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METHODS AND COMPOSITIONS FOR IMPROVING THE HEALTH
OF ANIMALS

Background of the Invention

The invention relates to the use of carotenoid oxidation products tor
improving the health of an animal.

According to the American Pet Products Manufacturers Association's
National Pet Owners Survey (NPOS), pets occupied 69 miilion U.S. households
in 2006. This corresponds to 73 million dogs and 90 million cats. This number
has increased from 2002 where 64 million households had pets. Furthermore,
the State of the American Pet Survey revealed that 75% of pet owners state that
their pet is a member of the family, and that maintaining optimal health 1s their
top priority when caring for their pet.

Elderly pets often become frail in their last few years of life, often
having a poor coat condition, digestive system problems, joint stittness, energy
loss, and/or reduced activity levels.

For example, the connective tissues of animals are constantly subject to
stresses and strains from mechanical forces that can result in afflictions, such as
arthritis (both rheumatoid and osteoarthritis), joint inflammation and stittness.
This is particularly true as animals age. The underlying causes ot rheumatoid
arthritis and/or osteoarthritis are different such that rheumatoid arthritis is
characterized as an autoimmune disease affecting both the joints and systemic
iﬁlmune functions, whereas osteoarthritis results from deterioration of the
articular cartilage which may result in local inflammation of the joints. While a
greater portion of humans with arthritis have rheumatoid arthritis, most ot the
arthritis occurring in companion animals is osteoarthritis. In dogs,
osteoarthritis i1s a disorder of the synovial joints which is characterized by
degeneration of the articular cartilage and by formation of new bone at the joint

margins. Hardening of the underlying subchondral bone may also be a feature

of osteoarthritis and 1n some cases, a variable degree of synovial inflammation
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may be present at some time during the progression of the disease. The
selective breeding of companion and domestic animals has inadvertently led to
the propagation of many autoimmune and inflammatory diseases such that
twenty-percent of the canine population greater than one year old is reported to
have some degree of arthritis.

There is a need for new methods and compositions for improving the
health and well being of animals, such as increasing joint mobility, increasing

activity, and improving coat quality.

Summary of the Invention

The invention provides compositions and methods for the administration
of oxidatively transformed carotenoid and components thereof. The
compositions can be useful for improving the health of an animal.

In a first aspect, the invention features a method of increasing joint
mobility of an animal in need thereof by administering to the animal a
composition including oxidatively transformed carotenoid, or a fractionated
component thereof, in an amount sufficient to increase the joint mobility.

The invention also features a method of increasing the activity level ot
an animal by administering to the animal a composition including oxidatively
transformed carotenoid, or a fractionated component thereot, 1n an amount
sufficient to increase the activity level.

The invention further features a method of improving the coat quality of
an animal by administering to the animal a composition including oxidatively

transformed carotenoid, or a fractionated component thereof, in an amount

sufficient to improve the coat quality.

The invention features a method of maintaining the coat quality of an
animal by administering to the animal a composition including oxidatively
transformed carotenoid, or a fractionated component thereof, i1n an amount

sufficient to maintain or improve the coat quality.

PCT/CA2010/000671
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The invention also features a method of reducing discoloration in an eye
of an animal by administering to the animal a composition comprising
oxidatively transformed carotenoid, or a fractionated component thereof, in an
amount sufficient to reduce said discoloration.

In one embodiment of the above methods the composition is
administered daily. For example, from 0.1 mg/kg body weight to 2 mg/kg body
weight of oxidatively transtormed Carotenoid, or a fractionated component
thereof, can be administered to the animal daily. In certain embodiments from
0.05 mg/kg to 1 mg/kg; 0.1 mg/kg to 3 mg/kg; 0.2 mg/kg to 1.5 mg/kg; 0.3
mg/kg to 2 mg/kg; 0.3 mg/kg to 1 mg/kg; 0.1 mg/kg to 1 mg/kg; 0.1 mg/kg to
0.8 mg/kg; 0.2 mg/kg to 1.2 mg/kg; or 0.25 mg/kg to 0.75 mg/kg ot oxidatively
transformed carotenoid, or a fractionated component thereof, 1s administered
daily. The oxidatively transformed carotenoid, or a fractionated component
thereof, can be mixed with food and administered orally to said animal. The
food can be, without limitation, a wet animal food, a semi-moist animal food, a
dry animal food, a kibble, a chew, a tablet, or a soft edible treat. Alternatively,
the oxidatively transformed carotenoid, or a fractionated component thereof,
can be administered to said animal as an oral supplement (e.g., formulated as a
palatable paste or gel).

In certain embodiments of the above methods, the animal is a companion
animal (e.g., a dog, a cat, a horse, or any other companion animal described
herein).

In another embodiment of the above methods, the animal a mature
animal, an animal that 1s elderly, or an animal that exhibits signs of aging (i.e.,

lethargy, immobility, or an unhealthy coat having dry, brittle, and/or loose hair

In the coat).

In a related aspect, the invention features a comestible solid composition
in unit dosage form including from 2 mg to 130 mg of oxidatively transformed
carotenoid, or a fractionated component thereof, and formulated to be palatable

to canines. In certain embodiments, the unit dosage form includes from 1 mg to
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200 mg; 1 mg to 100 mg; 1 mg to 75 mg; 5 mg to 150 mg; 5 mg to 75 mg; 10
mg to 200 mg; 10 mg to 100 mg; 10 mg to 75 mg; 20 mg to 200 mg; 20 mg to
100 mg; or 30 mg to 150 mg of oxidatively transformed carotenoid, or a
fractionated component thereot.

