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BETA-HYDROXYBUTYRIC ACID COMPOSITIONS
AND METHODS FOR ORAL DELIVERY OF KETONE BODIES

BACKGROUND

1. Field of The Invention

[6001] The invention relates to aqueous drinks, liquid and powder drink additives,
and liquid and powder food additives containing beta-hydroxybutyric acid and methods
for delivering exogenous ketone bodies to a subject in need thereof.

2. Related Technology

[6002] In periods of fasting, extreme exercise, and/or low carbohydrate
consumption, glucose and glycogen stores in the body are rapidly used and can become
quickly depleted. As glucose stores are depleted, the body metabolically shifts to
creation of ketone bodies for energy. Ketone bodies can be used by cells of the body as
fuel to satisfy the body’s energy needs. During prolonged fasting, for example, blood
ketone levels can increase to 2-3 mmol/L or more. It is conventionally understood that
when blood ketones rise above 0.5 mmol/L, the heart, brain, and peripheral tissues use
ketone bodies (e.g., beta-hydroxybutyrate and acetoacetate) as the primary fuel source.
This condition is referred to as “ketosis”. Between 1.0 mmol/L and 3.0 mmol/L the
condition is called “nutritional ketosis.”

[8003] Upon transitioning into ketosis, i.e., during ketogenic metabolism in the
liver, the body uses dietary and bodily fats as a primary energy source. Consequently,
when in ketosis, one can induce loss of body fat by controlling dietary fat intake and
maintaining low carbohydrate intake and blood level to sustain ketosis.

[6004] While in ketosis, the body is in ketogenesis and is essentially burning fat for
its primary fuel. The body cleaves fats into fatty acids and glycerol and transforms fatty
acids into acetyl CoA molecules, which are transformed through ketogenesis into the
water-soluble ketone bodies beta-hydroxybutyrate (“B-hydroxybutyrate” or “beta-
hydroxybutyrate™), acetoacetate, and acetone in the liver. Beta-hydroxybutyrate and
acetoacetate are used by the body for energy, while acetone is removed as a by-product
of ketogenesis.

[8005] The metabolism of ketone bodies is associated with several improvements
to metabolic function, such as anticonvulsant effects, enhanced metabolism by the
brain, neuroprotection, muscle sparing properties, improved cognitive and physical

performance, and epigenetic effects (positive or beneficial gene expressions). Science-
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based improvements in efficiency of cellular metabolism, managed through ketone
supplementation, can have beneficial impacts on physical, cognitive health, and
psychological health, and a long-term impact on health with respect to the common
avoidable diseases such as obesity, cardiovascular disease, neurodegenerative diseases,
diabetes, and cancer.

[6006] Ketone bodies are most often administered as salts or esters. Ketone salts
are generally safe but can introduce excessive quantities of electrolytes when consumed
in excess. Ketone esters do not contribute electrolytes but must be hydrolyzed before
they are usable as ketone bodies. Downsides of ketone esters is they can have
unpleasant taste and introduce alcohol into the body when hydrolyzed.

[6007] Free acid forms of beta-hydroxybutyrate and acetoacetate are used less
frequently. It has been reported that solutions of racemic beta-hydroxybutyric acid have
been administered intravenously. Dilute solutions are required when ketone body acids
are delivered intravenously to prevent negative effects of low pH and isotonic
deficiency. For example, a | mmol/L beta-hydroxybutyric acid solution contains only
0.0104% w/v of ketone bodies. Such solutions are useless for oral delivery of ketone
bodies because one would have to consume approximately 10 liters to obtain 1 gram of
ketone bodies.

[6008] Some have proposed oral delivery of ketone bodies as partially buffered
acid compositions. For example, US Pub. No. 2018/0057846 (Llosa et al.) discloses
solutions containing partially buffered enantiomerically pure or enriched D-beta-
hydroxybutyrate compositions with up to at most 99% free acid and at least 1% ketone
salt. Llosa et al. further teach that “[tthe use of pure, free acid form of B-HB at the
upper limit of therapeutic doses has been considered undesirable due to the possibility
of acute acidosis or gastrointestinal (GI) distress™ and “the f-hydroxy group is unstable
in the presence of low pH” (paragraph [0035]). US Pub. No. US 2018/0021274 (Arnold
et al) discloses compositions containing beta-hydroxybutyric acid and beta-
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hydroxybutyrate salt in ratios of up to “~125 parts free acid per ~7 parts salft”
(paragraph {0019]), which equates to a free acid concentration of up to about 94.7% by

weight and a salt concentration of at least about 5.3% by weight.

SUMMARY
[6009] It has been unexpectedly found that aqueous beta-hydroxybutyric acid

compositions for oral delivery that are free or substantially free of beta-
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hydroxybutyrate salts are effective in rapidly raising blood ketone levels without
causing acute acidosis or gastrointestinal (GI) distress when consumed in sufficiently
dilute form. In the absence of significant quantities of beta-hydroxybutyrate salts
containing alkali or alkaline earth metal ions, aqueous beta-hydroxybutyric acid
solutions can deliver exogenous ketone bodies without significantly altering electrolyte
balance. By providing aqueous beta-hydroxybutyric acid at a concentration within
specific ranges, it is possible to maintain beta-hydroxybutyric acid stability and prevent
self-esterification and precipitation.

[6010] In some embodiments, aqueous beta-hydroxybutyric acid solutions can have
a concentration that is sufficiently diluted such that volumes of about 4 oz. {about 120
ml) to about 16 oz. (about 475 ml) can deliver a quantity of ketone bodies i a range of
about 0.5 gram o about 25 grams, without harming the stomach or causing significant
acidosis. For example, dilute aqueous beta-hydroxybutyric acid solutions can have a
concentration of beta-hydroxybutyric acid in a range of about 0.4% w/v to about 6%
wiv. Although aqueous beta-hydroxybutyric acid solutions are moderately acidic, with
a pH of about 3.5 to 4, when diluted with sufficient water, the water itself acts as a
pseudo buffering agent that offsets the otherwise harsh effects of the acid when
consumed orally.

[a011] In some embodiments, agueous beta-hydroxybutyric acid solutions can be
provided as a concentrate for later dilution by the user, such as with water, juice, drink,
energy shot, or other aqueous composition to a concentration in a range of about 0.4%
w/v to about 6% w/v. Concentrated solutions may comprise beta-hydroxybutyric acid
in a range of about 6% w/v to about 60% w/v and then diluted by the user as desired,
such as from about 2 to about 30 times, with water, juice, drink, or other agueous
composition, as desired. Preferably, the aqueous beta-hydroxybutyric acid solutions
will not be so concentrated so as to self-polymerize and form significant amounts of
precipitates, although it should be understood that such polymerized precipitates are
harmless when consumed with sufficient water but lack the efficacy of the monomeric
form of beta-hydroxybutyric acid.

[0612] In some embodiments, concentrated or dilute beta-hydroxybutyric acid
solutions can be manufactured by combining a powder or other solid form of beta-
hydroxybutyric acid with water, drink, beverage, sauce, gel, or other liquid or semi-
hiquid drink, energy product, or food product. When the beta-hydroxybutyric acid

solution, drink, sauce, or gel is prepared by a user, the powder or other solid form of
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beta-hydroxybutyric acid can be flavored and may contain other additives, such as one
or more of stabilizer, vitamin, mineral, stimulant, nootropic, vasodilator, cannabinoid,
amino acid, and the like. The powder may be provided in individual pre-dosed packets,
pouches, tablets, or capsules, or it may be provided in a kit with a measuring device
configured to measure out a predetermined dose or fraction thereof. A plurality {e.g., 2
or 3) of dissolvable tablets representing a single dose can be packaged together in a
packet, pouch, or other container. In some embodiments, a dissolvable tablet may be
effervescent and fizz when added to water. In the case of an effervescent tablet, it may
be desirable to include a quantity of an edible acid {e.g., citric or malic) together with a
bicarbonate or carbonate salt to provide the desired effervescent action vet provide less
than 1% of total beta-hydroxybutyrate salt(s) upon dissolution in water (i.e., if the
edible acid has a lower pKa than beta-hydroxybutyric acid a salt of the edible acid will
form preferentially over beta-hydroxybutyrate salt).

[0013] Beta-hydroxybutyric acid compositions are free or substantially free of beta-
hydroxybutyrate salts so as to contain less than 1% of one or more beta-
hydroxybutyrate salts by combined weight of beta-hvdroxybutyric acid and beta-
hydroxybutyrate salt(s). In currently preferred embodiments, beta-hydroxybutyric acid
compositions are essentially or totally free of beta-hydroxybutyrate salts, 1.e., contain
0% by weight of beta-hydroxybutyrate salts.

[8014] In some embodiments, the beta-hyvdroxybutyric acid compositions may
contain one or more nuiritionally or pharmaceutically acceptable carriers or additives in
addition to water. For example, beta-hydroxybutyric acid compositions may optionally
include at least one additive selected from acetoacetic acid, 1,3-butanediol, beta-
hydroxybutyrate esters, vitamins, minerals, central nervous system stimulants,
nootropics, edible acids, amino acids, muscle-promoting compounds (e.g., beta-
hydroxy beta-methylbutyrate), one or more cannabinoids (e.g., tetrahydrocannabinol
and/or cannabidiol), and the like.

