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ABSTRACT

Background

Spinal cord injury is a life changing threatening neurological condition that completely changes subject’s life. In
medical management 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 costly that is not possible 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. Studies have proved its beneficial role in ameliorating inflammation
in different diseases and thus plays role in improving neurological outcomes after neuronal injury.Fish are the
best source of omega 3 fatty acid, EPA & DHA are two main types of omega 3 fatty acid and both the sources are
found in fish, salmon, tuna, mackerel, and sardines fatty fish are good source of EPA & DHA,and high in protein
content and low in saturated fat.In SCl,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. A marine
crustacean Antarctic krill, Euphausia superba, has not been a traditional food in the human diet, its a rich source
of high-quality protein, with the advantage over other animal proteins of being low in fat and a rich source of
EPA and DHA. Antioxidant levels in krill are higher than in fish, suggesting benefits against oxidative damage.
Finally, the waste generated by the processing of krill into edible products can be developed into value added
products.

Material and method

Online literature search was undertaken in PUBMED library and PLOS ONE library ,Scopus with the key word
Spinal cord injury & its prevalence, Epidemology of Spinal Cord Injury,Role of omega 3 fatty acid and its role in
spinal cord inury,Potential health benefits of Omega 3 fatty acid etc.A systematic Literature Search was made
upto 2023.Using the above mentioned database we selected 100 articles.

Result and Conclusion

Omega 3 fatty acid plays a role in regulating several pathways associated with the damage resulting from
secondary SCI. Given the considerable health advantages, the consumption of EPA and DHA is encouraged, with
fatty fishes such as salmon, mullet, and mackerel identified as prime sources of these beneficial acids. This
emphasis on aquaculture industries is leading to increased attention. Consequently, this review aims to
comprehensively explore the potential benefits of PUFA.

Keywords: Osteoporosis, Omega 3 fatty Acid, SCI, EPA, DHA, National Spinal Cord Injury Statistical Centre
(NSCISC)

GJMEDPH 2024; Vol. 13, issue 1 | OPEN ACCESS

1*Corresponding author: Shah Waliullah,Zeenat Ara,Khurshid Alam Ansari,Rajeshwar Nath Srivastava, Devarshi Rastogi Department of
Orthopaedic Surgery; 2. Abbas Ali MahdiDepartment of Biochemistry; 3.Ravindra Kumar Garg,Department of Neurology, King George’s
Medical University, Shahmina Road, Chowk, Lucknow, Uttar Pradesh, India; 4.Raja Roy, Centre of Biomedical Research, formerly Centre
of Biomedical Magnetic Resonance (CBMR), Sanjay Gandhi Postgraduate Institute of Medical Sciences Campus, Rae Bareli Road,
Lucknow, Uttar Pradesh, India, 5.Mohammed Lafi Al-OtaibiDepartment of Orthopaedic Surgery, King Khalid University Medical City
Hospital Asser Region, KSA.

Conflict of Interest—none | Funding—none

© 2024 The Authors | Open Access article under CCBY-NC-ND 4.0

3

| 1 www.gjmedph.com Vol. 13, No.1, 2024 ISSN# 2277-9604



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 SClI are recorded each year in North America [2].
Patients with SCI over 60 years have significantly
poorer results than younger patients [2]. AlImost 90%
of SCI cases are traumatic and occur due to road
trafficaccidents (RTA), falling from a height, falling of
heavy objects such as wall or bullet fire injury [3]. Men
are most often affected by SCI. Therefore, the ratio of
men and women is affected by 2: 1, and adults are
more affected than children. According to the
demographics, men are most often involved in early
and late adulthood (3rd and 8th decades of life) [3],
while women are affected during puberty (15-19
years) [4].SCl 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 Cs vertebrae while resting the
thoracic level (35%) and the lumbar region (11%).
Middleton et al. reported that the survival rates for
SCl over 40 years were 47% and 62% for patients with
quadriplegia and paraplegia, respectively [6]. The
degree of injury and the functions retained after SCI
determined SCI patients' life expectancy. 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 individual suffering, it is
imperative to resolve SCl's cellular and molecular
mechanisms and develop new effective treatment
modalities to curtain the suffering.There are four
types of Traumatic spinal cord injury i.e Complete
spinal cord injury(ASIA A) causes permanent damage
to the area of the spinal cord that is affected and no
motor or sensory function is preserved at this
point.Incomplete Spinal cord injury(ASIA B):In this
type of injury Sensory but not motor function is
preserved below the neurological level.Incomplete
Spinal cord injury(ASIA Q): In this type of injury motor
function is preserved below the neurological level,
and half of key muscles below the neurological level a
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muscle grade less than 3(Grade o-2),and if , and half
of key muscles below the neurological level a muscle
grade more than or equal to 3(Grade 0-3) then it is
chategerised as ASIA D.

ASIA E:In this category both sensory and motor
functions are  normal.ln human  beings,
polyunsaturated fatty acids (PUFA) or w-3 acids are
essential components of cell membranes. They
facilitate normal functioning of the body, but most
mammals are unable to synthesize it so they need a
dietary source to meet their need. Three types of w-3
acids include alpha linolenic acid (ALA),
eicosapentaenoic 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 synthesize 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),
docosapentaenoic 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,hamburgers...) and snack food (cakes,
biscuits...) [11]..Ratio of omega 6 to omega 3 fatty
acid (n-6:n-3),value has been recorded upto 2: 1 in
blood of people who consumes Japanese food or
Mediterranean food as these food contains large
amount of Fish,whereas this ratio is recorded
25:1,much higher than desires in people who mostly
consumes fast food [9,13]. For that reason
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 catalase (CAT) and
superoxide dismutase (SOD) and suppresses the
activity 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 responsible for reducing the activity of
glutamate-induced excitotoxicity in injured tissues.
Elevated levels of glutathione (GSH) at the injury site
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are maintained by a diet high in -3 acids. Cell
apoptosis 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 docosahexaenoic
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 significantly 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, soft drinks, meat and
poultry products, etc. The natural source of omega-3
fatty acids is fish oil, which is incorporated 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,
transection, 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
subjects, an increasing proportion of SCls is seen due
to minor traumas on a background of chronic
compression from degenerative cervical myelopathy,
resulting in incomplete injuries [16].

Cord compression because of primary mechanical
insults activates a complex cascade of molecularand
cellular events, termed as secondary injury, that
further cause tissue damage, in order to suppress
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 excitatory
neurotransmitters release. It affects endogenous
cellular repair systems leading to inflammation,
extensive neuronal and glial cell death, residual

