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Abstract

Spinal cord injury is a life changing threatening neurological condition that completely changes subject’s life. In medical manage-
ment recent advances has significantly improved diagnosis, stabilization, survival rate and well-being of SCI patients, but there has
been very small progression in its treatment, and some such as Stem cell transplantation etc. is very cost effective that is not pos-
sible for everyone to afford, so now a days major focus is on nutraceutical supplementation as they are easy to administer and easy
to afford, omega 3 fatty acid are important polyunsaturated fatty acids with some roles in normal cellular metabolism, they have
Anti-inflammatory and antioxidant properties, and studies have proved its beneficial role in ameliorating inflammation in different
diseases and thus plays role in improving neurological outcomes after neuronal injury, studies have shown that in SCI inflammatory
events results in activating various inflammatory markers so PUFA 3 helps in suppressing their activity, for healthy adults, the daily
recommended level of omega-3 fatty acid is 300 mg, Leukotriene-5, thromboxane-3, and prostaglandin-3 are derived from essential
fatty acids, and are known to be therapeutically important in inflammatory conditions as well as for mental health.

Omega 3 fatty acid helps in modulating multiple pathways that responsible for damage caused after secondary SCI, due to signifi-
cant health benefits consumption of EPA and DHA is promoted as fatty fishes such as salmon, mullet, and mackerel are the best sourc-
es of EPA and DHA so more focus is on aquaculture industries, thus this review tries to cover all possible potential benefits of PUFA.
Omega 3 fatty acid helps in modulating multiple pathways that responsible for damage caused after secondary SCI, due to significant
health benefits consumption of EPA and DHA is promoted as fatty fishes such as salmon, mullet, and mackerel are the best sources

of EPA and DHA so more focus is on aquaculture industries, thus this review tries to cover all possible potential benefits of PUFA.
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Introduction

A spinal cord injury (SCI) is characterized by the deterioration
in motor, sensory, and autonomic functions due to either total or
partial damage to the spinal cord due to trauma. It changes the
subjects’ lives with lifelong treatment, and the patient is entirely
dependent on others. It is a debilitating neurological condition
with socio-economic implications for those affected and the health

system [1].

According to the National Spinal Cord Injury Statistical Centre
(NSCISC), 12,500 new cases of SCI are recorded each year in North
America [2]. Patients with SCI over 60 years have significantly
poorer results than younger patients [2]. Almost 90% of SCI cases
are traumatic and occur due to road traffic accidents (RTA), falling

from a height, falling of heavy objects such as wall or bullet fire in-

jury [3]. Men are most often affected due to SCI. Therefore, the ratio
of men and women is affected by 2: 1, and adults are most affected
than children. According to the demographics, men are most often
involved in early and late adulthood (3™ and 8% decades of life) [3],
while women are affected during puberty (15-19 years) [4].

SCI can cause quadriplegia or paraplegia depending upon the
level of injury. Paraplegia is caused by a lesion in the dorsal spine,
while a lesion causes quadriplegia at the cervical level [5]. As per
NSCISC [2], the cervical level of the spinal cord (50%) is typically
affected in SCI, with the most commonly affected level being C5
vertebrae while resting the thoracic level (35%) and the lumbar
region (11%). Middleton., et al. reported that the survival rates for
SCI over 40 years were 47% and 62% for patients with quadriple-
gia and paraplegia, respectively [6]. The degree of injury and the

functions retained after SCI determined SCI patients’ life expec-
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tancy. Patients with an ASIA Impairment Scale (AIS) grade D have
almost 90% normal life and a higher life expectancy than lower
grades [7]. As spinal cord injury has catastrophic sequelae on indi-
vidual suffering, it is imperative to resolve SCI’s cellular and molec-
ular mechanisms and develop new effective treatment modalities

to curtain the suffering.

In all mammals, polyunsaturated fatty acids (PUFA) or w-3 acids
are essential components of cell membranes. They facilitate nor-
mal functioning of the body, but most mammals are unable to syn-
thesize it so they need a dietary source to meet their need. Three
types of w-3 acids include alpha linolenic acid (ALA), eicosapen-
taenoic acid (EPA), and docosahexaenoic acid (DHA) [8]. linoleic
acid (C18:2n-6, LA) is the parent omega-6 fatty acid and a-linolenic
acid (C18:3n-3, ALA) is parent omega-3 fatty acid, Human can syn-
thesize arachidonic acid (C20:4n-6; AA), one of the Omega-6 fatty
acids from LA, and ALA can help in synthesizing omega-3 fatty
acids, as eicosapentaenoic acid (C20:5n-3; EPA), docosapentae-
noic acid (C22:5n-3, DPA) and docosahexaenoic acid (C22:6n-3,
DHA),however the conversion of ALA into omega-3 fatty acids in
EPA, DPA and DHA is quite very low therefore these fatty acids are

considered as essential fatty acid too [9].

According to nutrition experts suggested ratio of both fatty acid
is 5:1(n-6: n-3 fatty acid) or less is desired [10]. But nowadays
western society food habits is characterized by high consumption
of foods having a large amount of saturated fatty acids and very low
proportion of PUFA like meat, seed oils, fast food (pizzas, hamburg-
ers...) and snack food (cakes, biscuits...) [11]. According to nutri-
tion experts, the recommended ratio of the two fatty acids 5: 1 (né:
n3 fatty acid) or less is desirable. But today’s eating habits of West-
ern society are characterized by a high consumption of foods with a
large proportion of saturated fatty acids and very low proportions
of PUFA such as meat, seed oils, fast food (pizzas, hamburgers) and
snacks (cakes, biscuits) [12].Composition of fast food consump-
tion compared to Japanese food or Mediterranean food [13], both
of which contain a large amount of fish close to 2: 1, while a ratio
of up to 25: 1 in the blood of subjects taking fast food consumed is
much higher than would be expected, and the authors concluded

that adolescents are mainly dependent on fast food [9].

