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COMPOSITIONS USEFUL IN THE TREATMENT OF
HYPERHOMOCYSTEINEMIA

CROSS-REFERERCE TO RELATED APPLICATION
[#001] This application claims priority to U.S. Provisional Application No. 62/753,599,
filed on Getober 31, 2018, and U.S. Provisional Application No. 62/819,354, tiled on March

15, 2019, the contents of which are hereby incorporated by reference in their entireties.

FIELD OF INVENTION

[8362] The present disclosure relates generally to compositions and methods for the
treatment or prevention of discases and conditions characterized by high levels of
homocysteine, inchuding hyperhomocysteinemia associated with administration of a
nicotinamide adenine dinucleotide pathway agent.

BACKGREOUND
[8603] Hyperhomocysteinemia is a condition characterized by an sbnormally high level of
the amino acid homocysteine in the blood. Nearly two thirds of hyperhomocysteinemia cases
are acquired hyperhomocysteinemia, caused by inadequate levels of vitamins Be and Bis
and/or folate {vitamin Bo) in the diet. In some cases, high levels of homocysteine in the
blood plasma are caused by the hereditary discase homocystinuria.
[8804] A high level of homocysteine in the blood is a known risk factor for various
diseases, including cardiovascular, cercbrovascular and peripheral vascular discase. The risk
of thrombosis and stroke is increased for patients with hyperhomocysteinemia. It is thought
that the role of homocysteine in degrading and inhibiting the formation of collagen, clastin
and proteoglycans, which are essential components for healthy arterial function, leads to the
increased cardiovascular risk.
[8005] In addition, hyperhomocysteinemia has been linked to neurclogical conditions such
as Alzheimer’s disease, mild cognitive impairment, dementia and schizophrenia. There 1s
also a recognized link between hyperhomocysteinemia and bone health, with higher levels of
blood homocysteine increasing the risk of bone fracture in elderly people, thought to arise
from inhibition of collagen crosslinking by homocysteine.
[8606] Hyperhomocysteinemia is diagnosed with a blood test, which detects the ievel of
total plasma homocysicine, i.e., the concentration of homocysteine in its three most

commonly occurring forms in the blood plasma: protein (albumin)-bound, free circulating
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and sulfhydryl. At present, the standard treatment for hyperhomocysteinemia is the
administration of supplemenis containing vitamins Bs, Be and By, We have discovered that
administration of nicotinamide riboside causes hyperbomocysteinemia in humans. There is a
need for sate and cffective alternative treatments of hyperhomocysteineria, including
hyperhomocysteinemia associated with administration of a nicotinamide adenine dinucieotide
pathway agent (“NPA”), including commonly consumed forms of vitamin Bs such as
nicotinamide, nicotinic acid, and/or nicotinamide riboside.

[8687] The disclosures of all publications, patents, patent applications and published patent

applications referred to herein are hereby incorporated herein by reference in their entirety.

BRIEF SUMMARY

[8308] The present application provides compositions, Kits, articles of manufacture and
methods for treating or preventing diseases or conditions characterized by high levels of
homocysteine, including elevated levels of total homocysteine ("tHcy”),
hyperhomocysteinemia (Hhey), homocystinuria {or hyperhomocystinuria), clevated levels of
homocysteine associated with (ncloding caused by) administration of a nicotinamide adenine
dinucleotide pathway agent (“NPA’), such as nicotinamide riboside (NR). In some
embodiments, the compositions and methods are useful for raising NAD levels in a subject
while preventing high levels of homocysteine in the subject.

[#369]  One aspect of the present application provides a composition comprising the active
agents: (a} serine; and (b} vitamin Bs. In some embodiments, the composition further
comprises: {¢) vitamin Bo. In some embodiments, the composition further comprises (d}
vitamin B, In some embodiments, the composition further comprises vitamin B. In some
cmbodiments, the composition further comprises an NPA such as vitamin Bs. In some
embodiments, the composition further comprises trimethylglycine. In some embodiments, the
composition does not comprise trimethylglycine. In some embodiments, the composition
further comprises dimethyiglycine. In some embodiments, the composition further comprises
monomethylglycine. In some ernbodiments, the composition further comprises glycine. In
some embodiments, the composition further comprises choline. In some embodiments, the
composition further comprises phosphatidylcholine. In some embodiments, the composition
further comprises vitamin D {e.g., vitamin i), In some embodiments, the composition
further comprises one or more agents selected from the group consisting of vitamin By,
quercetin, fisetin, fruit extracts {e.g., blueberry, cranberry, strawberry, pomegranate, and/or

grape extracts), vegetable extracts (e. g., ginger, turmeric and/or black pepper extracts), plant
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extracts (e.g.. green tea and/or rosemary exiracts), N-acetylcysteine, and §-
adenosylmethionine (SAM).

[8016] One aspect of the present application provides a composition comprising the active
agents: {a) serine; () vitamin Be; (¢) vitamin Be; and (d} vitamin B o In some embodiments,
the composition further comprises: (g) vitamin Bz In some embodiments, the composition
further comprises: (§) wimethylglycine. In some embodiments, the composition further
comprises: {k} a nicotinamide adenine dinucleotide (NADH) pathway agent selected from the
group consisting of nicotinamide riboside (NR), nicotinic acid riboside (NAR), nicotinamide
mononucleotide (NMN), nicotinic acid adenine dinucleotide (NAALD), nicotinamide adenine
dinucleotide (INAD), nicotinic acid (NA), and mixtures thereof, In some embodiments, the
composition further comprises NR. In some embodiments, the composition further
comprises one or more agents selected from the group consisting of vitamin By, vitamnin D
{e.g., vitamin Ds), vitamin Ba, quercetin, fisetin, fruit extracts (e.g., blueberry, cranberry,
strawberry, pomegranate, and/or grape extracts), vegetable extracts {(e.g., ginger, tumeric
and/or black pepper extracts), plant cxiracts {e.g., green tea and/or rosemary extracts), N-
acetylcysteine, S-adenosylmethionine (SAM), and trimethylglycine (betaine). In some
embodiments, the composition further comprises glycine.

[8611] One aspect of the present application provides a composition comprising the active
agents: (a} serine; (h) vitamin Be; {¢) vitamin By; (d) vitamin Biy; {c) quercetin; and (f)
fisetin. In some embodiments, the composition further comprises: (g) vitamin B2 In some
cmbodiments, the composition further comprises: (g) vitamin Bs; (h) N-acetylcysteine; and {i)
S-adenosylmethionine (SAM). In some embodiments, the composition further comprises: ()
trimethylglycine.

[B#312]  One aspect of the present application provides a composition comprising the active
agents: (a) serine; () vitamin Be; (¢) vitamin Be; (d) vitamin Bio; (¢) vitamin Bz; () N-
acetyleysteine; and () trimethylglycine. In some erbodiments, the composition further
comprises: (1) vitamin D {e.g., vitamin Da).

[8013] One aspect of the present application provides a composition comprising the active
agents: (a) sering; (b) vitamin Be; (¢) vitamin Bo; (d) vitamin Bio; () quercetin; (g) vitamin
Bo; o an NPA (e.g., NA); and vitamin By,

[8014] One aspect of the present application provides a composition comprising the active
agents: (a} serine; (h) vitamin Be; (¢) vitamin Bg; (d) vitamin Bio; (g) vitamin Bo; (hy M-
acetyleysteing; (k) an NPA (e.g, NA); vitamin B, and a magnesium-containing compound

{e.g., magnesium bisglycinate).



WO 2020/092616 PCT/US2019/058925

[8015] The specific combinations of active agents described hercin may be useful in the
treatment of hyperhomocysteinemia and related diseascs, including high levels of total
plasma homocysteine caused by administration of an NPA or homocystinuria. For example, a
combination described herein may be useful in reducing the level of total plasma
homocysteine in a paticnt.

[8016] In some embodiments according to any one of the compositions described above,
the composition further comprises one or more additional active agents independently
sclected from the group consisting of fruit extracts (¢.g., blucherry, cranberry, strawberry,
pomegranate, and/or grape extracts), vegetable extracts (e.g., ginger, turmeric and/or black
pepper extracts), plant extracts {e.g., green tea and/or rosemary exiracts), dimethylglycine,
monomethylglycine, glveine, choline, phosphatidyicholine, and mixtures thereof. These one
or more additional active agents may increase the effectiveness of the composition in treating
hyperhomocysteinermia.

[8617] In some embodiments according to any one of the compositions described above, at
least one of the active agents is at least about 60%, about 65%, about 70%, about 75%, about
80%, about 85%, or about 90% pure, wherein the % purity excludes the weight of any other
active agent and any added counter-ion, vehicle, diluent, excipient, or carrier. In some
embodiments, the composition is sterilized. In some embodiments, the composition further
comprises a pharmaceutically acceptable carrier, excipient, binder, or dilucnt. In some
cmbodiments, the composition further comprises a wax matrix.

[8018] A second aspect of the present application provides a pharmaceutical composition
comprising a therapeutically effective amount of the composition according to any onc of the
compositions described above, and a pharmaceutically acceptable carvier, excipicnt, binder,
or diluent.

[861%]  Also provided is a food product or dietary supplement comprising any one of the
compositions or pharmaceutical compositions described above.

[6326] A third aspect of the present application provides a kit comprising two or more
components, wherein each component comprises one of more active agents independently
sclected from: (a) serine; and (b) vitamin Be, provided that cach of the active agents (a)-(b)
are contained within the kit. In some embodiments, there is provided a kit comaprising two or
more components, wherein cach component comprises one or more active agents
independently selected from: (a) serine; (b) vitamin Be; (¢} vitamin Bo; and (d) vitamin B,
provided that cach of the active agents {a)-(d) are contained within the kit. In some

embodiments, cach component comprises one or more active agents independently selected
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from: (a) scrine; (b) vitamin Be; (¢) vitamin Bo; (d) vitamin B»; (¢) quercetin; (g) vitamin Bo;
(k) an NPA (e.g., NA); and vitamin B, provided that cach of the active agents are contained
within the kit. In some embodiments, each component comprises one or more active agents
independently selected fronu {a} serine; (b) vitamin Bg; {¢) vitamin Bo; {(d} vitamin Bs; (g}
vitamin Bo; (h) N-acetyleysteine; (k) an NPA {(e.g., NA); vitamin Bi, and a magnesium-
containing compound (2. 2., magnesium hisglycinate), provided that cach of the active agents
are contained within the kit. In some embodiments, cach component comprises one or more
active agents independently sclected from: (a) sering; (b} vitamin Be; {¢) vitamin Bs; (d)
vitamin Biz; (¢) quercetin; and (f) fisctin, provided that cach of the active agents (a)-(f) are
contained within the kit In some embodiments, cach component compriscs o1¢ Gr more
active agents independently selected from: {a) serine; (b) vitamin Be; (¢} vitamin Be; (d}
vitamin Bio; (e) quercetin; (f) fisctin; and (g) vitamin B, provided that cach of the active
agents (a)-{g) arc contained within the kit In some embodiments, each component comprises
one or more active agents independently selected from: (a) sering; (b} vitamin Be; (¢} vitamin
Bg; (&) vitamin Bz () quercetin; (f) fisetin; (g} vitamin Bo; (h) N-acetyleysteine; and (i)
SAM, provided that each of the active agents (a)-(3) ave contained within the kit. In some
embodiments, each component comprises one of more active agents mndependently selected
from: (a) serine; (b) vitamin Be; (¢) vitamin Bo; (d} vitamin B1s; and glycine, provided that
cach of the active agents are contained within the kit. In some embodiments, one or more
components of the kit further comprises () trimethylglycine.

[8628] In some embodiments, there is provided a kit comprising two or more components,
wherein cach component comprises one or more active agents independently selected from:
{(a) serine; (b) vitamin Be; (¢} vitamin By, () vitamin By (&) vitamin By, (H N-
acetylcysteine; and (g) trimethylglycine, provided that each of active agents (a)-(g) are
contained within the kit.

[8322] 1n some embodiments according to any one of the kits described above, the kit
further comprises an NPA, such as NR, NAR, NAAD, NAD+, NA, and/for NMN. In some
cmbodiments, the kit further comprises (1) vitamin D (e.g., vitamin D3). In some
cmbodiments, the kit further comprises one or more additional active agents independently
selected from the group consisting of fruit extracts (e.g., blueberry, cranberry, strawberry,
pomegranate, and/or grape extracts), vegetable extracts {e.g., ginger, turmeric and/or biack
pepper extracts), plant extracts (e.g., green tea and/for rosemary extracts), dimethylglycine,
monomethylglyeine, glycine, choline, phosphatidyicholine, and mixtures thercof. 1n some

embodiments, the additional active agents are provided in additional components of the kit
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In some embodiments, at least one of the active agents is at least about 60%, about 65%,
about 70%, about 75%, about 80%, about 85%, or about 90% pure, wherein the % purity
excludes the weight of any other active agent and any added counter-ion, vehicle, diluent,
excipient, or carrier. In some embodiments, at least onc of the components is sterilized.
188231 A fourth aspect of the present application provides a method of reducing the level of
total plasma homocysteine or treating or preventing a disease or condition characterized by
high levels of homocysteine in a subject, comprising co-administering o the subject a
therapeutically effective amount of the active agents: (a) serine; and (b) vitamin Be In some
cmbodiments, there is provided a method of reducing the level of total plasma homocysteine
or treating or preventing a disease or condition characterized by high levels of homocysteine
in a subject, comprising co-administering to the subject a therapeutically effective amount of
the active agents: (a) scring; (b} vitamin Be; (¢) vitamin Bo; and (d} vitamin Bi2. In some
cmbodiments, the method comprises co-administering to the subject a therapeutically
cttective amount of the active agents: {a) serine; (b} vitamin Be; (¢) vitamin Be; {d) vitamin
Bis; () quercetin; and (f) fisctin. In some embodiments, the method comprises co-
administering to the subject a therapeutically effective amount of the active agents: (a) serine;
(b} vitarmn Bg; (¢) vitamin Be; (d) vitamin Bi; () quercetin () fisetin; and {g} vitamin By,
In some embodiments, the method compriscs co-administering to the subject a therapeutically
cffective amount of the active agents: (a) serine; (b) vitamin Bs; (¢) vitamin Be; (d) vitamin
Bz {e) querceting (f) fisetin; (g) vitamin Ba; (h) N-acetyleysteine; and () SAM. In some
cmbodiments, the method comprises co-administering to the subject a therapeutically
ctfective amount of the active agents: (a) sering; (b} vitamin Be; (¢) vitamin Bo; (d) vitamin
Bio; () querceting (g) vitarnin By (k) an NPA (e.g., NA); and vitamin B1. In some
embodiments, the method comprises co-administering to the subject a therapeutically
effective amount of the active agents: (a) serine; (b) vitamin Be; {¢) vitamin Be; {d) vitamin
Big; (g) vitamin Ba; (h) N-acetylcysteine; (k) an NPA (e.g., NA); vitamin By, and a
magnesivm-containing compound {e. g, magnesium bisglycinate). In some embodiments, the
method comprises co-administering to the subject a therapeutically effective amount of the
active agents: (a) serine; (b) vitamin Beg; (¢) vitamin Be; (d) vitamin Bio; and glycine. In some
embodiments, the method further comprises administering to the subject a therapeutically
effective amount of () trimethylglycine. In some embodiments, the method does not
comprise administering to the subject a therapeutically effective amount of (3}
trimethylglyeine. In some embodiments, the method does not comprise administering to the

subject () trimethylglycine. In some embodiments, the method further comprises
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administering to the subject (k) an NPA (e.g., NR, NA, NAR, NAAD, NAD+ and/or NMN).
In some embodiments, the subject receives an NPA in his or her diet. In some embodiments,
the method further comprises administering to the subject a therapeutically effective amount
of (1) vitamin D {e. g., vitamin Ds).

[8824)  In some embodiments, there is provided a method of reducing the level of total
plasma homocysteine or treating or preventing a disease or condition characterized by high
levels of homocysteine in a subject, comprising co-administering to the subject a
therapeutically effective amount of the active agents: (a) serine; (b) vitamin Bs; (¢) vitamin
Bg; (&) vitamin Big; (g) vitamin Bz; (b) N-acetyleysteine; and (§) trimethylglycine. In some
embodiments, the subject is further administered with an NPA (e.g. NR, NA, NAR, NAAD,
NAD+ and/or NMN). In some embediments, the subject receives an NPA in his or her diet.
In some embodiments, the method further comprises administering to the suhject a
therapeutically effective amount of (I} vitamin D (e g., vitamin D3).

[86258] In some embodiments, there is provided a method of reducing the level of total
plasma homocysteine, or treating or preventing hyperhomocysteinemia in a subject,
comprising co-administering to the subject a therapeutically effective amount of the active
agents: {a) serine; (b) vitamin Be; {¢) vitamin Bo; (d) vitamin Bio; (e} vitamin By; and (k) NR.
[8626]  In some embodiments, there is provided a method of reducing the level of total
plasma homocysteine, or treating or preventing hyperhomocysteinemia in a suhject,
comprising co-administering to the subject a therapeutically effective amount of the active
agents: (a) serine; (b) vitamin B6; () vitamin B9; (d) vitamin B12; (¢} vitamin B2; and (1}
vitamin Da.

[8027] In some embodiments, there is provided a method of reducing the level of total
plasma homocysteine, or freating or preventing hyperhomocysteinemia i a subject,
comprising co-administering to the subject a therapeutically effective amount of the active
agents: (a} serine; (b) vitarnin Be; (¢) vitamin Be; {d) vitarnin Biy; (e) querceting (g) vitamin
Ba; (k) an NPA (e.g., NA); and vitamin B,

[8028] In some embodiments, there is provided a method of reducing the level of total
plasma homocysteine, or treating or preventing hyperhomocysteinemia in a subject,
comprising co-administering to the subject a therapeutically effective amount of the active
agents: {a) serine; (b) vitamin Be; {¢) vitamin Be; (d) vitamin Bio; (g} vitamin Bo; (h) N-
acetylcysteine; (k) an NPA (e.g., NA); vitamin B, and a magnesium-containing compound

{e.g., magnesium bisglycinate).
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[8629] In some embodiments according to any one of the methods described above, the
active agents are administered simultancously. In some embodiments, the method comprises
administering to the subject a composition comprising a therapeutically effective amount of
the active agents. In some embodiments, the active agents are administered sequentially, in
any order. In some embodiments, two or more of the active agents are administered
sirpultancously and the third is administered sequentially. In some embodiments, the active
agents other than trimethylglycine are administered simultancously, and mmethylglyeine is
administered sequentially. In some embodiments, the active agents other than NPA are
administered simultancously, and NPA is administered sequentially.

[B#036] In some embodiments according to any one of the methods described above, the
method further comprises administering therapeutically effective amounts of one or more
additional active agents independently selected from the group consisting of fruit extracts
(e.g., blueberry, cranberry, strawberry, pomegranate, and/or grape extracts), vegetable
extracts {e.g., ginger, turmeric and/or black pepper extracts}, plant extracts {(e.g., green tea
and/or rosemary extracts), dimethylglycine, monomethylglyeine, ghycine, choline,
phosphatidylcholine, and mixtures thereof. In some embodiments, at least one of the active
agents is at least about 60%, about 65%, about 70%, about 75%, about 80%, about 83%, or
about 90% pure, wherein the % purity excludes the weight of any other active agent and any
added counter-ion, vehicle, diluent, excipient, or carricr. In some embodiments, at least one
of the active agents is sterilized.

[663%] In some embodiments according to any one of the methods described above, the
subject has a high initial level of total plasma homocysteine. In some embodiments, the high
initial level of total plasma homocysteine is caused by admanistration of an NPA (e.g., NR,
NA, NAR, NAAD, NAD+ and/or NMN). In some embodiments, there is provided a method
of reducing the level of total plasma homocysteine in a subject to a concentration of less than
about 100 umol/L. In some embodiments, there is provided a method of reducing the fevel of
total plasma homocysteine in a subject to a concentration of less than about 31 umol/L. In
some embodiments, there is provided a method of reducing the level of total plasma
homocysteine in a subject to a concentration of less than about 15 umol/L. In some
embodiments, there is provided is a method of reducing the level of total plasma
homocysteine in a subject to a concentration of less than 12 pmol/L. In some embodiments,
there is provided is a method of treating or preventing hyperhomocysteinemia in a subject. In
some embodiments, there is provided is a method of treating or preventing

hyperhomocysteinemia caused by administration of an NAD+ agent in a subject. In some
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cmbodiments, there is provided a method of treating or preventing acquired
hyperhomocystcinemia in a subject. In some embodiments, there is provided a method of
treating or preventing homocystinuria in a subject. In some embodiments, the method further
increases the levels of NAD and/or HDL., and/or decreases the levels of LDL, wriglyceride,
total cholesterol, plasma trimethylamine N-oxide (TMAQ) and/or lipoprotein a.
(66321 In some emmbodiments, there is provided a method of treating or preventing a discase
characterized by high levels of total plasma homocysieine in a sabject. In some
cmbodiments, there is provided a method of reating or preventing a disease in a subject
characterized by total plasma homocysteine levels of at least 12 pmol/L.. In some
embodiments, there is provided a method of treating or preventing a disease in a subject
characterized by total plasma homocysteine levels of at least 31 pmol/L. In some
cmbodiments, there is provided is a method of treating or preventing a discase in a subject
characterized by total plasma homocysteine levels of greater than 100 wmol/L. In some
cembodiments, there is provided a method of weating or preventing a disease or condition in a
subject selected from cardiovascular disease, cerchrovascular disease, peripheral vascular
disease, thrombosis, stroke, atherothrombotic coronary artery disease (CAD), myocardial
infarction (M1}, Alzheimer’s discase, cognitive mpatrment, dementia, diabetic retinopathy,
intraocular lens dislocation, schizophrenia, osteoporosis, homocystinuria and
hyperhomocysteinernia. In some embodiments, there is provided a method of preventing or
reducing the risk of bone fracture in a subject.
{86337 Further aspects of the invention include the usc of any one of the compositions
described above in the preparation of a medicament for the treatment or prevention of the
diseases and conditions described herein. Further aspects include any one of compositions or
pharmaceutical compositions described above for use in the treatment or prevention of the
diseases and conditions described herein.
[8034] Further aspects include methods of preparing the compositions and kits described
herein.

BRIEF DESCRIPTION OF THE FIGURES
[B035] FIG. | shows daily dosages of NR, NA, Betaine, serine, vitamin Be, vitamin Byg,
vitamin B (folic acid) and glycine received by the subject and his serum homocysteine levels
as determuined by the AnyLabs Inc. test or Quest Diagnostics test.
[8636) FIG. 2 shows the effect of betaine treatraent on the subject’s homocysteine level

while the subject received NR and NA.
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[8637] FIG. 3 shows the effect of serine and vitamin Be treatment on the subject’s
homocysteine level while the subject received NR.

(88381 HFIG. 4 shows the effect of serine, vitamin B6, vitamin B12 and vitamin Bs (folic
acid) treatment on the subject’s homocystcine level while the subject received NR, or a
combination of NR and NA.

18339 FIG. § shows elevated homocysteine level in subject #110 caused by NR treatment.
[8648] FIG. 6 shows elevated homocysteine level in subject #107 caused by NR treatment.

[8048] FIG. 7 shows elevated homocysteine level in subject #106 caused by NR treatment.

DETAILED DESCRIPTION

[8042] The following description is presented to enable a person of ordinary skill in the art
to make and use the vartous embodiments. Descriptions of specific compositions,
techniques, and applications are provided only as examples. Various modifications to the
examples described herein will be readily apparent to those of ordivary skill in the art, and
the general principles defined hevein may be applied to other examples and applications
without departing from the spirit and scope of the various embodiments. Thus, the various
cmbodiments are not intended to be limited to the examples described herein and shown, but
are to be accorded the scope consistent with the claims.

[8343] Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as is commonly understood by one of ordinary skill in the art to which this
disclosure belongs. All patents, applications, published applications and other publications
referred to herein are incorporated by reference in their entireties. If a definition set forth in
this section is contrary to or otherwise inconsistent with a definition set forth in a patent,
application, or other publication that is herein incorporated by reference, the definition set
forth in this section prevails over the definition incorporated herein by reference.

[6044]  As used herein, the term “hyperhomocysteinemia,” “hyperhomocysteinaemia,” or
“HHcy” refers to any disease or condition characterized by abnormally high levels of the
amino acid homocysteine in the blood, whether acquired or inherited. According to the
American Heart Association {AHA) advisory statement, normal homocysteing concentrations
in the biood range from 5-15 umol/L, although in some cases 12 pmol/L concentrations have
been considered abnormoal. Levels of 31-100 wmol/L are considered intermediately elevated,
while levels greater than 100 umol/L are considered severely elevated.

j348]  As used herein, “high levels of homocysteine” or “elevated levels of homocysicine”

refer to a total blond plasma or serum concentration of homocysteine of at least 10 wmol/L,
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for example at least 11 umol/L, at least 12 pmol/L, at least 13 pwmol/L, at least 14 umol/L, at
least 15 umol/L, at [east 16 wmol/L, at least 17 pmol/L, at least 18 pmol/L., at least 19
umol/L, or at least 20 wmol/L. High levels of homocysteine also include intermediately
elevated levels such as at least 31 umol/L, and severely elevated levels such as greater than
100 umol/L.

[8346] As used herein, “nicotinamide adenine dimicleotide pathway agent,” or “NPA”
refers {0 one or more agents selected from the group consistng of mcotinic acid (“NA™),
niacinamide (“NAM”, also known as nicotinamide), nicotinamide riboside ("INR™),
nicotinamide mononucleotide (“NMN"), nicotinic acid riboside ("NAR™), nicotinic acid
mononucleotide (“*NAMN"), nicotinic acid adenine dinucleotide (“NAAD”), oxidized
nicotinamide adenine dimucleotide (“NAD+"), reduced nicotinamide adenine dinucleotide
(“NADH™), and other precursors or metabolites of NAD+ or NADH.

[8347] As used herein, the term “treat” or “treatment” refers to an approach for obtaining a
beneficial or desired result, including clinical results. For purposes of this disclosure,
beneficial or desired results include, but are not limited to: reducing the severity of or
suppressing the worsening of an existing disease, symptom, or condition, alleviating a
symptom and/or diminishing the extent of a symptom and/or preventing a worsening of a
symptom associated with a condition, arresting the development of a discase, symptom, or
condition, relieving the disease, symptom, or condition, causing regression of the disease,
disorders, conditions, or symptom {(in terms of severity or frequency of negative symptoms),
or stopping the symptoms of the diseasc or condition. Beneficial or desired resuiis can also
be slowing, halting, or reversing the progressive course of a discase or condition.

[0048] “Preventing,” as used herein, includes providing prophylaxis with respect to the
gccurrence or recurrence of a disease or condition in a sabject that may be predisposed to the
discase or condition but has not yet been diagnosed with the discase or condition. In some
cmbodiments, the provided compositions are used to delay development of a disease or
condition or to slow the progression of a discase or condition such as hyperbomocysteinemia.

39 46

[8049] As used herein and in the appended claims, the singuiar forms “a,” “an,” and “the”
include plural referents unless the context clearly dictates otherwise. It is further noted that
the claims may be drafted to exclude any optional clement. As soch, this statement is
intended to serve as an antecedent basis for use of such exclusive terminology as “solely,”
“only” and the like in connection with the recitation of claim elements, or use of 3 “negative”

fivutation.
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39 4¢

[8058] As used herein, the terms “including,” “containing,” and “comprising” are used in
their open, non-limiting sense. It is understood that embodiments of the invention described
herein include “consisting” and/or “consisting essentially of” embodiments. The term
“consists essentially of” means excluding other materials that contribute to function, unless
otherwise defined herein. Nonetheless, such other materials may be present, collectively or
individually, in trace amounts.

[6658] o provide a more concise description, some of the quantitative expressions given
herein arc not qualified with the term “about.” It is understood that, whether the term “about”
is used cxplicitly or not, cvery quantity given herein is meant to refer to the actual given
value, and it is also meant to refer to the approximation to such given value that would
reasonably be inferred based on the ordinary skill in the art, including equivalents and
approximations due (o the experimental and/or measurement conditions for such given value.
For example, description referring to “about X includes description of “X”.

[8052] Except as otherwise noted, the methods and techniques of the present embodiments
are generally performed according to conventional methods well known in the art and as
described in various general and more specific references that are cited and discussed
throughout the present specification.

{86537 It is appreciated that certain features of the disclosure, which are, for clarity,
described in the context of separate emnbodiments, may also be provided in combination in a
single ernbodiment. Conversely, various features of the disclosure, which are, for brevity,
described in the context of a single embodiment, may also be provided separately or in any
suitable sub-combination. All combinations of the embodiments pertaining to particular
method steps, reagents, or conditions are specifically embraced by the present disclosure and
are disclosed herein just as if cach and every combination was individually and explicitly
disclosed.

[8054] Where any compound recited herein may also exist as a corresponding salt, solvate
or hydrate, the use of such salts, solvates or hydrates in place of or in addition o the recited
compound is also encompassed by the present invention.

[B055] A “pharmaceutically acceptable salt” is a salt form that is non-toxic, biologically
tolerable, or otherwise biclogically suitable for administration to the subject. See generally
Berge etal. (1977) J. Pharm. Sci. 66, 1-19. Particular pharmaceutically acceptable salts are
those that arc pharmacologically effective and suitable for contact with the tissues of subjects

without undue toxicity, irritation, or allergic response.
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[8056] The skilled person understands that in the context of compeositions for
administration to the human or animal body, for mincrals such as magnesium, potassium,
calcinm and strontium, stated dosages and weights refer to the quantity of elemental metal,
not to the weight of the compound containing the metal. Herein, where a weight or dosage of
such a mineral is specified, this refers to the weight or dosage of the particular clement and
not the compound, which contains it, unless the context clearly implies otherwise, or unless

explicitly stated otherwise.

L Comporitions

[8657] The present application provides various compesitions useful for reducing total
plasmoa homocysteine levels. The compositions described herein comprise various active
agents. For the purpose of Sections I-VII only, exemplary active agents are referred to as
active agents (ay-(m) according to the designation in sections I (a)-(my). The active agents
described herein include salts or solvates thercof. Active agents may have one or more
physiological effects on a subject receiving the compositions described herein. In some
cmbodiments, the active agent changes, e.g., increases or decreases, homocysteine levels in
the subject. In some cmbodiments, the active agent docs not affect the homocysteine levels
in the subject.

[8058] In some embodiments, the present application provides a composition comprising
the active agents: (a) serine; and (b) vitamin Be In some embodiments, the composition
consists of active agents (aj-(h). In some embodiments, the composition consists essentially
of active agents {a)-(b). In some embodiments, the composition further comprises one or
maore agents selected from the group consisting of NPA, vitamin By, vitamin B, vitamin D
(e.g., vitamin Da), quercetin, fisctin, fruit extracts (e. g., blucherry, cranberry, strawberry,
pomegranate, and/or grape extracts), vegetable extracts (. 2., ginger, turmeric and/or hlack
pepper extracts), plant extracts {e.g., green tea and/or rosemary exiracts), N-acetylcysteine, 5-
adenosylmethionine (SAM), trimethylglycine (betaine), dimethylglycine,
monomethylglycine, glycine, choline, and phosphatidylcholine. {n some embodiments, the
composition does not comprise trimethylglycine.

[805%] In some embodiments, the present application provides a composition comprising
the active agents: (a) scrine; (h) vitamin Be; and (¢) vitamin Be In some embodiments, the
composition consists of active agents {a)-(c). In some embodiments, the composifion consists
essentially of active agents {a)-(c). In some embodiments, the composition further comprises

one or more agents sclected from the group consisting of NPA, vitaniin By, vitamin Ba,
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vitamin D (e.g., vitamin ), quercetin, fisetin, fruit extracts {e.g., blucherry, cranberry,
strawherry, pomegranate, and/or grape extracts), vegetable extracts {(e.g., ginger, turmeric
and/or black pepper extracts), plant extracts {¢.g., green tea and/or rosemary extracts), N-
acetylcysteine, S-adenosylmethionine (SAM), trimethylglycine (betaine), dimethylglycine,
monomethylglycine, glyeine, choline, and phosphatidylcholine. In some embodiments, the
composition does not comprise trimethylglycine.

[8066] In some embodiments, the present application provides a composition comprising
the active agents: (a) scrine; (b) vitamin Be; {¢) vitamin Bo; and (d) vitamin B12. In some
cmbodiments, the composition further comprises one or more agents selected from the group
consisting of vitamin B, vitamin Bs, vitamin D {e.g., vitamin Ds), quercenn, fisetin, fruit
extracts (e.g.. blueberry, cranberry, strawberry, pomegranate, and/or grape extracts),
vegetable extracts {e.g., ginger, turmeric and/or black pepper extracts), plant extracts (e.g.,
green tea and/or rosermary extracts), N-acetylcysteine, S-adenosylmethionine (5AM),
trimethylglycine (betaine), dimethylglycine, monomethylelyeine, glycine, choline, and
phosphatidylcholine. iIn some embodiments, the cormposition does not comprise
trimethylglycine. In some embodiments, the composition consists of active agents (a)-(d). In
some embodiments, the composition consists essentially of active agents {a)-{d}.

[86618) In some embodiments, the present application provides a composition comprising
the active agents: (a) scring; (b} vitamin Be; (¢) vitamin Bo; {d) vitamin Bi2; and (k) an NPA
{e.g., NR, NA, NAR, NAAD, NAD+ and/or NMN). In some embodiments, the NPA is NR.
In some embodiments, the NPA is NA. In some embodiments, the NPA is NR and NA. In
some embodiments, the composition further comprises one or mote agents selected from the
group consisting of vitamin By, vitamin By, vitamin D (e.g., vitamin D), quercetin, fisetin,
fruit extracts {e.g., blueberry, cranberry, strawberry, pomegranate, and/or grape extracts},
vegetable extracts {e.g., ginger, turmeric and/or black pepper extracts), plant extracts (e.g.,
green tea and/or rosermary extracts), N-acetylcysteine, S-adenosylmethionine (5AM),
trimethylglycine, dimethylglycine, monomethyiglycing, glyeine, chohne, and
phosphatidylcholine. In some embodiments, the composition docs not comprise
trimethylglycine. In some embodiments, the composition consists of active agents (a)-(d) and
(k). In some embodiments, the composition consists essentially of active agents (a)-(d} and
k).

[8662] In some embodiments, the present application provides a composition comprising
the active agents: (a) serine; (b) vitamin Be; (¢) vitamin Bo; {d) vitamin Bia; (e) quercetin; and

(fy fisctin. In some cmbodiments, the composition does not comprise trimethyiglycine. In
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some embodiments, the composition consists of active agents (a)-(f). In some embodiments,
the composition consists essentially of active agents (a)-(f). In some embodiments, the
composition further comprises an NPA (e.g., NR, NA, NAR, NAAD, NAD+ and/or NMN).
In some embodiments, the NPA is NR. In some embodiments, the NPA is NA. In some
embodiments, the NPA is NR and NA.

[8663] In some emmbodiments, the present application provides a composition comprising
the active agents: (a) serine; (b) vitamin Be; {¢) vitamin Bo; {d} vitamin Bi; {¢) quercetin; {f}
fisetin; and (j) rimethylglycine. In some embodiments, the composition consists of active
agents (a)-(f) and (§). In some embodiments, the composition consists essentially of active
agents (a)-{f and (3). In some embodiments, the composition further comprises an NPA {e.g.,
NE, NA, NAR, NAAD, NAD+ and/or NMN). In some embodiments, the NPA is NR. In
some embodiments, the NPA is NA. in some embodiments, the NPA is NR and NA.

[8364] 1n some embodiments, the present application provides a composition comprising
the active agents: (a) serine; (b) vitamin Be; {¢) vitamin Bo; {d) vitamin Bio; and {g) vitamin
B In some emnbodiments, the composition does not comprise trimethylgiycine. In some
embodiments, the composition consists of active agents (a)-(d) and (g). In some
embodiments, the composition consists essentially of active agents (a3-(d) and (g). In some
embodiments, the composition further comprises an NPA {e.g., NR, NA, NAR, NAAD,
NAD+ and/or NMN). In some embodiments, the NPA is NR. In some embodiments, the
NPA is NA. In some embodiments, the NPA is NR and NA. In some embodiments, the
composition further comprises vitamin B1. In some embodiments, the composition further
comprises N-acetvl cysteine. In some embodiments, the composition further comprises
quercetin. In some embodiments, the composition further comprises a magnesium-containing
compound (. g., magnesium bisglycinate). In some embodiments, the composition further
compuises fruit extracts (e.g., blueberry, cranberry, strawberry, pomegranate, and/or grape
extracts), vegetable extracts (e.g., ginger, turraeric and/or black pepper extracts), and/or plant
extracts {e.g., green tea and/or rosemary exiracts).

[8G6%] In some embodiments, the present application provides a composition comprising
the active agents: (a) serine; (b) vitamin Be; {¢) vitamin Bo; (d) vitamin Bi; (¢) quercetin; {g)
vitamin B2 (K) an NPA {e.g., NA); and vitamin Bi. In some embodiments, the present
application provides a composition comprising the active agents: {a) serine; (b) vitamin Be;
(¢} vitamin Bo; (d) vitamin Biz; (g) vitamin By; (h) N-acetylcysteine; (k) an NPA (e.g., NA);
vitamin By, and a magnesiom-containing compound {e.g., magnesium bisglycinate). In some

embodiments, the composition finther comprises fruit extracts {e.g., blucberry, cranberry,

15



WO 2020/092616 PCT/US2019/058925

strawberry, pomegranate, and/or grape exiracts), vegetable extracts {e.g.. ginger, turmeric
and/or black pepper extracts), and/or plant extracts {¢.g., green tca and/or rosemary exiracis).
[8366] In some embodiments, the present application provides a composition comprising
the active agents: (2} serine; (b) vitamin Be; (¢) vitamin Bo; {d) vitamin Biz; (2) quercetin; ()
fisetin; and (g) vitamin By, In some embodiments, the composition consists of active agents
(a)-(g). In some embodiments, the composition does not comprise trimethylglyeine. In some
cembodiments, the composition consists essentially of active agents (a}-(g). In some
cmbodiments, the composition further comprises an NPA {e.g., NR, NA, NAR, NAAD,
NAD+ and/or NMN). In some embodiments, the NPA is NE. In some embodiments, the
NPA is NA. In some embodiments, the NPA is NR and NA.

160671  In some embodiments, the present application provides a composition comprising
the active agents: (a) serine; (b) vitamin Be; (¢) vitamin Bo; {d) vitamin Bi2; {e) quercetin; (f)
fisetin; {g) vitamin By; and () trimethylglycine. In some embodiments, the composition
consists of active agents {a)-{(g) and ). In some embodiments, the composition consists
cssentially of active agents (a)-(g) and (7). In some embodiments, the composition further
compriscs an NPA {(e.g., NR, NA, NAR, NAAD, NAD+ and/or NMN). In some
embodiments, the NPA is NR. In some embodiments, the NPA is NA. In some embodiments,
the NPA is NR and NA.

