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Abstract

Omega-3 fatty acids are essential for brain growth and development. They play an
important role throughout life, as critical modulators of neuronal function and
regulation of oxidative stress mechanisms, in brain health and disease. Docosahexanoic
acid (DHA), the major omega-3 fatty acid found in neurons, has taken on a central role
as a target for therapeutic intervention in Alzheimer’s disease (AD). A plethora of in
vitro, animal model, and human data, gathered over the past decade, highlight the
important role DHA may play in the development of a variety of neurological and
psychiatric disorders, including AD. Cross sectional and prospective cohort data have
demonstrated that reduced dietary intake or low brain levels of DHA are associated
with accelerated cognitive decline or the development of incipient dementia, including
AD. Several clinical trials investigating the effects of omega-3 fatty acid
supplementation in AD have been completed and all failed to demonstrate its efficacy
in the treatment of AD. However, these trials produced intriguing data suggesting that
the beneficial effects of omega-3 fatty acid supplementation may depend on the stage

of disease, other dietary mediators.

Key Words: Alzheimer's disease, Omega-3, Fatty acid
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Introduction

Omega-3 fatty acids, primarily found in fish and nuts, have become a focal point in the
realm of Alzheimer's disease (AD) research. The two significant constituents,
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), play pivotal roles in
brain health by influencing cell membrane structure and function(Dyall, 2015). The
allure of omega-3 fatty acids lies in their potential neuroprotective effects, attributed to
their well-documented anti-inflammatory and antioxidant properties(Morris et al.,
2016). These qualities raise the prospect of these fatty acids providing a defense against
neurodegenerative conditions, including Alzheimer's. The intricate relationship between
oxidative stress, inflammation, and AD progression underscores the significance of

exploring substances like omega-3s that can potentially modulate these processes.

Observational studies have tentatively suggested a correlation between increased
omega-3 intake and a lower risk of cognitive decline, providing a promising avenue for
investigation(Schaefer et al., 2006). However, the translation of these findings into a
concrete cause-and-effect relationship necessitates rigorous clinical trials. The scientific
community is actively engaged in unraveling the nuanced mechanisms through which
omega-3s exert their influence on brain health and their potential impact on the complex
pathology of Alzheimer's. It is paramount to approach the discussion with a balanced
perspective. While incorporating omega-3-rich foods into the diet is generally
advocated for overall health, caution is warranted in placing undue expectations on
dietary supplements alone to prevent or treat Alzheimer's. The multifaceted nature of
maintaining cognitive function emphasizes the importance of holistic lifestyle factors,

including regular physical activity and sustained cognitive engagement (Schaefer et al.,

2006).




Chapter one
1.1 Fatty acid

The fatty acid molecule consists of a long hydrocarbon chain with a polar carboxyl
group at its end (Puri, 2011). The carboxylate ion has polar characteristics, with high
affinity for water (hydrophilic). Being non-polar in nature, hydrocarbon chain accounts
for predominantly non-polar character of the fatty acid molecule. Thus, a fatty acid
molecule contains both polar (hydrophilic) and non-polar (hydrophobic) regions; such
molecules are called amphipathic molecules. Naturally occurring fatty acids contain
even number of carbon atoms (most contain 14 to 24). Of these, most abundant are the
fatty acids containing 16 or 18 carbon atoms. The fatty acids with hydrocarbon chains
containing one or more double bonds are called unsaturated fatty acids, whereas those

lacking any double bonds are referred to as saturated fatty acids(Puri, 2011).

Fatty acids, both free and as part of complex lipids, play a number of key roles in
metabolism — major metabolic fuel (storage and transport of energy) (Rustan and
Drevon, 2001). the most important dietary sources of fatty acids are vegetable oils, dairy
products, meat products, grain and fatty fish or fish oils, Eicosapentaenoic acid (EPA;
20:5 w-3) and docosahexaenoic acid (DHA; 22:6 w-3) are major fatty acids of marine
algae, fatty fish and fish oils; for example, DHA is found in high concentrations,

especially in phospholipids in the brain, retina and testes (Rustan and Drevon, 2001).




