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Abstract: 

Extra Virgin Olive Oil (EVOO) is the main source of fat within the Mediterranean Diet, a 

diet and lifestyle pattern followed in the Mediterranean region.  Much research has been done on 

the diet’s ability to decrease risk of chronic diseases such as type 2 diabetes, cardiovascular 

disease, neurodegenerative diseases, and cancer.  Extra Virgin Olive Oil makes up 40% of the 

Mediterranean Diet and is a contributing factor to many of these health benefits.  Specifically, 

EVOO contains polyphenolic compounds which have anti-inflammatory, antiatherogenic, and 

antioxidant properties.  These properties are suggested to play a strong role in the reduction of 

risk of Alzheimer’s Disease (AD), the most common neurodegenerative disease.  The 

polyphenols work to decrease risk of disease mostly by acting as antioxidants, targeting reactive 

oxygen species that exacerbate brain damage in AD patients, and by acting as anti-inflammatory 

agents.  Many Americans are at risk for developing Alzheimer’s Disease, but increased 

consumption of Extra Virgin Olive Oil may be a way to effectively reduce their risk and improve 

overall health. 

 

 

 

 

 

 

 

 



Part 1: Introduction 

The Mediterranean Diet is the lifestyle pattern followed by people in the Mediterranean 

region of the world.  The diet and lifestyle consists of high fruit, vegetable, olive oil, and whole 

grain intake, moderate fish and red wine intake, very little meat and refined carbohydrate intake, 

regular physical activity, and conviviality.  The diet has been shown to reduce risk of chronic 

disease, not only because of the plentiful antioxidants, vitamins, and minerals coming from fruits 

and vegetables, but also because of its high percentage of calories coming from fat, specifically 

Extra Virgin Olive Oil.1  Extra Virgin Olive Oil (EVOO) is the minimally processed oil extracted 

from olives.  The average consumption of EVOO in the Mediterranean region is approximately 

three to four tablespoons per person per day, contributing about 120 calories per tablespoon, and 

14g of fat, 10 of which coming from monounsaturated fatty acids.  

The Mediterranean Diet has a significantly higher percentage overall of calories coming 

from fat compared to the typical US or Western diet.2  While the current recommendation for 

Americans is that 20-35% of our calories come from fat, those who consume a traditional 

Mediterranean Diet get approximately 37-40% of their daily calories from fat (see figure 1).3 

Research such as the PREDIMED study and EPIC study looked into the health-related benefits 

of these high fat diets, specifically in regard to EVOO consumption.4,1-2  These studies have 

strongly suggested that Extra Virgin Olive Oil can decrease risk of chronic diseases such as 

Cardiovascular Disease, Cancer, Type 2 diabetes, and neurodegenerative diseases.5,6  At first, the 

assumption was such that EVOO decreased risk of these diseases because of its high percentage 

of monounsaturated fatty acids (MUFA’s), however, there are other sources of MUFA’s within a 

typical Western diet that do not produce the same results.7  One example of this would be 



consumption of safflower oil or canola oil.  These have high concentrations of MUFA’s but have 

not been shown to be part of a diet that can decrease risk of CVD, cancer, diabetes, or cognitive 

disease.  Over time, research has suggested that EVOO’s disease preventative abilities are not 

solely due to the MUFA’s, but rather due to EVOO’s high concentration of polyphenols, which 

are naturally occurring antioxidant and anti-inflammatory compounds.  The most prominent 

polyphenols found in EVOO are tyrosol, hydroxytyrosol, oleuropein, and oleocanthal.8  These 

mighty compounds have been the subject of much recent research, especially with regards to 

their role in prevention of cognitive diseases such as Alzheimer’s Disease (AD).9 

Research suggests that these polyphenols decrease risk of AD by being scavengers of free 

radicals within the brain, clearing out and reducing the buildup of beta-amyloid plaques and 

neurofibrillary tau.  The phenolic compounds also act as anti-inflammatory agents, reducing 

neuroinflammation and, in turn, counteracting the effects of several factors that contribute to risk 

of AD development.8 

 

Part 2: Extra Virgin Olive Oil 

Extra virgin olive oil (EVOO) is a dietary staple in the Mediterranean Diet.  It is the main 

source of fat, with consumption of approximately three to four tablespoons per day by those in 

the Mediterranean region.  This population consumes their three to four tablespoons in salad 

dressing, with bread as a snack, and in recipes for cooking or baking that require a fat or oil. 

