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CARRIER COMPRISING NON-NEUTRALISED TOCOPHERYL PHOSPHATE

TECHNICAL FIELD

The invention relates to a carrier for the delivery of nutraceutical and cosmeceutical

actives comprising a hydrophobic vehicle. The carrier of the present invention is suitable for

enteral or parenteral administration of the nutraceutical and cosmeceutical actives.

BACKGROUND

Nutrients that we require every day to remain healthy and active are provided by

our diet. This is because, although the body can manufacture most of the molecules it

needs, some essential molecules cannot be made in the body. These molecules are called

essential nutrients, and must be provided by our diet.

The levels of essential nutrients that are required to maintain good health vary

considerably depending on factors such as age and gender. Other relevant factors are size

and metabolic rate. The control of adequate nutrient levels is further complicated by

interactions between components of the diet that may alter the efficiency of absorption or

utilisation of a particular nutrient. The body also has stores of certain nutrients so that some

variation in the daily intake of such nutrients can be accommodated.

Although whole food sources are the best sources of nutrients, they are not typically

eaten in sufficient amounts to provide sufficient amounts of nutrients. In addition, changes in

eating patterns have created nutrient deficiencies and/or excesses which make it difficult to

ensure all required nutrients are obtained. Consequently, it can be difficult to maintain a well

balanced diet.

In addition to humans, various animal species including domestic pets, livestock

and other farmed animals may suffer from nutrient deficiencies in their diets.

Deficiencies in essential nutrients can lead to poor health and even disease. For

example, anaemia can be caused by a deficiency of iron or by a deficiency in vitamin B
12

and folic acid. An iron deficiency can cause defective proliferation and maturation of red

cells, while deficiencies in vitamin B
2

and folic acid may result in a failure of red blood cells

to mature, resulting in anaemia. Another example is scurvy, which is caused by a deficiency

of vitamin C. Scurvy can cause tiredness, muscle weakness, joint and muscle aches, a rash

on the legs and bleeding gums

Supplementing a diet with particular vitamins and nutrients could prevent some

conditions from developing or may provide significant health benefits. For example, calcium

supplements may prevent osteoporosis, while folate may be taken by women before and

during pregnancy to minimise the risk of neural tube disorders in infants. As another

example, omega-3 fatty acid supplements can lower levels of heart disease and stroke as

well as having anti inflammatory and brain/memory function benefits, while lycopene

supplements may be able to reduce the risk of prostate cancer in Caucasian males.

Increasing attention is being focussed on Vitamin D deficiency in humans, and correlations



have been drawn between this deficiency and poor bone health (among others).

Selenium is an essential element for humans and animals. In the body selenium

helps prevent damage by free radicals (i.e. acts as an antioxidant). It also has varied

applications and uses in animal feed. For example, selenium may be utilised in specialised

feeds for horses to aid in muscle problems (tying up) that may be due to a wide range of

causes, which include exercise in excess of training level, respiratory infections, lack of

dietary selenium/vitamin E, electrolytes & minerals.

Carotenoids such as lutein and zeaxanthin have antioxidant functions in

maintaining eye health. In particular, carotenoids have been found to improve and protect

the macular region by increasing the density of macular pigment, which absorbs harmful

blue light and reduces oxidative damage. High dietary intake of carotenoids such as lutein

and zeaxanthin may also protect against macular degeneration.

Beta-Carotene is a carotenoid which, in addition to the eye health properties

indicated above, is also an antioxidant and boosts the immune system in humans and

animals. It has been found that supplementing cattle with antioxidants such as beta-

carotene, vitamin E, selenium may reduce somatic cell counts and improve the health of

cattle with mastitis infections. It has also been found that when beta-carotene supplements

are used, vitamin E supplements are also necessary, as the beta-carotene appears to

reduce the level of vitamin E in the blood (body).

In addition supplementation is increasingly being addressed by the fortification of

foods with vitamins and nutrients (such as in functional foods). As one example, direct

supplementation of vitamins and nutrients to animals has been reported to increase

nutritional concentrations in the foods produced from those animals, including meat, milk

and eggs.

Many supplements containing nutraceutical actives providing vitamins, minerals

and nutrients are currently available. However, there are problems associated with the

bioavailability of some nutraceutical actives. As one example, nutraceutical actives may be

poorly bioavailable due to their hydrophobicity (i.e. poorly water solubility). Nutraceutical

actives that are not readily bioavailable need to be administered in large amounts in order to

ensure that a sufficient amount of the vitamin and/or nutrient is absorbed. This can increase

the cost of the dose of a nutraceutical active quite dramatically, particularly if the

nutraceutical active is difficult to isolate or expensive to purchase. It may also mean that

multiple and/or large capsules need to be administered. Accordingly, there is a need for

improved or alternative active compositions having improved bioavailability.

In this specification where a document, act or item of knowledge is referred to or

discussed, this reference or discussion is not an admission that the document, act or item of

knowledge or any combination thereof was at the priority date, publicly available, known to

the public, part of common general knowledge; or known to be relevant to an attempt to

solve any problem with which this specification is concerned.



SUMMARY

It has surprisingly been found that a carrier comprising non-neutralised tocopheryl

phosphate and a hydrophobic vehicle is suitable for delivery of nutraceutical and

cosmeceutical actives.

Accordingly, a first aspect of the present invention provides a carrier for the delivery

of a nutraceutical or cosmeceutical active comprising non-neutralised tocopheryl phosphate

and a hydrophobic vehicle.

The pH of the non-neutralised tocopheryl phosphate may be in the range of about 2

to about 4 , or about 2 to about 3. Preferably, the pH of the non-neutralised tocopheryl

phosphate is about 2 or about 3 .

The non-neutralised tocopheryl phosphate may comprise compounds selected from

the group consisting of mono-(tocopheryl) phosphate, mono-(tocopheryl) phosphate

monosodium salt, mono-(tocopheryl) phosphate disodium salt, di-(tocopheryl) phosphate, di-

(tocopheryl) phosphate monosodium salt, or a mixture thereof.

When the non-neutralised tocopheryl phosphate of the carrier composition

comprises a mixture of a mono-(tocopheryl) phosphate to a di-(tocopheryl) phosphate, the

ratio may be at least 2:1 , within the range of about 4:1 to about 1:4, or within the range of

about 6:4 to about 8:2. In preferred embodiments the ratio is about 6:4 or about 8:2.

The carrier may comprise non-neutralised tocopheryl phosphate from about

0.01 %w/w up to about 40%w/w, from about 0.1%w/w up to about 5%w/w, from about

0.01 %w/w up to about 5%w/w, from about 0.1%w/w up to about 2.5%w/w, from about

10%w/w up to about 30%w/w, or about 1%w/w, about 2%w/w, about 10%w/w or about

20%w/w of the total concentration of the carrier. In some embodiments the ratio (w/w) of

non-neutralised tocopheryl phosphate to active may be from about 0.1:1 to about 100:1 ,

from about 0.1:1 to about 5:1 , from about 1: 1 to about 5:1, from about 10:1 to about 60:1, or

from about 30:1 to about 50:1. In some embodiments the ratio may be about 1: 1 , about 5:1 ,

about 10:1 , about 25: 1 or about 40: 1.

The hydrophobic vehicle may be an oil or a wax. The oil may be an edible oil such

as a vegetable oil or a polyunsaturated oil containing polyunsaturated fatty acids, an

essential or therapeutically-active oil, silicone oils, or an organic liquid (emollient).

Preferably, the wax is beeswax.

The carrier may comprise a hydrophobic vehicle in an amount of up to about

60.0%w/w, up to about 80.0%w/w, up to about 90.5%w/w, up to about 99.0%w/w, or up to

about 99.5%w/w, of the total concentration of the carrier. In some embodiments the

hydrophobic vehicle is present in an amount of about 80.0%w/w, about 90.5%w/w, or about

99.5%w/w, of the total concentration of the carrier.

The carrier of the present invention is most suitable for enteral or parenteral

administration of the nutraceutical or cosmeceutical active.

