Phospholipid-Bound Omega-3

Superior Absorption and Brain Targeting for Cognitive, Cardio-metabolic, Hepatic,
Immune, Reproductive, and Recovery Support Across Vulnerable Populations

Abstract

Phospholipid-bound Omega-3s in krill oil represent an advanced nutritional delivery
system that integrates EPA and DHA esterified to phosphatidylcholine (PC) with naturally
co-existing Astaxanthin. This triad provides superior bioavailability, membrane
compatibility, and oxidative stability compared with triglyceride (TG) or ethyl ester (EE)
fish oils. Clinical studies confirm 1.3-3x higher absorption efficiency, direct incorporation
into cell membranes, and more effective blood—brain barrier penetration, enabling lower

doses to achieve equivalent or greater biological benefits.

Mechanistic Advantages

® Enhanced Absorption & Stability: PC-bound Omega-3s bypass bile and lipase
dependence, improving uptake in elderly or those with digestive insufficiency, while
Astaxanthin protects EPA/DHA from oxidation.

® Neurocognitive Health: DHA-PC efficiently elevates brain DHA, supporting synaptic
plasticity, neurotransmission, mood stability, and memory.

® Cardiovascular & Lipid Regulation: Improves HDL/LDL ratio, reduces triglycerides,

inhibits LDL oxidation, and supports endothelial nitric oxide production.



Liver & Metabolism: PC-driven VLDL assembly promotes hepatic triglyceride export,
alleviating fatty liver and improving insulin sensitivity.

Anti-Infammatory & Antioxidant Defense: EPA/DHA-derived resolvins and PC-bound
lipids downregulate NF-kB, IL-6, and TNF-a; Astaxanthin provides mitochondrial
protection against ROS.

Synergistic Nutrient Delivery: The phospholipid matrix enhances co-absorption of

lipid-soluble nutrients, further amplifying systemic resilience.

Target Populations

Elderly individuals: Cognitive decline, memory loss, neurodegeneration risk.

Professionals & students: High cognitive load, stress, attention and mood imbalance.

Cardiovascular risk groups: Dyslipidemia, hypertension, atherosclerosis, metabolic

syndrome.

Hepatic/metabolic populations: NAFLD/MASLD, insulin resistance, obesity.

Digestive-compromised individuals: Post-cholecystectomy, pancreatic insufficiency,

poor fat absorption.

Women'’s health: Pregnancy (neurodevelopmental support for fetus), menopausal

women (mood, cognition, cardiovascular protection).

Athletes & active individuals: Inflammation control, muscle recovery, mitochondrial

energy support.



By addressing the triple nutritional gap of modern diets - choline, omega-3 fatty acids,
and phospholipids - phospholipid-bound Omega-3s offer a biomimetic, multi-system

strategy for long-term health optimization across diverse populations.
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Omega-3 in Krill Oil vs. Fish Oil:

Structural and Functional Differences

Unlike traditional fish oil, which delivers EPA and DHA primarily in triglyceride (TG) or

ethyl ester (EE) forms, krill oil provides Omega-3s in a phospholipid-bound structure,

naturally co-delivered with phosphatidylcholine (PC) and Astaxanthin.

This unique form not only enhances absorption efficiency by 1.3 to 3 times but also

allows for superior membrane integration, blood-brain barrier (BBB) penetration, and

targeted delivery to the nervous system and liver.

Krill oil also offers intrinsic oxidative stability, low contaminant risk, and excellent



gastrointestinal tolerance, resulting in systemic advantages for lipid metabolism, cognitive

support, and inflammation regulation.

|  Structural Forms:

Phospholipid (Krill Oil) vs. Glyceride-Based (Fish Oil)

The bioavailability and functional efficacy of Omega-3s largely depend on the molecular

carrier structure in which they are delivered:

® In traditional fish oil, EPA and DHA are primarily present as triglycerides (TG) or
ethyl esters (EE), especially in concentrated or processed forms.
® |n krill oil, Omega-3s exist primarily in phospholipid (PL) form, with a significant

portion bound covalently as EPA-PC and DHA-PC.

This structural distinction profoundly impacts absorption pathways, tissue targeting, and

physiological activity in the human body.

1) Phospholipid Form:

Biomimetic Design for Superior Absorption and Integration

® EPA and DHA in krill oil are naturally embedded in phospholipids, making them

structurally compatible with all human cell membranes.



® During digestion, they require no enzymatic hydrolysis and are directly incorporated
into micelles, transported via chylomicrons into the plasma phospholipid layer, and
immediately available for membrane remodeling, mitochondrial renewal, and
neuronal signaling.

Advantages:

® No need for pancreatic lipase or bile emulsification — More efficient absorption, less
affected by digestive capacity.

® Direct integration into bilayer membranes — Improved fluidity and membrane
functionality.

