Int. J. Pharm. Sci. Rev. Res., 28(1), September — October 2014; Article No. 22, Pages: 119-122

Review Article

{ Short Term Effect of Omega Fatty Acid on Hippocampus — A Brief Review

ISSN 0976 — 044X

S Priyanka*, Saravana Kumar
Saveetha Dental College, Saveetha University, Chennai, Tamilnadu, India.
*Corresponding author’s E-mail: spriyankaerodel2@gmail.com

Accepted on: 25-06-2014; Finalized on: 31-08-2014.

ABSTRACT

Omega fatty acids are polyunsaturated fatty acids with a double bond. The fatty acids have two ends, the carboxylic acid (-COOH)
end and methyl end. Omega fatty acids are vital for normal metabolism. Omega fatty acid is considered essential fatty acids,
meaning that they cannot be synthesized by the human body -except that mammals have some abilities. We need them for our
body to work normally. Omega fatty acids inhibit the development of premalignant and malignant lesions in a rat model of bladder
cancer, which might be due to anti-inflammatory, antioxidant, anti-proliferative, and anti-angiogenic properties. The new findings
indicate that ADHD has a biological component and that the intake of omega may influence ADHD symptoms. Omega fatty acids are
important for several neuronal and cognitive functions. Altered omega fatty acid status has been implicated in reduced resistance to
stress and mood disorders. Rats chronically lacking omega fatty acid exhibited an increased startle response, a stress-induced
decrease in loco motor activity and exaggerated grooming. Feeding enriched omega fatty acid beef to rats increases omega fatty
acid content of heart and liver membranes and decreases serum vascular cell adhesion and cholesterol levels. Agriculture practice of
feeding a high omega fatty acid diet to cattle can produce positive health benefits to the consumer. A combination of antioxidants

and omega fatty acids may represent potential protection against oxidative stress.

Keywords: Cerebrospinal fluid, Cognitive, Endogenously, Mortality, Omega fatty acid, Polyunsaturated fatty acid.

INTRODUCTION

mega fatty acids are long-chain polyunsaturated

fatty acids found in various plant and marine life.*

The marine-based omega fatty acids primarily
consist of eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA). In contrast, those from
plants (flaxseed, walnuts, and canola oil) are usually in the
form of the parent omega fatty acid, alpha- linolenic acid.
The dietary alpha-linolenic acid can be endogenously
converted to EPA and DHA. Fish provide varying amounts
of omega fatty acids in the form of docosahexaenoic acid
(DHA) and eicosapentaenoic acid (EPA).? Several studies
of omega fatty acids have been performed in behavioural
disorders and have found few side effects in both humans
and animals.® There is evidence suggesting that omega
fatty acid has an effect on human cerebrospinal fluid,
serotonin metabolites.* A report that separately analyzed
data for men and women found a trend of decreased
stroke with increasing fish consumption for women
between ages 45 and 74, but not for men.” Omega fatty
acids have potentially favourable effects that may protect
against cardiovascular disease and reduce mortality in
non-transplanted patient.® These essential fatty acids are
highly concentrated in the brain and appear to be
particularly important for cognitive (brain memory and
performance) and behavioural function.”
Docosahexaenoic acid, one of the major polyunsaturated
fatty acids in the brain, is essential for normal
neurological development, maintenance of learning and
memory, and neuronal plasticity.8

ANATOMY OF HIPPOCAMPUS

The hippocampus is one of the brain structures making up
the limbic system. The hippocampus is composed of only
three layers. The hippocampus is so named since early on
its appearance was likened to a "seahorse". The
hippocampal formation is a bi-lateral limbic structure".
Although the hippocampus lies beneath the cerebral
cortex it is not truly a sub cortical structure in that it is
really a cortical infolding itself, albeit much older and
more primitive than the surrounding neocortex. Hence, it
is also referred to as archicortex, or paleocortex (Figure
1).
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Figure 1
Composition of omega fatty acid