® CH;3; (CH,), COO™ Y

Hydrocarbon chain
Fig 1. Structure of a fatty acid (Puri, 2011).

1.2 Fatty acid nomenclature

The abbreviated designation includes the number of carbon atoms, number of double

bonds, and locations of the double bonds in parenthesis. For example, alinolenic acids,

is recorded as 18:3(9,12,15), or as 18:3 (n-3) (Doc. RNDr. Jifi Dostal, 2014).

DHA: docosahexaenoic acid

First carbon double bond

Number of double bonds

v

22:6 n-3

7

Carbon chain length Position of first double bond

Fig 2. Nomenclature docosahexaenoic acid




1.3 Type fatty acid

1.3.1 Carbon chain length (Twining et al., 2016)

* Long-chain fatty acids (LCFAs): fatty acids with more than twenty carbon atoms

1.3.2 Number of double bonds (Twining et al., 2016)

» Saturated fatty acids (SFAs): fatty acids without double bonds between carbon atoms

» Unsaturated fatty acids (UFAs): fatty acids with at least one double bond between

carbon atoms

* Monounsaturated fatty acids (MUFAs): fatty acids with one double bond between

carbon atoms

* Polyunsaturated fatty acids (PUFAs): fatty acids with multiple double bonds between

carbon atoms, normally referring to those that have one CH, between the double

bonds

* Highly unsaturated fatty acids (HUFAs): polyunsaturated fatty acids with three or

more double bonds

1.3.3 Position of first double bond (Twining et al., 2016)

* Omega-3 fatty acids: fatty acids with the first double bond on the third carbon atom

from the methyl terminus of the carbon chain

* Omega-6 fatty acids: fatty acids with the first double bond on the sixth carbon atom

from the methyl terminus of the carbon chain




1.4 Polyunsaturated fatty acids

They have multiple double bonds. The first bond is usually on the third (w-3) or sixth

(w-6) carbon from the carboxylic tail (Chatterjea and Shinde, 2011)

n-3 Polyunsaturated fatty acids

Eicosapentaenoic acid (EPA) Docosahexaenoic acid (DHA) Alpha-linolenic acid (ALA)
CZOHSOOZ c22 HBZOZ c18H3002
n-6 Polyunsaturated fatty acids Monounsaturated fatty acids
H, H,
N H HO »
Arachidonic acid (AA) Linoleic acid (LA) Oleic acid (AA)
CaoH320; C1H30, CigH340,

Saturated fatty acids

”OT\/\/\/\/\/\/\/\/‘:W "3\/\/\/\/\/\/\/1("”

Stearic acid (SA) Palmitic acid (PA)
CigH360; CigH3,0,

Fig 3. Structure of the main n— 3 (EPA, DHA, and ALA), n— 6 (AA and LA), monounsaturated (OA),

and saturated (SA and PA)(Moreno et al., 2012).




Chapter two: Literature Review
2.1 Omega 3

Omega-3 fatty acids are a subset of polyunsaturated Each fatty acid molecule has two
ends: the methyl end (or omega end) and the carboxyl end (or alpha end). Major omega-
3 fatty acids include alpha-linolenic acid (ALA, C18:3), eicosapentaenoic acid (EPA
C20:5), and docosahexaenoic acid (DHA C22:6), Interest in omega-3 (®-3)
polyunsaturated fatty acids (PUFAs) has escalated in recent years because of their

various roles in health promotion and disease risk reduction(Shahidi and Ambigaipalan,

2018)

2.2 Type omega-3
¢ Linolenic acid series (18:3; 9, 12, 15): It contains three double Their

general formula is C;3H3,0;

¢ Eicosapentaenoic acid (20:5; 5, 8, 11, 14, 17): It contains five double bonds Their
general formula is C,0H300>
¢ Docosahexaenoic acid (22:6; 4, 7, 10, 13, 16, 19): It contains six double bonds

Their general formula 1s C,,Hz,0»

(5]

ALA (C18:3) EPA (C20:5) DHA (C22:6)

Fig 4. The molecular structure of three major omega-3 fatty acids: alpha-linolenic acid (ALA,
C18:3),eicosapentaenoic acid (EPA, C20:5), and docosahexaenoic acid (DHA, C22:6).
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2.3 Metabolism omega 3

