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ABSTRACT

Omega-3 fatty acids, including eicosapentaenoic acid (EPA),
docosahexaenoic acid (DHA), and a-linolenic acid (ALA), are
polyunsaturated fatty acids (PUFAs) with numerous health benefits.
They play a critical role in various cellular functions, such as maintaining
cell membrane integrity, cellular signaling pathways, and cell-to-cell
communication. Omega-3s are known for their anti-inflammatory,
anti-cancer, anti-depressant, and lipid-lowering properties. Autophagy,
a cellular process responsible for recycling and degrading cellular
components, is closely linked to these fatty acids. The impact of omega-3
fatty acids on autophagy signaling pathways hold promise for innovative
therapeutic strategies in disease management and overall well-being.
This review explores the influence of omega-3 fatty acids on autophagy
and provides insights into the potential mechanisms involved.
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Introduction

Nutrient intake pattern and lifestyle can greatly
affect health status and cellular function (1).
Among nutritional ingredients, omega-3 fatty
acids were shown to be essential components of
the broader category of polyunsaturated fatty
acids (PUFAs) (2). They are classified into three
main types of eicosapentaenoic acid (EPA),
docosahexaenoic acid (DHA), and a-linolenic acid
(ALA) (3). These PUFAs, embedded in membrane
phospholipids, play a crucial role in several cellular
functions, including maintaining cell membrane

structure and fluidity, facilitating cellular signaling
pathways, and enabling cell-to-cell interaction (4).
Omega-3s exhibit anti-inflammatory, anti-cancer,
antidepressant, triglyceride- lowering, and low-
density lipoprotein (LDL)-reducing properties (5-
8). These properties are mediated through various
mechanisms, including apoptosis, autophagy, and
cell cycle regulation (8).

Autophagy is a catabolic process that maintains
cellular homeostasis by recycling or degrading
cytoplasmic components (9, 10). In 2016, The
Nobel Prize in the field of Medicine was conferred
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in recognition of the elucidation of the molecular
mechanisms governing autophagy (11, 12). To date,
three distinct forms of autophagy have been identified
including macroautophagy, microautophagy and
chaperone-mediated autophagy (13). Autophagy
is stimulated by various triggers such as hypoxia,
starvation, oxidative stress, and toxic molecules to
decrease stress (9).

The initiation of autophagy involves the
creation of double-membrane vesicles known as
autophagosomes. These autophagosomes engulf the
targeted materials and deliver them to lysosomes
for breakdown and recycling. Autophagy signaling
is regulated by various stimulators and inhibitors.
Protein kinase B (PKB-AKT) pathway can activate
Mechanistic Target of Rapamycin (mTOR) and
inhibit autophagy. Conversely, the activation of
autophagy is prompted by AMP-activated protein
kinase (AMPK) (9). Numerous studies have reported
that dietary intake or supplementation of omega-3
PUFAs to be associated with enhanced autophagy.
Reactive oxygen species (ROS) accumulation
induced by DHA is responsible for the Akt-mTOR
signaling inactivation; thus, autophagy is induced
(14). On the other hand, omega-3 may activate
Akt-mTOR pathway to inhibit autophagy in some
situations (15).

The dysregulation of autophagy may exert a
highly significant influence on a diverse range
of diseases. There is a clear correlation between
the activation of autophagy-promoting molecules
and the suppression of tumor formation, and
similarly, molecules that impede autophagy that
are linked to the development of cancer. It seems
that autophagy offers protection against a range of
neurodegenerative diseases. Impaired autophagy
could potentially contribute to cardiac dysfunction
(16, 17). This narrative review summarizes the
current experimental evidence regarding the role of
omega-3 fatty acids in autophagy signaling, focusing
on potential mechanisms.

