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¨Del Rigor en la Ciencia 
 
En aquel imperio, el arte de la cartografía logró tal perfección 
que el mapa de una sola provincia ocupaba toda una ciudad, 
y el mapa del imperio, toda una provincia. Con el tiempo, 
estos mapas desmesurados no satisficieron y los colegios de 
cartógrafos levantaron un mapa del imperio, que tenía el 
tamaño del imperio y coincidía puntualmente con él. Menos 
adictas al estudio de la cartografía, las generaciones 
siguientes entendieron que ese dilatado mapa era inútil y no 
sin impiedad lo entregaron a las inclemencias del sol y los 
inviernos. En los desiertos del oeste perduran despedazadas 
ruinas del mapa, habitadas por animales y por mendigos; en 
todo el país no hay otra reliquia de las disciplinas 
geográficas.¨  
 
Jorge Luis Borges  
Historia Universal de la Infamia 
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Abstract 
 
Obesity constitutes a problem whose manifestations have 
consequences in almost every field of the medicine and 
nowadays there is a lack of pharmacological therapy 
alternatives for its long term treatment. Lipidic compounds as 
endocannabinoids and PPAR- ligands are known to play an 
important role in the modulation of appetite and metabolism. 
Three series of fatty acid derivatives of catechol compounds 
were synthesized and their biological activity evaluated. 
Some of the synthesized compounds presented LDL 
antioxidant activity and/or food intake modulation in an animal 
model and their mechanism of action was also evaluated. The 
pharmacodynamics of the synthesized compounds could be 
explained by CB and PPAR-interactions nevertheless it 
does not explain the activity of all compounds. 
 

Resumen 
 
La obesidad es un problema cuyas manifestaciones tienen 
consecuencias en casi todos los campos de la medicina y 
actualmente existe una escasez de terapias farmacológicas 
para su tratamiento de uso continuo. Se sabe que algunos 
compuestos lipídicos como los endocanabinoides y ligandos 
del PPAR- participan de manera importante en la 
modulación del apetito y en el metabolismo. Tres series de 
compuestos derivados de ácidos grasos con compuestos 
catecólicos fueron sintetizadas y sus actividades biológicas 
fueron evaluadas. Algunos de los compuestos presentó 
inhibición de la oxidación de la LDL y/o modulación de la 
ingesta en modelo animal y sus mecanismos de acción 
fueron también evaluados. La actividad de los compuestos 
pasa por interacciones con el receptor CB1 y el PPAR- pero 
estas interacciones no explican la actividad de todos los 
compuestos.  
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Preface 
 
The idea of studying the biological activity of lipidic catechol 
compounds derived from the previous projects of Dr. Rafael 
de la Torre in: 
I. hydroxytyrosol derivatives through the study of the 
antioxidant activity of its glucuronide metabolites (Khymenets 
2006, Khymenets 2010), and 
II. MDMA metabolism through the synthesis and detection of 
MDMA catechol metabolites (Pizarro 2002) and their tioether 
adducts (Perfetti 2009) in biological fluids.  
At the molecular level there is a strong molecular similarity 
between hydroxytyrosol and MDMA catechol metabolites and, 
in addition, both classes of compounds have a strong 
similarity with dopamine.  
Having in mind that dopamine fatty acid amides (OLDA and 
NADA) have biological activities as endocannabinoids and 
endovanilloids (Chu 2003, Berzuglov 2001, Bisogno 2000, 
Huang 2002) our original idea was to synthesize and evaluate 
the biological activity of phenolic olive oil compounds and 
catechol MDMA metabolites fatty acid derivatives. 
The work is divided in three main chapters: 
First chapter – It is presented the published article and the 
deposited patent that describe the synthesis, food intake 
modulation activity evaluation and pharmacodynamics study 
of fatty acid amides of catechol MDMA metabolites. 
Second Chapter – It is presented an article manuscript that 
describes the synthesis and LDL antioxidant activity of olive 
oil phenolic fatty acid esters. 
Third chapter – It is presented an article manuscript and a 
patent that describe the synthetic development of fatty alcohol 
ethers of olive oil phenolic compounds and the study of its 
food intake modulation activity and pharmacodynamics.  
 
Bruno Almeida Cotrim, Barcelona 2010 
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1 – INTRODUCTION  

 

1.1 – Obesity  

 

1.1.1 – What is obesity? 

 

The pathology of obesity can be understood as the 

result of an imbalance when energy intake exceeds energy 

output or expenditure; the excess calories are stored as 

adipose tissue and it leads to an enlargement of adipose 

cells, resulting, over time, in obesity. Those large fat cells 

release more fatty acids and cytokines that can lead to the 

most known consequences of obesity as insulin resistance 

and changes in the thrombotic, inflammatory and coagulation 

processes. (Bishop 2006, Bray 2006) 

 

Obesity is found to be an important factor in decreased 

health-quality of life and life expectancy. Furthermore, obese 

patients are at an increased risk of type-2 diabetes, stroke, 

coronary artery disease, gallbladder disease, hiperlipidaemia, 

hypertension, and several cancer types among others 

diseases. (Withrow 2010) 
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1.1.2 - Obesity Demography and Social Impact 

 

Following the definition of the World Health 

Organization overweighed people are those displaying a body 

mass index (BMI) higher than 25 and obese people those 

with a BMI higher than 30. The body mass index is calculated 

by the ratio between the weight in kilograms and the square 

of the height in meters. 

 

Obesity is nowadays a pandemy which incidence is 

growing at dramatic pace. The World Health Organization 

estimates that there are currently around 400 millions obese 

adults and projections by the year 2015 are that about 700 

millions adults will be obese worldwide (World Health 

Organization 2006).  

 

In a recent review it was concluded that obese patients 

were found to increase medical costs by 6 to 45% when 

compared to their normal-weight peers. Obesity places a 

significant financial burden on the healthcare system 

estimated to be between 0.7 and 2.8% of a country total 

healthcare expenditures (Withrow 2010). 

