2017/01:339'7 AT 000 I O R 000 00

W

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2017/013397 Al

26 January 2017 (26.01.2017) WIPOIPCT
(51) International Patent Classification: (74) Agent: MYERS, Jonathan; Barker Brettell LLP, Medina
A61K 9/00 (2006.01) A61K 47/10 (2017.01) Chambers, Town Quay, Southampton Hampshire SO14
A61K 9/107 (2006.01) AG61K 47/24 (2006.01) 2AQ (GB).
A6IK 33/00 (2006.01) (81) Designated States (uniess otherwise indicated, for every
(21) International Application Number: kind of national protection available): AE, AG, AL, AM,
PCT/GB2016/052103 AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
. . BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(22) International Filing Date: DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
12 July 2016 (12.07.2016) HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
(25) Filing Language: English KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
(26) Publication Language: English PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
(30) Priority Data: SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
1512728.5 20 July 2015 (20.07.2015) GB TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(71) Applicant: OXFORD UNIVERSITY INNOVATION (84) Designated States (unless otherwise indl'cated, fO}" every
LIMITED [GB/GB]; Ewert House, Ewert Place, Summer- kind of regional protection available): ARIPO (BW, GH,
town, Summertown, Oxford Oxfordshire OX2 7SG (GB). GM, KE, LR, LS, MW, MZ’ NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Burasian (AM, AZ, BY, KG, KZ, RU,
(72) Imventors: STRIDE, Eleanor; c/o Oxford University In- TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
novation Limited, Ewert House, Ewert Place, Summer- DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
town, Oxford Oxfordshire OX2 7SG (GB). OWEN, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SF, SI, SK,
Joshua; c/o Oxford University Innovation Limited, Ewert SM, TR), OAPI (BF, BI, CF, CG, CIL, CM, GA, GN, GQ,
House, Ewert Place, Summertown, Oxford Oxfordshire GW, KM, ML, MR, NE, SN, TD, TG).
0X2 7SG (GB). AVERRE, Ray; c/o Oxford University Published:

Innovation Limited, Ewert House, Ewert Place, Summer-
town, Oxford Oxfordshire OX2 7SG (GB).

with international search report (Art. 21(3))

(54) Title: BEVERAGE COMPOSITION COMPRISING NANOENCAPSULATED OXYGEN

Figure 1
Oxygen storage
45
50
.
. .
35 P L4
. L «
30
.
g
2 g5
2
B0 o control
&
o AEEN _uy
A =" it L L Y ST IR T ® farmutation
15 gy -
10 -
3
o
o 5 i 15 20 25 20 35

Tirme minutes

(57) Abstract: The invention relates to a beverage composition comprising: water; oxygen bubbles; a surfactant in an amount of
between about 0.1 % (v/v) and about 0.5 % (v/v);one or more viscosity modifying agent(s) in an amount of between about 0.5 %
(v/v) and about 2.5 % (v/v); and optionally citric acidin an amount ofbetween about 0.1 % (v/v) and about 0.5 % (v/v). The inven-
O tion further relates to compositions, methods of treatment for cancer, the composition for use in treatment of cancer, and the manu -
facture of the composition.
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1
BEVERAGE COMPOSITION COMPRISING NANOENCAPSULATED OXYGEN

The invention relates to a beverage composition for oral administration of oxygen, and

uses thereof.

As a tumour grows, blood supply to the cancer cells can become inadequate due to
poor vasculature supply, leading to low or irregular oxygen delivery and tumour
hypoxia. Normally cells would die under hypoxic conditions. However, cancer cells
can become adapted to the hypoxic environment by mutation. Such tissue hypoxiais a
common feature of solid tumours and the cells in these hypoxic regions can be
resistant to both radiotherapy and chemotherapy. There has been an increasing
realization that effective anti-cancer therapy could exploit this tissue state to help
combat the disease. In particular, one method of exploiting tumour hypoxia in anti-
cancer therapy is to deliver oxygen locally to the hypoxic tumour together with
chemotherapy, radiotherapy, photodynamic or sonodynamic therapy. Such therapies

have been investigated by the intravenous injection of oxygen absorbing liquids

(http://www nuvoxpharma com). However, such liquids use perfluorocarbons which

pose a potential environmental and toxicity risk.

