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MIXED SALT COMPOSITIONS FOR PRODUCING
ELEVATED AND SUSTAINED KETOSIS

BACKGROUND

1.  Field of Disclosure

This disclosure relates to the use of exogenous ketones and ketogenic precursors
to quickly produce elevated and sustained levels of ketone bodies in the blood and methods
for assisting the body's transition into nutritional ketosis. Specifically, compositions and
methods are disclosed which promote, enhance, and/or sustain ketosis in a mammal without
contributing to or aggravating an electrolyte imbalance, and in at least some circumstances,
helping to restore electrolyte balance.

2. Related Technology

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.
Failure to replenish glucose stores as they become depleted causes the body to metabolically
shift to the creation of ketone bodies for energy. Ketone bodies can be used by almost all
cells of the body as a replacement fuel to satisfy the body's energy needs, including the
needs of the brain and heart. During a prolonged fast, for example, blood ketone levels will
increase to as high as 2 or 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 are using
ketone bodies (beta-hydroxybutyrate and acetoacetate) as the primary fuel source. This
condition is referred to as ketosis, or between 1.0 mmol/L and 3.0 mmol/L called
“nutritional ketosis.”

Upon transitioning into ketosis, or in other words, during ketogenic metabolism
in the liver, the body uses dietary and bodily fats as its primary energy source.
Consequently, once in ketosis, one can induce loss of body fat by controlling dietary fat
intake and adjusting carbohydrate intake low enough to sustain ketosis.

While in ketosis, the body is in ketogenisis and essentially burning fat for its
primary fuel. The body begins cleaving fats into fatty acids and glycerol and transforms the
fatty acids into acetyl CoA molecules, which are then eventually transformed through
ketogenisis into the water soluble ketone bodies beta-hydroxybutyrate (B-hydroxybutyrate
or “BHB”), acetoacetate (also known as acetylacetonate), and acetone in the liver. Beta-
hydroxybutyrate and acetoacetate are the ketone bodies used by the body for energy while

acetone is removed as a by-product of ketogenesis.
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The metabolism of ketone bodies is also associated with other beneficial effects,
including anticonvulsant effects, enhanced brain metabolism, neuroprotection, muscle
sparing properties, and improved cognitive and physical performance. Science-based
improvements in efficiency of cellular metabolism, managed through ketone
supplementation, can have beneficial impacts on physical, cognitive health, 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.

Despite the many health advantages to pursuing a ketogenic diet or lifestyle and
maintaining a state of nutritional ketosis, there remain significant barriers to pursuing and
maintaining a ketogenic state. One of these barriers is the difficulty of transitioning into a
ketogenic state. The fastest endogenous way to entering ketosis through depleting glucose
stores in the body is through fasting combined with exercise. This is physically and
emotionally demanding and is extremely challenging even for the most motivated and
disciplined.

Additionally, the transition into ketosis is often accompanied by hypoglycemia
which can cause lethargy and light-headedness in many, resulting in an uncomfortable
physiological and mental state commonly referred to as the “low-carb flu.” In addition,
many people experience a down regulation in their metabolism as the body goes into an
“energy-saving” mode. Some suggest that these transitory symptoms may last as long as
two to three weeks. During this transition period, if any meal or snack consisting of
carbohydrates over the restrictive amount is consumed, there is an immediate termination of
ketogenisis exiting the body from its state of ketosis as the body shifts back to glucose
utilization for its primary fuel and the transition into ketosis must begin anew.

If a subject is successful in establishing ketosis, the act of sustaining ketosis is
likewise if not a more difficult challenge due to the need to maintain a rigid dietary ratio of
carbohydrates and protein to fats. It is further complicated by the disruption of normal
electrolyte balances that often occurs when transitioning into and maintaining a ketogenic
state. The depletion and lowering of glycogen stores in the liver and muscles lessens the
ability of the body to retain water, leading to more frequent urination, and accordingly, a
greater loss of electrolytes. Further, the drop in insulin levels caused by ketosis effects the
rate at which certain electrolytes are extracted by the kidneys, additionally lowering
electrolyte levels in the body.

Such electrolyte imbalances can lead to fatigue, muscle cramping, headaches,

dizziness, depression, constipation, skin problems, muscle weakness, and irritability,
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exacerbating the other detrimental mental and physiological effects often associated with
entering and maintaining a ketogenic state, and further increasing the difficulty of
promoting and/or sustaining ketosis.

In addition, in more extreme cases, electrolyte imbalances can lead to very
serious health problems, such as heart palpitations, respiratory depression, involuntary
muscle spasms, and cardiac arrhythmia.

Accordingly, there is a long felt and continuing need for compositions and
methods for promoting and/or sustaining ketosis without causing or aggravating detrimental
effects associated with ketosis.

BRIEF SUMMARY

Certain embodiments disclosed herein are directed to ketogenic compositions
formulated for inducing and/or sustaining ketosis in a subject while simultaneously
promoting or maintaining a beneficial electrolytic balance. For example, one or more
ketogenic compositions described herein may function to induce and/or sustain ketosis in
the subject to which the composition is administered without delivering too much total
electrolyte to the body, or too much of a particular electrolyte that may be unhealthy, such
as sodium and/or calcium (i.e., so as to not exceed the RDA for a particular electrolyte or
only exceed it by a predetermined amount). This allows the ketogenic compositions to
induce or sustain ketosis while simultaneously limiting, preventing, or improving an
electrolyte imbalance in the subject.