That being said, olive oil is the fifth most commonly used cooking oil consumed in the US, 

behind soybean, canola, palm, and coconut oils, therefore the US consumes much less EVOO 

than is recommended by the Mediterranean Diet.10  



Soybean oil and canola oil are polyunsaturated fats, meaning that most fatty acid chains 

in the triglyceride molecules have multiple double bonds, while palm oil and coconut oil are 

saturated fats, containing no double bonds.11  Olive oil, then, is unique when compared to these 

other oils because it is a monounsaturated fat.  The hallmark difference between unsaturated fats 

and saturated fats is that for saturated fats, most of the fatty acids have no double bonds, making 

the carbon chains relatively straight, and allowing the long, straight molecules to stack neatly on 

top of each other.  Unsaturated fatty acids have one (monounsaturated) or more 

(polyunsaturated) double bonds within the carbon chains, causing the chains to kink, preventing 

them from stacking neatly.  This explains why saturated fats are solids at room temperature, and 

unsaturated fats are usually liquids, or oils, at room temperature.12  

Monounsaturated fatty acids are more stable than polyunsaturated fatty acids because there 

are fewer double bonds in monounsaturated fatty acids.  This makes the oil less susceptible to 

oxidation by environmental factors such as excess exposure to oxygen, heat, or sunlight. 

Oxidation of fats causes the breaking of the double bonds in the carbon chains.  This is 

detrimental to the nutritional quality of the oil because it not only produces a rancid smell and 

taste, but it also produces free radicals, which, in large quantities, increase our risk of 

cardiovascular emergencies, stroke, and some forms of cancer.13  Free radicals are harmful 

molecules that are partially broken down and have unpaired electrons, so when introduced to the 

body, they “oxidize,” or take electrons from essential components of our cells, such as DNA and 

proteins.  This oxidative process prevents the cells from functioning correctly, and is a huge 

contributing factor to the diseases listed previously.14 Since monounsaturated fats are at a lower 



risk of breaking down and forming free radicals compared to polyunsaturated fats, consumption 

of EVOO is a preventative measure against excess oxidative stress. 

Saturated fats are not likely to cause free radical formation, but are not good for us for a 

different reason.  Saturated fats are harder for our body to metabolize once they have been 

consumed, increasing levels of low-density lipoprotein (LDL) cholesterol, known as the “bad 

cholesterol.”  LDL’s work to carry fatty acids and some proteins throughout the bloodstream, 

depositing them in certain areas within the blood vessels.  This is harmful because the deposition 

of these fats over time can lead to atherosclerosis, hypertension, and potentially cause blockage 

of the vessel.  Monounsaturated fats, on the other hand, increase a different lipoprotein, 

high-density lipoprotein (HDL), which help to clean out the blood vessels by disposing of 

cholesterol deposits that build up to cause atherosclerosis.15  These HDL molecules are known as 

“good cholesterol,” and participate in cholesterol transport by picking up cholesterol from cells 

in the periphery and carrying them back to the liver to be exported from the body in the feces.16 

The HDL’s counter the negative effects of the LDL, so increasing HDL and lowering LDL can 

help people reduce their risk of atherosclerosis, hypertension, and cardiovascular accidents.  

Although fats are classified as “saturated” or “unsaturated”, the triglycerides found in 

nature do not have only saturated fatty acids or only unsaturated fatty acids on the glycerol 

backbone.  The classification is based on what the predominant fatty acids are in the food source, 

therefore saturated fats such as butter contain a certain amount of polyunsaturated and 

monounsaturated fatty acids.  Fatty acids can also be considered pro-inflammatory or 

anti-inflammatory, because the location of the double bond on a polyunsaturated fatty acids 

influences its potential to be used in making biological compounds that cause inflammation or 



prevent inflammation.  These biological compounds include prostaglandins, which will be 

discussed later in part 4.  Olive oil contains some of both types of fatty acids.  The average fatty 

acid profile of olive oil is such that 55-83% is oleic acid, 3.5-21% is linoleic acid, 7.5-20% is 

palmitic acid, 0.5-5% is stearic acid, and 0-1.5% is alpha-linolenic acid.17  Linoleic acid is a 

pro-inflammatory fatty acid present in EVOO, and alpha-linolenic acid is an anti-inflammatory 

fatty acid.  Important to note, however, is that while these pro- or anti-inflammatory fatty acids 

are present in the oil, oleic acid is by far the most prevalent, and that EVOO’s anti-inflammatory 

effects come largely from the phenolic content rather than FA composition. 

Of the many versions of olive oil, extra virgin olive oil is the highest quality oil,, since it 

has the highest content of polyphenols and the lowest amount of acidity.  Extra virgin oils are 

classified as having 0.8% or less acidity, and virgin oils may have up to 2% acidity.  Anything 

greater than 2% acidity may only be labeled with “olive oil” or “light olive oil.”  Acidity occurs 

when fatty acids in the oil are oxidized, which means that extra virgin oils have been exposed to 

the least amount of oxygen, heat, and light during their production.  Extra virgin oils are the least 

processed, and thus, minimize refining done by heat or dilution of the oil.  This quick production 

time and limited amount of refining is what gives extra virgin olive oil this incredibly low level 

of acidity and contributes to its strong scent and flavor.  One downside to olive oil production in 

the US is that many producers in the states capitalize on the fact that Americans like “light” 

products.  “Light” is usually associated with products that are lower in calories, although in the 

case of olive oils, “light” means that the olive oil has been heated, refined, and diluted with other 

types of oils in order to give the oil a lighter color.  As reported by a study done at the UC Davis 

