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CREATINE ORAL SUPPLEMENTATION
USING CREATINE HYDROCHLORIDE SALT

CROSS-REFERENCE TO RELATED APPLICATIONS
This is a continuation-in-part of U.S. Patent Application No. 12/477,413, filed

June 3, 2009, now pending, which is a continuation of U.S. Patent Application No.
10/846,782, filed May 14, 2004, now U.S. Patent No. 7,608,641, which claims priority to
U.S. Provisional Application 60/470,356, filed May 15, 2003, the entirety of which is

incorporated herein.

FIELD OF THE INVENTION

The present invention is directed to a form of creatine that has increased aqueous

solubility, increased plasma uptake at low dosage amounts, and improved stability and
half-life. In particular, the present invention relates to a creatine supplement that, when
compared to creatine monohydrate, has an increased aqueous solubility of at least an
order of magnitude, a bioavailability or plasma uptake level of at least 50 percent greater
than creatine monohydrate, and a shelf-life of more than double the shelf-life of creatine

monohydrate.

BACKGROUND OF THE INVENTION

Creatine is a naturally occurring nitrogenous compound found in the skeletal

muscles of vertebrates that plays an important role in protein metabolism and other bio-
chemical functions. For example, creatine is taken up into muscle cells by specific
receptors and converted to phosphocreatine by creatine kinase.

Both creatine and phosphocreatine play an important role in the anaerobic
production of ATP during short and intensive exertions, via the creatine kinase system.
Specifically, during muscle contraction, there is an increase in the amount of
phosphocreatine (which is generated from creatine) and consequently in ATP. The
amount of phosphocreatine in the muscle cell determines the amount of time it takes for a
muscle to recover from activity; thus, supplementing the diet with creatine can increase
the concentration of phosphocreatine in muscles by 6 percent to 16 percent, with a

consequent increase in the ATP turnover during physical exertion.
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Creatine-containing supplements have been shown to increase lean body mass,
high intensity power output, and overall physical strength. By virtue of these
characteristics, creatine has met with enormous success among professional and
recreational athletes, as well as professional and amateur bodybuilders, in recent years as
a dietary supplement.

Increasing creatine levels in muscle through dietary supplementation has proven
effective at enhancing athletic performance, increasing muscle workload and shortening
muscle recovery time. In addition, there is increasing interest in creatine dietary
supplements for a variety of therapeutic indications, including muscular dystrophy,
cardiovascular diseases, neurodegenerative disorders, and mental retardation. The
zwitterionic creatine monohydrate has been the standard creatine salt of choice for
commercial creatine supplement formulations.

However, creatine supplements containing creatine monohydrate are not ideal
dietary supplements due to their low aqueous solubility. In other words, relatively large
doses of creatine monohydrate must be consumed with large amounts of fluid for
effective use. People often experience excessive water retention (bloating), cramps, and
significant gastrointestinal problems due to the large dosages. In addition, the relatively
high doses of creatine monohydrate required to produce the desired biological effects
suggest that the oral bioavailability of creatine monohydrate is low and that more
efficient dosage forms may provide better desired results accompanied by fewer
gastrointestinal side effects.

There are other known salt forms of creatine including creatine citrate (creatine
effervescent) and creatine pyruvate that have been patented and marketed as
improvements over creatine monohydrate. However, despite the various salt forms
currently marketed, there remains a need in the art for a more improved form of creatine
with improved solubility and bioavailability characteristics that can be consumed in

smaller dosage forms.

SUMMARY OF THE INVENTION

The present invention is directed to a supplement that includes creatine HCl,

wherein the creatine HC1 possesses a solubility of at least 600 mg/mL in water at 25°C.
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In one embodiment, the creatine HCl is at least 95 percent free of contaminants. In
another embodiment, the recommended dosage range for the creatine HCl is between
about one quarter teaspoon to about one tablespoon per hundred pounds body weight.

In this aspect of the invention, the supplement may be being taken orally. In one
embodiment, the creatine HCI has a shelf-life of at least about 45 days in aqueous
solution at room temperature. In another embodiment, an effective dosage of the
supplement is about 500 mg to about 1500 mg of creatine HCl per 100 pounds body
weight. In yet another embodiment, the creatine HCI further comprises an additive or
feed supplement for livestock.

The present invention is also directed to a formula used to enhance athletic
performance including creatine HCI, wherein the creatine HCI exhibits an aqueous
solubility that is at least about 15 times greater than that of creatine monohydrate. In one
embodiment, the formula also includes additional species of creatine selected from the
group comprising creatine esters, creatine pyruvate, creatine phosphate, creatine alpha-
ketoglutarate, creatine citrate, and combinations thereof, In another embodiment, the
formula also includes additional supplements selected from the group comprising
carbonate salts, methylsulfonylmethane, glucosamine, and chondroitin.

