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ABSTRACT

Long-chain w-3 PUFAs such as DHA and EPA are often present in high amounts in algae and fish. DHA in particular is crucial for the proper development and
functioning of the brain because it is the main structural component of w-3 PUFA in the brain. This makes it an indispensable element of the phospholipids of
the nervous membrane. The purpose of this article is to present the benefits of Omega-3 acids in the functioning of the nervous system. The text discusses a
literature review focusing on the impact of omega-3 fatty acids. Polyunsaturated fatty acids (PUFAs) are essential for overall health and have been extensively
studied for their contributions to human well-being and disease management. Recent research indicates their effectiveness in preventing and treating various
diseases. Omega-3 PUFAs have been identified as therapeutic agents, particularly in combating inflammatory conditions like cardiovascular and neurodegen-
erative diseases. The aim of this article is to present the benefits of omega-3 fatty acids supplementation. Publications outlining properties of polyunsaturated
fatty acids on the brain and articles presenting the effects of polyunsaturated fatty acids were reviewed using the Pubmed platform. The review included the

keywords “Omega-3 fatty acids”“DHA"“EPA"“PUFA
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INTRODUCTION

Omega-3 fatty acids are fatty acids that in their chemical
structure have a double bond between the third and
fourth carbon atoms from the methyl end. The most
important compounds belonging to this group include,
first of all, eicosapentaenoic acid (EPA) and docosahex-
aenoic acid (DHA), given their influence on the proper
functioning of the brain [1].

Itis estimated that about 60% of the brain is made up
of fats, with DHA accounting for 40% of the total, while
EPA accounts for less than 1%. It is assumed that these
are essential compounds for the proper functioning
of the nervous system. DHA has many functions in the
central and peripheral nervous system, functional in
the transmission of signals between neurons, as well as
structural, ensuring the maintenance of cellmembrane
integrity by being one of the main components of
phospholipids [2]. Studies confirm their antioxidant, an-
ti-inflammatory and endothelial protective properties.

Man is unable to synthesize them, only a small amount
(0.5%) can be formed from alpha-linolenic acid (ALA),
which also belongs to the group of polyunsaturated
fatty acids [3]. The main sources of EPA and DHA acids
are oily marine fish such as salmon, sprat, mackerel,
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among others. While vegetable oils do not contain DHA
and EPA, they can be a source of ALA, which is found
in many plant products such as flaxseed, chia seeds or
walnuts. Transport of omega-3 fatty acids is possible
via albumin in free or esterified form.

AIM

Long-chain w-3 PUFAs such as DHA and EPA are often
present in high amounts in algae and fish. DHA in par-
ticular is crucial for the proper progress and function-
ing of the cerebrum because it is the main structural
component of w-3 PUFA in the brain. This makes it an
indispensable element of the phospholipids of the ner-
vous membrane. The purpose of this article is to present
the assistance of Omega-3 acids in the functioning of
the nervous system.

MATERIALS AND METHODS

Analytical methods were used for the research. The
source data comes from scientific sources from around
the world regarding the effects of omega-3 acids on
the human nervous system. The articles presenting the
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effects of polyunsaturated fatty acids were reviewed
using the Pubmed platform. The review included the
keywords “Omega-3 fatty acids”“DHA"“EPA"“PUFA.

REVIEW AND DISCUSSION

OMEGA 3 AND FETAL AND CHILD BRAIN
DEVELOPMENT

Arachidonicacid (AA) and docosahexaenoic acid (DHA)
are crucial for normal brain growth and cognitive de-
velopment. They rapidly accumulate in the brain and
retina during the later stages of pregnancy and early
postnatal period [4]. The omega-3 fatty acids necessary
for normal fetus development are provided by transfer
from the mother’s circulation. DHA is transported across
the placenta by fatty acid-binding proteins, which are
thenreleased into the fetal circulation, then transferred
to the liver where they are esterified and re-secreted in
lipoproteins [5].

Many studies show that the percentage of long-chain
polyunsaturated fatty acids is higher in the fetal circula-
tion than in the maternal circulation, this indicates that
the placenta may play arole in the preferential transfer
of the aforementioned acids, particularly favouring DHA
[6]. The effect of DHA on fetus brain development was
demonstrated in an observational study, which found
that children born to women who consumed more oily
marine fish during pregnancy improved motor skills,
showed better social skills, higher verbal intelligence
and higher social development scores at eight years of
age [7]. Another study using magnetic resonance imag-
ing by Ogundipe et al. found that consuming 300 mg/d
of DHA orally during the third trimester of pregnancy
correlates positively with brain volume in infants [8].