Olive Center in 2011, these oils have high levels of acidity as well, due to increased amounts of 



oxidation.18  Sometimes, these oils can be highly refined, yet still be labeled as “virgin” or “extra 

virgin.”  Shoppers must be attentive to where the oil came from, where it was produced, and the 

packaging of the oil.  The 2011 UC Davis study reports that over 73% of the top selling brands 

of olive oil in the US failed to meet the 0.8% acidity standard after testing via the International 

Olive Council’s approved testing methods.18  Since heat and exposure to light are two factors that 

can drastically affect the quality of the oil, olive oil should be packaged in dark green glass 

bottles, rather than clear glass or plastic bottles.19  The dark green glass minimizes the amount of 

light that is able to penetrate the container, and, thus, decreases risk of oxidation via light 

exposure.19 

Production of olive oil begins by first harvesting the olive fruit from the trees, either as 

the olives are ripening and turning from green to purple, or when the olives are completely 

black.3  During the process, debris from the harvest is removed, and the olives are cleaned.  The 

fruit is then ground up into a paste, which allows the lipid-storing vacuoles to release the oil. 

Malaxing is the next step in the process; this step involves mixing the paste until it separates into 

a hydrophobic section and a hydrophilic section.  The hydrophobic component contains the oil 

droplets, as well as some of the skin and crushed up solids that are present in the mixture.  The 

hydrophilic section contains all of the water and water-soluble parts of the olive, which is 

removed, leaving only the lipid-rich component.  This hydrophobic mixture is then centrifuged 

twice; the first time to remove any water that may not have been removed in the previous step, 

and the second time to remove the remaining solids in the oil, such as parts of the olive skin or 

pieces of the olive pits.20  This is the step in which some oil producers will add heat or other 

types of oils to increase volume and product yield, thus decreasing the quality of the olive oil. 



The last step in the production of the oil is to filter the oil, to make the oil appear less cloudy and 

to remove some components that might make the oil taste bitter.  This is an optional step, 

although is done very frequently in the US, as well as in Europe.  Filtration has been shown to 

decrease concentration of phenolic compounds, but increase stability of the oil, since it removes 

hydrophilic compounds that may contribute to oil oxidation.21  Research thus far has been unable 

to form a definitive conclusion as to whether or not filtration increases shelf life of the oil, but it 

does decrease oxidation and formation of free radicals, and can lead to decreased rancidity of the 

oil.  

As mentioned previously, extra virgin olive oil is considered to be the highest quality and 

have the most health benefits because of its minimal processing.  The health benefits come partly 

from having a higher monounsaturated fatty acid content than lower quality oils, but also from 

the fact that the oil still contains compounds called polyphenols.  Polyphenols are natural 

antioxidants that contribute to the bitter taste of some oils.22  Despite the bitter taste, they 

correlate to numerous health benefits, such as lowering blood pressure, cholesterol, decreasing 

risk of cardiovascular disease, and cognitive degenerative diseases such as Alzheimer’s and other 

forms of Dementia.  The unifying factor between these various disease states is that they are all 

caused by excessive oxidative stress from excessive exposure to free radicals.  Since polyphenols 

are antioxidants, they combat this oxidative stress and thus, aid in the care of these health 

conditions.  Tyrosol, hydroxytyrosol, oleocanthal, and oleuropein are the most prevalent 

polyphenols found in olives and olive oil.  

Currently, no methods exist for the evaluation of phenolic content in foods.  This is 

because phenolic content varies greatly due to environmental factors, processing, and cooking 



methods.  Polyphenolic content can be affected by the ripeness of the fruit or vegetable when it is 

picked, the weather and soil richness of where the food was grown, amount of rain, and the 

amount of light the plant was exposed to.  In terms of processing, the phenolic content will vary 

based on how the food is stored, if the food is preserved or canned, and if it undergoes any sort 

of heat treatment.22  This ties back to the idea of storing the oil in dark green bottles so as to 

minimize exposure to light, as well as heating the oil as little as possible in order to prevent 

oxidation of the polyphenols.19  In addition to packaging and processing, cooking also alters 

phenolic content.  This is because excessive heat is usually part of the cooking process, causing 

oxidation of the phenolic compounds.  The last factor that alters phenolic content is the removal 

of the skin or fibrous parts of the fruit or vegetable, since that is often the part of the food where 

the polyphenols are located.  This relates to olive oil in the filtration step.  Oils that are not 

filtered appear cloudy, and taste bitter, but are higher in phenolic content.22 

 

Part 3: Alzheimer’s Disease 

Cognitive diseases such as Alzheimer’s Disease (AD) and other forms of Dementia are 

caused by damage to certain parts of the brain, leading to obstructed nerve signaling and 

resulting in memory loss and behavior changes.  Alzheimer’s Disease is the most common form 

of dementia, making up approximately 70% of all cases.23  Other forms of cognitive disease 

include Parkinson’s Disease, dementia with Lewy Bodies, vascular dementia, frontotemporal 

dementia, or mixed dementia.  