The invention also features a comestible solid composition in unit
dosage form including from 0.25 mg to 14 mg of oxidatively transtormed
carotenoid, or a fractionated component thereof, and formulated to be palatable
to felines. In certain embodiments, the unit dosage form includes from 0.25 mg
to 14 mg; 0.1 mg to 20 mg; 0.1 mg to 10 mg; 0.25 mg to 10 mg; 0.5 mg to 14
mg; 0.5 mg to 10 mg; 0.75 mg to 14 mg; 0.75 mg to 10 mg; 1 mg to 14 mg; 1
mg to 10 mg; 2 mg to 14 mg of oxidatively transformed carotenoid, or a
fractionated component thereof.

The 1invention also features a comestible solid composition in unit
dosage form including from 39 mg to 1,500 mg of oxidatively transtormed
carotenoid, or a fractionated component thereof, and palatable to equines. In
certain embodiments, the unit dosage form includes from 20 mg to 2,000 mg;
20 mg to 1,500 mg; 20 mg to 1,000 mg; 50 mg to 2,000 mg; 50 mg to 1,500
mg; 50 mg to 1,000 mg; 100 mg to 2,000 mg; 100 mg to 1,500 mg; 100 mg to
1,000 mg; 250 mg to 2,000 mg; 250 mg to 1,500 mg; or 250 mg to 1,000 mg of
oxidatively transtormed carotenoid, or a fractionated component thereof.

In an embodiment of any of the comestible solid dosage compositions,
the unit dosage form 1s a kibble, a chew, a tablet, or a soft edible treat.

The invention further features a palatable comestible gel or paste
including from 2 mg/tablespoon to 750 mg/tablespoon of oxidatively
transformed carotenoid, or a fractionated component thereof. In certain
embodiments, the comestible gel or paste includes from 1 mg/tablespoon to 750
mg/tablespoon; 5 mg/tablespoon to 750 mg/tablespoon; 5 mg/tablespoon to 500
mg/tablespoon; 1 mg/tablespoon to 250 mg/tablespoon; 5 mg/tablespoon to 250
mg/tablespoon; 10 mg/tablespoon to 500 mg/tablespoon; 10 mg/tablespoon to
100 mg/tablespoon; 5 mg/tablespoon to 100 mg/tablespoon; or 25

PCT/CA2010/000671
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mg/tablespoon to 250 mg/tablespoon of oxidatively transformed carotenoid, or
a fractionated component thereof.

The invention features a kit including (i) dog food, (i1) oxidatively
transformed carotenoid, or a fractionated component thereot, and (111)
instructions for feeding a dog an amount of the composition containing from 2
mg to 130 mg of the oxidatively transformed carotenoid, or a fractionated
component thereof. The kit can further include instructions for teeding the dog
daily. The dog food can be, for example, a dry dog food, a wet dog food, or a
semi1-moist dog food.

The invention also features a kit including (1) cat food, (11) oxidatively
transformed carotenoid, or a fractionated component thereof, and (111)
instructions for feeding a cat an amount of the composition containing from
0.25 mg to 14 mg of the oxidatively transformed carotenoid, or a fractionated
component thereof. The kit can further include instructions for feeding the cat
daily. The cat food can be, for example, a dry cat food, a wet cat food, or a
semi-moist cat food.

In an embodiment of any of the above Kkits, the kit 1s provided 1n a single
serving container (€.g., a pouch, a packet, or a can).

In any of the above methods, comestible compositions, and kits, the
composition includes fractionated oxidatively transformed carotenoid.

In any of the above methods, comestible compositions, and kits the
composition includes unfractionated oxidatively transformed carotenoid.

By “animal” 1s meant any animal including, without limitation, humans,
dogs, cats, horses, sheep, swine, cattle, poultry, and fish.

By an “amount sufficient” 1s meant the amount of oxidatively

transtormed carotenoid, or a fractionated component thereof, required to
increase joint mobility, increase the activity level, or improve the coat quality.
The effective amount of a composition of the invention used to practice the
methods of the invention varies depending upon the manner of administration,

the type of animal, body weight, and general health of the animal. Ultimately,
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the attending physician or veterinarian will decide the appropriate amount and
dosage regimen. Such amount is referred to as an “amount sutficient.”

As used herein, “carotenoid” refers to naturally-occurring pigments of
the terpenoid group that can be found in plants, algae, bacteria, and certain
animals, such as birds and shellfish. Carotenoids include carotenes, which are
hydrocarbons (i.e., without oxygen), and their oxygenated derivatives (1.e.,
xanthophylls). Examples of carotenoids include lycopene; B-carotene;
zeaxanthin: echinenone: 1sozeaxanthin; astaxanthin; canthaxanthin; lutein;
citranaxanthin; B-apo-8’-carotenic acid ethyl ester; hydroxy carotenoids, such
as alloxanthin, apocarotenol, astacene, astaxanthin, capsanthin, capsorubin,
carotenediols, carotenetriols, carotenols, cryptoxanthin, decaprenoxanthin,
epilutein, fucoxanthin, hydroxycarotenones, hydroxyechinenones,
hydroxylycopene, lutein, lycoxanthin, neurosporine, phytoene, phytotluoene,
rhodopin, spheroidene, torulene, violaxanthin, and zeaxanthin; and carboxylic
carotenoids, such as apocarotenoic acid, B-apo-8’-carotenoic acid, azatrin,
bixin, carboxylcarotenes, crocetin, diapocarotenoic acid, neurosporaxanthin,
norbixin, and lycopenoic acid.

By “companion animal” is meant any domestic animal, including,
without limitation, domesticated dogs, cats, horses, pigs, sheep, and cows.

As used herein “fractionated” refers to a composition containing the

oligomeric material formed in the production of the oxidatively transtormed
carotenoid mixture. Methods of fractionating oxidatively transtormed

carotenold mixtures into components are described in U.S. Patent No.

5,475,006 and U.S.S.N. 08/527,039.

