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Abstract

Omega 3 fatty acid are long chain polyunsaturated fatty acid found mostly in marine & Plant sources
Eicosapentaenoic Acid (EPA) and Docosahexaenoic Acid (DHA) are the classes of omega 3 fatty acid that
are mostly derived from marine sources, whereas another class of omega 3 fatty acid i.e., Linolenic acid
is mostly found in plant sources. Consumption of EPA & DHA daily approx. 3-4gm will help in lowering
serum triglycerides level by 25-30%, and in subjects suffering from hypertriglyceridemia, there serum
triglycerides level will be lowered approximately 50%. Essential fatty acid for human beings are Alpha-Li-
noleic Acid (ALA, omega-3) and Linoleic Acid (LA, omega-6) as they are not synthesized by human body,
so they are consumed by them from exogeneous sources, for healthy brain higher amount of omega 3
must be include in our diet, for maintaining proper brain functioning specially in those having low base-
line levels, and pregnant and lactating mothers and neuropsychiatric subjects need omega 3 fatty acid in
sufficient quantity. Supplementation with omega 3 fatty acid helps to get rid from dementia, it's having
good antioxidant properties as well due to its anti-inflammatory action it proves to be best therapy for
cardiovascular diseases.

Keywords: Omega 3 fatty acid; Linoleic acid; Salvia hispanica; Stearidonic acid

Abbreviations: EPA: Eicosapentaenoic Acid; DHA: Docosahexaenoic Acid; LA: Linoleic Acid; ALA: Al-
pha-Linoleic Acid; CHD: Coronary Heart Disease; BCC: Basal Cell Carcinoma; SCC: Squamous Cell Carcino-
ma; TLR4: Toll-Like Receptor 4; FFQ: Food Frequency Questionnaire; PPAR: Peroxisome Proliferators-Ac-
tivated Receptor

Introduction

The two main families of PUFAs are the omega- 6 and the omega-3 PUFAs, that are relevant
to human health, linoleic acid (LA, 18:2w-6) and a-linolenic acid (ALA, 18: 3w-3), are present
in highest amount in most diets, both of them are not synthesized in animal body thus they are
regarded as essential fatty acids [1], both are mostly synthesized by plants and found in high
proportion in food of plant origin as in chia seeds (Salvia hispanica), nuts, and plant oils are
rich in LA, these include safflower, sunflower and pumpkin seeds, walnuts, and corn, safflower
and soybean oils, whereas soyabean, pumpkin seeds and walnut are also good source of ALA
too [1], including flax seeds (Linum usitatissimum), and flaxseed oil garden cress (Lepidium
sativum), richest source of omega-3 fatty acids is farmed mussels, that contains 300-800mg
of omega-3 fatty acids which is equivalent to per 100g of cooked meat [2,4]. So, we can say
that n-3 fatty acid is highly bioavailable as 50-60% of the lipid in mussel is phospholipid [2,5].
So sustainable source of long chain omega fatty acid is mussels, research has proved that
consumption of mussel (81-289g/person/meal depending on study participants’ individual
characteristics), as the protein complement of lunch time meals 3x/week is sufficient to meet
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the recommended intake of omega-3 and thus improves status
of omega 3 index in body and contributes to heart health within
two weeks [4]. Thus, encouraging mussels’ consumption in place
of other proteins could be a viable strategy to easily fulfil omega
3 fatty acid need as per recommendation [2,6]. Omega 3 fatty acid
both Eicosapentaenoic Acid (EPA) and Docosahexaenoic (DHA)
acid protects from various metabolic disorders [7].