 

In Spain the prevalence of obesity in people older than 

18 years is 13.6 % and of overweighed people of 36.5 % 

(Ministerio de Sanidad y Política Social – Gobierno de 

España 2007). It can be observed from those indicators, that 
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there are more obese subjects among men than in women 

and that more than a half of the Spanish population is 

considered sedentary (Table 1). 

 

 Total % Male % Female % 

Overweight prevalence 

(>18 year-old) 

36.5 45.1 28.3 

Overweight prevalence (2-7 

year-old) 

18.6 19.7 17.5 

Obesity prevalence (>18 

year-old) 

13.6 13.3 13.9 

Obesity prevalence (2-7 

year-old) 

8.5 8.7 8.3 

Sedentarism prevalence 

(>15 year-old)  

58.4 53.7 62.9 

Table 1 - Percentage of obese, overweighed and sedentary people 

in Spain in 2007 data from ¨Indicadores Clave del sistema nacional 

de salud (Mnisterio de Sanidad y Política Social – Gobierno de 

España 2007) 
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1.2 – Appetite regulation and satiety physiology. 

 

Obesity constitutes a problem whose manifestations 

have consequences in almost every field of the medicine. The 

regulation of the food intake and energy metabolism is 

located in the central nervous system (CNS), more 

specifically in the hypothalamus. The network that controls 

the body energy homeostasis integrates diverse sensory 

inputs and leads to a coordination of behavior, endocrine and 

autonomic responses. Disorders in those functions lead to 

alterations in the system and frequently in obesity.  

 

 Our understanding about the circuitry that controls the 

neuropharmacology of appetite has grown considerably in the 

last few years. This is of great importance in order to discover 

new therapeutical targets for the obesity treatment.  

 

 The regulation of energy metabolism displays a 

prototypical homeostatic system, with the brain acting as the 

central coordinator of the circuitry of food behavior (Broberger 

2005). 

 

Along the gastrointestinal system there are a series of 

different sensory receptors reporting information to the brain 

about the taste, texture and mechanic stress of ingested food 

providing an ¨online¨ description of the alimentary state.  
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The afferent vagus nerve receives stimulus from the 

gastroduodenal distension, the presence of different nutrients 

and cholecystokinin, a well characterized peptide produced 

by endocrine cells. (Broberger 2005). Through the vagus 

nerve, this information reaches the CNS causing satiation. 

 

 There are a number of molecular entities that 

regulates the food intake and satiety through interactions 

with the nervous system regulating the appetite down 

and upstream. Some, but not all of them are described 

bellow:  

 

Leptin - Besides being a deposit of triglycerides, 

adipose tissue is also an endocrine gland that produces and 

excretes the hormone leptin, which serves as a key mediator 

on the feedback loop linking peripheral adiposity with the 

central control of feeding and energy expenditure (Handlon 

2006, Abhiram 2004, Kershaw 2004). In order to regulate 

food intake as fat increases, more leptin is produced. Under 

normal conditions leptin inhibits the release of orexigenic 

neuropeptides such the neuropeptide Y (NPY) and melanin 

concentrating hormone (MCH-1). Hypothalamic leptin 

simultaneously up-regulates the secretion of anorectic 

peptides such as the alpha-melanocyte stimulating hormone 

(alpha-MSH). Serum leptin is proportional with the quantity of 

body fat deposits. Obese people have more leptin than lean 
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people which leads to believe that obese people have a 

resistance to leptin. 

 

 Insulin - In addition of the control of peripheral glucose 

uptake, insulin also has powerful CNS effects in synergism 

with leptin. Intracerebroventricular administration of insulin 

decreases food intake via insulin receptors expressed in the 

CNS (Woods 1979). Furthermore the neuron specific 

knockout and the hypothalamic decrease of insulin receptor 

expression cause hyperphagia (Obici 2002, Brüning 2000). 

 

 Peptide tyrosine-tyrosine (PYY, a member of the 

NPY family group) – Two major types of PYY hormone are 

released in the gut: PYY(1-36) and PYY(3-36) the last being 

the major circulating form produced by the cleavage of two 

amino acid residues (Suzuki 2010). PYY(3-36) .has been 

shown to act as an important signal from the gut to the 

hypothalamus. In the postprandial state, stimulated by the 

presence of lipids and carbohydrates, PYY(3-36) is released 

into the circulation. Peripheral administration of PYY(3-36) 

hormone causes hypophagia and weight loss. (Suzuki 2010, 

Batterham 2002 Morley 1987). 

 

 Ghrelin - Ghrelin is the only known orexigenic gut 

hormone. Ghrelin levels increases in preprandrial state 

resulting in stimulation of both feeding and gastric emptying 

through actions possibly involving the vagus nerve 
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(Cummings 2001, Broberger 2005). Both CNS and peripheral 

administration of ghrelin result in an increase in food intake 

and weight gain in animal models (Nakazato 2001, Tschöp 

2000). The decrease of ghrelin release has been suggested 

to be the major cause of weight loss of people who passed 

through a bariatric surgery. (Näslund 2001)  

  

 Endocannabinoids – Regulation of energy intake by 

the cannabinoid system occurs centrally. Pharmacology 

stimulation of CB1 receptors by the systemic administration of 

plant derived or endogenous cannabinoids stimulates eating 

(Di Marzo 2005). It is suggested that the brain 

endocannabinoid system controls food intake at two levels: (i) 

it reinforces the motivation to find and consume food with high 

incentive value, and (ii) it is activated on demand in the 

hypothalamus after short term food deprivation, and then 

transiently regulates the levels of other orexigenic and 

anorectic mediators to induce appetite. It has also been 

observed that the endocannabinoid synthesis is also 

regulated by hormones as leptin and grehlin and the content 

of the diet. Leptin decreases endocannabinoid levels in the 

hypothalamus while it has been suggested that the enhanced 

ghrelin in the bloodstream after food deprivation is linked with 

the increase of the endocannabinoid tone. Finally it is 

observed that endocannabinoids concentration are increased 

in obese people, this fact could be explained due the high 

availability of polyunsaturated fatty acids, endocannabinoid 
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precursors that stimulate endocannabinoid synthesis (Di 

Marzo 2005). 