Fatty acids carry out many functions that are necessary for normal physiological
health. Saturated fatty acids are non-essential fatty acids and are harmful if ingested
excessively in food. They favor excess weight, insulin resistance, increased LDL
cholesterol and are atherogenic. On the contrary, Polyunsaturated fatty acids, have a
beneficial effect upon cholesterol metabolism and a protective role against
cardiovascular diseases. Long-chain omega-3 fatty acids belong to a family of
polyunsaturated fatty acids that are known to have important beneficial effects on
metabolism and inflammation. Such effects may confer a benefit in specific chronic
noncommunicable diseases. DHA is especially important in the development of the

brain, and retina, and Alzheimer’s disease (Zamaria, 2004).

Omega 3 fatty acids are one of the important fats that our body needs for various
processes but cannot make from scratch. Our body gets omega 3 fatty acids from
different types of foods. Omega 3 fatty acids are broadly distributed in nature. Omega 3
fatty acids play a vital role in the human diet and in human physiology (DeFilippis and
Sperling, 2006). The unique chemical structure of long carbon chains and multiple
double bonds gives omega-3 fatty acids, especially the EPA and DHA, distinctive
properties that may lead to significant health benefits. influence the rate of oxidation
and signal transduction pathway, and decrease cholesterol accumulation in the cell
membrane. omega-3 fatty acids are primarily found in the central nervous system, testes,
heart, retina, and immune system .shown that EPA and DHA can affect melatonin, a

hormone crucial for sleep regulation.




Furthermore, evidence exists that both EPA and DHA can treat and even prevent
anxiety and depression in adults. Therefore, the evidence strongly supports the idea that
an increased intake of EPA and DHA can enhance both nervous and mental health.

Omega-3 fatty acid metabolism. The end products of the omega-3 pathway include
eicosanoids of the 3 and 5 series, which are anti-inflammatory, inhibit cytokine
production, and directly counteract the effect of 2 and 4 series eicosanoids show

figure(4) (Patel, 2016)

Cold water fish
Flax seed
Walnuts

a-linolenic acid

5-6-desaturase

steridonic acid

elongase

\

eicosatraenoic acid

__/\ 5-5-desaturase

s /\
O D

¥

ANTI-inflammatory eicosanoids

Fig 5. Metabolic pathway omega-3




2.4 SOURCES OF OMEGA-3

-3 PUFAs are exclusively found in aquatic organisms and mainly originate in the

liver of lean white fish such as cod and halibut, the body of oily fish such as mackerel,

menhaden, and salmon, and the blubber of marine mammals such as seals and whales

(Shahidi, 1998). The major ®-3 PUFAs from marine sources are EPA and DHA, and

DPA is present in fairly low levels in most fish oils.

The primary source of ALA is plants, concentrated mainly in some seeds and nuts and

in some vegetable oils (Joint, 2010). Flaxseed, chia seeds, walnut, and echium seed oils

are known to be good sources of ALA (Figure2) (Can, 2013), Flaxseed oil contains a

high amount of ALA (49.2 g/100 g) and other sources of ALA are walnut, canola, and

soybean oils, whereas salmon, sardine, and herring oils contain relatively high amounts

of EPA and DHA (Can, 2013).

Almonds, dried, unblanched, unroasted
Pumpkin and squash seed kernels, dried
Pistachio nuts, raw

Hickory nuts, dried

Mustard oil

Soybean oil

Hemp seed

Canola oil

Walnut oil

Chia seed

Flaxseed oil

0.003
0.12
0.259
1.047
5.899
6.789
8.56
9.137
104

17.83

53.368

(0]

1 1 1
20 30 40 50
ALA content (grams per 100-gram sample)

Fig 6. a-Linolenic acid (ALA) content of nuts and seeds(Shahidi and Ambigaipalan, 2018)

EPA and DHA can be synthesized in the human body using ALA as a precursor.