13668] In some embodiments, the present application provides a composition comprising
the active agents: (a) serine; (b) vitamin Be; (¢) vitamin Be; (d) vitamin Bi2; (e) quercetin; (f)
fisetin; (g) vitamin Bo; (h) N-acetylcysteineg; and (i) S-adenosylmethionine (SAM). In some
cmbodiments, the composition docs not comprise trimethylglycine. In some embodiments,
the composition consiats of active agents (a)-(i). In some embodiments, the composition
consists essentially of active agents {a)-(1). In some embodiments, the composition further
comprises an NPA {(e.g., NR, NA, NAR, NAAD, NAD+ and/or NMN). In some
embodiments, the NPA is NR. In some embodiments, the NPA 1s NA. In some embodiments,
the NPA is NR and NA.

[8069] In some embodiments, the present application provides a composition comprising
the active agents: (a) serine; (b) vitamin Be; {¢) vitamin Bo; (i) vitamin Bi; {¢) quercetin; (f)
fisetin; {g) vitamin By; (b) N-acetyleysteine; (i) SAM; and (§) trimethylglycine. In some
embodiments, the composition consists of active agents {a)-(3). In some embodiments, the
composition consists essentially of active agents (a)-(3). In some embodiments, the

composition further comprises an NPA (2.g., NR, NA, NAR, NAAD, NAD+ and/or NMN).
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In some embodiments, the NPA is NR. In some embodiments, the NPA is NA. In some
embodiments, the NPA 18 NR and NA.

[8076]  In some embodiments, the present application provides a composition comprising
the active agents: (a) serine; (b) vitamin Be; (¢} vitamin By; (d) vitamin Big; (g) vitamin Bo;
(h) N-acetylcysteine; and (j) rimethylglycine. In some embodiments, the composition
consists of active agents (a)-(d), (g)-(h) and (3). In some emsbodiments, the composition
consists essentially of active agents (a3-(d), (g)-(b) and (§). I some embodiments, the
composition further comprises an NPA {e.g.. NR, NA, NAR, NAAD, NAD+ and/or NMN).
In some embodiments, the NPA is NR. In some embodiments, the NPA is NA. In some
embodiments, the NPA is NR and NA.

{6478] In some cmbodiments, the present application provides a composition comprising
the active agents: (&) scring; (b) vitamin Be; (¢) vitamin Bo; (d) vitamin Biz; (g) vitamin By,
(h) N-acetyleysteine; and (1) vitamin Da. In some embodiments, the composition consists of
active agents {a)-{(d), {g)-{h) and (). In some embodiments, the composition consists
cssentially of active agents (a)-(d), (g)-(h) and (1}. In some embodiments, the composition
further comprises fruit, plant and/or vegetable extracts, such as, blueberry, cranberry,
strawberry, pomegranate, grape, ginger, green tea, turmeric, black pepper and/or rosemary
extracts.

186721 The active agents described herein inchude pharmaceutically acceptable salis. In
some embodiments, pharmaceutically acceptable salts include acid addition salts, formed
with inorganic acids such as hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid,
phosphoric acid, and the like; or formed with organic acids such as acetic acid, oxalic acid,
propionic acid, succinic acid, maleic acid, tartaric acid and the like. These salts may be
derived from inorganic or organic acids. Non-limiting examples of pharmaceutically
acceptable salts include sulfates, pyrosulfates, bisulfates, sulfites, bisulfites, phosphates,
monohydrogen-phosphates, dihydrogenphosphates, metaphosphates, pyrophosphates,
chlorides, bromides, iodides, acetates, propionates, decanoates, caprylates, acrylates,
formatcs, isobutyrates, caproates, heptanoates, propiolates, oxalates, malonates, succinaics,
suberates, scbacates, fumarates, maleates, butyne-1.4-dioates, hexyne-1,6-dioates, benzoates,
chlorobenzoates, methylbenzoates, dinitrobenzoates, hydroxybenzoates, methoxybenzoates,
phthalates, sulfonates, methylsulfonates, propylsulfonates, besylates, xylenesulfonates,
naphthalenc-1-sulfonates, napbthalene-2-sulfonates, phenylacetates, phenvipropionates,
phenylbutyrates, citrates, lactates, y-hydroxvybutyrates, glycolates, tartrates, and mandelates.

In some embodiments, pharmacewtically acceptable salts are formed when an acidic proton
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present in the parent corapound either is replaced by a metal ion, ¢.g., an alkali metal ion, an
alkaline carth ion, or an aluminum ion; or coordinates with an organic hase. Salts derived
from pharmaceutically acceptable organic non-toxic bases include, without Himitation, salts of
primary, secondary, and tertiary amines, substituted amines including naturally occurring
substituted amines, cyclic amines and basic ion exchange resins, such as isopropylamine,
trimethylamine, diethylamine, triethylamine, tripropylamine, ethanolamine, 2-
diethylaminoethanol, tromethamine, trimetharnine, dicyclohexylamine, caffeine, procaine,
bhydrabamine, choline, betaine, ethylenediamine, ghicosaming, N- ethylglucamine, N-
methylglucamine, theobromine, purines, piperazine, piperidine, N- ethylpiperidine,
polyamine resins, aming acids such as lysine, arginine, histidine, and the like. Examples of
pharmaccutically acceptable base addition salts include, without limitation, those derived
from morganic bases such as sodium, potassium, lithivm, ammonivm, calcium, magnesium,
ivon, 7inc, copper, mangancse, aleminur salts and the like. In some embodiments, the
organic non-toxic bases are L-amino acids, such as L-lysine and L- arginine, tromethamine,
N-ethylglucamine and N-methylglucamine. Acceptable inorganic hases include, without
limitation, aluminum hydroxide, calcium hydroxide, potassium hydroxide, sodium carbonate,
sodium hydroxide, and the ike. Lists of other suitable pharmaceutically acceptable salts are
found in Remington's Pharmaceutical Sciences, 17th Edition, Mack Publishing Company,

Faston, Pa., 1985.

{a) Serine
18673] Active agent (a) is serine (also referred to as “L-serine”). Serine is a proteinogenic
g-amine acid having the following structure:

O

HOT Y oM

i

NHz .

18074] Serine is a non-essential amino acid, which may be synthesized by haman bodies.
Without being bound by any theory or hypothesis, serine and vitamin Be may activate the
trans-sulfuration pathway, which degrades homocysteine.

18873]  In some embodiments, active agent {a) is at least about 60%, about 65%, about
70%., about 75%, about 80%. about 85%, or about 90% pure. In this context, the % purity

cxcludes the weight of any other active agent and any added counter-ion, vehicle, diluent,
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cxcipient, or carrier within active agent (a) or any other component of the composition. Thus,
purity in this context refers to the purity of the serine component per se.

[8076]  In some embodiments, the composition comprises at least about 90 wit% active
agent {a), for example at least about any one of 91 wt%, 92 wi%, 93 wt%, 94 wt%, 95 wt%,
96 wit%, 97 wt%, or 98 wt%, bascd on the total weight of active agents (a)-(d) in the
composition. In some embodiments, the composition comprises up to about 98 wt% active
agent {a}, for example up tw about any one of 97 wi%h, 86 wi%, 95 wi%, 94 wt%, 93 wi%, 92
wt%, 91 wt%, or 90 wi%, based on the total weight of active agents (a)-(d) in the
composition. In some embodiments, the composition comprises about 90 wi% to about 98
wt% active agent {a), for example about any one of 90-92 wt%, 92-94 wi%, 94-96 wi%, 96-
98 wt%, 90-94 wit%h, 94-98 wt%, or 92-97 wi%, based on the total weight of active agents
(a)-(d) in the composition. In some embodiments, the composition comprises about 95.2
wit%, 95.8%, or 98.4% active agent (a), based on the total weight of active agents (a)-{d) in
the composition.

[8677] In some embodiments, the composition comprises at least about 70 wit% active
agent {a), for example at least about any one of 71 wt%, 72 wt%, 73 wt%, T4 wi%, 75 wt%,
76 wiGp, 77 wt%, or 78 wi%, based on the total weight of active agents {a)-(d) and ) in the
composition. In some embodiments, the composition comprises up to about 80 wt% active
agent (a), for example up to about any one of 79 wi%, 78 wt%, 77 wi%, 76 wt%, 75 wi%, 74
wt%, 73 wt%, 73 wi%, or 71 wt% based on the total weight of active agents (a)-(d) and (k) in
the composition. In some embodiments, the composition comprises about 70 wt% to about 80
wt% active agent (a), for example about any one of 70-72 wt%, 72-74 wt%, 74-76 wi%, 76-
78 wi%e, 70-98 wi%, 70-73 wt%, or 75-80 wt%, based on the total weight of active agents
{a}-{d} and (k) in the composition. In some embodiments, the composition comprises about
76.9 wt% active agent (a), based on the total weight of active agents (ay-(d) and (k) in the
COMpOoSition.

[6378] In some embodiments, the composition comprises at least about 70 wt% active
agent (a), for example at least about any one of 72 wt%, 74 wt%, 76 wt%, 78 wt%., 80 wt%,
82 wit%, 84 wt%, 86 wt%, or 88 wt%, hascd on the total weight of active agents (a)-(f) in the
composition. In some embodiments, the coraposition comprises up to about 90 wi% active
agent {a), for example up to about any one of 88 wi%, 86 wi%, 84 wt%, 82 wi%, 80 wt%, 78
wt%, 76 wt%, 74 wi%, or 72 wt%, based on the total weight of active agents {a)-(f) in the
composition. In some embodiments, the composition comprises about 70 wt% to about 90

wi% active agent (a), for exampie about any one of 70-75 wt%, 75-80 wt%, 80-85 wt%, 85-
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90 wit%, 75-85 wt%, 76-84 wt%, 78-82 wt%, or 79-81 wi%, bascd on the total weight of
active agents (a)-(f) in the composition. In some embodiments, the composition comprises
about 80.8 wt% active agent (a), based on the total weight of active agents (a)-(f) in the
composition.

(8879  In some embodiments, the composition comprises at least about 35 wt% active
agent {(a), for example at least about any one of 37 wit%, 39 wit%, 41 wi%, 43 wit%, 43
wit%, 47 wit%, 49 wi%, 31 wt%, or 33 wit%, based on the total weight of active agents (8)-
(f} and (§) in the composition. In some embodiments, the composition comprises up to about
35 wit% active agent (a), for example up to about any one of 53 wt%, 51 wt%, 49 wt%, 47
wt%, 45 wt%, 43 wt%, 41 wit%, 39 wit%. or 37 wi%, based on the total weight of active
agents (a)-(f) and (§) in the composition. In some embodiments, the composition comprises
about 35 wt% to about 55 wt% active agent (a), for example about any onc of 35-40 wt%, 40-
45 wt%, 453-50 wt%, 50-55 wt%, 40-50 wt%, or 42-46 wt%, bascd on the total weight of
active agents {a}-(f) and {§) in the composition. In some embodiments, the composition
comprises about 44.7 wi% active agent (a), based on the total weight of active agents (a)-(f)
and (}) in the composition.

[#088] In some embodiments, the composition comprises at least about 70 wt% active
agent {a), for example at least about any one of 72 wt%, 74 wit%, 76 wt%, 78 wt%, 80 wt%,
82 wt%h, 84 wi%, 86 wt%, or 88 wit%, basecd on the total weight of active agents (a)-(g) in the
composition. In some embodiments, the composition comprises up to about 90 wt% active
agent {(a), for example up to about any one of 88 wt%, 86 wi%, 84 wt%, 82 wit%, 80 wt%, 78
wt%, 76 wt%, 74 wt%, or 72 wt%. based on the total weight of active agents (2)-(g) in the
composition. In some embodiments, the composition comprises about 70 wit% to about 90
wt% active agent {a), for example about any one of 70-75 wt%, 75-80 wi%, 80-85 wit%, 85-
90 wt%, 75-85 wt%h, 72-84 wt%, 74-82 wi%, or 76-80 wt%, based on the total weight of
active agents {a)-(g) in the composition. In some embodiments, the composition comprises
about 78.4 wt% active agent {(a), based on the total weight of active agents {a)-(g) in the
COMPOSItion.

[8081] In some embodiments, the composition comprises at least about 35 wit% active
agent {a), for example at least about any one of 37 wit%, 39 wt's, 41 wt%, 43 wit%, 45
wtT, 47 wit%, 49 wt%, 51 wit%, or 53 wt%, hased on the total weight of active agents {a}-
(g) and (§) in the composition. In some embodiments, the composition comprises up to about
55 wt% active agent (a), for example up to about any one of 533 wi%, 51 wt%, 49 wtdh, 47

wit%, 45 wt%, 43 wt%, 41 wt%, 39 wt%, or 37 wit%, based on the total weight of active
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agents (a)-(g) and (j) in the composition. in some embodiments, the COmMposition coOMprises
ahout 35 wit% to about 35 wi% active agent (a), for example ahout any one of 35-40 wt%, 40-
45 wt%, 45-50 wit%, 50-35 wi%, 43-50 wit%, or 42-46 wt%, based on the total weight of
active agents (a)-(g) and () in the composition. In some embodiments, the composition
comprises about 44.0 wt% active agent {a), based on the total weight of active agents (a)-(g)
and () in the composition.

[6682] In some embodiments, the composition comprises at least about 20 wt% active
agent {(a), for cxample at least about any one of 22 wt%, 24 wi%, 26 wt%, 28 wt%, 30
wt%, 32 wt%, 34 wt%, 36 wt%, or 38 wi%, based on the total weight of active agents (a)-
(i} in the composition. in some embodiments, the composition comprises up to about 40 wi%
active agent (), for example up to about any one of 38 wt%, 36 wt%, 34 wt%,. 32 wi%, 30
wt%, 28 wt%, 26 wi%, 24 wt%, or 22 wt%, based on the total weight of active agents (a)-(1)
in the composition. In some embodiments, the composition comprises about 20 wt% to about
4G wt% active agent (a), for example about any one of 20-23 wt%, 25-30 wt%, 30-35 wi%,
35-40 wit%, 25-35 wt%, 27-33 wt%, or 29-31 wt%, based on the total weight of active
agents (a)-(i) in the composition. In some embodiments, the composition comprises about
30.5 wit% active agent {a), based on the total weight of active agents (a}-(3) in the
composition.

18383]  In some embodiments, the composition comprises at least about 15 wt% active
agent {(a), for example at least about any one of 17 wit%, 19 wi%, 21 wt%, 23 wt%, 25 wt%,
27 wt%, 29%. or 31 wt%, based on the total weight of active agents (a)-(j) in the
composition. In some emmbodiments, the coraposition comprises up o about 32 wi% active
agent {a), for example up to about any one of 30 wit%, 28 wt%, 26 wt%, 24 wi%, 22 wt%, 21
wt%, 19 wt%, 18 wt%, or 17 wi%, based on the total weight of active agents (a3-(j) in the
composition. In some embodiments, the composition comprises about 15 wt% to about 32
wt% active agent {a), for example about any one of 15-20 wit%, 20-25 wt%, 25-32 wt%, 17-
30 wt%, 19-28 wt%, 21-26 wi%, or 23-24 wt%. based on the total weight of active agents
{(a)-(j) in the composition. In some embodiments, the composition comprises about 23.4 wt%
active agent {a), based on the total weight of active agents (a)-(j) in the composition.

[8084] In some embodiments, the composition comprises at least about 25 wit% active
agent {a), for example, at least about any one of 26 wi%, 27 wt%, 28 wi%, 29 wt%, 30 wi%,
or 31 wt%, based on the total weight of active agents (a)-(d), (g)-{h) and (j) in the
composition. In some embodiments, the composition comprises up to about 40 wt% active

agent {a}, for example, up to about any one of 35 wi%, 34 wt%, 33 wi%, or 32 wit%, based on
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the total weight of active agents {a)-(d), (g)-(h) and (j) in the composition. In some
cmbodiments, the composition comprises about 25 wi% to about 40 wt% active ageni (a), for
example, about any one of 25-35 wt%, 235-34 wt%, 26-34 wt%, 27-34 wit%, 28-34 wt%, 29-
34 wt%, or 30-34 wt%, bascd on the total weight of active agents (a}-(d}, (g)-{h) and () in the
composition. In some embodiments, the composition comprises about 32.5 wt% active agent
{(a}, based on the total weight of active agents (a)-(d), (g)-(h) and (§) in the composition.
[6G83] In this way, the relative quantity of active agent (a) with respect to the other active
agents in the composition refiects the relative appropriate dosages.

[8086] In some embodiments, the composition comprises about 1000 mg to about 10000
mg of serine, for example, at least about any one of 1000 mg, 1230 mg, 1500 mg, 1750 mg,
2000 mg, 2500 mg, 3000 mg, 4000 mg, 5000 mg or 10000 mg, or about 1000 mg to about
1500 mg, about 1500 mg to about 2000 mg, about 2000 mg to about 2500 mg, about 2500 mg
to about 3000 mg, about 1000 mg to about 2000 mg, about 2000 g to about 3000 mg, about

1000 mg to about 3000 mg, or about 3000 mg to about 10000 mg.

(b} Vitamin B¢
[8887] Active agent (b) of the composition is vitamin Be. The term “vitamin Bs” refers to a
group of biologically interconvertible compounds of similar chemical structire. The active

form is pyridoxal 5’ -phosphate, which has the following structure:
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[6688] However any of the known forms (vitamers) of vitamin Bs may be used in the
prescnt invention, including but not limited to pyridoxine, pyridoxine 5 -phosphate,
pyridoxal, pyridoxal 5-phosphate, pyridoxamine, pyridoxamine 5’ -phosphate and pyritinol.
Active agent (b} may comprise a single vitamer of vitamin Be or may comprise a mixtore of
two or more vitamers in any ratio. For example, active agent (b) may consist of pyridoxal 57~
phosphate. Alternatively, active agent (d) may consist of a mixture of pyridoxal 5'-phosphate
and one or more other vitamin Bg vitamers.
[8089] In some embodiments, the vitamin Bs component of the composition comprises
pyridoxal 5 -phosphate. In some cmbodiments, the vitamin Be component of the composition
consists of pyridoxal 5’ -phosphate. In some embodiments, the vitamin Bg component of the

composition comprises pyridoxine. In some embodiments, the vitanin Be component of the
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composition consists of pyridoxine. In somc embodiments, the vitamin Be component of the
composition comprises pyridoxine 5”-phosphate. In some embodinents, the vitamin Bs
component of the composition consists of pyridoxine 5" -phosphate.

1303961  In some embodiments, active agent (b) is at least about 60%, about 65%, about
70%., about 75%, about 80%. about 85%, or about 90% pure. In this context, the % purity
cxcludes the weight of any other active agent and any added counter-ion, vehicle, diuent,
excipient, or carrier within active agent (b} or any other component of the composition.
Thus, purity in this context refers to the purity of the vitamin Bs component per se.

[8091] In some embodiments, the composition comprises at least about 1 wi% active agent
(b}, for example at least about any one of 1.5 wt%, 2 wi%, 2.5 wt%, 3 wi%, 3.5 wt%, 4 wt%,
4.5 wi%, 5 wt%, 3.5 wi%, 6 wit%, 6.5 wi%, 7 wt%, or 7.5 wt%, based on the total weight of
active agents (a)-(d) in the composition. In some embodiments, the composition comprises
up to about 7.3 wi% active agent (b), for example, up to about any one of 7 wit%, 6.5 wit%, 6
wt%, 5.5 wt9%, 5 wt%, 4.5 wt%, 4 wi%e, 3.5 wt%, 3 wt%, 2.5 wt%, 2 wt%, or 1.5 wt%, based
on the total weight of active agents (a)-(d) in the composition. In some embodiments, the
composition comprises about T wt% to about 7.5 wt% active agent (b}, for example, about
any one of 1-1.5 wit%, 1-2 wi%, 1-4 wi%, 1.5-5 wt%, 2.5-7.5 wit%, 2.5-3 wt%, 5-7.5 wt%, 3-
4 wt%, 4-5 wt%, 5-6 wt%, or 6-7 wt%, bascd on the total weight of active agents (aj-(d) in
the composition. In some embodiments, the composition comprises about 1.4 wi%, 4 wt%,
or 4.8 wt% active agent (b), based on the total weight of active agents (a)-(d) in the
COMPOSItion.

[8092] In some embodiments, the composition comprises at least about 2 wi% active agent
(b}, for example at least about any one of 2.5 wit%, 3 wt%, 3.5 wt%, 4 wi%, 4.5 wt%h, §
wt%, 5.5 wt%, & wi%, 6.5 wit%, or 7 wt%, based on the total weight of active agents {a)-{d)
and (k) in the composition. In some embodiments, the composition comprises up o about 7
wt% active agent (b), for example, up to about any one of 6.5 wt%, 6 wt%, 5.5 wt%, 5§ wt%,
4.5 wtPh, 4 wt%, 3.5 wi%, 3 wi%, or 2.5 wt%, based on the total weight of active agents {(a)-
(dy and (k) in the composition. In some cmbodiments, the composition comprises about 2
wt% to about 7 wt% active agent (b), for example, about any one of 2-3 wi%, 3-4 wt%, 4-3
wt%, S5-6 wt%, 6-7 wit%, 2-5 wt%, or 4-7 wi%, based on the total weight of active agents {a)-
{d) and (k} in the composition. In some embodiments, the composition comprises about 3.8
wt% active agent (b}, based on the total weight of active agents (a)-(d) and (k) in the

COMpOoSition.
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{86937 In some embodiments, the composition comprises at least about 1 wt% active agent
(b}, for example at least about any one of 1.5 wt%, 2 wt%, 2.5 wt%, 3 wt%, 3.5 wt%, 4 wt%,
or 4.5 wt%, based on the total weight of active agents (a)-(f) in the composition. In some
embodiments, the composition comprises up to about 5 wi% active agent (b), for example, up
to about any one of 4.5 wt%, 4 wi%, 3.5 wt%, 3 wtPh, 2.5 wt%, 2 wt%, or 1.5 wt%, based on
the total weight of active agents (a)-(f) in the composition. In some embodiments, the
composition comprises about § wi% to about 5 wt% active agent (b), for example, about any
one of 1-2 wt%, 2-3 wt%, 3-4 wt%, 4-5 wt%, 1-4 wit%, or 2-3.5 wt%, based on the total
weight of active agents (a)-(f) in the comuposition. In some embodiments, the composition
compriscs about 3.0 wt% active agent (b), based on the total weight of active agents {a)-(f} in
the composition.

13694] In some embodiments, the composition comprises at Ieast about 1 wt% active agent
(b), for example at least about any one of 1.1 wt%, 1.2 wit%, 1.3 wt%, 1.4 wt%, 1.5 wt%, 1.6
wit%, 1.7 wt%, 1.8 wi% or 1.9 wit%, based on the total weight of active agents (a}-(f} and (j)
in the composition. In some embodiments, the composition comprises up to about 2 wit%
active agent (b), for example, up to about any one of 1.9 wt%, 1.8 wt%, 1.7 wt%, 1.6 wi%,
1.5 wi%, 1.4 wi%, 1.3 wt%, 1.2 wit%, or 1.1 wi%, based on the total weight of active agents
(a)-(fy and (j) in the composition. In some embodiments, the composition comprises about 1
wt% to about 2 wt% active agent (b), for example, about any one of 1-1.5 wi%, 1.5-2 wt%,
1.2-1.8 wit%, 1.4-1.6 wt%, 1.6-1.8 wt%, or 1.3-1.8 wt%, based on the total weight of active
agents (a)-(f and {j) in the composition. In some embodiments, the composition comprises
about 1.7 wt% active agent (b), based on the total weight of active agents (a)-(f) and (3) in the
COMPOSHIOT.

[#395]  In some embodiments, the composition comprises at least about 1 wt% active agent
(b}, for example at lcast about any onc of 1.5 wt%, 2 wi%, 2.5 wt%, 3 wt%, 3.5 wi%. 4 wt%,
or 4.5 wt%, based on the total weight of active agents (a)-(g) in the composition. In some
embodiments, the composition comprises up to about 5 wt% active agent (b), for example, up
to about any one of 4.5 wt%, 4 wt%, 3.5 wt%, 3 wt%, 2.5 wi%, 2 wt%, or 1.5 wt%, based on
the total weight of active agents {a)-(g) in the composition. In some embodiments, the
composition comprises about T wt% to about 5 wt% active agent (b), for example, about any
one of §-2 wt%, 2-3 wi%, 3-4 wt%, 4-5 wt%, 1-4 wi%, or 2-3.5 wt%, based on the total
weight of active agents (a)-(g} in the composition. In some embodiments, the composition
comprises about 2.9 wit% active agent (b), based on the total weight of active agents (a)-(g) in

the composition.
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[8696] In some embodiments, the composition comprises at least about 1 wt% active agent
(b}, for example at least about any one of 1.1 wt%, 1.2 wt%, 1.3 wt%, 1.4 wt%, 1.5 wt%, 1.6
wt%, 1.7 wt%, 1.8 wt% or 1.9 wt%, based on the total weight of active agents (a)}-(g) and (3}
in the composition. In some embodiments, the composition comprises up to about 2 wt%
active agent (b), for cxample, up to about any one of 1.9 wt%, 1.8 wt%, 1.7 wi%, 1.6 wt%,
1.5 wt%, 1.4 wte, 1.3 wt%, 1.2 wit%, or 1.1 wit%, based on the total weight of active agents
{a}-(g} and (3} in the composition. In some embodiments, the composition comprises about |
wt% to about 2 wt% active agent (b), for example, about any one of 1-1.5 wt%, 1.5-2 wi%,
1.2-1.8 wt%, 1.4-1.6 wit%, 1.6-1.8 wt%, or 1.3-1.8 wt%, based on the total weight of active
agents {a)-{g} and (3} in the composition. In some embodiments, the composttion comprises
about 1.6 wt% active agent (b), based on the total weight of active agents (a)-(g) and (j) in the
Composition.

[8697] 1n some embodiments, the composition comprises at jeast about 0.5 wt% active
agent {b), for example atf least about any one of 0.7 wt%, 0.9 wit%, 1.1 wt%h, 1.3 wit%, 1.5
wt%, 1.7 wt%, or 1.9 wi%, based on the total weight of active agents (a)-(i) in the
composition. In some embodiments, the composition compriscs up to about 2 wt% active
agent (b}, for example, up to about any one of 1.8 wt%, 1.6 wt%, 1.4 wi%, 1.2 wt%, 1 wt%,
(0.8 wi%, or 0.6 wt%, based on the total weight of active agents {a)-(i) in the composition. In
some embodiments, the composition comprises about (1.5 wt% to about 2 wi% active agent
(b), for example, about any one of 0.5-1 wit%, 1-1.53 wt%, 1.53-2 wt%, 0.5-1.5 wt%, 0.8-1.3
wt%, or 1-1.2 wit%, based on the total weight of active agents (a)-{1) in the composition. In
some embodiments, the composition comprises about 1.1 wt% active agent (b}, based on the
total weight of active agents {2)-(i) in the composition.

[B#098] In some embodiments, the composition comprises at least about 0.3 wt% active
agent (b), for example at least about any one of 0.4 wi%, 0.3 wt%, 0.6 wi%, 4.7 wt%, (.8
wit%, 0.9 wt%, § wit%, 1.1 wtY, or 1.2 wit% based on the total weight of active agents (a)-(3)
in the composition. In some embodiments, the composition comprises up to about 1.3 wt%
active agent (b), for example, up to about any onc of 1.2 wt%, 1.1 wt%, 1 wit%, 0.9 wi%, 0.8
wt%, 0.7 wt%, 0.6 wt%, 0.5 wt%, or .4 wt%, based on the total weight of active agents (a)-
(i) in the composition. In some embodiments, the composition comprises about 0.3 wt% to
about 1.3 wi% active agent (b), for example, about any one of 0.3-0.6 wt%, (.6-0.9 wt%, 0.9-
1.3 wt%, 0.3-1 wt%, 0.5-1.3 wt%, or (.5-1 wt%, bascd on the total weight of active agents
{a)-(3) in the composition. In some embodiments, the composition comprises about 0.88 wt%

active agent {b), based on the total weight of active agents (a)-(3) in the composition.
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[8699] In some embodiments, the composition comprises at least about 0.5 wit% active
agent (b), for example, at least about any one of 0.6 wt%, 0.7 wt%, 0.8 wt%, 0.9 wt%, 1.0
wt%, or 1.1 wt%, based on the total weight of active agents {a)-(d), (g)-(h) and (§) in the
composition. In some embodiments, the composition comprises up to about 1.6 wt% active
agent (b), for example, up to about any one of 1.5 wi%, 1.4 wt%, 1.3 wi%, or 1.2 wt%, based
on the total weight of active agents (a)-(d), (g)-(b) and (3) in the composition. In some
embodiments, the composition comprises about 0.5 wt% to about 1.6 wt% active agent (b},
for example, about any one of 0.6-1.6 wt%, 0.7-1.6 wt%, 0.8-1.6 wit%, 0.8-1.53 wt%, 0.8-1.4
wt%, 0.9-1.4 wt%, or 1.0-1.3 wt%, based on the total weight of active agents (aj-(d), (g)-(h
and () in the composition. In some embodiments, the composition comprises about 1.2 wt%
active agent {(b), based on the total weight of active agents (a)-(d), {g)-(h) and () in the
Composition.

[8106] 1n this way, the relative quantity of active agent (b) with respect to the other active
agents in the composition reflects the relative appropriate dosages.

[8101] In some embodiments, the composition comprises about 100 ug to about 2 mg of
vitamin Be, for example, at least about any one of 100 ug, 200 ug, 250 ug, 300 ug, 400 ug,
500 g, 600 ug, 700 pg, 800 ug, 900 pg, 1 mg, 1.1 mg, 1.2 mg, 1.3 mg, 1.4 mg, 1.5 mg, 1.6
mg, 1.7 mg, 1.8 mg, or 1.9 mg or about 200 ug to about 500 ug, about 500 g to about 750
ug, about 750 pg to about 1 pg, about 200 pg to about 750 pg, about 250 ug to about 1.5 mg,
about 200 pg to about 1.5 mg, or about 500 g o about 1.5 ug.

[8302] In some embodiments, the composition comprises about 10 mg to about 100 mg of
vitamin Bg, for example, at least about any one of 10 mg, 20 g, 25 mg, 30 mg, 40 mg, 50
mg, 60 g, 70 mg, 80 mg, %0 mg, or 100 mg, or about 20 mg to about 50 mg, about 50 mg to
about 75 mg, about 75 mg to about 100 mg, about 20 mg to about 75 mg, about 25 mg to

about 100 mg, about 20 mg to about 100 mg, or about 50 mg to about 100 mg.

{c} Vitamin Be

[8103] Acuve agent (¢) of the composition is vitamin Be, also known as folate. The term
“vitamin Be” encompasses folic acid and its congeners, any of which may be used in the
present invention, including but not limited to tetrahydrofolic acid, methyltetrahydrofolate,
methenvltetrahydrotolate, folinic acid and folacin.

[#184] Folic acid has the following chemical structure:
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[6105] Without being bound by any theory or hypothesis, vitamin Be, vitamin By, and
trimethylglycine may activate the methionine cycle, which degrades homocysteine. Small
amounts of vitamin Bz and vitamin B3 may be required for the methionine cycle, which may
be supplemented via the compositions described herein, or provided from dictary sources.
[#186] Active agent (c) may comprise a single congener of vitamin Be or may comprise a
mixture of two or more congeners in any ratio. For example, active agent (¢} may consist of
folic acid. Alternatively, active agent (¢} may consist of 3 mixture of folic acid and one or
more other vitamin Bo congeners, including tetrahydrofolic acid or tetrahydrofolate ("THE).
In some embodiments, active agent (¢} comprises methyl folate. In some embodiments, active
agent (¢} is methyl folate. In some embodiments, active agent (¢) comprises THE. In some
embodiments, active agent (¢} is THF.

[#187]  In some embodiments, the vitamin By component of the composition comprises
folic acid or tetrahydrofolate. In some embodiments, the vitamin By component of the
composition consists of folic acid or tetrahvdrofolate.

18108] In some embodiments, active agent {¢) is at least about 60%, about 65%, about
70%, about 75%, about 80%, about 5%, or about 90% pure. In this context, the % purity
cxcludes the weight of any other active agent and any added counter-ion, vehicle, diluent,
excipient, or carrier within active agent (¢) or any other component of the composition. Thus,
purity in this context refers to the puarity of the vitamin By component per se.

[6109] In some embodiments, the composition comprises at least about .01 wt% active
agent {c), for example at least about any one of 0.02 wt%, (.03 wt%, 0.04 wi%, 0.05 wt% ,
0.06 wt%, 0.07 wt%, 0.08 wi%, (.09 wt%, or 1.0 wi%, based on the total weight of active
agents (a)-(d) in the composition. {n some embodiments, the composition comprises up o
about 1.0 wt% active agent (¢), for example up to about any one of 0.09 wi%, 0.08 wt%, 0.07
wit%, .06 witf%, §.05 wi%, 0.04 wt%, 0.03 wt%, 4.02 wt%, or 0.01 wt%, based on the total
weight of active agents (a)-(d) in the composition. In some cmbodiments, the composition
comprises about 0.01 wt% to about 1.0 wt% active agent {¢), for example about any one of
0.01-0.08 wt%, 0.01-0.05 wi%, 0.05-1.0 wt%, 0.01-0.04 wt%, 0.04-0.08 wt%, (.01-0.03

wit%, (.83-0.06 wi%, 0.06-0.08 wt%, or 0.02-0.06 wi%, based on the total weight of active
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agents (a)-(d) in the composition. In some embodiments, the composition comprises about ,
0.038 wi%, 0.046 wt%, or 0.079 wt% active agent (¢}, based on the total weight of active
agents (a)-{d} in the composition.

[#138] In some embodiments, the composition comprises at least about .01 wit% active
agent {c), for example at least about any one of 0.02 wt%, 0.03 wt%, 0.04 wt%, 0.05 wt% ,
(.06 wt, 0.07 wt%, or .08 wi%, based on the total weight of active agents {(a)-(d) and (i) in
the composition. In some embodiments, the composition comprises up to about 0.08 wi%
active agent {¢), for cxample up to about any one of 0.07 wit%, .06 wt%, 0.05 wt%, 0.04
wt%, .03 wt%, 0.02 wi%, or 0.01 wt%, based on the total weight of active agents (a}-(d)
and (k) in the composition. {n some embodiments, the composition comprises about .01
wt% to about .08 wt% active agent (¢}, for example about any one of (1.01-0.04 wt%, 0.04-
0.08 wt%, (.01-0.03 wit%, 0.03-0.06 wi%, 0.06-0.08 wt%, or (.02-0.06 wt%, based on the
total weight of active agents (a)-(d) and (k) in the composition. In some embodiments, the
composition comprises about 8.031 wt% active ageunt (¢}, based on the total weight of active
agents (a)-(d) and (k) in the composition.

[#111]  In some embodiments, the composition comprises at least about 0.001 wt% active
agent {c), for example at least about any one of 0.002 wi%, 0.004 wt%. 0.006 wi%, 0.008
wi% , .01 wit%, 0.012 wi%, 0.014 wit%, 0.016 wt%, or 0.018 wi% based on the total weight
of active agents (a)-(f) in the composition. In some embodiments, the composition compriscs
up to about 0.02 wt% active agent {¢), for example up to about any one of 0.018 wt%, 0.016
wit%, 0.014 wt%, 0.012 wt%, 0.01 wt%, 0.008 wt%, 0.006 wt%, 0.004 wt9%, or 0.002 wt%,
based on the total weight of active agents (a)-(f) in the composition. In some embodiments,
the composition comprises about 0.001 wt% to about 0.02 wt% active agent (¢}, for example
about any one of 8.002-0.01 wt%, 0.005-0.015 wit%, 0.007-0.013 wit%, 0.01-0.02 wi%,
0.012-0.018 wt%, or 0.014-0.016 wt%, bascd on the total weight of active agents (aj-(f) in
the coroposition. In some embodiments, the composition comprises about 0.016 wt% active
agent {¢}, based on the total weight of active agents {(a)-{f} in the composition.

{6112} In some embodiments, the composition comprises at least about 0.001 wt% active
agent (), for cxample at least about any one of 0.002 wi%, 0.004 wt%, 0.006 wt%, 0.008
wt% , 0.01 wit%, 0.012 wt%, or 0.014 wt%, based on the total weight of active agents (a)-(f)
and (j) in the composition. In some embodiments, the composition comprises up to about
0.015 wt% active agent (¢}, for example up to about any one of 0.014 wt%, 0.012 wit%, (.01
wit%, 0.008 wt%, 0.006 wit%, 0.004 wi%, or 0.002 wt%, based on the total weight of active

agents {a)-{f} and () in the composition. In some embodiments, the composition comprises
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about 0.001 wt% to about 0.015 wt% active agent {¢), for example about any one of 0.002-
0.005 wit%, 0.005-0.010 wi%, 0.018-0.015 wt%, .002-0.010 wi%, 0.005-0.012 wt%, or
0.005-0.012 wt%, based on the total weight of active agents {(a)-(f) and {j) in the composition.
In some embodiments, the composition comprises about 0.0089 wit% active agent (¢}, based
on the total weight of active agents {(a)-(f) and (3} in the composition.

[6113] In some embodiments, the composition comprises at least about 0.001 wt% active
agent {c), for example at least about any one of 0.002 wi%, 0.004 wi%, 0.006 wt%, 0.008
wt% , 0.01 wt%, 0.012 wt%, 0.014 wit%, 0.016 wt%, or 0.018 wt% based on the total weight
of active agents (a)-(g) in the composition. In some embodiments, the composition comprises
up to about 8.02 wit% active agent (¢), for example up to about any one of 0.018 wi%, 0.016
wit%, 0.014 wi%, 0.012 wt%, 0.01 wt%, 0.008 wi%, (0.006 wt%, 0.004 wt%, or 0.002 wt%,
based on the total weight of active agents (a)-(g) in the composition. In some embodiments,
the coraposition comprises about 0.001 wt% to about 0.02 wt% active agent (¢}, for example
about any one of 8.002-0.01 wi%, 0.005-0.015 wit%, 0.807-0.013 wt%, 0.01-0.02 wit%,
0.012-0.018 wt%, or 0.014-0.016 wt%, based on the total weight of active agents (a)-{(g) in
the composition. In some ermnhodiments, the composition comprises about 0.016 wt% active
agent {c), based on the total weight of active agents {a)-(g) in the composition.

i#114] In some embodiments, the composition comprises at least about 3.001 wt% active
agent (¢}, for example at least about any one of 0.002 wt%, 0.004 wi%, 0.006 wt%, 0.008
wt% , 0.01 wit%, 0.012 wt%, or 0.014 wt%, based on the total weight of active agents (a)-(g)
and () in the composition. In some embodiments, the composition comprises up to about
0.015 wt% active agent (¢}, for exarople up 1o about any one of 0.014 wi%, 0.012 wit%, 0.01
wt%, 0.008 wt%, 0.006 wi%, 0.004 wt%, or 0.002 wt%, based on the total weight of active
agents {a)-{g} and (3} in the composition. In some embodiments, the composition comprises
about 3.001 wt% to about 0.015 wt% active agent {¢), for example about any one of 0.002-
0.005 wt%, 0.005-0.010 wit%, 6.010-0.015 wt%, 0.002-0.010 wt%, 0.005-0.012 wi%, or
0.005-0.012 wt%, based on the total weight of active agents (a)-(g) and (§) in the
composition. In some embodiments, the composition comprises about 0.0088 wt% active
agent {c), based on the total weight of active agents (a)-(g) and (§) in the composition.