Nutritional Aspects: Nutritional Properties

Based on current knowledge, omega-3 fatty
acids exhibit beneficial nutritional properties that
promote health and reduce the risk of various
diseases (18). Omega-3 fatty acids are associated
with numerous nutritional effects, including anti-
inflammatory, antioxidant, anti-proliferative,
and anti-angiogenic properties (19, 20). Their
triglycerides (TG)-lowering, antithrombotic, anti-
inflammatory, and antihypertensive effects make
them particularly valuable in the prevention and
management of cardiovascular diseases (21, 22).
Several epidemiological studies have demonstrated

the antidepressant effects of omega-3 fatty acids.
Additionally, omega-3 fatty acids exhibit anti-
carcinogenic properties and may enhance the
efficacy and tolerability of chemotherapy (18). It
was suggested that these fatty acids may be useful
in obesity management by reducing appetite and
modulating the expression of key genes involved
in energy metabolism (23). However, high doses of
omega-3 fatty acids may lead to hyperglycemia by
enhancing glycerol gluconeogenesis (24).

Metabolism

Omega-3 fatty acids are classified within the
PUFAs category. Since ALA cannot be synthesized
by animals, it is considered an essential fatty acid.
ALA, the most fundamental member of biologically
active fatty acids, can undergo desaturation and
elongation to convert into other omega-3 PUFAs.
Although EPA and DHA can originate from ALA,
the conversion process is highly limited. The genes
encoding the desaturation enzymes are identified as
fatty acid desaturase 1 and 2 (FADS1 and FADS2).
Polymorphisms in these genes can lead to variations
in the activity of desaturase enzymes (18, 25, 26).

EPA and DHA are precursors for eicosanoids
such as prostaglandins (PGs), prostacyclin (PGI),
thromboxane (TX), leukotrienes, hydroperoxy
tetraenoic acid, hydroxyeicosatetraenoic acid, and
lipoxins which participated in several physiological
functions (18). Eicosanoids are formed through three
primary enzymatic pathways of cyclooxygenase
(COX), lipoxygenase (LOX), and cytochrome
P450s (CYP) (27). Eicosanoids play a crucial role
in inflammatory processes. Arachidonic acid-
derived eicosanoids act in a pro-inflammatory way,
while EPA-derived eicosanoids may oppose the
function of those produced from arachidonic acid
(26). Prostaglandins and leukotrienes derived from
omega-3 PUFAs exhibit anti-inflammatory functions
(28). EPA and DHA synthesize resolvins which have
anti-inflammatory property (26).

Structural Features and Sources

Omega-3 fatty acids constitute a category of
fatty acids characterized by a double bond between
the third and fourth carbon atoms from the methyl
terminal of the fatty acid chain. This structural
feature leads to their designation as omega-3 fatty
acids, n-3 fatty acids, or -3 fatty acids (n-3 FAs) (18,
29). ALA (cis-9, cis-12, cis-15-octadecatrienoic acid,
18:3) elongates and desaturates to convert to EPA
(cis-5, cis-8, cis-11, cis-14, cis-17-eicosapentaenoic
acid, 20:5) or DPA (cis-7, cis-10, cis-13, cis-16, cis-
19-docosapentaenoic acid, 22:5) (18). DPA produces
DHA (cis-4, cis-7, cis-10, cis-13, cis-16, cis-19-
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docosahexaenoic acid, 22:6) as an intermediate
fatty acid between EPA and DHA (30). The main
sources of EPA and DHA in the diet are marine
organisms particularly from the liver of lean white
fish like cod and halibut, and the bodies of oily fish
like menhaden, mackerel, and salmon while the
primary sources of ALA come from plants such
as nuts, seeds, and vegetable oils especially chia
seeds, walnuts, flaxseed, canola, echium seed oils,
and soybean oils (18, 31).