Low oxygen levels in muscle tissue is also recognized as a limiting factor in muscle
function, such as muscle endurance and recovery. Therefore, the ability to manage the
oxygen levels by delivery of oxygen to muscle tissue would provide an advantage to

muscle function, for example in an athlete.

An aim of the present invention is to provide an improved method of oxygen delivery

to hypoxic tumours for treatment, or to tissue such as muscle for improved function.

According to a first aspect of the invention, there is provided a beverage composition
comprising:
water,
oxygen bubbles;
a surfactant in an amount of between about 0.1 % (v/v) and about 0.5 % (v/v);
one or more viscosity modifying agent(s) in an amount of between about 0.5 %
(v/v) and about 2.5 % (v/v); and optionally

citric acid in an amount of between about 0.1 % (v/v) and about 0.5 % (v/v).
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The invention advantageously provides a drinkable formulation capable of increased
stability of oxygen in suspension compared with existing microbubble formulations
(intended for use as artificial respiration aids). This reduces the need for there being a
very short period between preparing the drink and consuming it and improves the
efficiency with which oxygen can be absorbed from the digestive tract into the blood
stream and surrounding tissue. Enabling oral administration (as opposed to
intravenous injection) reduces the risk of infection for hospital patients and greatly
increases the range of uses of the product for consumer applications. The composition
is also suitable for drinking, where the taste and texture are palatable, and it non-

toxic, whilst also delivering sufficiently stable oxygen bubbles.

The term “drinkable” used herein is understood to mean that the composition is non-
toxic and safe to drink for mammals, such as humans. For example, a drinkable
composition may be consumed in reasonable quantities without negative health

conscquences.

The term “beverage” used herein is understood to mean a liquid composition intended

to be consumed as a drink.

Surfactant

The surfactant may be provided in an amount of between about 0.2 % (v/v) and about
0.5 % (v/v). The surfactant may be provided in an amount of between about 0.2 %
(v/v) and about 0.4 % (v/v). The surfactant may be provided in an amount of between
about 0.25 % (v/v) and about 0.35 % (v/v). In one embodiment the surfactant is

provided in an amount of about 0.3 % (v/v).

In one embodiment, the surfactant may comprise amphipathic surfactant molecules.
The surfactant may comprise phospholipids. In one embodiment, the surfactant
consists of, or comprises, lecithin. The lecithin may be purified lecithin, for example
by a metal catalyst. The surfactant may comprise phospholipids purified from lecithin.
Purified lecitihin may consist of Distearoyl-sn-glycero-3-phosphocholine (DSPC). In
one embodiment, the surfactant comprises or consists of Distearoyl-sn-glycero-3-

phosphocholine (DSPC). The surfactant may comprise phosphatidylcholine and/or
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phosphatidylethanolamine. The surfactant may consist of phosphatidylcholine and/or
phosphatidylethanolamine. The surfactant may comprise a mixture of phosphatidyl

choline, phosphatidyl inositol, phosphatidyl ethanolamine, and phosphatidic acid.

The lecithin may comprise soy-bean derived lecithin. In another embodiment, the
lecithin may comprise egg derived lecithin. The lecithin may comprise sunflower oil-

derived lecithin.

In one embodiment, soy-bean derived lecithin comprises:
about 33-35% soybean oil;

about 20-21% inositol phosphatides;

about 19-21% phosphatidylcholine;

about 8-20% phosphatidylethanolamine;

about 5-11% other phosphatides;

about 5% free carbohydrates;

about 2-5% sterols; and

about 1% moisture.

Viscosity Modifying Agent

The viscosity modifying agent may comprise or consist of glycerol. In another
embodiment, The viscosity modifying agent may comprise or consist of glycyrrhizic
acid. The viscosity modifying agent may comprise a viscosity modifying agent
selected from glycerol, polypropylene glycol, polyethylene glycol, glycyrrhizic acid
or a sugar-based syrup; or combinations thercof. In another embodiment, the viscosity
modifying agent may comprise a viscosity modifying agent selected from glycerol,
polypropylene glycol, polyethylene glycol, glycyrrhizic acid or a sugar-based syrup;

or combinations thereof.

