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ABSTRACT

The necessity of appropriate nutrition with diets containing omega-3 and omega-6 fatty acids 
for physiologically optimal brain and nervous tissue function has been demonstrated in numerous 
experiments conducted in very prestigious research laboratories worldwide. Complex mechanisms 
and dysfunctions in the area of developmental neurobiology and neurology are impossible to 
understand and describe in detail without the interdisciplinary study of diet and nutrition. Studies 
of human infants suggest that dietary docosahexaenoic acid plays an important role in cognitive 
development and, in cases of its deficit, in some neurodevelopmental disorders as well; this 
possibility has important public health implications.

Both omega-3 and omega-6 fatty acids are crucial elements in the structure and function 
of cellular membranes, determining their proper physiological activity in regards to fluidity, 
intracellular transport, and protection against intruders such as bacteria and viruses. These acids 
actively participate in the biosynthesis of such neurotransmitters as dopamine and serotonin, which 
are required in nerve cells for quick and efficient signal conductance.

The proper content of omega-3 fatty acids in diets increases and improves learning ability, 
problem-solving skills, concentration, memory, and communication between nerve cells. Omega-3 
fatty acids also support positive mood and emotional balance, and are beneficial in the treatment 
of depression and Alzheimer’s disease; they also help maintain good mental skills in aging people. 
Omega-3 fatty acids are derived from food; they are able to restore the proper flexibility of neuronal 
membranes, resulting in improved cell communication and physiologically optimal brain function 
in cases in which this flexibility was previously disordered.
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INTRODUCTION

Nutrition plays an important role in the functions of brain and nervous 
tissue. A number of mechanisms and dysfunctions based on developmental 
neurobiology and neurology can certainly not be understood without analysis of 
diet and nutrition. In recent years, significant conclusions reached on nutrition and 
neurodevelopment show that a number of cellular and molecular mechanisms are 
affected by our diet.

Scientific studies during the 1970s on the health of Inuit-Eskimos living in 
Greenland clearly showed that they were not only the most healthy population in 
the world, but their good health exceeded by far that of any other population in 
the world. Their diet consisted mainly of whale, salmon and seal. The incidence 
of such serious diseases as coronary heart disease, arthritis, diabetes and many 
others, was extraordinarily lower than in other populations. The main reason for 
this was the content of omega-3 fatty acids in the diet - the key factor determining 
the excellent health of Eskimos. Similar studies in Iceland gave the same result. 
It was shown that in Iceland, the incidence of such health problems as heart 
disease, stroke, and high blood pressure was minimal in comparison with other 
populations in Europe and elsewhere. They also had the lowest infant mortality 
rates in the world.  Scientists attributed these positive facts concerning the health 
of these people to high intakes of fish oils rich in long-chain omega-3 fatty acids, 
particularly docosahexaenoic acid (DHA), docosapentaeneoic acid (DPA) and 
eicosapentaenoic acid (EPA) (Gordon  and Joiner-Bey, 2004).

Longitudinal and epidemiological studies revealed positive correlations 
between the low DHA concentrations in plasma and blood cells and the risk of 
neural and visual disorders in infants and children and to a greater risk of cognitive 
deterioration and dementia in aging people (Dullemeijer et al., 2007; Horrocks 
and Yeo, 1999; Innis, 2008; Innis and Friesen, 2008). DHA is the most abundant 
omega-3 fatty acid in the central nervous system, being  concentrated in particular 
in the membrane lipids of grey matter and visual elements of the retina (Horrocks 
and Yeo, 1999; Innis, 2008).      