 

Peroxisome proliferator activated receptor (PPAR) - 

There is evidence that the fatty acid amide 

oleoylethanolamide (OEA), chemically but not 

pharmacologically similar to the endocannabinoids, could act 

indirectly in the brain through the vagus nerve inhibiting the 

appetite and leading to a decrease in body weight (de 

Fonseca 2001). The metabolic actions of OEA depend on the 

nuclear peroxisome proliferator-activated receptor-alpha 

(PPAR-) (de Fonseca 2001; Fu 2003; Schwartz 2008). 

Notably, drugs that targets PPAR- (for example gemfibrozil) 

are already in clinical use to treat hypercholesterolemia. 

 

Integration of molecular entities that regulates the food 

intake and satiety at the central nervous system (CNS) - 

The brain (more specifically the hypothalamus) is informed 

about the metabolic status of the individual via two main 

channels. The first channel is constituted by the hormonal 

signals described before (leptin, ghrelin, PYY, etc.), which 

communicate the brain about the availability and demand for 

metabolic fuel via neurons in the hypothalamus. Depending 

on the stimulation, one group of hypothalamic neurons 

expresses neuropeptide Y (NPY), resulting in increased food 

intake and decreased energy expenditure or another one 

expresses the proopiomelanocortin (POMC), precursor of 
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several neuropeptides including melanocortin peptides which 

activity results in the opposite effect of NPY cells triggering 

(Broberger 2005). The production of one peptide or the other 

depends on the stimulus received by the hypothalamus. The 

second channel is the brainstem that communicates the brain 

about the energy balance in particular via the vagus nerve 

whose afferents fibers excite neurons in the brainstem 

nucleus (Figure 1). 
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Figure 1 - Neural regulatory network of appetite and satiety. (Black 

arrows –appetite activation; red arrows –appetite inhibition). 
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1.3 - Obesity Genesis.  

  

We have seen before that the central nervous system 

has several mechanisms to maintain the body mass. The 

question is: why the supposed body homeostasis is broken 

and which factors contribute to the development of obesity. 

Enclosed is a list of contributory factors to obesity 

development:  

 

 -Genetic predisposition: Scientists have identified the 

association of increased food intake and obesity with specific 

variants of the fat mass and obesity-associated (FTO) gene. 

Individuals who carry alleles of the FTO are more prone to be 

obese and to consume more calories relative to the 

individuals with the wild-type genotype. (Fawcett 2010). 

Although FTO is the most studied obesity associated gene 

there are evidences that other genes as MC4R, BDNF, 

SH2B1 play a role in the tendency to develop obesity 

(Thorleifsson 2009, Willer 2009). 

 

 -Behavioral – An eating behavior characterized by, 

fast eating, taking large spoonfuls and chewing less before 

swallowing, is predictive for a large short-term intake and 

would promote the development of overweight and obesity 

(Laessle 2009). 

 

 10 



 

 - The consumption of energy-dense foods (fat or 

sugar) promotes a large energy intake and often produces 

comparatively weak satiety if compared with the consumption 

of the same caloric content of a less dense food (Kral 2004). 

 

- Given the powerful influence of palatability 

differences in eating rates observed during meals may not 

indicate specific deficits in satiation so much as the overriding 

impact of the hedonic experience to promote consumption. 

There are clear evidences of higher rates of hedonic 

influences in response to food among obese people (Blundell 

2005).  

 

- Hormonal signaling deregulation - Despite the 

increased caloric loads of obese individuals, the hormonal 

response to ingestion in those individuals seems to be 

attenuated. As for example the level of PYY is diminished in 

obese individuals (le Roux 2006, English 2002). 
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1.4 - Obesity Treatment.  

 

There are two therapeutic strategies to treat obesity: 

One is to wait until associated diseases such as diabetes, 

hypertension, and dyslipidemia develop and treat them 

individually. Alternatively, and preferably, one would treat 

obesity itself and so doing reduce the risk of developing those 

diseases. (Bray 2006). 

 

 1.4.1 – Non-pharmacological treatment 

 

Portions size control and low fat, low carbohydrate 

diets or a balanced reduction of all micronutrients are 

promising strategies with long term results. Comparing 

four popular diets the average weight loss at 6 and 12 months 

was the same. The best predictor of weight loss for each of 

the diets was the degree of adherence to the diet. Exercise 

has been an important component of weight loss programs, 

but when used alone, it has not been successful. (Dansinger 

2005). 

 

Surgery is the most effective therapy (among 

morbid obese people) at this time for significant, rapid and 

sustained weight loss and it consists in a surgical intervention 

into the stomach called bariatric surgery. The bariatric surgery 

could consist in a reduction of the size of the stomach using a 
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medical device (gastric banding), through removal of a part of 

the stomach or trough a gastric bypass surgery where a small 

stomach pouch is created with a stapler device, and 

connected to the distal small intestine. Nowadays surgical 

intervention for obesity has become more popular. However, 

these treatments have short-term and long-term risks 

associated with the procedures, including reported early 

mortality rates ranging from 0.3 % to 1.9 %. (Bishop 2006). 

 

 The surgical approach was designed to promote 

weight loss by the reduction of stomach volume; nevertheless 

its effects cannot be fully attributed to the reduced gastric 

volume. A number of studies have shown that changes in gut 

hormones concentrations after bariatric surgery may be 

responsible for the appetite control and the resulting weight 

loss experienced post-operatively (Pournaras 2009). 

 

 1.4.2 – Pharmacological treatment 

 

Amphetamines were one of the first classes of 

compounds being used for the obesity treatment (Bray 1993). 

Dextroamphetamine (the S-pure enantiomer of amphetamine) 

was the first amphetamine introduced in the obesity 

therapeutics in the 1930s. It was found that it produced 

weight loss by the negative modulation of appetite.  