The viscosity modifying agent may be provided in an amount of between about 1 %
(v/v) and about 2 % (v/v). In another embodiment, the viscosity modifying agent may
be provided in an amount of between about 1 % (v/v) and about 1.5 % (v/v). In
another embodiment, the viscosity modifying agent may be provided in an amount of

about 1.25 % (v/v) or 1.3% (v/v).
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The percentage amount of viscosity modifying agent provided may be in addition to
any viscosity modifying agent present in other components of the composition, ¢.g.

any glycerol in lecithin provided as the surfactant.

Citric Acid

In one embodiment citric acid is provided in an amount of between about 0.1 % (v/v)
and about 0.5 % (v/v). In another embodiment citric acid is provided in an amount of
between about 0.2 % (v/v) and about 0.4 % (v/v). In another embodiment citric acid is

provided in an amount of about 0.3 % (v/v).

Oxygen

The oxygen bubbles may be encapsulated by the surfactant. In particular, surfactants
are characterized by a having a hydrophobic group (their tails) and hydrophilic groups
(their heads) which can self-arrange in a solution to encapsulate the oxygen. The
oxygen bubbles may be nano-sized. The term “nano-sized” is understood to mean an
average size range of between about Inm and about 1000nm in diameter. The nano-
sized oxygen bubbles may average less than 1000nm in diameter. The nano-sized
oxygen bubbles may be between about 1nm and about 1000nm in diameter. The nano-
sized oxygen bubbles may be between about 1nm and about 1000nm in diameter in as
an average of the population of oxygen bubbles. The nano-sized oxygen bubbles may
be between about 10nm and about 1000nm in diameter as an average of the population
of oxygen bubbles. The nano-sized oxygen bubbles may be between about Inm and
about 800nm in diameter as an average of the population of oxygen bubbles. The
nano-sized oxygen bubbles may be between about Inm and about 500nm in diameter
as an average of the population of oxygen bubbles. The nano-sized oxygen bubbles
may be between about 10nm and about 500nm in diameter as an average of the
population of oxygen bubbles. The nano-sized oxygen bubbles may be between about
100nm and about 500nm in diameter as an average of the population of oxygen
bubbles. The nano-sized oxygen bubbles may be between about 50nm and about
200nm in diameter as an average of the population of oxygen bubbles. The nano-sized
oxygen bubbles may be between about 100nm and about 1000nm in diameter as an
average of the population of oxygen bubbles. The nano-sized oxygen bubbles may be

between about 200nm and about 1000nm in diameter as an average of the population
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of oxygen bubbles. The nano-sized oxygen bubbles may be between about 400nm and
about 1000nm in diameter as an average of the population of oxygen bubbles. The
nano-sized oxygen bubbles may be between about 500nm and about 1000nm in
diameter as an average of the population of oxygen bubbles. The nano-sized oxygen
bubbles may be between about 700nm and about 900nm in diameter as an average of

the population of oxygen bubbles.

In one embodiment, the oxygen is pure oxygen. In another embodiment, the oxygen
may be provided in a gas mixture, with another gas or gases. The gas mixture may
comprise at least 80% oxygen. Alternatively, the gas mixture may comprise at least
85% oxygen. Alternatively, the gas mixture may comprise at least 90% oxygen. The
gas mixture may comprise at least 95% oxygen. In one embodiment, the gas mixture

comprises at least 99% oxygen.

The oxygen partial pressure in the composition may be at least 25 relative KPa. In
another embodiment, the oxygen partial pressure in the composition may be at least 30
relative KPa. In another embodiment, the oxygen partial pressure in the composition
may be at least 32 relative KPa. In another embodiment, the oxygen partial pressure in
the composition may be at least 35 relative KPa. In another embodiment, the oxygen
partial pressure in the composition may be at least 40 relative KPa. The oxygen partial
pressure may be measured under atmospheric pressure at room temperature, or at

37°C.

The composition may not comprise perfluorocarbon. Additionally or alternatively, the

composition may not comprise sulphur hexafluoride.

The composition may comprise one or more additional ingredients selected from
flavour enhancers, colouring, preservative, fragrance, minerals, and nutrients; or

combinations thereof.