That’s the reason that nutritionists advise to consume more
fishy and green leafy vegetables in diet to prevent many diseases,
especially cardiovascular diseases. Supplementation with omega-3
fatty acids helps to increase the concentration of antioxidant cata-
lase (CAT) and superoxide dismutase (SOD) and suppresses the ac-
tivity of the oxidative stress marker, i.e., Malondialdehyde (MDA) in
the SCI rat model. n-3-acid supplementation also helps in reducing
the expression of the enzyme glutamine synthetase, which is re-
sponsible for reducing the activity of glutamate-induced excitotox-
icity in injured tissues. Elevated levels of glutathione (GSH) at the

injury site are maintained by a diet high in -3 acids. Cell apoptosis
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is inhibited, which is a marker of improvement in motor function
in rodents with SCI [14].

Sabour H,, et al. [15] state the effect of omega-3 fatty acids in
their double-blind, randomized clinical study on 104 patients with
spinal cord injury who gave an omega intervention (465 mg doco-
sahexaenoic acid (DHA) and 63 mg eicosapentaenoic acid (EPA)
two capsules each Day for 14 months and showed that after 14
months intervention concentration of adiponectin was significant-
ly reduced, but no effect on leptin concentration was observed, a
linear relationship between weight and leptin concentration was

found.

In Europe and the USA, mainly functional foods were fortified
with n3 fatty acids last year, the production of which is increasing,
such as bread and baked goods, milk and derivatives, spreadable
fats, eggs, juices and soft drinks, meat and poultry products, etc.
The natural source of omega-3 fatty acids is fish oil, which is in-
corporated into conventional foods, with various strategies being
followed to avoid important changes in the sensory quality of the
products [16].

Pathophysiology of SCI

The primary mechanical injury that leads to SCI may be because
of a variety of mechanisms such as compression, contusion, tran-
section, and shearing forces [4], Historically the typical phenotype
of SCI was a high energy mechanism in young patients, resulting in
severe cord damage and a complete neurologic injury. In older sub-
jects, an increasing proportion of SCls is seen due to minor traumas
on a background of chronic compression from degenerative cervi-

cal myelopathy, resulting in incomplete injuries [16].

Cord compression because of primary mechanical insults acti-
vates a complex cascade of molecular and cellular events, termed
as secondary injury, that further cause tissue damage, so to sup-
press these effects, early decompressive surgery is performed for

the setting of ongoing compression after SCI [17].

Secondary injury resulting from delay in SCI management after
the initial attack affects the prognosis [18]. The secondary injury
leads to progression in tissue injury that occurs in several hours
to several weeks. It is characterized by the sudden change in ion
homeostasis, the release of reactive oxygen species, and excess ex-
citatory neurotransmitters release. It affects endogenous cellular
repair systems leading to inflammation, extensive neuronal and
glial cell death, residual demyelination of nerve fibre, and severe

neuronal apoptosis.

The inflammatory response plays a vital role in secondary in-
juries. microglial nuclear astrocytes), T cells and neutrophils from
the lesion area, begins with the release of inflammatory factors

such as matrix metalloproteinases, which break down extracellu-
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lar matrix components, which leads to tissue damage, disruption
of the blood-spinal cord barrier and, tumor necrosis factor- (TNF-),
IL-1, IL-12. In addition, oxidative stress through activation of mi-
croglia causes peroxidation and disruption of the normal phospho-
lipid structure of the cell membrane, which leads to damage to the
neuronal tissue. In the spinal cord, the excitatory neurotransmitter
is directly influenced by N-methyl-D-aspartate (NMDA) receptors,
studies in animal models have shown that by blocking this NMDA
receptor, protection against secondary damage due to trauma and
ischemia is achieved. With the help of NMDA antagonists, neuro-

logical functions can be improved and the incidence of reduced.

Spinal canal hematoma is due to compression of the spinal cord
due to mechanical damage, during the early phase of SCI bleeding
and later followed by an interruption in the blood supply resulting
in hypoxia and local ischemic infraction, and these two factors are
responsible for damage to the gray Substance where the metabolic
function is high. Thus, neurons in the damaged area are physically
broken and the thickness of the myelin sheath is reduced, includ-
ing a deterioration in neuronal transmission can be exacerbated by
edema and the accumulation of macrophages in the damaged tis-
sue [18].

The release of inflammatory cytokines and free radicals leads to
activation of apoptosis after SCI, which leads to inflammation and
excitotoxicity, apoptosis occurs in the areas around the injured spi-
nal cord tissue between 3 hours and 8 weeks after SCI. Many stud-
ies have shown that demyelination is exacerbated by the apoptosis
of the oligodendrocytes after several weeks of injury [18], a study
by David., et al. [18] showed that oligodendrocyte changes occur in

response to SCI.

Figure a

145
Epidemiology

Indian epidemiological data: According to Chhabra HS [19] his
retrospective study showed that (data between 2000 and 2016)
during the study period the mortality rate was 10%, while the data
from 16 years (758) subjects, quadriplegics and paraplegics were
39% (294) or 61% (464). 679 subjects were approximately 81%
male; the death rate from quadriplegia and paraplegia was 22%
and 3%, respectively. Respiratory disease is the leading killer of
hospital deaths Due to the death rate in hospitals, there is a need to
focus on respiratory management and the prevention of infections,

especially in quadriplegics.