In some embodiments, a ketogenic composition for promoting and/or sustaining
ketosis in a subject includes a beta-hydroxybutyrate (B-hydroxybutyrate or “BHB”) mixed
salt formed from at least four different cations and comprising 10-70% by weight of sodium
BHB, 10-70% by weight of potassium BHB, 10-70% by weight of calcium BHB, and 10-
70% by weight of magnesium BHB. Other cations, such as cations provided by organic
compounds, such as amines or amino acids, can form compounds or complexes with BHB.
Using organic cations permits higher dosing of BHB without causing electrolyte imbalances
or overload.

In some embodiments, a ketogenic composition for promoting and/or sustaining
ketosis in a subject includes a plurality of salts formulated from at least four different
cations and a single anion, wherein the single anion is BHB, and wherein other anions are
omitted from the plurality of salts, the cations being formulated so as to provide a

biologically balanced set of cationic electrolytes upon administration to the subject.
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In some embodiments, a ketogenic composition for promoting and/or sustaining
ketosis in a subject includes: a potassium BHB salt; a sodium BHB salt included in an
amount, by weight, that is no greater than an amount, by weight, of the potassium BHB salt;
a magnesium BHB salt; and a calcium BHB salt included in an amount, by weight, that is
no greater than an amount, by weight, of the magnesium BHB salt.

Some embodiments additionally include one or more transition metal BHB salts,
such as zinc BHB or iron BHB. They may also include BHB-amino acid salts.

By limiting the total quantity of sodium and/or calcium BHB salts or any other
total quantity of single cationic electrolytes or metal or amino acids in the ketogenic
composition (e.g., by including higher amounts of potassium BHB, magnesium BHB, one
or more transition metal BHB salts, and/or one or more BHB-amino acid salts), it is
possible to substantially increase the total quantity of BHB delivered to the body without
delivering an excessive or unhealthy quantity of cationic electrolytes or metal or amino
acids (e.g., sodium and/or calcium cations to the body).

The BHB compound can be provided as a racemic mixture of enantiomers, or
DL-beta hydroxybutyrate, which can be made synthetically. In humans, the enantiomer D-
3-hydroxybutyrate (“D-beta hydrobutyrate” or “D-BHB”) is synthesized in the liver from
acetoacetate, the first ketone produced in the fasting. Therefore, it may be desirable to
provide BHB as the enantiomer D-3-hydroxybutyrate to increase potency, either enriched
relative to L-3-hydroxybutyrate (“L-beta hydrobutyrate” or “L-BHB”) or isolated from L-3-
hydroxybutyrate. D-3-hydroxybutyrate is also referred to as “R-beta-hydroxybutyrate™.

Some embodiments additionally include a nutritionally acceptable amount of
vitamin Ds. For example, a composition may include vitamin Ds such that a daily dosage
amount of the composition includes vitamin D3 in an amount ranging from about 200 IU to
about 8000 IU, or about 400 IU to about 4000 IU, or about 600 IU to about 3000 IU.

In some embodiments, a ketogenic composition is useful as a weight loss
supplement, as a treatment for high blood glucose or type II diabetes, as a brain tonic,
athletic performance enhancer, as a preventative against metabolic dysfunction,
mitochondrial defect, insulin resistance, as an adjunct to a ketogenic diet, as an anti-aging
supplement, and for other uses associated with improved metabolic health.

In preferred embodiments, the ketogenic composition is provided as a solid or
powder form as opposed to a liquid or gel form. Such solid-form ketogenic compositions, in
addition to providing the beneficial ketogenic effects and beneficial electrolytic effects

described herein, are preferably also formulated so as to provide for sufficient ease of
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handling and manufacturability. Altematively, the composition may be in the form of a
liquid mouth spray for fast delivery and uptake. In some embodiments, the beneficial
ketogenic and electrolytic effects are realized without hampering or overly impacting the
manufacturability or ease of handling of the composition.

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 leamed 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 Definitions

As used herein “beta-hydroxybutyrate,” also known as B-hydroxybutyrate, BHB
or BHB, is a salt of beta-hydroxybutyric acid, which is a carboxylic acid having the general
formula CH3;CH>OHCH>COOH. The BHB anion therefore is understood as having the
following general formula CH;CH,OHCH>COO™~. BHB may 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 usable form of BHB. Although not technically a “ketone”, one
of skill in the art will recognize that BHB, in the context of ketosis, is commonly referred to
as a “ketone body™.

As used herein, “ketogenic composition” refers to a composition including a
mixed BHB salt. The ketogenic composition is formulated to induce and/or sustain ketosis
in a subject to which it is administered while simultaneously promoting electrolytic benefits
in the subject.

The term “mixed salt” or “multi-salt” is used herein to describe the portion of a
ketogenic composition comprising the multiple BHB salts. The mixed BHB salts include at
least four separate cation forms of BHB salt, and the salts are relatively proportioned to
promote electrolytic benefits in the subject.