[#1158] In some embodiments, the composition comprises at least about 0.001 wi% active
agent {c), for example at least about any one of 0.002 wi%, 0.004 wt%. 0.006 wi%, 0.008
wit% , .01 wt%, 0.012 wi%, or 0.014 wit%, hased on the total weight of active agents {a)-(i)
in the composition. In some embodiments, the composition comprises up to about 0.015 wi%

active agent {¢), for example up to about any one of 0.014 wt%, 0.012 wt%, (.01 wt%, 0.008
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wt%, 0.006 wi%, 0.004 wi%, or 0.002 wi%, based on the total weight of active agents (a)-(i)
in the composition. In some embodiments, the composition comprises about 0.001 wit% o
about 0.015 wi% active agent {c), for exampie about any one of 0.002-0.005 wt%, .005-
3.010 wt9%, 0.010-0.015 wit%, 0.002-0.010 wt%, 0.002-0.008 wt%, or (.005-0.012 wit%,
based on the total weight of active agents (a)-(i) in the composition. In some embodiments,
the coraposition comprises about 0.0061 wi% active agent (c), based on the total weight of
active agents {a}-(i) in the composition.

{6116} In some embodiments, the composition comprises at least about 0.001 wt% active
agent (), for cxample at least about any one of 0.002 wi%, 0.003 wt%, 0.004 wt%, 0.005
wt%, 8.006 wt%, 0.007 wi%, 0.008 wt% , or 0.009 wi%, based on the total weight of active
agents (a}-(j) in the composition. In some embodiments, the composition comprises up to
about 0.010 wt% active agent (¢), for example up to about any onc of (.009 wt%, 0.008 wt%,
0.007 wt%, 0.006 wi%, 0.005 wt%, 0.004 wt%, 0.003 wt%, or 8.002 wit%, based on the total
weight of active agents {a)-(3) in the composition. In some embodiments, the composition
comprises about 0.001 wt% to about 0.010 wi% active agent (¢}, for exaraple about any one
of 0.001-0.005 wit%, 0.005-0.010 wt%, (.002-0.008 wt%, 0.003-0.007 wit%, or 0.004-0.006
wt%, based on the total weight of active agents (a)-(j) in the composition. In some
embodiments, the composition comprises about 0.0046 wt% active agent {c), based on the
total weight of active agents (a)-(3) in the composition.

[6117] In some embodiments, the composition comprises at feast about 0.001 wt% active
agent {c), for example, at least about any one of 0.002 wt%, 0.003 wt%, 0.004 wt%, 0.045
wt%, or 0.006 wt%, based on the total weight of active agents (a)-{d), (g)-(h) and (4) in the
composition. In some embodiments, the composition comprises up to about 0.01 wit% active
agent {c), for example, up to about any one of 4.009 wit%, 0.008 wt%, or 0.007 wi%, based
on the total weight of active agents (a)-(d), (g)-(h) and (§) in the composition. In some
embodiments, the composition comprises about 0.001 wi% to about 0.01 w1% active agent
(c), for example, about any one of 0.002-0.01 wit%, 0.003-0.01 wt%, 0.003-0.00% wt%,
0.003-0.009 wi%, 0.003-0.008 wt%, 0.004-0.008 wt%, or (.005-0.007 wt%, based on the
total weight of active agents (a)-(d}, (g)-(h) and (j) in the composition. In some
embodiments, the composition comprises about 0.0065 wt% active agent {c), based on the
total weight of active agents {a)-(d), {g)-(h) and (3} in the composition.

[6118] In this way, the relative quantity of active agent {¢) with respect o the other active

agents in the composition reflects the relative appropriate dosages.

(]
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[8119] In some embodiments, the composition comprises about 8.1 mg to about 2 mg of
vitamin B, for example, at least about any one of 0.1 g, 0.25 mg, 0.5 mg, 0.8 mg, 09 mg, 1
mg, 1.1 mg, 1.2 mg, 1.3 mg, 1.4 mg, 1.5 mg, or 2 mg, or about 0.1 mg to 1.0 mg, about 0.1
mg to about (.5 mg, about 0.5 mg to about 1 mg, about I mg to about 1.5 mg, about I mg to
about 2 mg, about 0.5 mg to about 1.5 mg, about (.75 mg to about 1.25 mg, or about 0.8 mg

to about 1.5 mg.

{d) Vitamin By

18128]  Active agent {d) of the composition is vitamin By, also known as cobalamin. The
term “vitamin B12” encompasses a group of related compounds (vitamers) which are
chemically related. The core structure of vitamin B2 compounds consists of a cobalt atom
chelated by a corrin ring.

j#128] There arc four commonly recognized vitamers of vitamin B, any of which may be
used in the present invention. These four vitamers are represented by the varying R group in

the following general structure:

R = §-denxyadenasy, Me, OH, ON (Iv)
[#322]  The four vitamers are cyanocobalamin (R = CN), hydroxocobalamin (R = OH),
adenosyicobalamin (R = 5’ -deoxvadenosyl) and methylcobalamin (R = Me).
[8823] Active agent {(d) may comprise a single vitamer of vitamnin Bi» or may comprise a
mixture of two or more vitamers in any ratio.
[#124] In some embodiments, active agent {d) is at least about 60%, about 65%, about
T0%, about 75%, about 80%, about 85%, or about 90% pure. In this context, the % purity

excludes the weight of any other active agent and any added counter-ion, vehicle, diluent,
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cxcipient, or carrier within active agent (d) or any other component of the composition.

Thus, purity in this context refers to the purity of the vitamin B, component per se.

[#125]  In some embodiments, the composition comprises at least about 0.01 wt% active
agent {d), for example at least about any ong of 0.015 wt%, 0.02 wt%, 0.025 wt%, 0.03 wt% ,
0.035 wt%, 0.04 wt%, 0.045 wt%, 0.05 wt%, .06 wit%h, 0.07 wt%, 0.08 wit%, 0.09 wt%, (.10
wt%, 0.12 wt%, or 0.14 wt%, based on the total weight of active agents (a)-(d) in the
composition. In some embodiments, the composition comprises up to about (.15 wt% active
agent {d), for example up to about any one of 0.13 wt%, 0.11 wt%, 0.09 wt%, 0.07 wt%, 0.05
wt%e, 0.045 wt%h, .04 wi%, 0.035 wt%, 0.03 wt%, 0.025 wi%, 0.02 wt%, 0.015 wt%, or (.01
wt%, based on the total weight of active agents {a)-(d) in the composition. In some
embodiments, the composition comprises about 0.01 wt% to about .15 wt% active agent (d),
for example about any one of 0.01-0.02 wt%, 0.02-0.03 wt%, 0.03-0.04 wt%. 0.04-0.05 wt%,
0.01-0.03 wt%, 0.02-0.05 wt%, 0.053-0.10 wt%, or 0.10-0.15 wt%, based on the total weight
of active agents {a)-{d) in the composition. In some embodiments, the composition
comprises about 0.024 wt%, .029 wt%, or 0.040 wt% active agent {d), based on the total
weight of active agents {(a)-{d) in the composition.

[#126] In some embodiments, the composition comprises at least about 0.01 wit% active
agent {d), for example at least about any ong of 0.015 wt%, 0.02 wt%, 0.025 wt%, 0.03 wt% ,
0.035 wt%, 0.04 wt%, or (.045 wi%, based on the total weight of active agents (a)-(d) and (k)
in the composition. In some embodiments, the composition comprises up to about 0.05 wit%
active agent {d), for example up to about any one of 0.045 wit%, 0.04 wt%, (.035 wt%, .03
wt%, 0.025 wt%, 0.02 wt%, 0.015 wt%, or .01 wt%, based on the total weight of active
agents (a)-(d) and (k) in the composition. In some embodiments, the composition comprises
about 0.01 wi% to about 8.03 wit% active agent (d), for example about any one of 8.01-0.02
wit%, 0.02-0.03 wit%, 0.03-0.04 wt%, 0.04-0.05 wt%, 0.01-0.03 wt%, or 0.02-0.05 wt%,
based on the total weight of active agents (a)-(d) and (k) in the composition. In some
embodiments, the composition comprises about 0.019 wi% active agent {d), based on the
total weight of active agents (a)-{d} and (k) in the composition.

[8127] in some embodiments, the composition comprises at least about 0.0005 wit% active
agent {d}, for exarople at least about any one of 0.001 wt%, (.002 wi%, 0.003 wt%, or 0.004
wt%, based on the total weight of active agents {a)-(f) in the composition. In some
cmbodiments, the composition comprises up to about 0.005 wt% active agent (d), for
cxample up to about any one of 0.004 wi%, 0.003 wi%, 0.002 wt%, or 0.001 wit%, based on
the total weight of active agents (a)-(f) in the composition. In some embodiments, the
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composition comprises about 6.0005 wt% to about 8.005 wt% active agent {d). for example
about any one of 0.0005-0.001 wt%, 0.001-0.002 wt%, 0.002-0.003 wi%, 0.003-0.004 wt%,
(.004-0.005 wt%, 0.002-0.005 wt% or 0.003-0.004 wt%, based on the total weight of active
agents (a)-(f) in the composition. In some embodiments, the composition comprises about
(.0030 wt% active agent {d), based on the total weight of active agents (a)-(f) in the
COMpOosition.

[6i28] In some embodiments, the composition comprises at least about 0.0005 wt% active
agent {d), for example at least about any one of (L0006 wt%, 0.0008 wt%, 0.001 wt%, 0.0012
wt%, 0.0014 wt%, 0.0016 wt%, 0.0018 wit%, 0.002 wt9e, or 0.0025 wt%, bascd on the total
weight of active agents (a)-() and () in the composition. In some embodiments, the
composition comprisas up to about 0.003 wi% active agent (d}, for example up to about any
one of G.0025 wit%, 0.002 wt%, 0.0018 wt%, 0.0016 wi%, 0.0014 wt%, 0.0012 wt%, 0.001
wit%, 0.0008 wt%, or 0.0000 wi%, based on the total weight of active agents (a)-(f) and () in
the composition. In some embodiments, the composition comprises about 8.0005 wi% to
about 0.003 wi% active agent {d), for example about any one of (.0005-0.001 wt%, 0.001-
(.002 wit%, 0.002-0.003 wi%, 0.001-0.003 wt%, 0.00605-0.0002 wt%, or 0.0015-0.0025 wi%,
based on the total weight of active agents (a)-(f) and (§) in the composition. In some
embodiments, the composition comprises about 0.6017 wt% active agent {d), based on the
total weight of active agents (a)-(f) and (j) in the composition.

[6129] 1n some embodiments, the composition comprises at jeast about 0.0005 wt% active
agent {d), for example at least about any one of (L001 wt%, 0.002 wi%, 0.003 wt%, or (.004
wt%, based on the total weight of active agents {a)-(g) in the composition. In some
embodiments, the composition comprises up to about 0.005 wit% active agent (d), for
example up to about any one of 0.004 wt%, 0.003 wt%, 0.002 wt%, or (.001 wt%, based on
the total weight of active agents (a)-(g) in the composition. In somc embodiments, the
composition comprises about 0.0005 wt% to about 0.005 wt% active agent (d), for example
about any one of 0.0005-0.001 wt%, 0.001-0.002 wi%, 0.002-0.003 wt%, 0.003-0.004 wt%,
0.004-0.005 wt%, (.002-0.005 wi% or 3.003-0.004 wt%, based on the total weight of active
agents (a)-(g) in the composition. In some embodiments, the composition comprises about
0.0029 wit% active agent {d), based on the total weight of active agents (a)-(g) in the
COMPOSIon.

161306] In some embodiments, the composition comprises at least about .0005 wt% active
agent {d), for example at least about any one of 0.0006 wt%, 0.0008 wit%, 0.001 wt%, 0.0012

wt%, 0.0014 wt%, 0.0016 wit9%, 0.0018 wt%, 0.002 wt%, or 0.0025 wi%, based on the total
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weight of active agents {a)-{(g) and {§) in the composition. In some embodiments, the
composition comprises up to about 0.003 wt% active agent (d), for example up to about any
one of 0.0025 wit%, 0.002 wit%, 0.0018 wt', 0.0016 wit%, 0.0014 wt%, 0.0012 wi%, 0.001
wt%, 0.0008 wt%, or 0.0006 wi%, based on the total weight of active agents {a}-{g) and (j)
in the composition. In some embodiments, the composition comprises about 0.0005 wt% to
about 0.003 wt% active agent {(d), for example about any one of 0.0005-0.001 wt%, 0.001-
0.002 wt%, 0.002-0.003 wt%, 0.001-0.003 wt%, (.0003-0.0002 wi%, or 0.0015-0.0023 wt%,
based on the total weight of active agents (a)-(g) and (§) in the composition. In some
cmbodiments, the composition comprises about 0.0016 wt% active agent {d), based on the
total weight of active agents {a)-(g) and {§) in the composition.

i#131] In some embodiments, the composition comprises at least about .0001 wit% active
agent (d), for example at least about any one of 0.0002 wt%, 0.0004 wi%, 0.0006 wt%,
0.0008 wit%, 0.0010 wt%, 0.0012 wit%, 0.0014 wit%, 8.0016 wi%, or 0.0018 wt%, based on
the total weight of active agents (a)-(1} in the composition. {1 some embodiments, the
composition comprises up to about 0.002 wt% active agent (d), for example up to about any
one of 0.0018 wit%, 0.0016 wi%, 0.0014 wi%, 0.0012 wit%, 0.0010 wit%, 0.0008 wit%,
(.0006 wit%, 0.0004 wi%, or 0.0002 wi%, based on the total weight of active agents {a)-(i) in
the composition. In some embodiments, the composition comprises about 0.0001 wt% to
about (.002 wt% active ageut (d), for exaraple about any one of 0.0001-0.0005 wi%, 0.0005-
0.061 wt%, (0.001-0.0015 wt%, 0.0015-0.002 wt%, 0.0005-0.0015 wit%, or 0.0008-0.0012
wt%, based on the {otal weight of active agents {a)-(i) in the composition. In some
cmbodiments, the composition comprises about 0.0011 wt% active agent {d), based on the
total weight of active agents {2)-(i) in the composition.

[#132] In some embodiments, the composition comprises at least about 0.0001 wit% active
agent {d), for example at least about any ong of 0.06002 wt%, (.0004 wt%, 0.0006 wt%,
0.0008 wit%, 0.0010 wt%, 0.0012 wit%, 0.0014 wit%, 8.0016 wi%, or 0.0018 wt%, based on
the total weight of active agents (a)-(3) in the composition. {1 some embodiments, the
composition comprises up to about 0.002 wt% active agent (d), for example up to about any
one of 0.0018 wi%, 0.0016 wt%, 0.0014 wt%, 0.0012 wt%, 0.0010 wi%, 0.0008 wit%,
(.0006 wi%, 0.0004 wit%, or 0.0002 wi%, based on the total weight of active agents (a)-(j) in
the composition. In some embodiments, the composition comprises about 0.0001 wi% to
about (.002 wt% active ageut (d), for exaraple about any one of 0.0001-0.0005 wi%, 0.0005-
0.061 wt%, (0.001-0.0015 wt%, 0.0015-0.002 wt%, 0.0005-0.0015 wit%, or 0.0008-0.0012

wi%, based on the total weight of active agents (a)-(3} in the composition. In some
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embodiments, the composition comprises about (.00088 wt% active agent (d), based on the
total weight of active agents (a)-(j) in the composifion.

[#133]  In some embodiments, the composition comprises at least about 0.0003 wi% active
agent {d), for example, at least about any one of G.0006 wt%, 0.0007 wt%, 0.0008 wt%,
(.0009 wt%, or 0.001 wt%, based on the total weight of active agents (a)-(d), (g)-(h)y and ()
in the composition. In some embodiments, the composition comprises up to about 0.002 wi%
active agent {d), for example up to about any one of 0.0015 wit%, (.0014 wt%, 0.0013 wt%,
or 0.00125 wit%, based on the total weight of active agents {a)-(d), (g)-(h) and {j} in the
composition. In some embodiments, the composition comprises about 0.0005 wt% to about
(.002 wi% active agent (d), for example, about any one of 0.0006-0.002 wt%, 0.0007-0.002
wt%, 0.0008-0.002 wt%, 0.0008-0.0019 wt%, 0.0008-0.0015 wt%, 0.0009-0.0014 wt%, or
(.001-0.0013 wt%, based on the total weight of active agents (a)-(d), (g)-(h) and (j) in the
composition. In some embodiments, the composition comprises about 0.0012 wi% active
agent {d), based on the total weight of active agents {a)-{d), {g)-(h} and () in the composition.
[8134] In this way, the relative quantity of active agent {d) with respect to the other active
agents in the composition reflects the relative appropriate dosages.

[#135] In some embodiments, the composition comprises about 200 ng to about 3 g of
vitamin By, for example, at least about any one of 200 ng. 500 ng, ¥ ng, 1.2 pg. 1.3 ug, 1.4
ug, Fopg 1.6, 170, 1.8 ug, 1% ug, 2ug. 22 g, 23 ug, 24 ug, 2.5 ug, 2.6 ug, 2.7 pg,
2.8 pg, or 2.9 ug, or about 200 ng to about 1 pg, about 1 ug to about 2 pg, about 2 pg to about
3 ug, about 500 ng to about t ug, about 1 ug o about 2.5 ng, about 800 ng to about 1.5 ug,
about 2 pg to about 2.5 ug, about 1.3 ug to about 2.3 pg, or about 1.4 ug to about 2.4 ug..
[#136] In some embodiments, the composition coraprises about 20 pg to about 3 mg of
vitamin Biz, for example, at least about any one of 20 pg, 30 pg, 0.1 mg, 0.2 mg, 0.3 mg, 0.4
mg, 0.5 mg, (.6 mg, 0.7 mg. 0.8 mg, 0.9 mg, 1 mg, 2 mg or 3 mg, or about .1 mg to about 1
mg, about 1 mg to about 2 mg, about 2 mg to about 3 mg, about 530 ug to about 0.5 mg, about
0.1 mg to about (1.5 mg, about .5 mg to about { mg, about 0.2 mg to about 1 mg, about .3
mg to about 1 mg, about 0.4 mg to about 1 mg, about .25 mg to about (.75 mg. or about (0.4

mg to about 0.8 mg.

{e} Ouercetin

[#137]  Active agent (e) of the composition is quercetin. Quercetin is a flavonoid having

the following structure:
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{8138} In some embodiments, active agent () is at lcast about 60%, about 65%, about
T0%, about 75%, abowut 80%, about 85%, or about 90% pure. In this context, the % purity
excludes the weight of any other active agent and any added counter-ion, vehicle, diluent,
excipient, or carrier within active agent () or any other component of the corposition. Thus,
purity in this context refers to the purity of the quercetin component per se.

[613%] In some embodiments, the composition comprises at feast about 5 wt% active agent
{e}, for example at least about any one of 7 wt%, 9 wt%, 11 wt%, 13 wi%, 15 wit%, 17
wt%, or 19 wt%, based on the total weight of active agents (a)-(f) in the composition. In some
embodiments, the composition comprises up to about 20 wt% active agent (), for example
up to about any one of 18 wi%, 16 wi%, 14 wi%, 12 wi%, 10 wt%, 8 wt%, or 6 wt%, based
on the total weight of active agents (a)-(f) in the composition. In some embodiments, the
composition comprises about 5 wt% to about 20 wi% active agent (e}, for example about any
one of 5-10 wit%, 10-15 wit%, 15-20 wt%, 10-20 wt9%, 5-15 wt%, or 7-14 wt%, based on the
total weight of active agents (a)-(f) in the composition. In some embodiments, the
composition comprises about 12.1 wt% active agent (), based on the total weight of active
agents (a)-(f) in the composition.

j#148] In some cmbodiments, the composition comprises at icast about 1 wt% active agent
(e}, for exampile at least about any one of 2 wt%, 3 wt%, 4 wt%, 5 wt%, 6 wi%, 7 wt%, &
wt%, 9 wit%, 10 wt%, or 11 wi%, based on the total weight of active agents (a)-(f) and (3) in
the composition. In some embodiments, the composition comprises up to about 12 wt%
active agent (), for example up to about any one of 11 wt%, 10 wt%, 9 wt%, 8 wi%, 7 wt%,
6 wit%, 5 wt%, 4 wt%, 3 wt%, or 2 wt%, based on the total weight of active agents (a)-(f) and
(3} in the composition. i some embodirnents, the composition comprises about 1 wi% tw
about 12 wt% active agent (¢}, for example about any one of 1-4 wt%, 4-8 wit%, 8-10 wt%, 2-
10 wt%, or 4-6 wt%, bascd on the total weight of active agents (a)-(f) and (§) in the
composition. In some embodiments, the composition comprises about 6.7 wit% active agent

(e}, based on the total weight of active agents {a)-(f) and (j) in the composition.
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j6148] In some embodiments, the composition comprises at least about 3 wt% active agent
(e}, for example at lcast about any one of 7 wt%, 9 wt%, 11 wt%, 13 wt%, 15 wt%, 17
wt%, or 19 wt%, based on the total weight of active agents (a)-(g) in the composition. In
some embodiments, the composition comprises up to about 20 wt% active agent (¢}, for
example up to about any one of 18 wi%, 16 wi%, 14 wi%, 12 wt%, 10 wi%, 8 wt%, or 6
wt%, based on the total weight of active agents (a)-(g) in the composition. In some
embodiments, the composition comprises about 5 wt% to about 20 wt% active agent (e). for
example about any one of 5-10 wi%, 10-15 wt%, 15-20 wt%, 10-20 wt%, 3-15 wt%, or 7-14
wt%, based on the total weight of active agents (a)-(g) in the composition. In some
embodiments, the composition comprises about 11.8 wt% active agent {(e), based on the total
weight of active agents (a)-(g) in the composition.

181421 In some embodiments, the composition comprises at Ieast about 1 wt% active agent
(e}, for example at least about any one of 2 wt¥%, 3 wt%, 4 wt%, 5 wtth, 6 wt%, 7 wt%, &
wit%, @ wi%, 10 wt%, or 11 wt%, based on the total weight of active agents {a)-(g) and (§) in
the composition. In some embodiments, the composition comprises up to about 12 wt%
active agent {e), for example up to about any one of 11 wt%, 10 wit%, 9 wt%, 8 wt%, 7 wt',
& wit%, 5 wt%, 4 wit%, 3 wt%, or 2 wt%, based on the total weight of active agents (a)-{g} and
(i) in the composition. {n some embodiments, the composition comprises about 1 wi% to
about 12 wt% active agent (¢), for example about any onc of 1-4 wt%, 4-8 wt%, §-10 wt%, 2-
10 wt%, or 4-6 wt%, based on the total weight of active agents (a)-(g) and () in the
composition. In some embodiments, the composition comprises about 6.6 wt% active agent
(e}, based on the total weight of active agents (a)-(g) and (3} in the composition.

[#143] In some embodiments, the composition comprises at least about 1 wi% active agent
(e}, for example at least about any one of 2 wi%, 3 wt%, 4 wt%, 5 wit%, 6 wi%, 7 wt%, 8§
wt%, or 9 wit%, based on the total weight of active agents (a)-{1) in the composition. In some
embodiments, the composition comprises ap to about 10 wt% active agent (e), for example
up to about any one of 9 wi%, & wi%, 7 wt%, 6 wt%, 5 wt%, 4 wi%, 3 wt%, or 2 wt%, based
on the total weight of active agents (a)-(i in the composition. In some embodiments, the
composition comprises about 1 wt% to about 10 wt% active agent (), for example about any
one of 1-5 wt%, 5-10 wt%, 2-8 wit%, 3-7 wt%, or 4-6 wt%, based on the total weight of
active agents (a)-(i) in the composition. In some embodiments, the composition comprises
about 4.6 wi% active agent (¢}, based on the total weight of active agents (a)-(i) in the

COMpOoSition.
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j8144] In some embodiments, the composition comprises at least about 1 wi% active agent
(e}, for example at lcast about any one of 2 wit%, 3 wi%, 4 wi%, S wt%h, 6 wt%h, 7 wi%, §
wt%, or 9 wi%, based on the total weight of active agents (a)-(}) in the composition. In some
embodiments, the composition comprises up to about 10 wi% active agent (¢), for example
up to about any one of 9 wt%, 8 wi%, 7 wt%h, &6 wt%, 5 wt%, 4 wi%, 3 wt%, or 2 wt%, based
on the total weight of active agents (a)-(3) in the composition. In some embodiments, the
composition comprises about 1 wi% to about 10 wi% active agent (e}, for example about any
one of 1-5 wt%, 5-10 wt%, 2-8 wt%, 3-7 wt%, or 4-6 wt%, based on the total weight of
active agents (a)-(j) in the composition. In some embodiments, the composition compriscs
about 3.5 wit% active agent {¢), based on the total weight of active agents {a)-{j) in the
composition.

131451 In this way, the relative quantity of active agent (¢} with respect to the other active
agents in the composition reflects the relative appropriate dosages.

18146] In some embodiments, the composition comprises about 50 mg to about 500 mg of
quercetin, for example, at least about any one of 50 mg, 100 mg, 150 mg, 200 mg, 250 mg,
300 mg, 350 mg, 400 g, 450 mg, or 500 mg, or about 50 mg to about 100 mg, about 100 mg
to about 200 mg. about 200 mg to about 300 mg, about 300 mg to about 400 mg, about 400

mg to about 500 mg, about 100 mg to about 500 myg, or about 100 mg to about 300 mg.

) Fisetin

[8347] Active agent (f) of the composition is fisetin, also known as 7, 37, 4"-flavon-3-ol.

Fisetin is a flavonoid having the following structure:
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[#148] In some embodiments, active agent {f) is at least about 60%, about 65%, about 70%,
about 75%. about 80%, about 85%, or about 90% pure. In this context, the % purity excludes
the weight of any other active agent and any added counter-ion, vehicle, diluent, excipient, or
carrier within active agent {f) or any other component of the composition. Thus, purity in this

context refers to the purity of the fisetin component per se.
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[6149] In some embodiments, the composition comprises at least about 1 wi% active agent
(f), for example at least about any onc of 2 wt%, 3 wt%, 4 wt%, 5 wt%, 6 wt%, 7 wt%, 8
wt%, or 9 wit%, hased on the total weight of active agents (a)-(f) in the composition. In some
embodiments, the composition comprises up to about 10 wi% active agent (I}, for exampie up
to about any one of 9 wit%, 8 wt%, 7 wt%, 6 wi%, 5 wt%, 4 wt%, 3 wt%, or 2 wt%, based on
the total weight of active agents (a)-(f) in the composition. In some embodiments, the
composition comprises about | wit% to about 10 wit% active agent (), for exampie about any
one of 1-5 wt%, 5-10 wt%, 2-8 wt%, 3-7 wt%, or 4-6 wt%, based on the total weight of
active agents {(aj-(f) in the composition. In some embodiments, the composition comprises
about 4.0 wt% active agent {f), based on the total weight of active agents (a)-(f) in the
composition.

131581  In some embodiments, the composition comprises at Ieast about 1 wt% active agent
(£}, for example at least about any one of 1.5 wt%, 2 wit%, 2.5 wt%, 3 wit%, 2.5 wt%, 4 wt',
or 4.5 wt%, based on the wtal weight of active agents (a)-(f) and (j) in the composition. In
some embodiments, the composition comprises up to about 3 wi% active agent (f), for
example up to about any one of 4.5 wt%, 4 wt%, 3.5 wit%, 3 wt%, 2.5 wt'o, 2 wi%, or 1.5
wt%, based on the total weight of active agents {a)-(f) and () in the compositon. In some
embodiments, the composition comprises about 1 wit% to about 5 wt% active agent (f), for
cxample about any onc of 1-2 wit%, 2-3 wt%, 3-4 wt%, 4-5 wit%, or 2-4 wt%, based on the
total weight of active agents (a)-(f) and () in the composition. In some embodiments, the
composition comprises about 2.2 wt% active agent (f}, based on the total weight of active
agents (a)-(fy and (j} in the composition.

[#i5F] In some embodiments, the composition comprises at least about 1 wi% active agent
{{), for example at least about any one of 2 wt%, 3 wit%, 4 wit%h, 5 wt%h, 6 wt%h, 7 wth, 8
wt%, or 9 wit%, based on the total weight of active agents (a)-{g} in the composition. In some
cmbodiments, the composition comprises up to about 10 wt% active agent (), for example up
to about any one of 9 wit%, 8 wit%, 7 wit%, 6 with, 5 wi%, 4 wt%, 3 wt'%, or 2 wit%, based on
the total weight of active agents {a)-(g) in the composition. In some embodiments, the
composition comprises about T wt% to about 10 wt% active agent (), for example about any
one of 1-5 wt%, 5-10 wt%, 2-8 wit%, 3-7 wt%, or 4-6 wt%, based on the total weight of
active agents (a)-{g) in the composition. In some embodiments, the composition comprises
about 3.9 wit% active agent (f), based on the total weight of active agents (aj-(g) in the

COMpOoSition.
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{81527 In some embodiments, the composition comprises at least about 1 wi% active agent
(f), for example at least about any one of 1.5 wt%, 2 wt%, 2.5 wt%, 3 wt%. 2.5 wi%, 4 wt%,
or 4.5 wt%, based on the total weight of active agents (a)-(g) and (§) in the composition. In
some embodiments, the composition comprises up to about 5 wi% active agent (f), for
example up to about any one of 4.5 wt%, 4 wt%, 3.5 wt%, 3 wi%, 2.5 wt%., 2 wi%, or 1.5
wt%, based on the total weight of active agents (a)-(g) and () in the composition. In some
embodiments, the composition comprises about 1 wt% to about 5 wi% active agent (f), for
cxample about any one of 1-2 wi%, 2-3 wt%, 3-4 wt%, 4-5 wt%, or 2-4 wt%, based on the
total weight of active agents (a)-(g) and (3) in the composition. In some embodiments, the
composition comprises about 2.2 wt% active agent {f}, based on the total weight of active
agents (a)-(g} and (j) in the composition.

131531  In some embodiments, the composition comprises at Ieast about 1 wt% active agent
(£}, for example at least about any one of 1.5 wt%, 2 wit%, 2.5 wt%, 3 wit%, 2.5 wt%, 4 wt',
or 4.5 wt%, based on the total weight of active agents {a)-{1) in the composition. In some
cmbodiments, the composition comprises up to about 5 wt% active agent (), for example up
to about any one of 4.5 wt%, 4 wit%, 3.5 wt%, 3 wt%, 2.5 wt%, 2 wt%, or 1.5 wt%, based on
the total weight of active agents (a)-(1} in the composition. In some embodiments, the
composition comprisas about 1 wt% to about 5 wt% active agent (f), for example about any
one of 1-2 wt%, 2-3 wt%, 3-4 wi%, 4-5 wit%, or 2-4 wit%, based on the total weight of active
agents (a)-{1) in the composition. In some embodiments, the composition comprises about 1.5
wt% active agent (T}, based on the total weight of active agents (a)-(i) in the composition.
[8154] In some embodiments, the composition comprises at least about 1 wi% active agent
(1), for example at least about any one of 1.5 wt%, 2 wt%, 2.5 wt%, 3 wt%, 2.5 wt%, 4 wt%,
or 4.5 wt%, based on the total weight of active agents (a)-(}) in the composttion. In some
embodiments, the composition comprises up to about 5 wi% active agent (f), for example up
to about any one of 4.5 wt%, 4 wit%, 3.5 wt%, 3 wt%, 2.5 wt%, 2 wit%, or 1.5 wi%, based on
the total weight of active agents (a)-(3) in the composition. {1 some embodiments, the
composition comprises about 1 wt% to about 5 wt% active agent (1), for example about any
one of 1-2 wt%, 2-3 wt%, 3-4 wt%, 4-5 wt%, or 2-4 wit%, bascd on the total weight of active
agents (a)-(3) in the composition. In some embodiments, the composition comprises ahout 1.2
wt% active agent {f}, based on the total weight of active agents (a)-(3) in the coraposition.
[6155] In this way, the relative quantity of active agent {f) with respect to the other active

agents in the composition reflects the relative appropriate dosages.
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j8156] In some embodiments, the composition comprises about 20 mg to about 500 mg of
fisetin, for exarmple, at least about any one of 20 mg, 50 mg, 100 mg, 150 g, 200 mg, 250
mg, 300 mg, 350 ug, 400 mg, 450 mg, or 500 mg, or about 50 mg to about 100 g, about
100 mg to about 200 mg, about 200 mg to about 300 mg, about 300 mg to about 400 mg,
about 400 mg to about 500 mg, about 20 mg to about 200 mg, about 20 mg to about 10{ mg,

about 100 mg to about 500 g, or about 100 mg to about 300 mg.

{g) Vitamin B,
18157] Active agent {g) of the composition is vitamin By, also known as riboflavin.

Vitamin B: has the following structure:

(VID.

[6158] In some embodiments, active agent (g} is at least about 60%, about 65%, about
70%, about 75%, about §80%, about 85%, or about 90% pure. In this context, the % purity
excludes the weight of any other active agent and any added counter-ion, vehicle, diluent,
excipient, or carrier within active agent (g} or any other component of the composition.
Thus, purity in this context refers to the purity of the vitamin B, component per se.

(31591 In some emmbodiments, the composition comprises at least about 1 wt% active agent
{g), for example at least about any one of 1.5 wit%, 2 wi%h, 2.5 wt%, 3 wi%, 3.5 wi%, 4 wt%,
or 4.5 wt%, based on the total weight of active agents (a)~(g) in the composition. In some
embodiments, the composition comprises up to about 5 wt% active agent (g), for example, up
to about any one of 4.3 wt%, 4 wi%, 3.5 wit%, 3 wt%, 2.5 wt%, 2 wt%, or 1.5 wi%, based on
the total weight of active agents (a)-(g) in the composition. In somc embodiments, the
composition comprises about I wit% to about § wi% active agent (g), for example, about any
one of 1-2 wi%, 2-3 wit%, 3-4 wi%, 4-5 wit%, -4 wt%, or 2-3.5 wt%, based on the total

weight of active agents {a)-{g) in the composition. In some embodiments, the composition
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comprises about 2.9 wt% active agent (g), based on the total weight of active agents (3)-(g) in
the composition.

[#1668] In some embodiments, the composition comprises at least about 1 wi% active agent
(g), for example at lcast about any onc of 1.1 wt%, 1.2 wt%, 1.3 wt%, 1.4 wt%, 1.3 wi%, 1.6
wit%, 1.7 wi%, 1.8 wt% or 1.9 wi%, based on the total weight of active agents (a)-(g) and (3
in the composition. In some embodiments, the corpposition comprises up to about 2 wt%
active agent (g), for example, up to about any one of 1.9 wt%, 1.8 wt%, 1.7 wt%, 1.6 wt%,
1.5 wt%, 1.4 wt%, 1.3 wit%, 1.2 wt%, or 1.1 wi%, based on the total weight of active agents
(a}-(g) and (3} in the composition. In some embodiments, the composition comprises about 1
wt% to about 2 wit% active agent (g), for example, about any one of 1-1.5 wit%, 1.5-2 wt%,
1.2-1.8 wt%, 1.4-1.6 wi%, 1.6-1.8 wt%, or 1.3-1.8 wi%, bascd on the total weight of active
agents (a)-(g) and (§) in the composition. In some embodiments, the composition comprises
about 1.6 wi% active agent {g), based on the total weight of active agents (a)-(g) and (3) in the
COMPOSIion.

[8161] In some embodiments, the composition comprises at least about 0.5 wt% active
agent {g), for example at least about any one of 0.7 wt%, 0.9 wt%, 1.1 wt%, 1.3 wt%, 1.5
wt%, 1.7 wt%, or 1.9 wit%, based on the total weight of active agents {a}-(1) in the
composition. In some embodiments, the composition comprises up to about 2 wt% active
agent (g), for example, up to about any one of 1.8 wi%, 1.6 wi%, 1.4 wt%, 1.2 wt%, 1 wt%,
0.8 wt%, or 0.6 wt%, based on the total weight of active agents (a)-(i) in the composition. In
some embodiments, the composition comprises about 0.5 wt% to about 2 wt% active agent
(g}, for example, about any one of .5-1 wt%, 1-1.5 wt%, 1.5-2 wt%, 0.3-1.5 wt%, (.8-1.3
wt%, or 1-1.2 wt%, based on the total weight of active agents (a)-(i) in the composition. In
some embodiments, the composition comprises abowt 1.1 wi% active agent (g}, based on the
total weight of active agents {a)-(i) in the composition.

[6162] In some embodiments, the composition comprises at least about 0.3 wt% active
agent {g), for example atf least about any one of 0.4 wt%, 0.5 wt%, 0.6 wt%h, 0.7 wt%, 0.8
wt%, 0.9 wt%, 1 wt%h, 1.1 wt%, or 1.2 wt% based on the total weight of active agents (a)-(j)
in the composition. In some embodiments, the composition comprises up to about 1.3 wt%
active agent {g), for exarople, up to about any one of 1.2 wt%, 1.1 wt%, 1 wi%, 0.9 wi%, (.8
wt%, 0.7 wt%, 0.6 wt%, 0.5 wt%, or 0.4 wt%, based on the total weight of active agents (a)-
(3} in the composition. In some embodiments, the composition comprises about 0.3 wt% to
about 1.3 wi% active agent (g, for example, about any one of 0.3-0.6 wt%, 0.6-0.9 wt%, 0.9-

1.3 wi%, 0.3-1 wt%, 0.5-1.3 wt%, or (.5-1 wt%, based on the total weight of active agents
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(a)-(j) in the composition. In some embodiments, the composition comprises about 0.88 wit%
active agent {g), hascd on the total weight of active agents {(a)-(j) in the composition.