| 3 www.gjmedph.com Vol. 13, No.1, 2024

Reviews
demyelination of nerve fibre, and severe“neuronal
apoptosis.The inflammatory response plays a vital
role in secondary injuries. 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
extracellular matrix components, which leads to
tissue damage, disruption of the blood-spinal cord
barrier and oedema, tumor necrosis factor- (TNF-),
IL-1, IL-12. In addition, oxidative stress through
activation of microglia causes peroxidation and
disruption of the normal phospholipid 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, neurological functions can be
improved and the incidence of oedema reduced.A
spinal canal hematoma arises from the compression
of the spinal cord due to mechanical injury in the
initial stages of SCl. This compression causes
bleeding, subsequently leading to an interruption in
blood supply, resulting in hypoxia and localized
ischemic infarction. These two factors contribute to
damage in the gray substance, where metabolic
functions are notably high,Thus, neurons in the
damaged area are physically broken and the
thickness of the myelin sheath is reduced, including a
deterioration in neuronal transmission can be
exacerbated by oedema and the accumulation of
macrophages in the damaged tissue [18].The release
of inflammatory cytokines and free radicals leads to
activation of apoptosis after SCl, which leads to
inflammation and excitotoxicity, apoptosis occurs in
the areas around the injured spinal cord tissue
between 3 hours and 8 weeks after SCI. Many studies
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 SCl.Neurotransmitters, Catecholamines
play an important role in the Nervous system,At the
site of injury the level of norepinephrine (NE)
gradually increases and this catecholamine can cause
the abnormal contraction of vascular smooth muscle,
leading to vascular lumen stenosis and blood flow
obstruction.Whereas the contents of
neurotransmitter such as prostaglandin (PE), 5-
hydroxytryptamine(5-HT), and dopamine (DA),
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increases and together play an important role in the
severe contraction of blood vessels, promote platelet
aggregation, and induce spinal cord ischemia
[19].Lipid peroxidation occurs after SCI, lipid
peroxides are mainly produced by the peroxidation of
injured and ruptured phospholipid cell membranes or
by  cytotoxicity  (neutrophils,  macrophages,
astrocytes, polymorphonuclear granulocytes, and
glial cells),Peroxides further worsen SCI by disrupting
the cell membrane and blood-brain barrier,due to
microcirculatory disturbances, Metabolic waste
cannot be effectively removed that emhances in the
rise of concentration of free radicals,Cell membrane
continuity, intracellular electrolyte imbalance, and
Ca2+ flow,is also interrupted by Lipid peroxidation,
leading to necrosis and apoptosis because of changes
in the local environment and increased cell
permeability, electrolyte imbalances occur after SCI,
including plasma imbalances of K+, Na+, Mg2+, and
Ca2+, especially imbalances in Ca2+ pathways
involved in cell death, thus aggravating secondary
SCl,As soon as the spinal cord tissue is injured,
ischemia and hypoxia occur,followed by animbalance
of cell energy transmission, the abnormal opening of
ion pumps (Na+-K+ and Ca2+ pump) on the cell
membrane, and Ca2+ flow into the cytoplasm,and
glutamicacid an excitatory amino acids also increases
and corresponding receptor interactions induce an
intracellular Ca2+ overload, destroying the cell
membrane, cytoplasm, and organelles, finally leading
to cell autolysis and death [19].Soon after the
SCl,Apoptosis is activated due to the release of
inflammatory cytokines and free radicals, that leads
to to inflammation and excitotoxicity[20],Soon after
the spinal cord injury,apoptosis begins around the
injured area between 3 h and 8 weeks[20]. In case of
SCl, This phenomenon negatively impacts the
condition through the loss of neurons. Studies have
shown that cell death known as apoptosis is the cause
of microglia deterioration, promoting additional
inflammation. [20].mTOR pathway: mTOR, a
conserved serine/threonine protein kinase, is the core
of signaling networks, a central controller of cell
growth, and belongs to the phosphoinositol 3-kinase
(PI3K)-related protein kinase family. It interacts with
several proteins, including subunits Raptor and
Rictor, to form two different complexes (containing
mLST8 subunits) known as mTOR complex 1
(mMTORCa) and mTOR complex 2 (mTORC2) protein
complexes,The mTORCa protein kinase complex
plays a central role in regulating cell growth and
metabolism by promoting translation, ribosomal
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biogenesis, and autophagy. mTORCa1 phosphorylates
downstream effectors, such as Pyo ribosomal S6
protein kinase (p70S6K), and further regulates mRNA
translation [2a],In case of SCl,the action of mTOR
depends on the time phase after SCI [42],In acute
Phase of SCI, key functions associated with
secondary injury, such as cell death and inflammatory
responses are regulated by mTOR pathway. In the
subacute/chronic stage, mTOR signaling regulates
the regeneration of damaged nerve tissue and glial
scar formation,by inhibiting this pathway it was
observed that there is reduction in apoptosis-related
proteins via the mitochondrial pathway after SCl and
prevent neuronal apoptosis [21],Expression of Beclin-
1 protein is increased by inhibiting the mTOR
pathway ultimately leading to decreased apoptosis
levels [21], Activation of microglia neutrophils and
macrophages in traumatic SCl can lead to local
inflammatory responses. Activation of the mTOR
pathway has been reported to stimulate synergism
with  mTOR/MEK1/ERKz1/2/IKKB/IkB-a/NF-kB, and
multiple pathways enhance cytokine-induced pro-
inflammatory markers and NO synthase activity in
microglia [21],Inhibiting the mTOR pathway can
regulate neuroinflammation in SCl,can reduce nerve
cell death and other inflammatory process after SCI.
Study by Cordaro M [22] demonstrated that in
comparison to novel synthetic mTOR inhibitor
rapamycin and temsirolimus, KUo0063794 dual
mTORC1 and mTORCz2 inhibitor is best to Promote
neuroprotective function at the lesion site after SCI
by reducing neuronal loss and cell mortality after
SCl.After SCI, axonal regeneration can be promoted
by inhibiting mTOR signaling pathway.

Epidemiology

Indian epidemiological data: According to Chhabra
HS [23] 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 [24], 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%) followed
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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 5o years,whereas
remaining 41 subjects were below 25 years of age and
19 subjects were found in 5o plus age group.out 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.Sengupta D et al. [25]
showed in his descriptive retrospective study that in
patients with cervical spinal cord injury in low-middle-
income 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.
[26], 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.Mittal S.,
et al is the most common type of injury 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 variations between the age group was 16-30
years were also observed in their study. Men were
mainly affected in May / June (monsoons), while
women mainly suffered trauma in March /| April
(summer). 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%),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 Western countries (57.7%)(Migliorini
CE, et al 2009).Another study by Rai S et al [27], also
reported that percentage of married couples were
more in comparison to singles (70%).Nirmala BP et al.
[28] describe the sociodemographics of the subjects
and showed that of 60 subjects, 36 were men (60%),
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while 23 subjects (38.3%) completedsecondary
school and 19 (31.7%) completed primary education
level, 7 (11.7%) subjects have completed 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 SCS and non-traumatic
SCS belong to the rural community compared to the
urban community.Krishnamurthy G, et al. [29] in his
hospital-based cross-sectional study showed that
younger age groups (20 to 49 years of age) were most
often affected compared to older age groups of 5o
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. [30] 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.
[31] in 152 SCl 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 spineinjury were 44.1%.GZ et al. [32]
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.Chacko V. et al. [33] showed
that of 218 subjects with spinal cord injuries who were
admitted to a general hospital in rural India, 125
subjects were characterized by a neurological deficit.
Infections and pressure ulcers were reported, patients
with injuries to the cervical spine were mostly
eliminated, so their study emphasizes that general
hospitals have no facilities.Sridharan N, et al. [34]
examined the epidemiology of spinal cord injuries in
indoor patients (245) of the Rajiv Gandhi Government
General Hospital, Chennai, India and showed in their
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study that men are most affected compared to
women (216 men). Subjects), 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 (Cs
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 [35], RTA is
the second largest mode of injury in SCl it is because
of increased number of vehicles in metropolitan cities
of a developing country like India so to minimize this
traffic related accidents strict traffic rules must be
enforced on public.In another retrospective study by
Lalwani S et al. [36] a total of 341 such cases were
identified between January 2008 and December 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 isolated spinal injuries,
Cases had isolated spine injuries, cervical spine injury
was observed in 259 patients (75.95%), thoracic spine
injury was observed in 56 patients (16.42%) and
thoracic spine injury was observed in 26 patients
(7.62%) a thoracic and lumbar spine was observed. A
higher drop in energy (44.28%) is the most common
type 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 | forty patients died
(brought dead or survived 3 to 24 h) and 70 in phase llI
(> 24 hto 7 days).

