity treatment drugs are classified according 
to their mechanism of action and intervention into the en-
ergy balance landscape in three main categories: A) agents 
that reduce food intake; B) inhibitors of intestinal fat diges-
tion and C) those that increase energy consumption.

Drugs that reduce  food intake 
Noradrenergic Agents
Multiple nuclei in the Central Nervous System (mainly in 
the hypothalamus) are implied in the regulation of en-
ergy balance32-35. The neurons that constitute these nu-
clei contain noradrenalin, serotonin and dopamine. These 
neurotransmitters, synthesized and stored in the proximal 
neuron terminal, are released to the synaptic fissure to lat-
er couple to receptors present in the distal neuron termi-
nal. This allows the transmission of nervous impulses from 
these nuclei towards other nuclei of the CNS and/or the 
periphery, altering the ingestion and consumption of en-
ergy, as well as the use of fatty substrates or reserves36,37.

Norepinefrine (NE) can increase or reduce food ingestion 
depending on the type of receptor and the location38. 
Thus, the action of NE on α1-adrenergic receptors located 
in neurons of the ventromedial nucleus of the hypothala-
mus reduces food ingestion39.

The role of this type of receptors and α2-receptors in food 
ingestion is revealed when administering α1-receptor an-
tagonists, such as terazozin (used in the treatment of hy-
pertension). These agents produce an increase in weight40, 
effect that is also obtained when administering α2-adren-
ergic receptor agonists41. On the other hand, stimulation 
of β2-adrenergic receptors in the perifornical area seems 
not only to promote a decrease in caloric ingestion but 
also to have a discrete effect on thermogenesis42. In this 
way, when agonist drugs of these receptors like terbu-
taline, clembuterol and salbutamol are administered, the 
same effect is shown in the CNS43. β3 adrenergic receptor 
agonists also promote the reduction of energy ingestion 
not only at the central level but also at the peripheral one, 
in the adipocyte, stimulating thermogenesis44. Noradren-
ergic drugs, with the exception of mazindol, are derived 
from β-feniletilamine, which chemical structure is similar 
to the neurotransmitters dopamine, epinephrine and nor-
epinefrine. Amphetamine constitutes the prototype drug 
of this group (from which all its derivatives can be im-
plicitly tied to addiction development). Chemical modifi-
cation of  β-feniletilamine allows to obtain a wide range 
of compounds with diverse pharmacological effects like: 
1) NE, and even dopamine, release stimulation from pre-
synaptic vesicles with an increase in their concentration 
in the synaptic fissure and, with it, the interaction with 
postganglionary receptors (benzfetamine, phendimetra-
zine, phentermine, and diethylpropion), 2) inhibition NE 
reuptake (mazindol), or 3) agonist action on adrenergic 
receptors(phenylpropanolamine)45-47.

All these drugs are administered enterally, reaching blood 
peak concentration in short time (1 to 2 hours after their 
intestinal absorption). Life time is short with an inactiva-
tion process by hepatic conjugation before their excretion 
through the urine tract48. 

In general, adrenergic agents promote the reduction of 
corporal weight mainly by decreasing food ingestion or by 
generating a satiety feeling48. Some drugs, like mazindol 
and dietilpropion, increase oxygen consumption rate and 
activity in rodent brown adipose tissue49. Nevertheless, 
these effects have not been registered in humans. The ef-
ficiency of these agents in body weight reduction ranged 
from 3 to 8% compared with placebo50,51; nevertheless, 
addiction and tolerance development and collateral effects 
like xerostomy, constipation, insomnia, euphoria, throbs, 
arrhythmias, arterial hypertension, myocardial ischemia 
and valvulopathy, limited their use in a chronic setting52. 

Serotoninergics agents
Injection of serotoninergic receptor agonists into the 
paraventromedial hypothalamic nucleus (PVM) reduces 
food ingestion53. Serotonin receptors (5-HT) are grouped 
in seven families with different subtypes within each one. 
Most of the receptors are seven membrane-spanning 
proteins coupled to G protein with activation or inhibition 
of adenylcyclase. Exceptions are 5-HT3 receptors which 
activate ion channels54.
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The 5-HT1 and 5-HT2 receptors family are mainly involved 
in energetic balance regulation. Stimulation of 5-HT1A 
subtypes in the dorsal raphe nucleus stimulates food in-
gestion. On the other hand, when 5-HT1B/2C agonists are 
administered, neuropeptide Y (NPY) levels and food in-
gestion drop55. In the same way as noradrenergic agents, 
serotoninergic drugs can act as receptor agonists, promot-
ing the release from presynaptic vesicles and/or inhibiting 
its reuptake, but they lack the stimulating effects and ad-
dictive properties56. Among these are dexfefluramin and 
fenfluramine that, although approved by the FDA, were 
retired of the market in 1997 due to their adverse effects, 
like heart disease57.