In yet another embodiment, the formula also includes compounds selected from
the group comprising proteins, amino acid supplements, carbohydrates, D-Ribose, fats,
fiber and combinations thereof. In still another embodiment, the formula also includes
sweeteners selected from the group comprising sucralose, aspartame, saccharin,
acesulfame potassium, neohesperidin dihydrochalcone, glycyrrhizin, thaumatin, alitame,
stevioside, and combinations thereof. In one embodiment, the formula further includes a
supplement selected from the group comprising sports bars, nutritional bars, powders,
liquids, gels, sports drinks, and beverages. In another embodiment, the formula also
includes flavoring agents selected from the group comprising cocoa, yogurt, peanut
butter, mint, cheesecake, hazelnut paste, almonds, granola, coconut, strawberry, banana,
cherry, plum, raspberry, lemon, orange, lime, pineapple, blueberry and other fruit flavors,
coffee, or cremes and jellies, and combinations thereof.

The present invention is also directed to a granular powder including a creatine

HCI product formed by the reaction of an alcohol, an acid catalyst, and creatine
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monohydrate, wherein the solubility of the creatine HCI product is at least about 650
mg/ml.

In this aspect of the invention, the alcohol may be selected from the group
consisting of ethanol, methanol, butanol, and isopropanol. In one embodiment, the
reaction is a super-saturated reaction including ethanol, acetyl chloride, and creatine
monohydrate. In one embodiment, the volume of ethanol used is between about 4 and 5
L per kg of creatine monohydrate and the quantity of acetyl chloride used is between
about 1.0 to about 1.1 mole equivalents of creatine monohydrate.

In another embodiment, the super-saturated reaction further includes the steps of
mixing the alcohol and acetyl chloride in a reactor that is cooled to between about 0 °C
and 20 °C; allowing the temperature of the reactor to increase to about 38 °C; adding
creatine monohydrate; and maintaining a temperature of between about 30 °C and about

40 °C. The creatine HCI product is preferably at least 95 percent free of contaminants.

BRIEF DESCRIPTION OF THE DRAWINGS

Further features and advantages of the invention can be ascertained from the

following detailed description that is provided in connection with the drawing(s)
described below:

FIG. 1 is a graphical representation in linear form of the stability of creatine HCl
in aqueous solution as compared to creatine monohydrate; and

FIG. 2 is a graphical representation in log form of the stability of creatine HCl in

aqueous solution as compared to creatine monohydrate.

DETAILED DESCRIPTION OF THE INVENTION

The present invention is directed to a third generation form of creatine,

specifically a creatine hydrochloride salt (“creatine HC1”) that has improved aqueous
solubility, plasma uptake, and shelf-life over that of previous forms of creatine. The
present invention further contemplates suitable methods to produce the creatine HCl in a
granular precipitate form with high purity and yield.

The creatine HCI of the present invention may be used as a nutritional supplement

for enhancing muscle performance and muscle mass in both humans and livestock,
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including muscle quality in livestock. In this regard, based on the known beneficial
qualities of creatine with regard to muscle development and recovery, it is believed that
the improvements in solubility and plasma uptake of the creatine HCI of the present
invention also lead to significant improvements in muscle development and recovery as
compared to creatine monohydrate. Moreover, without being bound to any particular
theory, the improvements in the solubility and plasma uptake also reduce or essentially

eliminate the negative side effects typically associated with previous forms of creatine.

Creatine HCI Solubility

The creatine HC] of the present invention represents an improvement on prior

forms of creatine due to is its remarkably high aqueous solubility. As the low oral
absorption of creatine supplements are believed to be attributable at least in part to
reduced solubility, the creatine HCI of the present invention is also expected to have
better oral absorption properties compared to other forms of creatine.

The creatine HC] of the invention preferably has an aqueous solubility of at least
about 150 mg/m! at room temperature. In one embodiment, the creatine HCI preferably
possesses an aqueous solubility at room temperature of about 240 mg/mL or greater,
more preferably of about 480 mg/mL or greater, and more preferably of about 800
mg/mL or greater. In another embodiment, the aqueous solubility of the creatine HCIl of
the invention ranges from about 250 mg/ml to about 1000 mg/ml. In yet another
embodiment, the creatine HCI has an aqueous solubility of about 400 mg/ml to about
1000 mg/ml. In still another embodiment, the aqueous solubility of the creatine HCI of
the invention is at least about 650 mg/ml, preferably at least about 675 mg/ml. For
example, the aqueous solubility of the creatine HCI is preferably 679 + 18 mg/ml when
tested at room temperature (25°C) after a time period of about 1.5 hours.

In comparison, the aqueous solubility of other forms of creatine including creatine
monohydrate and creatine citrate salt typically ranges from about 10 to about 16 mg/mL.
Accordingly, the creatine HCI of the present invention exhibits an aqueous solubility that
is at least about 15 times greater than that of creatine monohydrate. In one embodiment,
the aqueous solubility of the creatine HCl is at least about 20 times greater than that of

creatine monohydrate, preferably at least about 30 times greater than that of creatine
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monohydrate. In aﬁother embodiment, the creatine HCI has an aqueous solubility that is
at least about 40 times greater than that of creatine monohydrate, preferably at least about
50 times greater than that of creatine monohydrate. For example, the aqueous solubility
of the creatine HCl is preferably 42 times greater than that of creatine monohydrate when

tested at room temperature (25°C) after a time period of about 1.5 hours.

