ConCordix

Omega-3 PUFAs

A technical paper on supplementation

It is well known that omega-3 poly-unsaturated fatty acids (PUFAs) have numerous
health benefits. Fish oil is a rich source of the omega-3 PUFA types eicosapentaenoic
acid (EPA) and docosahexaenoic acid (DHA). Because these PUFAs are essential for a
healthy heart and normal brain and eye function the World Health Organization (WHO)
recommends to take at least 250 mg EPA + DHA per day.Fish oil supplements are a

good alternative to meet this daily requirement. However, many fish oil dosing systems
come across challenges such as taste masking, (fishy) belching or reflux, and swallowing
problems with large sized capsules.

A solution to these challenges is ConCordix; a patented delivery system for the
administration of nutra- and pharmaceuticals. It offers a novel approach to the
administration of active ingredients by embedding the actives in a Smart Chew that
overcomes the issues with swallowing and the necessity of water. ConCordix is available
in a variety of sugar-free flavors and has excellent taste masking properties.

In one Smart Chew both oil-and-water-soluble ingredients can be included without
interfering with its homogeneity or stability. Moreover, ConCordix has a very high payload
of lipophilic active ingredients, such as fish oil, in comparison with alternative dosage
forms.

These unique features provide an oral delivery system that can be tailor made to any
population.

Omega-3 PUFAs: Eicosapentaenoic
acid and Docosahexaenoic acid

o

The health benefits of omega-3 PUFAs are well known, and considered
to be essential for good functioning of the human body (1-3). Humans
are not able to synthesize omega-3 PUFAs, and therefore these PUFAs
must be provided by the diet or by (fish oil) supplements.
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Fish, and fish oil in particular, is a rich source of omega-3 PUFAs that mainly consists of
two types (4, 5):
1. Eicosapentaenoic acid (EPA)
and
2. Docosahexaenoic acid (DHA)

Figure 1: Chemical structures EPA and DHA
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It has been demonstrated that both EPA and DHA drive most of the health effects (6-12).
It is known that these PUFAs have different effects. For instance, EPA is metabolized to
eicosanoids that regulate fundamental physiological processes such as cell division and
growth, blood clotting, muscle activity, and the secretion of digestive juices and hormones
(6,9,13, 14). Eicosanoids derived from EPA may reduce certain inflammatory processes
that can lead to heart attacks and strokes (5, 6, 9, 13, 15).

DHA is not involved in eicosanoid formation but is highly concentrated in the brain and
involved in normal neurological development and functioning. Next to that, DHA is an
important part of the retina and plays a role in visual development and normal eye
function (5, 8, 9, 13).

Scientific evidence of the numerous health benefits of omega-3 PUFAs is still growing.
Studies suggest that intake of sufficient EPA and DHA can modulate the immune response,
lower hypercholesteremia, reduce depression and ADHD, and improve insulin sensitivity
(2, 8,15-20). Interestingly, some of the health benefits have been acknowledged by the
European Food Safety Authority (EFSA), which approved a number of health claims
regarding EPA and DHA (Table 1) (21-25).
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Table 1: Health Claims for Omega-3 PUFAs: EPA and DHA

Health Claim Health relationship with Omega-3 PUFAs Type of Omega-3 PUFAs

Heart health Maintenance of normal heart function DHA/EPA
Brain health Contributes to the maintenance of normal brain function DHA
Maternal intake contributes to the normal brain development
of the fetus and breastfed infants

Eye health Maintenance of normal vision and normal visual development DHA

Health claims approved by EFSA for maintenance of normal heart, brain and
eye function were all based on a daily intake of at least 250 mg EPA + DHA.
Heart health reference numbers: 2010;8(10):1796. 2011;9(4):2078

Brain health reference numbers: 2010;8(10):1734. 2011;9(4):20178

Eye health reference numbers: 2010;8(10):1734. 2011;9(4):20178

To obtain significant health benefits from both EPA and DHA, the Food and Agriculture
Organization (FAQ) and the WHO, recommend a minimum daily intake for adults of

250 mg/d EPA + DHA (4, 22, 26, 27). This corresponds to approximately eating fish twice
a week. However, for optimal fetal and infant development the daily recommendations
are at least 300 mg/d EPA + DHA, of which at least 200 mg/d should be DHA (4).

