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ASCORBIC ACID AND QUINONE
COMPOUNDS IN COMBINATION WITH AN

ANTIPARASITIC AGENT FOR TREATING A
PARASITIC DISEASE

CROSS REFERENCE TO RELATED
APPLICATION

This application 1s a National Stage of International
Application No. PCT/US2019/035501, filed Jun. 5, 2019;
which claims the benefit of U.S. Provisional Application No.

62/681,500, filed Jun. 6, 2018; the disclosure of each of
which 1s incorporated herein by reference in its entirety.

FIELD

Provided herein 1s a method of treating, preventing, or
alleviating one or more symptoms of Chagas disease 1n a
subject, comprising administering to the subject: (1) ascorbic
acid, or a single enantiomer, a mixture of enantiomers, or a
mixture of diasterecomers thereof; or a pharmaceutically
acceptable salt, solvate, or hydrate thereof; (1) a quinone
compound, or a single enantiomer, a mixture of enantiomers,
or a mixture of diastereomers thereof, or a pharmaceutically
acceptable salt, solvate, hydrate, or prodrug thereot; and (i11)
an antiparasitic agent.

BACKGROUND

Chagas disease, also known as American trypanosomia-
s1s, 1s a tropical parasitic disease caused by the protozoan
Trypanosoma cruzi, allecting millions of people worldwide.
World Health Organmization. Chagas disease (American try-
panosomiasis), WHO, Geneva, 2015. It 1s spread mostly by
insects known as Triatominae or kissing bugs. Id. Chagas
disease 1s considered a silent pathology since the first
symptoms may appear several years after infection. Magu-
ire, N. Engl. J. Med. 2006, 355, 760-761. The symptoms of
Chagas disease change over the course of the infection. In
the early stage, symptoms are typically either not present or
mild, and may include fever, swollen lymph nodes, head-
aches, or local swelling at the site of the bite. After 8 to 12
weeks, individuals enter the chronic phase of the disease and
in 60 to 70%, 1t never produces further symptoms. The other
30 to 40% of people develop further symptoms 10 to 30
years after the mitial infection, including enlargement of the
ventricles of the heart 1n 20 to 30%, leading to heart failure.
An enlarged esophagus or an enlarged colon may also occur
in 10% of people.

Currently, benznmidazole and nifurtimox are only drugs
available for treating Chagas disease and both were devel-
oped more than four decades ago. Coura et al., Mem. Inst.
Oswaldo Cruz. 2002, 97, 3-24. Benznidazole and nifurtimox
are also known to have variable eflicacy and high toxicity.
Id. For example benznidazole and nifurtimox cause tempo-
rary side eflects m up to 40% of people, including skin
disorders, brain toxicity, and digestive system 1rritation.
Chagas disease (American trypanosomiasis) Fact sheet No.
340. Therefore, there exists a need for an effective therapy
for treating Chagas disease.

SUMMARY OF THE

DISCLOSURE

Provided herein 1s a method of treating, preventing, or
alleviating one or more symptoms of a parasitic disease 1n a
subject, comprising administering to the subject: (a) a thera-
peutically effective amount of: (1) ascorbic acid, or a single
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2

enantiomer, a mixture of enantiomers, or a mixture of
diastereomers thereof; or a pharmaceutically acceptable sallt,
solvate, or hydrate thereof; and (11) a quinone compound, or
a single enantiomer, a mixture of enantiomers, or a mixture
of diastercomers thereof, or a pharmaceutically acceptable
salt, solvate, hydrate, or prodrug thereof; and (b) a subthera-
peutically eflective amount of an antiparasitic agent.

Also provided herein 1s a method of mhibiting parasitic
growth 1n a subject infected with a parasite, comprising
administering to the subject: (a) a therapeutically effective
amount of: (1) ascorbic acid, or a single enantiomer, a
mixture of enantiomers, or a mixture of diastereomers
thereof; or a pharmaceutically acceptable salt, solvate, or
hydrate thereof, and (1) a quinone compound, or a single
enantiomer, a mixture of enantiomers, or a mixture of
diastereomers thereot, or a pharmaceutically acceptable salkt,
solvate, hydrate or prodrug thereof, and (b) a subtherapeu-
tically eflective amount of an antiparasitic agent.

Additionally provided herein 1s a method of eliminating a
parasite from a subject, comprising administering to the
subject: (a) a therapeutically effective amount of: (1) ascor-
bic acid, or a single enantiomer, a mixture of enantiomers,
or a mixture of diastereomers thereof; or a pharmaceutically
acceptable salt, solvate, or hydrate thereof; and (1) a qui-
none compound, or a single enantiomer, a mixture of enan-
tiomers, or a mixture of diastereomers thereol, or a phar-
maceutically acceptable salt, solvate, hydrate, or prodrug
thereof; and (b) a subtherapeutically eflective amount of an
antiparasitic agent.

Furthermore, provided herein 1s a method of increasing
the quality of life of a subject infected with a parasite,
comprising admimstering to the subject: (a) a therapeutically
cllective amount of: (1) ascorbic acid, or a single enantiomer,
a mixture of enantiomers, or a mixture of diastereomers
thereof, or a pharmaceutically acceptable salt, solvate, or
hydrate thereof; and (i1) a quinone compound, or a single
enantiomer, a mixture of enantiomers, or a mixture of
diastereomers thereolf, or a pharmaceutically acceptable sallt,
solvate, hydrate or prodrug thereof; and (b) a subtherapeu-
tically eflective amount of an antlparasmc agent.

Provided herein 1s a method of increasing the eflicacy of
an antiparasitic agent 1n a subject infected with a parasite,
comprising adminmistering to the subject a therapeutically
ellective amount of: (1) ascorbic acid, or a single enantiomer,
a mixture of enantiomers, or a mixture of diastereomers
thereof, or a pharmaceutically acceptable salt, solvate, or
hydrate thereof; and (i11) a quinone compound, or a single
enantiomer, a mixture of enantiomers, or a mixture of
diastereomers thereol, or a pharmaceutically acceptable salkt,
solvate, hydrate, or prodrug thereof.

Provided herein 1s a method of increasing tolerance to an
antiparasitic agent 1 a subject infected with a parasite,
comprising administering to the subject a therapeutically
cllective amount of: (1) vitamin C, or a pharmaceutically
acceptable salt, solvate, or hydrate thereof; and (11) a vitamin
K compound, or a single enantiomer, a mixture ol enan-
tiomers, or a mixture of diasterecomers thereol, or a phar-
maceutically acceptable salt, solvate, hydrate, or prodrug
thereof.

Provided herein 1s a method of reducing a side effect of an
antiparasitic agent to a subject infected with a parasite,
comprising administering to the subject a therapeutically
cllective amount of: (1) ascorbic acid, or a single enantiomer,
a mixture of enantiomers, or a mixture of diastereomers
thereof, or a pharmaceutically acceptable salt, solvate, or
hydrate thereotf; and (11) a quinone compound, or a single
enantiomer, a mixture of enantiomers, or a mixture of
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diastereomers thereof, or a pharmaceutically acceptable sallt,
solvate, hydrate, or prodrug thereof.

Provided herein 1s a method of reducing a toxicity of an
antiparasitic agent to a subject infected with a parasite,
comprising admimstering to the subject a therapeutically
ellective amount of: (1) ascorbic acid, or a single enantiomer,
a mixture of enantiomers, or a mixture of diastereomers
thereot, or a pharmaceutically acceptable salt, solvate, or
hydrate thereof; and (1) a quinone compound, or a single
enantiomer, a mixture of enantiomers, or a mixture of
diastereomers thereol, or a pharmaceutically acceptable sallt,
solvate, hydrate, or prodrug thereof.

Provided herein 1s a method of inhibiting parasitic
growth, comprising contacting a parasite with: (a) a thera-
peutically effective amount of: (1) ascorbic acid, or a single
enantiomer, a mixture of enantiomers, or a mixture of
diastereomers thereof; or a pharmaceutically acceptable sallt,
solvate, or hydrate thereot, and (11) a quinone compound, or
a single enantiomer, a mixture of enantiomers, or a mixture
ol diasterecomers thereof, or a pharmaceutically acceptable
salt, solvate, hydrate, or prodrug thereof; and (b) a subthera-
peutically eflective amount of an antiparasitic agent.

Provided herein 1s a method of killing a parasite, com-
prising contacting the parasite with: (a) a therapeutically
ellective amount of: (1) ascorbic acid, or a single enantiomer,
a mixture of enantiomers, or a mixture of diastereomers
thereof; or a pharmaceutically acceptable salt, solvate, or
hydrate thereof; and (1) a quinone compound, or a single
enantiomer, a mixture of enantiomers, or a mixture of
diastereomers thereot, or a pharmaceutically acceptable sallt,
solvate, hydrate, or prodrug thereof; and (b) a subtherapeu-
tically eflective amount of an antiparasitic agent.

Provided herein 1s a method of increasing the cytotoxicity
ol an antiparasitic agent to a parasite, comprising contacting
the parasite with: a therapeutically eflective amount of: (1)
ascorbic acid, or a single enantiomer, a mixture of enan-
tiomers, or a mixture of diasterecomers thereol; or a phar-
maceutically acceptable salt, solvate, or hydrate thereof, and
(11) a quinone compound, or a single enantiomer, a mixture
of enantiomers, or a mixture of diastereomers thereof, or a
pharmaceutically acceptable salt, solvate, hydrate, or prod-
rug thereof.

BRIEF DESCRIPTION OF TH.

L1

DRAWINGS

FIG. 1 shows the effects of vitamin C, vitamin K,
APATONE®, and benznidazole on parasitemia in a murine
model of Chagas disease, where the symbol * indicates a
significant difference compared with the control group
(p=0.05).

FIG. 2 shows the effects of vitamin C, vitamin Ki,
APATONE®, and benznidazole on the survival rates of mice
with acute Chagas disease infection in a murine model.

FIG. 3 shows the effects of vitamin C, vitamin K,,
APATONE®, and benznidazole on heart cytokine levels in
a murine model of Chagas disease, where the symbol *
indicates a significant difference compared with the control
group (p=0.05).

FIG. 4 shows the effects of vitamin C, vitamin K,,
APATONE®, and benznidazole on blood cytokine levels in
a murine model of Chagas disease, where the symbol *
indicates a significant difference compared with the control
group (p=0.05).

FIG. 5 shows the effects of vitamin C, vitamin Ki,
APATONE®, and benznidazole on parasite burdens in car-
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diac tissues 1n a murine model of Chagas disease, where the
symbol * indicates a significant difference compared with
the control group (p=0.05).

FIG. 6 shows the eflfects of vitamin C, vitamin K,
APATONE®, and benznidazole on parasite burdens 1n blood
in a murine model of Chagas disease, where the symbol *

indicates a significant difference compared with the control
group (p=<0.05).

DETAILED DESCRIPTION

To facilitate understanding of the disclosure set forth
herein, a number of terms are defined below.

Generally, the nomenclature used herein and the labora-
tory procedures 1n organic chemistry, medicinal chemaistry,
biochemistry, biology, pharmacology, and others described
herein are those well known and commonly employed in the
art. Unless defined otherwise, all technical and scientific
terms used herein generally have the same meaning as
commonly understood by one of ordinary skill 1n the art to
which this disclosure belongs.

The term “subject” refers to an animal, including, but not
limited to, a primate (e.g., human), livestock, a domestic pet,
cow, pig, sheep, goat, horse, dog, cat, rabbit, rat, or mouse.
The terms “‘subject” and “patient” are used interchangeably
herein 1n reference, for example, to a mammalian subject,
such as a human subject, 1n one embodiment, a human.

The terms “treat,” “treating,” and “treatment” are meant
to 1mclude alleviating or abrogating a disorder, disease, or
condition, or one or more of the symptoms associated with
the disorder, disease, or condition; or alleviating or eradi-
cating the cause(s) of the disorder, disease, or condition
itsellf.

The terms “prevent,” “preventing,” and “prevention” are
meant to mclude a method of delaying and/or precluding the
onset of a disorder, disease, or condition, and/or one or more
of its attendant symptoms; barring a subject from acquiring
a disorder, disease, or condition; or reducing a subject’s risk
of acquiring a disorder, disease, or condition.

The terms “alleviate” and “alleviating” refer to easing or
reducing one or more symptoms (e.g., pain) of a disorder,
disease, or condition. The terms can also refer to reducing
adverse eflects associated with an active ingredient. Some-
times, the beneficial effects that a subject derives from a
prophylactic or therapeutic agent do not result 1n a cure of
the disorder, disease, or condition.

The term “contacting” or “contact” 1s meant to refer to
bringing together of a therapeutic agent and cell or tissue
such that a physiological and/or chemical eflect takes place
as a result of such contact. Contacting can take place 1n vitro,
eX vivo, or 1 vivo. In one embodiment, a therapeutic agent
1s contacted with a cell 1n cell culture (in vitro) to determine
the eflect of the therapeutic agent on the cell. In another
embodiment, the contacting of a therapeutic agent with a cell
or tissue 1ncludes the administration of a therapeutic agent to
a subject having the cell or tissue to be contacted.

The terms “therapeutically effective amount™ and “eflec-
tive amount” are meant to include the amount of a com-
pound or a combination of compounds that, when adminis-
tered, 1s sullicient to prevent development of, or alleviate to
some extent, one or more of the symptoms of the disorder,
disease, or condition being treated. The term “‘therapeuti-
cally eflective amount™ or “eflective amount” also refers to
the amount of a compound or a combination of compounds
that 1s suflicient to elicit the biological or medical response
of a biological molecule (e.g., a protein, enzyme, RNA, or
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DNA), cell, tissue, system, animal, or human, which 1s being
sought by a researcher, veterinarian, medical doctor, or
clinician.

The terms “‘subtherapeutic amount™ and “subtherapeuti-
cally eflective amount” of a therapeutic agent are used
interchangeably herein and refer to a dose lower than the
amount which 1s eflective when the therapeutic agent is
delivered alone.

The term “pharmaceutically acceptable carrier,” “phar-
maceutically acceptable excipient,” “physiologically accept-
able carrier,” or “physiologically acceptable excipient”
refers to a pharmaceutically acceptable material, composi-
tion, or vehicle, such as a liquid or solid filler, diluent,
solvent, or encapsulating material. In one embodiment, each
component 1s “pharmaceutically acceptable” in the sense of
being compatible with the other ingredients of a pharma-
ceutical formulation, and suitable for use 1in contact with the
tissue or organ of humans and animals without excessive
toxicity, irritation, allergic response, immunogenicity, or
other problems or complications, commensurate with a
reasonable benefit/risk ratio. See, Remington: The Science
and Practice of Pharmacy, 22nd ed.; Allen et al., Eds.; The
Pharmaceutical Press, 2012; Handbook of Pharmaceutical
Excipients, 7th ed.; Rowe et al., Eds.; The Pharmaceutical
Press: 2012; Handbook of Pharmaceutical Additives, 3rd
ed.; Ash and Ash Eds.; Synapse Information Resources, Inc.:
2007; Pharmaceutical Preformulation and Formulation,
2nd ed.; Gibson Ed.; CRC Press LLC: 2009.

The term ““about” or “approximately” means an accept-
able error for a particular value as determined by one of
ordinary skill in the art, which depends in part on how the
value 1s measured or determined. In certain embodiments,
the term “about” or “approximately” means within 1, 2, 3,
or 4 standard deviations. In certain embodiments, the term
“about” or “approximately” means within 50%, 20%, 15%.,
10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, 0.5%, or
0.05% of a given value or range.

The terms “active ingredient” and “active substance” refer
to a compound, which 1s administered, alone or 1n combi-
nation with one or more pharmaceutically acceptable excipi-
ents, to a subject for treating, preventing, or ameliorating
one or more symptoms of a disorder, disease, or condition.
As used herein, “active ingredient” and “‘active substance”
may be an optically active 1somer of a compound described
herein.

The term “‘quality of life” or “QOL” refers to a mainte-
nance or increase in a the overall physical and mental state
ol a subject, for example a subject infected with a parasite,
such as the subject’s cognitive ability, ability to communi-
cate and interact with others, decreased dependence upon
analgesics for pain control, maintenance of ambulatory
ability, maintenance of appetite and body weight (lack of
cachexia), lack of or diminished feeling of “hopelessness;”
continued 1nterest i playing a role in treatment, and other
similar mental and physical states.

The term “alkyl” refers to a linear or branched saturated
monovalent hydrocarbon radical, wherein the alkyl may
optionally be substituted with one or more substituents Q as
described herein. For example, C,_ alkyl refers to a linear
saturated monovalent hydrocarbon radical of 1 to 6 carbon
atoms or a branched saturated monovalent hydrocarbon
radical of 3 to 6 carbon atoms. In certain embodiments, the
alkyl 1s a linear saturated monovalent hydrocarbon radical
that has 1 to 20 (C,_,5), 1 to 15 (C,_,5), 1 to 10 (C,_,,), or
1 to 6 (C,_s) carbon atoms, or branched saturated monova-
lent hydrocarbon radical of 3 to 20 (C,_,,), 3 to 15 (C4_, <),
310 10 (C4_,n), 0r3 to 6 (C,_s) carbon atoms. As used herein,
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linear C,_ and branched C,_, alkyl groups are also referred
as “lower alkyl.” Examples of alkyl groups include, but are
not limited to, methyl, ethyl, propyl (including all 1someric
forms, e.g., n-propyl and isopropyl), butyl (including all
isomeric forms, e€.g., n-butyl, 1sobutyl, sec-butyl, and
t-butyl), pentyl (including all i1someric forms), and hexyl
(including all 1someric forms).

The term “‘alkenyl” refers to a linear or branched mon-
ovalent hydrocarbon radical, which contains one or more, 1n
one embodiment, one to five, in another embodiment, one,
carbon-carbon double bond(s). The alkenyl may be option-
ally substituted with one or more substituents Q as described
herein. The term “alkenyl” embraces radicals having a ““cis™
or “trans” configuration or a mixture therecot, or alterna-
tively, a “Z” or “E” configuration or a mixture thereof, as
appreciated by those of ordinary skill 1n the art. For example,
C,_. alkenyl refers to a linear unsaturated monovalent hydro-
carbon radical of 2 to 6 carbon atoms or a branched
unsaturated monovalent hydrocarbon radical of 3 to 6 car-

bon atoms. In certain embodiments, the alkenyl 1s a linear
monovalent hydrocarbon radical of 2 to 20 (C,_,,), 2 to 15
(C,_;5), 210 10 (C,-10), or 2 to 6 (C,_,) carbon atoms, or a
branched monovalent hydrocarbon radical of 3 to 20 (C,_,,),
3to 15(C5_;5),31t010(C5-10), 0r 3 to 6 (C,_,) carbon atoms.
Examples of alkenyl groups include, but are not limited to,
cthenyl, propen-1-yl, propen-2-yl, allyl, butenyl, and
4-methylbutenyl.

The term “alkynyl” refers to a linear or branched mon-
ovalent hydrocarbon radical, which contains one or more, 1n
one embodiment, one to five, in another embodiment, one,
carbon-carbon triple bond(s). The alkynyl may be optionally
substituted with one or more substituents QQ as described
herein. For example, C,_. alkynyl refers to a linear unsatu-
rated monovalent hydrocarbon radical of 2 to 6 carbon
atoms or a branched unsaturated monovalent hydrocarbon
radical of 4 to 6 carbon atoms. In certain embodiments, the
alkynyl 1s a linear monovalent hydrocarbon radical of 2 to 20
(C,.5), 2 10 15 (C,_,5), 2 to 10 (C,_,5), or 2 t0o 6 (C,_ )
carbon atoms, or a branched monovalent hydrocarbon radi-
cal ot 4 to 20 (C,_,4), 4t0 15 (C,_,5), 4 to 10 (C,_,,), or 4
to 6 (C, ) carbon atoms. Examples of alkynyl groups
include, but are not limited to, ethynyl (—C=CH), propynyl
(including all 1someric forms, e.g., 1-propynyl (—C=CCH,)
and propargyl (—CH,C=CH)), butynyl (including all 1so-
meric forms, e.g., 1-butyn-1-yl and 2-butyn-1-yl), pentynyl
(including all i1someric forms, e.g., 1-pentyn-1-yl and
1 -methyl-2-butyn-1-yl), and hexynyl (including all 1someric
forms, e.g., 1-hexyn-1-yl).

The term “cycloalkyl” refers to a cyclic saturated or
non-aromatic unsaturated, bridged or non-bridged monova-
lent hydrocarbon radical, which 1s optionally substituted
with one or more substituents () as described herein. In
certain embodiments, the cycloalkyl 1s a cyclic saturated
bridged or non-bridged monovalent hydrocarbon radical. In
certain embodiments, the cycloalkyl has from 3 to 20
(C5_5p), from 3 to 15 (C4_,5), from 3 to 10 (C,_,,), or from
3 to 7 (C5_-) carbon atoms. Examples of cycloalkyl groups
include, but are not limited to, cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cycloheptyl, bicyclo[2.1.1]hexyl,
bicyclo[2.2.1]heptyl, decalinyl, and adamantyl.

The term “aryl” refers to a monocyclic aromatic group
and/or multicyclic monovalent hydrocarbon aromatic group
that contain at least one aromatic hydrocarbon ring. In
certain embodiments, the aryl has from 6 to 20 (C,_,,), {from
6to 15 (Cg_ 5), or from 6 to 10 (C,_,,) ring atoms. Examples
of aryl groups include, but are not limited to, phenyl,
naphthyl, fluorenyl, azulenyl, anthryl, phenanthryl, pyrenyl,
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biphenyl, and terphenyl. In certain embodiments, the term
“aryl” refers to a bicyclic or tricyclic carbon ring, where one
of the rings 1s aromatic and the others of which may be
saturated, partially unsaturated, or aromatic, for example,
dihydronaphthyl, indenyl, indanyl, or tetrahydronaphthyl
(tetralinyl). In certain embodiments, the aryl 1s optionally
substituted with one or more substituents Q as described
herein.

The term “‘aralkyl” or “arylalkyl” refers to a monovalent
alkyl group substituted with one or more aryl groups. In
certain embodiments, the aralkyl has from 7 to 30 (C,_5,).
from 7 to 20 (C,_,,), or from 7 to 16 (C-_,4) carbon atoms.
Examples of aralkyl groups include, but are not limited to,
benzyl, 1-phenylethyl, 2-phenylethyl, and 3-phenylpropyl.
In certain embodiments, the aralkyl 1s optionally substituted
with one or more substituents () as described herein.

The term “heteroaryl” refers to a monovalent monocyclic
aromatic group or monovalent polycyclic aromatic group
that contain at least one aromatic ring, wherein at least one
aromatic ring contains one or more heteroatoms, each of
which 1s mndependently selected from O, S, N, and P, 1n the
ring. A heteroaryl group 1s bonded to the rest of a molecule
through 1ts aromatic ring. Each ring of a heteroaryl group
can contain one or two O atoms, one or two S atoms, one to
tour N atoms, and/or one or two P atoms, provided that the
total number of heteroatoms in each ring 1s four or less and
cach ring contains at least one carbon atom. In certain
embodiments, the heteroaryl has from 5 to 20, from 5 to 15,
or from 5 to 10 ring atoms. Examples of monocyclic
heteroaryl groups include, but are not limited to, furanyl,
imidazolyl, 1sothiazolyl, 1soxazolyl, oxadiazolyl, oxazolyl,
pyrazinyl, pyrazolyl, pyridazinyl, pynidyl, pyrimidinyl, pyr-
rolyl, thiadiazolyl, thiazolyl, thienyl, tetrazolyl, triazinyl,
and triazolyl. Examples of bicyclic heteroaryl groups
include, but are not limited to, benzoluranyl, benzimida-
zolyl, benzoisoxazolyl, benzopyranyl, benzothiadiazolyl,
benzothiazolyl, benzothienyl, benzotriazolyl, benzoxazolyl,
turopynidyl, mmidazopyridinyl, 1midazothiazolyl, indoliz-
inyl, indolyl, indazolyl, isobenzofuranyl, 1sobenzothienyl,
1soindolyl, 1soquinolinyl, 1sothiazolyl, naphthyridinyl, oxa-

zolopyridinyl, phthalazinyl, pteridinyl, purinyl, pyri-
dopyridyl, pyrrolopyridyl, quinolinyl, quinoxalinyl, qui-
nazolinyl, thiadiazolopyrimidyl, and thienopyridyl.