The severe abuse potential of amphetamine and 

methamphetamine leaded the development of new 
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derivatives maintaining the suppressive appetite 

characteristics of amphetamine but with a reduced abuse 

potential. Chemical manipulation of the amphetamine 

molecule structure leaded for the development of 

fenfluramine, D-fenfluramine, and phentermine. Fenfluramine 

was taken out the market due to cardiovascular side effects 

and phentermine is nowadays used only for short term 

treatment of obesity (Bray 2006) (Figure 2). 

 

 

Figure 2 - Amphetamines used for obesity treatment (Phentermine 

is used until now but with serious restrictions) 

 

Nowadays in Europe for the long term 

pharmacological treatment of obesity only one drug is now 

available, Orlistat (Xenical®). Orlistat (Figure 3) is an 

intestinal lipase inhibitor that blocks triglyceride digestion and 

consequently enhances fecal loss of fat in the stools. It also 

reduces the absorption of cholesterol from the intestine 

causing in part the reduced plasma cholesterol found in 
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patients treated with this drug. (Bray 2006). Orlistat main side 

effects are forgetfulness and gastrointestinal side effects 

(Akbas 2009, Clark 2004, Kaya 2004). 

 

 The withdrawn from the European market in the time 

period 2008 and 2010 of two drugs, rimonabant and 

sibutramine, explains the current lack of alternatives for long 

term pharmacological obesity treatment.  

 

Rimonabant (Acomplia®), a CB1 antagonist, started to 

be commercialized in Europe for the obesity treatment in 

2006 and was taken off the market in 2008. Rimonabant is a 

drug that acts in the cannabinoid system decreasing the 

appetite through the blockage of the activation of the CB1 

receptor. One of the side effects of Rimonabant that caused 

more concern was the development of affective disorders on 

susceptible patients and was taken off the market due to the 

risk of serious psychiatric problems and even suicide. 

(Christensen 2007, Blüher 2008).  

 

Sibutramine (Meridia®) (Figure 3) is an inhibitor of the 

reuptake of norepinephrine, serotonin and dopamine, with 

similar molecular mechanism as the amphetamines described 

before, and produces dose dependent weight loss. It was 

recently been withdrawn the market in Europe Union due to 

its side effects. Sibutramine causes a small increase of blood 

pressure in some subjects (Luque 1999) and an increased 
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risk of cardiovascular diseases (CVD) that could lead to heart 

attack and stroke (James 2010). The European Medicines 

Agency (EMEA) and the Food and Drug Administration (FDA) 

recommended this year (2010) its withdrawal from the market  

 

Figure 3 - Molecular structure of sibutramine, rimonabant and 

orlistat. 
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In summary, drugs for obesity treatment used until now 

display considerable adverse effects and only Orlistat could 

be used in long term therapies.  

 

1.4.3 - Current drug developments for the 

treatment of obesity  

 

Current efforts in the development of pharmacological 

treatment are directed at improving efficacy while reducing 

adverse effects. There are several classes of molecular 

entities that nowadays are discussed because they target 

receptors that may have potential interest for obesity 

therapeutics. Some of them have been previously discussed 

(Sargent 2009):  

 

5-HT2c receptor –The 5-HT2c serotonergic receptor 

agonists are potential targets for obesity therapy (Smith 2005, 

Garfield 2009). It was reported in 1995 that knockout mice 

lacking the 5-HT2c receptor develop hyperphagia and 

become overweighed and obese. (Nilsson 2006). Nowadays 

there are few ongoing clinical studies of 5-HT2c receptors 

agonists. A compound that is in the most advanced clinical 

study phases for obesity treatment is lorcaserin (Smith 2005; 

Smith 2008) (Figure 4). Its indication as an anti obesity drug 

has been already submitted to the Food and Drug 

Administration (FDA) in the United States and is pending for 

approval (Nilsson 2006) 
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Figure 4 - Molecular structure of lorcaserin. 

 

CB1 receptor - Despite the discontinuation of 

Rimonabant commercialization, pharmaceutical companies 

are still investing in obesity drugs acting in the 

endocannabinoid system (Antel 2006). One promising drug is 

a CB1 inverse agonist peptide called haemopresin. 

Haemopresin is a drug that is currently commercialized for 

the treatment of bleeding oesophageal varices and is now 

being evaluated for the treatment of obesity. (Dodd 2010). 

 

MC4R receptor - Melanocortin-4-receptor (MC4R). 

The distribution of MC4R pattern in the brain is highly 

correlated with brain sites displaying high sensitivity to 

melanocortin-regulated feeding behavior. Loss of function of 

variants in the MCR4 is associated with hyperphagia, obesity, 

and metabolic defects. MCR4 agonists present a number of 

opportunities for therapeutic intervention; thus far, there are 

no reported MCR4 agonists under clinical evaluation 

(Nargund 2006).  
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MCHR-1 receptors - The melanin concentrating 

hormone 1 receptor (MCHR-1) is located in areas of the brain 

that coordinate feeding behavior. In 1996 it was discovered 

that MCHR-1 is up regulated during fasting in both normal 

and obese mice. It needs to be demonstrated in clinics 

whether an increase in metabolism can be achieved without a 

concomitant alteration in resting heart rate, blood pressure, or 

internal temperature, which may be considered adverse 

effects. (Handlon 2006) 

 

 Glucagon like peptide 1 (GLP-1) based drugs. 

GLP-1 is a hormone synthesized in the intestine that is 

released short after food ingestion and thus is associated with 

post-meal satiety. The subcutaneous injection of GLP-1 

induces weight loss in obese people but its usefulness is 

limited by its quick disposition by the endogenous enzyme 

dipeptidyl peptidase 4 (DPP4) (Halford 2010). Exenatide and 

liraglutide are DPP4 resistant synthetic versions of GLP-1 that 

have been evaluated in a clinical study for the treatment of 

type 2 diabetes mellitus (Hansen 2009). During the treatment 

those drugs seem to stimulate insulin secretion and produce 

a sustained weight loss and a growing number of GLP-1 

agonists and DPP4 inhibitors are under clinical study for 

obesity treatment.  
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 Peptide YY (PYY) - The PYY administration reduces 

pre-meal hunger (Batterham 2007, Boggiano 2005, Onaga 

2002) and the food intake in lean and obese people but only 

at high and non physiological doses, where high doses 

induced nauseas in some patients. Despite this, there are 

some ongoing clinical studies based in PYY administration.  