[6D15] In various embodiments, beta-hydroxybutyric acid compositions may
include enantiomerically pure R-beta-hydroxybutyric acid, enantiomerically pure S-
beta-hydroxybutyric acid, a racemic mixture of R- and S-beta-hydroxybutyric acid {i.e.,
a mixfure having a 1:1 enantiomeric ratio of R-beta-hvdroxybutyric acid and S-beta-
hydroxybutyric acid), a non-racemic mixture enriched with the R-enantiomer, or a non-

racemic mixture enriched with the S-enantiomer. In some embodiments it is
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advantageous to include at least some amount of S-beta-hydroxybutyric acid in addition
to or instead of R-beta-hydroxybutyric acid.

[6016] In a first embodiment, beta-hydroxybutyric acid compositions contain a
non-racemic mixture enriched with the R-enantiomer, such as greater than 50% and
fess than 100% by enantiomeric equivalents of exogenous R-beta-hydroxybutyric acid
and less than 50% and greater than 0% by enantiomeric equivalents of exogenous S-
beta-hydroxybutyric acid.

[0017] In a second embodiment, beta-hydroxybutyric acid compositions contain a
non-racemic mixture enriched with the S-enantiomer, such as greater than 50% and less
than 100% by enantiomeric equivalents of exogenous S-beta-hydroxybutyric acid and
less than 50% and greater than 0% by enantiomeric equivalents of exogenous R-beta-
hydroxybutyric acid.

[6018] In a third embodiment, beta-hydroxybutyric acid compositions contain a
racemic mixture of R-beta-hydroxybutyric acid and S-beta-hydroxybutyric acid, i.e.,
that contains 50% by enantiomeric equivalents of exogenous R-beta-hydroxybutyric
acid and 50% by enantiomeric equivalents of exogenous S-beta-hydroxvbutyric acid.
[6019] In a fourth embodiment, beta-hydroxybutyric acid compositions contain
enantiomerically pure S-beta-hydroxybutyric acid, ie., that contains 100% by
enantiomeric equivalents of exogenous S-beta-hydroxybutyric acid and 0% by
enantiomeric equivalents of R-beta-hydroxybutyric acid.

[6020] In a fifth embodiment, beta-hydroxybutyric acid compositions contain
enantiomerically pure R-beta-hydroxybutyric acid, i.e., that contains 100% by
enantiomeric equivalents of exogenous R-beta-hydroxybutyric acid and 0% by
enantiomeric equivalents of S-beta-hydroxybutyric acid.

[6021] It is generally understood that only enantiomerically pure R-beta-
hyvdroxybutyric acid and/or R-beta-hydroxybutyrate is produced endogenously and
naturally by mammals so as to be a natural product. At biological pH, the endogenous
form of beta-hydroxybutyric acid only exists as substantially deprotonated R-beta-
hydroxybutyrate amions and not as a powder, solid, concentrated solution, or even
dilute R-beta-hydroxybutyric acid solution within the disclosed concentrations.

[0022] S-beta-hydroxybutyric acid (S-beta-hydroxvbutyrate at biological pH),
which is not endogenously prodiced by mammals and is believed by some to be
unnatural and potentially harmful, can provide other beneficial effects. These include

one or more of: increased endogenous production of R-beta-hydroxybutyrate and
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acetoacetate; endogenous conversion into one or both of R-beta-hydroxybutyrate and
acetoacetate; endogenous conversion into fatty acids and sterols; prolonged ketosis;
metabolism of S-beta-hydroxybutyrate independent of us conversion to R-beta-
hydroxybutyrate and/or acetoacetate; improved fetal development; increased growth
vears; reduced endogenous production of acetone during ketosis; signaling to modulate
metabolism of R-beta-hydroxybutyrate and glucose; antioxidant activity; and
production of acetyl-CoA.

[0023] Beta-hydroxybutyric acid compositions that are enriched with, or contain
enantiomerically pure, S-beta-hydroxybutyric acid may be administered in higher doses
than compositions enriched with, or that contain enantiomerically pure, R-beta-
hydroxybutyric acid to obtain the same rapid supply of R-beta-hydroxybutyrate in the
body. In such cases, it may be desirable to include incrementally higher, but still small,
amounts of beta-hydroxybutyrate salts, such as less than 4%, 3%, or 2% of such salts
by combined weight of beta-hydroxybutyric acid and beta-hydroxybutyrate salt(s), in
order to further offset the acidity of beta-hydroxybutyric acid.

[6024] Beta-hydroxybutyric acid compositions disclosed herein may function o
induce and/or sustain ketosis in a subject to which the composition is administered
without significantly affecting electrolyte balance. This removes an otherwise limiting
factor as to how much beta-hydroxybutyrate can be administered when administered in
salt form. In addition, beta-hydroxybutyrate esters, particularly by themselves or when
the primary source of beta-hydroxybutyrate, have an unpleasant taste and are not
always well tolerated.

[0025] Beta-hydroxybutyric acid compositions can be useful as a weight loss
supplement, as treatment for high blood glucose or type I diabetes, as brain tonic, as
athletic performance enhancer, as preventative against metabolic dysfunction,
mitochondrial defect, insulin resistance, as adjunct to a ketogenic diet, as anti-aging
supplement, and for other uses associated with improved metabolic health.

[0026] Beta-hydroxybutyric acid compositions can be used in a method for
increasing ketone body level in a subject in need thereof, including promoting and/or
sustaining ketosis in the subject, comprising administering to the subject a nutritionally
or pharmaceutically effective amount of beta-hydroxvbutyric acid. Benefits of
increased ketone body level in a subject include one or more of appetite suppression,
weight loss, fat loss, reduced blood glucose level, improved mental alertness, increased

physical energy, improved cognitive function, reduction in traumatic brain injury,
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reduction in effect of diabetes, improvement of neurological disorder, reduction of
cancer, reduction of inflammation, anti-aging, antiglycation, reduction in epileptic
seizer, improved mood, increased strength, increased muscle mass, or improved body
composition.
[6027] Additional features and advantages will be set forth in part in the description
that follows, and in part will be obvious from the description, or may be learned by
practice of the embodiments disclosed herein. It is to be understood that both the
foregoing brief summary and the following detailed description are exemplary and
explanatory only and are not restrictive of the embodiments disclosed herein or as
claimed.

DETAILED DESCRIPTION
L Introduction
[6028] Disclosed herein are beta-hydroxybutyric acid compositions for oral
delivery and methods for their delivery, such as to increase ketone body level in a
subject, including to promote and/or sustain ketosis in a subject while not affecting
electrolytic balance and without causing acute acidosis or gastrointestinal (GI) distress.
The beta-hydroxybutyric acid compositions are typically administered as an aqueous
composition, suspension, or gel. Powder or solid beta-hvdroxvbutyric acid can be
mixed with water, aqueous liquid, other liquid, gel, or food to form a solution
containing beta-hydroxybutyric acid as a solute or a suspension containing beta-
hydroxybutyric acid particles.
[0029] “Ketosis™ refers to a subject having blood ketone levels within the range of
about 0.5 mmol/L and about 16 mmol/L. Ketosis may tmprove mitochondrial function,
decrease reactive oxygen species production, reduce inflammation, and increase the
activity of neurotrophic factors. “Keto-adaptation” as used herein refers to prolonged
nutritional ketosis (>1 week) to achieve a sustained nonpathological “mild ketosis™ or
“therapeutic ketosis.”
[6030] In some cases, “elevated ketone body level” may not mean that a subject is
in a state of “clinical ketosis” but nevertheless has an elevated supply of ketones for
producing energy and/or for catrying out other beneficial effects of ketone bodies. For
example, a subject that is “ketone adapted” may not necessarily have elevated blood
serum Jlevels of ketone bodies but rather is able to utilize available ketone bodies more

rapidly compared to a subject that is not “ketone adapted.” In such case, “elevated



WO 2022/040644 PCT/US2021/050302

10

30

ketone body level” can rtefer to the total quantity and/or rate of ketone bodies being
utilized by the subject rather than blood plasma levels per se.

[0031] “Exogencus ketone body” refers to beta-hydroxybutyrate and acetoacetate
compounds that are not produced by a mammal. These compounds may be utilized by a
subject’s body as an energy source during instances of low glucose levels or when these
compounds are supplemented in a usable form.

[6032] “Beta-hydroxybutyric acid” refers to exogenous beta-hydroxybutyric acid
that can be in the form of a powder, other solid, solid particles in a suspension (e.g.,
sauce or gel), or solute in a solution, such as an agueous solution.

[6033] “Aqueous beta-hydroxybutyric acid” refers to beta-hydroxybutyric acid
dissolved in water or other aqueous liquid, in powder or other solid form, or in a gel or
other suspension. Beta-hydroxybutyric acid that has self-polymerized to form an
msoluble precipitate is not “aqueous beta-hydroxybutyric acid”, although one will
appreciate that aqueous beta-hydroxybutyric acid compositions may contain insoluble
precipitates without causing harm.

[6034] A “suspension” means a liquid, svrup, gel, or other non-rigid composition
with insufficient water to fully dissolve the beta-hydroxybutyric acid, at least a portion
of which remains as undissolved particles surrounded by the suspending liquid, syrup,
gel, or other non-rigid composition or carrier. Non-limiting examples of suspending
agents include gels, foods, sauces, syrups, oils, and the like.

[6035] A “gel” refers to a composition that includes a gelling agent, such as a
hydrocolloid, and a carrier, such as water or aqueous mixture. Gels can be in the form
of a thick liquid, such as a viscous Newtonian fluid, or in the form of a Bingham plastic
that does not flow under the force of gravity but can be deformed by applying pressure
or other force.

