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Abstract 

Background In recent years, public awareness of healthy diets has significantly increased, leading to a rise in the con-
sumption of nutritional supplements. Among these, omega-3 fatty acids have become particularly popular. n − 3 
polyunsaturated fatty acids (PUFAs) are widely distributed in marine and terrestrial environments. The primary sources 
of marine n − 3 fatty acid supplements are oily fish, such as anchovies, sardines and mackerel. Recently, they have 
drawn considerable attention for their potential therapeutic benefits in treating a range of illnesses, including cancer, 
neurological disorders, cardiovascular diseases, immunological and reproductive diseases, respectively.

Main text This study explores the many activities of n − 3 PUFAs, highlighting their importance in cellular processes 
that include signaling pathways, cell membrane integrity and structural maintenance. These fatty acids significantly 
regulate important physiological functions including the neurological system, blood pressure control, hematopoiesis, 
glucose metabolism and inflammatory responses. The latter highlights the wide therapeutic range of n − 3 PUFAs 
is especially notable considering the implications for controlling inflammatory disorders. Furthermore, the chemistry 
and dietary sources of omega-3 fatty acids are clarified in this review, which also sheds light on the complex molecu-
lar pathways that support the therapeutic efficacy of these fats and their bioavailability. The most recent information 
on the FDA’s approval of omega-3 oils for use in formulation development highlights the compounds’ adaptability 
and potential influence on the development of novel medications.

Conclusion A thorough analysis of omega-3 polyunsaturated fatty acids reveals both their remarkable therapeutic 
potential against a variety of diseases and their essential place in a normal diet. This study adds to the increasing 
amount of data that supports the use of n − 3 PUFAs in preventative and therapeutic approaches that are meant 
to improve human health and well-being by clarifying their mechanisms of action and emphasizing their applicability 
in formulation and development.
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Background
The interaction of genetics, environment and nature is 
the foundation for all health and disease. Nutrition is an 
environmental factor of major importance. The dietary 
environment in which humans currently reside differs 
from the existing genetic makeup. Studies on the evo-
lutionary aspects of diet indicate the major changes, 
particularly in the intake of essential fatty acids and anti-
oxidant content. Dietary habits and lifestyle parameters 
in today’s modern society have been characterized by.
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(1) An increase in energy intake in comparison to 
energy expenditure.

(2) An increased intake of dietary saturated fat, 
omega-6 fatty acids and trans fatty acids than that 
of omega-3 fatty acids.

(3) Diet with less content of complex carbohydrates 
and fiber.

(4) Diet with more proportions of cereal grains than of 
fruits and vegetables.

(5) Reduced intake of protein, antioxidants and cal-
cium.

The rise in trans-fatty acids is toxic to human health 
because it prevents omega-6 and omega-3 fatty acids 
from desaturating and elongating. As a result, there is 
less arachidonic acid, eicosapentaenoic acid and doco-
sahexaenoic acid available for use in human metabo-
lism. The last 150 years in particular have seen dramatic 
changes in dietary consumption that have been linked to 
several malignancies related to the breast [1], colon [2] 
and prostate [3] as well as chronic disorders including 
atherosclerosis, essential hypertension, obesity, diabetes, 
arthritis and other autoimmune diseases. Chronic illness 
is caused by interactions between genetically regulated 
biochemical processes sedentary lifestyles and toxic drug 
exposure, in addition to food [4].

The initial evidence of the health benefits of omega-3 
fatty acids, namely eicosapentaenoic acid (EPA) and 
docosahexaenoic acid (DHA), came from Greenland 
Eskimos, who consumed a diet heavy in fish and had low 
rates of multiple sclerosis, asthma, type I diabetes mel-
litus and coronary heart disease. Numerous studies have 
shown that omega-3 fats are necessary for the body to 
synthesize cell membranes in the body and their impact 
on the function of cell receptors in these membranes. 
They function as the basic component of hormones that 
regulate clotting, inflammation, and the contraction and 
relaxation of arterial walls. Moreover, they can attach to 
cell receptors that regulate genetic activity. These benefits 
include the prevention of heart disease and stroke, the 
management of lupus, eczema, rheumatoid arthritis and 
the function of omega-3 fats as preventive agents against 
cancer and other illnesses [5–7].

