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(57) Abstract: The invention features therapeutic compounds usetful for the treatment of skin diseases (e.g., psoriasis and eczema),

infections (microbial, viral, and fungal), and wounds (e.g., cuts and burns). The compounds of the invention include therapeutically-
effective amounts of L- Arginine, undecylenic acid, and Rheum Officinale extract. The invention further provides for the administra-
O tion of the therapeutic compounds to a patient (e.g., a human) suffering from a skin disease, infection, or wound.
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THERAPEUTIC COMPOUNDS FOR SKIN DISORDERS

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH
OR DEVELOPMENT
Not Applicable.

BACKGROUND OF THE INVENTION

Bacterial infections of the skin and underlying tissue present a significant clinical
treatment 1ssue. These types of infections commonly involve Gram-positive bacteria that
colonize on the skin and underlying tissue and symptoms can range from mild discomfort to
death. Bacteria cause a number of skin conditions such as impetigo, cellulitis, boils, and
acne. Deep tissue infections of surgical wounds or traumatic wounds can invade the blood
stream leading to septicemia and death.

Currently, many skin infections that are caused by Gram-positive bacteria are
aggressively treated with antibiotics. However, as strains of pathogenic bacteria develop
antibiotic resistance mechanisms, 1t becomes crucial to develop novel therapies that inhibit
bacterial growth without using traditional antibiotics. In recent years, the issue of bacterial
antibiotic resistance has become much more recognized with the development of so-called
'suberbugs' such as methicillin-resistant Staphylococcus aureus (MRSA) and vancomycin-
resistant enierococcus (VRE). These bacterta are common skin pathogens that have
developed significant antibiotic resistance. With the continued use of antibiotics in both
humans and animals bred for consumption, many common strains of skin bacteria are
developing widespread antibiotic resistance leading to serious health care issues. Common
bacteria that are implicated i skin infections are Methicillin resistant Staphylococcus
avreus, S. pyogenes and S. pneumoniae, E. faecalis and S. agalactiae. As these bacteria
colonize the skin they break down the epidermis, induce an inflammatory response, and if

untreated, invade into deeper tissue causing cellulitis. In extreme cases the bacteria invade

the circulatory system causing sepsis and possible death.
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It has become evident to the medical community that novel treatments must be
developed to address this issue. However, many pharmaceutical companies have not
aggressively pursued the development of new, antimicrobial treatments for skin and wound

infections.

SUMMARY OF THE INVENTION
In general, the present invention 1s based on the discovery of compounds that exhibit
therapeutic properties when used to treat, ¢.g., skin infections or wounds. These therapeutic
compounds can be used to treat or prevent a disease, condition, or symptom 1n a patient (€.g. a
human) caused by an infection (e.g., a bacterial, fungal, viral, or parasitic skin infection) or to

promote wound healing. Accordingly, in a first aspect, the invention provides as therapeutic

pharmaccutically acceptable salt thercof. In onc embodiment, the amount of L-Arginine 1n the
combination therapy 1s from about 5 % w/v to 500% w/v. In another embodiment, the amount
of undeccylenic acid in the combination therapy 1s from about 2% v/v to 50% v/v. In a further
embodiment, the amount of Rheum Officinale extract in the combination therapy 1s from about
0.025% w/v to 2.5% w/v. In another embodiment, the amount of L-Arginine 1s about 50% w/v,
the amount of undecylenic acid 1s about 20% v/v, and the amount of Rheum Officinale extract 1s
about 0.25% w/v. In all embodiments, the combination therapy can include a cooling or heating
additive, such as menthol, or a pharmacecutically acceptable excipient, diluent, or carrier. In all
embodiments, the compound may be optimized for topical application.

In a second aspect, the invention features a method of treating a patient, such as a
human) suffering from a disease by administering to the patient a therapeutically effective
amount of the compounds of the mmvention. In one embodiment, the patient suffers from, or 1s at
risk of contracting, a skin discase such as acne, psoriasis, or eczema. In another embodiment,
the patient suffers from an infection caused by a microbial, viral, or fungal agent. In a further
embodiment, the patient suffers from, or 1s at risk of developing, a burn, cut, puncture, or
abrasion wound. In all such embodiments, the patient 1s administered the therapeutic compound
of the invention containing about 50% w/v L-Arginine, about 20% v/v undecylenic acid, and
0.25% w/v Rheum Officinale extract.

In a third aspect, the mvention features a kit containing the therapeutic compound of the

invention and instructions useful for administering the therapy to a patient in need thereof.
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Further embodiments, features, and advantages of the present invention, as well as the
structure and operation of the various embodiments of the present invention, are described in
detail below with a reference to the accompanying drawings.

Unless defined otherwise, all technical and scientific terms used herein have the
meaning commonly understood by a person skilled in the art to which this invention belongs.
The following references provide one of skill with a general definition of many of the terms
used 1n this invention: Singleton et al., Dictionary of Microbiology and Molecular Biology (2nd
ed. 1994), The Cambridge Dictionary of Science and Technology (Walker ed., 1988); The
Glossary of Genetics, 5th Ed., R. Rieger et al. (eds.), Springer Verlag (1991); and Hale &
Marham, The Harper Collins Dictionary of Biology (1991). As used herein, the following terms
have the meanings ascribed to them unless specified otherwise.

77 &6

As uscd herein, the singular form ““a,” “an,” and “th¢” include plural references unless
cclls, imncluding mixtures thercof. The term “a nucleic acid molecule” includes a plurality of
nucleic acid molcculces.

As used herein, the terms below have the meanmgs indicated.

The term Tacyl” as used herem, alone or m combination, refers fo a carbornyl atfached {o
an atkenyl, alkyi, arvi, cycloatioyl, heteroaryi, heterocycivl, or any other moiety where the atom
attached o the carbonyvl is carbon. An “scetyl” group reters to a —{{OUH; group.

An Callkyicarbonyl” or “alkanoyl” group refers o an alkyl group attached 1o the parent
mociccular moicty through a carbonyi group. Examples of such groups nclude methyicarbonyvi
and ethyicarbonvi, Examples of acyl groups melude formyl, alkanoy! and aroyi,

The term “alkenyi’ as used horem, alone or m combination, refers 0 a straighi-chain or
branched-chamn hydrocarbon radical having one or more double bonds optionally substituted
and containing from 2 to 20, preferably 2 to 6, carbon atoms. Alkenyl refers to a carbon-carbon
doubic bond system attached at two or more posiiions such as ethenviene [{(—-CH=CH-},{-(C:.. (-
3. Examples of alkenyl radicals mchude cthenyl, propenyi, Z-methvipropenyi, 1.4-butadienyl
and the hike.

The term alkoxy” as used herein, alone or m combmation, refers o an alkyl cther
radical, optionally substituted whercin the term aikyl 15 as defined below. Examplos of aliovl

ether radicals wchude methoxy, cthoxy, n-propoxy, Sopropoxy, n-buioxy, 1s0-bufoxy, 5e0-

butoxy, tert-butoxy, and the like.



10

15

20

25

30

CA 028394240 2015-06-05

WO 2014/117056 PCT/US2014/013120

The torm “alkyl” as used herein, alone or m combmation, refers 0 a straight-cham or
branched-chain alkyl radical optionally substituted contaming from 1 to 20 and wcluding 20,
prefergbly §io 1, and more preferably | o 6, carbon atoras. Alkvl groups may be optionally
substituted as defimed herom. Examples of alkyl rvadicals wchude methyi, ethvl, n-propyl,
isopropyl, n-butyl, sebutyl, sec-butyl, teri-butvl, pentyl, so-amvyi, hexyl, octyvl, nonvi and the
itke.