® High DHA transport efficiency to the brain and retina, due to the ability of DHA-PC to
cross the BBB effectively.

2) Glyceride Form: Multi-Step Conversion and Lower Efficiency

® |In fish oil, EPA and DHA in TG or EE form must be hydrolyzed by pancreatic lipase
into free fatty acids (FFAs), re-esterified into TGs in the small intestine, and then
absorbed.

® EE forms, in particular, require hepatic enzymatic conversion, and their absorption is

highly dependent on individual bile secretion and fat metabolism capacity.

Limitations:



® Absorption depends on gastrointestinal health; absorption may be impaired in elderly

or those with digestive insufficiency.

® Bio-integration requires re-esterification and eventual conversion to phospholipid

form to enter cell membranes.

® Poor BBB penetration: DHA-TG crosses the blood-brain barrier far less efficiently

than DHA-PC.

Comparison Table: Krill Qil vs. Fish Oil

Krill Oil Fish Oil
Dimension
(Phospholipid Form) (TG/EE Form)
Enzymatic hydrolysis Yes - requires hydrolysis
No - direct absorption
required? and re-esterification
Cell membrane High - direct phospholipid Low — requires structural
compatibility integration conversion
Brain DHA integration High — DHA-PC crosses BBB Low — DHA-TG has poor
efficiency effectively BBB penetration
Bioavailability High (t 1.3-3x) Moderate to low (TG > EE)
Individuals with weak digestion,
Those with good digestion
Ideal for elderly, those with neurological
and flexible dosage control
needs




Il Bioavailability:

Significantly Higher Absorption Efficiency

Key Differences in Absorption and Tissue Incorporation:

The nutritional efficacy of Omega-3 fatty acids depends not only on the dose but, more
importantly, on their absorption, transport, and integration into tissues and cells -
collectively referred to as bioavailability.

Molecular structure is the fundamental determinant of the metabolic fate and

physiological impact of Omega-3s.

1) EPA/DHA in Krill Oil: Efficient Absorption + Rapid Integration

In krill oil, EPA and DHA are primarily bound to phospholipids (mainly
phosphatidylcholine, PC), which dramatically enhances both their digestive absorption

and cellular incorporation:

® Absorption Advantage: Phospholipid-bound EPA/DHA are absorbed via
microemulsion structures without the need for pancreatic lipase hydrolysis,

bypassing the bile salt—-dependent bottleneck common in glyceride forms.



2)

Transport Advantage: Once in circulation, they directly enter the plasma

phospholipid pool, rapidly integrating into HDL particles and cell membranes without

requiring hepatic conversion from TG to PC.

Targeting Advantage: Studies confirm that DHA-PC crosses the blood-brain barrier

more efficiently than DHA-TG, leading to higher brain DHA levels—a key factor in

cognitive support.

EPA/DHA in Fish Qil (TG or EE Forms): Limited Absorption and Integration

Triglyceride (TG) forms, while moderately bioavailable, still require lipase-mediated

hydrolysis and bile emulsification.

Ethyl ester (EE) forms (common in high-concentration fish oils) require additional

hepatic esterification, resulting in the lowest absorption rate and poorer

gastrointestinal tolerance.

This issue is exacerbated in individuals with compromised digestive function:

3)

Post-cholecystectomy (gallbladder removal);

Pancreatic insufficiency;

Elderly individuals or those with poor fat digestion;

Impaired liver function.

At Equivalent Doses, Krill Oil Delivers Higher Plasma and Tissue Omega-3 Levels



® Clinical studies demonstrate that phospholipid-bound Omega-3s raise EPA/DHA

plasma levels 1.3 - 1.6 x higher than TG forms and 2-3x higher than EE forms.

® Schuchardt et al., 2011 (Eur J Clin Nutr): At equal doses, krill oil produced a 1.3-1.6x

greater increase in erythrocyte membrane Omega-3 levels than TG fish oil, and 2-3x%

greater than EE fish oil.

® Makietal., 2009 (Nutr Res): Just 1g of krill oil achieved equivalent reductions in

triglycerides (TG), CRP, and improvement in Omega-3 index compared to 3g of

traditional fish oil.

Conclusion: In populations with low bile output, reduced pancreatic function, aging, or fat

malabsorption, the bioavailability advantage of krill oil becomes even more pronounced.