High polyunsaturated fatty acids (PUFAs) include 
alpha-linolenic acid (ALA), docosahexaenoic acid 
(DHA), eicosapentaenoic acid (EPA) and n − 3 fatty acids. 
These PUFAs are identified chemically by the presence of 
a double bond that is three atoms away from the terminal 
methyl group as displayed in Fig. 1. The presence of mul-
tiple double bonds (polyunsaturation) is a key feature of 
these fatty acids [8]. The carbon chains of omega-3 fatty 
acids include bends or kinks due to their special struc-
ture, which includes many double bonds. In contrast to 

saturated fats, which have no double bonds and form 
solid structures, unsaturated fats are more fluid and flex-
ible due to these kinks that keep the fatty acids from 
packing closely together. The capacity of this fluidity to 
provide appropriate membrane permeability and recep-
tor activation is essential to the operation of cell mem-
branes. Omega-3 fats are plentiful; plants contain ALA, 
while fish and algae have DHA and EPA. Plant oils con-
taining alpha-lipoic acid (ALA) are commonly found in 
walnuts, edible seeds, flaxseeds and hempseed oil [6]. 
Mammals must get omega-3 fatty acid from food as they 
are unable to synthesize it. Therefore, the term "essential 
for diet" refers to omega-3 fatty acids [9].

Main text
Omega‑3 fatty acids types
The two primary forms of omega-3 fats that are vital to 
human health are EPA and DHA. Since the body can-
not generate ALA, it is regarded as an essential fat that is 
necessary for proper human growth and development. It 
can be converted into EPA and DHA at a limited rate [7, 
10].

Sources of omega‑3
Foods rich in ALA include flaxseed, soybean and canola 
oils from plant oils, walnuts and chia seeds. Fish like 
salmon, mackerel, tuna, herring and sardines contain 
higher amounts of EPA and DHA. Some foods fortified 
with DHA and other omega-3 s include specific brands of 
yogurt, eggs, milk, juices, soya beverages and Algae oils. 
Dietary supplements containing re-esterified triglycer-
ides, natural triglycerides, free fatty acids and phospho-
lipids are rich sources of DHA [11–13]. Omega-3 source 
from natural and dietary supplements is represented in 
Fig. 2A and B, respectively [14, 15].

Fig. 1 Structural classification of omega-3 fatty acid
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Synthesis of omega‑3
ALA is the most basic omega-3 fatty acid (18:3n − 3). 
With the help of delta-15 desaturase, the n − 6 fatty acid 
linoleic acid (18:2n − 6) is converted into α-linolenic 
acid by desaturation. Humans are unable to produce 
α-linolenic acid because they lack the enzyme delta-
15 desaturase. On the other hand, plants can generate 
α-linolenic acid since they contain delta-15 desaturase. 
Desaturation mostly happens at carbon atoms lower than 
carbon 9 (counting from the carboxyl carbon). Figure  3 
represents the schematic pathway for the synthesis of 
omega-3 oils.

The hormonal balance, end-product feedback inhibi-
tion and nutritional state influence the activities of the 

delta-6 and delta-5 desaturases. To convert EPA to DHA 
(22:6n − 3), two carbons must be added to EPA to form 
DHA (22:5n − 3, or DPA). To make 24:5n-3, EPA needs 
two extra carbons added to it. This protein is subse-
quently transferred from the endoplasmic reticulum to 
peroxisomes, where restricted β-oxidation removes two 
carbons to form DHA [16].

Therapeutic health benefits of omega‑3
Scientific, clinical and industry experts are well aware 
of the health advantages of omega-3 fatty acids; stud-
ies on nearly every bodily system and a wide range of 
illnesses are shown in Fig.  4. They have an impact on 
how cell receptors in these membranes function and are 

Fig. 2 Different sources of omega-3 fatty acid from A natural sources, B dietary supplements

Fig. 3 Synthesis of omega-3 fatty acids
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essential for the construction of cell membranes through-
out the body. Additionally, they operate as a precursor to 
the synthesis of hormones that regulate blood clotting, 
artery wall contraction and relaxation, and inflammation. 
Moreover, they can attach to cell receptors that control 
genetic activity. These advantages of omega-3 fats make 
them possibly protective against rheumatoid arthritis, 
lupus, eczema, heart disease, stroke and cancer, among 
other disorders [7].