Age is the most prominent risk factor for the development of cognitive disease, although 

other risk factors play an important role as well.  The World Health Organization lists physical 



inactivity, obesity, poor diet, tobacco use, alcohol abuse, diabetes, hypertension, depression, 

social isolation, cognitive inactivity, and chronic inflammation as the other risk factors that 

contribute to the development of Alzheimer’s Disease.24  While age and the body’s natural aging 

process cannot be prevented, most of the other risk factors can be controlled via diet and physical 

activity.  For example, diabetes, hypertension, chronic inflammation, and obesity can often be 

regulated by diet.  Physical inactivity, tobacco use, and alcohol abuse are also risk factors that 

can be completely prevented by making healthy lifestyle choices.  In addition, regular physical 

activity reduces a person’s risk of obesity by mobilizing fat stores, reduces cholesterol levels by 

modulating LDL levels in the blood, and promotes efficient glucose metabolism to reduce risk of 

type 2 diabetes.25-27  These examples illustrate how the risk factors for AD can quickly add up 

with poor lifestyle choices. 

Alzheimer’s Disease is characterized by amyloid plaques and neurofibrillary tau in the 

brain.28  Amyloid plaques are abnormal aggregations of beta-amyloid proteins.  Neurofibrillary 

tau, on the other hand, are “tangles” of malfunctioning tau proteins that form by binding to each 

other, as opposed to the microtubules to which they are supposed to bind.  These plaques and tau 

lead to impaired nerve signaling to the affected area, eventually causing death to the affected 

tissue, and, over time, shrinkage of the brain.  Plaque formation usually begins in the 

hippocampus, an area of the brain responsible for the formation and recollection of memories. 

This is why the first sign of Alzheimer’s is usually memory loss or forgetfulness.  The other part 

of the brain that is usually affected is the cerebral cortex, which is responsible for language, 

social behavior, and reasoning.28  



Amyloid plaques that are found in AD patients’ brains are made up of beta-amyloid 

proteins that are thought to have formed from amyloid precursor proteins.  The amyloid 

precursor protein (APP) is a transmembrane protein with a large extracellular domain.  Although 

its precise function or purpose is still unclear to researchers, some studies have shown that 

overexpression of wild-type APP can lead to cell health and growth.29  That being said, some 

APP proteolysis mechanisms have been shown to be dangerous to the cells, and produce the 

beta-amyloid peptide.  This peptide is then exported out of the cell and dumped into the 

extracellular space, and over time, accumulates to form the amyloid plaques that are 

characteristic of AD.  The gamma-secretase complex that forms beta-amyloid 42 is known to be 

the most detrimental.  Individuals with mutations in this complex may be at a significantly 

increased risk for developing AD.  Similarly, individuals with mutations of the genes that encode 

for Apolipoprotein E (ApoE) are at an increased risk for AD as well.  ApoE is a cholesterol 

transport protein that supports proper lipid metabolism and injury repair within the brain.  One of 

ApoE’s functions in the prevention of AD is to bind and dispose of beta-amyloid peptides. 

Mutations in this gene would render ApoE unable to complete that task.  This explains why 

individuals with mutations in ApoE are at an increased risk for AD, since the malfunctioning 

protein would be unable to efficiently clear out the harmful peptides.29  

Beta-amyloid peptides are commonly understood to be toxic to the cells and neurons. 

This may help to explain other hallmark aspects of AD, such as oxidative stress, and chronic 

inflammation of brain tissue.  One way in which these beta-amyloid proteins are toxic to cells is 

that they stimulate microglial cells to produce increased amounts of TNF-alpha, which sets off 

the inflammatory response.30  There are three categories of beta-amyloid proteins, and only one 



of them has been shown to cause the extensive nerve and tissue damage found in AD patients. 

Monomers and insoluble fibrils seem to be harmless, but soluble oligomers are toxic and found 

in abundance in AD brains.  The oligomers are harmful to the cells because they disrupt cell 

membranes by forming pores, preventing regulation of what goes into or leaves the cell, thus 

causing ion dysregulation and death to the cell.  In relation to nerve and synapse damage in AD 

patients, these soluble oligomers of beta-amyloid peptides have been observed to bind and 

disrupt synapses of neurons within the hippocampus, explaining why this region is normally the 

first part of the brain to be affected by AD.30  

Oxidative stress contributes to the development of AD due to the presence of increased 

Reactive Oxygen Species (ROS), and decreased antioxidant levels within the brain (see figure 

2).31  The two macromolecules more often damaged by oxidation in AD patients are proteins and 