[6036] Beta-hydroxybutyric acid compositions may be enriched with or contain
enantiomerically pure R-beta-hydroxybutyric acid, enriched with or contain
enantiomerically pure S-beta-hydroxybutyric acid, or be provided as a racemic mixture
of R- and S-enantiomers. Beta-hydroxybutyric acid compositions, specifically those
containing a racemic mixture or that are enriched with or contain enantiomerically
pure, R-beta-hydroxybutyric acid, are free or substantially free of beta-hydroxybutyrate
salts. Beta-hydroxybutyric acid compositions containing more S-beta-hydroxybutyric
acid than R-beta-hvdroxybutyric acid may be buffered with higher amounts of beta-

hydroxybutyrate salt(s) when mixed with water.
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(8637} Beta-hydroxybutyric acid compositions may optionally mgetade acetoacetic
acid, ester forms of beta-hydroxvbutyrate andfor acetvacetate, ketong body precursors
sach as 13-butanediol or ester thereof

80381 Beta-hyitrexybutyrate is the deprotonated frm of beta-hivdroxybutyric acid
having the formuda CHsCHOHCH, COOH, The deprotonated form present at typical
biological pH levels s CHUHROBOHCOO . The general chemical strectire of hela-
hydroxyhuivrate 15

HO

-

- e '\,\_x‘"“} \;\{}M }{

where, X can be hydrogen, medad ton, amino cation such as front an amuno acid,
alkd, alkenvl, arv, or acvl
8639 When X is a hydrogen, the compound ¢ beta-hvdroxybutyric acid. When X
ig a metal 1on o an amino cation, the compounds s & bet-hvdroxybuiyrate sall. When
Xois abkyl, alkenyl, avl, or acyl, the compounds i3 8 beta-byvdroxybutvrate esier. The
foregoing componnds can be m any desired physical form, such as orystalline, powder,
solid, higunid, solution, suspension, or gel.
[8640] Agetoacstate 15 the depwolonated form of acetoacetic acid having the

forpada CHROOCHCOOH, The deprofonated form present af typieal biological pH

fevels s CHOOCHCOO, The general chenucal struciure of acetoacstatn is

Q

where, X can be hydrogen, metal ion, amine cation such a3 from an amine aoid,
alkyl, alkenyl, aryl, or acyl
[Bddi} When X is a hydrogen, the compound 1s sceloagetic acid. When X s a metal
10N of an amino cation, the compounds is an aceoacetaie salt. When X s alkyl, abenyi,
arvl, or acyl, the compounds is an aceloacetats ester. The forepring compinprds can be
i any destred phvsical form, such as coysialbine, powder, sobid, hguid, solution,
suspension, or geb
8642 Unless otherwise specified, the torm “sali” dogs not mesn or imply any
partiealar physical state, such as 8 coryataliine, powder, other solid form, dissedved in

water to form a ligad solulion, dispersed i g ligad to form a suspension, or gel. A salt
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can be formed in solution, such as by at least partially neutralizing beta-hydroxybutyric
acid with a strong or weak base, such as an alkali or alkaline earth metal hydroxide,
carbonate, or bicarbonate, basic amino acid, and the like.

[6043] As used herein, “subject” or “patient” refers to members of the animal
kingdom, including mammals, stich as but not imited to, humans and other primates;
rodents, fish, reptiles, and birds. The subject may be any animal requiring therapy,
treatment, or prophvlaxis, or any animal suspected of requiring therapy, treatment, or
prophylaxis. Prophylaxis means that regiment is undertaken to prevent a possible
occurrence, such as where a high glucose or diabetes is identified. *Patient” and
“subject” are used interchangeably herein.

[6044] Beta-hydroxybutyric acid compositions can include enantiomerically pure
R-beta-hydroxybutyric acid, enantiomerically pure S-beta-hydroxybatyric acid, a non-
racemic mixture enriched with R-beta-hydroxybutyric acid relative to S-beta-
hydroxybutyric acid, a non-racemic mixture enriched with S-beta-hydroxybutyric acid
relative to R-beta-hydroxybutyric acid, or a racemic mixture of R- and S-beta-
hydroxybutyric acids.

[6045] Whether the beta-hyvdroxybutyrate free acid, salt, or ester is the R- or S-
enantiomer depends on the tetrahedral orientation of the hydroxy on the 3-carbon (beta-
carbon) in relationship to the planar carboxyl group. R-beta-hydroxybutyrate is the
endogenous form of beta-hydroxybutyric acid and can be utilized by a patient’s body as
a fuel source during instances of low glucose levels in the subject or when a patient’s
body is supplemented with a wusable form of beta-hydroxybutyrate. S-beta-
hydroxybutyrate is not endogenously produced by mammals but can promote one or
more of: increased endogenous production of R-beta-hydroxybutyrate and acetoacetate;
endogenous conversion into one or both of R-beta-hydroxybutyrate and acetoacetate;
endogenous conversion into fatty acids and sterols; prolonged ketosis; direct
metabolism of S-beta-hydroxybutyrate; improved fetal development; increased growth
vears; reduced endogenous production of acetone during ketosis; signaling to modulate
metabolism of R-beta-hydroxybutyrate and glucose; antioxidant activity; and
production of acetyl-CoA.

[0046] The term “unit dose™ refers to a dosage form that is configured to orally
deliver a specified quantity or dose of beta-hydroxybutyric acid. Example dosage forms
of beta-hydroxybutyric acid include, but are not limited to, drinks (such as flavored,

vitamin fortified, alcoholic, or non-alcoholic) in premeasured form, such as a can,
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bottle, carton, jug, and the like, drink additives, liquid energy shots, energy gel packs,
foods, food additives, dietetically acceptable sprays (such as flavored mouth spray), and
premeasured quantity of powder, solid, or gel, such as packets, pouches, tablets,
capsules, effervescent tablets, and the like. Such dosage forms may be configured to
provide a full unit dose or fraction thereof (e.g., 1/2, 1/3, or 1/4 of a unit dose).

[6047] Another dosage form that can be used to provide a unit dose of beta-
hydroxybutyric acid is a unit dose measuring device, such as a cup, scoop, syringe,
dropper, spoon, spatula, or ladle, which is configured to hold therein a measured
quantity of composition equaling a full unit dose or fraction thereof {e.g., 1/2, 1/3, or
1/4 of a unit dose). For example, a bulk container, such as a carton, box, can, jar, bag,
pouch, bottle, jug, or keg, containing several unit doses of composition {(e.g., 5-250 or
10-150 unit doses) can be provided to a user together with a unit dose measuring device
that is configured to provide a unit dose, or fraction thereof, of composition or
component thereof.

[0048] A kit for use in providing beta-hydroxybutyric acid as disclosed herein in
bulk form, while providing unit doses of the composition, may comprise a bulk
container holding therein a quantity of composition and a unit dose measuring device
configured to provide a unit dose, or fraction thereof, of composition or component
thereof. One or more unit dose measuring devices may be positioned inside the bulk
container at the time of sale, attached to the outside of the bulk container, prepackaged
with the bulk container within a larger package, or provided by the seller or
manufacture for use with one or multiple bulk containers. A bulk container may contain
liquid or solid forms of beta-hydroxybutyric acid.

[0049] The kit may include instructions regarding the size of the unit dose, or
fraction thereof, and the manmner and frequency of administration. The instructions may
be provided on the bulk container, prepackaged with the bulk container, placed on
packaging material sold with the bulk container, or otherwise provided by the seller or
manufacturer (e.g., on websites, mailers, flyers, product literature, etc.) The instructions
for use may include a reference on how to use the unit dose measuring device to
properly deliver a unit dose or fraction thereof. The instructions may additionally or
alternatively inchude a reference to common unit dose measuring devices, such as cups,
scoops, syringes, droppers, spoons, spatulas, ladles, and the like, not provided with the
bulk container (e.g.. in case the provided unit dose measuring device is lost or

nusplaced). In such case, a kit may be constructed by the end user when following
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mstructions provided on or with the bulk container, or otherwise provided by the seller
regarding the product and how to properly deliver a unit dose of composition, or
fraction thereof.

[6050] In one embodiment, the container includes a quantity of tablets or capsules,
such as effervescent tablets, each of which includes a premeasured quantity of beta-
hydroxybutyric acid as a full or fractional dose. Capsules or tablets may further be
grouped or contained within individual packets or pouches within the storage container,
each containing a plurality of tablets or capsules that provide a pre-measured dosage of
beta-hydroxybutyric acid.

[0051] The term “administration” or “administering” is used herein to describe the
process in which the aqueous beta-hydroxybutyric acid compositions are orally
delivered to a subject.

[6052] In some embodiments, the agueous beta-hydroxybutyric acid compositions
may be combined with a nutritionally or pharmaceutically acceptable carrier or
additive.

II. Beta-hydroxybutyric Acid Compositions

[6053] Administration of beta-hydroxybutyric acid in the form of an aqueous
solution, readily digestible gel or suspension, provides a source of readily usable ketone
bodies for producing metabolic energy. This is true regardless of whether the user is
technically in state of ketosis. The body is able to metabolize both glucose and ketone
bodies when present. If a sufficient quantity of beta-hydroxybutyric acid is consumed
in a given time period, it can result in elevated and/or sustained blood levels of keione
bodies, thereby exploiting the metabolic and physiological advantages of ketosis
without introducing a significant quantity of electrolytes into the blood. Raising ketone
body level in the blood using exogenous ketones provides a subject with greater
flexibility in diet options as compared to a method that aims to induce and sustain
ketosis based on diet alone (e.g., based on fasting and/or limited carbohydrate intake}.
A subject that consumes an appropriate amount of beta-hydroxybutyric acid can eat an
occasional carbohydrate or sugar-based food without jeopardizing the ketogenic state
and shifting back into a glucose-based metabolic state. Further, administration of
exogenous beta-hvdroxybutyric acid facilitates easier transition to a ketogenic state
while reducing or eliminating detrimental effects typically associated with entering

ketosis.
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[0054] Subjects entering or maintaining a ketogenic state may already be in a state
of electrolyte imbalance due to metabolic shifts involved with ketosis, including
enhanced diuretic effecis and changes in mnsulin profiles. Thus, while there are many
benefits to the administration of beta-hydroxybutyrate to promote or sustain ketosis in a
subject, the resulting electrolvie imbalance when administering an excessive quantity
and/or imbalanced ratio of salts and its associated detrimental physiological effects can
offset the benefits of ketosis and/or make it more difficult for a subject to maintain
ketosis at the desired levels or for a desired length of time.