However, bioconversion of ALA to EPA and DHA is limited; thus, we require adequate

dietary intake of LC ®-3s. Marine oils are also rich sources of fat-soluble vitamins.
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Among all fish oils, cod flesh, halibut, and skipjack tuna have been shown to contain

the highest amounts of DHA (30% of total FAs), whereas cod flesh, flounder species,
and haddock contain the highest amounts of EPA (15-19% of total FAs) (Table 1)

(Shahidi and Miraliakbari, 2006). In addition to fish and marine mammals, crustaceans,

bivalves, and cephalopods also contain -3 PUFA (Table 1).

Marine sources | EPA (%) | DHA (%) | Reference
Fish
Menhaden oil 18.3 9.6 Ackman 2005
Herring oil 7.5 6.8
Cod liver oil 12.2 12.7 Copeman & Parrish 2004
Cod flesh oil 19.1 32.6
Capelin oil 9.3 4.1
Skipjack tuna oil Tl 29.1 Tanabe et al. 1999
Butterfish oil 541 10.8 Budge et al. 2002
Yellowtail flounder oil 15 18.7
Winter flounder oil 14.4 20.1
Haddock oil 14.8 24.8
Halibut oil 9.6 30.6
Mackerel oil 8 19.3
Salmon oil 6.2 9.1 Aursand et al. 1994
Marine mammals
Bearded seal oil 9.27 13.38 Shahidi 1998
Grey seal oil 523 7-12
Harbor seal oil 9.31 7.76
Harp seal oil 6.41 7.58
Hooded seal oil 4.29 7.47
Ringed seal oil 10.57 26.19
Crustaceans
Shrimp 15.26 11.37 Budge et al. 2002
Red crab 12.13 11.93
Rock crab 20.74 10.35
Lobster 17.04 7.69
Bivalves
Surf clam 22.9 14.3 Copeman & Parrish 2004
Greenland cockle 22.6 16.5
Blue mussel 19.6 13.2
Icelandic scallop 26.9 25.9
Cephalopods
Common octopus 16.1 20.6 Arts et al. 2001
European squid 143 31.6
Squid 13.9 16.9

Table 1. Omega-3 polyunsaturated fatty acid content of marine sources(Shahidi and Ambigaipalan,

2018).
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Chapter three
3.1 Alzheimer's disease

Alzheimer’s disease is a neurological condition in which the death of brain cells causes
a decline in thinking skills and memory. There is currently no cure, but there are ways
to support a person through medication and other strategies. The symptoms are mild at
first and become more severe over time (Seunggu Han, 2024).

It is named after Dr. Alois Alzheimer, who first described the condition in 1906
Trusted Source. Common symptoms of Alzheimer’s disease include memory loss,
language problems, and impulsive or unpredictable behavior. One of the main features
of the condition is the presence of plaques and tangles in the brain. Another feature is a
loss of connection between the nerve cells, or neurons, in the brain. These features mean
that information cannot pass easily between different areas of the brain or between the
brain and the muscles or organs. As the symptoms worsen, it becomes harder for people
to remember recent events, to reason, and to recognize people they know (Seunggu Han,
2024).

Eventually, a person with Alzheimer’s disease may need full-time assistance.
According to the National Institute on Aging, Alzheimer’s disease is the sixth leading
cause of death Trusted Source in the U.S. However, other recent estimates suggest that
it may be the third Trusted Source leading cause of death, just behind heart disease
and cancer (Seunggu Han, 2024).

NORMAL BRAIN ADVANCED ALZHEIMER'’S

Fig 7. Normal brain vs Advanced Alzheimer’s (Seunggu Han, 2024).
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3.2 Symptoms

Alzheimer’s disease is a progressive condition, meaning that the symptoms get worse
over time. Memory loss is a key feature, and this tends to be one of the first symptoms
to develop. The symptoms appear gradually, over months or years. If they develop over
hours or days, a person may require medical attention, as this could indicate a stroke

(Seunggu Han, 2024)

3.3 Symptoms of Alzheimer’s disease include

3.3.1 A. Memory loss: A person may have difficulty taking in new information and

remembering information. This can lead to (Seunggu Han, 2024).
* repeating questions or conversations
* losing objects
» forgetting about events or appointments

» wandering or getting lost

3.3.2 B. Cognitive deficits: A person may experience difficulty with reasoning,

complex tasks, and judgment. This can lead to (Seunggu Han, 2024).
* a reduced understanding of safety and risks
» difficulty with money or paying bills
» difficulty making decisions

« difficulty completing tasks that have several stages, such as getting dressed

12




3.3.3 C. Problems with recognition: A person may become less able to recognize faces

or objects or less able to use basic tools. These issues are not due to problems with

eyesight (Seunggu Han, 2024)

3.3.4 D. Personality or behavior changes: A person may experience changes in

personality and behavior that include (Seunggu Han, 2024).