As used herein, “subject” or “patient” refers to members of the animal kingdom,
including mammals, such as but not limited to, humans and other primates; rodents, fish,
reptiles, and birds. The subject may be any animal requiring therapy, treatment, or
prophylaxis, 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.
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“Ketosis™ as used herein refers to a subject having blood ketone levels within the
range of about 0.5 mmol/L and about 16 mmol/L in a subject. Ketosis may improve
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.”

The term “medium chain triglycerides” (MCT) refers to molecules having a
glycerol backbone attached to three medium chain fatty acids. Medium chain fatty acids
range from 6 to 12 carbon atoms in length, e.g., 8 to 10 carbon atoms in length. Exemplary
fatty acids are caprylic acid, also known as octanoic acid, comprising 8 carbon molecules,
and capric acid, also known as decanoic acid, comprising 10 carbon molecules. Because
MCTs are ketone body precursors, including one or more MCTs may provide an additional
source for the production of ketone bodies independent of the BHB-salts, thus helping to
mitigate the risk of consuming too many electrolytes in elevating ketone levels to a desired
therapeutic level.

The term “administration” or “administering” is used herein to describe the
process in which the mixed salt ketogenic compositions are delivered to a subject. The
composition may be administered in various ways including oral, intragastric, and
parenteral (referring to intravenous and intra-arterial and other appropriate parenteral
routes), among others.

11 Mixed Salt Ketogenic Compositions

The administration of BHB results in elevated and sustained blood levels of
ketone bodies, thereby exploiting the metabolic and physiological advantages of sustained
ketosis. Raising the levels of ketone bodies in the blood 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). For example,
a subject that has been administered an appropriate amount of BHB will be able to eat an
occasional carbohydrate or sugar-based food without jeopardizing the ketogenic state and
shifting back into a glucose-based metabolic state. Further, such administration facilitates
easier transitioning into a ketogenic state while reducing or eliminating the detrimental
effects typically associated with entering ketosis.

Subjects entering or maintaining a ketogenic state will often be in a state of
electrolyte imbalance due to the metabolic shifts involved with ketosis, including enhanced

diuretic effects and changes in insulin profiles. Thus, while there are many benefits to the
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administration of BHB in order to promote or sustain ketosis in a subject, the resulting
electrolyte imbalance, 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.

Further, because BHB may typically be administered in salt form, where one or
more BHB molecules are the anions to a selected cation, the introduction of additional
cation electrolytes can exacerbate the electrolyte imbalance of the subject. For example, a
formulation having an overly high level and/or an overly high proportion of a particular
form of BHB salt can cause further electrolyte imbalance and/or cause other detrimental
health effects. In some circumstances, even if the particular form of BHB salt eases an
electrolyte imbalance to some degree, it can introduce other negative and undesirable health
effects.

By way of example, a formulation having an overly high level and/or an overly
high proportion of sodium BHB compounds will increase levels of sodium in the subject.
While sodium is a necessary nutrient, having levels that are outside of optimal ranges can
lead to detrimental effects. High levels of sodium are associated with hypertension and poor
cardiovascular health. In particular, high levels of sodium relative to potassium will
promote hypertension and raises the risk of cardiovascular disease.

In another example, a formulation having an overly high level or an overly high
proportion of calcium BHB salts will increase calcium levels in the subject. While calcium
is also a necessary nutrient, and is particularly important for good bone health, overly high
levels of calcium may not be fully absorbed into the bones, and may instead build up in soft
tissues, leading to detrimental calcification and hardening of the tissues and raising the risk
of heart disease (e.g., associated with hardened arteries), kidney stones, arthritis, and other
problematic conditions. In particular, high levels of calcium relative to magnesium can
aggravate these negative effects. Magnesium functions by stimulating the hormone
calcitonin and functions to convert vitamin D to its active form so it can promote calcium
absorption in the bones as opposed to calcium deposition in soft tissues.

The administration of BHB salts in inappropriate amounts and proportions can
therefore cause or aggravate detrimental health effects. Further, accounting for imbalances
through other dietary options is not always easy or even possible for a subject attempting to
maintain a ketogenic state. For example, many of the foods known to have high levels of

potassium and/or magnesium, such as whole grains, bananas, avocados, milk, yogurt,
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oatmeal, corn, peas, potatoes, and squash, contain high levels of carbohydrates and are not
compatible with a strict ketogenic diet when consumed in any substantial amount.

Embodiments disclosed herein provide a therapeutically effective amount of
BHB in the form of a mixed BHB salt. Beneficially, the mixed BHB salt is formulated to
provide a biologically balanced set of cation electrolytes. One or more embodiments
therefore provide the advantages of initiating and/or sustaining ketosis while simultaneously
promoting positive electrolytic effects. For example, embodiments disclosed herein are
capable of promoting ketogenesis without aggravating negative electrolyte imbalances,
without promoting other detrimental health effects associated with electrolyte imbalances,
and in at least some circumstances, even improving or easing electrolyte imbalances.

In some embodiments, a ketogenic composition includes a BHB mixed salt. The
mixed salt includes at least four different cations, and the mixed salt is proportioned such
that it comprises 10-70 % by weight of each of sodium BHB, potassium BHB, calcium
BHB, and magnesium BHB.