The term “alkyiamino” as used herein, alone or in combination, refers to an alkyl group
optionally substituted atisched io the parent molecular moiety through an anuno group.
Alkylamine groups may be mono- or diaikviated, forming groups such as, for example, N-
mcthylamine, N-cthylamino, N, N-dimethvlaming, N, N-ethyilmethvlarmimo and the hike.

The term “alloylthio™ as used herein, alone or in combination, refers 1o an alkyl thuoether
(KR53 radical wherein the torm alkyl 15 as defined above and whercin the sulfur may be singly
or doubly oxwded. Examples ob alkyl thiocther rvadicals melude wocthylthio, cthylthio, o-
propylthio,  sopropyithio, n-butyihio,  iso-butvithio,  sce-butyithie,  tort-butyithio,
racthancsutfonyl, cthancsulimyl, and the hie

The term “alkynyl” as used heremn, alone or i combination, reters to a strajght-cham or
branched cham hydrocarbon radical having one or more inple bonds and contaimng from 2 {o

28, preferably from 2 to 6, more preferably from 2 fo 4, carbon atoms. “Alloyayi” refers to a

carborn-carbon iriple bond attached at two positions such as cthynyiene (—Ci—- {=C-).

-

FExamples of alloynyl radicals wclude ethyayl, propynyl, hydroxypropynyi, butvn~-1-vi, butyn-2-
vi, pentyn--vi, 3-methyibutyn-i-vi, hexyn-2-yi, and the like.

The term “amudo” as used herein, alone or i combination, reler 10 an anuno group as
described below attached to the pareont molecular moicty through a carbonyl group, or vice
VETSa,

The term “amino” as used herein, alone or in combination, refers to —NRR |, wherein R
and R arc independently selected from the group comsisting of hydrogen, alkyl, acyl,
heteroatkovt, arvi, cyclealkyl, heteroaryl, and heterocycloalkyl, any of which may themselves be
optionatly substituted.

The terro “aryl” as used bercin, alone or m combimation, means a carbocychic aromatic
systemn contamimg ong, two or threg rings wherein such rings may be attachod together m a
pendent yoanner or may be fused optionally substituted with at ieast one halogen, an alkyl
containing from 1 o 3 carbon atoms, an alkoxyl, an aryl radical, a2 nitrg function, a8 polyether

radical, a hoteroaryl radical, a benzovl radical, an alkyl ester group, o carboxvhe acid, a
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hyvdroxyi optionally protected with an acctyl or benzoyi group, or an armino tunction opticnally
protected with an acetyl or benzovi group or optionally substituted with at least one alkyl
containing from 1 to 12 carbon atoms.

The terms “arviaiky!” or “aralky!” as used berem, alone or wy combimation, refers {0 an
arvi group attached to the parent molecular moicty through an aliovl group.

The torm “arvioxy” as used herein, alone or i combimanon, reters 0 an aryl group
attached to the parent molecular moicty throupgh an oxveen atonm.

The term “polyether radical” means a polyether radical contammyg from 2 t0 6 carbon
atoms interrupted with at igast one oxygen atom, such as methoxymethyl, ethoxymethyl or
rcthoxyethoxyrmcethyl radicals or methoxyethyl,

The terms “benzo” and “beny” as used herein, alone or in combination, refer to the
divalent radical UgHs= donved from benzence., Examplcs mclude benzothiophene and
benzirmdazole,

The terms “carbamate” and “carbamovl” as uscd hercin, alone or m ¢combnation, rofers
to an ¢ster of carbamio acid (—-NHCOO-) which may be aftached to the parent molecuiar moicty
from either the mitrogen or acid end, and which may be oplionaily substituted as defined herem,

L o/
ST

The term “'carbonyl” as wsed herem, when alone meludes tormylt [—C{OGHT] and m

combination 18 a ~{ {3} group.

A

The term “carboxy’ as used herem, refers to —C{OYOH or the corresponding
“carboxylate” amion, such as 18w a carboxyvliic acid salt. An “O-carboxy” group refers to a
RO{O- group, where R is as defined herein. A “U-carboxy” group refers to a ~C{OHOR
groups where B is as detmed herem.,

The term “chemical stability” according to the invention means that the content exhibits
very little variation with respect to the initial content, namely, that the variation in content of
active principle at the time T should not be less than 90% to more particularly than 95% of the
initial content at TO.

The term “cyano’ as used herom, alone or in combination, reters to ~CUN,

A

The term “cycloalkyl” or, alternatively, “carbocycle”, as used hergin, alone or n

cotabtnation, refers to a saturated or partially saturated monocyehic, bicyclico or tneyclic atkyl
radical wherein cach cyclic mowety contains from 3 to 12, preferably five to soven, carbon atom
ring mevabers and which may optionaily be a benzo-fused ning sysiem which s optionally
substihited as detined herein. Examples of such cvelealkyl radicals melude cvclopropyl,

cyelobutyl, cvelopentyl, cyclohexyl, cvclohepivl, octahvdronaphihyl, 2,3-dihvdro- I H-mdenyvl,
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adamantyvl and the hke. “Bicychic” and “ireyclic” as used herein are miended to mcelude both

(mullicenicred) saturated or partially unsaturaied type. The latter type of 1somer 18 exemphified
n general by, bicyelol 1,1, 1 ipentane, camphor, adamantane, and bioyclo] 3,2, 1 ioctane,

The form “osier” as used hercimn, alone or m combination, refers 1o a carboxy oroup
bridgimg two moteties hnked at carbon atorns.

The term “cther” as used horeimn, alone or n combination, refers o an oxvyoeen alom
bridging two moeicties linked at carbon aloms.

The terms “hale” or “haiogen’” as uvsed herein, alone or i combination, refers 1o
fhuorme, chlorne, bromine, or igdine,

The term “haloalkyl” as used herein, alone or w combination, refers to an alkyl radical
having the meaning as defined above wherein one or maore hvdrogens are replaced with a
halogen, Spocifically embraced are monohaloaltiovlt, dihaloatiovl and polyvhaloaikyi radicals. A
monchaloalkyl radical, for onc cxampic, mav have an iodo, bromo, chloro or fluore atom
withun the radical. Inbalo and polyvhaloalkyl radicals roay have two or more of the sarse balo
atoms or a combination of ditterent halo radicals. Exampies of halpallkyl radicals include
Huoromethvl, diffucoromethvl, trifluoromethyl, chiovoracthyl, dichioromethyl, irichioromethyd,
pentathiorocthvl, heptatluoropropyl, diffuorochloromethyl, dichlorotiuoromethyi, dittuoroethyl,
difivoropropyl, dichloroethyl and dichloropropyvl. “Halealkviene” refors 1o a haloalkyl group
attached  at iwo  or more positions.  BExamples mclude  fhuoromethylene  {(—CHE-),
difiucromethviene {(-CF; -}, chioromethyiene (-{UH{C-} and the ke,

b

The term “heterpalkyvl” as used heremn, alone or m combmation, refers (o a stabie
straight or branched cham, or cyclic hvdrocarbon radical, or combinations therept, fully
saturated or contaming from 1 o 3 degrees of unsaturation, consisting of the stated number of
carbon atomis and from one (0 three heteroatoms seiected from the group consisting of O, N,
and S, and wherein the nitrogen and sulfur atorns may optionaliy be oxidized and the nitrogen
heteroaton may optionally be guaternized, The hetercatom{s) 3, N and S may be placed at any
imnterior position of the hetoroaikyl eroup. Up to two hetoreatoms may be consecutive, such as,
for example, -CHy-NH-OCH;.