Mechanism of omega‑3 fatty acids
Omega-3 fatty acids (OM3FAs) are thought to increase 
lipo-protein-lipase (LPL) expression, increase fatty acid 
beta-oxidation, suppress lipogenic gene expression 
and affect total body lipid accretion, though the pre-
cise mechanism of action is still unclear [17–19]. This 
occurs at the cellular level as a result of omega-3 fatty 
acid capacity to bind to peroxisome proliferator-activated 
receptors (PPARs), which are transcription factors that 
alter the expression of genes related to energy balance 
[20, 21]. PPARs control the metabolism of glucose and 
fatty acids that alter the basal metabolism of cells [22].

The biochemical process by which the body breaks 
down fat and converts it into energy is called beta-oxida-
tion. OM3FAs primarily work on acetyl-CoA carboxylase 
and carnitine acetyltransferase 1 (CAT 1) to increase the 
rate of beta-oxidation, which lowers the body’s amount of 
triacyl glycerides [17, 18]. Through the carnitine-acylcar-
nitine translocation, carnitine acetyltransferase modifies 
fatty acid substrates that facilitate its movement through 
the inner mitochondrial membrane. It is then converted 
into acyl-CoA, a precursor substrate employed in sev-
eral metabolic pathways to produce ATP. Additionally, 
EPA catalyzes the formation of malonyl CoA, a potent 

CAT1 inhibitor, acetyl-CoA carboxylase that decreases 
feedback inhibition; hence, beta-oxidation is indirectly 
increased [18, 20].

By activating AMPK/SIRT, which is crucial for cell 
maintenance and repair, OM3FAs provide favorable anti-
neoplastic effects for the treatment of breast cancer, colo-
rectal cancer, leukemia, gastric cancer, pancreatic cancer, 
esophageal cancer, prostate cancer, head cancer, neck 
cancer and lung cancer [23–25]. OM3FAs’ anti-inflam-
matory properties benefit the treatment of brain dis-
ease, cancer, diabetes, rheumatoid arthritis and irritable 
bowel syndrome. In high-fat tissues such as the brain, the 
presence of DHA in phospholipid membranes provides 
a stabilizing and protective impact that contributes to 
preserving the integrity of neural tissues and cell mem-
branes, thereby improving cognitive function in condi-
tions of Alzheimer’s disease and dementia [26–28].

The pathophysiology of proliferative and degenerative 
retinal illnesses is linked to variables and processes that 
are targeted by long-chain polyunsaturated fatty acids 
(LCPUFAs) for their anti-angiogenic, anti-vaso prolif-
erative and neuroprotective properties. DHA and EPA 
are also essential components of retinal cell membranes 
that help in neovascular and cell survival, thus preventing 
macular degeneration [29].

Table  1 summarizes the mechanism and receptors 
involved in offering health benefits in various disease 
conditions.

Effects of omega‑3 supplements on health outcomes
The meta-analysis by Shichun et  al. (2022), which 
included 14 clinical RCTs with a total of 135,291 sub-
jects, found that participants who consumed omega-3 
supplements showed a significant reduction in major 

Fig. 4 Health benefits of omega-3 in various diseases



Page 5 of 11Patted et al. Future Journal of Pharmaceutical Sciences           (2024) 10:94  

Ta
bl

e 
1 

O
m

eg
a-

3 
he

al
th

 b
en

efi
ts

 a
nd

 it
s 

m
ec

ha
ni

sm

Sr
. n

o
D

is
ea

se
M

ec
ha

ni
sm

 o
f a

ct
io

n
Re

ce
pt

or
s 

in
vo

lv
ed

Be
ne

fit
s 

off
er

ed
Re

fe
re

nc
es

1
Ca

rd
io

va
sc

ul
ar

 d
is

ea
se

A
lte

rin
g 

th
e 

m
ito

ch
on

dr
ia

l m
em

br
an

e 
ph

os
-

ph
ol

ip
id

 c
om

po
si

tio
n

G
 p

ro
te

in
-c

ou
pl

ed
 re

ce
pt

or
s 

(G
PR

s)
, p

er
ox

i-
so

m
e 

pr
ol

ife
ra

to
r-

ac
tiv

at
ed

 re
ce

pt
or

s 
(P

PA
Rs

)
Re

du
ce

s 
m

ito
ch

on
dr

ia
l o

xy
ge

n 
co

ns
um

pt
io

n,
 

lo
w

er
s 

bl
oo

d 
pr

es
su

re
, i

m
pr

ov
es

 b
lo

od
 v

es
se

l 
fu

nc
tio

n

[3
0–

34
]