As used herein “oxidatively transformed carotenoid” refers to a
carotenoid which has been reacted with up to 6 to 8 molar equivalents of
oxygen, or an equivalent amount of oxygen from another oxidizing agent,
resulting in a mixture of very low molecular welght oxidative cleavage

products and a large proportion of oligomeric material (i.e., that component of
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the oxidatively transformed carotenoid having a median molecular weight of
about 900 Daltons). The resulting reaction produces a mixture that includes
molecular species having molecular weights ranging from about 100 to 8,000

Daltons. The oligomeric material 1s believed to be formed by the many

possible chemical recombinations of the various oxidative fragments that are
formed. Methods of making oxidatively transformed carotenoid are described
in U.S. Patent No. 5,475,006 and U.S.S.N. 08/527,039.

As used herein, the term “OxBC” refers
specifically to oxidatively transtormed carotenoid derived from B-carotene.

The term “palatable” refers to at least 60% voluntary (free choice)
acceptance or ingestion of a composition of the invention by a type of animal,
as measured by a standard palatability test, such as acceptance testing,
preference testing or consumption testing. The term “palatable to canines”
refers to at least 60% voluntary (free choice) acceptance or ingestion of a
composition of the invention by canines 1n a standard palatability test. The
term “palatable to telines” refers to at least 60% voluntary (iree choice)
acceptance or ingestion of a composition of the invention by felines in a
standard palatability test. The term “palatable to equines™ refers to at least 60%
voluntary (free choice) acceptance or ingestion of a composition of the
invention by equiries in a standard palatability test.

As used herein, the term “treating” refers to administering a composition
tor prophylactic and/or therapeutic purposes. To “prevent disease” reters to
prophylactic treatment ot an animal who 1s not yet 1ll, but who is susceptible to,
or otherwise at risk of, a particular disease. To “treat disease” or use for
“therapeutic treatment” refers to administering treatment to an animal already
suttering from a disease to improve or stabilize the animal’s condition. Thus,
in the claims and embodiments, treating is the administration to an animal
either for therapeutic or prophylactic purposes. As used herein, “at risk of”
refers to animals prone to poor joint mobility, reduced activity levels, and/or

poor coat quality.
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By “maintaining or improving coat quality” is meant maintaining or
improving the quality of an animal’s coat using the methods of the invention 1n
comparison to an animal of similar condition and age that is left untreated.
Criteria for assessing coat quality can include (a) measuring shedding index of
a test subject by collecting hair produced during a standardized brushing
session (i.e., the hair is retained and weighed, and control and test subjects
compared); and (b) subjective coat evaluations using trained panelists to
subjectively evaluate coat condition by assessing shedding, dander, shine,
uniformity, softness, and density.

By “increasing joint mobility” is meant increasing the joint mobility of
an animal using the methods of the invention in comparison to an animal of
similar mobility and age that 1s left untreated. Criteria for assessing joint
mobility can include an orthopedic evaluation the degree of lameness, weight
bearing, resistance to challenged weight bearing, rear leg extension, and visual
inspection of an animal’s ability to walk and/or trot. Joint angles and range of
motion may also be determined by manual goniometric measurements.
Additionally, force-plate analysis could be used to determine joint health.

By “increasing activity level” 1s meant increasing the activity level of an
animal using the methods of the invention in comparison to an animal of similar
activity and age that 1s left untreated.

Other features and advantages of the invention will be apparent from the

following Detailed Description, the Drawings, and the Claims.

Brief Description of the Drawings
Figure 1 1s a chart depicting the distribution of outcomes based on
owners’ comments in Control and OxBC-Treated (0.5mg/kg body weight) dogs
aftter a 6-month treatment period (see Example 2).
Figure 2 1s a series of graphs showing the effect of OxBC on expression
of immune receptors in canine primary plasma dendritic cells. Dendritic cells

were incubated with the indicated concentrations of OxBC or vehicle control
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(DMSO) for 24 hours. Plasma membrane expression of toll-like receptor
subtype-2 (TLR-2; Figure 2A), toll-like receptor subtype-4 (TLR-4; Figure 2B),
and CD-14 (Figure 2C) were determined by FACS analysis. Eftfects of OxBC
are shown relative to untreated control cells. These results show that OxBC is
able to up-regulate the abundance of pathogen sensing TLLR-2, TLR-4 and CD-
14 receptors on the plasma membrane of dendritic cells, a primary etfector cell
type of the immune system.

Figure 3 1s a series of graphs showing the etfect of OxBC on expression
of immune receptors in canine primary osteoblasts. Cells were incubated with
the indicated concentrations of OxBC or vehicle control (DMSO) for 24 hours.

Plasma membrane expression of toll-like receptor subtype-2 (TLR-2; Figure
3A), toll-like receptor subtype-4 (TLR-4; Figure 3B), and CD-14 (Figure 3C)
were determined by FACS analysis. Eftects of OxBC are shown relative to
untreated control cells. These results show that OxBC is able to up-regulate the
abundance of pathogen sensing TLR-2, TLR-4 and CD-14 receptors on the
plasma membrane of canine osteoblasts. Osteoblasts are not primary effectors
of the immune system, however, they may play a secondary role in innate
immunity by detecting invading pathogens.

Figure 4 is a series of graphs showing the effect of OxBC on expression
of immune receptors in canine primary chondrocytes. Cells were incubated
with the indicated concentrations of OxBC or vehicle control (DMSO) for 24
hours. Plasma membrane expression of toll-like receptor subtype-2 (TLR-2;
Figure 4A) and toll-like receptor subtype-4 (TLR-4; Figure 4B) were
determined by FACS analysis. Effects of OxBC are shown relative to untreated
control cells. These results show that OxBC is able to up-regulate the
abundance of pathogen sensing TLR-2, TLR-4 and CD-14 receptors on the
plasma membrane of canine chondrocytes. Chondrocytes, like osteoblasts, are
not primary effectors of the immune system, however, they may play a

secondary role in innate immunity by detecting invading pathogens.
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Figure 5 is a graph showing the effect of OxBC on phagocytic activity of
canine primary monocytes. Cells were incubated with the indicated
concentrations of OxBC or vehicle control (DMSO) for 24 hours and then
allowed to recover in the absence of compound for an additional 24 hours.
Phagocytic activity was determined by measuring the cellular uptake of
tluorescently labeled micro beads using a FACS array instrument. Treatment
ettects are expressed relative to untreated control cells. Phorbol myristate
acetate (PMA) was used as a positive control. Results indicate that OxBC 1s
able to enhance the phagocytic activity of canine monocytes leading to a faster
and more efficient reactions to invading bacterial pathogens.