[0055] For example, a formulation containing high levels and/or proportions of
sodium beta-hydroxybutyrate can sharply increase sodium level in the subject.
Excessive sodium can have detrimental effects, such as hypertension and poor
cardiovascular health. High levels of sodium relative to potassium promotes
hypertension and increases the risk of cardiovascular disease. A formulation containing
high levels and/or proportions of calcium beta-hydroxybutyrate can sharply increase
calcium level in the subject. Excessive calcium can build up in soft tissues, leading to
detrimental calcification and hardening of such tissues and raising the risk of heart
disease {e.g., associated with hardened arteries), kidney stones, arthritis, and other
problematic conditions.

[6056] Aqueous beta-hydroxybutyric acid solutions, gels, and readily digestible
suspensions provide a therapeutically effective amount of beta-hvdroxybutyrate in the
acid, and therefore most readily available form, without contributing significant or any
salis. Such compositions provide the advantages of promoting, initiating, and/or
sustaining ketosis without significantly altering electrolyte balance in the user, and in
some cases even improving or easing electrolyte imbalances.

[6057] In general, aqueous beta-hydroxybutyric acid compositions for oral delivery
that are free or substantially free of beta-hydroxybutyrate salts are effective in rapidly
raising blood ketone levels without causing acute acidosis or gastrointestinal (GI)
distress when consumed in sufficiently difute form. In the absence of significant
quantities of beta-hydroxybutyrate salts containing alkali or alkaline earth metal ions,
aqueous beta-hydroxybutyric acid solutions can deliver exogenous ketone bodies
without significantly altering electrolyte balance. By providing aqueous beta-
hydroxybutyric acid at a concentration within specific ranges, it is possible to maintain

beta-hydroxybutyric acid stability and prevent self-esterification and precipitation.
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[0058] In some embodiments, aqueous beta-hydroxybutyric acid solutions can have
a concentration that is sufficiently diluted such that volumes in a range of about 4 oz.
{about 120 ml) to about 16 oz. (about 475 ml) can deliver a quantity of ketone bodies m
a range of about 0.5 gram to about 25 grams, without harming the stomach or causing
significant acidosis. For example, dilute aqueous beta-hydroxybutyric acid solutions
can have a concentration of beta-hydroxybutyric acid in a range of about 0.4% w/v to
about 6% w/v, or about 0.6% w/v to about 5.5% w/v, or about 0.9% w/v to about 5%
wiv, or about 1.2% w/v to about 4.5% w/v, or about 1.5% w/v to about 4% w/v.
Although aqueous beta-hvdroxybutyric acid solutions are moderately acidic, with a pH
of about 3.5 1o 4, when diluted with sufficient water, the water itself acts as a pseudo
buffering agent that offsets the otherwise harsh effects of the acid when consumed
orally.

[6059] In some embodiments, aqueous beta-hvdroxybutyric acid sohutions can be
provided as a concentrate for later ditution by the user, such as with water, juice, drink,
energy shot, or other aqueous composition to a concentration in a range of about 0.4%
w/v to about 6% w/v, or about 0.6% w/v to about 5.5% w/v, or about 0.9% w/v to about
5% wiv, or about 1.2% w/v to about 4.5% w/v, or about 1.5% w/v to about 4% w/v.
Concentrated solutions may comprise beta-hydroxybutyric acid in a range of about 6%
w/v to about 60% w/v, or about 8% w/v to about 55% w/v, or about 10% w/v to about
50% wiv, or about 12.5% w/v to about 45% w/v, or about 15% w/v to about 40% w/v,
and then dituted by the user as desired, such as from about 2 to about 30 times, or about
3 to about 25 times, or about 4 to about 2 times, or about 5 to about 135 times, with
water, juice, drink, or other aqueous composition, as desired. Preferably, the aqueous
beta-hydroxybutyric acid solutions will not be so concentrated that they will self-
polymerize and form significant amounts of precipitates, although it should be
understood that such polymerized precipitates are hammless and some may be re-
hvdrolyzed in acidic solutions, perhaps under certain conditions in the stomach when
consumed with sufficient water.

[6060] Beta-hydroxybutyric acid compositions are free or substantially free of beta-
hydroxybutyrate salis so as to contain less than 1%, or less than 0.9%, or less than
0.8%, or less than 0.7%, or less than 0.6%, or less than 0.5%, or less than 0.4%, or less
than 0.3%, or less than 0.2%, or less than 0.1% of one or more beta-hydroxybutyrate

salts by combined weight of beta-hydroxybutyric acid and beta-hydroxybutyrate salt(s).
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Beta-hydroxybutyric acid compositions can be essentially or totally free of beta-
hydroxybutyrate salts, 1.e., contain 0% by weight of beta-hydroxybutyrate salts.

[0061] In some embodiments, beta-hydroxybutyric acid compositions may contain
one or more nutritionally or pharmaceutically acceptable carriers or additives. For
example, beta-hydroxybutyric acid compositions may optionally include at least one
additive selected from acetoacetic acid, ethanol, glycerin, propylene glycol, 1,3-
butanediol, gelling agents (e.g., gellan gum, pectin, agar, carrageenan, xanthan gum,
alginate, starch, modified starch, gum Arabic, guar gum, locust bean gum, konjac
maanan, gum tragacanth, acacia gum, gum karaya, methy! cellulose, agar, pullulan,
konjac, hydroxypropylmethyl cellulose, other cellulosic compounds, other
polysaccharide gums, gelatin, collagen, casein, other proteins, silica fume, milled chia
seeds, and other hydrocolloids), effervescing agents (e.g., edible acid and bicarbonate
or carbonate compound), beta-hydroxybutyrate esters, vitamins, minerals, central
nervous system stimulants, nootropics, edible acids, amino acids, muscle-promoting
compounds, (e.g., Dbeta-hydroxy beta-methylbutyrate (HMB)), one or more
cannabinoids {(e.g., tetrahydrocannabinol and/or cannabidiol), and the like. The beta-
hydroxybutyric acid composition may include flavoring agents, such as essential oils,
e.g., peppermint, spearmint, wintergreen, or citrus oils, natural and artificial sweeteners,
and other flavorants known in the art.

[8062] In some embodiments, concentrated or dilute beta-hydroxybutyric acid
solutions, gels, sauces, and other compositions can be manufactured by combining a
powder or other solid form of beta-hydroxybutyric acid with water, drink, beverage,
sauce, gel, or other liquid or semi-liquid drink or food product. When the beta-
hydroxybutyric acid solution is prepared by a user, the powder or other solid form of
beta-hydroxybutyric acid will advantageously include a flavoring agent and may
contain other additives, such as one or more of stabilizer (e.g., edible acids, silica,
starch, and the like), effervescing agents (e.g., bicarbonate, carbonate, and optionally
another acid), vitamin, mineral, stimulant, nootropic, vasoditator, cannabinoid, amino
acid, and the like.

[0063] The powder, other solid, or gel may be provided in mdividual pre-dosed
packets, pouches, tablets, or capsules, or it may be provided in a kit with a measuring
device configured to measure out a predetermined dose or fraction thereof. A plurality
{e.c.. 2 or 3) of dissolvable tablets representing a single dose can be packaged together

in a packet, pouch, or other container. In some embodiments, a dissolvable tablet may
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be effervescent and fizz when added o water. In the case of an effervescent tablet, it
may be desirable to include a guantity of an edible acid {e.g., citric, malic, fumaric,
factic, tartaric, malonic, succinie, adipic, folic, or butyric) together with a bicarbonate
salt to provide the desired effervescent action yet provide less than 1% of total beta-
hvdroxybutyrate salt(s) upon dissolution in water {i.e., if the edible acid has a lower
pKa than beta-hydroxybutyric acid a salt of the edible acid will form preferentially over
beta-hydroxybutyrate salt).

[0064] In various embodiments, beta-hydroxybutyric acid compositions may
include enantiomerically pure R-beta-hydroxybutyric acid, a racemic mixture of R- and
S-beta-hydroxybutyric acid (i.e., a mixture having a 1:1 ratio of R-beta-hydroxybutyric
acid and S-beta-hydroxybutyric acid enantiomers), a non-racemic mixture enriched
with the R-enantiomer, or a non-racemic mixture enriched with the S-enantiomer. In
some embodiments it is advantageous to include at least some amount of S-beta-
hydroxybutyric acid in addition to or instead of R-beta-hydroxybutyric acid.