Accordingly, a second aspect of the present invention provides a formulation



comprising the carrier and a nutraceutical or cosmeceutical active.

The formulation may be for topical, enteral or parental administration. Epicutaneus,

oral and transdermal administration is preferred.

The nutraceutical and/or cosmeceutical active may be selected from the group

consisting of vitamins, minerals, amino acids, herbs or other botanicals, metabolites,

electrolytes, antioxidants, enzymes, organ tissues, gland extracts and prebiotics.

Preferably, the nutraceutical active is selected from the group consisting of CoQ
0

(ubiquinone), ubiquinol, omega-3 (DHA or EPA), lycopene, resveratrol, vitamin E, vitamin D,

and carotenoids such as beta-carotene, lutein and zeaxanthin, and selenium such as

sodium selenite.

The carrier may be prepared by a variety of techniques.

Accordingly, a third aspect of the present invention provides a method for preparing

the carrier. In one embodiment, the method comprises the step of combining the

components of the carrier, in suitable quantities, with stirring, until complete homogenisation

is achieved. In a preferred embodiment, the method comprises the step of mixing the non-

neutralised tocopheryl phosphate with the hydrophobic vehicle.

To prepare a formulation comprising the carrier and an active, the method

comprises the further step of adding the active to the mixture, to the desired concentration,

with gentle mixing.

For some applications it may be desirable for the formulation to comprise additional

acceptable agents to form dry food compositions or drenches so as to make the formulation

palatable or sufficiently acceptable or agreeable to the palate. Examples include dry food

compositions comprised of solid material such as grains or rice and other nutritional

requirements; or sugar syrups such as honey or molasses.

DETAILED DESCRIPTION

The present invention relates to a carrier for the delivery of nutraceutical and

cosmeceutical actives which comprises non-neutralised tocopheryl phosphate and a

hydrophobic vehicle. The carrier of the present invention is suitable for topical, enteral or

parenteral administration of the nutraceutical and cosmeceutical actives to a subject. The

term "subject" refers to any animal, in particular mammals such as humans, domestic pets,

livestock and other farmed animals.

Non-neutralised tocopheryl phosphate

The carrier of the present invention comprises non-neutralised tocopheryl

phosphate.

Vitamin E exists in eight different forms, namely four tocopherols and four

tocotrienols. Relevant to the present invention are the four tocopherols, which have a

chroman ring with a hydroxyl group that can donate a hydrogen atom to reduce free radicals

and a hydrophobic side chain which allows for penetration into biological membranes. Such

derivatives of Vitamin E may be classified as "hydroxy chromans". The four tocopherols and



four tocotrienols occur in alpha, beta, gamma and delta forms, determined by the number

and location of methyl groups on the chroman ring. The tocopherol and tocotrienol forms of

Vitamin E are shown by Formula (I):

Although the description herein refers to non-neutralised tocopheryl phosphate, this

is by way of example only. It is to be appreciated that non-neutralised tocotrienyl phosphate

may similarly be used in a carrier of the invention.

The term "tocopheryl phosphate" refers to any one of the tocopherols, as shown

above, where a phosphate group (P0 4) is covalently bonded via the oxygen of the hydroxyl

group of tocopherol or tocotrienol.

Tocopherol in the alpha, beta, gamma or delta form of tocopherol or a combination

thereof may be phosphorylated by reaction with P4O
0
.The non-neutralised tocopheryl

phosphate is the crude phosphorylation reaction product obtained prior to the neutralisation

step.

The crude phosphorylation reaction product was previously regarded as being

unstable and insufficiently pure for therapeutic use. However, it has now surprisingly been

found that the crude phosphorylation reaction product can be used, and together with a

hydrophobic vehicle may be used as a carrier for the delivery of nutraceutical or

cosmeceutical actives and improve the bioavailability of the nutraceutical or cosmeceutical

active formulated with the carrier. Surprisingly the inventor has also observed results that

show that an oral dosage of non-neutralised tocopheryl phosphate per se or with



hydrophobic vehicle (i.e. the carrier) causes particularly elevated levels of vitamin E in the

blood.

As the non-neutralised tocopheryl phosphate is obtained before neutralisation, it

has a pH of less than about 4 compared to "neutralized" tocopheryl phosphate which has a

pH closer to neutral, usually in the range of above 5 to about 7. The pH of the non-

neutralised tocopheryl phosphate is in the range of about 2 to about 4 or about 2 to about 3 .

Preferably, the pH of the non-neutralised tocopheryl phosphate is about 2 or 3 .

Since tocopheryl phosphate can used without having to be neutralised and/or

purified to separate the tocopheryl phosphate products, the preparation of this component of

the carrier (i.e. the non-neutralised tocopheryl phosphate) involves fewer steps and is

therefore much simpler and easier to produce thereby reducing general production costs.

There is also minimal reduction in the overall product yield.

This crude phosphorylation reaction product may comprise a number of

components including both mono- and di- phosphorylated tocopheryl phosphate. The non-

neutralised tocopheryl phosphate may comprise compounds selected from the group

consisting of mono-(tocopheryl) phosphate, mono-(tocopheryl) phosphate monosodium salt,

mono-(tocopheryl) phosphate disodium salt, di-(tocopheryl) phosphate, di-(tocopheryl)

phosphate monosodium salt, or a mixture thereof.

When the non-neutralised tocopheryl phosphate of the carrier composition contains

a mixture of a mono-phosphate ester and a di-phosphate ester, for example a mono-

(tocopheryl) phosphate and di-(tocopheryl) phosphate (which may be referred to as "TPM"

herein), the ratio may be at least 2:1 , within the range of about 4:1 to about 1:4, or within the

range of about 6:4 to about 8:2. In one embodiment, the ratio may be about 6:4 or about 8:2.

The carrier may comprise non-neutralised tocopheryl phosphate from about

0.01 %w/w up to about 40%w/w, from about 0.1%w/w up to about 5%w/w, from about

0.01 %w/w up to about 5%w/w, from about 0.1 %w/w up to about 2.5%w/w, from about

10%w/w up to about 30%w/w, or about 1%w/w, about 2%w/w, about 10%w/w or about

20%w/w, of the total concentration of the carrier.

In some embodiments the non-neutralized tocopheryl phosphate may be measured

as a ratio to the active. This ratio is influenced by how the active formulates i.e. how much of

the non-neutralised tocopheryl phosphate is required, and the delivery mode, for example a

large volume may be required for the oral feed of a large animal. The ratio (w/w) of non-

neutralised tocopheryl phosphate to active may be from about 0.1:1 to about 100:1 , from

about 0.1 : 1 to about 5:1, from about 1:1 to about 5:1 , from about 10:1 to about 60:1 , or from

about 30:1 to about 50:1. In some embodiments the ratio may be about 1:1 , about 5:1 , about

10:1, about 25:1, or about 40:1 .

Hydrophobic vehicle

The carrier of the present invention also comprises a hydrophobic vehicle.

Some examples of hydrophobic vehicles which are most suitable include, but are



not limited to, oils and waxes.

Suitable oil-based hydrophobic vehicles include any oil that is suitable for

therapeutic use, such as for example, any edible oil. The oil-based hydrophobic vehicles

may be natural or synthetic. The oil-based hydrophobic vehicles must also be compatible

with non-neutralised tocopheryl phosphate, and the active formulated with the carrier.