Richest source of Stearidonic Acid (SDA) is seed oil of Echium
plantagineum, Buglossoides arvensis, and Ribes sp. SDA helps in
increasing EPA, DHA content in body more than ALA [7]. Whereas
EPA & DHA in body is directly supplied by oil from microalgae and
thraustochytrids [7]. Fishes are the richest source of omega 3 fatty
acid especially fatty fishes such as salmon, mullet, and mackerel
are the best sources of EPA & DHA in diet therefore expansion of
the aquaculture industry is on demand, but fish having very long
chain omega 3 fatty acid are not useful for vegans and vegetarians,
so commercial production of n-3 PUFAs are focused through plant
seeds rich in EPA & DHA, thraustochytrids and microalgae, and
stearidonic acid (SDA, C18: 4, n-3) [7-10]. Composition of fatty
acids in Palm (palmolein) oil is oleic (43%), palmitic (40%), and
LA (11%) [11], whereas soyabean has high content of LA (54.17%)
whereas, ALA is present in minor concentration therefore ratio of
both PUFAs is (n-6/n-3 PUFAs ratio of 10.5) [11]. Algae such as
brown, green, and red from North Queensland, Australia are also
best sources of omega 3 fatty acids among which highest amount
of EPA (3.30mg/g DW) was recorded from red seaweeds (Champia
parvula) [12].

Women who mostly consume diet enriched in omega 3 fatty
acid in comparison to omega 6 fatty acid have a reduced: Risk of
having breast cancer [13]. In comparison to men, women have
higher levels of EPA and DHA following equivalent dosing and in
comparison, to younger women older women have high level of
EPA & DHA [14]. Individuals who are taking fish oil supplement
tend to take them daily whereas fish consumption may be more
intermittent, both EPA and DHA are responsible for generating
bioactive lipid mediators important in inflammation resolution
[15], 25% reduction in breast cancer recurrence and improvement
in mortality in a large cohort of over 3,000 women with early-stage
breast cancer followed for a median of 7 years were observed who
preferred higher intakes of EPA and DHA from dietary sources.
Study by Patterson RE [16] demonstrated that consumption of
fish oil (EPA+DHA) is not associated with breast cancer outcomes
whereas consumption of marine fatty acids from food sources
helps in reduction of additional breast cancer events and all-cause
mortality.

Both Linoleic Acid (LA) and a-Linolenic Acid (ALA) are often
abbreviated by their chemical designation, as LA is 18: 2n-6 here
18 represents length of the carbon chain, number of double bond is
represented by 2 and the n-6 indicates that the first of the double
bonds begins at the sixth carbon atom from the methyl end of the
carbon chain, whereas ALA is abbreviated as 18: 3n-3, here n-3
represents that the first double bond is at the third carbon from

the methyl end of the chain. In human beings from their respective
essential fatty acid, longer chain Polyunsaturated FA (PUFA) can
be synthesized by a series of elongation i.e.,, addition of carbon
atoms and desaturation i.e., addition of a double bond, enzymatic
reactions, these two series of EFA cannot be inter-converted in
humans and thus compete for these enzymes.

In Western diets contain more LA (15-20 times) than ALA,
therefore, there diet has high level of long-chain omega-6 FA
(Arachidonic Acid, 20:4n-6), so, for maintaining good health
under certain dietary conditions supplementation with EPA
(Eicosatetraenoic Acid, 20:5n-3) and DHA (Docosahexaenoic Acid,
22:6n-3) may be essential [17]. In most body organs including
brain and retina of eye level of DHA is much higher in comparison
of EPA, but in RBCs EPA level is higher [18-21]. Omega 3 fatty acid
has immense role, so, have impact on reproductive system too, it
effects Prostaglandin (PG) synthesis, steroidogenesis, transcription
factors and membrane properties [22], Studies have shown that
dietary supplementation of omega-3 (n-3) PUFAs enhances sperm
fertility in birds [23,24] and boars [25,26]. Steroidogenesis is
mostly affected by PUFAs such as Arachidonic Acid (AA) and its
metabolites as they directly effect on Steroid Acute Regulator
(StAR) and cytochrome P450, as both these play role in regulating
steroid synthesis [22,27]. Direct precursors of PGs is 20-carbon
PUFAs [28], and it participate in the regulation of reproductive
endocrinology [29,30].