Worldwide epidemiological data

One of the most recent retrospective studies by Chen
J, etal.[37]in the Chinese province of Guangdong via
TSCl 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%.Another descriptive cross-
sectional study from Korea by Kim HS et al. [38] has
shown that of 221 patients with spinal cord injury (161
traumatic and 60 non-traumatic) the most frequently
affected age group was between 40 and 49 years,
while in the case of non-traumatic SCl the age group
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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.Johansson E, et
al [39] in his prospective cohort study on SCl subjects
from Finland in a 4 year period they enrolled 346
subjects 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 common 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 TSCl is high.Gautam
S et al [40],in his descriptive cross-sectional study on
465 Patients demonstrated that in Nepal out of 465
Patients, 316 patients were of TSCl,and most
common mode of Injury was fall from height(243
Patients),and the mean age of patients was
43.13+16.55 years.Similarly in Bangladesh Raihan
Habib et al [41],in his Prospective study observed that
male subjects are more effected in comparison to
female,and the most common mode of injury is
RTA(47.7%), followed by falls (25.7%) and violence
(15.6%).In their study most common level of injury is
cervical level (50.9%), followed by the thoracic spine
(37.2%) and lumbar spine (11.9%),and Most of the
patients were of Complete injury(ASIA A) and the
mortality rate was 9.6%.

Singh R,et al[42] in his epidemiological study in
Haryana state demonstrated that out of 483
Subjects,there were 361 males and 122 female and
most prevalent age group was 20-29 followed by 30-
39. Most common mode of injury was Fall from height
(roof, trees, electricity pole (44.5%) followed by
motor vehicle accidents (34.7%).Complete Paraplagia
subjects were more followed by tetraplegia,
Dorsolumbar spine injury was the commonest with
first lumbar being the most common fractured
vertebra followed by twelfth dorsal vertebra, cervical
spine injury was next with most common site being
fiftth and sixth cervical vertebrae.Among European
countries, where the incidence of TSCl is between 15
and 30 per million population, the incidence of TSClin
Estonia is among the highest, Youngest Men are
significantly higher in comparison to women and the
leading cause of TSCI is fall and alcohol consumption
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is the main reason in Estonia before trauma.Most
common site of injury in Estonia is cervical region
59.4% followed by thoracic level in 18.3% and at
lumbar or sacral level in 22.3%,Patients above 60
years of age had cervical SCI in 80% of cases. 53%of
cases were of complete Paraplagia(ASIA A&
B),followed by 47% of cases of Incomplete Paraplagia
(ASIA C& D).

Miscalleneous role of PUFA 3

Shehab R, et al. [43] showed that omega-3 fatty acid
helps improve vitamin D and calcium levels in women
of childbearing potential 3 fatty acid (1000 mg) twice
a day for 12 weeks, and they observed a beneficial
effect of omega on the vitamin D level, calcium in
addition to cardioprotective effects was also seen as
reducing 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 Ket al [44]
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. [45] 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 inflammatory 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 or1.2 g/ day for
3 months. as well as in the n3 group no difference in
terms of total cholesterol, triacylglycerol, HDL
cholesterol, anthropometry, blood pressure, pulse
wave velocity or vascular structure was
observed.Majority of American population have low
consumption of Omega 3 fatty acid [46].In painful
disorders like migraine headache [47], 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 SCl ion imbalance is an hallmark, Toxicity
in Excitatory cell is another factor contributing 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 demyelination
afterinjury [47].Study by Rajaei E [48] in their double-
blind randomized controlled study on rheumatoid
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arthritis, an autoimmune, inflammatory 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 [49],states that in RA
Marine n-3 PUFAs (eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA)) found in oily fish and
fish oils decrease the contents of n-6 polyunsaturated
fatty acid (PUFA) arachidonic acid (ARA) into cells
which is precursor of inflammatory Eicosanoids.
Meta-analysis by Goldberg RJ [50], 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 disease, and
dysmenorrhea.Study by Abdullahi A, et al [51]
demonstrated that as postburn elevation in FFAs
level were seen and returned to baseline over time.
Thus their study concluded that after burn injury
alteration in lipid 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 &clinical study model it has
been shown that supplementation with O3FAs and
their pro-resolving lipid mediators help in reducing
pain [51].Lukaschek K, et al [52] in his cross sectional
study on 142 community-dwelling older adults (60-85
years) with subjective memory complaints and
concluded that higher dietry 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 [53] In their prospective,
double-blind, randomized 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 study, they divided subjects into
three groups i.e. Twenty patients consumed daily
dietary supplements of n3 fatty acids containing 27
mg eicosapentaenoic acid (EPA) and 18 mg kg
docosahexaenoic acid (DHA) (low dose), 17 patients
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
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benefits of dietary supplementation with omega3
fatty acids for time intervals that are longer than
those previously studied.Whereas 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 morbidity 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, 3 months to
increase the concentration of DHA in plasma and in
RBC increase.Kew S. et al. [54] in their placebo-
controlled, double-blind parallel study on 42 healthy
volunteers who were randomly assigned received
supplementation with placebo (olive oil), EPA (4.7 g/
d) or DHA (4.9 g/ d) for 4 weeks. Before and after the
supplementation, 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 expression 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 [55]. Thus, oral ingestion or
ingestion of omega-3 FA supplements require a
longer time to achieve substantial cellular
accumulation through which they can have protective
effects on CVD; i.e. over days to weeks. In their study
Moghadam et al [56], 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 history 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 supplemented group have
suppressed level of serum TNF-a concentration by
8%(p < 0.01).Study by Mori et al. [57] overweight men
with hyperlipidaemia was supplemented with 4 g/ day
for 6 weeks with either EPA, DHA or olive oil (as a
control group). Such effects were observedin the EPA
group, this finding indicates the beneficial effects of
omega-3 FS is responsive to the vasculature that
alters endothelial dysfunction and hypertension, and
both EPA and DHA have different hemodynamic