Fenfluramine is a racemic mixture and dexfenfluramine is 
a dextroisomer. These drugs reduce corporal weight by 6 
to 10 % after 1 year with improvement of obesity associ-
ated co-morbidities, such as insulin resistance and glucose 
intolerance, which is independent of weight loss58-62. In 
the study of Weitraub et al., continuous treatment with 
phentermine, fenfluramine or combination fen-phen for 3 
months demonstrated that the effect in corporal weight 
reduction was more effective with the combination than 
with the use of these drugs separately, using a lower dose 
and diminishing the appearance of adverse effects63. Nev-
ertheless, the reductive effect was effective during the first 
6 months, after which stagnation in weight lost developed 
due to tolerance and, therefore, the denominated plateau 
effect with the development of adverse effects like memo-
ry loss64, pulmonary hypertension65 and valvulopathy66. 

Dual agents (noradrenergics/serotoninergics):

Sibutramine
Sibutramine, synthesized in 1980 with the purpose of be-
ing used as an antidepressant, reduces food ingestion in 
experimental animals increasing thermogenesis67. Sibutra-
mine is a tertiary amine (n [1 [- (4-clorofenil) ciclobutil] - 3-
metilbutil) - n.n-dimetilamina-monhidrato-hydrochlorate) 
that generates 2 pharmacologically active metabolites 
(secondary amines), formed after hepatic desmethylation.  
The used dose generally oscillates between 10 and 15 mg 
administered once in the morning68.

Mechanism of Action
In vivo, sibutramine is a powerful selective inhibitor of 
noradrenaline (NE), serotonin (5-HT) and Dopamine (DA) 
reuptake. Nevertheless, these effects are indirect because 
In vitro sibutramine behaves like a weak inhibitor of mono-
amines reuptake in human brain and rodents, compared 
with other monoamines reuptake inhibitors like desipra-
mine, imipramine, nomifensine and amitriptyline. This 
action is mediated in vivo by metabolites 1 and 2 Active 
sibutramine and its metabolites do not stimulate NE, 5-HT 
or DA release, which distinguishes it from dexfenfluramine 
and D-amphetamine. Also, it lacks activity on the Mono-
aminoxidase enzyme (MAO) and has affinity to a great va-
riety of receptors: alfa1, beta2, beta3 adrenergic, serotonin 
5-HT1A, 5-HT1B, 5-HT2A, 5-HT2B, 5-HT2C, dopamine D1 
and D2, muscarinic, H1 and benzodiazepine receptors69.

The pharmacological effects of sibutramine are carried 
out mainly by agonistic action on serotoninergic receptors 
type 5-HT2B and 5-HT2C, which are abundant at the level of 
the Arcuate Nucleus in the hypothalamus70,71.These recep-
tors are plasmatic membrane proteins of the post-synaptic 
neuronal junctions, which, when activated by serotonin, 
trigger signaling cascades characterized by the activation 
of G protein attached to the membrane with the conse-
quent increase in cyclical AMP concentrations in the case 
of 5-HT2B receptors, or by enzyme activation, like Phos-
pholipase A, with an increase in second messengers like 
3 Inositol phosphate (IP3) or Diacylglycerol, in the case of 
5-HT2C receptors. Independently of the activated signal-
ing pathway, the main result is the repression of coding 
genes and the inhibition of Neuropeptide Y (NPY) release, 
which is an important anorexigenic agent that regulates 
the energetic balance72.  All this results in the reduction of 
food ingestion, being this effect dose-dependent 73. It is to 
notice that at the level of the Arcuate Nucleus there also 
exist serotonergic receptors type 5-HT1A and 5-HT1B, 
whose activation implies an increase in Neuropeptide Y 
synthesis and release. Nevertheless, the mechanisms of 
avidity of these receptors and the diminution of affinity 
of sibutramine are not even known. On the other hand, it 
is inferred that the actions of this drug imply interactions 
with other substances that regulate the energetic balance 
which altogether trigger the inhibition of orexigenic sig-
nals and the activation of anorexigenic ones, which have 
not been explained yet74. To summarize, sibutramine re-
duces food ingestion due to its capacity to prolong sati-
ety, in contrast to the effects of amphetamine derivatives 
which are based on appetite suppression and increasing 
locomotive activity73,75.

