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Abstract—neurodegenerative diseases, characterized by 

progressive neuronal loss, oxidative stress, 

mitochondrial dysfunction, and chronic 

neuroinflammation, include Alzheimer's disease (AD), 

Parkinson's disease (PD), multiple sclerosis (MS), 

amyotrophic lateral sclerosis (ALS), Huntington's 

disease (HD), prion diseases, frontotemporal dementia 

(FTD), Lewy body diseases (LBD), and argyrophilic 

grain disease (AGD). The main omega-3-

polyunsaturated fatty acids (PUFAs) are 

Eicosapentaenoic acid (EPA) and docosahexaenoic acid 

(DHA). 

They have potent antioxidant, anti-inflammatory, and 

neuroprotective effects. By reducing pro-inflammatory 

cytokines and increasing specialized pro-resolving 

mediators like resolvins and protectins, these essential 

fatty acids enhance the fluidity and integrity of neuronal 

membranes, regulate neurotransmission, and control 

inflammatory pathways. Amyloid accumulation, tau 

hyperphosphorylation, and synuclein aggregation are all 

critical aspects of AD and PD pathology that are 

decreased by EPA and DHA. Furthermore, by 

promoting mitochondrial function, neurogenesis, and the 

expression of brain-derived neurotrophic factor (BDNF), 

omega-3s aid in neuronal survival and cognitive 

resilience. According to clinical and experimental 

research, a sufficient intake of omega-3s may lower the 

likelihood of neurodegeneration, cognitive impairment, 

and mood disorders. 

 

Index Terms—Neuron, Omega-3-Fatty Acid, 

Neuroprotection, Neuroinflammation, Oxidative stress, 

neurodegenerative diseases. 

 

I. INTRODUCTION 

 

Numerous pathophysiological issues, including as 

neuronal cell loss and malfunction, increased 

oxidative stress, and neuro-inflammatory disorders, 

lead to neurodegenerative illnesses of the central 

nervous system. [1-2] 

 

II. NEURONS 

 

Since neurons are essential to brain function, they are 

crucial for effective communication in the human 

brain. Despite coming from the brain, neurons are 

found throughout the body. The production of neurons 

in childhood is attributed to neural stem cells, however 

in adulthood, the number of neurons is decreased. 

Neurodegeneration is the gradual loss of neurons that 

alters the structure and function of neurons, resulting 

in a number of brain illnesses. [3-8] 

 

Types of Omega-3 Fatty Acids 

1) ALA (α-linolenic acid): Plant-based (flaxseed, 

chia, walnuts) 

2) EPA (eicosapentaenoic acid): Marine-based (fatty 

fish, fish oil) 

3) DHA (docosahexaenoic acid): Marine-based, 

crucial for brain and retina. [9] 

 

Structure of omega-3-fatty acid- 

 
Fig-1 Structure of Omega Fatty Acids [10] 

 

General Structure 

Long-chain polyunsaturated fatty acids (PUFAs) are 

known as omega fatty acids. The general formula = 
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CH–(CH₂) _m–COOH = CH₃–(CH₂) _n–CH CH₃ is 

the omega (ω) end's methyl group. COOH is an alpha-

end carboxyl group. The type is determined by the first 

double bond from the methyl (ω) end: ω-3 (n-3): the 

first double bond from the methyl end at the third 

carbon (ALA, EPA, DHA, etc.) The initial double 

bond is located at the sixth carbon in ω-6 (n-6), such 

as in linoleic acid and arachidonic acid and ω-9 (n-9): 

oleic acid, for example, has the first double bond at the 

ninth carbon. [11] 

 

Structural Features 

Several double bonds, typically in cis-form, are known 

as polyunsaturation, impacts the fluidity of the 

membrane. Because of their hydrophilic head 

(carboxyl group) and hydrophobic tail (methyl end), 

they are amphiphilic in nature. DHA and EPA are 

highly versatile and necessary for the fluidity of 

neuronal membranes and for signal transmission due 

to their abundance of double bonds. The initial 

methylene-broken double bond in omega- 3 on the 

third carbon atom from the methyl end of the fatty acid 

chain is what gives these fatty acids their name- ALA, 

DPA, SDA, EPA, DHA, and other polyunsaturated 

fatty acids. Alpha linoleic acid undergoes chain 

elongation and desaturation to produce omega-3 

polyunsaturated fatty acids, which are then 

transformed into EPA or DPA. Alpha-linoleic acid is 

an essential un-saturated fatty acid with eighteen 

carbons. [12-13] 

 

III. PHARMACOKINETICS OF OMEGA-3-FATTY 

ACID 

 

Absorption- 

The digestion of omega-3 fatty acids starts in the 

stomach when gastric lipases break down triglycerols 

into diacylglycerol and fatty acids. Bile salts and 

pancreatic lipase subsequently break down the fat 

globules that have formed in the small intestine. 

Different fatty acid transport proteins carry fatty acids 

into enterocytes, where they bond with 

apolipoproteins to create chylomicrons, which are then 

again transformed into triacylglycerol in the 

endoplasmic reticulum. These chylomicrons 

eventually find their way into the bloodstream and 

reach the targated tissue. [14-15] 

In the small intestine, omega-3 fatty acids are absorbed 

alongside dietary lipids because they are lipophilic. 

Through fatty acid transport proteins or passive 

diffusion, they enter enterocytes as micelles with bile 

salts. Taking it with meals that contain fat increases its 

bioavailability. Formulation is important because 

triglycerides and re-esterified triglycerides are more 

readily absorbed than ethyl ester forms. [16] 

 

Distribution- 

The bioavailability of omega-3 fatty acids is 

influenced by their presence in triacylglycerol, free 

fatty acids, phospholipids, and ethyl esters. The 

estimated volume of distribution for EPA is 80L. The 

amount of omega-3 fatty acid distribution in the body 

is also influenced by age and gender. [17-18] 

Transported to the bloodstream via lymph and 

chylomicrons. distributed throughout the brain, retina, 

liver, heart, and adipose tissue. Long term 

incorporation into cell membrane phospholipids and 

short-term incorporation into plasma triglycerides. 

Whereas EPA circulates in plasma and regulates 

inflammation, DHA is abundant in the brain and 

retina. [19] 

 

Metabolism – 

Omega-3 fatty acids undergo oxidation and processing 

in the liver, which results in the production of VLDL, 

which carries fatty acids in plasma to different bodily 

tissues. [20] Alpha linolenic acid (ALA) undergoes 

beta-oxidation, elongation, and desaturation to 

produce long-chain polyunsaturated fatty acids like 

docosapentaenoic acid (DPA) and eicosapentaenoic 

acid (EPA). After fat is emulsified by bile released into 

the small intestine, ALA is absorbed as triglycerides 

and carried by plasma. Triglycerides, phospholipids, 

and oxidation are then esterified to produce saturated 

longer chain products. Fatty acids are hydrolyzed by 

pancreatic carboxylic acid and ester lipase to produce 

free fatty acids, which are initially absorbed in the 

small intestine and subsequently bound to fatty acid 

binding proteins that are integrated into chylomicrons 

and released into the lymphatic system. [21] 

Interaction of polyunsaturated fatty acids with plasma 

proteins and their distribution in different cellular 

membrane mainly affects PUFA’s concentration in 

human body. [22] Also the difference in rate of 

incorporation of PUFA’s into membrane 

phospholipids is important for studying PUFA’s 

complex interplay. [23] Study on animal model, 

omega-3 -fatty acid regulates inflammatory process 
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[24] by altering cellular composition and receptors like 

NR1C3 (intracellular) and GPR-120 (cell surface) 

which maintains gene expression pattern and 

inflammatory cell signaling. [25-26] 

 [Differing absorption rates into various blood 

component and tissues, genetic variations in 

desaturase gene and unique fatty acid makeup of brain 

are the several factors that influences the metabolism 

of omega-3- fatty acid. Omega-3s undergo beta-

oxidation in the liver for energy.] 

 

ALA is converted to EPA (~5–10%) and then to DHA 

(~2–5%). EPA and DHA are precursors for anti-

inflammatory lipid mediators (resolvins, protectins, 

maresins). [27] 

 
Fig - 2 Metabolic pathway of omega-3-fatty acids 

[28] 

 

Elimination- 

The mechanism of omega-3 fatty acid removal is 

unknown. ALA, DHA, and EPA have biological half-

lives of one hour, twenty hours, and forty-nine to 

sixty-seven hours, respectively, according to 

compartmental studies [29] The main mechanism of 

action of omega-3 fatty acids is oxidation. Bile and 

urine contain trace amounts of metabolites. 

Plasma half-life: EPA approximately 37 hours, DHA 

approximately 46 hours; this depends on dietary intake 

and tissue assimilation. [30] 

 

Sources of omega-3-fatty acid- 

 
Fig-3 Sources of omega-3-fatty acid [31-32] 

1) Marine source 

1. Fatty Fish 

(Rich in EPA & DHA) Tuna, trout, anchovies, herring, 

sardines, salmon, and mackerel are a few examples. 

These are the main sources of docosahexaenoic acid 

(DHA) and eicosapentaenoic acid (EPA). [33] 

 

2. Fish Oils 

Cod liver oil, krill oil, and other purified fish oils are 

concentrated sources of EPA and DHA. Widely used 

as dietary supplements. [34] 

 

3. Shellfish 

Among the shellfish that contain omega-3 fatty acids 

are oysters, mussels, clams, squid, and crab. Together 

with other nutrients, give modest quantities of EPA 

and DHA. [35] 

 

4. Algae (Microalgae and Seaweed) 

Because of their high DHA content, microalgae oils 

offer a plant-based marine omega-3 source that is 

appropriate for vegans and vegetarians. EPA and DHA 

levels in seaweed vary by species. [36] 

It is well recognized that marine species are the main 

source of omega-3 fatty acids, particularly EPA and 

DHA. Omega-3 fatty acids are present in both 

freshwater and marine fish. [37] 

 

River mullet fillets has 1.87% polyunsaturated fatty 

acid (PUFA), whereas freshwater fish such as barbel 

fillets contain 18.51% monounsaturated fatty acids 

(MUFA), Rayan fillets have 1.1% omega-6, and river 

mullet fillets have 1.87% omega-3. Russian Sturgeon 

has 46.8% total PUFA, 11.3% EPA, and 0.7% DHA, 

while salmon has 12.4% total PUFA, 0.8% EPA, and 

1.6 DHA. [38] 

 

2) Animal source- 

Fatty Fish –  

(Rich in EPA & DHA) Salmon, mackerel, sardines, 

herring, anchovies, trout, tuna. These fish are the most 

concentrated sources of eicosapentaenoic acid (EPA) 

and docosahexaenoic acid (DHA). [39] 

Fish Oil Supplements-Cod liver oil, krill oil, and other 

purified fish oils contain high levels of EPA and DHA. 

[40] 

Shellfish-Oysters, mussels, and squid provide small 

but significant amounts of EPA and DHA. [41] 
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Mackerel -have 4580 mg of EPA and DHA 

(combined) in 3.502 (100g) serving omega 3- content 

is present. 

Salmon-have 2.150 mg of EPA and DHA (combined 

in 3.5oz (100gm) serving omega-3 content is present. 

Cod Liver oil -consists 2438 mg of EPA & DHA 

(combined) per tablespoon. 

Oyesters- have Omega-3 content 329 mg per serving. 