Preferred oil-based hydrophobic vehicles suitable for use in the carrier of the

present invention include vegetable, fruit, seed, grain or nut oils or the like. These oils may

be saturated or unsaturated. These oils may also be winterised or non-winterised. Examples

of suitable oils include canola oil, coconut oil, corn oil, cottonseed oil, olive oil, Olea

europaea (Olive) leaf extract, palm oil, peanut oil, rapeseed oil, safflower oil, sesame oil,

soybean oil, sunflower oil, almond oil, cashew oil, hazelnut oil, macadamia oil, Macadamia

integrifolia (Macadamia) seed oil, mongongo nut oil, pecan oil, pine nut oil, pistachio oil,

walnut oil, bottle gourd oil, buffalo gourd oil, pumpkin seed oil, watermelon seed oil, acai oil,

blackcurrant seed oil, borage seed oil, evening primrose oil (Oenothera biennis oil),

amaranth oil, apricot oil, apple seed oil, argan oil, artichoke oil, avocado oil (Persea

gratissima oil), babassu oil, ben oil, borneo tallow nut oil, cape chestnut oil, cocoa butter,

carob pod oil, cocklebur oil, cohune oil, coriander seed oil, dika oil, false flax oil, flax seed oil,

grape seed oil (Vitis vinifera), hemp oil, kapok seed oil, lallemantia oil, marula oil,

meadowfoam seed oil, mustard oil, nutmeg butter, okra seed oil, orange oil, papaya seed oil,

perilla seed oil, pequi oil, pine nut oil, poppyseed oil, prune kernel oil, quinoa oil, ramtil oil,

rice bran oil (for example, Oryza Satira™ Bran Oil), rose hip oil (Rosa eglanteria oil), royle

oil, sacha inchi oil, sandalwood oil (Santalum spicatum oil), tea seed oil, thistle oil, tomato

seed oil and wheat germ oil.

Suitable hydrophobic vehicles may also include cetearyl alcohol, cetearyl glucoside,

cetearyl olivate, cocoyl proline, dicapryl ether, glycerin, glyceryl linoleate, glyceryl oleate,

lactic acid, lecithin, pomegranite sterols, resveratrol and vitamin D3.

Suitable hydrophobic vehicles may also include polyunsaturated oils containing

polyunsaturated fatty acids. In one or more embodiments, the unsaturated fatty acids are

selected from the group of omega-3 and omega-6 fatty acids. Examples of such

polyunsaturated fatty acids are linoleic and linolenic acid, gamma-linoleic acid (GLA),

eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA). In some instances, mixtures

of fatty acids or medium chain triglycerides should not be used.

Another class of hydrophobic vehicles is essential oils, which may also be

considered therapeutically-active oils if they contain active biologically occurring molecules

and, exert a therapeutic effect on administration. In the context of the present invention,

vehicles that additionally possess therapeutically beneficial properties may be referred to as

"therapeutically-active vehicle". If a formulation is made using a therapeutically active

vehicle, then the formulation will include non-neutralised tocopheryl phosphate, at least one

nutraceutical or cosmeceutical active as well as the therapeutically active vehicle. Non-



limiting examples of therapeutically active vehicles include essential oils such as rosehip oil,

which contain retinoids and is known to reduce acne and post-acne scars, and tea tree oil,

which possess antibacterial, antifungal and antiviral properties. Other examples of essential

oils are oils of anise, basil, bergamot, camphor, cardamom, carrot, canola, cassia, catnip,

cedarwood, citronella, clove, cypress, eucalyptus, frankincense, garlic, ginger, grapefruit,

hyssop, jasmine, jojoba, lavender, lavandin, lemon, lime, mandarin, marjoram, myrrh, neroli,

nutmeg, orange, peppermint, petitgrain, rosemary, sage, spearmint, star anise, tangerine,

thyme vanilla, verbena and white clover.

Another class of therapeutically-active oils includes liquid hydrophobic plant derived

oils, which are known to possess therapeutic benefits when applied topically.

Silicone oils also may be used and may be particularly desirable due to their known

skin protective and occlusive properties. Suitable silicone oils include non-volatile silicones,

such as polyalkyl siloxanes, polyaryl siloxanes, polyalkylaryl siloxanes and polyether

siloxane copolymers, polydimethylsiloxanes (dimethicones) and

poly(dimethylsiloxane)(diphenyl-siloxane) copolymers. Silicone oils may also considered

therapeutically-active oil due to their barrier retaining and protective properties.

Hydrophobic liquids selected from the family of organic liquids described as

"emollients" is another class of hydrophobic vehicles. Emollients possess a softening or

soothing effect, especially when applied to body areas, such as the skin and mucosal

surfaces. Examples of suitable emollients include isopropyl myristate, isopropyl palmitate,

isopropyl isostearate, diisopropyl adipate, diisopropyl dimerate, maleated soybean oil, octyl

palmitate, cetyl lactate, cetyl ricinoleate, tocopheryl acetate, cetyl acetate, tocopheryl

linoleate, wheat germ glycerides, arachidyl propionate, myristyl lactate, decyl oleate,

propylene glycol ricinoleate, isopropyl lanolate, pentaerythrityl tetrastearate, neopentylglycol

dicaprylate/dicaprate, isononyl isononanoate, isotridecyl isononanoate, myristyl myristate,

octyl dodecanol, sucrose esters of fatty acids and octyl hydroxystearate.

Suitable hydrophobic vehicles also include pharmaceutically acceptable waxes. An

example of a suitable wax is beeswax. The carrier may comprise a hydrophobic vehicle in

an amount of up to about 60.0%w/w, up to about 80.0%w/w, up to about 90.5%w/w, up to

about 99.0%w/w, or up to about 99.5%w/w, of the total concentration of the carrier. In some

embodiments the hydrophobic vehicle is present in an amount of about 80.0%w/w, about

90.5%w/w, or about 99.5%w/w.

Administration route

Routes of administration can broadly be divided into a three categories by effect,

namely, "topical" where the desired effect is local, so the substance is applied directly where

its action is desired, "enteral" where the desired effect is systemic (non-local) so the

substance is given via the digestive tract, and "parenteral" where the desired effect is

systemic, so the substance is given by routes other than the digestive tract.

The carrier of the present invention is suitable for topical, enteral or parenteral



administration of the nutraceutical and cosmeceutical actives. Examples of topical routes of

administration having a local effect include epicutaneous (onto the skin) and intravitreal

(onto the eye).

Examples of enteral routes of administration having a systemic (non-local) effect

include any form of administration that involves any part of the gastrointestinal tract, such as

oral (into the mouth), intranasal (into the nose), rectal (into the rectum), and vaginal (into the

vagina). Oral administration includes buccal administration (absorbed through the cheek

near the gumline) and sublingual administration (under the tongue).

Examples of parenteral routes of administration by injection, infusion or diffusion

having a systemic effect include intravenous (into a vein), intraarterial (into an artery),

intramuscular (into a muscle), intracardiac (into the heart), subcutaneous (under the skin),

percutaneous (via needle-puncture into the skin), intradermal (into the skin itself), intrathecal

(into the spinal canal), intraperitoneal (infusion or injection into the peritoneum), intravesical

infusion (infusion into the urinary bladder), epidural (injection or infusion into the epidural

space), transdermal or transcutaneous (diffusion through the intact skin), transmucosal

(diffusion through a mucous membrane), insufflation (diffusion through the nose),

inhalational (diffusion through the mouth), sublingual (under the tongue), and buccal

(absorbed through cheek near gumline).

Epicutaneus, oral and transdermal administration is preferred.

Nutraceutical or cosmeceutical actives

Nutraceutical or cosmeceutical actives may be formulated with a carrier of the

present invention.

Nutraceutical actives are typically products that are enriched in nutrients to permit

the nutraceutical active to be provided at a concentration that is much higher than that which

can be provided by diet alone. The nutraceutical and/or cosmeceutical active may be

selected from the group consisting of vitamins, minerals, amino acids, herbs or other

botanicals, metabolites, electrolytes, anti oxidants, enzymes, organ tissues, gland extracts

and prebiotics.

Suitable nutraceutical actives are those that would be suitable for formulation with

non-neutralised tocopheryl phosphate and a hydrophobic vehicle. Poorly bioavailable

nutraceutical actives that are poorly water-soluble and/or hydrophobic or water soluble

and/or hydrophilic will be suitable for formulation with a carrier of the present invention.

Suitable nutraceutical actives include, but are not limited to fatty acids, fruit and

vegetable extracts, vitamins, phospholipids, certain proteoglycans, certain amino acids,

carotenoids, various food additives, various phytonutrients including phytosterols, certain

antioxidants, plant oils, fish and marine animal oils, algae oils and essential elements.