Omega-3 α-linolenic acid belongs to a group of essential nutrients and is 
necessary for humans and animals alike. It is not synthesized in the body, but 
rather should be supplied in adequate amounts through the diet. Sources of these 
fatty acids include: salmon, mackerel, vegetables, vegetable oils, linseed, and, in 
smaller quantities, the oils of other plants. Of utter importance is maintaining a diet 
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that provides a specific fatty acid, which has 22 carbon chain and 6 double bonds, 
known as DHA. Its role is imperative for the development and function of nervous 
tissue, especially the human brain, whose mass being more than 50% fat, contains 
an abundance of omega-3 fatty acids. Epidemiological and interventional studies 
have linked low plasma and blood cell lipid DHA to increased risk of insufficient 
visual and neutral development in embryos, babies and children (Bouwstra et al., 
2003; Helland et al., 2003; Dunstan et al., 2006; Hibbeln et al., 2007; Innis, 2008; 
Innis and Friesen, 2008). Other noteworthy omega-3 acids include α-linolenic 
acid (α-LNA), EPA. Fatty acids are essential building blocks of the brain (in 
neurons and cellular membranes), but they also function in improving learning 
and memory,  augmenting suboptimally functioning synapses. Large amounts 
of DHA as well as selenium (Se) are stored in the retina; DHA ensures smooth 
transmission of visual stimuli to the brain.

Another series of unsaturated fatty acids is the omega-6 fatty acids. They 
are also important for the body and can be found in diets rich in sunflower 
oil, soyabeans, rapeseed oil, and black currants. The most important omega-6 
fatty acids for human health are γ-linolenic acid (γ-LNA) and arachidonic acid  
(AA; C20:4n-6) (Innis, 2008; Xie and Innis, 2008). 

Both omega-3 and omega-6 fatty acids are important components in the building 
of cellular membrane structures, which in turn determine the physiologically 
essential, smooth functioning of membranes in regards to their fluidity, intracellular 
and extracellular transport, protection against intruders such as bacteria and 
viruses. They participate in the biosynthesis of such neurotransmitters as dopamine 
and serotonin, which are necessary in nerve cell bodies for quick and unhindered 
signal conductance.

Many studies have shown that diets rich in omega-3 fatty acids resulted in 
increased and improved learning ability, problem-solving skills, concentration, 
memory, and communication between nerve cells. Omega-3 fatty acids participate 
in improving mood and emotional balance, and support the maintenance of good 
mental ability in the people as they age (Whelan, 2008).

Prostaglandins biosynthesized from AA play central roles in the regulation of 
brain development, synaptic plasticity, spatial learning, and long-term potentiation 
(Bazan, 2003). It is important to note that DHA may regulate AA release from 
neural membranes, affecting prostaglandin biosynthesis in this way (Corey et al., 
1983; Chen and Bazan, 2005; Bazan, 2006; Strokin et al., 2007; Tassoni et al., 
2008). 

Membranes in brain neurons are composed, among the others, of phospholipids, 
mostly glycero-phospholipids enriched in PUFAs, where DHA comprises a major 
portion of acyl chains; taken together, omega-3 fatty acids are the most essential 
in their structure.
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For proper functional communication among neurons and signal transmission, 
these membranes need to be appropriately flexible to permit vital molecules to 
pass through. Age or diets abundant in cholesterol and saturated fatty acids can 
cause these membranes to stiffen and become less pliable. This stiffness does not 
permit the needed molecules to pass through the neurons correctly and can result 
in mood imbalances, difficulties in learning, difficulties in recalling information, 
and other perturbations in brain function. When omega-3 fatty acids are ingested 
with food, they are able to restore the flexibility and pliable nature of neuronal 
membranes, resulting in increased cell communication and physiologically normal 
brain function.