Bioavailability

There are different definitions for bioavailability.
In a more specific context, bioavailability represents
the rate and quantity at which a substance is absorbed
by the intestinal tract and enters portal circulation
(25). The bioavailability of omega-3 fatty acids
depends on various factors such as chemical bonds,
simultaneous food intake (especially its fat content),
and the existence of additional elements affecting the
uptake of omega-3 like calcium ions which reduce
its availability (25). Appropriate functioning of
pancreatic enzymes is the other important factor
(32). The best way to assess short-term omega-3
availability is measuring its level in serum and
plasma; while measuring the concentrations of
EPA and DHA in red blood cell (RBC) membranes
is a better way for long-term dietary intake and
availability (33). Omega-3 can exist in free fatty
acids (FFAs), phospholipid (PL), triacylglycerol
(TAG), and ethyl ester (EE) forms. The FFA form
exhibits greater bioavailability when compared
to the EE form. On the other hand, ALA has low
bioavailability because f-oxidation is the primary
pathway for its utilization in the body and 85% of
consumed ALA is lost due to the high rate of this
process. In contrast, DHA has higher bioavailability
due to less participation in B-oxidation. Also, fatty
acids located at the sn-2 position of triacylglycerol
have higher bioavailability due to easier absorption
(34, 35).

Extraction

There are several techniques for extracting
omega-3 oils from animal-based sources. One of
them that was employed for the complete extraction
of lipids from fish or other animal tissues is the
chloroform-methanol extraction technique which
requires specific ratios of chloroform ,methanol, and
water as solvents (36, 37). Another technique used
for omega-3 fatty acids-rich plant oil extraction is
the cold-press technique. In this method, no heat is
administered to the raw material prior to its passage
through the conventional screw press, helping
preserve higher levels of natural antioxidants that

might be lost with other methods. For this reason,
consumers believe that cold-pressed oils are natural
and safe (38).

Supplement

Most omega-3 supplements are available over
the counter, while some of them like, icosapent
ethyl (Vascepa®) and EPA and DHA ethyl esters
(Lovaza®), are prescription drugs (39). Different
formulations of EPA and DHA are available in the
form of a supplement including natural (typically
derived from fish oil), reconstituted triglycerides
(rTG), FFA (OM-3 FFA), and ethyl esters (OM-3
EE). These supplements are coated as capsules to be
resistant to gastric acid and reduce side effects. They
are usually in soft gel or TG oil forms as droplets
trapped inside a gelatin matrix (gelled emulsions)
formed by the microencapsulation method (40).

The maximum concentration of the supplement
observed in plasma is defined as C_ _ (41). The
determination of C_ for EPA and DHA can be
accomplished between five to nine hours following
oral administration (29). On the other hand, daily
supplementation achieves stable levels of EPA and
DHA in plasma within a two-week timeframe (42).
The period required for EPA to reach its maximum
absorption is approximately 2 weeks in plasma TGs,
three weeks in serum cholesterol esters, around 2
months in RBCs, and over 12 months in most types
of adipose tissue (43). DHA levels generally surpass
EPA level in various body organs, such as the brain
and retina (44). However, the incorporation of DHA
into RBCs tends to occur at a slower rate compared
to EPA (44). In addition, the EPA compound exhibits
a half-life of 37 hours, while the DHA compound
demonstrates a half-life of 48 hours (45).

Safety

According to government regulatory agencies,
daily supplementation with omega-3 fatty acids up
to a maximum of 3 to 4.5 grams per day is safe.
In only 1 to 10% of individuals, it may cause side
effects such as dyspepsia, nausea, diarrhea, and an
increased tendency to bleed (46). The antithrombotic
properties of omega-3 appear to upsurge the risk of
bleeding in high doses (47, 48). So, it is recommended
by the Food and Drug Administration (FDA) that
the intake of EPA and DHA combination should
not surpass 3 grams per day and a maximum of
2 grams should be from supplements (45). People
who primarily obtain omega-3 from fish or are
pregnant and breastfeeding should restrict their
fish consumption to 2-4 servings per week because
of their methyl mercury content and/or exchange
fish varieties with elevated methylmercury levels,
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such as swordfish, albacore tuna, dolphin fish,
kingfish, and shark with fish with reduced levels of
methylmercury, such as salmon, herring, sardines,
and trout but DHA and EPA supplements do not
have any methyl mercury (49).