In some embodiments, the sodium BHB is included in an amount ranging from
about 10% to about 30%, or about 12% to about 25%, or about 14% to about 22%, or about
16% to about 20%, or about 18%, by weight of the mixed salt. In some embodiments, the
potassium BHB is included in an amount ranging from about 10% to about 30%, or about
12% to about 25%, or about 14% to about 22%, or about 16% to about 20%, or about 18%,
by weight of the mixed salt.

In some embodiments, the calcium BHB is included in an amount ranging from
about 10% to about 40%, or about 12% to about 35%, or about 15% to about 30%, or about
18% to about 25%, or about 20% to about 23%, by weight of the mixed salt. In some
embodiments, the magnesium BHB is included in an amount ranging from about 10% to
about 40%, or about 12% to about 35%, or about 15% to about 30%, or about 18% to about
25%, or about 20% to about 23%, by weight of the mixed salt.

The BHB compound can be provided as a racemic mixture of enantiomers, or
DL-beta hydroxybutyrate, which can be made synthetically. In humans, the enantiomer D-
3-hydroxybutyrate (“D-beta hydrobutyrate” or “D-BHB”) is synthesized in the liver from
acetoacetate, the first ketone produced in the fasting. Therefore, it may be desirable to
provide BHB as the enantiomer D-3-hydroxybutyrate to increase potency, either enriched
relative to L-3-hydroxybutyrate (“L-beta hydrobutyrate™ or “L-BHB”) or isolated from L-3-
hydroxybutyrate. D-3-hydroxybutyrate is also referred to as “R-beta-hydroxybutyrate™.
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In some embodiments, a ketogenic composition additionally includes a
therapeutically effective amount of vitamin Ds;. Vitamin Dz works in conjunction with
magnesium and calcium to promote good bone health and to prevent undesirable
calcification of soft tissues. In preferred embodiments, vitamin D3 is included in an amount
such that an average daily dose of the ketogenic composition includes about 200 TU
(“International Units™) to about 8000 IU, or about 400 IU to about 4000 IU, or about 600 TU
to about 3000 IU of vitamin Ds. In some embodiments, vitamin Ds is included in an amount
such that an average daily dose of the ketogenic composition includes about 5 ug to about
200 pg, or about 10 ug to about 100 ug, or about 15 ug to about 75 ug of vitamin Ds.

Some embodiments include additional BHB salts as part of the mixed salt of the
ketogenic composition. For example, some embodiments include one or more transition
metal BHB salts. Transition metal cations suitable for use as part of the mixed BHB salt
include lithium, chromium, manganese, cobalt, copper, zinc, iron, (e.g., as an iron II or iron
III cation), molybdenum, and selenium.

In embodiments where a transition metal BHB salt is included, preferred salts
include zinc BHB and iron BHB. Some embodiments include a zinc BHB salt in an amount
ranging from about 2% to about 40%, or about 3% to about 30%, or about 4% to about
20%, or about 5% to about 15%, or about 7% to about 13%, by weight of the mixed salt.
Some embodiments include an iron BHB salt in an amount ranging from about 2% to about
40%, or about 3% to about 30%, or about 4% to about 20%, or about 5% to about 15%, or
about 7% to about 13%, by weight of the mixed salt.

In preferred embodiments, the sodium BHB is included in an amount, by weight,
no greater than the amount of the potassium BHB. This can advantageously enable the
administration of necessary sodium and potassium electrolytes, providing a beneficial
electrolytic effect to the subject, without causing or aggravating any of the unwanted health
effects associated with high sodium to potassium ratios (e.g., hypertension, cardiovascular
disease, and other unfavorable effects).

In preferred embodiments, the calcium BHB is included in an amount, by
weight, no greater than the amount of the magnesium BHB. This can advantageously enable
the administration of necessary calcium and magnesium electrolytes, providing a beneficial
electrolytic effect to the subject, without causing or aggravating any of the unwanted health
effects associated with high calcium to magnesium ratios (e.g., tissue calcification, poor

bone health, and other unfavorable effects).
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In preferred embodiments, mixed salts can also be formulated such that the
molar ratio of sodium ions to potassium ions is no greater than 1, and/or such that the molar
ratio of calcium ions to magnesium ions in no greater than 1.

The mixed salt is preferably formulated so that an average daily dose of the
ketogenic composition provides an amount of at least one of the cations of the mixed salt
that is within a range of about 0.25 to about 10 times the recommended dietary allowance
(RDA) of the of the at least one cation, or about 0.5 to 5 times, or about 0.75 to 2 times the
RDA of the at least one cation. For example, the mixed salt may be formulated such that
when a subject takes a daily amount of the ketogenic composition, the subject will have
consumed, through the mixed salt, an amount of the cation electrolyte falling within the
foregoing ranges. In some embodiments, the mixed salt is formulated such that the at least
one cation electrolyte falling within the foregoing ranges after a daily dose of the ketogenic
compound is potassium and/or magnesium.

Of course, in some circumstances RDA levels may be exceeded without
necessarily experiencing toxicity or negative health effects. One of skill in the art will
understand that in some circumstances, the mixed salt may be formulated such that one or
more of the electrolytes is included in an amount that leads to an exceedance of the RDA by
more than 10 times the RDA, without necessarily causing detrimental effects.