 

 Amylin based drugs - Amylin is a peptide hormone 

synthesized by the pancreatic beta cells together with the 

insulin (Field 2009). Peripheral administration of amylin 

reduces food intake. Pramlintide is a synthetic analogue of 

amylin that is nowadays used for the treatment of type 1 and 

type 2 diabetis mellitus. The use of pramlintide was shown to 

reduce signicantly food intake in type 2 diabetes mellitus 

obese patients. Several clinical studies are evaluating the use 

of pramlintide as a drug for the obesity treatment. (Field 

2009). 

 

 Opioid based treatments - Naltrexone is an opioid 

formerly used for the treatment of cocaine and alcohol 

addiction. Early studies in obese individuals suggested a 

reduction in hunger and food intake. Clinical trials indicated 

that the weight loss with the use of naltrexone treatment was 

minimal but it could be of use in a combination therapy with 

proopiomelanocortin (POMC). (Drewnowski 1995) 
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1.5 - The endocannabinoid system and the 

Peroxisome Proliferator-Activated Receptors 

(PPAR) as targets for the development of drugs 

with therapeutic potential in the treatment of 

obesity 

 

1.5.1 – The Endocannabinoid System  

 

The endocannabinoid system has been studied 

recently as a therapeutic target for treating a series of 

diseases as neuropathic pain, drug abuse, multiple sclerosis 

and obesity as earlier discussed. 

 

The term endocannabinoid was coined in the middle 

1990s after the discovery of membrane receptors for the 

cannabis psychoactive principle, Δ9-tetrahydrocannabinol and 

their endogenous ligands such as anandamide and oleamide 

(Matsuda 1990, Abood 1997, Bramblett 1995). 

  

The encocannabinoid system is composed of the 

cannabinoid receptors, endogenous ligands 

(endocannabinoids), and the enzymatic apparatus necessary 

for their synthesis and degradation (Mackie 2006). Nowadays 

two types of cannabinoid receptors: CB1 and CB2 are well 

characterized. Both cannabinoid receptors are coupled to a G 
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protein from which they modulate the activity of adenilate 

cyclases (AC) (mostly inhibit) and mitogen activated protein 

kinases (stimulate) and these intracellular events lead the 

regulation of several genes. The activation of CB1 receptors 

also regulates voltage activated Ca+2 channels (inhibit) and 

inwardly rectify K+ channels (stimulate). CB1 is found in the 

central and peripheral nervous system and several peripheral 

organs while CB2 receptors are mostly restricted to cells and 

tissues of the immune system (Di Marzo 2004). 

 

 The endocannabinoids are different to classical 

neurotransmitters (e.g. monoamines) in two aspects: (I) they 

work as retrograde signalers, as they are secreted post 

synaptically and act on the presynaptic neuron and (ii) they 

are synthesized and secreted on demand when and where 

needed and are not stored in vesicles as neurotransmitters 

are (Di Marzo 2004) (Figure 5). 
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Figure 5 - Endocannabinoids biosynthesis and actions (Adapted 

from Guzmán 2003). 

 

Once released from cells, and having activated their 

molecular targets, endocannabinoids need to be rapidly 

inactivated. This process occurs via intracellular degradation 

and – as suggested by data – by the presence of a 

membrane transporter that does the reuptake of these 

compounds. This putative endocannabinoid membrane 

transporter (EMT) also seems to be responsible for the 

release of endocannabinoids.  

 

Anandamide was the first endocannabinoid isolated 

and identified (Devane 1992; Mackie 2006, Smith 1994). The 

second endocannabinoid identified was 2-

arachidonoylglycerol (2-AG) (Sugiura 1995). Series of similar 
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compounds, varying in the nature of the fatty acid are also 

found in tissues as homo-γ-linolenoylethanolamide, 

oleoylethanolamide and palmitoylethanolamide.  

 

The long chain fatty acid amides of dopamine N-

arachidonoyl dopamine (NADA) and N-oleoyl dopamine 

(OLDA) were synthesized and described as having biological 

activity even before being discovered as endocannabinoids. 

Among them, N-arachidonoyl dopamine (NADA) was 

described as a potent agonist for the CB1 and the vanilloid 

TRPV1 receptor while OLDA has lower CB1 agonist activity 

and mainly is a TRPV1 agonist. The in vivo biosynthesis of 

these compounds has already been reported. (Chu 2003, 

Bezuglov 2001) 

 

All the endocannabinoids described up to date are fatty 

acid derivatives with polar head groups. Those polar heads 

could be bound to the fatty chain through an amide 

(anandamide, N-oleoyl dopamine, N-arachidonoyl dopamine), 

an ester (2-AG), (Sugiura 1995, Mechoulam 1995) or an ether 

(noladin) linkage (Hanus 2001; Avraham 2005) (Figure 6). 
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Figure 6 - Molecular structures of endocannabinoids 

 

The two endocannabinoids better characterized are 

anandamide (AEA) and 2-arachidonoyl glycerol (2-AG). 