Jha RK,, et al. [20], demonstrated in his prospective study that
major cause of spinal cord injury is RTA (road traffic accident)
along with hills, roof, trees, electricity pole, and stairs (70%) fol-
lowed by fall from height, including trees, hills, stairs or roof of
home (28%),most common age group is s 20-39 years followed by
50-59 years, cause of injury in age group 50-59 years is because
of fall. Male is more prone to SCI, they collected data from march
2019 to march 2020 total 198 cases (68 cases had thoracic injury.
86 patients had lumbar spine injury and 22 patients had cervical
spine injury and rest 22 patients had spine injury at more than one
segment),138 cases fall under the age group 25 to 50 remaining 41
subjects were below 25 years of age and 19 subjects were found in
50 plus age of 198 cases, 136 cases were of RTA,52 cases were of
fall from height,8 cases were of assault, 2 cases came after trivial
injury who were later found to have atlanto axial dislocation, Sen-
gupta D, et al. [21] showed in his descriptive retrospective study
that in patients with cervical spinal cord injury in low-middle-in-
come countries (LMIC), ventilation exposure, hospitalization and
mortality are high and the main cause of mortality among them is
due to poor AIS values, extended VD, intensive care and hospital
stays, comprehensive CSCI rehabilitation programs are required to

overcome this situation.

Jain M,, et al. [22], in its retrospective observational study in the
population of East India, collected data on August 15, 2018 and
August 14, 2019 by including 103 patients with the injury in their
study followed by RTA (37.9%), the ratio of men to Women (M: F)
5.87: 1, the most common age group in their study is 31-40 years,
followed by 21-30 years and 41-50 year olds.

According to Mittal S., et al SCI is the most common type of in-
jury in men and FFH is the most common type of injury in women,
The thoracolumbar junction (D10-L2) (37.5%) followed by the
cervical spine (25.3%) is the most common injury site, and varia-
tions between the age group was between 16-30 years, Men were
mainly affected in May / June (monsoons), while women mainly

suffered trauma in March / April (summer).
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Mathur and colleagues (2015) demonstrated in his study that
occupational hazards like FFH (53%) & RTA (23%), carrying heavy
object overhead (3.0%), and fall following electric shock (4.0%) are
the major mode of injury,and married couples are at high risk for
spinal cord injury in comparison to singles, in their study married
subjects were 58.3% which is similar to the studies from the West-
ern countries (57.7%)(Migliorini CE, et al 2009).

Another study by Rai S,, et al. [23], also reported that percent-

age of married couples were more in comparison to singles (70%).

Nirmala BP et al. [24] describe the sociodemographic of the sub-
jects and showed that of 60 subjects, 36 were men (60%), while
23 subjects (38.3%) completed secondary school and 19 (31.7%)
completed primary education level, 7 ( 11.7%) subjects have com-
pleted a university education, 6 (10.0%) were illiterate. Students,
day laborers, and housewives were 17 (28.3%), 16 (26.7%) and
13 (21.7%), respectively. 35 patients (58.3%) were married. 27
(45.0%) came from low-income families and 32 (53.3%) came
from middle-income families. Both patients with traumatic SCI and
non-traumatic SCI belong to the rural community compared to the
urban community and anxiety and depression are highest among

Traumatic Spinal cord Injury Patients.

Krishnamurthy G., et al. [25] in his hospital-based cross-sec-
tional study showed that younger age groups (20 to 49 years of
age) were most often affected compared to older age groups of 50
years and over, while the most common injury site was at the level
of the thorax (64.3%) followed by a lower cervical level in 21.4%
of the cases. Patients with incomplete SCI (39.2%) were stronger

compared to a complete spinal cord. People with injuries (60.8%).

A study by Yusuf, et al. [26] on 133 patients with traumatic
paraplegia came to the conclusion that the majority of the patients
were younger, in 72.2% of the cases road traffic injuries were the
most common type of injury, the most common injury site is the
cervical spine (62%) and complete Spine injury (52.6%) is the

most common type of injury in their study.

While in another study by Aswani Kumar, et al. [27] in 152 SCI
cases, adolescents were most affected, in which 71.7% of the cases
were construction workers, this means in their study that a fall
from a great height is a common form of injury (61.2%). Cases of

cervical spine injury were 44.1%.

GZ., et al. 28] showed in his review that in Asia the incidence
rates of traumatic spinal cord injuries ranged from 12.06 to 61.6
per million and the mean age ranged from 26.8 to 56.6 years when
male subjects were exposed to high risk are female and common
types of injuries are motor vehicle collisions (MVCs) and falls,
however most countries have reported war injuries as the leading
cause. The neurological level and extent of injury were mixed and

subjects were classified based on AIS/Frankel grade A.
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Chacko V., et al. [29] showed that of 218 subjects with spinal
cord injuries who were admitted to a general hospital in rural In-
dia, 125 subjects were characterized by a neurological deficit. In-
fections and pressure ulcers were reported, patients with injuries
to the cervical spine were mostly eliminated, so their study empha-

sizes that general hospitals have no facilities.

Sridharan N, et al. [30] examined the epidemiology of spinal
cord injuries in indoor patients (245) of the Rajiv Gandhi Govern-
ment General Hospital, Chennai, India and showed in their study
that men are most affected compared to women (216 men). Sub-
jects), the ratio between the male and female population is 8.8:
1.2, and the most common age group is ages 20 to 40 and the most
common type of injury is a fall from a height, such as the injury in
men is in Area of the cervical spine (C5 and C6) was high, followed
by injuries in the segments at the dorsal level and on the lumbar
spine, whereas in women the most common injury site was on the

lumbar spine.

According to Pandey V., et al. [31], RTA is the second largest
mode of injury in SCI it is because of increased number of vehicles
in metropolitan cities of a developing country like India so to mini-
mize this traffic related accidents strict traffic rules must be en-

forced on public.

In another retrospective study by Lalwani S et al. [32] a total
of 341 such cases were identified between January 2008 and De-
cember 2011, of which 288 people were male and 53 people were
female, most people were between 25 and 64 years old, followed in
young adults between 16 and 24 years of age (19, 35%) the ratio
between men and women is 5.4: 1, 55% of the cases had isolat-
ed spinal injuries, cervical spine injury was observed in 259 pa-
tients (75.95%), thoracic spine injury was observed in 56 patients
(16.42%), In 26 patients (7.62%) a thoraco lumbar spine injury
was observed. high energy falls (44.28%) is the most common
mode of injury, followed by an RTA (41.93%); the patient's death
mostly occurred in phase IV (secondary to tertiary complications
of the trauma, ie> 1 week), while in phase I forty patients died
(brought dead or survived 3 to 24 h) and 70 in phase III (> 24 h to
7 days).