On the other hand, experimental studies in rodents have 
demonstrated that sibutramine increases thermogenesis 
in brown fatty tissue, since the central inhibition of se-
rotonin and norepinefrine reuptake increases the sympa-
thetic tone in the adipocyte and, therefore, the stimula-
tion of beta-adrenergic receptors 3 (B3) that positively 
modulate energy expenditure76.

Therapeutic effects
The effectiveness and security of the treatment with 
sibutramine have been evaluated in short and long term 
studies77-79. Therefore, the reduction percentage was 6-
10% with respect to initial corporal weight, with a weight 
regain after 18 months but in a smaller percentage when 
compared to placebo80. Also, sibutramine reduces the 
complications of obesity (in a way proportional to weight 
reduction) demonstrating an improvement in the metabol-
ic profile with a reduction in fasting glycemia, C-peptide, 
HbA1c, uric acid, triglycerides, VLDLc, without a reduction 
in LDLc nor an increase in HDLc81.

Adverse effects
Reported side effects are mild to moderate in intensity and 
generally occur in the first 4 weeks of treatment. Sometimes 
they are self-limiting. The most frequents are dry mouth, 
nausea, dizziness, constipation, insomnia and migraine74.
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Among the adverse effects on the cardiovascular system 
are increase of systolic and diastolic arterial blood pres-
sure (+/- 2 mmHg with a dose of 10-15 mg), tachycardia 
and palpitations with an increase in cardiac output (6-13 
beats per minute), without association to chest pain or 
stroke. Thus, arterial pressure and pulse must be carefully 
monitored in obese patients with hypertension that ini-
tiate pharmacotherapy with sibutramine, because in the 
first 8 weeks of treatment they report elevations of these 
parameters82. Adverse effects like development of pulmo-
nary hypertension have not been described. Valvular heart 
disease, addiction and/or abstinence syndrome are indi-
rect effects scarcely reported that must be further studied, 
as well as memory decline and amnesia development83.

Treatment with sibutramine must be suspended in cases in 
which the weight reduction is less than 5 kg in 3 months or 
when more than 3 kg are recovered after becoming thin or 
after a year of continuous treatment74. The use of sibutra-
mine should not be considered in patients with history of 
cardiovascular disease, hypertension, stroke, bipolar disor-
der, renal or hepatic insufficiency, nor in patients in treat-
ment with drugs like MAO inhibitors or drugs that have 
hepatic metabolism (enzyme cytochrome p450) like keto-
conazol, erythromycin and cimetidine, among others84.

B) Drugs that decrease intestinal absorption

Orlistat
Orlistat is the only inhibitor of intestinal fat absorption ap-
proved by the FDA for the treatment of obesity85. It is a hy-
drogenated derivative (lipstatin) produced by Streptomy-
ces toxytricini. This highly lipophilic compound acts like a 
powerful inhibitor of the majority of mammal lipases86,87. 

Mechanism of Action:
Orlistat, or tetrahydrolipstatin, acts in the gastric cavity 
and the small bowel lumen by the formation of a covalent 
bond with the active site of gastric and pancreatic lipases, 
inhibiting the splitting of triglycerides into absorbable free 
fatty acids and monoglycerides in such a way that 30% 
of ingested fats are eliminated with the stools, resulting 
in a caloric deficit that promotes weight loss88,89.

Therapeutic effects
In a random, double-blind, placebo controlled study de-
veloped during two years, patients treated with orlistat 
showed a weight reduction that oscillated between 8.5 and 
10.2% with respect to the initial corporal weight during 
the first year (placebo group = 5.5 - 6.6%). In the second 
year, the weight loss in the patients treated with orlistat, 
stayed above to 5% (7.6 and 7%), in contrast to the pa-
tients who received placebo (4.5 – 7.6%); demonstrating 
that the reduction was gradual and sustained during the 
first year and that weight gain with orlistat is slow90. Orli-
stat has beneficial effects on the metabolic profile. Unlike 
sibutramine, it decreased LDLc levels in 4-11%, total cho-
lesterol, triglycerides and arterial blood pressure91,92. Also, 
it showed improvements in the levels of fasting and post-
prandial glycemia, glycosylated hemoglobin and insulin, 
contributing to the control of obese diabetic patients93.