DNA.  Protein modifications and oxidation include those of protein carbonyls and 

3-nitrotyrosine.  While it is unclear exactly how these specific molecules influence AD 

development and progression, AD patients are commonly found to have significantly increased 

levels of oxidized carbonyls in the hippocampus, while 3-Nitrotyrosine is found in significantly 

increased levels throughout the brain and in the cerebrospinal fluid.31  DNA is affected by 

reactive oxygen species’, leading to modified guanine bases, which ultimately causes breaks or 

cross-linking of the DNA strands.  AD patients are often found to have increased levels of DNA 

strand breaks within cells of the hypothalamus.31  

Neurofibrillary tangles are another diagnostic trait of Alzheimer’s Disease.  These are 

composed of abnormal accumulations of the tau protein that normally function to stabilize 

microtubules within the cell.  In AD, however, the tau proteins do not bind to the microtubules, 



but rather bind with each other, forming long chains that eventually tangle together and block the 

neuron transport system.32  Hyperphosphorylation is a biochemical change that occurs in AD 

patients’ cells, allowing for this abnormal binding of tau proteins, which negatively affects its 

ability to bind to the microtubules.  Some studies have shown that phosphorylation at 

proline-rich regions inhibits microtubule binding and assembly, while phosphorylation at the 

C-terminus of the proteins promotes self-aggregation.33  Often, AD patients are found to have 

phosphorylation at both of these regions, causing malfunction of microtubule assembly as well as 

drastically increased self-aggregation.  The phosphorylation usually occurs on Ser-Pro and 

Thr-Pro conjunctions, and most therapeutic efforts for the treatment of neurofibrillary tangles 

have focused on controlling these phosphorylations.  Two proposed mechanisms for this include 

the use of GSK-3beta inhibitors and CDK5 inhibitors, targeting kinase enzymes, which add the 

phosphates to molecules.  This inhibition would prevent damage to the molecule by preventing 

the addition of the phosphate groups.33  

Chronic inflammation of the brain is the fourth hallmark feature of Alzheimer’s Disease, 

and is the main site of preventative action of extra virgin olive oil’s polyphenolic compounds. 

Research suggests that inflammation in AD is caused by a buildup of glial cells, specifically 

microglial cells, which act as the macrophages of neural tissue.  It has been predicted that 

microglia survey the brain tissue every few hours, attack and remove pathogens, and secrete 

tissue rebuilding factors.34  Glial cells also secrete inflammatory factors IL-6, TNF-alpha, 

cytokines, chemokines, and set off the complement cascade.  While microglial cells normally 

engulf and destroy waste and toxins in healthy brain tissue, AD patients’ microglial cells do not. 

These cells fail to dispose of the waste products and toxins, such as the beta-amyloid peptides, 



yet still respond with the normal inflammatory substances.34  This inability explains the 

relationship between excess beta-amyloid proteins and inflammation; these proteins set off the 

inflammatory cascades, resulting in detrimental effects.  This mechanism is referred to as 

“frustrated phagocytosis,” since the microglia take up beta-amyloid proteins, but are unable to 

digest and degrade them.34  Similar to macrophages, these microglia are key players in the 

immune and inflammatory response, and can be helpful or harmful, depending on the conditions 

in which they are utilized.  The CNS needs microglial cells in order to maintain a healthy brain, 

but excessive response to beta-amyloid peptides has been shown to cause nerve damage, likely 

playing a significant role in the development of AD.  

Astrocytes are a sub-type of glial cells in the central nervous system and are identified as 

another main player in the brain’s inflammatory response in AD patients.  Astrocytes secrete and 

recycle neurotransmitters, control ion homeostasis, regulate metabolism, remodel synapses, and 

modulate oxidative stress.34  Astrocytes are known to become reactive when exposed to 

beta-amyloid peptides, and thus, do not respond appropriately to stimuli.  In the presence of 

beta-amyloid plaques, astrocytes form a barrier between healthy tissue and damaged tissue. 

While these astrocytes are able to break down beta-amyloid proteins, they become reactive by 

exposure, and produce and release increased amounts of IL-1, TNF-alpha, and nitric oxide 

(NO).34  Cellular release of these proinflammatory markers continues the detrimental cycle of 

damage to the brain and nerve tissues.  The management of this exacerbated oxidative stress 

within neural tissue is key for prevention of AD in how it relates to the phenolic content in extra 

virgin olive oil. 