[42] 

 

Eggs from Omega-3 Enriched Hens- 

Eggs enriched with DHA (from hens fed flaxseed or 

fish oil) contain higher levels of omega-3 fatty acids. 

[43] 

 

Dairy Products-  

(Fortified or from Grass-Fed Animals) 

Milk, cheese, and yogurt from grass-fed cows have 

higher omega-3 content, particularly ALA, and minor 

amounts of EPA/DHA. [44] 

 

3) Plant Source- 

Flaxseed- 

The plant-based omega-3 fatty acid α-linolenic acid 

(ALA) is abundant in flaxseeds (linseed). Flaxseed oil, 

powdered seeds, or whole seeds can all be eaten. [45] 

About 73% of its total lipids are PUPA, and its oil is 

rich in fatty acids such as ALA (40–60%), linoleic acid 

(12–17%), oleic acid (13–19%), palmitic acid (5–8%), 

and stearic acid (2–4.5%). [46] 

 

Soyabean-  

Soybeans consists more than 8% ALA. [47] Soya 

Products like tofu, and soy milk contain moderate 

amounts of ALA. Useful for vegetarians and vegans as 

a source of plant omega-3. [48] 

 

Perilla Oil- 

Used in East Asian cuisines. very high in ALA (~50–

60% of total fat). [49] 

 

Chiaseeds- 

lt's oil contains major constituents are PUFA 

particularly ALA (68%), LA (19%). [50] High in 

ALA; also contain fiber and antioxidants. Suitable for 

adding to smoothies, cereals, or baking. [51] 

 

Walnuts- 

Rich in ALA; also contain polyphenols that contribute 

to anti-inflammatory effects. 

[52] carry short chain omega-6 and omega-3 -

polyunsaturated fatty acids like linoleic acid, ALA. It 

is marine sources of omega-3 fatty Acids. [53] 

 

Hemp Seeds-  

Contains ALA along with a favorable omega-6: 

omega-3 ratio (~3:1). Can be consumed as seeds, oil 

or protein powder. [54] 

 

Canola Oil-  

A commonly used cooking oil with a good content of 

ALA. Suitable for salad dressings and low-heat 

cooking. [55] 

 

Factors Causing Neurodegeneration- 

1. Genetic Factors: Neurodegenerative illnesses can 

result from mutations in genes that encode proteins 

essential to neuronal survival and function. Examples 

include APP, Parkinson's disease (LRRK2), 

Huntington's disease (HTT), Alzheimer's disease 

(PSEN1/2), and SNCA. [56] 

 

2. Oxidative Stress: When reactive oxygen species 

(ROS) are produced in excess, they harm neurons' 

lipids, proteins, and DNA. The brain's high oxygen use 

and lipid-rich composition make it extremely 

vulnerable. [57] 

 

3. Mitochondrial Dysfunction: Neuronal death results 

from reduced energy production seen in ALS, 

Alzheimer's, and Parkinson's diseases. [58] 

 

4. Protein Misfolding and Aggregation: Neuronal 

toxicity results from the accumulation of misfolded 

proteins like tau, α-synuclein, huntington, or β-

amyloid. [59] 

 

5. Neuroinflammation: When microglia and astrocytes 

are activated, inflammatory cytokines and chemokines 

are released, which exacerbates neuronal damage. [60] 

 

6. Excitotoxicity: When glutamate receptors are 

overactivated, calcium excess results, which triggers 

neuronal death. [61] 

 

7. Environmental and Lifestyle Factors-Exposure to 

toxins (pesticides, heavy metals), chronic stress, poor 

diet, and aging contribute to neuronal degeneration. 

[62] 
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Oxidative stress in neurodegenerative diseases 

Oxidative stress alters the body's biochemical and 

biomolecular components, which results in 

neurodegenerative illnesses like multiple sclerosis, 

Parkinson's disease, Alzheimer's disease, Huntington's 

disease, and ALS, among others. [63-64] 

 

However, a small quantity of reactive oxygen species 

(ROS) and reactive nitrogen species (RNS) are 

necessary for brain signalling because they facilitate 

cell-to-cell and memory transfer. [65-66] A higher 

concentration of these ROS and RNS, on the other 

hand, damages cell components like DNA, proteins, 

and lipids, [67] causing stress and ultimately nerve cell 

death. An increase in reactive oxygen species and 

reactive nitrogen species can lead to oxidative stress, 

which is the result of inadequate antioxidant activity. 

Oxidative stress can readily harm the human brain due 

to its high oxygen consumption, high levels of metals 

and fatty acids, and low glutathione levels. [68] In 

Alzheimer's disease, ROS damages the brain, causing 

alterations in the affected person's RNA, DNA, and 

lipids.[69] Markers of Parkinson's disease that point to 

high levels of physical and chemical stress in the body 

include protein carbonyls,3-nitro tyrosine, 8- hydroxy-

2-deoxyguanosine, and 4-hydroxy-2-nonenal.[70] 

 

Inflammation in neurodegenerative diseases- 

Neuroinflammation refers to innate and adaptive 

reactions to a variety of stimuli, including infections, 

stress, trauma, and ischemia. [71] Conditions such as 

localized tissue injury, peripheral immune cell 

migration, increased cytokine release, and microglial 

cell activation are all part of this neuroinflammation. 

[72] Monocytes, neutrophils, lymphocytes, astrocytes, 

and microglia are immune cells that release 

inflammatory mediators such cytokines, histamines, 

and reactive oxygen species (ROS) to cause the 

previously mentioned diseases. [73] 

neurodegenerative diseases and other neurological 

disorders are caused by chronic inflammation. [74] 

neurodegenerative disease development, which 

includes neural tissue degradation and mortality, is 

linked to neuroinflammation, which mostly affects the 

brain and spinal cord.[75] 

 

Mechanism of Neurodegeneration 

[Oligomers of different structure is formed from 

amyloid - beta (AB) monomer's that clumps together. 

Then these oligomers aggregate closely to form AB -

fibres that again form AB- plaques due to their 

misarrangement. There is rise of inflammatory 

responses due to plaque formation that result in Tau-

aggregates production which ultimately results in 

conversion of healthy neurons into unhealthy or 

diseased neurons. Number of diseased neurons leads 

to development of another Inflammatory response 

result in more neuron loss subsequently leads to loss 

in brain functioning and decline in cognitive function.] 

 
Fig- 4 Mechanism of Neurodegeneration [76] 

 

Omega-3-fatty acid in Neuroinflammation- 

When arachidonic acid is metabolized, it produces a 

variety of oxygenated derivatives. [77] Phospholipase 

A2 hydrolyzes membrane phospholipids into 

polyunsaturated fatty acids (PUFAs), which are then 

metabolized by the enzymes COXs, LOXs, and 

cytochrome P450 

[78] to produce eicosanoids such as prostaglandins 

(PGS), thromboxanes (TXs), leukotrienes (LTS), 

lipoxins (Lxs), etc. [79] As precursors of lipoxins, 

protectins, and resolvins, PGs and Tx are produced 

from the Cox pathway, whereas LTs and Lxs are 

produced from the LOX pathway. [80-81] Intracellular 

systemic inflammation is triggered by eicosanoids and 

their associated metabolites (Tx, PGS, LTs, and 

resolvins). [82] The anti-inflammatory effects of 0-3-

Fatty Acid are mediated by particular RvD1 and PD1 

and neuroprotectins via the COX and LOX pathway. 

RvD1 are derived from EPA and shows ant-

inflammatory action by resolving inflammation by 

function: 

 

Inhibiting neutrophil in Filtration 

(i) Promotes macrophages to phagocytosis apoptotic 

cell 
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(ii) Terminating inflammatory responses [83-84] 

 

PDI Shows anti-inflammatory, neuroprotective and 

anti-apoptic (anti-cell death) action which are derived 

from DHA. [85] 

1) Minimize oxidative stress 

2) Safeguard cell from harm/damage 

3) Decreases apoptosis mainly in nerve cells. 

Neuroprotectins- derived from DHA. Mainly shows 

neuroprotective action known as neuroprotective 

hormin D1 (NPDI). [86] Its action is to inhibit -

amyloid toxicity. [87] 

By competitively inhibiting the Arachidonic Acid 

pathway, omega-3 fatty acids reduce the synthesis of 

pro-inflammatory mediators, inhibit Arachidonic 

Acid, and stop it from binding to the Cox-2 and LOX 

enzymes through EPA. [88] At the same time, anti-

inflammatory mediators are generated through RvD1 

and PD1. 

 
Fig-5 Inflammatory pathway of Arachidonic acid 

[89] 

 

Mechanism of Omega-3 Fatty Acid: 

1. Incorporation into Neuronal Membranes 

DHA and EPA are incorporated into phospholipid 

bilayers of neurons and glial cells. This modifies 

membrane fluidity and receptor function. Also 

improves synaptic plasticity and neuronal signaling. 

[90] 

 

2. Anti-Inflammatory properties 

Specialized pro-resolving mediators (SPMs), such as 

resolvins, protectins, and maresins, are precursors of 

omega-3 fatty acids. These compounds have anti-

inflammatory properties because they inhibit 

microglial activation, lower pro-inflammatory 

cytokines (IL-1β, TNF-α, and IL-6), and encourage 

inflammation resolution. [91] 

3. Decreasing oxidative Stress 

EPA and DHA enhance antioxidant defences and 

reduce ROS production. Protect neurons from 

oxidative damage which is major contributor to 

neurodegeneration. [92] 

 

4. Modulation of Neurotransmission and Synaptic 

Plasticity 

Omega-3s regulate dopamine, serotonin, and 

glutamate neurotransmission. DHA enhances BDNF 

expression and supports neuronal survival, 

neurogenesis, and synaptic plasticity. [93] 

 

5. Preventing Protein Aggregation 

Tau hyperphosphorylation and amyloid-β build up are 

key components of Alzheimer's disease pathogenesis, 

and they are decreased by DHA and EPA. Neuronal 

apoptosis and neurodegeneration are prevented by 

omega-3-fatty acids. [94] 

 

The importance of omega-3-fatty acids and their 

function in the therapy of ailments such as is being 

studied in ongoing research: 

• Cancer 

• The wellbeing of the mother and the babys health 

during pregnancy 

• Heart and blood vessel conditions 

• Rheumatoid arthritis 

• Diabetes mellitus type II 

• Brain and visual growth 

• Gum disease 

• Dementia and Alzheimer disease 

• Depression [95] 

• Prebiotics helpful conditions [96] 

• Intervertebral disc deterioration [97] 

• ADHD (attention deficit hypersensitivity disorder) 

[98] 

• Maternal depression [99] 

• Heart failure [100] 

• Night sweats from menopause [101] 

• Asthma [102,103] 

• Epilepsy [104] 

• Hypertriglyceridemia [105] 

• Diabetic retinopathy [106] 

• Chemotherapy adjunct [107] 

• Premenstrual syndrome [108] 

• Fatty liver disease that isn't caused by alcohol [109] 
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Neurodegeneration  

1) Alzheimer diseases [110] 

2) Multiple sclerosis [111] 

3) Parkinson's diseases [112] 

4) Huntington diseases [113] 

5) Amyotrophic lateral Sclerosis [114] 

6) Prions diseases [115] 

7) Frontotemporal dementia [116] 

8) Lewy body diseases [117] 

9) Argyrophilic grain diseases [118] 
 