[#163] In some embodiments, the composition comprises at least about 0.5 wt% active
agent {g), for example, at least about any one of 0.6 wt%, 0.7 wt%, 0.8 wt%, 0.9 wt%, 1.0
wt%, or 1.1 wt%, based on the total weight of active agents (a)-(d), (g)-(h) and (j) in the
composition. In some embodiments, the composition comprises up to about 1.6 wi% active
agent {g), for example, up to about any one of 1.5 wt%, 1.4 wt%, 1.3 wit%, or 1.2 wt%, based
on the total weight of active agents (a)-(d), {g)-(h) and (j) in the composition. In some
cmbodiments, the composition comprises about (.5 wt% to about 1.6 wt% active agent (g},
for example, about any one of 0.6-1.6 wit%, 0.7-1.6 wit%, 0.8-1.6 wt%, 0.8-1.5 wi%, 0.8-1.4
wi%, 80.9-1.4 wit%, or 1.0-1.3 wit%, based on the total weight of active agents (aj-(d), (g)-(h}
and (3} in the composition. In some embodiments, the composition comprises about 1.2 wt%
active agent {g), based on the total weight of active agents (a)-(d), (g)-(h) and () in the
COMPOSIion.

[8164] In this way, the relative quantity of active agent {g) with respect to the other active
agents in the composition reflects the relative appropriate dosages.

[#165] In some embodiments, the composition comprises about 0.1 mg to about 2 mg of
vitamin Bo, for example, at least about any one of 0.1 mg, 0.25 mg, 0.5 mg, 0.8 mg, 6.9 mg. I
mg, 1.1 mg, 1.2 mg, 1.3mg, 1.4 mg, 1.5 mg, or 2 mg, or about 0.1 mg to about 0.5 mg, about
0.5 mg to about 1 mg, about 1 mg to about 1.5 mg, about 1 mg to about 2 mg, about 0.5 rog
to about 1.5 mg, about .75 mg to about 1.25 mg, or about 0.8 mg to about 1.5 mg. In some
cmbodiments, the composition comprises about 20 mg to about 400 mg of vitamin By, for
example, at least about any one of 20 mg, 50 mg, 100 mg, 150 mg, 200 mg, 250 rng, 300 mg,
350 mg. or 400 mg, or about 20 mg to about 50 mg, about 50 mg to about 100 mg, about 100
mg to about 150 mg, about 150 mg to about 200 myg, about 200 mg to about 400 mg, or about

20 mg to about 200 mg.

(h) N-acetvicysteine

[8166] Active agent (h) of the composition is N-acetylcysteine, which has the following

structure:
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[8167] In some embodiments, active agent (h) is at least about 60%, about 65%, about
70%, about 75%, about 80%, about 5%, or about 90% pure. In this context, the % purity
cxcludes the weight of any other active agent and any added counter-ion, vehicle, diluent,
excipient, or carrier within active agent (b} or any other component of the composition.
Thus, purity in this context refers to the purity of the N-acetylcysteine component per se.
13168] In some crobodiments, the composition comprises at lcast about 20 wt% active
agent {h), for example at least about any one of 22 wt%, 24 wt%, 26 wi%, 28 wi%, 30
wt%, 32 wt%, 34 wt%, 36 wi%, or 38 wt%, bascd on the total weight of active agents (a)-
(1} in the composition. In some embodiments, the composition comprises up to about 40 wi%
active agent (h), for examaple up to about any one of 38 wt%, 36 wit%, 34 wit%, 32 wt%, 30
wt%, 28 wt%, 26 wt%, 24 wi%, or 22 wt%, based on the total weight of active agents (a)-{i}
in the composition. In some embodiments, the compeosition comprises about 20 wt% to about
40 wt% active agent (h), for example about any one of 20-25 wt%, 25-30 wt%, 30-35 wi%,
35-40 wit%, 25-35 wit%, 27-33 wi%, or 29-31 wi%, based on the total weight of active
agents (a)-(1) in the composition. In some cmbodiments, the composition comprises about
30.5 wt% active agent (h), based on the total weight of active agents (a)-(1) in the
COMPOSHION.

[6169]  In some embodiments, the composition comprises at least about 15 wt% active
agent (h), for example at least about any one of 17 wt%, 19 wt%, 21 wt%, 23 wt%, 25 wt%,
27 wt%, 29%, or 31 wit%, based on the total weight of active agents (a)-(3) in the
composition. In some embodiments, the compostition comprises up to about 32 wi% active
agent (h), for example up to about any one of 30 wt%, 28 wt%, 26 wt%, 24 wt%, 22 wt%, 21
wt%, 19 wt%, 18 wt%, or 17 wt%, based on the total weight of active agents (a)-(j) in the
composition. In some embodiments, the composition comprises about 15 wit% to about 32
wt% active agent (h), for example about any one of 15-20 wt%, 20-25 wt%, 25-32 wi%, 17-
30 wt%h, 19-28 wt%h, 21-26 wi%, or 23-24 wt%, based on the total weight of active agents
{a)-(3) in the composition. In some embodiments, the composition comprises about 23.4 wt%

active agent {(h), based on the total weight of active agents (a)-(3) in the composition.
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[6178] In some embodiments, the composition comprises at least about 25 wit% active
agent (h), for example, at least about any one of 26 wt%, 27 wt%, 28 wt%, 29 wt%, 30 wt%,
or 31 wt%, based on the total weight of active agents (a)-(d}, {g)-(h) and (j) in the
composition. In some embodiments, the composition corprises up to about 40 wit% active
agent (h), for example, up to about any one of 35 wt%, 34 wt%,. 33 wt%, or 32 wt%,. based on
the total weight of active agents (a)-(d), (g)-(h) and (§) in the composition. In some
embodiments, the composition comprises about 25 wt% to about 40 wt% active agent (h), for
cxample, about any one of 25-35 wt%, 23-34 wi%h, 26-34 wt%, 27-34 wt%h, 28-34 wt%, 29-
34 wt%, or 30-34 wt%, based on the total weight of active agents (a)-(d}, (g)-(h) and () in the
composition. In some embodiments, the composition comprises about 32.5 wt% active agent
(h), based on the total weight of active agents (a)-{d}, (g)-(b} and {3} in the composition.
131711 In this way, the relative quantity of active agent (h) with respect to the other active
agents in the composition reflects the relative appropriate dosages.

181721 In some embodiments, the composition comprises about 1000 mg to about 10000
mg of N-acetylcysteine, for example, at least about any onc of 1000 mg, 1250 mg, 1500 mg,
1750 mg, 2000 mg, 2500 mg, 3000 mg, 5000 mg or 10000 mg, or about 1000 mg to about
1500 mg, about 1500 mg to about 2000 mg, about Z000 mg to about 2500 mg, about 2500 mg
to about 3000 mg, about 1000 mg to about 2000 mg, about 2000 mg to about 3000 mg, about
1000 mg to about 3000 mg, or about 3000 g to about 10000 mg.

{1} S-adenosvimethiounine

[8¥73] Active agent (i) of the composifion is S-adenosylmethionine, also known as SAM or

SAMe, which has the following structure:

Rty
A phy NFAY
o 1
fele NN - NN
: PN
Nty -
O OH (Ix)

[8174] In some embodiments, active agent (i) is at least about 60%, about 65%, about 70%,
about 75%, about 80%, about 85%, or about 90% pure. In this context, the % purity excludes
the weight of any other active agent and any added counter-ion, vehicle, diluent, excipient, or
carrier within active agent (1) or any other component of the composition. Thus, purity in this

context refers to the purity of the S-adenosylmethionine component per se.
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{81751 In some embodiments, the composition comprises at least about 20 wt% active
agent (1), for cxample at least about any one of 22 wt%, 24 wi%, 26 wt%, 28 wt%, 30 wt%,
32 wi%, 34 wt%, 36 wi%, or 38 wt%, based on the total weight of active agents (a)-(1) in the
composition. In some embodiments, the composition comprises up to about 40 wit% active
agent (i), for example up to about any one of 38 wi%, 36 wt%, 34 wt%, 32 wt%, 30 wi%. 28
wt%, 26 wt%, 24 wi%, or 22 wt%, based on the total weight of active agents (a)-(i) in the
composition. In some embodiments, the composttion comprises about 20 wt% to about 40
wt% active agent (1), for example about any one of 20-25 wit%, 25-30 wt%, 30-35 wi%, 35-
40 wt%, 25-35 wt%, 27-33 wt%, or 29-31 wt%, based on the total weight of active agents
{a)-(1) in the composition. In some embodiments, the composition comprises about 33.5 wt%
active agent (i), based on the total weight of active agents (a)-(i) in the composition.

18176]  In some embodiments, the composition comprises at least about 15 wt% active
agent (1), for example at least about any one of 17 wit%, 19 wi%, 21 wt%, 23 wt%, 25 wt%,
27 wit%, 29%, or 31 wi%, based on the total weight of active agents (a3-(3) in the
composition. In some emmbodiments, the coraposition comprises up o about 32 wi% active
agent (1), for example up to about any one of 30 wt%, 28 wi%, 26 wt%, 24 wi%, 22 wt%, 21
wt%, 19 wt%, 18 wt%, or 17 wi%, based on the total weight of active agents (a3-(j) in the
composition. In some embodiments, the composition comprises about 15 wt% to about 32
wt% active agent (i), for example about any one of 15-20 wt%, 20-25 wt%, 25-32 wt%, 17-
30 wt%, 19-28 wi%, 21-26 wi%, or 23-24 wit%, based on the total weight of active agents
{(a)-(j) in the composition. In some embodiments, the composition comprises about 23.4 wt%
active agent (1), based on the total weight of active agents (a)-(j) in the composition.

[8177]  In this way, the relative quantity of active agent (U with respect to the other active
agents in the composition reflects the relative appropriate dosages.

1#178] In some embodiments, the composition comprises about 1000 mg to about 10000
mg of S-adenosylmethionine, for example, at least about any one of 1000 g, 1250 mg, 1500
mg, 1750 mg, 2000 mg, 2500 mg, 3000 mg, 5000 mg or 10000 mg, or about 1000 mg to
about 1500 mg, about 1500 mg to about 2000 mg, about 2000 mg to about 2500 mg, about
2500 mg to about 3000 mg, about 1000 mg to about 2000 mg, about 2000 g to about 3000
mg, about 1000 mg to about 3000 mg, or about 3000 mg o about 10000 mg.

(D) Trimethviglveine

18179]  Active agent () of the composition is trimethylglycine (TMG), also known as

glyecine betaine. TMG exists as a zwitterion at neutral pH, having the following structure:
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[8188¢] In some embodiments, the composition does not comprise active agent (). In some
embodiments, the composition does not comprise a therapestically effective amount of active
agent (j).
131811 In some embodiments, active agent (3} s at least about 60%, about 65%, about 70%,
about 75%, about 80%, about 85%, or about 90% pure. In this context, the % purity excludes
the weight of any other active agent and any added counter-ion, vehicle, diluent, excipient, or
carrier within active agent (3) or any other component of the composition. Thus, purity in this
context refers to the purity of the TMIG component per se.
[#182] In some embodiments, the composition comprises at least about 35 wt% active
agent (j), for example at least about any one of 37 wt%, 39 wit%, 41 wt%, 43 wt%, 45 wi%,
47 wt%, 49 wt%, 31 wt%, or 533 wt%, hascd on the total weight of active agents {(a)-(f) and
(1) in the composition. In some embodiments, the composition comprises up to about 35 wt%
active agent (j), for example up to about any one of 53 wt%, 51 wt%, 4% wt%, 47 wt%, 45
wt%, 43 wt%, 41 wt%, 39 wt%, or 37 wit%, hased on the total weight of active agents (a}-(f)
and (3) in the composition. In some embodiments, the composition comprises about 35 wt%
to about 55 wt% active agent (j}, for example about any one of 35-40 wt%, 40-45 wt%, 45-50
wt%, 30-55 wit%, 40-50 wt%, or 42-46 wt%, based on the total weight of active agents (a)-
(fy and () in the composition. In some embodiments, the composition compriscs about 44.7
wit% active agent (3}, based on the total weight of active agents (a)-(f) and (3} in the
COMPOSItion.
[#183] In some embodiments, the composition comprises at least about 35 wit% active
agent (i}, for example at least about any one of 37 wt%, 39 wt'h, 41 wth, 43 wit%, 45 wit%,
47 wi%, 49 wt%, 51 wi%, or 33 wt%, based on the total weight of active agents {a)-{g) and
(3} in the composition. In some embodiments, the composition comprises up to about 55 wt%
active agent (j), for example up to about any one of 53 wi%, 51 wit%, 49 wt%, 47 wt%, 45
wit%, 43 wt%h, 41 wt%, 39 wt%, or 37 wt%, based on the total weight of active agents (a)-(g)
and (3) in the composition. In some embodiments, the composition comprises about 35 wt%
to abowut 55 wt% active agent (), for example about any one of 35-40 wi%, 40-45 wi%, 45-50
wt%, 50-35 wt%, 40-50 wt%h, or 42-46 wt%, based on the total weight of active agents (a)-

(g) and (}) in the composition. In some embodiments, the composition comprises about 44.0
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wt% active agent (), based on the total weight of active agents (a)-(g) and (§) in the
COMPOSION.

[#184] In some embodiments, the composition comprises at least about 15 wit% active
agent j), for example at least about any one of 17 wt%, 19 wt%, 21 wt%, 23 wt%, 25 wt%,
27 wt%, 29%, or 31 wit%, based on the total weight of active agents (a)-(j) in the
composition. In some embodiments, the composition comprises up to about 32 wit% active
agent (j), for example up to about any one of 30 wt%, 28 wt%, 26 wi%, 24 wt%, 22 wt%, 21
wt%, 19 wt%. 18 wt%, or 17 wt%, based on the total weight of active agents (2)-(J) in the
composition. In some emmbodiments, the coraposition comprises about 15 wi% to about 32
wt% active agent {j), for example about any one of 15-20 wt%, 20-25 wt%, 25-32 wi%, 17-
30 wt%h, 19-28 wt%h, 21-26 wi%, or 23-24 wi%, based on the total weight of active agents
(a)-(1) in the composition. In some embodiments, the composition comprises about 23.4 wt%
active agent (3), based on the total weight of active agents (a)-(}) in the composition.

1818%] In some embodiments, the composition comprises at least about 25 wt% active
agent (), for example, at least about any one of 26 wi%, 27 wt%, 28 wit%, 29 wit%, 30 wt%,
or 31 wt%, based on the total weight of active agents (a)-(d}, {g)-(h) and (j) in the
composition. In some embodiments, the composition comprises up to about 40 wt% active
agent {j), for example, up to about any one of 35 wt%, 34 wt%, 33 wt%, or 32 wt%, based on
the total weight of active agents (a)-(d), (g)-(h) and (j) in the composition. In some
embodiments, the composition comprises about 25 wt% to about 40 wt% active agent (j), for
cxample, about any one of 25-35 wt%, 23-34 wi%h, 26-34 wt%, 27-34 wt%h, 28-34 wt%, 29-
34 wt%, or 30-34 wt%, based on the total weight of active agents (a)-(d}, (g)-(h) and () in the
composition. In some embodirents, the composition coraprises about 32.5 wt% active agent
(3}, based on the total weight of active agents (a)-(d), {g)-(h) and (3} in the composition.
[6186] In this way, the relative quantity of active agent {§) with respect to the other active
agents in the composition reflects the relative appropriate dosages.

[6i87] In some embodiments, the composition comprises about 1600 mg to about 10000
mg of trimethylglycine, for example, at least about any one of 1000 mg, 1250 mg, 1500 mg,
1750 mg, 2000 mg, 2500 mg, 3000 mg, 5000 mg or 10000 mg, or about 1000 mg to about
1500 mg, about 1500 mg to about 2000 mg, about 2000 mg to about 2500 mg, about 2500 mg
to about 3000 mg, about 1000 mg to about 2000 mg, about 20060 mg to about 3000 mg, about
1000 mg to about 3000 mg, or about 3000 g to about 10000 mg.
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(k) Nicotinamide adenine dinuclestide pathway agent (NPA)

[#188] Active component (k) of the composition is a micotinamide adenine dinucleotide
{NAD) pathway agent (“NPA”). Exemplary NPAs include NAD+, NADH, NADP, NADPH,
nicotinic acid adenine dinucleotide, nicotinic acid mononucleotide, nicotinamide, nicotinic
actd (also known as “macin” or vitamin Bi), nicotinamide mononucleotide, nicotinic acid
riboside, a salt of any of the foregoing, and mixtures thereof. Administration of an NPA is
associated with increased levels of total plasma homocysteine.

[8189] NAD+ bas important functions in cellular biocuergetics and adaptive stress
responses. Decreasing NAD+ levels have been associated with metabolism-related discases,
inchuding newrodegenerative diseases, cardiovascular diseases, muscle atrophy, and age-
related conditions. Maintenance of NAD+ levels is especially important for cells with higher
cnergy demands. Therefore, molecules involved in NAD+ biosynthesis and consumption are
of particular interest in modulating NAD+ level as a way to combat these discases and

conditions.

OH OH
Nicotinarnide adenine dinucleotide (NAD+)

[3i96] NAD+ can be synthesized from a variety of sources. Major precursors for NAD+
biosynthesis inchide, but are not limited to, nicotinic acid (NA), nicotinamide riboside (NR),
nicotinamide mononucleotide (NMN), nicotinamide (NAM), nicotinic acid adenine
dinucleotide, nicotinic acid mononucleotide, and nicotinic acid riboside (NAR). Common
food sources for NA include, without limitation, eggs, fish, meat, diary, certain vegetables
and wholc grains. NR can be found in milk, and NMN in broccoli, avocado, and beef.
Downstream metabolism of ingested NAD+ can also produce these precursors. Depending
on the bioavailahility of these precursors, NAD+ can be biosynthesized from NA in the
Preiss-Handler pathway; or it can be produced from NAM, NR, and NMN in the salvage
pathway. In the Preiss-Handler pathway, NA can be converted to nicotinic acid

mononucleotide, and then to nicotinic acid adenine dinucleotide, which can produce NAD+
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cnzymatically. In the salvage pathway, NR and NAM can be converted to NMN, which can
then produce NAD+ enzymatically. Fang et al. (2017} Trends Mol Med. 23, 899. NAR can
also he generated from NA through NMN formation and is an integral part of NAD
metabolism. Kulikova et al. (2013} J. Bio. Chem. 290, 27124, NAD+ can be further
converted to NADPH and NADP, another two major players in metabolism, cspecially in a

muldtitude of redox reactions.
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[6191] NMN is a direct precursor of NAD+. In common biosynthesis pathways, NR,
NAM, and NA need to be converted to NMN in order to produce NAD-+. As such, NMN
may be a more potent NAD+ modulator compared to the other NAD+ precursors. After
NMN supplementation, NMN can make its way through the liver intact and bloodstream into
muscle and is metabolized to NAD+ within 30 minutes. Mills et al. (2016) Cell Metab. 24,
795. And NMN was shown to be retained in the body for longer thas NAM. Kawamura et

al. (2016} J. Nutr. Sci. Vitaminol 62, 272, Additionally, NMN is abundant in certain
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vegetables and meat, while chemical synthesis is required to obtain large scales of NR, during
which toxic organic solvents are conunonly used. See €.g., US2017/0121746. it has been
reported that NR, unlike NMN, is unstable ander certain conditions and can quickly degrade
into NAM in mwrine plasma or fetal-bovine-serum containing culture medium. Ratajczak et
al. (2016} Nas. Commuin. 7, 13103, As such, there might be potential benefits to use NMN,
NA, NAR, NAM, nicotinic acid adenine dinucleotide, nicotinic acid mononucleotide,
NAD+/NADH, and NADP/NADPH to modulate NAD+ levels.

{6192} In some embodiments, the active agent (k) comprises an agent sclected from the
group consisting of NA, NR, NMN, NAR, NAAD, NAD+ and mixtures thereof. In some
embodiments, the active agent () comprises NR. In some embodiments, the active agent (k)
consists of or consists ¢ssentially of NR. In some embodiments, the active agent (k)
comprises NA and NR. In some cmbodiments, the active agent (k) consists cssentially of NR
and NA. In some embodiments, the active agent (k) comprises NA and NMN. In some
cembodiments, the active agent (k) comprises NR and NMN. In some embodiments, the active
agent (k) comprises NA, NR and NMN. In some embodiments, the active agent (k) compriscs
IR and one or more agents sclected from the group consisting of NA, NMN, NAR, NAAD,
and NAD+. In some embodiments, the active agent (k) does not comprise NR. In some
embodiments, the active agent (k) compriscs one or maore agents selected from the group
consisting of NA, NMN, NAR, NAAD, and NAD+.

[6193] Without being bound by any theory or hypothesis, the mixtures of two or more
NAD pathway molecules {e.g., NR and NA) may increase NAD levels faster and to higher
levels than using single NAD pathway molecule alone (e.g., NR). Some NAD pathway
molecules, e.g., NA, may have a less pronounced effect on increasing total homocysteine
levels than NR. Additonally, NA may raise HDL level and lower LBL and wriglyceride
fovels. NA is also less expensive than NR and easier to produce.

[8194] 1n some embodiments, the active agent (k) comprises salts of NAD+, NADH,
NADP, NADPH, nicotinic acid adenine dinucleotide, nicotinic acid mononucieotide,
nicotinamide, nicotinic acid, nicotinamide mononucleotide, and/or nicotinic acid riboside. In
some embodiments, the salt is a pharmaceutically acceptable salt.

[#1958]  In some embodiments, the weight ratio between (a) serine and the active agent (k)
{e.g., NR, NA, NAR, NAAD, NAD+ and/or NMN) is 5o more than about any one of 8:1, 7:1,
6:1, 5.1, 4:1, 3:1, 2:1, or 1:1. In some embodiments, the weight ratio between (a) serine and
the active agent (k) {e.g., NR, NA, NAR, NAAD, NAD+ and/or NMN) is at least about any

ong of 1:1, 2:1, 3:1, 4.1, 5:1, 6:1, 7:1, or §:1. Inn some embodiments, the weight ratio between
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(a} serine and the active agent (k) {e.g.. NR, NA, NAR, NAAD, NAD+ and/or NMN} is about
1:1 to about 1:8, for cxample at least about any one of 1:1-2:1, 2:1-4:1, 4:1-6:1, 6:1-8:1, 2:1-
6:1, 3:1-5:4, 1:1-4:1 or 4:1-8:1.

131961  In some embodiments, active agent (k) is at least about 60%, about 65%, about
70%., about 75%, about 80%. about 85%, or about 90% pure. In this context, the % purity
cxcludes the weight of any other active agent and any added counter-ion, vehicle, diuent,
excipient, or carrier within active agent (K} or any other component of the composition.

Thus, purity in this context refers to the purity of the NAP per se.

[8197] In some embodiments, the composition comprises at least about 15 wit% active
agent {J0), for example at least about any one of 16 wi%, 17 wt%, 18 wit%, 19 wt%, 20
wit%, 21 wi%, 22 wt%, 23 wt%, 24 wt%, or 25 wt%, based on the total weight of active
agents (a)-(d} and (k) in the composition. In some embodiments, the composition comprises
up to about 25 wt% active agent (k). for example up to about any one of 24 wi%, 23 wit%, 22
wit%, 21 wt%, 20 wi%, 19 wt%, 18 wi%, 19 wt%, or 16 wit%, based on the total weight of
active agents (a)-(d) and (k) in the composition. In some embodiments, the composition
comprises about 15 wt% to about 25 wt% active agent (K}, for example about any one of 15-
20 wit%, 20-25 w9, 16-24 wit%, 17-23 wt%, 18-22 wt%, or 19-21 wi%, based on the total
weight of active agents (a)-(d) and (k} in the composition. In some embodiments, the
composition comprises about 19.2 wt% active agent (k), based on the total weight of active
agents (a)-{(d) and (k) in the composition.

[6i198] In this way, the relative quantity of active agent (k) with respect to the other active
agents in the composition reflects the relative appropriate dosages.

[$199] In some embodiments, the composition comprises about 10 mg to about 2000 mg of
NAP (e.g., NA and/or NR), for example, at least about any one of 10 mg, 20 mg. 50 mg, 100
mg, 150 mg, 200 mg, 250 mg, 300 mg, 350 mg, 400 mg, 450 mg, or 5300 mg, or about 10 mg
to about 50 mg, about 10 mg to about 20 mg, about 20 rog to about 50 mg, about 50 mg to
about 100 mg, about 100 mg to about 200 mg, about 200 mg to about 300 mg, about 300 mg
to about 400 mg, about 400 mg to about 500 mg, about 100 mg to about 500 mg, about 100
mg to about 300 mg, about 300 mg to about 500 mg, about 500 mg to about 1000 mg, about
1000 mg to about 1500 mg, about 1500 mg to about 2000 mg, or about 10 mg to about 300

mg. .
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) Vitamin D

162061 Herein, the term “vitamin I3 refers to vitamin Dy (a 111 mixture of ergocalciferol
with lumisterol), vitamin D2 {ergocalciferol}, vitamin D3 (cholecalciferol}, or any
combination thereof. Thus active agent (1) of the composition is vitamin D vitamin Do,
vitamin Dz or a combination thereof. These corapounds are known to be important for the
intestinal absorption of calcium, magnesium and phosphate in bumans.

[8208] The structures of chemical components of vitamins [, D: and Dy are shown below:

Lumisterol (in Vitamin Dy}

Cholecalciferol (Vitamin Ds)

N
~

HOY
[8202]  According to Moore et al., vitamin D5 can increase betaine homocysteine

methyltransferase-1 (BHMT1) enzyme activity, which can transmethylate homocysteine to
replenish methionine, thereby reducing homocysteine toxicity. Moore, I. R.. er al
(2018). Journal of neuroimmunology, 324: 100-114. Longoni et al demeonstrates that

calcitriol reverts the effect of homocysteine. Vitamin D2 can improve mitochondrial function,
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cnergy metabolism, ccll viability and decrease oxidative stress and lipid peroxidation.
Longoni, A, et al. (2017). Nutrition Rescarch, 38, 52-63. In a clinical trial, 12 weeks of
vitamin D3 supplementation (40001U/day) and walking training decreased horocysteine
lovels. Walentukiewicz, A., ef al. (2018). International journal of environmental research and
public health, 15(10), 2064.

(62031 In some embodiments, active agent (1) is vitamin D1, In some embodiments, active
agent () 1s vitamin Do, In some embodiments, active agent (1) is vitamin Da. In some
cmbodiments, active agent (1) is a combination of vitamin Ds and vitamin Ds.

[8204] in some embodiments, active agent (1) is at least about 60%, about 65%, about 70%,
about 75%, about 80%, about 85%, or about 90% pure. In this context, the % purity excludes
the weight of any other active agent and any added counter-ion, vehicle, diluent, excipient, or
carrier within active agent (1) or any other component of the composition. Thus, purity in this
context refers to the purity of the vitamin D component per se.

j#82065] In some cmbodiments, the composition comprises about 5 pg to about 125 yg of
active agent (1), for example, at least about any one of 10 pug, 20 ug, 25 ug. 50 ug, 75 ug, 100
wg, or 125 pg, or about 20 ug to about 125 pg, about 20 ug to about 100 pg, about 20 ug to
about 30 ug, about 54 pg to about 100 yg, or about 25 g to about 100 pg. In some
embodiments, the composition comprises no more than about 1 mg, or no more than about
250 pg of active agent {}). In some embodiments, the composition comprises about 200 1U to
about 5000 1U of active agent (1), for exaraple, about 800 1U to about 4000 11U, or at least
about 400 1L In some embodiments, the composition comprises no morve than about 40,000
[U, or no more than about 10,000 IU of active agent ().

[62866] In some embodiments, the composition comprises at least about 0.0005 wi% active
agent (1), for cxample at least about any one of 0.001 wt%, 0.002 wt%, 0.003 wt%, 0.004
wt%, 8.005 wt%, 0.006 wi% or 0.007 wit%, based on the total weight of active agents {a)-(g)
and () in the composition. In some embodiments, the composition comprises up to about
(.0075 wt% active agent (1), for example up to about any one of 0.007 wt%, 0.006 wi%,
0.005 wt%, 0.004 wt%, 0.003 wt%, 0.002 wt%, or 0.001 wt%, based on the total weight of
active agents {a)-{g) and {1} in the composition. In some embodiments, the composition
comprises about 8.0005 wt% to about 0.0075 wt% active agent (1), for example about any one
of 0.0005-0.001 wt%, 0.001-0.002 w1%, 0.002-0.003 wt%, 0.003-0.004 wt%, 0.004-0.005
wt, 0.002-0.005 wt%, 0.005-0.006 wt%, 0.006-0.0075 wt%, 0.001-0.005 wt%, or 0.0025-

(.0075 wt%, based on the total weight of active agents (a)-(g) and (1) in the composition. In
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some embodiments, the composition comprises about 0.0049 wt% active agent (1), based on
the total weight of active agents {a)-(g) and (1} in the composition.

[8207]  In some embodiments, the composition comprises at least about 0.0003 wi% active
agent (1), for example, at least about any one of 0.001 wit%, 0.0015 wt%, 0.002 wt%, 0.0025
wt%, or 0.003 wit%, based on the total weight of active agents {a)-(d), (g)-(h), () and (1) in
the composition. In some embodiments, the composition comprises up to about 0.003 wi%
active agent (1), for example up to about any one of 0.0025 wit%, 0.002 wt%, 0.0015 wt%, or
0.001 wt%, based on the total weight of active agents (a)-(d), (g)-(h), () and (}) in the
composition. In some embodiments, the composition comprises about 0.0005 wt% to about
{(.003 wi% active agent (1), for example, about any one of 0.0005-0.001 wt%, 0.001-0.0015
wit%, 0.0015-0.002 wt%, 0.002-0.0025 wt%, 0.0025-0.003 wt%, 0.001-0.003 wt%, or
0.0015-0.0025 wt%, bascd on the total weight of active agents (a)-(d), (g)-(h}, Gy and (D) in
the coroposition. In some embodiments, the composition comprises about (.0020 wt% active
agent (1), based on the total weight of active agents (a)-(d), {g)-(h), 3y and (}) in the
COMPOSION.

[8208] In this way, the relative quantity of active agent (33 with respect to the other active
agents in the composition reflects the relative appropriate dosages.

18209 In some embodiments, the composition comprises about 20 ug to about 125 ug of
vitamin D, for example, at least about any one of 20 pg, 25 ug, 30 ug, 40 ug, 50 ug, 60 pg, 70
wg, 75 pg, 100 ug, or 125 pg, or about 20 ug to about 50 ug, about 50 ug to about 75 ug,
about 75 ug to about 100 ng, about 100 ng to about 125 pg, about 25 pg to about 75 ug, about

30 ug to about 100 pg, or sbout 50 ug to about 125 pg.

{m) Additional Components

[8218] In addivon to active agents {a)-(1}, in some embodiments, the composition further
compriscs one or more additional components, such as one or more additional active agents.
In some embodiments, these optional additional active agents may increase the therapeutic
cffect of the composition. In some embodiments, this increase in therapeutic effect is
synergistic. In some embodiments, the composition further comprises one or more additional
active agents selected from fruit or fruit extracts {e.g., blueberry, cranberry, strawberry,
pomegranate, and/or grape extracts), vegetable or vegetahle extracts (e.g., ginger, furmeric
and/or black pepper extracts), plant ov plant extracts {e.g., green tea and/or rosemary extracts
andfor quineca}, dimethyliglycine, monomethylglycine, glycine, choline, lipoic acid,

ditndolylmethane, ribose, sulforaphane, and phosphatidylcholine. In some embodiments, the
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composition further comprises one or more additional active agents selected from fruit
exiracts (e.g., blueberry, cranberry, strawberry, pomegranate, and/or grape extracis),
vegetable extracts (2.2, ginger, turmeric and/or black pepper extracts), plant exiracts (e. g,
green tea and/or rosemary extracts), dimethylglyeine, monomethylghycine, glycine, choline,
and phosphatidyicholine.

(63111 In some emmbodiments, in addition to the active agents (a)-(d); (a)-(d) and (g); (a)-(D)
and (k}; {a)-(1); (@)-(g); (a)-(1); (a)-(5) and (j); {a)-(g) and (3); (a)-(j); or (a)-{d), {g)-(h) and ()
and any of the optional additional components described above, the composition further
comprises one of more additional active or inactive agents including, without limitation,
vitamins, minerals, amuno acids, carbohydrates, proteins, or Hpids, Vitamins may be water-
soluble (e.g., vitamin C, vitamin B1), or they may be water-insoluble (e.g., vitamin A, vitamin
D, vitamin E, or vitamin K)}. Mincrals may be essential minerals {e.g., calcium, chloride,
chromium, copper, iodine, iron, magnesium, molvbdenum, phosphorus, phosphate,
potassium, selenium, sodivm, or zinc}, or they may be non-gssental minerals {e. g., sulfur).
Carbohydrates include, without limitation, monosaccharides (e. g., fructose, galactose,
glucose, mannose, tagatose, yylose), disaccharides {e.g., isomaltose, isomaltulose, lactose,
maltose, sucrose, trehalose, trehahitose), and sugar alcohols {e.g., erythritol, glycerol,
hydrogenated starch hydrolysates, isomalt, lactitol, maltitol, mannitol, sorbitol, xylitol).
Lipids include, without lHmitation, saturated fatty acids, monounsaturated fatty acids, and
polyansaturated fatty acids (e. 2., omega-3, alpha-linolenic acid (ALA)}, eicosapentaenoic
(EPA), docosahexacnoic acid (BHA), omega-6, arachidonic acid (AA), anandamide (N-
arachidonoylethanolamine), linoleic acid, and conjugated linoleic acid (CLA)).

[8212] In some embodiments, at least one of the active agents (a)-{1) or the additional
active agents is purified. In some embodiments, an active agent is at least about 30%, about
35%, about 40%, about 45%, about 50%, about 55%, about 60%, about 65%, about 70%,
about 75%, about 80%, about 85%, about 90%, about 1%, about 92%, about 93%, about
949, about 95%, about 96%, about 97%, about 98%, about 99%, about 99.1%, about 99.2%,
about 99.3%, about 99.4%, about 99.5%, about 99.6%, about 99.7%, about 99.8%, about
99.9%, or about 100% pure, wherein the % purity excludes the weight of any other active
agent and any added counter-ion, vehicle, diluent, excipient, or carrier.

[#213]  In some embodiments, active agent {m) comprises vitamin B1. The term “vitamin
B:” is also known as thiamine or thiamin. The chemical structure of vitanun B is shown

helow:
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[8214]  In some embodiments, the composition comprises about 0.5 mg to about 2 g of
vitamin B, for example, at least about any one of 0.5 mg, 0.8 mg, 6.9 mg, i mg, 1.1 mg. 1.2
mg, 1.3 mg, 1.4 mg, 1.5 mg, or 2 rug, or about 0.5 mg to about 1 mg, sbout 1 mg to about 1.5
mg, about 1 mg to about 2 mg, about 0.5 mg to about 1.5 mg, about 0.75 mg to about 1.25
mg, or about 0.8 mg to about 1.5 mg.

[82i5] In some embodiments, active agent (ny) comprises a magnesium -containing
compound. In some embodiments, the magnesium-containing compound is one or more
pharmaceutically acceptable magnesium-containing compounds. In some emboduments, the
magnesium-containing compound is one or more pharmaceutically acceptable magnesium
salts. In some embodiments, active agent (m} compriscs one or more magnesium-containing
compounds selected from magnesium citrate, magnesivm oxide, magnesium oxalate,
magnesivm gluconate, magnesiom hydroxide, magnesiim glycinate, magnesium orotate,
magnesium threonate, magnesium borate, magnesium salicylate, magnesium sulfate,
magnesium chloride, magnesium aspartate and magnesium lactate. In some cmbodiments,
active agent {m) comprises a single magnesim-containing compound selected from
magnesium oxide, magnesium oxalate, magnesium gluconate, magnesium hydroxide,
magnesinm glycinate, magnesium orotate, magnesium threonate, magnesium borate,
magnesiom salicylate, magnesium sulfate, magnesium citrate, magnesium chloride,
magnesivm aspartate and magnesium lactate. In some embodiments, active agent {m)
compriscs magnesium bisglycinate.

[8216] In some embodiments, the composition comprises about 10 mg to about 500 mg of
elemental magnesium provided by a magnesium-containing compound, for example, at least
about any one of 20mg, 30 mg, 40 mg, 50 mg, 60 mg, 70 g, 80 mg, 100 mg, 200 mg, 300
mg, 400 mg, or 500 mg, or about 10 mg to about 50 mg, about 530 mg to about 100 mg, about
100 mg to about 200 mg, about 200 myg to about 500 mg, about 10 mg to about 100 mg, or
about 20 mg w about 80 mg. In some embodiments, the composition comprises about 100 mg
to about 500 mg of magnesium bisglycinate, for example, at least about any one of 100 mg,
200 mg, 300 mg, 400 g, or 500 mg, or about 100 mg to about 400 mg, about 100 mg to

about 300 mg, about 200 mg to about 500 mg, or about 250 mg to about 500 mg.
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[8287] In some embodiments, active agent (m) comprises fruit extracts. In some
cmbodiments, active agent (m) comprises one or more fruit extracts selected from the group
consisting of blueberry extract, cranberry extract, strawherry extract, pomegranate extract,
and grape extract. In some embodiments, fruit extracts may be obtained from whole fruit,
seeds of fruit, or juice of fruit. For example, strawberry extract may be whole fruit powder;
porgegranate extract may be pomegranate juice powder; and grape extract may be grape juice
powder. In some embodiments, active agent (m} comprises grape sced extract, such as
resveratrol. In some embodiments, active agent (im) comprises vegetable extracts. In some
cmbodiments, active agent {m) comprises ginger extract. In some ernbodiments, active agent
{m} comprises tyrmeric extract. In some embodiments, active agent (i) comprises black
pepper extract. In some embodiments, active agent {m) comprises turmeric cxtract and black
pepper extract. In some embodiments, active agent (m) comprises plant exfracts. In some
cmbodiments, active agent {m) comprises green tea extract. In some embodiments, active
agent {m) compriscs rosemary extract. In some cmbodiments, active agent {im) comprises
quinoa or quinoa extract,

[8218] In some embodiments, the composition comprises about 2.3 mg to about 300 mg of
a fruit and/or fruit extract, vegetable and/or vegetable extract, and/or plant and/or plant
extract {e.g., blueberry extract, cranberry extract, strawberry extract, pomegranate extract,
grape extract, ginger exiract, green fea extract, turmperic extract, black pepper exiract, and/or
rosemary extract) or combinations thereof, for example, at least about any one of Smg, 10
mg, 20 mg, 25 mg, 50 mg, 75 mg, 100 mg, 200 mg, 300 mg, 400 mg, or 500 mg, or about 2.5
mg to about 10 mg, about 2.5 mg 1o about 100 mg, sbout 5 mg to about 500 mg, about 5 mog
to about 100 mg, about 200 rug to about 300 mg, about 300 rog to about 400 mg, about 400
g to about 500 mg, about 20 mg to about 200 mg, about 100 mg to about 300 mg, about 20{
mg to about 400 mg, about 530 mg to about 250 mg, or about 250 mg to about 500 mg. In
some embodiments, the composition comprises about 2.5 mg to about 10 mg of each fruit
extract. In some embodiments, the composition comprises about 2.5 mg to about 10 mg (e.g.,
5 mg) of cach vegetable extract. In some embodiments, the composition comprises about 2.3
mg to about 10 mg (e.g., 5 mg) of cach plant extract. In some embodiments, the composition
comprises about 5 mg to about 30 mg (e.g., about 25 mg) of total fruit extracts. In some
embodiments, the composition comprises about 5 mg to about 50 mg (e.g., about 10 mg) of
total vegetable extracis. In some embodiments, the composition comprises about 5 mg o

about 50 mg (e.g., about 10 mg) of total plant extracts. In some embodiments, the
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composition comprises about 5 mg to about 180 mg (e.g., about 35 mg) of total fruit,
vegetable and plant extracts.

