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Compositions Comprising Sugar-Cysteine Products

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims priority to U.S. Provisional Application No. 61/512,157, filed
July 27,2011, and U.S. Provisional Application No. 61/528,214, filed August 27, 2011, each of

which 1s hereby incorporated by reference in 1ts entirety.

Field Of The Invention
The present invention 1s directed, 1n part, to compositions comprising sugar-cysteine

products, methods of preparing the same, and to methods of using the same.

Background Of The Invention

Cysteine prodrugs are useful for protecting animals against radiation-related deaths,
effects caused by radiation poisoning, and acetaminophen-induced hepatotoxicity (Lenarczyk ct
al., Radiation Res., 2003, 160, 579-583; Roberts et al., J. Med. Chem., 1987, 30, 1891). Cysteine
prodrugs, such as, 2(R,S)-D-ribo-(1',2',3',4'-tetrahydroxybutyl)thiazolidine-4(R)-carboxylic acid
(RibCys), have been used 1n methods to enhance delivery of glutathione and ATP levels 1n cells
(see, U.S. Patent Publication No. 2009-0042822). Although there have been uses described for
other cysteine prodrugs, such as N-acetylcysteine (NAC), compositions to deliver cysteine to an
animal have been limited due to, for example, instability and/or the reactivity of the exposed
sulthydryl (SH) group of cysteine. Thus, there 1s a long-felt need to solve the problem of how to
deliver cysteine to an animal 1n a convenient form. The present invention solves this need as

well as others.

Summary Of The Invention

In some embodiments, the present invention provides compositions comprising a sugar
and cysteine, wherein the ratio of the sugar to cysteine 18 greater than 1.0:1.0 (mol/mol).

In some embodiments, the present invention provides compositions comprising a sugar-
cysteine product. In some embodiments, the sugar-cysteine product 1s RibCys, GlcClys,
GlycCys, FruCys, GIcNH,Cys, or GIcNHAcCys, or any combination thercof. In some
embodiments, the present invention provides compositions comprising a sugar-cysteine product
and at least one other ingredient described herein or at least any combination of any ingredient

described herein.
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In some embodiments, the present invention provides compositions suitable for
mammal consumption.

In some embodiments, the present invention provides beverages and/or foodstufts
comprising a composition described herein. In some embodiments, the composition 1s a dictary
supplement. In some embodiments, the composition 1s encapsulated. In some embodiments, the
composition 18 a powder.

In some embodiments, the present invention provides compositions comprising a sugar-
cysteine product, a sugar, free-cysteine, or any combination thercof. In some embodiments, the
composition comprises less than 1% w/v or less than 1% w/w of free-cysteine. In some
embodiments where a sugar and sugar-cysteine product, the sugar and the sugar of the sugar-
cysteine product are the same sugar.

In some embodiments, the sugar-cysteine product 1s RibCys, GlcCys, GlycCys, FruCys,
GIcNH,Cys, or GIcNHACcCys.

In some embodiments, the compositions are substantially free of free-cysteine.

In some embodiments, the present invention provides a beverage or food container
comprising a composition or a mixture of compositions described herein. In some embodiments,
the composition 1s a dietary supplement. In some embodiments, the composition 1s
encapsulated. In some embodiments, the composition 1s a powder.

In some embodiments, the present invention provides methods of preparing an aqueous
solution of a sugar-cysteine product comprising contacting the aqueous solution with a sugar and
cysteine, wherein the ratio of the sugar to cysteine 1s greater than 1.0:1.0 (e.g. w:w or mol:mol).

In some embodiments, the present invention provides methods of delivering a sugar-
cysteine product to a mammal comprising administering a composition described herein to the
mammal. In some embodiments, the composition 1s prepared by a method described herein.

In some embodiments, the present invention provides compositions comprising one or
more sugar-cysteine products and one or more of glutamine, glucosamine, quercetin, milk thistle
seed, alpha lipoic acid, vitamin C, and cordyceps. In some embodiments, the composition
comprises two or more of glutamine, glucosamine, quercetin, milk thistle seed, alpha lipoic acid,
vitamin C, and cordyceps. In some embodiments, the composition comprises three or more of
glutamine, glucosamine, quercetin, milk thistle seed, alpha lipoic acid, vitamin C, and cordyceps.
In some embodiments, the composition comprises four or more of glutamine, glucosamine,
quercetin, milk thistle seed, alpha lipoic acid, vitamin C, and cordyceps. In some embodiments,
the composition comprises five or more of glutamine, glucosamine, quercetin, milk thistle seed,

alpha lipoic acid, vitamin C, and cordyceps. In some embodiments, the composition comprises
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s1x or more of glutamine, glucosamine, quercetin, milk thistle seed, alpha lipoic acid, vitamin C,
and cordyceps. In some embodiments, the composition comprises glutamine, glucosamine,
quercetin, milk thistle seed, alpha lipoic acid, vitamin C, and cordyceps. In some embodiments,
the one or more sugar-cysteine products 1s RibCys, GlcCys, GlycCys, FruCys, GIcNH2Cys, or
GIcNHACcCys, or any combination thercof. In some embodiments, the composition comprises
about 7-8% w/w of one or more sugar cysteine products, about 42-43% w/w of glutamine, about
7-8% w/w of glucosamine, about 2-3% w/w of quercetin, about 1-2% w/w of milk thistle seed,
about 4-5% w/w of alpha lipoic acid, about 14-17% vitamin C, and about 17-18% cordyceps.

In some embodiments, the composition comprises the composition described in Table 1.

In some embodiments, the composition 1s free of free-cysteine. In some embodiments,
the composition 1s free of N-acetyl cysteine (NAC).

In some embodiments, the present invention provides methods of preparing the
composition comprising mixing the one or more sugar-cysteie products with one or more of
glutamine, glucosamine, quercetin, milk thistle seed, alpha lipoic acid, vitamin C, and cordyceps.

In some embodiments, compositions comprising one or more sugar-cysteine products,
and at least 10 of the group consisting of: vitamin B1, vitamin B2, vitamin B3, vitamin B6,
folate, vitamin B12, biotin, pantothenic acid, magnesium, copper, chromium, D-ribose, acetyl-I1-
carnitine, panex ginseng, green tea extract, rhodiola rosea, quercetin, CoQ10, glutamine,
oglucosamine, quercetin, milk thistle seed, alpha lipoic acid, vitamin C, and cordyceps; or at least
8 of the group consisting of vitamin C, selenium, cordyceps, curcumin, resveratrol, alpha-lipoic
acid, grape seed extract, quercetin, milk thistle extract, broccoli seed extract, aloe extract, and
piperine are provided.

In some embodiments, compositions comprising vitamin Bl, vitamin B2, vitamin B3,
vitamin B6, folate, vitamin B12, biotin, pantothenic acid, magnesium, copper, chromium, D-
riboise, acetyl-lI-carnitine, panex ginseng, green tea extract, rhodiola rosea, quercetin, CoQ10,
glutamine, glucosamine, quercetin, milk thistle seed, alpha lipoic acid, vitamin C, and cordyceps
are provided.

In some embodiments, compositions comprising vitamin C, selenium, cordyceps,
curcumin, resveratrol, alpha-lipoic acid, grape seed extract, quercetin, milk thistle extract,
broccoli seed extract, aloe extract, and piperine are provided.

In some embodiments, compositions comprising about 5-7% w/w vitamin C, about 1-
2% w/w selenium, about 10-20% w/w RibCys, about 30-40% w/w cordyceps, about 10-15%
w/w curcumin, about 4-7% w/w resveratrol, about 4-6% w/w alpha lipoic acid, about 2-6% w/w

orape seed extract, about 1-3% w/w quercetin, about 1-3% w/w milk thistle extract, about 1-3%
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w/w, about 1-3% w/w broccol1 seed extract, about 1-3% w/w aloe extract, and about 0.1 to 0.5 %
piperine are provided.

In some embodiments, compositions comprising at least one excipient are provided.

In some embodiments, the composition comprising lecithin, microcrystalline cellulose,
stearic acid, silicon dioxide, or any combination thereof are provided.

In some embodiments, compositions comprising about 0.0002-.0006 % w/w vitamin
B1, about 0.001-.003% w/w vitamin B2, about 0.01-0.05% w/w vitamin B3, about 0.005-0.01%
w/w vitamin B6, about 0.0001-0.001% w/w folate, about 7x10-5-8x105 % w/w vitamin B12,
about 0.0001-0.0003% w/w biotin, about 0.01-0.03% w/w pantothenic acid, about 0.01-0.05 %
w/w of 27% magnesium, about 0.0001-0.0005% w/w of 13% copper, about 4x10-5-5x105 %
w/w 01 0.5 % chromium, about 0.3-0.6% w/w D-ribose, about 0.3-0.6% w/w acetyl-I-carnitine,
about 0.1-0.2% w/w panex ginseng, 0.05-0.15% w/w green tea extract, 0.005-0.5% w/w RibCys,
about 0.005-0.1% w/w rhodiola rosea, about 0.005-0.1% w/w quercetin, and about 0.01-0.05%
w/w CoQ10 are provided.

In some embodiments, compositions comprising at least one preservative are provided.

In some embodiments, compositions comprising at least one flavorant are provided.

In some embodiments, methods of preparing a composition are provided, the method
comprising mixing the one or more sugar-cysteine products, and  at least 10 of the group
consisting of: vitamin B, vitamin B2, vitamin B3, vitamin B6, folate, vitamin B12, biotin,
pantothenic acid, magnesium, copper, chromium, D-riboise, acetyl-I-carnitine, panex ginseng,
oreen tea extract, rhodiola rosea, quercetin, CoQ10, glutamine, glucosamine, quercetin, milk
thistle seed, alpha lipoic acid, vitamin C, and cordyceps; or at least 8 of the group consisting of
vitamin C, selenium, cordyceps, curcumin, resveratrol, alpha-lipoic acid, grape seed extract,
quercetin, milk thistle extract, broccoli seed extract, aloe extract, and piperine.

In some embodiments, the present invention provides methods of delivering a sugar-
cysteine product to a mammal comprising administering a composition described herein
comprising one or more sugar-cysteine products.

In some embodiments, the present invention provides methods of increasing ATP
and/or glutathione mm a mammal comprising administering to the mammal an effective amount of

a composition of described herein.

Description Of Embodiments
The present invention provides compositions comprising one or more sugars and

cysteine, methods of making the same, and methods of using the same. The present invention
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also provides compositions comprising one or more sugar-cysteine products and methods of
making the same. The present invention also provides foodstutts and beverages comprising one
Or more sugars, cysteine, sugar-cysteine products, or combinations thereof, and methods of
making the same.

Throughout the present specification, various sugars, amino acids, and other molecules
that have both D and L forms are disclosed. The amino acid disclosed herein refer to the L-form
of the amino acid. The sugars refers to the D-form of the sugars.

As used herein, the singular forms “a,” “an,” and “the” include plural references unless
the context clearly dictates otherwise.

As used 1n this document, terms “comprise,” “have,” and “include” and their
conjugates, as used herein, mean “including but not Iimited to.” While various compositions,
methods are described 1n terms of “comprising” various components or steps (interpreted as
meaning “including, but not limited t0”’), the compositions, methods, and devices can also

“consist essentially of” or “consist of” the various components and steps, and such terminology

should be interpreted as defining essentially closed-member groups.

As used herein, the term “about” means + 5% of the value being modified. Thus,
“about 1” means from 0.95 to 1.05.” As used herein, the term “about” as 1t 1s used 1n a range or a
series modifies each member of the range or the series. For example, in the phrases “about 1-5”
or “about 1 to 5 the term “about” modifies both the 1 and the 5 as well as the numbers 1n
between 1 and 5. Also, for example, “about 1, 2, 3, 4, or 5” the term “about” modifies each of 1,
2,3,4,or 5. Additionally, a range or series that 1s modified by the term “about” also discloses
the same range (including the endpoints) or series not modified by the term “about.” For
example, the phrase “about 1-5” also discloses the range (including the endpoints) “1-5.”
Additionally, the phrase a range of “X-Y” 1s equivalent to “X to Y™ and includes the endpoints
“X”and “Y.” For example “1-5” 1s equivalent to “I to 5.”