This daily requirement seems small and feasible, but it has been estimated that the current
EPA+DHA intake is only 15% of the recommended 250 mg/d. Moreover, the current DHA
intakes in adults are low (only 20%]) which is even less in young children (approximately
19 mg/d) (4, 26, 28, 29).

A possible reason for these low numbers is that the consumption of fish, and in particular
fatty fish, is not enough to meet the daily FAO/WHO recommendation, and increases the
risk for neurological and cardiac diseases and reduced infant growth and development
(1,2,4,8,9,26,30).

Omega-3 PUFA supplements

An alternative to meet the recommended daily omega-3 PUFA intake
are fish oil supplements (7, 29).

However, many fish oil capsules encounter manufacturing challenges such as masking

the typical fish smell and taste and belching. Because fish oil is encapsulated as a liquid,
fishy belching or reflux are common ‘side effects’. These challenges strongly influence

the consumer’s decision to comply with a supplement or not and demand a special
manufacturing strategy.

Another challenge that might lead to non-compliance is the size of the dosing form. When
a capsule or tablet is (too) large is can give problems with swallowing. Several studies have
found that these problems occur in all kind of populations, but especially children and elderly
encounter swallowing problems of large sized dosing forms (31-33). In one questionnaire
study, 26% of the interviewed subjects reported to have problems swallowing large sized
tablets, potentially leading to significant issues with patient-compliance and showing a
demand for dosage forms that are easier to ingest (31).

A solution to all these challenges is an oral delivery system that is easy to ingest, has
excellent taste masking properties, and does not trigger belching or reflux.
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ConCordix Smart Chews

o

Vitux AS developed a patented dosage form for the administration of
nutra-and pharmaceuticals: ConCordix Smart Chews.

ConCordix offers a novel approach to deliver active ingredients and is an alternative to other
delivery systems such as capsules, tablets, and liquids as shown in the table 2.

Table 2: Benefits of ConCordix compared with traditional dosage forms

Liquid forms Solid forms
Characteristics oral Suspension  Elixirs Tablet/ Oro-dispersal Soft capsule  Gummies CCx Delivery CCx Techno-
delivery forms (drinkable)  (drinkable) hard capsule System logy Platform
Water soluble ingredients Yes Yes No No No Yes Yes Yes

—in form of solution

Lipid soluble ingredients Restricted  Restricted No No Yes Yes Yes Yes
—in form of solution

Particulate materials Yes No Yes Yes Yes Yes Yes Yes
Pre-emulsified Possible No No No No Possible Yes Yes
Protection from oxidation Only until Only until  Extra Extra Extra No Yes Yes
opened opened packing step packing step packing step

Allowed water content Yes Yes No No Max. 10% Yes Yes Yes
Chewable form - - No Yes Possible Yes Yes Yes
Taste masking/ flavouring Yes Yes Restricted Possible Possible Restricted* Yes Yes
Easy to swallow / no water Yes Yes No Yes No / patient  Yes Yes Yes
needed dependent

Sugar free Possible Possible Possible Possible Possible No Yes Yes

* due to oxidation factor

ConCordix has a soft chewable gelatin matrix in which active ingredients such as fish oil
(34), vitamins B, choline (35) and beta-glucan (10) are embedded. In one Smart Chew both
oil-and-water-soluble ingredients can be included without interfering with its homogeneity
or stability. Based on previous studies, the stability of active ingredients in ConCordix is
excellent (36-38).
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Figure 2: Oil- and water-soluble fraction ConCordix
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Moreover, ConCordix has a very high payload of lipophilic active ingredients, such as fish oil,
in comparison with alternative dosage forms. That is, a larger quantity of fish oil included per
dosage compared with alternative delivery systems (36). Because ConCordix is formulated

as a Smart Chew it eases intake and provides a solution to swallowing difficulties and
overcomes the necessity of water for ingestion. In addition, ConCordix is available in a variety
of sugar-free flavors that contribute to the exceptional taste masking properties (39).

In summary, the possibilities that ConCordix provides are:
Combination of natural oil- and water-soluble ingredients;
High payload of lipophilic ingredients (fish oil);
Excellent stability;
All natural excipients;
Exceptional taste masking;
Sugar-free;
Chewable (no need to for water);
High absorption and bioavailability of lipophilic (fish oil) active ingredients;
Unique individual packaging ensuring freshness.