Available clinical evidence suggests that omega-3
fatty acid supplementation may support optimal neural
development in full-term infants. Elevated DHA levels
at birth were associated with better child neurodevel-
opment. Nevertheless, mixed results from prenatal sup-
plementation studies have led to speculation that other
factors, such as socioeconomic status and lifestyle, may
influence the benefits of DHA. In summary, adequate
DHA intake through maternal diet or breastfeeding
may offer some neuronal protection in specific groups
of children, suggesting that DHA may be a modifiable
risk factor for Autism Spectrum Disorders (ASD) and
Attention-Deficit/Hyperactivity Disorder (ADHD) [9].

The mother’s role in providing omega-3 fatty acids
does not end with childbirth. The intake during infan-
cy through breastfeeding is also important. Maternal
milk-derived omega-3 fatty acids may prove essential
for better cognitive functioning, speech handling
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and improved psychosocial behavior [10]. Oddy et al.
in their study showed, breastfeeding for less than 6
months was a factor indicating the presence of mental
health problems [11]. Three randomized controlled
trials conducted showed positive effects on children’s
cognitive development in women who supplemented
with DHA [12-14]. However, it should be noted that in
one of these studies, the benefits of supplementation
during pregnancy and lactation were not sustained
over the long term [14].

A mother’s diet enriched with n-3 fatty acids protects
newborns from stroke compared to children of mothers
on a standard diet. Studies suggest that a diet enriched
with omega-3 fatty acids affects the composition of
fats that make up the newborn brain. With n-3 sup-
plementation, there were no changes in the levels of
inflammatory markers in the brain, and the accumula-
tion of cytokines and chemokines induced by transient
occlusion of the middle cerebral artery was reduced in
young children on a diet supplemented with n-3 fatty
acids, which shows that under basal conditions the ef-
fect of a diet supplemented with fatty acids from marine
fish is not present under basal conditions, while their
anti-inflammatory and homeostatic effects are reflected
in reduced susceptibility to neonatal stroke [15]

OMEGA-3 AND BRAIN AGING

The process of brain aging is complex, consisting of
several levels, starting from the subcellular level to the
organ level. We can look for the beginning early in life,
which accelerates as the years go by. This process can
be divided into morphological and pathophysiological
character. Morphologically, the brain volume decreas-
es, the cortex thins, the white matter degrades, and
the ventricular system dilates. . In pathophysiology,
on the other hand, nerve cells shrink, dendrites de-
grade and demyelinate, and metabolism slows down
[15]. Studies have shown that environmental factors
affect brain plasticity, synapse formation and dendrite
formation [16].

Dietis one of the main factors that affect brain plastici-
ty. Currently, although somewhat contradictory, a grow-
ing number of human and animal studies suggest that
omega-3 polyunsaturated acids may exhibit beneficial
effects on the brain, which is subject to aging [17]. As
we age, the ability to learn and remember information
becomes impaired. This is associated with a significant
decline in the production of new nerve cells. Omega-3
fatty acids have beneficial effects on neurogenesis in
adults. A study performed on old rats that received a
diet enriched with EPA and DHA acids for 12 weeks
showed that these compounds can positively act on



Long-chain polyunsaturated fatty acids and brain functions - literature review

processes related to the loss of neural tissue and the
reduction of transcription factors associated with learn-
ing and memory - retinoic acid receptors and retinoid
X receptors [18].

Another reason that may speak to the deterioration
of brain function with age is inflammatory processes
arising in neural tissue. A number of studies have shown
useful effects of omega-3 fatty acids on age-related
cognitive decline associated with their anti-inflamma-
tory properties [19]. One study was conducted on old
rats that had elevated concentrations of the markers
of nervous system inflammation - interferon-y and
interleukin-1pB, the use of polyunsaturated fatty acid
supplementation resulted in a decrease in the con-
centration of the aforementioned markers, which was
associated with the restoration of long-term synaptic
potentiation (LTP), responsible for an increase in the
efficiency of synaptic conduction [20].