The composition may additionally comprise an emulsifier, such as xanthan gum. The

xanthan gum may be provided at a concentration of about 2 mg/ml.
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In one embodiment, the composition comprises or consists of lecithin as the
surfactant; glyzhyrric acid (GA) as the viscosity modifier; and water. The lecithin may

be provided at about 1.5 mg/ml, and glyzhyrric acid at about 2.4 mg/ml.

In one embodiment, the composition comprises or consists of lecithin as the
surfactant; glyzhyrric acid (GA) as the viscosity modifier; xanthan gum; and water.
The lecithin may be provided at about 1.5 mg/ml, glyzhyrric acid at about 2.5 mg/ml,

and xanthan gum at about 2 mg/ml.

In one embodiment, the beverage composition may comprise or consist of:
water,
oxygen bubbles;
a surfactant in an amount of about 0.3% (v/v);
one or more viscosity modifying agent(s) in an amount of about 1.25% (v/v);
and

citric acid in an amount of about 0.3 % (v/v).

According to another aspect of the invention, there is provided a composition for
forming a nanoencapsulated oxygen beverage, wherein the composition comprises
water,
surfactant in an amount of between about 0.1 % (v/v) and about 0.5 % (v/v);
viscosity modifying agent in an amount of between about 0.5 % (v/v) and
about 2.5 % (v/v); and optionally

citric acid in an amount of between about 0.1 % (v/v) and about 0.5 % (v/v).

In one embodiment, citric acid is provided in an amount of between about 0.1 % (v/v)

and about 0.5 % (v/v).

In one embodiment, the composition for forming a nanoencapsulated oxygen beverage
may comprise or consist of:
water,
a surfactant in an amount of about 0.3% (v/v);
one or more viscosity modifying agent(s) in an amount of about 1.25% (v/v);
and

citric acid in an amount of about 0.3 % (v/v).
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According to another aspect of the invention, there is provided a composition for
mixing with water and forming a nanoencapsulated oxygen beverage, wherein the
composition comprises
surfactant in an amount of between about 0.1 % (v/v) and about 0.5 % (v/v);
viscosity modifying agent in an amount of between about 0.5 % (v/v) and
about 2.5 % (v/v); and optionally

citric acid in an amount of between about 0.1 % (v/v) and about 0.5 % (v/v).

In one embodiment, citric acid is provided in an amount of between about 0.1 % (v/v)

and about 0.5 % (v/v).

The composition may be in the form of a paste (e.g. prior to adding water). The
composition may be mixed or sparged with oxygen gas. The mixing may be by

agitation of the composition in a container with oxygen.

Advantageously, the combination of surfactants and viscosity agents in the invention
is capable of producing a suspension of stable oxygen nanoparticles (i.e. in which
oxygen is encapsulated) upon agitation or sparging of the composition with oxygen
gas. The reduction in surface tension and diffusivity stabilise the oxygen in this form

so that it is only released gradually over time.

According to another aspect of the invention, there is provided a method of treating
cancer in a subject comprising the oral consumption of a composition according to the

invention herein.

According to another aspect of the invention, there is provided use of the composition
according to the invention herein for oral consumption to enhance oxygen delivery to

muscle.

According to another aspect of the invention, there is provided use of the composition
according to the invention herein for oral consumption to enhance athletic and/or

muscle performance.
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The enhanced athletic performance may comprise enhanced stamina, recovery,

strength, reactivity or speed of a muscle performance.

According to another aspect of the invention, there is provided a method of treating
cancer in a subject comprising the oral consumption of a composition comprising:
water,
oxygen bubbles;
surfactant in an amount of between about 0.1 % (v/v) and about 0.5 % (v/v);
viscosity modifying agent in an amount of between about 0.5 % (v/v) and
about 2.5 % (v/v); and optionally

citric acid in an amount of between about 0.1 % (v/v) and about 0.5 % (v/v).

In one embodiment, citric acid is provided in an amount of between about 0.1 % (v/v)

and about 0.5 % (v/v).