* becoming upset, angry, or worried more often than before
* a loss of interest in or motivation for activities they usually enjoy
* a loss of empathy

« compulsive, obsessive, or socially inappropriate behavior

3.4 Risk factors

3.4.1 Unavoidable risk factors for Alzheimer’s disease include (Seunggu Han,

2024).

* aging

* having a family history of Alzheimer’s disease

e carrying certain genes
Other factors that increase the risk of Alzheimer’s include Trusted Source severe or
repeated traumatic brain injuries and having exposure to some environmental

contaminants, such as toxic metals, pesticides, and industrial chemicals(Seunggu Han,

2024).
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3.4.2 Modifiable factors that may help prevent Alzheimer’s include(Seunggu Han,
2024).

* getting regular exercise

« following a varied and healthful diet

* maintaining a healthy cardiovascular system

* managing the risk of cardiovascular disease, diabetes, obesity, and high blood

pressure

* keeping the brain active throughout life

3.5 Effect omega 3 on Alzheimer’s
Several epidemiological studies have shown that lower intakes of ®w-3 PUFAs are
associated with an increased risk of cognitive decline or dementia, especially for
Alzheimer’s disease (Cole et al., 2009). (MacLean et al., 2004) reported that sufficient
clinical evidence exists for ®-3s and prevention of Alzheimer’s disease. DHA is the
primary component of membrane PLs in the brain, especially in the cerebral cortex,

mitochondria, (Connor, 2000).

Several reviews have also analyzed the effects of ®-3s on dementia(Cole et al., 2009),
(Cunnane et al., 2009). The action mechanism of PUFAs on brain function includes
modifications to (a) membrane fluidity, (b) the activity of membranebound enzymes, (c)
the number and affinity of receptors, (d ) the function of ion channels, (e) the production
and activity of neurotransmitters, and ( ') signal transduction, which controls the activity

of neurotransmitters and neuronal growth fac tors (Yehuda et al., 2005).
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(Dijck-Brouwer et al., 2005) investigated umbilical artery and umbilical vein FA
compositions as well as early neonatal neuro logical conditions in 317 term infants and
reported that lower fetal DHA, AA, and essential FA levels negatively influence the
neurological condition of early postnatal neurological condition. Several studies have
shown that deficiency in essential FAs, especially w-3 PUFAs, contributes to attention
deficit hyperactivity disorder (ADHD) (Farooqui and Horrocks, 2001), (Ross et al.,
2003). found that administration of ®-3 PUFAs significantly improved quality of life,
ability to concentrate, sleep quality, and hemoglobin levels in iron-deficient and sleep

disturbed attention deficit hyperactivity disorder (ADHD) children.

Overall, the intake of fish and ®-3 PUFAs has been shown to exert a positive cognitive
health effect in older healthy adults, whereas consumption of ®-3 PUFAs appears to be
controversial when considering patients with Alzheimer’s disease (Cederholm, 2017).
Cederholm (2017) reported that -3 supplementation could also benefit older adults with
memory complaints/mild cognitive impairment and Alzheimer’s disease based on
studies published during 2015—2016. A summary of clinical studies on the effects of ®-

3s in Alzheimer’s disease dementia is provided in Table 2.
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Findings Number of persons Number of incidents Reference
Intake of phosphatidylserine enriched with DHA 122 elderly individuals ND Vakhapova et al.
(100 mg/day) could improve or maintain cognitive 2014

status in elderly subjects with memory complaints

Low levels of red-blood-cell DHA were associated 1,575 participants (854 ND Tan etal. 2012b
with smaller brain volumes and a vascular pattern of | women) aged
cognitive impairment even in persons free of clinical | 67 +9 years
dementia