Taken all these outstanding features together, ConCordix provides a tailor made solution for
oral supplementation.
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Clinical studies with ConCordix
and Omega-3 PUFAs

Several studies investigated ConCordix Smart Chew to test the bio-
availability of EPA and DHA, taste masking properties and consumer
acceptance (34, 39, 40).

One study demonstrated a significant increase of short-term absorption of EPA and DHA in
fish oil when healthy volunteers were administered with ConCordix Smart Chews compared
with soft gel capsules. Both delivery forms contained a ratio of approximately

3:2/ EPA:DHA. After 26 hours a clear difference in plasma concentration of both EPA and
DHA was observed and bioavailability increased significantly with 44% (34). It has been
postulated that emulsified fish oil increases the absorption and subsequent bioavailability
of EPA and DHA (4). If bioavailability of an active ingredient is improved, the same (health)
effects can be achieved with a lower concentration of ingredients (34, 41, 42).

Figure 3: Differences of EPA and DHA in plasma between ConCordix and
soft gel capsules
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Figure &4: Absorption of fish oil (DHA)
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Another study was conducted with children (2 to 10 years of age) to investigate the taste
masking properties of ConCordix. The children received fish oil supplements, which were
formulated either as liquids, soft-capsules, or ConCordix. Compared with the alternative
formulations, ConCordix was highly appreciated by the children because it tasted and looked
like candy (39). This result indicated that ConCordix perfectly masks the taste of

fish oil.

A randomized placebo-controlled double-blind study demonstrated that fish oil delivered

by ConCordix did not affect the product acceptance in children. Of the 413 randomized
children (aged 8.5 years) 204 children received ConCordix with fish oil and the rest of the
children received a placebo ConCordix. After the 3-month intervention period, only 5.4% of
children in the fish oil group stopped taking ConCordix before the end of the study. The main
reasons for quitting were nausea, abdominal pain, and unpleasant soft tablet flavor and/or
texture. Importantly, a comparable number of children (4.3%) in the placebo group stopped
taking ConCordix before the end of the study. This observation indicated that ConCordix was
accepted well in a very young population (40).
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Conclusion

o

The health effects of omega-3 PUFAs are well known and extensively
studied. Many people do not meet the daily intake recommended by
the FAO/WHO.

Because omega-3 PUFAs and especially EPA and DHA, are essential for health, fish oil
supplements are a good alternative to complement the diet. However, alternative dosing
forms encounter several challenges that impact the manufacturing process and/or the
consumer’s willingness to comply. An innovative solution to tackle these challenges is a
novel delivery system: ConCordix.

ConCordix Smart Chews are easy to take without the necessity of water, have excellent taste
masking properties and are well accepted among children, adults and elderly. Moreover, both
oil- and water-soluble ingredients can be combined in one Smart Chew providing a variety
of opportunities for many nutra-and pharmaceutical manufacturers. Especially with lipophilic
ingredients such as fish oil, this dosage system offers a very high payload compared with
alternative dosage forms and has an excellent stability.

Vitux uses state-of-the-art BRC certified manufacturing methods. Only ingredients with high
quality standards are used for the production of turnkey products and customized dietary
supplements.

At Vitux we try to make health easy. We try to provide a solution that fits your needs.

A team of experts will assist you to produce a tailor made product based on your needs.
Feel free to get more information about our unique ConCordix Smart Chew and visit our
website: http://www.concordix.com or contact one of our experts.

Vitux AS

Brynsveien 11

0667 Oslo

Norway
www.concordix.com
hello@concordix.com
+47 777599 00

(bn(brdl)(® ConCordix is a product by Vitux Group .°..'.Vi t U x

Omega-3 PUFAs



References

10.

n

12.

13.

4.
15.

16.

7.

18.

19.

20.

21.

22.

23.

24,

Walz CP, Barry AR, Koshman SL. Omega-3 polyunsaturated fatty acid supplementation in the prevention

of cardiovascular disease. Can Pharm J. 2016;149(3):166-73.

Lim SY, Kim EJ, Kim A, Lee HJ, Choi HJ, Yang SJ. Nutritional factors affecting mental health.