As used herein, the phrase “sugar-cysteine product” refers to a product that forms when
a sugar and cysteine react with one another. Examples of sugar-cysteine products include, but
arc not limited to, ribose-cysteine (RibCys), glucose-cysteine (GlcCys), fructose-cysteine
(FruCys), glyceraldehyde-cysteine (GlycCys), glucosamine-cysteine (GlcNH,Cys), and N-
acetylglucosamine-cysteine (GIcNHACcCCys), and/or any combination thereof.

As used herein, the term “sugar” refers to a saccharide. The saccharide can be either a
polysaccharide or a monosaccharide. In some embodiments, the monosaccharide 1s an aldose
monosaccharide. Monosaccharides include, but are not limited to, fructose, glucose, ribose, and

the like. In some embodiments, the sugar 1S mannose, arabinose, xylose, rhamnose, lyxose,
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galactose, or the like. The sugar can also be an amino sugar. Examples of amino sugars include,
but are not limited to, N-acetylglucosamine, galactosamine, glucosamine, and the like. In some
embodiments, the compositions and methods described herein are free of glucose or are at least
free of detectable glucose. In some embodiments, the compositions and methods described
herein are free of fructose or are at least free of detectable fructose. The compositions can also
be free of sucrose or are at least free of detectable sucrose. In some embodiments, the
compositions and methods described herein are free of all sugars or are at least free of any
detectable sugars, except for the sugar forming the sugar-cysteine product.

In some embodiments, the compositions described herein comprise about 1-1000 mg of
a sugar. In some embodiments, the composition comprises about 1-900, 1-800, 1-700, 1-600, 1-
500, 1-400, 1-300, 1-200, 1-100, 1-50, or 1-25 mg of a sugar. In some embodiments, the
composition comprises about 100-300, 200-300, or 225-275 mg of a sugar. In some
embodiments, the compositions comprises about 50, 100, 150, 200, 250, 300, 400, 500, 600, 700,
800, 900, or 1000 mg of a sugar. In some embodiments, the compositions comprises at least 50,
100, 150, 200, 250, 300, 400, 500, 600, 700, 800, 900, or 1000 mg of a sugar. In some
embodiments, the composition comprises about 0.1-0.5, about 0.2-0.5, about 0.3-0.4, about 0.3-
0.5% w/w of the sugar.

As used herein, the term “rat1i0” refers to the amounts of two or more compounds,
molecules, and the like, compared to one another. The ratio can be, for example, 1n terms of
absolute weight (e.g., grams to grams; wt:wt). The ratio can be also be, for example, determined
by comparing concentrations of each compound (e.g., molarity to molarity; mol:mol). The ratio
can also be 1n terms of moles of ecach molecule present in the composition. For example, a
composition comprising a first and second compound each with 10 mmol would be said to be 1n
a 1to 1 ratio (1.e., 1.0:1.0).

As used herein, the term “substantially” means at least 95%, at least 96%, at least 97%,
at least 98%, or at least 99%.

As used herein, the term “RibCys” refers to 2(R,S)-D-ribo-(1',2",3",4'-
tetrahydroxybutyl)thiazolidine-4(R)-carboxylic acid. The chemical name can also be referred to
as “(4R)-2-(1,2,3,4-tetrahydroxybutyl)thiazolidine-4-carboxylic acid.” RibCys 1s the sugar-

cysteine product of ribose and cysteine. RibCys can be represented by formula I:
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5 NH
H
OH
OH
OH
OH
1

As used herein, the term “GlcCys” 18 a sugar-cysteine product that refers to the product

COOH

of glucose and cysteine. “GlcCys” can be represented by formula I1:

5 NH
H
OH
HO
OH
OH
OH
11

As used herein, the terms and phrases “foodstuft,” “food supplement,” “beverage,” and

COOH

“beverage supplement” have the normal meanings for those terms, and are not restricted to
pharmaceutical or nutraceutical preparations. Other composition forms are also included within
the present invention. These may, for example, include pure or substantially pure compound
such as a foodstuff precursor (such as a rehydratable powder), or a beverage precursor (such as a
powder dispersible in water, milk, or other liquid). In some embodiments the foodstutt, foodstuft
supplement, beverage, or beverage supplement 1s frozen. In some embodiments, the foodstuff,
foodstutt supplement, beverage, or beverage supplement 1s not frozen. The beverage can also be
in the form of a slurry where the beverage 1s a mix of liquid and solid. A beverage or foodstuft
1s something that 1s suitable for mammal consumption. In some embodiments, the beverage or
foodstuft 18 suitable for human or mammal consumption. A composition 18 suitable for mammal

or human consumption 1s something that can be ingested without causing harm to the mammal or
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human. Other examples of mammals include, but are not limited to, a human, a cat, a dog, a
p1g, a cow, a horse, a sheep, rodent, rat, mouse, domesticated mammals, and the like.

In addition to the compositions described herein, the present invention also provides
solid form preparations. In some embodiments, the solid form preparation is intended to be
converted, shortly before use, to liquid form preparations for oral administration to a mammal.
Such liquid form preparations include solutions, suspensions, and emulsions. These particular
solid form preparations can be provided in a unit dose form. The unit dose form can provide
convenience to the user. The unit dose form can be used to provide a single liquid dosage unit.
Alternately, sufficient solid form preparations may be provided so that after conversion to liquid
form, multiple individual liquid doses may be obtained by measuring predetermined volumes of
the liquid form preparation as with a syringe, teaspoon, or other volumetric container or
apparatus. In some embodiments, when multiple liquid doses are so prepared, the unused portion
of the liquid doses can be kept at low temperature (1.e., under refrigeration) to, for example,
maintain stability. The solid form preparations can also be encapsulated or prepared as a tablet.
In some embodiments, the composition 1s not a liquid or 1s not intended to be converted, shortly
before use, to liquid form preparations for oral administration to a mammall.

The compositions described herein can also comprise one or more of flavoring agent(s),
flavor modifier(s), flavor enhancer(s), colorant(s), stabilizer(s), buffer(s), artificial and/or natural
sweetener(s), dispersant(s), thickener(s), solubilizing agent(s), and the like. Liquids utilized for
preparing the liquid form preparation may be for example, water, fruit juice, vegetable juice,
milk, alcohol, and the like, or any mixture thereof.

As used herein, a “flavor” refers to the perception of taste and/or smell 1n an animal,
such as a mammal, which include sweet, sour, salty, bitter, umami, and others. The animal may
be a human.

As used herein, a “flavoring agent” refers to a compound, or a biologically acceptable
salt thereof, that induces a flavor or taste 1n a mammal or a human.

As used herein, a “flavor modifier” refers to a compound, or biologically acceptable salt
thereof, that modulates, including enhancing or potentiating, and inducing, a taste and/or smell of
a natural or synthetic flavoring agent 1n a mammal or a human.

As used herein, a “flavor enhancer” refers to a compound, or biologically acceptable
salt thercof, that enhances a taste or smell of a natural or synthetic flavoring agent. In some
embodiments, the flavoring agent 1s a “savory flavor,” which refers to the savory “umami” taste

typically induced by MSG (mono sodium glutamate) in a mammal or a human.



10

15

20

25

30

CA 02843388 2014-01-27
WO 2013/016636 PCT/US2012/048544

0.

Other examples of flavoring agents include, but are not limited to, “sweet flavoring

2% ¢

agent,” “sweet compound,” or “sweet receptor activating compound,” which herein refer to a
compound, or biologically acceptable salt thercoft, that elicits a detectable sweet flavor 1n a
mammal, e.g., sucrose, fructose, glucose, and other known natural saccharide-based sweeteners,
or known artificial sweeteners including, but not limited to, sucralose, saccharin, cyclamate, and
aspartame. A sweet flavoring agent can also be referred to as a sweetener.

Other examples of sweeteners include, but are not limited to, sucrose, high fructose corn
syrup, imnvert sugar(s), crystalline fructose, fructose polymer(s), aspartame, glucose, glucose
polymer(s), sucralose, saccharine, and mixtures thereof. In some embodiments, the sweetener
can be, but 1s not limited to, sucrose, crystalline fructose, fructose polymer(s), glucose, glucose
polymer(s), aspartame, sucralose, acesulfame K, fructose syrup, glucose syrup, corn syrup, invert
sugar, sugar alcohol(s), maple syrup, honey, fruit syrup(s) (e.g., apple, grape, and/or pear) and/or
mixtures thercof. In some embodiments, the composition can be non-dietetic or dietetic. In
some embodiments, the sweetener agent for a non-dietetic composition 1s crystalline fructose,
fructose syrup, corn syrup and/or fruit syrups. In some embodiments, the sweetener agent for a
dietetic composition 1s sucralose, aspartame, acesulfame K and/or any mixture thereof.

In some embodiments, where crystalline fructose 18 used as a sweetening agent, from
about 0.01 g to about 50.0 g can be used per 354 ml of beverage solution. If a fructose polymer
1s used as a sweetening agent, from about 0.1 g to about 1000 g can be used per 354 ml of
beverage solution.

If sucrose 1s used as a sweetener, from about 0.01 g to about 100 g can be used per 354
ml of beverage solution. If aspartame 1s used as a sweetener, from about 0.05 g to about 30 g can
be used per 354 ml of beverage solution. If sucralose 1s used as a sweetener, from about 0.01 g to
about 30 g can be used per 354 ml of beverage solution. If acesulfame K 1s used as a sweetener,
from about 0.01 g to about 20 g can be used per 354 ml of beverage solution. If a glucose
polymer 18 used as a sweetener, from about 0.01 g to about 1000 g can be used per 354 ml of
beverage solution. If glucose 1s used as a sweetener, from about 0.01 g to about 100 g can be
used per 354 ml of beverage solution.

If saccharine 1s used as a sweetener, from about 0.01 g to about 10 g can used per 354
ml of beverage solution. If fructose syrup 1s used as a sweetener, from about 0.5 g to about 100 g
can be used per 354 ml beverage solution. If glucose syrup 1s used as a sweetener, from about 0.3
ml to about 100 ml can be used per 354 ml beverage solution. If corn syrup 1s used as a

sweetener, from about 0.5 ml to about 100 ml can be used per 354 ml beverage solution. If an

invert sugar 1s used as a sweetener, from about 0.5 g to about 100 g can be used per 354 ml
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beverage solution. If a sugar alcohol 1s used as a sweetener, from about 0.2 g to about 100 g can
be used per 354 ml beverage solution. If maple syrup 1s used as a sweetener, from about 0.1 g to
about 100 g can be used per 354 ml beverage solution. If honey 1s used as a sweetener, from
about 1.0 g to about 100 g can be used per 354 ml beverage solution. If a fruit syrup (e.g., apple,
orape, and/or pear) 18 used as a sweetener, from about 1.0 g to about 100 g can be used per 354
ml beverage solution. If crystalline fructose, a fructose polymer, fructose syrup, glucose, glucose
syrup, corn syrup, invert sugar, sugar alcohol, maple syrup, honey, fruit syrup (apple, grape,
pear), acesultame K, glucose polymer, sucrose, aspartame, saccharine, sucralose and/or any
mixture thercof 18 used as a sweetener, from about 0.01 g to about 200 g can be used per 354 ml
of beverage solution.

In some embodiments, the composition (e.g., foodstutt or beverage) can also comprise a
flavoring agent such as, for example, chocolate fudge, chocolate, vanilla, strawberry, prairie
berry, mocha, latte, peach, almond, coconut, raspberry, saskatoon berry, plains berry, apple,
orange, butterscotch, coftee, blueberry, bubble gum, cola, root beer, guarana and/or any mixture
thercof. In some embodiments, flavoring agents and/or any mixture thercot chosen from the list
above can be added from about 0.01 g to about 50 g per 354 ml of a beverage solution.

In some embodiments, the composition comprises a preservative. The preservative used
can be natural and bacteriostatic. In some embodiments, the preservative 1s benzoic acid and/or
a benzoate compound such as, but not limited to, sodium benzoate, potassium lactate, calcium
benzoate and/or magnesium benzoate. In some embodiments, the beverage compositions
comprise from about 0.15 g to about 0.70 g of preservative, such as benzoic acid, sodium
benzoate, potassium benzoate, calcium benzoate, magnestum benzoate and/or any mixture
thereof per 354 ml of beverage solution.