The nutraceutical active may be a fat-soluble vitamin. Suitable fat-soluble vitamins

include vitamin D (D2, D3 and their derivatives), vitamin E (α, β, γ , δ-tocopherols, or a , β, γ ,

δ-tocotrienols), vitamin A (retinol, retinal, retinoic acid), vitamin K (K K2, K3 and their



derivatives). It is to be noted that if the nutraceutical active is vitamin E, the

unphosphorylated form of vitamin E is used.

The nutraceutical active may also be a phospholipid. The phospholipid may be

phosphatidyl and the proteoglycans may be chondroitin.

The nutraceutical active could also be coenzyme Q
0

(or ubiquinone), ubiquinol or

resveratrol; a carotenoid, which may be selected from , β , ory-carotene, lycopene, lutein,

zeaxanthin and astaxanthin; a phytonutrient, which may be selected from lycopene, lutein

and seaxanthin; an unsaturated fatty acid, which may be linoleic acid, conjugated linoleic

acid, linolenic acid, omega-3 fatty acids including but not limited to docosahexaenoic acid

(DHA) and eicosapentaeonic acid (EPA) and their glycerol-esters.

The nutraceutical active may also be a phytoestrogen, such as a phytosterol.

Suitable phytosterols may be selected from β-sitosterol, campesterol and stigmasterol,

isoflavones, stilbenes, lignans and coumestans and others. Suitable isoflavones may be

selected from genistein and daidseln. A suitable stilbene may be trans-resveratrol. A suitable

lignan may be mataresinol. A suitable coumestan may be selected from coumostrol.

The nutraceutical active may also be a bioactive peptide, such as casein-

phosphopeptide (CPP) and other calcium-binding peptides.

The nutraceutical active may also be a micronutrient, such as a trace element or an

essential element. The trace element may be iron cobalt, chromium, copper, iodine,

manganese, selenium, zinc or molybdenum or a salt thereof. For example, if the trace

element is selenium, the selenium may be provided in the form of a salt, such as sodium

selenite.

In one embodiment, the nutraceutical active is selected from the group consisting of

CoQio (ubiquinone), ubiquinol, omega-3 (DHA or EPA), lycopene, resveratrol, vitamin E,

vitamin D, and caratenoids such as beta-carotene, lutein, zeaxanthin and sodium selenite.

Cosmeceutical actives are cosmetic products with biologically active ingredients

purporting to have medical or drug-like benefits. Cosmeceutical actives generally improve

the skin's appearance by providing ingredients necessary for healthy skin.

Suitable cosmeceutical actives are those that would be suitable for formulation with

non-neutralised tocopheryl phosphate and a hydrophobic vehicle. In some circumstances

hydrophilic actives may be able to be used. However, it is likely that cosmeceutical actives

that are poorly water-soluble and/or hydrophobic, and thus have poor bioavailability, will be

most suitable for formulation with a carrier of the present invention.

Many of the nutraceutical actives described above may also be useful as

cosmeceutical actives to provide therapeutically beneficial effects to the body, internally for

well-being and externally such as on the skin. Accordingly, suitable cosmeceutical actives

may be selected from the group of nutraceutical actives defined above.

In addition to the nutraceutical actives defined above, the cosmeceutical active may

preferably be selected from the group consisting of Aloe vera, Ascorbyl palmitate (Vitamin



C), Beta carotene (Vitamin A), Beta glucan, Bisabolol, Camellia thea (green tea) extract,

Capric/Caprylic triglycerides, Centella asiatica (Gotu cola) Extract, Cetearyl olivate,

Chlorophyll, Citrus sinensis (orange) oil, Cocoyl proline, Dicapryl ether, Disodium

lauriminodipropionate tocopheryl phosphates (Vitamin E phosphates), Glycerin, Glyceryl

linoleate (Omega 6 fatty acids Vitamin F), Glyceryl oleate, Glycyrrhiza glabra (Licorice) Root

Extract, Hamamelis virgiana (Witch hazel) extract, Lactic acid, Lecithin, Lutein, Macadamia

integrifolia (Macadamia) seed oil, Matricaria chamomilla (Chamomile) extract, Oenothera

biennis (Evening primrose) Oil, Olea europaea (Olive) leaf extract, Rice bran oil,

Tocotrienols, Persea gratissima (Avocado) Oil, Polygonum multiflorum extract, Pomegranate

sterols, Resveratrol, Rosa eglanteria (Rose hip) oil, Santalum spicatum (Sandalwood) oil,

Titanium dioxide, Tocopherol (alpha, delta, gamma, beta natural vitamin E), Tocopheryl

phosphates (alpha), Vitamin A palmitate, Vitamin D3, Vitis vinifera (Grapeseed) oil and Zinc

oxide.

It is also to be understood that derivatised forms of the nutraceutical or

cosmeceutical actives described above are included within the scope of the present

invention. For example, "nutraceutically or cosmeceutically acceptable derivatives",

"nutraceutically or cosmeceutically acceptable salts", "nutraceutically or cosmeceutically

acceptable esters" and "nutraceutically or cosmeceutically acceptable prodrugs" of the

actives as described below.

The term "nutraceutically or cosmeceutically acceptable derivatives" includes, but is

not limited to, nutraceutically or cosmeceutically acceptable salts, esters, salts of such

esters, ethers, or any other derivative including prodrugs and metabolites, which upon

administration to a subject in need is capable of providing, directly or indirectly, a biologically

active compound as otherwise described herein.

As used herein, the term "nutraceutically or cosmeceutically acceptable salt" refers

to those salts which are, within the scope of sound medical judgment, suitable for use in

contact with the tissues of humans and lower animals without undue toxicity, irritation,

allergic response and the like, and are commensurate with a reasonable benefit/risk ratio.

Nutraceutically or cosmeceutically acceptable salts are well known in the art. For example,

S. M. Berge, e a/ describe acceptable salts in detail in J. Pharmaceutical Sciences, 66:1-

19, 1977. Examples of nutraceutically or cosmeceutically acceptable nontoxic acid addition

salts are salts of an amino group formed with inorganic acids such as hydrochloric acid,

hydrobromic acid, phosphoric acid, sulfuric acid and perchloric acid or with organic acids

such as acetic acid, oxalic acid, maleic acid, tartaric acid, citric acid, succinic acid, or

malonic acid or by using other methods used in the art such as ion exchange. Other

nutraceutically or cosmeceutically acceptable salts include adipate, alginate, ascorbate,

aspartate, benzenesulfonate, benzoate, bisulfate, borate, butyrate, camphorate,

camphorsulfonate, citrate, cyclopentanepropionate, digluconate, dodecylsulfate,

ethanesulfonate, formate, fumarate, glucoheptonate, glycerophosphate, gluconate,



hemisulfate, heptanoate, hexanoate, hydroiodide, 2-hydroxy-ethanesulfonate, lactobionate,

lactate, laurate, lauryl sulfate, malate, maleate, malonate, methanesulfonate, 2-

naphthalenesulfonate, nicotinate, nitrate, oleate, oxalate, palmitate, pamoate, pectinate,

persulfate, 3-phenylpropionate, phosphate, picrate, pivalate, propionate, stearate, succinate,

sulfate, tartrate, thiocyanate, p-toluenesulfonate, undecanoate, valerate salts, and the like.

Representative alkali or alkaline earth metal salts include sodium, lithium, potassium,

calcium, magnesium, and the like. Further nutraceutically or cosmeceutically acceptable

salts include, when appropriate, nontoxic ammonium, quaternary ammonium, and amine

cations formed using counterions such as halide, hydroxide, carboxylate, sulfate, phosphate,

nitrate, loweralkyl sulfonate, and aryl sulfonate.

The term "nutraceutically or cosmeceutically acceptable ester" refers to esters

which are hydrolysed in vivo and include those that break down readily in the human body to

leave the parent compound or a salt thereof. Suitable ester groups include, for example,

those derived from nutraceutically or cosmeceutically acceptable aliphatic carboxylic acids,

particularly alkanoic, alkenoic, cycloalkanoic and alkanedioic acids, in which each alkyl or

alkenyl moiety advantageously has not more than 6 carbon atoms. Examples of particular

esters include formates, acetates, propionates, butyrates, acrylates and ethylsuccinates.