Omega fatty acids are a family of unsaturated fatty acids
that have in common a final carbon—carbon double bond
in the n-3 position; that is, the third bond from the
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methyl end of the fatty acid. These are also known as
polyunsaturated fatty acids.” There are three major types
of omega 3 fatty acids that are ingested in foods and used
by the body: alphalinolenic acid (ALA), eicosapentaenoic
acid (EPA), and docosahexaenoic acid (DHA). Once eaten,
the body converts ALA to EPA and DHA, the two types of
omega-3 fatty acids more readily used by the body. These
three polyunsaturates have 3, 5 or 6 double bonds in a
carbon chain of 18, 20 or 22 carbon atoms, respectively.
All double bonds are in the cis configuration, i.e. the two
hydrogen atoms are on the same side of the double
bond.”® The human body cannot synthesize n-3 fatty
acids de novo, but it can form 20-carbon unsaturated n-3
fatty acids (like EPA) and 22-carbon unsaturated n-3 fatty
acids (like DHA) from the eighteen-carbon n-3 fatty acid
o-linolenic acid.>*® The balance of omega fatty acids is
important to consider. The so-called omega-3: omega-6
ratio has become a model for gauging the proper balance
of these fats in oils and the diet. Diets with greater than a
1:10 ratio of omega-3 to omega-6 are not recommended,
whereas a 1:1 ratio is considered perfect. Very unhealthy
ratios of 1:25 and 1:50 are common, especially with
regular consumption of ‘fast-food’, high amounts of fried
food, and low intake of fresh whole foods. Thus, ‘Eating
to live and not living to eat’ becomes an important
consideration with increases in modern, convenient, non-
functional food choices."*

DIETARY SOURSES OF OMEGA FATTY ACID

Although fish is a one of the main dietary source of
omega fatty acids, they do not synthesize these fatty
acids they obtain it from the algae or plankton through
their diet. The most widely available source of EPA and
DHA is cold water oily fish such as salmon, herring,
mackerel, anchovies and sardines. Oils from these fish
have a profile of around seven times as much n-3 as n-6.
Other oily fish such as tuna also contain omega fatty acid
but it is lesser in amounts.™® Flax Seeds produce linseed
oil, which has very high amount of omega fatty acid
content which is about six times richer than that of fish
oils. The microalgae Crypthecodinium cohnii and
Schizochytrium are rich sources of DHA. Egg has a high
content of omega fatty acid mostly ALA. Some vegetables
also have high amount of omega fatty acid like
strawberries and broccoli. Linoleic acid (LA) is the main
omega-6 ‘precursor’ in plant/vegetable oils. The omega
fatty acid (AA) is bioactive and found in red meat."* Most
marine EPA and DHA do not originate in fish, but
accumulate in the marine food chain from sources like
microalgae. Certain non-toxic algal phyla contain high
levels of EPA compared to DHA. Thraustochytrids is one
of the food sources for shellfish, which form a significant
part of the human diet in coastal regions around the
world. Schizochytrium DHA-rich oil has no unpleasant
flavor, no detectable environmental pollutants, and may
be supplied as oil or in starch powder formulations for
various purposes like cooking, encapsulation, infant milk
formula, rice powder, and as additives to cereal and other
products.
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Functions of Omega Fatty Acid

Omega fatty acids are helpful in treating a variety of
health conditions. The biological effects of the omega
fatty acid are largely mediated by their interactions with
the n-6 fatty acids. A small amount of omega fatty acid in
the diet (~1% of total calories) enable normal growth.
Omega fats also play an important role in the production
of powerful hormone like called prostaglandins.
Prostaglandins help to regulate many important
physiological functions including blood pressure, blood
clotting, nerve transmission, the inflammatory and
allergic responses and also the functions of the kidneys
and gastrointestinal tract, and the production of other
hormones.’*** Omega-3 fatty acids are important for a
number of bodily functions, including muscle activity,
blood clotting, digestion, fertility, and cell division and
growth. DHA is important for brain development and
function. ALA is an “essential” fatty acid, meaning that
people must obtain it from food or supplements because
the human body cannot manufacture it. The dietary
essential v-3 fatty acid (FA), a linolenic (ALA; 18 : 3n-3) is
the precursor of LCPUFA, eicosapentaenoic (EPA; 20 : 5n-
3) and docosahexaenoic acid (DHA; 22 : 6n-3), which are
important structural elements of cell membranes which
are needed for the normal development of the central
nervous system and retina®' The women of
reproductive age appear to have a greater capacity than
men to convert the essential n-3 FA ALA (obtained
predominantly from unsaturated vegetable oils) to EPA
and DHA."" The low incidence of atherosclerotic and
chronic inflammatory diseases in Eskimos of Greenland is
due to their traditional diet consisting mostly of marine
food, rich in the eicosapentaenoic acid (EPA)' and
docosahexaenoic acid.’®*** Many clinicians believe that
flaxseed (which contains omega-3 fatty acids) is helpful
for treating acne. Omega-3 exerts neuroprotective action
in Parkinson's disease and exhibit a protective effect
(much like it did for Alzheimer's disease as well). The
scientists found that high doses of omega-3 completely
prevent the neurotoxin-induced decrease of dopamine
that ordinarily occurs. EPA had a statistically significant
decrease in the thickness of the carotid arteries along
with improvement in blood flow. Purified EPA improves
the thickness of carotid arteries along with improving
blood flow in patients with unhealthy blood sugar levels.
Daily omega-3 fatty acid supplements dramatically reduce
the risk of death, subsequent heart attacks, and stroke.
Similarly, people who eat an ALArich diet are less likely to
suffer a fatal heart attack.’ There is some evidence that
omega-3s of the types found in seafood and fish oil may
be modestly helpful in relieving symptoms in rheumatoid
arthritis. Omega supplements (primarily fish oil
supplements) also have been studied for preventing or
treating a variety of other conditions such as allergies,
asthma, cachexia (severe weight loss) associated with
advanced cancer, Crohn’s disease, cystic fibrosis,
diabetes, kidney disease, lupus, menstrual cramps,
obesity, osteoporosis, and ulcerative colitis, as well as
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organ transplantation. Recent NCCAM-sponsored studies
have been investigating the effects of omega-3s/fish oil
on conditions including: Adolescent depression, Autism
spectrum disorders, Brain injury, and Complications of
HIV infection, including bone loss, Depression during
pregnancy and postpartum depression, Treatment-
resistant epilepsy.