Clin Nutr Res. 2016;5(3):143-52.

Zock PL, Blom WA, Nettleton JA, Hornstra G. Progressing insights into the role of dietary fats in the prevention

of cardiovascular disease. Curr Cardiol Rep. 2016;18(11):111.

Food and Agriculture Organization/World Health Organization. Fats and fatty acids in human nutrition.

Report of an expert consultation. Rome. 2010.

Wiktorowska-Owczarek A, Berezinska M, Nowak JZ. PUFAs: Structures, Metabolism and Functions.

Adv Clin Exp Med. 2015;24(6):931-41.

Bennett M, Gilroy DW. Lipid Mediators in Inflammation. Microbiol Spectr. 2016;4(6).

Yang ZH, Emma-0kon B, Remaley AT. Dietary marine-derived long-chain monounsaturated fatty acids

and cardiovascular disease risk: a mini review. Lipids Health Dis. 2016;15(1):201.

Horrocks LA, Yeo YK. Health benefits of docosahexaenoic acid (DHA). Pharmacol Res. 1999;40(3):211-25.

Weiser MJ, Butt CM, Mohajeri MH. Docosahexaenoic Acid and Cognition throughout the Lifespan.

Nutrients. 2016;8(2):99.

Vitux ASViews on immunology and supplementation. White Paper. Norway. 2016.

Calder PC, Yaqoob P. Understanding omega-3 polyunsaturated fatty acids. Postgrad Med. 2009;121(6):148-57.
Calder PC, Yagoob P. Omega-3 polyunsaturated fatty acids and human health outcomes. Biofactors.
2009;35(3):266-72.

Calder PC. Omega-3 polyunsaturated fatty acids and inflammatory processes: nutrition or pharmacology?

Br J Clin Pharmacol. 2013;75(3):645-62.

Spector AA, Kim HY. Discovery of essential fatty acids. J Lipid Res. 2015;56(1):11-21.

Sicinska P, Pytel E, Kurowska J, Koter-Michalak M. Supplementation with omega fatty acids in various diseases.
Postepy Hig Med Dosw (Online). 2015;69:838-52.

Oliver E, McGillicuddy F, Phillips C, Toomey S, Roche HM. The role of inflammation and macrophage accumulation
in the development of obesity-induced type 2 diabetes mellitus and the possible therapeutic effects of long-chain
n-3 PUFA. Proc Nutr Soc. 2010;69(2):232-43.

Eltweri AM, Thomas AL, Metcalfe M, Calder PC, Dennison AR, Bowrey DJ. Potential applications of fish oils rich in
omega-3 polyunsaturated fatty acids in the management of gastrointestinal cancer. Clin Nutr. 2016.

Appel LJ, Sacks FM, Carey VJ, Obarzanek E, Swain JF, Miller ER, 3rd, et al. Effects of protein, monounsaturated fat,
and carbohydrate intake on blood pressure and serum lipids: results of the OmniHeart randomized trial.

JAMA. 2005;294(19):2455-64.

Balk EM, Lichtenstein AH, Chung M, Kupelnick B, Chew P, Lau J. Effects of omega-3 fatty acids on serum markers
of cardiovascular disease risk: a systematic review. Atherosclerosis. 2006;189(1):19-30.

Yokoyama M. Japan EPA Lipid Intervention Study (JELIS). Randomized clinical trial involving primary and secondary
prevention of cardiovascular events with EPA in hypercholesterolemia. Nihon Ronen Igakkai Zasshi. 2009;46(1):22-5.
EFSA publication. Scientific Opinion on the substantiation of health claims related to eicosapentaenoic acid (EPA),
docosahexaenoic acid (DHA), docosapentaenoic acid (DPA) and maintenance of normal cardiac function (ID 504,
506, 516, 527, 538, 703, 1128, 1317, 1324, 1325). European Food Safety Authority. 2010.

EFSA publication: Scientific Opinion on the Tolerable Upper Intake Level of eicosapentaenoic acid (EPA),
docosahexaenoic acid (DHA) and docosapentaenoic acid (DPA). European Food Safety Authority. 2011,

EFSA publication: Scientific Opinion on the substantiation of a health claim related to DHA and contribution to
normal brain development pursuant to Article 14 of Regulation (EC) No 1924/2006. European Food Safety Authority.
2006.