The term "nutraceutically or cosmeceutically acceptable prodrugs" as used herein

refers to those prodrugs of the biologically active compounds which are, within the scope of

sound medical judgment, suitable for use in contact with the tissues of a subject with undue

toxicity, irritation, allergic response, and the like, commensurate with a reasonable

benefit/risk ratio, and effective for their intended use, as well as the zwitterionic forms, where

possible, of the compounds of the invention. The term "prodrug" refers to compounds that

are rapidly transformed in vivo to yield the parent compound of the above formula, for

example by hydrolysis in blood. A thorough discussion is provided in T. Higuchi and V.

Stella, Pro-drugs as Novel Delivery Systems, Vol. 14 of the A.C.S. Symposium Series, and

in Edward B. Roche, ed., Bioreversible Carriers in Drug Design, American Pharmaceutical

Association and Pergamon Press, 1987.

It is also possible that a combination of any of the nutraceutical actives and/or

cosmeceutical actives described above may be formulated with a carrier of the present

invention to permit the simultaneous delivery of multiple nutraceutical actives in a single

formulation. It therefore should be noted that, as used in the present specification, the

singular forms "a", "an" and "the" include plural aspects unless the context clearly dictates

otherwise. Thus, for example, reference to "a nutraceutical active" or a "cosmeceutical

active" includes a single nutraceutical active, a single cosmeceutical active, two or more

nutraceutical actives; two or more cosmeceutical actives; one or more nutraceutical actives

and one or more cosmeceutical actives; and so forth for other features of the invention.

The amount of nutraceutical or cosmeceutical active should be sufficient to provide

a therapeutic effect or an amount suitable to permit a subject (e.g. human or animal) to



obtain their recommended daily dosage of the nutraceutical active in an appropriate amount

of dosages per day. The actual amount of the nutraceutical active will also depend on the

particular nutraceutical active being used.

The amount of nutraceutical or cosmeceutical active used in the formulation may

also be expressed as a ratio of the amount of non-neutralised tocopheryl phosphate to the

amount of the nutraceutical or cosmeceutical active. In some applications the non-

neutralized tocopheryl phosphate may be measured as a ratio to the active. This ratio is

influenced by how the active formulates i.e. how much of the non-neutralised tocopheryl

phosphate is required, and the delivery mode, for example a large volume may be required

for the oral feed of a large animal. The ratio (w/w) of non-neutralised tocopheryl phosphate

to active may be from about 0.1 : 1 to about 100:1 , from about 0.1 : 1 to about 5:1, from about

1: 1 to about 5:1 , from about 10:1 to about 60:1 or from about 30:1 to about 50:1 . In some

embodiments the ratio may be about 1:1, about 5:1 , about 10:1 , about 25:1 or about 40:1 .

In one example, where the nutraceutical active is vitamin D3, the ratio of non-

neutralised tocopheryl phosphate to vitamin D3 may be within the range of about 1:1 to

about 60:1 , about 1: 1 to about 40:1 , or less than 40:1 , or between about 1:1 and about 20:1 ,

between about 1:1 and about 10:1 , or between about 1:1 and about 5:1 .

The following description of preferred embodiments of the invention refers to two

specific nutraceutical actives by way of example in order to further describe the invention.

Coenzyme Q 0 (or CoQ
10

)

CoQ 0 also known as ubiquinone is a naturally occurring coenzyme found in aerobic

organisms. The primary role is a vital intermediate of the electron transport system in the

mitochondria, acting as an anti-oxidant by scavenging free radicals, and as a stabiliser of

cell membrane structure. Adequate amounts of CoQ 0 are necessary for cellular respiration

and ATP production, and therefore CoQi functions as an intercellular antioxidant.

CoQ 0 plays an essential role in the production of energy in heart cells, and helps to

maintain a healthy cardiovascular system. Clinical studies have shown that there is a

correlation between cardiovascular disease and low tissue levels of CoQ 0 . Natural levels of

CoQ decline as we age, and can also decline if we are taking certain medications, such as

statins to lower the cholesterol levels in people with or at risk of cardiovascular disease.

There is therefore a benefit associated with restoring the levels of CoQ 0 in the body.

CoQ
0

is an extremely water insoluble nutraceutical active, and is therefore poorly

absorbed from dietary sources (i.e. only about 5 to 10% of the CoQ
0

is bioavailable). The

CoQio used to prepare nutraceutical products is typically very expensive as CoQ
0

is readily

degraded due to its light and oxygen sensitivity. Production of CoQio is therefore quite

laborious and requires nitrogen blanketing procedures to ensure that the stability and/or

activity of CoQ 0 is maintained. Although there are numerous CoQ 10 products available on

the market, the oral bioavailability of these products is low due to the low water solubility of

CoQ 0 used in these formulations. It is therefore necessary to use excesses of CoQ 0 in



order to ensure that sufficient amounts of CoQ are delivered. Alternative approaches to the

delivery of CoQi 0 use nanotechnology to improve the bioavailability of CoQi 0,however, such

approaches also add to the cost.

Omega-3

Omega-3 polyunsaturated fatty acids are essential fatty acids which must be

obtained via dietary sources since they cannot be manufactured by the body. Omega-3 fatty

acids are most often found in fish oil, but may also be manufactured commercially. Long

chain omega-3 fatty acids include DHA and EPA. DHA is widely believed to provide healthy

brain development, particularly in young children, can support fetal and maternal

development and enhance skin and eye function.

Scientific research indicates benefits from omega-3 supplementation in human

conditions including cardiovascular disease, rheumatoid arthritis, and high blood pressure.

Deficiency of omega-3 may contribute to the development of psychiatric disorders including

depression, bipolar disorder, schizophrenia, dementia, dyslexia and postpartum psychiatric

disorders.

Omega-3 has extremely low water solubility and thus the oral bioavailability of

omega-3 is quite low. Approximately 1-3g of Omega-3 is recommended in order to allow

adequate intake given the low bioavailability and problems associated with formulation of

Omega-3. Accordingly, administration of Omega-3 must either be via very large single dose

capsules or via multiple capsules (3-6 capsules, depending on the brand and/or formulation).

Another problem associated with the administration of omega-3 is the fish aftertaste, which

can be very undesirable for people to take. There is therefore a need for an improved

formulation for the delivery of CoQ
0
.

Selenium

Selenium is an essential element for humans and animals. In the body selenium

helps prevent damage by free radicals (i.e. acts as an antioxidant). It also has varied

applications and uses in animal stockfeed., i.e. For example, selenium may be utilised in

specialised feeds for horses to aid in muscle problems (tying up) that may be due to a wide

range of causes, which include i.e. exercise in excess of training level, respiratory infections,

lack of dietary selenium/vitamin E, electrolytes & minerals.

Carotenoids

Carotenoids such as lutein and zeaxanthin have antioxidant functions in

maintaining eye health. In particular, carotenoids have been found to improve and protect

the macular region by increasing the density of macular pigment, which absorbs harmful

blue light and reduces oxidative damage. High dietary intake of carotenoids such as lutein

and zeaxanthin may also protect against macular degeneration.

Beta-carotene is a carotenoid which, in addition to the eye health properties

indicated above, it is also an antioxidant and boosts the immune system in humans and

animals. It has been found that supplementing cattle with antioxidants such as beta-



carotene, vitamin E, selenium may reduce somatic cell counts and improve the health of

cattle with mastitis infections. It has also been found that indicate when beta-carotene

supplements are used, vitamin E supplements are also necessary, as the beta-carotene

appears to reduce the level of vitamin E in the blood (body).

Dosage form

Compositions comprising the carrier may be prepared into any suitable dosage

form for enteral or parenteral administration and/or for delivery of nutraceutical or

cosmeceutical actives.

A person skilled in the art would readily appreciate what would be a suitable dosage

form for enteral or parental administration.

Suitable dosage forms for enteral administration would include but not be limited to

capsules, tablets, pills, or specialty tablets such as buccal, sublingual, chewable tablets or

orally-disintegrating tablets. Another example of a suitable dosage form would be edible thin

films.

