FPAX® Omega 3-9-11

Since 1838, when Epax began producing premium quality cod liver oil, we've transformed
the marine ingredients sector. We invented the technology to concentrate fish oil as ethyl
esters, and to re-esterify oils back to triglyceride form. And we were the first company
to create condition specific EPA/DHA ingredients backed by science. Today, we continue
to deliver Omega-3 products of unmatched purity and quality. But we are taking this
further and exploring new marine ingredients to meet changing market needs with our
new product category Epax® NovusLipid.

In this paper, we present the scientific background leading to the launch of our newest
product EPAX® Omega 3-9-11, an oil with a unique combination of Omegas 3, 9 and 11.

This white paper presents scientific findings and areas of scientific research with LC-MUFA/cetoleic acid. These statements have not
been evaluated by the Food and Drug Administration. This product is not intended to diagnose, treat, cure, or prevent any disease.
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INTRODUCING EPAX® OMEGA 3-9-11

The North Atlantic Ocean is home to pelagic fish with a unique
composition of fatty acids. Unlike fish in warmer waters, these
fish boast a healthy amount of the long-chain polyunsaturated
Omega-3 fatty acids, plus an unusually high content of long-chain
monounsaturated fatty acids (LC-MUFA); Omegas 9 and 11.

Applying our gentle and targeted distillation process Epax® EQP+
Tech, we have been able to isolate and increase the content
of both the well-known Omega-3s EPA (C20:5 n-3), and DHA
(C22:6 n-3) as well as the less well known LC-MUFAs Omega-9
gondoic acid (C20:1 n-9) and Omega-11 cetoleic acid (C22:1 n-11).
In total these fatty acids make up a minimum of 720mg/g of
EPAX® Omega 3-9-11.

A WORLD OF LIPIDS

Lipids, proteins and carbohydrates are the main macronutrients
in our diet. Every cell in a human has a lipid membrane holding
the cell together and controlling the passage of molecules in and
out of the cell. Lipids are also used as hormones and they are a
vital, storable source of energy. Lipids prevent us from drying out
and are essential for vision and for brain development and brain
health. But lipids can also be involved in diseases due to excessive
intake of unhealthy lipids such as saturated fats. Excessive lipid
intake can result in obesity and metabolic syndrome.

Lipids come in all shapes and sizes

Lipids are carbon chains. The shortest is acetic acid (C2),
commonly known as vinegar, and as the chain length increases,
the lipids become less water soluble, more oily and at very
long lengths they can become waxy. Lipids can be saturated,
monounsaturated or polyunsaturated. Saturation describes the
nature of the chemical bonds, with an unsaturated lipid having
a free site for new bonds to other atoms, for example oxygen.
Therefore, unsaturated lipids are more prone to oxidation than
a saturated lipid.

The polyunsaturated long-chain fatty acids EPA and DHA are
well known for their health benefits, for example for heart and
brain health. Omega-3s incorporate into cells throughout the
body and thereby have essential roles in different organs and
in overall health. Indeed, a study on the Omega-3 Index shows
that a higher index (>8%) is associated with reduced risk for
overall mortality, cancer mortality, and cardiovascular mortality *.

But Omega-3 lipids may be only the beginning. Other lipids such
as long-chain monounsaturated Omega-9 and Omega-11, found
in high levels in North Atlantic fish, may also have health benefits
and some of these are complementary to Omega-3 effects.

EXPLORING THE SCIENCE

Back in the 1960s, a multinational epidemiological study 2 led
to the discovery that long-chain monounsaturated fatty acids
(LC-MUFASs) derived from fish such as mackerel and herring had
positive health effects, particularly in relation to heart health.

This study boosted the general interest in monounsaturated fatty
acids, and promoted the Mediterranean diet, high in oleic acid (a
monounsaturated fatty acid), as one of the healthiest diets 3.