According to another aspect of the invention, there is provided a composition for use
in treating cancer in a subject, the composition comprising:
water,
oxygen bubbles;
surfactant in an amount of between about 0.1 % (v/v) and about 0.5 % (v/v);
viscosity modifying agent in an amount of between about 0.5 % (v/v) and
about 2.5 % (v/v); and optionally

citric acid in an amount of between about 0.1 % (v/v) and about 0.5 % (v/v).

In one embodiment, citric acid is provided in an amount of between about 0.1 % (v/v)

and about 0.5 % (v/v).

The oral consumption of the composition by the subject may be in combination with
an anti-cancer therapy. The anti-cancer therapy and the consumption of composition

of the invention may be concurrent or sequential.

The anti-cancer therapy may comprise one or more of chemotherapy, radiotherapy,

photodynamic therapy or sonodynamic therapy.
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The cancer may comprise a solid tumour cancer. The solid tumour may be
characterized by, or susceptible to, tissue hypoxia. The solid tumour may be hypoxic.
The skilled person will understand that the level of hypoxia may vary between patients
and tissue types. However, is understood to include regions of tissue in which the
partial pressure of oxygen is substantially below that typically found in a healthy
equivalent tissue. Oxygen content in tissue (e.g. to determine hypoxia) can be
measured in a number of ways known to the skilled person. For example a directly
implanted probe can measure a change in fluorescence produced by oxygen
absorption. Other techniques utilise the change in the colour of blood and hence
optical absorption spectrum. For cancer diagnosis in human patients magnetic
resonance spectroscopy is typically used. Histological techniques can also be used on

biopsy samples to determine hypoxia.

The compositions, methods and use of the invention may provide a sustained increase
in oxygen content in a hypoxic tumour following oral administration. The sustained
oxygen increase may be over a period of at least 10 minutes. Alternatively, the
sustained oxygen increase may be over a period of at least 15 minutes. Alternatively,

the sustained oxygen increase may be over a period of at least 20 minutes.

According to another aspect of the invention, there is provided a method of forming a
beverage composition for oral administration of oxygen bubbles comprising:
mixing surfactant, viscosity modifying agent, and optionally citric acid, into a
volume of liquid, wherein the surfactant is in an amount of between about 0.1
% (v/v) and about 0.5 % (v/v); the citric acid is in an amount of between about
0.1 % (v/v) and about 0.5 % (v/v); and the viscosity modifying agent is in an
amount of between about 0.5 % (v/v) and about 2.5 % (v/v); and

packaging the composition into a container comprising oxygen gas.

In one embodiment, the citric acid is provided in the mixture.

The composition and the oxygen gas may be, or arranged to be, separated in the

container until required for use.

The surfactant, citric acid and viscosity modifying agent may be pre-mixed into a

paste prior to adding it to the volume of water. In another embodiment, the surfactant,
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citric acid and viscosity modifying agent may be added separately from each other or

in combinations.

According to another aspect of the invention, there is provided a method of forming a
beverage composition for oral administration of oxygen bubbles comprising:
forming a paste by mixing surfactant, viscosity modifying agent, and
optionally citric acid;
packaging the paste in a container, wherein the container comprises oxygen
gas; and a volume of liquid, wherein the surfactant is in an amount of between
about 0.1 % (v/v) and about 0.5 % (v/v); the citric acid is in an amount of
between about 0.1 % (v/v) and about 0.5 % (v/v); and the viscosity modifying

agent is in an amount of between about 0.5 % (v/v) and about 2.5 % (v/v).

In one embodiment, the citric acid is provided in the paste mixture.

The paste and volume of liquid may be, or arranged to be, separated in the container

until required for use.

In one embodiment, the oxygen is pure oxygen. In another embodiment, the oxygen
may be provided in a gas mixture, with another gas or gases. The gas mixture may
comprise at least 80% oxygen. Alternatively, the gas mixture may comprise at least
85% oxygen. Alternatively, the gas mixture may comprise at least 90% oxygen. The
gas mixture may comprise at least 95% oxygen. In one embodiment, the gas mixture

comprises at least 99% oxygen.

The volume of liquid may comprise or consist of water. The water may be distilled

water. In one embodiment, the water may be filtered deionized water.

The volume of liquid may be oxygenated by sparging with oxygen, for example prior

to packaging.