In some embodiments, the beverage composition can also comprise the addition of
carbonation, 1.¢., the forceful introduction of carbon dioxide gas, under pressure, against a liquid
surface, which causes the absorption of the gas into, and 1n the case of the present compositions,
solubilization by the liquid. In some embodiments, from about 0.10 volume to about 4 volumes
of gas 1s added per 354 ml of beverage solution. The higher the gas pressure and the cooler the
liquid, the more carbonation that 1s dissolved. Carbonation can, for example, enhance the flavor,
sweetness, taste, mouth-feel and/or lowering the pH of the beverage. Carbonation can also
change the viscosity to render the beverage more desirable.

In some embodiments, the compositions described herein can comprise other ingredients.
Examples of additional ingredients include, but are not limited to, vitamin(s), mineral(s), amino

acid(s), antioxidant(s), botanical extract(s), and the like. Particular examples include, but are not
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limited to, vitamin C, vitamin E, glutamine, L-carnitine, N-acetyl cysteine (NAC), alpha lipoic
acid, Co Enzyme Q 10, Cordyceps, N-Acetyl glucosamine, quercetin, lutein (zeaxanthin), milk
thistle extract (e.g., silybum marianum), silimarin, theanine, curcumin (turmeric), broccoli
sprouts (sulforaphane), green tea, and the like. In some embodiments, the composition can
comprise one or more of the following: Vitamin B1 (thiamine), Vitamin B2 (Riboflavin),
Vitamin B3 (Niacin), Vitamin B6 (Pyridoxine HCI), Vitamin B12 (Cyanocobalamin), folic acid,
pantothenic acid, biotin, chromium nicotinate, magnesium carbonate, copper gluconate, ginseng
(e.g. panax ginseng), rhodiola rosea, acetyal-L-carnitine, caffeine (e.g. naturally derived or
synthetic), and the like. The composition can also be caffeine free. In some embodiments, the
composition can comprise at least 1, 2, 3,4, 5,6, 7, 8,9, or 10 of the foregoing. In some
embodiments, the composition comprises 1, 2, 3,4, 5,6, 7, 8, 9, or 10 of the foregoing. In some
embodiments, the composition can comprise all of the foregoing.

In some embodiments, the composition (e.g. capsule, tablet, beverage, foodstuft, and the
like) comprises one or more sugar-cysteine products (e.g. RibCys, GlcCys, GlycCys, FruCys,
GIcNH,Cys, or GIcNHACcCys), glutamine, glucosamine (e.g. N-Acetyl glucosamine), quercetin
(e.g. quercetin dehydrate), milk thistle seed (e.g. silymarin), alpha lipoic acid (e.g. alpha lipoic
acid 98%), vitamin C (e.g. calcium ascorbate), cordyceps (e.g. cordyceptic acid), or any
combination thereof.

In some embodiments, a composition described herein (e.g. capsule, tablet, beverage,
foodstuft, and the like) comprises at least 10 mg, at least 50 mg, at least 100 mg, at least 200 mg,
at least 300 mg, at least 400 mg, at least 500 mg, at least 600 mg, or at least 700 mg of one or
more sugar-cysteine products (e.g. RibCys, GlcCys, GlycCys, FruCys, GIcNH,Cys, or
GIcNHAcCys). In some embodiments, a composition comprises about 10-800 mg, about 10-700
mg, about 10-500 mg, about 10-400 mg, about 10-300 mg, about 10-200 mg, about 10-100 mg,
about 10-100, about 10-50, about 20-50, about 30-50, about 40-50, about 40-45, about 50-150,
about 75-125, about 50, about 100, about 200, about 300, about 400, or about 500 mg of one or
more sugar-cysteine products. In some embodiments, a composition comprises about 41-42 mg
of one or more sugar-cysteine products. In some embodiments, a composition comprises about
5-10, 6-10, 7-10, 7-9, 7-8, 7-7.5% w/w of one or more sugar-cysteine products. The amounts
listed herein can be for each sugar-cysteine product or for a all the sugar-cysteine products
present in the composition. For example, 50 mg of one or more sugar-cysteine products can
refer to either one sugar-cysteine product in a composition or the aggregate amount of all the
sugar-cysteine products 1n a composition. In some embodiments, the amounts disclosed herein

arc calculated per serving. In some embodiments, aservingis 1, 2, 3, 4,5, 6,7, 8,9, 10, 11, or
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12 liquid ounces. In some embodiments, the composition 1s an amount of about 50-60 ml or
about 1-3, 1-2, or 1.5-2.0 liquid ounces. of about In some embodiments, a composition
comprises a first, a second, and/or a third sugar-cysteine product. In some embodiments, the
sugar-cysteine product 1s RibCys or GlcCys. In some embodiments, a serving 18 a capsule and/or
a tablet. In some embodiments, a serving 1s 1, 2, 3, 4 or 5 capsules and/or tablets.

In some embodiments, a composition described herein comprises about 1-500, about 1-
400, about 1-300, about 100-500, about 100-400, about 100-300, about 200-500, about 200-400,
about 200-300, about 240-300, about 240-260, about 245-255, or about 250 mg of glutamine. In
some embodiments, the glutamine 1s L-glutamine. In some embodiments, a composition
described herein comprises about 40-50%, about 40-45%, about 42-44% (w/w) of glutamine. In
some embodiments, the composition comprises about 43% (w/w) of glutamine.

In some embodiments, a composition described herein comprises about 1-100, about 1-
90, about 1-80, about 1-70, about 1-60, about 1-50, about 10-100, about 10-90, about 10-80,
about 10-70, about 10-60, about 10-50, about 20-100, about 20-90, about 20-80, about 20-70,
about 20-60, about 20-50, about 30-100, about 30-90, about 30-80, about 30-70, about 30-60,
about 30-50, about 40-100, about 40-90, about 40-80, about 40-70, about 40-60, about 40-50,
about 35-45, about 40-45, about 40-42, about 41-42, or about 42-43 mg of glucosamine. In some
embodiments, a composition comprises 41.7 mg or 42.55 mg of glucosamine. In some
embodiments, a composition described herein comprises about 1-10%, about 5-10%, about 6-
8%, about 7-8% (w/w) of glucosamine. In some embodiments, the composition comprises about
7.15-7.20% (w/w) of glucosamine. In some embodiments, the glucosamine 1s N-acetyl
oglucosamine. In some embodiments, the N-acetyl glucosamine 1s 75% N-Acetyl glucosamine.

In some embodiments, any composition described herein comprises milk thistle seed. In
some embodiments, any composition described herein comprises about 1-20, 1-15, 1-10, 1-9, 5-
20, 5-15, 5-10, 7.5-20, 7.5-15, 7.5-10, 8-10, 9-11, or 9-10 mg of milk thistle seed. In some
embodiments, a composition comprises about 1-5, 1-4, 1-3, 1-2, 2-3, 2-4, 2-5, 2-2.5, or 1-1.5 %
w/w of milk thistle seed. In some embodiments, a composition comprises about 1.4-15% w/w of
milk thistle seed. In some embodiments, the milk thistle seed 1s silymarin. In some
embodiments, the silymarin 1s 80% silymarin. In some embodiments, the milk thistle extract 1s
silybum mariuanum extract.

In some embodiments, any composition described herein comprises broccol1 seed extract.
In some embodiments, any composition described herein comprises about 1-10, 5-10, 6-10, 7-10,

7-9, or 7-8 mg of broccoli seed extract. In some embodiments, a composition comprises about 1-

5,1-4, 1-3, 1-2, 1.5-2.0 % w/w of broccoli seed extract.
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In some embodiments, any composition described herein comprises aloe extract. In some
embodiments, any composition described herein comprises about 1-10, 5-10, 6-10, 7-10, 7-9, or
7-8 mg of aloe extract. In some embodiments, a composition comprises about 1-5, 1-4, 1-3, 1-2,
1.5-2.0 % w/w of aloe extract.

In some embodiments, a composition described herein comprises about 10-100, 10-90,
10-80, 10-70, 10-60, 10-50, 10-40, 10-30, 20-100, 20-90, 20-80, 20-70, 20-60, 20-50, 20-40, 20-
30, 20-25, 25-30, or 25 mg of alpha lipoic acid. In some embodiments, a composition comprises
about 1, 2, 3, 4, 5, 1-10, 1-7.5, 1-7, 1-6, 1-5, 2-10, 2-7.5, 2-7, 2-6, 2-5%, 3-10, 3-7.5, 3-7, 3-6, 3-
5,4-10,4-4.5, 4-7, 4-6, 4-5, or 4-4.5% w/w of alpha lipoic acid. In some embodiments, the
alpha lipoic acid 1s 98% alpha lipoic acid.

In some embodiments, a composition described herein comprises about 10-50, 10-40, 10-
30, 20-30, 20-40, 20-50, 50-250, 50-100, 60-100, 70-100, 80-100, 80-90, 75-85, 80-85, 95-103,
or 100-110 mg of vitamin C. In some embodiments, a composition comprises 383.3 mg of
vitamin C. In some embodiments, a composition comprises about 101-102 mg of vitamin C. In
some embodiments, a composition comprises about 1-10, 2-10, 3-10, 4-10, 5-10, 6-10, 6-9, 6-8,
6-7, 10-20, 10-15, 11-15, 12-15, 13-15, 14-15, 15-20, 16-18, or 17-18 % w/w of vitamin C. In
some embodiments, the vitamin C 1s calcium ascorbate. In some embodiments, the vitamin C 1s
referred to as calctum ascorbate 10% calcium, 82% vitamin C.

In some embodiments, a composition described herein comprises selenium. In some
embodiments, a composition described herein about 1-2, 1-1.5, 1-1.4, 1.1-1.5, 1.2-1.5, 1.3-1.5, or
1.3-1.4 mg of selenium. In some embodiments, a composition comprises about 0.1 to 1, 0.1-0.5,
0.1t004,0.1t00.3,0.2t00.4,0.25t00.35,0.1,0.2,0.3,0.4, or 0.5 % w/w of selentum. In
some embodiments, the selentum 1s selenome thionine.

In some embodiments, a composition described herein comprises piperine (e.g. BioPerine
or extract obtained from the black pepper). Piperine 1s also described in U.S. Patent No.
5,536,506, which 1s hereby incorporated by reference 1n its entirety. In some embodiments, a
composition described herein about 1-2, 1-1.5, 1-1.4, 1.1-1.5, 1.2-1.5, 1.3-1.5, or 1.3-1.4 mg of
piperine. In some embodiments, a composition comprises about 0.1 to 1, 0.1-0.5, 0.1 t0 0.4, 0.1
t0 0.3,0.210 0.4, 0.25t0 0.35, 0.1, 0.2, 0.3, 0.4, or 0.5 % w/w of piperine.

In some embodiments, a composition described herein comprises D-ribose-L-cysteine
(RibCys). In some embodiments, a composition described herein comprises about 50-100, 50-
200, 50-300, 50-90, 50-30, 50-70, 60-100, 60-90, 60-30, 60-70, 60-65, or 60-75 mg of D-ribose-
L-cystemne. In some embodiments, the composition comprises about 10-20, 12-20, 13-20, 14-20,

14-19, 14-18, 14-17, 14-16, 14-15, or 10-15% w/w of RibClys.
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In some embodiments, a composition described herein comprises curcumin, which can be
derived from turmeric. In some embodiments, a composition described herein comprises about
1-100, 10-100, 20-100, 30-100, 40-100, 40-60, 45-55, 50-100, 50-90, 50-80, or 50-60 mg of
curcumin. In some embodiments, the composition comprises about 10-20, 11-20, 11-19, 11-18,
11-17, 11-16, 11-15, 11-14, 11-13, or 11-12% w/w of curcumin.

In some embodiments, a composition described herein comprises 3,5,4'-trihydroxy-trans-
stilbene (resveratrol). In some embodiments, a composition described herein comprises about
10-100, 10-90, 10-80, 10-70, 10-60, 10-50, 10-40, 10-30, 20-100, 20-90, 20-80, 20-70, 20-60,
20-50, 20-40, 20-30, 20-25, 25-30, or 25 mg of resveratrol. In some embodiments, a composition
comprises about 1, 2, 3, 4, 5, 1-10, 1-7.5, 1-7, 1-6, 1-5, 2-10, 2-7.5, 2-7, 2-6, 2-5%, 3-10, 3-7.5,
3-7, 3-6, 5-10, 5-6, 5-7, or 5.5-6.0 % w/w of resveratrol. In some embodiments, the resveratrol
1s resveratrol 50%, which 1s a term of art where the amount of resveratrol powder, which can be
referred to also as polygonum cuspidatum standardized to 50%.