Creatine HCI Bioavailability

The creatine HCI of the present invention exhibits improved bioavailability
compared to creatine monohydrate. As used herein, the term “bioavailability” refers to
the rate and amount of a drug (or in this case a supplement) that reaches the systemic
circulation of a patient following administration of the drug or prodrug thereof to the
patient. Accordingly, bioavailability is one of the principal pharmacokinetic properties of
drugs and can be determined by evaluating, for example, the plasma or blood
concentration-versus-time profile for a drug. Parameters useful in characterizing a
plasma or blood concentration-versus-time curve include the area under the curve (AUC),
the maximum drug concentration (Cpax), and the time to maximum concentration (Tmax)-

As used herein, the term “AUC” refers to the area under a curve representing the
concentration of a compound or metabolite thereof in a biological fluid, e.g., plasma and
blood, in a patient as a function of time following administration of the compound to the
patient. The AUC may be determined by measuring the concentration of a compound or
metabolite thereof in a biological fluid using methods such as liquid chromatography-
tandem mass spectrometry (LC/MS/MS), at various time intervals, and calculating the
area under the plasma concentration-versus-time curve. Suitable methods for calculating
the AUC from a drug concentration-versus-time curve are well known in the art.

Cpna iS the maximum concentration of a drug in the plasma or blood of a patient
following administration of a dose of the drug or form of drug to the patient. Tmax is the
time to the maximum concentration (Cpmax) of a drug in the plasma or blood of a patient
following administration of a dose of the drug or form of drug to the patient.

By definition, when a medication is administered intravenously, its bioavailability
is 100 percent. However, when a medication is administered via other routes (such as

orally), its bioavailability decreases (due to incomplete absorption and first-pass
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metabolism). More specifically, bioavailability is a measure of the ratio of the amount of
drug “absorbed” from a test formulation to the amount “absorbed” after administration of
a standard formulation. Frequently, the “standard formulation” used in assessing
bioavailability is the aqueous solution of the drug, given intravenously.

The amount of drug absorbed is taken as a measure of the ability of the
formulation to deliver drug to the sites of drug action; obviously - depending on such
factors as disintegration and dissolution properties of the dosage form, and the rate of
biotransformation relative to the rate of absorption - dosage forms containing identical
amounts of active drug may differ markedly in their abilities to make drug available, and
therefore, in their abilities to permit the drug to manifest its expected pharmacodynamic
and therapeutic properties. The “amount absorbed” is conventionally measured by one of
two criteria, either the area under the time-plasma concentration curve (AUC) or the total
(cumulative) amount of drug excreted in the urine following drug administration.

A linear relationship exists between the AUC and dose when the fraction of the
drug absorbed is independent of dose, and elimination rate (half-life) and volume of
distribution are independent of dose and dosage form. However, when AUC is
dependent on dose, as occurs when, for example, there is saturable absorption, significant
metabolism, or poor solubility of the drug in the GI tract, a non-linear relationship exists
between AUC and dose.

In order to compare the relative bioavailability of various forms of creatine and to
correct for the slightly different doses of creatine administered with various forms due to
the different molecular weights of the salt forms, the AUC plasma uptake values
observed for creatine monohydrate and creatine HCI are entered into the following

equation to produce a ratio:

* Doseg )

* Dose ,

(auc
AUC

Sampled

SampleB

Based on this relationship, the relative bioavailability of creatine HCI to creatine

monohydrate is preferably about 1.5 or greater, more preferably about 1.55 or greater,
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and even more preferably about 1.65 or greater. In one embodiment, the ratio is about
1.70 or greater.

In other words, the relative bioavailability of creatine HCI is preferably about 50
percent greater than creatine monohydrate, more preferably about 55 percent greater than
creatine monohydrate and most preferably about 60 percent greater than creatine
monohydrate. In one embodiment, the bioavailability of the creatine HCl is at least about
65 percent greater than bioavailability of creatine monohydrate. In another embodiment,
the creatine HCI has a bioavailability of at least about 70 percent greater relative to

creatine monohydrate.

Creatine HCI Stability

The half-life of other known forms of creatine in blood plasma is short

(approximately 1-1.5 hours). Thus, to be effective, the creatine formulation must be able
to reach desired blood plasma levels rapidly. In view of the bioavailability of previously
known forms of creatine, such desired blood plasma levels can be obtained only by the
administration of high doses of creatine, e.g., 5 to 10 g for mean body weights of about
70 kg.

In contrast, the creatine HCI of the invention is able to obtain high blood plasma
levels at low doses at least in part due to its increased stability. In addition, due to the
overall increase in stability, the creatine HCI of the invention is capable of maintaining a
minimal creatine blood serum level for longer periods of time, thereby enhancing an
individual’s muscle performance.