Other suitable dosage forms for enteral administration include liquid solutions or

suspensions. Suitable liquid solution or suspension dosage forms may be in the form of a

drink, such as sports drinks containing electrolytes (e.g. gatorade), or syrup and elixirs.

Other suitable liquid solution or suspension dosage forms include nasal delivery solutions

and oral suspensions. Specifically liquid solutions or suspensions in the form of a "drench"

may be suitable for use with large animals such as cows.

The dosage form for enteral administration may also be a powder or solid crystal,

which can be either dissolved or suspended in a liquid before administration. Alternatively,

the powder may be consumed directly or added to a food or drink product for consumption.

In the case of farm animals, the formulation may be added directly to the dry feed or in

pelleted form.

Particularly in the case of a domestic or farm animal, the dosage form may include

injection.

In another example, the dosage form for enteral administration may be a food to

which the composition is added before the food is consumed. For example, the food product

may for example be a bar such as a health bar, a cereal, bread such as a fortified bread, a

cookie, a spread such as butter, a dairy product such cheese or milk, or any other suitable

food product.

Where the composition has a disagreeable taste, additives with sufficient flavour to

disguise the bad taste may be added to the dosage form (e.g. masking agents).

Examples of suitable dosage forms for parenteral administration include but are not

limited to injectables (i.e. solutions, suspensions, emulsions, and dry powders for

reconstitution), intramammary infusions, intravaginal delivery systems, and implants.

Preparation of the carrier

A carrier of the present invention may be prepared by a variety of techniques.



One method of preparing the carrier involves combining the components of the

carrier, in suitable quantities, with stirring, until complete homogenisation is achieved. In this

method, it may also be desirable that the non-neutralised tocopheryl phosphate is added to

the hydrophobic vehicle and warmed to a temperature of 80°C or less. Heating however may

not always be necessary or desirable. To prepare a formulation comprising the carrier and

an active, the active may be added to the mixture described above when it is being warmed,

to the desired concentration, with gentle mixing. Alternately the mixture may be cooled prior

to addition of the active, particularly when the active is heat labile.

A carrier, or a formulation which comprises the carrier and an active, can optionally

further comprise one or more excipients. A person skilled in the art of the invention would

appreciate suitable excipients which could be included in the carrier of the invention. The

choice and amount of excipients will depend on the intended use of the carrier, mode of

administration and/or dosage form.

Examples of suitable excipients include additional solvents such as water,

thickeners or gelling agents, surfactants, buffers, emollients, sweeteners, disintegrators,

flavours, colours, fragrances, electrolytes, appearance modifiers, film foaming polymers and

the like. Suitable sweeteners include sucrose, lactose, glucose, aspartame or saccharin.

Suitable disintegrators include corn starch, methylcellulose, polyvinylpyrrolidone, xanthan

gum, bentonite, alginic acid or agar. Suitable flavours include peppermint oil, oil of

wintergreen, cherry, orange or raspberry flavouring. Suitable preservatives include sodium

benzoate, methylparaben, propylparaben, and sodium bisulphite. However, it will be

appreciated that any excipients which have been approved for use in nutraceutical and

cosmeceutical products by the regulatory bodies may be employed in the compositions of

the present invention.

Advantages

The carrier of the present invention comprises non-neutralised tocopheryl

phosphate and a hydrophobic vehicle, and is particularly suitable for formulation with a

nutraceutical or cosmeceutical active.

It has been found that the combination of non-neutralised tocopheryl phosphate and

a hydrophobic vehicle is able to increase the bioavailability of the active especially over a 24

hour period, compared to other known active formulations, which is highly desirable.

Accordingly, when formulations of the present invention are provided to a subject, more of

the active is bioavailable and therefore, the active can be delivered more effectively. The

consequence of this is that a greater proportion of the active is present in a single dose, and

thus the amount of active needed for effective daily dosing can be reduced. Furthermore,

since the improvement provided by the formulation of the present invention may be

considered to be an improvement in acute delivery of an active to a subject, for a

nutraceutical active, a single delivery of the formulation provides a more rapid intake of the

nutraceutical active and thus allows rapid replenishment of the subject's stores of the



nutraceutical active. For cosmeceutical actives, an increased therapeutically beneficial effect

can be obtained with a lesser amount of the formulation.

FIGURES

The invention is described further by way of example with reference to the

accompanying drawings in which:

Figure 1 is a graph showing the plasma CoQi 0 concentration (ng/ml) measured in

rats treated with nutraceutical compositions over a 24 hour period.

Figure 2 is a graph showing the plasma omega-3 concentration (ng/ml) measured

in rats treated with nutraceutical compositions over a 24 hour period.

Figure 3 is a graph showing the plasma omega-3 concentration (ng/ml) measured

in rats treated with nutraceutical compositions over a 24 hour period.

Figure 4 is a graph showing the plasma omega-3 concentration (ng/ml) measured

in rats treated with nutraceutical compositions over a 24 hour period.

EXAMPLES

The invention is described further by reference to the following non-limiting

examples of the invention.

Example 1: CoQ
0

In the present example the inventor(s) investigated the oral delivery of compositions

comprising the nutraceutical CoQ
1

where supplementation was a single dose measured

over 24 hours. The present example is an in vivo study in which rats are used to examine

the bioavailability of various CoQ
0

compositions.

Materials

The a-tocopherol used in the present study was obtained from ADM, Australia. The

non-neutralised a-tocopheryl phosphate was prepared from the a-tocopherol starting

material by Phosphagenics. The neutralised a-tocopheryl phosphate was prepared by

Phosphagenics for use in the preparation of formulation 1c .

The CoQ
1

used in the present study was obtained from Pure Bulk CAS# 303-98-0.

The CoQio powder was bright orange in colour.

The canola oil used in the present study was obtained from Cargill Health and

Nutrition.

Methods

The following 4 formulations were tested in the present example:

1a: CoQ
1

alone capsules (powder);

1b: Non-neutralised σ-ΤΡ and CoQ
0

as a liquid in canola oil;

1c: Neutralised σ-ΤΡΗ and CoQ as a liquid in canola oil; and

The formulations 1a to 1c have been designed to deliver 5mg CoQ
0

in each dose.

Formulation 1a 1b 1c



Amount of CoQ
1

5mg 0.5ml of a 10/mg/ml 0.5ml of a 10/mg/ml

stock formulation stock formulation

Amount of 0.5ml of a 10/mg/ml

non-neutralised a- stock formulation

TP

Amount of - - 0.5ml of a 10/mg/ml

neutralised -Τ Ρ stock formulation

Amount of Canola - 0.5ml delivered per rat 0.5ml delivered per rat

Oil

The 3 formulations were prepared as described below.

Formulation 1a : is a powder preparation which was provided to the animals in

capsule form. The capsules were prepared by packing empty capsule shells with 5mg of

powdered CoQ
0
.

Formulation 1b: is a liquid preparation which was provided to the animals in liquid

form. A 10mg/ml solution of non-neutralised a-tocopheryl phosphate in Canola oil was

prepared, to which was added 10mg of CoQ per ml of the non-neutralised a-tocopheryl

phosphate in Canola mixture at 40°C with gentle stirring until the powders were dissolved.

Formulation 1c : is a liquid preparation which was provided to the animals in liquid

form. The formulation was first prepared by a 10mg/ml solution of neutralised a-tocopheryl

phosphate in Canola oil was prepared, to which was added 10mg of CoQ
0

per ml of the

neutralised α-tocopheryl phosphate in Canola mixture at 40°C with gentle stirring until the

powders were dissolved.

Male Sprague-Dawley Rats weighing no more than 400g were obtained, housed (2-

3 rats per box) and were fed ad libitum. The rats were acclimatised for a minimum of 7 days

and then randomised into groups for treatment with each of the 3 formulations described

above. Formulations 1a and c were each administered to treatment groups having nine rats

each. Formulation 1b was administered to a treatment group having ten rats.