| 8 www.gjmedph.com Vol. 13, No.1, 2024

Reviews
effects.Green tea polyphenol [epigallocatechin
gallate (EGCG), was used to prepared esters of DHA,
having high stability and antioxidant property, invivo
studies have shown ICR (Institute of Cancer Research)
mice, suffering from colon tumorigenesis has been
protected by these esters [58].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
[59].Heterotrophic  fungus-like  microorganisms,
called Thraustochytrids 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 [60]. On the basis of age and
gender the required level of ALA varies between 1.1
and 1.6 g/day (Dietitians of Canada (2013), Dieticians
also recommended to take 2 fish per day so to acquire
nearly 0.3-0.45 g of EPA and DHA per day [61].
According to the Food and Agricultural Organization
of the united nation (FAO 2010), the recommended
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% [61]. 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 [62].According to Waliullah S [63]
Osteoporosis a muscular disorder is characterized by
low bone mineral density and post-menopausal
osteoporosis is highly prevalent in Indian females and
they are unaware 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 increased
consumption of omega 3 fatty acid in comparison to
omega 6 fatty acid helps in prevention of loss of bone
mass [64].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 [65]. Activity
of the core factor kappa B (NF-B), one of the most
important transcription regulators of inflammatory
reactions involved in the pathogenesis of CVD, its
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activity is downregulated by omega-3 FA [66], 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) [66]. In aging patients with chronic
inflammation who were supplemented with bioactive
derivatives of omega-3 fatty acids such as eicosanoids
and docosanoids [66], suppressed inflammation
markers [87-88], peroxisome proliferator-activated
receptors alpha and gamma were found in their
serum. investigated (PPAR, PPAR) is activated by
omega-3, which helps to reduce the expression of
inflammatory genes by inhibiting NF-B activation
[66].Adiponectin, a cardioprotective adipocyte-
derived hormone used to modulate the activity of NF-
B, and dose-dependent supplementation with
omega-3 fat derivatives in animals and humans to
increase adiponectin levels [66], middle-aged to
adults late adult patients receiving EPA + DHA
therapy have a significant reduction in circulating
levels of proinflammatory cytokines than those
receiving placebo therapy as markers of
inflammation [66].Kiecolt-Glaser et al [67] in his
randomized controlled trial on 138 participants (45
men and 93 women), ranged in age from 4o 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 mirrored the proportions of fatty acids
in the typical American diet, for 4months,and
observed suppressed serum interlukin 6, TNF alpha
levels, Depressive symptoms were quite low at
baseline and did not change significantly in response
to supplementation.Nie J,et al[68], demonstrated in
his study the beneficial role of PUFA in animal model
that high omega 3 fatty acid supplemented group had
showed improved motor function recovery,High
expression level of spinal cord repair-related protein
such as MBP, Galcand GFAP, High omega 3 fatty acid
supplemented group had improved autophagy
ability and inhibited activity of the mTORCa signaling
pathway.Study by William Davis and colleagues
demonstrated that Omega 3 fatty acid along with
Vitamin D supplement when given to asymptomatic
adults then a decrease coronary calcium scores has
been recorded in these adults.Subjects on Dialysis
when consume omega-3 fatty acids,had high level of
fetuin-A a liver derived Plasma protein,which is an
inhibitor of vascular calcification,and further elevated
level of vitamin (1,25 (OH)D) was also observed in
dialysis patients [69].Study by An et al, 2012
observed that when Subjects on Dialysis were given
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omega-3fatty acid supplementation for6 months can
change the fatty acid content in Erythrocyte by
suppressing the level of total trans fatty acid and
transoleic acid and elevating the level of omega-3
fatty acid such as linoleic acid,palmitoleic acid, and
lignoceric acid [70].A Cross Sectional Study by Son et
al., 2012 on Hemodialysis Subjects reported that oleic
acid and monounsaturated fatty acid (MUFA) were
significantly high in the erythrocyte membrane of
patients suffering from vascular calcification in
comparison to controls.Study by Farina EK et al 2012
inthe Framingham osteoporosis study, observed that
subjects who consume high fish diets have high Bone
Mineral density of hip bones, Another Study by Moon
et al on Korean postmenopausal women observed
that high erythrocyte level of DHA with EPA in these
women have less chances of Osteoporosis[71].Study
by Chen et al on Chinese Population demonstrated
that due to high intake of fish diet by Chinese had
reduced risk of developing Osteoporosis.

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[72] , 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; Ca8: 4); Arachidonic acid (AA; C2o:
4); Eicosapentaenoic acid (EPA; C2o0: 5) and
docosahexaenoic acid (DHA; C22: 6). The molecular
formula & molecular weight of omega-3 fatty acid is
C60H9206 with a molecular weight of 9og.39 g/ 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 & 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 [72],0mega 3 fatty
acid(EPA,DHA),protects us from various metabolic
disorders[72],Brown,Green and red algae are the
richest source of Omega 3 Fatty acid especially from
the algae of Australia (North Queensland),Red
Seaweeds(Champia parvula) have highest content of
EPA ((3.30mg/g DW).Women who consume large
amount of diet enriched in Omega 3 fatty acid in
comparison to Omega 6 fatty acid have reduced risk
of having Breast cancer [72]. DHA is enriched in the
formation of axons in most tissues in the body,
including the myocardium, retina, and brain. The
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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 [73].

Desaturase and elongase

Linoleic acid (LA) and alpha linolenic acid (ALA) are
the precursors 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 [73]. that removes two
hydrogen atoms from a fatty acid to introduce a

Reviews

carbon / carbon double bond towa arboxyl
end of the molecule is called a desaturase, while an
enzyme that catalyzes the carbon chain extension of
a fatty acid by the addition of two carbons to the
molecule is called an enolase [94], The precursor to
omega-6 fatty acid is LA, and to omega-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 LAto AAis low (a
diet high in meat and poultry). The numerous double
bonds in AA give membranes mobility, flexibility and
fluidity.

Omega 3&6 Fatty Acid

Polyunsaturated fatty acid Metabolism

Alpha-Linolenic Acid

Stearidonic Acid

Desaturase

l Elongase

Eicosapentaenoic Acid

Desaturase

Docosapentaenoic Acid

Elongase

Docosahexanoic Acid
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Polyunsaturated fatty acid Metabolism
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Elongase

Arachidonic Acid

Role in Spinal Cord Injury

Spinal cord injury(SCl) is a life-threatening process; it
greatly impacts subjects' quality of life and families.
within developed nation annual cases of SCl are 11.5—
53.4 cases per million, whereas alone in North
America, over 1 million people are affected with
direct lifetime costs around $1.1—4.6 million USD
each [74].Study by King VR, et al. [75] state in their
study that after lateral 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 neuroprotection, including
decreased lesion size and apoptosis and increased
neuronal and oligodendrocyte survival has been
observed, decreased oxidation of RNA |/ DNA
suggests a neuroprotective effect of omega-3 fatty
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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 J, et
al. [76] using the SCl 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 supplemented with
omega-3 fatty acids was suppressed tumor necrosis
factor alpha (TNF) and terleukin6é (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
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anincreased expression of bcl2 mRNA by 286.9 % and
reduced expression of Bax was also observed. The
above result indicated that omega-3 fatty acid
supplementation helps reduce oxidative stress,
apoptosis, and levels of inflammatory markers in rats
with ischemic reperfusion.Study by Baazm M, et al.
[77] states that omega-3 fatty acid supplementation
supports neurological function in the event of
neuronal injury and suppresses the activity of
inflammatory markers.Mahadewa Tjokorda GB et al.
[78] 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 combination treatment group, so their
results match the Combination of both drugs show
promising therapy for SClLIn Huntington's disease
(HD), one of the neurodegenerative disease
mutations occurs on chromosome sequence 4, so due
to abnormal 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-responsive
signaling pathways might be involved, British
researchers using EPA in its ethyl ester form (Ethyl-
EPA) found promising therapy in Huntington's
disease [79].The study by Zanarini MC et al. In its
double-blind placebo control study, [80] showed the
beneficial effect of omega-3 fatty acids against
borderline personality disorder in 30 female
volunteers with moderate BPD when they were
supplemented with only 1 g / day of EPA (as ethyl
EPA) two months showed promising results against
aggression and depression compared to women who
received a placebo.Study by S.-N. Lim et al. [81]
found in animal models that, according to SCl, 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 depression, as
several studies have shown. A study by Javidan AN
[82] showed in its double-blind, randomized clinical
study that after 14 months of supplementation with
omega-3 fatty acids (435 mg docosahexaenoic acid
and 65 mg eicosapentaenoic acid), in patients with
traumatic paraplegia, the longer than Lasted 1 year
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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 neuroprotective effect only in the acute phase of
SCl, but has no effect in chronic SCI cases.Reduced
spinal cord edema white matter cavitation,
demyelination, and vessel ingrowth were observed
on 35th day after SCl in mice fed with omega 3 diet
[83].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 inflammation following neurotrauma.Ward
RE,et al [84] 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 likelihood 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% [85].
Omega-3 fatty acids play an important role in anxiety
and depression, as several studies have shown.In the
treatment and prevention of spinal cord-associated
neurological  deficits,  long-chain  omega-3
polyunsaturated fatty acids (LC-O3PUFAs) play a
therapeutic role in oil-derived LC-O3PUFAs 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%), homocarnosine (+ 27%),
kynurenine (+ 88%), compared to animals with a
normal diet, An increase in neurotransmitters and
mitochondrial metabolism such as N-
acetylglutamate (+ 43%) and acetyl-CoA levels (+
27%) was reported in the group with PUFA
supplementation. Thus, the dietary intervention of
PUFA in SCl helps to target the global correction and
improve the pro-oxidative metabolic profile that
characterized SCl-mediated sensorimotor
dysfunction [85].Mills JD et [86] point to the positive
role of O3FA supplementation against diffuse axonal
damage in rats. They divided the rats into 3 groups,
the first and second groups received 10 or 40 mg/ kg
| day O3FA and the third group received no
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supplementation (fish oil), increased O3FA serum
levels, decreased number of positive axons after 30
days of supplementation Amyloid beta precursor
protein in the supplemented group as shown by
immunohistochemical analysis.Study by Paterniti |
[87], 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 proinflammatory cytokine (TNF-), glial fibrillary
acid Protein (GFAP.)), Formation 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
hippocampus, parahippocampus, and amygdala in
people over 65 years of age, and slower cognitive
decline has been reported [88].