Examples of tricyclic heteroaryl groups include, but are not
limited to, acridinyl, benzindolyl, carbazolyl, dibenzofura-
nyl, perimidinyl, phenanthrolinyl, phenanthridinyl, phenar-
sazinyl, phenazinyl, phenothiazinyl, phenoxazinyl, and xan-
thenyl. In certain embodiments, the heteroaryl 1s optionally
substituted with one or more substituents Q as described
herein.

The term “heterocyclyl” or “heterocyclic” refers to a
monovalent monocyclic non-aromatic ring system or mon-
ovalent polycyclic ring system that contains at least one
non-aromatic ring, wherein one or more of the non-aromatic
ring atoms are heteroatoms, each of which 1s independently
selected from O, S, N, and P; and the remaining ring atoms
are carbon atoms. In certain embodiments, the heterocyclyl
or heterocyclic group has from 3 to 20, from 3 to 135, from
3 to 10, from 3 to 8, from 4 to 7, or from 5 to 6 ring atoms.
A heterocyclyl group 1s bonded to the rest of a molecule
through 1ts non-aromatic ring. In certain embodiments, the
heterocyclyl 1s a monocyclic, bicyclic, tricyclic, or tetracy-
clic ring system, which may be spiro, fused, or bridged, and
in which nitrogen or sulfur atoms may be optionally oxi-
dized, nitrogen atoms may be optionally quaternized, and
some rings may be partially or fully saturated, or aromatic.
The heterocyclyl may be attached to the main structure at
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any heteroatom or carbon atom which results 1n the creation
of a stable compound. Examples of heterocyclic groups
include, but are not limited to, azepinyl, benzodioxanyl,
benzodioxolyl, benzofuranonyl, benzopyranonyl, benzopy-
ranyl, benzotetrahydrofuranyl, benzotetrahydrothienyl, ben-
zothiopyranyl, benzoxazinyl, p-carbolinyl, chromanyl,
chromonyl, cinnolinyl, coumarinyl, decahydroisoquinolinyl,
dihydrobenzisothiazinyl, dihydrobenzisoxazinyl, dihydrofu-
ryl, dihydroisoindolyl, dihydropyranyl, dihydropyrazolyl,
dihydropyrazinyl, dihydropyridinyl, dlhydropyrlmldlnyl
dihydropyrrolyl, dioxolanyl, 1,4-dithianyl, furanonyl, 1mi-
dazolidinyl, 1midazolinyl, indolinyl, isobenzotetrahydro-
furanyl, 1sobenzotetrahydrothienyl, 1sochromanyl, 1socou-
marinyl, 1somndolinyl, 1sothiazolidinyl, isoxazolidinyl,
morpholinyl, octahydroindolyl, octahydroisoindolyl, oxazo-
lidinonyl, oxazolidinyl, oxiranyl, piperazinyl, piperidinyl,
4-piperidonyl, pyrazolidinyl, pyrazolinyl, pyrrolidinyl, pyr-
rolinyl, quinuclidinyl, tetrahydrofuryl, tetrahydroisoquinoli-
nyl, tetrahydropyranyl, tetrahydrothienyl, thiamorpholinyl,
thiazolidinyl, tetrahydroquinolinyl, and 1,3,5-trithianyl. In
certain embodiments, the heterocyclyl 1s optionally substi-
tuted with one or more substituents (Q as described herein.

The term “halogen,” “halide™ or “halo” refers to fluorine,
chlorine, bromine, and/or 10dine.

The term “optionally substituted™ 1s intended to mean that
a group or substituent, such as an alkyl, alkenyl, alkynyl,
cycloalkyl, aryl, aralkyl, heteroaryl, or heterocyclyl group,
may be substituted with one or more substituents (), each of
which 1s independently selected from, e.g., (a) C,_. alkyl,
C, ¢ alkenyl, C,_ . alkynyl, C,_- cycloalkyl, C._, . aryl, C,_,-
aralkyl, heteroaryl, and heterocyclyl, each of which 1s fur-
ther optionally substituted with one or more, 1n one embodi-

ment, one, two, three, or four, substituents Q“; and (b) oxo
(—0), halo cyano (—CN), nitro (—NO,), —C(O)R?,

—C(O)OR?, —C(O)NR’R°, —C(NR“NR’R°, —OR-,
—OC(O)R?, —OC(0O)OR?, —OC(ONR’R°, —OC
(—NR“)NR’R®, —OS(O)R?, —OS(0),R",

—OS(O)NR”R°, —OS(0),NR”R®, —NR”R®, —NR“C(O)
RY, —NR“C(O)OR?, —NR*C(O)NR’R°, —NR“C(—NR¥)
NR”R¢, —NR“S(O)R?, —NR?S(0),R?, —NR*S(O)NR”R",
—NR“S(0),NR’R¢, —SR“, —S(O)R?, —S(0),R%, —S(0O)
NR”R¢, and —S(O),NR”R*, wherein each R?, R”, R, and
R? is independently (i) hydrogen; (ii) C,_. alkyl, C,_. alk-
enyl, C,_. alkynyl, C,_- cycloalkyl, C,_,, aryl, C,_, < aralkyl,
heteroaryl, or heterocyclyl, each optionally substituted with
one or more, 1n one embodiment, one, two, three, or four,
substituents Q%; or (iii) R” and R° together with the N atom
to which they are attached form heteroaryl or heterocyclyl,
optionally substituted with one or more, 1n one embodiment,
one, two, three, or four, substituents (Q“. As used herein, all
groups that can be substituted are “optionally substituted,”
unless otherwise specified.

In one embodiment, each Q“ 1s independently selected
from the group consisting of (a) oxo, cyano, halo, and nitro;
and (b) C,_, alkyl, C,_, alkenyl, C,_. alkynyl, C,_, cycloal-
kvyl, C._,, aryl, C,_,. aralkyl, heteroaryl, and heterocyclyl;
and (c) —C(O)RE —C(O)OR?, —C(O)NR/RE, —C(NR®)

NR/RE, —OR?, —OQC(O)R®, —QOC(O)OR?,
—OC(ONR/RE, —OC(—=NR*)NR'R%, —OS(O)R®, —OS
(0),R®, —OS(O)NRfR% —OS(0),NR'R&, —NR/RS,

—NR°C(O)R”, —NR°C(O)OR”, NREC(O)l\Rng
—NR°C(=NR")NR/R&, —NR°*S(O)R”, —NR?S(0),R”,
—NR°S(O)NR/RE, —NRES(O)ZNRng —SR°, —S(O)R",

—S(O)ZRE —S(O)NR RE, and —S(O)ZNRng wherein
each R°, R/, R&, and R” is independently (i) hydrogen; (ii)
C,_¢ alkyl, C2-5 alkenyl, C,_. alkynyl, C;_, cycloalkyl, C,_, 4
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aryl, C,_, < aralkyl, heteroaryl, or heterocyclyl; or (iii) R’ and
R# together with the N atom to which they are attached form
heteroaryl or heterocyclyl.

In certain embodiments, “optically active” and “enantio-
merically active” refer to a collection of molecules, which
has an enantiomeric excess of no less than about 50%, no
less than about 70%, no less than about 80%, no less than
about 90%, no less than about 91%, no less than about 92%,
no less than about 93%, no less than about 94%, no less than
about 95%, no less than about 96%, no less than about 97%,
no less than about 98%, no less than about 99%, no less than
about 99.5%, or no less than about 99.8%. In certain
embodiments, the compound comprises about 95% or more
of one enantiomer and about 5% or less of the other
cnantiomer based on the total weight of the racemate 1n
question.

In describing an optically active compound, the prefixes
R and S are used to denote the absolute configuration of the
molecule about 1ts chiral center(s). The (+) and (-) are used
to denote the optical rotation of the compound, that 1s, the
direction 1n which a plane of polarized light 1s rotated by the
optically active compound. The (-) prefix indicates that the
compound 1s levorotatory, that 1s, the compound rotates the
plane of polarized light to the left or counterclockwise. The
(+) prefix indicates that the compound 1s dextrorotatory, that
1s, the compound rotates the plane of polarized light to the
right or clockwise. However, the sign of optical rotation, (+)
and (=), 1s not related to the absolute configuration of the
molecule, R and S.

The term “solvate” refers to a complex or aggregate
formed by one or more molecules of a solute, e.g., a
compound provided herein, and one or more molecules of a
solvent, which present in stoichiometric or non-stoichiomet-
ric amount. Suitable solvents include, but are not limited to,
water, methanol, ethanol, n-propanol, 1sopropanol, and ace-
tic acid. In certain embodiments, the solvent 1s pharmaceu-
tically acceptable In one embodiment, the complex or
aggregate 1s 1n a crystalhne form. In another embodiment,
the complex or aggregate 1s 1n a noncrystalhne form. Where
the solvent 1s water, the solvate 1s a hydrate. Examples of
hydrates include, but are not limited to, a hemihydrate,
monohydrate, dihydrate, trihydrate, tetrahydrate, and penta-
hydrate.

The term “chromium-iree” refers to a chemical (e.g., a
compound or composition) that contains no more than 100
ppm, 0 ppm, 20 ppm, 10 ppm, 5 ppm, 2 ppm, 1 ppm, 0.1
ppm, 10 ppb, or 1 ppb of chromium. In one embodiment, the
term “‘chromium-free” refers to a chemical that contains no
more than 10 ppm of chromium. In another embodiment, the
term “‘chromium-iree” refers to a chemical that contains no
more than 5 ppm of chromium. In yet another embodiment,
the term “chromium-iree” refers to a chemical that contains
no more than 2 ppm of chromium. In still another embodi-
ment, the term ‘“chromium-iree” refers to a chemical that
contains no more than 1 ppm of chromium. The chromium
content can be determined using a conventional technique
well known to one of ordinary skill 1n the art, e.g., induc-
tively coupled plasma (ICP) technique.

Ascorbic Acid Compounds

In one embodiment, the ascorbic acid compound 1s
L-ascorbic acid or a pharmaceutically acceptable salt
thereol, or a pharmaceutically acceptable solvate or hydrate
thereol. L-Ascorbic acid 1s also known as vitamin C, L-xy-
loascorbic acid, 3-oxo-L-gulofuranolactone (enol form),
[.-3-ketothreohexuronic acid lactone, antiscorbutic vitamin,
cevitamic acid, adenex, allercorb, ascorin, ascorteal, ascor-
vit, cantan, cantaxin, catavin C, cebicure, cebion, cecon,
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cegilolan, celaskon, celin, cenetone, cereon, cergona, cescor-
bat, cetamid, cetabe, cetemican, cevalin, cevatine, cevex,
cevimin, ce-vi-sol, cevitan, cevitex, cewin, clamin, cipca,
concemin, C-vin, daviamon C, duoscorb, hybrin, laroscor-
bine, lemascorb, planavit C, proscorbin, redoxon, ribena,
scorbacid, scorbu-C, testascorbic, vicelat, vitacee, vitacimin,
vitacin, vitascorbol, and xitix.

In one embodiment, the ascorbic acid compound 1s
[-ascorbic acid. In another embodiment, the ascorbic acid
compound 1s a pharmaceutically acceptable salt of L-ascor-
bic acid, or a pharmaceutically acceptable solvate or hydrate
thereof.

Suitable bases for forming a pharmaceutically acceptable
salt of L-ascorbic acid include, but are not limited to,
inorganic bases, such as magnesium hydroxide, calcium
hydroxide, potassium hydroxide, zinc hydroxide, and
sodium hydroxide; and organic bases, such as primary,
secondary, tertiary, and quaternary, aliphatic and aromatic
amines, 1ncluding, but not limited to, L-arginine,
benethamine, benzathine, choline, deanol, diethanolamine,
diethylamine, dimethylamine, dipropylamine, disopro-
pylamine, 2-(diethylamino)-ethanol, ethanolamine, ethyl-
amine, ecthylenediamine, 1sopropylamine, N-methyl-glu-
camine, hydrabamine, 1H-imidazole, L-lysine, morpholine,
4-(2-hydroxyethyl)-morpholine, methylamine, piperidine,
piperazine, propylamine, pyrrolidine, 1-(2-hydroxyethyl)-
pyrrolidine, pyridine, quinuclidine, quinoline, 1soquinoline,
triethanolamine, trimethylamine, triethylamine, N-methyl-
D-glucamine, 2-amino-2-(hydroxymethyl)-1,3-propanediol,
and tromethamine.

In one embodiment, the ascorbic acid compound 1s an
alkali or alkaline earth metal salt of L-ascorbic acid, or a
pharmaceutically acceptable solvate or hydrate thereof. In
another embodiment, the ascorbic acid compound 1s sodium,
potassium, calcium, or magnesium L-ascorbate, or a phar-
maceutically acceptable solvate or hydrate thereof. In yet
another embodiment, the ascorbic acid compound 1s sodium
L-ascorbate, or a pharmaceutically acceptable solvate or
hydrate thereof. In yet another embodiment, the ascorbic
acid compound 1s sodium L-ascorbate, which 1s also known
as vitamin C sodium, ascorbin, sodascorbate, natrascorb,
cenolate, ascorbicin, or cebitate. In yet another embodiment,
the ascorbic acid compound 1s potassium L-ascorbate, or a
pharmaceutically acceptable solvate or hydrate thereof. In
yet another embodiment, the ascorbic acid compound 1s
calcium L-ascorbate, or a pharmaceutically acceptable sol-
vate or hydrate thereof. In yet another embodiment, the
ascorbic acid compound is calctum L-ascorbate. In yet
another embodiment, the ascorbic acid compound 1s mag-
nesium L-ascorbate, or a pharmaceutically acceptable sol-
vate or hydrate thereof. In still another embodiment, the
ascorbic acid compound 1s magnesium L-ascorbate.

In certain embodiments, the ascorbic acid compound 1s
D-ascorbic acid or a pharmaceutically acceptable salt, or a
pharmaceutically acceptable solvate or hydrate thereof.

In one embodiment, the ascorbic acid compound 1s
D-ascorbic acid. In another embodiment, the ascorbic acid
compound 1s a pharmaceutically acceptable salt of D-ascor-
bic acid, or a pharmaceutically acceptable solvate or hydrate
thereof.

Suitable bases for forming a pharmaceutically acceptable
salt of D-ascorbic acid include, but are not limited to,
inorganic bases, such as magnesium hydroxide, calcium
hydroxide, potassium hydroxide, zinc hydroxide, and
sodium hydroxide; and organic bases, such as primary,
secondary, tertiary, and quaternary, aliphatic and aromatic
amines, 1ncluding, but not Iimited to, L-arginine,
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benethamine, benzathine, choline, deanol, diethanolamine,
diethylamine, dimethylamine, dipropylamine, disopro-

pylamine, 2-(diethylamino)-ethanol, ethanolamine, ethyl-
amine, ecthylenediamine, 1sopropylamine, N-methyl-glu-
camine, hydrabamine, 1H-imidazole, L-lysine, morpholine,
4-(2-hydroxyethyl)-morpholine, methylamine, piperidine,
piperazine, propylamine, pyrrolidine, 1-(2-hydroxyethyl)-
pyrrolidine, pyridine, quinuclidine, quinoline, 1soquinoline,
triethanolamine, trimethylamine, triethylamine, N-methyl-
D-glucamine, 2-amino-2-(hydroxymethyl)-1,3-propanediol,
and tromethamine.

In one embodiment, the ascorbic acid compound 1s an
alkali or alkaline earth metal salt of D-ascorbic acid, or a
pharmaceutically acceptable solvate or hydrate thereof. In
another embodiment, the ascorbic acid compound 1s sodium,
potassium, calcium, or magnesium D-ascorbate, or a phar-
maceutically acceptable solvate or hydrate thereof. In vyet
another embodiment, the ascorbic acid compound 1s sodium
D-ascorbate, or a pharmaceutically acceptable solvate or
hydrate thereof. In yet another embodiment, the ascorbic
acid compound 1s sodium D-ascorbate, which is also known
as vitamin C sodium, ascorbin, sodascorbate, natrascorb,
cenolate, ascorbicin, or cebitate. In yvet another embodiment,
the ascorbic acid compound 1s potassium D-ascorbate, or a
pharmaceutically acceptable solvate or hydrate thereol. In
yet another embodiment, the ascorbic acid compound 1s
calcium D-ascorbate, or a pharmaceutically acceptable sol-
vate or hydrate thereof. In yet another embodiment, the
ascorbic acid compound 1s calcium D-ascorbate. In yet
another embodiment, the ascorbic acid compound 1s mag-
nesium D-ascorbate, or a pharmaceutically acceptable sol-
vate or hydrate thereof. In still another embodiment, the
ascorbic acid compound 1s magnesium D-ascorbate.

In certain embodiments, the ascorbic acid compound 1s
chromium-free. In certain embodiments, the chromium-free
ascorbic acid compound contains no more than 100 ppm, 50
ppm, 20 ppm, 10 ppm, 5 ppm, 2 ppm, 1 ppm, 0.1 ppm, 10
ppb, or 1 ppb of chromium. In certain embodiments, the
chromium-iree ascorbic acid compound contains no greater
than 10 ppm of chromium. In certamn embodiments, the
chromium-iree ascorbic acid compound contains no greater
than 5 ppm of chromium. In certain embodiments, the
chromium-iree ascorbic acid compound contains no greater
than 2 ppm of chromium. In certain embodiments, the
chromium-iree ascorbic acid compound contains no greater
than 1 ppm of chromium.

Quinone Compounds

In one embodiment, the quinone compound 1s vitamin K.

In certain embodiments, the vitamin K 1s a 2-methyl-1,4-

naphthoquinone of Formula I, II, or III:
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-continued

[11
OH

X"
P

=4
AN

R2

Or an enantiomer, a mixture of enantiomers, or a mixture of
two or more diastereomers thereol, or a pharmaceutically
acceptable salt, solvate, or hydrate thereof, wherein R' is
C,_.,alkyl, C,_,, alkenyl, C,_,, alkynyl, or —SO.,H; and R*
1s hydroxyl or amino.

In certain embodiments, the vitamin K i1s vitamin K.,
vitamin K,, vitamin K,, vitamin K,, vitamin K., or a
mixture of two or more thereof.

In one embodiment, the vitamin K 1s vitamin K, or a
pharmaceutically acceptable salt, solvate, or hydrate thereof.
Vitamin K, 1s also known as phylloquinone, [R—[R* R*-
(E)]]-2-methyl-3-(3,7,11,15-tetramethyl-2-hexadecenyl)-1,
4-naphthalenedione, 2-methyl-3-phytyl-1,4-naphthoqui-
none, 3-phytylmenadione, phytomenadione, phytonadione,
aqua-merphyton, konakion, mephyton, mono-day, veda-K,,
and veta-K,.

In another embodiment, the vitamin K 1s vitamin K, or a
pharmaceutically acceptable salt, solvate, or hydrate thereof.
Vitamin K, 1s also known as menaquinones, and 2-methyl-
3-all-trans-polyprenyl-1,4-naphthoquinones. Some non-lim-
iting examples of vitamin K, include menaquinone 4, which
1s also known as vitamin K, ,,; menaquinone 6, which is
also known as vitamin K, ;,; and menaquinone 7, which 1s
also known as vitamin K, ;5.

In yet another embodiment, the vitamin K 1s vitamin K,
or a pharmaceutically acceptable salt, solvate, or hydrate
thereof. Vitamin K, 1s also known as menadione, 2-methyl-
1,4-naphthalenedione, 2-methyl-1,4-naphthoquinone,
menaphthone, vitamin K, ,, kanone, kappaxin, kayklot,
kayquinone, klottone, kolklot, thyloquinone, 1,2,3,4-tetra-
hydro-2-methyl-1,4-dioxo-2-naphthalenesulfonic acid, and
sodium 1,2,3,4-tetrahydro-2-methyl-1,4-dioxo-2-naphthale-
nesulfonate. In certain embodiments, the vitamin K 1s mena-
dione (1.e., 2-methyl-1,4-naphthalenedione).

In one embodiment, the vitamin K 1s 1,2,3,4-tetrahydro-
2-methyl-1,4-dioxo-2-naphthalenesulifonic acid, or a phar-
maceutically acceptable salt, solvate, or hydrate thereof. In
another embodiment, the vitamin K 1s 1,2,3,4-tetrahydro-2-
methyl-1,4-dioxo-2-naphthalenesulionate (also known as
menadione bisulfite), or a pharmaceutically acceptable sol-
vate or hydrate thereof. Suitable bases for forming a phar-
maceutically acceptable salt include, but are not limited to,
inorganic bases, such as magnesium hydroxide, calcium
hydroxide, potassium hydroxide, zinc hydroxide, and
sodium hydroxide; and organic bases, such as primary,
secondary, tertiary, and quaternary, aliphatic and aromatic
amines, 1ncluding, but not limited to, L-arginine,
benethamine, benzathine, choline, deanol, diethanolamine,
diethylamine, dimethylamine, dipropylamine, disopro-
pylamine, 2-(diethylamino)-ethanol, ethanolamine, ethyl-
amine, ecthylenediamine, 1sopropylamine, N-methyl-glu-
camine, hydrabamine, 1H-imidazole, L-lysine, morpholine,
4-(2-hydroxyethyl)-morpholine, methylamine, pipendine,
piperazine, propylamine, pyrrolidine, 1-(2-hydroxyethyl)-
pyrrolidine, pyridine, quinuclidine, quinoline, 1soquinoline,
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triethanolamine, trimethylamine, triethylamine, N-methyl-
D-glucamine, 2-amino-2-(hydroxymethyl)-1,3-propanediol,
and tromethamine.

In one embodiment, vitamin K, 1s an alkali or alkaline
carth metal salt of 1,2,3,4-tetrahydro-2-methyl-1,4-d1oxo-2-
naphthalenesulionic acid, or a pharmaceutically acceptable
solvate or hydrate thereof. In another embodiment, vitamin
K, 1s sodium, potassium, calctum, or magnesium 1,2,3,4-
tetrahydro-2-methyl-1,4-dioxo-2-naphthalenesulfonate, or a
pharmaceutically acceptable solvate or hydrate thereof. In
yet another embodiment, vitamin K, 1s sodium 1,2,3,4-
tetrahydro-2-methyl-1,4-dioxo-2-naphthalenesulionate, or a
pharmaceutically acceptable solvate or hydrate thereof. In
yet another embodiment, vitamin K, 1s potassium 1,2,3.4-
tetrahydro-2-methyl-1,4-dioxo-2-naphthalenesulionate, or a
pharmaceutically acceptable solvate or hydrate thereof. In
yet another embodiment, vitamin K, 1s magnesium 1,2,3.4-
tetrahydro-2-methyl-1,4-dioxo-2-naphthalenesulfonate, or a
pharmaceutically acceptable solvate or hydrate thereof. In
yet another embodiment, vitamin K, 1s sodium 1,2,3.4-
tetrahydro-2-methyl-1,4-dioxo-2-naphthalenesulfonate. In
yet another embodiment, vitamin K, 1s anhydrous sodium
1,2,3,4-tetrahydro-2-methyl-1,4-dioxo-2-naphthalene-
sulfonate. In yet another embodiment, vitamin K, 1s sodium
1,2,3,4-tetrahydro-2-methyl-1,4-dioxo-2-naphthalene-
sulfonate hydrate. In still another embodiment, vitamin K 1s
sodium 1,2,3,4-tetrahydro-2-methyl-1.,4-dioxo-2-naphthale-
nesulfonate trihydrate.

In certain embodiments, the vitamin K 1s vitamin K, or
a pharmaceutically acceptable salt, solvate, or hydrate
thereot. Vitamin K, 1s also known as menadiol, 2-methyl-
1,4-naphthalenediol, 2-methyl-1,4-naphthohydroquinone,
2-methyl-1,4-naphthoquinol, and dihydrovitamin K. In cer-
tain embodiments, the wvitamin K 1s menadiol sodium
diphosphate.

In certain embodiments, the vitamin K comprises vitamin
K, and vitamin K,, or pharmaceutically acceptable salts,
solvates, or hydrates thereof.

In certain embodiments, the vitamin K 1s vitamin K., or
a pharmaceutically acceptable salt, solvate, or hydrate
thereof. Vitamin K; 1s also known as 4-amino-2-methyl-1-
naphthalenol, 4-amino-2-methyl-1-naphthol, 1-hydroxy-2-
methyl-4-aminonaphalene, 2-methyl-4-amino-1-hy-
droxynaphthalene, 2-methyl-4-amino-1-naphthol, 3-methyl-
4-hydroxy-1-naphthylamine, and synkamin.