Figure 6 is a series of graphs showing the suppressive eftect of OxBC on
chemokine expression 1n naive and challenged canine primary fibroblasts.
Fibroblasts were pre-treated with OxBC or vehicle control (DMSO) for 24
hours. Following pre-treatment cells were challenged by exposure to bacterial
lipopolysaccharide (LPS) for 4 hours. Chemokine expression was measured
using quantitative real-time PCR with total RNA. Results show that in the
context of an LPS challenge (dark bars) OxBC has a significant suppressive
ettect on the level of MCP-1 (Figure 6A) and RANTES (Figure 6 B) gene-
expression. Vehicle control (DMSO) showed no significant effect on
chemokine expression. For LPS challenge experiments (dark bars) the
suppressive effect of OxBC was evaluated relative to cells treated with LPS

alone using Student’s t-test. OxBC treatment of naive fibroblasts (light bars)
resulted in a trend towards decreased MCP-1 and RANTES expression. The

ettects of OxBC on chemokine expression in naive cells were evaluated relative

to untreated control cells.

Detailed Description
The 1invention provides compositions and methods for the administration
of oxidatively transformed carotenoid and components thereof. The

compositions can be useful for improving the health and well being of an

10
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animal. Specifically, the compositions can be useful for increasing joint
mobility, increasing activity, and improving coat quality in an animal. The
compositions can be tormulated in a comestible unit dosage form or be
formulated into a comestible gel or paste.

The compositions of the invention can include one or more palatability
improving agents including, without limitation dairy-based flavoring agents, a
mixture of a natural herbs and spices, artificial egg flavor, artificial meat flavor,
artificial chicken flavor, artificial fish flavor, yeast flavor, or combinations
thereof. Such palatability improving agents are known in the art. For example,
the palatability improving agents can include hydrolyzed vegetable protein,
blends of natural flavoring and spices (sold as Sirius Stuff' * and Dog Bone
marinade, manutfactured by Dirigo Corp.); vegetarian beef, vegetarian bacon, or
roast garlic (manufactured by Geneva Ingredients, Inc.); blends of dried skim
milk, malted milk, whey and other products (sold as All diary BlendTM); yeast
flavoring (sold as Brewtech' " Dried Brewer’s Yeast); blends of animal proteins
and fat formulated to replace whole egg (sold as Eggsact'*'); blends of white
and yellow cheese product powders, and cheese rind (sold as Cheese Plus
Cheese ", manufactured by International Ingredients Corp.); peanut butter and
artificial chicken (manufactured by Bush Bake Allan Americas); and/or

artificial beef (manufactured by Pharmachemie at Syracuse, Nebraska).

Pet Food

Pet foods formulation with oxidatively transformed carotenoid, or a
fractionated component thereof, according to the invention may be in any
suitable form, for example a powder, a dried kibble, or pellet or other dried
form, extruded form, semi-moist or wet form, such as a chunk or loaf or
pudding. It may be chilled or provided as a shelf stable product.

While compositions of any consistency or moisture content are
contemplated, preferably the food compositions of the present invention may

be, for example, a wet, semi-moist, or dry animal food composition. “Wet”

11
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food refers to food that has a moisture content of about 70 to 90%. “Semi-
moist” food refers to food that has a moisture content of about 15% to 40%.
“Dry” food refers to compositions about 5% to 15% moisture content and 1s
often manufactured in the form of small bits or kibbles. Also contemplated
herein are compositions that may comprise components of various consistency
as well as components that may include more than one consistency, for
example, soft, chewy meat-like particles as well as kibble having an outer
cereal component and an inner cream component as described 1n, e.g., U.S. Pat.
No. 6,517.877. The kibble may then be dried and optionally coated with one or
more topical coatings known by those skilled in the art, for example, tlavors,
fats, oils, powders, and the like. The compositions of the present Invention can

be prepared using conventional manufacturing methods.

Comestible Unit Dosage Forms
Oxidatively transformed carotenoid or a fractionated component thereof
can be incorporated into a comestible solid composition in unit dosage form

(i.e., a chew, a kibble, a chewable tablet, or a soft edible treat).

Chew Products

One of the main attributes of chew products is a toughness and
flexibility to the point where it takes an animal (i.e., a dog) a long time (e.g.,
more than 30 seconds or 1 minute) to consume the product. Numerous p1g and
cattle body parts such as bones, ears, hooves and skin have been used to
produce palatable dog treats with extended chew times. A great majority of the
chew style products are made from rawhide, an economical starting material,
and include flavorings and/or fragrances to make the chew palatable to animals.