Once acclimatised, the rats were pre-bled with tail bleeding to establish CoQ
0

levels at time zero values before a treatment dose was delivered. After the initial blood

collection each rat in their respective treatment group was given a dose of treatment orally

either in capsule form or liquid form. Following treatment blood samples were collected at

various time points: 0.5hr, 1hr, 2hr, 4hr, 8hr, and 24hr ( 1 day). Over the period of blood

collection the rats were administered a single dose of treatment.

Blood samples were collected in lithium heparin blood collection Capiject™ tubes.

Once blood was collected the blood samples were placed on ice and centrifuged at 4°C for 5

minutes at 8,000rpm. The plasma was then removed from the tubes and placed in new

eppendorf tubes for storage at -20°C. Plasma samples were then analysed by HPLC to

determine the amount of CoQ
0

released in the plasma.



Results

Basal CoQ
0

levels in the Sprague-Dawley rats used were seen to be on average

between 100-150ng/ml. The results shown for supplementation are subtracted values and

therefore indicate the basal values for each treatment as zero ng/ml.

The effect of formulations 1a to 1c on the bioavailability of CoQ
0

in the blood of

Sprague-Dawley rats was examined over the 24 hour treatment period.

Bioavailability comparison over a 24 hour treatment period

The graph shown in Figure 1 shows the improvement in bioavailability obtained

when the CoQ
0

formulation includes non-neutralised a -tocopheryl phosphate and an oil

carrier (i.e. formulation 1b), when compared to formulations containing CoQ
0

alone

(formulation 1a) and CoQ
0

and neutralised/purified a -tocopheryl phosphate in canola oil

(formulation 1c).

Over the 24 hours of treatment, formulation 1b provided the best improvement in

bioavailability of CoQ
0
.

Conclusion

Supplementation using formulation 1a (the powdered form of CoQ
0

alone in

capsules) provided a peak plasma level of CoQi 0 approximately 4hrs-post dosing.

Formulation 1b (non-neutralised a -TP and CoQ
0

in canola oil) had significantly

higher overall concentration of CoQ
0

in the plasma compared to formulation 1a (CoQ 0

alone in capsules) during the entire 24 hour period post-dosing. Formulation 1c (neutralised

a -TP and CoQi 0 in canola oil) performed less well than formulation 1b (non-neutralised a -TP

and CoQ
0

in canola oil).

Formulation 1b, provides a significant increase in the peak plasma CoQ
0

concentrations, over a 24 hour period following a single dose of the formulation.

Example 2 : Omega-3

In the present example we investigated the oral delivery of new formulations of the

nutraceutical omega-3 over following a single does of supplementation over a 24 hour

period. The present study is an in vivo study in which rats are used to examine the

bioavailability of various omega 3 formulations compared with the non-neutralised alpha-

tocopheryl phosphate.

Materials

The a -tocopherol used in the present study was obtained from ADM, Australia. The

non-neutralised α-tocopheryl phosphate was prepared from the α-tocopheryl starting

material by Phosphagenics. The neutralised α-tocopheryl phosphate was prepared by

Phosphagenics for use in the preparation of formulation 2d.

The omega-3 used in the present study was obtained from Croda, and contains a

minimum omega-3 content of 600mg/g, a minimum EPA content of 60mg/g and a minimum

DHA content of 500mg/g.

The canola oil used in the present study was obtained from Cargill Health and



Nutrition.

Methods

The following 6 formulations were tested in the present example:

2a: Low dose omega-3 (DHA) alone as a liquid in canola oil;

2b: Low dose omega-3 (DHA) and low dose non-neutralised α-tocopheryl phosphate as a

liquid in canola oil;

2c: Low dose omega-3 (DHA) and high dose non-neutralised α-tocopheryl phosphate as a

liquid in canola oil;

2d: Low dose omega-3 (DHA) and high dose TPM neutralised α-tocopheryl phosphate as a

liquid in canola oil;

2e: High dose omega-3 (DHA) alone as a liquid in canola oil; and

2f: High dose omega-3 (DHA) + low dose TPM non-neutralised α-tocopheryl phosphate as a

liquid in canola oil.

Formulations 2a to 2d delivered the low omega-3 (DHA) dose, which was

88.6mg/kg (HED = 1g/day). Formulation 2a included omega-3 alone, while formulations 2b

to 2c included non-neutralised α-tocopheryl phosphate having an omega-3: non-neutralised

α-tocopheryl phosphate ratio varying from 1:0.1 to 1:0.5. Formulation 2d included

neutralised α-tocopheryl phosphate.

Formulation 2e included omega-3 alone, while formulation 2f included non-

neutralised α-tocopheryl phosphate. Formulations 2e and 2f delivered the high omega-3

(DHA) dose, which was 265.7mg/kg (HED=3g/day). The ratio of omega-3:TPM in

formulation 2d was 1:0.1 .

These 6 formulations were prepared as described below.

In each case for the formulations below, this is how the formulations were made.

Omega-3 stocks were made in canola oil, i . Low (44.3mg/ml) & ii. High 132.9mg/ml

these were simply added will gentle mixing at 40°C and then these were subdivided into

smaller aliquots (~20ml each).



The low omega-3 dose was divided into 4 X 20ml lots for formulations:

2a: Low omega alone (20ml) - no further additions

2b: Low omega-3 (20ml) plus 88mg (4.4mg/ml) of the non-neutralised alpha-TPM,

2c: Low omega-3 (20ml) plus 444mg (22.22mg/ml) of the non-neutralised alpha-TPM,

2d: Low omega-3 (20ml) plus 444mg (22.2mg/ml) of the neutralised alpha-TPM

The high omega-3 dose was divided into 2 X 20ml lots for formulations:

2e: High omega alone (20ml) - no further additions

2f: High omega-3 (20ml) plus 266mg (13.3mg/ml) of the non-neutralised alpha-TPM.

Formulation 2a and 2e: is a liquid preparation which was provided to the animals as

a liquid. The formulation was prepared by adding omega-3 to Canola oil to a concentration

of 44.3mg/ml for formulation 2a and 132.9mg/ml for formulation 2e and each of these

formulations were mixed gently at 40°C.

Formulation 2b, 2c and 2f : is a liquid preparation which was provided to the animals

in liquid form. The formulation was prepared by adding omega-3 to Canola oil to a

concentration of 44.3mg/ml for formulations 2b and 2c and a concentration of 132.9mg/ml

for formulation 2f. To each of these formulations was added non-neutralised a -tocopherol

phosphate. The non-neutralised a -tocopherol phosphate was added to formulation 2b to a

concentration of 4.4mg/ml, to formulation 2c to a concentration of 22.2mg/ml and to

formulation 2f to a concentration of 13.3mg/ml. Each of these formulations was gently mixed

at 40°C.

Formulation 2d : is a liquid preparation which was provided to the animals in liquid

form. The formulation was prepared by adding omega-3 to Canola oil to a concentration of

44.3mg/ml. Neutralised α-tocopherol phosphate was added to this formulation to a

concentration of 22.2mg/ml. The formulation was gently mixed at 40°C.

Male Sprague-Dawley rats weighing between 200-300g were obtained from the

ARC, Perth Australia and were housed 2-3 rats per cage and were fed ad libitum. The rats

were acclimatised for a minimum of 7 days before the experiments were conducted. The rats

were then randomised and set-up into the following treatment groups (7-10 rats/group).

Formulations 2a, 2c and 2e were each administered to treatment groups having nine rats

each. Formulation 2b, 2d and 2f were each administered to treatment groups having seven,

ten and eight rats, respectively.

Following acclimatisation and pre-bleeding, animals were dosed once and blood

samples were collected into lithium heparin tubes at: 0.5, 1, 2 , 4 , 8 and 24 hours post

dosing. Immediately after collection, blood samples were placed on ice and centrifuged at

4°C for 5 min at 8,000 rpm. The plasma was collected and stored at -80°C until the analysis

on omega-3 content (DHA) were analysed.

The effect of the various omega-3 (DHA) formulations on the bioavailability of

omega-3 (DHA) in the blood of SD rats was examined following a single dose of the

formulation. The assessment took place over: 0 , 0.5, 1, 2 , 4 , 8 and 24 hour time points



analysing the amount of DHA present in the plasma of these animals following a single dose

of the various formulations.