In certain embodiments, the vitamin K 1s chromium-iree.
In certain embodiments, the chromium-iree vitamin K con-
tains no more than 100 ppm, 50 ppm, 20 ppm, 10 ppm, 5
ppm, 2 ppm, 1 ppm, 0.1 ppm, 10 ppb, or 1 ppb of chrom1um.
In certain embodiments, the chromium-iree vitamin K con-
tains no greater than 10 ppm of chromium. In certain
embodiments, the chromium-iree vitamin K contains no
greater than 5 ppm of chromium. In certain embodiments,
the chromium-iree vitamin K contains no greater than 2 ppm
of chromium. In certain embodiments, the chromium-{ree
vitamin K contains no greater than 1 ppm of chromium.

In certain embodiments, the vitamin K 1s chromium-free
vitamin K,. In certain embodiments, the chromium-iree
vitamin K, contains no more than 100 ppm, 50 ppm, 20
ppm, 10 ppm, 5 ppm, 2 ppm, 1 ppm, 0.1 ppm, 10 ppb, or 1
ppb of chromium. In certain embodiments, the chromium-
free vitamin K, contains no greater than 10 ppm of chro-
mium. In certain embodiments, the chromimum-iree vitamin
K, contains no greater than 5 ppm of chromium. In certain
embodiments, the chromium-free vitamin K, contains no
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greater than 2 ppm of chromium. In certain embodiments,
the chromium-free vitamin K, contains no greater than 1
ppm of chromium.

In certain embodiments, the vitamin K 1s chromium-iree
sodium 1,2,3,4-tetrahydro-2-methyl-1,4-dioxo-2-naphthale-
nesulfonate. In certain embodiments, the chromium-free
sodium 1,2,3,4-tetrahydro-2-methyl-1,4-dioxo-2-naphthale-
nesulfonate contains no more than 100 ppm, 50 ppm, 20
ppm, 10 ppm, 5 ppm, 2 ppm, 1 ppm, 0.1 ppm, 10 ppb, or 1
ppb of chromium. In certain embodiments, the chromium-
free sodium 1,2,3.4-tetrahydro-2-methyl-1,4-dioxo-2-naph-
thalenesulionate contains no greater than 10 ppm of chro-
mium. In certain embodiments, the chromium-iree sodium
1,2,3,4-tetrahydro-2-methyl-1,4-dioxo-2-naphthalene-
sulfonate contains no greater than 5 ppm of chromium. In
certain embodiments, the chromium-iree sodium 1,2,3.4-
tetrahydro-2-methyl-1,4-dioxo-2-naphthalenesulfonate con-
tains no greater than 2 ppm of chromium. In certain embodi-
ments, the chromium-iree sodmum 1,2,3,4-tetrahydro-2-
methyl-1,4-dioxo-2-naphthalenesulifonate  contains  no
greater than 1 ppm of chromium.

In certain embodiments, the chromium-iree vitamin K 1s
made via a certum mediator electrochemical technology
(CETECH™) as described in U.S. Pat. No. 6,468,414, the
disclosure of which 1s incorporated by reference herein in 1ts
entirety. Alternatively, chromium-iree vitamin K, 1s avail-
able from commercial sources, such as PRO-K™ (Lonza
Group Ltd, Switzerland).

In one embodiment, the quinone compound 1s one that 1s
capable of increasing the production of a reactive oxygen
species (e.g., 1n one embodiment superoxide anon, 1n
another embodiment, hydrogen peroxide) 1n a cell.

In another embodiment, the quinone compound is one that

1s capable of inducing autoschizis. Taper et al., J. Histochem.
Cytochem. 2001, 49, 109-119; Jamison et al., Biochem.

Pharm. 2002, 63, 1773-1783; the disclosure of each of
which 1s incorporated herein by reference in its entirety.
In certain embodiments, the quinone compound is a
naphthalenedione, optionally substituted with one or more
substituents Q as defined herein. In certain embodiments, the
quinone compound 1s a naphthalene-1,2-dione, optionally
substituted with one or more substituents QQ as defined
herein. In certain embodiments, the quinone compound 1s a
naphthalene-1,4-dione, optionally substituted with one or
more substituents (Q as defined herein. In certain embodi-
ments, the quinone compound 1s a naphthalene-1,4-dione,
substituted with one, two, three, or four substituents QQ, each
of which 1s independently selected from amino, halo, cyano,
nitro, C, . alkyl, —OR“, —SR“, and —COR", wherein R“ 1s
(1) hydrogen; or (11) C,_; alkyl, C_, < aryl, or heteroaryl, each
optionally substituted with one or more substituents Q. In
certain embodiments, the quinone compound 1s a naphtha-
lene-1,4-dione, substituted with one, two, three, or four
substituents QQ, each of which 1s independently selected from
amino, bromo, chloro, cyano, nitro, methyl, —OR"”, —SR",
and —COR“, wherein R 1s hydrogen, methyl, phenyl,
chlorophenyl, fluorophenyl, tert-butylphenyl, methoxyphe-
nyl, trimethoxyphenyl, or (methoxy-2-oxo-2H-chromenyl)
methyl. In certain embodiments, the quinone compound 1s a
naphthalene-1,4-dione, substituted with one, two, three, or
four substituents Q, each of which 1s independently selected
from amino, bromo, chloro, cyano, nitro, methyl, —OR",
—SR“, and —COR?, wherein R“ 1s hydrogen, methyl,
phenyl, 2-chlorophenyl, 3-chlorophenyl, 4-fluorophenyl,
4-tert-butylphenyl, 4-methoxyphenyl, 3.,4,5-trimethoxyphe-
nyl, or (7-methoxy-2-oxo-2H-chromen-4-yl)methyl. Addi-
tional quinone compounds 1nclude, but are not limited to,
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those disclosed 1n U.S. Pat. App. Pub. No. 2013/0219528;
and Benites et al. Invest. New Drugs 2011, 29, 760-767; the
disclosure of each of which 1s incorporated herein by
reference 1n its entirety.

In certain embodiments, the quinone compound 1s
2-bromo-1,4-naphthoquinone, 2-methoxy-1,4-naphthoqui-
none, or 2-methyl-1,4-naphthoquinone; or a pharmaceuti-
cally acceptable salt, solvate, hydrate, or prodrug thereof. In
certain embodiments, the qunone compound 1s 2-(((7-
methoxy-2-oxo-2H-chromen-4-yl)methyl)thio )naphthalene-
1,4-dione, or a pharmaceutically acceptable salt, solvate,
hydrate, or prodrug thereof. Additional quinone compounds
include, but are not limited to, those disclosed 1n Bana et al.,
Mol. Carcinog. 2015, 54, 242-2477, the disclosure of which
1s 1corporated herein by reference 1n its entirety; or phar-
maceutically acceptable salts, solvates, hydrates, and prod-
rugs thereof.

In certain embodiments, the quinone compound 1s
2-amino-3-bromo-1,4-naphthoquinone, 2-amino-3-chloro-
1,4-naphthoquinone, or 2-amino-3-methoxy-1,4-naphtho-
quinone; or a pharmaceutically acceptable salt, solvate,
hydrate, or prodrug thereof. In certain embodiments, the
quinone compound 1s 2,3-dichloro-1,4-naphthoquinone or
2.3-dimethoxy-1,4-naphthoquinone; or a pharmaceutically
acceptable salt, solvate, hydrate, or prodrug thereof. Addi-
tional quinone compounds include, but are not limited to,
those disclosed 1in Graciani and Ximenes, Braz. J. Med. Biol.
Res. 2012, 45, 701-710, the disclosure of which 1s 1ncorpo-
rated herein by reference 1n 1ts entirety; or pharmaceutically
acceptable salts, solvates, hydrates, and prodrugs thereof.

In certain embodiments, the quinone compound 1s
2-dibenzoylamino-3-chloro-1,4-naphthoquinone, 2-diben-
zoylamino-3-bromo-1,4-naphthoquinone, 2-dibenzoy-
lamino-3-methoxy-1,4-naphthoquinone, 2-b1s-(2-chlo-
robenzoyl)amino-3-chloro-1,4-naphthoquinone,  2-bis-(2-
chlorobenzoyl)amino-3-bromo-1,4-naphthoquinone, 2-bis-
(2-chlorobenzoyl)amino-3-methoxy-1,4-naphthoquinone,
2-b1s-(3-chlorobenzoyl)amino-3-chloro-1,4-naphthoqui-
none, 2-bis-(3-chlorobenzoyl)amino-3-bromo-1,4-naphtho-
quinone, 2-b1s-(3-chlorobenzoyl)amino-3-methoxy-1,4-
naphthoquinone, 2-bis-(4-chlorobenzoyl)amino-3-chloro-1,
4-naphthoquinone, 2-bis-(4-chlorobenzoyl))amino-3-bromo-
1,4-naphthoquinone, 2-bi1s-(4-chlorobenzoyl)amino-3-
methoxy-1,4-naphthoquinone, 2-bi1s-(4-fluorobenzoyl)
amino-3-chloro-1,4-naphthoquinone, 2-b1s-(4-
fluorobenzoyl)amino-3-bromo-1,4-naphthoquinone, 2-bis-
(4-fluorobenzoyl)amino-3-methoxy-1,4-naphthoquinone,
2-b1s-(4-tert-butylbenzoyl)amino-3-chloro-1,4-naphthoqui-
none, 2-bis-(4-tert-butylbenzoyl)amino-3-bromo-1,4-naph-
thoquinone, 2-bis-(4-tert-butylbenzoyl)amino-3-methoxy-1,
4-naphthoquinone, 2-b1s-(4-methoxybenzoyl Jamino-3-
chloro-1,4-naphthoquinone, 2-b1s-(4-methoxybenzoyl)
amino-3-bromo-1,4-naphthoquinone, 2-b1s-(3,4,5-
trimethoxybenzoyl)-amino-3-chloro-1,4-naphthoquinone,
2-N-(4-chlorobenzoyl))-amino-3-chloro-1,4-naphthoqui-
none, 2-(N-benzoyl-N-(4-chlorobenzoyl))-amino-3-chloro-
1,4-naphthoquinone, 2-N-acteylamino-3-chloro-1,4-naph-
thoquinone, or 2-(N-acetyl-N-(4-chlorobenzoyl))-amino-3-
chloro-1,4-naphthoquinone; or a  pharmaceutically
acceptable salt, solvate, hydrate, or prodrug thereof. Addi-
tional quinone compounds include, but are not limited to,
those disclosed 1n Brandy et al., Molecules 2013, 18, 1973-
1984, the disclosure of which 1s incorporated herein by
reference 1n its entirety; or pharmaceutically acceptable
salts, solvates, hydrates, and prodrugs thereof.

In certain embodiments, the quinone compound 1s plum-
bagin, also known as 5-hydroxy-2-methyl-naphthalene-1.4-
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dione. In certain embodiments, the quinone compound 1is
plumbazeylanone. In certain embodiments, the quinone
compound 1s lawsone, also known as 2-hydroxy-1,4-naph-
thoquinone. In certain embodiments, the quinone compound
1s juglone, also known as 5-hydroxy-1,4-naphthalenedione.
Additional quinone compounds include, but are not limited
to, those disclosed 1n Padhye et al., Med. Res. Rev. 2012, 32,
1131-1138, the disclosure of which 1s incorporated herein by
reference 1n its entirety; or pharmaceutically acceptable
salts, solvates, hydrates, and prodrugs thereof.

In certain embodiments, the quinone compound 1s mito-
mycin C, also known as [6-amino-8a-methoxy-5-methyl-4,
7-d1oxo-1,1a,2,4,7,8,8a,8b-octahydroazireno|2',3":3.4]|-pyr-
rolo[1,2-ajindol-8-yllmethyl  carbamate. In  certain
embodiments, the quinone compound 1s daunorubicin, also
known as (8S,108)-8-acetyl-10-[(2S,4S5,5S,6S)-4-amino-5-
hydroxy-6-methyl-oxan-2-yl]Joxy-6,8,11-trithydroxy-1-
methoxy-9,10-dihydro-7H-tetracene-3,12-dione. In certain
embodiments, the quinone compound 1s doxorubicin, also
known as (7S,95)-7-[(2R,4S5,35,65)-4-amino-5-hydroxy-6-
methyloxan-2-yl]oxy-6,9,11-trihydroxy-9-(2-hydroxy-
acetyl)-4-methoxy-8,10-dihydro-7H-tetracene-5,12-dione.
In certain embodiments, the quinone compound 1s mitox-
antrone, also known as 1,4-dihydroxy-5,8-b1s[2-(2-hydroxy-
cthylamino)ethylamino]-anthracene-9,10-dione.

In certain embodiments, the quinone compound is chro-
mium-iree. In certain embodiments, the chromium-iree qui-
none compound contains no more than 100 ppm, 50 ppm, 20
ppm, 10 ppm, 5 ppm, 2 ppm, 1 ppm, 0.1 ppm, 10 ppb, or 1
ppb of chromium. In certain embodiments, the chromium-
free quinone compound contains no greater than 10 ppm of
chromium. In certain embodiments, the chromium-iree qui-
none compound contains no greater than 5 ppm of chro-
mium. In certain embodiments, the chromium-free quinone
compound contains no greater than 2 ppm of chromium. In
certain embodiments, the chromium-free quinone com-
pound contains no greater than 1 ppm of chromium.

The quinone compound may also be provided as a prod-
rug, which 1s a functional derivative of the quinone com-
pound and 1s readily convertible into the parent quinone
compound 1n vivo. Prodrugs are often usetul because, 1n
some situations, they may be easier to administer than the
parent compound. They may, for instance, be bioavailable
by oral administration whereas the parent compound 1s not.
The prodrug may also have enhanced solubility 1n pharma-
ceutical compositions over the parent compound. A prodrug
may be converted into the parent drug by various mecha-
nisms, including enzymatic processes and metabolic hydro-
lysis. See Harper, Progress in Drug Research 1962, 4,
221-294; Morozowich et al. in “Design of Biopharmaceu-
tical Properties through Prodrugs and Analogs,” Roche Ed.,
APHA Acad. Pharm. Sci. 1977; “Bioreversible Carriers 1n
Drug in Drug Design, Theory and Application,” Roche Ed.,
APHA Acad. Pharm. Sci. 1987; “Design of Prodrugs,”
Bundgaard, Elsevier, 1985; Wang et al., Curr Pharm.
Design 1999, 5, 265-287; Paulett1 et al., Adv. Drug. Delivery
Rev. 1997, 27, 235-256; Mizen et al., Pharm. Biotech. 1998,
11, 345-365; Gaignault et al., Pract. Med. Chem. 1996,
671-696; Asgharnejad 1n ““Iransport Processes 1n Pharma-
ceutical Systems,” Amidon et al., Ed., Marcell Dekker,
185-218, 2000, Balant et al., Fur. J. Drug Metab. Pharma-
cokinet. 1990, 15, 143-33; Balimane and Sinko, Adv. Drug
Delivery Rev. 1999, 39, 183-209; Browne, Clin. Neurophar-
macol. 1997, 20, 1-12; Bundgaard, Arch. Pharm. Chem.
1979, 86, 1-39; Bundgaard, Controlled Drug Delivery 1987,
17, 179-96; Bundgaard, Adv. Drug Delivery Rev. 1992, 8,
1-38; Fleisher et al., Adv. Drug Delivery Rev. 1996, 19,




US 11,872,233 B2

17

115-130; Fleisher et al., Methods Enzymol. 1985, 112,
360-381; Farquhar et al., J. Pharm. Sci. 1983, 72, 324-323;
Freeman et al., J. Chem. Soc., Chem. Commun. 1991,
875-877; Fruis and Bundgaard, Eur. J. Pharm. Sci. 1996, 4,
49-39; Gangwar et al., Des. Biopharm. Prop. Prodrugs
Analogs, 1977, 409-421; Nathwam and Wood, Drugs 1993,
45, 866-94; Sinhababu and Thakker, Adv. Drug Delivery
Rev. 1996, 19, 241-273; Stella et al., Drugs 1985, 29,
455-73; Tan et al., Adv. Drug Delivery Rev. 1999, 39,
117-131; Taylor, Adv. Drug Delivery Rev. 1996, 19, 131-
148; Valentino and Borchardt, Drug Discovery Today 1997,
2, 148-155; Wiebe and Knaus, Adv. Drug Delivery Rev.
1999, 39, 63-80; and Waller et al., Br. J Clin. Pharmac.
1989, 28, 497-507.

Antiparasitic Agents

In one embodiment, the antiparasitic agent 1s an antipro-
tozoal, an antthelminthic, an antinematode, an anticestode,
an antitrematode, an antiamoebic, or an antifungal. In
another embodiment, the antiparasitic agent 1s albendazole,
amphotericin B, benznidazole, bephenium, diethylcarbam-
zine, eflornithine, flubendazole, ivermectin, mebendazole,
meglumine antimonite, melarsoprol, metronidazole, milte-
fosine, niclosamide, nifurtimox, nitazoxanide, pentavalent
antimony, praziquantel, pyrantel, pyrvinium, sodium stibo-
gluconate, thiabendazole, or timidazole. In yet another
embodiment, the antiparasitic agent 1s nifurtimox.

In one embodiment, the antiparasitic agent 1s a nitroimi-
dazole. In another embodiment, the antiparasitic agent 1s a
2-nitroimidazole. In yet another embodiment, the antipara-
sitic agent 1s a S-nitroimidazole. In yet another embodiment,
the antiparasitic agent 1s azanidazole, dimetridazole, mega-
zol, metronidazole, nimorazole, ornidazole, pretomanid, or
tinidazole. In still another embodiment, the antiparasitic
agent 1s benznidazole.

Pharmaceutical Compositions

In one embodiment, a pharmaceutical composition com-
prises (1) ascorbic acid, or a single enantiomer, a mixture of
enantiomers, or a mixture of diastereomers thereotf, or a
pharmaceutically acceptable salt, solvate, or hydrate thereotf,
and (1) a quinone compound, or a single enantiomer, a
mixture of enantiomers, or a mixture of diastereomers
thereof; or a pharmaceutically acceptable salt, solvate,
hydrate, or prodrug thereof.

In certain embodiments, the pharmaceutical composition
turther comprises a pharmaceutically acceptable vehicle,
carrier, diluent, or excipient, or a mixture of two or more
thereol.

In certain embodiments, the ascorbic acid used 1n each of
the pharmaceutical compositions i1s independently chro-
mium-iree. In certain embodiments, the quinone compound
used 1n each of the pharmaceutical compositions 1s inde-
pendently chromium-iree.

In certain embodiments, the pharmaceutical compositions
are each independently chromium-iree. In certain embodi-
ments, the pharmaceutical compositions each independently
contain no more than 100 ppm, 50 ppm, 20 ppm, 10 ppm, 5
ppm, 2 ppm, 1 ppm, 0.1 ppm, 10 ppb, or 1 ppb of chromium.
In certain embodiments, the pharmaceutical compositions
cach independently contain no greater than 10 ppm of
chromium. In certain embodiments, the pharmaceutical
compositions each independently contain no greater than 5
ppm of chromium. In certain embodiments, the pharmaceu-
tical compositions each independently contain no greater
than 2 ppm of chromium. In certain embodiments, the
pharmaceutical compositions each independently contain no
greater than 1 ppm of chromium.
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In one embodiment, the weight ratio of the ascorbic acid
to the quinone compound i1n each of the pharmaceutical
compositions 1s independently ranging from about 4 to about
500, from about 10 to about 500, from about 50 to about 500,
from about 25 to about 250, from about 50 to about 200,
from about 50 to about 150, or from about 80 to about 120.
In another embodiment, the weight ratio of the ascorbic acid
to the quinone compound 1n each of the pharmaceutical
compositions 1s independently about 10, about 20, about 30,
bout 40, about 50, about 60, about 70, about 80, about 90,
rout 100, about 110, about 120, about 130, about 140,
bout 150, about 160, about 170, about 180, about 190,
bout 200, about 210, about 220, about 230, about 240, or
bout 250. In yet another embodiment, the weight ratio of
the ascorbic acid to the quinone compound in each of the
pharmaceutical compositions 1s independently about 100. In
still another embodiment, the weight ratio of the ascorbic
acid to the quinone compound 1n each of the pharmaceutical
compositions 1s independently about 200.

In one embodiment, the molar ratio of the ascorbic acid to
the quinone compound in each of the pharmaceutical com-
positions 1s mdependently ranging from about 10 to about
500, from about 25 to about 250, from about 50 to about 200,
from about 50 to about 150, or from about 80 to about 120.
In another embodiment, the molar ratio of the ascorbic acid
to the quinone compound i1n each of the pharmaceutical
compositions 1s independently about 10, about 20, about 30,
bout 40, about 50, about 60, about 70, about 80, about 90,
bout 100, about 110, about 120, about 130, about 140,
bout 150, about 160, about 170, about 180, about 190,
bout 200, about 210, about 220, about 230, about 240, or
bout 250. In yet another embodiment, the molar ratio of the
ascorbic acid to the quinone compound 1n each of the
pharmaceutical compositions i1s independently about 100. In
still another embodiment, the molar ratio of the ascorbic acid
to the quinone compound 1n each of the pharmaceutical
compositions 1s independently about 200.

In certain embodiments, the pharmaceutical compositions
are each independently formulated 1n various dosage forms
for oral, parenteral, and topical administration. In certain
embodiments, the pharmaceutical compositions are each
independently formulated as modified release dosage forms,
including, but not lmmited to, delayed-, extended-, pro-
longed-, sustained-, pulsatile-, controlled-, accelerated-,
fast-, targeted-, and programmed-release; and gastric reten-
tion dosage forms. These dosage forms can be prepared
according to conventional methods and techniques known to
those skilled in the art (See, e.g., Remington: The Science
and Practice of Pharmacy, supra; Modified-Release Drug
Delivery Technology, Rathbone et al., Eds., Drugs and the
Pharmaceutical Sciences, CRC Press LLC: 2008; Vol. 183).

In one embodiment, the pharmaceutical compositions are
cach independently formulated 1n a dosage form for oral
administration. In another embodiment, the pharmaceutical
compositions are each independently formulated 1n a dosage
form for parenteral administration. In yet another embodi-
ment, the pharmaceutical compositions are each indepen-
dently formulated 1n a dosage form for intravenous admin-
istration. In yet another embodiment, the pharmaceutical
compositions are each independently formulated 1n a dosage
form for topical administration. In still another embodiment,
the pharmaceutical compositions are each independently
formulated 1n a dosage form for local injection.

In one embodiment, the pharmaceutical compositions are
cach imndependently formulated as a capsule. In one embodi-
ment, the capsule comprises (1) from about 10 mg to about
1,000 mg, from about 25 mg to about 900 mg, from about
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50 mg to about 800 mg, from about 100 mg to about 700 mg,
from about 200 mg to about 600 mg, from about 300 mg to
about 600 mg, or from about 400 mg to about 600 mg of
ascorbic acid, or a single enantiomer, a mixture of enan-
tiomers, or a mixture of diasterecomers thereol; or a phar-
maceutically acceptable salt, solvate, or hydrate thereot, and
(1) from about 0.1 mg to about 10 mg, from about 1 mg to
about 9 mg, from about 2 mg to about 8 mg, from about 3
mg to about 7 mg, or from about 4 mg to about 6 mg of a
quinone compound, or a single enantiomer, a mixture of
enantiomers, or a mixture of diastereomers thereotf, or a
pharmaceutically acceptable salt, solvate, hydrate, or prod-
rug thereof.

In another embodiment, the capsule comprises (1) from
about 400 mg to about 600 mg of ascorbic acid, or a single
enantiomer, a mixture of enantiomers, or a mixture of
diastereomers thereof; or a pharmaceutically acceptable sallt,
solvate, or hydrate thereof, and (11) from about 4 mg to about
6 mg of a quinone compound, or a single enantiomer, a
mixture of enantiomers, or a mixture ol diastereomers
thereol, or a pharmaceutically acceptable salt, solvate,
hydrate, or prodrug thereof.

In yet another embodiment, the capsule comprises (1)
about 200 mg, about 300 mg, about 400, about 500, about
600 mg, about 700 mg, about 800 mg, or about 900 mg of
ascorbic acid, or a single enantiomer, a mixture of enan-
tiomers, or a mixture ol diasterecomers thereol; or a phar-
maceutically acceptable salt, solvate, or hydrate thereof, and
(11) about 1 mg, about 2 mg, about 3 mg, about 4 mg, about
5> mg, about 6 mg, about 7 mg, about 8 mg, about 9 mg, or
about 10 mg of a quinone compound, or a single enantiomer,
a mixture of enantiomers, or a mixture of diastereomers
thereol, or a pharmaceutically acceptable salt, solvate,
hydrate, or prodrug thereof.