Pharmacokinetic
Due to its high liposolubility, Orlistat absorption is mini-
mal (1%), being mainly eliminated via fecal excretion. The 
absorbed portion undergoes gastrointestinal metabolism, 
which generates 2 pharmacologically inactive metabolites 
(M1 and M3) that are excreted in the bile94.

Due to its mechanism of action, absorption of liposoluble 
vitamins diminishes (A, D, E, and K); thus, these should be 
administrated as dietary supplements, 2 hours before or 
after using the drug88.

By virtue of its minimal absorption, orlistat does not 
affect the pharmacokinetic properties of digoxin95, 
phenytoin96,warfarin97, glyburide98, oral contraceptives99, 
alcohol100 nor antihypertensives like furosemide, captopril, 
atenolol and nifedipine101. Nevertheless, special care must 
be taken when administering orlistat along with cyclospo-
rine, since it interacts with their availability affecting their 
pharmacological effects102. 

Adverse effects
Its side effects are gastrointestinal and they are prominent 
during the first 6 weeks of treatment, after which they 
disappear or they are well tolerated. These include borbo-
rygmus, abdominal pain, increase in defecations (11%), 
flatulence with fecal unloading (24%), oily spots (27%) 
fecal urgency (22%) steatorrhea (20%) and fecal incon-
tinence (8%), all which increase with greater lipid con-
sumption in meals103.

The Endocannabinoid system: antagonism in obesity
For centuries the cannabinoids have been used with medi-
cal aims and its orexigenic effects are well known104. This 
promoted for a long time the search for the molecular 
pathways by which these effects occur. The effort gave 
its fruits when substances were found in tissue animals 
with properties similar to the chemical substances of the 
Cannabis sativa plant (marijuana) but with very different 
structures105. These compounds are derived from modified 
fatty acids, belong to the families of the acylethanolamines 
and acylglycerols and include arachidonylethanolamide 
(anandamide, AEA), palmitoylethanolamide (PEA), oleam-
ide and the anorexigenic lipid mediator oleylethanolamide 
(OEA), which are natural endogenous mediators106. The 
central effects of the endocannabinoid agonists on the 
CB1 (cannabinoid binding 1) receptors are similar to those 
of marijuana. Other functions are fundamentally periph-
eral and include: 1) regulation of ingestion by interact-
ing with hypothalamic centers directly or through neuro-
peptides like CCK, CRH, NPY, oxytocin or hormones like 
leptin; 2) endocrine control, activating ACTH and glucorti-
coid secretion and inhibiting gonadotropin, GH, prolactin 
and TSH release; 3) regulation of vascular microcirculation 
(anandamide has been proposed as the endothelium-de-
rived hyperpolarizing factor); 4) hematopoiesis107.

On the other hand, oleylethanolamide (OEA) acts by acti-
vating nuclear receptors PPAR alpha, that are transcription 
factor that belong to the nuclear receptors activated by li-
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gands superfamily108. Oleylethanolamide decreases appe-
tite, food ingestion and incorporation of glucose and fatty 
acids by adipocytes, activating lipid metabolism in the liver 
and reducing triglycerides and plasmatic cholesterol109. 

Rimonabant (SR141716, Acomplia®): In 1994, the per-
ception of the endocannabinoid system as a target in 
obesity treatment changed when the selective antagonist 
of receptor CB1 Rimonabant was revealed110. It has a par-
ticular greater affinity for CB1 than for CB2. Initially, its 
effects as an antagonist of the endogenous cannabinoids 
was know, but recently it was discovered that rimonabant 
has inverse agonist activity111.

The evidence indicates that the administration of rimonabant 
for 7 days reduced alimentary ingestion, hunger sensation 
and corporal weight in overweight persons as well as in 
obese men112. Nevertheless, in humans the specific effect of 
rimonabant in appetite (reducing the hedonic value of food 
and its palatability or increasing the sensation of satiety) has 
not been completely clarified. The mechanism responsible 
for the development of tolerance to the anorexigenic effect 
during chronic administration of rimonabant has not been 
yet established. 

In addition to this, when the effects of rimonabant were 
studied in high risk obese patients or patients with over-
weight and dyslipidemia, it was demonstrated that it sig-
nificantly increased adiponectin levels111. A recent study 
showed that rimonabant is able to inhibit the prolifera-
tion and delay the maturation of mice pre-adipocytes in 
culture. This could be an additional anti-obesity property 
of rimonabant, particularly associated to the corporal adi-
pose tissue reduction effect. Rimonabant seems to have 
a direct influence in energy consumption which indicates 
that its anti-obesity effect could partly be caused by an 
increase in heat production in addition to the other men-
tioned effects. Recent clinical studies in phase III reveal 
that rimonabant can indeed reduce corporal weight and 
adiposity in obese individuals, besides significantly increas-
ing HDLs, insulin sensitivity and diminishing plasmatic tri-
glyceride levels113.