[0065] In a first embodiment, beta-hydroxybutyric acid compositions contain a
non-racemic mixture enriched with the R-enantiomer, such as greater than 50% and
less than 100% by enantiomeric equivalents of exogenous R-beta-hydroxybutyric acid
and less than 50% and greater than 0% by enantiomeric equivalents of exogenous S-
beta-hydroxybutyric acid. In some embodiments, a non-racemic mixture of R- and S-
beta-hydroxybutyric acid forms contain 50.1% to 99.9%, 50.2% to 99.8%, 50.3% to
99.7%, 50.4% to 99.6%, 50.5% to 99.5%, 51% to 99%, 52% to 98%, 53% to 97%, 54%
to 96%, 55% to 95%, 57% to 93%, or 60% to 90% by enantiomeric equivalents of R-
beta-hydroxybutyrie acid and 49.9% to 0.1%, 49.8% to 0.2%, 49.7% t0 0.3%, 49.6% to
0.4%, 49.5% to 0.5%, 49% to 1%, 48% to 2%, 47% to 3%, 46% to 4%, 45% to 5%,
43% to 7%, 41% to 15%, or 40% to 10% by enantiomeric equivalents of S-beta-
hydroxybutyric acid.

[6066] In a second embodiment, beta-hydroxybutyric acid compositions contain a
non-racemic mixture enriched with the S-enantiomer, such as greater than 50% and less
than 100% by enantiomeric equivalents of exogenous S-beta-hydroxybutyric acid and
less than 50% and greater than 0% by enantiomeric equivalenis of exogenous R-beta-
hydroxybutyric acid. In some emboduments, a non-racemic mixture of S- and R-beta-
hydroxybutyric acid forms contain 50.1% to 99.9%, 50.2% to 99.8%, 50.3% 1o 99.7%,
50.4% to 99.6%, 50.5% to 99.5%, 531% to 99%, 52% to 98%, 53% to 97%., 54% to

96%, 55% to 95%, 57% to 93%, or 60% to 90% by enantiomeric equivalents of S-beta-
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hydroxybutyric acid and 49.9% to 0.1%, 49.8% to 0.2%, 49.7% to 0.3%, 49.6% to
0.4%, 49.5% to 0.5%, 49% to 1%, 48% to 2%, 47% to 3%, 46% to 4%, 45% to 5%,
43% to 7%, 41% to 15%, or 40% to 10% by enantiomeric equivalents of R-beta-
hydroxybutyric acid.

[6067] In a third embodiment, beta-hydroxybutyric acid compositions contain a
racemic (or near racemicy mixture of R-beta-hydroxybutyric acid and S-beta-
hydroxybutyric acid, i.e., that contains 50% by enantiomeric equivalents of exogenous
R-beta-hydroxybutyric acid and 50% by enantiomeric equivalents of exogenous S-beta-
hydroxybutyric acid. A near racemic mixture that is not a perfect 50:50 mixture of R-
and S-enantiomers may include about 49.9% to about 50.1%, or about 49.92% to about
50.08%, or about 49.94% to about 50.06%, or about 49.96% to about 50.04%, or about
49.98% to about 50.02%, by enantiomeric equivalents of R-beta-hydroxybutyrate and
about 50.1% to about 49.9%, or about 50.06% to about 49.94%, or about 50.04% to
about 49.96%, or about 50.02% to about 49.98%, by enantiomeric equivalents of S-
beta-hydroxybutyrate.

[6068] In a fourth embodiment, beta-hydroxybutyric acid compositions contain
enantiomerically pure S-beta-hydroxybutyric acid, ie., that contains 100% by
enantiomeric equivalents of exogenous S-beta-hydroxybutyric acid and 0% by
enantiomeric equivalents of R-beta-hydroxybutyric acid.

[8069] In a fifth embodiment, beta-hvdroxybutyric acid compositions contain
enantiomerically pure R-beta-hydroxybutyric acid, ie, that contains 100% by
enantiomeric equivalents of exogenous R-beta-hydroxybutyric acid and 0% by
enantiomeric equivalents of S-beta-hydroxvbutyric acid. Because exogenous R-beta-
hydroxybutyric acid dissolved in water to form an aqueous solution with a “water
buffer” is not found in nature, it is not a “natural product™.

[6076] It is generally understood that only enantiomerically pure R-beta-
hvdroxybutyric acid and/or R-beta-hydroxybutyrate is produced endogenously and
naturally by mammals so as to be a natural product. At biological pH, the endogenous
form of beta-hydroxybutyric acid only exists as substantiaily deprotonated R-beta-
hydroxybutyrate anions and not in powder or other solid form, concentrated solution, or
even dilute agueous R-beta-hvdroxybutyric acid within the disclosed concentrations.
[6071] S-beta-hydroxybutyric acid (S-beta-hydroxybutyrate at biological pH),
which is not endogenously produced by mammals and is believed by some to be

unnatural and potentially harmful, can provide other beneficial effects. These include
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one or more of: increased endogenous production of R-beta-hydroxybutyrate and
acetoacetate; endogenous conversion into one or both of R-beta-hydroxybutyrate and
acetoacetate; endogenous conversion into fatty acids and sterols; prolonged ketosis;
metabolism of S-beta-hydroxvbutyrate independent of its conversion to R-beta-
hvdroxybutyrate and/or acetoacetate; improved fetal development; increased growth
years; reduced endogenous production of acetone during ketosis; signaling to modulate
metabolism of R-beta-hydroxybutyrate and glucose; antioxidant activity; and
production of acetyl-CoA.

[0072] Beta-hydroxybutyric acid enriched with, or that contains enantiomerically
pure, S-beta-hydroxybutyric acid may be administered in higher doses than
compositions enriched with, or that contain enantiomerically pure, R-beta-
hydroxybutyric acid to obtain the same rapid supply of R-beta-hydroxybutyrate in the
body. In such cases, it may be desirable to include incrementally higher, but still small,
amounts of beta-hydroxybutyrate salts, such as less than 4.0%, or less than 3.75%, or
tess than 3.5%. or less than 3.25%, or less than 3.0%, or less than 2.75%, or less than
2.5% or less than 2.25%, or less than 2%, or less than 1.75%, or less than 1.5%, or less
than 1.25%, of such salts by combined weight of beta-hydroxybutyric acid and beta-
hydroxybutyrate salt(s), in order to further offset the greater acidity of higher
concentrations and/or amounts of beta-hydroxybutyric acid in compositions that are
enriched with, or contain enantiomerically pure, S-beta-hydroxybutyric acid.

[6073] In some embodiments, beta-hydroxybutyric acid compositions may
optionally include beta-hydroxybutyrate salts in which the cations are provided by an
amino acid or other organic compound having a net positive charge at acidic pH. beta-
hydroxybutyrate-amino acid compounds can provide a soluble form of beta-
hydroxybutyrate without providing electrolyies such as sodium, potassium, calcium or
magnesium. Most amino acids have a net positive charge at acidic pH. Examples
include arginine, lysine, leucine, iso-leucine, histidine, ornithine, citrulline, glutamine,
or other suitable amino acids or metabolites of amino acids (e.g., creatine). Some amino
acids also provide health benefits. For example, arginine and citrulline can increase
nitric oxide in the blood, which dilates blood vessels and improves blood circulation for
persons with heart conditions (and may help men suffering from erectile dysfunction).
[6074] In some embodiments, beta-hydroxybutyric acid compositions can be
provided as an aqueous solution, such as in the form of a beverage, a concentrated

energy shot, or mouth spray for fast delivery and absorption. Beta-hydroxybutyric acid
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compositions can be provided as gel, such as an energy gel. Beta-hydroxyvbutyric acid
compositions can be provided as a food product, such as a sauce or condiment. Beta-
hydroxybutyric acid compositions can be provided as a powder or other solid that can
be added to water, drink or food to form an ingestible aqueous solution, gel or
suspension.

[6075] In addition to water, beta-hydroxybutyric acid compositions may optionally
include other liquid carriers, such as water, ethanol, glycerin, propylene glycol, 1,3-
propandiol, and the like. The compositions may include vitamins and/or minerals.
Other additives include metabolites that enhance the effect or transport of ketone bodies
into  mitochondria, caffeine, theobromine, and nootropics, such as L-alpha
glycerylphosphorylcholine (“alpha GPC”). The compositions may include flavoring
agents, such as essential oils, e.g., peppermint, spearmint, wintergreen, or citrus oils,
natural and artificial sweeteners, and other flavorants known in the art.

[0076] Beta-hydroxybutyric acid compositions can optionally include one or more
beta-hydroxybutyrate esters. Example beta-hydroxybutyrate esters include mono-, di-,
tri-, oligo-, and polyesters. Examples include mono-ester of ethanol, mono-ester of 1-
propanol, mono-ester of 1,2-propanediol, di-ester of 1,2-propanediol, mono-ester of
1,3-propanediol, di-ester of 1,3-propanediol, mono- or di-ester of S-, R-, or S-R-1,3-
butanediol, mono-, di-, or tri-ester of glycerin, ester of acetoacetate, dimers, trimers,
oligomers, and polyesters containing repeating units of beta-hydroxybutyrate, and
complex oligomers or polymers of beta-hydroxybutyrate and one or more other
hydroxy-carboxylic acids, such as lactic acid, citric acid, acetoacetic acid, quinic acid,
shikimic acid, salicylic acid, tartaric acid, and malic acid, and/or beta-hydroxybutyrate
and or one or more diols, such as 1,3-propanediol and 1,3-butanediol, and one or more
polyacids, such as tartaric acid, citric acid, malic acid, succinic acid, and fumaric acid.
[6077] Beta-hydroxybutyric acid compositions may optionally include short-,
medium, and/or long-chain fatty acids and/or esters thereof. Most of such components
can have limited solubility in water and may require use of emulsifier and/or remain as
particles in suspension, while water soluble forms, particularly short chan fatty acids,
have a very strong taste. Short chain fatty acids contain 2 to 5 carbon atoms and include
acetic acid, propionic acid, butyric acid, isobutyric acid, valeric acid, and isovaleric
acid. Medium chain fatty acids contain from 6 to 12 carbons and include caproic acid,
caprvlic acid, capric acid, and lauric acid. Long chain fatty acids contain more than 12

carbon atoms and include muyristic acid, palmitic acid, stearic acid, arachidic acid,
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behenic acid, lignoceric acid, cerotic acid, omega-3 fatty acids, omega-6 fatty acids,
omega-7 fatty acids, and omega-9 fatty acids. In preferred embodiments, aqueous beta-
hydroxybutyric acid compositions are substantially free of short-, medium-, and long-
chain fatty acids and esters thereof, such as less than 5%, 4%, 3%, 2%, or 1%.