Worldwide epidemiological data

One of the most recent retrospective studies by Chen J., et al.
[33] in the Chinese province of Guangdong via TSCI showed that
the male to female ratio was 3.4: 1, meaning that of 482 cases, 384
subjects were male and 112 were female. The most affected age
group was 45-60 years (41.7%), followed by 31-45 years (23.8%),
the most common type of injury was a fall from a height (49.3%),
followed by motor vehicle collisions (MVCs) ) (34.8%), and the
most common injury site was the cervical spinal cord, C4-C6, which

accounted for 39.8%.
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Another descriptive cross-sectional study from Korea by Kim
HS., et al. [34] has shown that of 221 patients with spinal cord in-
jury (161 traumatic and 60 non-traumatic) the most frequently af-
fected age group was between 40 and 49 years, while in the case
of non-traumatic SCI the age group affected by traumatic SCI was
between 70 and 79 years. Male subjects were mainly affected by
TSCI, compared to non-TSCI, while the most common cause of TSCI
was a drop (37.3%), followed by a car accident (35.4%). %) and
stumbling (19.3%) and, in non-traumatic SCI, neoplasia (35.0%).

Tripping is the main cause, especially in the elderly.

147

Johansson E,, et al. [35] in his prospective cohort study on SCI
subjects from Finland in a 4 year period they enrolled 346 sub-
jects and observed that leading cause of injury were low-level falls
(36.2%), high-level falls (25.5%), and transport-related accidents
(19.2%), fall from height is common mode of injury in subjects
above 60 years of age, whereas in subjects below 60 years of age
47.4% cases were alcohol-related. Cervical injury is the most com-
mon type of injury in subjects above 60 years of age (77.1%), while
less common in subjects below 60 years of age (59.6%), In Summer

and Autumn season the incidence of TSCI is high.

Fish EPA (%) | DHA (%) | DPA (%) 10“5% r(ff:‘;if’:; ; Reference
Menhaden oil 18.3 9.6 1.8 - Ackman 2005
Herring oil 7.5 6.8 0.75 - Ackman 2005
Cod liver oil 12.2 12.7 1.7 Copeman and Parrish 2004
Cod flesh oil 19.1 32.6 2 Copeman and Parrish 2004
Capelin oil 9.3 4.1 0.9 Copeman and Parrish 2004
Skipjack tuna oil 11.1 29.1 0 Tanabc,, et al. 1999
Butterfish oil 5.1 10.8 2.4 Budge., et al. 2002
Yellowtail flounder oil 15 18.7 3.3 Budge., et al. 2002
Winter flounder oil 14.4 20.1 3.8 Budge., et al. 2002
Haddock oil 14.8 24.8 1.9 Budge., et al. 2002
Halibut oil 9.6 30.6 2.6 Budge., et al. 2002
Mackerel oil 8 19.3 1.6 Budge., et al. 2002
Salmon oil 9.1 6.2 1.8 Aursand., et al. 1994
Flaxseed oil 53.368 (Health Can. 2016)
Chia seed 17.83 (Health Can. 2016)
Walnut oil 10.4 (Health Can. 2016)
Canola oil 9.137 (Health Can. 2016)
Hemp seed 8.56 (Health Can. 2016)
Soybean oil 6.789 (Health Can. 2016)
Mustard oil 5.899 (Health Can. 2016)
Hickory nuts, dried 1.047 (Health Can. 2016)
Pistachio nuts, raw 0.259 (Health Can. 2016)
Pumpkin and squash seed kernels, dried 0.12 (Health Can. 2016)
Almonds, dried, unbalanced, unroasted 0.003 (Health Can. 2016)
Bearded seal oil 9.27 13.38 4.76
Grey seal oil 5.23 7.12 4.97 Shahidi 1998
Common octopus 16.1 20.6 1.8 Arts., etal 2001
European squid 14.3 31.6 0.4 Arts.,, et al. 2001
Squid 13.9 16.9 1.3 Arts,, etal 2001
Table a
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Primary Injury Secondary Injury

Acute (Less than 48 hours
after traumatic event

Chronic Phase (6 months

Sub-Acute after and beyond)

48 hours to 14 days after

1. | Impact plus persistent
compression

2. | Impact alone with
transient compression.
3. | Distraction

4. | Laceration/transection

Hypotension and Ischemia
Excitotoxicity and Ion imbalance
Oxidative Stress

Inflammatory response
Edema

Cellular apoptosis
Neurite growth inhibitory
factors, glial scar formation

Demylenation of surviving
axons.

Apoptosis

Maturation of Glial scar
Alteration of ion channel and
receptor.

Continued central cavitation.
Altered neurocircuits.
Astroglial scar launch

Syrinx formation

chairi malformation

Dearrangement in ionic
homeostasis,

accumulation of neurotransmitter,
Glutamatergic Excitotoxicity
Plasma membrane compromise/
permeability

Lipid peroxidation and Nitrous
oxide excess.

Vertebral Compression,
Inflammatory mediated cell death.
Wallerian degeneration, axonal
dieback, matrix remodelling, and
evolution of glial scar around
injury site.

Table b

Miscellaneous role of PUFA 3

Shehab R, et al. [36] showed that omega-3 fatty acid helps im-
prove vitamin D and calcium levels in women of childbearing po-
tential, 3 fatty acid (1000 mg) twice a day for 12 weeks, and they
observed a beneficial effect of omega on the vitamin D and calcium
level in addition to cardioprotective effects was also seen as reduc-
ing levels of bad lipids like cholesterol, LDL-c, risk factor and had
rewarding effects on blood clotting. So, this study proves Omega's

golden role in strengthening bone health.