In some embodiments, a composition described herein comprises grape seed extract. In
some embodiments, a composition described herein comprises about 10-50, 10-40, 10-30, 10-20,
15-20, 16-20, 16-19, 16-19, 16-18, or 16-17 mg of grape seed extract. In some embodiments, a
composition comprises about 1, 2, 3, 4, 5, 1-5, 2-5, 3-5, 3-4, 3.5-4 % w/w of grape seed extract.

In some embodiments, a composition described herein comprises about 50-200, 50-150,
150-200, 150-160, 150-175, 150-155, 75-125, 90-110, 95-105, or 100 mg of cordyceps. In some
embodiments, a composition comprises about 10-20, 15-20, 16-18, or 17-18% w/w of cordyceps.
In some embodiments, a composition comprises about 30-40, 31-40, 32-40, 33-40, 34-40, 34-39,
34-38, 34-37, 34-36, 34-35% w/w of cordyceps. In some embodiments, the cordyceps 1s an
extract. In some embodiments, the cordyceps 18 cordyceptic acid. In some embodiments, the
cordyceps 1s referred to as 7% cordyceptic acid.

In some embodiments, a composition described herein comprises quercetin. In some
embodiments, the composition comprises about 1-400, about 1-300, about 1-200, about 1-100,
about 1-75, about 25-75, about 45-55, about 40-60, about 47-52, about 10-15, about 11-14, about
11-13, about 12-13, or about 50 mg of quercetin. In some embodiments, the composition
comprises about 12.5-13 mg of quercetin. In some embodiments, the composition comprises
about 1-10, 5-10, 8-10, or 8-9 mg of quercetin. In some embodiments, the composition
comprises 10, 20, 30, 40, 50, 60, 70, 80, 90, or 100 mg of quercetin. In some embodiments, the
composition comprises at least 10, 20, 30, 40, 50, 60, 70, 80, 90, or 100 mg of quercetin. In
some embodiments, a composition comprises about 0.01-0.08, about 0.02-0.08, about 0.03-0.08,
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about 0.04-0.08, about 0.05-0.08, about 0.06-0.08, about 0.07-0.08, about 1-5, about 1-4, about
1-3, about 2-3, about 2-4, or about 2-5% w/w of quercetin. In some embodiments, a composition
comprises about 2-2.5% w/w of quercetin. In some embodiments, the quercetin 18 quercetin
dihydrate.

In some embodiments, a composition comprises about 7-8% w/w of one or more sugar
cysteine products, about 42-43% w/w of glutamine, about 7-8% w/w of glucosamine, about 2-
3% w/w of quercetin, about 1-2% w/w of milk thistle seed, about 4-5% w/w of alpha lipoic acid,
about 14-17% vitamin C, and about 17-18% cordyceps. In some embodiments, a composition
comprises about 7-8% w/w of one or more sugar cysteine products, about 42-43% w/w of
glutamine, about 7-8% w/w of glucosamine, about 2-3% w/w of quercetin, about 1-2% w/w of
milk thistle seed, about 4-5% w/w of alpha lipoic acid, about 14-17% vitamin C, and about 17-
18% cordyceps, wherein the total 1s 100%. In some embodiments, the composition 1s free of
sugar or free-cysteine. In some embodiments, the composition comprises caffeine.

In some embodiments, a composition described herein 1s free of N-acetyl cysteine,
which can be referred to as “NAC”.

In some embodiments, % w/w refers to the mass of the active ingredients. In some
embodiments, % w/w refers to the total mass of all ingredients present in a composition. In
some embodiments, the % w/w does not include the weight of the capsule. In some
embodiments, the % w/w includes the weight of the capsule.

As used herein, the phrase “recommended daily allowance” or “recommended dictary
allowance” refers to an amount to be consumed by an individual that has generally been
determined to be desirable. In some embodiments, the individual 1s a male, female, infant (0-12
months), child (1-10 years), pregnant woman, lactating woman (first 6 months post-partum or 6-
12 months post-partum). The male or female can be 11-18 years old or greater than or equal to
19 years old. The recommended daily allowance can be found, for example, 1n Recommended
Dietary Allowances: 10th Edition, Subcommittee on the Tenth Edition of the RDASs, Food and
Nutrition Board, Commission on Life Sciences, National Research Council, NATIONAL
ACADEMY PRESS, Washington, D.C. 1989, which 1s hereby incorporated by reference 1n 1ts
entirety. The daily allowances referred to herein and below are determined for a male greater
than or equal to 19 years old, but can routinely be converted to other types of subjects as needed.

In some embodiments, vitamin B3 1s kosher. In some embodiments, vitamin B6 18
kosher. In some embodiments, vitamin B12 1s kosher. In some embodiments, the composition
as a whole 1s kosher or could be certified kosher. In some embodiments, any of the ingredients

can be kosher.
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In some embodiments, the present invention provides compositions comprising a sugar
and cysteine. In some embodiments, the ratio of the sugar to the cysteine 1s 1.0:1.0. In some
embodiments, the ratio of the sugar to the cysteine 1s greater than 1.0:1.0. For example, the ratio
of sugar to cysteine can be about 1.1:1.0, about 1.5:1.0, about 2.0:1.0, about 2.5:1.0, about
3.0:1.0, about 4.0:1.0, about 5.0:1.0, about 6.0:1.0, about 7.0:1.0, about 8.0:1.0, about 9.0:1.0,
about 10.0:1.0, or the like. In some embodiments the ratio of the sugar to cysteine 1s from about
2.0:1.0 to about 10.0:1.0. In some embodiments, the ratio of the sugar to cysteine 1s greater than
about 2.0:1.0, greater than about 3.0:1.0, greater than about 4.0:1.0, greater than about 5.0:1.0,
orecater than about 6.0:1.0, greater than about 7.0:1.0, greater than about 8.0:1.0, greater than
about 9.0:1.0, or greater than about 10.0:1. In some embodiments the ratio of the sugar to
cysteine 1s from about 2.0:1.0 to about 5.0:1.0.

In some embodiments, the cysteine 1s L-cysteine. In some embodiments, the cysteine 1s
a cysteine salt. For example, the cysteine salt can be, but 1s not limited to, the cysteine
hydrochloride salt. In some embodiments, the cysteine 1s a salt monohydrate. In some
embodiments, the composition 1s free of a cysteine salt. In some embodiments, the composition
1s free of a cysteine salt monohydrate.

As used herein, the phrase “substantially free of free-cysteine™ refers to a composition
where free-cysteine cannot be detected using standard HPLC methods or similar standard
methods. In some embodiments, the composition comprises less than 1 ppm of free-cysteine.

In some embodiments, the composition further comprises a bicarbonate. The
bicarbonate can be used to counteract the acidity of the cysteine salt when 1t 1s dissolved 1n a
liquid. Examples of bicarbonates include, but are not limited to, potassium bicarbonate, sodium
bicarbonate, and the like. The carbonate can also be used, for example, to cause a fizzing 1n the
liquad.

When mixed under permissive conditions, ribose and cysteine will combine to form
RibCys. Accordingly, mm some embodiments, a composition can comprise ribose, cysteine, and
RibCys. In some embodiments, a composition comprises ribose and RibCys and 1s free of free-
cysteine. In some embodiments, a composition comprises ribose and RibCys and 1s substantially
free of free-cysteine. “Free-cysteine” refers to a cysteine molecule that has a free sulthydryl
oroup that would be able to react with other molecules and be involved 1n oxidation reactions.
Ri1bCys does not contain free-cysteine because the sulthydryl group 1s not available to be used 1n
an oxidation reaction. RibCys can be hydrolyzed non-enzymatically to produce free-cysteine
and free-ribose, but this would not mean that RibCys comprises free-cysteine. RibCys can be

present 1n an equilibrium with free-ribose and free-cysteine if there 1s not excess ribose as



10

15

20

25

30

CA 02843388 2014-01-27
WO 2013/016636 PCT/US2012/048544

_17-

compared to the cysteine. Accordingly, the composition can comprise excess ribose such that
Ri1bCys 1s maintained as the sugar-cysteine product and not be allowed to dissociate into free-
ribose and free-cysteine. In some embodiments, the ratio of the sugar (e.g. ribose) to sugar-
cysteine product (e.g. ribose-cysteine) in the composition 18 about 1.1:1 to 3:1, about 1.1:1 to 5:1,
about 1.1:1 to 10:1, 1.5:1 to 3:1, about 1.5:1 to 5:1, about 1.5:1 to 10:1, about 2:1 to 3:1, about
2:1t0 5:1, about 2:1 to 10:1, about 2.5:1, about 2.5:1 to 3:1, about 2.5:1 to 5:1, about 2.5 to 10:1,
orcater than or equal to 2:1, greater than or equal to 1.5:1, greater than or equal to 2.5:1. The
ratio of the sugar to the sugar-cysteine product can be determined based upon w/w. The
compositions can also be free of any of the ingredients or components listed herein. That 1s, the
present specification provides, in some embodiments, compositions that comprise one or more of
the listed ingredients or components as described herein, but in some embodiments, the
composition 18 free of one or more of the listed ingredients herein.

In some embodiments, a composition comprises about 100-300% of the recommended
daily allowance of vitamin B1. In some embodiments, a composition comprises about 100, 200,
or 300% of the daily allowance of vitamin B1. In some embodiments, a composition comprises
less than or equal to 300% of the daily allowance of vitamin B1. In some embodiments, a
composition comprises less than 250% of the daily allowance of vitamin B1. In some
embodiments, a composition comprises about 1-5 mg vitamin B1 (thiamine). In some
embodiments, a composition comprises about 1, 2, 3, 4, or 5 mg of Vitamin B1. In some
embodiments, a composition comprises 3 mg of Vitamin B1. In some embodiments, a
composition comprises about 0.004-0.005% w/w of Vitamin B1. In some embodiments, the
Vitamin B1 1s thiamine HCI.

In some embodiments, a composition comprises about 100-300% of the recommended
daily allowance of vitamin B2. In some embodiments, a composition comprises about 100, 200,
or 300% of the daily allowance of vitamin B2. In some embodiments, a composition comprises
less than or equal to 300% of the daily allowance of vitamin B2. In some embodiments, a
composition comprises less than 200% of the daily allowance of vitamin B2. In some
embodiments, a composition comprises about 1-5, about 1-4, about 1-3, about 1-2, about 1.5 to
2.0 mg vitamin B2 (riboflavin). In some embodiments, a composition comprises about 1, 2, 3, 4,
or 5 mg of Vitamin B2. In some embodiments, a composition comprises less than 2 mg of
Vitamin B2. In some embodiments, a composition comprises about 0.002-0.003%, about 0.002-
0.004%, about 0.002-0.005% w/w of Vitamin B2. In some embodiments, the Vitamin B2 1s

riboflavin.
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In some embodiments, a composition comprises about 100-300% of the recommended
daily allowance of vitamin B3 (niacin). In some embodiments, a composition comprises about
100, 200, or 300% of the daily allowance of vitamin B3. In some embodiments, a composition
comprises less than or equal to 300% of the daily allowance of vitamin B3. In some
embodiments, a composition comprises less than 200% of the daily allowance of vitamin B3. In
some embodiments, a composition comprises about 1-50, about 1-40, about 1-30, about 1-20,
about 10-30, about 10-25, about 10-40, about 10-50, about 15 to 25 mg vitamin B3 (niacin). In
some embodiments, a composition comprises about 10, 20, 30, 40, or 50 mg of Vitamin B3. In
some embodiments, a composition comprises less than 25 mg of Vitamin B3. In some
embodiments, a composition comprises about 0.02-0.05%, about 0.02-0.04%, about 0.02-
0.035%., about 0.03-0.04%, or about 0.03-0.035% w/w of Vitamin B3. In some embodiments,
the Vitamin B3 1s niacin.