Inflammatory / immunological reactions

Cells of the immune system are rarely found in the
CNS system, after SCI mechanical trauma activates
microglia and secretes cytokines, after SCl in the CSF
an increase in arachidonic acid metabolites
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 [8g]. However, it is assumed that it

Spinal Cord Injury

ﬂ Omega-3 Fatty Acid —::, . N
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occurs in the early phase of SCI exerts“a certain
neuroprotective effect, can lead to edema and
leukocyte migration, apoptosis,while by increasing
the synthesis of IL-10 and stimulating the
regeneration of the axon it also exerts a
neuroprotective effect against reactive oxygen
radicals [89].The development of various neoplastic
cells in the body is inhibited 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) of the
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 [83], ceramide
inhibits the phosphorylation of the retinoblastoma
protein (pRb) alternately via the activation of
phosphatase 1 (PP1) and 2A ( PP2A) proteins and p21
protein, which further restricts cell division within the
tumor [83]. The above signaling 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 omega-3 fatty acids has a protective
property that inhibits programmed cell death. But
this duality needs further research,Source of below
figure(Wojdasiewicz et al 2020)
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Role of Omega-3 Fatty Acid Supplementation after Spinal Cord Injury in Rodent Model

CONCLUSION

This review mainly emphasizes the beneficial effects
of omega-3 fatty acid supplementation, its structure
and potential health benefits in various diseases and
we mainly focus on the pathophysiology of spinal
cord injury and the effects of omega-3 fatty acid
supplementation 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
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PD, ischemia, optic neuropathy. Most of the studies
are done onanimal models. In the case of CVDs, some
of the studies were done on human models 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.

ISSN# 2277-9604



Reviews

Spinal Cord

Spinal Cord Injury

Neuron Dath
k Axon Demyelination ‘
L Syringomyelia 1

h Reactive Gliosis !

Vascular Dysfuction

Inflammation

‘ Oxidative Stress
Apoptosis

Exicitotoxicity

Improves heart hearth
Improve Vision
Improve bone health
Improve brain function

Improve sleep

*—Allll

| 14 www.gjmedph.com Vol. 13, No.1, 2024 ISSN# 2277-9604



10.
11.

12.

13.

14.

Reviews

REFERENCES

Tator, C. H. (1998). Biology of neurological recovery and
functional restoration after spinal cord injury. Neurosurgery,
42(4), 696-707.. 10.1097/00006123-199804000-00007

Hachem, L. D., Ahuja, C. S., & Fehlings, M. G. (2017).
Assessment and management of acute spinal cord injury: From
point of injury to rehabilitation. The journal of spinal cord
medicine, 40(6), 665-675.. 10.1080/10790268.2017.1329076
WHO WHO | Spinal Cord Injury. WHO, Fact sheet N° 384 (2013).
Available online at. https://www.who.int/news-room/fact-
sheets/detail/spinal-cordinjury.

Stein, D. M., & Knight, W. A. (2017). Emergency neurological life
support: traumatic spine injury. Neurocritical care, 27, 170-180..
10.1007/512028-015-0169-y

Wilson, J. R., Cadotte, D. W., & Fehlings, M. G. (2012). Clinical
predictors of neurological outcome, functional status, and
survival after traumatic spinal cord injury: a systematic review.
Journal  of neurosurgery:  spine, 17(Suppl1), 11-26..
10.3171/2012.4.AOSPINE1245

Middleton, J. W., Dayton, A., Walsh, J., Rutkowski, S.B., Leong,
G., & Duong, S. (2012). Life expectancy after spinal cord injury:
a go-year study. Spinal cord, 50(11), 803-811..
10.1038/5¢€.2012.55

Shavelle, R. M., Paculdo, D. R., Tran, L. M., Strauss, D. J.,
Brooks, J. C., & DeVivo, M. J. (2015). Mobility, continence, and
life expectancy in persons with ASIA impairment scale grade D
spinal cord injuries. American journal of physical medicine &
rehabilitation, 94(3), 180-191..
10.1097/PHM.0000000000000140

Prasad, P., Anjali, P., & Sreedhar, R. V. (2021). Plant-based
stearidonic acid as sustainable source of omega-3 fatty acid
with functional outcomes on human health. Critical Reviews in
Food  Science and  Nutrition,  61(10), 1725-1737..
10.1080/10408398.2020.1765137

Rubio-Rodriguez, N., Beltran, S., Jaime, I., de Diego, S. M,,
Sanz, M. T., & Carballido, J. R. (2010). Production of omega-3
polyunsaturated fatty acid concentrates: A review. Innovative
Food Science & Emerging Technologies, 11(1), 1-
12.10.16965/1JPR.2019.109

WHO/FAO 1994: Fats and oils in human nutrition. FAQO.
Fernandez, P. M., & Juan, S. (2000). Fatty acid composition of
commercial Spanish fast food and snack food. Journal of Food
Composition and Analysis, 13(3), 275-
281.20.1006/jfca.2000.0893

Kamei, M., Ki, M., Kawagoshi, M., & Kawai, N. (2002).
Nutritional evaluation of Japanese take-out lunches compared
with Western-style fast foods supplied in Japan. Journal of food
composition and analysis, 15(1), 35-45.10.1006/jfca.2001.1021
Ambring, A., Johansson, M., Axelsen, M., Gan, L., Strandvik, B.,
& Friberg, P. (2006). Mediterranean-inspired diet lowers the
ratio of serum phospholipid n—6 to n—3 fatty acids, the number
of leukocytes and platelets, and vascular endothelial growth
factor in healthy subjects. The American journal of clinical
nutrition, 83(3), 575-581.10.1093/ajcn.83.3.575

Figueroa, J. D., Cordero, K., LIan, M. S., & De Leon, M. (2013).
Dietary omega-3 polyunsaturated fatty acids improve the
neurolipidome and restore the DHA status while promoting
functional recovery after experimental spinal cord injury.

| 15 www.gjmedph.com Vol. 13, No.1, 2024

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Journal of neurotrauma,
10.1089/neu.2012.2718

Sabour, H., Norouzi Javidan, A., Latifi, S., Shidfar, F., Heshmat,
R., Emami Razavi, S. H., ... & Larijani, B. (2015). Omega-3 fatty
acids’ effect on leptin and adiponectin concentrations in
patients with spinal cord injury: A double-blinded randomized
clinical trial. The journal of spinal cord medicine, 38(5), 599-
606.10.1179/2045772314Y.0000000251

Ding, Y., & Chen, Q. (2022). mTOR pathway: A potential
therapeutic target for spinal cord injury. Biomedicine &
Pharmacotherapy, 145, 112430.