Prospectus: New Hopes

Selective thyroid hormone receptor-β activation by 
thyromimetic drugs
As it was described previously, thyroid hormone can reduce 
body weight and some plasma lipid fractions5. Thus, for 
many years, endocrinologists kept in mind this compound 
as an anti-obesity and lipid-lowering agent in spite of an 
abnormal high rate of side effects, reason why the develop-
ment of thyromimetics without cardiac stimulating effects 
represents an exciting promise in this research area114.

Thyroid hormone (T4 and T3) is a tyrosine derivative spe-
cialized product that acts through a classical endocrine 
mechanism. It is produced in the thyroid gland and trans-
ported in the bloodstream to target tissues, playing im-
portant roles in the development and regulation of in-
termediary metabolism. Thyroid hormone receptors (TRs) 

are ligand-activated transcription factors that belong to 
the nuclear transcription factors superfamily (48 human 
members). This family also includes receptors for steroid 
hormones, non-steroid hormones such as 1,25-dihydroxy 
vitamin D3 and retinoic acid, and a host of orphan recep-
tors for which no physiologically significant ligands have 
been identified115.

TRs are grouped in two main sub-types (α and β) and sev-
eral isoforms as a result of alternative gene splicing. TR-α1, 
TR-β1, and TR-β2 isoforms bind T3, while TR-α2 isoform, 
which is prevalent in the pituitary and other parts of the 
central nervous system, does not bind thyroid hormones 
and acts in many contexts as a transcriptional repressor116. 
These isoforms are expressed in dissimilar patterns in dif-
ferent tissues; hence, TR-α1 predominates in the heart 
and its activation increases cardiac chronotropism and 
inotropism and shortens the duration of diastolic relax-
ation, while TR-β1 is found in the liver and increases basal 
metabolism and plasmatic LDL cholesterol clearances, syn-
thetic compounds that bind with high affinity to TR-β1 
avoiding TR-α interaction could have a therapeutic use in 
treating obesity and lipid disorders without the deleteri-
ous adverse effects on the heart117.

Unlike other nuclear receptor ligands in which important 
pharmacological achievements were accomplished (Synthet-
ic estrogens and progestagens, selective estrogen receptor 
modulators, PPARs α and γ agonists, antiandrogen drugs, 
synthetic glucocorticoids), thyroid receptors agonist belongs 
to a relative new era starting between the decades of 1980 
and 1990 when much of the regulatory machinery of gene 
transcription by nuclear receptors was elucidated118.  

Until now, GC-1 is one of the most studied thyromimet-
ics and shows high affinity for the β isoform of the thy-
roid hormone receptor, demonstrated by in vitro and in 
vivo studies. GC-1 was designed as an analogue of the 
thyromimetic dimethyl-isopropyl-T3 (DIMIT), a non selec-
tive analog with lower affinity for TRs that exhibits ether 
oxygen linking in its aromatic rings and an l-alanine polar 
side chain. GC-1 structure comprises two aromatic rings 
bonded by a methylene group link and a polar side chain 
of oxyacetic acid (that confers TR-β selectivity)119. 

In one study conducted by Trost et al. GC-1 was admin-
istered to hypothyroid mice and hypercholesterolemic rats 
and its effects were compared with T3, revealing that GC-1 
had better triglyceride-lowering and similar cholesterol-low-
ering effects than T3, without neither heart rate increase 
nor body weight changes. The results in hypercholesterol-
emic rats (by high-dose cholesterol diet) showed cholesterol 
reduction in both T3 and GC-1 treated animals in a dose-
dependent manner, but the ED50 for cholesterol lowering 
was 12-fold lower with T3. Finally, in mice, T3 increased 
heart rate whereas GC-1 had a non-significant effect on it. 

In another research120, Grover et al. tested GC-1 on cho-
lesterol-fed rats and primates in order to establish a low-
ering-cholesterol effect and metabolism increase without 
causing tachycardia. In rats, GC-1 produced cholesterol-
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lowering effect 30 times more potent than the tachycar-
dia-inducing one. In Cynomolgus monkeys, GC-1 lowered 
cholesterol and lipoprotein (a) without any cardiac effects, 
unlike T3. Also, GC-1 treatment causes a reduction in body 
weight (4%) after 7 days of treatment, what represents 
a key point because Cynomolgus monkeys have a better 
weight reduction potential (stable growth phase) as well as 
a lipoprotein pattern closer to a human lipid profile121. 