In still another embodiment, the capsule comprises (1)
about 500 mg of ascorbic acid, or a single enantiomer, a
mixture of enantiomers, or a mixture of diastereomers
thereol; or a pharmaceutically acceptable salt, solvate, or
hydrate thereof; and (1) about 5 mg of a quinone compound,
or a single enantiomer, a mixture ol enantiomers, or a
mixture ol diasterecomers thereof, or a pharmaceutically
acceptable salt, solvate, hydrate, or prodrug thereof.

In certain embodiments, the capsule consists essentially
of (1) ascorbic acid, or a single enantiomer, a mixture of
enantiomers, or a mixture of diastereomers thereof; or a
pharmaceutically acceptable salt, solvate, or hydrate thereof,
and (11) a quinone compound, or a single enantiomer, a
mixture of enantiomers, or a mixture ol diastereomers
thereol, or a pharmaceutically acceptable salt, solvate,
hydrate, or prodrug thereof.

In certain embodiments, the capsule contains (1) ascorbic
acid, or a single enantiomer, a mixture of enantiomers, or a
mixture of diastereomers thereof; or a pharmaceutically
acceptable salt, solvate, or hydrate thereof, and (11) a quinone
compound, or a single enantiomer, a mixture of enantiomers,
or a mixture of diastereomers thereol, or a pharmaceutically
acceptable salt, solvate, hydrate, or prodrug thereof.

In one embodiment, the ascorbic acid compound in each
of the pharmaceutical compositions 1s 1ndependently
L-ascorbic acid or a pharmaceutically acceptable salt
thereol, or a pharmaceutically acceptable solvate or hydrate
thereol. In another embodiment, the ascorbic acid compound
in each of the pharmaceutical compositions 1s independently
an alkali or alkaline earth metal salt of L-ascorbic acid, or a
pharmaceutically acceptable solvate or hydrate thereof, or a
mixture thereof. In yet another embodiment, the ascorbic
acid compound 1n each of the pharmaceutical compositions
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1s independently sodium, potassium, calcium, or magnesium
salt of L-ascorbic acid, or a pharmaceutically acceptable
solvate or hydrate thereol, or a mixture thereof. In yet
another embodiment, the ascorbic acid compound 1n each of
the pharmaceutical compositions 1s independently sodium
L-ascorbate. In yet another embodiment, the ascorbic acid
compound 1n each of the pharmaceutical compositions 1s
independently calctum L-ascorbate. In yet another embodi-
ment, the ascorbic acid compound 1n each of the pharma-

ceutical compositions 1s independently magnesium L-ascor-
bate. In still another embodiment, the ascorbic acid
compound 1n each of the pharmaceutical compositions 1s
independently a mixture of two or three of sodium L-ascor-
bate, calcium L-ascorbate, and magnesium L-ascorbate.

In one embodiment, the quinone compound 1n each of the
pharmaceutical compositions 1s independently vitamin K, or
a single enantiomer, a mixture of enantiomers, or a mixture
of diasterecomers thereof, or a pharmaceutically acceptable
salt, solvate, or hydrate thereof. In another embodiment, the
quinone compound in each of the pharmaceutical composi-
tions 1s independently vitamin K,, or a pharmaceutically
acceptable salt, solvate, or hydrate thereof. In yet another
embodiment, the quinone compound 1n each of the pharma-
ceutical compositions 1s independently 2-methyl-1,4-naph-
thalenedione, or a pharmaceutically solvate or hydrate
thereof. In yet another embodiment, the quinone compound
in each of the pharmaceutical compositions 1s independently
2-methyl-1,4-naphthalenedione. In yet another embodiment,
the quinone compound in each of the pharmaceutical com-
positions 1s independently 1,2,3,4-tetrahydro-2-methyl-1,4-
dioxo-2-naphthalenesulifonic acid, or a pharmaceutically
acceptable salt, solvate, or hydrate thereof. In yet another
embodiment, the quinone compound 1n each of the pharma-
ceutical compositions 1s independently an alkali or alkaline
carth metal salt of 1,2,3,4-tetrahydro-2-methyl-1,4-d1oxo-2-
naphthalenesulfonic acid, or a pharmaceutically acceptable
solvate or hydrate thereof, or a mixture thereof. In yet
another embodiment, the quinone compound in each of the
pharmaceutical compositions 1s 1ndependently sodium,
potassium, calcium, or magnesium 1,2,3,4-tetrahydro-2-
methyl-1,4-dioxo-2-naphthalenesulifonate, or a pharmaceu-
tically acceptable solvate or hydrate thereof; or a mixture
thereof. In yet another embodiment, the quinone compound
in each of the pharmaceutical compositions 1s independently
sodium 1,2,3,4-tetrahydro-2-methyl-1,4-dioxo-2-naphthale-
nesulfonate, or a pharmaceutically acceptable solvate or
hydrate thereof. In yet another embodiment, the quinone
compound 1n each of the pharmaceutical compositions 1s
independently potassium 1,2,3,4-tetrahydro-2-methyl-1,4-
dioxo-2-naphthalenesulionate, or a pharmaceutically
acceptable solvate or hydrate thereolf. In yet another embodi-
ment, the quinone compound 1n each of the pharmaceutical
compositions 1s independently magnesium 1,2,3,4-tetra-
hydro-2-methyl-1,4-dioxo-2-naphthalenesulfonate, or a
pharmaceutically acceptable solvate or hydrate thereof. In
yet another embodiment, the quinone compound 1n each of
the pharmaceutical compositions 1s independently sodium
1,2,3,4-tetrahydro-2-methyl-1,4-dioxo-2-naphthalene-
sulfonate. In yet another embodiment, the quinone com-
pound 1n each of the pharmaceutical compositions 1s inde-
pendently anhydrous sodium 1,2,3,4-tetrahydro-2-methyl-1,
4-dioxo-2-naphthalenesulifonate. In yet another
embodiment, the quinone compound 1n each of the pharma-
ceutical compositions 1s independently sodium 1,2,3,4-tet-
rahydro-2-methyl-1,4-dioxo-2-naphthalenesulionate
hydrate. In still another embodiment, the quinone compound
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in each of the pharmaceutical compositions 1s independently
sodium 1,2,3,4-tetrahydro-2-methyl-1,4-dioxo-2-naphthale-
nesulfonate trihydrate.

In one embodiment, the capsule contains about 500 mg of
sodium L-ascorbate, and about 5 mg of sodium 1,2,3,4-
tetrahydro-2-methyl-1,4-dioxo-2-naphthalenesulfonate or a
hydrate thereof. In another embodiment, the capsule con-
tains about 500 mg of calcium L-ascorbate, and about 5 mg
of sodium 1,2,3.4-tetrahydro-2-methyl-1,4-dioxo-2-naph-
thalenesulifonate or a hydrate thereolf. In yet another embodi-
ment, the capsule contains about 500 mg of magnesium
L-ascorbate, and about 5 mg of sodium 1,2,3,4-tetrahydro-
2-methyl-1,4-dioxo-2-naphthalenesulionate or  hydrate
thereof. In yet another embodiment, the capsule contains
about 500 mg of sodium L-ascorbate and about 5 mg of
anhydrous sodium 1,2,3,4-tetrahydro-2-methyl-1,4-dioxo-
2-naphthalenesulfonate. In yet another embodiment, the
capsule contains about 500 mg of sodium L-ascorbate and
about 5 mg of sodum 1,2,3,4-tetrahydro-2-methyl-1,4-di-
oxo-2-naphthalenesulionate ftrihydrate. In vyet another
embodiment, the capsule contains about 500 mg of calcium
L-ascorbate and about 5 mg of anhydrous sodium 1,2,3,4-
tetrahydro-2-methyl-1,4-dioxo-2-naphthalenesulfonate. In
yet another embodiment, the capsule contains about 500 mg,
of calcium L-ascorbate and about 5 mg of sodium 1,2,3,4-
tetrahydro-2-methyl-1,4-dioxo-2-naphthalenesulionate tri-
hydrate. In yet another embodiment, the capsule contains
about 500 mg of magnesium L-ascorbate and about 5 mg of
anhydrous sodium 1,2,3,4-tetrahydro-2-methyl-1,4-dioxo-
2-naphthalenesulfonate. In still another embodiment, the
capsule contains about 500 mg of magnesium L-ascorbate
and about 5 mg of sodium 1,2,3,4-tetrahydro-2-methyl-1,4-
dioxo-2-naphthalenesulionate  trihydrate. In  another
embodiment, the capsule further comprises a pharmaceuti-
cally acceptable vehicle, carrier, diluent, or excipient, or a
mixture of two or more thereof.

In one embodiment, the capsule contains about 500 mg of
sodium L-ascorbate and about 5 mg of 2-methyl-1,4-naph-
thalenedione. In another embodiment, the capsule contains
about 1,000 mg of sodium L-ascorbate and about 10 mg of
2-methyl-1,4-naphthalenedione. In yet another embodiment,
the capsule contains about 925 mg of sodium L-ascorbate
and about 9 mg (e.g., 9.25 mg) of 2-methyl-1,4-naphtha-
lenedione.

In one embodiment, the capsule contains about 500 mg of
calcium L-ascorbate and about 5 mg of 2-methyl-1,4-naph-
thalenedione. In another embodiment, the capsule contains
about 1,000 mg of calcium L-ascorbate and about 10 mg of
2-methyl-1,4-naphthalenedione. In yet another embodiment,
the capsule contains about 925 mg of calctum L-ascorbate
and about 9 mg (e.g., 9.25 mg) of 2-methyl-1,4-naphtha-
lenedione.

In one embodiment, the capsule contains about 500 mg of
magnesium L-ascorbate and about 5 mg of 2-methyl-1.4-
naphthalenedione. In another embodiment, the capsule con-
tains about 1,000 mg of magnesium L-ascorbate and about
10 mg of 2-methyl-1,4-naphthalenedione. In yet another
embodiment, the capsule contains about 925 mg of magne-
situm L-ascorbate and about 9 mg (e.g., 9.25 mg) of
2-methyl-1,4-naphthalenedione.

In one embodiment, the capsule consists essentially of
ascorbic acid, or a single enantiomer, a mixture of enan-
tiomers, or a mixture of diastereomers thereol; or a phar-
maceutically acceptable salt, solvate, or hydrate thereot, and
vitamin K, or a single enantiomer, a mixture of enantiomers,
or a mixture of diastereomers thereotf, or a pharmaceutically
acceptable salt, solvate, or hydrate thereof. In another
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embodiment, the capsule consists essentially of ascorbic
acid, or a single enantiomer, a mixture of enantiomers, or a
mixture of diastereomers thereof; or a pharmaceutically
acceptable salt, solvate, or hydrate thereof; and vitamin K,
or a pharmaceutically acceptable salt, solvate, or hydrate
thereof.

In one embodiment, the capsule consists essentially of
sodium L-ascorbate and 2-methyl-1,4-naphthalenedione. In
another embodiment, the capsule consists essentially of
calcium L-ascorbate and 2-methyl-1,4-naphthalenedione. In
yet another embodiment, the capsule consists essentially of
magnesium L-ascorbate and 2-methyl-1,4-naphthalene-
dione.

In one embodiment, the capsule consists essentially of
sodium L-ascorbate, and sodium 1,2,3,4-tetrahydro-2-
methyl-1,4-dioxo-2-naphthalenesulfonate or a hydrate
thereof. In another embodiment, the capsule consists essen-
tially of calcium L-ascorbate, and sodium 1,2,3,4-tetra-
hydro-2-methyl-1,4-dioxo-2-naphthalenesulfonate or
hydrate thereof. In yet another embodiment, the capsule
consists essentially of magnesium L-ascorbate, and sodium
1,2,3,4-tetrahydro-2-methyl-1,4-dioxo-2-naphthalene-
sulfonate or hydrate thereof.

In one embodiment, the capsule consists essentially of
sodium L-ascorbate and anhydrous sodium 1,2,3.,4-tetra-
hydro-2-methyl-1,4-dioxo-2-naphthalenesulfonate. In
another embodiment, the capsule consists essentially of
sodium L-ascorbate and sodium 1,2,3,4-tetrahydro-2-
methyl-1,4-dioxo-2-naphthalenesulionate trihydrate. In yet
another embodiment, the capsule consists essentially of
calcium L-ascorbate and anhydrous sodium 1,2,3,4-tetra-
hydro-2-methyl-1,4-dioxo-2-naphthalenesulfonate. In yet
another embodiment, the capsule consists essentially of
calctum L-ascorbate and sodium 1,2,3,4-tetrahydro-2-
methyl-1,4-dioxo-2-naphthalenesulionate trihydrate. In yet
another embodiment, the capsule consists essentially of
magnesium L-ascorbate and anhydrous sodium 1,2,3,4-tet-
rahydro-2-methyl-1,4-dioxo-2-naphthalenesulionate. In still
another embodiment, the capsule consists essentially of
magnesium L-ascorbate and sodium 1,2,3,4-tetrahydro-2-
methyl-1,4-dioxo-2-naphthalenesulfonate trihydrate.

The pharmaceutical compositions can also be formulated
as known to those skilled in the art. Some examples of
pharmaceutical compositions that contain an ascorbic acid
compound and a quinone compound are described 1n U.S.
Pat. Nos. 7,091,241 and 8,507,555; and U.S. Pat. App. Pub.
Nos. US 2012/184609, US 2013/178522, and US 2014/
0200270; each of which 1s incorporated herein by reference
in its entirety.

In certain embodiments, the pharmaceutical compositions
are each imdependently provided 1n a unit-dosage or mul-
tiple-dosage form. A unit-dosage form, as used herein, refers
to a physically discrete unit suitable for administration to a
subject, ¢.g., a human and amimal subject, and packaged
individually as 1s known in the art. Each unit-dose contains
a predetermined quantity of one or more active mgredient(s)
suilicient to produce the desired therapeutic ellect, option-
ally 1n association with one or more pharmaceutical vehicle
(s), carrier(s), diluent(s), or excipient(s). Examples of a
unit-dosage form include an ampoule, syringe, and individu-
ally packaged tablet and capsule. A unit-dosage form may be
administered in fractions or multiples thereof. A multiple-
dosage form 1s a plurality of identical unit-dosage forms
packaged 1n a single container to be administered 1n segre-
gated unit-dosage form. Examples of a multiple-dosage
form 1nclude a vial, bottle of tablets or capsules, or bottle of
pints or gallons.
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The pharmaceutical compositions may be administered at
once, or multiple times at intervals of time. It 1s understood
that the precise dosage and duration of treatment may vary
with the age, weight, and condition of the patient being
treated, and may be determined empirically using known
testing protocols or by extrapolation from 1n vivo or 1n vitro
test or diagnostic data. It 1s further understood that for any
particular individual, specific dosage regimens should be
adjusted over time according to the individual need and the
proiessional judgment of the person administering or super-
vising the administration of the formulations.

B. Oral Admainistration

The pharmaceutical compositions for oral administration
can be provided 1n solid, semisolid, or liquid dosage forms
for oral administration. As used herein, oral administration
also 1ncludes buccal, lingual, and sublingual administration.
Suitable oral dosage forms include, but are not limited to,
tablets, fastmelts, chewable tablets, capsules, pills, strips,
troches, lozenges, pastilles, cachets, pellets, medlcated
chewing gums, bulk powders, ¢: Tervescent or non-eflerves-
cent powders or granules, oral mists, solutions, emulsions,
suspensions, wailers, sprinkles, elixirs, and syrups. In addi-
tion to the active ingredient(s), the pharmaceutical compo-
sitions can contain one or more pharmaceutically acceptable
carrier(s) or excipient(s), including, but not limited to,
binders, fillers, diluents, disintegrants, wetting agents, lubri-
cants, glidants, coloring agents, dye-migration inhibitors,
sweetening agents, flavoring agents, emulsilying agents,
suspending and dispersing agents, preservatives, solvents,
non-aqueous liquids, organic acids, and sources of carbon
dioxide.

Binders or granulators impart cohesiveness to a tablet to
ensure the tablet remaining intact after compression. Suit-
able binders or granulators include, but are not limited to,
starches, such as corn starch, potato starch, and pre-gelati-
nized starch (e.g., STARCH 1500); gelatin; sugars, such as
sucrose, glucose, dextrose, molasses, and lactose; natural
and synthetic gums, such as acacia, alginic acid, alginate,
extract of Irish moss, panwar gum, ghatti gum, mucilage of
1sabgol husks, carboxymethylcellulose, methylcellulose,
polyvinylpyrrolidone (PVP), Veegum, larch arabogalactan,
powdered tragacanth, and guar gum; celluloses, such as
cthyl cellulose, cellulose acetate, carboxymethyl cellulose
calcium, sodium carboxymethyl cellulose, methyl cellulose,
hydroxyethylcellulose (HEC), hydroxypropylcellulose
(HPC), and hydroxypropyl methyl cellulose (HPMC);
microcrystalline celluloses, such as AVICEL-PH-101, AVI-
CEL-PH-103, AVICEL RC-581, and AVICEL-PH-105
(FMC Corp., Marcus Hook, PA); pectin; and mixtures of
two or more thereof. Suitable fillers include, but are not
limited to, talc, calctum carbonate, microcrystalline cellu-
lose, powdered cellulose, dextrates, kaolin, mannitol, silicic
acid, sorbitol, starch, pre-gelatinized starch, and mixtures of
two or more thereof. The amount of a binder or filler 1n the
pharmaceutical compositions varies upon the type of for-
mulation, and 1s readily discernible to those of ordinary skaill
in the art. The binder or filler may be present from about
50% to about 99% by weight in the pharmaceutical com-
positions.

Suitable diluents include, but are not limited to, dicalcium
phosphate, calcium sulfate, lactose, sorbitol, sucrose, 1nosi-
tol, cellulose, kaolin, mannitol, sodium chloride, dry starch,
and powdered sugar. Certain diluents, such as mannitol,
lactose, sorbitol, sucrose, and inositol, when present 1n
suflicient quantity, can impart properties to some com-
pressed tablets that permit disintegration in the mouth by
chewing. Such compressed tablets can be used as chewable
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tablets. The amount of a diluent in the pharmaceutical
compositions varies upon the type of formulation, and 1s
readily discernible to those of ordinary skill in the art.

Suitable disintegrants include, but are not limited to, agar;
bentonite; celluloses, such as methylcellulose and car-
boxymethylcellulose; wood products; natural sponge; cat-
ion-exchange resins; alginic acid; gums, such as guar gum
and Veegum HYV; citrus pulp; cross-linked celluloses, such as
croscarmellose; cross-linked polymers, such as crospovi-
done; cross-linked starches; calcium carbonate; microcrys-
talline cellulose, such as sodium starch glycolate; polacrilin
potassium; starches, such as corn starch, potato starch,
tapioca starch, and pre-gelatinized starch; clays; algins;
pectin; and mixtures of two or more thereol. The amount of
a disintegrant in the pharmaceutical compositions varies
upon the type of formulation, and 1s readily discernible to
those of ordinary skill in the art. The pharmaceutical com-
positions may contain from about 0.5% to about 15% or
from about 1% to about 5% by weight of a disintegrant.

Suitable lubricants include, but are not limited to, calcium
stearate; magnesium stearate; mineral oil; light mineral oil;
glycerin; sorbitol; mannitol; glycols, such as glycerol behen-
ate and polyethylene glycol (PEG); stearic acid; sodium
lauryl sulfate; talc; hydrogenated vegetable oi1l, including
peanut o1l, cottonseed oil, sunflower o1l, sesame o1l, olive
o1l, corn o1l, and soybean oil; zinc stearate; ethyl oleate;
cthyl laureate; agar; starch; lycopodium; silica or silica gels,
such as AEROSIIL© 200 (W.R. Grace Co., Baltimore, MD)
and CAB-O-SIL© (Cabot Co. of Boston, MA); and mixtures
of two or more thereol. The pharmaceutical compositions
may contain from about 0.1% to about 3% by weight of a
lubricant.

Suitable glidants include, but are not limited to, colloidal
silicon dioxide, CAB-O-SIL©O (Cabot Co. of Boston, MA),
and asbestos-Iree talc. Suitable coloring agents include, but
are not limited to, any of the approved, certified, water
soluble FD&C dyes, and water msoluble FD&C dyes sus-
pended on alumina hydrate, and color lakes and mixtures of
two or more thereof. A color lake 1s the combination by
adsorption of a water-soluble dye to a hydrous oxide of a
heavy metal, resulting in an insoluble form of the dye.
Suitable flavoring agents include, but are not limited to,
natural flavors extracted from plants, such as fruits, and
synthetic blends of compounds which produce a pleasant
taste sensation, such as peppermint and methyl salicylate.
Suitable sweetening agents include, but are not limited to,
sucrose, lactose, mannitol, syrups, glycerin, and artificial
sweeteners, such as saccharin and aspartame. Suitable emul-
sitying agents include, but are not limited to, gelatin, acacia,
tragacanth, bentonite, and surfactants, such as polyoxyeth-
ylene sorbitan monooleate (T WEEN®© 20), polyoxyethylene
sorbitan monooleate 80 (T WEEN®© 80), and triethanolamine
oleate. Suitable suspending and dispersing agents include,
but are not limited to, sodium carboxymethylcellulose, pec-
tin, tragacanth, Veegum, acacia, sodium carbomethylcellu-
lose, hydroxypropyl methylcellulose, and polyvinylpyrroli-
done. Suitable preservatives include, but are not limited to,
glycerin, methyl and propylparaben, benzoic acid, sodium
benzoate, and alcohol. Suitable wetting agents include, but
are not limited to, propylene glycol monostearate, sorbitan
monooleate, diethylene glycol monolaurate, and polyoxy-
cthylene lauryl ether. Suitable solvents include, but are not
limited to, glycerin, sorbitol, ethyl alcohol, and syrup. Suit-
able non-aqueous liquds utilized 1n emulsions include, but
are not limited to, mineral o1l and cottonseed o1l. Suitable

organic acids include, but are not limited to, citric and
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tartaric acid. Suitable sources of carbon dioxide include, but
are not limited to, sodium bicarbonate and sodium carbon-
ate.

It should be understood that many carriers and excipients
may serve several functions, even within the same formu-
lation.

The pharmaceutical compositions for oral administration
can be provided as compressed tablets, tablet triturates,
chewable lozenges, rapidly dissolving tablets, multiple com-
pressed tablets, enteric-coated tablets, or sugar-coated or
film-coated tablets. In one embodiment, enteric-coated tab-
lets are compressed tablets coated with substances that resist
the action of stomach acid but dissolve or disintegrate 1n the
intestine, thus protecting the active ingredients from the
acidic environment of the stomach. Enteric-coatings
include, but are not limited to, fatty acids, fats, phenyl
salicylate, waxes, shellac, ammoniated shellac, and cellulose
acetate phthalates. Sugar-coated tablets are compressed tab-
lets surrounded by a sugar coating, which may be beneficial
in covering up objectionable tastes or odors and in protect-
ing the tablets from oxidation. Film-coated tablets are com-
pressed tablets that are covered with a thin layer or film of,
¢.g., a water-soluble material. Film coatings include, but are
not limited to, hydroxyethylcellulose, sodium carboxymeth-
ylcellulose, polyethylene glycol 4000, and cellulose acetate
phthalate. In one embodiment, film coating imparts the same
general characteristics as sugar coating. Multiple com-
pressed tablets are compressed tablets made by more than
one compression cycle, including layered tablets, and press-
coated or dry-coated tablets.

The tablet dosage forms can be prepared from the active
ingredient 1n powdered, crystalline, or granular forms, alone
or 1n combination with one or more carrier(s) or excipient(s)
described herein, including binders, disintegrants, con-
trolled-release polymers, lubricants, diluents, and/or colo-
rants. Flavoring and sweetening agents are useful in the
formation ol chewable tablets and lozenges.