With regard to latent product storage, standard shelf-life according to the FDA is
considered to be the time it takes for 10 percent of the starting material to degrade in a
given sample. Creatine monohydrate typically exhibits a shelf-life of about one week
when stored in aqueous solution at room temperature. In contrast, the creatine HCI of the
present invention possesses a shelf-life of about 45 days or greater in aqueous solution.
In one embodiment, the shelf-life of the creatine HCI of the invention in aqueous solution
is at least about 60 days, preferably at least about 75 days. In another embodiment, the
creatine HCI of the invention possesses a shelf-life of about 90 days or greater in aqueous

solution.
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As will be understood by those of ordinary skill in the art, higher temperatures
accelerate degradation of all forms of creatine, including the creatine HCI of the
invention. However, when exposed to higher temperatures, creatine monohydrate still
degrades at a much higher rate than creatine HCl. In one embodiment, the shelf life of
creatine HCI in aqueous solution at a temperature ranging from about 10 to 20 degrees
(°C) higher than room temperature is at least about 14 days, preferably at least about 25
days, and more preferably at least about 30 days. In another embodiment, the shelf life of
the creatine HCI at 50°C is at least about 1 day, preferably at least about 2 days, and more
preferably at least about 5 days.

Supplement Forms

Due to its enhanced properties, the effective dose of creatine HCI is much less
than other forms of creatine. In order to increase muscle mass and strength, compositions
of creatine monohydrate are generally dosed in an amount from about 5 g to about 10 g
per 150 pounds body weight. Contrastingly, in one embodiment of the present invention,
the effective dose may range from about one quarter teaspoon to about one tablespoon
per hundred pounds body weight, more preferably between about one quarter teaspoon to
about one teaspoon per hundred pounds body weight, and most preferably between about
one quarter teaspoon to about one half teaspoon per hundred pounds body weight.

In this aspect of the invention, the effective dose may range from about 500 mg to
about 1500 mg per 100 pounds body weight. For example, in one embodiment, the
effective dose may be from about 1500 mg to about 3000 mg for a subject that weighs up
to 250 pounds. In one embodiment, the effective dose is from about 2250 mg to about
4500 mg for a subject that weighs over 250 pounds. In another embodiment, the
effective dose is from about 750 mg to about 1500 mg per 100 pounds body weight.

In comparison to creatine monohydrate, the effective dose of creatine HCl is at
least about 50 percent less than the effective dose of creatine monohydrate. In another
embodiment, the effective dose of creatine HCl is at least about 55 percent less than the
effective dose of creatine monohydrate. In yet another embodiment, the effective dose of
creatine HCl is at least about 60 percent less, preferably at least about 65 percent less,

than the effective dose of creatine monohydrate. For example, the effective dose of
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creatine HC] is preferably about 70 percent less than the effective dose of creatine
monohydrate.

In one embodiment of the invention, creatine HCI may be provided in a liquid,
gel, or powder form, with powders suitable for mixing with water or other liquids being
preferred. These formulations may be added into a beverage. In addition, the creatine
HC1 may be provided as an ingredient premixed in a beverage. Examples of beverages
contemplated by the invention include, but are not limited to, sports drinks and liquid
meal replacements.

In addition to the sports beverage area, various other applications for use with
creatine HCl are contemplated by the present invention, and may include its application
in functional food supplements, including so-called “athletic bars” and “sports bars.”

It is contemplated that the creatine HCl may be combined with any or all of the
following compounds: proteins, amino acid supplements, complex carbohydrates, D-
Ribose, fats and fiber. Suitable sources of proteins in the present invention may include
proteins derived from milk, whey protein, hydrolyzed beef protein, casein and salts
thereof. Other preferred proteins may include peanut protein, wheat protein, egg protein,
leptin, and vegetable proteins, such as soy protein. The hydrolyzed beef protein may be
bovine bone gelatin.

In various embodiments of the invention, fats may be used to provide long term
energy. Fats useful in the present invention may include, but are not limited to, cocoa
butter, milk fat, vegetable oil, hydrogenated vegetable oils, such as hydrogenated palm
oil, hydrogenated shea oil, hydrogenated cottonseed oil, hydrogenated coconut oil,
hydrogenated corn oil, hydrogenated soybean oil, and hydrogenated peanut oil;
caprocaprylbehenin; monounsaturated fats such as olive oil and canola oil, sunflower and
safflower oils; fish and marine fats.

In addition, fats containing linoleic and linoleic esters have nutritionally desirable
features and are thus contemplated for inclusion in the composition of the invention.
Moreover, polyols, such as sugar alcohols, may be used in the formulation. Non limiting
examples of suitable polyols for use with the present invention include hydrogenated

isomaltulose, maltitol, sorbitol, lactitol, erythritol, mannitol, xylitol, polydextrols, and

10
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mixtures thereof. Glycerin might, under certain definitions, be included among the
polyols, but for the purpose of the present invention, we classify it separately.

Carbohydrates for fast energy for us with the present invention may include, but
are not limited to, glucose, fructose, galactose, sucrose, lactose, maltose, ribose, and
combinations thereof. Other carbohydrates suitable for use in the invention may include,
but are not limited to, starches, glycogen, fibers, cellulose, beta glucan, pectin, guar gum,
and mixtures thereof.