Metabolic Pathway of Dietary Omega Fatty Acid
Alpha-linolenic acid (ALA 18:3n-3) A 6 desaturase

N2
Stearidonic acid (SDA 18:4n-3) Elongase

NZ
Eicosatetraenoic acid (ETA 20:4n-3) A5 desturase

\Z

Eicosapentaenoic acid (EPA 20:5n-3) & Dietary EPA
Elongase N%

Docosapentaenoic acid (DPA 22:5n-3) retroconversion
A4 desturase NE
Docosahexaenoic acid (DHA 22:6n-3) ¢ Dietary DHA

[Possible mechanism and therapeutic value in major
depression by Alan c. Logan, ND, FRSH, MS (cand.)]

EFFECT OF OMEGA FATTY ACID ON HIPPOCAMPUS

The hippocampusis one of the major components of
the brains of humansand other vertebrates. It plays
important roles in the consolidation of information
from short-term  memory to long-term  memory and
spatial navigation. Humans and other mammals have two
hippocampi, one in each side of the brain. The
hippocampus is located under the cerebral cortex.”* In
rodents, the hippocampus has been studied as part of a
brain system responsible for spatial memory and
navigation. Many neurons in the rat and mouse
hippocampus respond as place cells which means, they
fire bursts of action potentials when the animal passes
through a specific part of its environment. If damage to
the hippocampus occurs in only one hemisphere, the
brain can retain near-normal memory functioning. Severe
damage to the hippocampi in both hemispheres results in
profound difficulties in forming new memories
(anterograde amnesia) and often also affects memories
formed before the damage occurred (retrograde
amnesia)? Mild TBI(Traumatic brain injury) reduces the
expression of Sir2a(silent information regulatory a) in the
hippocampus, in proportion to increased levels of protein
oxidation. In addition, we show that dietary
supplementation of omega-3 fatty acids that ameliorates
protein oxidation which is very effective that it reverse
the reduction of Sir2a level in injured rats. Hippocampal
levels of total and phosphorylated AMPK were reduced
after TBI and levels were normalized by omega-3 fatty
acts supplements. According to recent studies, Sir2 may
play an important role in mechanisms that provide
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neuroprotection in mammals. Deletion of Sir2 gene has
been reported to cause developmental disorders of brain,
heart, and retina in mice.?®> A fish oil which is rich in
omega- 3 fatty acids has been shown to protect the brain
against the effects of TBI. The research on rats that were
stressed by exposure to cold (hypothermia) and low
oxygen levels (hypoxia). When they had been pre-treated
with omega fatty acid, these rats produced less than the
expected amount of a type of protective protein in
certain brain areas, notably the hippocampus and
cerebral cortex. Omega fatty acid had apparently made
those brain areas less susceptible to hypothermic and
hypoxic stress by increasing the brain’s available store of
protective enzymes. Omega fatty acid somehow made
those regions of the brain less susceptible to stress them
in a relatively non stressed state even in the presence of
stress.

CONCLUSION

The importance of omega 3 fatty acids in health
promotion and disease prevention has received
awareness. It should be noted that administration of
omega fatty acids, most often via high doses of flaxseed
oil, may induce hypomania, mania, or other behavioural
changes in a small percentage (less than 3%) of
individuals.**> Omega fatty acid posses certain
antioxidative and neuroprotective properties ,which is
used for treatment of neurodegenerative disorders and
neuron degenerations.
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