 



Part 4: Polyphenols and Their Potential to Reduce Risk of Alzheimer’s Disease 

Polyphenols are substances found in some plants and minimally-processed plant 

products.  These compounds are not macro- or micronutrients, and thus are not recognized as 

substances that are required in our diets.  However, much research suggests that polyphenols can 

enhance our health.  Extra Virgin Olive Oil can be rich in polyphenols such as tyrosol, 

hydroxytyrosol, oleuropein, and oleocanthal, all of which have powerful anti-inflammatory or 

antioxidant properties to combat the chronic inflammation or increased oxidative stress or 

damage found in patients with Alzheimer’s Disease.8 

Hydroxytyrosol is a phenolic compound in the phenylethanoid family, with a molecular 

weight of 154.16, melting point of 55 degrees celsius, and when isolated, the appearance of a 

chalky white powder.35  Hydroxytyrosol is a polar organic substance, is fairly soluble in water, 

and is highly susceptible to oxidation via heat or light exposure.  It is found primarily in olives 

and olive oil, but also in low concentrations and low bioavailability in red wine.  Bioavailability 

is lower in red wine because wine is hydrophobic.  Many studies have proven hydroxytyrosol 

absorption to be higher when consumed via lipophilic medium such as EVOO.35  Hydroxytyrosol 

has been identified as being anti-inflammatory, in addition to its suggested ability to inhibit LDL 

oxidation and platelet aggregation.8  This compound has been shown to modulate 

proinflammatory responses NF-kappaB, TNF-alpha, and Interleukins 1, 2, and 6, while 

increasing secretion of IL-10, an anti-inflammatory compound.  Hydroxytyrosol’s antioxidant 

properties are evident in that it is a direct free radical scavenger, meaning that the molecule itself 

is able to attack and dispose of reactive oxygen species (ROS), or damaged oxidized molecules, 

in the brain.8  The anti-inflammatory properties of the molecule act via inhibition of COX 1 and 



2 release.  COX 1 and 2 set off an inflammatory cascade that eventually releases 

proinflammatory prostaglandins.  Inhibition of COX2 is the target of non-steroidal 

anti-inflammatory drugs (NSAIDs), such as ibuprofen, as well, so in this sense, hydroxytyrosol 

and ibuprofen utilize very similar pathways.36  In addition to inhibiting COX 1 and 2 release, 

hydroxytyrosol also inhibits or decreases the release of prostaglandin E2 and nitric oxide.36 

These functions work together to decrease risk of Alzheimer’s Disease because the molecule 

functions to decrease ROS’ and neural inflammation, and as discussed previously, two major 

causes of brain damage in AD patients is chronic inflammation and excess oxidative stress.  

Tyrosol is another phenylethanoid compound, with a molecular weight of 138.16 and a 

melting point of 92 degrees celsius.  It is also a polar organic molecule, found primarily in olives, 

olive oil, and argan oil.  Tyrosol is present in a lower concentration in EVOO than other phenolic 

compounds, but is absorbed well due to its high bioavailability.8  Tyrosol shares many of its 

functions with hydroxytyrosol, such as being anti-inflammatory, antioxidant, and 

antiatherogenic, and uses the same or similar mechanisms to complete such tasks.  

Oleuropein is a large, glycosylated secoiroid molecule with a molecular weight of 

540.51.  Secoiroids are a class of alcohol-derivative phenolic compounds that differ in structure 

from the phenylethanoid compounds such as hydroxytyrosol and tyrosol.  Oleuropein has been 

shown to be anti-inflammatory, antioxidant, antiatherogenic, and hypolipidemic.8 

Atherosclerosis and hyperlipidemia are two risk factors that contribute to the development of 

AD, so oleuropein’s ability to decrease atheroscleroitic plaque deposits within neural blood 

vessels is a huge benefit of consumption.  Atherosclerosis occurs when high levels of LDL 

cholesterol molecules become oxidized and deposit themselves into the walls of blood vessels. 



Oleuropein decreases this by protecting LDL molecules from oxidation, effectively decreasing 

deposition.  Not only is this molecule actively protecting other biological compounds from 

oxidation, it is also similar to hydroxytyrosol in that it is a direct free radical scavenger, and can 

dispose of already damaged or oxidized molecules as well.8  A study done on mice by Farr, 

Price, and Dominguez in 2012 showed that administration of oleuropein-rich EVOO 

supplementation was able to improve the mice’s learning, memory, and clearance of 

beta-amyloid plaques across the blood brain barrier.37  The study suggested that oleuropein can 

be effective both as a preventative mechanism before the formation of beta-amyloid plaques, but 

is effective after formation as well.  Another study done on transgenic mice compared oleuropein 

supplementation to a control group.38  At the end of the study, the supplemented mice had 

significantly lower amounts of beta-amyloid plaques, and they had increased autophagy, 

meaning that they were able to more efficiently dispose of the toxic protein aggregations.38 

Lastly, the supplemented mice had decreased release and reaction by astrocytes, which function 

to increase neuroinflammation in response to deposition of beta-amyloid proteins.  This 

decreased reaction led to an overall decrease in inflammation of the brain tissue.38  In short, the 

results of this study displayed the many benefits of oleuropein in prevention of AD in mice, but 

further research may want to look into treatment of mice with all of the phenolic compounds in 

EVOO, to compare the benefits of many of them vs. the benefits of only oleuropein.  