Noble, L. J., Donovan, F., Igarashi, T., Goussev, S., & Werb, Z.
(2002). Matrix metalloproteinases limit functional recovery
after spinal cord injury by modulation of early vascular events.
Journal of Neuroscience, 22(17), 7526-7535..
10.1523/JNEUROSCI.22-17-07526.2002.

Aarabi, B., Olexa, J., Chryssikos, T., Galvagno, S. M., Hersh, D.
S., Wessell, A, ... & Curry, B. (2019). Extent of spinal cord
decompression in motor complete (American Spinal Injury
Association Impairment Scale Grades A and B) traumatic spinal
cord injury patients: post-operative magnetic resonance
imaging analysis of standard operative approaches. Journal of
neurotrauma, 36(6), 862-876.

Du, Y. & Cai, X. (2023). Therapeutic potential of natural
compounds from herbs and nutraceuticals in spinal cord injury:
Regulation of the mTOR signaling pathway. Biomedicine &
Pharmacotherapy, 163, 114905..

Ara, Z., Walliullah, S., Al-Otaibi, M. L., & Srivastava, R. N.
(2023). Perspective Chapter: Pathophysiology of Spinal Cord
Injury and Effect of Neutraceuticals in Providing Potential
Health Benefits. In Spinal Cord Injury-Current Trends in Acute
Management,  Function Preservation and Rehabilitation
Protocols. IntechOpen.

Ding, Y., & Chen, Q. (2022). mTOR pathway: A potential
therapeutic target for spinal cord injury. Biomedicine &
Pharmacotherapy, 145, 112430.

Cordaro, M., Paterniti, |, Siracusa, R., Impellizzeri, D., Esposito,
E., & Cuzzocrea, S. (2017). KU0063794, a dual mTORCz and
mTORC2 inhibitor, reduces neural tissue damage and
locomotor impairment after spinal cord injury in mice.
Molecular neurobiology, 54, 2415-2427.

Chhabra, H. S., Sharawat, R., & Vishwakarma, G. (2022). In-
hospital mortality in people with complete acute traumatic
spinal cord injury at a tertiary care center in India—a
retrospective analysis. Spinal cord, 60(3), 210-215.

Jha, R. K., & Gupta, R. (2021). Traumatic Spinal Cord Injury, an
Overview of Epidemiology and Management in Vindhya
Region. Indian Journal of Public Health Research & Development,
12(2), 304-307.

Sengupta, D., Bindra, A., Kumar, N., Goyal, K., Singh, P. K.,
Chaturvedi, A, ... & Mishra, A. K. (2021). Respiratory morbidity
and mortality of traumatic cervical spinal cord injury at a level |
trauma center in India. Spinal Cord Series and Cases, 7(1), 36.
Jain, M., Mohanty, C. R., Doki, S. K., Radhakrishnan, R. V.,
Khutia, S., Patra, S. K., & Biswas, M. (2021). Traumatic spine
injuries in Eastern India: A retrospective observational study.
International journal of critical illness and injury science, 11(2), 79.

30(10), 853-868..

ISSN# 2277-9604


https://dx.doi.org/10.1097/00006123-199804000-00007
https://dx.doi.org/10.1080/10790268.2017.1329076
https://www.who.int/news-room/fact-sheets/detail/spinal-cordinjury
https://www.who.int/news-room/fact-sheets/detail/spinal-cordinjury
https://www.who.int/news-room/fact-sheets/detail/spinal-cordinjury
https://www.who.int/news-room/fact-sheets/detail/spinal-cordinjury
https://dx.doi.org/10.1007/s12028-015-0169-y
https://dx.doi.org/10.3171/2012.4.AOSPINE1245
https://dx.doi.org/10.1038/sc.2012.55
https://dx.doi.org/10.1097/PHM.0000000000000140
https://dx.doi.org/10.1080/10408398.2020.1765137
https://dx.doi.org/10.16965/IJPR.2019.109
https://www.karger.com/Article/Abstract/228993
https://dx.doi.org/10.1006/jfca.2000.0893
https://dx.doi.org/10.1006/jfca.2001.1021
https://dx.doi.org/10.1093/ajcn.83.3.575
https://dx.doi.org/10.1089/neu.2012.2718
https://dx.doi.org/10.1179/2045772314Y.0000000251
https://dx.doi.org/10.1523/JNEUROSCI.22-17-07526.2002

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37

38.

39.

40.

Rai, S., & Ganvir, S. (2019). A retrospective study of
demographic profile of patients with spinal cord injury
admitted in a tertiary care hospital in Ahmadnagar, India. Int J
Physiother Res, 7(2), 1034-39.

Nirmala, B. P., Srikanth, P., Vranda, M. N., Kanmani, T. R., &
Khanna, M. (2020). Clinical and sociodemographic profiles of
persons with spinal cord injury. Journal of family medicine and
primary care, 9(9), 4890.

Krishnamurthy, G., & Kumar, G. (2020). A hospital based cross-
sectional study on clinical profile of patients with spinal cord
injuries. MRIMS Journal of Health Sciences, 8(3), 61..

Yusuf, A. S., Mahmud, M. R, Alfin, D. J., Gana, S. I., Timothy,
S., Nwaribe, E. E., & Idris, M. M. (2019). Clinical
characteristics and challenges of management of traumatic
spinal cord injury in a trauma center of a developing country.
Journal of neurosciences in rural practice, 10(03), 393-399.
Kumar, K. A., Subrahmanyam, B. V., Phanidra, S. V., Kumar, S.
S., Harish, P. N., Ramamohan, P., & Agrawal, A. (2015).
Demographic pattern, clinical profile and outcome of traumatic
spinal cord injuries at a tertiary care hospital. Romanian
Neurosurgery, 312-317.

Ning, G.Z., Wy, Q. Li, Y. L., & Feng, S. Q. (2012). Epidemiology
of traumatic spinal cord injury in Asia: a systematic review. The
Jjournal of spinal cord medicine, 35(4), 229-239.

Chacko, V., Joseph, B., Mohanty, S. P., & Jacob, T. (1986).
Management of spinal cord injury in a general hospital in rural
India. Spinal Cord, 24(5), 330-335.

Sridharan, N., Uvaraj, N., Dhanagopal, M., Gopinath, N., &
Anuswedha, A. (2015). Epidemiologic evidence of spinal cord
injury in Tamil Nadu, India. Int J Res Med Sci, 3, 220-3.

Pandey, V. K., Nigam, V., Goyal, T. D., & Chhabra, H. S. (2007).
Care of post-traumatic spinal cord injury patients in India: an
analysis. Indian journal of orthopaedics, 41(4), 295.

Lalwani, S., Singh, V., Trikha, V., Sharma, V., Kumar, S., Bagla,
R., ... & Misra, M. C. (2014). Mortality profile of patients with
traumatic spinal injuries at a level | trauma care centre in India.
The Indian journal of medical research, 140(1), 40.

Chen, J,, Chen, Z., Zhang, K., Song, D., Wang, C., & Xuan, T.
(2021). Epidemiological features of traumatic spinal cord injury
in Guangdong Province, China. The Journal of Spinal Cord
Medicine, 44(2), 276-281.

Kim, H. S., Lim, K. B., Kim, J,, Kang, J., Lee, H., Lee, S. W., &
Yoo, J. (2021). Epidemiology of spinal cord injury: changes to its
cause amid aging population, a single center study. Annals of
rehabilitation medicine, 45(1), 7-15.