Clinical Application: Anti-hyperlipidemia

Omega-3 fatty acids have a triglyceride-lowering
effect (50). Omega-3 decreases lipid production
by the liver and increases triglyceride clearance
and PB-oxidation (7, 51). Potential mechanisms
of triglyceride-lowering properties of omega-3
fatty acids are related to the modulation of some
transcription factors that are involved in lipid
metabolism such as Sterol Regulatory Element-
Binding Protein lc (SREBP-1c) and Peroxisome
Proliferator-Activated Receptor Gamma (PPAR-y)
(6). EPA suppresses SREBP-1¢ which plays a major
role in the expression of genes that participate in
fatty acid biosynthesis (7). Moreover, EPA activates
PPAR-y that enhances lipoprotein lipase (LPL)
function (7).

Nervous System

Omega-3 fatty acids exhibit protective effects
on the nervous system, that are vital for brain
development and maintaining normal nervous
system activity (52). Low intake of omega-3 is
one of the risk factors for depression and omega-3
supplements may be helpful for the treatment of
depression and schizophrenia (53, 54). Lower levels
of omega-3 have been observed in individuals with
autism spectrum disorder and Alzheimer’s disease
(53, 55). It has been suggested that the use of
omega-3 supplements may have a beneficial impact
on individuals with multiple sclerosis (MS) (56, 57).
These fatty acids are correlated with the preservation
of normal mental health and the low intake of them
can lead to mental disorders due to their influence
on nerve cell membrane fluidity or inflammatory
processes (53).

Anti-inflammatory Effect

By increasing the intake of EPA and DHA
intakes, their content in the phospholipids of cells
that contribute to the process of inflammation
increases (26). EPA and DHA intake decreases the
production of prostaglandin E2 (PGE2), leukotriene
B4, and thromboxane A2 by the inflammatory cells;
thereby, they can modulate inflammation (58). In
fact, a notable positive correlation exists between
the ratio of arachidonic acid (ARA) to EPA in
phospholipids of cells and PGE2 production (26).
In fact, EPA and DHA intake results in a reduction
in the production of pro-inflammatory cytokines

such as Tumor Necrosis Factor-alpha (TNF-a),
Interleukin-1p (IL-1B), and IL-6, while these fatty
acids can increase the anti-inflammatory cytokines
like TL-10 (59).

Omega-3 fatty acids likely exert a direct impact
on inflammation by influencing the Nuclear Factor-
kappa B (NF-kB) signaling pathway (26). Omega-3
decreases Lipopolysaccharide (LPS)-induced
activation of NF-kB in monocytes, macrophages,
and dendritic cells by reducing IkB phosphorylation
(60, 61). In another pathway, omega-3 inhibits NF-
kB by inducing PPAR-y in dendritic cells, resulting
in the diminished synthesis of pro-inflammatory
cytokines TNF-a and IL-6 (26).

Anti-cancer Effect

Omega-3 exerts its anti-cancer effects in
several ways. Omega-3 decreases angiogenesis
by suppressing the Vascular Endothelial Growth
Factor (VEGF) production, which increases vascular
permeability, induces endothelial cell proliferation
and migration, and stimulates endothelial cell
survival (62). In another way, omega-3 inhibits
inducible Nitric Oxide Synthase (iNOS), COX-2, and
TNF-a gene expression as pro-angiogenic factors
by blocking NF-kB and MAPK activation (62).
In addition, it produces resolvins, protectins, and
maresins as novel anti-inflammatory lipid mediators
(63). Additional research is required to elucidate the
mechanisms underlying the anti-cancer properties
of omega-3 (63).

Autophagy: Definition

The term “autophagy” was coined by Belgian
biochemist Christian de Duve, who was awarded the
Nobel Prize in Physiology or Medicine in 1974 (64).
Autophagy (a Greek term that means “eating of self™)
is a cellular mechanism that involves the breakdown
and recycling of damaged organelles or other cellular
components, including misfolded proteins (13, 65).
It is crucial for survival and homeostasis (66). This
mechanism is preserved throughout evolution,
extending from yeast to humans (9). Presently, a
set of autophagy-related genes (ATG) have been
pinpointed through genetic screening in yeast (13).
Remarkably, a substantial number of these genes
are conserved not only in yeast but also in diverse
organisms including plants, and mammals (13).
Autophagy, through eliminating dysfunctional
components, it plays a pivotal role in cellular quality
control, prevention of neurodegeneration, adaptation
to nutrient scarcity, tumor suppression, and removal
of pathogens (65, 67). Furthermore, autophagy is
involved in functions related to differentiation and
development processes (65). The regulation of
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autophagy is influenced by several factors including
nutritional conditions, hormonal signals, and various
cues like temperature, levels of oxygen, and cell
density (66, 68).