STRUCTURAL AND FUNCTIONAL ROLES OF OMEGA-3 AND OMEGA-6 
FATTY ACIDS IN  THE BRAIN 

Lipids are essential constituents of brain nervous tissue and show a relatively 
high content of docosahexaenoic acid (C22:6n-3, DHA), which is particularly 
enriched in aminophospholipids, ethanolamine and serine phosphoglycerides 
(Sastry, 1985). DHA is the most essential omega-3 PUFA and is highly enriched in 
fish oils but is also synthetized via elongation and ∆4-desaturation of the 20-carbon 
eicosapentaenoic acid (EPA; C20:5n-3) or metabolism comprising elongation, 
β-oxidation, ∆5-, ∆4- and ∆6-desaturation of the 18-carbon omega-3 fatty acid, 
α-linolenic acid (α-LNA, C18:3n-3), which is present in a high concentration in 
linseed, walnut, chia, and other photosynthesizing terrestrial plants (Lukiw and 
Bazan, 2008). The omega-3 polyunsaturated fatty acids, including DHA, occupy 
the sn-2 position of phospholipids, and it has been established that brain tissues 
need specific molecular species for its function (Salem and Niebylski, 1995; 
Kitajka et al., 2002). These lipids are of primary importance in building structural 
integrity and efficient function of biological membranes (Murphy, 1990), which 
is highlighted by the property of DHA that it is depleted slowly from the brain 
(Holman and Mohrhauer, 1963; Mohrhauer and Holman, 1963); usually two 
generations are necessary to reduce its level significantly (Abe et al., 1989; Bourre 
et al., 1992). 

In growing nerve cells, the small membrane protein syntaxin 3 (STX3) has been 
identified as the target for the action of omega-3 and omega-6 fatty acids (Darios 
and Davietov, 2006). These fatty acids activate syntaxin 3, allowing growth of 
neuronal extensions, an essential process in brain development. This discovery is, 
in perspective, a good preview of further identification of other potent compounds 
that will be able to accelerate neuronal repair following injury (Darios and Davietov, 
2006). Fatty acid imbalance as well as specific fatty acid deficiencies can adversely 
affect brain development, including the ability to respond to environmental stimuli.  



  515KOCHMAN K., CZAUDERNA M.

Although the impaired water-maze performance of mice fed a diet rich in saturated 
fatty acids improved in response to early environmental enrichment, the brains of 
these animals showed less complex patterns of dendritic branching. Omega-3 fatty 
acid deficiency negatively influences specific neurotransmitter systems. Studies 
of human infants suggest that dietary DHA may play a crucial role in cognitive 
development as well as in some neurodevelopmental disorders; this possibility has 
very important implications for public health (Wainwright, 2002).

The critical period during neuronal development is growth and achieving 
the final structure of processes from the nerve cell body, leading to an enormous 
increase in cell membrane surface area. AA-releasing phospholipases are highly 
abundant in nerve growth cones and are also precedentially active in neurite 
outgrowth. Cell membrane expansion occurs through the fusion of transporting 
organelles with the plasma membrane (Wainwright, 2002; Darios and Davietov, 
2006). Importantly, syntaxin 3 participates in the growth of neurites and is also 
a direct target for omega-6 arachidonic acid. Dietary omega-3 linolenic and 
docosahexaenoic acids are efficiently able to substitute for the AA in activating 
syntaxin 3. These findings provide a molecular basis for the action of omega-3 and 
omega-6 PUFA in membrane expansion at growth cones, and are the first evidence 
for the presence of a single effector molecule for these important fatty acids 
(Wainwright, 2002). The absence of syntaxin 3 has a profound effect on embryonic 
neurons, confirming the physiological relevance of this syntaxin isoform in cells 
that were co-treated with AA and NGF. Downregulation of syntaxin 3 had a potent 
inhibitory influence on neurite outgrowth (Marszalek and Lodish, 2005; Darios 
and Davietov, 2006). 