Anandamide is synthesized from membrane phospholipids 

through the action of the enzymes N-acyl transferase (NAT) 

and N-acylphosphatidylethanolamide–selective 

phospholipase D (NAPE-PLD) and is degraded by the 

enzyme fatty acid amide hydrolase (FAAH). 2-Arachidonoyl 

glycerol (2-AG) is synthesized by the enzyme diacyl glycerol 

lipase (DAGL) and is degraded through the action of the 

enzyme monoacyl glycerol lipase (MAGL). It is also 

hypothesized the existence of one endocannabinoid 

membrane transporter (EMT), a protein that seems to 

facilitate the release and re-uptake of endocannabinoids 

(Hillard 1997, Kaczochaa 2009) (Figure 7). 
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Each step of the endocannabinoids biosynthesis and 

metabolism could be a therapeutic target for the treatment of 

a series of diseases. (Di Marzo 2004, Akbas 2009) 

 

Figure 7 - Anabolic and catabolic pathways of endocannabinoids 

(Adapted from Di Marzo 2004) 

  

A deep understanding on how the endocannabinoids 

are synthesized and how cells regulate their levels has been 

recognized as a high priority in cannabinoid research (Di 

Marzo 2004). 
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With the growing knowledge of the cannabinoid system 

it was proposed that the CB1 receptor could be a good 

therapeutic target for obesity. It is well known the appetite 

increasing effect of Cannabis sativa use and it was postulated 

that if the CB1 receptor THC agonism could increase appetite 

the development of a CB1 antagonist could modulate 

negatively food intake. Sanofi was the first pharmaceutical 

company to receive the FDA approval for the 

commercialization of a CB1 antagonist for the treatment of 

obesity (Accomplia®) (Colombo 1998, Rinaldi-Carmona 1994; 

Van Gaal 2005, Pi-Sunyer 2006). As discussed earlier, this 

drug was withdrawn from the market because its central 

nervous system side effects. This fact could illustrate the 

difficulty to create a drug that dissociates the appetite 

modulation from other central nervous system functions 

regulated by the endocannabinoid system (Christensen 2007, 

Blüher 2008). 

 

1.5.2 – Peroxisome Proliferator-Activated 

Receptors (PPAR)  

 

The peroxisome proliferator-activated receptors 

(PPARs) are a group of nuclear receptor proteins that 

function as transcription factors regulating the expression of 

genes. Among other functions, PPARs play an essential role 

in the regulation of cellular differentiation, development, and 

metabolism (carbohydrate, lipid, protein) of higher organisms.  
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Oleoylethanolamide, an endogenous lipid, displays 

hypophagic effects. Although structurally related to the 

endogenous cannabinoid anandamide, OEA does not bind to 

cannabinoid receptors. It was observed that it interacts with a 

nuclear receptor called Peroxisome Proliferator-Activated 

Receptor type alpha (PPAR-) (de Fonseca 2001). PPAR is 

found in metabolically active tissues as the liver, heart and 

muscle and acts on genes involved in the metabolism 

regulation, energetic homeostasis and inflammation (Stienstra 

2007, Pyper 2010).  

 

Peroxisome proliferator-activated receptors belong to a 

family of nuclear receptors comprising three isoforms (α 

alpha, δ delta and γ gamma) (Kota 2005). PPARs 

heterodimerize with the retinoid X receptor (RXR) and bind to 

DNA sequences called PPAR response elements (PPREs) 

which lead to the transcription of target genes through ligand 

activation. (O’Sullivan 2007) (Figure 8). 
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Figure 8 - Gene transcription mechanisms of PPAR (Adapted from 

Kota 2005) 

 

 It have been described short, medium, and large chain 

fatty acids and eicosanoids with PPAR- affinity producing a 

substantial reduction of the plasma triglycerides, a moderate 

reduction of low density protein associated cholesterol, and a 

satiety effect (Forman 1997, Fu 2005). For that reason, the 

alpha subtype represents a very interesting therapeutic target 

for the treatment of diseases related with metabolic 

alterations as dislipidaemies, cardiovascular diseases, 

diabetes and obesity (Evans 2004, Abourbih 2009, Plutzky 

2000, Henke 2004; Willson 2000). 

 

There is a broad crosstalk between the 

endocannabinoid system and PPAR-. For example the 

natural endocannabinoid 2-arachidonoyl glycerol (2-AG) and 

synthetic CB1 agonist WIN55212-2 act over PPAR- 

(O’Sullivan 2007, Sun 2006). It was also postulated that dual 
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active compounds (CB1 antagonist and PPAR-alpha agonists) 

could be useful for the obesity treatment as the simultaneous 

action over both receptors could lead to a synergic action for 

the food intake negative modulation (Serrano 2008, Alvarado 

2008). 
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1.6 - Lipidomics and brain biological active lipids 

 

Lipidomics is the part of the metabolomics that studies 

the systems-level analysis and characterization of lipids and 

their interacting moieties (Wenk 2005, Andrew 2006, Piomelli 

2007). 

 

The renewed interest in the research of the function of 

lipids in neuroscience leads to a series of convergent 

discoveries in the neural development, synaptic physiology 

and receptor pharmacology, which have begun to reveal the 

roles played by lipid messengers and their receptor 

pharmacology. As examples of those discoveries we can 

mention the discovery of fatty acid amides such as 

anandamide (AEA) and oleoylethanolamide (OEA), their 

importance as signaling molecules and biological activity in 

the central and autonomous nervous system (Tan 2006). 

 

Usually when talking about information carrying 

molecules most of people think about nucleic acids and 

proteins. Nevertheless, when we give a closer look at the 

lipidome and notice how the structural units of some lipids 

can rearrange in space and time, we are brought to conclude 

that lipids have also a bewildering potential to carry 

information. (Piomelli 2005). 
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 Until recently, technical challenges, particularly those 

associated with chemical analyses and purification, had 

hindered the identification of those low concentration 

signalers. Improvement in chromatography and mass 

spectrometry (MS) now permit rapid identification of novel, 

low abundance, signaling lipids (Piomelli 2005). 
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2 – HYPOTHESIS 

 
 The research group where this PhD was undertaken 

has a large experience with hydroxytyrosol and MDMA 

metabolites, all of them having chemical structures related to 

dopamine. The biological activity displayed by fatty acid 

amides of dopamine and the ability of fatty acid amides to 

modulate food ingestion lead us to hypothesize that fatty acid 

derivatives of: a) hydroxytyrosol and its derivatives, and b) 

3,4-methylenedioxymethamphetamine (MDMA) metabolites; 

could display biological activity over food intake acting 

through PPAR and the cannabinoid systems. These 

compounds (hydroxytyrosol and phenolic compounds of olive 

oil and MDMA catechol metabolites) will be briefly described 

below: 

 

 a) MDMA has two main metabolic pathways (Figure 9) 

1) O-demethylenation followed by methylation and/or 

glucoronide/sulphate conjugation and 2) N-dealkylation. 