The method may further comprise the step of agitating the packaged composition to
form oxygen bubbles in the composition. The agitation may comprise shaking, for
example by hand. The agitation may be for a period of at least 5 seconds.

Alternatively, the agitation may be for a period of at least 10 seconds. Alternatively,
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the agitation may be for a period of at least 20 seconds. Alternatively, the agitation
may be for a period of at least 25 seconds. Alternatively, the agitation may be for a

period of at least 30 seconds.

The agitation may be immediately prior to drinking. In one embodiment, the agitation
is less than 1 minute prior to drinking. In another embodiment, the agitation is less
than 5 minutes prior to drinking. In another embodiment, the agitation is less than 10

minutes prior to drinking.

The combined paste and volume of liquid may be stirred prior to packaging to form a
homogenous composition. Alternatively, the combined paste and volume of liquid may

be stirred to form a homogenous composition prior to agitation.

In one embodiment the composition is sterilised, or at least treated for sterilization or

reducing the bio-burden of the composition.

The skilled person will understand that optional features of one embodiment or aspect
of the invention may be applicable, where appropriate, to other embodiments or

aspects of the invention.

Embodiments of the invention will now be described in more detail, by way of

example only, with reference to the accompanying drawings.

Figure 1 shows the stability and level of oxygen held in a sample of the

composition according to the invention.

Figure 2 shows the delivery of oxygen in vivo in a mouse tumour model.
Figure 2A shows the initial change in oxygen levels in the tumour following
administration of the drink of the invention. Figure 2B shows the reading

taken at a separate probe position approximately 10 minutes later.

Figure 3 shows change in oxygen partial pressure with different formulations.

Figure 4 shows nanobubble sizes in the oxygenated composition of the

invention as measured by dynamic light scattering.
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The aim of our formulation is to provide increased stability of oxygen in suspension
compared with existing microbubble formulations (intended for use as artificial
respiration aids e¢.g. http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3563146/) and
nanobubble waters (http:/www.chem1.com/CQ/oxyscams.html). This reduces the
need for there being a very short period between preparing the drink and consuming it
and improves the efficiency with which oxygen can be absorbed from the digestive
tract into the blood stream and surrounding tissue. Enabling oral administration (as
opposed to intravenous injection) reduces the risk of infection for hospital patients

and greatly increases the range of uses of the product for consumer applications.

It has been demonstrated in the present study that there is a sustained increase (>20
mins) in the oxygen content of a hypoxic tumour following oral delivery, which has
not been shown before in other treatment methods. This differs from microbubble
formulations that require intravenous injection and have been shown to affect blood

oxygen and cardiac tissue oxygen levels.

Example Formulation

Materials

-100 ml purified water saturated by sparging with oxygen for 2 minutes
-0.3 ml lecithin (soy derivative)

-0.3 ml citric acid powder

-1.25 ml glycerol

Volume ratio can be scaled to required quantity

Preparation

Lecithin, citric acid and glycerol are combined by stirring to form a liquid paste.
Immediately prior to use the paste is added to the purified water in a vessel at least
twice the volume of the liquid contained therein. Gentle stirring to dissolve the paste
is followed by filling the headspace of the vessel with oxygen and sealing. The vessel

is then shaken vigorously for 30 seconds.

In vitro measurements
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With reference to Figure 1, a Terumo oxygen meter was used to measure the oxygen
content of water before and after addition of 3ml samples of the above formulation. As
a control the measurements were repeated with 3ml of water that had been sparged
with oxygen and shaken but without the addition of any other components. The
formulation of the invention demonstrated superior oxygen storage for a period of
greater than 25 minutes relative to the control. Repeating the measurements at 37°C

showed a small (~10%) decrease in maximum oxygen partial pressure.

In vivo measurements

With reference to Figures 2 and 3, mice bearing hind limb pancreatic tumours were
anacsthetized and the formulation (or control) was administered via gavage. An
oxygen probe was implanted in the tumour and the change in oxygen level recorded

over time.