HI. Administration

[6078] Beta-hydroxybutyric acid compositions can be used in a method for
mcreasing ketone body level, including promoting and/or sustaining ketosis, in a
subject comprising administering to a subject in need thereof a nutritionally or
pharmaceutically effective amount of beta-hydroxybutyric acid. Examples of beneficial
effects of increasing ketone body level, including promoting and/or sustaining ketosis,
in a subject include one or more of appetite suppression, weight loss, fat loss, reduced
blood glucose level, improved mental alertness, increased physical energy, improved
cognitive function, reduction in trawmatic brain injury, reduction in effect of diabetes,
improvement of newrological disorder, reduction of cancer, reduction of inflanumation,
asti-aging, antiglycation, reduction in epileptic seizer, improved mood, increased
strength, increased muscle mass, or improved body composition.

[6079] Beta-hydroxybutyric acid can be administered to a subject in therapeutically
effective dosages and/or in frequencies to induce or sustain ketosis. In some
embodiments, a single dose may provide from about 0.5 gram to about 25 grams, or
about 0.75 gram to about 20 grams, or about I gram to about 15 grams, or about 1.5
grams to about 12 grams, or about 2 grams to about 10 grams of combined weight of
beta-hydroxybutyric acid and beta-hydroxybutyrate compounds.

[6080] Beta-hydroxybutyric acid compositions can include or be administered
together with other supplements, such as vitamin Dz, vitamins, minerals, nootropics,
and others known in the art. Examples of vitamins, minerals and herbal supplements
that can be added to the ketogenic compositions include one or more of vitamin A,
vitamin C, vitamin E, nigcin, vitamin B6, folic acid, 5-MTHF, vitamin B12, iodine,
zinc, copper, manganese, chromium, caffeine, theobromine, theacrine, methylliberine,
huperzine A, epicatechins, and enzymes.

[0081] In some embodiments, the subject may follow a ketogenic diet that restricts
intake of carbohydrates and protein during the period of administration. In one example
embodiment, the subject may restrict the dietary intake to a ratio of about 65% fat,
about 25% protein, and about 10% carbohydrates. The resulting therapeutic ketosis

provides a rapid and sustained keto-adaptation as a metabolic therapy for a wide range
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of metabolic disorders, and provides nutritional support for therapeutic fasting, weight
loss, and performance enhancement. As such, the composition is typically administered
once per day, twice per day, or three times per day to a subject desiring to promote
and/or sustain a state of ketosis.

|6082] In some embodiments, multiple doses of the composition are administered
over time. The frequency of administration of the composition can vary depending on
any of a variety of factors, such as timing of treatment from previous treatments,
objectives of the treatment, and the like. The duration of administration of the
composition (e.g., the time period over which the agent is administered), can vary
depending on any of a variety of factors, including subject response, desired effect of
treatment, etc.

[6083] The amount of the composition to be administered can vary according to
factors such as the degree of susceptibility of the individual, the age, sex, and weight of
the 1individual, idiosyncratic responses of the individual, and the hke. The
“therapeutically effective amount” is that amount necessary to promote a
therapeutically effective result in vive (i.e., therapeutic ketosis). In accordance with the
present disclosure, a suitable single dose size 15 a dose that is capable of preventing or
alleviating (reducing or eliminating) a symptom in a patient when administered one or
more times over a suitable time period.

[6084] The amount of composition administered will depend on potency,
absorption, distribution, metabolism, and excretion rates of unused ketone bodies,
electrolyies, the method of administration, and the particular disorder being treated, as
well as other factors known to those of skill in the art. The dose should be sufficient io
affect a desirable response, such as a therapeutic or prophylactic response against a
particular disorder or condition, taking into account the severity of the condition to be
alleviated. The aqueous beta-hydroxybutyric acid solution may be administered once,
or may be divided and administered over intervals of time. It is to be understood that
administration may be adjusted according to individual need and professional judgment
of a person administrating or supervising the administration of the compositions.

IV.  Examples

[6085] The following is a description of exemplary aqueous beta-hydroxybutyric
acid solutions, gels, and suspensions, and solid compositions used to make such

solutions, gels, or suspensions, useful for delivering ketone bodies to a subject in need
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thereof, including to induce and/or sustain a ketogenic state in a subject to which they
are administered, without delivering a significant quantity of electrolytes.

Example 1
[0086] An aqueous beta-hydroxybutyric acid solution is prepared by mixing beta-
hvdroxybutyric acid (e.g., powder or other solid form) with water to form a highly
concentrated solution containing 60% w/v of beta-hydroxybutyric acid. The
concentrated aqueous beta-hydroxybutyric acid solution is readily administered as a
ketogenic composition by mixing with 10 to 30 parts of water, juice, beverage, or other
aqueous composition.

Example 2
[6087] An aqueous beta-hydroxybutyric acid solution is prepared by mixing beta-
hvdroxybutyric acid (e.g., powder or other solid form) with water to form a highly
concentrated solution containing 50% w/v of beta-hydroxybutyric acid. The
concentrated aqueous beta-hydroxybutyric acid solution is readily administered as a
ketogenic composition by mixing with 9 to 28 parts of water, juice, beverage, or other
aqueous composition.

Example 3
[6088] An aqueous beta-hydroxybutyric acid solution is prepared by mixing beta-
hydroxybutyric acid (e.g., powder or other solid form or more concentrated solution)
with water to form a less highly concentrated solution containing 40% w/v of beta-
hydroxybutyric acid. The concentrated aqueous beta-hydroxybutyric acid sohition is
readily administered as a ketogenic composition by mixing with 8 to 25 parts of water,
juice, beverage, or other aqueous composition.

Example 4
[6089] An aqueous beta-hydroxybutyric acid solution is prepared by mixing beta-
hyvdroxybutyric acid {e.g., powder or other solid form or more concentrated solution)
with water to form a less highly concentrated solution containing 35% w/v of beta-
hydroxybutyric acid. The concentrated aqueous beta-hydroxybutyric acid solution is
readily adnunistered as a ketogenic composition by mixing with 7 to 22 parts of water,
juice, beverage, or other aquecus composition,

Example 5
[6096] An agueous beta-hydroxybutyric acid solution is prepared by mixing beta-
hydroxybutyric acid (e.g., powder or other solid form or more concentrated solution)

with water 1o form a moderately concentrated solution containing 30% w/v of beta-
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hydroxybutyric acid. The concentrated aqueous beta-hydroxybutyric acid solution is
readily administered as a ketogenic composition by mixing with 6 to 18 parts of water,
juice, beverage, or other aqueous composition.

Example 6
6091} An aqueous beta-hydroxybutyric acid solution is prepared by mixing beta-
hydroxybutyric acid (e.g., powder or other solid form or more concentrated solution)
with water to form a moderately concentrated solution containing 25% w/v of beta-
hydroxybutyric acid. The concentrated aqueous beta-hydroxybutyric acid solution is
readily administered as a ketogenic composition by mixing with 5 to 15 parts of water,
juice, beverage, or other aqueous composition.

Example 7
[6092] An aqueous beta-hydroxybutyric acid solution is prepared by mixing beta-
hydroxybutyric acid (e.g., powder or other solid form or more concentrated solution)
with water to form a moderately concentrated solution containing 20% w/v of beta-
hydroxybutyric acid. The concentrated agueous beta-hydroxybutyric acid solution is
readily administered as a ketogenic composition by mixing with 4 to 12 parts of water,
juice, beverage, or other aqueous composition.

Example 8
[6093] An aqueous beta-hydroxybutyric acid solution is prepared by mixing beta-
hydroxybutyric acid (e.g., powder or other solid form or more concentrated solution)
with water to form a fauly concentrated solution containing 15% w/v of beta-
hydroxybutyric acid. The concentrated aqueous beta-hydroxybutyric acid solution is
readily administered as a ketogenic composition by mixing with 3 to 9 parts of water,
juice, beverage, or other aqueous composition.

Example 9
[6094] An aqueous beta-hydroxybutyric acid solution is prepared by mixing beta-
hvdroxybutyric acid (e.g., powder or other solid form or more concentrated solution)
with water to form a fairly concentrated solution contaiming 10% wiv of beta-
hydroxybutyric acid. The concentrated aqueous beta-hydroxybutyric acid solution is
readily administered as a ketogenic composition by mixing with 2 to 8 parts of water,
juice, beverage, or other aqueous composition.

Example 10
[6095] An agueous beta-hydroxybutyric acid solution is prepared by mixing beta-

hydroxybutyric acid (e.g., powder or other solid forin or more concentrated solution)
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with water to form a fairly dilute solution containing 6% w/v of beta-hvdroxybutyric
acid. The aqueous beta-hydroxybutyric acid solution can be used as is or mixed with
another substance.

Example 11
|6096] An aqueous beta-hydroxybutyric acid solution is prepared by mixing beta-
hydroxybutyric acid (e.g., powder or other solid form or more concentrated solution)
with water to form a fairly dilute solution containing 5% w/v of beta-hydroxybutyric
acid. The aqueous beta-hydroxybutyric acid solution can be used as is or mixed with
another substance.