Matsumura K., et al. [37] proved the beneficial effect of omega-3
fatty acids on maternal absorption; their study showed that high
levels of omega-3 fatty acid absorption by the mother can lead to
abuse of children such as beating, violent shaking and will reduce

leaving the baby alone at home. Dangardt F, et al. [38].

Dangardt F, et al. [38] state in their double-blind cross-over
design study that obese adolescents compared to normal weight
adolescents have lower serum concentrations of omega-3 (n3)
polyunsaturated fatty acids (PUFA), which contribute to inflamma-
tory activity and endothelial dysfunction, in their study included 25
adolescents (14 women, 11 men, age 15.7 1.0 years, BMI 33.8 3.9).
They were randomized to receive either placebo or omega 3 fatty
acid,1.2 g / day for 3 months,In the group on omega treatment have
increased concentration of omega 3 in their serum and reactive hy-
permia response was improved in the omega treatment group in
comparison to placebo,decreased lymphocyte, monocyte, TNF-a,
IL-6 and IL-13 levels were assessed in omega treated group where-

as no difference was found in the total cholesterol, triacylglycerol,

HDL cholesterol, anthropometry, blood pressure, pulse wave veloc-

ity or vascular structure between the placebo and omega group.

Majority of American population have low consumption of
Omega 3 fatty acid [39],In painful disorders like migraine head-
ache, it is mostly because of low levels of omega 3 fatty acid. After
burn injury levels of omega 3 fatty acid almost declines that give
rest to infection and mortality. After secondary SCI ion imbalance is
an hallmark, Toxicity in Excitatory cell is another factor contribut-
ing in SCI, excitatory toxicity is caused due to excessive activation
of relevant amino acid receptors that produce excitatory toxicity
leading to neuronal necrosis and apoptosis, that results in demy-

elination after injury [40].

Study by Rajaei E [41] in their double-blind randomized con-
trolled study on rheumatoid arthritis, an autoimmune, inflam-
matory disease that an omega-3 supplement (2 capsules daily
containing 1.8 and 2.1 grams of EPA and DHA) for Twelve weeks
helped her dependence on concomitant medication without weight
change, and pain and morning stiffness were also reduced in the

omega-3-treated group.

Study by Miles EA et al [42], states that in RA,supplementation
of Marine n-3 PUFAs (eicosapentaenoic acid (EPA) and docosa-
hexaenoic acid (DHA)) found in oily fish and fish oils helps in de-
creasing the contents of n-6 polyunsaturated fatty acid (PUFA) ara-
chidonic acid (ARA) into cells which is precursor of inflammatory

Eicosanoids.
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Meta-analysis by Goldberg R] [43], demonstrated the beneficial
effect of omega 3 fatty acid supplementation against inflammation,
and states that it is an attractive adjunctive treatment for getting
relief from joint pains associated with RA, inflammatory bowel dis-

ease, and dysmenorrhea.

Study by Abdullahi A,, et al. [44] demonstrated that as postburn
elevation in FFAs level were seen and returned to baseline over
time. Their study concluded that after burn injury alteration in lip-
id profile are seen characterizing key lipids as potential diagnostic
and outcome indicators in critically injured patients. Worsen pain
outcomes after burn injury is because of low levels of omega 3 fatty
acid, In Preclinical and clinical study model it has been shown that
supplementation with O3FAs and their pro-resolving lipid media-

tors help in reducing pain.

Lukaschek K., et al. [45] in his cross-sectional study on 142
community-dwelling older adults (60-85 years) with subjective
memory complaints and concluded that higher intake w-3 LCPUFA
was associated with better cognitive and physical function, proving
that omega 3 fatty acid plays major role in optimizing age related

physical and cognitive health.

Berbert AA,, et al. [46] In their prospective, double-blind, ran-
domized study on rheumatoid arthritis a 24 week trial of dietary
supplementation with 2 different dosages of fish oil and 1 dosage
of olive oil, on 49 subjects, they performed clinical evaluation at
baseline and every 6 weeks whereas immunological variables were
measured at baseline and after 24 weeks of divided subjects into
three groups i.e. Twenty patients consumed daily dietary supple-
ments of n3 fatty acids containing 27 mg eicosapentaenoic acid
(EPA) and 18 mgkg docosahexaenoic acid (DHA) (low dose), 17 pa-
tients ingested 54 mg/kg EPA and 36 mg/kg DHA (high dose), and
12 patients ingested olive oil capsules containing 6.8 gm of oleic
acid, they demonstrated that subjects who consume fish oil have
higher clinical benefits of dietary supplementation with omega3
fatty acids for time intervals that are longer than those previously
certain immune changes have been observed in subjects with olive

oil supplementation.

Chronic use of omega-3 fatty acids

Clinical and animal studies have shown that to reduce CVD mor-
bidity and mortality, a diet containing fatty fish, fish oils (FOs), or
individual omega-3 FAs could help eliminate these complications,
The concentrations of omega-3 FA in plasma and their content in
cells and tissues, however, react slowly over time to the uptake of
omega-3 FA [46].

Kew S., et al. [47] in their placebo-controlled, double-blind par-
allel study on 42 healthy volunteers who were randomly assigned
received supplementation with placebo (olive oil), EPA (4.7g/d) or
DHA (4.9g/d) for 4 weeks. Before and after the supplementation,

149
blood samples were taken. T lymphocyte activation was reduced by
DHA supplementation, while no significant effect on phagocytosis
of monocytes or neutrophils, or on cytokine production or the ex-
pression of adhesion molecules by peripheral blood mononuclear

cells was observed in the EPA-supplemented group.

It has been observed in rats that after 8 weeks of oral intake a
maximum incorporation of omega-3 FA into cardiac phospholipids
occurs [48]. Thus, oral ingestion or ingestion of omega-3 FA sup-
plements require a longer time to achieve substantial cellular ac-
cumulation through which they can have protective effects on CVD,

i.e. over days to weeks.