Deep dive: Skin health

Skin health is one of the key areas of interest for EPAX® Omega
3-9-11. EPA and DHA supplementation has been shown to
reduce skin inflammation. As an example of this, sun sensi-
tivity was reduced in study participants taking Omega-3 4
and detailed work by the laboratory of Anne Nicolaou has
mapped exactly how EPA and DHA affect the lipidome of the
skin during UV exposure 5. There is also a history of LC-MUFA
involvement in skin. Intake of oleic acid reduces skin photoaging
6 and monounsaturated fatty acids may play a role in skin anti-
aging through their anti-inflammatory and anti-oxidising activity 7.

The LC-MUFAs Omega-11 cetoleic acid and Omega-9 gondoic
acid are anti-inflammatory. Work in pre-clinical models suggests
that cetoleic and gondoic acid accumulate in fat tissue (adipose
tissue) and show anti-inflammatory activity &32.

In preclinical studies where the skin lacks the ability to make
MUFA, the skin is characterised with poorly developed sebaceous
glands which normally keep the skin from drying °. This provides
an indication of the importance of MUFA in skin biology.

Epax has run a pilot trial with 24 women randomised to our
Omega-9 and Omega-11 rich oil EPAX® Cetoleic 10 or corn oil
placebo in a double blind, placebo controlled, randomised study
to assess effects on healthy skin (Optihud, NCT05128240) 1.
In this study, the redness of skin was statistically significantly
reduced in those taking EPAX® Cetoleic 10 compared to placebo.
Redness of skin may be a proxy marker of inflammation. This
indicates that LC-MUFA can be beneficial to skin health and has
prompted further research in this area. See Figure 1.

EPAX® Cetoleic 10
Reduces skin redness
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Deep dive: Inflammation

The Omega-3 fatty acids EPA and DHA have broad acting anti-
inflammatory activity. In this case, “broad acting” means that
Omega-3s can influence inflammation throughout the body.
These fatty acids are incorporated into cell membranes affecting



signalling molecules that down regulate production of inflamma-
tory cytokines and act as precursors to Specialised Pro-resolving
Mediators and endocannabinoids, the latter being important in
brain health. Various mechanisms can be employed by the body
to balance inflammation and resolution in order to maintain a
healthy response to pathogens without the damaging effects
of chronic inflammation. Examples of these mechanisms are
modulations of anti-inflammatory (e.g cytokines, IL.-4, 6, 10 etc),
anti-inflammatory immune cells (Treg cells, Th2 cells), short chain
fatty acids (propionate and butyrate), Omega-3 fatty acids and
their resolvins.

LC-MUFAs such as Omega-11 cetoleic acid also have well
documented anti-inflammatory activity. Whilst the mechanism
of action of cetoleic acid is less well known, there is substan-
tial preclinical evidence that cetoleic oils are part of dietary
normalisation of endothelial, adipocyte and likely epithelial
inflammation > ***,

LC-MUFAs may affect inflammation in a number of ways. Similar
to EPA and DHA, LC-MUFAs bind to PPAR nuclear receptors **
" These nuclear receptors affect gene expression that leads to
reduction of lipids in the liver and blood (PPAR-a), reduction in
expression of pro-inflammatory cytokines (PPAR-y) and promo-
tion of macrophage switching to a non-inflammatory phenotype
(M2) ** LC-MUFA may also increase the Omega-3 to Omega-6
ratio in blood plasma "8,

Deep dive: The Omega-3 Index

The Omega-3 Index is a measure of the EPA and DHA content
in red blood cells. This is a validated risk score for heart health
where a score of 4% or less is associated with increased risk
of coronary heart disease, whereas values of 8 or above are
associated with low risk. The index is mostly reflective of dietary
EPA and DHA, but there is also some conversion of alpha linolenic
acid (ALA) to the longer chain EPA. This conversion is modest,
and in men less than 5% of ALA is converted, whereas in women
the conversion rate is approximately 8%.