The pharmaceutical compositions for oral administration
can be provided as soit or hard capsules, which can be made
from gelatin, methylcellulose, starch, or calcium alginate.
The hard gelatin capsule, also known as the dry-filled
capsule (DFC), consists of two sections, one slipping over
the other, thus completely enclosing the active ingredient.
The soft elastic capsule (SEC) 1s a soit, globular shell, such
as a gelatin shell, which 1s plasticized by the addition of
glycerin, sorbitol, or a similar polyol. The soft gelatin shells
may contain a preservative to prevent the growth of micro-
organisms. Suitable preservatives are those as described
herein, including, but not limited to, methyl- and propyl-
parabens, and sorbic acid. The liquid, semisolid, and solid
dosage forms may be encapsulated 1n a capsule. Suitable
liguid and semisolid dosage forms include solutions and
suspensions in propylene carbonate, vegetable oils, or tri-
glycerides. Capsules containing such solutions can be pre-
pared as described in U.S. Pat. Nos. 4,328,245; 4,409,239;
and 4,410,545, each of which 1s incorporated by reference
herein 1n their entireties. The capsules may also be coated as
known by those of skill in the art in order to modify or
sustain dissolution of the active ingredient.

The pharmaceutical compositions for oral administration
can be provided i liqmd and semisolid dosage forms,
including emulsions, solutions, suspensions, elixirs, and
syrups. An emulsion 1s a two-phase system, 1n which one
liquiad 1s dispersed 1n the form of small globules throughout
another liquid, which can be oil-in-water or water-in-o1l.
Emulsions may include a pharmaceutically acceptable non-
aqueous liquid or solvent, emulsitying agent, and preserva-
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tive. Suspensions may include a pharmaceutically accept-
able suspending agent and preservative. Aqueous alcoholic
solutions may 1nclude a pharmaceutically acceptable acetal,
such as a dilower alkyl) acetal of a lower alkyl aldehyde,
¢.g., acetaldehyde diethyl acetal; and a water-miscible sol-
vent having one or more hydroxyl groups, such as propylene
glycol and ethanol. Elixirs are clear, sweetened, and
hydroalcoholic solutions. Syrups are concentrated aqueous
solutions of a sugar, for example, sucrose, and may also
contain a preservative. For a liquid dosage form, for
example, a solution 1n a polyethylene glycol may be diluted
with a suflicient quantity of a pharmaceutically acceptable
liguid carrier, e.g., water, to be measured conveniently for
administration.

Other useful liquid and semisolid dosage forms include,
but are not limited to, those containing the active
ingredient(s) provided herein, and a dialkylated mono- or
poly-alkylene glycol, including, 1,2-dimethoxymethane,
diglyme, triglyme, tetraglyme, polyethylene glycol-350-di-
methyl ether, polyethylene glycol-550-dimethyl ether, poly-
cthylene glycol-750-dimethyl ether, wherein 3350, 550, and
750 refer to the approximate average molecular weight of
the polyethylene glycol. These formulations can further
comprise one or more antioxidants, such as butylated
hydroxytoluene (BHT), butylated hydroxyanisole (BHA),
propyl gallate, vitamin E, hydroquinone, hydroxycoumarins,
cthanolamine, lecithin, cephalin, ascorbic acid, malic acid,
sorbitol, phosphoric acid, bisulfite, sodium metabisulfite,
thiodipropionic acid and 1ts esters, and dithiocarbamates.

The pharmaceutical compositions for oral administration
can also be provided in the forms of liposomes, micelles,
microspheres, or nanosystems. Micellar dosage forms can be
prepared as described 1 U.S. Pat. No. 6,350,458, which 1s
incorporated herein by reference 1n 1ts entirety.

The pharmaceutical compositions for oral administration
can be provided as non-eflervescent or eflervescent, gran-
ules or powders, to be reconstituted mnto a liquid dosage
form. Pharmaceutically acceptable carriers and excipients
used 1n the non-eflervescent granules or powders may
include diluents, sweeteners, and wetting agents. Pharma-
ceutically acceptable carriers and excipients used in the
ellervescent granules or powders may include organic acids
and a source of carbon dioxide.

Coloring and flavoring agents can be used in all of the
above dosage forms.

The pharmaceutical compositions for oral administration
can be formulated as immediate- or modified-release dosage
forms, including delayed-, sustained-, pulsed-, controlled-,
targeted-, and programmed-release forms.

C. Parenteral Administration

The pharmaceutical compositions can be administered
parenterally by injection, infusion, or implantation, for local
or systemic administration. Parenteral administration, as
used herein, include itravenous, intraarterial, intraperito-
neal, intrathecal, intraventricular, intraurethral, intrasternal,
intracranial, intramuscular, intrasynovial, intravesical, and
subcutaneous administration.

The pharmaceutical compositions for parenteral adminis-
tration can be formulated i any dosage forms that are
suitable for parenteral administration, icluding solutions,
suspensions, emulsions, micelles, liposomes, microspheres,
nanosystems, and solid forms suitable for solutions or sus-
pensions 1n liquid prior to mnjection. Such dosage forms can
be prepared according to conventional methods known to
those skilled 1in the art of pharmaceutical science (see, e.g.,
Remington: The Science and Practice of Pharmacy, supra).
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The pharmaceutical compositions intended for parenteral
administration can include one or more pharmaceutically
acceptable carrier(s) and excipient(s), imncluding, but not
limited to, aqueous vehicles, water-miscible vehicles, non-
aqueous vehicles, antimicrobial agents or preservatives
against the growth of microorganisms, stabilizers, solubility
enhancers, 1sotonic agents, bullering agents, antioxidants,
local anesthetics, suspending and dispersing agents, wetting
or emulsifying agents, complexing agents, sequestering or
chelating agents, cryoprotectants, lyoprotectants, thickening
agents, pH adjusting agents, and 1nert gases.

Suitable aqueous vehicles include, but are not limited to,
water, saline, physiological saline or phosphate buflered
saline (PBS), sodium chloride injection, Ringers injection,
1sotonic dextrose injection, sterile water 1njection, dextrose
and lactated Ringers 1injection. Sutable non-aqueous
vehicles iclude, but are not limited to, fixed oils of veg-
ctable origin, castor oil, corn oil, cottonseed o1l, olive o1l,
peanut o1l, peppermint o1l, safllower o1l, sesame o1l, soybean
o1l, hydrogenated vegetable oils, hydrogenated soybean o1l,
and medium-chain triglycerides of coconut oi1l, and palm
seed oi1l. Suitable water-miscible vehicles include, but are
not limited to, ethanol, 1,3-butanediol, liquid polyethylene
glycol (e.g., polyethylene glycol 300 and polyethylene gly-
col 400), propylene glycol, glycerin, N-methyl-2-pyrroli-
done, N,N-dimethylacetamide, and dimethyl sulfoxide.

Suitable antimicrobial agents or preservatives include, but
are not limited to, phenols, cresols, mercunals, benzyl
alcohol, chlorobutanol, methyl and propyl p-hydroxybenzo-
ates, thimerosal, benzalkonium chlornde (e.g., benzethonium
chloride), methyl- and propyl-parabens, and sorbic acid.
Suitable 1sotonic agents include, but are not limited to,
sodium chloride, glycerin, and dextrose. Suitable buflering
agents include, but are not limited to, phosphate and citrate.
Suitable antioxidants are those as described herein, includ-
ing bisulfite and sodium metabisulfite. Suitable local anes-
thetics include, but are not limited to, procaine hydrochlo-
ride. Suitable suspending and dispersing agents are those as
described herein, including, but not limited to, sodium
carboxymethylcelluose, hydroxypropyl methylcellulose,
and polyvinylpyrrolidone. Suitable emulsifying agents are
those described herein, including, but not limited to, poly-
oxyethylene sorbitan monolaurate, polyoxyethylene sorbi-
tan monooleate 80, and triethanolamine oleate. Suitable
sequestering or chelating agents include, but are not limited
to, EDTA. Suitable pH adjusting agents include, but are not
limited to, sodium hydroxide, hydrochloric acid, citric acid,
and lactic acid. Suitable complexing agents include, but are
not limited to, cyclodextrins, including a-cyclodextrin,
B3-cyclodextrin, hydroxypropyl-p-cyclodextrin, sulfobutyle-
ther--cyclodextrin, and sulfobutylether 7-f-cyclodextrin
(CAPTISOL©, CyDex, Lenexa, KS).

When the pharmaceutical compositions are formulated
for multiple dosage administration, the multiple dosage
parenteral formulations contain an antimicrobial agent at
bacteriostatic or fungistatic concentrations. All parenteral
formulations must be sterile, as known and practiced 1n the
art.

In one embodiment, the pharmaceutical compositions for
parenteral administration are provided as ready-to-use ster-
ile solutions. In another embodiment, the pharmaceutical
compositions are provided as sterile dry soluble products,
including, e.g., lyophilized powders and hypodermic tablets,
to be reconstituted with a vehicle prior to use. In yet another
embodiment, the pharmaceutical compositions are provided
as ready-to-use sterile suspensions. In yet another embodi-
ment, the pharmaceutical compositions are provided as
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sterile dry insoluble products to be reconstituted with a
vehicle prior to use. In still another embodiment, the phar-
maceutical compositions are provided as ready-to-use sterile
emulsions.

The pharmaceutical compositions for parenteral adminis-
tration can be formulated as immediate- or modified-release
dosage forms, including, e.g., delayed-, sustained-, pulsed-,
controlled-, targeted-, and programmed-release forms.

The pharmaceutical compositions for parenteral adminis-
tration can be formulated as a suspension, solid, semi-solid,
or thixotropic liquid, for administration as an implanted
depot. In one embodiment, the pharmaceutical compositions
are dispersed 1n a solid mner matrix, which 1s surrounded by
an outer polymeric membrane that 1s insoluble 1n body fluids
but allows the active ingredient 1n the pharmaceutical com-
positions diffuse through.

Suitable inner matrixes include, but are not limited to,
polymethylmethacrylate, polybutyl-methacrylate, plasti-
cized or unplasticized polyvinylchloride, plasticized nylon,
plasticized polyethylene terephthalate, natural rubber, poly-
1soprene, polyisobutylene, polybutadiene, polyethylene, eth-
ylene-vinyl acetate copolymers, silicone rubbers, polydim-
cthylsiloxanes, silicone carbonate copolymers, hydrophilic
polymers, such as hydrogels of esters of acrylic and meth-
acrylic acid, collagen, cross-linked polyvinyl alcohol, and
cross-linked partially hydrolyzed polyvinyl acetate.

Suitable outer polymeric membranes include, but are not
limited to, polyethylene, polypropylene, ethylene/propylene
copolymers, ethylene/ethyl acrylate copolymers, ethylene/
vinyl acetate copolymers, silicone rubbers, polydimethyl
siloxanes, neoprene rubber, chlorinated polyethylene, poly-
vinylchloride, vinyl chloride copolymers with vinyl acetate,
vinylidene chloride, ethylene and propylene, 1onomer poly-
cthylene terephthalate, butyl rubbers, epichlorohydrin rub-
bers, ethylene/vinyl alcohol copolymer, ethylene/vinyl
acetate/vinyl alcohol terpolymer, and ethylene/vinyloxy-
cthanol copolymer.

D. Topical Administration

The pharmaceutical compositions can be administered
topically to the skin, orifices, or mucosa. The topical admin-
istration, as used herein, includes (intra)dermal, conjuncti-
val, intracorneal, intraocular, ophthalmic, auricular, trans-
dermal, nasal, vaginal, urethral, respiratory, and rectal
administration.

The pharmaceutical compositions can be formulated 1n
any dosage forms that are suitable for topical administration
for local or systemic eflect, including, e.g., emulsions,
solutions, suspensions, creams, gels, hydrogels, ointments,
dusting powders, dressings, elixirs, lotions, suspensions,
tinctures, pastes, foams, films, aerosols, 1rrigations, sprays,
suppositories, bandages, and dermal patches. The topical
formulation of the pharmaceutical compositions can also
comprise liposomes, micelles, microspheres, nanosystems,
and mixtures of two or more thereof.

Pharmaceutically acceptable carriers and excipients suit-
able for use 1n the topical formulations include, but are not
limited to, aqueous vehicles, water-miscible vehicles, non-
aqueous vehicles, antimicrobial agents or preservatives
against the growth of microorganisms, stabilizers, solubility
enhancers, 1sotonic agents, bullering agents, antioxidants,
local anesthetics, suspending and dispersing agents, wetting
or emulsifying agents, complexing agents, sequestering or
chelating agents, penetration enhancers, cryoprotectants,
lyoprotectants, thickening agents, and inert gases.

The pharmaceutical compositions can also be adminis-
tered topically by electroporation, 1ontophoresis, phonopho-
resis, sonophoresis, or microneedle or needle-free injection,
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such as POWDERIECT™ (Chiron Corp., Emeryville, CA),
and BIOJECT™ (Bioject Medical Technologies Inc., Tuala-
tin, OR).

The pharmaceutical compositions can be provided in the
forms of ointments, creams, and gels. Suitable omtment
vehicles include, e.g., oleaginous or hydrocarbon vehicles,
including lard, benzoimated lard, olive o1l, cottonseed o1l,
and other oils; white petrolatum; emulsifiable or absorption
vehicles, such as hydrophilic petrolatum, hydroxystearin
sulfate, and anhydrous lanolin; water-removable vehicles,
such as hydrophilic ointment; water-soluble ointment
vehicles, including polyethylene glycols of varying molecu-
lar weight; and emulsion vehicles, either water-in-o1l (W/0O)
emulsions or oil-in-water (O/W) emulsions, including cetyl
alcohol, glyceryl monostearate, lanolin, and stearic acid
(see, e.g., Remington: The Science and Practice of Phar-
macy, supra). These vehicles are emollient but generally
require addition of antioxidants and preservatives.

Suitable cream base can be oil-in-water or water-in-oil.
Suitable cream vehicles may be water-washable, and contain
an o1l phase, an emulsifier, and an aqueous phase. The o1l
phase 1s also called the “internal” phase, which 1s generally
comprised of petrolatum and a fatty alcohol such as cetyl or
stearyl alcohol. The aqueous phase usually, although not
necessarily, exceeds the o1l phase 1n volume, and generally
contains a humectant. The emulsifier in a cream formulation
may be a nonionic, anionic, cationic, or amphoteric surfac-
tant.

Gels are semisolid, suspension-type systems. Single-
phase gels contain organic macromolecules distributed sub-
stantially uniformly throughout the liquid carrier. Suitable
gelling agents 1nclude, but are not limited to, crosslinked
acrylic acid polymers, such as carbomers, carboxypolyal-
kvlenes, and CARBOPOL©; hydrophilic polymers, such as
polyethylene oxides, polyoxyethylene-polyoxypropylene
copolymers, and polyvinylalcohol; cellulosic polymers,
such as hydroxypropyl cellulose, hydroxyethyl cellulose,
hydroxypropyl methylcellulose, hydroxypropyl methylcel-
lulose phthalate, and methylcellulose; gums, such as traga-
canth and xanthan gum; sodium alginate; and gelatin. In
order to prepare a uniform gel, dispersing agents such as
alcohol or glycerin can be added, or the gelling agent can be
dispersed by trituration, mechanical mixing, and/or stirring.

The pharmaceutical compositions can be administered
rectally, urethrally, vaginally, or perivaginally in the forms
ol suppositories, pessaries, bougies, poultices or cataplasm,
pastes, powders, dressings, creams, plasters, contraceptives,
omtments, solutions, emulsions, suspensions, tampons, gels,
foams, sprays, or enemas. These dosage forms can be
manufactured using conventional processes as described in,
c.g., Remington: The Science and Practice of Pharmacy,
supra.

Rectal, urethral, and vaginal suppositories are solid bodies
for insertion nto body orifices, which are solid at ordinary
temperatures but melt or soften at body temperature to
release the active ingredient(s) inside the orifices. Pharma-
ceutically acceptable carriers utilized 1n rectal and vaginal
suppositories include bases or vehicles, such as stifiening
agents, which produce a melting point 1n the proximity of
body temperature, when formulated with the pharmaceutical
compositions; and antioxidants as described herein, includ-
ing, e.g., bisulfite and sodium metabisulfite. Suitable
vehicles include, but are not limited to, cocoa butter (t/eo-
broma o1l), glycerin-gelatin, carbowax (polyoxyethylene
glycol), spermaceti, parailin, white and yellow wax, appro-
priate mixtures of mono-, di- and tri-glycerides of fatty
acids, and hydrogels, such as polyvinyl alcohol, hydroxy-
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cthyl methacrylate, and polyacrylic acid. Combinations of
the various vehicles can also be used. Rectal and vaginal
suppositories may be prepared by compressing or molding.
The typical weight of a rectal and vaginal suppository is
about 2 g to about 3 g.

The pharmaceutical compositions can be admimstered
ophthalmically 1n the forms of solutions, suspensions, oint-
ments, emulsions, gel-forming solutions, powders for solu-
tions, gels, ocular 1nserts, and 1mplants.

The pharmaceutical compositions can be adminmistered
intranasally or by inhalation to the respiratory tract. The
pharmaceutical compositions can be provided in the form of
an aerosol or solution for delivery using a pressurized
container, pump, spray, atomizer, such as an atomizer using
clectrohydrodynamics to produce a fine mist, or nebulizer,
alone or 1n combination with a suitable propellant, such as
1,1,1,2-tetrafluoroethane or 1,1,1,2,3,3,3-heptatluoropro-
pane. The pharmaceutical compositions can also be pro-
vided as a dry powder for msuillation, alone or 1 combi-
nation with an inert carrier such as lactose or phospholipids;
and nasal drops. For intranasal use, the powder can comprise
a bioadhesive agent, including, e.g., chitosan or cyclodex-
trin.

Solutions or suspensions for use in a pressurized con-
tainer, pump, spray, atomizer, or nebulizer can be formulated
to contain ethanol, aqueous ethanol, or a suitable alternative
agent for dispersing, solubilizing, or extending release of the
active ingredient(s) provided herein; a propellant as solvent;
and/or a surfactant, such as sorbitan trioleate, oleic acid, or
an oligolactic acid.

The pharmaceutical compositions can be micronized to a
size suitable for delivery by inhalation, such as about 30
micrometers or less, or about 10 micrometers or less.
Particles of such sizes can be prepared using a comminuting
method known to those skilled in the art, such as spiral jet
milling, fluid bed jet milling, supercritical fluid processing to
form nanoparticles, high pressure homogenization, or spray
drying.

Capsules, blisters, and cartridges for use in an inhaler or
insuiilator can be formulated to contain a powder mix of the
pharmaceutical compositions; a suitable powder base, such
as lactose or starch; and a performance modifier, such as
L-leucine, mannitol, or magnesium stearate. The lactose
may be anhydrous or in the form of a monohydrate. Other
suitable excipients or carriers include, but are not limited to,
dextran, glucose, maltose, sorbitol, xylitol, fructose, sucrose,
and trehalose. The pharmaceutical compositions for inhaled/
intranasal administration can further comprise a suitable
flavor, such as menthol and/or levomenthol; and/or sweet-
eners, such as saccharin and/or saccharin sodium.

The pharmaceutical compositions for topical administra-
tion can be formulated to be immediate-release or modified-
release, including delayed-, sustained-, pulsed-, controlled-,
targeted-, and programmed-release.

E. Modified Release

The pharmaceutical compositions can be formulated as a
modified release dosage form. As used herein, the term
“modified release” refers to a dosage form 1n which the rate
or place of release of the active ingredient(s) 1s different
from that of an immediate-release dosage form when admin-
istered by the same route. Modified release dosage forms
include, but are not limited to, delayed-, extended-, pro-
longed-, sustained-, pulsatile-, controlled-, accelerated- or
fast-, targeted-, and programmed-release, and gastric reten-
tion dosage forms. The pharmaceutical compositions in
modified release dosage forms can be prepared using a
variety of modified release devices and methods known to
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those skilled 1n the art, including, but not limited to, matrix
controlled release devices, osmotic controlled release
devices, multiparticulate controlled release devices, 10n-
exchange resins, enteric coatings, multilayered coatings,
microspheres, liposomes, and combinations thereof. The
release rate of the active ingredient(s) can also be modified
by varying the particle sizes and/or polymorphism of the
active mgredient(s).

Examples of modified release include, but are not limited
to, those described 1n U.S. Pat. Nos. 3,845,770; 3,916,899;

3,536,3809; 3,598,123; 4,008,719; 5,674,533; 5,059,595,
5,991,767, 5,120,548; 5,073,543; 5,639,476, 5,354,556;
5,639,480; 5,733,566; 5,739,108; 5,891,474, 5,922,356;
5,972,891, 5,980,945; 5,993,855; 6,045,830, 6,087,324;
6,113,943; 6,197,350; 6,248,363; 6,264,970, 6,267,981;

6,376,461; 6,419,961, 6,589,548; 6,613,338; and 6,699,500;
the contents of which are incorporated by reference herein in
their entireties.

1. Matrix Controlled Release Devices

The pharmaceutical compositions 1 a modified release
dosage form can be fabricated using a matrix controlled
release device known to those skilled 1n the art (see, e.g.,
Takada et al. 1n “Encyclopedia of Controlled Drug Deliv-
ery,” Vol. 2, Mathiowitz Ed., Wiley, 1999).

In certain embodiments, the pharmaceutical compositions
in a modified release dosage form 1s formulated using an
erodible matrix device, which 1s water-swellable, erodible,
or soluble polymers, including, but not limited to, synthetic
polymers, and naturally occurring polymers and derivatives,
such as polysaccharides and proteins.

Materials useful 1 forming an erodible matrix include,
but are not limited to, chitin, chitosan, dextran, and pullulan;
gum agar, gum arabic, gum karaya, locust bean gum, gum
tragacanth, carrageenans, gum ghatti, guar gum, xanthan
oum, and scleroglucan; starches, such as dextrin and malto-
dextrin; hydrophilic colloids, such as pectin; phosphatides,
such as lecithin; alginates; propylene glycol alginate; gela-
tin; collagen; cellulosics, such as ethyl cellulose (EC),
methylethyl cellulose (MEC), carboxymethyl cellulose
(CMC), CMEC, hydroxyethyl cellulose (HEC), hydroxy-
propyl cellulose (HPC), cellulose acetate (CA), cellulose
propionate (CP), cellulose butyrate (CB), cellulose acetate

butyrate (CAB), CAP, CAT, hydroxypropyl methyl cellulose
(HPMC), HPMCP, HPMCAS, hydroxypropyl methyl cellu-
lose acetate trimellitate (HPMCAT), and ethyl hydroxyethyl
cellulose (EHEC); polyvinyl pyrrolidone; polyvinyl alcohol;
polyvinyl acetate; glycerol fatty acid esters; polyacrylamide;
polyacrylic acid; copolymers of ethacrylic acid or meth-
acrylic acid (EUDRAGIT©, Rohm America, Inc., Piscat-
away, NI); poly(2-hydroxyethyl-methacrylate); polylac-
tides; copolymers of L-glutamic acid and ethyl-L-glutamate;
degradable lactic acid-glycolic acid copolymers; poly-D-
(—)-3-hydroxybutyric acid; and other acrylic acid deriva-
tives, such as homopolymers and copolymers of butylmeth-
acrylate, methyl methacrylate, ethyl methacrylate,
cthylacrylate, (2-dimethylaminoethyl)methacrylate, and
(tnnmethylaminoethyl)methacrylate chlonide.

In certain embodiments, the pharmaceutical compositions
are formulated with a non-erodible matrix device. The active
ingredient(s) 1s dissolved or dispersed in an 1nert matrix and
1s released primarily by diffusion through the inert matrix
once administered. Materials suitable for use as a non-
erodible matrix device include, but are not limited to,
insoluble plastics, such as polyethylene, polypropylene,
polyisoprene, polyisobutylene, polybutadiene, polymethyl-
methacrylate, polybutylmethacrylate, chlorinated polyethyl-
ene, polyvinylchloride, methyl acrylate-methyl methacry-
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late copolymers, ethylene-vinyl acetate copolymers,
cthylene/propylene copolymers, ethylene/ethyl acrylate
copolymers, vinyl chloride copolymers with vinyl acetate,
vinylidene chloride, ethylene and propylene, 1onomer poly-
cthylene terephthalate, butyl rubbers, epichlorohydrin rub-
bers, ethylene/vinyl alcohol copolymer, ethylene/vinyl
acetate/vinyl alcohol terpolymer, ethylene/vinyloxyethanol
copolymer, polyvinyl chloride, plasticized nylon, plasticized
polyethylene terephthalate, natural rubber, silicone rubbers,
polydimethylsiloxanes, and silicone carbonate copolymers;
hydrophilic polymers, such as ethyl cellulose, cellulose
acetate, crospovidone, and cross-linked partially hydrolyzed
polyvinyl acetate; and fatty compounds, such as carnauba
wax, microcrystalline wax, and triglycerides.