Johansson, E., Luoto, T. M., Vainionpag, A., Kauppila, A. M.,
Kallinen, M., Vaaralg, E., & Koskinen, E. (2021). Epidemiology
of traumatic spinal cord injury in Finland. Spinal cord, 59(7), 761-
768.

Gautam, S,, Rijal, B., & Sharma, L. K. (2023). Traumatic spinal
cord injury among patients admitted to the spine unit in a
tertiary care centre. JNMA: Journal of the Nepal Medical
Association, 61(266), 765.

Habib, R., Haque, A. M., Huda, S., Tohura, S., Bayzid, B., Kamal,
S. M., ... & Rima, S. Epidemiology of Traumatic Spinal Cord
Injury in Rajshahi: A prospective study in Rajshahi Medical
College Hospital.

| 16 www.gjmedph.com Vol. 13, No.1, 2024

41.

42.

43.

4.

45.

46.

47.

48.

49.

50.

51.

52.

Reviews

Singh, R., Sharma, S. C., Mittal, R., & Sharma, A. (2003).
Traumatic spinal cord injuries in Haryana: an epidemiological
study. Indian journal of community medicine, 28(4), 184.

Ibrahim, D. A. A, Shehab, R., Saleh, M., Ali, S., Al-Hamati, K., &
Halboup, A. (2021). Role of Omega-3 Fatty Acid in Childbearing
Age Women with Vitamin D Deficiency in Sana'a City.
International Journal of Pharmaceutical Investigation, 11(1).
Matsumura, K., Hamazaki, K., Tsuchida, A., & Inadera, H.
(2023). Omega-3 fatty acid intake during pregnancy and risk of
infant maltreatment: a nationwide birth cohort-the Japan
Environment and Children's Study. Psychological Medicine,
53(3), 995-1004.

Dangardt, F., Osika, W., Chen, Y., Nilsson, U., Gan, L. M.,
Gronowitz, E., ... & Friberg, P. (2010). Omega-3 fatty acid
supplementation improves vascular function and reduces
inflammation in obese adolescents. Atherosclerosis, 212(2),
580-585.

Zhang, Z., Fulgoni lll, V. L., Kris-Etherton, P. M., & Mitmesser,
S. H. (2018). Dietary intakes of EPA and DHA omega-3 fatty
acids among US childbearing-age and pregnant women: an
analysis of NHANES 2001—2014. Nutrients, 10(4), 416.

Silva, N. A., Sousa, N., Reis, R. L., & Salgado, A. J. (2014). From
basics to clinical: a comprehensive review on spinal cord injury.
Progress in neurobiology, 114, 25-57.

Rajaei, E., Mowla, K., Ghorbani, A., Bahadoram, S.,
Bahadoram, M., & Dargahi-Malamir, M. (2016). The effect of
omega-3 fatty acids in patients with active rheumatoid arthritis
receiving. DMARDs therapy: double-blind randomized
controlled trial. Global journal of health science, 8(7), 18.

Miles, E. A., & Calder, P. C. (2012). Influence of marine n-3
polyunsaturated fatty acids on immune function and a
systematic review of their effects on clinical outcomes in
rheumatoid arthritis. British Journal of Nutrition, 107(S2), S171-
S184.

Goldberg, R. J., & Katz, J. (2007). A meta-analysis of the
analgesic effects of omega-3 polyunsaturated fatty acid
supplementation for inflammatory joint pain. Pain, 129(1-2),
210-223.

Qi, P., Abdullahi, A., Stanojcic, M., Patsouris, D., & Jeschke, M.
G. (2016). Lipidomic analysis enables prediction of clinical
outcomes in burn patients. Scientific reports, 6(1), 38707.
Lukaschek, K., Von Schacky, C., Kruse, J., & Ladwig, K. H.
(2016). Cognitive impairment is associated with a low omega-3
index in the elderly: results from the KORA-Age study.
Dementia and Geriatric Cognitive Disorders, 42(3-4), 236-245.
Berbert, A. A., Kondo, C. R. M., Almendra, C. L., Matsuo, T., &
Dichi, I. (2005). Supplementation of fish oil and olive oil in
patients with rheumatoid arthritis. Nutrition, 21(2), 131-136.
Kew, S., Mesa, M. D., Tricon, S., Buckley, R., Minihane, A. M., &
Yaqoob, P. (2004). Effects of oils rich in eicosapentaenoic and
docosahexaenoic acids on immune cell composition and
function in healthy humans. The American journal of clinical
nutrition, 79(4), 674-681.

Ayalew-Pervanchon, A., Rousseau, D., Moreau, D., Assayag, P.,
Weill, P., & Grynberg, A. (2007). Long-term effect of dietary a-

ISSN# 2277-9604



53

54.

55-

56.

57-

58.

59.

60.

61.

62.

63.

64.

linolenic acid or decosahexaenoic acid on incorporation of
decosahexaenoic acid in membranes and its influence on rat
heart in vivo. American Journal of Physiology-Heart and
Circulatory Physiology, 293(4), H2296-H2304.

Moghadam, A. M., Saedisomeolia, A., Djalali, M., Djazayery, A.,
Pooya, S., & Sojoudi, F. (2012). Efficacy of omega-3 fatty acid
supplementation on serum levels of tumour necrosis factor-
alpha, C-reactive protein and interleukin-2 in type 2 diabetes
mellitus patients. Singapore Med J, 53(9), 615-619.

Mori, T. A. (2006). Omega-3 fatty acids and hypertension in
humans. Clinical & Experimental Pharmacology & Physiology,
33(9).

Shahidi, F., & Ambigaipalan, P. (2018). Omega-3
polyunsaturated fatty acids and their health benefits. Annual
review of food science and technology, 9, 345-381.

Patel, A., Karageorgou, D., Katapodis, P., Sharma, A., Rova, U.,
Christakopoulos, P., & Matsakas, L. (2021). Bioprospecting of
thraustochytrids for omega-3 fatty acids: A sustainable
approach to reduce dependency on animal sources. Trends in
Food Science & Technology, 115, 433-444.

FAO. 2010. Fats and fatty acids in human nutrition: report of an
expert consultation. Rome: FAO: Fats and fatty acids in human
nutrition. report of an expert consultation. Rome: FAO. 2010,
Hixson, S. M., Shukla, K., Campbell, L. G., Hallett, R. H., Smith,
S. M., Packer, L., & Arts, M. T. (2016). Long-chain omega-3
polyunsaturated fatty acids have developmental effects on the
crop pest, the cabbage white butterfly Pieris rapae. PLoS One,
11(3), €0152264.

Zirpoli, H., Chang, C. L., Carpentier, Y. A., Michael-Titus, A. T.,
Ten, V. S., & Deckelbaum, R. J. (2020). Novel approaches for
omega-3 fatty acid therapeutics: chronic versus acute
administration to protect heart, brain, and spinal cord. Annual
review of nutrition, 40, 161-187.

Waliullah, S., Sharma, V., Srivastava, R. N., Pradeep, Y., Mahdi,
A. A, & Kumar, S. (2014). Prevalence of primary post
menopausal osteoporosis at various sites in Indian females.
International Journal of Health Sciences and Research, 4(8), 113-
117.

Tan, A., Sullenbarger, B., Prakash, R., & McDaniel, J. C. (2018).
Supplementation  with  eicosapentaenoic  acid and
docosahexaenoic acid reduces high levels of circulating
proinflammatory cytokines in aging adults: A randomized,
controlled study. Prostaglandins, Leukotrienes and Essential
Fatty Acids, 132, 23-29.