Results

Basal plasma concentration of DHA averaged 40 g/ml and peaked at

approximately 4 hr following dosing then decreased to just above basal levels by 24 hr post

dosing.

The effect of the formulations 2a to 2f on the bioavailability of omega-3 in the blood

of SD rats was examined over a 24 hour treatment period.

Over the 24 hour period examined the omega-3 (DHA) concentration appeared to

follow a dose-dependant relationship increasing with the increase in the amount of non-

neutralised a-tocopheryl phosphate content or higher non-neutralised a-tocopheryl

phosphate ratio compared to the omega-3 (DHA) alone dose, as shown in Figure 2 . There

are also significant increases in the first 8 hours (peaking at the 4hr time-point), in the

formulations 2b and 2c versus formulation 2a.

Figure 3 shows that even when a higher dose of omega-3 (DHA) is administered to

the rats, formulation 2f showed a significant increase in the level of DHA detected in the

blood over the first 24 hours following a single dose (particularly between 4-8 hr time-points).

Figure 4 shows the difference between formulations 2c and 2d, which contain

neutralised and purified tocopheryl phosphate (2d) and non-neutralised tocopheryl

phosphate (2c). The concentration of omega-3 in formulations 2c and 2d was the same as

was the concentration of tocopheryl phosphate used in the final formulations in each case.

Although both formulations 2c and 2d appear to be more effective than omega-3 alone,

formulation 2c, which contains the non-neutralised tocopheryl phosphate was better at

improving the bioavailability of omega-3 in the plasma. The non-neutralised tocopheryl

phosphate therefore appears to be significantly more effective than the neutralised and

purified tocopheryl phosphate in delivery of the omega-3 and provides improved

bioavailability of omega-3 over a 24 hour period.

Conclusion

DHA plasma concentration followed a dose-dependent increase with increasing

levels of non-neutralised tocopheryl phosphate. At a low dosage of omega-3 alone (HED 1

g), plasma DHA levels exhibited a 50% increase in peak levels (60 g/ml) when the rats

were dosed with formulation 2b. A 75% increase in peak levels (70 g/m ) was observed

when the rats are dosed with formulation 2c, while an 80% increase in peak levels (90

g/ml) was observed when the rats are dosed with formulation 2f, compared to baseline

levels. Although the neutralised and purified tocopheryl phosphate formulation 2d, increased

DHA plasma levels (compared to formulation 2a which contained omega-3 alone), the non-

neutralised tocopheryl phosphate formulation 2c, was more effective in improving the

bioavailability of DHA. At the high dose of omega-3 alone (HED 3 g), plasma DHA levels

increased 200% (120 pg/ml) by 4 hr post dosing with formulation 2e, whilst adding non-



neutralised tocopheryl phosphate to the formulation (formulation 2f) increased DHA levels to

275% (150 Mg/ml).

Thus, co-administering omega-3 and non-neutralised tocopheryl phosphate

significantly increased bioavailability of DHA in the plasma.

Example 3: Formulation of Sodium Selenite

A supplement of the following formulation was prepared:

The formulation was prepared by combining the TPM with the oil first with stirring,

at about 70 degrees Celsius. The mixture was then cooled to below 40 degrees Celsius and

the beta-carotene added, with stirring, followed by addition of the sodium selenite.

The formulation was a light to dark orange/brown liquid (depending on amount of β

carotene used) with no visible particulate matter or aqueous phase.

Many modifications may be made to the embodiments and examples described

above without departing from the spirit and scope of the invention.

It is to be understood that, if any prior art publication is referred to herein, such

reference does not constitute an admission that the publication forms a part of the common

general knowledge in the art, in Australia or any other country.

In the claims which follow and in the preceding description of the invention, except

where the context requires otherwise due to express language or necessary implication, the

word "comprise" or variations such as "comprises" or "comprising" is used in an inclusive

sense, i.e. to specify the presence of the stated features but not to preclude the presence or

addition of further features in various embodiments of the invention.



CLAIMS

1. A carrier for the delivery of a nutraceutical or cosmeceutical active comprising non-

neutralised tocopheryl phosphate and a hydrophobic vehicle.

2 . The carrier of claim 1, wherein the pH of the non-neutralised tocopheryl phosphate

is in the range of about 2 to about 4 , or about 2 to about 3 .

3 . The carrier of claim 2, wherein the pH of the non-neutralised tocopheryl phosphate

is about 2 or 3 .

4 . The carrier of any one of claims 1 to 3 , wherein the non-neutralised tocopheryl

phosphate comprises compounds selected from the group consisting of mono-(tocopheryl)

phosphate, mono-(tocopheryl) phosphate monosodium salt, mono-(tocopheryl) phosphate

disodium salt, di-(tocopheryl) phosphate, di-(tocopheryl) phosphate monosodium salt, or a

mixture thereof.

5. The carrier of any one of claims 1 to 3 , wherein the non-neutralised tocopheryl

phosphate comprises a mixture of mono-(tocopheryl) phosphate and di-(tocopheryl)

phosphate.

6 . The carrier of claim 5 , wherein the ratio of mono-(tocopheryl) phosphate to di-

(tocopheryl) phosphate in the mixture is at least 2:1 , within the range of about 4:1 to about

1:4, within the range of about 6:4 to about 8:2, about 6:4 or about 8:2.

7 . The carrier of any one of claims 1 to 6 , wherein the carrier comprises the non-

neutralised tocopheryl phosphate in an amount from about 0.01 %w/w up to about 40%w/w,

from about 0.1%w/w up to about 5%w/w, from about 0.01 %w/w up to about 5%w/w, from

about 0.1%w/w up to about 2.5%w/w, from about 10%w/w up to about 30%w/w, or about

1%w/w, about 2%w/w, about 10%w/w or about 20%w/w of the total concentration of the

carrier.

8 . The carrier of any one of claims 1 to 7 , wherein in the hydrophobic vehicle is an oil

or a wax.

9 . The carrier of claim 8 , wherein the oil is an edible oil, a vegetable oil, a fruit oil, a

seed oil, a grain oil, a nut oil or a polyunsaturated oil containing polyunsaturated fatty acids,

an essential or therapeutically-active oil, a silicone oil, or an organic liquid (emollient).

10. The carrier of claim 8 , wherein the wax is beeswax.

11. The carrier of any one of claims 1 to 10, wherein the carrier comprises the

hydrophobic vehicle in an amount of up to about 60.0%w/w, up to about 80.0%w/w, up to

about 90.5%w/w, up to about 99.0%w/w, or up to about 99.5%w/w, of the total concentration

of the carrier.

12. A formulation comprising the carrier of any one of claims 1 to 11 and a nutraceutical

or cosmeceutical active.

13. The formulation of claim 12, wherein the formulation is for topical, enteral or

parental administration.



14. The formulation of claim 13, wherein the formulation is for epicutaneous, oral and

transdermal administration.

15. The formulation of any one of claims 12 to 14, wherein the nutraceutical and/or

cosmeceutical active is selected from the group consisting of vitamins, minerals, amino

acids, herbs or other botanicals, metabolites, enzymes, organ tissues, gland extracts and

prebiotics.

16. The formulation of claim 12, wherein the nutraceutical active is selected from the

group consisting of CoQ
0

(ubiquinone), ubiquinol, omega-3 (DHA or EPA), lycopene,

resveratrol, vitamin E, vitamin D, β-carotene, leutin, zeaxanthin and sodium selenite.

17 . A method for preparing a carrier comprising of any one of claims 1 to 11 comprising

the step of mixing non-neutralised tocopheryl phosphate and a hydrophobic vehicle in the

desired quantities.

18. The method of claim 17, further comprising the step of adding a nutraceutical or

cosmeceutical active to the mixture to the desired concentration, with gentle mixing.

19. The method of claim 17 or 18 , further comprising the step of warming the mixture.

20. Use of a carrier of any one of claims 1 to 11 for topical, enteral or parenteral

administration of a nutraceutical or cosmeceutical active.
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