In some embodiments, a composition comprises about 100-500% of the recommended
daily allowance of vitamin B6 (pyridoxine HCI). In some embodiments, a composition
comprises about 100, 150, 200, 250, 300, 350, 400, 450, or 500% of the daily allowance of
vitamin B6. In some embodiments, a composition comprises less than or equal to 300% of the
daily allowance of vitamin B6. In some embodiments, a composition comprises less than or
equal to 250% of the daily allowance of vitamin B6. In some embodiments, a composition
comprises about 1-10, about 1-6, about 1-5, about 1-4, about 1-3, about 1-2, about 1-10, about 4
to 6, about 5, about 1, about 2, about 3, about 4, about 5, about 6, about 7, about 8, about 9, about
10 mg vitamin B6. In some embodiments, a composition comprises less than 10 mg of Vitamin
B6. In some embodiments, a composition comprises about 0.005-0.010%, 0.005-0.009%, 0.005-
0.008%, 0.006-0.008%, or about 0.007-0.008%, w/w of Vitamin B6. In some embodiments, the
Vitamin B6 1s pyridoxine HCI.

In some embodiments, a composition comprises about 100-2000% of the recommended
daily allowance of vitamin B12, which can be cyanocobalamin. In some embodiments, a
composition comprises about 100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 650, 700,
750, 800, 850, 900, 1000, 1100, 1200, 1300, 1400, 1500, 1600, 1700, 1000-2000, 1200-1800,
1300-1700, 1600-1700, 1650-1700, at least 1500, at least 1600, at least 1650 percent of the daily
allowance of vitamin B12. In some embodiments, a composition comprises about 1-100, 1-75,
1-60, about 1-50, about 1-40, about 1-30, about 40-60, about 45-55, or about 50, mcg vitamin
B12. In some embodiments, a composition comprises about 1.00 X10™ to 8.00 X10™ %, about

2.00 X10™ to 8.00 X10™ %, about 3.00 X10™ to 8.00 X10™ %, about 4.00 X10™ to 8.00 X10™ %,
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about 6.00 X10™ to 8.00 X10~ %, or about 7.00 X10™ to 8.00 X10™ % w/w of Vitamin B12. In
some embodiments, the Vitamin B12 1s cyanocobalamin 1%.

In some embodiments, a composition comprises about 100-500% of the recommended
daily allowance of folic acid. In some embodiments, a composition comprises about 100, 150,
200, 250, 300, 350, 400, 450, or 500% of the daily allowance of folic acid. In some
embodiments, a composition comprises less than or equal to 300% of the daily allowance of folic
acid. In some embodiments, a composition comprises less than or equal to 200% of the daily
allowance of folic acid. In some embodiments, a composition comprises about 100-1000, about
100-900, about 100-800, about 100-700, about 100-600, about 100-500, about 100-400, about
300-500, about 350-450, about 375-425 mcg of folic acid. In some embodiments, a composition
comprises about 0.0001-0.0007%, about 0.0002-0.0007%, about 0.0003-0.0007%, about 0.0004-
0.0007%, about 0.0005-0.0007%, about 0.0006-0.0007% w/w of folic acid.

In some embodiments, a composition comprises about 100-300% of the recommended
daily allowance of panthothenic acid. In some embodiments, a composition comprises about
100, 200, or 300% of the daily allowance of panthothenic acid. In some embodiments, a
composition comprises less than or equal to 300% of the daily allowance of panthothenic acid.
In some embodiments, a composition comprises less than 200% of the daily allowance of
panthothenic acid. In some embodiments, a composition comprises about 1-50, about 1-40,
about 1-30, about 1-20, about 1-10, about 10-30, about 10-25, about 10-40, about 10-50, about 5
to 15 mg, about 7.5 to 12.5 mg panthothenic acid. In some embodiments, a composition
comprises about 5, 10, 20, 30, 40, or 50 mg of panthothenic acid. In some embodiments, a
composition comprises less than 15 mg of panthothenic acid. In some embodiments, a
composition comprises about 0.010-0.016%, about 0.011-0.016%, about 0.012-0.016%, about
0.013-0.016%, about 0.014-0.016%, or about 0.015-0.016% w/w of panthothenic acid.

In some embodiments, a composition comprises about 25-500% of the recommended
daily allowance of biotin. In some embodiments, a composition comprises about 25, 50, 75, 100,
150, 200, 250, 300, 350, 400, 450, or 500% of the daily allowance of biotin. In some
embodiments, a composition comprises less than or equal to 100% of the daily allowance of
biotin. In some embodiments, a composition comprises less than or equal to 50% of the daily
allowance of biotin. In some embodiments, a composition comprises about 50, about 100, about
125, about 150, about 175, about 200, about 250, about 300, about 25-300, about 25-200, about
25-175, about 25-150, about 50-200, about 50-150, about 75-175, about 75-150, about 100-200,
about 100-175, about 100-150, about 125-175, about 125-150, or about 135-165, mcg of biotin.
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In some embodiments, a composition comprises about 0.0001- 0.0003%, 0.0002- 0.0003%,
about 0.0001- 0.0004%, or about 0.0002- 0.0004% w/w of biotin.

In some embodiments, a composition comprises about 1-50% of the recommended daily
allowance of chromium. In some embodiments, a composition comprises about 1, 5, 10, 15, 20,
25, 30, 35, 40, 45, or 50% of the daily allowance of chromium. In some embodiments, a
composition comprises about 1-50, about 1-40, about 1-30, about 5-50, about 5-40, about 5-30,
about 10-50, about 10-40, about 10-30, about 20-50, about 20-40, about 20-30, about 25-50,
about 25-40, about 25-35, about 10, about 20, about 30, about 40, or about 50 mcg of chromium.
In some embodiments, a composition comprises about 1X107- 5X10°%, about 2X107- 5X10
2%, about 3X107- 5X107%. or about 4 X10°- 5 X10°%, w/w of chromium. The chromium can
be supplied 1n any form, such as, but not limited to, chromium nicotinate. In some embodiments,
the chromium nicotinate 18 chromium nicotinate 0.5%.

In some embodiments, a composition comprises about 1-100% of the recommended
daily allowance of magnesium. The magnesium can be supplied 1n various form such as, but not
limited to, magnesium carbonate. In some embodiments, the magnesium carbonate 18
magnesium carbonate 27%. In some embodiments, a composition comprises about 1, 5, 10, 15,
20, 25, 30, 40, 50, 60, 70, 80, 90, 100% of the daily allowance of magnesium. In some
embodiments, a composition comprises about 1-10,1-5, 5, or at least 5 % of the daily allowance
of magnesium. In some embodiments, a composition comprises about 1-50, about 1-40, about 1-
30, about 1-20, about 10-20, about 15-20, about 10-40, about 10-50, about 15 to 25 mg of
magnesium. In some embodiments, a composition comprises about 10, 20, 30, 40, or 50 mg of
magnesium. In some embodiments, a composition comprises at least 20 mg of magnesium. In
some embodiments, a composition comprises about 0.02-0.05%, about 0.02-0.04%, about 0.02-
0.035%, about 0.03-0.04%, or about 0.03-0.035% w/w of magnesium (e.g. magnesium
carbonate).

In some embodiments, a composition comprises about 1-100% of the recommended
daily allowance of copper. The copper can be supplied in any form such as, but not limited to,
copper gluconate. In some embodiments, a composition comprises about 1, 2, 3,4, 5,6, 7, 8, 9,
10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100% of the daily allowance of copper. In some
embodiments, a composition comprises about 1-10,1-9, 1-8, or at least 8 % of the daily
allowance of copper. In some embodiments, a composition comprises about 0.01-2, about 0.01-
1, about 0.01-.5, about 0.01-.4, about 0.01-.3, about 0.01-.2, about 0.1-0.2, about 0.15-0.2, about
0.2 mg of copper. In some embodiments, a composition comprises 0.1, 0.2, 0.3, 0.4, or 0.5 mg

of copper. In some embodiments, a composition comprises at least 0.2 mg of copper. In some
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embodiments, a composition comprises about 0.0001-0.0004, about 0.0002-0.0004, or about
0.0003-0.0004% w/w of copper.

In some embodiments, a composition comprises CoQ10, which can also be referred to
as Coenzyme Q10, ubiquinone, ubidecarenone, or coenzyme Q. In some embodiments, the
composition comprises about 1-100, about 1-75, about 1-50, about 1-25, about 1-20, about 10-
30, about 15-25, about 17-22, about 20 mg of CoQ10. In some embodiments, the composition
comprises 10, 20, 30, 40, 50, 60, 70, 80, 90, or 100 mg of CoQ10. In some embodiments, the
composition comprises at least 10, 20, 30, 40, 50, 60, 70, 80, 90, or 100 mg of CoQ10. In some
embodiments, a composition comprises about 0.01-0.05, about 0.02-0.05, about 0.03-0.05, about
0.04-0.05, about 0.03-0.04, about 0.03-0.0335, or about 0.03-0.05% w/w of CoQ10.

In some embodiments, a composition comprises about 1-1000 mg of ginseng. The
oginseng can be from any source such as, but not limited to, Panax quinquefolius or Panax
oinseng. Therefore, the term ginseng encompasses, but 1s not limited to Panax quinquefolius or
Panax ginseng. In some embodiments, the ginseng 1s Panax ginseng. In some embodiments, the
ginseng 18 Panax quinquefolius. In some embodiments, the ginseng 1s free of Panax
quinquefolius. In some embodiments, the ginseng 1s free of Panax ginseng. In some
embodiments, the composition comprises about 1-900, 1-800, 1-700, 1-600, 1-500, 1-400, 1-300,
1-200, 1-100 mg ginseng. In some embodiments, the composition comprises at least 25, 50, 75,
100, 150, or 200 mg ginseng. In some embodiments, the composition comprises about 0.05-
0.20, 0.10-0.20, 0.15-0.20, 0.15-0.16, 0.15-0.17, 0.15-0.18, or 0.15-0.19% w/w of ginseng.

In some embodiments, a composition comprises rhodiola rosea, which can also be
referred to as Golden Root, Roseroot, or Aaron's Rod. In some embodiments, the composition
comprises about 1-400, about 1-300, about 1-200, about 1-100, about 1-75, about 25-75, about
45-55, about 40-60, about 47-52, about 50 mg of rhodiola rosea. In some embodiments, the
composition comprises 10, 20, 30, 40, 50, 60, 70, 80, 90, or 100 mg of rhodiola rosea. In some
embodiments, the composition comprises at least 10, 20, 30, 40, 50, 60, 70, 80, 90, or 100 mg of
rhodiola rosea. In some embodiments, a composition comprises about 0.01-0.08, about 0.02-
0.08, about 0.03-0.08, about 0.04-0.08, about 0.05-0.08, about 0.06-0.08, or about 0.07-0.08%
w/w of rhodiola rosea.

In some embodiments, a composition comprises acetyl-L-carnitine. In some
embodiments, the composition comprises about 1-1000, 1-900, 1-800, 1-700, 1-600, 1-500, 1-
400, 1-300, 1-200, 1-100, 1-50, 100-500, 100-400, 100-300, 100-200, 200-300, 225-275 mg of
acetyl-L-carnitine. In some embodiments, the composition comprises about 0.1-0.5, about 0.2-

0.5, about 0.3-0.4, about 0.3-0.5% w/w of acetyl-L-carnitine.
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In some embodiments, a composition comprises panex ginseng. In some embodiments,
the composition comprises about 100, 1-200, 1-100, 50-200, 50-150, 75-125, 90-110, or 95-103,
mg of panex ginseng. In some embodiments, the composition comprises about 0.1-0.5, about

0.1-0.2, about 0.15-0.2, about 0.15-0.18% w/w of panex ginseng.

In some embodiments, the composition comprises the formulation or composition

presented 1n the following table (Table 1):
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Table 1

In some embodiments, a composition 18 provide that comprises vitamin b1, vitamin b2,

vitamin B3, vitamin B6, folate, vitamin B12, biotin, pantothenic acid, magnesium, copper,

chromium (as chromium nicotinate), d-ribose, acetyl-1-carnitine, panex ginseng, green tea

extract, d-ribose, rhodiola rosea, quercetin, I-cysteine, CoQ10, and water. In some embodiments,

the composition comprises at least one flavorant and/or at least one preservative. In some

embodiments, the composition further comprises natural flavors. In some embodiments, the

composition comprises one or more of, or all of, fructose, natural flavors and color, citric acid,

stevia extract, guar gum & xanthan gum blend, potassium sorbate, sodium benzoate. In some

embodiments, the fructose that 1s used 1s crystalline fructose.