ZGhiga J, Cancino M, Medina F: n-3 PUFA
supplementation triggers PPAR-a activation and PPAR-a/NF-
KB interaction: anti-inflammatory implications in liver
ischemiareperfusion injury. 6:28502.
10.1016/j.jnutbio.2015.06.007

Duda, M. K., O'Shea, K. M., Lei, B., Barrows, B. R., Azimzadeh,
A. M., McElfresh, T. E., ... & Stanley, W. C. (2007). Dietary
supplementation with w-3 PUFA increases adiponectin and
attenuates ventricular remodeling and dysfunction with
pressure overload. Cardiovascular research, 76(2), 303-310.
Kiecolt-Glaser, J. K., Belury, M. A., Andridge, R., Malarkey, W.
B.,Hwang, B. S., & Glaser, R. (2012). Omega-3 supplementation
lowers inflammation in healthy middle-aged and older adults: a

2011.

| 17 www.gjmedph.com Vol. 13, No.1, 2024

65.

66.

67.

68.

69.

70.

71.

72.

73

74-

75-

76.

77-

Reviews

randomized controlled trial. Brain, behavior, and immunity,
26(6), 988-995.

Nie, J., Chen, J., Yang, J., Pei, Q., Li, J., Liv, J., ... & Sun, T. (2018).
Inhibition of mammalian target of rapamycin complex 1
signaling by n-3 polyunsaturated fatty acids promotes
locomotor recovery after spinal cord injury. Molecular Medicine
Reports, 17(4), 5894-5902.

Sharma, T., & Mandal, C. C. (2020). Omega-3 fatty acids in
pathological calcification and bone health. Journal of food
biochemistry, 44(8), e13333.

An, W.S,, Lee, S. M., Son, Y. K., Kim, S. E., Kim, K. H., Han, J.
Y., ... & Park, Y. (2012). Omega-3 fatty acid supplementation
increases 1, 25-dihydroxyvitamin D and fetuin-A levels in
dialysis patients. Nutrition Research, 32(7), 495-502.

Farina, E. K., Kiel, D. P., Roubenoff, R., Schaefer, E. J., Cupples,
L. A., & Tucker, K. L. (2011). Protective effects of fish intake and
interactive effects of long-chain polyunsaturated fatty acid
intakes on hip bone mineral density in older adults: the
Framingham Osteoporosis Study. The American journal of
clinical nutrition, 93(5), 1142-1151.

Ara, Z., Waliullah, S., Al-Otaibi, M. L., & Alam, A. (2022). A
Systematic Review of Beneficial Outcomes of Omega-3 Fatty
Acid in Human Musculoskeletal Diseases. endocrinology, 29,
30.

Bentsen, H. (2017). Dietary polyunsaturated fatty acids, brain
function and mental health. Microbial ecology in health and
disease, 28(sup1), 1281916.

Ara, Z., Singh, A., Raj, S., Walliullah, S., & Srivastava, R. N.
(2023). Spinal Cord Injury Prevalence and Treatment
Modalities. In Spinal Cord Injury-Current Trends in Acute
Management, Function Preservation and Rehabilitation
Protocols. IntechOpen.

King, V.R., Huang, W. L., Dyall, S. C., Curran, O. E., Priestley, J.
V., & Michael-Titus, A. T. (2006). Omega-3 fatty acids improve
recovery, whereas omega-6 fatty acids worsen outcome, after
spinal cord injury in the adult rat. Journal of Neuroscience,
26(17), 4672-4680.

Bi, J., Chen, C, Sun, P, Tan, H., Feng, F., & Shen, J. (2019).
Neuroprotective effect of omega-3 fatty acids on spinal cord
injury induced rats. Brain and behavior, 9(8), e01339.

Baazm, M., Behrens, V., Beyer, C., Nikoubashman, O., &
Zendedel, A. (2021). Regulation of inflammasomes by
application of Omega-3 polyunsaturated fatty acids in a spinal
cord injury model. Cells, 10(11), 3147.

Mahadewa, T. G., Wardana, W. A., & Wardhana, W. (2017). The
difference in motor improvements related to combination of
omega-3 polyunsaturated fatty acid and alpha-tocopherol
supplementations diet of weight-dropped induced spinal cord
injury in rats. Bali Medical Journal, 6(3), $22-525.

BK, P. (2002). MRI and neuropsychological improvement in
Huntington's disease following ethyl-EPA  treatment.
NeroReport, 13, 1-4.

Zanarini, M. C., & Frankenburg, F. R. (2003). Omega-3 fatty acid
treatment of women with borderline personality disorder: a
double-blind, placebo-controlled pilot study. American Journal
of Psychiatry, 160(1), 167-169.

ISSN# 2277-9604



78.

79-

8o.

81.

82.

Lim, S. N., Gladman, S. J., Dyall, S. C., Patel, U., Virani, N.,
Kang, J. X,, ... & Michael-Titus, A. T. (2013). Transgenic mice
with high endogenous omega-3 fatty acids are protected from
spinal cord injury. Neurobiology of disease, 51, 104-112..
Norouzi Javidan, A., Sabour, H., Latifi, S., Abrishamkar, M.,
Soltani, Z., Shidfar, F., & Emami Razavi, H. (2014). Does
consumption of polyunsaturated fatty acids influence on
neurorehabilitation in  traumatic  spinal  cord-injured
individuals? a double-blinded clinical trial. Spinal Cord, 52(5),
378-382.

.Emon, S. T., Irban, A. G., Bozkurt, S. U., Akakin, D., Konya, D.,
& Ozgen, S. (2011). Effects of parenteral nutritional support
with fish-oil emulsion on spinal cord recovery in rats with
traumatic spinal cord injury. Turkish Neurosurgery, 21(2).
Ward, R. E., Huang, W., Curran, O. E., Priestley, J. V., &
Michael-Titus, A. T. (2010). Docosahexaenoic acid prevents
white matter damage after spinal cord injury. Journal of
neurotrauma, 27(10), 1769-1780.

Chen, W. F., Chen, C. H., Chen, N. F., Sung, C. S., & Wen, Z. H.
(2015). Neuroprotective effects of direct intrathecal

| 18 www.gjmedph.com Vol. 13, No.1, 2024

83.

84.

85.

86.

Reviews

administration of granulocyte colony-stimulating factor in rats
with spinal cord injury. CNS Neuroscience & Therapeutics,
21(9), 698-707.

Dhote, V. V., Raja, M. K. M. M., Samundre, P., Sharma, S.,
Anwikar, S., & Upaganlawar, A. B. (2022). Sports-Related Brain
Injury and Neurodegeneration in Athletes. Current molecular
pharmacology, 15(2), 51-76.

Paterniti |, Impellizzeri D, Di Paola R, D: Docosahexaenoic acid
attenuates the early inflammatory response following spinal
cord injury in mice: in-vivo and in-vitro studies. . Journal of
neuroinflammation. . 2014, 1-8.. 10.1186/1742-2094-11-6
Schwab, J. M., Zhang, Y., Kopp, M. A, Brommer, B., &
Popovich, P. G. (2014). The paradox of chronic
neuroinflammation,  systemic  immune  suppression,
autoimmunity after traumatic chronic spinal cord injury.
Experimental neurology, 258, 121-129.

Yune, T.Y., Chang, M. J.,Kim, S. J., Lee, Y.B., Shin, S. W., Rhim,
H.,...&Oh, T. H. (2003). Increased production of tumor necrosis
factor-a induces apoptosis after traumatic spinal cord injury in
rats. Journal of neurotrauma, 20(2), 207-219.

ISSN# 2277-9604



	ABSTRACT
	INTRODUCTION