The term “heicroarvi” as used herein, alone or in combination, refers to 3 to 7
membered, preferably 3 (o 7 wembered, unsaturated heteromonocyclic rings, or fused
polveyehic rings 1w which at least one of the fused rings is unsaturated, wherein at igast one

atom 15 selected from the group consisting of O, &, and N, The term also ombraces fused
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polyeycehie groups wherein heterocycelic radicals are fused with aryl radicels, wherein heteroaryl
racdicals are fused with other heteroaryl radicals, or wherein hetercaryl radicals are tused with
cveloalkyl radicals, Examples of heteroaryl groups mclude pyirolyvl, pyrrolinyd, mudazoivl,
pyrazolvl, pyridyvl, pyrmidinyd, pyramoyi, pyndazmyl, triarzobvl, pyranvl, furvl, thienvd,
oxazolvl, 1soxazolyl, oxadiazoivi, thiazolvl, thiadiazolyl, isothiazobvl, 1ndolyl, isoindolbyi,
wdohzinvl, benzimmdazolyl, qumolvl, sogumolyi, gqumoxaliovl, gumazobinyl, mdazolyl,
benzotriazolyl, benrodioxolyl, benzopvranvi, benzoxazelvi, benzoxadiazolyl, benzothiazoivi,
benzothiadiazolbyl,  benzofurvl, benzothicnvl, chromonyl, coumarinyl, benzopyranyl,
ietrabydroquimoliny, tetrazolopyridazinyi, tetrahydroisoguinohinyt, thienopyridinyi,

-

furopyridinyl, pyrrolopyridinyl and the  hike.  Exemplary  tricyclic  heterocyclic

croupsinciudecarbazolvl, benzidolvi, pnhenanthrolinyi, dibenzoturanyl, acridinyl,
phenanthridinyi, xanthenvi and the like.

The terms “heterooveloalkyl” and, mitcrchangeably, “heterocyelyil”, a8 used heron,
alone or in combimation, cach refer to a saturated, partially unsaturated, or fully unsaturated
raponocychic, hieyehe, or tricyehe heterocyche radical contarmng at icast one, proterably 1 1o 4,
and more preferably 1 to 2 beleroatoms as ring members, wherein cach said heteroatom may be
mdependently selected from the groun consisting of nirogen, oxygen, and sulfur, and wherem
there are preferably 3 1o 8 ring members 10 cach ring, more preterably 3 to 7 rmg members in
cach ring, and most preferably 5 to 6 ring members m cach ring. “Heterocycloalkyl” and

“beteracyeivl” are miended fo mclude sultones, sulfoxides, N-oxides of teriiazry nifrogen ring
members, and carbocychic fused and benzo fused ring systems; additionaily, both terms also
mclude systerns where a helerocyele ning 18 fused (o an arvl group, as dehined hergin, or an
additional heterocycle group. Heterooyelyl groups of the mvention are exemplified by
aziridinvl,  azetidinyl, I, 3-benzodioxolyl,  dihwdroisomndolyl,  dihydroisogumoimyl,
dibvdrocinnelinyi, dihvdrobenzodioxinyt, dihydre] 1,3 joxazole!4,5-bipyridinyl, benzothiazolyl,

dihvdromdolvi, dihy-dropyridinyl, 1,3-dioxanyi, 1.4-dioxanyl, 1.3-dioxolanvl, isomdoliny,

moerphoimyl, piperazmyl, pyrrolidimyl, tetrahvdropynidimyl, piperidinyi, thiomorpholinyt, and

the hike. The heterocyelyl groups mayv be optionally substituted unless specifically prohibited

The torm “hydroxyl” as used herem, alone or 1n combinanon, reters to —OH.

The phrase “in the mamn chamn” refers to the longest contiguous or adjacent chain of
carbon atoms starting at the poimt of attachment of a group to the comnpounds of this wvention.

The phrase “linear cham of atoms” refers to the longest straight chain of atoms

imdependentiy selected from carbon, nitrogen, oxygen and sulfur,
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The lorm “lower” as used herein, alone or in combination, means containing from | (o
and wmcluding & carbon atoms.

The term “negatively-charged 1on™ as used herein, refers to any negatively-charged 1on
or molecule, either inorganic (¢.g., Cl', Br, I') or organic (¢.g., TsO- (1.¢., tosylate)).

The term “nitrg” as used herein, alone or in combination, refers to Ny,

The tervo “perhaloalkyl” as used herein, alone or m corubivation, refers 0 an alkyl
sroup where ali of the hydrogen afoms are replaced by halogen atoms.

Any definttion herein may be used m combination with any other defimition 1o describe
a composite structuyral group. By convention, the tratling ciement of any such definttion s that
which attaches o the parent moesety. For example, the composite group alkylamudo would
represent an alkyl group attached to the parcat molecuie through an anmdo group, and the term
atkoxyallovl would represent an alkoxy group atfached to the parent meolecule through an alkyl
STOUD.

When a group 1s defined to be “null,” what 1s meant 1s that said group 1s absent.

The term “optionally substituted” mecans the antecceding group may be substituted or
unsubstituted. When substituted, the substituents of an “optionally substituted” group may
include, without limitation, one or more substituents independently selected from the following
groups or a particular designated set of groups, alone or in combination: lower alkyl, lower
alkenyl, lower alkynyl, lower alkanoyl, lower heteroalkyl, lower heterocycloalkyl, lower
haloalkyl, lower haloalkenyl, lower haloalkynyl, lower perhaloalkyl, lower perhaloalkoxy,
lower cycloalkyl, phenyl, aryl, aryloxy, lower alkoxy, lower haloalkoxy, oxo, lower acyloxy,
carbonyl, carboxyl, lower alkylcarbonyl, lower carboxyester, lower carboxamido, cyano,
hydrogen, halogen, hydroxy, amino, lower alkylamino, arylamino, amido, nitro, thiol, lower
alkylthio, arylthio, lower alkylsulfinyl, lower alkylsulfonyl, arylsulfinyl, arylsulfonyl, arylthio,
sulfonate, sulfonic acid, trisubstitutedsilyl, N3, SH, SCH;, C(O)CH3, CO,CHj3, CO>H, pyridinyl,
thiophene, furanyl, lower carbamate, and lower urca. Two substituents may be joined together
to form a fused five-, six-, or seven-membered carbocyclic or heterocyclic ring consisting of
zero to three heteroatoms, for c¢xample forming methylenedioxy or ethylenedioxy. An
optionally substituted group may be unsubstituted (e.g., -CH,CH3), fully substituted (e.g., -
CF,CF3), monosubstituted (e.g., -CH,CH,F) or substituted at a level anywhere in-between fully
substituted and monosubstituted (e.g., -CH,CF3). Where substituents are recited without
qualification as to substitution, both substituted and unsubstituted forms are encompassed.

Where a substituent 1s qualified as “substituted,” the substituted form 1s specifically intended.
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Additionally, different sets of optional substituents to a particular moiety may be defined as
needed; 1n these cases, the optional substitution will be as defined, often immediately following
the phrase, “optionally substituted with.”