Methods for making chews are known in the art. For example, U.S.
Patent No. 2,988,045 describes processing rawhide into layers that can be
shaped and dehydrated to produce a chew; U.S. Patent No. 4,702,929 describes

a method for extruding rawhide byproduct fraction, called spetches, with starch
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to form a chew in stick form: U.S. Patent No. 5,047,231 describes the inclusion
of an inorganic pyrophosphate salt in the rawhide to form a chew capable of
reducing tartar accumulation; U.S. Patent No. 6,223,693 describes a method of
soaking rawhide in a humectant and soft edible binder to produce a flexible
chew: U.S. Patent No. 6,840,196 describes a multi-layered chew in which the
inner layers are impregnated with a flavoring; U.S. Patent No. 6,895,900
describes chew product made from a combination rawhide and pigskin; U.S.
Patent No. 6,886,497 describes a chew product made from rawhide or pigskin
and infused with a flavoring; and U.S. Patent No. 5,635,237 describes melting
rawhide scraps inside of a twin-screw extruder to produce ropes that can be cut
and tied to produce a formulated knotted rawhide bone. Vegetable-based and
polymer-resin based chew products are also known in the art (see U.S. Patent
Nos. 6,821.538; 6,159,516; 6,110,521; 6,093,427; and 5,941,197). Many
commercially successful chew products incorporate a meat fraction within the
product to increase the palatability of the chew (see, e.g., U.S. Patent Nos.
5.673,653: 6,277.420; 6,886,496). Oxidatively transformed carotenoid, or a

fractionated component thereof, can be incorporated into any of the chew

products described above.

Kibble Products

Kibbles are a dry or semi-moist comestible product made using a baking
or heat extrusion process that forms the kibble under high temperature into any
desired shape. Additives, such as antioxidants, nutrients, vitamins, minerals
and the like, are commonly blended with the kibble ingredients prior to
heating/forming, or coated onto the kibble after processing.

Methods for making kibble are well known in the art. For example, dry
ingredients, including, animal protein sources, plant protein sources, grains,
etc., are ground and mixed together. Moist or liquid ingredients, including fats,
oils, animal protein sources, water, etc., are then added to and mixed with the

dry ingredients. The mixture is then processed into kibbles. Kibble can be

13
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formed using an extrusion process in which the mixture of dry and wet
ingredients 1s subjected to mechanical work at a high pressure and temperature,
and forced through small openings and cut oft into kibble by a rotating knife.
The wet kibble 1s then dried and optionally coated with one or more topical
coatings which may include, for example, tlavors, fats, oils, and/or powders.
Kibble also can be made from the dough using a baking process, rather than
extrusion, wherein the dough is placed into a mold before dry-heat processing.
Oxidatively transformed carotenoid, or a fractionated component
thereof, can be incorporated into a kibble product either prior to processing, or

coated onto the kibble product after the kibble 1s formed.

Chewable Tablets

Oxidatively transformed carotenoid, or a fractionated component
thereot, can be incorporated into a chewable tablet. For example, the
oxidatively transformed carotenoid, or a fractionated component thereof, can be
mixed with a binding agent and a palatbility enhancer and the mixture
transterred to a tablet press and compressed into a tablet at an appropriate
compression pressure. Methods for making palatable chewable tablets for
delivery of therapeutic agents to companion animals are known in the art (see,
for example, U.S. Patent Publication No. 20030190343 and U.S. Patent No.
4,234,57)5).

Soft Edible Treats

Soft edible treats are comestible solid and semi-solid products which are
tlexible (i.e., with the consistency similar to that of a hot dog).

Soft edible treats include rubbery-textured dosage forms made from
pectin, starch, or gelatin (1.e., a ‘gummy bear’ type formulation). Typically,
starch produces a shorter (cleaner bite, less chewy) texture than gelatin. The
ingredients of the composition can be combined, preferably by mixing in water

that 1s heated sufficiently to form the gel, and can then be extruded, molded, or
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cut into the desired shapes by means that are well known in this field. The
resulting gelled composition will typically be semi-solid. Such dosage forms
including tlavors and fragrances to enhance the palatability of the soft edible
treat are known in the art (see, e.g., Gummy Bear BQ’s chewy vitamin dog
treats).

Oxidatively transformed carotenoid, or a fractionated component

thereot, can be incorporated into any of the soft edible treat products described

above.

Comestible Pastes and Gels

Oxidatively transformed carotenoid or a fractionated component thereof,
can be incorporated into a comestible gel or paste.

For example, oxidatively transformed carotenoid or a fractionated
component thereof, can be dispersed in an edible gel carrier. Suitable gelling
agents include, without limitation, gum arabic, ghatti, tragacanth, guar, locust
bean gum, agar, algin, carrageenan, pectin, chitin, gelatin, amylose, and
amylopectin.

A comestible paste of the invention can be prepared from a variety of
ingredients including, without limitation, a ground preparation of meat, fish,
poultry, cheese, fruit, nut, vegetable, or combinations thereof. Additional
ingredients may include oil, emulsifiers, anti-oxidants (e.g., butylated
hydroxyanisole, butylated hydroxytoluene, tertiary butyl hydroquinone), natural

preservatives, water, broth, juice, sweetener, and natural or artificial colors and

tlavorings, and gum arabic (acacia).

Methods for making comestible gels and pastes are known in the art
(see, e.g., PCT Patent Publication Nos. W0O2007/011330; WO 98/47392:
WO2004/039171; and W09945792). U.S. Patent No. 7,001,889 and U.S.

Patent Publication No. 20070298077 describe methods for preparing a paste for

delivering a therapeutic substance within a comestible paste.

The following examples are put forth so as to provide those of ordinary
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skill 1n the art with a complete disclosure and description of how the methods
and compositions claimed herein are pertormed, made, and evaluated, and are
intended to be purely exemplary of the invention and are not intended to limit

the scope of what the inventors regard as their invention.

Example 1. Oxidatively transtormed carotenoid (OxBC) in older dogs.

Seven privately-owned older dogs, age 8-135, received OxBC (0.5
mg/kg/day) as an oral supplement blended with cream cheese vehicle.

At the start of the study most dog-owners characterized their animals as
lethargic with diminished desire tor outdoor activity. Upon supplementation
with OxBC for four months these owners reported that their dogs showed
improved demeanor and were more eager to go outside and play. Improved

coat quality as indicated by reduced shedding and a shinier appearance was an

additional OxBC-benefit reported by some owners.

Following five months of receiving OxBC the dogs were taken off the
supplement for seven weeks. During this seven-week period owners reported
that their dog’s desire for activity appeared to be returning towards pre-study
levels. Upon restarting the OxBC supplement these same owners reported that

their dogs once again responded positively showing increased active levels and

improved mobility.