In alternative embodiments, BHB compositions may include one or more BHB
salts in which at least some of the cations are provided by one or more amino acids or other
organic compounds that have a net positive charge at the pH at which the BHH salts are
produced. BHB-amino acid salts can provide soluble forms of BHB without providing
electrolytes, such as sodium, potassium, calcium or magnesium. This permits the
manufacture of BHB salts with a reduced quantity of electrolytes and/or a more healthy
amount and/or healthier balance of electrolytes, particularly where it is desired to delivered
higher quantities of BHB for therapeutic reasons without further increasing electrolyte load.
Suitable amino acids for this purpose can include amino acids that contain more than one
amine group capable of being protonated to form a compound having a net positive charge,
which can provide the counter cation for BHB anion. Examples include arginine, lysine,
leucine, iso-leucine, histidine, ornithine, citrulline, L-glutamine, or other suitable amino
acids or metabolites of amino acids (e.g., creatine). Some amino acids also provide health
benefits. For example, /-arginine 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).
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In some embodiments, a ketogenic composition may also include other ketone
body precursors, such as one or more medium chain fatty acids or one or more mono-, di-,
or triglycerides of one or more medium chain fatty acids. Including one or more medium
chain fatty acids, or a mono-, di-, or triglyceride of one or more medium chain fatty acids
can provide an additional source for the production of ketone bodies independent of the
BHB-salts. In order words, the BHB salts promote fast achievement of ketosis in the body
while the medium chain fatty acid or a mono-, di-, or triglyceride of a medium chain fatty
acid helps sustain the body in a state of ketosis when the BHB salts have already been
consumed by the body. Including at least one of an MCT, medium chain fatty acid, or a
mono-, di-, or triglyceride of a medium chain fatty acid can help sustain ketosis over a
longer period of time without having to provide more BHB-salts, which can be particularly
beneficial when the amount of BHB salts otherwise required for extended ketosis contain
too high of a quantity of electrolytes. The at least one medium chain fatty acid preferably
has from 6 to 12 carbons, more preferably from 8 to 10 carbons. Compositions and methods
related to the combination of BHB with a medium chain fatty acid, or ester thereof, are
disclosed in U.S. Patent No. 9,138,420, which patent is incorporated herein by this reference
in its entirety.

Examples and sources of the medium chain fatty acid, or an ester thereof such as
a medium chain triglyceride, include coconut oil, coconut milk powder, fractionated
coconut oil, palm oil, palm kernel oil, caprilic acid, isolated medium chain fatty acids, such
as isolated hexanoic acid, isolated octanoic acid, isolated decanoic acid, medium chain
triglycerides either purified or in natural form such as coconut oil, and ester derivatives of
the medium chain fatty acids ethoxylated triglyceride, enone triglyceride derivatives,
aldehyde triglyceride derivatives, monoglyceride derivatives, diglyceride derivatives, and
triglyceride derivatives, and salts of the medium chain triglycerides. Ester derivatives
optionally include alkyl ester derivatives, such as methyl, ethyl, propyl, butyl, hexyl, etc.

Notwithstanding the foregoing, there is a practical limit to how much MCT or
other medium chain fatty acid source an individual can take, with some individuals having
lower tolerance for MCT or other medium chain fatty acid sources (e.g., they may cause
gastrointestinal issues). The ability of the mixed BHB salts to provide a substantial increase
in the amount of BHB delivered without providing excessive electrolyte loading,
particularly excessive loading of certain electrolytes that are not healthy in high dosages,

such as sodium and calcium ions, permits a person to sustain a high level of ketosis for a
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longer period of time without having to also consume an excessive quantity of MCT or
other medium chain fatty acid source.

Some embodiments also include one or more additional ketone precursors or
supplements. These additional ketone precursors or supplements might include acetoacetate,
ketone esters, and/or other compounds that cause a rise in blood ketone levels without
adding more electrolytes to the bloodstream.

In some embodiments, the ketogenic composition may be provided as a solid or
powder form as opposed to a liquid or gel form. Such solid-form ketogenic compositions, in
addition to promoting beneficial ketogenic effects and electrolytic effects described herein,
are formulated so as to provide for sufficient ease of handling and manufacturability. For
example, in a mixed salt formulation of various BHB salts, certain BHB salts will exhibit
different material properties (e.g., hygroscopicity) and the relative amounts of the different
salts in the mixed salt formulation will therefore affect the overall properties of the
composition.

In an alternative embodiment, the ketogenic composition may be provided as a
liquid, such as in the form of a shot or mouth spray for fast delivery and absorption. Liquid
forms may include one or more liquid carriers, such as water, ethanol, glycerin, propylene
glycol, 1, 3-propandiol, and the like, into which the mixed BHB salts are dissolved or
dispersed. The composition may include flavoring agents that help mask the otherwise poor
taste of BHB salts. These include essential oils, such as peppermint, natural and artificial
sweeteners, and other flavorants known in the art.

Manufacturing of the mixed salt formulations described herein has demonstrated
that certain BHB salts, in particular potassium BHB and magnesium BHB, exhibit greater
hygroscopicity than other BHB salts. Improperly proportioning the BHB salts has been
shown to create “sticky” formulations that do not flow or handle well, increasing
manufacturing costs and potentially decreasing the shelf-life, stability and efficacy of the
ketogenic composition product.