 
Fig- 6 Neurodegenerative disorders [119] 

 

The condition primarily affects mental and physical 

health, which in turn affects an individual's ability to 

survive. [120] 

The majority of cases occurs in older people. In 

addition to its many health advantages, omega-3 fatty 

acids lower the risk of neurological diseases. [121] 

Omega-3 fatty acids have anti-inflammatory qualities 

and control the integrity of cell membranes. [122,123] 

Omega-3 fatty acids must be received from diet 

because the human body is unable to manufacture 

them. [124,125] Fish and other seafood are important 

sources of omega-3 fatty acids. [126,127] 

 

Omega-3-Fatty acid is consisting of biomolecules 

such as-polyunsaturated fatty acids (PUFAs), they are- 

1) alpha-linolenic acid (ALA) 

2) docosahexaenoic acid (DHA) 

3) eicosapentaenoic acid (EPA),  

which is very important component of human brain 

cells membranes.[128] 

Omega-3 fatty acids have been found to have 

neuroprotective effects in animal studies. [129] Long 

chain PUFA (polyunsaturated fatty acids) omega-6 

and omega-3 are found in the central nervous system; 

their presence in the membrane of neurons enhances 

cellular function. PUFA helps with neurological, 

cardiac, and optical visual impairment function. [130] 

Omega-3 fatty acids reduce inflammation, preserve 

neurotransmitter function, and promote 

neuroplasticity. [131] The activity of membrane bound 

enzymes, the functions of ion channels, and the signal 

transmission pathway that regulates neurotransmitter 

release are all affected by changing the fluidity of the 

brain mambrane. Dietary supplements with omega-3- 

fatty acids promotes cognitive function by stimulating 

neuronal growth factor activity. [132] 

The desaturase delta-15 enzyme catalyzes the 

elongation and desaturation of alpha linoleic acid 

(ALA), an important omega-3 fatty acid, to produce 

DHA and EPA. Each of these fatty acids is essential to 

the human body's normal operation. [133] Numerous 

scientific studies have provided data for the potential 

effectiveness of PUFA supplements in treating 

neurodegenerative disorders [134,135] such as 

Parkinson's and Alzheimer's.[136] 

The absence of the conversion enzyme desaturase 
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prevents the human body from synthesizing ALA and 

LA, although it may generate monosaturated fatty 

acids. [137] DHA, EPA, and ARA contribute to 

inflammation by producing thromboxane, leukotrines, 

prostaglandins, and eicosanoids. [138] Important 

PUFAs found in the brain and ratinal cells, DHA and 

AA control both mental and visual processes. 

Pathological conditions such as neurological, mental, 

cardiovascular, dermatological, and rhumatological 

problems are prevented by it. [139] 

 

Neurodegenerative Disorders: 

1) Alzheimer’s Disorder: 

AD is a neurological disease that worsens over time 

and is typified by behavioral abnormalities, memory 

loss, and cognitive decline. [140] Amyloid-β (Aβ) 

plaque buildup, neurofibrillary tangles (tau 

hyperphosphorylation), oxidative stress, 

neuroinflammation, and synaptic dysfunction are all 

part of the pathophysiology of AD. [141] 

The absence of large long-chain omega-3-fatty acids 

causes physiological changes in the brain as people 

age. Since the brain contains 30–35% omega-3-fatty 

acids, this process leads to neurodegenerative 

conditions like Alzheimer's disease.[142] The brain's 

phospholipid membrane contains this lengthy chain of 

omega-3 fatty acids, primarily at the location of 

synapses.[143] 

(Patients with Alzheimer's disease must take long-

chain omega-3-fatty acid DHA supplements because 

their brains have decreased levels of this fatty acid.) 

 
Fig- 7 Alzheimer’s Diseases mechanism [144] 

 

Disorder which constitutes 60-80% dementia. [145] 

Risk of cognitive decline can be reduced by 

consuming fish oil and polyunsaturated fatty acids. 

[146] Aging is major risk factor for development of 

Alzheimer's disease. [147] But 0mega- 3- fatty acids 

reduces morbidity and thereby lowers risk of cognitive 

decline or dementia there by Alzheimer’s disease. 

[148] 

 

Symptoms- 

Early (Mild)-Memory loss, confusion, difficulty with 

familiar tasks, personality change Moderate-

Behavioral changes, loss of recognition, wandering, 

language impairment Severe-Loss of mobility, 

inability to communicate, total dependency. [149-151] 

 

Role of Omega-3 Fatty Acids in Alzheimer Disorder- 

1. Decrease in amyloid-β accumulation: DHA and 

EPA improve clearance and minimize Aβ deposition, 

which lessens neurotoxicity. [152] 

 

2. Anti-inflammatory and antioxidant effects: Omega-

3 fatty acids fight oxidative stress in neurons and block 

microglial activation, which lowers levels of pro-

inflammatory cytokines (TNF-α, IL-1β). [153] 

 

3. Protection of synapses and neurons: DHA 

encourages neurogenesis and maintains the flexibility 

of neuronal membranes. Thus, it preserves synaptic 

plasticity and guards against tau 

hyperphosphorylation. [154] 

Studies on omega-3 supplementation in AD mice 

models have demonstrated decreased 

neuroinflammation, decreased Aβ plaques, and 

enhanced cognitive performance. [155] 

Human research: Epidemiological research indicates 

that a lower risk of AD is linked to a higher dietary 

intake of DHA and EPA. Early intervention yields 

greater advantages, although clinical trials in mild 

cognitive impairment (MCI) or early AD indicate only 

limited cognitive gain. [156] 

 

2) Parkinson's Disorder: 

Parkinson's disease (PD) is a progressive 

neurodegenerative illness that causes motor symptoms 

(such as tremor, bradykinesia, and stiffness) as well as 

non-motor symptoms (such as depression and 

cognitive decline) due to the death of dopaminergic 

neurons in the substantia nigra. [157] Parkinson 

disease pathogenesis includes oxidative stress, 

neuroinflammation, mitochondrial dysfunction, α-

synuclein aggregation (Lewy bodies), and 

compromised proteostasis. [158] 
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Symptoms- Bradykinesis, restingtremor muscular 

rigidity, dystonia Others-memory difficulties, mood 

disturbances, day time drowsiness, dystonia, pain, 

excessive sweating, fatique, frequent nightmares, post 

meal fullness.[159] 

 

Treatment- 

By observational Study: 

Consuming total fat, such as MUFAS and PUFAs, 

considerably lowers the risk of Parkinson's disease, 

according to the Rotter Dam Study. [160] The Nurses 

Health study (1984-2000) and the Health 

Professionals follow-up study (1986-2002) assess the 

strong correlation between nutritional lifestyle and the 

risk of Parkinson's disease. It has been shown that a 

prudent diet, which includes a high intake of fruits, 

vegetables, and fish, considerably reduces the risk of 

Parkinson's disease, whereas a western diet does not. 

[161] 

Using a case-control study, the link between dietary 

consumption of specific fatty acids and the risk of 

Parkinson's disease in Japan, within six years after the 

onset of PD, was investigated that, omega-3-

polyunsaturated fatty acids do not increase risk of PD 

while consumption of ARA and cholesterol could 

increase their risk. [162] 

Thus, by prospective observational study, there is 

close association between omega-3- polyunsaturated 

fatty acids with lower risk of PD. 

Randomized, Double blind placebo controlled Clinical 

trial published papers gives indication that omega-3- 

polyunsaturated fatty acid supplement is especially 

used for depression in parkinson's diseases along with 

demonstration that 1g/day of DHA is effective 

dose.[163] 

 

Role of Omega-3 Fatty Acids in PD 

1. Neuroprotection: DHA and EPA improve fluidity 

by integrating into neuronal membranes. Additionally, 

they shield dopaminergic neurons from apoptosis and 

oxidative damage. [164] 

 

2. Anti-inflammatory effects: Omega-3 fatty acids 

inhibit pro-inflammatory cytokines (TNF-α, IL-1β) 

and decrease microglial activation, both of which 

accelerate the progression of Parkinson's disease. 

[165] 

 

 

3. Dopaminergic support: DHA may alleviate motor 

and cognitive symptoms by increasing dopamine 

release and enhancing receptor function. [166] 

Studies on omega-3 supplementation in PD animal 

models (MPTP or 6-OHDA caused) have 

demonstrated that it improves motor function in 

animals by lowering inflammation, oxidative stress, 

and dopaminergic neuron death. [167] 

Human studies: According to a small number of 

clinical research, omega-3 fatty acids may help PD 

patients with their quality of life and depressed 

symptoms. Reducing inflammation and oxidative 

stress as an adjuvant treatment is supported by some 

data. [168] 

 

3) Multiple Sclerosis - 

Multiple sclerosis is a chronic autoimmune 

demyelinating disorder of the central nervous system 

(CNS), characterized by inflammation, axonal 

damage, and neurodegeneration. [169] Main causes of 

multiple sclerosis involves autoreactive T cells 

(Th1/Th17), B cell activation, microglial 

inflammation, and loss of oligodendrocytes leading to 

demyelination and impaired neurotransmission. [170] 

 

Role of omega-3-fatty acid in multiple sclerosis 

Anti-inflammatory effect:  

DHA and EPA inhibit production of pro-inflammatory 

cytokines (IL-1β, TNF-α, IL-6) and promote anti-

inflammatory mediators (IL-10, resolvins, protectins). 

[171] 

 

Neuroprotection:  

Omega-3s integrate into neuronal and oligodendrocyte 

membranes and enhancing membrane fluidity. They 

protect myelin integrity, and reduces oxidative 

stress.[172] 

 

Immune modulation:  

By changing T-cell response from pro-inflammatory 

Th1/Th17 to regulatory T cells, omega-3-fatty acids 

acids in lowering the autoimmune attack on 

myelin.[173] 

 

4) Amyotrophic lateral Sclerosis- 

The progressive neurodegenerative illness known as 

Amyotrophic lateral sclerosis results in muscle 

atrophy, paralysis and death due to loss of motor 

neuron in the brain and spinal cord. 
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[174] Oxidative stress, glutamate excitotoxicity, 

mitochondrial dysfunction, neuroinflammation, and 

protein aggregation which mainly cause Amyotrophic 

lateral sclerosis. [175] 

 

Symptoms-  

dyspenia, diffculty in speaking and swallowing, loss 

of arm and hand function, loss of ambulation, 

spasticity in arms, legs, bulbar regions, aspiration 

pneumonia mortality and respiratory insufficiency 

[176] 

 

Role of Omega-3 Fatty Acids in ALS 

Anti-inflammatory action:  

TNF-α and IL-1β, two pro-inflammatory cytokines 

that are significantly linked to the course of ALS, are 

inhibited and microglial activation is reduced by DHA 

and EPA. [177] 

 

Neuroprotection:  

DHA improves fluidity, lowers excitotoxicity, and 

incorporates into neuronal membranes. They guard 

against motor neuron apoptosis. [178] 

 

Support for mitochondria:  

Omega-3 fatty acids lessen oxidative damage and 

enhance mitochondrial activity. In the 

pathophysiology of ALS, they aid in maintaining 

neuronal energy metabolism. [179] Higher omega-3 

intake may be linked to a lower chance of developing 

ALS, according to epidemiological research. 