2
O

ph
th

al
m

ol
og

ic
al

 d
is

ea
se

A
lte

rin
g 

th
e 

ch
ar

ac
te

ris
tic

s 
of

 th
e 

lip
id

 p
ha

se
, 

th
ic

kn
es

s, 
flu

id
ity

 a
nd

 p
er

m
ea

bi
lit

y.
 R

ho
do

ps
in

 
re

ge
ne

ra
tio

n 
an

d 
ph

ot
ot

ra
ns

du
ct

io
n

G
PR

s 
an

d 
PP

A
Rs

 d
ire

ct
ly

 in
co

rp
or

at
ed

 in
to

 re
ti-

na
l m

em
br

an
es

By
 re

gu
la

tin
g 

oc
ul

ar
 s

ur
fa

ce
 in

fla
m

m
at

io
n 

an
d 

en
ha

nc
in

g 
te

ar
-li

pi
d 

pr
ofi

le
s, 

D
H

A
 m

iti
-

ga
te

s 
th

e 
sy

m
pt

om
s 

an
d 

in
di

ca
to

rs
 o

f D
ES

[2
9,

 3
5–

37
]

3
H

yp
er

al
ge

si
a

O
m

eg
a-

3 
s 

su
pp

re
ss

 th
e 

ex
pr

es
si

on
 o

f p
ro

-
in

fla
m

m
at

or
y 

en
zy

m
es

 a
nd

 c
yt

ok
in

es
. I

on
 

ch
an

ne
l m

od
ul

at
io

n 
m

ec
ha

ni
sm

PG
E2

 re
ce

pt
or

, T
RP

V1
 a

nd
 T

RP
M

8 
io

n 
ch

an
ne

ls
Re

du
ce

d 
in

fla
m

m
at

io
n 

an
d 

de
cr

ea
se

s 
ab

no
r-

m
al

 s
en

si
tiv

ity
 to

 p
ai

n
[3

8–
40

]

4
N

eu
ro

lo
gi

ca
l d

is
ea

se
Re

du
ce

s 
in

fla
m

m
at

or
y 

cy
to

ki
ne

s
TN

F-
α,

 In
te

rle
uk

in
-1

 a
nd

 in
te

rle
uk

in
-6

M
od

ul
at

io
n 

of
 c

en
tr

al
 µ

-o
pi

oi
d 

re
ce

pt
or

s
[3

9–
41

]

5
A

nt
i-i

nfl
am

m
at

or
y

D
H

A
 in

hi
bi

te
d 

le
uc

oc
yt

e-
en

do
th

el
ia

l c
el

l 
ad

he
si

ve
 c

on
ta

ct
s, 

ad
he

si
on

 m
ol

ec
ul

e 
ex

pr
es

-
si

on
 a

nd
 th

e 
ge

ne
ra

tio
n 

of
 c

la
ss

ic
al

 in
fla

m
m

a-
to

ry
 c

yt
ok

in
es

PG
E2

 re
ce

pt
or

, T
N

F-
α,

 In
te

rle
uk

in
 a

nd
 C

O
X-

2
D

ec
re

as
es

 in
fla

m
m

at
io

n 
an

d 
pa

in
 in

 jo
in

ts
 

an
d 

re
du

ce
s 

sw
el

lin
g

[1
6]

6
In

te
rv

er
te

br
al

 d
is

c 
de

ge
ne

ra
tio

n
O

m
eg

a 
3 

w
ill

 re
du

ce
 th

e 
in

fla
m

m
at

or
y 

cy
to

ki
ne

s 
an

d 
in

te
ra

ct
 w

ith
 re

ce
pt

or
s 

on
 d

is
c 

ce
lls

. S
yn

th
es

is
, c

ar
til

ag
e 

br
ea

kd
ow

n 
an

d 
ap

op
to

si
s

PG
E2

 re
ce

pt
or

, T
N

F-
α,

 In
te

rle
uk

in
Re

du
ce

s 
in

fla
m

m
at

io
n 

an
d 

de
ge

ne
ra

tio
n 

al
so

 p
ro

m
ot

in
g 

di
sc

 h
ea

lth
 a

nd
 ti

ss
ue

 re
pa

ir
[4

2,
 4

3]

7
W

ou
nd

 h
ea

lin
g

M
od

ul
at

in
g 

in
fla

m
m

at
io

n.
 E

nh
an

ci
ng

 
an

gi
og

en
es

is
. P

ro
m

ot
in

g 
co

lla
ge

n 
sy

nt
he

si
s 

an
d 

or
ga

ni
za

tio
n

In
fla

m
m

at
or

y 
cy

to
ki

ne
s 

lik
e 

IL
-6

 a
nd

 T
N

F-
α.