Autophagy initiates with the creation and
enlargement of an isolation membrane, also known
as a phagophore. Consequently, the edges of the
phagophore merge to create the autophagosome,
a double-membraned vesicle that encloses
cytoplasmic material (66). Autophagosome with
various cargos ultimately merges with lysosomes
that form autolysosomes. Within autolysosomes,
the contents of the autophagosome undergo
degradation facilitated by lysosomal hydrolases.
Remained end products, including amino acids and
other remnants from the degradation process, are
transported back to the cytosol for potential reuse
(9). Autophagy encompasses three primary types
including macro-autophagy, micro-autophagy,
and chaperone-mediated autophagy (CMA) (12).
In macro-autophagy, portions of the cytoplasm or
organelles are sequestered within autophagosomes
and then degraded in the lysosomes (13). Micro-
autophagy involves the direct engulfment of small
portions of the cytoplasm by lysosomes (13). Finally,
in chaperone-mediated autophagy (CMA), specific
proteins are transported across the lysosomal
membrane; while bound to chaperone proteins and
proceed with the degradation (13).

The mTOR complexes serve as a vital point
where various signaling pathways come together
to control cellular homeostasis. AMP-activated
protein kinase (AMPK) can inhibit the mTOR
signaling pathway, which consequently activates
unc-51 like autophagy activating kinase %2 (ULK1/2)
complex which in turn activates autophagy. On
the other hand, autophagy is suppressed by the
PKB-AKT pathway that can activate mTOR. The
class-III phosphatidylinositol 3-kinase (PI3K)
complex controls the creation of the phagophore
membrane. In addition, Beclin-1 plays a crucial
role in membrane formation, and when it interacts
with Bcl-2, suppresses the process of autophagy.
Moreover, PI3P-binding domains contain specific
proteins and their accumulation in the membrane
leads to the incorporation of additional ATGs,
which are essential for elongating and extending the
autophagosome membrane. The two ubiquitin-like
conjugation systems regulate the elongation process
of the isolated membrane. In the first system, ATG7
activates ATG12, which facilitates the covalent
attachment of ATG12 to the ATGS5 protein. This
coupling of ATGS5 and ATGI2 is followed by the
recruitment of ATGI16, resulting in the formation
of the ATGI2-ATGS5-ATG16 complex. This

assembled complex is subsequently recruited to the
phagophore membrane. The second process involves
the conjugation of the LC3 protein with a lipid
molecule called phosphatidylethanolamine (PE).
LC3 is initially synthesized as pro-LC3, and ATG4
cleaves it at the C-terminus to produce LC3-1. With
the assistance of ATG7, ATG3 is attached to LC3-I to
form LC3-I1. Finally, the connection between LC3-II
and PE facilitates the merging of autophagosomal
membranes with lysosomes (9, 10, 67).