Anotherimportant mechanism associated with aging
is the progressive accumulation of oxidative damage.
Free radicals are responsible for the damage, which,
once formed in the body, are not completely destroyed
by endogenous defence systems [21]. Lipids are the
building blocks of nerve cell membranes, their peroxi-
dation may be a major cause in the pathogenesis of the
aging process. Omega-3 fatty acids may promote the
maintenance of membrane homeostasis by counteract-
ing the modifications that occur with age, resulting in a
reduction in cognitive decline [22]. One study observed
improved memory abilities along with reduced lipid
peroxidation in the hippocampus by administering
DHA for 10 weeks in 25-month-old rats deficient in
polyunsaturated fatty acids [23]. Human studies show
that erythrocyte membranes from human offspring
in their nineties show reduced lipid peroxidation and
greater membrane integrity compared to the general
population [24].

Another observational study of 1,315 women aged
65 to 80 years who did not have dementia found that
participants with higher levels of polyunsaturated fatty
acids in their red blood cells had significantly larger
white matter and hippocampal volumes. In summary,
aging is characterized by the occurrence of low-grade
inflammation in nervous tissue. Particular attention
should be paid to the activation of microglial cells
and increased production of pro-inflammatory factors
such as cytokines. The appearance of the inflammatory
process is associated with a decline in cognitive func-
tions, which directly translates into a deterioration in
the quality of life and has serious socioeconomic con-
sequences. Omega-3 fatty acids may play a significant
role in the process of slowing down the development
of neurodegenerative changes [25].

OMEGA-3 AND ALZHEIMER'S DISEASE
Alzheimer’s disease (AD) is the leading cause of demen-
tia in the elderly, affecting tens of millions of people
worldwide. Clinically, it manifests as a gradual deterio-
ration of the brain’s cognitive functions, eventually lead-
ing to complete memory loss and personality changes.
This clinical picture is due to extensive loss of neurons
and synapses, especially in areas of the hippocampus
and cortex. Macroscopically, Alzheimer’s disease is char-
acterized by symmetrical atrophy of the cerebral cortex,
mainly in the medial temporal lobes, while sparing the
primary motor, sensory and visual cortex. In addition,
characteristic neuropathological features of this disease
include the presence of amyloid extracellular plaques
and intracellular neurofibrillary tangles.

Polyunsaturated fatty acids, which are an important
building block of the brain, may show beneficial effects
on AD. Several studies have shown reduced EPA and
DHA content in postmortem brain tissue and serum
samples of AD sufferers [26].

Individuals suffering from mild dementia due to AD
show better cognitive performance when EPA and
DHA supplementation is added to their diet. Amyloid
plaque formation results from abnormal extracellular
accumulation and deposition of AR peptide, which is
thought to be an early toxic event in AD pathogene-
sis, triggering the disease process. Physiologically, A
monomers are derived from amyloid precursor protein
(APP) after its cleavage by B- and y-secretase. DHA
affects amyloid-related processes, leading to reduced
AB production. Modifies the ratio of APP processing by
the amyloidogenic and non-amyloidogenic pathway.
Inhibits the activity of - and y-secretase enzymes, both
directly and by regulating the intracellular transport of
[B-secretase BACE-1 and the connection of presenilin 1
(PS1) to lipid raft membrane microdomains. In addition,
DHA and other fatty acids with four or more double
bonds, such as EPA, stimulate a-secretase activity, which
promotes non-amyloidogenic APP processing [27].

Total brain A levels, as well as amyloid pathology,
depend not only on AR production, but also on trans-
port and enzymatic degradation processes [28]. The
insulin-degrading enzyme (IDE) plays a key role in the
elimination of A in brain tissue. Supplementation
with DHA or EPA leads to increased IDE-dependent
degradation of AB40 inimmature neuroblastoma cells.
In addition, omega-3 fatty acids show beneficial effects
on microglia A42 phagocytosis and A clearance in
the interstitial tissue, further promoting AB elimina-
tion. DHA appears to further inhibit A aggregation in
vitro and counteract AB-induced toxicity in immature
neuroblastoma cells. Overall, the beneficial effects of
polyunsaturated fatty acids in lowering AP levels are
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based not only on reducing its production, but also on
stimulating elimination processes.

Observational studies seem promising in preventing
cognitive decline. Providing a diet rich in omega-3
fatty acids in healthy populations without previous
Alzheimer’s disease or dementia suggests a potential
protective effect against Alzheimer’s disease. It should
also be noted that the results of clinical trials, which
mainly concern people with AD, in which polyunsat-
urated fatty acids do not show any effect. This draws
particular attention to the fact that fatty acids from sea
fish should be consumed before the first symptoms of
AD are observed [29].