Each line represents a different mouse. Figure 2A shows the initial change in oxygen
levels in the tumour following administration of the drink of the invention. Mouse 1
was given the fully agitated mixture. Mouse 2 was given the mixture with gentle
mixing only. The control mouse was given water treated in the same way but without
the addition of the formulation ingredients. Figure 2B shows the reading taken at a
separate probe position approximately 10 minutes later indicating the sustainment of

the rise in oxygen levels.

Formulation optimization

A number of different ingredient combinations were tested, with the reported result

the consensus of a panel of 7. Examples are:

(1) Lecithin alone 15 mg in 10 ml.

Result: poor oxygen stabilization (see figure 3)

(i1) Lecithin + glycerol + citric acid + polyethylene glycol stearate (PEG-S) (15
mg, 0.06 ml, 20 mg, 15 mg in 5 ml).
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PEG-S was expected to act as an emulsifier to encourage the formation of gas
stabilizing particles.

Result: poor oxygen stabilization (see figure 3).

(ii1)  Lecithin + xanthum gum (XG) (15 mg, 10 mg in 10 ml.)
Xanthan gum was expected to act as an emulsifier to encourage the formation of gas
stabilizing particles.

Result: poor oxygen stabilization (see figure 1).

(iv)  Lecithin + Glyzhyrric acid (GA) (15 mg, 235 mg in 10 ml)
Glyzhyrric acid (GA) is considered to be a good foam stabilizer and sweetener

Result: unpleasant taste.

(v) Lecithin + glyzhyrric acid + xanthum gum (XG) (15 mg, 25 mg, 20 mg in 10
ml)

This mixture was provided to exploit propertics of GA as an excellent foam stabilizer
and sweetener but at lower concentration.

Result: unpleasant taste.

Despite the unpleasant taste, these compositions may be considered as useful
compositions according to the invention. For example in some applications, such as

medicine, the taste may not be an issue.

The ingredients were also tested in different ratios:

(1) Lecithin: citric acid: glycerol: water (90 mg: 20 mg: 1 ml: 9 ml)

This ratio was attempted to increase the concentration of microbubbles and hence
more oxygen

Result: Taste adversely affected by extra lecithin; also microbubbles not so useful for

oxygen transport due to fragility.

(i1) Lecithin: citric acid: glycerol: water (15 mg: 200 mg: 1 ml: 9 ml).
This ratio was attempted to determine the effect on bubble formation — which did
increase the microbubble formation.

Result: The taste was too acidic.
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(i11) Lecithin: citric acid: glycerol: water (15 mg: 200: 5 ml: 5ml).
This ratio was attempted to increase the concentration of microbubbles and hence
more oxygen.

Result: the texture was too thick for drinking.
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CLAIMS

1. A beverage composition comprising:
water,
oxygen bubbles;
a surfactant in an amount of between about 0.1 % (v/v) and about 0.5 % (v/v);
one or more viscosity modifying agent(s) in an amount of between about 0.5 %
(v/v) and about 2.5 % (v/v); and optionally

citric acid in an amount of between about 0.1 % (v/v) and about 0.5 % (v/v).

2. The beverage composition according to claim 1, wherein the surfactant is provided

in an amount of between about 0.2 % (v/v) and about 0.4 % (v/v).

3. The beverage composition according to claim 1 or claim 2, wherein the surfactant is

provided in an amount of about 0.3 % (v/v).

4. The beverage composition according to any preceding claim, wherein the surfactant

consists of, or comprises, lecithin or purified surfactant components thereof.

5. The beverage composition according to any preceding claim, wherein the surfactant

comprises phospholipids purified from lecithin.

6. The beverage composition according to any preceding claim, wherein the surfactant

comprises phosphatidylcholine and/or phosphatidylethanolamine.

7. The beverage composition according to any preceding claim, wherein the viscosity
modifying agent comprises or consists of a viscosity modifying agent selected from
glycerol, polypropylene glycol, polyethylene glycol, glycyrrhizic acid and a sugar-

based syrup; or combinations thereof.

8. The beverage composition according to any preceding claim, wherein the oxygen

bubbles are encapsulated by the surfactant.

9. The beverage composition according to any preceding claim, wherein the oxygen

bubbles are nano-sized oxygen bubbles.
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10. The beverage composition according to any preceding claim, wherein the oxygen

is pure oxygen or the oxygen is provided in a gas mixture, with another gas or gases.