Asymmetric centers exist m the compounds of the present invention. These centers are
designated by the symbols “R” or “S,” depending on the configuration of substituents around
the chiral carbon atom. It should be understood that the invention encompasses all
sterecochemical 1someric forms, including diastereomeric, enantiomeric, and epimeric forms, as
well as d-1somers and 1-1somers, and mixtures thereof. Individual stereoisomers of compounds
can be prepared synthetically from commercially available starting materials which contain
chiral centers or by preparation of mixtures of enantiomeric products followed by separation
such as conversion to a mixture of diastercomers followed by separation or recrystallization,

chromatographic tcchniques, dircct scparation of cnantiomers on chiral chromatographic

known 1n the art. Additionally, the compounds of the present invention may ¢xist as gecometric
1somers. The present invention includes all cis, trans, syn, anti, entgegen (E), and zusammen
(Z) 1somers as well as the appropriate mixtures therecof. Additionally, compounds may exist as
tautomers; all tautomeric 1somers are provided by this invention. Additionally, the compounds
of the present mnvention can exist 1n unsolvated as well as solvated forms with pharmaceutically
acceptable solvents such as water, ethanol, and the like. In general, the solvated forms are
considered equivalent to the unsolvated forms for the purposes of the present invention.

Optical 1somers are compounds with the same molecular formula but differ in the
direction they rotate plane polarized light. There are two types of optical isomers. The first type
of optical 1somers are compounds that are mirror 1mages of one another but cannot be
superimposed on cach other. These 1somers are called “enantiomers.” The second type of
optical 1somers are molecules that are not mirror images but c¢ach molecule rotates plane
polarized light and are considered optically-active. Such molecules are called
“diastercoisomers.” Diasteroisomers differ not only 1n the way they rotate plane polarized light,
but also their physical properties. The term “optical 1somer” comprises more particularly the
enantiomers and the diastereoisomers, 1n pure form or m the form of a mixture.

The term “bond” refers to a covalent linkage between two atoms, or two moieties when
the atoms jomed by the bond are considered to be part of larger substructure. A bond may be

single, double, or triple unless otherwise specified. A dashed line between two atoms 1n a
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drawing of a molecule indicates that an additional bond may be present or absent at that
position.

The term “combination therapy” means the administration of two or more therapeutic
agents to treat a therapeutic condition or disorder described in the present disclosure. Such
administration encompasses co-administration of these therapeutic agents in a substantially
simultancous manner, such as in a single capsule having a fixed ratio of active ingredients or in
multiple, separate capsules for each active ingredient. In addition, such administration also
encompasses use of each type of therapeutic agent in a sequential manner. In either case, the
treatment regimen will provide beneficial effects of the drug combination 1n treating the
conditions or disorders described herein.

The term “mmaging agent” as used herein refers to any moiety useful for the detection,

bioluminescent label, a magnetic label, a metallic particle (¢.g., a gold particle), a nanoparticle,
an antibody or fragment thercof (¢.g., a Fab, Fab’, or F(ab’), molecule), and biotin. An imaging
agent can be coupled to a compound of the invention by, for example, a covalent bond, 10nic
bond, van der Waals interaction or a hydrophobic bond. An 1maging agent of the invention can
be a radiolabel coupled to a compound of the invention, or a radioisotope incorporated into the
chemical structure of a compound of the invention. Methods of detecting such 1maging agents
include, but are not limited to, positron emission tomography (PET), X-ray computed
tomography (CT) and magnetic resonance imaging (MRI).

The phrase “therapeutically effective” 1s intended to qualify the amount of active
igredients used 1n the treatment of a disease or disorder. This amount will achieve the goal of
reducing or eliminating the disease or disorder.

The term “therapeutically acceptable” refers to those compounds (or salts, esters,
prodrugs, tautomers, zwitterionic forms, etc. thereof) which are suitable for use 1n contact with
the tissues of patients without undue toxicity, irritation, and allergic response, are
commensurate with a reasonable benefit/risk ratio, and are efftective for their intended use.

As used herein, reference to “treatment”™ of a patient 1s intended to include prophylaxis.
The term “patient” means mammals and non-mammals. Mammals means any member of the
mammalian class including, but not Immited to, humans; non-human primates such as
chimpanzees and other apes and monkey species; farm animals such as cattle, horses, sheep,

goats, and swine; domestic animals such as rabbits, dogs, and cats; laboratory animals including
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rodents, such as rats, mice, and guinea pigs; and the like. Examples of non-mammals include,
but are not limited to, birds, and the like. The term “patient” does not denote a particular age or
SCX.

The term “prodrug™ refers to a compound that 1s made more active in vivo. Certain
compounds of the present invention may also exist as prodrugs, as described in Hydrolysis in
Drug and Prodrug Metabolism: Chemistry, Biochemistry, and Enzymology, Testa, Bernard and
Wiley-VHCA, Zurich, Switzerland 2003. Prodrugs of the compounds described herein are
structurally modified forms of the compound that readily undergo chemical changes under
physiological conditions to provide the compound. Additionally, prodrugs can be converted to
the compound by chemical or biochemical methods 1n an ex vivo environment. For example,

prodrugs can be slowly converted to a compound when placed 1n a transdermal patch reservoir

istance, be bio-available by oral administration whereas the parent drug 1s not. The prodrug
may also have improved solubility in pharmaccutical compositions over the parent drug. A
wide variety of prodrug derivatives are known 1n the art, such as those that rely on hydrolytic
cleavage or oxidative activation of the prodrug. An example, without limitation, of a prodrug 18
a compound that 1s administered as an ester (the “prodrug”), but then 1s metabolically
hydrolyzed to the carboxylic acid, the active entity. Additional examples nclude peptidyl
derivatives of a compound.

The compounds of the mvention can exist as therapeutically acceptable salts. The

1

present nvenbion ncludes compounds listed above 1 the torn of salts, 1 particular acid

acid addiiion salls will normally be pharmsaceutically acceptable. However, sslts of non-

nharmaceuticaliy acceptable salts may be of utility in the preparation and purification of the

compound m question. Basic addition salts may alse be formed and be pharmaceuiically
acceptable. For a more complete discussion of the preparation and selection of salts, refer o
stahl, P, Hewnrich, Pharmaceusical Salis: Froperties, Selection, and Use, Wiley-YUCHA,
Zurich, Switzeriand {(2002).

The term “therapeutically acceptable salt” as used herein, represents salts or zwitterionic
forms of the compounds of the present invention which are water or oil-soluble or dispersible

and therapeutically acceptable as defined herein. The salts can be prepared during the final

1solation and purification of the compounds or separately by reacting the appropriate compound
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in the form of the free base with a suitable acid. Representative acid addition salts mclude
acetate, adipate, algimate, L-ascorbate, aspartate, benzoate, benzenesulfonate (besylate),
bisulfate, butyrate, camphorate, camphorsulfonate, citrate, digluconate, formate, fumarate,
gentisate, glutarate, glycerophosphate, glycolate, hemisulfate, heptanoate, hexanoate, hippurate,
hydrochloride, hydrobromide, hydroiodide, 2-hydroxyethansulfonate (isethionate), lactate,
maleate, malonate, DL-mandelate, mesitylencsulfonate, methanesulfonate,
naphthylenesulfonate, nicotinate, 2-naphthalencsulfonate, oxalate, pamoate, pectinate,
persulfate, 3-phenylproprionate, phosphonate, picrate, pivalate, propionate, pyroglutamate,
succinate, sulfonate, tartrate, L-tartrate, trichloroacetate, trifluoroacetate, phosphate, glutamate,
bicarbonate, para-toluenesulfonate (p-tosylate), and undecanoate. Also, basic groups in the

compounds of the present invention can be quaternized with methyl, ethyl, propyl, and butyl

Examples of acids which can be cmployed to form therapcutically acceptable addition salts
include 1organic acids such as hydrochloric, hydrobromic, sulfuric, and phosphoric, and
organic acids such as oxalic, maleic, succinic, and citric. Salts can also be formed by
coordination of the compounds with an alkali metal or alkaline earth 1on. Hence, the present
invention contemplates sodium, potasstum, magnesium, and calcium salts of the compounds of

the compounds of the present invention and the like.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

FIGURE 1 1s a bar graph showing the in vitro growth mhibition of five Gram-positive
bacterial strains (MRSA, §. pyogenes, S. pneumonia, E. faecalis, and S. agalactiae) forty-eight
hours after inoculation. Screening on SBA plates showed WTI13-12 completely inhibited
growth of MRSA, §. pyogenes, and S. pneumonia. WT13-12 also partially inhibited £. faecalis
(30%) and S. agalactiae (48%) growth. Growth of bacteria in vehicle was set at 100% growth
(uninhibited). All data was compared to vehicle in an unpaired, two-tailed T-test. n=4 test plates
per group.