 
IL

-1
0.

 P
ro

lif
er

at
io

n 
of

 k
er

at
in

oc
yt

es
. G

-p
ro

te
in

-
co

up
le

d 
re

ce
pt

or
s 

(G
PC

Rs
)

Pr
om

ot
in

g 
a 

fa
st

er
, m

or
e 

effi
ci

en
t h

ea
lin

g 
pr

oc
es

s. 
Im

pr
ov

ed
 b

lo
od

 s
up

pl
y 

ac
ce

le
ra

te
s 

he
al

in
g

[3
7,

 4
4]

8
M

et
ab

ol
ic

 s
yn

dr
om

e
Lo

w
er

in
g 

tr
ig

ly
ce

rid
es

. I
m

pr
ov

in
g 

in
su

lin
 

se
ns

iti
vi

ty
. R

ed
uc

in
g 

in
fla

m
m

at
io

n.
 M

od
ul

at
-

in
g 

bl
oo

d 
pr

es
su

re

Pe
ro

xi
so

m
e 

pr
ol

ife
ra

to
r-

ac
tiv

at
ed

 re
ce

pt
or

s 
(P

PA
Rs

). 
G

PR
12

0 
an

d 
G

PR
40

Re
du

ce
s 

tr
ig

ly
ce

rid
e 

le
ve

ls
 in

 th
e 

bl
oo

d.
 

In
cr

ea
se

s 
ce

lls
’ r

es
po

ns
e 

to
w

ar
d 

in
su

lin
, l

ea
d-

in
g 

to
 b

et
te

r b
lo

od
 s

ug
ar

 c
on

tr
ol

[4
5]

9
N

eu
ro

de
ve

lo
pm

en
t

M
em

br
an

e 
bu

ild
in

g 
bl

oc
ks

 N
eu

ro
st

im
ul

at
io

n.
 

N
eu

ro
in

fla
m

m
at

io
n 

m
od

ul
at

io
n.

 G
en

e 
ex

pr
es

-
si

on
 re

gu
la

tio
n

G
 p

ro
te

in
-c

ou
pl

ed
 re

ce
pt

or
s 

(G
PC

Rs
). 

Re
tin

oi
c 

ac
id

 re
ce

pt
or

s 
(R

A
Rs

). 
Pe

ro
xi

so
m

e 
pr

ol
ife

ra
to

r-
ac

tiv
at

ed
 re

ce
pt

or
s 

(P
PA

Rs
)

D
H

A
 in

ta
ke

 e
ns

ur
es

 p
ro

pe
r n

eu
ro

na
l s

tr
uc

tu
re

 
an

d 
fu

nc
tio

n,
 fa

ci
lit

at
in

g 
si

gn
al

 tr
an

sm
is

si
on

 
an

d 
in

fo
rm

at
io

n 
pr

oc
es

si
ng

[4
6,

 4
7]



Page 6 of 11Patted et al. Future Journal of Pharmaceutical Sciences           (2024) 10:94 

adverse cardiovascular events (MACEs), cardiovascular 
death and myocardial infarction (MI) [48]. Similarly, a 
randomized controlled trial by Dong et al. (2022), part of 
the VITAL trial, found that participants who consumed 
omega-3 supplements showed a significant reduction in 
markers of inflammation compared to the placebo group. 
This study investigated the effects of Vitamin D3 and 
marine omega-3 fatty acids on systemic inflammatory 
biomarkers over four years. These findings underscore 
the potential health benefits of omega-3 supplementation 
in reducing both cardiovascular events and inflammation 
[49].

Stability problem
Foods high in polyunsaturated fatty acids impose a major 
issue concerning stability that affects their shelf life, 
consumer acceptability, functioning, safety and nutri-
tional value. The occurrence of fatty acid oxidation nota-
bly the aldehydes such as malondialdehyde (MDA) and 
4-hydroxy-2-nonenal (4-HNE) that crosslink to proteins 
and bind covalently to nucleic acids has been linked to 
the aging process, mutagenesis and development of can-
cer. Lipid oxidation is accelerated by surface area, heat-
ing, irradiation, light and oxygen availability, and other 
factors, which reduce product stability and shelf life [50].