According to a large cohort research, people who 

consumed more omega-3 fatty acids in their diet were 

around 34% less likely to develop ALS. [180] 

 

5) Huntington’s Disorder 

Autosomal dominant neurodegenerative disorder 

caused by CAG trinucleotide repeat expansion in the 

HTT gene that leading to mutant huntington protein 

(mHTT) aggregation is a Huntington disorder. [181] 

Huntington`s diseases are mainly characterized by 

neuronal loss in the striatum and cortex, oxidative 

stress, mitochondrial dysfunction, and impaired 

synaptic transmission. [182] 

 

Symptoms-  

Depression, apathy, irritability, Impulsiveness, sati 

suicidal behaviours, functional impairement, global 

dementia, bradykinesia, spasticity, dysarthria, 

dysphagia, incontinence. [183,184] 

Role of Omega-3 Fatty Acids in HD 

Neuroprotective effects:  

Docosahexaenoic acid (DHA), a key omega-3 PUFA 

which integrates into neuronal membranes, improves 

fluidity, and supports synaptic signaling. [185] 

 

Reduction of neuroinflammation:  

Omega-3s reduce pro-inflammatory cytokines (TNF-

α, IL-1β) and microglial activation which are the 

processes elevated in HD brains. [186] 

 

Mitochondrial function:  

DHA and EPA improve mitochondrial biogenesis and 

reduce oxidative stress. Both processes are impaired in 

HD pathology. [187] 

 

Treatment of Huntington’s Disease with Omega-3 

Fatty Acids 

Rationale: Omega-3 fatty acids (EPA, DHA) may 

promote mitochondrial function and neuronal survival 

due to their anti-inflammatory, antioxidant, and 

membrane-stabilizing properties. The testing of 

omega-3s, primarily ethyl-EPA, as a potential 

treatment for HD was made possible by these methods. 

[188] Clinical Proof Pilot Trials: Puri et al., Neurology 

2002: Small RCTs of ethyl-EPA (2 g/day) 

demonstrated motor score improvements and slower 

regional brain atrophy on MRI in some patients. 

Trial TREND-HD (2008): Design: Randomized, 

double-blind, large, multicenter, placebo- controlled 

study. 316 HD patients make up the sample. 

 

Treatment: 2 g/day ethyl-EPA for 6 months. 

Results: No significant benefit on Unified 

Huntington’s Disease Rating Scale (UHDRS) motor 

score, function, cognition, or global outcomes 

compared with placebo. 

Extension: 12-month open-label extension also failed 

to show consistent benefit. Conclusion: Ethyl-EPA did 

not slow disease progression at 6 months. 

 

Systematic Review & Meta-analysis 

Morsy et al., Acta Neuropsychiatrica 2019: Pooled 

analysis of ethyl-EPA trials. At 6 months: No benefit 

vs placebo. 

At 12 months: Modest improvement in motor scores 

in small subsets. Overall: Evidence inconclusive, not 

strong enough for recommendation. [189] 

Safety- Generally well tolerated (GI upset, fishy 
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aftertaste). High doses may increase bleeding risk in 

patients on anticoagulants/antiplatelets. No major 

safety issues reported in HD trials. [190] 

Clinical Takeaway-Not an established treatment. 

Early small trials suggested benefit, but the largest 

RCT (TREND-HD) showed no effect. 

Meta-analyses indicate possible longer-term modest 

motor improvements, but evidence is weak and 

inconsistent. Omega-3 fatty acids may be considered 

as adjunctive nutritional support (especially if diet is 

deficient), but should not replace standard 

symptomatic therapy or clinical trial participation. 

[191] 

 

6) Prions diseases- 

Prions diseases is an autosomal neurodegenerative 

disorder i.e., degeneration of PrP^C protein encoded 

by PRNP gene. In prions disorder there is autosomal 

dominant mutution occurs in PRNP gene. [192] In an 

ageing brain, there are variable amount of misfolded 

proteins / peptides developes that leads to prions 

diseases. [193] Misfolded prion protein (PrP^Sc) 

serves as a template in pathogenesis, causing normal 

PrP^C to misfold. Neurotoxicity, synaptic 

malfunction, gliosis, and neuronal death are the results 

of accumulation. [194] 

 

Symptoms: 

1. Rapidly progressive dementia  

2. Ataxia, myoclonus 

3. Visual disturbances, insomnia, psychiatric 

symptoms 

4. Death usually within months to a few years 

depending on subtype. [195] 

 

Types of Prion Diseases- 

1. Human:  

Creutzfeldt–Jakob disease (CJD, sporadic, familial, 

iatrogenic, variant), Gerstmann–Sträussler–Scheinker 

syndrome (GSS), Fatal Familial Insomnia (FFI), Kuru. 

 
2. Animal:  

Scrapie (sheep), Bovine spongiform encephalopathy 

(BSE, "mad cow disease"), Chronic wasting disease 

(CWD in deer/elk). [196] 

 

Role of omega-3-fatty acid in prions diseases- 

EPA or DHA increases the activity of phospholipase 

A2, an enzyme that influences the synthesis of PrP. 

[197] DHA or EPA alters endocytosis and intracellular 

trafficking of PrP^c, both of which are essential for 

PrP^sc production. [198] 

 

7) Frontotemporal Dementia - 

Frontotemporal dementia is neurodegenerative disease 

occurs due to multiple pathological features, 

particularly prescence of intracellular protein 

inclusion of protein TDP-43 which is imp RNA 

binding protein whose accumulation in cytoplasm of 

neurons causes neurodegeneration. [199] 

 

Causes of motor neuron death in FTD are 

1) integrated stress response 

2) oxidative stress [200] 

3) dysregulation in protein synthesis [201] 

4) neuroinflammation. [202,203] 

 

Role of e Omega-3-fatty acid- 

Eating fish has been shown to reduce the risk of 

dementia or cognitive decline in nine 

epidemiologicam studies. These studies are listed 

below: In 1997, Kalmin et al. [204] and Kalmijn et al. 

[205], Kalmin et al. (2004), [206] Morris et al. (2003) 

[207] Huang et al. (2005), [208] Morris et al. (2005), 

[209] and Nurk et al. (2007) [210] Van Gelder et al., 

[211] and Barberger Gateau et al., [212] in 2007. 

 

8) Lewy body diseases- 

Lewy body illnesses are 15% more common in people 

over 60 and 40% more common in people over 85, 

according to community-based population studies. 

[213] Lewy body illnesses are premotor Parkinson's 

diseases characterized by a reduction in dopamine 

levels in the striatal densities and dopaminergic nigral 

neurons. [214] 

 

Role of omega-3-fatty acid in LBD- 

1. Anti-inflammatory Effects 

Omega-3 polyunsaturated fatty acids (PUFAs), 

especially docosahexaenoic acid (DHA) and 

eicosapentaenoic acid (EPA), reduce 

neuroinflammation by: Inhibiting NF-κB activation 

and pro-inflammatory cytokines (TNF-α, IL-1β, IL-6). 

Increasing anti-inflammatory mediators such as 

resolvins and protectins. This reduces microglial 

activation, which contributes to neuronal protection in 

LBD. [215] 
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2. Protection Against α-Synuclein Toxicity 

DHA can modulate α-synuclein aggregation and help 

maintain protein homeostasis. Omega- 3s may 

stabilize neuronal membranes, reducing α-synuclein 

misfolding and Lewy body formation. [216] 

 

3. Neuroprotective and Antioxidant Action 

Minimizes oxidative stress, a major contributor to the 

death of dopaminergic neurons in LBD [217] 

The brain's primary structural lipid, DHA, enhances 

synaptic plasticity and membrane fluidity. Through 

improved neurotransmission, LBD patients may have 

improved cognitive and memory abilities. [218] 

 

9) Argyrophilic grain diseases- 

Neurodegenerative disorder involves development of 

small, grain like inclusions near to neuronal dendrites 

and axons, which contains 4-repeat tau filaments 

commonly occurs in brain of older persons mostly. 

 

Symptoms- 

Mild cognitive impairment, Behavioural & psychiatric 

symptoms in older people. [219] 

 

Dementia and Depression  

Depression and dementia have a close relationship. 

Studies on epidemiology suggest that late-onset 

depression itself could be a precursor to dementia. 

[220] In the early phases of neurodegenerative 

disorders, depression symptoms may appear. [221] 

Accordingly, depression symptoms may be a 

precursor to conditions that eventually lead to 

dementia, but they are not a risk factor for dementia 

[222] 

 

Role of omega-3-Fatty acid: 

PUFAs lessen the incidence of dementia, lowers the 

chances of neurological a psychiatric symptom, and 

improves mood stability due to their anti-

inflammatory effects. [223] 

The 2017 study by Cutuli et al. demonstrates that 

omega-3 PUFAs are beneficial for neuroplasticity and 

cognitive impairment. Omega-3 polyunsaturated fatty 

acids were found to improve synaptic functioning and 

have a neuroprotective effect on cognitive 

impairment.[224] 

 

Grosso et al. (2016) conducted a meta-analysis of 

findings from observational studies investigating the 

relationship between fish, omega food intake, and 

depression. The study covers 31 studies in total, 

involving 255,076 participants and more than 20,000 

episodes of depression. According to data from 21 

datasets, there is correlation between a decreased 

incidence of depression and consumption of fish that 

are rich in omega-3-fatty acids, or omega-3-PUFA. 

[225] 

 

Omega-3-fatty acid in diet  

According to certain findings, taking supplements of 

omega-3 fatty acids can help people with 

neurodegenerative diseases including Parkinson's 

disease and MC-I, which enhance cognitive 

performance. [226-229] Evidence of the positive and 

advantageous benefits of omega- 3 fatty acid 

supplementation in disorders involving omega-3 fatty 

acid deficiency has been provided by meta-analysis 

studies. [230] According to a comprehensive review, 

taking supplements of omega-3 fatty acids can help 

those with moderate Alzheimer's disease. [231] A 

0.1% g/d increase in dietary DHA reduces the risk of 

dementia and Alzheimer illnesses, per a systematic 

review of 21 studies that assessed risk for MCI, PD, 

AD, and cognitive decline. [232] 

 

1. Essential Nutrients 

Essential polyunsaturated fatty acids, omega-3 fatty 

acids must be received from diet because the human 

body is unable to produce them effectively. DHA 

(docosahexaenoic acid), EPA (eicosapentaenoic acid), 

and ALA (α-linolenic acid) are the three primary 

dietary types. [233] 

 

Dietary Sources 

Omega-3-fatty acids are frequently found in foods 

including flaxseeds, chia seeds, walnuts, soybean oil, 

and canola oil. 

Primary source of EPA and DHA are fatty fish 

(salmon, mackerel, sardines, and tuna), fish oil, krill 

oil, and algae-based supplements for vegetarians and 

vegans. [234] 

 

2.  Recommended Intake 

Adults should consume 250–500 mg of EPA + DHA 

per day, according to WHO/FAO recommendations. 

Approximately 1.1 g per day for women and 1.6 g per 

day for males are advised for ALA. [235] 
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Health benifits: 

Cardiovascular health: Lowers triglycerides, reduces 

blood pressure, and decreases risk of heart disease. 

Neuroprotection: DHA supports brain development 

and may slow cognitive decline. 

Anti-inflammatory action: EPA and DHA regulate 

inflammatory mediators (resolvins and protectins). 

Eye health: DHA is crucial for photoreceptor 

membrane function. [236] 

 

Stem cell in neurodegenerative diseases  

Stem cells can differentiate into a variety of 

specialized cells and are capable of self-renewal. 