FIGURE 2 1s a bar graph showing the in vitro growth inhibition of B. fragilis by
WTI13-12 forty-cight hours after inoculation. Screening in cooked meat media showed WT13-
12 completely inhibited the growth of B. fragilis. All data was compared to vehicle in an

unpaired, two-tailed T-test. n=4 tubes per group.
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FIGURE 3 1s a bar graph showing the in vifro growth inhibition of C. albicans by
WT13-12 forty-eight hours after moculation. Screening on SBA plates showed WT13-12
completely inhibited the growth of C. albicans. All data was compared to vehicle in an
unpaired, two-tailed T-test. n=4 test plates per group.

FIGURE 4 1s a bar graph showing the in vitro growth inhibition of MRSA , versus
control, twenty-four hours after inoculation when incubated with WT13-12, undecylenic acid
(UCA) alone, L-Argimine (LAR) alone, Rheum Officinale extract (CHR) alone, and double
combinations of cach. Screening on SBA plates showed WT13-12 significantly inhibited the
growth of MRSA. The constitutive molecules had no effect on the growth of MRSA when
applied individually or in double combinations. All data was obtained by comparing growth a
control group to the treatment groups. Each treatment was compared to the vehicle 1n a one-
way ANOVA Tukey’s post-hoc. n=4 test plates per group. **#*=p<0.001.

FIGURE 5 1s a bar graph showing thc¢ in vitro growth inhibition of Streptococcus
agalactiae (Group B bcta strep), versus control, twenty-four hours after inoculation when
incubated with WT13-12, undecylenic acid (UCA) alone, L-Arginine (LAR) alone, Rheum
Officinale extract (CHR) alone, and double combinations of each. Screening on SBA plates
showed WTI13-12 completely inhibited the growth of S. agalactiae. Ot the constitutive
molecules, only UCA had a significant effect on the growth of S. agalactiae, however WT13-
12 was significantly more effective than UCA at inhibiting growth. All data was obtained by
comparing growth a control group to the treatment groups. Each treatment was compared to the
vehicle in a one-way ANOVA Tukey’s post-hoc. n=4 test plates per group. **=p<0.01,
*#*=p<0.001.

FIGURE 6 1s a bar graph showing the in vitro growth inhibition of Streprococcus
pyogenes (Group A beta hemolytic strep), versus control, twenty-four hours after imnoculation
when 1ncubated with WT13-12, undecylenic acid (UCA) alone, L-Argmnine (LAR) alone,
Rheum Officinale extract (CHR) alone, and double combinations of each. Screening on SBA
plates showed WT13-12 completely mnhibited the growth of S. pyogenes. Of the constitutive
molecules, UCA alone, CHR+LAR, and CHR+UCA had significant inhibitory effects on the
orowth of S. pyogenes. WT13-12 was significantly more effective at inhibiting growth. All data
was obtained by comparing growth a control group to the treatment groups. Each treatment was
compared to the vehicle in a one-way ANOVA Tukey’s post-hoc. n=4 test plates per group.
**%*=p<(0.001 vehicle vs. groups; t=p<0.01 WT13-12 vs. groups.
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FIGURE 7 1s a bar graph showmg the in vitro growth mhibition of Ewnterococcus

faecalis (Group D enterococcus), versus control, twenty-four hours after inoculation when

incubated with WT13-12, undecylenic acid (UCA) alone, L-Arginine (LAR) alone, Rheum
Officinale extract (CHR) alone, and double combinations of each. Screening on SBA plates
showed WT13-12 significantly inhibited the growth of E. faecalis. All other combinations
showed no mhibitory effect on growth. All data was obtained by comparing growth a control
oroup to the treatment groups. Each treatment was compared to the vehicle in a one-way
ANOVA Tukey’s post-hoc. n=4 test plates per group. ***=p<0.001 vehicle vs. groups.
FIGURE 8 1s a bar graph showing the in vivo reduction of MRSA sepsis in rats (Rattus
norvegicus, strain: Sprague-Dawley) treated with WT13-12. Of the eight saline treated, MRSA -

infected animals, six animals (75.0 %) had MRSA-positive blood cultures within four days

positive blood cultures. Two-tailed T-test. n==8

FIGURE 9 1s a bar graph showing the¢ in vivo reduction of MRSA-induced neutropenia
n rats treated with WT13-12. Saline treated, MRSA-infected amimals had severe neutropenia
(WBC<3) 1n three out of the seven animals. One saline treated animal that suffered acute
septicemia had a WBC count of 32 and was excluded as a high physiological outlier. All of the
WT13-12 treated animals had WBC counts 1n the normal range (5.5-12).

FIGURE 10 1s a bar graph showing the reduction of MRSA-induced dead tissue,
bacteria, and cellular debris in rats treated with WT13-12. As each wound was opened the
tissue was swabbed and then swirled in 3 mL of sterile broth. The broth was then read
spectrophotometrically to objectively assess the cleanliness of the wound. The higher the
optical density (OD) at 660nm the greater the amount of dead tissue, bacteria, and cellular
debris 1in the solution, indicating a “dirty wound.” Treatment with WT13-12 significantly
reduced (p<0.001) the amount of dead tissue, bacteria, and cellular debris in the wound. This
effect was further verified by performing a visual inspection. Saline treated tissue, 1n all cases,
had at lcast onc abscess present. In contrast, nonc of the WTI13-12 animals had abscesses
present. Necrotic tissue patches (soft, black patches of tissue) were also present in all saline

treated wounds and absent in all WT13-12 treated wounds. Unpaired two-tailed T-test, n=8.

DETAILED DESCRIPTION OF THE INVENTION

The combination therapies of the present invention are effective at inhibiting, ¢.g.,
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bacterial, fungal and viral growth while at the same time aiding in wound healing. The
combination therapies of the invention contain therapeutically effective amounts of L-Arginine,
undecylenic acid and the extract of Rheum Ojfficinale (Chinese rhubarb). The combination of
these three components exerts a synergistic, not additive, biological mechanism of action.
Furthermore, the inventors have found that the combination of these three compounds conters
oreater therapeutic benefit to a treated patient (e.g., a human) than the sequential administration
of the individual compounds.

The combination therapies of the invention arc uscful for treating symptoms, conditions,
and diseases caused by, e.g., bacterial, fungal, or viral infections in a patient (e.g., a human). In
one embodiment, a combination therapy is formulated for topical application to treat skin
disorders, infections, or conditions such as, e.g., psoriasis, acne, and eczema. In another

cmbodiment, a combination therapy is formulated for application to a wound site (e.g., burnt

skin or tissue).

The invention features pharmaceutical preparations and the medicaments obtained

therefrom. The methods and formulations to prepare the combination therapies of the invention

are disclosed here and in the Examples.