Oxidation of omega‑3 long‑chain PUFA occurs in three 
phases
Initiation phase Formation of free radicals: Unsaturated 
fatty acids react with pro-oxidants, including lipoxyge-
nases, singlet oxygen and transition metals, especially 
iron, to generate lipid radicals, which take out one hydro-
gen atom.

Propagation phase 

• Oxygen attack The lipid radical reacts with oxygen to 
form a peroxyl radical (LOO).

• Chain reaction The peroxyl radical abstracts a hydro-
gen atom from another lipid molecule, generating 
another lipid radical and propagating the chain reac-
tion.

• Hydroperoxide formation The abstracted hydrogen 
atom combines with oxygen to form a hydroperoxide 
(LOOH), the primary oxidation product.

Termination phase 

• Radical scavenging Two radicals can combine, termi-
nating the chain reaction. Alternatively, antioxidants 
can scavenge radicals, preventing further propaga-
tion.

Secondary reactions
Hydroperoxides can undergo further decomposition, 
leading to a complex mixture of volatile and non-volatile 
secondary oxidation products containing various func-
tional groups like hydroxy, aldehyde, epoxy and ketone. 
The degree of oxidation is influenced by intrinsic fac-
tors such as fatty acid composition, endogenous iron and 
extrinsic factors such as pH, temperature, oxygen avail-
ability, etc. [50].

Approaches to enhance the stability of omega‑3 oil
Encapsulation
The n − 3 PUFAs are highly unsaturated, which makes 
them extremely prone to oxidation. This can lead to the 
generation of harmful hydroperoxides, off-flavors and a 
reduced shelf life of the product. Microencapsulating 
the lipid that has to be preserved is one such approach 
to prevent oxidation that can prevent or postpone the 
oxidation of polyunsaturated fatty acids while shielding 
them from light and heat damage. To improve the pres-
ervation of oils, encapsulating agents such as plant gums, 
modified starch, gelatine, milk protein or dextrin, and 
modified cellulose have been used. Techniques used for 
encapsulation are spray-drying, freeze-drying and double 
coating [50].

Stabilization of foods containing omega‑3 LC‑PUFAs 
through modified atmospheric packaging
Omega-3 LC-PUFA is highly susceptible to physical and 
chemical alterations as a result of light exposure and tem-
perature variations. Modified environment packaging, 
[MAP], is a commonly used technology to increase the 
quality and shelf life of perishable omega-3 LC-PUFA-
containing products [51].

Applications of omega‑3 oil in formulation 
and development
Bioavailability challenges
Incorporating omega-3 into formulation presents unique 
challenges due to its high lipophilic properties that limit 
dispersion and absorption in the human body. Addition-
ally, omega-3  s are susceptible to oxidation which can 
lead to undesirable flavors and reduced health benefits. 
Due to its poor oral bioavailability, a high dose needs to 
be administered for its therapeutic benefits which affect 
consumer acceptance because of unpleasant fishy taste 
and odor. To overcome these challenges, scientists have 
developed various formulation strategies. The bioavail-
ability profile of SEEDS and normal fish oil is illustrated 
in Fig. 5.
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Advanced delivery systems
In a randomized, double-blind study conducted by Kris-
ten E. Bremmell et al., Aqua Celle, a patented self-micro-
emulsifying delivery system (SMEDS), demonstrated an 
increase in total absorption of omega-3 (EPA and DHA) 
sixfold when compared to non-emulsified omega 3 oil 
attributed to Aqua Celle’s emulsifying properties. By 
employing surfactants and co-surfactants, SMEDS dis-
perse omega-3  s into an aqueous phase forming stable 
emulsions. These emulsions enhance bioavailability by 
facilitating intestinal uptake and potentially bypassing 
the need for dietary fat for optimal absorption [52].

Self-nanoemulsifying drug delivery systems (SNEDDS) 
to enhance DHA bioavailability were investigated by 
Alhakamy Na et al. to overcome the limit imposed due to 
its poor solubility. The optimum droplet size of 111.5 nm, 
and zeta potential − 23.53  mV enhanced absorption and 
stability of the formulation. SNEDDS administration 
resulted in a 3.32-fold increase in DHA plasma levels in 
comparison to that of the aqueous dispersion, highlight-
ing the efficacy of this delivery approach [53].