MDMA N-demethylation gives rise to 3,4-

methylendioxyamphetamine (MDA). Then, the parent 

compound and MDA are further O-demethylenated to 3,4-

dihydroxymetamphetamine (HHMA) and 3,4-

dihydroxyamphetamine (HHA), respectively. Both HHMA and 

HHA are subsequently O-methylated to 4-hydroxy-3-

methoxymethamphetamine (HMMA) and 4-hydroxy-3-
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methoxyamphetamine (HMA), respectively. These 

metabolites are mainly present in plasma and urine as their 

glucuronide or sulphate conjugates (de la Torre 2004, de la 

Torre 2004b). Catechols (HHA, HHMA) are highly redox 

active and may form adducts, after their oxidation to the 

corresponding quinones, with glutathione (Perfetti 2009). The 

compounds we were interested to prove are the catechol 

derivatives HHA and HHMA and the O-methylated compound 

HMA. 
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Figure 9 - MDMA metabolic disposition in humans 

 

b) Virgin olive oil is rich in monounsaturated fatty acids 

(MUFAs) (principally oleic acid), and phenolic compounds 

(PC) (although the refined olive oil does not have 

representative amounts of the last compounds). The main 

PCs presented in olive oil are oleuroperin and ligstroside 
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aglycones which by hydrolysis give rise to hydroxytyrosol 

and tyrosol respectively (Vissers 2004) (Figure 10). 
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Figure 10 - Phenolic compounds present in olive oil 

 

Hydroxytyrosol can be eliminated unmethabolized but 

essentially as its glucuronide and monosulfate conjugates or 

as homovanillic acid and homovanillic alcohol (Gordon 2001). 

  

The antioxidant activity of hydroxytyrosol and some of 

its metabolites has already been proven (Gordon 2001, 

Mateos 2003). Hydroxytyrosol is also a potent in vitro inhibitor 

of low density lipoproteins (LDL) oxidation being capable of 

breaking peroxidative chain reactions (Visioli 1995).  

 

 These two classes of compounds were selected for 

two main reasons: (i) the high molecular similarity of both 
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classes of compounds with dopamine and (ii) because of the 

large expertise of our group in MDMA metabolism and olive 

oil antioxidants as hydroxytyrosol and tyrosol (Miro-Casas 

2003; Fitó 2005) (Figure 11). 
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Figure 11 - Molecular structure of HHA, hydroxytyrosol and 

dopamine 

 

Knowing that the amides of dopamine with arachidonic 

(NADA) and oleic acid (OLDA) have cannabinoid activity, and 

having in mind the LDL antioxidant potency of hydroxytyrosol, 

we propose the synthesis of fatty acid amides of HHA, HMA 

and HHMA as well as ester and ether fatty acid derivatives of 

hydroxytyrosol and related compounds (Figure 12) expecting 

that those compounds could display cannabinoid and PPAR 

activity and/or LDL antioxidant activity.  
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Figure 12 - Proposed products: MDMA metabolites fatty acid 

amides and esters and ether fatty acid derivatives of hydroxytyrosol 

and related compounds. 
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3 – OBJECTIVES  

 

In the context of the background information previously 

provided, the objectives of the presented work are: 

 

1) Synthesis of new fatty acid derivatives of catechol 

compounds, more specifically the new compound series 

described as follows: 

 

- oleic and arachidonic fatty acid amides of MDMA 

metabolites HHA, HMA, and HHMA, 

 

- esters and ethers of hydroxytyrosol and related compounds 

with natural unsaturated fatty acids derivatives. 

 

2) Study of the LDL antioxidant activity of the synthesized 

compounds. 

 

3) Evaluation of the food intake modulation of synthesized 

compounds in an animal model. 

 

4) Study of the pharmacodynamics of the synthesized 

compounds through studies of their interaction with CB1 

receptors, PPAR-, FAAH and TRPV1. 
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4 - CHAPTER 1 

 

4.1 – Article #1 

 

 

Synthesis of Fatty Acid Amides of Catechol 

Metabolites that Exhibit Antiobesity Properties 
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4.2 – Patent #1 

 

 

Derivados de Amida de Ácidos Grasos con 

Anfetaminas para el Tratamiento de Desordenes 

Alimenticios 
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5 – CHAPTER 2 

 

5.1 – Article #2 

 

 

Fatty Acid Hydroxytyrosyl, Tyrosyl and 

Homovanillyl Esters with LDL Antioxidant 

Activity 
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6 – CHAPTER 3 

 

6.1 – Article #3 

 

 

Unsaturated Fatty Alcohol Derivatives of Olive 

Oil Phenolic Compounds with Potential 

Antiobesity Properties 
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6.2 – Patent #2 

 

 

Éteres Derivados de Alcoholes Grasos y 

Compuestos Fenólicos del Aceite de Oliva para 

el Tratamiento de Trastornos Alimentarios 
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7– DISCUSSION  

 

Chemistry 

 

Three series of fatty acid derivatives of catechol compounds 

were synthesized:  

 

Group 1 

 

Fatty acid amides of MDMA catechol metabolites were 

synthesised in “one pot”: The fatty acid carboxylic group was 

activated with benzyl chloroformate and this intermediate was 

subsequently treated with the MDMA metabolites. 