[8219] In some embodiments, the composition is sterile. Sterile pharmaceutical
formulations are compounded or manufactured according to pharmaceutical-grade
sterilization standards (e.g., United States Pharmacopeia Chapters 797, 1072, and 1211,
California Business & Professions Code 4127.7; 16 California Code of Regulations 1751, 21

Code of Federal Regulations 211) known to those of skill in the art.

n} Cysteine
[8228] Active agent (n} is cysteine (also referred to as “L-cysteine™). Cysteineisa
proteinogenic g-amino acid having the following structure:
o

o
o

vy

4 “OH

NH,
132211  Cysteine is a2 non-essential amino acid, which may be synthesized by buman bodies.
[6222] In some embodiments, active agent (n) is at least about 60%, about 65%, about
70%, about 75%, about 80%, about 5%, or about 90% pure. In this context, the % purity
cxcludes the weight of any other active agent and any added counter-ion, vehicle, diluent,
excipient, or carrier within active agent (n) or any other component of the composition. Thus,
purity in this context refers to the purity of the cysteine component per se.
#2231 In some crbodiments, the composition comprises at lcast about 35 wit% active
agent {n), for example at least about any one of 37 wt%, 39 wt%, 41 wtd%, 43 wt%, 45
wit%, 47 wit%, 49 wi%, 51 wi%, or 533 wt%, based on the total weight of active agents {a)-{0)
in the composition. In some embodiments, the composition comprises up to about 55 wt%
active agent {(n), for cxample up to about any one of 53 wt%, 51 wt%, 49 wi%, 47 wt%, 45
wt%, 43 wt%, 41 wtY, 39 wt%, or 37 wt%, based on the total weight of active agents (a}-(0)
in the composition. In some embodiments, the compeosition comprises about 33 wt% to about
55 wt% active agent (), for example about any one of 35-40 wi%, 40-435 wit%, 45-50 wt%,
50-55 wi%, 40-50 wit%, or 42-46 wt%, based on the total weight of active agents (a}-(0) in
the composition. In some embodiments, the composition comprises about 44 wt% active
agent (n), based on the total weight of active agents (a}-{o) in the comaposition.
18224} In some embodiments, the composition comprises at least about 15 wt% active

agent {1}, for example at least about any one of 17 wt%, 19 wt%, 21 wt%, 23 wt%, 25 wi%,
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27 wit%, 29%, or 31 wi%, based on the total weight of active agents (a)-(0) in the
composition. In some emmbodiments, the coraposition comprises up o about 32 wi% active
agent (n), for exarple up to about any one of 30 wt%, 28 wt%, 26 wi%, 24 wt%, 22 wi%, 21
wi%, 19 wt%, 18 wi%, or 17 wit%, based on the total weight of active agents (a)-(0) in the
composition. In some embodiments, the composition comprises about 15 wt% to about 32
wt% active agent (n), for example about any one of 15-20 wt%, 20-25 wt%, 25-32 wi%, 17-
30 wt%, 19-28 wt%, 21-26 wi%, or 23-24 wt%. based on the total weight of active agents
(a}-(0} in the composition. In some embodiments, the composition comprises about 23 wt%
active agent {(n), hascd on the total weight of active agents (a)-(0) in the composition.

[#225] In some embodiments, the composition comprises at least about 25 wt% active
agent {n), for example, at least about any one of 26 wt%. 27 wt%, 28 wt%, 29 wt%, 30 wt%,
or 31 wt%, based on the total weight of active agents (a)-(0} in the composition. In some
embodiments, the composition comprises ap to about 40 wt% active agent (n), for example,
up to about any one of 35 wt%, 34 wt%, 33 wt%, or 32 wt%, based on the total weight of
active agents {(a)-(0) in the corposition. In some embodiments, the composition comprises
about 25 wit% to about 40 wit% active agent (n), for example, about any one of 25-35 wi%,
25-34 wit%, 26-34 wt%, 27-34 wit%, 28-34 wit%, 29-34 wt%, or 30-34 wi%, based on the total
weight of active agents (a)-(o) in the composition. In some embaodiments, the composition
comprises about 32 wt% active agent (n), based on the total weight of active agents (a)-(o) in
the composition.

[6226] In this way, the relative quantity of active agent {n) with respect to the other active
agents in the composition reflects the relative appropriate dosages.

[8227] in some embodiments, the composition comprises about 1000 mg to about 10000
mg of cysteine, for example, at least about any one of 1000 mg, 1250 mg, 1500 mg, 1750 mg,
2000 mg, 2500 mg, 3000 mg, 5000 mg or 10000 mg, or about 1000 mg to about 1500 mg,
about 1500 mg to about 2000 mg, about 2000 mg to about 2500 mg, about 2500 mg 1o about
3000 mg, about 1000 mg to about 2000 mg, about 2000 mg to about 3000 mg, about 1000 mg

¥
&

to about 3000 mg, or about 3000 mg to about 10000 mg.

{0} Lvsine
[8228] Active agent (o) is lysine (also referred to as “L-lysing™). Lysine i8 a basic g-amino

acid having the following structure:
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[#8229] lLysine is an essential amino acid, which is not synthesized by human bodies.

18238] In some embodiments, active agent {0} is at least about 60%, about 65%, about
70%, about 75%, about 80%, about 85%, or about 90% pure. In this context, the % purity
cxcludes the weight of any other active agent and any added counter-ion, vehicle, diuent,
excipient, or carrier within active agent {0} or any other component of the composition. Thas,
purity in this context refers to the purity of the lysine component per se.

[8231] In some embodiments, the composition comprises at least about 35 wt% active
agent {0}, for example at least about any one of 37 wt%, 39 wi%, 41 wi%, 43 wi%, 45
wit%, 47 wi%, 49 wt%, 51 wt%, or 53 wi%, based on the total weight of active agents (a)-{0)
in the composition. [n some embodiments, the composition comprises up to about 35 wt%
active agent {0), for example up to about any one of 53 wi%, 51 wt%, 49 wit%. 47 wt%, 43
wt%, 43 wi%, 41 wt%, 39 wt%, or 37 wi%, based on the total weight of active agents (a)-(0)
in the composition. In some embodiments, the composition comprises about 35 wt% to about
35 wt% active agent (0}, for example about any one of 35-40 wt%, 40-45 wt%, 45-50 wit%,
56-55 wt%, 40-50 wt%, or 42-46 wi%, based on the total weight of active agents (a)-(0) in
the composition. In some embodiments, the composition comprises about 44 wi% active
agent {0), based on the total weight of active agents (a)-(0} in the composition.

[8232] In some embodiments, the composition comprises at least about 15 wt% active
agent (o), for example at least about any one of 17 wt%. 19 wt%, 21 wt%, 23 wt%, 25 wt%,
27 wit%, 29%, or 31 wt%, hascd on the total weight of active agents (a)-(0) in the
composition. In some embodiments, the coraposition comprises up to about 32 wi% active
agent {0}, for example up to about any one of 30 wt%. 28 wt%, 26 wt%, 24 wit%, 22 wt%, 21
wt%, 19 wt%, 18 wi%, or 17 wt%, based on the total weight of active agents (a)-(0) in the
composition. In some embodiments, the composition comprises about 15 wit% to about 32
wit% active agent {0}, for example abowt any one of 15-20 wi%, 20-25 wi%, 25-32 wi%, 17-
30 wi%, 19-28 wt%, 21-26 wi%, or 23-24 wi%, based on the total weight of active agents
{a)-(0) in the composition. In some embodiments, the composition comprises about 23 wt%
active agent {0), based on the total weight of active agents (a)-(0) in the composition

#2331 In some crbodiments, the composition comprises at lcast about 25 wit% active

agent (o), for example, at least about any one of 26 wi%, 27 wt%, 28 wt%, 29 wt%, 30 wt%,
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or 31 wt%, based on the total weight of active agents (a)-(0} in the composition. In some
cmbodiments, the composition comprises up to about 40 wi% active agent (o), for exampie,
up to about any one of 35 wit%, 34 wt%, 33 wt%, or 32 wi%, based on the total weight of
active agents (a)-(0) in the composition. In some embodiments, the composition comprises
about 25 wt% to about 40 wt% active agent (o), for example, about any one of 25-35 wt%,
25-34 wt%, 26-34 wt%, 27-34 wi%, 28-34 wt%, 29-34 wit%, or 30-34 wt%, based on the total
weight of active agents {a)-(0) in the composition. In some embodiments, the composition
comprises about 32 wt% active agent (0), based on the total weight of active agents (a)-{o} in
the composition.

[#234] In this way, the relative quantity of active agent {o) with respect to the other active
agents in the composition reflects the relative appropriate dosages.

132351 In some embodiments, the composition comprises about 1000 mg to about 10000
mg of lysine, for example, at least about any one of 1000 mg, 1250 mg, 1500 mg, 1750 mg,
2000 mg, 2500 mg, 3000 mg, 5000 mg or 10000 mg, or about 1000 mg to about 1500 mg,
about 1500 mg to about 2000 mg, about 2000 mg to about 2500 mg, about 2500 mg to about
3000 mg, about 1000 mg tw about 2000 mg, about 2000 mg to about 3000 mg, about 1000 mg

to about 3000 mg, or about 3000 mg to about 10000 mg.

H. Exemplary Compositions

[8236] 1n some embodiments, there is provided a composition comprising 2 or more active
agents selected from (a), (b), (©), {d}, (&), (©), (g), (h), (1}, (G), (k). (&), (), (), and (o). In
some embodiments, there is provided a composition comprising 2 or more active agents
selected from (a), (h), (¢}, (d), (e). (1), (2). (h), (), (4), k), (), (0}, and (o). In some
embodiments, there is provided a composition comprising 3 or more active agents selected
from {a}, (b}, (¢}, (d), (e}, (), {g). (b, (B3, G, k3, (D), (n), (), and {o}. In some embodiments,
there is provided a composition comprising 4 or more active agents selected from (a), (b), {c),
(), (e}, (D), (), (). (1), (G), (k). (1), (), (my), and {(0). In some embodiments, there is provided
& composition comprising 5 or more active agents selected from (&), (b), (¢}, {4}, {e). (£}, {g),
(hy, (3 (). k. (B, (), {m), and (o). In some erabodiments, there is provided a composition
comprising 6 or more active agents sclected from (a}, (b). (¢), (d), (e}, (), (&), (hy, (1), (), k),
@, (), (m), and {0). In some embodiments, there is provided a composition comprising 7 or
more active agents selected from (a), (b, (¢}, (d). (e}, (), {g}. (), (0. G &), (1), (), (m), and

(o). In some embodiments, there is provided a composition comprising 8 or more active
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agents selected from (a}, (b), (¢}, (&), (), (£}, (g, {h), (. ), k), (B, (n), (), and (o). In
some embodiments, there is provided a composition comprising 9 or more active agents
selected from {a), (b, (¢}, (d). (), (), (@), (h), (), (). k), (1), (n}, (m), and (o). In some
embodiments, there is provided a composition comprising 10 or more active agents selected
from {a), (b}, (¢}, {d), (e}, (), (&), (hy, (i), (). ko, (D), (), (M), and (o). In some embodiments,
there is provided a composition comprising 11 or more active agents selected from (a), (b),
{c}, (d}, (&3, (D). (&), (hy, @3 Q) (k. (U, (), {my), and {0). In some cmbodiments, there is
provided a composition comprising 12 or more active agents selected from (a), (b), (¢}, (d),
(e}, (), (g}, (), (1), (), k), (1), (m), (m), and (o). In some embodiments, there is provided a
composition comprising 13 or more active agents selected from (a), (), (¢}, {(d). &}, (), (&),
0y, (@, G, &, @), (), m), and (o). In some embodiments, there is provided a composition
comprising 14 or more active agents selected from (a), (b), (c), (d). (e}, (T}, (g}, (), (D, (),
k), (4, (), {(m), and (o). In some embodiments, there is provided a composition comprising
active agents {a}, (b}, (¢}, (d), (e}, (), (&), (b, (1), (). (K3, (D), (), (), and {0}, In some
cmbodiments, the composition comprise more than one active agent (m).

[8237]  In some embodiments, there is provided a composition comprising (a) sering, (n)
cysteine, and (o} lysine. {n some embodiments, the composition comprising {a) serine, (1)
cysteine, and (o} lysine further comprises once or more active agents selected from (b), (¢},
(d), (e}, (), (g), (W), (1), (3), (k). (1), and (m), such as 2 or more, 3 or more, 4 or more, 5 or
more, 6 or more, 7 or more, &, or more, 9 or more, 10 or more, or 11 active agents selected
from (b}, {c), (&}, (&), (), (g), (b}, (). (), {(k}, (), and (). In some embodiments, the
composiiion comprises {a) serine, (n) cysteine, (o) lysine, and onc or more of ()
trimethylglycine, lipoic acid, ditndolyimethane, ribose, guinoa, and sulforaphane. In some
embodiments, the composition comprises {(a) serine, {1} cysteine, {0} lysine, and {3}
trimethylglycine. In some embodiments, the composition comprises (a) serine, (1) cysicine,
(0} lysine, and one or more of lipoic acid, diindolylmethane, ribose, quinoa, and
sulforaphane. In some embodiments, the composition comprises {a) serine, {n) cysteine, {0}
lysine, (§) trimethylglycine, lipoic acid, diindolyimethane, ribose, quinoa, and sulforaphane.
[8238]  In some embodiments, there 1s provided a composition comprising: (a) about 90
wt% to 98 wt% serine; and (b) about 2 wit% to about 10 wi% vitamin Be.

162381  In some embodiments, there is provided a unit dosage composition comprising: {a)
about 1000 mg to about 3000 mg serine; and (b) about 20 mg to about 150 mg {e.g., about 20

mg to about 100 mg) vitamin Be.
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[6248] In some embodiments, there is provided a unit dosage composition comprising: (a)
about 2000 mg serine; and (b) about 75 g vitamin Be,

[#241]  In some embodiments, there is provided a unit dosage composition comaprising: (a)
about 2000 mg serine; and (b) about 100 mg vitamin Bs.

18242) In some embodiments, there is provided a unit dosage composition comprising: {(a)
about 2000 mg serine; and (b) about 150 mg vitamin Be.

[6243] In some embodiments, there is provided a composition comprising: (a) about 90
wt% to 99 wt% serine; (h) about 1 wt% to about 7.5 wit% vitamin Bs; (¢} about .01 wi%
about 0.10 wt% vitamin Be; and (d} about 0.01 wt% to about 0.05 wt% vitamin Bi2, wherein
wt% is based on the total weight of active agents (a)-(d} in the composition.

i8244] In some embodiments, there is provided a composition comprising: (a) about 95.2
wt% serine; (b) about 4.8 wt% vitamin Be; (¢} about 0.038 wt% vitamin Bo; and (d) about
0.024 wt% vitarnin Bio, wherein wit% is based on the total weight of active agents (a)-(d) in
the composition.

[8245]  In some embodiments, provided herein is a unit dosage composition comprising: (a)
about 1000 mg to about 5000 mg {e.g., about 1000 g to about 3000 mg) serine; (b) about 20
g to about 100 mg vitamin Be; (¢} about 0.10 mg to about 2.0 mg vitamin Be; and {(d} about
106 pg to about 3 mg (e.g., about 100 pg to about 1 mg) vitamin Bio. In some embodiments,
the unit dosage further comprises (53 about 1000 mg to asbout 3000 mg trimethyliglycine. In
some embodiments, the unit dosage forther comprises (g) about 10 mg o about 200 mg
vitamin Bz. In some embodiments, the unit dosage further comprises about 1060 mg to about
3000 mg glycine. In some embodiments, the unit dosage further comprises about 10 mg to
2000 mg of the NPA (e.g.. NR, or NR and NA}.

[#246] In some embodiments, provided herein is a unit dosage composition comprising: {a)
about 2000 mg serine; (b} about 100 mg vitamin Be; (¢) about (.8 mg vitamin Bo; and (d})
about 0.3 mg vitamin B, In some embodiments, the unit dosage further comprises () about
1000 mg rimethylglycine. In some embodiments, the unit dosage further comprises (g) about
10 mg vitamin B2. In some embodiments, the unit dosage further comprises about 500 mg
NER, or ahout 300 mg NR and about 500 mg NA.

[#8247] in some embodiments, provided herein is a unit dosage composition comprising: (a)
about 2000 mg serine; (b) about 100 myg vitamin Be; (¢) about (.8 mg vitamin Be; and {d}
about 3 mg vitamin B, In some embodiments, the unit dosage further comprises (g) about
10 mg vitamin Ba. In some embodiments, the anit dosage further comprises about 500 mg

NR, or about 500 mg NR and about 300 mg NA.
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[6248] In some embodiments, provided herein is a unit dosage composition comprising: (a}
about 4000 mg serine; (b) about 100 mg vitamin Bs; (¢) about 0.8 mg vitamin Bo; and (d)
about 0.5 mg vitamin Bi2. In some embodiments, the unit dosage further comprises about
4000 mg glycine. In some embodiments, the unit dosage further comprises (g) about 10 mg
vitamin Bo. In some embodiments, the unit dosage further comprises about 500 mg NR, or
about 500 mg NR and about 500 mg NA.

[6249] In some embodiments, the present application provides a unit dosage composition
comprising the active agents: (a) about 1000 mg to about 3000 mg serine; (b) about 20 mg to
about 100 mg vitamin Be; (¢) about 0.10 mg to about 2.0 mg vitamin Be; (d) about 100 pg to
about 1 mg vitamin B12; (g) about 0.10 mg to about 2.0 mg vitamin Bz; (h) about 1000 mg o
about 3000 mg N-acetyleysteing; (k) about 1€ mg to about 500 mg NA; about 0.10 mg to
about 2.0 myg vitamnin By, and about 100 mg to about 500 mg magnesivm hisglycinate.

[8256] 1n some embodiments, the present application provides a anit dosage composition
comprising the active agents: {a) about 1200 mg serine; (b} about 50 mg vitamin Bs; (¢} about
1 mg vitamin Bo; (d) about 0.5 mg vitamin Biz; (g) about 1.3 mg vitamin Bs; (h) about 1500
mg N-acetyleysteine; (k) about 16 mg NA; about 1.2 mg vitarnin By, and about 300 mg
magnesium bisglycinate.

[8258] In some embodiments, the present application provides a unit dosage composition
comprising the active agents: {z) about 1000 g to about 3000 mg serine; (b) about 20 mg to
about 100 mg vitamin Be; (¢} about 0.10 rog to about 2.0 mg vitamin Be; (d) about 100 pg to
about 1 mg vitamin Biz; (g) about 50 mg to about 300 mg quercetin; (g) about 8.10 mg to
about 2.0 mg vitamin Bo; (k) about 10 mg to about 500 mg NA; and about .10 mg to about
2.0 mg vitamin Bi.

[#252] In some embodiments, the present application provides a unit dosage composition
comprising the active agents: (a) about 1700 mg serine; (b} about 25 mg vitamin Be; (c) about
0.8 mg vitamin By; (d) about (.5 mg vitamin B1a; (e) about 100 1og quercetin; (g) about 1.3
myg vitamin B»; (k) about 50 mg NA; and about 1.2 mg vitamin B1.

[82%3] In some embodiments, there is provided a composition comprising: (a} about 70
wt% to 90 wt% sering; (b) about 1 wt% to about 5 wit% vitamin Be; (¢) about 0.001 wt% to
about (.02 wt% vitamin Bo; (d) about 0.0005 wt% to about 0.005 wt% vitamin Biz; (e) abowt
3 wt% to about 20 wit% guercetin; and (f) about 1 wi% to about 10 wit% {isetin, wherein wit%
is based on the total weight of active agents (a)-(f) in the composition.

[6354] In some emmbodiments, there is provided a composition comaprising: (a) about 75

wt% to 85 wt% serine; (b) about 2 wt% to about 4 wt% vitamin Be; (¢} about 0.01 wt% to
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about 0.02 wit% vitamin Bo; (d} about 0.001 wi% to about (.005 wi% vitamin B; {¢) about
10 wt% to about 15 wi% quercetin; and (f) about 2 wit% to about 6 wt% fisctin, wherein wt%
is based on the total weight of active agents (a)-(f) in the composition.

[#255] In some cmbodiments, there is provided a composition comprising: (aj about 80.8
wi% serine; (b} about 3.0 wt% vitamin Be; (¢} about 0.016 wit% vitamin Be; {d} about 4.0030
wt% vitamin Bqa; (e) about 12.1 wt% quercetin; and (f) about 4.0 wt% fisctin, whercin wt%
is based on the total weight of active agents (a)}-{f} in the composition.

[6256] In some embodiments, provided herein is a unit dosage composition comprising: (a}
about 1000 mg to about 3000 mg serine; (b) about 20 mg to about 100 mg vitamin Be; (¢}
about .10 mg to about 1.0 mg vitamin Be; (d) about 20 ug to about 200 pg vitamin Bio; {e)
about 100 mg to about 500 mg quercetin; and (f) about 20 mg to about 200 mg fisetin.

132571 In some embodiments, provided herein is a unit dosage composition comprising: (a)
about 2000 mg serine; (b) about 75 mg vitamin Be; (¢} about 0.4 mg vitamin Be; (d) about 75
ug vitamin Biz; {e) about 300 mg guercetin; and {f) about 100 mg fisetin.

[8258]  In some embodiments, there is provided a composition comprising: (a} about 70
wt% to 90 wt% serine; (b) about 1 wt% to about 5 wit% vitamun Bs; (¢) about 0.001 wit% o
about (.02 wt% vitamnin Be; (d) about 0.0005 wt% to about 0.005 wit% vitamin Bz (e) abowt
5 wt% to about 20 wt% quercetin; (f) about 1 wt% to about 10 wt% fiscetin, and (g} about 1
wt% to about 5 wt% vitarain B, wherein wi% is based on the total weight of active agents
{a)-(g} in the composition.

18259] In some embodiments, there is provided a composition comprising: (a) about 75
wt% to 85 wt% serine; (b) about 2 wt% to about 4 wit% vitamin Bs; (¢) about 0.01 wt% to
about (.02 wt% vitamin Bo; (d) about 0.001 wit% to aboot 0.005 wt% vitamin Biy; (e) about
10 wi% to about 15 wit% quercetin; (f) about 2 wt% to about 6 wit% fisetin; and {g) about 2
wt% to about 4 wt% vitamin By wherein wt% is based on the total weight of active agents
{a)-(g} in the composition.

[8266] In some embodiments, there is provided a composition comprising: (a) about 78.4
wt% serine; (b) about 2.9 wt% vitamin Bs; (¢) about 8.016 wit% vitamin Be; (d) about 8.0029
wt% vitamin Bis; (¢) about 11.8 wt% quercetin; (f) about 3.9 wt% fisctin; and (g) about 2.9
wt% vitamin Bz, wherein wt% is based on the total weight of active agents (a)-(g) in the
COMPOSIon.

[6261] In some embodiments, provided herein is a unit dosage composition comprising: (a)
about 1000 mg to about 3000 mg serine; (b) about 20 mg to about 100 mg vitamin Be; (©)

about 0.10 mg to about 1.0 mg vitamin By; (d) about 20 ug to about 200 pg vitamin Big; (e}
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about 100 mg to about 500 mg quercetin; (f) about 20 mg to about 200 mg fisetin; and (g)
about 20 mg to about 200 mg vitarnin By, In some ernbodiments, the unit dosage further
comprises (5) about 1000 g to about 5000 mg (e.z., about 1000 mg to about 3000 mg)
trimethylglycine.

18262] In some embodiments, provided herein is a unit dosage composition comprising: {a)
about 2000 mg serine; (b) about 75 mg vitamin Be; (¢} about 0.4 mg vitamin Be; (d) about 75
ug vitamin Biz; {e) about 300 mg guercetin; {f) about 100 mg fisetin; and (g) about 30 mg
vitamin Bz, In some embodiments, provided herein is a unit dosage composition comprising:
(a} about 2000 mg serine; (b) about 75 mg vitamin Be; (¢) about 0.4 mg vitamin By; (d) about
75 ug vitamin Baz; (e) about 300 mg quercetin; () about 100 mg fisetin; and (g} about 75 mg
vitamin Bo. In some embodiments, the unit dosage further comprises {j) about 1300 mg
trimethylglycine.

[8263] 1n some embodiments, provided herein is a unit dosage composition comprising: (a)
about 1000 mg to about 3000 mg serine; (b) about 20 mg to about 100 mg vitamin Be; {(¢)
about 0.10 mg 1o about 1.0 mg vitamin Be; {d} about 20 ug to about 200 pg vitamin Biz; (2}
about 100 mg to about 300 mg quercetin; {fy about 20 mg to about 200 mg fiseting (g) about
20 mg to about 200 mg vitamin Bo; and (1) about 20 g to about 125 pg vitamin Ds.

18264] In some embodiments, provided herein is a unit dosage composition comprising: {a)
about 2000 mg scrine; (b) about 75 mg vitamin Be; (¢) about (.4 mg vitamin Be; (d) about 75
ug vitarnin Biz; {e) about 300 rog querceting (f) about 100 mg fisetin; (g) about 75 mg vitamin
By; and (1) about 123 ug vitarin Da.

[8265] In some embodiments, there is provided a composition comprising: (a} about 20
wt% to 40 wt% serine; (b) about 0.5 wt% to about 2 wi% vitamin Bg; {¢) about 0.001 wt% to
about 0.015 wt% vitamin Be; (&) about 0.0001 wt% to about 0.002 wt% vitamin Bis; (e)
about I wt% to about 1} wt% quercetin; (f) about 1 wt% to about 5 wt% fisetin; (g) about .5
wt% to about 2 wt% vitarain By; (h) about 20 wi% to about 40 wit% N-acetyleysteine; and (i)
about 20 wt% to about 40 wt% SAM, wherein wt% is based on the total weight of active
agents (a)-(1) in the composition.

[8266] In some embodiments, there is provided a composition comprising: (a} about 23
wt% to 35 wt% serine; (b) about 1 wt% to about 1.5 wit% vitamin Be; (¢) about 0.002 wt% to
about .01 wt% vitarnin Be; (d) about 0.0005 wt% to about 0.0015 wt% vitamin Biz; (e)
about 2.5 wi% to about 7 wt% quercetin; (f) about 1 wt% to about 2 wit% fisetin; (g) about 1

wt% to about 1.5 wt% vitamin Bz; (h) about 25 wt% to about 35 wt% N-acetylcysieine; and
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(i} about 25 wt% to about 33 wi% SAM, whercin wi% is based on the total weight of active
agents (a)-(1) in the composition.

[#267] In some embodiments, there is provided a composition comprising: (a) about 30.5
wt% serine; (b) about 1.1 wit% vitamin Be; (¢} about 0.0061 wt% vitamin Bo; (d) about
(.0011 wt% vitamin Biz; () about 4.6 wt% quercetin; (f) about 1.5 wt% fisctin; (g) about 1.1
wt% vitamin Ba: (h) about 30.5 wit% N-acetylcysteine; and (i) about 30.5 wt% SAM, whercin
wit% is based on the total weight of active agents {(a)-{i) in the composition.

[6268] In some embodiments, provided herein is a unit dosage composition comprising: (a}
about 100 mg to about 10000 mg serine; (b) about 10 mg to about 100 mg vitamin Be; (¢}
about .10 mg to about 1.0 mg vitamin Bo; (d) about 20 pg to about 3000 ug vitamin Biz; ()
about 100 mg to about 500 mg quercetin; (f) about 20 mg to about 200 mg fisetin; (g) about
20 mg to about 400 mg vitamin Bo; (h) about 1000 mg to about 10000 mg N-acetylcysteine;
and (1) about 1000 mg to about 10000 mg SAM.

[8269] In some embodiments, provided herein is a unit dosage composition comprising: (a)
about 1000 mg to about 3000 mg serine; (b) about 20 mg to about 100 mg vitamin Be; (¢}
about 0.10 mg to about 1.0 mg vitamin Be; {(d) about 20 ug to about 200 pg vitamin Biz; (e
about 100 mg to about 500 mg quercetin; (I} about 20 mg to about 200 mg fisetin; (g) about
2¢ mg to about 200 mg vitamin By (h) about 1000 mg to about 3000 mg N-acetylcysteing;
and (i) about 1000 mg to about 3000 mg SAM.

[6278] 1n some embodiments, provided herein is a unit dosage composition comprising: (a)
about 2000 mg serine; (b) about 75 mg vitamin Be; (¢} about 0.4 mg vitamin Be; (d) about 75
ug vitamin Bis; (e) about 300 mg quercctin; (f) about 100 mg fisetin; (g) about 75 mg vitamin
B2; (h) about 2000 mg N-acetyleysteine; and (i) about 2000 mg SAM.

[#1278] In some embodiments, the present application provides a composition comprising
the active agents: (a) about 25 wt% to about 40 wt% sering; (b} about 0.5 wt% to about 1.6
wt% vitamin Bs; (¢} about 0.001 wt% to about 0.01 wt% vitamin Bo; (d) about 0.0005 wt% to
about 0.002 wt% vitamin Byz; {g) about 0.5 wt% to about 1.6 wi% vitamin B (h) about 25
wt% to about 40 wt% N-acetylcysteine; and (i) about 25 wt% to about 40 wt%
trimethylglycine, whercin wt% is based on the total weight of active agents (a)-(d), {g)-(h)
and (}) in the composition.

1682721 In some embodiments, the present application provides a composition comprising
the active agents: (a) about 30 wt% to about 35 wt% scrine; (b) about 1 wt% to about 1.5
wt% vitamin Bs; (¢} about 0.005 wt% to about 0.007 wt% vitamin Bo; (d) about 0.000% wit%

to about 0.0013 wit% vitamin Biz: (g) about T wi% to about 1.5 wt% vitamin Bo; (h) about 30
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wt% to about 35 wt% N-acetylcysteine; and (i) about 30 wt% to about 35 wt%
trimethylglycine, whercin wt% is based on the total weight of active agents (a)-(d), {g)-(h)
and (}) in the composition.

#2731 In some crbodiments, the present application provides a composition comprising
the active agents: (a) about 32.5 wt% serine; (b) about 1.2 wt% vitamin Be; (c) about 0.0065
wt% vitamin Be; (d) about 8.0012 wt% vitamin Bio; (g) about 1.2 wt% vitamin By; (h) about
32.5 wtY% N-acetylcysteine; and (j) about 32.5 wt% trimethyiglycine, wherein wt% is based
on the total weight of active agents (a)-(d), {g)-(h) and (j) in the composition.

[8274] In some embodiments, provided herein is a unit dosage composition comprising: (a)
about 100 mg to about {0000 myg serine; (b} about 10 mg to about 100 mg vitamin Be; (¢)
about .10 mg to about 1.0 mg vitamin Bo; (d) about 20 pg to about 3000 ug vitamin Bio; (¢}
about 100 mg to about 500 g querceting () about 20 mg to about 200 g fisetin; (g) about
20 mg to about 400 mg vitamin Ba; (h) about 1000 mg to about 10000 mg N-acetylcysteine;
(1) about 1000 mg to about 10000 mg SAM; and (j) about 1000 mg to about 3000 mg
trimethylglycine.

[8275]  In some embodiments, the present application provides a unit dosage composition
comprising the active agents: (a) about 1000 mg to about 3000 myg serine; (b) about 2{ mg to
about 200 mg vitamin Be; (¢} about 0.10 mg to about 1.0 mg vitamin Bo; (d) about 20 ug to
about 200 pg vitamin Biz; (g) about 20 mg to about 200 mg vitamin Bz; (h) about 1000 mg o
about 3000 mg N-acetylcysteine; and (§) about 1000 mg to about 10000 mg trimethyiglycine.
18276] In some embodiments, the present application provides a unit dosage composition
comprising the active agenis: {a) about 2000 mg serine; (b} about 75 mg vitamin Bs; (¢} about
0.4 mg vitamin Bo; (d) about 75 pg vitamin Biy; (g) about 75 mg vitanun Ba; (h) about 2000
mg N-acetylcysteine; and () about 2000 mg trimethyiglycine.

18277) In some embodiments, the present application provides a unit dosage composition
comprising the active agents: {a) about 1000 mg to about 3000 mg serine; (b) about 20 mg to
about 200 mg vitamin Be; (¢} about 0.10 mg to about 1.0 mg vitamin Bo; {d) about 20 ug w
about 200 pg vitamin Bio; {g) about 20 mg to about 200 mg vitamin Bz, (1) about 20 pug o
about 125 yg vitamin Da.

[8278] In some embodiments, the present application provides a unit dosage composition
comprising the active agents: {a) about 2000 mg serine; (b} about 75 mg vitamin Be; (¢} about
(.4 mg vitamin By; (d) about 75 ug vitamin Biz; (g) about 75 mg vitamin By; (1) about 125 ug

vitamin D,
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{62791 In some embodiments according to any one of the compositions described herein,
the composition further compriscs one or more additional active agents selected from the
group consisting of fruit extracts (e.g., blucherry, cranberry, strawberry, pomegranate, and/or
grape extracts), vegetable extracts (e.g., ginger, turmeric and/or black pepper extracts), plant
extracts (e.g., green tea and/or rosemary extracts). In some embodiments, the composition
comprises about 2.5 mg to 500 mg (e.g., S mg) of each additional active agent. In some
embodiments, the composition comprises about 5 mg blueberry extract, about 5 mg ginger
extract, about 5 mg cranberry extract, about 5 mg turmeric extract with black pepper extract,
about Smg strawberry extract, about 5 g pomegranaie exiract, and about 5 mg grape extract.
In some embodiments, the composition comprises about 500 mg to 2500 myg of total
additional active agents.

132881  In some embodiments according to any one of the compositions described herein,
the composition further comprises one or more additional active agents selected from the
group consisting of rimethylglycine, dimethylgiycine, monomethylglyeine, glycine, choling,
and phosphatidyicholine. In some embodiments, the composition comprises about 500 mg to
3000 mg of each additional active agent. In some embodiments, the composition comprises
about 500 mg to 5000 myg of total additional active agents. In some embodiments, the
composition comprises about 4000 mg of glycine.

132811 In some embodiments according to any one of the compositions described herein,
the composition further comprises an NPA selected from the group consisting of NA, NR,
NMN, NAR, NAAD, NAD+ and mixtures thereof. In some embodiments, the composition
comprises about 10 mg to 2000 rog of the NPA. In some embodiments, the NPA s NR. In

some embodiments, the NPA is NA. In some embodiments, the NPA is NR and NA.

i1, Pharmaceutical Compositions

16282] The present application also provides pharmaceustical compositions comprising any
onc of the compositions as described herein and a pharmaccutically acceptable carrier,
cxcipient, binder, or diluent.

[6283] In some embodiments, the pharmaceutical compositions comprise one or more
pharmaceutically acceptable excipicnts. A pharmaceutically-acceptable excipient is a
substance that is non-toxic and otherwise hiologically suitable for administration to a subject.
Such excipients facilitate admimstration of the compositions described herein and are
compatible with the active ingredient. Examples of pharmaceutically-acceptable excipients

include stabilizers, lubricants, surfactants, diluents, anti-oxidants, binders, coloring agents,
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bulking agents, emulsificrs, or taste-modifying agents. In some embodiments,
pharmaceutical compositions according to the embodiments are sterile compositions.
Pharmaceutical compositions may be prepared using compounding techniques known or that
become avatlable to those skilled in the art. Sterile compositions are also contemplated by
the embodiments, including compositions that are in accord with national and focal
regulations governing such compositions.

[6284] The pharmaceutical compositions and compositions described herein may be
formulated as solutions, enulsions, suspensions, dispersions, or inchusion complexes such as
cyelodextrins in suitable pbarmaceutical solvents or carriers, or as pills, tablets, lozenges,
bars, suppositories, sachets, dragees, granules, powders, powders for reconstitution, or
capsuics along with solid carriers according to conventional methods known in the art for
preparation of various dosage forms. Pharmaceutical compositions provided herein may be
administered hy a suitable route of delivery, such as oral, parenteral, rectal, nasal, or topical
route, or by inhalation. In some embodiments, the composttions are formulated for
infravenous of oral administration.

[#8285] For oral administration, the pharmaceutical composition may he provided in a solid
form, such as a tablet or capsule, or as a solution, emulsion, or suspension. To prepare the
oral compositions, the pharmaceutical composition may be formulated to yield a dosage of
the composition, e.g., from about .01 to about 200 mg/kg daily, or from about 20 to about 50
mg/kg daily or from about 50 to about 200 mg/kg daily. Oral tablets may include the active
ingredicnt(s) mixed with compatible pharmaceutically acceptable excipienis such as diluents,
disintegrating agents, binding agents, lubricating agents, swectening agents, flavoring agents,
coloring agents and preservative agents. Suitable inert fillers include sodium and calcium
carbonate, sodium and calcinm phosphate, lactose, starch, sugar, glucose, methyl cellulose,
magnesium stearate, mannitol, sorbitol, and the like. Exemplary liquid oral excipients
inchude ethanol, glycerol, water, and the like. Starch, polyvinyl-pyrrolidone (PVP), sodium
starch glycolate, microcrystalline cellulose, and alginic acid are exemplary disintegrating
agents. Binding agents may inchude starch and gelatin. The lubricating agent, if present, may
be magnesium stearate, stearic acid, or tale. If desired, the tablets may be coated with a
material such as glveeryl monostearate or glyeeryl distearate to delay absorption in the
gastrointestinal tract, or may be coated with an enteric coating.

16286] Capsules for oral administration include hard and soft gelatin capsules. To prepare
hard gelatin capsules, active ingredient(s) may be mixed with a solid, semi-solid, or Haquid

diluent. Soft gelatin capsules may be prepared by mixing the active ingredient with water, an
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oil such as peanut oil or olive oil, liquid paraffin, a mixwre of mono and di-glycerides of
short chain fatty acids, polyethylene glycol 400, or propylene glycol.