Microencapsulation techniques can prevent oxidation 
of omega-3 fatty acids, increase their shelf life and mask 
unpleasant flavors. It also provides an effective method 
for stabilizing and improving the administration of bioac-
tive ingredients. Spray drying and complex coacervation 
processes are the most popular commercial approaches 
for microencapsulation. A study by Natalia Castejon et al. 
examined the effects of the microencapsulation pro-
cess on the composition of fatty acids and reported that 
microencapsulated omega-3 lipids with particle sizes 
ranging from 1.5 to 30  μm showed significant potential 
for enhancement of bioavailability [54].

Omega-3 oils are susceptible to oxidation and micro-
bial attack which reduces their oral bioavailability. The 
study by Hamed et  al. presents a promising strategy of 
combining rosemary in microcapsule to stabilize against 
both oxidation and microbes. Maltodextrin and arabic 
gum are used as wall material for microcapsule forma-
tion. These advancements in formulation unlock the 
potential of omega-3 oils for functional food and nutra-
ceutical applications [55].

Flaxseed oil, water, sucrose ester as an emulsifier, and 
antioxidants were combined to develop a unique stabi-
lized emulsified formulation that contained micronutri-
ents and omega-3 fatty acid (omega-3 FA). The stability 
of the formulations was confirmed using the emulsion 
stability index, dilution test and freeze–thaw meth-
ods. According to OECD criteria, an acute oral toxicity 
assessment demonstrated the formulations’ safety. The 
created product shows promise for improving the nutri-
tive content and bioavailability of omega-3 FA in the food 
and nutraceutical sectors [56].

To treat hyperlipidemia, omega-3 fatty acid-based 
nanostructured lipid carriers of atorvastatin (AT) were 
developed and assessed through in  vitro and in  vivo 
research. Nanolipid carriers (NLC) were formulated by 
the melt emulsification ultrasonication technology using 
stearic acid, omega-3 fatty acid as solid and liquid lipid, 
respectively, Tween 80, poloxamer 188 as surfactant and 
co-surfactant soya-lecithin. The MTT assay findings 
demonstrated compatibility with L929 (mouse fibroblast) 
cell lines, and NLCs had a sustained pattern of drug 
release. Research on the anti-hyperlipidemic effect of oral 
treatment revealed a substantial drop in blood LDL and 
TG levels [57].

Fig. 5 Bioavailability profile of SEEDS and normal fish oil [52]
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FDA approval for safe use of omega 3 oils
There should be fats and oils in a suitable, well-balanced 
diet. Consuming the right kind and quantity of fat or oil 
is crucial for maintaining good health and preventing 
sickness. According to the US Food and Drug Adminis-
tration’s Dietary Guidelines, “20–35 percent of the daily 
calories should come from dietary fats.” A valid health 
claim for EPA and DHA-containing conventional foods 
and dietary supplements was recognized by the FDA in 
2004. According to this health claim, “consumption of 
EPA and DHA omega-3 fatty acids may reduce the risk 
of coronary heart disease”; however, the evidence is sup-
portive rather than convincing. Additionally, the FDA 
states that dietary supplement labels cannot suggest a 
daily dose of EPA and DHA greater than 2  g. Accord-
ing to the 2005 Dietary Guidelines, a healthy diet should 
contain fewer than 10% of calories from saturated fats 
and less than 300  mg of cholesterol daily. The Dietary 
Guidelines also stress that sources of polyunsaturated 
and monounsaturated fatty acids, such as fish, nuts and 
vegetable oils, should account for the majority of dietary 
fats and oils. Food producers are looking for many more 
chances to include omega-3 in their formulas as custom-
ers continue to demand more nutrient-dense goods [58].

Over the last 20 years, the FDA and other international 
regulatory bodies have assessed some DHA or DHA-rich 
oil sources for the possible inclusion of DHA in foods 
intended for human consumption. GRN 137 is one of 
the pertinent US GRAS notifications (FDA, 2008). Every 
GRAS notification included details and data from clinical 
studies to substantiate the suggested DHA constituents’ 
safety for use in food intended for human consumption.

The FDA has approved the use of certain qualified 
health claims on the ability of foods and dietary supple-
ments containing the omega-3 fatty acids, EPA and DHA, 
to lower blood pressure and lower the risk of hyperten-
sion and coronary heart disease. The ruling was issued 
in response to a petition that was brought in 2014 by 
the Global Organization for EPA and DHA Omega-3 
(GOED) [59].