Sweeteners and flavoring agents may be added individually or in combination to
improve or alter the taste of the creatine HCl formula, functional food supplement, or
beverage. Sweeteners appropriate for use in the present invention are preferably, non-
nutritive sweeteners, and may include sucralose, aspartame, saccharin, and acesulfame
potassium. Other sweeteners may include neohesperidin dihydrochalcone, glycyrrhizin,
thaumatin, alitame, and stevioside. Flavoring agents may include cocoa or yogurt, which
may be used in combination with vanillin or vanilla extract. Other preferred flavoring
agents may include peanut butter, mint, cheesecake, hazelnut paste, almonds, granola,
coconut, strawberry, banana, cherry, plum, raspberry, lemon, orange, lime, pineapple,
blueberry and other fruit flavors, coffee, or cremes and jellies, and combinations thereof.

The present invention is also directed to creatine HCl compositions that also
contain other forms of creatine, carbonate salts, methylsulfonylmethane, glucosamine
~ (preferably used in the form of the salt with hydrochloric, sulfuric, phosphoric, or other
biocompatible acid), chondroitin, or combinations thereof. When creatine HCl is
combined with other forms of creatine, it is envisioned that creatine HCI will account for
greater than 50 percent of the total creatine in the composition. Other forms of creatine
appropriate for use with creatine HCI include creatine esters, creatine pyruvate, creatine
phosphate, creatine alpha-ketoglutarate, creatine citrate, and combinations thereof.

The creatine HCl of the present invention can also be used as a feed additive in
livestock to further enhance the energy requirements of companion animals, sporting and
gaming animals, livestock, and other animals, as may be desired and required. In
particular, creatine HC] may have immediate applications in the solid oral dosage
supplementation area, as an additive or a feed supplement for such animals. Or, it may be

added into any liquid that is consumed by such animals.

11
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It is contemplated that the oral supplementation of this invention may be provided
in a solid oral dosage form, such as in a capsule form, for treatment requirements when
taken by a human, animal, and the like. Oral dosage forms encompass tablets, dragees,
and capsules. In addition, the creatine HCl may be in a form that can be administered
rectally, such as a suppository. Other dosage forms include suitable solutions for
administration topically, parenterally or orally, and compositions which can be
administered buccally or sublingually.

In one embodiment, the supplement may be a combination of a powder and a
solid oral dosage form. In this regard, the amount of creatine HCl in the supplement is
preferably about 500 mg to about 2000 mg (inclusive of any binders, sugars, fillers or
excipients). For example, the supplement may contain from about 700 mg to about 1500
mg, preferably at least about 750 mg (inclusive of any binders, sugars, fillers or
excipients).

When the creatine HCI of the invention is in a solid oral dosage form, the tablet,
dragee, or capsule may include about 500 mg to about 2000 mg of creatine HCl
(inclusive of any binders, sugars, fillers or excipients). In one embodiment, the solid oral
dosage form includes from about 750 mg to about 1750 mg (inclusive of any binders,
sugars, fillers or excipients). In another embodiment, the solid oral dosage form includes
from about 1000 mg to about 1500 mg (inclusive of any binders, sugars, fillers or
excipients). In yet another embodiment, the solid oral dosage form includes at least about
1250 mg creatine HCI (inclusive of any binders, sugars, fillers or excipients).

In another aspect of the invention, the creatine HCl is combined with another
supplement in a solid oral dosage form. For example, the creatine HCI may be combined
with HMB, L-glutamine, ribose, or combinations thereof in a solid oral dosage form. In
one embodiment, the creatine HCl is included in a solid oral dosage form that includes at
least one other supplement in an amount of about 100 mg to about 500 mg. In another
embodiment, the creatine HCI is included in the solid oral dosage form that includes at
least one other supplement in an amount of about 150 mg to about 400 mg. In yet
another embodiment, the creatine HCl is included in the solid oral dosage form that

includes at least one other supplement in an amount of about 150 mg to about 300 mg.

12
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For example, the creatine HCI may be included in a solid oral dosage form that includes
at least one other supplement in an amount of about 200 mg.

In general, in addition to the active compound, i.e., creatine HCl, the
pharmaceutical compositions of this invention may contain suitable excipients and
auxiliaries that facilitate processing of the active compounds into preparations which can
be used pharmaceutically. Nonlimiting examples of suitable excipients include fillers
such as calcium phosphates (e.g., tricalcium phosphate or calcium hydrogen phosphate)
and binders such as starch, paste, using, for example, maize starch, wheat starch, rice
starch, potato starch, gelatin, gum tragacanth, vegetable cellulose such as methyl
cellulose, ethyl cellulose, hydroxypropyl cellulose, hydroxypropylmethyl cellulose
sodium carboxymethylcellulose, and hydroxyethyl methyl cellulose, and/or polyvinyl
pyrrolidone.

If desired, disintegrating agents may also be added, such as the above-mentioned
starches as well as carboxymethyl starch, cross-linked polyvinyl pyrrolidone, agar, or
alginic acid or a salt thereof, such as sodium alginate. Flow-regulating agents and
lubricants are also contemplated for use with the creatine HCI and include, but are not
limited to silica, talc, stearic acid or salts thereof, such as magnesium stearate or calcium
stearate and/or polyethylene glycol.

When a polyethylene glycol (PEG) component is used, the PEG may have an
average molecular weight of about 1000 to about 9000. Commercially available forms of
such PEGs are available under the tradename Carbowax® PEG 3350, PEG 1450, PEG
4000, PEG 4600, PEG 8000, and PEG 6000.