In some embodiments, the composition comprises vitamin B1 (as thiamine), vitamin b2

(as riboflavin), vitamin B3 (as niacin), vitamin B6 (as pyridoxine), folate (as folic acid), vitamin

B12 (as cyanocobalamin), biotin, pantothenic acid (as calcium pantothenate), magnesium (as

magnesium carbonate) 27% Mg, copper (as copper gluconate) 13% Cu, chromium (as chromium

nicotinate) 0.5% Cr, D-ribose, acetyl-1-carnitine, panex ginseng, green tea extract (Camellia
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sinensis), D-Ribose (as D-Ribose-L-Cysteine), rhodiola rosea, quercetin, L-cysteine (as D-
Ribose-L-Cysteine), CoQ10, water, crystalline fructose, natural flavors and color, citric acid,
stevia extract, guar gum & xanthan gum blend, potassium sorbate, and sodium benzoate.

As used herein, the term, “L-cysteine (as D-Ribose-L-Cysteine)” means that the L-
Cysteine contribution 18 counted as being from the molecule D-Ribose-L-Cysteine. For
example, when the molecule D-Ribose-L-Cysteine 18 hydrolyzed, ribose and cysteine are
released. Therefore, the amount of the L-Cysteine can be correlated back to the amount of D-
Ribose-L-Cysteine present in the composition. As used herein, the term, “D-ribose (as D-
Ribose-L-Cysteine)” means that the L-Cysteine contribution 1s counted as being from the
molecule D-Ribose-L-Cysteine. For example, when the molecule D-Ribose-L-Cysteine 1s
hydrolyzed, ribose and cysteine are released. Therefore, the amount of the D-ribose can be
correlated back to the amount of D-Ribose-L-Cysteine present in the composition. When D-
Ribose or L-Cysteine are used without reference to D-Ribose-L-Cysteine, then that amount of
free ribose or cysteine 1s included in the composition.

In some embodiments, the composition comprises one or more of, or each of, vitamin c,
selenium, D-ribose-L-cysteine, cordyceps, curcumin , resveratrol, alpha lipoic acid, grape seed
extract, quercetin, milk thistle extract, broccol1 seed extract, aloe extract, and piperine.

In some embodiments, the composition comprises at least one excipients. The
excipients must be either food grade or suitable for human consumption. Examples of excipient
include, but are not limited to lecithin, microcrystalline cellulose, stearic acid and silicon
dioxide. In some embodiments, the composition comprises one or more of, or each of, lecithin,
microcrystalline cellulose, stearic acid and silicon dioxide. In some embodiments, the
composition comprises from about 0.5-10, 5-10, 6-10, 7-10, 8-10, or 9-10% w/w of excipients.
In some embodiments, the composition comprises about 0.5, 1,2, 3,4,5,6,7, 8,9, or 10% w/w
of one or more excipients. In some embodiments, the composition comprises about 1-5, 2-5, 3-
5, 3-4% w/w of one or more of the excipients. In some embodiments, the composition comprises
about 1-2% w/w of at least one excipient. In some embodiments, the composition comprises
about 0.5-1.0% w/w of at least one excipient. In some embodiments, the composition comprises
cach of the excipients listed herein. In some embodiments, the composition comprises about 1-5
mg of an excipient. In some embodiments, the composition comprises about 5-10 mg of an
excipient. In some embodiments, the composition comprises about 10-20, 10-15, or 15-20 mg of
an cxcipient. In some embodiments, the composition comprises about 1-5% w/w of lecithin,
about 1-5% w/w of cellulose, about 1-3% w/w of stearic acid and/or less than 1% of silicon

dioxide.
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In some embodiments, the composition comprises the specific amounts presented 1n
Table 1. In some embodiments, the composition comprises the same components but in amounts
within1l,2,3.4,5,6,7,8,9, 10, 20, 30, 40, or 50% above or below the amounts indicated 1n the
table. In some embodiments, the composition 1s given as a single dose (e.g. one capsule) or as
multiple doses (e.g. 2, 3, 4, 5, or 6 capsules) at a time. In some embodiments, the doses can be
orven 1, 2, 3,4, 5, or 6 times a day. The composition can also be provided 1n any form described
herein or combined with any other ingredient described herein.

In some embodiments, a composition comprises caffeine. In some embodiments, the
composition 1s caffeine free. In some embodiments, the catfeine 1s supplied by a natural
product, e.g. green tea. In some embodiments, the composition comprises 1-100 mg of cafteine.
In some embodiments, the composition comprises 1-75, 1-50, 1-40, 1-35, 30-40, or 30-50 mg of
caffeine. In some embodiments, the composition comprises 30-35 mg of caffeine. In some
embodiments, the composition comprises 32 mg of caffeine. In some embodiments, the
composition comprises caffeine derived from green tea. In some embodiments, to yield “X” mg
of caffeine 1n the final product “2X” mg of the natural product (e.g. green tea) 1s used. In some
embodiments, the composition comprises about 0.04-0.06% or about 0.05-0.06% w/w of
caffemne. In some embodiments, the composition comprises about 1-200, 50-200, 100-200, 50-
100, 60-100, 60-90, 60-80, 60-70, or 60-65 mg of green tea extract. In some embodiments, the
composition comprises about 10, 20, 30, 40, 50, 60, 65, 70, 80, 90, or 100 mg of green tea
extract. In some embodiments, the composition comprises 60, 61, 62, 63, 64, 65, 66, 67, 6,8 69,
or 70 mg of green tea extract. In some embodiments, the green tea extract 1s camellia sinensis
extract.

In some embodiments, a composition also comprises water, fructose, natural flavors,
citric acid, stevia extract, guar gum, xanthum gum, sodium benzoate, potassium sorbate, or a
combination thercof. In some embodiments, the guar gum and the xanthum gum are pre-
combined.

In some embodiments, a composition comprises about 1000-5000, 2000-4000, 2500-
3500 mg of fructose. In some embodiments, the composition comprises about 1000, 2000, 3000,
4000, or 5000 mg of fructose. In some embodiments, the composition comprises at least 1000,
2000, 3000, 4000, or 5000 mg of fructose. In some embodiments, the composition comprises
about 1-10%, about 1-9%, about 4-6%, about 4-5%, or about 4.5-5.0% w/w of fructose.

In some embodiments, a composition comprises about 100-200 mg of natural flavors.
The natural flavors can be any natural flavors. In some embodiments, a composition comprises

about 0.2 to 0.3% w/w of natural ftlavors.
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In some embodiments, a composition comprises citric acid. In some embodiments, a
composition comprises about 100, 125, 150, 200, 300, 50-150, 75-150, 50-200, 75-200, or 100-
200 mg of citric acid. In some embodiments, a composition comprises about 0.2-0.3% w/w of
citric acid.

In some embodiments, a composition comprises stevia extract. In some embodiments,
the composition comprises about 1-100, 1-90, 1-80, 1-70, 1-60, 1-50, 1-40, 1-30, 1-20, 20-40,
30-40, or 35-40 mg of stevia extract. In some embodiments, the composition comprises about
0.06-0.07% w/w of stevia extract.

In some embodiments, a composition comprises a blend of guar gum and xanthum gum.
In some embodiments, the composition comprises 50-100, 70-100, 75-100, or 70-80 mg of a
blend of guar gum and xanthum gum. In some embodiments, the blend of guar gum and
xanthum gum represents about 0.10-0.20% w/w of the composition. The blend of guar gum and
xanthum gum can be any where from 1% guar gum to 99% xanthum gum or 1% xanthum gum to
99% guar gum.

In some embodiments, a composition comprises sodium benzoate and/or potassium
sorbate. In some embodiments, a composition comprises about 1-100, 10-50, 10, 20, 30, 40, 50
mg of sodium benzoate and/or potassium sorbate or some other preservative. In some
embodiments, the composition comprises at least 10, 20, 30, 40, 50 mg of sodium benzoate
and/or potassium sorbate or another preservative. In some embodiments, the composition
comprises 0.04-0.05% w/w of sodium benzoate and/or potassium sorbate or some other
preservative.

As discussed herein, additional ingredients can be added to the composition and the
remaining weight can be filled by water. For example, in some embodiments, the composition
comprises about 90-99, 90-98, 90-97, 90-96, 90-95, 90-94, or 93-94 % w/w of water. In some
embodiments, the composition comprises at least 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 99.9%
w/w of water.

In some embodiments, a composition comprises one ore more of, at least 10 of, or all of
the following: vitamin B1, vitamin B2, vitamin B3, vitamin B6, vitamin B12, folic acid,
panthothenic acid, biotin, chromium nicotinate, magnesium carbonate, copper gluconate,
quercetin, CoQ 10, panax ginseng, rhodiola rosea, ribose, ribose-cysteine, acetyl-L-carnitine,
water, and optionally caffeine,

The compositions described herein can be made according to any mixing protocol or
method of manufacture. In some embodiments, the raw materials are mixed together and placed

in a capsule or formed 1nto a tablet. In some embodiments, the raw materials are prepared as a
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blend and then dissolved 1n water simultancously. In some embodiments, the solution 1s filtered
to remove any non-dissolved material. In some embodiments, cach ingredient 1s added
sequentially to the water. In some embodiments, the aqueous composition 1s heat pasteurized.

In some embodiments, the composition 1s aliqouted into dosage forms, such as, but not limited to
2 liquid ounce forms to 4 liquid ounce forms. In some embodiments, the composition 1s not heat
pasteurized and a bottle or package 1s cold-filled with the aqueous composition.

In some embodiments, the composition 1s gluten free. In some embodiments, the
composition 1s free of artificial or synthetic preservatives.

In some embodiments, the amount of free-cysteine present m a composition 1s less than
10%, less than 9%, less than 8%, less than 7%, less than 6%, less than 5%, less than 4%, less
than 3%, less than 2%, less than 1%, less than 0.5%, less than 0.25%, or less than or 0.1%. The
percent of free-cysteine 1n a composition can be determined by w/w or w/v. In some
embodiments, the amount of free-cysteine 1s less than 1 ppm.

As discussed herein, the compositions described herein can be 1n the form of a powder.
This powder can be a powdered beverage mix that can be added to a liquid to make a beverage.
The powder can also be encapsulated. In some embodiments, the compositions described herein
can be a beverage. In some embodiments, the beverage 1s a 2 ounce beverage, a 4 ounce
beverage, or a beverage from 2 ounces to 4 ounces. The powder can also be mixed with other
powdered beverage mixes. The beverage can then be consumed by a mammal. In addition to
the liquids described herein, the liquid can also be characterized as an aqueous solution. In some
embodiments, the aqueous solution 1s free of alcohol and/or organic solvents. In some
embodiments, the solution 1s free of methanol, 1sopropanol, ethanol, and/or butanol. In some
embodiments a liquid comprising the sugar, cysteine, and/or the sugar-cysteine product 18
lyophilized to form a powder.

In some embodiments, the pH of the composition (e.g., beverage) 18 less than or equal to
about 7.5. In some embodiments, the pH 1s from about 4.0 to about 7.5, from about 4.0 to about
7.0, from about 4.0 to about 6.5, from about 4.0 to about 6.0, from about 4.0 to about 5.5, from
about 4.0 to about 5.0, from about 4.5 to about 5.0, from about 6.0 to about 7.5, from about 6.0
to about 7.0, from about 6.0 to about 6.5, from about 6.5 to about 7.5, from about 6.8 to about
7.2, from about 6.9 to about 7.1, or from about 7.0 to about 7.5. In some embodiments, the pH 18
about 7.0. In some embodiments, the pH 1s from about 2.0 to about 4.0, from about 2.5 to about
4.0, or from about 2.5 to about 3.0. In some embodiments, the pH 1s about 2.8. In some
embodiments, where the pH 1s less than about 7.5, the pH 1s such that the composition 1s safe to

1ngest.
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The present invention also provides aqueous solutions comprising a sugar-cysteine
product, wherein the sugar-cysteine product 1s stable for certain periods of time. Stability of
sugar-cysteine product refers to the amount of sugar-cysteine product present 1n the aqueous
solution after a period of time has elapsed when compared to the original amount of sugar-
cysteine product present in the solution. For example, 1f a solution comprises 10% w/v of a
sugar-cysteine product and after a period of time the solution still comprises 10% w/v of the
sugar-cysteine product, then the solution 1s 100% stable with respect to the sugar-cysteine
product for that particular period of time. Solutions can also be less than 100% stable. For
example, after a period of time has elapsed, the solution could still comprise at least 60%, at least
70%, at least 80%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
05%, at least 96%, at least 97%, at least 98%, or at least 99% of the original amount of the sugar-
cysteine product. Stability can be measured after various periods of time. For example, stability
can be measured after 1 day, 1 week, 1 month, 1 year or any fraction thercof. The composition
can be stable for at least 1 month, for at least 2 months, for at least 3 months, for at least 4
months, for at least 5 months, or for at least 6 months. In some embodiments, the composition 1s
stable for at least 1 year.