Oleocanthal, another polyphenol in EVOO, is commonly compared to ibuprofen.  It’s 

belongs to the phenylethanoid family and is fairly large, with a molecular weight of 304.34.39 

Oleocanthal is thought to be responsible for the peppery, or burning sensation that occurs when 

consuming olive oil.3  In fact, this is considered to be a desirable quality of EVOO when being 



evaluated or tasted professionally; this burning or peppery taste proves that the oil is fresh, has a 

high phenolic content, and was not diluted or overly processed.  When studies refer to 

oleocanthal as being “ibuprofen-like,” essentially they are referencing its ability to inhibit COX2 

activation and prostaglandin production.39  A study published in Nature in 2005 noted that at 

equimolar concentrations within the cell, oleocanthal was more effective than ibuprofen at 

blocking COX 1 and 2 pathways.40  The study notes that although ibuprofen and oleocanthal act 

strikingly similarly, they are not alike in structure.  Another function of oleocanthal is to increase 

clearance of beta-amyloid peptides and neurofibrillary tangles across the blood brain barrier via 

upregulation of the P-glycoprotein and the LDL lipoprotein related receptor protein (LRP1).41 

The mechanism of this action is not yet fully understood, but provides solid evidence for 

oleocanthal’s role in reducing the risk of AD development, since it actively works to decrease the 

amount of beta-amyloid plaques and neurofibrillary tangles present in the brain.41  There is also 

some evidence to suggest that oleocanthal can prevent or decrease formation of neurofibrillary 

tangles.  One study done on mice in 2015 used oleocanthal supplementation on transgenic mice, 

and showed that the phenolic compound is capable of decreasing beta-amyloid plaques by 

activating P-glycoprotein and LRP1 at the blood brain barrier, and by activating apolipoprotein E 

(ApoE) to further support an increase of beta-amyloid clearance out of the brain tissue (see 

figure 3).42  Moving forward, the next steps in this research must include human subjects.  

In summary, the main phenolic compounds in extra virgin olive oil work to decrease risk 

of Alzheimer’s Disease in several ways: by decreasing neuroinflammation, scavenging free 

radicals to decrease oxidative stress, decreasing beta-amyloid and neurofibrillary tau 

aggregation, and by managing other risk factors for development of AD, such as atherosclerosis 



in brain tissue.  Neuroinflammation is reduced by polyphenols’ ability to inhibit the COX 1 and 

2 cascades, preventing the production and release of proinflammatory prostaglandins.  They also 

decrease inflammation by suppressing astrocytes’ response to beta-amyloid peptides, thus 

decreasing inflammation caused by the destructive cycle of “frustrated phagocytosis.”  The 

phenolic compounds neutralize free radicals and reactive oxygen species found in damaged brain 

tissue, which decreases oxidative stress in that region and can prevent further damage. 

Antiatherosclerotic functions of phenols work to decrease neurodegeneration caused by AD 

because atherosclerotic plaques can prevent blood flow and cause damage to brain tissue. 

Phenolic properties that protect against LDL oxidation can protect the vessels against formation 

of the plaques that prevent blood flow.  In terms of direct prevention or decrease in beta-amyloid 

and neurofibrillary tau formation, the phenols, especially oleocanthal, have been shown to 

activate proteins such as P-glycoprotein and LRP1 to slow or stop aggregation at the blood brain 

barrier.  

 

Part 5: Incorporating Extra Virgin Olive Oil into Our Diets 

The Mediterranean region has some of the lowest rates of chronic disease and illness in 

the world, likely due to its well-rounded approach to dietary and lifestyle habits.1,3  The 

Mediterranean Diet prioritizes high fruit, vegetable, whole grain, and EVOO intake, moderate 

amounts of lean meats, fish, and red wine, low intake of red meats and saturated fats, daily 

physical activity, and conviviality to promote quality of life.  Although the Mediterranean Diet 

differs greatly from the Western diet, small dietary changes can be made to mimic the 

Mediterranean Diet and, thus, decrease risk of chronic disease.  Most importantly for the purpose 



of this paper is the incorporation of extra virgin olive oil into the diet to decrease risk of 

neurodegenerative diseases such as Alzheimer’s disease. 

EVOO can be used hot or cold in everyday cooking and baking, as a replacement for 

other commonly used fats.  For example, it can be used in place of canola or soybean oil when 

pan-frying or sauteing foods.  It can also be used in place of oil or butter in baked products, such 

as cake.  One suggestion from Antonia Polese’s Recipes: Mediterranean Cuisine states that when 

using EVOO for baking, try to use an older, less fragrant oil, so that the end product has a more 

mild taste, instead of an overpowering olive taste and smell.43 

The ideal way to include EVOO in the diet, however, is to consume it without heating or 

cooking it, since both the monounsaturated fatty acids and the phenolic compounds are at risk for 

oxidation or decomposition due to excess heat or light exposure.  For example, sauteing 

vegetables in EVOO may not be as nutritionally beneficial than if the EVOO was drizzled over 

raw, blanched, or steamed vegetables, but one would still reap some benefits from either method. 