Increased DHA intake from marine sources reduced | 266 participants 42 dementia and 30 Lopez et al. 2011
the risk of dementia AD

Supplementation with algal DHA (2 g/day) did not 295 individuals with mild | ND Quinn et al. 2010
slow down the rate of cognitive and functional to moderate AD
decline in patients with mild to moderate AD

The cognitive function did not decline over 2 years of | 748 cognitively healthy ND Dangour et al.
study in healthy adults with administration of adults (55% men), aged 2010

200 mg EPA plus 500 mg DHA

70-79 years

Intake of w-3 PUFAs was not associated with
dementia or AD in the Canadian Study of Health

663 nondemented subjects
aged more than 65 years

149 were incident
cases of dementia,

Kroger et al. 2009

and Aging including 105 with
AD
Supplementation with DHA (800 mg/day) and lutein | 49 women (aged ND Johnson et al. 2008
(12 mg/day) significantly improved verbal fluency 60-80 years)
scores, memory scores, and rate of learning in
elderly women
High consumption of fish (nonprocessed lean fish and | 2,031 subjects (55% 80 poor cognitive Nurk et al. 2007

fatty fish) and fish products (>10 g/day) was

women) aged

performance who had

associated with better cognitive performance in a 70-74 years low fish consumption
dose-dependent manner in elderly people (<10 g/day)
Intake of fatty fish and marine w-3 PUFAs reduced 1,613 subjects ranging ND Kalmijn et al. 2004

the risk of impaired cognitive function in this
middle-aged population, whereas intake of
cholesterol and saturated fat showed an increased
risk

from 45 to 70 years

Intake of dietary w-3 (DHA) PUFAs and fish
reduced the risk of incident AD, but EPA did not
show any significant effect

815 residents (65 to
94 years), who were
initially unaffected by AD

131 participants
developed AD

Morris et al. 2003

Consumption of fish (weekly) reduced the risk of AD

8,085 nondemented
participants aged 65

281 incident cases of
dementia, including
183 AD

Barberger-Gateau
etal. 2002

Table 2. Summary of research findings on omega-3s (0-3) and dementia/Alzheimer’s disease
(Shahidi and Ambigaipalan, 2018)
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Chapter four
4.1 Conclusion

The effectiveness of omega-3 fatty acids in Alzheimer's disease is still a topic of
ongoing research. Some studies suggest that omega-3 fatty acids, found in fish oil, may
have potential benefits in reducing the risk or slowing the progression of Alzheimer's
disease due to their anti-inflammatory and neuroprotective properties. However, more
rigorous clinical trials are needed to fully understand the extent of their impact on
Alzheimer's disease. Additionally, focusing on a balanced diet rich in omega-3 fatty
acids from sources such as fatty fish, nuts, and seeds, as part of a comprehensive
approach to brain health, remains prudent. It's always best to consult with a healthcare

professional for personalized advice and recommendations.
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4.2 Recommendations

the results of studies show the effectiveness of using omega-3, To potentially support
brain health and Omega-3's impact on Alzheimer's, consider the following:

. Include Fatty Fish in Your Diet: Eat fish rich in omega-3 fatty acids, such as salmon,
mackerel, and sardines, at least twice a week.

. opt for Plant-Based Sources: Incorporate plant-based omega-3 sources like flaxseeds,
chia seeds, walnuts, and hemp seeds into your meals.

. Consider Omega-3 Supplements: Consult with your healthcare provider before taking
omega-3 supplements to ensure they are appropriate for your individual health needs.

. Engage in Regular Exercise: Incorporate exercise into your routine, as it has been
linked to improved cognitive function.

. Stay Mentally Active: Keep your brain engaged with activities like puzzles, reading,
and learning new skills.

. Prioritize Adequate Sleep: Ensure you get enough quality sleep, as it plays a crucial
role in overall cognitive health.

Remember, these recommendations are part of a broader approach to promoting brain
health, and individual responses may vary. Always consult with healthcare professionals
for personalized advice based on your specific health conditions.
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