Accordingly, one or more of the compositions described herein are formulated
and balanced so as to provide the ketogenic and electrolytic benefits and advantages
described above, while at the same time not unduly or unacceptably resulting in material
properties that overly hamper or disrupt manufacturability of the salt. In particular, at least
some embodiments include different BHB salts in proportions that provide sufficient
calcium BHB and sodium BHB (which typically promote manufacturability and handling)
without overly including these salts at overly high levels which promote harmful health

12
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effects. Likewise, at least some embodiments include potassium BHB and magnesium BHB
(which typically hampers manufacturability and handling) in amounts sufficient to balance
the calcium BHB but not in overly excessive amounts, which unduly increase
manufacturing difficulty.

In some embodiments, ketogenic compositions may further includes one or more
additional components configured to lower the hygroscopicity of the composition. For
example, various anticaking agents, flow agents, and/or moisture absorbers, in types and
amounts that are safe for consumption, may be included. Such additional components may
include one or more of an aluminosilicate, ferrocyanide, carbonate or bicarbonate salt,
silicate (e.g., sodium or calcium silicate), phosphate salt (e.g., tricalcium phosphate),
talcum, powdered cellulose, and the like.

III.  Administration

Ketogenic compositions described herein may be administered to a subject in
therapeutically effective dosages and/or in frequencies to induce or sustain ketosis. In some
embodiments, a single dose will include an amount of BHB mixed salt ranging from about 1
to about 50 grams, or about 2 to about 40 grams, or about 5 to about 30 grams, or about 10
to about 20 grams.

In some embodiments, the ketogenic compositions can include or be
administered together with other supplements, such as vitamin Ds.

In some embodiments, the compositions may further include one or more
medium chain fatty acids, fatty acid esters, or mono-, di- or triglycerides of medium chain
fatty acids in order to provide an additional source of ketone bodies, as discuss elsewhere,
for sustaining ketosis for a longer period of time compared to if just the BHB salts were
used by themselves. In some embodiments, the composition is preferably administered such
that the ratio of BHB to medium chain fatty acid (or ester thereof) ranges from about 4:1 to
about 1:4, or from about 2:1 to about 1:2, or from about 1.5:1 to about 1:1.5.

In some embodiments, the subject preferably follows a ketogenic diet that
restricts intake of carbohydrates and protein during the period of administration of the
composition. 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 of metabolic disorders, and provides nutritional support for therapeutic fasting,

weight loss, and performance enhancement. As such, the composition is typically
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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.

In a preferred embodiment, a ketogenic composition is administered via oral
administration of the composition in a solid and/or powdered form, such as in a powdered
mixture (e.g., powder filled gelatin capsules), hard-pressed tablets, or other oral
administration route known to those skilled in the art.

In some embodiments, multiple doses of the composition are administered. 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 period of time over
which the agent is administered), can vary depending on any of a variety of factors,
including subject response, desired effect of treatment, etc.

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
individual, idiosyncratic responses of the individual, and the like. The “therapeutically
effective amount” is that amount necessary to promote a therapeutically effective result in
vivo (i.e., therapeutic ketosis). In accordance with the present disclosure, a suitable single
dose size is 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.

The amount of composition administered will depend on potency, absorption,
distribution, metabolism, and excretion rates of the BHB salts and/or corresponding
electrolytes, 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 to 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
compounds 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

The following is a description of exemplary BHB mixed salt compositions and
other ketogenic compositions useful for inducing and/or sustaining a ketogenic state in a
subject to which they are administered while simultaneously providing a balanced set of

cationic electrolytes.
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Example 1
A BHB mixed salt is prepared by mixing sodium BHB at 23% by weight,
potassium BHB at 23% by weight, calcium BHB at 27% by weight, and magnesium BHB at
27% by weight. The BHB mixed salt is readily administered as a ketogenic composition,
such as in powder form as a dietary supplement mixed with food or drink, in the form of
one or more capsules or tablets, or in liquid form such as a mouth spray.
Example 2
A BHB mixed salt is prepared by mixing sodium BHB at 18% by weight,
potassium BHB at 18% by weight, calcium BHB at 32% by weight, and magnesium BHB at
32% by weight. The BHB mixed salt is readily administered as a ketogenic composition,
such as in powder form as a dietary supplement mixed with food or drink, in the form of
one or more capsules or tablets, or in liquid form such as a mouth spray.
Example 3
A BHB mixed salt is prepared by mixing sodium BHB at 15% by weight,
potassium BHB at 20% by weight, calcium BHB at 30% by weight, and magnesium BHB at
35% by weight. Vitamin Ds is added in an amount of 800 IU for every 20 grams of the BHB
mixed salt (representing an average daily dose). The BHB mixed salt is readily administered
as a ketogenic composition, such as in powder form as a dietary supplement mixed with
food or drink, in the form of one or more capsules or tablets, or in liquid form such as a
mouth spray.
Example 4
A BHB mixed salt is prepared by mixing sodium BHB at 15% by weight,
potassium BHB at 15% by weight, calcium BHB at 35% by weight, and magnesium BHB at
35% by weight. The BHB mixed salt is readily administered as a ketogenic composition,
such as in powder form as a dietary supplement mixed with food or drink, in the form of
one or more capsules or tablets, or in liquid form such as a mouth spray.
Example 5
A BHB mixed salt is prepared by mixing sodium BHB at 30% by weight,
potassium BHB at 30% by weight, calcium BHB at 20% by weight, and magnesium BHB at
20% by weight. Vitamin D3 is added in an amount of 1200 IU for every 15 grams of the
BHB mixed salt (representing an average daily dose). The BHB mixed salt is readily
administered as a ketogenic composition, such as in powder form as a dietary supplement
mixed with food or drink, in the form of one or more capsules or tablets, or in liquid form