Autophagy and Some Diseases

Autophagy is associated with the pathogenesis
of numerous diseases, including neurodegenerative
disorders, cancer, and cardiovascular disease (66,
69). Certain genes are responsible for suppressing
tumors and are situated upstream of the mTOR
signaling pathway, which have the ability to
activate autophagy. On the other hand, oncogene
products trigger mTOR activation, which exhibits
the ability to hinder autophagy; for instance, the
frequently mutated p53 tumor suppressor gene
might inhibit autophagy (70, 71), and the cellular
proto-oncoproteins B¢l-2 and Bel-XL, commonly
elevated in human cancers, impede autophagy by
binding to the autophagy protein Beclin 1 (72, 73).
A robust association exists between molecules
inducing autophagy and the prevention of tumors,
as well as between molecules obstructing autophagy
and the development of cancer (66). It appears
that autophagy provides defense against various
neurodegenerative disorders by removing misfolded
proteins or eliminating aggregated mutant proteins
linked to a range of distinct neurodegenerative
conditions including Parkinson’s disease and
Alzheimer’s disease (66, 74-76). Malfunctioning
autophagy has been shown to be involved in
inherited heart diseases like Danon and Pompe
disease due to dysfunction in the autophagosome-
lysosome fusion step. More importantly, autophagy
might serve as a vital response to cardiac stresses
such as ischemia or pressure overload, conditions
commonly seen in patients with coronary artery
disease, hypertension, aortic valvular disease, and
congestive heart failure (66, 77).

Autophagy and Omega-3

Omega-3 can affect autophagy in several ways.
It has been reported in a study on DU145 prostate
cancer cell lines harboring mutant p53, w3-PUFA
DHA (50 uM DHA for 2 h) to be able to stimulate
mitochondrial ROS generation and inhibit the Akt-
mTOR signaling. Consequently, autophagy and
apoptosis are induced and the p53-mutant cells’
survival is decreased in prostate cancer (14) (Figure 1).
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Figure 1: Effects of omega 3 supplementation on autophagy signaling pathways.

Similarly, pre-treatment with DHA (70 uM and 140 uM
at 3 h) exhibited an augmentation in ROS and
autophagy, thereby providing cellular rescue from
cell cycle arrest provoked by misfolded proteins or
oxidative stress in age-related macular degeneration
(AMD) (78). It was shown that DHEA and EPEA
which are derived from EPA and DHA enhanced
PPARy expression at a dose of 1 uM of DHEA or
EPEA, as a result, AKT-mTOR pathways were
inhibited. In addition, DHEA and EPEA treatment
induced autophagy by persuading phosphorylation
of Bcl-2 promoting its dissociation from beclin-1 in
MCF-7 cell lines of breast cancer (79) (Figure 1).

Another study mentioned that autophagy
regulated by mTOR necessitated intracellular
calcium signaling. DHA (100 uM) increased the
intracellular calcium by eliciting an intracellular
calcium flux, so stimulated the formation of
autophagosomes and enhanced autophagy (80).
In addition, DHA treatment induced autophagy
in glioblastoma multiform cells by increasing the
LC3B-II level as a marker for autophagy in a dose-
dependent manner (0 to 50 uM) (81) (Figure 1). In the
same way, treatment with 100 pM DHA for 24 hours
increased the LC3II formation and decreased p62
level, thus induced autophagy in Peripheral Blood
Mononuclear Cells (PBMCs) and Dendritic Cells
(DCs) in multiple myeloma (82) (Figure 1).

It was shown that the administration of LPS
could consistently hinder the contractile function of
the left ventricle and induced cardiac injury in wild-
type mice. However, this effect was not significantly

observed in fat-1 mice, which possessed an increased
concentration of endogenous -3 PUFAs. The fat-1
mice exhibited notably higher level of LC3 11/ 1, as
well as increased expression of PPAR-y and sirtuin
(Sirt)-1; while concurrently experiencing a reduction
in NFkB activation. These alterations resulted
in an augmentation of autophagic flux activities
(83). Lipophagy, a type of selective autophagy was
demonstrated to play a pivotal role in the regulation
of lipid reserves in the liver and adipose tissue (84).
When LO02 hepatocytes were treated with 1 mM FFA,
cellular lipid percentage and apoptotic cells increased
when compared to the control group. Suppressing
autophagy resulted in an excessive accumulation
of lipids in response to FFA induction. However,
omega-3 fatty acids (0.1 mM EPA or DHA) decreased
the percentage of cells that underwent apoptosis and
induced autophagy by down-regulating the expression
of Stearoyl-CoA Desaturasel in hepatocytes and
increase in LC3I1/LC3I, thereby exerting a protective
effect on these cells in Non-alcoholic Fatty Liver
Disease (NAFLD) (85).