Comparative Table: Krill Oil (PL Form) vs. Fish Oil (TG/EE Form)

Parameter

Krill Oil (Phospholipid Form)

Fish Oil (TG / EE Form)

Absorption mechanism

Direct absorption via

microemulsions

Enzyme-dependent

hydrolysis + re-esterification

Dependency on

bile/enzymes

Low dependency

High dependency on

pancreatic lipase and bile

Transport efficiency

Rapid incorporation into HDL and

cell membranes

Requires liver conversion

before integration




Parameter Krill Oil (Phospholipid Form) Fish Oil (TG / EE Form)

High
Tissue integration Moderate to low
(especially brain, eyes, liver)

Lower doses yield equivalent Higher doses required to
Dose requirement
efficacy achieve the same effect

Conclusion

The phospholipid structure of krill oil allows Omega-3s to enter target tissues more
efficiently, integrate directly into cell membranes, and act more rapidly.
This results in faster and more effective outcomes in lipid metabolism, cognitive function,

and inflammation control, even at lower doses.

Il Lipid Delivery Synergy:

Natural Structural Lipid Co-integration

Omega-3 is no longer simply a standalone nutrient - it functions as part of a bioactive
lipid complex, supporting membrane repair, functional integration, and inflammation

regulation at the cellular level.

1) High Structural Compatibility:

Biomimetic “Cell Membrane” Assembly for Targeted Integration




In krill oil, Omega-3 fatty acids are covalently bound to phosphatidylcholine (PC), forming
a microcapsule-like structure that closely mimics the architecture of eukaryotic cell

membranes:

® PC is the predominant phospholipid in all eukaryotic membranes, comprising over

50% of membrane phospholipids. It is amphipathic, membrane-compatible, and

involved in lipid signaling.

® EPA and DHA are esterified to the fatty acid chains of PC, enhancing membrane

fluidity, flexibility, and signal transduction.

® This complex is highly compatible with neurons, mitochondria, and hepatocytes,

allowing rapid biological recognition, assimilation, and functional expression.

® Notably, DHA-PC crosses the blood-brain barrier (BBB) efficiently, elevating brain

DHA levels and supporting cognitive function.

Compared to “free-form” Omega-3s (e.g., TG/EE), PC-bound Omega-3 represents a

triple-action complex of carrier + structure + targeting, closely mimicking human

membrane phospholipids.

2) High Delivery Stability:

Mixed Micelles / Nanovesicles Improve Bioavailability and Synergistic Absorption



Due to its high compatibility with human cell membranes, the Omega-3-PC complex in

krill oil forms mixed micelles or nanovesicles, providing excellent emulsification and

membrane fusion capacity:

® Can be directly incorporated into neuronal, mitochondrial, and hepatic membranes,

bypassing the need for bile salt emulsification.

® Easily enters the chylomicron transport pathway in the small intestine.

® Enhances the co-absorption of lipid-soluble nutrients like Astaxanthin.

® Reduces oxidative degradation of Omega-3s in gastric acid or bile, improving

molecular stability.

Not dependent on pancreatic enzymes or bile salts, boosting EPA/DHA absorption by

1.3-3x, especially beneficial for populations with compromised digestive capacity (e.g.,

elderly, post-surgical patients).

3) Strong Functional Complementarity:

Structural Lipid x Active Fatty Acid x Antioxidant Synergy

Component

Primary Function

Synergistic Mechanism

EPA / DHA

Anti-inflammatory, membrane

fluidity, lipid signaling

Incorporate into membrane structures; generate

SPMs (specialized pro-resolving mediators)




Component Primary Function Synergistic Mechanism

Phosphatidylcholine Choline supply, VLDL Provides choline; repairs hepatocyte and

(PC) assembly, membrane repair neuronal membranes

Antioxidant, mitochondrial Inhibits ROS and lipid peroxidation; protects PC
Astaxanthin
protection and Omega-3 from oxidative damage

This “functional lipid triad” is not a simple nutritional combination - it constitutes a
structurally coordinated, physiologically synergistic, and signal-integrated delivery

system.

IV Neural Targeting:

DHA-PC Crosses the Blood-Brain Barrier (BBB) More Efficiently

Krill oil is one of the very few Omega-3 sources that naturally contains DHA-PC, enabling
direct targeting of the central nervous system (CNS). This confers both structural and
functional advantages in improving memory, regulating mood, and delaying cognitive

decline.

1) DHA Forms in Fish Oil Have Low BBB Penetration Efficiency

® |n fish oil, DHA exists mainly in triglyceride (TG) or ethyl ester (EE) forms. These

require intestinal hydrolysis, hepatic re-esterification, and subsequent conversion to




DHA-PC within the body before they can be transported across the BBB via specific
carriers.
® The efficiency of this conversion is limited by individual metabolic status, liver

function, and enzyme activity, resulting in limited elevation of brain DHA levels.

2) Krill Oil Naturally Provides DHA-PC and EPA-PC for More Efficient CNS Targeting

® Multiple animal and cellular studies have demonstrated that phospholipid-bound
DHA, particularly DHA-PC, is the most effective form for delivering DHA to brain
tissue.

® Liu et al. (2014) showed in aged mice that DHA-PC significantly increased DHA
content in brain tissue and improved learning and memory more effectively than TG-
form DHA.