In the Mediterranean, EVOO is used commonly in sauces and spreads that do not need to be 

cooked during their preparation.  Two examples of this may be the use of EVOO in a pesto, often 

made with basil, olive oil, parmesan cheese, and pine nuts, or in spreads such as hummus. 

EVOO can also be used instead of butter on bread or rolls as a snack.  While restaurants in the 

US often serve bread with butter for customers to eat before their meals arrive, restaurants in 

Italy often offer bread or crackers with EVOO and balsamic vinegar.  Perhaps the most common 

way to consume raw olive oil, especially in the Mediterranean region, is by using it to dress 

salads.  Salad dressings in the US are often full of preservatives, artificial flavors, and “empty” 

calories, but in the Mediterranean, nearly all salads are dressed simply with EVOO and vinegar. 



The mild taste of lettuce and other vegetables allows the flavor of the oil and vinegar to shine, as 

well as providing fantastic health benefits and increased satiety via fat content.  Some recipes 

that may help with the incorporation of more EVOO into the diet are listed in Appendix 1. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Appendix 1: Recipes Containing Extra Virgin Olive Oil 
 
Vegetables with Mustard Vinaigrette Dipping Sauce 
 
Ingredients 
10-15 cherry tomatoes 
2 carrots 
2 bell peppers 
2 stalks of fennel 
4 stalks of celery 
100mL EVOO 
15g mustard powder or cream 
4 tablespoons white wine vinegar 
Salt and pepper to taste 
 

1. Wash and dry all vegetables, and cut into strips so that they may be easily dipped in the 
sauce 

2. Mix mustard powder or cream, EVOO, white wine vinegar, salt and pepper until 
emulsified. 

3. Serve mustard vinaigrette with vegetable strips as an appetizer or healthy snack! 
 
 
Caprese Salad 
 
Ingredients 
5 ripe tomatoes 
400g fresh mozzarella cheese 
Fresh basil leaves 
EVOO 
Salt and pepper to taste 
 

1. Wash tomatoes and basil leaves, pat dry 
2. Slice tomatoes into 1cm thick slices 
3. Slice mozzarella into 1cm thick slices 
4. Chop basil leaves into strips 
5. Arrange tomatoes, mozzarella, and basil on serving dish 
6. Drizzle with EVOO to taste 
7. Season with salt and pepper 

 
 
 Vegetable Pesto Pasta 
 
Ingredients 
1 box whole wheat pasta 
2 ripe tomatoes 



1 yellow bell pepper 
1 red bell pepper 
30g basil leaves 
150mL EVOO 
30g pine nuts 
2 cloves garlic 
50g pecorino, parmesan, or romano cheese 
 

1. Salt and boil 1L of water.  Add pasta and cook until al dente, then strain off water. 
2. Wash basil leaves and pat dry. 
3. Wash vegetables and peel if desired. 
4. Add basil leaves, pine nuts, EVOO, cheese, and garlic to a food processor or blender. 

Blend until all solid ingredients are finely chopped. 
5. Dice tomato and bell peppers into bite-sized pieces 
6. Stir diced vegetables and pesto sauce into pasta.  Salt and pepper to taste.  Garnish with 

grated cheese and/or whole basil leaves. 
 
 
Rustic Cake with Extra Virgin Olive Oil 
 
Ingredients 
20g raisins 
250g plain flour 
8g baking powder 
20g toasted pine nuts 
120mL EVOO 
160g sugar 
Juice and zest of 1 lemon 
3 eggs 
1 pinch salt 
Powdered sugar 
 

1. Preheat oven to 350 degrees fahrenheit 
2. Sift flour with baking powder into a mixing bowl.  Add raisins and pine nuts.  Stir and set 

aside. 
3. In a large mixing bowl, whisk the EVOO, sugar, lemon zest and lemon juice.  Add egg 

yolks and beat until mixture is fluffy. 
4. Slowly add flour into EVOO/sugar/egg mixture. 
5. Beat the egg whites, and fold into mixture. 
6. Pour into cake pan and bake for 35 minutes or until top of cake is golden. 
7. Let cool, garnish with powdered sugar, and serve. 

 
 
 
 



Appendix 2: Figures 
 

 
Figure 1: Estimates of dietary fat intake, listed as % of total caloric intake, for Mediterranean diet 
model, some countries in Mediterranean region, and the United States.3 

 
 
 
 
 

 
Figure 2: As proteins oxidize and nucleic acids become damaged as a result of the body’s natural 
aging process, mitochondria of cells become damaged and do not function properly.  This leads 
to increased reactive oxygen species (ROS) in Alzheimer’s patients, which leads to hallmark 
physiological changes such as beta-amyloid aggregation, neurofibrillary tau, and 
neurodegeneration.31 

 
 



 
Figure 3: Oleocanthal plays a strong role in the activation of both P-glycoprotein (P-gp) and low 
density lipoprotein receptor-related protein-1 (LRP1) at the blood brain barrier (BBB), as well as 
influencing the ApoE pathway that allows for the clearance of beta-amyloid peptides.42 
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