 

Group 2 

 

Fatty acid esters of tyrosol, hydroxytyrosol and 

homovanillic alcohol were synthesised by an already 

described methodology using lipase Cal B  

 

Group 3 

 

 Fatty alcohol ether derivatives of olive oil phenolic 

compounds. The synthesis of the ethers was done through a 

conjugation of the iodine derivative of the fatty alcohol and the 

protected phenolic compounds. As the direct protection of the 
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catechol with an acetonide group was not feasible due to the 

formation of an isochromane (Gambacorta 2007), the 

protected hydroxytyrosol was prepared in two steps through 

the reaction of 3,4-dihydroxyphenylacetic acid with 2,2-

dimethoxypropane and subsequent reduction with LiAlH4 

similarly as described by Gambacorta et al (Gambacorta 

2007). The protection of the tyrosol hydroxyl group was done 

directly through the reaction with MOMCl. The fatty alcohol 

iodide was prepared through the reaction of the fatty acid 

alcohol using I2/PPh3. 

 

Biology 

 

Several compounds of the synthesised series had LDL 

antioxidant activity and were acute food intake modulators in 

24 hour food-deprived rats and their pharmacodynamics was 

studied. 

 

Group 1 

 

All products induced a significant decrease in food intake. 

The most active products displayed an acute food intake 

modulation profile and potency similar to that of oleoyl 

ethanolamide (OEA) (a known PPAR- selective endogenous 

agonist). The OEA activity is, however, longer lasting (de 

Fonseca 2001, Fu 2003) meta-O-methylation of the catechol 

ring and the N-methylation of the amide group are deleterious 
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with respect to food intake activity. This is an indicative of the 

importance of the catechol group as pharmacophore. In an 

open field test using the most potent product it was also 

observed that it does no affect the locomotion of animals. 

 

A study on the affinity of compounds for the CB1 receptor 

and PPAR- was performed to further evaluate the biological 

activity of synthesized compounds. The four most active 

compounds were evaluated for CB1 and only the HHMA 

derivative had no activity, indicating that the N-methylation is 

deleterious for the CB1 receptor affinity. This fact corresponds 

with the decrease of activity in the food intake test for that 

compound. When testing the affinity of the compounds for 

PPAR- it was observed that one of the most active 

compounds on food intake did not presented PPAR- activity 

indicating that, in this case, its food intake modulation activity 

may be due only to CB1 receptor interaction. The tested 

compounds were not inhibitors of FFAH activity. 

 

Group 2 

 

Almost all the compounds showed an increase in the lag 

time if compared with native LDL. The compounds with 

greatest improvement in the lag time were the hydroxytyrosol 

and homovanillyl derivatives. The fact that these compounds 

presented higher LDL antioxidant activity than hydroxytyrosol 

could be due the fact that, having a lipidic chain and 
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consequently being more lipophilic, could interact better with 

the lipoprotein than hydroxytyrosol. 

 

The activity of hydroxytyrosol fatty acid esters was 

expected because those compounds have a catechol group 

that, in general, is the chemical group considered responsible 

for the antioxidant activity. The catechol could receive 

electrons from free radicals and can be converted to a 

quinone. On the other hand homovanillic derivatives have one 

hydroxyl of the catechol group protected with a methyl group 

and, therefore, can not be converted to the quinone. It is 

hypothesised that the LDL antioxidant activity of homovanillyl 

derivatives may be mediated by other mechanisms.  

 

The nature of the fatty acid group could be important for 

the antioxidant activity as the oleic fatty ester of tyrosol 

presented an activity similar to free hydroxytyrosol but the 

arachidonic derivative showed no activity. 

 

We can observe that for hydroxytyrosol oleate the LDL 

antioxidant activity is dose dependent. The increase of the 

activity among the 0.15, 0.30, 0.5 and 1 μM concentrations 

being proportionally smaller when compared to the increased 

activity seen between the 1 and 5 μM. 
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Group 3 

 

Four of the eight tested compounds had significant activity 

in the food intake modulation test. Two compounds presented 

hypophagic effect and the most active had a food intake 

modulation profile and potency similar to that of oleyl 

ethanolamide (OEA). In contrast, the two compounds which 

carry methylendioxy groups presented a hyperphagic effect at 

the 1 mg/kg dose but not at 5 mg/kg. 

 

The CB1 affinity of the four active compounds in the food 

ingestion test was evaluated. The linoleic alcohol derivatives 

had CB1 receptor affinity although with a smaller pKi if 

compared with endogenous anandamide and synthetic CB1 

ligands as WIN55212-2 and SR141716. Oleic alcohol 

derivatives had not activity at all.  

 

We can say that both the alkenyl chain and the head group 

are important pharmacophores for the biological activity of the 

synthesized compounds. The change of the oleic to linoleic 

alcohol increased significantly the activity of the 

hydroxytyrosol derivatives. Furthermore, comparing the 

linoleic hydroxytyrosol and the linoleic tyrosol ethers, it was 

observed that the change of the catechol group to a phenol 

one caused a total lack of biological activity. 
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8 – CONCLUSIONS  

 

Synthesis 

 

 The fatty amides of MDMA metabolites and the fatty 

esters of olive oil phenolic compounds were 

synthesized with simple methodologies and a new 

methodology was developed for the synthesis of olive 

oil phenolic compounds fatty alcohol ethers that allows 

the synthesis of long chain unsaturated compounds. 

 

Biological activity 

 

 Both the fatty acid amides and the fatty alcohol ethers 

series of compounds presented food intake modulation 

activity in animal model predominantly as food intake 

inhibitors. 

 

 The fatty amides and the fatty acid esters series were 

also good LDL oxidation inhibitors with a similar activity 

as free hydroxytyrosol. 

 

Pharmacodynamics Study 

 

 Within the fatty acid amide series a number of them 

displayed affinity for CB1 receptor similar to the 
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endocannabinoid anandamide, and some of them for 

PPAR-. Thus, the pharmacodynamics of the 

biologically active compounds could be explained by 

interactions with those receptors. 

 

 Possibly the pharmacodynamic of the synthesized fatty 

alcohol derivatives of olive oil phenolic compounds 

goes through other mechanisms than CB1 interaction 

as among the four compounds with modulated food 

activity, only two displayed CB1 activity. This CB1 

activity does not justify its whole in vivo activity. Further 

studies should be performed to elucidate the 

synthesized compounds mechanism of action, as for 

example studying its PPAR- affinity and/or TRPV1 

activity. 
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