DHA is a compound of basic importance for the life and function of 
brain neurons and synapses. In the brain, DHA is present particularly in all 
excitable cell membranes and in the synaptic junctions between neurons, where 
neurotransmission processes are intense. It has also been found in non-neuronal 
cells such as glia, in retinal pigment epithelial cells, and in the photoreceptor cells 
that make up most of the retina. DHA is present mainly in the phospholipids of 
cellular membranes. The highest content of DHA is in CNS synapses and retinal 
photoreceptors; DHA accounts for about 60% of all fatty acids in the phospholipids 
of the neuronal plasma membrane (Neuringer and Connor, 1989; Scott and Bazan, 
1989; Lukiw and Bazan, 2008). Studies on mice during postnatal development 
showed that dietary linolenic acid is first taken up by the liver, where elongation  
and desaturation to DHA takes place and then DHA is supplied through the 
bloodstream to the brain and retina. Brain and retinal cells have a readily accessible 
supply of DHA through highly regulated phospholipase-mediated exoprotease 
activity that releases membrane-bound DHA for neuroprotective and signaling 
activities (Lukiw and Bazan, 2008).  A deficiency of DHA and/or excess of AA are 
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observed in persons suffering from Alzheimer disease. The neuroprotective activity 
of DHA and NPD1 (a DHA metabolite discovered by researchers from Louisiana 
State University, who named it neuroprotectin D1 or NPD1)  is mediated through 
their functional ability to upregulate the expression of genes that code a number 
of beneficial proteins, and to suppress the expression of genes that code other 
proteins that are deleterious to the brain. This beneficial activity of NPD1 takes 
place not only in the brain but also in DHA-rich retina and nerve cells (Jeong and 
Ikeda, 2000), where NPD1 promotes the survival of retinal pigment epithelial cells. 
This protective action is a particularly important because damage to or apoptosis 
of these cells impairs the survival of the underlying photoreceptor cells; this is 
a dominant factor in age-related macular degeneration, an incurable disease that 
gradually destroys central vision. In the case of Alzheimer’s disease, the expression 
of the genes that code for the enzymes responsible for the synthesis of a DHA-
derived  mediator,  neuroprotectin D1 (NPD1) from DHA is impaired (Kim  et al., 
2000; Salem et al., 2001; Bazan, 2005). This explains, at least partially, why NPD1 
levels in the hippocampus of Alzheimer’s brains are reduced to only one-tenth of 
those in healthy, age-matched controls. DHA levels are reduced by about half. This 
results in the effective loss of NPD1’s neuroprotective action during the brain cell 
degeneration for which the disease is so notorious (Lukiw et al., 2005).

Neuroprotectin D1 (NPD1) induces a positive molecular programme in cells 
leading to the expression of antiapoptotic and neuroprotective genes that regulate 
the secretion of amyloid-beta peptides, resulting in the modulation of inflammatory 
signaling, neuronal survival, and, in consequence, the protection of brain cell 
function. Transmembrane glycoprotein βAPP increases the synthesis of neurotoxic 
Aβ peptides, one of which, Aβ40, is associated with neurovascular deposition and 
vascular pathology, while another highly amyloidogenic Aβ42 dimer is estimated 
to be particularly detrimental to neuronal activity through its promotion of 
oxidative stress and synaptotoxic effects (Lukiw and Bazan, 2006; Osenkowski et 
al., 2008). Alternatively, βAPP is processed via a membrane-associated disintegrin 
metalloprotein α-secretase into a soluble form of APP (sAPPα), which is known 
as to be neuritogenic, neurotrophic, and to promote neuronal survival. Both DHA 
and APD1 promote the synthesis of sAPPα via stimulation of α-secretase activity 
(Lukiw and Bazan, 2006; Osenkowski et al., 2008). DHA is a potent inhibitor of 
amyloid-beta formation in aging human neuronal cell cultures under oxidative 
stress (Lukiw et al., 2005). Stimulators of NPD1 biosynthesis or NPD1 analogs 
may be useful in future research on new therapeutic strategies for both Alzheimer’s 
and similar neurodegenerative diseases (Bazan, 2005; Lukiw et al., 2005; Lukiw 
and Bazan, 2008).  