OMEGA-3 AND DRUG-RESISTANT EPILEPSY
Epilepsy is a common neurological disease character-
ized by recurrent episodes of seizures. These episodes
result from spontaneous and rhythmic changes in
neuronal electrical activity, unrelated to toxic, meta-
bolic or infectious factors. It is estimated that between
1 and 3 percent of the population may receive a diag-
nosis of epilepsy during their lifetime, accounting for
approximately 50 million people affected worldwide
[30]. In developed countries, 50 new cases of epilepsy
per 100,000 people are diagnosed each year, while in
developing countries the number is between 100 and
190 new cases per 100,000 people per year [31].

Although the majority of epilepsy patients effectively
control their condition with medication, about 25% to
30% of people with epilepsy do not respond positively
to drug treatment [32]. Refractory epilepsy is defined as
the lack of satisfactory seizure control despite the use
of at least two tolerable antiepileptic drugs at appropri-
ate doses for a sufficiently long period of time in both
monotherapy and combination therapy [33].

Refractory epilepsy, also known as drug-resistant,
pharmacoresistant, incurable, incapacitating or severe
epilepsy [34], can be a source of concern and negative-
ly affect the quality of life of affected individuals and
their families [30] Moreover, drug-resistant epilepsy is
associated with an increased risk of sudden death. The
phenomenon of sudden unexpected death due to ep-
ilepsy (SUDEP) is as much as five times more common
in the population of people with seizures who do not
respond to medical treatment, compared to those with
well-controlled epilepsy [35].

Over the past decade, researchers have conducted
studies on the use of PUFA supplements in the treat-
ment of epilepsy refractory to standard treatment, but
the results have been inconsistent. Although some
studies have suggested a significant reduction in sei-
zure frequency in people taking omega-3 fatty acids
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[36], these results have not been confirmed by other
research teams [37].

Although high doses of eicosapentaenoic acid and
docosahexaenoic acid appear to be relatively safe, ome-
ga-3 PUFA compounds may at the same time reduce
the tendency for platelet aggregation, which could
theoretically lead to a risk of bleeding [38].

The beneficial effects of omega-3 fatty acids (n-3
PUFAs) in the treatment of epilepsy are due to their
anti-stimulant and neuroprotective properties [39].
Studies in the 1980s and 1990s that showed PUFA n-3
to be effective in controlling arrhythmias prompted the
hypothesis that they may also contribute to reducing
seizure activity [40]. Experiments in animal models have
confirmed that PUFA n-3 reduce the electrical activity
of neurons, inhibit the repetitive stimulatory activity
of these cells and affect the regulation of the spread of
epileptic seizures [41].

The inhibitory effects of polyunsaturated fatty acids
are thought to be related to partial blocking of ion chan-
nels in cell membranes, resulting in a reduced influx of
positive ions, such as sodium and calcium, into the cell
[39]. There is evidence supporting the hypothesis that
elevated levels of omega-3 fatty acids may influence
the anticonvulsant effects of a ketogenic diet [41]. The
concept of this diet stems from historical observations
that indicated that epileptic seizures subsided during
fasting. This phenomenon was attributed to ketosis,
prompting the development of a high-fat, low-carbo-
hydrate diet, usually in a 4:1 ratio, to achieve a similar
one. Although the exact mechanisms of action are
not yet fully understood, the increased production of
ketone bodies and changes in energy metabolism in-
duced by this diet may have potential neuroprotective
effects [42].

Omega-3 fatty acids reduce the production of reac-
tive oxygen species, which are bio-products of energy
metabolism. These substances can induce oxidative
damage to membrane phospholipids, contributing
to the inflammation and neurodegeneration process
observed in epilepsy patients [41]. In addition, they
inhibit the synthesis of cyclooxygenase-2 (COX-2), an
enzyme involved in the production of pro-inflammatory
substances [43].

CONCLUSIONS

Available scientific evidence suggests that supple-
mentation or increased intake of fats from marine fish
significantly improves brain function, and plays an
important role in prenatal and early childhood brain
development. The results also show the significant
potential of polyunsaturated fatty acids as a natural
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therapeutic agent in the treatment of epilepsy, Alzhei- research is needed, with the main goal of determining
mer’s disease and other diseases that cause progressive  the optimal dosage and confirming the safety profile
dementia. It should be noted, however, that additional ~ of omega-3 fatty acids in the long term.
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