11. The beverage composition according to any preceding claim, wherein the oxygen

partial pressure in the composition is at least 25 relative KPa.

12. The beverage composition according to any preceding claim, wherein the oxygen

partial pressure in the composition is at least 35 relative KPa.

13. The beverage composition according to any preceding claim, wherein the

composition does not comprise perfluorocarbon and/or sulphur hexafluoride.

14. The beverage composition according to any preceding claim, wherein the
composition comprises one or more additional ingredients selected from flavour
enhancers, colouring, preservative, fragrance, minerals, nutrients; and emulsifier; or

combinations thereof.

15. A composition for forming a nanoencapsulated oxygen beverage, wherein the
composition comprises

water,

surfactant in an amount of between about 0.1 % (v/v) and about 0.5 % (v/v);

viscosity modifying agent in an amount of between about 0.5 % (v/v) and
about 2.5 % (v/v); and optionally

citric acid in an amount of between about 0.1 % (v/v) and about 0.5 % (v/v).

16. A composition for mixing with water and forming a nanoencapsulated oxygen
beverage, wherein the composition comprises
surfactant in an amount of between about 0.1 % (v/v) and about 0.5 % (v/v);
viscosity modifying agent in an amount of between about 0.5 % (v/v) and
about 2.5 % (v/v); and optionally

citric acid in an amount of between about 0.1 % (v/v) and about 0.5 % (v/v).
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17. A method of treating cancer in a subject comprising the oral consumption of a

beverage composition according to any one of claims 1 to 14.

18. A method of treating cancer in a subject comprising the oral consumption of a
composition comprising:
water,
oxygen bubbles;
surfactant in an amount of between about 0.1 % (v/v) and about 0.5 % (v/v);
viscosity modifying agent in an amount of between about 0.5 % (v/v) and
about 2.5 % (v/v); and optionally

citric acid in an amount of between about 0.1 % (v/v) and about 0.5 % (v/v).

19. A composition for use in treating cancer in a subject, the composition comprising:
water,
oxygen bubbles;
surfactant in an amount of between about 0.1 % (v/v) and about 0.5 % (v/v);
viscosity modifying agent in an amount of between about 0.5 % (v/v) and
about 2.5 % (v/v); and optionally

citric acid in an amount of between about 0.1 % (v/v) and about 0.5 % (v/v).

20. The method of treatment according to claims 17 or 18, or the composition for use
according to claim 19, wherein the oral consumption of the composition by the subject

is in combination with an anti-cancer therapy.

21. The method of treatment or the composition for use according to claim 20,
wherein the anti-cancer therapy comprises one or more of chemotherapy, radiotherapy,

photodynamic therapy or sonodynamic therapy.

22. A method of forming a beverage composition for oral administration of oxygen
bubbles comprising:
mixing surfactant viscosity modifying agent, and optionally citric acid, into a
volume of liquid, wherein the surfactant is in an amount of between about 0.1
% (v/v) and about 0.5 % (v/v); the citric acid is in an amount of between about
0.1 % (v/v) and about 0.5 % (v/v); and the viscosity modifying agent is in an

amount of between about 0.5 % (v/v) and about 2.5 % (v/v); and
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packaging the composition into a container comprising oxygen gas.

23. A method of forming a beverage composition for oral administration of oxygen
bubbles comprising:
forming a paste by mixing surfactant, viscosity modifying agent, and
optionally citric acid;
packaging the paste in a container, wherein the container comprises oxygen
gas; and a volume of liquid, wherein the surfactant is in an amount of between
about 0.1 % (v/v) and about 0.5 % (v/v); the citric acid is in an amount of
between about 0.1 % (v/v) and about 0.5 % (v/v); and the viscosity modifying

agent is in an amount of between about 0.5 % (v/v) and about 2.5 % (v/v).

24. The method according to claim 22 or claim 23, wherein the method further
comprises the step of agitating the packaged composition to form oxygen bubbles in

the composition.

25. Use of the composition according to any of claims 1 to 14 for oral consumption to

enhance oxygen delivery to muscle.

26. A composition or method substantially as described herein, optionally with

reference to the accompanying figures.
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