[237] Neurodegenerative illnesses can now be treated 

using stem cell therapy. [238] It includes modifying 

acetylcholine esterase inhibition and 

neurotransmission activity. [239] When it comes to 

neurodegeneration, stem cells exhibit neuroprotective 

effect by 

A. self-renewal and differentiation 

B. Angiogenesis to Release cytokine 

C. Homing activity 

D. Paracrine effect, immunomodulation 

E. Anti-inflammatory action, 

F. Anti-apoptic and 

G. chematactic signaling. [240] 

 

Contraindications  

1. Omega-3-fatty acids reduces platelet activity hence 

caution and monitoring is recommeded in patients 

taking antiplatelet and anticoagulant medications, 

[241] 

2. Also contraindicated for patients with 

hypersensitivity, 

3. Omega-3 fatty acids are not allergic but FDA Labels 

states to use with caution in patients with allergic to 

seafood. [242] 

 

Toxicity  

In general, EPA and DHA are safe. According to 

certain research, pregnant women should eat foods 

high in DHA. [243] Because DHA and EPA 

supplements can be highly concentrated, it is not 

advised for nursing moms to consume them as they 

only need 200–300 mg of DHA per day. [244] 

Pregnant and nursing women who rely on fish as their 

main source of omega-3 should limit their 

consumption to two to four meals or switch to fish with 

lower levels of methyl mercury, such as salmon or 

trout. Methyl mercury is a dangerous organometal 

found in fish. [245-247] 

 

REFERENCES: 

 

[1] Baune BT, “Inflammation and neurodegenerative 

disorders: Is there still hope for therapeutic 

intervention?” Curr. Opin. Psychiatry, vol. 28, 

no. 2, pp. 148–154, 2015, doi: 

10.1097/YCO.0000000000000140. 

[2] Bhat AH, Dar KB, Anees S, et al., “Oxidative 

stress, mitochondrial dysfunction and 

neurodegenerative diseases: A mechanistic 

insight,” Biomed. Pharmacother., vol. 74, pp. 

101–110, 2015. 

[3] “Brain Basics: The Life and Death of a Neuron,” 

Office of Communications and Public Liaison, 

National Institute of Neurological Disorders and 

Stroke, Bethesda, MD, USA, 2002. 

[4] M. P. van den Heuvel and O. Sporns, “Network 

hubs in the human brain,” Trends Cogn. Sci., vol. 

17, pp. 683–696, 2013. 

[5] G. Kempermann, Adult Neurogenesis: Stem Cells 

and Neuronal Development in the Adult Brain. 

New York, NY, USA: Oxford Univ. Press, 2006. 

[6] A. Pino, G. Fumagalli, F. Bifari, and I. Decimo, 

“New neurons in adult brain: Distribution, 

molecular mechanisms and therapies,” Biochem. 

Pharmacol., vol. 141, pp. 4–22, 2017. 

[7] Y. M. Ganat, J. Silbereis, C. Cave, et al., “Early 

postnatal astroglial cells produce multilineage 

precursors and neural stem cells in vivo,” J. 

Neurosci., vol. 26, pp. 8609–8621, 2006. 

[8] S. Przedborski, M. Vila, and V. Jackson-Lewis, 

“Neurodegeneration: What is it and where are 

we?” J. Clin. Invest., vol. 111, pp. 3–10, 2003, 

doi: 10.1172/JCI17528. 

[9] P. C. Calder, “Omega-3 fatty acids and 

inflammatory processes: From molecules to 

man,” Biochem. Soc. Trans., vol. 45, no. 5, pp. 

1105–1115, 2017, doi: 10.1042/BST20160474. 

[10] I. Djuricic and P. C. Calder, “Beneficial outcomes 

of omega-6 and omega-3 polyunsaturated fatty 

acids on human health: An update for 2021,” 

Nutrients, vol. 13, p. 2421, 2021, doi: 

10.3390/nu13072421. 

[11] S. M. Innis, “Dietary (n-3) fatty acids and brain 

development,” J. Nutr., vol. 137, no. 4, pp. 855–

859, 2007, doi: 10.1093/jn/137.4.855. 



© May 2026 | IJIRT | Volume 12 Issue 12 | ISSN: 2349-6002 

IJIRT 202332 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 9811 

[12] F. Shahidi and P. Ambigaipalan, “Omega-3 

polyunsaturated fatty acids and their health 

benefits,” Annu. Rev. Food Sci. Technol., vol. 9, 

pp. 345–381, 2018. 

[13] J. P. Schuchardt and A. Hahn, “Bioavailability of 

long-chain omega-3 fatty acids,” Prostaglandins 

Leukot. Essent. Fatty Acids, vol. 89, no. 1, pp. 1–

8, 2013. 

[14] W. S. Harris, et al., “Omega-3 fatty acids in 

cardiac care: Pharmacokinetics and 

bioavailability,” Am. J. Clin. Nutr., vol. 85, no. 1, 

pp. 1477S–1481S, 2007, doi: 

10.1093/ajcn/85.1.1477S. 

[15] C. Arnold, A. Konkel, R. Fischer, and W. H. 

Schunck, “Cytochrome P450-dependent 

metabolism of omega-6 and omega-3 long-chain 

polyunsaturated fatty acids,” Pharmacol. Rep., 

vol. 62, no. 3, pp. 536–547, 2010. 

[16] S. Punia, K. S. Sandhu, A. K. Siroha, et al., 

“Omega-3 metabolism, absorption, 

bioavailability and health benefits—A review,” 

Pharmanutrition, vol. 10, p. 100162, 2019, doi: 

10.1016/j.phanu.2019.100162. 

[17] A. J. Brown, E. Pang, and D. C. K. Roberts, 

“Erythrocyte eicosapentaenoic acid versus 

docosahexaenoic acid as a marker for fish and fish 

oil consumption,” Prostaglandins Leukot. Essent. 

Fatty Acids, vol. 44, pp. 103–106, 1991. 

[18] S. C. Dyall, “Long-chain omega-3 fatty acids and 

the brain: A review of the independent and shared 

effects of EPA, DPA and DHA,” Front. Aging 

Neurosci., vol. 7, p. 52, 2015, doi: 

10.3389/fnagi.2015.00052. 

[19] X. Wang, E. Hjorth, I. Vedin, et al., “Effects of n-

3 FA supplementation on the release of 

proresolving lipid mediators by blood 

mononuclear cells: The OmegAD study,” J. Lipid 

Res., vol. 56, pp. 674–681, 2015. 

[20] O. D. Rangel-Huerta, C. M. Aguilera, M. D. 

Mesa, et al., “Omega-3 long-chain 

polyunsaturated fatty acids supplementation on 

inflammatory biomarkers: A systematic review of 

randomized clinical trials,” Br. J. Nutr., vol. 107, 

suppl. 2, pp. S159–S170, 2012. 

[21] D. B. Jump, “Fatty acid regulation of hepatic lipid 

metabolism,” Curr. Opin. Clin. Nutr. Metab. 

Care, vol. 5, no. 2, pp. 115–122, 2002. 

[22] R. J. Pawlosky, J. R. Hibbeln, and N. Salem, 

“Compartmental analyses of plasma n-3 essential 

fatty acids among male and female smokers and 

nonsmokers,” J. Lipid Res., vol. 48, no. 4, pp. 

935–943, 2007. 

[23] E. Cunningham, “Are krill oil supplements a 

better source of n-3 fatty acids than fish oil 

supplements?” J. Acad. Nutr. Diet., vol. 112, p. 

344, 2012, doi: 10.1016/j.jand.2011.12.016. 

[24] P. C. Calder, “Marine omega-3 fatty acids and 

inflammatory processes: Effects, mechanisms and 

clinical relevance,” Biochim. Biophys. Acta Mol. 

Cell Biol. Lipids, vol. 1851, no. 4, pp. 469–484, 

2015, doi: 10.1016/j.bbalip.2014.08.010. 

[25] D. Swanson, R. Block, and S. A. Mousa, “Omega-

3 fatty acids EPA and DHA: Health benefits 

throughout life,” Adv. Nutr., vol. 3, no. 1, pp. 1–

7, 2012. 

[26] C. H. S. Ruxton, S. C. Reed, M. J. Simpson, and 

K. J. Millington, “The health benefits of omega-3 

polyunsaturated fatty acids: A review of the 

evidence,” J. Hum. Nutr. Diet., vol. 20, no. 2, pp. 

101–120, 2007. 

[27] E. Ryckebosch, C. Bruneel, R. Termote-Verhalle, 

K. Muylaert, and I. Foubert, “Nutritional 

evaluation of microalgae oils rich in omega-3 

long-chain polyunsaturated fatty acids as an 

alternative for fish oil,” Food Chem., vol. 160, pp. 

393–400, 2012. 

[28] S. M. Gaffari and Z. Khoshnood, “Comparative 

study of the fatty acid composition of light/dark 

mixture musculature of five freshwater fish from 

the region of Dezful, Iran,” Food Sci. Appl. 

Biotechnol., vol. 4, no. 1, pp. 57–62, 2021. 

[29] D. Kyosev and S. Dragoev, Technology of Fish 

and Fish Products, 1st ed. HVP, 2009, p. 334. 

[30] D. Nigam, R. Yadav, and U. Tiwari, “Omega-3 

fatty acids and its role in human health,” in 

Functional Food and Human Health. Singapore: 

Springer, 2018, pp. 173–198. 

[31] A. J. Sinclair, N. M. Attar-Bashi, and D. Li, 

“What is the role of α-linolenic acid for 

mammals?” Lipids, vol. 37, no. 12, pp. 1113–

1123, 2002. 

[32] C. A. Daley, A. Abbott, P. S. Doyle, et al., “A 

review of fatty acid profiles and health benefits of 

grass-fed and grain-fed beef,” Nutr. J., vol. 9, p. 

10, 2010. 

[33] M. Walkowiak, S. Spasibionek, and K. Krótka, 

“Variation and genetic analysis of fatty acid 

composition in flax (Linum usitatissimum L.),” 



© May 2026 | IJIRT | Volume 12 Issue 12 | ISSN: 2349-6002 

IJIRT 202332 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 9812 

Euphytica, vol. 218, no. 2, pp. 1–16, 2022. 

[34] K. P. Kulkarni, R. Tayade, H. Jo, J. T. Song, and 

J. D. Lee, “Breeding strategy for improvement of 

omega-3 fatty acid through conventional 

breeding, genetic mapping, and genomics in 

soybean,” in Plant Breed. Curr. Fut. Views. 

IntechOpen, 2021. 

[35] P. L. Goyens, M. E. Spilker, P. L. Zock, M. B. 

Katan, and R. P. Mensink, “Conversion of α-

linolenic acid in humans is influenced by the 

absolute amounts of α-linolenic acid and linoleic 

acid in the diet,” J. Nutr., vol. 136, pp. 184–188, 

2006. 

[36] J. Y. Park, et al., “Perilla frutescens seed oil and 

its health effects,” Food Sci. Biotechnol., vol. 21, 

no. 5, pp. 1349–1357, 2012. 

[37] A. G. Chicco, M. E. D’Alessandro, G. J. Hein, M. 