Example 12
[6097] An aqueous beta-hydroxybutyric acid solution is prepared by mixing beta-
hvdroxybutyric acid (e.g., powder or other solid form or more concentrated solution)
with water to form a moderately dilute solution containing 4% w/v of beta-
hydroxybutyric acid. The aqueous beta-hvdroxybutyric acid solution can be used as is
or mixed with another substance.

Example 13
[6098] An agueous beta-hydroxybutyric acid solution is prepared by mixing beta-
hydroxybutyric acid (e.g., powder or other solid form or more concentrated solution)
with water to form a more dilute solution containing 3% w/v of beta-hydroxybutyric
acid. The aqueous beta-hydroxybutyric acid solution can be used as is or mixed with
another substance.

Example 14
[0099] An aqueous beta-hydroxybutyric acid solution is prepared by mixing beta-
hydroxybutyric acid {e.g., powder or other solid form or more concentrated solution)
with water to form an even more dilute solution containing 2% w/iv of beta-
hyvdroxybutyric acid. The aqueous beta-hydroxybutyric acid solution can be used as is
or mixed with another substance.

Example 15
[66100] An aqueous beta-hydroxybutyric acid solution is prepared by mixing beta-
hydroxybutyric acid {e.g., powder ot other solid form or more concentrated solution)
with water to form a very dilute solution containing 1.5% w/v of beta-hyvdroxybutyric
acid. The aqueous beta-hydroxybutyric acid solution can be used as is or mixed with

another substance.
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Example 16
[60101] An agueous beta-hydroxybutyric acid solution is prepared by mixing beta-
hydroxybutyric acid (e.g., powder or other solid form or more concentrated solution)
with water te form a highly dilute solution containing 1% w/v of beta-hydroxybutyric
acid. The aqueous beta-hydroxybutyric acid solution can be used as is or mixed with
another substance.

Example 17
[00102] Any of the foregoing aqueous beta-hydroxybutyric acid solutions is
modified by including a gelling agent to formy a gel. The gelling agent can be one or
more of gellan gum, pectin, agar, carrageenan, xanthan gum, alginate, starch, modified
starch, gum Arabic, guar gum, locust bean gum, konjac maanan, gum tragacanth, acacia
gum, gum karaya, methyl cellulose, agar, pullulan, konjac, hydroxypropylmethyl
cellulose, other cellulosic compounds, other polysaccharide gums, gelatin, collagen,
casein, other proteins, silica fume, milled chia seeds, and other hydrocolioids. The
gelling agent is included in an amount to yield a gel of desired consistency, such as a
viscous Newtonian fluid or a Bingham plastic.

Example 18
[00103] Any of the foregoing beta-hydroxybutyric acid solutions or gels nclude
other carrier materials in which beta-hydroxybutyric acid is insoluble or less soluble in
order to form a suspension containing particles of beta-hydroxyvbutyrie acid. In some
cases the quantity of water is reduced to be less than the amount required to dissolve
the beta-hydroxybutyric acid. The suspension can be a liquid, a gel, a sauce, or other
food or drink material.

Example 19
[60104] Any of the foregoing beta-hydroxybutyric acid compositions is combined
with one or more shoert chain fatty acids or ester thereof.

Example 20
[00105]  Any of the foregoing beta-hydroxybutyric acid compositions is combined
with a beta-hydroxybutyrate compound containing a cationic amino acid selected from
arginine, lysine, leucine, iso-leucine, histidine, ornithine, citrulline, L-glutamine, or
metabolite of an amino acid, such as creatine). The beta-hydroxybutyrate amino acid
compound provides an additional source of beta-hydroxybutyrate without adding

electrolytes to the composition.
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Example 21
[60106] Any of the foregoing beta-hydroxybutyric acid compositions can include a
non-racemic mixture enriched with R-beta-hyvdroxybutyric acid, which can be prepared
by mixing R-beta-hydroxybutyric acid with a racemic mixture of R- and S-beta-
hydroxybutyric acids to provide greater than 50% and less than 100% by enantiomeric
equivalents of R-beta-hydroxybutyric acid and less than 50% and greater than 0% by
enantiomeric equivalents of S-beta-hydroxybutyric acid. Because the non-racemic
mixture includes more of the R-enantiomer, the onset of ketosis is accelerated for a
given dosage as compared to the same dosage of a racemic mixture. On the other hand,
including the S-enantiomer provides for a longer state of ketosis and/or other benefits
as disclosed herein compared to using pure R-beta-hydroxybutyric acid.

Example 22
[60107] Any of the foregoing beta-hydroxybutyric acid compositions can include a
non-racemic mixture enriched with S-beta-hydroxybutyric acid, which can be prepared
by mixing S-beta-hydroxybutyric acid with a racemic mixture of R- and S-beta-
hydroxybutyric acids to provide greater than 50% and less than 100% by enantiomeric
equivalents of S-beta-hydroxybutyric acid and less than 50% and greater than 0% by
enantiomeric equivalents of R-beta-hvdroxybutyric acid. Because the non-racemic
mixture includes more of the S-enantiomer, the onset of ketosis is delayed for a given
dosage as compared to the same dosage of a racemic mixture,

Example 23
[00108]  Any of the foregoing beta-hydroxybutyric acid compositions can include a
racemic mixture of R-beta-hydroxvbuiyric acid and S-beta-hydroxvbuiyric acid to
provide 50% by enantiomeric equivalents of the R-enantiomer and 50% by
enantiomeric equivalents of the S-enantiomer. Because the composition contains a
racemic mixture, the onset of ketosis is accelerated for a given dosage as compared to
the same dosage enriched with the S-enantiomer. On the other hand, because the
racemic mixture includes 50% by enantiomeric equivalents of the S-enantiomer, the
duration of sustained ketosis is increased for a given dosage as compared to the same
dosage enriched with the R-enantiomer.

Example 24
[60109] Any of the foregoing beta-hydroxybutyric acid compositions is modified by
including one or more supplements, such as one or more vitamins, minerals, herbs, and

others known in the art.
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Example 25
[60110] Any of the foregoing beta-hydroxybutyric acid compositions is modified by
including one or more beta-hydroxybutyrate esters.

Example 26
[60111]  Any of the foregoing beta-hvdroxybutyric acid compositions is modified by
mcluding one or more fat burner supplements such as green tea, green tea extract (e.g.,
a composition including one or more isolated green tea catechins such as
epigallocatechin gallate (EGCQG)), green coffee extract, conjugated linoleic acid (CLA),
tetradecyl thioacetic acid (TTA), Coleus forskohlii (i.e., forskolin), yohimbine,
rauwolscine, capsaicin, raspberry ketones (e.g., 4-(4-hydroxyphenyl) butan-2-one, p-
hydroxybenzyl acetone), ephedrine, synephrine (e.g., bitter orange extract),
octopamine, 1 3-dimethylamylamine, higenamine, fucoxanthin, acetylcholine
modulators and/or adenosine receptor antagonists (e.g., caffeine), nicotine, coca leaf
derivative, ursolic acid, clenbuterol, noradrenaline reuptake inhibitors (e.g., hordenine,
atomoxetine), 7-oxodehydroepiandrosterone (i.e., 7-keto DHEA), thyroid hormones
{e.g., tritodothyronine), and combinations thereof. The resulting combined supplement
is expected to provide greater lipolysis and/or fat oxidation effects than a similar dose
that includes only beta-hydroxybutyrate compounds.

Example 27
[00112]  Any of the foregoing beta-hydroxybutyric acid compositions is modified by
mcluding one or more nootropic supplements such as tyrosine, L-DOPA (i.e., L-3,4-
dihydroxyphenylalanine), tryptophan, and S-hydroxytryptophan (5-HTP), racetams
such as such as piracetam, oxiracetam, and aniracetam, L-theanine, D-serine,
phosphatidylserine, tolcapone, uridine, vinpocetine, norepinephrine reuptake inhibitors
such as hordenine and atomoxetine, Panax ginseng, Ginkgo biloba, Rhodiolx rosea,
Polygala tenuifolia, Muira puama, Eschscholzia californica, Convolvulus pluricaulis,
Centelia  asiatica, Evolvulus  alsinoides, Bacopa monnieri, Epimedium lherbs,
Ashwagandha herbs, cyclic adenosine monophosphate (cAMP) modulators such as
forskolin, stimulants such as nicotine, caffeine, and amphetamines, cholinergic
compounds  and/or  acetylcholine  modulators such as  huperzine-A,
dimethylaminoethanol, choline, and alpha-glycerophosphocholine, and combinations
thereof. The resulting combined supplement is expected to provide greater cognition,
alerthess, and/or mood effects than a similar dose that includes only beta-

hydroxybutyrate compounds.
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[00113] The present invention may be embodied in other specific forms without
departing from its spirit or essential characteristics. The described embodiments are to
be considered in all respects only as illustrative and not restrictive. The scope of the
invention is, therefore, indicated by the appended claims rather than by the foregoing
5 description. All changes which come within the meaning and range of equivalency of

the claims are to be embraced within their scope.
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CLAIMS

1. An aqueous beta-hydroxybutyric acid composition for oral delivery to
increase blood ketone level 1n a subject, comprising:

water; and

beta-hydroxybutyric acid,

wherein the composition 1s free or substantially free of beta-hydroxybutyrate
salts so as to contain less than 1% of beta-hydroxybutyrate salts by combined weight of
the beta-hydroxybutyric acid and any beta-hydroxybutyrate salts.