To lower the incidence of cardiovascular events in some 
patients with or at high risk for cardiovascular disease 
(CVD), the FDA authorized a new use for icosapent ethyl 
(Vascepa), a medication that is a highly refined version 
of eicosapentaenoic acid (EPA), an omega-3 fatty acid 
found in fish. The EPA/DHA brand-name Epanova from 
AstraZeneca and two generic versions, which all target 
hypertriglyceridemia (triglyceride levels of 500 mg/dL or 
greater), were authorized by the FDA. The FDA author-
ized two generic omega-3 EPA/DHA medications: Teva 
Pharmaceuticals’ Omtryg (ANDA #091028) and TRYGG 
Pharma AS’s Omtryg (NDA #204977), which is jointly 

owned by Lindsay Goldberg LLC and Aker BioMarine 
ASA [60].

It is not advised for nursing mothers to use DHA or 
EPA supplements, nevertheless, as these supplements 
can be extremely concentrated (up to six to fourteen 
times serum levels), with just 200–300  mg of DHA 
needed daily.

Omega‑3 interactions with medications
Fish oil and other omega-3 dietary supplements inter-
act with prescription drugs leading to adverse effects 
and hence should be consumed in consultation with a 
physician.

Ex: Coumadin, or warfarin, and comparable antico-
agulants: Even though it seems to be less effective than 
aspirin, fish oil can show antiplatelet effects when taken 
in large doses. When used with warfarin, fish oil may 
cause longer clotting times, as seen by a higher interna-
tional normalized ratio (INR). However, studies reported 
that dosages of 3–6 g/day of fish oil do not affect patients’ 
anticoagulant status and the risk of hemorrhage that is 
clinically meaningful [61, 62].

Omega‑3 deficiency
Dermatitis and rough scaly skin can result from a lack of 
critical fatty acids, specifically omega-3 s or omega-6 s. A 
deficiency of omega-3 fatty acids leads to a decrease in 
the concentration of DHA in the plasma and tissue. How-
ever, there are no established DHA or EPA cutoff doses 
beyond which functional endpoints related to immu-
nological response, brain or visual function, or both are 
compromised [7].

Half‑life
Maximum EPA and DHA plasma concentrations have 
been reported five to nine hours on oral administration, 
but unnoticeable until two weeks of regular dosage. The 
half-life of EPA is 37  h and that of DHA is 48  h when 
given repeatedly [62].

Omega‑3 intakes
Based on data from the National Health and Nutrition 
Examination Survey (NHANES) conducted in 2011–
2012, the majority of American adults and children ingest 
the recommended quantities of omega-3 fatty acids, or 
ALA. The average daily intake of ALA from food is 1.55 g 
for men and 1.32 g for females among children and teen-
agers aged 2–19. The average daily intake of ALA from 
food for adults (20  years of age and older) is 2.06  g for 
men and 1.59  g for women. The quantity of DHA and 
EPA that are obtained by food consumption makes up 
relatively little of the total daily intake of omega-3 fatty 
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acids (approximately 40  mg for children and teenagers 
and around 90 mg for adults) [7].

Conclusion
The search for nutrients and supplements that can 
enhance health and quality of life is becoming more pop-
ular. Supplements and dietary plans like n − 3 PUFAs can 
lead to maximum therapeutic benefits, improved healing, 
lower risk of disease and elite performance in competi-
tion. ALA, EPA and DHA are the three primary forms of 
omega-3 fatty acids, which are a family of vital lipids that 
may be gained from food. Strategic dietary interventions 
and targeted supplementation with purified n − 3 PUFAs 
offer promising adjuvant therapeutic modalities for 
managing various chronic conditions. Their modulatory 
effects on inflammatory pathways, lipid profiles and cel-
lular signaling mechanisms suggest potential applications 
in mitigating autoimmune disorders, neurodegenerative 
diseases, certain cancers and cardiovascular risk factors. 
Additionally, evidence points toward neuroprotective 
and vision-preserving properties, broadening the scope 
of their potential pharmacological interventions. Future 
research should focus on dose optimization, personalized 
treatment plans and robust clinical trials to fully elucidate 
the therapeutic potential of Omega-3 PUFAs. This review 
underscores the pharmacological potential of omega-3 
and its vital role in providing optimal health.
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