EFSA publication: Scientific Opinion on the substantiation of health claims related to eicosapentaenoic acid (EPA),
docosahexaenoic acid (DHA), docosapentaenoic acid (DPA) and maintenance of normal cardiac function (ID 504,

506, 516, 527, 538, 703, 1128, 1317, 1324, 1325). European Food Safety Authority. 2011.

Omega-3 PUFAs



10

25.

26.

27.

28.

29.

30.

31.

32.

33

34

35.
36.

37.

38.

39.
40.

4.

42.

EFSA publication: Scientific Opinion on the substantiation of health claims related to docosahexaenoic acid (DHA),
eicosapentaenoic acid (EPA) and brain, eye and nerve development (ID 501, 513, 540, maintenance of normal brain
function (ID 497,501, 510, 513, 519, 521). European Food Safety Authority. 2011.

Joint WHO/FAQ Expert Consultation on Diet NatPoCD. Diet, nutrition and the prevention of chronic diseases: Report
of 3 joint WHO/FAQ expert consultation, Geneva, 28 January - 1 February 2002. Geneva, Switzerland: WHO; 2002.
Lipids. GOED (the Global Organisation for EPA and DHA) report of daily recommended intake of omega-3 fatty acids.
ISSFAL. 2014.

Introduction-to-Omega-3. 2016 [cited 2016 November]. Available from: http://www.dhaomega3.org/Overview/
Introduction-to-Omega-3.

American Health Association. Fish-and-Omega-3-Fatty-Acids. HealthyLiving/HealthyEating/HealthyDietGoals
[Internet]. 2016. UCM_303248_Article.

Rathod R, Kale A, Joshi S. Novel insights into the effect of vitamin B(1)(2) and omega-3 fatty acids on brain function.
J Biomed Sci. 2016;23:17.

Andersen O Z0, Hjelde T, Rodland EA. Problems when swallowing tablets. A questionnaire study from general
practice. Tidsskr Nor Laegeforen. 1995;115(8):947 - 9.

Fields J, Go JT, Schulze KS. Pill Properties that Cause Dysphagia and Treatment Failure. Curr Ther Res Clin Exp.
2015;77:79-82.

Ranmal SR, Cram A, Tuleu C. Age-appropriate and acceptable paediatric dosage forms: Insights into end-user
perceptions, preferences and practices from the Children's Acceptability of Oral Formulations (CALF) Study.

Int J Pharm. 2016;514(1):296-307.

Haug IJ SL, Zeiss D, Olsen IC, Draget KI. Bioavailability of EPA and DHA delivered by gelled emulsions and soft gel
capsules. Eur J Lipid Sci Technol. 2011;113:137-45.

Vitux AS. Views on liver care and supplementation White Paper. Norway. 2016.

Hattrem MN, Dille M, Sterenes T, Draget KI. Macro- vs. micromolecular stabilisation of W/0/W-emulsions.

Food Hydrocolloids. 2014;37:77-85.

Hattrem M KK, Aachmann F, Dille M, Draget K. Ibuprofen in cyclodextrin in w/0/W emulsion - improving the initial
and long-term encapsulation efficiency on a modle active ingredient. Non published work. 2074.

Hattrem M, Ege T. Soft, chewable gelatin based pharmaceutical oral formulations: A technical approach.

In press. 2016.

Qualitative research Turkey Concordix Concept Research. Alfa Market Research & Consultancy. 2014.

Danielsson P. Study STOP 8 OM3: evaluation of compliance of omega-3 oil intake or placebo in gel-tablets.
Compliance report, Karolinska Institutet. 2015, Jan 16th; 2015.

Abuhelwa AY, Williams DB, Upton RN, Foster DJ. Food, gastrointestinal pH, and models of oral drug absorption.
Eur J Pharm Biopharm. 2016.

Rein MJ, Renouf M, Cruz-Hernandez C, Actis-Goretta L, Thakkar SK, da Silva Pinto M. Bioavailability of bioactive food
compounds: a challenging journey to bioefficacy. Br J Clin Pharmacol. 2013;75(3):588-602.

Omega-3 PUFAs