E. Oliva, and Y. B. Lombardo, “Dietary chia seed 

(Salvia hispanica L.) rich in α-linolenic acid 

improves adiposity and normalises 

hypertriacylglycerolaemia and insulin resistance 

in dyslipaemic rats,” Br. J. Nutr., vol. 101, no. 1, 

pp. 41–50, 2008. 

[38] R. Ayerza and W. Coates, “Chia: Rediscovering a 

forgotten crop of the ancient Aztecs,” J. Am. Oil 

Chem. Soc., vol. 82, pp. 223–230, 2005. 

[39] E. Ros, “Health benefits of nut consumption,” 

Nutrients, vol. 2, no. 7, pp. 652–682, 2010. 

[40] N. Fan, J. L. Fusco, and D. W. Rosenberg, 

“Antioxidant and anti-inflammatory properties of 

walnut constituents: Focus on personalized cancer 

prevention and the microbiome,” Antioxidants, 

vol. 12, no. 5, p. 982, 2023. 

[41] J. C. Callaway, “Hempseed as a nutritional 

resource: An overview,” Euphytica, vol. 140, pp. 

65–72, 2004. 

[42] P. M. Kris-Etherton, et al., “Polyunsaturated fatty 

acids in the food chain in the United States,” Am. 

J. Clin. Nutr., vol. 71, no. 1, suppl., pp. 179S–

188S, 2000. 

[43] C. A. Ross and M. A. Poirier, “Protein 

aggregation and neurodegenerative disease,” Nat. 

Med., vol. 10, suppl., pp. S10–S17, 2004, doi: 

10.1038/nm1066. 

[44] M. T. Lin and M. F. Beal, “Mitochondrial 

dysfunction and oxidative stress in 

neurodegenerative diseases,” Nature, vol. 443, 

pp. 787–795, 2006, doi: 10.1038/nature05292. 

[45] N. Exner, et al., “Mitochondrial dysfunction in 

Parkinson’s disease: Molecular mechanisms and 

pathophysiological consequences,” EMBO J., vol. 

31, no. 14, pp. 3038–3062, 2012, doi: 

10.1038/emboj.2012.170. 

[46] C. Soto, “Unfolding the role of protein misfolding 

in neurodegenerative diseases,” Nat. Rev. 

Neurosci., vol. 4, pp. 49–60, 2003, doi: 

10.1038/nrn1007. 

[47] M. T. Heneka, et al., “Neuroinflammation in 

Alzheimer’s disease,” Lancet Neurol., vol. 14, no. 

4, pp. 388–405, 2015, doi: 10.1016/S1474-

4422(15)70016-5. 

[48] X. X. Dong, Y. Wang, and Z. H. Qin, “Molecular 

mechanisms of excitotoxicity and their relevance 

to pathogenesis of neurodegenerative diseases,” 

Acta Pharmacol. Sin., vol. 30, no. 4, pp. 379–387, 

2009, doi: 10.1038/aps.2009.23. 

[49] E. O. Olufunmilayo, M. B. Gerke-Duncan, and R. 

M. D. Holsinger, “Oxidative stress and 

antioxidants in neurodegenerative disorders,” 

Antioxidants, vol. 12, p. 517, 2023, doi: 

10.3390/antiox12020517. 

[50] L. M. Sayre, G. Perry, and M. A. Smith, 

“Oxidative stress and neurotoxicity,” Chem. Res. 

Toxicol., vol. 21, pp. 172–188, 2008, doi: 

10.1021/tx700210j. 

[51] J. T. Hancock, R. Desikan, and S. J. Neill, “Role 

of reactive oxygen species in cell signalling 

pathways,” Biochem. Soc. Trans., vol. 29, pp. 

345–350, 2001, doi: 10.1042/0300-

5127:0290345. 

[52] S. Di Meo, T. T. Reed, P. Venditti, and V. M. 

Victor, “Role of ROS and RNS sources in 

physiological and pathological conditions,” Oxid. 

Med. Cell. Longev., vol. 2016, 2016, doi: 

10.1155/2016/1245049. 

[53] D. J. Selkoe and J. Hardy, “The amyloid 

hypothesis of Alzheimer’s disease at 25 years,” 

*EMBO Molecular Medicine*, vol. 8, no. 6, pp. 

595–608, 2016, doi: 

10.15252/emmm.201606210. 

[54] B. R. Bloem, M. S. Okun, and C. Klein, 

“Parkinson’s disease,” *The Lancet*, vol. 397, 

no. 10291, pp. 2284–2303, 2021, doi: 

10.1016/S0140-6736(21)00218-X. 

[55] D. S. Reich, C. F. Lucchinetti, and P. A. 

Calabresi, “Multiple sclerosis,” *New England 

Journal of Medicine*, vol. 378, no. 2, pp. 169–

180, 2018, doi: 10.1056/NEJMra1401483. 



© May 2026 | IJIRT | Volume 12 Issue 12 | ISSN: 2349-6002 

IJIRT 202332 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 9813 

[56] J. P. Taylor, R. H. Brown Jr., and D. W. 

Cleveland, “Decoding ALS: From genes to 

mechanism,” *Nature*, vol. 539, pp. 197–206, 

2016, doi: 10.1038/nature20413. 

[57] C. A. Ross and S. J. Tabrizi, “Huntington’s 

disease: From molecular pathogenesis to clinical 

treatment,” *The Lancet Neurology*, vol. 10, no. 

1, pp. 83–98, 2011, doi: 10.1016/S1474-

4422(10)70245-3. 

[58] S. B. Prusiner, “Prions,” *Proceedings of the 

National Academy of Sciences USA*, vol. 95, no. 

23, pp. 13363–13383, 1998, doi: 

10.1073/pnas.95.23.13363. 

[59] J. Bang, S. Spina, and B. L. Miller, 

“Frontotemporal dementia,” *The Lancet*, vol. 

386, no. 10004, pp. 1672–1682, 2015, doi: 

10.1016/S0140-6736(15)00461-4. 

[60] I. G. McKeith *et al.*, “Diagnosis and 

management of dementia with Lewy bodies,” 

*The Lancet Neurology*, vol. 16, no. 4, pp. 378–

389, 2017, doi: 10.1016/S1474-4422(17)30074-1. 

[61] Y. Saito *et al.*, “Argyrophilic grain disease: 

Clinical and neuropathological evaluation of 161 

cases,” *Journal of Neuropathology & 

Experimental Neurology*, vol. 63, no. 9, pp. 911–

920, 2004, doi: 10.1093/jnen/63.9.911. 

[62] W. W. Chen, X. Zhang, and W. J. Huang, “Role 

of neuroinflammation in neurodegenerative 

diseases,” *Molecular Medicine Reports*, vol. 

13, no. 4, pp. 3391–3396, 2016, doi: 

10.3892/mmr.2016.4948. 

[63] P. C. Calder, “Marine omega-3 fatty acids and 

inflammatory processes: Effects, mechanisms and 

clinical relevance,” *Biochimica et Biophysica 

Acta (BBA) - Molecular and Cell Biology of 

Lipids*, vol. 1851, no. 4, pp. 469–484, 2015, doi: 

10.1016/j.bbalip.2014.08.010. 

[64] M. Bousquet, C. Gibrat, M. Saint-Pierre, C. 

Julien, F. Calon, and F. Cicchetti, “Modulation of 

brain-derived neurotrophic factor as a potential 

neuroprotective mechanism of action of omega-3 

fatty acids in a parkinsonian animal model,” 

*Progress in Neuro-Psychopharmacology and 

Biological Psychiatry*, vol. 33, pp. 1401–1408, 

2009, doi: 10.1016/j.pnpbp.2009.07.018. 

[65] S. Yehuda, S. Rabinovitz, and D. I. Mostofsky, 

“Essential fatty acids and the brain: From infancy 

to aging,” *Neurobiology of Aging*, vol. 26, 

suppl. 1, pp. S98–S102, 2005. 

[66] F. Shahidi and P. Ambigaipalan, “Omega-3 

polyunsaturated fatty acids and their health 

benefits,” *Annual Review of Food Science and 

Technology*, vol. 9, pp. 345–381, 2018. 

[67] C. Cardoso, C. Afonso, and N. M. Bandarra, 

“Dietary DHA and health: Cognitive function 

ageing,” *Nutrition Research Reviews*, vol. 29, 

pp. 281–294, 2016. 

[68] G. Calviello *et al.*, “Experimental evidence of 

ω-3 polyunsaturated fatty acid modulation of 

inflammatory cytokines and bioactive lipid 

mediators,” *BioMed Research International*, 

vol. 2013, Article ID 743171, 2013. 

[69] K. Moore, C. F. Hughes, M. Ward, L. Hoey, and 

H. McNulty, “Diet, nutrition and the ageing brain: 

Current evidence and new directions,” 

*Proceedings of the Nutrition Society*, vol. 77, 

pp. 152–163, 2018. 

[70] A. P. Simopoulos, “The omega-6/omega-3 fatty 

acid ratio, genetic variation, and cardiovascular 

disease,” *Asia Pacific Journal of Clinical 

Nutrition*, vol. 17, suppl. 1, pp. 131–134, 2008. 

[71] C. I. F. Janssen and A. J. Kiliaan, “Long-chain 

polyunsaturated fatty acids (LCPUFA) from 

genesis to senescence,” *Progress in Lipid 

Research*, vol. 53, pp. 1–17, 2014. 

[72] J. M. Bourre, “Roles of unsaturated fatty acids 

(especially omega-3 fatty acids) in the brain at 

various ages and during ageing,” *Journal of 

Nutrition Health and Aging*, vol. 8, no. 3, pp. 

163–174, 2004. 

[73] Alzheimer’s Association, “2023 Alzheimer’s 

disease facts and figures,” *Alzheimer’s & 

Dementia*, vol. 19, no. 4, pp. 1598–1696, 2023. 

[74] D. W. Luchtman and C. Song, “Cognitive 

enhancement by omega-3 fatty acids from 

childhood to old age: Findings from animal and 

clinical studies,” *Neuropharmacology*, vol. 64, 

pp. 550–565, 2013. 

[75] N. G. Bazan and B. L. Scott, “Dietary omega-3 

fatty acids and accumulation of docosahexaenoic 

acid in rod photoreceptor cells of the retina and at 

synapses,” *Upsala Journal of Medical Sciences 

Supplement*, no. 48, pp. 97–107, 1990. 

[76] P. Scheltens *et al.*, “Alzheimer’s disease,” *The 

Lancet*, vol. 397, no. 10284, pp. 1577–1590, 

2021, doi: 10.1016/S0140-6736(20)32205-4. 

[77] A. Otaegui-Arrazola *et al.*, “Diet, cognition, 

and Alzheimer’s disease: Food for thought,” 



© May 2026 | IJIRT | Volume 12 Issue 12 | ISSN: 2349-6002 

IJIRT 202332 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 9814 

*European Journal of Nutrition*, vol. 53, no. 1, 

pp. 1–23, 2014, doi: 10.1007/s00394-013-0561-3. 

[78] J. M. Long and D. M. Holtzman, “Alzheimer 

disease: An update on pathobiology and treatment 

strategies,” *Cell*, vol. 179, no. 2, pp. 312–339, 

2019. 

[79] G. M. McKhann *et al.*, “The diagnosis of 

dementia due to Alzheimer’s disease: 

Recommendations from the National Institute on 

Aging and the Alzheimer’s Association 

workgroup,” *Alzheimer’s & Dementia*, vol. 7, 

no. 3, pp. 263–269, 2011, doi: 

10.1016/j.jalz.2011.03.005. 