Rhcum Officinale Exiract

Biologically active extracts of Rheum Qfficinale may be prepared according to standard
methods known in the art. including, e.p., maceration, infuston, digestion, decoction,
porcolation, hot continuous extraction, agquecus alcoholi sxtraction by fermertation, counier-
current oxiraction {sonication), and supercritical fluid extraction, as descersbed by Handa et al,,
“Txtraction Technologics for Medicinal and Aromatic Plants,” United Nations Industial

Develonment Orpanization and the Interpational Ceptre for Science and High Technology,

Trieste (2008} .

Addirves

-

n osome  formolations of the combmnauon therapies of the wwention i1 may b

appropriate or preferable to include additives that modity or improve the cosmeic qualitics of
the final product. For example, one or more further substances with a physiological cooling
effect can be used as a component 1n a mixture according to the mvention, are selected here

from the following list: menthol and menthol derivatives (for example L-menthol, D-menthol,

15
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racemic menthol, 1somenthol, neoisomenthol, neomenthol) menthylethers (for example (I-
menthoxy)-1,2-propandiol, (I-menthoxy)-2-methyl-12-propandiol, 1-menthyl-methylether),
menthylesters  (for  example  menthylformiate, menthylacetate, menthylisobutyrate,
menthyllactates, L-menthyl-L-lactate, L-menthyl-D-lactate, menthyl-(2-methoxy)acetate,
menthyl-(2-methoxyethoxy)acetate, menthylpyroglutamate), menthylcarbonates (for example
menthylpropyleneglycolcarbonate, menthylethyleneglycolcarbonate, menthytglycerolcarbonate
or mixtures thereot), the semi-esters of menthols with a dicarboxylic acid or derivatives thereot
(for example mono-menthylsuccinate, mono-menthylglutarate, mono-menthylmalonate, O-
menthyl succinic acid ester-N,N-(dimethyl)amide, O-menthyl succinic acid ester amide),
menthanecarboxylic acid amides (in this case preterably menthanecarboxylic acid-N-
cethylamide [WS3] or N.sup..alpha.-(menthanecarbonyl)glycinethylester [WS3], as described in
U.S. Pat. No. 4,150,052, menthanecarboxylic acid-N-(4-cyanophenyl)amide  or
menthanecarboxylic acid-N-(4-cyanomethylphenyl)amide as described in WO 2005/049553,
methanecarboxylic add-N-(alkoxyalkyl)amides), menthone and menthone derivatives (for
example L-menthone glycerol ketal), 2,3-dimethyl-2-(2-propyl)-butyric acid derivatives (for
example 23-dimethyl-2-(2-propyl)-butyric add-N-methylamide [WS23]), 1sopulegol or its
esters (I--(-)-1sopulegol, I--(-)-1sopulegolacetate), menthane derivatives (for example p-
menthane-3,38-diol), cubebol or synthetic or natural mixtures, containing cubebol, pyrrolidone
derivatives of cycloalkyldione derivatives (for example 3-methyl-2(1-pyrrolidinyl)-2-
cyclopentene-1-one) or tetrahydropyrimidine-2-one (for example iciline or related compounds,
as described in WO 2004/026840).

Alternatively, the combination therapies of the invention can include additives which
cause a hot, sharp, tingly or prickly feeling on the skin or on the mucous membranes, In

particular flavors with a heat-producing etfect and/or sharp tasting compounds (sharp

substances), as described in WO 2005/123101.

Compound Formulation and Administration

Basic addition salts can be prepared during the final i1solation and purification of the
compounds by reaction of a carboxy group with a suitable base such as the hydroxide,
carbonate, or bicarbonate of a metal cation or with ammonia or an organic primary, secondary,
or tertiary amine. The cations of therapeutically acceptable salts include lithium, sodium,
potassium, calcium, magnesium, and aluminum, as well as nontoxic quaternary amine cations

such as ammonium, tetramethylammonium, tetracthylammonium, methylamine,
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dimethylamine, trimethylamine, triethylamine, diethylamine, ethylamine, tributylamine,
pyridine, N,N-dimethylaniline, N-methylpiperidine, N-methylmorpholine, dicyclohexylamine,
procaine, dibenzylamine, N, N-dibenzylphenethylamine, 1-ephenamine, and N, N'-
dibenzylethylenediamine. Other representative organic amines useful for the formation of base
addition salts include ecthylenediamine, ethanolamine, dicthanolamine, piperidine, and
plperazing.

A salt of a compound can be made by reacting the appropriate compound 1n the form of
the free base with the appropriate acid. The novel compounds described herein can be prepared
in a form of pharmaceutically acceptable salts that will be prepared from nontoxic inorganic or
organic bases including but not limited to aluminum, ammonium, calcium, copper, ferric,

ferrous, lithium, magnesium, manganic salts, manganous, potassium, sodium, zinc, and the like.

primary, sccondary, and tertiary amines, substitutcd amines including naturally-occurring
substituted amines, cyclic amincs, and basic 1on ¢xchange resins, such as arginine, betaine,
caffcine, choline, cthylamine, 2-dicthylaminocthano, 1,2-dimcthylaminocthanol, cthanolamine,
ethylenediamine, N-ethyl-morpholine, N-cthylpiperidine, glucamine, glucosamine, histidine,
hydroxylamine, 1sopropylamine, lysine, methylglucamine, morpholine, piperazine, piperidine,
polyamine resins, procaine, purines, theobromine, tricthylamine, trimethylamine,
trishydroxylmethyl amino methane, tripropyl amine, and tromethamine.

If the compounds of the invention are basic, salts could be prepared in a form of
pharmaceutically acceptable salts that will be prepared from nontoxic inorganic or organic
acids 1ncluding but not limited to hydrochloric, hydrobromic, phosphoric, sulfuric, tartaric,
citric, acetic, fumaric, alkylsulphonic, naphthalenesulphonic, para-toluenesulphonic, camphoric
acids, benzenesulfonic, benzoic, camphorsulfonic, citric, ethanesulfonic, gluconic, glutamic,
1sethonic, lactic, maleic, malic, mandelic, methanesulfonic, mucic, nitric, pamoic, pantothenic,
phosphoric, and succinic.

While it may be possible for the compounds of the invention to be administered as the
raw chemical, 1t 18 also possible to present them as a pharmaceutical formulation. Accordingly,
the present mvention provides a pharmaceutical formulation comprising a compound or a
pharmaceutically acceptable salt, ester, prodrug or solvate thercof, together with one or more
pharmaceutically acceptable carriers thercof and optionally one or more other therapeutic
ingredients. The carrier(s) must be "acceptable” 1n the sense of being compatible with the other

ingredients of the formulation and not deleterious to the recipient thercof. Proper formulation 1s
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dependent upon the route of administration chosen. Any of the well-known techniques, carriers,
and excipients may be used as suitable and as understood 1 the art; ¢.g., in Remington’s
Pharmaceutical Sciences. The pharmaceutical compositions of the present invention may be
manufactured 1 a manner that 1s itself known, ¢.g., by means of conventional mixing,
dissolving, granulating, dragee-making, levigating, emulsifying, encapsulating, entrapping or
COMPression processes.

The formulations include those suitable for oral, parenteral (including subcutancous,
intradermal, intramuscular, intravenous, intraarticular, and intramedullary), intraperitoneal,
transmucosal, transdermal, rectal and topical (including dermal, buccal, sublingual and
intraocular) administration although the most suitable route may depend upon for example the

condition and disorder of the recipient. When used 1in the diagnostic imaging methods of the

human) by intravenous injcction. The formulations may conveniently be presented in unat
dosage form and may bec preparcd by any of the mcthods well known 1n the art of pharmacy.
All methods include the step of bringing into association a compound of the present invention
or a pharmaceutically acceptable salt, ester, prodrug or solvate thereof (“active mgredient™)
with the carrier which constitutes one or more accessory ingredients. In general, the
formulations are prepared by uniformly and mtimately bringing into association the active
ingredient with liquid carriers or finely divided solid carriers or both and then, 1f necessary,
shaping the product into the desired formulation.