[8287] Liguids for oral administration rmay be in the form of suspensions, solutions,
emulsions, or syrups, or may be lyophilized or presented as a dry product for reconstitution
with water or other suitable vehicle before use. Such liquid compositions may optionally
contain: pharmaceutically-acceptable excipients such as suspending agents (for example,
sorbitol, methyl cellulose, sodium alginate, gelatin, hydroxyethylcellulose,
carboxymethyicellulose, aluminum stearate gel and the like); non-aqueous vehicles, e.g., oil
(for example, almond oil or fractionated coconut oil}, propylene glycol, ethyl alcobol, or
water; preservatives (for example, methyl or propyl p-hydroxybenzoate or sorbic acid);
wetting agents such as lecithin; and, if desired, flavoring or coloring agents.

13288] The compositions described herein may be formulated for rectal administration as a
suppository. For parenteral use, including intravenous, intramuscular, intraperitoneal,
intranasal, or subcutancous routes, the agents provided herein may be provided in sterile
aqueous solutions or suspensions, buffered to an appropriate pH and isotonicity ot in
parenterally acceptable oil. Suitable agueous vehicles include Ringer's solution and isotonic
sodium chlovide. Such forms may be presented in unit-dose form such as ampoules or
disposable injection devices, in multi-dose forms such as vials from which the appropriate
dose may be withdrawn, or in a solid form or pre-concentrate that can be used to prepare an
injectable formulation. Hlustrative infusion doses range from about 1 to 2000 ug/kg/moinmite
of the composition admixed with a pharmaceutical carrier over a period ranging from several
minutes to several days.

[0288] For nasal, inhaled, or oral administration, the compositions or pharmaceutical
compositions described herein may be administered using, for example, a spray formulation
also containing a suitable carrier.

(63961 In some emmbodiments, for topical applications, the compositions of the present
cembodiments are formulated as creams or ointments or a similar vehicle suitable for topical
administration. For topical administration, the pharmaceutical compositions described herein
may be mixed with a pharmaceutical carrier at a concentration of about 0.1% to 1%, 1% to
3%, 5% 10 10%, 10% to 209%, 20% 10 30%, 0.1 % t0 0.5%, 0.5% to 1%, 1% t0 1.5%, 1.5% to

2%,

o
~

% s 2.5%. 2.5% to S%, 3% 10 7.5%, or 7.5% to 10% of drug to vehicle. Another mode
of administering the compositions provided herein may utilize a patch formulation to effect

transdermal delivery.
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[8298] In another aspect, the pharmaceutical composition further comprises a matrix. In
some embodiments, the matrix is a hydrophilic matrix, including, without limitation, non-
tonic soluble cellulose ether (. g., hydroxypropylmethylcellulose, hydroxypropylcellulose,
and hydroxylethylcellulose), non-ionic homopolymers of ethylene oxide (e.g., poly(ethylene
oxide)), water soluble natural gums of polysaccharides (e.g., xanthum gum, alginate, and
locust bean gum), water swellable, but insohible, high molecular weight homopolymers and
copolymers of acrylic acid optionally crosslinked with polyalkenyl alcohols, polyvinyl
acetate, povidone mixture, cross-linked high amylose starch, and ionic methacrylate
copolymers. In some embodiments, the matrix is a hydrophobic matrix, including, without
limitation, fatty acids, fatty acid esters, fatty alcohols, waxes of natural and synthetic origins
with differing melting points, and hydrophobic polymers. In some embodiments, the
hydrophobic matrix comprises stearic acid, lauryl, cetyl or cetostearyl alcobol, carnauba wax,
beeswax, candelilla wax, microcrystalline wax, low molecular weight polyethylene,
ammoniomethacrylate copolymers, ethyl cellnlose, celinlose acetate, cellislose acetate
butyrate, cellulose acetate propionate or latex dispersions of insoluble polymers. In some
embodiments, the matrix is a lipid type matrix, biodegradable type matrix, or mineral tvpe
matrix. I some embodiments, the matrix is part of the outer layer of a tablet. In some
embodiments, the wax matrix comprises a polymer. In some embodiments, the polymer is
selected from acrylic polymer.

[6292] 1n some embodiments, the pharmaceutical composition is formudated for extende
relcase or slow release. In some embodiments, the pharmaceutical composition is formulated
with a matrix. In some embodiments, the pharmaceutical composition is formulated with a
wax matrix. In some embodiments, the wax matrix is vegetable-based. In some

embodiments, the wax matrix comprises an acrylic polymer.

V. Food Products and Dietary Supplemenis

#2931 The present application also provides compositions in the form of a food product or
a dietary supplement.

[6294] A food product comprises a substance that can be used or prepared for use as food.
A food product may be in a solid or a liquid (e.g., beverage) form. A food product may
contain fruits, plants, vegetables, nuts, seeds, or juice, extracts, jam, concentrate, wheat, or
alcohol thereof. A food produoct may also contain milk, yogurt, meat, fish, or processed
producis thereof. A food product may be tlowers, leaves or bark of a plant. A food product

may be a product prepared from a natural food. A food product may be a medical food, a
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functional tood, a food additive or a nutritional food. A medical food comprises foods that
are specially formulated and intended for dictary management of a discase or condition that
has distinctive mutritional needs that cannot be et by normal diet alone. Medical foods can
be for oral ingestion or tube feeding. A functional food comprises foods that have a
potentially positive effect on health beyond basic nutrition. A food additive comprises any
substance added to food and its intended use results or may reasonably be expected to result,
directly or indireetly, in its becoming a component or otherwise affecting the characteristics
of any food. The addition of food additives may be during production, processing, treatment,
packaging, or transportation or storage of food. A nutritional food comprises foods that
provide a high amount of mutrients. In some embodiments, the nutritional foods also
comprise few calories. In some embodiments, the food product is a therapeutic food bar.
132951 A dictary supplement comprises a manufactured product intended to supplement the
diet. A dictary supplement can be synthetic or natural. A dictary supplerent can comprise
one component or more than one component in combination. A dietary supplement may
comprise vitamins, amino acids, probiotics, minerals, fiber, fatty acids, pigments,
polyphenols, lipids, or proteins. in some embodiments, the dictary supplement may be
formulated as a pharmaceutical composition as discussed herein. In some embodiments, the
dictary supplement is intended to be taken by mouth as a pill, capsuie, tablet, or liguid. In
some embodiments, the dictary supplement compriscs a label as being a dietary supplement.
In some embodiments, the dietary supplement comprises non-dietary ingredients such as
fillers, artificial colors, sweeteners, flavors, or binders.

[8296] In some embodiments, the food product or dictary supplement comprises an
effective amount of the composition for the treatment or prevention of diseases characterized

by low bone density or brittle bones, such as osteoporosis.

Y. Kits

182971  Also provided herein arc kits comprising two or more active agents of compositions
described herein.

182981 In some embodiments, there is provided a kit comprising: {a) sering; and (b) vitamin
Be. In some embodiments, the kit further comprises an NPA (e.g., NR, NA, NAR, NAAD,
NAD+ and/or NMN). In some embodiments, the NPA is NE. In some embodiments, the
NPA is NA. In some embodiments, the NPA is NR and NA.

[#299]  In some embodiments, there is provided a kit comprising two or more components,

wherein cach component compriscs one or more active agents independently selected from:
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(a} serine; (b) vitamin Bs; (¢) vitamin Bo; and (d} vitamin B1s, provided that each of active
agents (a)-(d) are contained within the kit. In some embodiments, a first component of the kit
comprises one of (a)-(d), and the remaining three of (a)-(d) are contained within one or more
additional components of the kit. In some embodiments, the kit comprises four or more
components, wherein a first component comprises scrine, a second component comprises
vitamin Be, a third component comprises vitamin Be, and a fourth coraponent comprises
vitamin Bia. Any addittional active agents present may be provided in one or more of the first
to fourth components of the kit, or in one or more further components of the kit. In some
cmbodiments, the kit further comprises vitamin D {(e.g., vitamin Da).

[#386] In some embodiments, there is provided a kit comprising two or more componenis,
wherein each component comprises one or more active agents independently selected from:
{(a) serine; (b) vitamin Bg; (¢) vitamin Bo; (d) vitamin Bia, and (k) an NPA (e.g., NR, NA,
NAR, NAAD, NAD+ and/or NMN), provided that each of active agents (a)-(d) and (k) are
contained within the kit. In some embodiments, a first component of the kit comprises one of
(a)-(d) and (k}, and the remaining four of (a)-(d) and (k) are contained within one or more
additional components of the kit. In some embodiments, the kit coraprises five or more
components, wherein a first component comprises serine, a second component comprises
vitamin Be, a third component corprises vitamin Be, a fourth component comprises vitamin
By, and a fifth component compriscs an NPA. In some embodiments, the NPA is NR. In
some embodiments, the NPA is NA. I some embodiments, the NPA is NR and NA. Any
additional active agents present may be provided in one or more of the first to fifth
components of the kit, or in one or more further components of the kit. In some
embodiments, the kit further comprises vitamin D (2. g., vitamin Ds). In some embodiments,
the kit further comprises vitamin By, In some embodiments, the kit further comprises a
magnesium-containing compound {e.g., magnesium bisglycinate). In some embodiments, the
kit further comprises () quercetin.

[6368] In some embodiments, there is provided a kit comprising two or more components,
wherein cach component comprises one or more active agents independently selected from:
(a} serine; (b) vitamin Bs; {c) vitamin Bo; (d) vitamin B»; {¢) quercetin; and (f) fisctin,
provided that each of active agents (a)-(f) are contained within the kit. In some embodiments,
a tirst component of the kit comprises one of (8)-(f), and the remaining five of {a)-(f) are
contained within one or more additional components of the kit. In some embodiments, the kit
comprises six or more components, wherein a first component comprises serine, a second

component comprises vitamin Bs, a third component comprises vitamin Bo, a fourth
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component comprises vitamin Big, a fifth component comprises quercetin, and a sixth
component comprises fisetin. In some embodiments, the kit further comprises an NPA (e.g.,
NR, NA, NAR, NAAD, NAD+ and/or NMN). In some embodiments, the NPA is NR. In
some embodiments, the NPA is NA. In some embodiments, the NPA is NR and NA. Any
additional active agents present may be provided in one or more of the first to sixth
components of the kit, or in one or more further components of the kit. In some
embodiments, the kit further comprises vitamin D {e.g., vitamin Da).

[8382] In some embodiments, there is provided a kit comprising two or more components,
wherein cach component comprises one or more active agents independently selected from:
(a) serine; (b) vitamin Be; (¢} vitamin Bo; (d} vitamin Big: (o) quercetin; (f) fisetin; and ()
trimethylglycine, provided that each of active agents (a)-(f) and (j) arc contained within the
kit. In some embodiments, a first component of the kit comprises onc of (a)-(f) and (4), and
the remaining six of (a)-(f) and (§) are contained within one or more additional components of
the kit. In some embodiments, the kit comprises seven or more components, wherein a first
component corprises serine, a second component comprises vitamin Be, a third component
comprises vitamin B, a fourth component comprises vitarnin Big, a fifth component
compriscs quercetin, a sixth component comprises {isetin, and a seventh component
comprises trimethylglyeine. In some embodiments, the kit further comprises an NPA {e.g.,
NR, NA, NAR, NAAD, NAD+ and/or NMN), In some embodiments, the NPA is NK. In
some embodiments, the NPA is NA. I some embodiments, the NPA is NR and NA. Any
additional active agents present may be provided in one or more of the tfirst to seventh
components of the kit, or in one or more further components of the kit. In some
embodiments, the kit further comprises vitamin D (2. 2., vitamin Ds).

[#383] In some embodiments, there is provided a kit comprising two or more components,
wherein each component comprises one or more active agents independently selected from:
(a) sering; (b) vitamin Be; (¢) vitamin Bo; (d) vitamin Biz; and (g) vitamin B2 provided that
cach of active agents {(a)-{d) and {g) are contained within the kit. In some embodiments, a
first component of the kit comprises one of (a)-(d} and (g), and the remaining four of (a)-(d)
and (g) arc contained within one or more additional components of the kit. In some
embodiments, the kit comprises seven or move components, wherein a first component
compriscs serine, a second component comprises vitamin Be, a thivd component comprises
vitamin B, a fourth component comprises vitamin By, a fifth component comprises vitamin
Bs. In some embodiments, the kit further comprises an NPA (2.g., NR, NA, NAR, NAAD,

NAD+ and/or NMN). In some embodiments, the NPA is NA. In some embodiments, the
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NPA is NR and NA. In some embodiments, the composition further comprises vitamin B,
Any additional active agents present may be provided in one or more of the first to fifth
components of the kit, or in one or more further components of the kit. Tn some
embodiments, the kit further comprises vitamin D (e.g., vitamin D3). In some embodiments,
the kit further comprises N-acetyl cysteine. In some embodiments, the kit further comprises
quercetin. In some embodiments, the kit further comprises a magnesium-containing
compound {e.g., magnesium bisglycinate}.

[8384] In some embodiments, there is provided a kit comprising two or more components,
wherein cach component comprises one or more active agents independently selected from:
{(a) serine; (b) vitamin Be; (¢} vitamin Bo; (d) vitamin Bis; (e) guercetin; (f) fisetin; and (g)
vitamin By provided that each of active agents (a)-(g) are contained within the kit. In some
cmbodiments, a first component of the kit comprises one of (aj-(g), and the remaining six of
{a)-(g) arc contained within one or more additional components of the kit. In some
cembodiments, the kit comprises seven or more components, wherein a first component
comprises serine, a second component comprises vitamin Be, a third component comprises
vitamin B, a fourth component comprises vitamin Bio, a fifth component comprises
guercetin, a sixth component comprises fisetin, and a seventh component comprises vitamin
Bo. In some embodiments, the kit further comprises an NPA (e.g., NR, NA, NAR, NAAD,
NAD+ and/or NMN). In some embodiments, the NPA is NR. In some embodiments, the
NPA is MA. In some embodiments, the NPA is NR and NA. Any additional active agents
present may be provided in one or more of the first to seventh components of the kit, or in
one or more further components of the kit. In some embodiments, the kit further comprises
vitamin D (e.g., vitamin Ds).

[#385]  In some embodiments, there is provided a kit comprising two or more components,
wherein each component comprises one or more active agents independently selected from:
(a) sering; (b) vitamin Be; (¢) vitamin Bo; (d) vitamin Biz; () quercetin; (f) fiseting (g)
vitamin By and (§) simethylglycine, provided that each of active agents {a)-{g) and () are
contained within the kit. In some embodiments, a first component of the kit comprises one of
(a}-(g) and (3}, and the remaining seven of (a)-(g) and () are contained within one or more
additional components of the kit. In some embodiments, the kit comprises eight or more
components, wherein a first component comprises serine, a second component comprises
vitamin Be, a third component comprises vitamin Be, a fourth component comprises vitamin
B, a fifth component corapriscs quercetin, a sixth component comprises fisetin, a seventh

component comprises vitamin Bo, and an eighth component comprises trimethyigiycine. In
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some embodiments, the kit further comprises an NPA (e.g., NR, NA, NAR, NAAD, NAD+
and/or NMN). In some embodiments, the NPA is NR. In some embodiments, the NPA is NA.
In some embodiments, the NPA is NR and NA. Any additional active agents present may be
provided in one or morc of the first to cighth components of the kit, or in one or more further
components of the kit. In some embodiments, the kit further comprises vitamin D (e.g.,
vitamin Ds).

[8386] In some embodiments, there is provided a kit comprising two or more components,
wherein cach component comprises one or more active agents independently selected from:
(a} serine; (b) vitamin Bs; (¢) vitamin Bo; (d) vitamin Big; {(¢) quercetin; {f) fisetin; (g)
vitamn Bo; (h) N-acetyleysteine; and (1) SAM, provided that each of active agents {a)-(1) are
contained within the kit. In some embodimenitts, a first component of the kit comprises one of
(a)-(1), and the remaining eight of (a)-(1) arc contained within one or more additional
components of the kit. In some embodiments, the kit comprises nine of more components,
wherein a first component comprises sering, a second component comprises vitammin B, a
third component comprises vitamin Bo, a fourth component comprises vitamin B, a fifth
component comprises quercetin, a sixth component corprises fisctin, a seventh component
comprises vitamin B2, an eighth component comprises N-acetylcysteine, and a ninth
component comprises SAM. In some embodiments, the kit further comprises an NPA (e.z.,
NR, NA, NAR, NAAD, NAD+ and/or NMN), In some embodiments, the NPA is NK. In
some embodiments, the NPA is NA. I some embodiments, the NPA is NR and NA. Any
additional active agents present may be provided in one or more of the tfirst to ninth
components of the kit, or in one or more further components of the kit. In some
embodiments, the kit further comprises vitamin D (2. 2., vitamin Ds).

[#387] In some embodiments, there is provided a kit comprising two or more components,
wherein each component comprises one or more active agents independently selected from:
(a) sering; (b) vitamin Be; (¢) vitamin Bo; (d) vitamin Biz; () quercetin; (f) fiseting (g)
vitamin Bz; (h) N-acetyleysteine; (1) SAM; and () trimethyliglycine, provided that each of
active agents {a)-(j) are contained within the kit. In some embodiments, a first component of
the kit comprises one of {a)-(}), and the remaining nine of (a)-(j) are contained within one or
more additional components of the kit. In some embodiments, the kit comprises ten or more
components, wherein a first component comprises serine, a second component comprises
vitamin Be, a third component comprises vitamin Be, a fourth component comprises vitamin
B, a fifth component corapriscs quercetin, a sixth component comprises fisetin, a seventh

component comprises vitamin B2, an eighth component comprises N-acetylcysteine, a ninth
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component comprises SAM, and a tenth component comprises trimethylgiycine. In some
cmbodiments, the kit further comprises an NPA (e.g., NR, NA, NAR, NAAD, NAD+ and/or
NMN). In some emnbodiments, the NPA is NR. In some embodiments, the NPA is NA. In
some embodiments, the NPA is NA. In some embodiments, the NPA is NR and NA. Any
additional active agents present may be provided in one or more of the first to tenth
components of the kit, or in one or more further components of the kit. In some
embodiments, the kit further comprises vitamin D {e.g., vitamin Da).

[8388] In some embodiments, there is provided a kit comprising two or more components,
wherein cach component comprises one or more active agents independently selected from:
(a) serine; (b) vitamin Be; {¢) vitamin Bo; (d) vitarmin Biy; (g) vitamin Ba: (h)y N-
acetylcysteine; and () trimethylglycine, provided that each of active agents {(a)-(d}, (g)-(h)
and (3} arc contained within the kit. In some embodiments, a first component of the kit
comprises one of (a)-(d), (g)-(h) and (), and the remaining six of (a)-(d), (g)-(h) and () are
contained within one or more additional components of the kit In some embodiments, the kit
Comprises seven or more components, wherein a first component compriscs serine, a second
component comprises vitamin Bs, a third component comprises vitamin Bo, a fourth
component comprises vitamin Bis, a fifth component comprises vitamin B2, a sixth
component comprises N-acetylcysteine, and a seventh component comprises
trimethylglycine. In some embodiments, the kit further comprises an NPA (e.g., NR, NA,
MNAR, NAAD, NAD+ and/or NMN). In some embodiments, the NPA 13 NR. In some
cmbodiments, the NPA is NA. In some embodiments, the NPA is NR and NA. Any
additional active agents present may be provided in one or more of the first to scventh
components of the kit, or in one or more further components of the kit. In some
embodiments, the kit fuorther comprises vitamin D {o.g., vitamin Bs).

18309 In some embodiments, one or more additional active agents are provided in one of
more components of the kit. In some embodiments, additional active agents are provided in a
component of the kit which is the same or different to the component(s} containing {a)-(d};
()-(d) and (K): ()-(d) andd (2); {)-(D); (@)-(); (@)-(0): (@-(5) and (§); (a)-() and (i): (@)-(); ox
(ay-(d), (g)-(hy and (j). In some embodiments, further components of the kit are provided
which comprise one or more additional active agents. In some embodiments, the additional
active agents are selected from fruit extracts {e.g.. blucherry, cranberry, strawberry,
poraegranate, and/or grape exiracts), vegetable extracts {e.g., ginger, turmeric and/or black
pepper extracts), plant extracts {(e.g., green tea and/or rosemary extracts), dimethylglyeine,

monomethylglycine, glycine, choline, and phosphatidylcholine.
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[6318] In some embodiments, at least onc active agent is purified. In some embodiments,
an active agent is at least about 30%, about 35%, about 40%, about 45%, about 50%, about
55%, about 60%, about 65%, about 70%, about 75%, about 80%, about 85%, about 90%,
about 91%, about 92%, about 93%, about 949%, about 95%, about 96%, about 97%, about
98%, about 999, about 99.1%, about 99.2%, about 99.3%, about 99.49%, about 99.5%, about
G99.6%, about 99.7%, about 99.8%, about 99.9%, or about 100% pure, wherein the % purity
excludes the weight of any other active agent and any added counter-ion, vehicle, diluent,
cXcipient, or catrier.

[8311] In some embodiments of the disclosure, at least one active agent is sterile. Sterile
components are compounded or manufactured according o pharmaceutical-grade
sterilization standards (United States Pharmacopeia Chapters 797, 1072, and 1211; California
Business & Professions Code 4127.7; 16 California Code of Regulations 1731, 21 Code of
Federal Regulations 211) known to those of skill in the art.

183121 In one aspect, the kits may contain instructions for use in the treatment or
prevention of hyperhomocysteinemia (including high levels of total plasma homocysteine
caused by administration of an NPA, or homocystinuria) or any other disease or condition
described herein in 8 subject in need thereof. In some embodiments, the condition is bone
loss, low bone density or osteoporosis. A kit may additionally contain any materials or
cquipment that may be used in the administration of the active agents or composition, such as
vials, syringes, or [V bags. A kit may also contain sterile packaging.

{63137 In another aspect, the kit may contain any composition described herein. In another
aspect, the kit may contain any pharmaccutical composition described herein. In some
embodiments, the kit contains one or more active agents formulated in any manner described
herein. In some embodiments, the kit contains two or more active agents formulated in any
manner described herein.

[6314] In some emmbodiments, the kit comprises a dosage form (e.g., a unit dosage form)
comprising the composition according to any one of the compositions described herein at
greater than about 20%, or greater than about 25%, or greater than about 30%, or greater than
about 35%, or greater than about 40%, or greater than about 45%, or greater than about 50%,
or greater than about 35%, or greater than about 60%, or greater than about 65%, or greater
than about 70%, or greater than about 75%, or greater than about 80%, or greater than about
85%, or greater than about 90%, or greater than 95% by weight. In some embodiments, the
kit comprises a dosage form (e.g., a unit dosage form) comprising the composition according

to any one of the compositions described herein at less than about 20%, or less than about
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25%, or less than about 309, or less than about 35%, or less than about 40%, or less than
about 45%, or less than about 50%, or less than about 359%, or less than about 60%, or less
than abouot 65%, or less than about 70%, or less than about 75%, or less than about 8G%, or
less than about 85%, or less than about 90%, or less than about 95% by weight.

[#315] In some embodiments, the kit further comprises one or more additional active or
inactive agents including, without limitation, vitamins, minerals, amino acids, carbohydrates,
proteins, or lipids {e.g., as deseribed herein).

[8316] In another aspect, the kit comprises a pharmaceutical composition comprising one
or more active agents and a pharmaceutically acceptable carrier, cxcipient, binder or diluent.
In another aspect, the kit comprises a pharmacestical composition comprising two or more
active agents and a pharmaceutically acceptable carricr, excipient, binder or diluexnt.

183317)  The active agents described herein may be formoulated as solutions, emulsions,
suspensions, dispersions, or inclusion comaplexes such as cyclodexirins in suitable
pharmaceutical solvents or carriers, or as pills, tablets, lozenges, supposifories, sachets,
dragees, granules, powders, powders for reconstitution, or capsules along with solid carriers
according to conventional methods known in the art for preparation of various dosage forms.
The active agents provided herein may be administered by a suitable route of delivery, such
as oral, parenteral, rectal, nasal, topical, or ocular routes, or by inhalation. In some
embodiments, the active agents are formulated for intravenous or oral administration.

[6318] The active agents in the pharmacewutical composition can be formulated separately
in multiple formulations or together in one formulation. In some erbodiments, the active
agents arc formulated together as a solution, emulsion, suspension, dispersion, or inclusion
complex such as with cyclodextring in suttable pharmaceutical solvents or carriers, or as pills,
tablets, bars, lozenges, suppositories, sachets, dragees, granules, powders, powders for
reconstitution, or capsules along with solid carriers according to conventional methods
known in the art for preparation of various dosage forms. In some embodiments, the active
agents arve formulated separately. In some embodiments, the active agents are formulated in
ditferent dosage forms. In some embodiments, at least one active agent is formulated as a
liguid, and at least one active agent 5 formulated as a solid. In some emmbodiments, at least
one active agent is formulated as a solution or suspension, and at least one active agent is
formuslated as a pill or tablet. The active agents of the kit can be formulated, together or
separately, in any manner and with any excipients or other ingredients described herein. In
some embodiments, the active agents are all formulated as solids. In some embodiments, the

active agents are all formulated as liguids.
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18319 In some embodiments, the active agents are formulated for simultaneous
administration. In some cmbodiments, the active agents are forronlated for sequential
administration. In some embodiments, the active agents (aj-(d), (a)-(d) and {g), (a)-(f), (a)-
(g}, (a)-(i) or {a)-{d) and {g)-(h) are formulated for simultancous administration, e.£., as a
single formulation, and wimethylglycine (i.e., active agent (j}) and/or the NPA (i.e., active
agent (k)) is formulated for sequential administration as a separate formulation. In some
cembodiments, the active agents are formulated for administration via different routes. In
some embodiments, the active agents arc administercd via the same route {e.g., oral
administration). in some embodiments, the administration of at least one active agent and the
administration of the other active agents are 1-60 mins, 60-120 mins, 120-240 mans, 246-480
mins, 480-1440 mins, 1-2 days, 2-5 days, or 5-10 days apart.

133281  In another aspect, at least one active agent may be in the form of a food product or a
dietary supplement. In some embodiments, at least one active agent is administered in the
form of a nanwal food, including fraits, vegetables, plants, meat, milk, nuts, or sgeds. In
some embodiments, at least one active agent is administered in the form of a processed food
product, including juice, extract, concentrate, jam, ot alcohol.

[#32%] In some embodiments, at least one active agent may be formulated for extended
release or slow release. In some embodiments, the active agent is formulated with a matrix.
In some embodiments, the active agent is formulated with a wax matrix. In some
cmbodiments, the wax matrix is vegetable-based. In some embodiments, the wax matrix
comprises an acrylic polymer.

[8322] In other aspects, the kKits moay be used for any of the methods described herein,
including, for example, treat or prevent a disease or condition characterized by high levels of
total plasma homocysteine and/or to reduce the level of total plasma homocysteine in a
subject, or to treat or prevent hyperhomocysteinemia (such as high ievels of homocysteine
caused by administration of an NPA)} or homocystinuria.

[6323] In another aspect, articles of manufacture or kits for treating a subject who suffers
from or is susceptible to the conditions described herein are provided, coraprising a first
container comprising a dosage amount of the active agents as disclosed hercin, and
instructions for use. The container may be any of those known in the art and appropriate for
storage and delivery of intravenous formulation. In certain embodiments, the article of
manufacture or kit further comprises a second container comprising a pharmaceutically
acceptable carrier, diluent, adjuvant, efc. for preparation of the formulation to be administerec

to the subject.
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[6324] Kits may optionally include appropriate instructions for preparation and
administration of the formulation, side effects of the formulation, and any other relevant
information. The instructions may be in any suitable format, including, but not limited to,
printed matter, videotape, computer readable disk, optical disc or directions to internet-based
instructions.

[6325] Kits may also be provided that contain sufficient dosages of the active agents
described herein (inchuding pharmacentical compositions thereof) to provide effective
treatment or prevention for a subject for an extended period, such as 1-3 days, 1-5 days, a
week, 2 weeks, 3, weeks, 4 weeks, 6 weeks, 8 weeks, 3 months, 4 months, S months, 6
months, 7 months, 8 months, 9 months or more.

{#326] Kits may also include multiple doses of the active agents and instructions for use
and may he packaged in quantitics sufficient for storage and usc in pharmacies, for example,
hospital pharmacies and compounding pharmacies. In certain embodiments, the Kits may
inchide a dosage amount of the active agents as disclosed herein.

(8327 Kits may include the composition as described herein packaged in either a unit
dosage form or in a multi-use form. Kits may also include multiple units of the unit dose
form.

[#328] Kits may also comprise a means for the delivery of the composition thereof.

Yi. Methods of Treatment

133291 One aspect of the present application provides a method of reducing a level of
horocysteine (e.g., total plasma homocysteine level and/or urine homocysteine level) in a
subject. The methods can be used for treating hyperhomocysteinemia or homocystinuria. The
methods can be combined with admuinistration of an NPA to increase NAD and/or HDL
levels, and/or decrease LDL, wiglyceride, total cholesterol, plasma trimethylamine N-oxide
(TMAQO) and/or lipoprotein a levels in the tissue or blood of a subject, while reducing or
preventing elevated homocysteine levels (e.g., total plasma homocysteine level and/or urine
homocysteine level) in the subject caused by the administration of an NPAL

[8338] In some embodiments, there is provided a method of treating or preventing
bhyperhomocystcinemia or a disease or condition characterized by high levels of total plasma
homocysteine in a subject, comprising administering to the subject a therapeutically effective
amount of any one of the compositions or pharmaceutical compositions described herein. In
some embodiments, wherein the composition or pharmaceutical composition does not

comprise trimethylglycine, the method further comprises administering to the subject a

83



WO 2020/092616 PCT/US2019/058925

therapeutically effective amount of trimethylglycine (e.g.. at about 1000 mg/day or 2000
mg/day}. In some embodiments, the method does not comprise administering to the subject a
therapeutically effective amoount of trimethylglyeine. In some ermnbodiments, the method does
not comprise administering to the subject trimethylglycine. In some embodiments, the subject
has a high level of total plasma homocysteine caused by administration of an NPA (e.g., NR
at about 500 mg/day). In some emmbodiments, the subject has a high level of total plasma
homocysteine caused by consumption of an NPA {e.g., vitamin B3) from his or her diet. In
some embodiments, the subject receives vitamin Bs and/or vitamin Bz in his or her diet. In
some embodiments, the method increases NAD and/or HDL levels, and/or decrease LDL,
triglyceride, total cholesterol, TMAQG and/or lipoprotein a levels in the tissue or blood plasma
of the subject. In some embodiments, the subject has homocystinutia.

18331] In some embodiments, there is provided a method of treating or preventing a disease
or condition in a subject characterized by characterized by high levels of homocysteine or
reducing the level of total plasma homocysieine in a subject, comprising administering to the
subject a therapeutically effective amount of a composition comprising scrine. In some
embodiments, the subject receives vitamin Be and/or vitamin Bs from his or her diet.

[#332] In some embodiments, there is provided a method of treating or preventing a disease
or condifion in a subject characterized by characterized by high levels of homocysteine or
reducing the level of total plasma homocysteine in a subject, comprising administering to the
subject a therapeutically effective amount of a composition comprising the active agents: (a)
serine; and (b} vitamin Be. In some embodiments, the method does not comprise
administering to the subject a therapeutically effective amount of trimethylglyeine. In some
embodiments, the method does not comprise administering to the subject trimethyliglycine. In
some embodiments, the method further comprises administering o the subject an NPA (e.g.,
NE, NA, NAR, NAAD, NAD+ and/or NMN). In some embodiments, the method increases
NAD and/ov HDL levels, and/or decrease LDL, triglyeceride, total cholesterol, TMAQ and/or
Lipoprotein a levels in the tissue or blood plasma of the subject. In some embodiments, the
subject has a high level of total plasma homocysteine caused by administration of an NPA.
[8333]  in some embodiments, there is provided a method of treating or preventing a disease
or condition in a subject characterized by characterized by high levels of homocysteine or
reducing the level of wotal plasma homocysteine in a subject, comprising administering to the
subject a therapeutically effective amount of a2 composition comprising the active agents: (a)
serine; (b} vitamin Be; (¢) vitamin Be; and (d) vitamin Bz, In some embodiments, the method

does not comprise administering to the subject a therapeutically effective amount of
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trimethylglycine. In some embodiments, the method does not comprise administering to the
subject rimethylglycine. In some embodiments, the method further comprises administering
to the subject an NPA (2.g., MR, NA, NAR, NAAD, NAD+ and/or NMN). In some
embodiments, the method further comprises administering to the subject a therapeutically
effective amount of vitamin D {e.g., vitamin Ds). In some embodiments, the method increases
NAD and/ov HDL levels, and/or decrease LDL, triglyeceride, total cholesterol, TMAQ and/or
lipoprotein a levels in the tissue or blood plasma of the subject. In some embodiments, the
subject has a high level of total plasma homocysteine caused by administration of an NPA.
[8334] In some embodiments, there is provided a method of treating or preventing a disease
or condition in a subject characterized by characterized by high levels of homocysteine or
reducing the level of total plasma homocysteine in a subject, comprising administering to the
subject a therapeutically effective amount of a2 composition comprising the active agents: (a)
serine; (b) vitamin Bg; {¢) vitamin Be; (d) vitamin Bia; {e) quercetin; {g) vitamin By; (k) an
NPA {e.g., NA}; and vitamin B1. In some embodiments, the method does not comprise
administering to the subject a therapeutically effective amount of trimethylglyeine. In some
embodiments, the method does not comprise administering to the subject trimethyliglycine. In
some embodiments, the method increases NAD and/or HDL levels, and/or decrease LDL,
triglyceride, total cholesterol, TMAQG and/or lipoprotein a levels in the tissue or blood plasma
of the subject. In some embodiments, the subject has a high level of total plasma
homocysteine caused by administration of an NPA.

[8335] In some embodiments, there is provided a method of treating or preventing a disease
or condition in a subject characterized by characterized by high levels of homocysteine or
reducing the level of total plasma homocysteine in a subject, comprising administering to the
subject a therapeutically effective amount of a composition comprising the active agents: {8}
sering; (b) vitamin Be; {¢) vitamin Be; (d) vitamin Biz; {g) vitamin Bz; (h) N-acetylcysteine;
(k) an NPA {(e.g., NA); vitamin B, and a magnestum-containing compound {e.g., magnesium
bisglycinate). In some embodiments, the method does not comprise administering to the
subject a therapeutically effective amount of trimethylglycine. In some embodiments, the
method does not comprise administering to the subject trimethylglycine. In some
embodiments, the method increases NAD and/or HDL levels, and/or decrease DL,
triglyceride, total cholesterol, TMAQG and/or lipoprotein a levels in the tissue or blood plasma
of the subject. In some embodiments, the subject has a high level of total plasma

homocysteine caused by administration of an NPA.
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[8336] In some embodiments, there is provided a method of treating or preventing a disease
or condition in a subject characterized by characterized by high levels of homocysteine or
reducing the level of total plasma homocysteine in a subject, comprising administering to the
subject a therapeutically effective amount of a composition comprising the active agents: {a)
sering; (b} vitamin Bs; {¢) vitamin Bs; {d) vitamin Biz: {e) quercetin; and {f) fisetin. In some
cmbodiments, the method does not comprise administering to the subject a therapeutically
cttective amount of rimethylglycine. In some embodiments, the method does not comprise
administering to the subject trimethylglycine. In some embodiments, the method further
comprises administering to the subject an NPA {e.g.. NR, NA, NAR, NAAD, NAD+ and/or
NMN). In some embodiments, the method further comprises administering (o the subject a
therapeutically effective amount of vitamin D (e.g., vitamin D). In some embodiments, the
method increases NAD and/or HDL levels, and/or decrease LDL, trighyceride, total
cholesterol, TMAQO and/or lipoprotein a levels in the tissue or blood plasma of the subject. In
some embodiments, the subject has a high level of total plasma homocysteine caused by
administration of an NPA.

[#337]  In some embodiments, there is provided a method of treating or preventing a disease
or condition in a subject characterized by characterized by high levels of homocysteine or
reducing the level of total plasma homocysteine in a subject, comprising administering to the
subject a therapeutically effective amount of a2 composition comprising the active agents: (a)
serine; (b) vitamin Bg; {¢) vitamin Be; (d) vitamin Bi2; {e) quercetin; () fisetin; and (§)
trimethylglycine. In some embodiments, the method further comprises administering to the
subject an NPA (e.g., NR, NA, NAR, NAAD, NAD+ and/or NMN). In some enibodiments,
the method further comprises administering to the subject a therapeutically effective amount
of vitamin D (e.g., vitamin Ds). In some embodiments, the method increases NAD and/or
HDL levels, and/or decrease LIDL, triglyceride, total cholesterol, TMAO and/or lipoprotein a
levels in the tissue or blood plasma of the subject. In some embodiments, the subject has a
high tevel of total plasma homocysteine caused by admuinistration of an NPA.

[8338] In some embodiments, there is provided a method of treating or preventing a disease
or condition in a subject characterized by characterized by high levels of homocysteine or
reducing the level of total plasma homocysteine in a subject, comprising administering to the
subject a therapeutically effective amount of a composition comprising the active agents: {8}
sering; (b) vitamin Be; (¢) vitamin Bo; (d) vitamin B1z; and (g) vitamin Bs. In some
cmbodiments, the method does not comprise administering to the subject a therapeutically

cttective amount of rimethylglycine. In some embodiments, the method does not comprise

86



WO 2020/092616 PCT/US2019/058925

administering to the subject trimethylglycine. In some embodiments, the method further
comprises administering to the subject an NPA {e.g.. NR, NA, NAR, NAAD, NAD+ and/or
NMN). In some embodiments, the method further comprises administering to the subject a
therapeutically effective amount of vitamin D (e.g., vitamin D). In some embodiments, the
method increases NAD and/or HDL levels, and/or decrease LBL, trighycertde, total
cholesterol, TMAQO and/or lipoprotein a levels in the tissue or blood plasma of the subject. In
some embodiments, the subject has a high level of total plasma homocysteine caused by
administration of an NPA.

[8339]  In some embodiments, there is provided a method of treating or preventing a disease
or condition in a subject characterized by characterized by high levels of homocysteine or
reducing the level of total plasma homocysteine in a subject, comprising administering to the
subject a therapeutically effective amount of a2 composition comprising the active agents: (a)
serine; (b) vitamin Bg; {¢) vitamin By; {d) vitamin Bis; {e) quercetin; (f) fisetin; and {g)
vitamin Bz, [n some embodiments, the method does not comprise admintstering to the subject
a therapeutically effective amount of rimethylglycine. In some emnbodiments, the method
does not comprise administering to the subject trimethylglyeine. In some embodiments, the
method forther comprises admnistering to the subject an NPA (e.g., NR, NA, NAR, NAAD,
NAD+ and/or NMN). In some embediments, the method further comprises administering to
the subject a therapeutically effective amount of vitamin D {e.g., vitamin D3). In some
embodiments, the method increases NAD and/or HDL levels, and/or decrease L.DL,
triglveeride, total cholesterol, TMAOU and/or lipoprotein a levels in the tissue or blood plasma
of the subject. In some embodiments, the subject has a high fevel of total plasma
homocysteine caused by administration of an NPA.