such as a mouth spray.
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Example 6
A BHB mixed salt is prepared by mixing sodium BHB at 15% by weight,
potassium BHB at 15% by weight, calcium BHB at 18% by weight, magnesium BHB at
18% by weight, zinc BHB at 17% by weight, and iron BHB at 17% by weight. The BHB
mixed salt is readily administered as a ketogenic composition, such as in powder form as a
dietary supplement mixed with food or drink, in the form of one or more capsules or tablets,
or in liquid form such as a mouth spray.
Example 7
A BHB mixed salt is prepared by mixing sodium BHB at 20% by weight,
potassium BHB at 20% by weight, calcium BHB at 20% by weight, magnesium BHB at
20% by weight, and zinc BHB at 20% by weight The BHB mixed salt is readily
administered as a ketogenic composition, such as in powder form as a dietary supplement
mixed with food or drink, in the form of one or more capsules or tablets, or in liquid form
such as a mouth spray.
Example 8
A BHB mixed salt is prepared by mixing sodium BHB at 15% by weight,
potassium BHB at 25% by weight, calcium BHB at 20% by weight, magnesium BHB at
25% by weight, and iron BHB at 15% by weight. The BHB mixed salt is readily
administered as a ketogenic composition, such as in powder form as a dietary supplement
mixed with food or drink, in the form of one or more capsules or tablets, or in liquid form
such as a mouth spray.
Example 9
A BHB mixed salt is prepared by mixing sodium BHB at 15% by weight,
potassium BHB at 15% by weight, calcium BHB at 20% by weight, magnesium BHB at
20% by weight, zinc BHB at 20% by weight, and iron BHB at 10% by weight. Vitamin D3
is added in an amount of 600 IU for every 10 grams of the BHB mixed salt (representing an
average daily dose). The BHB mixed salt is readily administered as a ketogenic
composition, such as in powder form as a dietary supplement mixed with food or drink, in
the form of one or more capsules or tablets, or in liquid form such as a mouth spray or shot.
Example 10
A BHB mixed salt is prepared by mixing sodium BHB at 23% by weight,
potassium BHB at 23% by weight, calcium BHB at 27% by weight, and magnesium BHB at

27% by weight. The BHB mixed salt is readily administered as a ketogenic composition,
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such as in powder form as a dietary supplement mixed with food or drink, in the form of
one or more capsules or tablets, or in liquid form such as a mouth spray.
Example 11

A BHB mixed salt is prepared by mixing sodium BHB at 25% by weight,
potassium BHB at 25% by weight, calcium BHB at 25% by weight, and magnesium BHB at
25% by weight. The BHB mixed salt is then mixed with an anti-caking agent, which is safe
for human consumption, at a ratio of 4 to 1 to form a ketogenic composition readily
administered to a subject, such as in powder form as a dietary supplement mixed with food
or drink, or in the form of one or more capsules or tablets.

Example 12

Any of the foregoing BHB mixed salts is combined with at least one medium
chain fatty acid source selected from a medium chain triglyceride, medium chain fatty acid,
monoglyceride of a medium chain fatty acid, diglyceride of a medium chain fatty acid, or
triglyceride of a medium chain fatty acid having 8 to 10 carbons to provide a ketogenic
composition that provides prolonged ketosis over a greater period of time than would be
provided by a given dosage of BHB mixed salt by itself. The ratio of medium chain fatty
acid source to BHB salts is 4:1, 3:1, 2:1, 1:1 or 1:2.

Example 13

Any of the foregoing BHB mixed salts includes one or more BHB salts of 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 BHB-amino
acid salt decreases the ratio of electrolytes to BHB anions in the composition.

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 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

What is claimed is:

1. A composition for promoting and/or sustaining ketosis in a mammal,

comprising:
a beta-hydroxybutyrate mixed salt formed from at least four different cations
and comprising;
10-70% by weight of sodium beta-hydroxybutyrate;
10-70% by weight of potassium beta-hydroxybutyrate;
10-70% by weight of calcium beta-hydroxybutyrate; and
10-70% by weight of magnesium beta-hydroxybutyrate.

2. The composition of claim 1, wherein the beta-hydroxybutyrate mixed salt
comprises about 10% to about 30%, or about 12% to about 25%, or about 14% to about
22%, or about 16% to about 20%, or about 18%, by weight, of sodium beta-
hydroxybutyrate.

3. The composition of claim 1 or 2, wherein the beta-hydroxybutyrate mixed
salt comprises about 10% to about 30%, or about 12% to about 25%, or about 14% to about
22%, or about 16% to about 20%, or about 18%, by weight, of potassium beta-
hydroxybutyrate.