Formulations of the present invention suitable for oral administration may be presented
as discrete units such as capsules, cachets or tablets each containing a predetermined amount of
the active ingredient; as a powder or granules; as a solution or a suspension 1n an aqueous liquid
or a non-aqueous liquid; or as an oil-in-water liquid emulsion or a water-in-o1l liquid emulsion.
The active ingredient may also be presented as a bolus, electuary or paste.

Pharmaceutical preparations which can be used orally include tablets, push-fit capsules
made of gelatin, as well as soft, scaled capsules made of gelatin and a plasticizer, such as
glycerol or sorbitol. Tablets may be made by compression or molding, optionally with one or
more accessory ingredients. Compressed tablets may be prepared by compressing in a suitable
machine the active ingredient in a free-flowing form such as a powder or granules, optionally
mixed with binders, mert diluents, or lubricating, surface active or dispersing agents. Molded
tablets may be made by molding in a suitable machine a mixture of the powdered compound

moistened with an 1nert liquid diluent. The tablets may optionally be coated or scored and may
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be formulated so as to provide slow or controlled release of the active mgredient therein. All
formulations for oral administration should be 1 dosages suitable for such administration. The
push-fit capsules can contain the active ingredients in admixture with filler such as lactose,
binders such as starches, and/or lubricants such as talc or magnesium stearate and, optionally,
stabilizers. In soft capsules, the active compounds may be dissolved or suspended 1n suitable
l[iquids, such as fatty oils, liquid paraftin, or liquid polyethylene glycols. In addition, stabilizers
may be added. Dragee cores are provided with suitable coatings. For this purpose, concentrated
sugar solutions may be used, which may optionally contain gum arabic, talc, polyvinyl
pyrrolidone, carbopol gel, polyethylene glycol, and/or titanium dioxide, lacquer solutions, and
suitable organic solvents or solvent mixtures. Dyestufts or pigments may be added to the tablets
or dragee coatings for identification or to characterize different combinations of active

compound doscs.

injection, ¢.g., by bolus mjection or continuous infusion. Formulations for injcction may be
presented 1n unit dosage form, ¢.g., 1n ampoules or 1n multi-dose containers, with an added
preservative. The compositions may take such forms as suspensions, solutions or emulsions 1n
olly or aqueous vehicles, and may contain formulatory agents such as suspending, stabilizing
and/or dispersing agents. The formulations may be presented in unit-dose or multi-dose
containers, for example sealed ampoules and vials, and may be stored 1 powder form or n a
freeze-dried (lyophilized) condition requiring only the addition of the sterile liquid carrier, for
example, saline or sterile pyrogen-free water, immediately prior to use. Extemporancous
injection solutions and suspensions may be prepared from sterile powders, granules and tablets
of the kind previously described.

Formulations for parenteral administration include aqueous and non-aqueous (oily)
sterile 1njection solutions of the active compounds which may contain antioxidants, buffers,
bacteriostats and solutes which render the formulation isotonic with the blood of the intended
recipient; and aqueous and non-aqueous sterile suspensions which may include suspending
agents and thickening agents. Suitable lipophilic solvents or vehicles include fatty oils such as
sesame o1l, or synthetic fatty acid esters, such as ethyl oleate or triglycerides, or liposomes.
Aqueous 1njection suspensions may contain substances which increase the viscosity of the
suspension, such as sodium carboxymethyl cellulose, sorbitol, or dextran. Optionally, the
suspension may also contain suitable stabilizers or agents which increase the solubility of the

compounds to allow for the preparation of highly concentrated solutions.
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In addition to the formulations described previously, the compounds of the invention
may also be formulated as a depot preparation. Such long acting formulations may be
administered by 1mplantation (for example subcutancously or intramuscularly) or by
intramuscular injection. Thus, for example, the compounds may be formulated with suitable
polymeric or hydrophobic materials (for example, as an emulsion 1n an acceptable oil) or ion
exchange resins, or as sparingly soluble derivatives, for example, as a sparingly soluble salt.

For buccal or sublingual administration, the compounds of the invention may take the
form of tablets, lozenges, pastilles, or gels formulated 1n conventional manner. Such
compositions may compris¢ the active ingredient 1n a flavored basis such as sucrose and acacia
or tragacanth.

The compounds of the invention may also be formulated in rectal compositions such as

administration. This includes the application of a compound of the present invention externally
to the epidermis or the buccal cavity and the 1nstillation of such a compound into the ear, eye
and nose, such that the compound does not significantly enter the blood stream. In contrast,
systemic administration refers to oral, intravenous, intraperitoncal and intramuscular
administration.

Formulations suitable for topical administration include solid, liquid or semi-liquid
preparations suitable for penetration through the skin to the site of inflammation such as gels,
[iniments, lotions, creams, ointments or pastes, and drops suitable for administration to the eye,
ear or nose. The active ingredient may comprise, for topical administration, from 0.001% to
10% w/w, for instance from 1% to 2% by weight of the formulation. It may however comprise
as much as 10% w/w but preferably will comprise less than 5% w/w, more preferably from
0.1% to 1% w/w of the formulation.

Via the topical route, the pharmaceutical composition according to the invention may be
in the form of liquid or semi1 liquid such as ointments, or in the form of solid such as powders.
It may also be 1n the form of suspensions such as polymeric microspheres, or polymer patches
and hydrogels allowing a controlled release. This topical composition may be 1n anhydrous
form, 1n aqueous form or 1n the form of an emulsion. The compounds are used topically at a
concentration generally of between 0.001 % and 10% by weight and preferably between 0.01%

and 1% by weight, relative to the total weight of the composition.
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For administration by 1nhalation, the compounds according to the mvention are
conveniently delivered from an insufflator, nebulizer pressurized packs or other convenient
means of delivering an aerosol spray. Pressurized packs may comprise a suitable propellant
such as dichlorodifluoromethane, trichlorofluoromethane, dichlorotetrafluoroethane, carbon
dioxide or other suitable gas. In the case of a pressurized acrosol, the dosage unit may be
determined by providing a valve to deliver a metered amount. Alternatively, for administration
by 1nhalation or insufflation, the compounds according to the invention may take the form of a
dry powder composition, for example a powder mix of the compound and a suitable powder
base such as lactose or starch. The powder composition may be presented 1n unit dosage form,
in for example, capsules, cartridges, gelatin or blister packs from which the powder may be

administered with the aid of an inhalator or insufflator.

It should be understood that in addition to the ingredients particularly mentioned above,
thc formulations of this invention may include other agents conventional in the art having
regard to the type of formulation 1n question, for example, those suitable for oral administration
may include flavoring agents.

The compounds of the invention may be administered orally or via injection at a dose of
from 0.1 to 500 mg/kg per day. The dose range for adult humans 1s generally from 5 mg to 2
g/day. Tablets or other forms of presentation provided in discrete units may conveniently
contain an amount of compound of the invention which 1s effective at such dosage or as a
multiple of the same, for instance, units contamning 5 mg to 500 mg, usually around 10 mg to
200 mg.

Compounds according to the invention can be administered at a daily dose of about
0.001 mg/kg to 100 mg/kg of body weight, in 1 to 3 dosage intakes. Further, compounds can be
used systemically, at a concentration generally of between 0.001 % and 10% by weight and
preferably between 0.01 % and 1 % by weight, relative to the weight of the composition.