As discussed herein, the composition described herein can be a beverage. The beverage
can be placed 1n various beverage containers. Examples of beverage containers include, but are
not limited to, can(s), bottle(s), and pouch(es). Additional examples of beverage containers
include those types of containers suitable for dispensing soda, including, for example, kegs. The
beverage container can be made of any suitable material such as, but not limited to, glass, plastic,
aluminum, or aluminum-coated plastic and the like. In some embodiments, the pouch 1s a plastic
pouch or an aluminum foil pouch. The compositions can also be a powder that can be dissolved
in a liquid. The powder can also be contained 1n a container or a beverage container. The
container can be any suitable material such as glass, plastic, or metal (e.g., aluminum). The
container can then be opened and the contents can be contacted (e.g., poured) into the liquid. In
some embodiments a liquid 1s added to a container comprising the composition comprising the
sugar and the cysteine.

The present invention provides methods of preparing an aqueous solution of a sugar-
cysteine product. In some embodiments, the method comprises contacting an aqueous solution
with a sugar and cysteine. In some embodiments, the ratio of the sugar to the cysteine 18 greater
than 1.0:1.0. For example, the ratio of sugar to cysteine can be 1.1:1.0, 1.5:1.0, 2.0:1.0, 3.0:1.0,
4.0:1.0, 5.0:1.0, 6.0:1.0, 7.0:1.0, 8.0:1.0, 9.0:1.0, 10.0:1.0, and the like. In some embodiments

the ratio of the sugar to cysteine 1s from about 2.0:1.0 to about 10.0:1.0. In some embodiments,
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the ratio of the sugar to cysteine 1s greater than about 2.0:1.0, greater than about 3.0:1.0, greater
than about 4.0:1.0, greater than about 5.0:1.0, greater than about 6.0:1.0, greater than about
7.0:1.0, greater than about 8.0:1.0, greater than about 9.0:1.0, or greater than about 10.0:1. In
some embodiments the ratio of the sugar to cysteine 1s from about 2.0:1.0 to about 5.0:1.0.

In some embodiments, the sugar and the cysteine can be contacted with the aqueous
solution stmultancously or separately. In some embodiments, the cysteine 1s contacted with the
aquecous solution before the sugar 1s contacted with the aqueous solution. In some embodiments,
the cysteine 1s contacted with the aqueous solution after the sugar 1s contacted with the aqueous
solution. In some embodiments, the sugar and the cysteine are pre-mixed before contacting the
aqueous solution. In some embodiments, the aqueous solution 1s free of other amino acid(s),
mineral(s), vitamin(s), or other compound(s), and the like. The aqueous solution can be filtered
or distilled before the sugar or cysteine 1s added to the solution. In some embodiments, the
aqueous solution 18 water. The water can be, 1n some embodiments, purified water (e.g., filtered,
purified via reverse osmosis, and/or treated with charcoal), distilled water, spring water, or a
combination of one or more of these types of water. The water can also be tap water or well
water. In some embodiments, the solution 1s free of glucose, fructose, and/or other ingredients
that could be added to water.

In some embodiments, the pH of the aqueous solution 1s less than or equal to about 7.5.
In some embodiments, the pH 1s from about 4.0 to about 7.5, from about 4.0 to about 7.0, from
about 4.0 to about 6.5, from about 4.0 to about 6.0, from about 4.0 to about 5.5, from about 4.0
to about 5.0, from about 4.5 to about 5.0, from about 6.0 to about 7.5, from about 6.0 to about
7.0, tfrom about 6.0 to about 6.5, from about 6.5 to about 7.5, from about 6.8 to about 7.2, from
about 6.9 to about 7.1, or from about 7.0 to about 7.5. In some embodiments, the pH 1s about
7.0. In some embodiments, the pH 1s from about 2.0 to about 4.0, from about 2.5 to about 4.0, or
from about 2.5 to about 3.0. In some embodiments, the pH 18 about 2.8.

In some embodiments, the temperature of the aqueous solution 1s greater than 25 °C. In
some embodiments, the temperature 1s from about 25 °C to about 95 °C. In some embodiments,
the temperature of the solution 1s from about 35 °C to about 95 °C, from about 45 °C to about 95
°C, trom about 55 °C to about 95 °C, from about 60 °C to about 95 °C, from about 65 °C to about
95 °C, from about 75 °C to about 95 °C, from about 85 °C to about 95 °C, or about 95 °C. In
those embodiments where the temperature 1s greater than 25 °C, the temperature 1s less than or
equal to the boiling temperature (i.e. boiling point) of the solution.

In some embodiments, the method of making the composition comprises, in the

following order: a) contacting the aqueous solution with cysteine to form a cysteine containing
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aqueous solution; and b) contacting the cysteine containing aqueous solution with the sugar to
form an aqueous solution comprising cysteine and sugar. In some embodiments, the method
further comprises mixing the solution comprising cysteine and the sugar for a sufficient amount
of time such that the cysteine and the sugar form a sugar-cysteine product. In some
embodiments, the solution 1s mixed for about 1 minute to about 120 minutes. The sugar-cysteine
product can be any sugar-cysteine product described herein. For example, in some
embodiments, the sugar-cysteine product 1s RibCys and/or GlcCys. In some embodiments, the
method comprises preparing RibCys, wherein the solution does not contain glucose, so the
solution would also be free of GlcCys.

The method can also comprise a step to monitor the progress of the formation of the
sugar-cysteine product. The sugar-cysteine product rate of formation can be monitored, for
example, by measuring the amount of free-cysteine 1n the liquid. As the amount of free-cysteine
decreases, this indicates that the reaction 1s still continuing. In some embodiments, the method
can be continued, for example, until there 1s no free-cysteine left or the amount of free-cysteine
has reached a plateau. If there 18 free-cysteine still remaining in the solution, more sugar (e.g.,
ribose and/or glucose) can be added such that the free-cysteine 1s incorporated into the sugar-
cysteine product. In some embodiments, the free-cysteine 1s monitored or quantified using high
pressure liquid chromatography (HPLC).

In some embodiments, the method can also comprise contacting one or more additional
ingredients with the solution comprising the sugar-cysteine product. In some embodiments, the
additional ingredients are mixed together. In some embodiments, the one or more additional
ingredients are mixed together at a temperature that 1s greater than 25 °C. In some embodiments,
the one or more additional ingredients can be any of the other types of compounds or agents
described herein. As discussed herein, in some embodiments, the components of the
composition can be added 1n any order, 1.¢. the sugar-cysteine does not have to be preformed 1n
the solution before other ingredients are added to the solution. The composition can be made by
any method suitable to dissolve the ingredients in the water. The water may be cooled or heated
to facilitate the dissolution of the ingredients. For example, in some embodiments, ribose, ribos-
cysteine, acetyl-L-carnitine, and vitamin B1 are added to water and dissolved. The solution can
then, for example, be heat pasteurized. As discussed herein, the heat pasteurization 1s an
optional step.

In some embodiments, the method comprises mixing the solution until the solution 1s
substantially free of cysteine or free of free-cysteine. In some embodiments, the solution

comprises less than 1%, less than 0.5%, or less than 0.1% w/v free-cysteine.
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In some embodiments, the cysteine that 1s added to the aqueous solution 1s a cysteine
salt. In some embodiments, the cysteine salt 1s the cysteine hydrochloride salt. The method can
also comprise contacting the aqueous solution with a sugar, a cysteine salt, and a bicarbonate
such as, for example, sodium bicarbonate or potassium bicarbonate.

In some embodiments, the methods further comprise pasteurizing the solution
comprising the sugar-cysteine product and/or cold sterilization of the solution comprising the
sugar-cysteine product. In some embodiments, the methods comprise filtering the solution
comprising the sugar-cysteine product.

The present invention also provides kits for preparing a composition comprising a
sugar-cysteine product. In some embodiments, the kit comprises one or more containers
comprising a sugar and a cysteine. In some embodiments, the kit comprises a first container
comprising a sugar and a second container comprising a cysteine. In some embodiments, the kit
comprises a first container comprising a sugar and a cysteine. In some embodiments, the kit
comprises a first container comprising a sugar and a cysteine and a second container containing
one or more additional ingredients.

In some embodiments, the present invention provides methods of preparing a sugar-
cysteine product using the kits described herein. In some embodiments, sugar and cysteine are
added to a solution simultancously. In some embodiments, the sugar and cysteine are pre-mixed
before contacting a solution. In some embodiments, the kit comprises instructions for preparing
a sugar-cysteine product. In some embodiments, the instructions describe a method described
herein. In some embodiments, the kit 1s for preparing a foodstuff and/or a beverage.

In some embodiments, the present invention provides methods of administering a
composition comprising a sugar-cysteine product to a mammal. In some embodiments, the
method comprises administering or delivering a composition described herein to a mammal. In
some embodiments, the method comprises a mammal drinking a composition described herein.
In some embodiments, the method comprises administering or delivering a composition prepared
by one or more of the methods described herein to a mammal or human.

The present compositions can be employed in methods of use. In some embodiments,
the method comprises a method of increasing ATP production in a mammal or 1n a cell
comprising administering a composition described herein, including but not limited to, a
composition comprising a sugar-cysteine product.

The compositions described herein can also be used to treat or ameliorate the effects of
hypoxia. As used herein, the term “hypoxia” or “hypoxic condition™ refers to a condition 1n

which oxygen 1in one or more tissues of a mammal (e.g. mammal or human) 1s lowered below
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physiologic levels, e.g., to a less than optimal level. Hypoxia can be caused by various stresses
including, but not limited to, acrobic exercise, physical weight pressure, anesthesia, surgery,
anemia, acute respiratory distress syndrome, chronic illness, chronic fatigue syndrome, trauma,
bums, skin ulcers, cachexia due to cancer and other catabolic states and the like.

The compositions described herein can also be used to treat or ameloriate the effects of
“1schemia” or “1schemic conditions.” Ischemia results when tissues or cells do not recerve
enough blood. The reduction 1n blood can be deprive the tissue or cell of sufficient oxygen.
Additionally, the energy of the cell or tissue may also be impaired and, therefore, the levels of
ATP can drop 1n a subject suffering from 1schemia or an 1schemic condition. Accordingly, the
compositions described herein can be used in a method of treating 1schemia or preventing
1Ischemia. In some embodiments, the method comprising administering to a mammal an amount
of a composition comprising a sugar-cysteine product, wherein the product increases ATP 1n the
mammal and hibits the effects of 1schemia. Ischemia and/or 1schemic conditions can be
caused by or result from including, but not limited to, coronary artery disease, cardiomyopathy,
including alcoholic cardiomyopathy, angioplasty, stenting, heart surgery such as bypass surgery
or heart repair surgery (“open-heart surgery”), organ transplantation, prolonged weight pressure
on tissues (pressure ulcers or bedsores), 1schemia-reperfusion mjury which can cause damage to
transplanted organs or tissue, and the like.

The present compositions can be used to increase glutathione 1n a mammal. In some
embodiments, the method comprises administering to the mammal an effective amount of a
composition described herein, wherein the amount increases the amount of glutathione and/or
ATP 1n the mammal. In some embodiments, the mammal 1s suffering from hypoxia or ischemaia.