In a matrix controlled release system, the desired release
kinetics can be controlled, for example, via the polymer type
employed, the polymer viscosity, the particle sizes of the
polymer and/or the active ingredient(s), the ratio of the
active ingredient(s) versus the polymer, and other excipients
or carriers in the compositions.

The pharmaceutical compositions 1 a modified release
dosage form can be prepared by methods known to those
skilled 1n the art, including direct compression, dry or wet
granulation followed by compression, and melt-granulation
tollowed by compression.

2. Osmotic Controlled Release Devices

The pharmaceutical compositions 1 a modified release
dosage form can be fabricated using an osmotic controlled
release device, including, but not limited to, one-chamber
system, two-chamber system, asymmetric membrane tech-
nology (AMT), and extruding core system (ECS). In gen-
eral, such devices have at least two components: (a) a core
which contains an active ingredient; and (b) a semiperme-
able membrane with at least one delivery port, which
encapsulates the core. The semipermeable membrane con-
trols the influx of water to the core from an aqueous
environment of use so as to cause drug release by extrusion
through the delivery port(s).

In addition to the active ingredient(s), the core of the
osmotic device optionally includes an osmotic agent, which
creates a driving force for transport of water from the
environment of use into the core of the device. One class of
osmotic agents 1s water-swellable hydrophilic polymers,
which are also referred to as “osmopolymers™ and “hydro-
gels.” Suitable water-swellable hydrophilic polymers as
osmotic agents include, but are not limited to, hydrophilic
vinyl and acrylic polymers, polysaccharides such as calctum
alginate, polyethylene oxide (PEQO), polyethylene glycol
(PEG), polypropylene glycol (PPG), poly(2-hydroxyethyl
methacrylate), poly(acrylic) acid, poly(methacrylic) acid,
polyvinylpyrrolidone (PVP), crosslinked PVP, polyvinyl
alcohol (PVA), PVA/PVP copolymers, PVA/PVP copoly-
mers with hydrophobic monomers such as methyl methacry-
late and vinyl acetate, hydrophilic polyurethanes containing
large PEO blocks, sodium croscarmellose, carrageenan,
hydroxyethyl cellulose (HEC), hydroxypropyl cellulose
(HPC), hydroxypropyl methyl cellulose (HPMC), car-
boxymethyl cellulose (CMC) and carboxyethyl, cellulose
(CEC), sodium alginate, polycarbophil, gelatin, xanthan
gum, and sodium starch glycolate.

The other class of osmotic agents 1s osmogens, which are
capable of imbibing water to aflect an osmotic pressure
gradient across the barrier of the surrounding coating. Suit-
able osmogens include, but are not limited to, morganic
salts, such as magnesium sulfate, magnestum chloride, cal-
cium chloride, sodium chloride, lithium chloride, potassium
sulfate, potassium phosphates, sodium carbonate, sodium
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sulfite, lithium sulfate, potassium chloride, and sodium
sulfate; sugars, such as dextrose, fructose, glucose, 1nositol,
lactose, maltose, mannitol, rathinose, sorbitol, sucrose, treha-
lose, and xylitol; organic acids, such as ascorbic acid,
benzoic acid, fumaric acid, citric acid, maleic acid, sebacic
acid, sorbic acid, adipic acid, edetic acid, glutamic acid,
p-toluenesulionic acid, succinic acid, and tartaric acid; urea;
and mixtures of two or more thereof.

Osmotic agents of different dissolution rates can be
employed to influence how rapidly the active ingredient(s) 1s
mitially delivered from the dosage form. For example,
amorphous sugars, such as MANNOGEM™ EZ (SPI
Pharma, Lewes, DE) can be used to provide faster delivery
during the first couple of hours to promptly produce the
desired therapeutic effect, and gradually and continually
release of the remaining amount to maintain the desired
level of therapeutic or prophylactic effect over an extended
period of time. In this case, the active ingredient(s) 1s
released at such a rate to replace the amount of the active
ingredient metabolized and excreted.

The core can also include a wide variety of other excipi-
ents and carriers as described herein to enhance the perfor-
mance of the dosage form or to promote stability or pro-
cessing.

Materials useful 1n forming the semipermeable membrane
include various grades of acrylics, vinyls, ethers, poly-
amides, polyesters, and cellulosic dertvatives that are water-
permeable and water-insoluble at physiologically relevant
pHs, or are susceptible to being rendered water-insoluble by
chemical alteration, such as crosslinking. Examples of suit-
able polymers useful in forming the coating, include plas-
ticized, unplasticized, and reinforced cellulose acetate (CA),
cellulose diacetate, cellulose triacetate, CA propionate, cel-
lulose nitrate, cellulose acetate butyrate (CAB), CA ethyl
carbamate, CAP, CA methyl carbamate, CA succinate, cel-
lulose acetate trimellitate (CAT), CA dimethylaminoacetate,
CA ethyl carbonate, CA chloroacetate, CA ethyl oxalate, CA
methyl sulfonate, CA butyl sulfonate, CA p-toluene
sulfonate, agar acetate, amylose triacetate, beta glucan
acetate, beta glucan trniacetate, acetaldehyde dimethyl
acetate, triacetate of locust bean gum, hydroxylated ethyl-
ene-vinylacetate, EC, PEG, PPG, PEG/PPG copolymers,
PVP, HEC, HPC, CMC, CMEC, HPMC, HPMCP,
HPMCAS, HPMCAT, poly(acrylic) acids and esters and
poly-(methacrylic) acids and esters and copolymers thereotf,
starch, dextran, dextrin, chitosan, collagen, gelatin, polyalk-
enes, polyethers, polysuliones, polyethersuliones, polysty-
renes, polyvinyl halides, polyvinyl esters and ethers, natural
waxes, and synthetic waxes.

Semipermeable membrane can also be a hydrophobic
microporous membrane, wherein the pores are substantially
filled with a gas and are not wetted by the aqueous medium
but are permeable to water vapor, as disclosed 1n U.S. Pat.
No. 5,798,119, incorporated by reference herein. Such
hydrophobic but water-vapor permeable membrane are typi-
cally composed of hydrophobic polymers such as polyalk-
enes, polyethylene, polypropylene, polytetrafluoroethylene,
polyacrvlic acid derivatives, polyethers, polysuliones,
polyethersuliones, polystyrenes, polyvinyl halides, polyvi-
nylidene fluoride, polyvinyl esters and ethers, natural waxes,
and synthetic waxes.

The delivery port(s) on the semipermeable membrane can
be formed post-coating by mechanical or laser drilling.
Delivery port(s) can also be formed 1n situ by erosion of a
plug of water-soluble material or by rupture of a thinner
portion of the membrane over an indentation in the core. In
addition, delivery ports can be formed during coating pro-
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cess, as 1n the case of asymmetric membrane coatings of the
type disclosed 1n U.S. Pat. Nos. 5,612,059 and 5,698,220,
cach of which 1s incorporated herein by reference.

The total amount of the active ingredient(s) released and
the release rate can substantially be modulated via the
thickness and porosity of the semipermeable membrane, the
composition of the core, and the number, size, and position
of the delivery ports.

The pharmaceutical compositions in an osmotic con-
trolled-release dosage form can further comprise additional
conventional excipient(s) or carrier(s) as described herein to
promote performance or processing of the formulation.

The osmotic controlled-release dosage forms can be pre-
pared according to conventional methods and techniques
known to those skilled in the art (see, e.g., Remington: The
Science and Practice of Pharmacy, supra; Santus and Baker,
J. Controlled Release 1993, 35, 1-21; Verma et al., Drug
Development and Industrial Pharmacy 2000, 26, 695-708;
Verma et al., J. Controlled Release 2002, 79, 7-27).

In certain embodiments, the pharmaceutical compositions
are formulated as AMT controlled-release dosage form,
which comprises an asymmetric osmotic membrane that
coats a core comprising the active ingredient(s) and other
pharmaceutically acceptable excipient(s) or carrier(s). See,
e.g., U.S. Pat. No. 5,612,059 and WO 2002/17918, each of
which 1s incorporated herein by reference. The AMT con-
trolled-release dosage forms can be prepared according to
conventional methods and techniques known to those skilled
in the art, including, e.g., direct compression, dry granula-
tion, wet granulation, and a dip-coating method.

In certain embodiments, the pharmaceutical compositions
are formulated as ESC controlled-release dosage form,
which comprises an osmotic membrane that coats a core
comprising the active ingredient(s), a hydroxylethyl cellu-
lose, and other pharmaceutically acceptable excipient(s) or
carrier(s).

3. Multiparticulate Controlled Release Devices

The pharmaceutical compositions 1 a modified release
dosage form can be fabricated as a multiparticulate con-
trolled release device, which comprises a multiplicity of
particles, granules, or pellets, ranging from about 10 um to
about 3 mm, from about 50 um to about 2.5 mm, or from
about 100 um to about 1 mm 1n diameter. Such multipar-
ticulates can be made by the processes known to those
skilled 1n the art, including, e.g., wet- and dry-granulation,
extrusion/spheronization, roller-compaction, and melt-con-
gealing, and by spray-coating seed cores. See, for example,
Multiparticulate Oral Drug Delivery; Marcel Dekker: 1994;
and Pharmaceutical Pelletization 1echnology; Marcel Dek-
ker: 1989.

Other excipients or carriers as described herein can be
blended with the pharmaceutical compositions to aid in
processing and forming the multiparticulates. The resulting
particles can themselves constitute the multiparticulate
device or can be coated by various film-forming materials,
such as, enteric polymers, water-swellable, and water-
soluble polymers. The multiparticulates can be turther pro-
cessed as a capsule or a tablet.

4. Targeted Delivery

The pharmaceutical compositions can also be formulated
to be targeted to a particular tissue, receptor, or other area of
the body of the subject to be treated, 1including, e.g., lipo-
some-, resealed erythrocyte-, and antibody-based delivery
systems. Examples include, but are not limited to, those
disclosed in U.S. Pat. Nos. 6,316,652; 6,274,552, 6,271,359;
6,253,872; 6,139,865; 6,131,570; 6,120,751, 6,071,495;
6,060,082; 6,048,736; 6,039,975, 6,004,534; 5,985,307;
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5,972,366; 5,900,252; 5,840,674; 5,759,542; and 5,709,874,
the contents of which are incorporated by reference herein.
Methods of Use

In one embodiment, provided heremn 1s a method of
treating, preventing, or alleviating one or more symptoms of
a parasitic disease 1n a subject, comprising administering to
the subject: (a) a therapeutically eflective amount of: (1)
ascorbic acid, or a single enantiomer, a mixture of enan-
tiomers, or a mixture of diastereomers thereof; or a phar-
maceutically acceptable salt, solvate, or hydrate thereot, and
(11) a quinone compound, or a single enantiomer, a mixture
of enantiomers, or a mixture of diastereomers thereolf, or a
pharmaceutically acceptable salt, solvate, hydrate, or prod-
rug thereof; and (b) a subtherapeutically effective amount of
an antiparasitic agent.

In certain embodiments, the one of more symptoms of the
parasitic disease include, but are not limited to, abdominal
pain, body aches, congestive heart failure, constipation due
to enlarged colon, diarrhea, difliculty swallowing due to
enlarged esophagus, enlargement of liver of spleen, eyelid
swelling, fatigue, fever, headache, irregular heartbeat, loss
of appetite, nausea, rash, sudden cardiac arrest, swollen
glands, and vomaiting.

In certain embodiments, the parasitic disease 1s African
trypanosomiasis, amoebiasis, ascariasis, babesiosis, Chagas
disease, cryptosporidiosis, cutaneous larva migrans, dirofi-
lariasis, echinococcosis, fasciolosis, filanasis, lymphatic
filanasis, giardiasis, helminthiasis, hookworm 1infection,
leishmaniasis, visceral leishmaniasis, malaria, neurocystic-
ercosis, onchocerciasis, protozoan infection, schistosomia-
s1s, tagniasis, tapeworm 1nfection, toxocariasis, toxoplasmo-
s1s, trichinosis, or zoonosis.

In certain embodiments, the parasitic disease 1s a proto-
zoan infection. In certain embodiments, the parasitic disease
1s Adrican sleeping sickness, amoebiasis, babesiosis, Chagas
disease, giardiasis, leishmaniasis, malaria, or toxoplasmosis.
In certain embodiments, the parasitic disease 1s Chagas
disease. In certain embodiments, the parasitic disease 1is
leishmaniasis. In certain embodiments, the parasitic disease
1s cutaneous leishmaniasis, mucocutaneous leishmaniasis, or
visceral leishmaniasis.

In one embodiment, provided herein 1s a method of
treating, preventing, or alleviating one or more symptoms of
Chagas disease 1 a subject, comprising administering to the
subject: (a) a therapeutically effective amount of: (1) ascor-
bic acid, or a single enantiomer, a mixture of enantiomers,
or a mixture of diasterecomers thereof; or a pharmaceutically
acceptable salt, solvate, or hydrate thereot, and (11) a quinone
compound, or a single enantiomer, a mixture of enantiomers,
or a mixture of diastereomers thereof, or a pharmaceutically
acceptable salt, solvate, hydrate, or prodrug thereof; and (b)
a subtherapeutically eflective amount of an antiparasitic
agent.

In another embodiment, provided herein 1s a method of
treating, preventing, or alleviating one or more symptoms of
leishmaniasis 1n a subject, comprising administering to the
subject: (a) a therapeutically effective amount of: (1) ascor-
bic acid, or a single enantiomer, a mixture of enantiomers,
or a mixture of diastereomers thereof; or a pharmaceutically
acceptable salt, solvate, or hydrate thereof, and (11) a quinone
compound, or a single enantiomer, a mixture ol enantiomers,
or a mixture of diastereomers thereof, or a pharmaceutically
acceptable salt, solvate, hydrate, or prodrug thereof; and (b)
a subtherapeutically eflective amount of an antiparasitic
agent.

In another embodiment, provided herein 1s a method of
inhibiting parasitic growth 1 a subject infected with a
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parasite, comprising administering to the subject: (a) a
therapeutically eflective amount of: (1) ascorbic acid, or a
single enantiomer, a mixture of enantiomers, or a mixture of
diastereomers thereot, or a pharmaceutically acceptable salkt,
solvate, or hydrate thereof; and (11) a quinone compound, or
a single enantiomer, a mixture of enantiomers, or a mixture
of diasterecomers thereof, or a pharmaceutically acceptable
salt, solvate, hydrate, or prodrug thereof; and (b) a subthera-
peutically eflective amount of an antiparasitic agent.

In yet another embodiment, provided herein 1s a method
of eliminating a parasite from a subject, comprising admin-
istering to the subject: (a) a therapeutically eflective amount
of: (1) ascorbic acid, or a single enantiomer, a mixture of
enantiomers, or a mixture of diastereomers thereol; or a
pharmaceutically acceptable salt, solvate, or hydrate thereof,
and (1) a quinone compound, or a single enantiomer, a
mixture of enantiomers, or a mixture of diastereomers
thereof, or a pharmaceutically acceptable salt, solvate,
hydrate, or prodrug thereof; and (b) a subtherapeutically
cllective amount of an antiparasitic agent.

In yet another embodiment, provided herein 1s a method
of increasing the quality of life of a subject infected with a
parasite, comprising administering to the subject: (a) a
therapeutically effective amount of: (1) ascorbic acid, or a
single enantiomer, a mixture of enantiomers, or a mixture of
diastereomers thereof; or a pharmaceutically acceptable sallt,
solvate, or hydrate thereof; and (11) a quinone compound, or
a single enantiomer, a mixture of enantiomers, or a mixture
ol diasterecomers thereof, or a pharmaceutically acceptable
salt, solvate, hydrate, or prodrug thereof; and (b) a subthera-
peutically eflective amount of an antiparasitic agent.

In yet another embodiment, provided herein 1s a method
of increasing the eflicacy of an antiparasitic agent 1n a
subject infected with a parasite, comprising administering to
the subject a therapeutically eflective amount of: (1) ascorbic
acid, or a single enantiomer, a mixture of enantiomers, or a
mixture of diastereomers thereof; or a pharmaceutically
acceptable salt, solvate, or hydrate thereof; and (1) a qui-
none compound, or a single enantiomer, a mixture of enan-
tiomers, or a mixture of diastercomers thereol, or a phar-
maceutically acceptable salt, solvate, hydrate, or prodrug
thereof.

In yet another embodiment, provided herein 1s a method
ol icreasing tolerance to an antiparasitic agent 1n a subject
infected with a parasite, comprising administering to the
subject a therapeutically effective amount of: (1) vitamin C,
or a pharmaceutically acceptable salt, solvate, or hydrate
thereof; and (11) a vitamin K compound, or a single enan-
tiomer, a mixture of enantiomers, or a mixture of diaste-
reomers thereol, or a pharmaceutically acceptable salt, sol-
vate, hydrate, or prodrug thereof.

In yet another embodiment, provided herein 1s a method
of reducing, minimizing, or eliminating a side eflect of an
antiparasitic agent to a subject infected with a parasite,
comprising adminmistering to the subject a therapeutically
ellective amount of: (1) ascorbic acid, or a single enantiomer,
a mixture of enantiomers, or a mixture of diastereomers
thereof; or a pharmaceutically acceptable salt, solvate, or
hydrate thereof; and (11) a quinone compound, or a single
enantiomer, a mixture of enantiomers, or a mixture of
diastereomers thereol, or a pharmaceutically acceptable salkt,
solvate, hydrate, or prodrug thereof.

In certain embodiments, the side effect to be reduced,
minimized, or eliminated includes, but 1s not limited to,
abdominal pain, allergic dermatitis, amnesia, anemia,
anorexia, anxiety, bone marrow suppression, chills, confu-
sion, decreased appetite, depression, dermatitis, dizziness,
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dysgeusia, eosinophilia, fever, headache, impotence, 1nsom-
nia, leukopenia, lyvmphadenopathy, muscle weakness, nau-
sea, neutropenia, numbness of hands or feet, paresthesia,
peripheral neuropathy, pruritus, purpura, rash, seizures, sore
throat, thrombocytopenia, tremors, urticaria, vomiting, and
weight loss. In certain embodiments, the side effect to be
reduced, minimized, or eliminated includes, but 1s not lim-
ited to, amnesia, anorexia, dizziness, headache, nausea,
weilght loss, and vomiting. In certain embodiments, the side
eflect to be reduced, minimized, or eliminated includes, but
1s not limited to, allergic dermatitis, anorexia, bone marrow
suppression, dermatitis, dysgeusia, 1nsomnia, nausea,
peripheral neuropathy, weight loss, and vomiting. In certain
embodiments, the side eflect to be reduced, minimized, or
climinated includes, but 1s not limited to, allergic dermatitis
or peripheral neuropathy. In certain embodiments, the side
eflect to be reduced, minimized, or eliminated includes, but
1s not limited to, abdominal pain, anemia, decreased appe-
tite, eosinophilia, fever, headache, leukopenia, lymphade-
nopathy, nausea, neutropenia, paresthesia, pruritus, purpura,
rash, thrombocytopenia, urticaria, vomiting, and weight
loss. In certain embodiments, the side effect to be reduced,
minimized, or eliminated includes, but 1s not limited to,
abdominal pain, decreased appetite, eosinophilia, headache,
nausea, neutropenia, pruritus, rash, urticaria, vomiting, and
weight loss. In certain embodiments, the side eflect to be
reduced, minimized, or eliminated includes, but 1s not lim-
ited to, hypersensitivity skin reactions.

In certain embodiments, the side eflect to be reduced,
minimized, or eliminated includes, but 1s not limited to, a
side effect of benznidazole. In certain embodiments, the side
eflect to be reduced, minimized, or eliminated includes, but
1s not limited to, a side eflect of nmifurtimox.

In still another embodiment, provided herein 1s a method
of reducing a toxicity of an antiparasitic agent to a subject
infected with a parasite, comprising administering to the
subject a therapeutically effective amount of: (1) ascorbic
acid, or a single enantiomer, a mixture of enantiomers, or a
mixture of diastereomers thereof; or a pharmaceutically
acceptable salt, solvate, or hydrate thereof; and (11) a qui-
none compound, or a single enantiomer, a mixture of enan-
tiomers, or a mixture of diasterecomers thereol, or a phar-
maceutically acceptable salt, solvate, hydrate, or prodrug
thereof.

In certain embodiments, the toxicity 1s neurotoxicity. In
certain embodiments, the toxicity 1s bone marrow toxicity.
In certain embodiments, the toxicity is nephrotoxicity. In
certain embodiments, the toxicity 1s CNS toxicity. In certain
embodiments, the toxicity 1s peripheral toxicity. In certain
embodiments, the toxicity i1s gastrointestinal toxicity. In
certain embodiments, the toxicity 1s pulmonary toxicity. In
certain embodiments, the t0x161ty 1s cardiotoxicity. In certain
embodiments, the t0x1c1ty 1s hepatotoxicity. In certain
embodiments, the toxicity 1s metabolic toxicity. In certain
embodiments, the toxicity 1s renal toxicity. In certain
embodiments, the toxicity 1s dermatologic toxicity. In cer-
tain embodiments, the toxicity 1s immunologic toxicity. In
certain embodiments, the t0x1c1ty 1s lung toxicity. In certain
embodiments, the toxicity 1s genotoxicity. In certain
embodiments, the toxicity 1s carcinogenicity. In certain
embodiments, the toxicity 1s embryo-fetal toxicity.

In certain embodiments, the parasite 1s Plasmodium,
Irypanosoma, Entamoeba, Giardia, Leishmania, Toxo-
plasma, or Schistosoma. In certain embodiments, the para-
site 1s Plasmodium. In certain embodiments, the parasite 1s
Trypanosoma. In certain embodiments, the parasite 1s Enta-
moeba. In certain embodiments, the parasite 1s Giardia. In
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certain embodiments, the parasite 1s Leishmania. In certain
embodiments, the parasite 1s Toxoplasma. In certain embodi-
ments, the parasite 1s Schistosoma. In certain embodiments,
the parasite 1s Entamoeba histolvtica, Giardia lamblia,
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nia braziliensis, Leishmania donovani, Leishmania mexi-

cana, Leishmania major, Leishmania tropica, Plasmodium
berghei, Plasmodium falciparum, Plasmodium yoelii, Schis-
tosoma mansonii, Trypanosoma brucei, Trypanosoma cruzi,
or Toxoplasma gondii. In certain embodiments, the parasite
1s Entamoeba histolytica. In certain embodiments, the para-
site 1s Giardia lamblia. In certain embodiments, the parasite
1s Leishmania aethiopica. In certain embodiments, the para-
site 1s Leishmania amazonensis. In certain embodiments, the
parasite 1s Leishmania braziliensis. In certain embodiments,
the parasite 1s Leishmania donovani. In certain embodi-
ments, the parasite 1s Leishmania Mexicana. In certain
embodiments, the parasite 1s Leishmania major. In certain
embodiments, the parasite 1s Leishmania tropica. In certain
embodiments, the parasite 1s Plasmodium berghei. In certain
embodiments, the parasite 1s Plasmodium falciparum. In
certain embodlments,, the parasite 1s Plasmodium voelii. In
certain embodiments, the parasite 1s Schistosoma mansonii.
In certain embodiments, the parasite 1s Trypanosoma brucei.
In certain embodiments, the parasite 1s Trypanosoma cruzi.
In certain embodiments, the parasite 1s Toxoplasma gondii.

In certain embodiments, the ascorbic acid and quinone
compounds as used in the methods provided herein are
delivered as a single dose such as, e.g., as a single bolus
injection, or as a single oral tablet or pill. In certain embodi-
ments, the ascorbic acid and quinone compounds as used in
the methods provided herein are admimstered over time,
such as, €.g., continuous infusion over time or divided bolus
doses over time.

In certain embodiments, the weight ratio of ascorbic acid
compound to the quinone compound as used 1n the methods
provided herein 1s ranging from about 1 to about 1,000, from
about 10 to about 500, from about 50 to about 3500, from
about 100 to about 500, or from about 200 to about 500. In

certain embodiments, the weight ratio of ascorbic acid
compound to the quinone compound as used in the methods
provided herein 1s about 100, about 200, about 300, about
400, about 500, or about 600. In certain embodiments, the
weight ratio of ascorbic acid compound to the quinone
compound as used in the methods provided herein 1s ranging
from 200 to about 400. In certain embodiments, the weight
ratio of ascorbic acid compound to the quinone compound as
used 1 the methods provided herein 1s about 200. In certain
embodiments, the weight ratio of ascorbic acid compound to
the quinone compound as used 1n the methods provided
herein 1s about 400.