Dragee cores may be provided with suitable coatings which, if desired, may be
resistant to gastric juices. For this purpose, concentrated sugar solutions may be used,
which may optionally contain gum arabic, talc, polyvinylpyrrolidone, polyethylene glycol
and/or titanium dioxide, lacquer solutions and suitable organic solvents or solvent
mixtures, and combinations thereof. In order to produce coatings resistant to gastric
juices, solutions of suitable cellulose preparations such as acetylcellulose phthalate or
hydroxypropylmethylcellulose phthalate, dyestuffs and pigments may be added to the
tablet of dragee coatings, for example, for identification or in order to characterize

different combinations of compound doses.
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Furthermore, the composition could be added as a fortification to other foods.

Methods of Making

A granular precipitate consisting of the creatine HCI of the invention in high

purity and yield may be formed from the reaction of creatine monohydrate and a solvent
that is infused with HCl. Any solvent that dissolves the creatine monohydrate and
precipitates creatine hydrochloride may be employed. In one embodiment, the solvent
employed is an alcohol. For example, the solvent may be ethanol. Other alcohols
suitable for use in the present invention include short chain alcohols selected from
methanol, propanol, butanol, isopropanol, and the like. In addition, acetonitrile is
contemplated for use as a suitable solvent in the context of the present invention.

The acid catalyst may be any acid catalyst that can be added to a solvent to
produce a solution of dissolved HC1. Other non-limiting examples of suitable acid
catalysts include acyl chlorides having the general structure: R—CO—Cl, where R is an
organic radical group. For example, other acid catalysts contemplated for use with the
present invention include acetyl chloride, benzoyl chloride, and (chlorocarbonyl) acetic
acid. In addition, phosphorus chlorides, thionyl chloride (SOCl,) are contemplated for
use in accordance with the present invention. Moreover, the HCl may be generated by
the reaction of sulfuric acid and sodium chloride.

The yield of creatine HC1 produced in each reaction can be determined by 1H-
NMR analysis used for organic chemicals or other standard methods known in the art.
As known to those of ordinary skill in the art, IH-NMR uses spectroscopy and nuclear
magnetic resonance technology to ascertain the structure of chemical compounds.

Preparations of the creatine HCI of the present invention are preferably at least
about 80 percent pure, preferably at least about 95 percent pure, more preferably at least
about 97 percent pure, and even more preferably at least about 99 percent pure. For
example, a preparation of creatine HCI in accordance with the present invention may be
about 98 to 99 percent pure. The term “pure” as used herein refers to the lack of
impurities in the preparation. The main impurities typically detected in the composition

are creatine ethyl ester hydrochloride and creatinine hydrochloride.
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In one embodiment, the creatine HCI of the present invention is made as a super-
saturated batch that results in yields at least about 139 percent greater than those achieved
with described techniques. In order to produce a super-saturated batch of creatine HCI, a
solvent and an acid catalyst are combined in a reactor that is cooled to between about 0°C
and about 20°C. Following addition of the acid catalyst, the reactor temperature is
allowed to return to approximately 38°C, at which time the creatine monohydrate can be
added. The optimum temperature for the reaction is preferably between about 30°C and
about 40°C, more preferably between about 32°C and 38°C, and most preferably between
35°C and 37°C. One additional advantage of the super saturated batch technique is that it
requires much less solvent compared to other techniques.

For example, a super-saturated batch of creatine HCI may include between about
1.0 and about 1.1 mole equivalents of acetyl chloride to creatine monohydrate, and
preferably between 4 and 5 L of solvent, preferably ethanol, per kg of creatine
monohydrate used. In one embodiment, the batch is formed from about 1.0 to about 1.1
mole equivalent creatine monohydrate and about 1.0 to about 1.1 mole equivalent of
acetyl chloride dissolved in about 1 ml to about 5 ml ethanol (per gram of creatine
monohydrate). A preferred example of a super-saturated batch of creatine HCI can be
made using about 410 L of ethanol, about 27.2 kg of acetyl chloride, and about 100 kg of
creatine monohydrate.

In another embodiment, 1.4 mole equivalents of acetyl chloride are dissolved in
ethanol to form the solvent. In fact, above 1.5 and including 2.0 mole equivalents acetyl
chloride, the process produces less desirable creatine ethyl ester hydrochloride at a
sacrifice of yield for creatine hydrochloride. And, above 2.0 mole equivalents acetyl
chloride, the process forms creatinine hydrochloride. The amount of ethanol employed
may vary between about 6 mL to about 10 mL, preferably 10 ml. The temperature of the
solution may be raised to between about 24°C to about 50°C, preferably from about 25°C
to about 35°C. In one embodiment, the temperature of the solution is raised to 25°C. In
fact, at temperatures above the preferred range, the process produces the less desirable
creatine ethyl ester hydrochloride and, in excess of 50°C, the process produces increased
amounts of undesirable creatinine hydrochloride. The conditions result in precipitation of

a hydrochloride salt of creatine in granular form in the vessel. After reducing the
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temperature and pressure to ambient atmospheric temperature and pressure, the
manufacturer may collect the granules of creatine HCI and package the granules for
consumption by humans or livestock after filtering and washing with a solvent such as
ethanol. An alternate embodiment of the process uses anhydrous creatine.