In their study Moghadam., et al. [49], observed the beneficial role
of n-3 PUFA supplementation in type 2 diabetes mellitus (T2DM)
84 subjects, aged between 45-85 years with at least a 2 year his-
tory of T2DM, supplemented with three n-3 capsules per day (EPA
1,548 mg; DHA 828 mg; other n-3 fatty acids 338 mg), and control
were supplemented with three placebo capsules (sunflower oil
2,100 mg) for 8 weeks, they demonstrated that n-3 supplement-
ed group have suppressed level of serum TNF-a concentration by
8%(p < 0.01).

Study by Mori,, et al. [50] overweight men with hyperlipidaemia
were supplemented with 4g/day for 6 weeks with either EPA, DHA
or olive oil (as a control group). Such effects were observed in the
EPA group, this finding indicates the beneficial effects of omega-3
FS is responsive to the vasculature that alters endothelial dysfunc-
tion and hypertension, and both EPA and DHA have different he-

modynamic effects.

Green tea polyphenol [epigallocatechin gallate (EGCG), was used
to prepared esters of DHA, having high stability and antioxidant
property, studies have shown ICR (Institute of Cancer Research)
mice, suffering from colon tumorigenesis has been protected by
these esters [51].

Richest source of w-3 PUFAs, are marine organism though some
plants are also source of omega 3 fatty acid like flax, chia, and
canola seeds (good source of ALA),ALA severs as a precursor to the
synthesis of LC PUFAs in the human body, though its synthesis in
the body is limited to rates of less than 4% at best, so human need

dietry source to increase its concentration in body [52].

Heterotrophic fungus-like microorganisms, called Thraustochy-
trids are responsible for PUFA production at industrial scale, some
of its genera like Schizochytrium, Thraustochytrium and Ulkenia, is
of great importance because of high content of omega 3 fatty acid
in their oil [53].

On the basis of age and gender the required level of ALA var-
ies between 1.1 and 1.6g/day (Dietitians of Canada (2013), Dieti-
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cians also recommended to take 2 fish per day so to acquire nearly
0.3-0.45 g of EPA and DHA per day. According to the Food and Ag-
ricultural Organization of the united nation (FAO 2010), the rec-
ommended dose of ALA is 0.5-0.6% per day to prevent deficiency
symptoms in adults, with a total w-3 PUFA intake of 0.5-2% [54].

Using genetic modification LC w-3 PUFAs such as EPA and DHA
are incorporated into flax and Brassica species, thus oils obtained
from these genetically modified sources are free from any fishy
odor [55].

According to Waliullah S [56] Osteoporosis a muscular disorder
is characterized by low bone mineral density and post-menopausal
osteoporosis is highly prevalent in Indian females and they are un-
aware of it because of its silent presentation so proper guidance
and awareness of nutritional supplementation may help to avoid it
among females, So studies have demonstrated that consumption of
omega 3 fatty acid helps in prevention of osteoclastogenesis and in-
creased consumption of omega 3 fatty acid in comparison to omega

6 fatty acid helps in prevention of loss of bone mass.

Inflammatory processes are influenced by omega-3 FA either
directly through modulation of transcription factors and gene
expression or indirectly through inflammation-dissolving lipid
mediators or bioactive derivatives of omega-3 fatty acids such as
eicosanoids, docosanoids [57]. Activity of the core factor kappa B
(NF-B), one of the most important transcription regulators of in-
flammatory reactions involved in the pathogenesis of CVD, its activ-
ity is downregulated by omega-3 FA [58], NF-B, as it is translocated
into the nucleus, is used to activate gene expression of numerous
proinflammatory cytokines, including tumor necrosis factor alpha
(TNF-), interleukin 1 beta (IL-1), and interleukin 6 (IL-6) [64]. In
aging patients with chronic inflammation who were supplement-
ed with bioactive derivatives of omega-3 fatty acids such as eico-
sanoids and docosanoids [59], suppressed inflammation markers
[60], peroxisome proliferator-activated receptors alpha and gam-
ma were found in their serum. investigated (PPAR, PPAR) is acti-
vated by omega-3, which helps to reduce the expression of inflam-

matory genes by inhibiting NF-B activation [61].

Adiponectin, a cardioprotective adipocyte-derived hormone
used to modulate the activity of NF-B, and dose-dependent supple-
mentation with omega-3 fat derivatives in animals and humans to
increase adiponectin levels [62], middle-aged to adults late adult
patients receiving EPA + DHA therapy have a significant reduction
in circulating levels of proinflammatory cytokines than those re-

ceiving placebo therapy as markers of inflammation [63].

Kiecolt-Glaser, et al. 2012, in his randomized controlled trial
on The 138 participants (45 men and 93 women), ranged in age
from 40 to 85,were randomly divided in 3 groups, viz 2.5 g/d n-3
PUFAs, or (2) 1.25 g/d n-3 PUFAs, or (3) placebo capsules that mir-

rored the proportions of fatty acids in the typical American diet, for

150
4months,and observed suppressed serum 6,TNF alpha levels, De-
pressive symptoms were quite low at baseline and did not change

significantly in response to supplementation.

Structure of PUFA

It is characterized by the presence of carboxylic acid (COOH) at
one end of the molecule, a methyl end (-CH3) at the other end, and
there must be at least two double bonds in the chain, on the basis of
the presence of the number of Carbons in their chain and number
of double bonds PUFA is mainly identified as linoleic acid (LA; C18:
4); Arachidonic acid (AA; C20: 4); Eicosapentaenoic acid (EPA;
C20: 5) and docosahexaenoic acid (DHA; C22: 6). The molecular
formula and molecular weight of omega-3 fatty acid is C60H9206
with a molecular weight 0of 909.39g/mol, has an initial double bond
on the third carbon atom of methyl or omega -End of the fatty acid,
while omega-6 fatty acid has the empirical formula and molecular
weight, C38H6404 or 584.9, and the first double bond is on the
sixth carbon atom from the methyl terminus, presence of a high
concentration of n-3 in plasma are associated with one associated

reduced risk of neurodegenerative diseases.