[#346] In some embodiments, there is provided a method of treating or preventing a disease
or condifion in a subject characterized by characterized by high levels of homocysteine or
reducing the level of total plasma homocysteine in a subject, comprising administering to the
subject a therapeutically effective amount of a composition comprising the active agents: {a)
seringe; (b} vitamin Be; (¢} vitamin Bo; (d) vitamin Biz; (¢} quercetin; {f) fisctin; (g) vitamin
By; and (§) trimethylglycine. In some embodiments, the method further comprises
administering to the subject an NPA (2.g., NR, NA, NAR, NAAD, NAD+ and/or NMN). In
some embodiments, the method further comprises administering o the subject a
therapeutically effective amount of vitamin D (e.g., vitamin D). In some embodiments, the
method increases NAD and/or HDL levels, and/or decrease LDL, trighyeeride, total

cholesterol, TMAQG and/or lipoprotein a levels in the tissue or blood plasma of the subject. In
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some embodiments, the subject has a high level of total plasma homocysteine caused by
administration of an NPA.

[#341]  In some embodiments, there is provided a method of treating or preventing a disease
or condifion in a subject characterized by characterized by high levels of homocysteine or
reducing the level of total plasma homocysteine in a subject, comprising administering to the
subject a therapeutically effective amount of a composition comprising the active agents: (a)
serine; (b} vitamin Bg; (¢} vitamin Be; {d) vitamin Bi»; {e} quercetin; () fisetin; {g) vitamin
Bo; (h) N-acetyleysteine; and (1) SAM. In some embodiments, the method does not comprise
administering to the subject a therapeutically effective amount of trimethylglyeine. In some
embodiments, the method does not comprise administering to the subject trimethyiglycine. In
some embodiments, the method further comprises administering to the subject an NPA (e.g.,
NR, NA, NAR, NAAD, NAD+ and/or NMN). In some embodiments, the method further
comprises administering to the subject a therapeutically effective amount of vitamin D (e.g.,
vitamin Ds). In some embodiments, the method increases NAD and/or HDL levels, and/or
decrease DL, triglyceride, total cholesterol, TMAO and/or lipoprotein a levels in the tissue
or blood plasma of the subject. In some embodiments, the subject has a high level of total
plasma homocysteine caused by administration of an NPA.

[#342] In some embodiments, there is provided a method of treating or preventing a disease
or condifion in a sebject characterized by characterized by high levels of homocysieine or
reducing the level of total plasma homocysteine in a subject, comprising administering to the
subject a therapeutically effective amount of a composition comprising the active agents: {a)
serine; (b} vitamin Be; (¢} vitamin Bo; (d) vitamin Bys; (¢} quercetin; () fisctin; (g) vitamin
Bo; (hy N-acetylcysteine; (i) SAM; and (§) trimethylglycine. In some embodiments, the
method forther comprises admnistering to the subject an NPA (e.g., NR, NA, NAR, NAAD,
NAD+ and/or NMN). In some embediments, the method further comprises administering to
the subject a therapeutically effective amount of vitamin D {e. g, vitamin D3). In some
embodiments, the method increases NAD and/or HDL levels, and/or decrease LDL,
triglveeride, total cholesterol, TMAOU and/or lipoprotein a levels in the tissue or blood plasma
of the subject. In some embodiments, the subject has a high fevel of total plasma
homocysteine caused by administration of an NPA.

183431  In some embodiments, there is provided a method of treating or preventing a disease
or condifion in a sebject characterized by characterized by high levels of homocysieine or
reducing the level of total plasma homocysteine in a subject, comprising administering to the

subject a therapeutically effective amount of a composition comprising the active agents: {a)
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serine; (b) vitamin Be; {c} vitamin Bo; {d) vitamin Bs; {g) vitamin By; (h} N-acetyleysteine;
and (4) rimethylglycine. In some embodiments, the method further comprises administering
to the subject an NPA (2.g., MR, NA, NAR, NAAD, NAD+ and/or NMN). In some
embodiments, the method further comprises administering to the subject a therapeutically
effective amount of vitamin D {e.g., vitamin Ds). In some embodiments, the method increases
NAD and/ov HDL levels, and/or decrease LDL, triglyeceride, total cholesterol, TMAQ and/or
lipoprotein a levels in the tissue or blood plasma of the subject. In some embodiments, the
subject has a high level of total plasma homocysteine caused by administration of an NPA.
[8344] In some embodiments, the method further comprises administering one or more
additional active agents. In some embodiments, the method farther comprises administering
one or more additional active agents selected from fruit extracts {¢.g., blucberry, cranberry,
strawberry, pomegranate, and/or grape extracts), vegetable extracts {e.g., ginger, turmeric
and/or black pepper extracts), plant extracts {e.g., green tea and/or rosemary extracts),
dimethyiglycine, monomethyiglycine, glycine, choline, and phosphatidylcholine. Preferences
for these additional active agents are as specified in the composition section above.

[#345] The methods described herein are usefud for treating all forms of elevated
homocysteing levels in subjects, inclading idiopathic hyperhomocysteinemia, 2.g.,
hyperhomocysteinemia caused by consumption of excessive amount of dictary methionine
such as cgg whites, or hyperhomocysteinemia due to other unknown causes; and high levels
of total plasma homocysteine caused by administration of an NPA (e.g., NR). NA and NAM
are taken by many people as vitamins. Sustained release NA, e.g., NIASPAN®, is also taken
by millions of people. The compositions and methods described herein are useful to treat or
prevent elevated total homocysteine levels associated with or caused by administration of an
NPA, such as NR, NA, and/or NAM. The composinons and methods described herein may
or may not comprise trimethylglyeine (TMG).

[8346] 1n some emnbodiments, the active agents are formulated and administered as one
composition. In some embodiments, the composition further comprises a pharmaceutically
acceptable salt. In some embodiments, at feast one active agent is in the form of a food
product or a dictary supplement. In some embodiments, the composition further comprises a
pharmaceutically acceptable carrier, excipient, binder or diluent. The active agents provided
herein may be administered by a suitable route of delivery, such as oral, parenteral, rectal,
nasal, topical, or ocular routes, or by inhalation. In some embodiments, the active agents are

formulated for intravenous or oral administration. For oral administration, the active agents
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may be provided in a solid form, such as a tablet or capsule, or as a solution, cmulsion, or
SUSPERSiON.

[#347]  In some embodiments, the active agents are formulated as two or more
compositions {e.g., each formulated individually) and administered simultancously. In some
embodiments, the active agents arc formulated as two or more formulations (¢.g., cach
formulated individually) and administered sequentially. In some embodiments, the active
agents arve formulated as two or more phanmaceutical compositions comprising at least one
active agent and a pharmaccutically acceptable carrier, excipient, binder or diluent. In some
cmbodiments, the active agents arc formulated as a first composition, and trimethylglyeine is
formulated as a second composition, and the first composition and the second composition
are administered simultancously or sequentiaily. In some embodiments, the active agents
cxcept for active agent (k) arc formulated as a first composition, the active agent (k) is
formulated as a second composition, and the first composition and the second composition
are administered stmntltaneously or sequentially. In some embodiments, the active agents are
formulated individually and administered sequentially.

[#348]  In some embodiments, the active agents are administered via diffevent routes. In
some embodiments, the active agents are administered via the same route. In some
embodiments, the administration of at least one active agent and the administration of the
other active agents are about 1-60 mins, 60-120 mins, 120-240 mins, 240-480 niins, 480-
1440 mins, 1-2 days, 2-5 days, or 5-10 days apart. In some embodiments, at least one active
agent is formulated as a pill, tablet, or capsule, while at least onc active agent is formulated as
a solution or suspension. In some embodiments, at least one active agent is formulated as a
food product, while at least one active agent is formulated as a food additive. In some
embodiments, at least one active agent is formulated as a dietary supplement, while at least
one active agent is formulated as a food product.

[6349] In some emmbodiments, at least one active agent is purified. In some embodiments,
an active agent is at least about 30%, about 35%, about 40%, about 45%, about 50%, about
55%, about 60%, about 65%, about 70%, about 75%, about 0%, about 85%, about 0%,
about 91%, about 92%, about 93%, about 94%, about 95%, about 96%, about 97%, about
98%, about 99%, about 99.1%, about 99.2%, about 99.3%, about 99.4%, about 99.5%, about
99.6%, about 99.7%, about 99.8%, about 99.9%, or about 100% pure, wherein the % purity
cxcludes the weight of any other active agent and any added counter-ion, vehicle, diluent,

cxcipient, or carrier.
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[6358] In some embodiments, the formulations and preparations used in the methods of the
disclosure are sterile. Sterife pharmaceutical formulations are compounded or mamufactured
according to pharmaceutical-grade sterilization standards (e.g., United States Pharmacopeia
Chapters 797, 1472, and 1211; California Business & Professions Code 4127.7; 16 California
Code of Regulations 1751, 21 Code of Federal Regulations 211) known to those of skill in
the art. In some embodiments, at least one active agent is sterilized.

[6358] In some embodiments, the active agents can be formulated as any pharmaceutical
composition described herein. In some embodiments, the active agents are provided as a kit.
[8352] in some embodiments, the dosage regimen provides about 1000-5000 mg/day of
sering; for example, 1000-3000 mg/day, 1000-2900 mg/day, 1000-2800 mg/day, 1000-2700
mg/day, 1000-2600 mg/day, 1000-2500 mg/day, 1100-2500 mg/day, 1200-2500 mg/day,
1300-2500 mg/day, 1400-2500 mg/day, 1500-2500 mg/day, 1500-2400 ag/day, 1600-2500
mg/day, 1600-2400 mg/day, 1700-2400 mg/day, 1700-2300 mg/day, 1800-2300 rag/day,
1800-2200 mg/day, or 1900-2100 mg/day. In some embodiments, the dosage regimen
provides about 1200 mg/day, 1700 mg/day or 2000 mg/day of serine. In some embodiments,
the dosage regimen provides about 4000 mg/day of serine.

[#3533] In some embodiments, the dosage regimen provides about 20-100 mg/day of
vitamin Bg; for example, about any one of 20-100 mg/day, 20-80 mg/day, 20-70 mg/day, 20-
66 mg/day, 25-80 mg/day, 30-80 mg/day, 30-70 mg/day, 30-70 mg/day, 30-65 mg/day, 30-60
mg/day, 30-50 mgfday, 35-100 mg/day, 40-100 mg/day, 45-100 mg/day, 50-100 mg/day, 50-
90 mg/day, or 65-85 mg/day. In some embodiments, the dosage regimen provides about 25
mg/day, 50 mag/day, or 73 mg/day of vitamin Bs. In some embodiments, the dosage regimen
provides about 100 mg/day of vitamin Bs. In some embodiments, the dosage regimen
provides about 150 mg/day of vitamin Be.

18354] In some embodiments, the dosage regimen provides about .10-2.0 myg/day of
vitamin Be; for exarnple, about any one of 0.10-1.0 mg/day, 1.0 mg/day-2.0 mg/day, 0.50
mg/day-1.5 mg/day, 1.0-1.5 mg/day, 1.5-2.0 mg/day, 0.18-0.95 mg/day, 0.10-0.90 mg/day,
$.10-0.¢5 mg/day, £.10-0.80 mg/day, 0.10-0.75 mg/day, 0.10-0.70 mg/day, 0.15-0.70
mg/day, 0.20-0.70 mg/day, 0.20-0.65 mg/day, 0.20-0.60 mg/day, 0.253-0.60 ng/day, 0.25-
(.55 mg/day, 0.30-0.55 mg/day or 0.30-0.50 mg/day. In some embodiments, the dosage
regimen provides about 0.4 mg/day or 1 mg/day of vitamin Be. In some embodiments, the
dosage regimexn provides about 0.8 mg/day of vitamin Bo.

[6355] In some emmbodiments, the dosage regimen provides about 20 pg-3mg/day of

vitamin Biz; for example, about any one of 20-190 pg/day, 20-180 ug/day, 20-170 pg/day,

g1



WO 2020/092616 PCT/US2019/058925

20-160 ug/day, 25-160 pg/day, 30-160 pe/day, 30-150 pug/day. 30-140 pg/day, 30-130
ug/day, 30-120 ug/day, 30-110 ug/day, 30-100 pg/day, 35-100 pg/day, 40-100 ng/day, 45-
100 pg/day, 50-100 pg/day, 50-90 pg/day, 65-85 pgfday, 100-200 pg/day, 200-300 ng/day,
360-400 pe/day, 400-500 pg/day, S00-1000 pg/day, 1000-2000 ng/day, or 2000-3000 ug/day.
In some embodiments, the dosage regimen provides about 75 pg/day of vitamin Bz, In some
embodiments, the dosage regimen provides about 500 ug/day of vitarain Bio. In some
embodiments, the dosage regimen provides about 3000 pg/day of vitamin Bia.

[8336] In some embodiments, the dosage regimen provides 50-500 mg/day of quercetin;
for example, about any one of 50-100 mg/day, 100-200 mg/day, 100-300 mg/day, 100-400
mg/day, 200-300 mg/day, 200-400 mg/day, 200-500 mg/day, 250-400 mg/day, 250-500
mg/day, 150-400 mg/day, 150-250 mg/day, 200-350 mg/day, or 250-350 mg/day. In some
embodiments, the dosage regimen provides about 100 mg/day or 300 mg/day of guercetin.
[8357] 1n some embodiments, the dosage vegimen provides 20-200 mg/day of fisetin; for
example, about any one of 20-190 mg/day, 20-180 mg/day, 20-170 mg/day, 20-160 mg/day,
25-160 mg/day, 30-160 mg/day, 30-150 mg/day, 30-140 mg/day, 30-130 mg/day, 30-120
mg/day, 30-110 mg/day, 30-100 mg/day, 35-100 mg/day, 40-100 mg/day, 45-100 mg/day,
50-100 mg/day, 50-90 mg/day, or 65-85 mg/day. In some embodiments, the dosage regimen
provides about 100 mg/day of fisetin.

133581 In some cmbodiments, the dosage regimen provides about 0.10-2.0 mg/day of
vitamin Bz; for exarnple, about any one of 0.10-1.0 mg/day, 1.0 mg/day-2.0 mg/day, 0.50
mg/day-1.5 mg/day, 1.0-1.5 mg/day, or 1.5-2.0 mg/day. In some embodiments, the dosage
regimen provides about 1.3 mg/day of vitarain Ba.

[8338] In some embodiments, the dosage regimen provides 20-200 mg/day of vitamin By
for example, about any one of 20-190 mg/day, 20-180 mg/day, 20-170 mg/day, 20-160
mg/day, 25-160 mg/day, 30-160 mg/day, 30-150 mg/day, 30-140 mg/day. 30-130 mg/day,
30-120 mg/day, 30-110 mg/day, 30-100 rag/day, 35-100 mg/day, 40-100 mg/day, 45-100
mg/day, 50-100 mg/day, 50-90 mg/day, or 65-83 mg/day. In some embodiments, the dosage
regimen provides about 75 mg/day of vitamin Bs.

[8366] In some embodiments, the dosage regimen provides about 9.10-2.0 mg/day of
vitamin Bi; for example, about any one of 0.10-1.0 mg/day. 1.0 mg/day-2.0 mg/day, 0.50
mg/day-1.5 mg/day, 1.0-1.5 mg/day, or 1.5-2.0 mg/day. In some embodiments, the dosage
regirnen provides about 1.2 mg/day of vitamin By,

[8361] 1n some emnbodiments, the dosage regimen provides 1000-3000 mg/day of

N-acetylcysteine; for example, about any one of 1000-2900 mg/day, 1000-2800 mg/day,
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1000-2700 mg/day, 1000-2600 mg/day, 1000-2500 mg/day, 1100-2500 mg/day, 1200-2500
mg/day, 1300-2500 mg/day, 1400-2500 mg/day, 1500-2500 mg/day, 1500-2400 mg/day,
1600-2500 mg/day, 1600-2400 mg/day, 1700-2400 mgiday, 1700-2300 mg/day, 1800-2300
mg/day, 1800-2200 mg/day, or 1900-2100 mg/day. In some embodiments, the dosage
regimen provides about 1500 mg/day or 2000 mg/day of N-acetyleysteing.

[8362] 1n some embodiments, the dosage regimen provides 1000-3000 mg/day of SAM; for
example, about any one of 1000-2900 mg/day, 1000-2800 mg/day, 1000-2700 mg/day, 1000-
2600 mg/day. 1600-2500 mg/day, 1100-2500 mg/day, 1200-2500 mg/day, 1303-2500
mg/day, 1400-2500 mg/day, 1500-2500 mg/day, 1500-2400 mg/day, 1600-2500 mg/day,
1600-2400 mg/day, 1700-2400 mg/day, 1700-2300 mg/day, 1800-2300 mg/day, 1800-2200
mg/day, or 1900-2100 mg/day. In some embodiments, the dosage regimen provides about
2000 mg/day of SAM.

18363]  In some embodiments, the dosage regimen provides about 1008-3000 mg/day of
trimethylglycine; for example, about any one of 1000-3000 mg/day, 1000-2900 mg/day,
1000-2800 mg/day, 1000-2700 mg/day, 1000-2600 mg/day, 1000-2500 mg/day, 1100-2300
mg/day, 1200-2500 mg/day, 1300-2500 mg/day, 1400-2500 mg/day, 1500-2500 mg/day,
1500-2400 mg/day, 1600-2500 mg/day, 1600-2400 mg/day, 1700-2400 mg/day, 1700-2300
mg/day, 1800-2300 mg/day, 1800-2200 mg/day, 1900-2100 mg/day or 3000-5000 mg/day. In
some embodiments, the dosage regimen provides about 1000 mg/day or 2000 mg/day of
trimethylglyeine. In some embodiments, the method does not comprise administering to the
subject a therapeutically effective amount of trimethylglycine.

[8364] In some embodiments, the dosage regimen provides about 1000-5000 mg/day of
glycine; for example, about any one of 1000-2000 mg/day, 2000-3000 mg/day, 3000-4000
mg/day, 4000-5000 mg/day, 1000-2500 mg/day, 2500-5000 mg/day, 1500-2500 mg/day, or
3000-5000 mg/day. In some embeodiments, the dosage regimen provides about 4000 mg/day
of glycine.

[6363] In some embodiments, the dosage vegimen provides about 800-5000 IU/day of
vitamin Ds,for example, about any one of 800-4800 IU/day, 1000-4600 IU/day, 1200-4400
[U/day, 1400-42001U0/day, 1600-400010/day, 1800-38001U/day,2000-360010/day,2200-3400
IU/day, 2400-320010/day, or 2600-3000 1U/day.

183661  In some embodiments, the dosage regimen provides about 10-2000 myg/day of NPA
(e.g., NR, NA, NAR, NAAD, NAD+ and/or NMN, such as NR or NR and NA}; for example
200-500 mg/day, 500-1000 rog/day, 1000-1500 mg/day, 1500-2000 mg/day, 1000-2000
mg/day, 200-2000 mg/day, 10 -50 mg/day, 50-100 mg/day, 1060-200 mg/day, 200-1000
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mg/day, 250-750 mg/day, 200-300 mg/day, 300-400 mg/day, 400-500 mg/day. 500-600
mg/day, 600-700 mg/day, 700-800 mg/day, 800-900 mg/day, 900-1000 mg/day, or 500-1500
mg/day. In some embodiments, the dosage regimen provides about 500 mg/day of NR. In
some embodiments, the dosage regimen provides about 16 mg/day or 50 g/day of NA, such
as about 500 mg or about 1000 mg/day of NA.

[8367] The above dosage regimens provide levels of active agents, which may offer
improved therapeutic benefit while reducing the risk of any toxicity-related side-cffects. In
some embodiments, the active agents or composition are administered to the subject at a
suitable frequency, such as once daily, twice daily, three times daily, or once every other day.
In some embodiments, the active agents or composition are administered to the subject once
daily. In some embodiments, different active agents are administered to the subject at the
same frequency. In some embodiments, different active agents are administered to the subject
at different frequencies.

[8368] In some embodiments, an effective amount of the active agents is administered to a
subject in need thereof. In some embodiments, the subject is a mammalian patient. In some
embodiments, the subject is a human or an animal {e.g., cat, dog, cow, rat, mouse, horse,
sheep, pig, goat, buffalo, chicken, duck, goose or other domesticated mammal). In some
embodiments, the subjoct is a human patient.

133691  In some embodiments, an cffective amount of the active agents is administered to an
cxperimental subject for research purposes. In some embodiments, the subjectis a
mammalian patient. In some embodiments, the subject is a human or an animal {e. g., mouse,
rat, monkey, ape, worm, fly, fruit fly, fish, Zebrafish, frog, Xenopus, cat, dog, cow, pig,
horse, sheep, goat, buffalo, chicken, duck, goose or other domesticated mammal}), a
nematode, a fungus, a cukaryotic cell or a bacterium. In some embodiments, the subjectis a
cchl line, cell strain, animal organ, group of cells, yeast.

[68376] In some ermmbodiments, the administration of the active agents exhibits synergistic
cttect toward reduction of the level of total plasma homocysteine, or reatment or prevention
of hyperhomocysteinemia or a discase or condition characterized by high levels of total
plasma homocysteine.

[#8378] One aspect of the present application provides a composition as described herein for
use i a method of treatment of the hvman or animal body by therapy. In some embodiments,
the method of treatment is a method of treatment of a disease or condition characterized by
high levels of total plasma homocysteine. In some embodiments, the method of treatment is

a method of reducing the level of total plasma homocysteing in a subject. In some
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cmbodiments, the methed of treatment is a method of treating or preventing
byperbomocystieinemia. fn some emmbodiments, the method of treatment is a method of
treating or preventing idiopathic hyperhomocysteinemia. In some embodiments, the method
of treatment is a method of treating or preventing hyperhomocysteinemia associated with
administration of an NPA {e.g., NR, NA, NAR, NAAD, NAD+ and/or NMN). In some
cmbodiments, the method of freatment is a method of treating or preventing homocystinuria.
In some embodiments, the method of treatment is a method of treating a disease or condition
selected from cardiovascular disease, cerebrovascular disease, peripheral vascular discase,
thrombosis, stroke, athcrothrombotic coronary artery disease (CAD), myocardial infarction
(M), Alzheimer’s disease, cognitive impairment, dementia, diabetic retinopathy, intraccular
lens dislocation, schizophienia and osteoporosis.

133721 In some embodiments, the methods described herein reduce a homocysteine level
{e.g., wtal plasma or serum homocysteine level, or urine homocysteine level) of the subject
by at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 83% or more relative to the homocysteine
level prior to the treatment. In some embodiments, the methods described herein reduce the
total plasma homocysteine level of the subject to no more than 12 umol/L, no more than 11
wmol/L, no more than 10 wmol/L, no more than 9 umol/L. no more than 8 wmol/L, no more
than 7 pmol/L, no more than 6 umol/L, or lower. Homocysteine levels can be can be
measured using routine homocysteine test kits, such as immunoassays for determining total
homocysteine levels in a plasma, serum or urine sample of a subject.

18373] One aspect of the present application provides use of a composition as described
herein in the manufacture of a medicament for the treatment of hyperhomocysteinemia or a
disease or condition characterized by high levels of homocysteine {e.g., plasma, serum, or
uring homocysteine levels). In some embodiments, the medicament is for redacing the level
of total plasma homocysteine in a subject. In some embodiments, the medicament is for
reducing the level of urine homocysteine in a subject. In some embodiments, the medicament
is for the treatment or prevention of hyperhomocysteinemia. In some embodiments, the
medicament is for the treatment or prevention of hyperhomocysteinemia caused by
administration of an NPA. In some embodiments, the medicament is for the treatment or
prevention of idiopathic hyperhomocysteinemia. In some embodiments, the medicament is
for the weatment or prevention of homocystinuria. In some embodiments, the medicament is
for the treatment or prevention of a disease or condition selected from cardiovascular disease,
cerebrovascular disease, peripheral vascular disease, thrombosis, stroke, atherothrombotic

coronary artery disease (CAD), myocardial infarction (M), Alzhetmer’s disease, cogmitive
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impairment, dementia, diabetic retinopathy, intraccular lens dislocation, schizophrenia and
OSteoporosis.

[#374] Omne aspect of the present application provides a method of treating a disease or
condition in a subject characterized by high levels of homocysteine (e.g., plasma, serum
and/or urine homocysteine levels) and/or reducing homocysteine levels {e. g., plasma. serum
and/or urine homocysteine level) in a subject, comprising administering to the subject an
cttective amount of any one of the compositions described herein. In some embodiments, the
present application provides a method of reducing a high level of total plasma homocysteine
caused by administration of an NPA (e.g., NR, NA, NAR, NAAD, NAD+ and/or NMN) in a
subject, comprising administering to the subject an effective amount of any one of the
compositions described herein. In some embodiments, the present application provides a
method of reducing a high level of total plasma homocysteine in a subject, comprising
administering to the subject an effective amount of any one of the compositions describe
herein, wherein the subject is further administered an NPA {e.g., NR, NA, NAR, NAAD,
NAD+ and/or NMN). In some embodiments, the present application provides a method of
treating or preventing high levels of homocysteine caused by administration of an NPA (e.g.,
NRE, NA, NAR, NAAD, NAD+ and/or NMN), and increasing NAD and/or HDL levels,
and/or lowering LDL, triglyceride, total cholesterol, TMAQG and/or lipoprotein a levels in the
tissue or blood plasma of a subject, comprising administering to the subject an effective
amount of any one of the compositions described herein. In some embodiments, the present
application provides a method of treating or preventing hyperhomocysteinemia, comprising
administering to the subject an effective amouxnt of any one of the compositions described
herein. In some embodiments, the present application provides a method of treating or
preventng homocystingria in a subject, comprising administering (o the subject an effective
amount of any one of the compositions described herein. In some embodiments, the method
of treatment is a method of treating a disease or condition selected from cavdiovascular
disease, cerebrovascular disease, peripheral vascular disease, thrombosis, stroke,
atherothrombotic coronary artery disease {CAD), myocardial infarction (Ml), Alzheimer’s
disease, cognitive impairment, dementia, diabetic retinopathy, intraccular lens dislocation,

schizophrenia and osteoporosis.

Vi, Methods of Preparation
[#375]  Another aspect of the present application provides a method of preparing any one of

the compositions described herein.
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[8376] In some embodiments, there is provided a method of preparing a composition,
comprising the step of mixing the active agents: (a) scrine; (b) vitamin Be; and optionally (k)
an NPA.

#3771  In some cmbodiments, there is provided a method of preparing a composition,
comprising the step of mixing the active agents: (a) serine; (b) vitamin Be; (¢} vitamin Bo; (d)
vitamin Biz; and optionally (k) an NPA.

[6378] In some embodiments, there is provided a method of preparing a composition,
comprising the step of mixing the active agents: (a) scrine; (b) vitamin Be; (¢} vitamin By; (d)
vitamin Biz; glycine; and optionally (k) an NPA.

[#379] In some embodiments, there is provided a method of preparing a composition,
comprising the step of mixing the active agents: (a) serine; (b) vitamin Be; (¢} vitamin Bo; (d)
vitamin Bio; (e) quercetin; (f) fisctin; and optionally (k) an NPA.

[8386] 1n some embodiments, there is provided a method of preparing a composition,
comprising the step of mixing the active agents: {a) serine; (b) vitamin Be; (¢} vitamin By (d)
vitamin Biz; (e) quercetin; (f) fisctin; () trimethylglycine; and optionally (k) an NPA.

[#381]  In some embodiments, there is provided a method of preparing a composition,
comprising the step of mixing the active agents: (a) serine; (b) vitamin Be; (¢} vitamin Bo; {d)
vitamin Bio; (e} quercetin; (f) fisctin; {g) vitamin B); and optionally (k) an NPA

18382] In some embodiments, there is provided a method of preparing a composition,
comprising the step of mixing the active agents: (a) sevine; (b) vitamin Be; (¢) vitamin Bo; (d)
vitamin Biz; (e) quercetin; () fisetin; (g) vitamin Bo; (§) wimethylglycine; and optionally (k)
an NPA.

[8383] In some embodiments, there is provided a method of preparing a composition,
comprising the step of mixing the active agents: (a) serine; (b) vitamin Be; (¢} vitamin Bo; {d)
vitamin Biz; (e} quercetin; (f) fisctin; {g) vitamin Bo; (h) N-acetyleysieine; (i) SAM; and
optionally (k) an NPA.

[6384] In some embodiments, there is provided a method of preparing a composition,
comprising the step of mixing the active agents: (a) scrine; (b) vitamin Be; (¢} vitamin Be; (d)
vitamin Biz; (¢) quercetin; (f) fisctin; (g) vitamin Bo; (h) N-acetyleysteine; (1) SAM; (3)
trimethylglycine; and optionally (k) an NPA.

18385]  In some embodiments, there is provided a method of preparing a composition,
comprising the step of mixing the active agents: (a) scrine; (b) vitamin Be; (¢} vitamin Bo; (d)
vitamin By (g) vitamin Bo; (h) N-acetvleysteine; (3) trimethylglycine; and optionally (k) an

NPA.
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[8386] In some embodiments, there is provided a method of preparing a composition,
comprising the step of mixing the active agents: (a) serine; (b) vitamin Bg; (¢} vitamin Bo; (d)
vitamin Biz; (gy vitamin By, (b)) N-acetyleysteine; (1) vitamin D3; and optionally (k) an NPA.
#3871 In some cmbodiments, there is provided a method of preparing a composition,
comprising the step of mixing the active agents: (a) serine; (b) vitamin Be; (¢} vitamin Bo; (d)
vitamin B (g) vitamin Bo; (1) vitamin Ds; and optionally (k) an NPA.

[6388] In some embodiments, there is provided a method of preparing a composition,
comprising the step of mixing the active agents: (a) scrine; (b) vitamin Be; (¢} vitamin By; (d)
vitamin Biz; (¢) quercetin; (g) vitamin By; (k) an NPA (e.g., NA); and vitamin By,

[#389] In some embodiments, there is provided a method of preparing a composition,
comprising the step of mixing the active agents: (a) serine; (b) vitamin Be; (¢} vitamin Bo; (d)
vitamin Bio; (g vitamin Bo; (hy N-acetylcysteine; (k) an NPA (e.g., NA); vitamin By, and a
magnesiom-containing compound {e. g., magnesium bisglycinate).

[8398] The ingredients may be mixed in any order. In some embodiments, the method
comprises mixing the active agents to provide a homogenecous mixture. In some
embodiments, the method further comprises the step of mixing a pharmaceutically acceptable
carrier, excipient, binder or diluent with the active agents. In some embodiments, the method
further comprises formulating the ingredients as a capsule, an extended-release tablet, a
fiquid, a powder, granules, a dragee or a lozenge. Some embodimnents provide a method of

preparing a pharmaceutical composition.

VI EXEMPLARY EMBODIMENTS

[6391] Among the embodiments provided herein are:

1. A composition comprising the active agents: {a} serine; (b) vitamin Be; (¢} vitamin Bo;
andl () vitamin B

2. The composition of embodiment 1, wherein the composition comprises about 90 wt% to
about 99 wi% serine, based on the total weight of active agents (a)-{d) in the composition.

3. The composition of embodiment 1 or 2, wherein the composition comprises about 1 wt%
to about 7.5 wt% vitamin Be, based on the total weight of active agents (aj-(d) in the
COMpOosition.

4. The composition of any one of embodiments 1-3, wherein the composition comprises
about 0.01 wt% to about (.10 wt% vitamin By, based on the total weight of active agents

{a)~(d) in the composition.
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7.

10,

11,

12.

i4.

15.

16,

17.

The composition of any onc of embodiments 1-4, wherein the composition comprises
about 0.01 wt% to about 0.05 wit% vitamin B, based on the total weight of active agents
{a)-(d) in the composition.

The composition of any one of embodiments 1-3, further comprising vitamin B, a
magnesium-containing compound, and N-acetyl cysteine.

The composition of any one of embodiments 1-3, further comprising vitamin By and
quercetin.

A composition comprising the active agents: {a) serine; (b) vitamin Bg; (¢) vitamin Bo;
and (d) vitamin B12; {e) quercetin; and (f) fisetin.

The composition of emmbodiment &, wherein the composition comprises about 70 wi% to
about 90 wi% serine, based on the total weight of active agents (a}-(f) in the composition.
The composition of embodiment & or 9, wherein the composition conmprises about 1 wi%
to about 5 wi% vitamin Be, based on the total weight of acuve agents {a)-{f} in the
composition.

The composition of any one of embodiments 8-10, wherein the composifion comprises
about 5 wt% to about 20 wt% quercetin, based on the total weight of active agents (a)-(f)
in the composition.

The composition of any one of embodiments §-11, wherein the composition comprises
about 1 wit% to about 10 wt% fisetin, based on the total weight of active agents (a)-(f) in

the composition.

. The composition of any one of embodiments 8-12, wherein the composition comprises

about 0.081 wt% to about 0.02 wi% vitamin B, based on the total weight of active agents
{a)-(f) in the composition.

The composition of any one of embodiments §-13, wherein the composition comprises
about 0.0003 wt% to about (.005 wit% vitamin B2, based on the total weight of active
agents (a)-(f) in the composition.

A composition comprising the active agents: {a} serine; (b) vitamin Be; {¢) vitamnin Bo; (d)
vitamin Bio; (e) quercetin; (f) fisetin; and (g) vitamin Bo.

The composition of embodiment 15, wherein the composition comprises about 70 wi% to
about 90 wt% serine, based on the total weight of active ageunts (a)-(g) in the composition.
The composition of embodiment 15 or 16, wherein the composition comprises about |
wt% to about 5 wt% vitamin Be, bascd on the total weight of active agents (a)-(g) in the

composition
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18. The composition of any one of embodiments 15-17, wherein the composition comprises
about 5 wt% to about 20 wt% quercetin, based on the total weight of active agents (a)-(g)
in the composition.

19. The composition of any one of embodiments 15-18, wherein the composition comprises
about 1 wt% to about 10 wt% fisctin, based on the total weight of active agents (a)-(g) in
the composition.

2¢. The composition of any one of embodiments 15-19, wherein the composition comprises
about 0.081 wt% to about 0.02 wi% vitamin B, based on the total weight of active agents
(a)-(g) in the composition.

21. The composition of any one of embodiments 15-20, wherein the composition comprises
about 0.00035 wt% to about (.005 wt% vitamin B2, based on the total weight of active

agents {a}-(g) in the composition.

o

2. The composition of any one of embodiments 15-21, wherein the composition comprises
about 1 wt% to about 5 wi% vitamin B, based on the total weight of active agents (a)-(g)
in the composition.

23, A composition comprising the active agents: (a) serine; (b) vitamin Be; (¢} vitamin Be; ()
vitamin Big; (o) querceting {8} fiseting (g) vitamin Bo; (h) N-acetylcysteine; and (3} 8-
adenosylmethionine (SAM).

24. The composition of embodiment 23, wherein the composition comprises about 20 wit% to
about 40 wi% scrine, based on the total weight of active agents {a)-{(1) in the composition.

25. The composition of embodiment 23 or 24, wherein the composition comprises about 0.5
wt% to about 2 wt% vitamin Be, based on the total weight of active agents (a)-(i) in the
CoOmposition.

26. The composition of any one of embodiments 23-25, wherein the composition comprises
about 1 wt% to about 10 wit% quercetin, based on the total weight of active agents (a)-(i}
in the composition.

27. The composition of any one of embodiments 23-26, wherein the composition comprises

about 1 wt% to about 3 wi% fisctin, based on the total weight of active agents {(a)-{1) in

the composition.

P

28&. The composition of any one of embodiments 23-27, wherein the coraposition comprises
about 0.001 wt% to about 0.015 wt% vitamin Be, based on the total weight of active

agents (a)-(i) in the composition.
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(]
o]

31.

[
L

36.

(S

39.

40.

. The composition of any one of embodiments 23-28, wherein the composition comprises

about 0.0001 wt% to about 0.002 wt% vitamin Bis, based on the total weight of active

agents {a)-(1) in the composition.

. The composition of any ong of embodiments 23-29, wherein the composition comprises

about (.5 wt% to about 2 wt% vitamin B, based on the total weight of active agents (a}-
(i) in the composition.

The composition of any one of embodiments 23-380, wherein the composition comprises
about 20 wt% to about 40 wt% N-acctylcysteine, based on the total weight of active

agents (a)-(1) in the composition.

. The composition of any one of embodiments 23-31, wherein the composition comprises

about 20 wi% to about 40 wi% SAM, based on the total weight of active agents (a)-(i} in

the composition.

3. The composition of any one of embodiments 1-32, funther comprising: ()

trimethylglycine.

. The composition of emsbodiment 33, wherein the weight ratic between serine and

rimethylglyeine is about 1:1.

. A composition comprising the active s (a) serine; (b) vitamin Be: (¢) vitamin Be; (d)
A composition comprising the active agents: () serine; (b) vitamin Be; () vitamin Be; (d)

vitamin Biz; (e) vitamin Bz; (f) N-acetyleysteing; and (g) trimethyiglycine.
The composition according to embodiment 35, wherein the composition comprises about
25 wt% to about 40 wi% scring, based on the total weight of active agents {a)-{g) in the

composition.

. The composition of embodiment 35 or 36, wherein the composition comprises about 25

wi% to about 40 wt% N-acetylcysteine, based on the total weight of active agents {(a)-(g)

in the composition.

3. The composition of any one of emnbodiments 35-37, wherein the composition comprises

about 0.5 wt% to about 1.6 wt% vitamin B2, based on the total weight of active agents
{a}-{g) in the composition.

The composition of any one of embodiments 35-38, wherein the composition comprises
about 0.5 wi% to about 1.6 wt% vitamin Be, based on the total weight of active agents
{a)-(g) in the composition.

The composition of any one of embodiments 35-39, wherein the composition comprises
about 0.001 wt% fo about (.01 wt% vitamnin Bs, based on the total weight of active agents

{a)-{g) in the composition.
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41

42

44.
45.

47.

48.

. The composition of any one of embodiments 35-40, wherein the composition comprises
about 0.0005 wt% to about 0.002 wt% vitamin B, based on the total weight of active
agents (a)-{g) in the composition.

. The composition of any ong of embodiments 35-41, wherein the composition comprises
about 25 wi% to about 40 wi% trimethylglycine, based on the total weight of active

agents (a)-{g) in the composition.