Feng Y [31] demonstrated the role of PUFA in regulating
reproductive system, PUFA plays major role in testis development,
ratio of omega 3 fatty acid to omega 6 fatty acid having ratio 4.15
have no significant effect on the testis index (P>0.05), increased
germ layers cells, Spermatogonia development were seen, as well
elevation in hormonal serum level (GnRH, FSH, LH and T) on 35%
day were observed, PUFAs plays significant role in upregulating
receptors expression and levels of mRNA of all these genes(GnRHR,
FSHR, LHR and StAR), thus their study indicates that balanced
between both PUFAs is beneficial in reproduction. Due to their
anti-inflammatory effect, promoting pre Resolvins mediators and
aggregation of platelets and thrombosis, Omega 3 fatty acid (EPA,
DHA), mightbe auseful therapy against covid-19 as we known in this
acute respiratory disease there is immune inflammatory response
and uncontrolled production of pro inflammatory cytokine and
excessive coagulation so due to their antioxidant PUFA (EPA, DHA)
might be a boon therapy in this deadly disease [32].

Omega upregulates the function of neutrophils, macrophages,
natural killer cells, mast cells, basophils, and eosinophils cells. As
we know subjects of Japan & Korea consumes fish one of the best
sources of omega 3 fatty acid and thus their serum has elevated
level of EPA and DHA and thus these countries have reported lowest
severity of COVID-19 [33,34]. The most reliable surrogate marker
of omega -3 status is the Omega-3 Index (03I), represents EPA and
DHA content of RBCs expressed as a percentage of the total weight
of RBC membrane fatty acids, this index corelates with the omega 3
fatty acid level in the tissue, and with various disorders like CVDs,
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bipolar disorder etc [35] demonstrated in his cross sectional study
on covid-19 pandemic that subjects worldwide are more prone to
this deadly virus who have deficiency of omega 3 fatty acid thus
have low 03I index, as this index had inverse relation between
mechanical ventilation and death in case of covid subjects, but there
is need of future research to assess the value of OSI to establish it as
a biomarker in case of COVID-19.

Health Benefits of Omega 3 Fatty Acid

Based on geographic area and diet habits omega 3 fatty
acids level vary in blood, as Japanese consumes marine diet, so
their blood have high level of omega 3 fatty acid in comparison
to subjects of Pennsylvania and Japanese Americans living in
Honolulu [36]. In comparison to natives of Pennsylvania and
Japanese Americans even the lower 5% percentile of blood n-3
fatty acid is higher in natives of Japan than there mean levels
even when total fat is comparable [36]. Omega 3 fatty acid level
in blood is inversely related to Coronary Heart Disease (CHD) as
reported by the multiple risk factor intervention trial reported in
1995 [37]. Studies have demonstrated its beneficial and promising
role in various diseases like hypertension, inflammatory diseases
such as rheumatoid arthritis, respiratory disease like asthma and
in Crohn’s disease [38]. Risk of primary cardiac arrest, coronary
artery disease and suppression in serum triglycerides were seen in
subjects consuming omega 3 fatty acid sources [38], abnormalities
in fatty acid composition is related to mood disorders, studies have
demonstrated that suppression in serum concentration of omega 3
fatty acid give rise to mood disorders. Hibbeln [39] showed in his
study the relation between the prevalence rate of major depression
is inversely proportional to amount of fish consumption.

Study by Peet M [40] demonstrated that major depressant
subjects have lower concentration of omega 3 fatty acid in their
erythrocyte membranes. Many studies have demonstrated that with
increased severity of depression concentration of omega 3 dietary
fatty acid level in blood, and in plasma decreased concentration
of ratio of omega-3 fatty acids to omega-6 fatty acids is observed
[41-43]. Positive impact may have been shown by the increased
concentration of essential fatty acids on central serotonergic and
dopaminergic neurotransmitter systems [44,45] demonstrated
in his studies that dietary supplementation of omega 3 fatty acid
supplementation especially DHA have demonstrated positive
influence on central nervous system metabolism of serotonin and
dopamine as in CSF of controls and abstinent alcoholics elevated
level of metabolites of serotonin (5-HIAA) and dopamine (HVA)
was observed [44]. According to the American Heart Association,
addressing TGs and cardiovascular disease, the recommended dose
to subjects needs to lower their TGs level is 2 to 4g/day of EPA plus
DHA [46], Whereas according to the endocrine society for lowering
TGs levels from moderate to severe stage combination of statin
along with omega 3 fatty acid or alone consumption of omega 3
fatty acid is best treatment option [47]. Studies have demonstrated
that TGs level in plasma in reduced by 25% to 34% if n-3 fatty acid
is consumed as fish oil supplements or as prescription OM-3-A EE
[48,49].