Effective amounts of a composition described herein will vary dependent upon the
condition, age and weight of the mammal administered the composition, the condition to be
treated and the mode of administration. Both cysteine, as released i vivo from a sugar-cysteine
product (e.g. ribose-cysteine) in animal models, and ribose, as administered directly to humans,
have been found to be essentially non-toxic over wide dosage ranges. For example, ribose has
been reported to increase exercise capacity in healthy humans when taken orally at dosages of 8-
10 ¢ per day by an adult. See U.S. Pat. No. 6,534,480. RibCys administered to mice at 8
mmol/kg 1.p., increased glutathione levels in numerous organs, including heart (1.5.times.) and
muscle tissue (2.5.times.). See, J. C. Roberts, Toxicol. Lett., 59, 245 (1991). Likewise, RibCys at
8 mmol/kg has been found to deliver effective protective amounts of cysteine to mice exposed to
cyclophosphamide. The dose can be modified to deliver an appropriate dose to a mammal. See

J. C. Roberts, Anticancer Res., 14, 383 (1994). Doses of 2 g/kg RibCys were reported to protect
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mice against acetaminophen hepatic and renal toxicity by A. M. Lucas et al., Toxicol. Pathol.,
20, 697 (2000). Doses of 1 g/kg RibCys were reported to protect mice against irradiation-
induced bowel injury (see J. K. Rowe et al., Dis. Colon Rectum, 36, 681 (1993). J. E. Fuher
(U.S. Pat. No. 4,719,201) reported that doses of ribose of about 3 g/day for at least 5 days
effectively restored and maintained ATP levels 1in dogs subjected to 1schemia (heart attack
model), doses that delivered about 550-700 mg/kg of ribose to an 30 kg dog.

The compositions described herein can be administered 1n any form including, but not
limited to, a pharmaceutical unit dosage form comprising the active ingredient in combination
with a pharmaceutically acceptable carrier, which can be a solid, semi-solid, or liquid diluent. A
unit dosage of the compound can also be administered without a carrier material. Examples of
pharmaceutical preparations include, but are not limited to, tablets, powders, capsules, aqueous
solutions, suspensions including concentrates, liposomes, and other slow-releasing formulations,
as well as transdermal delivery forms. Typically, the unit dosage form includes about 0.001-99%
of the active substance(s). The compositions described herein and the amounts of each
ingredient can be formulated as a unit dosage form, such as but not limited to, a capsule, tablet,
liquid, suspension, and the like. The unit dosage form can be administered as a pharmaceutical
or as a dietary supplement.

The compositions can be delivered by any suitable means, e.g., topically, orally,
parenterally. In some embodiments, the delivery form 1s liquid or a solid such as a powder that
can be stirred 1nto an ingestible liquid. Standard pharmaceutical carriers for topical, oral, or
parenteral compositions may be used, many of which are described in Remington's
Pharmaceutical Sciences, Mack Publishing Co., Easton, Pa.

For example, for oral administration, suitable pharmaceutical carriers or diluents can
include mannitol, lactose, starch, magnesium stearate, talcum, glucose, and magnesium
carbonate. Oral compositions can be 1n the form of tablets, capsules, powders, solutions,
suspensions, sustained release formulations, and the like. A typical tablet or capsule can contain
lactose, 1-2% magnesium stearate, and 10-20% cornstarch, along with the active substance (e.g.
about 0.001-20%). As discussed herein an aqueous solution can contain up to the saturation
level of a sugar-cysteine product or its salt. In some embodiments, the aqueous solution
comprises an amount of the sugar that 1s effective to prevent or inhibit premature in vitro
dissociation.

For parenteral administration, suitable pharmaceutical carriers can include water, saline,
dextrose, Hank's solution, Ringer's solution, glycerol, and the like. Parenteral compositions can

be 1n the form of suspensions, solutions, emulsions, and the like. Parenteral administration 18
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usually by injection or infusion which can be subcutancous, intramuscular, or intravenous. Other
uses and methods for administering a sugar-cysteine product can be found, for example, in U.S.
Publication No. 20090042822, which 18 hereby incorporated by reference in 1ts entirety.

The present invention is now described with reference to the following example. The
example 1s provided for the purpose of i1llustration only and the invention should 1n no way be
construed as being limited to the example, but rather should be construed to encompass any and
all variations which become evident as a result of the teaching provided herein. Those of skill 1n

the art will readily recognize a variety of non-critical parameters that could be changed or

modified.

Example 1: Preparation of Composition
A composition comprising RibCys, glutamine, glucosamine, quercetin, milk thistle
seed, alpha lipoic acid, vitamin C, and cordyceps was prepared by mixing the ingredients

together. The ingredients were then encapsulated.

Example 2: Preparation of Composition of Table 1
The components listed 1n Table 1 were mixed together. The mixed ingredients were

then placed 1n a capsule.

Example 3: The components of vitamin C (as calcium ascorbate), selenium (as
selenomethionine), D-Ribose-L-Cysteine, cordyceps, curcumin, resveratrol, alpha lipoic acid,
orape seed extract, quercetin, milk thistle extract (silybum mariuanum), broccoli seed extract,

aloe extract, and piperine were mixed together with excipients and encapsulated.

Example 4: The components of vitamin Bl, vitamin B2, vitamin B3, vitamin B6, folate, vitamin
B12, biotin, pantothenic acid, magnesium, copper, chromium, D-riboise, acetyl-l1-carnitine,
pancx ginseng, green tea extract, rhodiola rosea, quercetin, CoQ10, glutamine, glucosamine,
quercetin, milk thistle seed, alpha lipoic acid, vitamin C, and cordyceps were mixed together 1n

water with sweeteners, preservatives and flavorants.
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What is claimed is:

1. A composition comprising

one or more sugar-cysteine products, and

at least 10 of the group consisting of: vitamin B1, vitamin B2, vitamin B3, vitamin B6,
folate, vitamin B12, biotin, pantothenic acid, magnesium, copper, chromium, D-riboise, acetyl-1-
carnitine, panex ginseng, green tea extract, rhodiola rosea, quercetin, CoQ10, glutamine,
glucosamine, quercetin, milk thistle seed, alpha lipoic acid, vitamin C, and cordyceps; or

at least 8 of the group consisting of vitamin C, selenium, cordyceps, curcumin,
resveratrol, alpha-lipoic acid, grape seed extract, quercetin, milk thistle extract, broccol1 seed

extract, aloe extract, and piperine.

2. The composition of claim 1, wherein the composition comprises at least 10 of the group
consisting of: vitamin B1, vitamin B2, vitamin B3, vitamin B6, folate, vitamin B12, biotin,
pantothenic acid, magnesium, copper, chromium, D-riboise, acetyl-l1-carnitine, panex ginseng,
oreen tea extract, rhodiola rosea, quercetin, CoQ10, glutamine, glucosamine, quercetin, milk

thistle seed, alpha lipoic acid, vitamin C, and cordyceps.

3. The composition of claim 1, wherein the composition comprises at least 8 of the group
consisting of vitamin C, selentum, cordyceps, curcumin, resveratrol, alpha-lipoic acid, grape

seed extract, quercetin, milk thistle extract, broccoli seed extract, aloe extract, and piperine.

4. The composition of claim 1, wherein the composition further comprises water.

5. The composition of any one of claims 1-4, wherein the composition comprises vitamin
B1, vitamin B2, vitamin B3, vitamin B6, folate, vitamin B12, biotin, pantothenic acid,
magnesium, copper, chromium, D-riboise, acetyl-1-carnitine, panex ginseng, green tea extract,
rhodiola rosea, quercetin, CoQ10, glutamine, glucosamine, quercetin, milk thistle seed, alpha

lipoic acid, vitamin C, and cordyceps.

0. The composition of any one of claims 1-4, wherein the composition comprises vitamin
C, selenium, cordyceps, curcumin, resveratrol, alpha-lipoic acid, grape seed extract, quercetin,

milk thistle extract, broccol1 seed extract, aloe extract, and piperine.
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7. The composition 1n any one of claims 1-6, wherein the one or more sugar-cysteine
products 18 RibCys, GlcCys, GlycCys, FruCys, GIcNH,Cys, or GIcNHAcCys, or any

combination thereof.

3. The composition 1in any one of claims claim 1-7, wherein the one or more sugar-

cysteine products consists of RibCys.

9. The composition 1n any one of claims 1-8, wherein the composition comprises about 7-
10% w/w of one or more sugar cysteine products, about 42-43% w/w of glutamine, about 7-8%
w/w of glucosamine, about 2-3% w/w of quercetin, about 1-2% w/w of milk thistle seed, about
4-5% w/w of alpha lipoic acid, about 14-17% w/w vitamin C, about 17-18% w/w cordyceps, or

any combination thereof.

10. The composition 1n any one of claims 1-9, wherein the composition 1s free of free-
cysteine.

11. The composition 1n any one of claims 1-10, wherein the composition 1s free of N-acetyl
cysteine.

12. The composition 1n any one of claims 1-11, wherein the composition 1s encapsulated in
a capsule.

14, The composition 1n any one of claims 1-11, wherein the composition 1s a liquid
composition.

15. The composition 1n any one of claims 1-14, wherein the composition comprises about

5-7% w/w vitamin C, about 1-2% w/w selenium, about 10-20% w/w RibCys, about 30-40% w/w
cordyceps, about 10-15% w/w curcumin, about 4-7% w/w resveratrol, about 4-6% w/w alpha
lipoic acid, about 2-6% w/w grape seed extract, about 1-3% w/w quercetin, about 1-3% w/w
milk thistle extract, about 1-3% w/w, about 1-3% w/w broccoli seed extract, about 1-3% w/w

aloe extract, and about 0.1 to 0.5 % piperine.

16. The composition 1n any one of claims 1-15, wherein the composition comprises at least

one excipient.
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17. The composition 1n any one of claims 1-16, wherein the composition comprises lecithin,

microcrystalline cellulose, stearic acid, and silicon dioxide.

18. The composition 1in any one of claims 1-17, wherein the composition comprises about
0.0002-.0006 % w/w vitamin B1, about 0.001-.003% w/w vitamin B2, about 0.01-0.05% w/w
vitamin B3, about 0.005-0.01% w/w vitamin B6, about 0.0001-0.001% w/w folate, about 7x10™-
3x10° % w/w vitamin B12, about 0.0001-0.0003% w/w biotin, about 0.01-0.03% w/w
pantothenic acid, about 0.01-0.05 % w/w of 27% magnesium, about 0.0001-0.0005% w/w of
13% copper, about 4x107-5x10° % w/w of 0.5 % chromium, about 0.3-0.6% w/w D-ribose,
about 0.3-0.6% w/w acetyl-l-carnitine, about 0.1-0.2% w/w panex ginseng, 0.05-0.15% w/w
oreen tea extract, 0.005-0.5% w/w RibCys, about 0.005-0.1% w/w rhodiola rosea, about 0.005-
0.1% w/w quercetin, and about 0.01-0.05% w/w CoQ10.

19. The composition of claim 18, further comprising water.

20. The composition 1n any one of claims 1-19, further comprising at least one preservative.
21. The composition 1n any one of claims 1-20, further comprising at least one flavorant.
22. The composition 1n any one of claims 1-20, further comprising stevia or stevia extract.
23. A method of preparing the composition in any of claims 1-22, wherein the one or more

sugar-cysteine products, and

at least 10 of the group consisting of: vitamin B1, vitamin B2, vitamin B3, vitamin B6,
folate, vitamin B12, biotin, pantothenic acid, magnesium, copper, chromium, D-riboise, acetyl-I-
carnitine, panex ginseng, green tea extract, rhodiola rosea, quercetin, CoQ10, glutamine,
oglucosamine, quercetin, milk thistle seed, alpha lipoic acid, vitamin C, and cordyceps; or

at least 8 of the group consisting of vitamin C, selentum, cordyceps, curcumin,
resveratrol, alpha-lipoic acid, grape seed extract, quercetin, milk thistle extract, broccoli seed

extract, aloe extract, and piperine are mixed together.

24. The method of claim 23, further comprising encapsulating the composition.
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25. The method of claim 23, further comprising mixing with water.

26. A method of delivering a sugar-cysteine product to a mammal comprising administering

the composition 1n any one of claims 1-22.

27. The method of claim 26, wherein the composition 18 administered 1n a capsule form.
29. The method of claim 26, wherein the composition 18 administered 1n a liquid form.
30. A method of increasing ATP and/or glutathione 1n a mammal comprising administering

to the mammal an effective amount of a composition 1n any one of claims 1-22.
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