In certain embodiments, the weight ratio of ascorbic acid
compound to the quinone compound as used in the methods
provided herein 1s ranging from about 25 to about 250, or
from about 50 to about 200, from about 50 to about 150, or
from about 80 to about 120. In certain embodiments, the
weight ratio of ascorbic acid compound to the quinone

compound as used 1n the methods provided herein 1s about
1, about 2, about 4, about 10, about 20, about 30, about 40,
about 50, about 60, about 70, about 80, about 90, about 100,
about 110, about 120, about 130, about 140, about 130,
about 160, about 170, about 180, about 190, about 200,
about 210, about 220, about 230, about 240, or about 250.
In certain embodiments, the weight ratio of ascorbic acid
compound to the quinone compound as used 1n the methods
provided herein 1s about 100. In certain embodiments, the
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weight ratio of ascorbic acid compound to the quinone
compound as used 1n the methods provided herein 1s about
200.

In certain embodiments, the ascorbic acid and quinone
compounds as used 1n the methods provided herein are
administered once daily (QD), or divided into multiple daily
doses such as twice daily (BID), three times daily (TID),
four times daily (QID), five times daily, six times daily,
seven times daily, eight times daily, nine times daily, or ten
times daily. In certain embodiments, the ascorbic acid com-
pound as used in the methods provided herein 1s adminis-
tered QD, or divided into multiple daily doses such as BID,
TID, QID, five times daily, six times daily, seven times daily,
cight times daily, nine times daily, or ten times daily. In
certain embodiments, the quinone compound as used 1n the
methods provided herein 1s administered QD, or divided into
multiple daily doses such as BID, TID, QID, five times daily,
s1x times daily, seven times daily, eight times daily, nine
times daily, or ten times daily.

In certain embodiments, the ascorbic acid compound
and/or the quinone compound as used in the methods
provided herein are administered from about 1 to about 20
times a day, from about 1 to about 15 times a day, from about
1 to about 10 times a day, or from about 1 to about 5 times
a day. In certain embodiments, the ascorbic acid compound
and/or the quinone compound as used in the methods
provided herein are administered every 1 to 10 hour(s),
every 2 to 8 hours, every 3 to 7 hours, every 4 to 6 hours,
or every S to 6 hours. In certain embodiments, the ascorbic
acid compound and/or the quinone compound as used 1n the
methods provided herein are administered every hour, every
2 hours, every 3 hours, every 4 hours, every 5 hours, every
6 hours, every 7 hours, every 8 hours, every 9 hours, or every
10 hours. In certain embodiments, the ascorbic acid com-
pound and/or the quinone compound as used 1n the methods
provided herein are administered once a day. In certain
embodiments, the ascorbic acid compound and/or the qui-
none compound as used 1n the methods provided herein are
administered 5 times a day. In certain embodiments, the
ascorbic acid compound and/or the quinone compound as
used 1n the methods provided herein are administered 10
times a day. In certain embodiments, the ascorbic acid
compound and/or the quinone compound as used in the
methods provided herein are administered every 4, 5, or 6
hours. In certain embodiments, the ascorbic acid and qui-
none compounds as used in the methods provided herein are
administered daily.

In certain embodiments, the ascorbic acid compound as
used 1n the methods provided herein 1s administered to the
subject 1n an amount ranging irom about 1 to about 1,000
mg/kg/day, from about 5 to about 500 mg/kg/day, or from
about 10 to about 100 mg/kg/day. In certain embodiments,
the ascorbic acid compound as used in the methods provided
herein 1s administered to the subject 1n an amount of about
10 mg/kg/day, about 20 mg/kg/day, about 30 mg/kg/day,
about 40 mg/kg/day, about 50 mg/kg/day, about 60 mg/kg/
day, about 70 mg/kg/day, about 80 mg/kg/day, about 90
mg/kg/day, about 100 mg/kg/day, about 200 mg/kg/day,
about 300 mg/kg/day, about 400 mg/'kg/day, or about 500
mg/kg/day.

In certain embodiments, the quinone compound as used in
the methods provided herein 1s administered to the subject in
an amount ranging from about 0.01 to about 50 mg/kg/day,
from about 0.015 to about 50 mg/kg/day, from about 0.05 to
about 40 mg/kg/day, from about 0.2 to about 30 mg/kg/day,
or from about 10 to about 30 mg/kg/day. In certain embodi-
ments, the quinone compound as used in the methods
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provided herein 1s administered to the subject 1n an amount
of about 0.015 mg/kg/day, about 5 mg/kg/day, about 25

mg/kg/day, or about 30 mg/kg/day.

The administered doses of the ascorbic acid and quinone
compounds can also each independently be expressed in
units other than the umit “mg/kg/day” or “g/kg/day.” For
example, doses for parenteral administration can be
expressed as mg/m~/day. One of ordinary skill in the art
would readily know how to convert doses from mg/kg/day
to mg/m>/day, given either the height or weight of a subject
or both. For example, a dose of 1 mg/kg/day for a 65 kg
human is approximately equal to 38 mg/m=/day.

In certain embodiments, the ascorbic acid compound as
used 1n the methods provided herein 1s administered to the
subject 1n an amount ranging from about 0.1 g to about 3 g
every four hours. In certain embodiments, the quinone
compound as used 1n the methods provided herein 1s admin-
istered to the subject in an amount ranging from about 0.2
mg to about 300 mg every four hours.

In certain embodiments, the ascorbic acid compound as
used 1n the methods provided herein 1s administered to the
subject 1n an amount ranging from about 500 mg to about
3,000 mg a day. In certain embodiments, the quinone
compound as used in the methods provided herein 1s admin-
istered to the subject in an amount ranging from about 3 mg
to about 30 mg a day. In certain embodiments, the ascorbic
acid compound as used in the methods provided herein 1s
administered to the subject in an amount ranging from about
500 mg to about 10,000 mg a day. In certain embodiments,
the quinone compound as used 1n the methods provided
herein 1s administered to the subject in an amount ranging
from about 3 mg to about 100 mg a day. In certain embodi-
ments, the ascorbic acid compound as used 1n the methods
provided herein 1s administered to the subject 1n an amount
of greater than about 500 mg a day. In certain embodiments,
the quinone compound as used 1n the methods provided
herein 1s administered to the subject 1n an amount of greater
than about 3 mg a day. In certain embodiments, the ascorbic
acid compound as used in the methods provided herein 1s
administered to the subject in an amount up to about 10,000
mg a day. In certain embodiments, the quinone compound as
used 1n the methods provided herein 1s administered to the
subject 1n an amount up to about 100 mg a day. In certain
embodiments, the ascorbic acid compound as used in the
methods provided herein 1s administered to the subject 1n an
amount up to about 135,000 mg a day. In certain embodi-
ments, the quinone compound as used in the methods
provided herein 1s administered to the subject 1n an amount
up to about 150 mg a day. In certain embodiments, the
ascorbic acid compound as used in the methods provided
herein 1s admimstered to the subject in an amount up to
about 20,000 mg a day. In certain embodiments, the quinone
compound as used in the methods provided herein 1s admin-
1stered to the subject 1n an amount up to about 200 mg a day.
In certain embodiments, the ascorbic acid compound as used
in the methods provided herein 1s administered to the subject
in an amount up to about 30,000 mg a day. In certain
embodiments, the quinone compound as used 1n the methods
provided herein 1s administered to the subject 1n an amount
up to about 300 mg a day. In certain embodiments, the
ascorbic acid compound as used in the methods provided
herein 1s admimstered to the subject in an amount up to
about 40,000 mg a day. In certain embodiments, the quinone
compound as used in the methods provided herein 1s admin-
istered to the subject 1n an amount up to about 400 mg a day.
In certain embodiments, the ascorbic acid compound as used
in the methods provided herein 1s administered to the subject
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in an amount up to about 50,000 mg a day. In certain
embodiments, the quinone compound as used 1n the methods
provided herein 1s administered to the subject 1n an amount
up to about 500 mg a day. In certain embodiments, the
ascorbic acid compound as used in the methods provided
herein 1s administered to the subject in an amount up to
about 60,000 mg a day. In certain embodiments, the quinone
compound as used in the methods provided herein 1s admin-
istered to the subject 1n an amount up to about 600 mg a day.
In certain embodiments, the ascorbic acid compound as used
in the methods provided herein 1s administered to the subject
in an amount up to about 70,000 mg a day. In certain
embodiments, the quinone compound as used 1n the methods
provided herein 1s administered to the subject 1n an amount
up to about 700 mg a day. In certain embodiments, the
ascorbic acid compound as used in the methods provided
herein 1s administered to the subject in an amount up to
about 80,000 mg a day. In certain embodiments, the quinone
compound as used in the methods provided herein 1s admin-
istered to the subject 1n an amount up to about 800 mg a day.
In certain embodiments, the ascorbic acid compound as used
in the methods provided herein 1s administered to the subject
in an amount up to about 90,000 mg a day. In certain
embodiments, the quinone compound as used in the methods
provided herein 1s administered to the subject 1n an amount
up to about 900 mg a day. In certain embodiments, the
ascorbic acid compound as used in the methods provided
herein 1s administered to the subject 1n an amount up to
about 100,000 mg a day. In certain embodiments, the
quinone compound as used 1n the methods provided herein
1s administered to the subject 1n an amount up to about 1,000
mg a day. In certain embodiments, the ascorbic acid com-
pound as used in the methods provided herein 1s adminis-
tered to the subject 1n an amount up to about 200,000 mg a
day. In certain embodiments, the quinone compound as used
in the methods provided herein 1s administered to the subject
in an amount up to about 2,000 mg a day.

In certain embodiments, as used in the methods provided
herein, the ascorbic acid compound 1s administered to the
subject 1n an amount ranging from about 10,000 mg to about
30,000 mg a day; and the quinone compound 1s administered
to the subject 1n an amount ranging from about 100 mg to
about 1,500 mg a day. In certain embodiments, as used 1n the
methods provided herein, the ascorbic acid compound 1s
administered to the subject 1n an amount ranging from about
10,000 mg to about 20,000 mg a day; and the quinone
compound 1s administered to the subject 1 an amount
ranging irom about 100 mg to about 1,000 mg a day. In
certain embodiments, as used in the methods provided
herein, the ascorbic acid compound 1s administered to the
subject 1n an amount of about 15,000 mg a day; and the
quinone compound i1s administered to the subject 1n an
amount ranging from about 150 mg to about 600 mg a day.

In certain embodiments, as used in the methods provided
herein, the ascorbic acid compound 1s administered to the
subject 1n an amount ranging from about 2,000 mg to about
3,000 mg a day; and the quinone compound 1s administered
to the subject 1n an amount ranging from about 12 mg to
about 19 mg a day. In certain embodiments, as used 1n the
methods provided herein, the ascorbic acid compound 1s
administered to the subject 1n an amount ranging from about
2,000 mg to about 3,000 mg a day; and the quinone
compound 1s administered to the subject in an amount
ranging ifrom about 20 mg to about 30 mg a day.

In certain embodiments, as used in the methods provided
herein, the ascorbic acid compound 1s administered to the
subject 1 an amount of about 2,000 mg a day; and the
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quinone compound 1s administered to the subject in an
amount of about 12 mg a day. In certain embodiments, as
used 1 the methods provided herein, the ascorbic acid
compound 1s administered to the subject in an amount of
about 3,000 mg a day; and the quinone compound 1is
administered to the subject 1n an amount of about 19 mg a
day.

In certain embodiments, as used in the methods provided
herein, the ascorbic acid compound 1s administered to the
subject 1n an amount of about 2,000 mg a day; and the
quinone compound 1s administered to the subject 1n an
amount of about 20 mg a day. In certain embodiments, as
used 1 the methods provided herein, the ascorbic acid
compound 1s administered to the subject 1n an amount of
about 3,000 mg a day; and the quinone compound 1is
administered to the subject 1n an amount of about 30 mg a
day.

In certain embodiments, as used in the methods provided
herein, the ascorbic acid and quinone compounds are admin-
1stered as one or more capsules, each comprising about 500
mg of sodium L-ascorbate and about 3 mg of sodium
1,2,3,4-tetrahydro-2-methyl-1,4-dioxo-2-naphthalene-
sulfonate. In certain embodiments, as used in the methods
provided herein, the ascorbic acid and quinone compounds
are administered as one or more capsules, each comprising
about 500 mg of sodium L-ascorbate and about 5 mg of
sodium 1,2,3,4-tetrahydro-2-methyl-1,4-dioxo-2-naphthale-
nesulfonate.

In certain embodiments, as used 1n the methods provided
herein, the ascorbic acid and quinone compounds are admin-
istered as one or more capsules, each comprising about
1,000 mg of calcium L-ascorbate and about 10 mg of
2-methyl-1,4-naphthalenedione. In certain embodiments, as
used in the methods provided herein, the ascorbic acid and
quinone compounds are administered as one or more cap-
sules, each comprising about 9235 mg of calcium L-ascorbate
and about 9 mg (e.g., 9.25 mg) of 2-methyl-1,4-naphtha-
lenedione.

Depending on the condition of the parasitic disease to be
treated and the subject’s condition, the ascorbic acid and
quinone compounds used in the methods provided herein
can be adminmistered independently by oral, parenteral (e.g.,
intramuscular, intraperitoneal, intravenous, CIV, 1ntraciste-
mal 1njection or infusion, subcutaneous injection, or
implant), inhalation, nasal, vaginal, rectal, sublingual, or
topical (e.g., transdermal or local) route of administration. In
certain embodiments, the ascorbic acid and quinone com-
pounds used in the methods provided herein are adminis-
tered independently by oral, parenteral, intravenous, or
topical route of administration. The ascorbic acid and qui-
none compounds used 1n the methods provided herein may
be formulated, alone or together, 1n suitable dosage unit with
one or more pharmaceutically acceptable excipients appro-
priate for each route of administration.

In one embodiment, the ascorbic acid compound 1s
administered orally. In another embodiment, the ascorbic
acid compound 1s administered parenterally. In yet another
embodiment, the ascorbic acid compound 1s administered
intravenously. In still another embodiment, the ascorbic acid
compound 1s administered topically.

In one embodiment, the quinone compound 1s adminis-
tered orally. In another embodiment, the quinone compound
1s administered parenterally. In yet another embodiment, the
quinone compound 1s administered intravenously. In still
another embodiment, the quinone compound 1s administered
topically.
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In one embodiment, the ascorbic acid compound 1s
administered concurrently with the quinone compound. In
another embodiment, the ascorbic acid compound 1s admin-
istered separately with the quinone compound. In yet
another embodiment, the ascorbic acid compound 1s admin-
istered sequentially with the quinone compound. In yet
another embodiment, the ascorbic acid compound 1s admin-
istered before the quinone compound. In yet another
embodiment, the ascorbic acid compound 1s administered
aiter the quinone compound.

In certain embodiments, the ascorbic acid and quinone
compounds are administered together in a single composi-
tion comprising ascorbic acid, or a single enantiomer, a
mixture of enantiomers, or a mixture of diastereomers
thereof; or a pharmaceutically acceptable salt, solvate, or
hydrate thereof, and a quinone compound, or a single
enantiomer, a mixture of enantiomers, or a mixture of
diastereomers thereof, or a pharmaceutically acceptable sallt,
solvate, hydrate, or prodrug thereof.

In certain embodiments, the ascorbic acid and quinone
compounds are administered to the subject after mealtime.
In certain embodiments, the ascorbic acid and quinone
compounds are administered to the subject with a meal.

In one embodiment, the antiparasitic agent 1s an antipro-
tozoal, an antthelminthic, an antinematode, an anticestode,
an antitrematode, an antiamoebic, or an anftifungal. In
another embodiment, the antiparasitic agent 1s albendazole,
amphotericin B, benznidazole, bephenium, diethylcarbam-
zine, eflornithine, flubendazole, 1vermectin, mebendazole,
meglumine antimonite, melarsoprol, metronidazole, milte-
fosine, niclosamide, nifurtimox, nitazoxanide, pentavalent
antimony, praziquantel, pyrantel, pyrvinium, sodium stibo-
gluconate, thiabendazole, or timidazole. In yet another
embodiment, the antiparasitic agent 1s nifurtimox.

In one embodiment, the antiparasitic agent 1s a nitroimi-
dazole. In another embodiment, the antiparasitic agent 1s a
2-nitroimidazole. In yet another embodiment, the antipara-
sitic agent 1s a S-nitroimidazole. In yet another embodiment,
the antiparasitic agent 1s azanidazole, dimetridazole, mega-
zol, metronidazole, nimorazole, ornidazole, pretomanid, or
tinidazole. In still another embodiment, the antiparasitic
agent 1s benzmdazole.

In certain embodiments, the subtherapeutically effective
amount of the antiparasitic agent 1s no greater than about 14,
no greater than about 14, no greater than about 14, no greater
than about 5, no greater than about Y10, no greater than
about 20, no greater than about Y50, or no greater than about
/100 of the therapeutically eflective amount of the antipara-
sitic agent when used alone.

In certain embodiments, the subtherapeutically effective
amount of the antiparasitic agent 1s no greater than about 42
of the therapeutically eflective amount of the antiparasitic
agent when used alone. In certain embodiments, the sub-
therapeutically efiective amount of the antiparasitic agent 1s
no greater than about 4 of the therapeutically effective
amount of the antiparasitic agent when used alone. In certain
embodiments, the subtherapeutically eflective amount of the
antiparasitic agent 1s no greater than about 4 of the thera-
peutically eflective amount of the antiparasitic agent when
used alone. In certain embodiments, the subtherapeutically
ellective amount of the antiparasitic agent 1s no greater than
about 5 of the therapeutically effective amount of the
antiparasitic agent when used alone. In certain embodi-
ments, the subtherapeutically effective amount of the anti-
parasitic agent 1s no greater than about 10 of the therapeu-
tically effective amount of the antiparasitic agent when used
alone. In certain embodiments, the subtherapeutically eflec-
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tive amount of the antiparasitic agent 1s no greater than about
50 of the therapeutically effective amount of the antipara-
sitic agent when used alone. In certain embodiments, the
subtherapeutically eflective amount of the antiparasitic
agent 1s no greater than about Y50 of the therapeutically
cllective amount of the antiparasitic agent when used alone.
In certain embodiments, the subtherapeutically eflective
amount of the antiparasitic agent 1s no greater than about
/100 of the therapeutically effective amount of the antipara-
sitic agent when used alone.

In certain embodiments, the antiparasitic agent 1s admin-
istered to the subject before the administration of the ascor-
bic acid and quinone compounds. In certain embodiments,
the antiparasitic agent 1s administered to the subject con-
currently with the ascorbic acid and quinone compounds. In
certain embodiments, the antiparasitic agent 1s administered
to the subject after the administration of the ascorbic acid
and quinone compounds.

In certain embodiments, the antiparasitic agent as used 1n
the methods provided herein 1s administered QD, or divided
into multiple daily doses such as BID, TID, or QID. In
certain embodiments, the antiparasitic agent as used 1n the
methods provided herein 1s administered QD. In certain
embodiments, the antiparasitic agent as used 1n the methods
provided herein 1s admimistered BID. In certain embodi-
ments, the antiparasitic agent as used in the methods pro-
vided herein 1s administered TID. In certain embodiments,
the antiparasitic agent as used in the methods provided
herein 1s administered QID.

In certain embodiments, the antiparasitic agent as used 1n
the methods provided herein 1s administered to the subject in
an amount ranging from about 10 pg/kg/day to about 10
mg/kg/day, from about 20 ug/kg/day to about 5 mg/kg/day,
from about 50 ug/kg/day to about 2 mg/kg/day, or from
about 100 ug/kg/day to about 1 mgkeg/day. In certain
embodiments, the antiparasitic agent as used 1n the methods
provided herein 1s administered to the subject 1n an amount
ranging from about 10 ng/kg/day to about 10 mg/kg/day. In
certain embodiments, the antiparasitic agent as used 1n the
methods provided herein 1s administered to the subject in an
amount ranging from about 20 yug/kg/day to about 5 mg/kg/
day. In certain embodiments, the antiparasitic agent as used
in the methods provided herein 1s administered to the subject
in an amount ranging from about 50 ug/kg/day to about 2
mg/kg/day. In certain embodiments, the antiparasitic agent
as used 1n the methods provided herein 1s administered to the
subject 1n an amount ranging from about 100 ug/kg/day to
about 1 mg/kg/day.

In certain embodiments, the antiparasitic agent 1s ben-
znmdazole administered to the subject 1n an amount ranging
from about 10 pg/kg/day to about 10 mg/kg/day, from about
20 ug/kg/day to about 5 mg/kg/day, from about 50 ug/kg/day
to about 2 mg/kg/day, or from about 100 ug/kg/day to about
1 mg/kg/day. In certain embodiments, the antiparasitic agent
1s benznidazole administered to the subject 1n an amount
ranging from about 10 ug/kg/day to about 10 mg/kg/day. In
certain embodiments, the antiparasitic agent 1s benznidazole
administered to the subject in an amount ranging from about
20 ug/kg/day to about 5 mg/kg/day. In certain embodiments,
the antiparasitic agent 1s benznidazole administered to the
subject 1n an amount ranging from about 50 ug/kg/day to
about 2 mg/kg/day. In certain embodiments, the antiparasitic
agent 1s benzmidazole admimstered to the subject 1n an
amount ranging from about 100 ug/kg/day to about 1
mg/kg/day.

The adminmistered doses of the antiparasitic agent can also
be expressed in units other than the unit “mg/kg/day” or
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“o/kg/day.” For example, doses for parenteral administration
can be expressed as mg/m*/day. One of ordinary skill in the
art would readily know how to convert doses from mg/kg/
day to mg/m~/day, given either the height or weight of a
subject or both. For example, a dose of 1 mg/kg/day for a 65
kg human is approximately equal to 38 mg/m~/day.

In certain embodiments, the antiparasitic agent as used in
the methods provided herein 1s administered to the subject in
an amount ranging from about 0.01 mg to about 200 mg per
day, from about 0.02 mg to about 100 mg per day, from
about 0.05 mg to about 50 mg per day, from about 0.1 mg
to about 10 mg per day, from about 0.1 mg to about 5 mg per
day, from about 0.1 mg to about 2 mg per day, or from about
0.1 mg to about 1 mg per day. In certain embodiments, the
antiparasitic agent as used in the methods provided herein 1s
administered to the subject in an amount ranging from about
0.01 mg to about 200 mg per day. In certain embodiments,
the antiparasitic agent as used in the methods provided
herein 1s administered to the subject in an amount ranging,
from about 0.02 mg to about 100 mg per day. In certain
embodiments, the antiparasitic agent as used in the methods
provided herein 1s administered to the subject 1n an amount
ranging from about 0.05 mg to about 50 mg per day. In
certain embodiments, the antiparasitic agent as used 1n the
methods provided herein 1s administered to the subject 1n an
amount ranging from about 0.1 mg to about 10 mg per day.
In certain embodiments, the antiparasitic agent as used 1n the
methods provided herein 1s administered to the subject in an
amount ranging from about 0.1 mg to about 5 mg per day.
In certain embodiments, the antiparasitic agent as used in the
methods provided herein 1s administered to the subject 1n an
amount ranging from about 0.1 mg to about 2 mg per day.
In certain embodiments, the antiparasitic agent as used in the
methods provided herein 1s administered to the subject 1n an
amount ranging ifrom about 0.1 mg to about 1 mg per day.

In certain embodiments, the antiparasitic agent 1s ben-
zmdazole administered to the subject 1n an amount ranging
from about 0.01 mg to about 200 mg per day, from about
0.02 mg to about 100 mg per day, from about 0.05 mg to
about 50 mg per day, from about 0.1 mg to about 10 mg per
day, from about 0.1 mg to about 5 mg per day, from about
0.1 mg to about 2 mg per day, or from about 0.1 mg to about
1 mg per day. In certain embodiments, the antiparasitic agent
1s benznidazole administered to the subject 1n an amount
ranging from about 0.01 mg to about 200 mg per day. In
certain embodiments, the antiparasitic agent 1s benznidazole
administered to the subject 1n an amount ranging from about
0.02 mg to about 100 mg per day. In certain embodiments,
the antiparasitic agent 1s benznidazole administered to the
subject 1n an amount ranging from about 0.05 mg to about
50 mg per day. In certain embodiments, the antiparasitic
agent 1s benzmidazole administered to the subject 1n an
amount ranging from about 0.1 mg to about 10 mg per day.
In certain embodiments, the antiparasitic agent 1s benznida-
zole administered to the subject 1n an amount ranging from
about 0.1 mg to about 5 mg per day. In certain embodiments,
the antiparasitic agent 1s benznidazole administered to the
subject in an amount ranging from about 0.1 mg to about 2
mg per day. In certain embodiments, the antiparasitic agent
1s benznidazole admimstered to the subject in an amount
ranging ifrom about 0.1 mg to about 1 mg per day.