4. The composition of any one of claims 1 to 3, wherein the beta-
hydroxybutyrate mixed salt comprises about 10% to about 40%, or about 12% to about
35%, or about 15% to about 30%, or about 18% to about 25%, or about 20% to about 23%,
by weight, of calcium beta-hydroxybutyrate.

5. The composition of any one of claims 1 to 4, wherein the beta-
hydroxybutyrate mixed salt comprises about 10% to about 40%, or about 12% to about
35%, or about 15% to about 30%, or about 18% to about 25%, or about 20% to about 23%,
by weight, of magnesium beta-hydroxybutyrate.

6. The composition of any one of claims 1 to 5, further comprising vitamin Ds.

7. The composition of claim 6, wherein the composition comprises about 5 ug
to about 200 pg, or about 10 ug to about 100 pg, or about 15 ug to about 75 ug of vitamin
Ds.

8. The composition of claim 6 or 7, wherein the composition comprises about
200 IU to about 8000 IU, or about 400 IU to about 4000 IU, or about 600 IU to about 3000
IU of vitamin Ds.
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9. The composition of any one of claims 1 to 8, wherein the beta-
hydroxybutyrate mixed salt further comprises at least one transition metal beta-
hydroxybutyrate.

10. The composition of claim 9, wherein the beta-hydroxybutyrate mixed salt
comprises about 2% to about 40%, or about 3% to about 30%, or about 4% to about 20%, or
about 5% to about 15%, or about 7% to about 13%, by weight, of zinc beta-
hydroxybutyrate.

11. The composition of claim 9 or 10, wherein the beta-hydroxybutyrate mixed
salt comprises about 2% to about 40%, or about 3% to about 30%, or about 4% to about
20%, or about 5% to about 15%, or about 7% to about 13%, by weight, of iron beta-
hydroxybutyrate.

12.  The composition of any one of claims 1 to 11, wherein the sodium beta-
hydroxybutyrate is included in an amount no greater than the amount of the potassium beta-
hydroxybutyrate.

13. The composition of any one of claims 1 to 12, wherein the calcium beta-
hydroxybutyrate is included in an amount no greater than the amount of the magnesium
beta-hydroxybutyrate.

14.  The composition of any one of claims 1 to 13, further comprising at least one
medium chain fatty acid, or a mono-, di- or triglyceride of the at least one medium chain
fatty acid.

15.  The composition of claim 14, wherein the at least one medium chain fatty
acid has from 6 to 12 carbons, or from 8 to 10 carbons.

16.  The composition of any one of claims 1 to 15, further comprising at least one
beta hydroxybutyrate-amino acid salt.

17. The composition of claim 16, wherein the at least one beta hydroxybutyrate-
amino acid salt includes at least one cationic amino acid or amino acid metabolite.

18.  The composition of claim 17, wherein the at least one cationic amino acid or
amino acid metabolite is selected arginine, lysine, leucine, iso-leucine, histidine, ornithine,
citrulline, glutamine, or creatine.

19.  The composition of any one of claims 1 to 18, wherein the beta-
hydroxybutyrate mixed salt comprises a racemic mixture of DL-beta hydroxybutyrate.

20.  The composition of any one of claims 1 to 18, wherein the beta-
hydroxybutyrate mixed salt comprises isolated D-beta hydroxybutyrate or is enriched with
D-beta hydroxybutyrate relative to L-beta hydroxybutyrate.

19



10

15

20

WO 2017/156446 PCT/US2017/021886

21. A composition for promoting or sustaining ketosis in a mammal, the
composition comprising a plurality of salts formulated from at least four different cations
and a single anion, wherein the single anion is beta-hydroxybutyrate, and wherein other
anions are omitted from the plurality of salts, the cations being formulated so as to provide a
biologically balanced set of cationic electrolytes upon administration to a mammal.

22. The composition of claim 21, wherein the at least four different cations
comprise sodium, potassium, calcium, and magnesium, and wherein the molar ratio of
sodium ions to potassium ions is no greater than 1, and wherein the molar ratio of calcium
ions to magnesium ions is no greater than 1.

23. The composition of claim 21 or 22, further comprising one or more
additional ingredients mixed with the plurality of salts and configured to lower the
hygroscopicity of the composition.

24, A composition for promoting or sustaining ketosis in a mammal, the
composition comprising:

a potassium beta-hydroxybutyrate salt;

a sodium beta-hydroxybutyrate salt included in an amount, by weight, that is
no greater than an amount, by weight, of the potassium beta-hydroxybutyrate salt;

a magnesium beta-hydroxybutyrate salt; and

a calcium beta-hydroxybutyrate salt included in an amount, by weight, that is
no greater than an amount, by weight, of the magnesium beta-hydroxybutrate salt.

25. The composition of claim 24, further comprising at least transition metal
beta-hydroxybutyrate, such as zinc beta-hydroxybutyrate and/or iron beta-hydroxybutyrate.

26. The composition of claim 24 or 25, further comprising at least one BHB-
amino acid salt, such as a BHB-amino acid salt that includes BHB and at least one of

arginine, lysine, leucine, iso-leucine, histidine, ornithine, citrulline, glutamine, or creatine.
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