DHA is enriched in the formation of axons in most tissues in the
body, including the myocardium, retina, and brain. The growing
membrane is relatively fluid, which is due to DHA and its high level
of unsaturation. The primary functional units of the brain circuits,

i.e., Synapses also consist of DHA-enriched membranes [61].

Desaturase and elongase

Linoleic acid (LA) and alpha linolenic acid (ALA) are the pre-
cursors or building blocks for the synthesis of other PUFAs, so
that humans can consume food sources or synthesize them from
precursors through the participation of various desaturases in
conjunction with elongases [60], that removes two hydrogen at-
oms from a fatty acid to introduce a carbon/carbon double bond
towards the carboxyl end of the molecule is called a desaturase,
while an enzyme that catalyses the carbon chain extension of a
fatty acid by the addition of two carbons to the molecule is called
an enolase, The precursor to omega-6 fatty acid is LA, and to ome-
ga-3 fatty acid is ALA. Increased dietary intake of LA, the less ALA
is converted into longer-chain n-3 PUFA. The intake of LA has the
potential to EPA and does not increase AA in the tissue while the
conversion of LA to AA is low (a diet high in meat and poultry). The
numerous double bonds in AA give membranes mobility, flexibility
and fluidity.

According to Ara Z, et al [61] 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,PUFA and its metabolites also protects against envi-
ronment-related skin inflammation such as UV radiation due to
sun exposure that cause acute skin inflammation, MaR1one of the
metabolite of PUFA plays major role in suppressing swelling and

infiltration of UVB irradiation induced macrophage and inhibits
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UVB irradiationinduced keratinocyte apoptosis and suppress pro-
duction of inflammatory cytokines, IL-1 and TNFaq, and oxidative
stress.

Omega 3 and 6 fatty acids

Figure b

Figure c

151
Role in Spinal Cord Injury

Spinal cord injury (SCI) is a life-threatening process; it greatly
impacts subjects’ quality of life and families. Around over 1million
people in North America are affected, with direct lifetime costs es-
timated at 1.1-4.6 million USD [62].

Study by King VR,, et al. [63] state in their study that after lat-
eral hemisection of the spinal cord, omega-3 fatty acids such as
linolenic acid and docosahexaenoic acid (DHA) were injected into
rats 30 minutes after the injury, with a significant improvement in
locomotor performance within 6 weeks after the injury and neuro-
protection, including decreased lesion size and apoptosis and in-
creased neuronal and oligodendrocyte survival has been observed,
decreased oxidation of RNA/DNA suggests a neuroprotective ef-
fect of omega-3 fatty acids and proves their antioxidant nature. In
contrast, omega- 6 fatty acids like arachidonic acid worsened the
results, so the study shows a striking difference between the two
fatty acids.

Another study by Bi ], et al. [64] using the SCI rat model shows
the therapeutic effect of omega-3 fatty acids. They divided rats
into four groups, such as sham, control, spinal cord injury plus 50
mg/kg omega-3 fatty acids and spinal cord injury plus 100 mg/
kg omega-3 fatty acids, they observed that the group that supple-
mented with omega-3 fatty acids was suppressed tumor necrosis
factor alpha (TNF) and terleukiné (IL6) levels by > 50%, the mRNA
expression of TNF and IL6 was also reduced, while in the control
rat group an increase in the expression of Caspase3-, p53-, Bax and
proNGF mRNA levels around 1.3, 1.4, 1.2 and protein expression by
> 30% and proNGF mRNA by > 40% and an increased expression
of bcl2 mRNA by 286.9% and reduced expression of Bax was also
observed. The above result indicated that omega-3 fatty acid sup-
plementation helps reduce oxidative stress, apoptosis, and levels of

inflammatory markers in rats with ischemic reperfusion.

Study by Baazm M., et al. [65] states that omega-3 fatty acid sup-
plementation supports neurological function in the event of neu-

ronal injury and suppresses the activity of inflammatory markers.

Mahadewa Tjokorda GB., et al. [66] states that the intervention
of both alphatocopherol and omega-3 fatty acids (30 mg/kg + 5 ml/
kg for 2 weeks) and the highest BBB score found in the combina-
tion treatment group, so their results match the Combination of
both drugs show promising therapy for SCI.

In Huntington’s disease (HD), one of the neurodegenerative dis-
ease mutations occurs on chromosome sequence 4, so due to ab-
normal reproduction, there are a dozen pairs of cytosine-adenine-
guanine (CAG) in HD patients, the higher the number of CAGs the
more severe the disease. Suspecting that certain omega-3-respon-

sive signaling pathways might be involved, British researchers us-
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ing EPA in its ethyl ester form (Ethyl-EPA) found promising therapy

in Huntington’s disease [67].

The study by Zanarini MC,, et al. [68], In its double-blind placebo
control study, [68] showed the beneficial effect of omega-3 fatty ac-
ids against borderline personality disorder in 30 female volunteers
with moderate BPD when they were supplemented with only 1g/
day of EPA (as ethyl EPA) two months showed promising results
against aggression and depression compared to women who re-

ceived a placebo.

Study by S.-N. Lim,, et al. [69] found in animal models that, ac-
cording to SCI, in mice with Caenorhabditis elegansfat-1. a rapid
recovery of motor function, as well as an increased number of
neurons and oligodendrocytes with a simultaneous decrease in
the number of macrophages and concentrations of inflammatory
cytokines was observed gene (fat-1 mice), gene responsible for an
increased endogenous production of 3 acids, compared to mice fed
a -3-acid-poor diet, a standard laboratory diet, or a diet with an

increased percentage of omega 6 acids.

Omega-3 fatty acids play an important role in anxiety and de-
pression, as several studies have shown. A study by Javidan AN [70]
showed in its double-blind, randomized clinical study that after 14
months of supplementation with omega-3 fatty acids (435 mg doc-
osahexaenoic acid and 65 mg eicosapentaenoic acid), in patients
with traumatic paraplegia, the longer than Lasted 1 year after an
injury, and found no significant omega supplementation in their
disability scores either on the locomotion subscale or in sphincter
control, hence they conclude that omega-3 fatty acids exert its neu-
roprotective effect only in the acute phase of SCI, but has no effect

in chronic SCI cases.