In yet another embodiment, a manufacturer may produce creatine HCI by
bubbling gaseous hydrochloric acid into diethyl ether solvent. Then, about 0 grams to
about 5 grams of creatine monohydrate is stirred into the solvent at 25°C for two hours.
From the reaction, creatine HCI precipitates. The manufacturer then filters and washes
the precipitate with 50 mL of fresh diethyl ether. Lastly, the precipitate dries at room
temperature and/or in a heated and/or vacuumed dryer to a crystalline form, white in
color and then is packaged for human or livestock consumption. In using the alternative
method, the hydrochloric acid may have a range of concentrations so long as the
hydrochloric acid exceeds the molar equivalent of creatine monohydrate.

Starting materials useful for preparing compounds and intermediates thereof,
and/or practicing methods described herein are commercially available or can be

prepared by well-known synthetic methods.

EXAMPLES
The following non-limiting examples are merely illustrative of the preferred
embodiments of the present invention, and are not to be construed as limiting the

invention, the scope of which is defined by the appended claims.

Example 1
Creatine monohydrate and the creatine hydrochloride of the present invention

were assessed for relative solubility, and thus bio-availability. The results are shown in

Table 1.

16



WO 2012/054701 PCT/US2011/057050

TABLE 1
Creatine Creatine
Monohydrate Hydrochloride

Solubility (at 0.015 g/mL 0.888 g/mL.
62°F)
Relative Solubility 1.0 59.2
(compared to
creatine
monohydrate)

For the creatine monohydrate sample: 5 grams of creatine monohydrate were
added to 100mL of water at room temperature and stirred for 2 minutes. The solution
was filtered, and then dried and massed to determine the amount of sample remaining un-
dissolved.

For the creatine hydrochloride sample: 50 grams of creatine hydrochloride were
added to 100mL of water at room temperature and stirred for 2 minutes. At that time,
another 40 grams (4 doses of 10g each) until the water remained cloudy at the end of the
2 minute stirring period. The solution was filtered, and then dried and massed to

determine the amount of sample remaining un-dissolved.

Example 2
The saturated solubilities of creatine HCI and creatine monohydrate were assessed
and appear in Table 2.
TABLE 2
Creatine Hydrochloride Creatine Monohydrate
Aqueous Solubility 679 + 18 mg/mL 17.9 £ 0.5 mg/mL
Solution pH 0.3 8.6

Standard solutions and standard curve determination: 100 mL stock standard
solutions of creatine monohydrate and creatine hydrochloride were prepared by

dissolving 50 mg of the creatine derivative in 100 mL deionized water. Standard
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solutions of 10, 20, 30, 40, 50, and 100 pg/mL were then prepared by diluting volumes of
stock solution with deionized water. Standard curves for each salt were generated by
measuring the absorbance at 210 nm. A linear regression was generated and equation

determined for each creatine salt with R>>0.999 in all cases.

Saturation Solubility Determination: Using preliminary measurements,
saturated solutions of creatine monohydrate and creatine hydrochloride in deionized
water were determined by adding increasing amounts of each salt to 5 mL of water in
screw-capped glass bottles at 25 °C in a shaking water bath. Aliquots (5 mL) were
removed after 1.5 hours, centrifuged at 3900 rpm for 10 minutes, 1 mL supernatant was
diluted, and assayed spectrophotometrically at 210 nm. The mean + standard deviation
of the saturation solubilities of each salt were calculated from the corresponding standard

curves.

Example 3
The plasma uptake and relative bioavailability of creatine HCI and creatine

monohydrate were assessed. The results appear in Table 3.

TABLE 3
Creatine Hydrochloride Creatine Monohydrate
Average AUC 117.4 82.2
AUC Standard Error of the 10.4 8.9
Mean (SEM)

Bioavailability studies were performed in healthy human volunteers to compare
the amount of creatine absorbed following oral administration of a 5 gram dose of either
creatine monohydrate or creatine HCI. A two-arm cross-over experimental design was
used in which each subiject received both creatine monohydrate and creatine HCI. The
order of treatment was randomly assigned and there was a 1-week wash out period
between creatine treatments. Blood samples were taken immediately prior to creatine
monohydrate and creatine HC! ingestion and at various time points thereafter (30-120

minutes). Plasma creatine was significantly elevated following either creatine
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monohydrate or creatine HCl administration. However, peak creatine plasma
concentrations and plasma area under the curve (AUC) was significantly greater in the
creatine HCI treatment arm.

The relative bioavailability was determined according to FDA standards for
comparing a drug/nutritional supplement from two different formulations using the
equation: AUC A * dose B/ AUC B * dose A. The resultant relative bioavailability for
creatine HC compared to creatine monohydrate was 1.65 with an SEM value of 0.12.
These results suggest an approximately 50 percent increase in bioavailability for creatine

HCL

Example 4
The stability of the creatine HCI of the invention, as compared to creatine

monohydrate, was tested both at room temperature (about 70°F / 21°C) and at 50°C
(122°F). Figures 1 (linear data) and 2 (log scale) provide the results of this test. Each
data point is representative of three different samples. Initially, each sample contained
1.5 mg/mL of creatine HCI or creatine monohydrate dissolved in aqueous solution. The
creatine content of each sample was examined over a 45-day period.