PUFA in Human Milk

Difference in composition of human milk from lactating
mother is because of difference in fatty acid concentration [50]. By
analysing sample of human milk from nine European countries it
was found that concentration of both ALA and LA in milk is 0.9%
wt/wt & 11.0% wt/wt respectively [50]. One of the meta-analysis
by examining 65 data from 2400 women worldwide reveals that
mean DHA concentration was 0.32+0.22% of total fatty acids having
ranges from 0.06 to 1.4%, whereas elevation in concentration of
DHA was found in human milk of subjects living sea shore due
to high consumption of marine diet like fish and sea food [51,52]
suggests that infants receiving infant formula in combination
with PUFA till first year of their life had less allergic symptoms in
comparison to infants who are only on infant formula until 4 years
old. Even in children having at risk for atopy if they are consuming
PUFA so they have less chances of having asthma.

In his double-blind randomized controlled trial on 420 infants
who are at high atopic risk [53] demonstrated that when these
children consumes a daily dose of fish oil containing 280mg
docosahexaenoic acid and 110mg eicosatetraenoic acid or olive oil,
since birth to 6 months of age, it was found that after 6 months of
age in fish oil supplemented group elevated level of DHA &EPA in
their blood (both P<05) whereas lower level of arachidonic acid in
erythrocyte (P=003) were observed. This elevated level of PUFA till
6 months of age is associated with lower risk of eczema (P=033)
and recurrent wheeze (P=027), whereas at 1 year follow up no
clinical outcomes were observed. In case of organ transplantation
like kidney and liver recipient are over 100 folds prone to develop
skin cancer, one of the follow up study on 449 transplant subjects
has observed that who are consuming long-chain omega-3 PUFAs
and alpha linolenic acid have reduced risk to develop Squamous
Cell Carcinoma (SCC) and Basal Cell Carcinoma (BCC) respectively
[54].

Studies have proved that nutritional diets rich in omega 3
fatty acid [55] may help to get rid from fatigue caused by cancer/
cancer related fatigue [56], Kleckner AS [57] demonstrated in his
study that in cancer subjects if there nutritional status is improved
then concentration of omega 3 fatty acid will increase that help
them to get rid from cancer related fatigue, Breast cancer patients
of 4-36 months post-treatment having moderate to severe fatigue
were enrolled and for 6 weeks, group 1 & 2 were given 6g fish
&soyabean oil respectively or 3g of each daily. They observed that
subjects having good nutritional diet have increased total serum
omega 3 level at baseline and after supplementation have more
elevated level of n-3, subjects who were on fish oil diet have greater
improvement in cancer related fatigue in comparison to subjects on
soyabean oil.

Study by Shehab R [57] observed in his pilot study that omega
3 fatty acid helps in improving levels of Vitamin D & Calcium among
childbearing age women who are suffering from deficiency of
vitamin D when they were supplemented with omega 3 capsule 1
capsule twice daily (1000mg) for 12 weeks then elevation in the
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levels of vit D & Calcium and improved lipid profile as reduction
in level of cholesterol, LDL-c, thus also exerts its cardioprotective
effect and thus it indirectly play role in providing strength to bones
[58] states in his cross-sectional Study that omega 3 fatty acid ratio-
based intake is related in declining of CRP level which is related to
inflammation thus exerts its cardioprotective effect but apparently
declines subclinical inflammation mostly in healthy elderly
males. As omega 3 fatty acid directly suppress the action of key
modulator of pro-inflammatory cytokines Including Interleukin-6
(IL-6) i.e., Toll-Like Receptor 4 (TLR4), thus reduce CRP level [59],
many studies have demonstrated that inflammatory markers like
interleukin-6 mostly activates the transcription rate of the CRP
gene including the translation of CRP mRNA, even in endothelial
cells and so by consuming diets rich in omega 3 fatty acid helps
to get rid from this mechanism as it directly suppress levels of
inflammatory markers [60-63].