Example 2. Clinical study of oxidatively transformed carotenoid (OxBC)
in dogs.

A clinical trial was conducted to evaluate the efficacy of carotenoid
oxidation products in dogs using OxBC as a supplement. There were significant
improvements in coat quality and shedding, as well as a trend towards
improvement of walk enjoyment, in treated dogs compared to controls.

The clinical study consisted of a blinded, randomized study with two
treatment groups. Forty-six dogs were recruited from the public. Dogs were

randomly assigned to either treatment (0.5 mg OxBC/kg body weight in cream
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cheese) or placebo (cream cheese only) as they were enrolled, regardless of
breed, age, sex and neuter status, and whether or not the animal had any
medical conditions, was on any medications or was receiving any additional
nutritional supplementation. The owner administered the treatment or placebo
once daily for a period of six months. This study was conducted with the
oversight and approval from the University of Prince Edward Island Animal
Care Commuittee.

At the start of the trial, the participating dog owners completed an
enrolment form, which detailed general information about the dog (1.€. breed,
age, health status). The owners were then asked to till out a questionnaire
(Questionnaire 1) prior to the trial. At the end of the six-month trial period,
owners were asked to fill out a second questionnaire (Questionnaire 2). The
questionnaires asked the owners to rate their dog’s behaviour, using numerical
schemes, with respect to level and enjoyment of physical activity (walks), as
well as their dog’s appetite and coat quality. For Questionnaire 2, in addition to
the numerical ranking, owners were asked to note any changes in the specific
behaviours, appetite and coat quality over the six months of study participation.

For each question, participants were given multiple response choices as well as

an option to provide further detail.

Inmitial Mid-Study Results at Three Months:

In addition to completing questionnaires at the beginning and end of the
study owners were contacted by phone or E-mail at the half-way point (3
months) to evaluate study progress and collect initial impressions of the OxBC
supplement. During these mid-term evaluations the owners of several dogs
rece1ving the OxBC treatment reported improvements in their animal, including
increased mobility and energy levels, improved coat quality (i.e., improved coat
from rough to shinny and silky), increased willingness to go for walks, and
reduced pigmentation spots in the eyes (brown age spots). Notably, some dogs

with observed improvement in mobility and energy levels had previously been
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characterized as lethargic by their owners due to arthritis, lameness due to

cruciate ligament surgery, and other conditions causing immobility.

Final Clinical Trial Results at Six Months:

The outcomes 1n the final analysis of this study were obtained from two
sources. The first were categorical in nature and were based on the owner’s
ranking or rating of specific behaviors, appetite, and coat appearance before
and after the treatment period. The second set of outcomes consisted of the
outcomes as modified according to specific comments provided by the owners.

For example, the outcome “shedding” was derived from responses to the
outcome “coat quality”.

For each of the first set of outcomes seven variables were created
consisting of the differences in responses between Questionnaire [ and
Questionnaire II. The general linear models procedure (Proc GLM) in the SAS
software package (Statistical Analysis System for Personal Computers, Version
9, SAS Institute, Cary, NC) was then used to test the simple association
between treatment and each of these difference variables. Outcome variables
with a P-value < 0.35 were then investigated further in multivariate models.
Potential covariates (age, sex, weight category, adherence to treatment regimen,
health and neuter status) were first tested for significance in a univariate model
with each of the significant dependent variables. A liberal P-value of < 0.20
was used for the initial inclusion of covariates in the full model. A manual
backwards stepwise elimination process was then used to remove variables
from the models with a P-value > 0.05. Treatment was handled as a fixed
etfect. All relevant interaction terms were tested for significance. A final
model was obtained when all interaction terms and variables in the model, with
the exception of treatment, were significant at the 5% level. The effect of
treatment was considered to be statistically significant in the final model of
each of these outcomes, if the associated P-value was less than or equal to 0.10.

For each of the second set of outcomes, the proportions of treated and
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control dogs having an enhanced or reduced response following the treatment
period were graphed (Figure 1). Specific variables were then selected for Chi
square analysis based on ditferences between proportion of Treated versus
Control dogs and present knowledge of OxBC mode ot action. A square root
transtformation was applied to the “enhanced coat quality” variable, and this
variable was subjected to analysis using the GLM procedure. Weight, age, sex,
neuter status, adherence to treatment regimen, supplements given and health
status were then tested as covariates. Covariates were considered to be
significant in the final model if P<0.10.

Analysis of variance for the first set of outcomes for differences between
Questionnaires 1 and 2 indicated a potential association between OxBC
treatment and the outcome “walk enjoyment” (P<0.35). Therefore, this
outcome was selected for further analysis using Proc GLM to assess the
possible eftect of covariates (sex, age, neuter status, weight category, adherence
to treatment regime and health) on the observed association.

In univariate models, health status was found to be a significant
predictor of “walk enjoyment” scores (P£<0.05), however, this variable was not
signiticant (P=0.30) when included in the full model and was thus removed. In
the tinal model (which contained only treatment), the Treated dogs had a higher
mean score for walk enjoyment than the Placebo group (two-sided P=0.15; one

sided P=0.08,).

From the second set of outcomes, “enhanced coat quality”, “decreased
appetite”, “increased activity level”, and “decreased shedding” were selected
for turther analysis. Results of Chi square tests for differences in the
proportions of Treated and Placebo dogs for each of these outcomes are shown
in Table 1. There was a significant increase (P=0.05, one-tailed tests) in the
proportion of treated dogs having enhanced coat quality and decreased
shedding (P=0.04, one-tailed tests), compared to controls. Further analysis of

the Enhanced Coat Quality outcome using GLM procedure and square root
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transformation indicated that treated dogs had significantly higher mean

enhanced coat quality scores when controlling for weight (P<0.037).