2. The aqueous beta-hydroxybutyric acid composition of claim 1, wherein
the composition is a dilute solution in which the beta-hydroxybutyric acid has a
concentration of about 0.4% w/v to about 6% w/v.

3. The agueous beta-hydroxybutyric acid composition of claim 2, wherein
the beta-hydroxybutyric acid has a concentration of about 0.6% w/v to about 5.5% w/v,
or about 0.9% w/v to about 5% w/v, or about 1.2% w/v to about 4.5% w/v, or about
1.5% w/v to about 4% w/v.

4, The aqueous beta-hydroxybutyric acid composition of any one of claims
1 to 3, wherein about 4 oz (about 120 ml) to about 16 oz. (about 475 ml) of the
composition provides about 0.5 gram to about 25 grams of beta-hydroxybutyrate.

3. The aqueous beta-hydroxybutyric acid composition of claim 4, wherein
about 4 oz. {about 120 mli) to about 16 oz. (about 475 ml) of the composition provides
about (.75 gram to about 20 grams, or about 1 gram to about 15 grams, or about 1.5
grams to about 12 grams, or about 2 grams to about 10 grams 0.5 gram to about 25
grams of beta-hydroxybutyrate.

6. The aqueous beta-hydroxybutyric acid composition of any one of claims
1 to 5, wherein the composition i1s a concentrated solution in which the beta-
hydroxybutyric acid has a concentration of about 6% w/v to about 60% w/v.

7. The agqueous beta-hydroxybutyric acid composition of claim 6, wherein
the beta-hydroxybutyric acid has a concentration of about 8% w/v to about 55% w/v, or
about 10% w/v to about 50% w/v, or about 12.5% w/v to about 45% w/v, or about 15%
w/v to about 40% wiv.

8. The aqueous beta-hydroxybutyric acid composition of any one of claims
1 to 7, wherein the composition contains less than 0.9%, or less than 0.8%, or less than

0.7%., or less than 0.6%, or less thah 0.5%, or less than 0.4%., or less than 0.3%, or less
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than 0.2%, or less than 0.1% of beta-hydroxybutvrate salts by combined weight of the
beta-hydroxybutyric acid and any beta-hydroxybutyrate salts.

9. The aqueous beta-hydroxybutyric acid composition of any one of claims
1 to 8, wherein the beta-hydroxybutyric acid is a non-racemic mixture enriched with R-
beta-hydroxybutyric acid and contains greater than 50% and less than 100% by
enantiomeric equivalents of R-beta-hydroxybutyric acid and less than 50% and greater
than 0% by enantiomeric equivalents of S-beta-hydroxybutyric acid.

10.  The aqueous beta-hydroxybutyric acid composition of any one of claims
1 to 9, wherein the beta-hydroxybutyric acid is a non-racemic mixture enriched with S-
beta-hydroxybutyric acid and contains greater than 50% and less than 100% by
enantiomeric equivalents of S-beta-hydroxybutyric acid and less than 50% and greater
than 0% by enantiomeric equivalents of R-beta-hydroxybutyric acid.

11, The aqueous beta-hydroxybutyric acid composition of any one of claims
1 to 10, wherein the beta-hydroxybutyric acid is a racemic mixture that contains 50%
by enantiomeric equivalents of R-beta-hydroxybutyric acid and 50% by enantiomeric
equivalents of S-beta-hvdroxybutyric acid.

12, The aqueouns beta-hydroxybutyric acid composition of any one of claims
1 to 11, wherein the beta-hydroxybutyric acid is enantiomerically pure S-beta-
hydroxybutyric acid and contains 100% by enantiomeric equivalents of S-beta-
hydroxybutyric acid and 0% by enantiomeric equivalents of R-beta-hydroxvbutyric
acid.

13, The aqueous beta-hydroxybutyric acid composition of any one of claims
1 to 12, wherein the beta-hydroxybutyric acid is enantiomerically pure R-beta-
hydroxybutyric acid and contains 100% by enantiomeric equivalents of R-beta-
hydroxybutyric acid and 0% by enantiomeric equivalents of S-beta-hydroxybutyric
acid.

14, The aqueous beta-hydroxybutyric acid composition of any one of claims
1 to 13, further comprising at least one additive selected from acetoacetic acid, 1,3-
butanediol, beta-hydroxybutyrate esters, vitamins, minerals, central nervous system
stimulants, edible acids, amino acids, muscle-promoting compounds, and cannabinoids.

15.  The aqueous beta-hydroxybutyric acid composition of any one of claims
1 to 14, wherein the composition is a gel and further comprises at least one gelling

agent.
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16.  The aqueous beta-hydroxybutyric acid composition of claim 15, wherein
the gelling agent is selected from gellan gum, pectin, agar, carrageenan, xanthan gum,
alginate, starch, modified starch, gum Arabic, guar gum, locust bean gum, konjac, gum
tragacanth, acacia gum, gum karaya, methyl cellulose, agar, pullulan, konjac,
hvdroxypropylmethyl cellulose, other cellulosic compounds, other polvsaccharide
cums, gelatin, collagen, casein, other proteins, silica fume, and milled chia seeds.

17. The aqueous beta-hydroxybutyric acid composition of any one of claims
| to 16, wherein the composition contains less water than is required to dissolve the
beta-hydroxybutyric acid so as to be a suspension.

18. A beta-hydroxybutyric acid composition for use in making an aqueous
solution for oral delivery to increase blood ketone level in a subject, comprising:

beta-hydroxybutyric acid in solid or powder form;

flavorant; and

stabilizer,

wherein the composition is free or substantially free of beta-hydroxybutyrate
salts so as to contain less than 1% of beta-hydroxyvbutyrate salts by combined weight of
the beta-hydroxybutyric acid and any beta-hydroxybutyrate salts.

19, The beta-hydroxybutyric acid composition of claim 18, further
comprising at least one additive selected from the group consisting of acetoacetic acid,
acetoacete, 1,3-butanediol, beta-hydroxybutyrate esters, vitamins, minerals, central
nervous system stimulants, nootropics, edible acids, amino acids, muscle-promoting
compounds, and cannabinoids.

20.  The beta-hydroxybutvric acid composition of claim 18 or 19, wherein
the composition is provided in one or more effervescent tablets, the composition further
comprising a bicarbonate or carbonate that reacts with acid to release carbon dioxide.

21.  The beta-hydroxybutyric acid composition of claim 20, the composition
further comprising one or more edible acids other than beta-hydroxybutyric acid.

22. A kit for admunistering ketone bodies to a subject, comprising:

the beta-hydroxybutyric acid composition of any one of claims 1 to 21;

a container in which the beta-hydroxybutyric acid composition is placed,
wherein the contatner is selected from the group consisting of carton, box, can, jar, bag,
pouch, bottle, jug, and keg; and

a measwring device configured to hold therein a unit dose, or fraction thereof, of

the mixed salt composition in powder or solid form, wherein the measuring device is
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selected from the group consisting of packet, pouch, cup, scoop, syringe, dropper,
spatula, and spoon, and wherein a umit dose of the beta-hydroxybutyric acid
composition contains about 0.5 g to about 25 g of combimed beta-hydroxybutyric acid
and any optional beta-hydroxybutyrate compounds.

23.  An aqueous beta-hvdroxybutyric acid composition for oral delivery to
mcrease blood ketone level in a subject, comprising:

water; and

beta-hydroxybutyric acid enriched with the S-enantiomer relative to the R-
enantiomer,

wherein the composition is free or substantially free of beta-hydroxybutyrate
salts so as to contain less than 4% of beta-hydroxybutyrate salts by combined weight of
the beta-hydroxybutyric acid and any beta-hydroxybutyrate salts.

24, Use of a composition or kit according to any one of claims 1 to 23 for
therapeutically or prophylactically treating obesity.

25.  Use of a composition or kit according to any one of claims 1 to 23 for
suppressing appetite, promoting weight loss, promoting fat loss, or avoiding weight
gain,

26.  Use of a composition or kit according to any one of claims 1 to 23 for
therapeutically or prophylactically treating high blood glucose or type II diabetes.

27.  Use of a composition or kit according to any one of claims 1 to 23 for
therapeutically or prophylactically treating insulin resistance.

28.  Use of a composition or kit according to any one of claims 1 to 23 for
reducing blood glucose level.

29.  Use of a composition or kit according to any one of claims 1 to 23 as a
brain tonic for therapeutically or prophylactically treating brain disorders, reducing
traumatic brain injury, or improving cogaitive function.

30, Use of a composition or kit according to any one of claims 1 to 23 for
enhancing athletic performance.

31.  Use of a composition or kit according to any one of claims 1 to 23 for
therapeutically or prophylactically treating metabolic dysfunction.

32.  Use of a composition or kit according to any one of claims 1 to 23 for
improving metabolic health.

33, Use of a composition or kit according to any one of claims 1 to 23 for

therapeutically or prophylactically treating mitochondrial defect.
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34.  Use of a composition or kit according to any one of claims 1 to 23 for
therapeutically or prophylactically treating neurological disorder.

3s. Use of a composition or kit according to any one of claims 1 to 23 for
promoting anti-aging effects,

36.  Use of a composition or kit according to any one of claims 1 to 23 for
reducing canger.

37.  Use of a composition or kit according to any one of claims 1 to 23 for
reducing inflammation.

38.  Use of a composition or kit according to any one of claims 1 to 23 for
therapeutically or prophylactically treating epileptic seizer.

39. Use of a composition or kit according to any one of claims 1| to 23 for
improving mood.

40.  Use of a composition or kit according to any one of claims 1 to 23 for

increasing strength, increasing muscle mass, or improving body composition.
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