Reduced spinal cord white matter cavitation, demyelination,
and vessel ingrowth were observed on 35" day after SCI in mice
fed with omega 3 diet [71]. Similar effects were observed in mice
who were fed with w-3 acids prior to planned SCI, these findings
indicate the preventive action of omega 3 fatty acid against inflam-

mation following neurotrauma.

Ward RE,, et al. [72] states beneficial effect of DHA intervention
in SCI rat model and observed White matter damage is prevented

after DHA supplementation, reduced axonal dysfunction was seen.

One of the studies showed that there is no difference in the like-
lihood of depression, anxiety or stress among respondents in the
case of traumatic SCL and NON-traumatic SCL, depression 37%,
anxiety 30% and clinically significant stress 25% [73]. Omega-3
fatty acids play an important role in anxiety and depression, as sev-

eral studies have shown.
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In the treatment and prevention of spinal cord-associated neu-
rological deficits, long-chain omega-3 polyunsaturated fatty acids
(LC-O3PUFAs) play a therapeutic role, oil-derived LC-O3PUFAs
supplementation for 8 weeks prior to spinal contusion and have
been observed to be in Both cases and controls regulate important
biochemical signatures associated with amino acid metabolism
and free radical capture, The dietary supplement of LC-O3PUFAs
helps in increasing the reduced glucose level (48%) and polar
uncharged/hydrophobic amino acids (less than 20%), while the
content of antioxidant/anti-inflammatory amino acids and peptide
metabolites such as - alanine (+24%), Carnosine (+ 33%), homo-
carnosine (+ 27%), kynurenine (+ 88%), compared to animals with
anormal diet, An increase in neurotransmitters and mitochondrial
metabolism such as N-acetylglutamate (+ 43%) and acetyl-CoA lev-
els (+ 27%) was reported in the group with PUFA supplementation.
Thus, the dietary intervention of PUFA in SCI helps to target the
global correction and improve the pro-oxidative metabolic profile

that characterized SCI-mediated sensorimotor dysfunction [74].

Mills D et al [74] point to the positive role of O3FA supplemen-
tation against diffuse axonal damage in rats,They concluded in
their study that after 30 days of DHA supplementation increased
0O3FA serum levels and suppressed the level of Amyloid beta pre-
cursor protein in the supplemented group as shown by immuno-

histochemical analysis.

Study by Paterniti I [75], found in his in vivo study that in acute
SCI, DHA supplementation helps to reduce the degree of spinal cord
inflammation and tissue damage, the expression of proinflamma-
tory cytokine (TNF-), glial fibrillary acid Protein (GFAP.)), Forma-
tion of nitrotyrosine, apoptosis ((Fas-L, Bax and Bcl-2 expression)
and helps restore limb function, and DHA also promotes neurite
length and branching in the spinal ganglion, reducing the effects of
oxidative stress. Many studies have shown that elevated EPA levels
were associated with less atrophy of the gray matter of the hippo-
campus, parahippocampus, and amygdala in people over 65 years

of age, and slower cognitive decline has been reported [76].

Inflammatory/immunological reactions

Cells of the immune system are rarely found in the CNS system,
after SCI mechanical trauma activates microglia and secretes cyto-
kines, after SCI in the CSF an increase in arachidonic acid metabo-
lites leukotriene C4 and thromboxane B2 has been reported five
to nine times, One hour after the trauma, however, the TNF-alpha
level rises in the spinal cord, while the role of TNF-alpha in the CNS
is still unknown [76]. However, it is assumed that it occurs in the
early phase of SCI exerts a certain neuroprotective effect, can lead
to oedema and leukocyte migration, apoptosis, while by increas-

ing the synthesis of IL-10 and stimulating the regeneration of the
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axon it also exerts a neuroprotective effect against reactive oxygen
radicals [77].

The development of various neoplastic cells in the body is in-
hibited when there is an increased proportion of 3-acids in the
cell membrane, many studies have proven that the presence of
omega-3 fatty acids in the cell membrane restricts cell division in
tumors during the synthesis phase ( S phase), so that the initiation
of the (G2 phase) cell cycle is prevented, so that the arrest status
leads to apoptosis of neoplastic cells for a longer period of time.
Omega-3 fatty acids activate sphingomyelinase (SMYase) on the
cell membrane, which in turn increases the synthesis of ceramide,
ceramide inhibits the phosphorylation of the retinoblastoma pro-
tein (pRb) alternately via the activation of phosphatase 1 (PP1) and
2A ( PP2A) proteins and p21 protein, which further restricts cell
division within the tumor [71]. The above signalling pathways may
only lead to apoptosis of neoplastic cells, as some studies show. In
healthy cells of the retina, heart or neurons, the presence of ome-
ga-3 fatty acids has a protective property that inhibits programmed
cell death. But this duality needs further research.

Figure d

Conclusion

Our review mainly emphasizes the beneficial effects of omega-3
fatty acid supplementation, its structure and potential health ben-
efits in various diseases and we mainly focus on the pathophysiolo-
gy of spinal cord injury and the effects of omega-3 fatty acid supple-
mentation on it as a nutritional supplement is easy to administer
and the safest, easiest and most affordable. The antioxidant and
anti-inflammatory effect of PUFA, exerts a neuroprotective effect
against various neurodegenerative diseases such as PD, ischemia,
optic neuropathy. Most of the studies are done on animal models.
In the case of CVDs, some of the studies were done on human mod-
els to prove their effectiveness. Despite the well-documented role
of omega-3 fatty acids in the SCI animal model, research does not
provide an answer to the main question of the optimal dose and
duration of treatment, hence a demanding task can be based on

arbitrary criteria.
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