Table 1
. Proportion P-value
Vartiabl Treat t
arabie reatmen affected Two-tailed One-tailed

: OxBC 0.37

Enhanced coat quality Placebho 0.16 0.10 0.05
. OxBC 0.18

Decreased appetite Placeho 011 0.45 0.23
.. OxBC 0.30

Increased activity level Placebo 091 0.51 0.2

Decreased sheddi OXBE 11 0.07 0.04

ecreased sheddin : .

5 Placebo 0.00

[n addition to collecting data from formal questionnaires, owners were
also given the opportunity to discuss their animal’s health through an interview
with the study co-ordinator. These discussions were held at the mid-term and
end of the study. Mid-term discussions revealed three general trends for dogs
recerving OxBC relative to the placebo group, namely: 1) increased activity
levels, 2) increased willingness to go for walks, and 3) shinier coat appearance.

Furthermore, final discussions held at the end of the study confirmed that
posttive effects reported at mid-term were sustained during the second half of
the trial.

A case study conducted with OxBC with a single dog yielded positive
results that strongly retlected the tindings of the clinical trial. A male Tibetan
terrier (age 14) was followed for a period of 18 months. The dog received
OxBC (0.5 mg /kg body weight) in addition to its regular daily nutritional
routine (which included glucosamine and vitamins) for the first eight months of

the study, at which point OxBC was withdrawn for two-months.
Administration of OxBC then was resumed for an additional eight months.
Information on the dog’s health status was obtained though personal
examination of the dog by the coordinating veterinarian, personal

communication between the owner and the veterinarian, and from owner
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responses to a series of standardized questions regarding the health of the
animal.

The owner reported that prior to receiving the OxBC supplement the dog
was lethargic, quiet, and unwilling to go for walks. However, following the

5  first three months of supplementation with OxBC the dog’s activity level rose
and 1t was more willing to go on walks. After six months on the supplement the
dog showed much higher activity levels, would routinely run during walks and
had an overall healthier appearance. When the supplement was withdrawn for
two months the owner reported that the dog returned to its prior lethargic state.

10 Upon resuming the OxBC supplement the dog once again showed increased
activity levels and willingness to go outside. The owner also reported that the
dog’s coat quality had improved over the course of the study, becoming thicker
and shinier.

The key findings of the proof of concept clinical investigation are that

15  OxBC supplementation leads to improved coat quality and activity levels in
dogs and these findings are supported by the results of a case study with a
single dog. In addition, no adverse eftects have been reported for dogs
receiving OxBC, confirming the safety of this product for use in dogs. These
results highlight the potential for OxBC as a dietary health supplement for dogs

20 and other companion animals.

All of the dogs participating in the studies of Examples 1 and 2 were
reported to be receiving additional supplements for prolonged periods of up to
several years betore the OxBC studies began. These additional supplements
included fish o1l, glucosamine and various other anti-inflammatory products.

25  The fact that OxBC is able to improve general animal health at the level of
activity, joint mobility and coat quality in dogs that were already receiving
supplements known to target these parameters is noteworthy. These
observations suggest that OxBC’s apparent ability to improve general animal

health occurs by a mode of action that is distinct from other commonly used

30  supplements.

21



CA 02771204 2011-10-27

WO 2010/124391 PCT/CA2010/000671

10

15

20

235

30

Example 3. In vitro studies.

Established cultures of canine osteoblasts, chondrocytes, and fibroblasts
as well as 1solated primary dendrictic cells and monocytes were used as model
systems to evaluate OxBC-effects on canine immunity. Flow cytometry was
used to assess the ability of OxBC to up-regulate expression of innate immune
receptors and to enhance the activity of innate immune effector cells. A
quantitative real-time PCR (QRT-PCR) approach was used to evaluate changes
in the expression of regulators of inflammatory/immune response, which have
been previously identified as potential contributors to or therapeutic targets in
the pathology of arthritis.

Experimental Methods

Flow Cytometry: Canine osteoblasts, chondrocytes, or dendritic cells
were seeded (0.5x10°-1.0x10°) onto 6 well plates 24 hours prior to treatment
with OxBC. Cells were next treated with the indicated concentrations of OxBC
or equivalent DMSO (vehicle control) in complete media for 24 hours and were
then processed for analysis of receptor expression using flow cytometry.
Phycoerythrin (PE)-labeled primary antibodies recognizing canine CD-14,
TLR-2, and TLR-4 were used to evaluate receptor expression using direct
immunofluorescence labeling and flow cytometry analysis. Briefly, triplicate
cell aliquots in cold buffer (PBS containing 10% FBS and 1% sodium azide)
were incubated with primary antibody (10-20 ul) for 45 minutes at room
temperature under low light conditions. Cells were washed three times and
resuspended 1n 100 pl of buffer for analysis using a FACS Array instrument.

Unlabeled cells and cells labeled with antibody alone served as controls.

Phagocytosis: Canine primary monocytes were seeded (1x10°
cells/well) onto 6 well plates and allowed to recover for 24 hours. Cells were
then treated with the indicated concentrations of OxBC or vehicle control

(DMSO) tor 24 hours. Cells treated with phorbol myristate acetate (PMA, 25
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ng/mL) were used as positive controls and untreated cells were used as negative
controls. Following treatment culture media was removed, cells were washed

with buffer, and fresh culture media containing fluorescently labeled latex

beads was added. For negative control cells the fresh media contained 5 pL of

latex bead solution, for OxBC and vehicle control groups the fresh media

contained the indicated concentration of OxBC or DMSO combined with 5 uLL
of latex bead solution, media for the positive control group contained PMA
combined with 5 uL of latex bead solution. Cells were then allowed to
phagocytos the latex beads during a 2-hour incubation. Following the
incubation un-engulied beads were removed by multiple washings and cells
were prepared for analysis by flow cytometry. OxBC’s ability to enhance
monocyte-phagocytic activity was evaluated by determining the amount of

engulfed beads using fluorescent detection by FACS analysis.