As illustrated in Figures 1 and 2, creatine HCI demonstrated significantly greater
stability compared to the creatine monohydrate samples. For example, at the end of the
45-day period, the creatine HCl sample contained approximately 95 percent of the
original creatine in the aqueous solution at room temperature. Contrastingly, the creatine
monohydrate sample only contained about 75 percent of the original creatine at room
temperature after 45 days. For further comparison, the standard degradation time for
creatine ethyl ester in water is less than one minute. '

Heating the solutions resulted in an increased rate of degradation for both sample
groups; however, as shown in Figures 1 and 2, even at 50°C, creatine HCI demonstrated
superior stability in an aqueous solution compared to creatine monohydrate.

The invention described and claimed herein is not to be limited in scope by the
specific embodiments herein disclosed, since these embodiments are intended as
illustrations of several aspects of the invention. Any equivalent embodiments are

intended to be within the scope of this invention. Indeed, various modifications of the
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invention in addition to those shown and described herein will become apparent to those
skilled in the art from the foregoing description. Such modifications are also intended to
fall within the scope of the appended claims. All patents and patent applications cited in

the foregoing text are expressly incorporate herein by reference in their entirety.
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THE CLAIMS

What is claimed is:

1.

A supplement comprising:
creatine HCI, wherein the creatine HCI possesses a solubility of at least 600

mg/mL in water at 25°C.

The supplement of claim 1, wherein the creatine HC is at least 95 percent free of

contaminants.

The supplement of claim 1, wherein the recommended dosage range for the
creatine HCI is between about one quarter teaspoon to about one tablespoon per

hundred pounds body weight.

The supplement of claim 1, wherein the supplement is capable of being taken

orally.

The supplement of claim 1, wherein the creatine HCI has a shelf-life of at least

about 45 days in aqueous solution at room temperature.

The supplement of claim 4, wherein an effective dosage of the supplement is

about 500 mg to about 1500 mg of creatine HCI per 100 pounds body weight.

The supplement of claim 1, wherein the creatine HCI further comprises an

additive or feed supplement for livestock.
A formula used to enhance athletic performance comprising:
creatine HCI, wherein the creatine HCI exhibits an aqueous solubility that is at

least about 15 times greater than that of creatine monohydrate.

The formula of claim 8, further comprising:
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at least one additional species of creatine selected from the group comprising
creatine esters, creatine pyruvate, creatine phosphate, creatine alpha-

ketoglutarate, creatine citrate, and combinations thereof.

10. The formula of claim 8, further comprising:
at least one additional supplement selected from the group comprising carbonate

salts, methylsulfonylmethane, glucosamine, and chondroitin.

11. The formula of claim 8, further comprising:
at least one compound selected from the group comprising proteins, amino acid

supplements, carbohydrates, D-Ribose, fats, fiber and combinations thereof.

12. The formula of claim 8, further comprising:
at least one sweetener selected from the group comprising sucralose, aspartame,
saccharin, acesulfame potassium, neohesperidin dihydrochalcone,

glycyrrhizin, thaumatin, alitame, stevioside, and combinations thereof.

13. The formula of claim 8, wherein the formula further comprises a supplement
selected from the group comprising sports bars, nutritional bars, powders, liquids,

gels, sports drinks, and beverages.

14. The formula of claim 8, further comprising:
at least one flavoring agent selected from the group comprising cocoa, yogurt,
peanut butter, mint, cheesecake, hazelnut paste, almonds, granola, coconut,
strawberry, banana, cherry, plum, raspberry, lemon, orange, lime, pineapple,
blueberry and other fruit flavors, coffee, or cremes and jellies, and

combinations thereof.

15. A granular powder comprising:
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a creatine HCI product formed by the reaction of an alcohol, an acid catalyst, and
creatine monohydrate, wherein the solubility of the creatine HCl product is at

least about 650 mg/ml.

16. The granular powdér of claim 15, wherein the alcohol is selected from the group

consisting of ethanol, methanol, butanol, and isopropanol.

17. The granular powder of claim 15, wherein the reaction is a super-saturated

reaction comprising ethanol, acetyl chloride, and creatine monohydrate.

18. The granular powder of claim 17, wherein the volume of ethanol used is between
about 4 and 5 L per kg of creatine monohydrate, and wherein the quantity of
acetyl chloride used is between about 1.0 to about 1.1 mole equivalents of

creatine monohydrate.

19. The granular powder of claim 17, wherein the super-saturated reaction further
comprises the steps of:
mixing the ethanol and acetyl chloride in a reactor that is cooled to between
about 0 °C and 20 °C,;
allowing the temperature of the reactor to increase to about 38 °C;
adding creatine monohydrate; and

maintaining a temperature of between about 30 °C and about 40 °C.

20. The granular powder of claim 15, wherein the creatine HCI product is at least 95

percent free of contaminants.
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