In case of diabetic nephropathy, omega 3 fatty acid in
combination with vitamin D3 exerts beneficial effects in improving
hyperglycemia, renal function test, by decreasing urinary protein
content and marker of podocyte injury & oxidative stress i.e.,
urinary nephrin all these mentioned changes were observed in
rat model, as they were divided in 3 groups, first & second group
was given oral supplementation of VD3 and 03-FAs separately
whereas group third was receiving both in combination, and
superior result was demonstrated in combined therapy [64]. Along
with rosuvastatin omega 3 fatty acid helps in elevating adiponectin
serum level thus protecting from coronary artery disease and
insulin resistivity as [65] we know this adiponectin protein helps
in preventing development of metabolic syndrome, in their study
on 87 subjects with CAD & IR, Al-Kuraishy [64] divided them into
4 categories one receiving omega 3 fatty acid, other rosuvastatin,
third group was receiving both drugs whereas fourth group was
taken as control, they observed that group receiving combined
treatment have elevated serum adiponectin levels and thus have
significant cardiometabolic protection.

Fatty Acids for Wound Healing

It’s an anabolic process that needs nutrients such as glucose
and fats for healing, glucose acts as energy source and fats pays
major role in development of cell membrane & modulation of cell
signaling, in case of wound healing [66], through beta oxidation and
production of ATP by unique pathway by fats for energy production
that allows available protein to be utilized in wound healing [66].
Both omega 3 fatty acid & omega 6 fatty acid are precursors of

key mediators of inflammatory phase such as prostaglandins,
leukotrienes, and thromboxane that plays role in wound healing
[67], omega 3 fatty acid supplementation helps in suppressing
the activities of genes involved in proinflammatory pathways and
in addition helps to abolish lymphocyte proliferation and levels of
inflammatory markers such as IL-1f3, tumor necrosis factor «, and
IL-6 [68]. But more studies on this topic needs to be conducted.
Quality of fatty acid supplemented also have impact on wound
healing, but large prospective case control studies and human trials
are still needed to elaborate the role of fatty acid in wound healing.

One of the case report has demonstrated that in 21 year old
Japanese female with lower body paralysis having pressure ulcer
on heel and first toe when supplemented with omega-3-acid ethyl
esters one of the analog of omega 3 fatty acid, complete healing of
the ulcer of the first toe in 10 weeks was seen [69,70], demonstrated
in his 8-week, placebo-controlled, double-blind study on borderline
personality disorder in female subjects that Ethyl-Eicosatetraenoic
Acid (E-EPA) have promising result against severe borderline
personality development and it is also an effective and safest
monotherapy. Study by Sublette [71] demonstrated in his study
that low level of DHA and increased level of omega-6/omega-3
fatty acids in diet is associated with major depression and affected
subject can commit suicide [79].

Relationship between Omega 3 Fatty Acid &
Osteoporosis

Osteoporosis is a disease characterized by having low bone
mineral density and due to deterioration in microarchitectural
of bone tissue that make bones fragile, and it easily get fracture,
Omega 3 fatty acid affects bone remodeling by affecting mainly
three pathways of action it mainly modulates activity of absorption
of calcium, suppressing activity of inflammatory cytokine and
Peroxisome Proliferators-Activated Receptor (PPAR). Absorption
of calcium and urinary calcium levels are mostly affected by fat
rich diets [80,81]. As consumption of PUFA helps in absorption of
intestinal calcium, by enhancing the activity of enzyme Ca2+ATPase,
as this enzyme plays major role in active absorption of calcium in
intestine (Table 1). In one of the studies on 891 women during
menopausal transition using Food Frequency Questionnaire
(FFQ) to evaluate food intake and measuring BMD with DEXA, in
another study negative relationship was obtained between fatty
acid consumption and femoral BMD loss, it was reported that in
both sexes’ higher ratio of n-6 to n-3 fatty is mainly associated with
lower BMD at the hip region [82,83].

Table 1: Relationship between omega 3 fatty acid &osteoporosis.

Study (Ref) Diet Study Period Results Conclusions

. Low calcium in combination Bone weight and bone length Dletr}./ 11.1take ofomega 3 fatty acid

Sakaguchi[72] . 35 days . helps in increasing bone length and

with EPA increases .
bone weight
Combination of gamma- Combination of Estrogen essential Essential fatty acids help in

Schlemmer [73] linolenic acid, EPA and 14 weeks fatty acids alone elevates calcium reinforcing the effect of estrogen on

estrogen content in Femur bone calcium.