Pure Omega-11 cetoleic acid has been shown to increase the
conversion of ALA to EPA and DHA. This was confirmed using
radiolabelled ALA in liver cell cultures. Epax has repeated this
study with similar results in a canine hepatic cell line **. This is
further supported by a human study with LC-MUFA performed
in the Czech republic *°. Here, 100 subjects received an ail with
high levels of cetoleic acid over a 6-month period. The Omega-3
Index rose from an average of 5.1% to 10.7%. The study was not
controlled, however, use of an algorithm to predict the Omega-3
Index based on EPA and DHA content in the LC-MUFA oil suggests
the oil should have provided an index of 6.6% 2*. Whilst this
study has the limitation of not having a placebo control, the
results show a clearly unexpected high increase in index level
after supplementation with a cetoleic/gondoic oil.



Epax has also performed a placebo-controlled, randomised,
interventional study to determine the effect of LC-MUFA on
the Omega-3 Index (Cetolndex, NCT04768595) ?*. The average
baseline Omega-3 value was 5.8 - 6.1 and rose by 1.6% points
with LC-MUFA. This increase was equivalent to a control Omega-3
oil despite the Omega-3 oil containing 23% more EPA+DHA.
See Figure 2.

EPAX® Cetoleic 10
Increases the Omega-3 Index
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Deep dive: Metabolic health

Preclinical research with LC-MUFA oils (with particularly high
Omega-3, 9 and 11 lipids) have largely focused on the role of
these oils in metabolic health. Beneficial effects on atherosclerotic
plagues, plasma lipid levels, insulin sensitivity and glucose levels
have been demonstrated in animal models ****?*, The first human
trial with such an LC-MUFA Omega-3 oil led to normal healthy
levels of triglycerides and cholesterol and confirmed that intake
of high LC-MUFA levels (up to 3.5g LC-MUFA was tested) were
safe and well tolerated in humans **.

OMEGA 3-9-11, THE BEST OF BOTH WORLDS

Omega-9 and Omega-11 LC-MUFAs are known to induce
anti-inflammatory pathways and have effects on adipose tissue.
Studies in metabolic health involving cholesterol and triglyceride
measurements in liver cell culture show metabolic parameters
were improved to a greater extent with a combination of LC-MUFA
and EPA/DHA than with each lipid alone %. This finding was
confirmed in preclinical studies again in metabolic health showing
that there was a combined effect of the lipids, possibly due
to EPA/DHA effects on liver and LC-MUFA on adipose tissue
° Therefore, EPAX Omega 3-9-11 brings together the best of
mono- and polyunsaturated bioactive lipids.

Exploring opportunities

Epax is supporting further research into healthy skin with support
of a study in eczema. Recruitment started in Q1 of 2024 of a
randomised, placebo controlled, blinded evaluation of the effect
of LC-MUFA in subjects with mild to moderate eczema. This
study will also perform advanced lipidomic analysis of skin to

determine changes elicited from LC-MUFA intake (ClinicalTrials.

gov NCT06194045).

Epax has for many years been a partner of choice for research-
ers across the world and we intend to continue with this and
increase our research portfolio to include our oils enriched
in LC-MUFA. Epax LC-MUFA oils are currently being used in a
series of university research projects with particular focus on
cardiometabolic effects. Researchers are welcome to contact us
with requests for these oils.

Epax is excited to welcome EPAX® Omega 3-9-11 to its portfolio,
and its launch helps support our vision of creating new opportu-
nities from marine ingredients. Scientific research is in early days
in terms of understanding the health benefits that LC-MUFA can
offer and it's clear there is still more to discover. At Epax, we will
continue to work with researchers to look at its potential effects
in many areas of health, including heart health, metabolic health,
and skin health. This all shows that EPA and DHA - and all the
scientific evidence to show their health benefits - are just part
of the story. In reality, we are only just beginning to understand
the scale of the potential of marine lipids.

Figure 3: Cetoleic acid C22:1 Omega-11
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