[80] M. O. Grimm *et al.*, “Docosahexaenoic acid 

reduces amyloid-β production via multiple 

mechanisms,” *Neurobiology of Aging*, vol. 32, 

no. 5, pp. 811–826, 2011. 

[81] G. P. Lim *et al.*, “Omega-3 fatty acids enhance 

cognitive function in a transgenic mouse model of 

Alzheimer’s disease,” *Journal of Neuroscience*, 

vol. 25, no. 51, pp. 11404–11413, 2005. 

[82] L. V. Kalia and A. E. Lang, “Parkinson’s 

disease,” *The Lancet*, vol. 386, no. 9996, pp. 

896–912, 2015. 

[83] W. Poewe *et al.*, “Parkinson disease,” *Nature 

Reviews Disease Primers*, vol. 3, Article no. 

17013, 2017. 

[84] S. Sveinbjornsdottir, “The clinical symptoms of 

Parkinson’s disease,” *Journal of 

Neurochemistry*, vol. 139, suppl. 1, pp. 318–324, 

2016. 

[85] L. M. L. de Lau, M. Bornebroek, J. C. M. 

Witteman, A. Hofman, P. J. Koudstaal, and M. M. 

B. Breteler, “Dietary fatty acids and the risk of 

Parkinson disease: The Rotterdam study,” 

Neurology, vol. 64, no. 12, pp. 2040–2045, 2005. 

[86] X. Gao, H. Chen, T. T. Fung, G. Logroscino, M. 

A. Schwarzschild, F. B. Hu, and A. Ascherio, 

“Prospective study of dietary pattern and risk of 

Parkinson disease,” American Journal of Clinical 

Nutrition, vol. 86, no. 5, pp. 1486–1494, 2007. 

[87] Y. Miyake et al., “Dietary fat intake and risk of 

Parkinson’s disease: A case-control study in 

Japan,” Journal of the Neurological Sciences, vol. 

288, no. 1–2, pp. 117–122, 2010. 

[88] M. Taghizadeh et al., “The effects of omega-3 

fatty acids and vitamin E co-supplementation on 

clinical and metabolic status in patients with 

Parkinson’s disease: A randomized, double-blind, 

placebo-controlled trial,” Neurochemistry 

International, vol. 108, pp. 183–189, 2017. 

[89] N. G. Bazan, “Omega-3 fatty acids, pro-resolving 

lipid mediators, and neuroprotection in 

neurodegenerative diseases,” Prostaglandins, 

Leukotrienes and Essential Fatty Acids, vol. 88, 

no. 1, pp. 1–12, 2013. 

[90] M. V. Guillot-Sestier and T. Town, “Innate 

immunity in Alzheimer’s disease: A complex 

affair,” CNS & Neurological Disorders - Drug 

Targets, vol. 12, no. 1, pp. 63–73, 2013. 

[91] W. Zhao et al., “Neuroprotective effect of omega-

3 polyunsaturated fatty acids in Parkinson’s 

disease,” Frontiers in Aging Neuroscience, vol. 9, 

Article no. 279, 2017. 

[92] Y. Yin et al., “DHA prevents dopaminergic 

neurodegeneration in a mouse model of 

Parkinson’s disease,” Neuroscience, vol. 205, pp. 

1–10, 2012. 

[93] L. K. Mischley et al., “Effects of omega-3 fatty 

acids in Parkinson disease: A pilot study,” Journal 

of Alternative and Complementary Medicine, vol. 

18, no. 1, pp. 30–35, 2012. 

[94] S. L. Hauser and B. A. C. Cree, “Treatment of 

Multiple Sclerosis: A Review,” American Journal 

of Medicine, vol. 133, no. 12, pp. 1380–1390, 

2020. 

[95] N. Fabelo et al., “Lipid profile in human cerebral 

cortex is altered in multiple sclerosis patients,” 

Neurobiology of Aging, vol. 32, no. 7, pp. 1259–

1272, 2011. 

[96] V. Yadav et al., “Dietary supplementation of 

omega-3 polyunsaturated fatty acids in multiple 

sclerosis: Clinical and MRI outcomes,” Multiple 

Sclerosis, vol. 16, no. 6, pp. 719–728, 2010. 

[97] O. Hardiman et al., “Amyotrophic lateral 

sclerosis,” Nature Reviews Disease Primers, vol. 

3, Article no. 17071, 2017. 

[98] S. Morgan and R. W. Orrell, “Pathogenesis of 

amyotrophic lateral sclerosis,” British Medical 

Bulletin, vol. 119, no. 1, pp. 87–97, 2016. 

[99] D. B. Jump, C. M. Depner, and S. Tripathy, 

“Omega-3 fatty acid supplementation and 

cardiovascular disease: Mechanisms and clinical 

implications,” Current Opinion in Lipidology, 

vol. 23, no. 1, pp. 92–97, 2012. 

[100] N. G. Bazan, “Neuroprotectin D1 (NPD1): A 

DHA-derived mediator that protects brain and 

retina against cell injury-induced oxidative 



© May 2026 | IJIRT | Volume 12 Issue 12 | ISSN: 2349-6002 

IJIRT 202332 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 9815 

stress,” Molecular Neurobiology, vol. 32, no. 1, 

pp. 89–103, 2005. 

[101] P. K. Yip et al., “Neuroprotective properties of 

omega-3 fatty acids in experimental models of 

neurodegenerative disease,” Brain Research, 

vol. 1519, pp. 200–211, 2013. 

[102] K. C. Fitzgerald et al., “Dietary ω-3 

polyunsaturated fatty acid intake and risk for 

amyotrophic lateral sclerosis,” JAMA 

Neurology, vol. 71, no. 9, pp. 1102–1110, 2014. 

[103] C. Zuccato, M. Valenza, and E. Cattaneo, 

“Molecular mechanisms and potential 

therapeutical targets in Huntington’s disease,” 

Physiological Reviews, vol. 90, no. 3, pp. 905–

981, 2010. 

[104] S. C. Kirkwood, J. L. Su, P. M. Conneally, and 

T. Foroud, “Progression of symptoms in the 

early and middle stages of Huntington disease,” 

Archives of Neurology, vol. 58, no. 2, pp. 273–

278, 2001. 

[105] T. Berman and A. Bayati, “What are 

neurodegenerative diseases and how do they 

affect the brain?” Frontiers for Young Minds, 

vol. 6, 2018. 

[106] N. G. Bazan, “Cell survival matters: 

Docosahexaenoic acid signaling, 

neuroprotection and photoreceptors,” Trends in 

Neurosciences, vol. 29, no. 5, pp. 263–271, 

2006. 

[107] D. B. Jump, “N-3 polyunsaturated fatty acid 

regulation of hepatic gene transcription,” 

Current Opinion in Lipidology, vol. 19, no. 3, pp. 

242–247, 2008. 

[108] H. Y. Kim, A. A. Spector, and Z. M. Xiong, “A 

synaptogenic amide N-

docosahexaenoylethanolamide promotes 

hippocampal development,” Prostaglandins and 

Other Lipid Mediators, vol. 96, no. 1–4, pp. 114–

120, 2011. 

[109] B. K. Puri et al., “Ethyl-EPA in Huntington 

disease: Randomized controlled trial,” 

Neurology, vol. 65, no. 2, pp. 286–292, 2005. 

[110] Huntington Study Group, “TREND-HD: 

Randomized controlled trial of ethyl-EPA in 

Huntington disease,” Archives of Neurology, 

vol. 65, no. 12, pp. 1582–1589, 2008. 

[111] S. Morsy et al., “Efficacy of ethyl-EPA as a 

treatment for Huntington disease: Systematic 

review and meta-analysis,” Acta 

Neuropsychiatrica, vol. 31, no. 2, pp. 60–68, 

2019. 

[112] O. M. Vega et al., “Omega-3 PUFAs as a 

potential therapy for Huntington disease 

symptoms,” Biomedicines, vol. 9, no. 5, Article 

no. 567, 2021. 

[113] C. Scheckel and A. Aguzzi, “Prions, prionoids 

and protein misfolding disorders,” Nature 

Reviews Genetics, vol. 19, no. 7, pp. 405–418, 

2018. 

[114] J. L. Robinson et al., “neurodegenerative disease 

concomitant proteinopathies are prevalent, age-

related and ApoE4-associated,” Brain, vol. 141, 

no. 7, pp. 2181–2193, 2018. 

[115] A. Aguzzi and A. M. Calella, “Prions: Protein 

aggregation and infectious diseases,” 

Physiological Reviews, vol. 89, no. 4, pp. 1105–

1152, 2009. 

[116] S. Mead and J. Collinge, “The genetics and 

molecular biology of prion diseases,” Human 

Molecular Genetics, vol. 19, suppl. 1, pp. R93–

R98, 2010. 

[117] J. Collinge, “prion diseases of humans and 

animals: Their causes and molecular basis,” 

Annual Review of Neuroscience, vol. 24, pp. 

519–550, 2001. 

[118] D. W. L. Ma, J. Seo, L. A. Davidson, E. S. 

Callaway, Y. Y. Fan, J. R. Lupton, and R. S. 

Chapkin, “n-3 PUFA alter caveolae lipid 

composition and resident protein localization in 

mouse colon,” FASEB Journal, vol. 18, no. 9, 

pp. 1040–1042, 2004, doi: 10.1096/fj.03-

0732com. 

[119] C. Bate, S. Reid, and A. Williams, 

“Phospholipase A2 inhibitors or platelet 

activating factor antagonists prevent prion 

replication,” Journal of Biological Chemistry, 

vol. 279, no. 35, pp. 36405–36411, 2004, doi: 

10.1074/jbc.M404086200. 

[120] P. Tziortzouda, L. Van Den Bosch, and F. Hirth, 

“Triad of TDP43 control in neurodegeneration: 

Autoregulation, localization and aggregation,” 

Nature Reviews Neuroscience, vol. 22, pp. 197–

208, 2021. 

[121] A. Prasad, V. Bharathi, V. Sivalingam, A. 

Girdhar, and B. K. Patel, “Molecular 

mechanisms of TDP-43 misfolding and 

pathology in amyotrophic lateral sclerosis,” 

Frontiers in Molecular Neuroscience, vol. 12, 



© May 2026 | IJIRT | Volume 12 Issue 12 | ISSN: 2349-6002 

IJIRT 202332 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 9816 

Article no. 25, 2019. 

[122] E. V. Ilieva et al., “Oxidative and endoplasmic 

reticulum stress interplay in sporadic 

amyotrophic lateral sclerosis,” Brain, vol. 130, 

no. 12, pp. 3111–3123, 2007. 

[123] S. E. Charif, M. F. Vassallu, L. Salvanal, and L. 

M. Igaz, “Protein synthesis modulation as a 

therapeutic approach for amyotrophic lateral 

sclerosis and frontotemporal dementia,” Neural 

Regeneration Research, vol. 17, no. 7, pp. 1423–

1430, 2022. 

[124] J. Liu and F. Wang, “Role of neuroinflammation 

in amyotrophic lateral sclerosis: Cellular 

mechanisms and therapeutic implications,” 

Frontiers in Immunology, vol. 8, Article no. 

1005, 2017. 

[125] S. Kalmijn, E. Feskens, L. Launer, and D. 