3. The composition of any one of embodiments 1-42, funther comprising: (k) a nicotinamide

adenine dinucleotide pathway agent (NPA) selected from the group consisting of

nicotinamide riboside (NR), nicotinic acid (NA), nicotinic acid riboside (NAR),

picotinamide mononucleotide (NMN). nicotinic acid adenine dinucleotide (NAAD),
nicotinamide adenine dinucleotide (NAD+), and mixtures thereof.

The composition of embodiment 43, wherein the NPA is NR, NA, or NR and NA.

The composition of embodiment 44, wherein the NPA is NR and NA, and wherein weight

ratio between serine and NR is about 4:1.

. The composition of any onc of embodimments 1-45, wherein at least one of the active

agents is af least about 80% pure, wherein the % purity excludes the weight of any other

active agent and any added counter-ion, vehicle, diluent, excipient, or carrier.

The composition of any one of embodiments 1-46, wherein vitamin Be comprises

pyridoxal 5™ -phosphate.

The composition of any one of embodiments 1-47, wherein vitamin By comprises folic

acid or tetrahydrofolate.

. The composition of any one of embodiments 1-48, further comprising a wax matrix,

. The composition of any one of emboduments 1-49, further comprising vitamin D3, fruit
extracts, plant extracts, vegetable extracts, dimethyiglycine, monomethylglycine, glycine,
choline, and/or phosphatidvicholine.

. A pharmaceutical composition comprising a therapeutically effective amount of the
composition of any one of embodiments 1-50, and a pharmaceutically acceptable carrier,
excipient, binder, or diluent.

. The pharmaceutical composition of embodiment 531, formulated for oral, topical,
intramuscular, intravenous, intrabuccal or sublingual administration to a subject.

. The pharmaceutical composition of embodiment 51 or 52, in the form of a tablet, a
capsule, an extended-release tablet, a Hiquid, a powder, granules, a dragee or a lozenge.

. The pharmaceutical composition of embodiment 51 or 532, in unit dosage form,

comprising:
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1} (a} about 2000 mg scrine; (b} about 100 mg vitamin Be; (¢) about 0.8 mg vitamin Bo; (d)
about 0.5 mg vitamin By

2} (a) about 2000 mg serine; (b) about 73 mg vitarin Be; (¢) about 0.4 mg vitamin Be; (d)
about 0.075 mg vitamin Bis; (g) about 75 mg quercetin; and {f) about 300 mg fisetin;

3} (a) about 2000 mg serine; (b) about 75 mg vitamin Bs; (¢) about 0.4 mg vitamin Bo; (d)
about 0.075 mg vitamin Biz; (e) about 75 mg quercetin; () about 300 mg fisetin; and (g)
about 75 myg vitamin Bo;

4} (a) about 2000 mg scrine; (b) about 75 mg vitamin Be; (¢) about 8.4 mg vitamin Bo; (d)
about 0.075 mg vitamin Biz; (¢} about 75 mg quercetin; (f) about 300 mg fisetin; (g)
about 73 mg vitamin Bz; (h) about 2000 mg N-acetylcysteine; and (1) about 2000 mg
SAM;

5) (ay about 1700 mg serine; (b) about 25 mg vitamin Bs; (¢) about 0.8 mg vitamin Bo; (d)
about .5 mg vitamin Bis; (e} about 100 mg quercetin; {g) about 1.3 mg vitamin Ba; (k)
about 50 mg NA; and about 1.2 mg vitamin By;

6) (a) about 1200 mg serine; (b} about 50 mg vitamin Be; (¢) about 1 mg vitamin Bo; (d}
about 0.5 mg vitamin Biz; (g) about 1.3 mg vitamin Be; (h) about 1300 mg N-
acetylcysteine; (k) about 16 mg NA; about 1.2 mg vitamin B:, and about 300 mg
magnesivm bisglycinate;

7y (a) about 2000 mg serine; (b) about 100 mg vitamin Bg; () about 0.8 mag vitamin Be; ()
about 3 myg vitamin Bi; or

8) (a) about 4000 mg serine; (b} about 100 mg vitamin Be; (¢) about (.8 mg vitamin Bo; {d)

about 8.5 mg vitamin B1z; and about 4000 mg glycine.

W
)

3. The pharmaceutical composition of embodiment 54, in unit dosage form, further

comprising: (j) about 1000 mg or about 2000 mg timethylglycine.

56. A food product or dictary supplement comprising the composition of any one of
embodiments 1-55.

57. A method of reducing the level of total plasma homocysteine in a subject or treating or
preventing a disease or condition characterized by high levels of total plasma
homocysteine in a subject, comprising administering to the subject a therapeutically
cffective amount of the composition of any one of embodiments 1-50, the pharmaceutical
composition of any one of embodiments 51-55 or the food product or dietary supplement
of embodimment 56.

58. The method of embodiment 57, further comprising administering to the subjecta

therapeutically effective amount of trimethylglycine.
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59. The method of embodiment 58, wherein trimethylglycine is administered at about 1000
mg/day or 2000 mg/day.

60. The method of embodiment 58 or 39, wherein the composition and trimethyiglycine are
administered o the subject simultancously.

61. The method of embodimoent 58 or 59, whersin the composition and trimethylglycine are
administered to the subject sequentially.

62. The method of any one of embodiments 57-61, wherein the subject has a high iniual level
of total plasma homocysteine caused by administration of an NFA fo the subject.

63. The method of embodiment 62, wherein NPA s NR, NA, or NR and NA.

64. The method of embodiment 63, wherein NR is administered at about 500 mg/day.

65. The method of any one of embodiments 62-64, wherein the initial level of total plasma
homocysteine in the subject is at least 12 pmol/L.

66. The method of any one of embodiments 62-64, wherein the initial level of total plasma
homocysteine in the subject is at least 31 umol/L.

67. The method of any one of embodiments 62-64, wherein the nitial level of total plasma
horocysteine in the subject is greater than 100 wmol/L.

68. The method of any one of embodiments 62-67, wherein the composition and the NPA are
administered o the subject simultancously.

69. The rethod of any one of emmbodiments 62-67, wherein the composition and the NPA are
administered to the subject sequentially.

70. The method of any one of embodiments 57-69, wherein the disease or condition is
selected from the group consisting of hyperhomocysteinemia, homocystinuria,
cardiovascular disease, cerebrovascular disease, peripheral vascular disease, thrombosis,
stroke, atherothrombotic coronary artery discase (CAD)}, myocardial infarction (M),
Alzhcimer’'s disease, cognitive impairment, dementia, diabetic retinopathy, intraocular
lens dislocation, schizophrenia and osteoporosis.

71. A method of treating or preventing hyperhomocysieinemia in a subject, comprising
administering to the subject a therapeutically effective amount of the composition of any
one of embodiments 1-50, the pharmaceutical composition of any one of embodiments
51-55 or the food product or dictary supplement of embodiment 36.

72. A kit comprising two of more componenis, wherein:

1) each component comprises onc or more active agents independently selected from: (a)
serine; (h) vitamin Be; (¢) vitamin Bo; and () vitamin Bis; provided that each of active

agents (a)-{d) are contained within the kig;
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2

cach component comprises ong or more active agents independently selected from: (a)
serine; (b) vitamin Bg; (¢} vitamin Be; (d) vitamin Bqy; (e) quercetin; and (f) fisctin,
provided that each of active agents (a)-(f) arc contained within the kit;

3} cach component comprises one or more active agents independently selected from: (a)
serine; (b} vitamin Be; (¢) vitamin Be; (d) vitamin B12; (¢) quercetin; (f) fisctin; and (g)
vitamin B2, provided that each of active agents (a)-(g) are contained within the kit

4y each component comprises one or more active agents independently selected from: (a)

serine; (b) vitamin Bg; (¢) vitamin Be; (d) vitamin B1s; and (g) vitamin By, provided that

cach of active agents (a)-(d) and (g} arc contained within the kit;

(4
N

cach component comprises one of more active agents independenty selected from: (a)
serine; (b) vitamin Be; {c} vitamin Be; {d) vitamin Bi2; {e) quercetin; (f) fisetin; (g}
vitamin Ba; (h) N-acetylcysteine; and (i) SAM, provided that cach of active agents (a)-(i)
are contained within the kit;

6) each component comprises one or more active agents independently sclected from: (a)
serine; (b} vitamin Bs; () vitamin Be; (d) vitamin B1z; {(¢) vitamin By, () N-
acetyleysteine; and (g) trimethylglycine, provided that each of active agents (a)-(g) are
contained within the kit;

7) cach component comprises onc of more active agents independenty selected from: (a)
serine; (b} vitamin Be; {¢) vitamin Be; (d) vitamin Bys; (&) quercetin; (g) vitamin By; (k)
an NPA; and vitamin Bq;

8) each component comprises one or more active agents independently selected from: (a)
serine; (b) vitamin Bs; (¢) vitamin Be; (d) vitamin Bio; {(g) vitamin Bz; (hy N-
acetylcysteine; (k) an NPA; vitamin B, and a roagnesturn-containing compound; or

9) each component comprises one or more active agents independently selected from: (a)
serine; (b} vitamin Be; (¢) vitamin Be; (d) vitamin B1+; and glveine.

73. The kit of embodiment 72 (1)-(4), wherein one or more components of the kit further
comprises timethylglyeine.

74. The kit of embodiment 72 or 73, wherein at least one of the active agents is at least about
80% pure, wherein the % purity excludes the weight of any other active agent and any
added counter-ion, vehicle, diluent, excipient, or carrier.

75. The kit of embodiment 74, wherein each of the active agents s at least about 80% pure,

wherein the % purity excludes the weight of any other active agent and any added

counter-ion, vehicle, diluent, excipient, or carrier.
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76.

a0,

84.

7)

8)

G)

The kit of any one of embodiments 72-75, wherein at least one of the components is

sterifized.

. The kit of any one of embodiments 72-76, wherein at least one of the components further

comprises a pharmaceutically acceptable carrier, excipient, binder, or diluent.

. The kit of any one of embodiments 72-77, wherein at least onc of the two or more

components further comprises a wax matrix.

. The kit of any one of embodiments 72-78. wherein one or more componenis are

formulated for oral, topical, intramuscular, intravenous, intrabuccal, or sublingual
administration to a subject.

The kit of any one of embodiments 72-79, wherein one or more components are in the
form of a tablet, a capsule, an cxtended-release tablet, a liquid, a powder, granules, a

dragee, or a lozenge.

. The kit of any one of embodiments 72-80, wherein one or more components are in the

form of a food product or dictary supplement.

. The kit of any one of embodirents 72-81, wherein the components are formulated for

simultancous administration to a subject.

. The kit of any one of embodiments 72-81, wherein the components are formulated for

sequential administration to a subject.

A method of reducing the level of total plasma homocysteine in a subject, comprising co-
administering to the subject a therapeutically effective amount of the active agents:

(a) serine; and (b) vitamin Be;

(a) serine; (b) vitanin Be; (¢) vitamin Be; and (d) vitamin By,

(a) serine; (b) vitamin Be; (¢) vitamin Bo; (d) vitamin Biz; (&) quercetin; and (f) fisetin;

{a) serine; (b) vitamin Be; (¢} vitamin By (d) vitamin Bio; (e} quercetin; (f} fisetin; and {g)
vitamin Ba;

(a) serine; (b) vitamin Be; {c) vitamin Bo; (d) vitamin Bia; and (g} vitamin Bo;

{(a} serine; {b) vitamin Be; (¢} vitamin Bo; (d) vitamin Byo; (2} quercetin; () fisetin; ()
vitamin Bo; (h) M-acctyleysteine; and (i) SAM;

(a) serine; (b) vitamin Be; (¢} vitamin B9; (d) vitamin B12; () vitamin B2; and (f) V-
acetyleysteing;

{a) serine; (b) vitamin Be; (¢) vitamin Be; (d) vitamin Bio; (¢) quercetin; {(g) vitamin Bo;
(k) an NPA; and vitamin By

(a) serine; (b) vitamin Be; (¢) vitammin Be; (d} vitarnin Big; (g) vitamin By (hy N-

acetyicysteine; (k) an NPA; vitamin B1., and a magnesium-containing compound; or
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1803 (a) serine; (b) vitamin Be; {¢) vitamin Bo; (d} vitamin Biz; and glycine.

§5. The method of embodiment 84, further comprising administering to the subject a
therapeutically effective amount of trimethylglycine.

86. The method of embodiment &4 or 85, wherein the subject has a high initial level of total
plasma homocysteine caused by administration of an NPA to the subject.

87. A capsule comprising the composition of any one of embodiments 1-50.

EXAMPLES
183927 The following examples are offered to llustrate but not to limit the invention. One
of skill in the art will recognize that the following procedures may be modified using
methods known to one of ordinary skill in the art.
Example 1 - Preparation of anti-hyperhomocysteinemia compositions
[8393] EHight anti-hyperhomocysteinemia (“anti-HHcy”) compositions were prepared

containing the ingredients set out in Table 1 below:

Table 1. Anti-HHcy formulations.

, Formulations—Quantity/dose (mg)

Ingredient 7 5 3 y [ P 5 )
Serine 2000 2000 2000 2000 12000 12000 2000 12000
Vitamin B2 G 75 75 75 O 10 30 75
Vitamin Bs 75 75 75 75 100 160 7 75
(pyridoxine)

Quercetin 300 300 300 0 0 0 300 300
Fisetin 100 100 100 { { 0 100 100
N-acetylcysteine G 0 2000 2000 O 0 G 2000
S-adenosylmethionine | 0 O 2000 G 0 0 0 2600
(SAM)

Vitamin Bo (folic acid) | 0.4 0.4 3.4 0.4 (.8 (.8 0.4 0.4
Vitamin B 0075 10075 |0.075 10075 |05 0.5 0.075 {0075
{cobalamin)

Trimethylglveine 0 0 0 2000 Y 1000 0 1000
Vitamin D G 0.125 |0 0125 10 0 0 ¢

[8394] The compositions were made according to the following method. A batchof a
composition set out in Table 1 was produced by weighing out and mixing together one
hundred times the quantities from Table 1 (4., 200 g serine, efc.). The ingredients were
combined and mixed until homogeneous.

[#398] Size 1 capsules were then loaded into an encapsulation tray by separating the two

halves of a capsule, placing the bottom half into the tray and placing the top half in the
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detachable tray. The mixtre of active ingredients was poured over the capsules and
smoothed flat with a scraper. The powder was compressed and the step of pouring,
smoothing and compressing was repeated ontil no further compression was possible. Once
the capsules were full, the top halves of the capsules were attached to the bottom haves by
pressing the detachable tray into place. The capsules were removed from the tray and

transferred into an airtight bottle.

Example 2 — Assessment of Safety, Pharmacokinetics and Pharmacodynamics of anti-

HHcy compositions

[8396] 1n this study, safety, pharmacokinetics and pharmacodynamics of each of ana-HHcy
composition of Formula 5 of Example 1 in combination with nicotinamide riboside (NR) as
dietary supplements are studied. Each subject receives the following treatment: oral
administration of 500 mg nicotinamide riboside (NR) once daily (QD) for 3 months without
anti-HHcy composition; followed by 1 month of washout period with no administration of
NR or anti-HHcy composition; and followed by oral administration of 500 mg NR QD with
oral administration of anti-HHcy composition (e.g., 4 capsules of the anti-HHcy composition
of Formula 5) for 3 months. The primary endpoints of this study include: (1) safety profile,
inchuding serum homocysieine levels; (2) pharmacokinetics and pharmacodynamics of the
anti-HHcy composition in combination with NR; and (3} biomarker levels, including NAD,
HDL, LDL, wiglyeeride, lipoprotein a, and homocysteine.

[#397] The inclusion criteria of this study are as follows: (1) subjects are healthy male or
female, and older than 18 years; (2) subiects have signed, informed consent; (3) subjects who
are female of childbearing potential must have negative urine pregnancy test result and must
agree to use adequate contraception (hormonal or barrier method of birth control or
abstinence) during the study and one month thercafter; (4) subjects are healthy as determined
by laboratory results and medical history, including serum homocysteine level lower than 12
uM; (5) subjects agree to maintain current level of physical activity throughout the study; (6)
sabjects agree to avoid study coropounds for 30 days prior to enrollment and during the
study; (7) subjects agree to avoid nutritional yeast, whey proteins, energy drinks,
pomegranaie, pomegranate juice, grapefruit, grapefruit juice and alcohol 7 days prior to
enrollment and during study; and (8) subjects are willingness and ability to comply with
scheduled visits, cell phone calls, weatment plans, laboratory tests, and completion of other

study procedures as specified in the protocol.
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[8398] The exclusion criteria of this study are as follows: (1} women who are pregnant,

\
}

breastfeeding, or planning o became pregnant during the course of the trial; (2) subjects who
re smokers; (3) subjects who have unstable medical conditions as determined by the
Investigator; (4} immunocompromised individuals such as subjects that had undergone organ
transplantation or subjects diagnosed with human immunedeficicncy virus (HIV); (3)
subjects who have clinically significant abnormal lab results at screening (e.g. AST, ALT or
ALP > 2 x ULN, and/or bilirubin > 1 x ULN); (6) subjects who had planned surgery during
the course of the trial; (7) subjects who have history of or current diagnosis of any cancer
(except for successfully treated basal cell carcinoma) diagnosed less than S years prior to
screening. Subjects with cancer in full remission more than 5 years after diagnosis were
acceptable; (8) subjects who have history of blood/bleeding disorders; (9) subjects who have
donated blood in the past 2 months; (10} subjects who have alcohol abuse (>2 standard
alcoholic drinks per day} or drug abuse within the past 6 months; (11) subjects who have
participated in a clinical research trial within 30 days prior to randomization; {12) subjects
who have allergy or sensitivity to study supplement ingredients provided during the study;
(13) Individuals who are cognitively impaired and/or who were unable to give informed
consent; and (14) any other condition which in the Investigator's opinion may adversely
affect the subject's ability to complete the study or its measures or which may pose significant
risk to the subject.

[6399] FEach subject is evaluated clinically before receiving the first oral dose of the anti-
HHcy composition and NR and at the end of the study to determine changes in the health of
the patient over the course of the study. Clinical data and samples collected include: (1)
height, weight, temperatare, BP, heart rate, demographics; (2) physical examination; (3)
medical history, concomitant dictary supplements Gf any) and concomitant medications (if
any); (4) collection of blood/urine samples for homocysteine level assessments and routine
laboratory tests of levels of biomarkers and analyte, including methionine, cysteine, serine,
glutathione, quercetin, guercetin metabolites, alanine transaminase (ALT), aspartate
transaminase (AST), bilirubin, creatinine, HDL, LDL and triglycerides; and (5) adverse

cvents.
Example 3 ~ A case study of anti-HHcy treatment
[8488] This example described a case study of effects of nicotinamide riboside (NR),

nicotinic acid (NA) and anti-HHcy treatments on a healthy subject. A 62-year old healthy
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Asian male subject without significant medical problems developed elevated homocystcine
tevels while taking nicotinamide riboside, 300 mgz (D). He took no prescription medications
and was on low-carbohydrate, low animal-protein diet. His main source of protein was from
legumes and nuts. His weight was stable at 180 — 183 Ib and his height was 6 ft 0 in (BMI
24.4 - 24.8 kg/m?). FIG. 1 summarizes the treatments received by the subject and his
homocysteine levels during the course of the study.

[6408] TFrom March 23 to June 5, the subject received NR at 300 mg and NA at 1000 mg
daily. On May 34, the homocysteine ievel of the subject was elevated at 16 pmole/L. Un June
3, the subject started to receive betaine (i.e., trimethylglycine) at 5 grams per day. The
homocysteine fevels of the subject on June 5, June 8 and june 11 were 16 umole/L, 14
wmnole/L and 12 yumole/L, respectively. FIG. 1 shows the effect of betaine on decreasing the
homocysteine level of the subject, which became clevated due to NR and NA treatment. FIG.
2

184021 OmnJuly 6 {Day 1) of the study, the subject’s baseline serom homocysteine level was
normal at 12 ymole/L (Upper Limit of Normal JULN] 12 pmole/L) and the subject was
started on nicotinamide riboside (NTASUN®) 2530 mg, two capsules daily by mouth (500 mg
per day}. The subject wolerated nicotinamide riboside very well without any subjective
adverse events. On July 16 (Day 11), repeat serum homocysteing testing revealed that his
serum homocysteine level was elevated at 16 gmole/L.

18403] The sobject continued taking the same daily dose of nicotinamide riboside (500 mg
PO gd) and on July 18, the homocysteine level was elevated at 17 pmole/L. On July 19 (Day
14}, the subject started taking daily doses of vitamin Be (pyridoxine HCH 75 mg and L-
serine, 2 grams in addition to NR at 500 mg/day. On July 24 (Day 19), i.e., within 6 days, his
serum homocysteine level decreased by 23.5% to 13 umole/L. Repeat serum homocysteine
testing on July 30 (Day 25) revealed that his serum homocysteine level was again 13
wmole/L. On July 30 (Day 25), the dose of vitamin Bs was increased to 150 mg/day, and the
doses for L-serine and NR remained the same. On August 6, the serum homocysteine level
of the subject remained at 13 pmole/L.

[8404] On August 7 {Day 33), the subject started taking vitamin By, (cyanocobalamin) (.5
mg and folic acid 0.8 mg daily, in addition to vitarnin Be (pyridoxine HCD 100 mg, L-serine
2 grams, and nicotinamide riboside 500 mg daily. On August 14 (Day 40), his serum
homocysteine level decreased to0 12 wole/L. and on August 23 {Day 49), his homocysteine
further decreased to 11 wwole/L (ULN 12 umole/L). On August 24 (Day 50), the suhject

stopped NR but continued with same doses of other vitamins and serine. On September 12
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(Day 69), his serum homocystcine level was unchanged at 11 wmole/L. On September 13
(Day 70}, all the vitamins and serine were continued as previously, except vitamin By was
increased to 3 mg per day. On Septernber 18 (Day 75), his bomocysteine level decreased to 9
umnole/L. FIG. 3 shows the effect of serine and vitamin Be treatment on the homocysteine
fevels of the subject during concurrent NR treatment.

[8465]  On September 27 (Day 84}, the homocystene level of the subject became 11
umole/L. On September 28 (Day 85), the subject started taking nicotinic acid (NA) 500 mg
daily, in addition to vitamin B2 (cvanocobalamin} 3 mg, vitamin B (folic acid) 0.8 mg daily,
vitamin Be (pyridoxine HCL) 100 mg, and L-serine 2 grams daily. On October 10 (Bay 973,
the homocysteine level of the subject remained at 11 umole/L. On October 12 (Day 99), the
doses were adjusted as follows: vitamin Bz (cyanocobalamin) 0.5 mg, folic acid 4.8 mg
daily, vitamin Be (pyridoxine HCl} 100 mg. L-serine 4 grams, glycine 4 grams, and NA 500
mg daily. ON October 17 (Day 104), the homocysteine level of the subject remained at 11
pmole/L. On October 22 (Day 109), his homocysteine level was 8.8 umole/L as determined
using Quest Diagnostics test. All the other homocysteine level determinations until this point
used Any Labs, Inc.’s test. On October 22, 1018 (Day 109), the subject started to receive NR
against at 500 mg/day, in addition to vitamin By (cyanocobalamin) 0.5 mg, folic acid 8.8 mg
daily, vitamin Be (pyridoxine HCl) 100 mg, L-serine 4 grams, glycine 4 grams, and NA 500
mg daily. On November 9 (Day 127), the homocysteine fevel of the subject increased to 13
wmole/L according to Any Labs’ test. On November 11 (Day 129), the subject’s
homocysteine level was 8.9 pmole/L according to Quest Diagnostics’ test. On November 28
(Day 146}, the subject’s homocysteine level decreased to 11 pmole/L. according to Any Labs’
test. FIG. 4 shows the effect of the anti-HHcey treatment including serine, vitamin Bs, vitamin
B> and vitamin Bo on the subject during concurrent NR, or NR and NA treatment.

[8406] On November 28 (Day 146), the subject started receiving NR 1000 mg, and NA
2000mg, in addition to vitamin Bz (cyanocobalamin) 0.3 mg, vitamin Boe (folic acid) 0.8 mg
daily, vitamin Be (pyridoxine HCl) 100 mg. L-serine 4 grams, and glycine 4 grams daily. On
November 29 (Day 147}, the subject’s fasting glucose level rose to 130 mg/dL. On December
7 (Day 153), the subject’s fasting glucose level was 122 mg/dL. The subject then stopped
taking all medication. On December 13 (Day 161), the subject’s fasting glucose was 102

mg/dl.
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Esampie 4 — Nicotinamide riboside causes elevated serum homocysteine levels

[8407] A 74-year old healthy Caucasian fernale subject (subject #110) had normal baseline
serwm homocysteine level at 10.6 umole/L (Upper Limit of Normal [ULN] 12 pmole/L) on
Day 1, and the subject was started on nicotinamide riboside 230 mg, two capsules daily by
mouth (500 mg per day}. The subject tolerated nicotinamide riboside very well without any
subjective adverse events. On Day 21, her serum homocysteine level was elevated at 12.6
umole/L. The subject continued taking the same daily doses of nicotinamide riboside and on
Day 29, her serum homocysteine level was 17.9 pmole/L. Repeat measurement on Day 35
showed that ber serum homeocysteine level was12.8 pmole/L. On Day 37, her serum
homocysteine fevel was 13.5. FIG. 5 shows her serum homocysteine levels over the course
of the study.

134081 A 61-year old healthy Caucasian male had bascline serum homocysteine level at
11.6 pmole/L. (Upper Limit of Normal [ULN] 12 pmole/l) on Day | and the subject was
started on nicotinamide riboside 250 mg, two capsules daily by mouth (500 mg per day). The
subject tolerated nicotinamide riboside very well without any subjective adverse events. On
Day 20, his serum homocysteine level was elevated at 12.3 wmole/L. On Day 26, his serum
homocysteine fevel was 11.6 pmole/L.

[840%] FIGs. 6 and 7 show clevated homocysteine levels in two of the subjects caused by

NR treatment.

Example 5 - Preparation of anti-hyperhomocysteinemia compositions

[8418] Two anti-hyperhomocysteinermia (“anti-HHcy™) compositions were prepared

containing the ingredients set out in Table 2 below:

Table 2. Anti-HHcy formulations.

Formulntions—
Ingredient Ouantity/dose (mg)

i 2
Vitamin B (thiaming) 1.2 1.2
Vitamin Bs (riboflavin) 1.3 1.3
Vitamin B3 (Nicotinic Acid) 50 16
Vitaroin B (pyridoxine} 25 50
Vitamin Bo (folate) 0.8 1
Vitamin B2 (cobalamin) 0.5 0.5
(uercetin 106 0
N-acetyl cysteine 0 1500
Magnesium bisglycinate (14.1% Mg) 0 300
Sering 17046 1200
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Blueberry extract (organic) 5 5
Ginger extract {organic) 5 5
Cranberry extract (organic) S 5
Turmeric extract with black pepper extract (organic) 5 3
Strawberry whole fruit powder {organic) 5 5
Pomegranate juice powder {organic) 5 5
Grape—Concord juice powder {organic) §) 5

[84311] The compositions were made according to the following method. A batch of a
composition set out in Table 2 was produced by weighing out and mixing together one
hundred times the quantities from Table 2. The ingredients were combined and mixed uneil
homogencous.

134121  Size O or Size 1 capsules were then loaded into an encapsulation tray by separating
the two halves of a capsule, placing the hottom half into the tray and placing the top half in
the detachable tray. The mixture of active ingredients was poured over the capsules and
smoothed flat with a scraper. The powder was compressed and the step of pouring,
smoothing and compressing was repeated ontil no further compression was possible. Once
the capsules were full, the top halves of the capsules were attached to the bottom haves by
pressing the detachable tray into place. The capsules were removed from the tray and
transferred into an airtight bottle.

18413] The safety, pharmacokinetics and pharmacodynamics and efficacy of the anti-HHey

formulations as dietary supplements are evaluated in paticuts.
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CLAIMS

What is claimed is:

1.

3

6.

16.

11.
12.

13.

A composition comprising the active agents: {a} serine; (b) vitamin Be; () vitamin Bo;
and (d) vitamin By,

The composition of claim 1, wherein the composition comprises about 90 wit% to about
9% wi% serine, based on the total weight of active agents {(8)-(d) in the composition.

The composition of claim 1 or 2, wherein the composition comprises about 1 wi% to
about 7.5 wt% vitamin B, based on the total weight of active agents (a)-(d} in the
COMPOSition.

The composition of any one of claims 1-3, wherein the composition comprises about .01
wt% to about 0.10 wt% vitamin Bs, based on the total weight of active agents (a)-(d) in
the composition.

The composition of any one of claims 1-4, wherein the composition comprises about 0.01
wit% to about .03 wi% vitamin B1o, based on the total weight of active agenis (a)-(d) in
the composition.

The composition of any one of claims 1-3, further comprising vitamin Bi, a magnesium-
containing compound, and N-acetyl cysteine.

The composition of any one of claims 1-5, further comprising vitamin B; and quercetin.
A composition comprising the active agents: {a) serine; (b) vitamin Be; (¢} vitamin Bo;
and (d) vitamin B, {e) quercetin; and {f) fisetin.

A composition comprising the active agents: (a) sering; (b) vitamin Be; (¢) vitamin Bo; (d)
vitamin Bi2; () quercetin; (f) fisetin; and (g) vitamin Ba.

A composition comprising the active agents: {a} serine; (b) vitamin Be; {¢) vitamnin Bo; (d)
vitamin Bio; (e} quercetin; (f) fisetin; (g) vitamin Bo; (b} N-acctyleysteine; and (1) S-
adenosylmethionine (SAM).

The composition of any one of claims 1-10, further coroprising: (§) trimethylglycise.

A composition comprising the active agents: {(a} serine; (b) vitamin Be; () vitamin Bo; {d)
vitamin Biz; (e) vitamin Bz; (f) N-acetyleysteing; and (g) trimethyiglycine.

The composition of any one of claims 1-12, further comprising: (k) a nicotinamide
adenine dinucleotide pathway agent (NPA) sclected from the group consisting of
nicotinamide riboside (NR), nicotinic acid (NA), nicotinic acid riboside (NAR),
nicotinamide mononucleotide (NMN), nicotinic acid adenine dinucleotide (NAAD),

picotinamide adenine dinmucleotide (NAD-), and mixtures thereof.
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14. The composition of claim 13, wherein the NPA is NR, NA, or NR and NA.

15. The composition of any one of claims 1-14, wherein vitamin Be comprises pyridoxal 5°-
phosphate.

16. The composition of any one of claims 1-15, wherein vitamin Boe comprises folic acid or
tetrahydrofolate.

17. The composition of any one of claims 1-16, further comprising vitamin Ds, frutt extracts,
plant extracts, vegetable extracts, dimethylglyeine, monomethylglycine, glycine, choline,
and/or phosphatidylcholine.

18, A pharmaceutical composition comprising a therapeutically effective amount of the
composition of any one of claims 1-17, and a pharmacestically acceptable casrier,
cxcipient, binder, or diluent.

19. The pharmaccutical composition of claim 18, formulated for oral, topical, intramuscular,
infravenous, intrabuccal or sublingual administration to a subject.

20. The pharmaceutical composition of claim 18 or 19, in the form of a tablet, a capsule, an
extended-release tablet, a liquid, a powder, granules, a dragee or a lozenge.

21. The pharmaceutical composition of clairn 18 or 19, in unit dosage form, comprising:

1} {a) about 20800 myg sering; (b} about 100 mg vitamin Be; {¢} about 0.8 mg vitamin Be;
{d) about 8.5 mg vitamin Bi;

2} (a) about 2000 mg serine; {b) about 75 mg vitamin Be; (¢} about 0.4 mg vitamin Bo; (d}
about 0.075 mg vitamin Bi»; (e) about 75 mg quercetin; and (f) about 300 mg fisetin;

3} (a) about 2000 mg serine; (b} about 75 mg vitamin Be; (¢) about {.4 mg vitamin Be; (d)
about 0.075 mg vitamin Bio; (¢} about 75 mg quercetin; (f) about 300 mg fisetin; and (g}
about 75 mg vitamin By;

4} {a) about 2000 myg serine; (b} about 75 mg vitamin Be; (¢) about 8.4 mg vitamin Be; (&)
about 0.075 mg vitamin Big; (2) about 75 mg quercetin; {f) about 300 mg fisetin; (g
about 75 mag vitamin Bo; (hy about 2000 mg N-acetylcysteine; and (i) about 2000 mg
SAM;

5} (a) about 1700 mg serine; (b} about 25 mg vitamin Be; (¢) about 1.8 mg vitamin Be; (d)
about 0.5 mg vitamin Biz; (e) about 100 mg quercetin; (g) about 1.3 mg vitamin Bo; (k)
about 50 mg NA; and about 1.2 mg vitamin By;

6} (a) about 1200 mg serine; (b) about 50 mg vitamin Be; {¢) about 1 mg vitamin Bo; (d)
about 0.5 mg vitamin Biz; (g} about 1.3 mg vitamin Ba; (b) about 1500 mg M-
acetylcysteine; (k) about 16 mg NA; about 1.2 mg vitamin B;, and about 300 mg

magnesim bisglycinate;
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~r
7

7} (ay about 2000 mg serine; (b) about 100 mg vitamin Be; {c) about (.8 mg vitamin Bo;
{d) about 3 mg vitamin By or
8) (&) about 4000 mg serine; (b} about 100 mg vitamin Be; (¢} about 0.8 mg vitamin Be;

(d} about (.5 mg vitamin Bis; and about 4000 mg glycine.

. A food product or dictary supplement comprising the composition of any onc of claims 1-

17.

. A method of reducing the level of total plasma homocysteine in a subject or treating or

preventing a disease or condition characterized by high levels of total plasma
homocysteine in a subject, comprising administering to the subject a therapeutically
cffective amount of the composition of any one of claims 1-17, the pharmaceutical
composition of any one of claims 18-21 or the food product or dictary supplement of

claim 22.

. The method of claim 23, wherein the subject has a high initial level of total plasma

homocysteine caused by administration of an NPA o the subject.

. The method of claim 23 or 24, wherein the initial level of fotal plasma homocysteine in

the subject is at feast 12 wmol/L..

. The method of any one of claims 23-25, wherein the disease or condition is selected from

the group cousisting of hyperhomocysteinemia, homocystinuria, cardiovascular discase,
cerebrovascular discase, peripheral vascular disease, thrombosis, stroke, atherothrombotic
coronary artery disease {CAD), myocardial infarction (MI), Alzheimer’s disease,
cognitive impairment, dementia, diabetic retinopathy, intraocular lens dislocation,

schizophrenia and osteoporosis.

7. A method of treating or preventing hyperhomocysteinemia in a subject, comprising

administering to the subject a therapeutically effective amount of the compositon of any
one of claims 1-17, the pharmaceutical composition of any onc of claims 18-21 or the

food product or dictary supplement of claim 22.

. A kit comprising two or more components, wherein:

1) cach component comprises one or more active agents independently selected from: (a)
serine; (b) vitamin Bg; (¢) vitamin Be; and {(d) vitamin Bj2; provided that each of active
agents {a)-{d} are contained within the kit;

2} cach component comprises one or more active agenis independently selected from: {a)
serine; (b} vitamin Be; (¢) vitamin Be; (d) vitamin B1s; (¢) quercetin; and (£} fisetin,

provided that each of active agents (a)-(f) are contained within the kig;
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3} cach component comprises one or more active agents independently sclected from: {a)
serine; (b) vitamin Bg; (¢} vitamin By (d) vitamin Bqa; {e) quercetin; (f) fisetin; and (g)
vitamin Bz, provided that each of active agents (a)-(g) are contained within the kit;
4} cach component comprises one or more active agenis independently selected from: {a)
serine; (b} vitamin Be; (¢) vitamin Boe; (d) vitamin Bis; and (g) vitamin By, provided that
cach of active agents (a)-(d) and (g} are contained within the kit;
5} each component comprises one or more active agents independently selected from: (a)
serine; (b) vitamin Bg; (¢) vitamin Be; (d) vitamin B1s; (¢) quercetin; (f) fisetin; (g)
vitamin B»; (h) N-acctyleysteine; and (1) SAM, provided that cach of active agents (a)-(i}
are contained within the kit;
6} cach component comprises one or more active agents independently selected from: {a)
sering; (b} vitamin Be; (¢) vitamin Be; {d) vitamin Bz, (&) vitamin Bo; ) N-
acetyleysteine; and {(g) trimethylglycine, provided that each of active agents {a}-(g) are
contained within the kit;
7) each component comprises one or more active agents independently sclected from: (a)
serine; (b) vitamin Bg; (¢} vitamin By; (d) vitamin Bqy; (e) quercetin; (g) vitamin Ba; (k)
an NPA; and vitamin Bq;
8) cach component comprises one or more active agents independently selected from: (a)
serine; (b} vitamin Be; (¢) vitamin Be; {(d) vitamin Biy; (g) vitamin By; () N-
acetyleysteine; (k) an NPA; vitamin Bi, and a magnesium-containing compound; or
9} cach component comprises one or morc active agents independently sclected from: {a)
serine; (b) vitamin Bg; (¢) vitamin Be; (d) vitamin B1s; and glycine.

29. A method of reducing the level of total plasma homocysteine in a subject, comprising co-
administering to the subject a therapeutically effective amount of the active agents:
1) {a) serine; and {b) vitamin Bs;
2} {a) sering; (b) vitamin Be; (¢} vitamin Be; and (d) vitamin Big;
3} {(a) serine; (b} vitamin Be; {¢) vitamin Be; (4} vitamin Bis; (&) quercetin; and (f) fisetin;
4} (a) serine; (b} vitamin Be; (¢} vitamin By; (d) vitamin Biz: (e) quercetin; () fisetin; and
(g) vitamin By;
53 (a) serine; (b) vitamin Be; (¢} vitarnin Be; (d) vitamin Bio; and (g) vitamin Bo;
6} (a) serine; (b) vitamin Be; (¢) vitamin Be; (d) vitamin Bi»; (e) quercetin; (1) fisetin; (g)
vitamin Ba; (h) N-acetylcysteine; and (i) SAM;
7Y (a) sering; (b} vitamin Be; {¢) vitamin B9; (4} vitamin B12; (¢} vitanun B2; and (Y N-

acetylcysteine;
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8} (a) sering; (b} vitamin Be; {c) vitamin Be; (d) vitamin Bi2; {e) quercetin; (g) vitamin Ba;
(k) an NPA; and vitamin By

9} (a) serine; (b) vitamin Be; (¢) vitarnin Be; (d) vitamin B2 (g) vitamin Bz, (h M-
acetyleysteine; (k) an NPA; vitamin B, and a magnesium-containing compound; or

10 (a) serine; (b) vitamin Be; {¢) vitamin Bo; (d) vitamin B; and glycine.

30. A capsule comprising the composition of any one of claims 1-17.
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