A low intake of a DHA precursor, α-linolenic acid (α-LNA), as well as low 
capacity of elongase and/or ∆5-, ∆4-, ∆6-desaturases results in the lower transfer 
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of DHA to the brain from the liver, where a substantial amount of DHA is formed 
from α-LNA via the bloodstream.  It should be mentioned and stressed that this 
synthesis does not supply a sufficient quantity of DHA for normal brain function.  
Therefore, its delivery to the brain is more efficient by consumption of food 
containing sufficient amounts of both DHA and EPA.

Another important function of DHA is its role in cognitive processes. When 
the DHA content in the brain was diminished, animals underperformed in learning 
tests and showed evidence of other disordered mental processes (Bourre et al., 
1989;  Greiner et al., 1999), which were reversed when they received a diet 
enriched in DHA (the best way) or other omega-3 polyunsaturated fatty acids 
(precursors), such as α-linolenic acid (C18:3n-3, α-LNA) (Bourre et al., 1989). 

A substantial amount of DHA is supplied to the brain from the liver during 
pregnancy (Nouvelot  et al., 1986; Scott and Bazan, 1989) and by breast feeding 
after delivery (Farquharson et al., 1995;  Kitajka et al., 2002). The mechanisms of 
functional involvement of DHA-containing phospholipids in cognitive processes 
are under intensive study; it has been shown that there is a close relationship 
between their effect on the blood-brain barrier (Hussain and Roots, 1994) and 
activity of certain brain enzymes (Bourre et al., 1989; Gerbi et al., 1994), neural 
signaling (Kim and Edsall, 1999), ionic channels (Vreugdenhil et al., 1996), or 
growth factor regulation (Ikemoto et al., 2000). Brain cells and synapses require 
EPA, DHA and other omega-3  fatty acids to be supplied in an adequate amount 
for the normal and efficient functioning of these structures. These fatty acids 
greatly affect the composition of different membrane phospholipids and the 
incorporation of specific fatty acid into complex molecules in the nervous system. 
Their structural presence modifies the physical properties of cell membranes 
(Neuringer and Connor, 1989; Gerbi et al., 1994), including membrane fluidity 
(Salem  and Niebylsky, 1992), and alters the functioning of many cellular systems 
(Stubbs and Smith, 1985). It should be also pointed out that these fatty acids 
modify the activities of membrane-associated functional proteins (Fernstrom, 
1999). It is well known that dietary omega-3 fatty acids influence such mental 
functions as learning, memory, and other functional abilities and performances 
through the activation of gene expression in combination with membrane effects 
(Kitajka et al., 2002).

The results of intensive research provide strong evidence documenting that an 
elevated ratio of omega-6 to omega-3 fatty acids in diets is a major risk of many 
disorders, so this ratio should be much lower than in presently consumed diets in 
many developed western countries (Innis, 2008). Considering the above, the Japan 
Society for Lipid Nutrition recommended that the ratio of omega-6 to omega-3 
fatty acids in diets should be less than 4:1 for healthy adults and less than 2:1 for 
the prevention of chronic diseases in aging people (Horrocks and Yeo, 1999). 
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Similarly, the World Health Organization and  many other health institutions (like 
the British Nutrition  Foundation or FAO) are currently recommending an omega-6 
to omega-3 ratio between 3:1 and 4:1 in diets (Horrocks and Yeo, 1999).  

It has been shown that in omega-3 fatty acid-deficient hamsters, the induced 
changes in pineal PUFA membrane phospholipid composition were associated 
with a reduction in the nocturnal peak level of melatonin, which was 52% lower 
than in control animals. Omega-3 PUFA-deficient hamsters also had significantly 
higher diurnal and nocturnal locomotor activity than control animals, in parallel 
with activation of a striatal dopaminergic function (Lavialle et al., 2008). Omega-3 
fatty acid-deficient hamsters exhibited several symptoms: chronic locomotor 
hyperactivity, a disturbance in melatonin rhythm, and  striatal hyperdopaminergia.  
Investigations showed that an omega-3 fatty acid-deficient diet lessens the 
melatonin rhythm and weakens the endogenous functioning of the circadian 
clock, which plays an important role in nocturnal sleep disturbances as described 
in attention deficit/hyperactivity disorder (Lavialle et al., 2008).