Kromhout, “Polyunsaturated fatty acids, 

antioxidants and cognitive function in very old 

men,” American Journal of Epidemiology, vol. 

145, no. 1, pp. 33–41, 1997, doi: 

10.1093/oxfordjournals.aje.a009029. 

[126] S. Kalmijn, L. J. Launer, A. Ott, J. C. Witteman, 

A. Hofman, and M. M. Breteler, “Dietary fat 

intake and the risk of incident dementia in the 

Rotterdam Study,” Annals of Neurology, vol. 42, 

no. 5, pp. 776–782, 1997, doi: 

10.1002/ana.410420514. 

[127] M. C. Morris et al., “Consumption of fish and n-

3 fatty acids and risk of incident Alzheimer 

disease,” Archives of Neurology, vol. 60, no. 7, 

pp. 940–946, 2003, doi: 

10.1001/archneur.60.7.940. 

[128] S. Kalmijn et al., “Dietary intake of fatty acids 

and fish in relation to cognitive performance at 

middle age,” Neurology, vol. 62, no. 2, pp. 275–

280, 2004, doi: 10.1212/01.WNL.0000103860. 

75218.A5. 

[129] M. C. Morris, D. A. Evans, C. C. Tangney, J. L. 

Bienias, and R. S. Wilson, “Fish consumption 

and cognitive decline with age in a large 

community study,” Archives of Neurology, vol. 

62, no. 12, pp. 1849–1853, 2005, doi: 

10.1001/archneur.62.12. noc50161. 

[130] T. L. Huang et al., “Benefits of fatty fish on 

dementia risk are stronger for those without 

APOE epsilon4,” Neurology, vol. 65, no. 9, pp. 

1409–1414, 2005, doi: 

10.1212/01.WNL.0000183148.34197.2E. 

[131] E. Nurk et al., “Cognitive performance among 

the elderly and dietary fish intake: The 

Hordaland Health Study,” American Journal of 

Clinical Nutrition, vol. 86, no. 5, pp. 1470–1478, 

2007, doi: 10.1093/ajcn/86.5.1470. 

[132] P. Barberger-Gateau et al., “Dietary patterns and 

risk of dementia: The Three-City cohort study,” 

Neurology, vol. 69, no. 20, pp. 1921–1930, 

2007, doi: 

10.1212/01.WNL.0000278116.37320.52. 

[133] B. M. van Gelder, M. Tijhuis, S. Kalmijn, and D. 

Kromhout, “Fish consumption, n-3 fatty acids, 

and subsequent 5-y cognitive decline in elderly 

men: The Zutphen Elderly Study,” American 

Journal of Clinical Nutrition, vol. 85, no. 4, pp. 

1142–1147, 2007, doi: 10.1093/ajcn/85.4.1142. 

[134] A. Raunio et al., “Distribution of Lewy-related 

pathology in the brain, spinal cord, and 

periphery: The population-based Vantaa 85+ 

study,” Acta Neuropathologica 

Communications, vol. 10, Article no. 178, 2022. 

[135] T. Koeglsperger et al., “Neuropathology of 

incidental Lewy body and prodromal 

Parkinson’s disease,” Molecular 

Neurodegeneration, vol. 18, Article no. 32, 2023. 

[136] E. Yakunin et al., “Brain phospholipid omega-3 

fatty acids modulate α-synuclein pathology in a 

transgenic mouse model of Parkinson’s disease,” 

Journal of Neurochemistry, vol. 149, no. 4, pp. 

459–474, 2019, doi: 10.1111/jnc.14670. 

[137] W. Zhang et al., “DHA protects dopaminergic 

neurons from oxidative stress by activating 

Nrf2–ARE signaling pathway,” Food & 

Function, vol. 6, no. 12, pp. 2815–2824, 2015, 

doi: 10.1039/C5FO00645A. 

[138] R. P. Bazinet and S. Layé, “Polyunsaturated fatty 

acids and their metabolites in brain function and 

disease,” Nature Reviews Neuroscience, vol. 15, 

no. 12, pp. 771–785, 2014, doi: 

10.1038/nrn3820. 

[139] I. Ferrer, G. Santpere, and F. W. van Leeuwen, 

“Argyrophilic grain disease,” Brain, vol. 131, 

no. 6, pp. 1416–1432, 2008. 

[140] H. Rickards, “Depression in neurological 

disorders: An update,” Current Opinion in 

Psychiatry, vol. 19, no. 3, pp. 294–298, 2006, 

doi: 10.1097/01.yco.0000218601.17722.5b. 

[141] F. Panza et al., “Late-life depression, mild 

cognitive impairment, and dementia: Possible 



© May 2026 | IJIRT | Volume 12 Issue 12 | ISSN: 2349-6002 

IJIRT 202332 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 9817 

continuum?” American Journal of Geriatric 

Psychiatry, vol. 18, no. 2, pp. 98–116, 2010, doi: 

10.1097/JGP.0b013e3181b0fa13. 

[142] K. Heser et al., “Age of major depression onset, 

depressive symptoms, and risk for subsequent 

dementia,” Psychological Medicine, vol. 43, no. 

8, pp. 1597–1610, 2013, doi: 

10.1017/S0033291712002449. 

[143] D. Cutuli, “Functional and structural benefits 

induced by omega-3 polyunsaturated fatty acids 

during aging,” Current Neuropharmacology, vol. 

15, no. 4, pp. 534–542, 2017. 

[144] G. Grosso et al., “Dietary n-3 PUFA, fish 

consumption and depression: A systematic 

review and meta-analysis of observational 

studies,” Journal of Affective Disorders, vol. 

205, pp. 269–281, 2016. 

[145] M. Delgado-Alvarado, B. Gago, I. Navalpotro-

Gomez, H. Jiménez-Urbieta, and M. C. 

Rodriguez-Oroz, “Biomarkers for dementia and 

mild cognitive impairment in Parkinson’s 

disease,” Movement Disorders, vol. 31, no. 6, 

pp. 861–881, 2016, doi: 10.1002/mds.26662. 

[146] N. Jozwiak et al., “REM sleep behavior disorder 

and cognitive impairment in Parkinson’s 

disease,” Sleep, vol. 40, no. 8, Article no. 

zsx101, 2017, doi: 10.1093/sleep/zsx101. 

[147] Y. X. Wang et al., “Associations between 

cognitive impairment and motor dysfunction in 

Parkinson’s disease,” Brain and Behavior, vol. 7, 

no. 6, Article no. e00719, 2017, doi: 

10.1002/brb3.719. 

[148] R. E. Cooper, C. Tye, J. Kuntsi, E. Vassos, and 

P. Asherson, “Omega-3 polyunsaturated fatty 

acid supplementation and cognition: A 

systematic review and meta-analysis,” Journal of 

Psychopharmacology, vol. 29, no. 7, pp. 753–

763, 2015, doi: 10.1177/0269881115587958. 

[149] S. Canhada, K. Castro, I. S. Perry, and V. C. 

Luft, “Omega-3 fatty acids supplementation in 

Alzheimer’s disease: A systematic review,” 

Nutritional Neuroscience, vol. 21, no. 8, pp. 

529–538, 2018, doi: 

10.1080/1028415X.2017.1321813. 

[150] T. A. Ajith, “A recent update on the effects of 

omega-3 fatty acids in Alzheimer’s disease,” 

Current Clinical Pharmacology, vol. 13, no. 4, 

pp. 252–260, 2018, doi: 

10.2174/1574884713666180807145648. 

[151] Y. Zhang et al., “Intakes of fish and 

polyunsaturated fatty acids and mild-to-severe 

cognitive impairment risks: A dose-response 

meta-analysis of 21 cohort studies,” American 

Journal of Clinical Nutrition, vol. 103, no. 2, pp. 

330–340, 2016, doi: 10.3945/ajcn.115.124081. 

[152] A. P. Simopoulos, “Omega-3 fatty acids in 

health and disease and in growth and 

development,” American Journal of Clinical 

Nutrition, vol. 54, no. 3, pp. 438–463, 1991. 

[153] D. Swanson, R. Block, and S. A. Mousa, 

“Omega-3 fatty acids EPA and DHA: Health 

benefits throughout life,” Advances in Nutrition, 

vol. 3, no. 1, pp. 1–7, 2012. 

[154] FAO/WHO, Fats and Fatty Acids in Human 

Nutrition: Report of an Expert Consultation, 

Food and Nutrition Paper 91, Rome, Italy: FAO, 

2010. 

[155] J. Biehl and B. Russell, “Introduction to stem 

cell therapy,” Journal of Cardiovascular 

Nursing, vol. 24, no. 2, pp. 98–103, 2009, doi: 

10.1097/JCN.0b013e318197a6a5. 

[156] F. Sivandzade and L. Cucullo, “Regenerative 

stem cell therapy for neurodegenerative 

diseases: An overview,” International Journal of 

Molecular Sciences, vol. 22, no. 4, Article no. 

2153, 2021, doi: 10.3390/ijms22042153. 

[157] S. Hung and W. Fu, “Drug candidates in clinical 

trials for Alzheimer’s disease,” Journal of 

Biomedical Science, vol. 24, no. 1, Article no. 

47, 2017, doi: 10.1186/s12929-017-0355-7. 

[158] Y. Deming, Z. Li, B. Benitez, and C. Cruchaga, 

“Triggering receptor expressed on myeloid cells 

2 (TREM2): A potential therapeutic target for 

Alzheimer disease?” Expert Opinion on 

Therapeutic Targets, vol. 22, no. 7, pp. 587–598, 

2018, doi: 10.1080/14728222.2018.1486823. 

[159] A. C. Skulas-Ray et al., “Omega-3 fatty acids for 

the management of hypertriglyceridemia: A 

science advisory from the American Heart 

Association,” Circulation, vol. 140, no. 12, pp. 

e673–e691, 2019. 

[160] S. F. Nabavi et al., “Omega-3 polyunsaturated 

fatty acids and cancer: Lessons learned from 

clinical trials,” Cancer Metastasis Reviews, vol. 

34, no. 3, pp. 359–380, 2015. 

[161] G. Saccone and V. Berghella, “Omega-3 long 

chain polyunsaturated fatty acids to prevent 

preterm birth: A systematic review and meta-



© May 2026 | IJIRT | Volume 12 Issue 12 | ISSN: 2349-6002 

IJIRT 202332 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 9818 

analysis,” Obstetrics & Gynecology, vol. 125, 

no. 3, pp. 663–672, 2015. 

[162] Section on Breastfeeding, “Breastfeeding and 

the use of human milk,” Pediatrics, vol. 129, no. 

3, pp. e827–e841, 2012. 

[163] N. Y. Zamora-Arellano et al., “Mercury levels 

and risk implications through fish consumption 

on the Sinaloa coasts (Gulf of California, 

Northwest Mexico),” Risk Analysis, vol. 38, no. 

12, pp. 2646–2658, 2018. 

[164] J. García-Hernández et al., “Mercury 

concentrations in seafood and the associated risk 

in women with high fish consumption from 

coastal villages of Sonora, Mexico,” Food and 

Chemical Toxicology, vol. 120, pp. 367–377, 

2018. 

[165] D. Mozaffarian and E. B. Rimm, “Fish intake, 

contaminants, and human health: Evaluating the 

risks and the benefits,” JAMA, vol. 296, no. 15, 

pp. 1885–1899, 2006. 

 