Ortho Surg Ortho Care Int]

Copyright © Shah Waliullah



001J.000546. 2(5).2022

In case of ovariectomized rats corn
20% casein or soy protein oil promotes bone loss whereas fish In case of ovariectomized rats,fish
Sun [74] inclzdin fish angforn oil 16 Weeks oil helps in suppressing levels of oil helps in maintaining effective
J inflammatory markers like TNF and BMD.
IL-2.
Higher bone specific alkaline
phosphatae &lower urinary calcium
Combination of n-3+n-6 & is associated with omega 3 fatty acid .
Shen [75] n-3, n-6 fatty acids 20 weeks consumption, n-6 diet is associated Omega 3 fatty acid exerts
with higher bone PGE2 and serum
Pyd
- Lower bone formation rate is By suppressing bone formation
Shen [76] Corr;lti;nz;t-lgr;acii na?::-i'-dns 6& 20 weeks associated with omega 3 fatty acid & resorption rate PUFA 3 helps in
! y supplementation reducing loss of bone integrity
Worﬁ;iﬁezgpzasu_si) s BMD in premenopausal women
Bassey [77] Postmenogausal worien 12 weeks on Efacal® or placebo. BMD in No beneficial effect of Efacal® on
y aged 50- 25 yrs (Efacal postmenopausal women on Efacal® BMD
calcium) or placebo
233;1;216::58(1120 12:21?:; Positive correlation of NTx with TNE | Dietry supplementation of omega 3
Griel [78] throush Di'ffex%)er;lt ratios of 6 weeks ALA diet reduces the level of NTx fatty acid have protective effect on
plantg—derived -3 PUFAs (N-telopeptides). bone metabolism.
4 g/day Evening Sgpplement.atlon through fish Improved calcium absorption
, ; : oil or combined treatmentof ;
40 Post-menopausal primose,Fish oil evenine primrose and fish oil due to Increased unsaturation of
Van Papendorp [68] nop evening primrose 5P . membranes whereas bone markers
osteoporotic women ) A elevates serum concentrations A . . .
and fish oil; Olive indicate stimulation of osteoblastic
ol of procollagen, decreased serum activit
alkaline phosphatase 4

Role in Spinal Cord Injury

Acute spinal cord injury is very severe disability, it's extremely
complex disease having high mortality and morbidity [84,85]
demonstrated the antioxidant & anti-inflammatory role of omega
3 fatty acid in spinal cord injury in rat model, their study showed
that as concentration of omega 3 fatty was increased more effective
result was obtained such as reduced oxidative stress markers,
inflammatory markers, and apoptosis. As omega 3 fatty acid usually
modify multiple pathways that are responsible for secondary
damage following SCI. Studies have confirmed that subjects who
are administrating long chain omega 3 fatty acid before injury they
restore cord lipid homeostasis, exerts neuroprotection, dysfunction
of sensorimotor, and neuropathic pain is prevented by omega 3
fatty acid as well it promotes locomotor recovery both in acute &
sensory phase of SCI [74].

One of the studies on SCI induced rats has proved the
neuroprotective effect of omega 3 fatty acid it mainly suppresses
the activation of inflammasomes following SCI. Their study showed
that PUFA mainly suppress activation of microgliosis, whereas
oligodendrocytes number got increased with its consumption
and demyelination got suppressed [86]. PUFA and its metabolites
play major role against environment-related skin inflammation
such as UV radiation due to sun exposure that cause acute skin
inflammation, thus in such case MaR1one of the metabolite of PUFA
suppressed swelling and infiltration of UVB irradiation induced
macrophage in addition it also helps in inhibiting UVB irradiation-
induced Kkeratinocyte apoptosis and suppress production of
inflammatory cytokines, IL-1 and TNFq, and oxidative stress [87].

Conclusion

In the present review we try to conclude the structure, sources
and health benefits in various diseases and disorders, but in case
of cancer, pressure ulcer etc more human trials are needed to be
conducted to establish its effect.
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