® Human observational studies also indicate that krill oil supplementation improves

mood, anxiety, attention, and other cognitive parameters.

V Antioxidant Protection:

Naturally Contains Astaxanthin - an Intrinsic “Lipid Antioxidant Shield”

In krill oil, Omega-3s naturally coexist with Astaxanthin to form a built-in antioxidant

system that protects lipids from oxidation. This structural antioxidant synergy enhances



both the stability and anti-inflammatory efficacy of the formulation - without requiring
synthetic stabilizers - making it particularly suitable for long-term health maintenance and

chronic condition management.

1) Fish Qil Is Highly Prone to Oxidation and Structurally Unstable

® EPA and DHA molecules contain multiple double bonds, making them highly

susceptible to lipid peroxidation (LPO).

® Fish oil is prone to oxidative degradation during transport, storage, and digestion,

producing unpleasant odor and reactive byproducts.

® Artificial antioxidants (e.g., vitamin E) are often added to stabilize fish oil, but their

protective effects are limited.

2) Krill Oil's Built-in “Structural Antioxidant System”: Natural Astaxanthin

® Krill oil contains naturally occurring Astaxanthin, one of the most potent lipid-soluble

antioxidants known.

® Astaxanthin is embedded within the phospholipid layer, precisely positioned to

protect the oxidation-prone EPA/DHA molecules.

® |ts protective functions include:

- Inhibiting oxidative degradation of EPA/DHA;

- Stabilizing cell membranes and maintaining fluidity and integrity;



3)

Protecting mitochondrial membranes and supporting energy metabolism;

Suppressing ROS and NF-kB signaling pathways to reduce inflammation.

Clinical Benefits of This Natural Antioxidant Matrix

Extends the functional lifespan of Omega-3s in the body;

Reduces side effects such as gastrointestinal discomfort, reflux, and fishy burps

linked to lipid oxidation;

Provides synergistic value in anti-inflammation, cardiovascular protection, exercise

recovery, and skin aging prevention.

Comparative Table: Omega-3 in Kirill Oil vs. Fish Oil

Comparison
Omega-3 in Krill Qil Omega-3 in Fish Oil
Dimension
Main Form Phospholipid-bound (EPA-PC / DHA-PC) Triglyceride (TG) or Ethyl Ester (EE)
Requires hydrolysis to free fatty acids,
Absorption Direct absorption via intestinal mucosa through
then re-esterification;
Mechanism || mixed micelles; does not require bile or enzymes

enzyme and bile-dependent

Bioavailability

1.3—-1.6x% higher than TG,

2-3x higher than EE forms

EE: lowest; TG: moderate;

depends heavily on digestive health




Comparison
Omega-3 in Krill Oil Omega-3 in Fish Oil
Dimension
Lipid Profile Reduces triglycerides + raises HDL-C; Similar effects, but requires higher doses
Effects more effective than TG fish oil and long-term intake
Membrane Directly integrates into cell phospholipid bilayers; Must be re-esterified in liver into
Integration improves fluidity and stability phospholipids before integration
Brain DHA DHA-PC crosses BBB efficiently; DHA-TG shows low efficiency in entering
Uptake increases brain DHA levels brain tissue
Natural Naturally contains astaxanthin (antioxidant), Mostly pure Omega-3; requires added
Synergists choline (PC), and phospholipids antioxidants like vitamin E
Excellent for those with poor lipid metabolism, Less suited for those with impaired
Ideal Users
digestive weakness, cognitive decline digestion or cholesterol concerns
Conclusion

Omega-3s in krill oil are delivered in a phospholipid-bound structure, which significantly

enhances the absorption efficiency and membrane integration of EPA and DHA.

Naturally co-delivered with Astaxanthin and phosphatidylcholine (PC), krill oil forms a

functional lipid triad that offers superior structural, antioxidant, and biofunctional synergy.




Its DHA-PC component crosses the blood—brain barrier (BBB) efficiently, providing

targeted support for cognition and mood regulation.

Meanwhile, Astaxanthin synergistically suppresses lipid peroxidation, stabilizes

mitochondrial membranes, and enhances both anti-inflammatory and antioxidant

capacity, making krill oil ideal for long-term support of lipid metabolism, neurological

function, and cardiovascular health.

Key Advantages at a Glance

® Phospholipid-based delivery system

— Boosts EPA/DHA absorption and membrane incorporation

® Functional synergy

— Combines natural astaxanthin + choline (PC) + Omega-3 in one matrix

® Neurological targeting

— DHA-PC crosses the BBB more efficiently than TG-form DHA

® Superior inflammation and oxidative protection

— Reduces lipid peroxidation and stabilizes mitochondrial membranes

® |deal for long-term care of lipid metabolism, cognitive health, and cardiovascular

wellness
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