DHA-rich phospholipids optimize  G-protein-coupled signaling. A large num-
ber of experiments indicate that a high content of C22:6n-3 (DHA) in membrane 
phospholipids is necessary for efficient functioning of many different signal-
ing pathways. The common characteristics of these processes are the central  
position of G-protein-coupled signaling. The conformational membrane modifica-
tion accompanying receptor activation is dependent on the physical properties of 
the membrane lipid bilayer. The degree of unsaturation of the acyl chains of fatty  
acids and the cholesterol level in a membrane significantly affect  metarhodopsin 
II (MII) formation,  MII-G1 coupling efficiency, and the rate of phosphodiesterase 
(PDE) activity. The earliest events in  G-protein-coupled signaling (receptor con-
formation change, receptor-G-protein binding, and PDE activity) are reduced 
in membranes lacking omega-3 acyl chains. Efficient and rapid propagation of  
G-protein-coupled signaling requires omega-3 polyunsaturated phospholipid acyl 
chains  that optimize this process (Mitchell et al., 2003).

Changes in the composition of membrane phospholipids in nerve cells affect 
not only important intracellular and intercellular signaling, but also modify the 
physical properties of a membrane, its fluidity, phase transition temperature,  
bilayer thickness, and lateral domains (Horrocks and Farooqui, 2004). PUFA 
deficiency markedly influences neurotransmission, membrane-bound enzyme and 
ion channel performance, and  synaptic plasticity. Its intake from the diet restores  
membrane fluidity and gene expression, decreases inflammation, and modulates  
neurotransmission (Tapiero et al., 2002;  Yehuda et al., 2002; Stillwell and Wassall, 
2003; Fukaya et al., 2007). Long-term dietary supplementation of arachidonic acid 
enables the preservation of proper membrane fluidity and hippocampal plasticity 
(Fukaya et al., 2007).
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The development of dysfunction of cholinergic neurons arising from the basal 
forebrain and terminating in the cortex and hippocampus is possibly the cause of 
cognitive deterioration that occurs during aging and Alzheimer’s disease (Willis et 
al., 2009). Intensive research on this problem has concentrated on pharmacological 
interventions in treating or forestalling the development of Alzheimer’s disease,  
primarily by focusing on enhancing cholinergic transmission, either through 
increasing acetylcholine (ACh) synthesis or inhibition of the acetylcholinesterase 
responsible for ACh hydrolysis. Recent studies have shown, however, that dietary 
supplementation can impact the cholinergic system, which is most visible during 
aging (Willis et al., 2009). Results of several studies indicate that the presence 
of adequate amounts of PUFAs in the diet improves cholinergic transmission in 
the aged brain, leading in consequence to significant improvement in  cognitive 
functioning (Willis et al., 2009).

A gene expression pattern resulting from the feeding of omega-3 fatty acids 
in the rat brain was also intensively studied. Using cDNA microarrays, it was 
found that in different dietary regiments, 55 genes were found to be overexpressed 
and 47 were suppressed in comparison with controls. The altered genes included 
those controlling synaptic plasticity, cytoskeleton and membrane association, 
signal transduction, ion channel formation, energy metabolism, and regulatory 
proteins. This effect seems to be independent of the chain length of fatty acids, but 
the omega-3 structure appears to be very important. Because omega-3 fatty acids 
were  shown to participate in proper and optimal maintenance of normal mental 
functions, docosahexaenoic acid-containing ethanolamine phosphoglyceride  
molecules are accumulated in response to dietary omega-3 fatty acids (as indicated 
by, i.e. the ratio of C18:0/C22:6n-3); a casual relationship between the two events 
can be surmised (Kitajka et al., 2002).

Bioactive lipids control neuronal excitability by acting on G-protein-coupled 
receptors (such as CB1) but also directly modulate the conductance of various 
ions, including voltage-activated T-type calcium channels (T-channels) (Chemin 
et al., 2007).