QRT-PCR Evaluation of Inflammatory Regulators: Canine fibroblasts
(CF52.Tr) were seeded (1x10°cells/well) onto a 6 well plate and were pre-
treated with OxBC (5 uM) or vehicle control (DMSQ) for 24 hours. Following
pre-treatment culture media was removed and replaced with fresh media.
Under the naive treatment model the fresh media contained OxBC (5 uM) or
equivalent concentration of DMSQO. Under the challenge treatment model fresh
media contained OxBC (5 uM) or equivalent concentration of DMSO

combined with LPS (30ug). Cells were incubated for an additional 4 hours and
were then processed for total RNA isolation. RNA (0.5ug) was reverse
transcribed to cDNA in a 20 uL reaction volume and 1 pLL of cDNA was used

as template tor quantitative real-time PCR (QRT-PCR) analysis of gene-
expression using SYBR-green chemistry. Relative gene expression levels were
calculated using P-actin as an internal control with correction for different PCR
etficiencies. Treatment effects on gene-expression are shown relative to
untreated control cells and OxBC’s ability to reduce expression of pro-

inflammatory chemokines was evaluated by comparison to cells treated with
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LPS alone.

Results: Results shown in figures 2-4 demonstrate the ability of OxBC
to increase the abundance of pathogen sensing innate immune receptors in
multiple canine cells types. OxBC treatment induced increases in surface
expression of the toll-like receptor subtypes-2 and 4 as well as CD-14. These
receptors are responsible tor alerting the immune system to the presence of
invading bacterial pathogens. OxBC'’s ability to up-regulate expression of
these immune receptors in cell types such as osteoblasts and chondrocytes
which are not primary effectors of the immune system but which play a
secondary role in immunity highlights the potential for OxBC to significantly
enhance immunity at the tissue level. At a functional level OxBC treatment of
canine primary monocytes induced an increase in phagocytic activity (Figure
). Phagocytosis is a fundamental mechanism used by innate immune effectors
to clear invading pathogens. Taken together these results suggest that OxBC
acts to prime the canine innate immune system to more etficiently detect and
respond to incipient bacterial infections.

Results shown in figure 6 demonstrate OxBC’s ability to reduce the
expression level of certain chemokine regulators of inflammation in the context
of a pro-inflammatory challenge with bacterial lipopolysaccharide (LPS).
MCP-1 and RANTES play an important role in directing the inflammatory
response by serving as chemoattractants to recruit various immune cells
including macrophages and lymphocytes to sites of injury or infection.
Although an appropriate inflammatory response is a vital component of
immune detense, disregulation of the inflammatory response, leading to over-
activation, is associated with several chronic diseases such as rheumatoid
arthritis. Several studies report that over-expression of chemokines such as
MCP-1 and RANTES is associate with inflammatory joint diseases including
arthritis. OxBC’s ability to reduce the expression of these proinflammatory

chemokines may represent an underlying mechanism to explain the
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improvement in mobility and activity levels observed for some of the dogs in

the OxBC-clinical trial.

Other Embodiments

While the invention has been described in connection with specific
embodiments, it will be understood that it 1s capable of further modifications.
Therefore, this application is intended to cover any variations, uses, or
adaptations of the invention that follow, in general, the principles of the

invention, including departures from the present disclosure that come within

known or customary practice within the art.
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CLAIMS

1. A use of a composition comprising an oligomeric material, formed by reaction of 6 to
8 molar equivalents of oxygen with a carotenoid and having a median molecular weight of
about 900 Daltons, in an amount sufficient to improve coat quality in an animal in heed

thereof.

2. A use of a composition comprising an oliomeric material, formed by reaction of 6 to 8
molar equivalents of oxygen with a carotenoid and having a median molecular weight of
about 900 Daltons, in an amount sufficient to maintain coat quality in an animal in need

thereof.

3. The use of claim 1 or 2, wherein said composition is formulated for daily

administration.

4. The use of any one of claims 1-3, wherein said composition is formulated for mixing

with food and for oral administration to said animal.

5. The use of claim 4, wherein said food is a wet animal food or a dry animal food.

0. The use of claim 4, wherein said food is in the form of a kibble, a chew, a tablet, or a

soft edible treat.

7. The use of any one of claims 1-3, wherein said composition is formulated for

administration to said animal as an oral supplement.

8. The use of claim 7, wherein said oral supplement is a palatable paste or gel.
9. The use of any one of claims 1-3, wherein said animal is a companion animal.
10. The use of claim 9, wherein said companion animal is a dog.
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11. The use of claim 9, wherein saild companion animal is a cat.
12. The use of claim 9, wherein said companion animal is a horse.
13. The use of any one of claims 1-3, wherein said animal is a mature animal.

14. The use of claim 8, wherein said paste or gel comprises from 2 mg/tablespoon to 750

mg/tablespoon of said oligomeric material.

15. The use of claim 1, wherein said composition is provided in a comestible solid
composition in a unit dosage form comprising from 2 mg to 130 mg of said cligomeric

material and is formulated to be palatable to canines.

16. The use of claim 1, wherein said composition is provided in a comestible solid
composition in a unit dosage form comprising from 0.25 mg to 14 mg of said oligomeric

material and is formulated to be palatable to felines.

17. The use of claim 1, wherein said composition is provided in a comestible solid
composition in a unit dosage form comprising from 39 mg to 1,500 mg of said oligomeric

material and is palatable to equines.

18. The use of any one of claims 15-17, wherein said comestible solid composition In a

unit dosage form is a kibble, a chew, a tablet, or a soft edible treat.

10. The use of claim 15, wherein said comestible solid composition in a unit dosage form
Is a chewable tablet and wherein said unit dosage form comprises from 2 mg to 75 mg of

said oligomeric material.
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