KB-141 is another TR agonist with a 14-fold higher affinity 
for TR-b when compared to TR-a (17). In a study carried 
out by Grover et al. to examine KB-141 effects on meta-
bolic and lipid parameters in TR-a null mice vs. wild type 
normal mice (WT), cholesterol-fed rats, and cynomolgus 
monkeys, T3 administration increased the metabolic rate 
in both mice types, but it was greater in WT animals than 
in TR-a mice. When compared with T3, KB-141 reduced 
plasma cholesterol levels selectively and promoted an in-
crease in HR in all three models. In monkeys, KB-141 de-
creased body weight after 1 week up to 7% and Lp(a) up 
to 56% without tachycardia. These studies suggest that 
selective stimulation of TR-β might be exploited as a thera-
peutically effective means in the management of obesity, 
dyslipidemia, and Lp(a) without adverse cardiac effects122.

KB2115 is a selective second generation thyroid hormone 
receptor modulator developed by Karo Bio in Sweden, that 
has shown satisfactory pharmacokinetic and bioavailabil-
ity properties through a number of animal studies. These 
studies have demonstrated that it increases the body’s 
energy consumption, reduces body weight and markedly 
decreases blood lipids and glucose (Data not published). 
In a two week phase I study, KB2115 induced a signifi-
cant lowering (up to 40%) of LDL cholesterol. KB2115 
has been judged to be safe in this phase and now contin-
ues the clinical program with a randomized, double-blind, 
placebo-controlled phase study in healthy, but overweight 
males/females with elevated blood lipids123.

Selective Melanocortin Receptor 3 and 4 agonists.

With the cloning of five different subtypes of melanocor-
tin receptors (MCR 1-5) during 1992 – 1994, new pos-
sibilities have been opened for the development of drugs 
with promising application for feeding homeostasis and 
body weight control124.  Melanocortin receptors belong 
to the superfamily of seven transmembrane G protein-
coupled receptors (GPCRs). Each of the five subtypes 
identified so far couple in a stimulatory fashion to adenyl-
ate cyclase. Melanocortin 3 and 4 receptors (MC3R and 
MC4R) are widely distributed in the brain, particularly in 
regions of the hypothalamus implicated in appetite and 
body weight regulation125. Melanocortin 3 and 4 recep-
tors (MC3R and MC4R) agonists are known to take part in 
the complex control mechanism of energy balance. MC3/
MC4Rs signaling is modulated by both an endogenous 
agonist, melanocyte-stimulating hormone (MSH), which 
is a peptide cleaved from proopiomelanocortin (POMC), 
and an endogenous antagonist, agouti-related protein 
(AGRP)126. Leptin, an adipocyte derived hormone, acts on 

POMC and AGRP neurons in the arcuate nucleus of the 
hypothalamus, resulting in increased MSH and decreased 
AGRP formation Several lines of evidence have indicated 
that activation of MC3R and MC4R by MSH or synthetic 
peptide agonists reduces food intake, but suppression of 
MC4R signaling by AGRP or synthetic-antagonists increas-
es food intake and diminishes the hypophagic response 
to leptin127. Targeted disruption of the MC4R gene in 
mice causes an obesity-diabetes syndrome characterized 
by hyperphagia, hyperinsulinemia and hyperglycemia. In 
humans, mutations in the MC4R appear to be the most 
common monogenic cause of obesity known today ac-
counting for about 5% of the morbidly obese population. 
In the other hand, in rodents the melanocortin system has 
been shown to influence not only food intake but also the 
reproductive axis128.

Melanotan II (MT-II), Ac-Nle-c[Asp5,DPhe7,Lys10]-alpha-
MSH(4–10)- NH2, a cyclic heptapeptide analog of α-MSH, 
has been discovered in Hruby’s laboratory at Arizona 
University to be a highly potent MCR agonist exhibiting 
approximately 1,000 times more potency than natural α-
MSH129. Melanotan is a linear, full length peptide (contain-
ing all 13 amino acids). Melanotan II is a shortened, cir-
cular version of the same peptide130. Both Melanotan and 
Melanotan II have sunless tanning capabilities but because 
Melanotan II had libido enhancement and spontaneous 
erections as side effects, it is now being developed as a 
sexual and erectile dysfunction drug131.
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