Depending on the condition of the parasitic disease to be
treated and the subject’s condition, the antiparasitic agent
used 1n the methods provided herein can be administered by
oral, parenteral (e.g., intramuscular, intraperitoneal, intrave-
nous, CIV, intracistemal 1njection or infusion, subcutaneous
injection, or implant), inhalation, nasal, vaginal, rectal,
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sublingual, or topical (e.g., transdermal or local) route of
administration. In certain embodiments, the antiparasitic
agent used 1n the methods provided herein 1s administered
by oral, parenteral, intravenous, or topical route of admin-
istration. The antiparasitic agent used 1n the methods pro-
vided herein may be formulated, alone or together, in
suitable dosage unit with one or more pharmaceutically
acceptable excipients appropriate for each route of admin-
1stration.

In one embodiment, the antiparasitic agent 1s adminis-
tered orally. In another embodiment, the antiparasitic agent
1s administered parenterally. In yet another embodiment, the
antiparasitic agent 1s administered intravenously. In still
another embodiment, the antiparasitic agent 1s administered
topically.

The routes of administration of the ascorbic acid com-
pound, the quinone compound, and the antiparasitic agent
can be the same or different.

In certain embodiments, the ascorbic acid compound, the
quinone compound, and the antiparasitic agent are admin-
istered repetitively if necessary, for example, until the sub-
ject experiences stable disease or regression, or until the
subject experiences disease progression or unacceptable
toxicity. Stable disease or lack thereof 1s determined by
methods known 1n the art such as evaluation of subject’s
symptoms, physical examination, or diagnostic testing. In
certain embodiments, the ascorbic acid compound, the qui-
none compound, and the antiparasitic agent are administered
repetitively until the subject becomes immunoglobulin G
(IgG) antibody negative agonist a recombinant antigen of
the parasite. In certain embodiments, the ascorbic acid
compound, the quinone compound, and the antiparasitic
agent are admimstered repetitively until the subject becomes
immunoglobulin G (IgG) antibody negative agonist a
recombinant antigen ol 7rypanosoma. In certain embodi-
ments, the ascorbic acid compound, the quinone compound,
and the antiparasitic agent are administered repetitively until
the subject becomes immunoglobulin G (Ig(G) antibody
negative agonist a recombinant antigen of 7rypanosoma
CrUZzi.

In certain embodiments, the ascorbic acid compound, the
quinone compound, and the antiparasitic agent are admin-
istered to the subject over an extended period of time,
ranging from about 10 day to about 5 years, from about 20
days to about 2 years, from about 20 days to about 1 years,
from about 20 days to about 6 months, from about 20 days
to about 90 days, or from about 30 days to about 60 days.

In certain embodiments, the ascorbic acid compound, the
quinone compound, and the antiparasitic agent as used 1n the
methods provided herein are cyclically administered.
Cycling therapy involves the administration of an active
agent for a period of time, followed by a rest for a period of
time, and repeating this sequential administration. Cycling
therapy can reduce the development of resistance to one or
more of the therapies, avoid or reduce the side eflects of one
of the therapies, and/or improves the eflicacy of the treat-
ment.

In certain embodiments, the methods provided herein
encompass treating a subject regardless of patient’s age. In
certain embodiments, the subject 1s a pediatric patient. In
certain embodiments, the subject 1s a pediatric patient of 2
to 12 years.

In certain embodiments, the subject 1s a mammal. In
certain embodiments, the mammal 1s a human. In certain
embodiments, the subject 1s one of livestock. In certain
embodiments, the subject 1s a domesticated animal.
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In certain embodiments, the ascorbic acid compound, the
quinone compound, and the antiparasitic agent act synergis-
tically in treating, preventing, or alleviating one or more
symptoms of the parasitic disease when compared to the
administration of the ascorbic acid compound, the quinone
compound, or the antiparasitic agent alone.

Without being limited by any theory, a synergistic effect
of the combination of the active mngredients provided herein
permits the use of lower dosages of at least one of the active
ingredients, and/or less frequent administration of the com-
bination to a subject for treating the parasitic disease. The
ability to utilize lower dosages of certain active ingredients
in the combination (e.g., a prophylactic or therapeutic agent)
and/or to administer the combination less frequently reduces
the toxicity associated with the administration of the com-
bination to a subject without reducing the eilicacy of the
combination 1n the prevention or treatment of the parasitic
disease. In addition, a synergistic eflect can result 1n
improved eflicacy of the active ingredients 1n the prevention
or treatment of the parasitic disease. Furthermore, a syner-
gistic eflect of the combination may avoid or reduce adverse
or unwanted side eflects associated with the use of at least
one of the active ingredients.

In one embodiment, provided herein 1s a method of
inhibiting parasitic growth, comprising contacting a parasite
with: (a) a therapeutically eflective amount of: (1) ascorbic
acid, or a single enantiomer, a mixture of enantiomers, or a
mixture of diasterecomers thereof; or a pharmaceutically
acceptable salt, solvate, or hydrate thereof; and (11) a qui-
none compound, or a single enantiomer, a mixture of enan-
tiomers, or a mixture of diastereomers thereof, or a phar-
maceutically acceptable salt, solvate, hydrate, or prodrug
thereot; and (b) a subtherapeutically effective amount of an
antiparasitic agent.

In another embodiment, provided herein 1s a method of
killing a parasite, comprising contacting the parasite with:
(a) a therapeutically eflective amount of: (1) ascorbic acid, or
a single enantiomer, a mixture of enantiomers, or a mixture
of diasterecomers thereof; or a pharmaceutically acceptable
salt, solvate, or hydrate thereof; and (1) a quinone com-
pound, or a single enantiomer, a mixture of enantiomers, or
a mixture of diastereomers thereof, or a pharmaceutically
acceptable salt, solvate, hydrate, or prodrug thereof; and (b)
a subtherapeutically eflective amount of an anftiparasitic
agent.

In yet another embodiment, provided herein 1s a method
ol 1ncreasing the cytotoxicity of an antiparasitic agent to a
parasite, comprising contacting the parasite with a therapeu-
tically effective amount of: (1) ascorbic acid, or a single
enantiomer, a mixture of enantiomers, or a mixture of
diastereomers thereof; or a pharmaceutically acceptable sallt,
solvate, or hydrate thereof; and (11) a quinone compound, or
a single enantiomer, a mixture of enantiomers, or a mixture
ol diasterecomers thereof, or a pharmaceutically acceptable
salt, solvate, hydrate, or prodrug thereof.

In certain embodiments, the methods provided herein
turther comprise administering an additional therapeutic
agent or therapy that 1s useful in treating, preventing, or
ameliorating one or more symptoms ol a parasitic disease.
Effective dosages of the additional therapeutic agent can be
administered together with, alternatively to, or sequentially
to the administration of the active ingredients provided
herein. The dosages given will depend on absorption, 1nac-
tivation, and excretion rates of the therapeutic agents as well
as other factors known to those of skill in the art. It 1s to be
noted that dosage values will also vary with the severity of
the condition to be alleviated. It 1s to be further understood
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that for any particular subject, specific dosage regimens and
schedules should be adjusted over time according to the

individual need and the professional judgment of the person
administering or supervising the admimstration of the com-
positions.

In certain embodiments, provided herein are kits which,
when used by the medical practitioner, can simplity the
administration of appropriate amounts of active ingredients
to a subject. In certain embodiments, the kit provided herein
includes containers and dosage forms of the active ingredi-
ents provided herein.

Kits provided herein can further include devices that are
used to administer the active ingredients. Examples of such
devices 1nclude, but are not limited to, syringes, needle-less
injectors drip bags, patches, and inhalers. The kits provided
herein can also include condoms for administration of the
active igredients.

Kits provided herein can further include pharmaceutically
acceptable vehicles that can be used to administer one or
more active ingredients. For example, 11 an active ingredient
1s provided 1n a solid form that must be reconstituted for
parenteral administration, the kit can comprise a sealed
container of a suitable vehicle in which the active ingredient
can be dissolved to form a particulate-free sterile solution
that 1s suitable for parenteral administration. Examples of
pharmaceutically acceptable vehicles include, but are not
limited to: aqueous vehicles, including, but not limited to,
Water for Injection USP, Sodium Chloride Injection, Ring-
er’s Injection, Dextrose Injection, Dextrose and Sodium
Chlonide Injection, and Lactated Ringer’s Injection; water-
miscible vehicles, including, but not limited to, ethyl alco-
hol, polyethylene glycol, and polypropylene glycol;, and
non-aqueous vehicles, including, but not limited to, corn oil,
cottonseed o1l, peanut o1l, sesame o1l, ethyl oleate, 1sopropyl
myristate, and benzyl benzoate.

The disclosure will be further understood by the following
non-limiting examples.

EXAMPLES

Example 1

Evaluation of Vitamins C and K, 1n Combination
with an Antiparasitic Agent in Mice Infected with
Irvpanosoma cruzi

Male BALB/c mice (approximately 7-8 weeks) were
infected intraperitoneally with 10* parasites per mouse.
Treatment started 24 hours after infection. The administra-
tion of vitamin C (1.e., L-ascorbic acid), vitamin K, (1.e.,
2-methyl-1,4-naphthoquinone or menadione), APATONE®,
and benznidazole, alone or in combination, were adminis-
tered once a day orally in different concentrations.

The mice were divided 1nto the following groups and each
group contained seven mice:

1. infected and not treated;

11. 1infected and treated with 200 mg/kg of vitamin C;

111. 1nfected and treated with 3.5 mg/kg of vitamin K;;

1v. infected and treated with APATONE® (200 mg/kg of
vitamin C and 3.5 mg/kg of vitamin K;);

v. infected and treated with APATONE® (200 mg/kg of
vitamin C and 3.5 mg/kg of vitamin K;) plus 5 mg/kg
benznidazole;

v1. infected and treated with benznidazole at 5 mg/kg;

vil. infected and treated with benznidazole at 100 mg/kg;
and

viil. not infected and not treated.
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Parasitemia levels were individually checked every day
starting from 3 days postintection (dp1) over a 21-day period
by direct microscopic analysis of 5 ul. blood drawn by
puncture of the tail tip of each mouse. The parasites present
in 50 fields were counted 1mn 40x objective. Mortality was
checked daily until 21 dpi1 and was expressed as a percentage
of survival. All assays were carried out after the approval of

the Lthical Conduct on the use of Animals in Experiments
(CEAE) of UEM, protocol number CEUA 6642060717.

As shown 1n FIG. 1, APATONE® decreased parasitemia
levels compared to the infected and untreated group (Group
1). This reduction 1n parasitemal peak (8 dp1) was 77%. At

the end of the 21 dp1, no trypomastigotes were observed in
the bloodstream of APATONE®-treated mice. The mice

treated with APATONE® plus benznidazole (5 mg/kg) in
combination completely eliminated parasites from the
bloodstream, even from the beginning of the infection. In
view ol the superior and unexpected results obtained with
this treatment, three mice from Group v were kept for
another 15 days to vernily if the parasitemia would return
alter ending the treatment. During these 15 days, no parasite
has been observed in the bloodstream and all the three mice
survived (FIG. 2).

The mice treated only with vitamin C or vitamin K, alone
died from day 14, showing that the vitamins alone did not
have any eflicacy. The amount of parasites observed in the
bloodstream of these nice was similar to the infected and
untreated control. Three mice died 1n group treated only with
benznidazole at 5 mg/kg, a concentration that 1s known to be
not effective, only 4 mice remained. The amount of parasites
observed 1n the bloodstream of this group (Group vi) was
also similar to the infected and untreated control, confirming
that benzmdazole at 5 mg/kg 1s not eflective to eliminate
parasites. No mice died and no parasite was observed 1n the
bloodstream 1n the group treated with benznidazole at 100
mg/kg, the eflective concentration however known to induce
severe toxic eflects (FIG. 1).

At the end of 21 dpi, the infected and treated group with
APATONE® had a survival rate of 77%, while the group
treated with APATONE® and benznidazole (5 mg/kg) in
combination presented 100% survival (FIG. 2). The mice
infected and treated with APATONE® and treated with
combination of APATONE® plus benznidazole presented
similar appearance to the mice in the not infected and not
treated group.

Cytokine analysis was performed on the mice infected
with 7. cruzi. A cytokine bead (CBA) kit was used to

quantily the levels of Thl cytokines (IL-2, TNF-a, and
INF-v), Th2 (IL-4, IL-5, and IL-10A), and Th17 (IL-17) by
flow cytometry. Seven bead populations with different fluo-
rescence intensities were conjugated to a specific capture
antibody for each cytokine, mixed to the CBA and read
without FL3 channel of a FACSCalibur flow cytometer. The
populations of beads were visualized according to their
respective fluorescence intensities: from less bright to
brighter.

Acquisition tubes were prepared with: 50 uLL of a sample,
50 ulL of beads, and 50 ulL of Th1/Th2/Thl17 PE (Mouse
Th1/Th2/Th17 PE Detection Reagent/1 vial, 4 mL). The
same procedure was performed to obtain a standard curve.
The samples 1n the tubes were homogenized and incubated
for three hours at room temperature i dark. The data
acquisition and analysis were performed using a FACSCali-
bur flow cytometer equipped with a CellQuest soiftware.

The levels of promnflammatory (IL-6, TNF-o, INF-y, IL-2,
and IL-17) and anti-inflammatory cytokines (IL-4 and
IL-10) 1n heart (FIG. 3) in blood were determined on the
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mice infected with 1. cruzi. F1G. 3 shows that the mice
infected with 7. cruzi and untreated had significant and high
levels of IL-6, TNF-a, and IFN-y (up to 15.3; 30.5; and
135.5 tfold, respectively) compared with the uninfected and
untreated mice. The mice infected with 7. cruzi and treated
with benznidazole at 5 mg and 100 mg showed a significant
decrease 1n the levels of IL-6 and TNF-a, compared with the
infected and untreated group. However, the levels of 1L-6
and TNF-a 1n this group were still high compared with the
uninfected and untreated group. It 1s important to remember
that the treatment with benznidazole (5 mg) did not decrease
the amount of parasites in the bloodstream as 1n the infected
and untreated group (FIG. 1) Thus, 1t 1s likely that the high
levels of IL-6 and TNF-a 1n the mice infected with 1 cruzi
and treated with benznidazole (5 mg) are related to the
inflammatory process induced by the parasite 1n the blood-
stream. On the other hand, in the mice treated with ben-
zmdazole at 100 mg (the effective concentration), there was
no parasite detected in the bloodstream (FIG. 1). Thus, it 1s
likely that the high levels of IL-6 and TNF-o 1in the mice
infected with 7. cruzi and treated with benznidazole (100
mg) are related to the proinflammatory activity of benznida-
zole (a side eflect). However, the mice infected with 1. cruzi
and treated with APATONE® and benznidazole (5 mg/kg/
day) in combination showed a marked and significant
decrease 1n the levels of IL-6, TNF-a, and IFN-v (up to 30.8;
30.7; and 65.7 fold; respectively), compared to the infected
and untreated group. The levels of IL-6, TNF-a, and IFN-y
in the group treated with APATONE® and benzmdazole (5
mg/kg/day) 1n combination are similar to the levels of 1L-6,
TNF-o and IFN-v 1n the uninfected and untreated group. The
mice infected with 7. cruzi and treated only with APA-
TONE® also significantly decrease the levels of pro-inflam-
matory cytokines (IL-6, TNF-a, and IFN-y) (up to 29.7;
18.6; and 135.0 fold; respectively), compared with the
infected and untreated group, however the decreases 1n the
levels of TNF-o and IFN-y were not as significant as the
combination of APATONE® and benznidazole (5 mg). FIG.
4 shows that the blood cytokine levels are very similar to the
heart cytokine levels 1n 7. cruzi infected mice.

Real-time quantitative PCR (RT-gPCR) was performed to
determine tissue parasite burden in control mice and 7.
cruzi-infected and treated mice. Heart tissues were collected
from mice at 21 dpi1, weighed, and washed 1n PBS. The
DNAs were purified by PurelLink Genomic kit. The DNAs
Real-time PCR was performed by using QuantiNova SYBR
green PCR Kit with 100 ng of total genomic DNA (gDNA).
The primers used were TCZ-F (5'-GCTCTTGCC-
CACAMGGGTGC-3") and TCZ-R (5'-CCAAGCAGCG-
GATA-GTTCAGG-3"). The samples were amplified with a
LIGHTCYCLER® 480 under the following PCR condi-
tions: a denaturation phase at 95° C. for 2 min, then 35
cycles of amplification 95° C. for 15 s, 60° C. for 10 s. At
the end of each run, a melting curve was obtained from 635°
C. to 97° C. to momtor primer dimers or non-specific
product formation. A standard curve was established using
purified 7. cruzi DNA; serial dilutions ranging from 100 to
0.001 ng of DNA parasites 1n triplicate. The standard curve
was generated by LIGHTCYCLER®96 software and used
to calculate the parasite level 1n each sample. The parasite
levels were based on DNA per epimastigote cell, where
DNA per cell was considered 200 fg/parasite.

The group treated with APATONE® and benznidazole (5
mg) in combination had complete elimination of parasites
from the cardiac tissues (FIG. 5) and bloodstream (FIG. 6).
The group treated with APATONE® had a significant reduc-

tion 1n the parasite burden in cardiac tissues (FIG. 5) and a
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complete elimination of the parasites from the bloodstream
(FIG. 6) compared with the infected and untreated group.

The examples set forth above are provided to give those
of ordinary skill in the art with a complete disclosure and
description of how to make and use the claimed embodi-
ments, and are not mtended to limit the scope of what 1s
disclosed herein. Modifications that are obvious to persons
of skill 1n the art are intended to be within the scope of the
tollowing claims. All publications, patents, and patent appli-
cations cited 1n this specification are incorporated herein by
reference as 1I each such publication, patent or patent
application were specifically and individually indicated to be
incorporated herein by reference.

What 1s claimed 1s:

1. A method of treating or alleviating one or more
symptoms ol a parasitic disease 1 a subject, comprising
administering to the subject: (1) ascorbic acid, or a single
enantiomer, a mixture of enantiomers, or a mixture of
diastereomers thereof; or a pharmaceutically acceptable salt
thereot; (11) vitamin K, or a single enantiomer, a mixture of
enantiomers, or a mixture of diastereomers thereotf, or a
pharmaceutically acceptable salt thereof; and (111) an anti-
parasitic agent.

2. The method of claim 1, wherein the parasitic disease 1s
Alrican trypanosomiasis, amoebiasis, ascariasis, babesiosis,
Chagas disease, cryptosporidiosis, cutaneous larva migrans,
dirofilariasis, echinococcosis, fasciolosis, filariasis, lym-
phatic filariasis, giardiasis, helminthiasis, hookworm infec-
tion, leishmamniasis, visceral leishmaniasis, malaria, neuro-
cysticercosis,  onchocerciasis, protozoan  infection,
schistosomiasis, taeniasis, tapeworm 1nfection, toxocariasis,
toxoplasmosis, trichinosis, or zoonosis.

3. The method of claim 1, wherein the parasitic disease 1s
Chagas disease.

4. The method of claim 1, wherein the parasitic disease 1s
leishmaniasis.

5. The method of claim 1, wherein the parasitic disease 1s
cutaneous leishmaniasis, mucocutaneous leishmaniasis, or
visceral leishmaniasis.

6. A method of inhibiting parasitic growth 1n, eliminating
a parasite from, or increasing the quality of life of a subject
infected with a parasite, comprising administering to the
subject: (1) ascorbic acid, or a single enantiomer, a mixture
of enantiomers, or a mixture of diastereomers thereof; or a
pharmaceutically acceptable salt thereof; (11) vitamin K,, or
a single enantiomer, a mixture of enantiomers, or a mixture
of diasterecomers thereof, or a pharmaceutically acceptable
salt thereof; and (111) an antiparasitic agent.

7. A method of increasing the eflicacy of an antiparasitic
agent 1n, 1creasing tolerance to an antiparasitic agent 1n,
reducing a side eflect of an antiparasitic agent to, or reducing,
a toxicity of an antiparasitic agent to a subject infected with
a parasite, comprising administering to the subject: (1)
ascorbic acid, or a single enantiomer, a mixture of enan-
tiomers, or a mixture ol diasterecomers thereol; or a phar-
maceutically acceptable salt thereotf; and (11) vitamin K;, or
a single enantiomer, a mixture of enantiomers, or a mixture
of diastercomers thereof, or a pharmaceutically acceptable
salt thereof.

8. The method of claim 7, wherein the side eflect 1s a side
ellect of benznidazole or nifurtimox.

9. The method of claim 7, wherein the toxicity 1s a toxicity
of benznidazole or nifurtimox.
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10. The method of claim 1, wherein the ascorbic acid 1s
administered orally or intravenously.

11. The method of claim 1, wherein vitamin K 1s admin-
istered orally or intravenously.

12. The method of claim 1, wherein the ascorbic acid 1s
L-ascorbic acid or a pharmaceutically acceptable salt
thereol, or a pharmaceutically acceptable solvate or hydrate
thereof.

13. The method of claim 12, wherein the ascorbic acid 1s
an alkali or alkaline earth metal salt of L-ascorbic acid, or a
pharmaceutically acceptable solvate or hydrate thereof.

14. The method of claim 12, wherein the ascorbic acid 1s
sodium L-ascorbate, potassium L-ascorbate, calcium
[-ascorbate, or magnesium L-ascorbate, or a pharmaceuti-
cally acceptable solvate or hydrate thereof or a mixture
thereof.

15. The method of claim 1, wherein vitamin K, 1s 1,2,3,
4-tetrahydro-2-methyl-1,4-dioxo-2-naphthalenesulionic
acid or a pharmaceutically acceptable salt thereof; or a
pharmaceutically acceptable solvate or hydrate thereof.

16. The method of claim 1, wherein vitamin K 1s an alkali
or alkaline earth metal salt of 1,2,3,4-tetrahydro-2-methyl-
1,4-dioxo-2-naphthalenesulionic acid, or a pharmaceutically
acceptable solvate or hydrate thereof.

17. The method of claim 1, wherein vitamin K, 1s
2-methyl-1,4-naphthalenedione; or a pharmaceutically
acceptable solvate or hydrate thereof.

18. The method of claim 1, wherein the molar ratio of the
ascorbic acid to vitamin K 1s ranging from about 50 to about
500.

19. The method of claim 1, wherein the ascorbic acid 1s
administered 1n an amount ranging from about 500 mg to
about 30,000 mg per day, and vitamin K, 1s administered 1n
an amount ranging from about 3 mg to about 1,200 mg per
day.

20. The method of claim 1, wherein the ascorbic acid and
vitamin K, are administered as one or more capsules, each
comprising about 500 mg of sodium L-ascorbate and about
3 mg of sodium 1,2,3,4-tetrahydro-2-methyl-1,4-d1oxo-2-
naphthalenesulifonate.

21. The method of claim 1, wherein the ascorbic acid and
vitamin K, are administered as one or more capsules, each
comprising about 1,000 mg of calcium L-ascorbate and
about 10 mg of 2-methyl-1,4-naphthalenedione.

22. The method of claim 1, wherein the antiparasitic agent
1s an antiprotozoal, an antihelminthic, an antinematode, an
anticestode, an antitrematode, an antiamoebic, or an anti-
fungal.

23. The method of claim 1, wherein the antiparasitic agent
1s albendazole, amphotericin B, benznidazole, bephenium,
diethylcarbamzine, eflornithine, flubendazole, ivermectin,
mebendazole, meglumine antimonite, melarsoprol, metron-
1dazole, miltetfosine, niclosamide, nifurtimox, nitazoxanide,
pentavalent antimony, praziquantel, pyrantel, pyrvinium,
sodium stibogluconate, thiabendazole, or timdazole.

24. The method of claim 1, wherein the antiparasitic agent
1s benznidazole or nifurtimox.

25. The method of claim 1, wherein the antiparasitic agent
1s administered 1n a subtherapeutically effective amount.

26. The method of claim 1, wherein vitamin K 1s sodium
or magnesium 1,2,3,4-tetrahydro-2-methyl-1,4-d1oxo-2-
naphthalenesulifonate, or a pharmaceutically acceptable sol-
vate or hydrate thereof.
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