Anandamide, originally described as an endocannabinoid, is an important 
molecule of newly recognized lipids participating in signaling, including 
endocannabinoids and N-acyl-related molecules, eicosanoids, and fatty acids.

Therefore, the original natural (food-supplied) and endogenous fatty acids 
including γ-linolenic acid, mead acid, and arachidonic acid, as well as all omega-3 
fatty acids (i.e. long-chain omega-3 PUFAs) that are present in fish oil (e.g., 
eicosapentaenoic and docosahexaenoic acids), are strong inhibitors of T-type Ca2+ 
currents, which possibly contribute to their physiological functions (Chemin et 
al., 2007).

Polyunsaturated fatty acids  and N-acyl ethanolamine signaling are implicated 
in a multitude of physiological and pathophysiological  signaling events, including  
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cardiac and neuronal excitability (Abe et al., 1989; Siesjo et al., 1989;  Piomelli, 
1994; van der Vusse et al., 1997; Bazan, 2003; Leaf et al., 2003), cardioprotection 
and neuroprotection from ischemic and epileptic episodes (Bazan, 2003; Chen 
and Bazan, 2005), inflammation, and  pain (Julius and Basbaum, 2001).

Studying the role of T-channels in the cardiac and neuronal pacemaker 
(Hagarivara et al., 1988; Huguenard, 1996; Perez-Reyes, 2003; Mangoni et al., 
2006), cardiac hypertrophy (Nuss and Houser, 1993), neuroprotection and absence 
of epilepsy (Tsakiridou et al., 1995; Kim et al., 2001; Nikonenko et al., 2005), 
perception (Todorovic et al., 2001; Kim et al., 2003; Bourinet et al., 2005), it can 
be concluded that T-channel inhibition may have a connection with fatty acid and 
N-acyl ethanolamide effects. It is important to note that both anandamide (AEA) 
and arachidonic acid  also function as intracellular second messengers (Axelrod, 
1990; van der Stelt et al., 2005) and therefore could potentially participate in 
the signal transduction chains in the cell and messenger cascades by which 
neurotransmitters inhibit T-currents (Perez-Reyes, 2003).

PUFA act by participating in the control of many various metabolic mechanisms 
like regulation of calcium levels in astrocytes (Sergeeva et al., 2005). It has also 
been shown that phospholipases A2, C, and D are important participants  in the 
signaling and interplay of different metabolic and signal pathways in LA-N-1 cell 
nuclei (Farooqui and Horrocks, 2005).

CONCLUSIONS

It has been observed that sometimes small benefits as well as minor health 
problems, stem from the consumption of diets containing inappropriate ratios of 
omega-3 fatty acids, omega-6 fatty acids, saturated fatty acids, and trans-fatty 
acids. It was also found that excessive intake of omega-6 fatty acids relative 
to omega-3 fatty acids causes a variety of health problems. On the other hand, 
results of many studies clearly confirm the positive effects of an appropriate level 
of omega-3 fatty acids in diets on the improvement of health in many diseases 
and disorders. It should also be noted that the extraction methods  used to obtain 
different vegetable fats and oils have greatly evolved during the past 40-years. 
Extraction at temperatures ranging between 160-200oC has both doubled extraction 
efficiency, but also introduced negative changes in unsaturated fatty acids. At such 
temperatures, positional isomers of linolenic acid, for example, are transformed 
from the cis geometrical form to their biologically inactive forms of cis-trans/
trans-cis (C18:3) and are essentially rendered biologically inactive (Salminen et 
al., 1998; Flak et al., 2008).

All these aforementioned aspects concerning the merits of polyunsaturated 
fatty acids (omega-3 and omega-6) are crucial both from a purely theoretical point 



  521KOCHMAN K., CZAUDERNA M.

of view as well as the practical incorporation of such knowledge in day-to-day 
nutrition. 
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