The possible mechanisms also could be
modulating gene transcription of lipid metabolism-
related genes, including peroxisome proliferator-
activated receptor alpha (PPAR-a), Liver X Receptor
(LXR), hepatic nuclear factor-4a, Carbohydrate
Responsive Element Binding Protein (ChREBP),
and SREBP 1c¢, and reduction in the expression of
pro-inflammatory molecules, namely TNF-a and
IL-6, as well as ROS by Omega 3 fatty acids (85-87).
A recent investigation demonstrated that TNF-a, a
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pro-inflammatory cytokine implicated in obesity to
be able to diminish the expression of p62 protein
and elevate the LC3II/LC3I ratio, thereby inducing
autophagy (Figure 1). Conversely, Maresin 1 (100
nM), a lipid mediator originating from omega-3, was
found to decrease the LC3II/LC3I ratio, a crucial
indicator of autophagosome formation, thereby
impeding autophagy (88).

In the context of pancreatic cancer, it has
been observed that EPA (10 mM) triggers
autophagy through the accumulation of ROS,
while concurrently reducing its capacity to induce
apoptotic cell death. Consequently, it has been
proposed that the combination of EPA with an
autophagy inhibitor could potentially serve as
a valuable approach to enhance the therapeutic
efficacy in the treatment of pancreatic cancer (7).
Omega-3 PUFAs can enhance autophagy and
protect against renal injury. In a unilateral ureteral
obstruction (UUO) model of chronic kidney disease
(CKD), DHA and EPA treatment of human proximal
tubular cells (HK?2) increased autophagic flux and
AMPK phosphorylation and reduced epithelial-
mesenchymal transition. In vivo, ®3-PUFAs reduced
oxidative stress, inflammation, and fibrosis in UUO
mice, while promoting autophagic markers (LC3-
I, Beclin-1, Atg7) and reducing p62. These results
suggested w3-PUFAs to activate autophagy and offer
protection against kidney injury (89).

On the other hand, it was shown that EPA (60
pg/mL) or DHA (50 pg/ml) treatment for 24 h
decreased Beclin-1 expression levels and inhibited
autophagosome formation in A549 lung cancer
cells. Also, these PUFAs increased p-Akt and
p-mTOR levels, resulting in activation of Akt-
mTOR pathways and a reduction in autophagy
during the early stage. In addition, this treatment
for 24 h increased p62 level and finally a blockage
in the autophagic flux. Therefore, EPA and DHA
exerted anti-proliferative effects in A549 lung cancer
cells by inhibiting of autophagy and induction of
apoptosis (15). Also, colistin (a potent antibiotic)-
induced nephrotoxicity limited its clinical use. A
study revealed the protective effect of omega-3
nanoemulsion in rats, with a focus on autophagy.
Colistin caused renal dysfunction, oxidative stress,
inflammation, and histological damage, along with
increased autophagy markers like LC3-II, Beclin-1
and decreased p62. Omega-3 nanoemulsion reversed
these effects by modulating autophagy, reducing
oxidative stress, and improving renal function.
Therefore, omega-3 nanoemulsion could protect
against colistin-induced nephrotoxicity, primarily
through the regulation of autophagy and related
pathways (90).

Conclusion

Omega-3 fatty acids play a vital role in modulating
autophagy, offering potential benefits as an
adjunct therapy in combating diseases. They
induce autophagy through ROS generation,
suppression of the mTOR signaling pathway, and
the modulation of autophagy-related proteins.
These fatty acids exhibit anti-inflammatory, anti-
cancer, and neuroprotective properties, making
them valuable for health. However, these effects
can be different in various doses and settings. Also,
their effects on autophagy can vary depending on
the specific conditions, requiring further research
to understand the exact underlying mechanisms.
Omega-3 fatty acids and autophagy interaction
was demonstrated to hold promise for innovative
therapeutic strategies in disease management and
overall well-being. More experimental and clinical
trial studies are needed to substantiate their clinical
application.
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