The amount of active ingredient that may be combined with the carrier materials to
produce a single dosage form will vary depending upon the host treated and the particular mode
of administration.

The compounds of the mmvention can be administered in various modes, e.g. orally,
topically, or by injection. The precise amount of compound administered to a patient will be the

responsibility of the attendant physician. The specific dose level for any particular patient will

21



10

15

20

25

30

CA 02894240 2015-06-05

WO 2014/117056 PCT/US2014/013120
depend upon a variety of factors including the activity of the specific compound employed, the
age, body weight, general health, sex, diets, time of administration, route of administration, rate
of excretion, drug combination, the precise disorder being treated, and the severity of the
indication or condition being treated. Also, the route of administration may vary depending on
the condition and its severity.

In certain instances, it may be appropriate to administer at least one of the compounds
of the mvention described herein (or a pharmacecutically acceptable salt, ester, or prodrug
thercof) 1n combination with another therapeutic agent. By way of example only, if one of the
side effects experienced by a patient upon receiving one of the compounds herein 1s
hypertension, then 1t may be appropriate to administer an anti-hypertensive agent in

combination with the 1nitial therapeutic agent. Or, by way of example only, the therapeutic

an adjuvant (1.c., by 1itsclf the adjuvant may only have minimal therapeutic benefit, but in
combination with another therapcutic agent, the overall therapcutic bencfit to the patient 1s
cnhanced). Or, by way of cxample only, the benefit of experienced by a patient may be
increased by administering one of the compounds described herein with another therapeutic
agent (which also includes a therapeutic regimen) that also has therapeutic benefit. By way of
example only, 1n a treatment for pain involving administration of one of the compounds
described herein, increased therapeutic benefit may result by also providing the patient with
another therapeutic agent for pain. In any case, regardless of the disease, disorder or condition
being treated, the overall benefit experienced by the patient may simply be additive of the two
therapeutic agents or the patient may experience a synergistic benefit.

Specific, non-limiting examples of possible combination therapies include use of the
compounds of the mmvention together with iert or active compounds, or other drugs including
wetting agents, flavor enhancers, preserving agents, stabilizers, humidity regulators, pH
regulators, osmotic pressure modifiers, emulsifiers, UV-A and UV-B screening agents,
antioxidants, depigmenting agents such as hydroquinone or kojic acid, emollients, moisturizers,
for instance glycerol, PEG 400, or ureca, antiscborrhocic or antiacne agents, such as S-
carboxymethylcysteine, S-benzylcysteamine, salts thercof or derivatives thereof, or benzoyl
pcroxide, antibiotics, for instance erythromycin and tetracyclines, chemotherapeutic agent, for
example, pachitaxel, antifungal agents such as ketoconazole, agents for promoting regrowth of
the hair, for example, minoxidil (2,4-diamino-6-piperidinopyrimidine 3-oxide), non-steroidal

anti-inflammatory agents, carotenoids, and especially p-carotene, antipsoriatic agents such as
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anthralin and 1ts derivatives, eicosa-5,8,11,14-tetraynoic acid and eicosa-5,8,11-triynoic acid,
and esters and amides thereof, retinoids, ¢.g., RAR or RXR receptor ligands, which may be
natural or synthetic, corticosteroids or oestrogens, alpha-hydroxy acids and a-keto acids or
derivatives thereof, such as lactic acid, malic acid, citric acid, and also the salts, amides or
esters thercof, or p-hydroxy acids or derivatives thercof, such as salicylic acid and the salts,
amides or esters thercof, 1on-channel blockers such as potassium-channel blockers, or
alternatively, more particularly for the pharmaceutical compositions, in combination with
medicaments known to interfere with the immune system, anticonvulsant agents include, and
arc not limited to, topiramate, analogs of topiramate, carbamazepine, valproic acid, lamotrigine,
gabapentin, phenytoin and the like and mixtures or pharmaceutically acceptable salts thereof. A
person skilled 1n the art will take care to select the other compound(s) to be added to these

compositions such that the advantagcous propertics intrinsically associated with the compounds

In any casc, the multiple therapeutic agents (at Icast one of which 1s a compound of the
present invention) may be administered 1 any order or ¢ven stmultancously. If simultancously,
the multiple therapeutic agents may be provided 1n a single, unified form, or in multiple forms
(by way of example only, either as a single pill or as two separate pills). One of the therapeutic
agents may be given in multiple doses, or both may be given as multiple doses. If not
simultaneous, the timing between the multiple doses may be any duration of time ranging from
a few minutes to four weeks.

Thus, mn another aspect, methods for treating diseases, disorders, conditions, or
symptoms in a patient (e.g., a human or animal) in need of such treatment are presented herein,
the methods comprising the step of administering to the patient an amount of a compound of
the mvention effective to reduce or prevent the disease, disorder, condition, or symptom, 1n
combination with at least one additional agent for the treatment of said disorder that 1s known

in the art.

Examples
In a related aspect, therapeutic compositions having at least one novel compound of the
invention described herein can be administered 1n combination with one or more additional
agents for the treatment of any of the diseases, disorders, conditions, or symptoms described

herein.
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[t 1s understood that the foregoing examples are merely illustrative of the present

invention. Certain modifications of the articles and/or methods employed may be made and sull

scope of the claimed invention. In said examples to follow, all parts and percentages are given

by weight, unless otherwise indicated.

Example 1. Compound Preparation (WT13-12).

A combination therapy of the invention that includes 50 % w/v L-Arginine, 20% v/v
undecylenic acid, and 0.25% w/v Rheum Officinale exiract was prepared for in vitro and in vivo
testing. In one embodiment, the combination therapy further contains 1% Menthol by volume

(extract 1 mL of solution and add 0.890g of Menthol).

To prepare 200 mL of WT13-12:

1. Aliquot 200 mL of distilled water into a beaker that 1s on a hot plate.

2. Heat the water to 65 °C and mix with a magnetic stirbar.

3. Add 100 g of L-Arginine to the water slowly until 1t 15 all dissolved.

4. Prepare 40 mL of undecylenic acid and 4 g of CreamMaker™ CA-20 in a separate beaker.
5. Aliquot 200 mL of the L-Arginine solution into a new beaker and add 0.5 g of Rheum
Officinale. Mamtain at 65 °C while spinning.

6. Aliquot 160 mL of the L-Argimine/Rheum Officinale Solution nto the beaker contaimng 40
mL of undecylenic acid and 4 g of CreamMaker CA-20.

7. Spin and heat the new solution between 45 °C and 65 °C (50 °C s preferred) until the
undecylenic acid and CrcamMaker CA-20 goes completely into solution.

8. Once undecylenic acid and CreamMaker CA-20 has gone completely into solution, continue
sturing and heating, and extract 2 mL from the solution.

9. Add 1.8 g of menthol to the solution and continue to spin and hcat until 1t gocs completely

1nto solution.

10. Allow product to cool and aliquot 1nto storagc containgrs.

Solubility

The individual components (1.e., L-Argimine, undecylenic acid, and Rheum Officinale

extract) exhibit different solubility characteristics that make the preparation of a therapeutic
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compound (e.g., a topical cream) difficult or impossible. For example, the inventors found that

the following combiations were insoluble 1n water:

1. L-Arginine 1s 1nsoluble 1 water at 50% w/v.
2. Undecylenic acid 18 insoluble i water at 20% v/v.

3. Rheum Officinale extract 1s insoluble in water at 0.25% w/v.

Furthermore, the mventors found that paired combinations of these components were also

insoluble:

1. The combination of L-Arginine and undecylenic acid with the Cream-Maker/water vehicle

solution 1s insoluble.

2. The combination ot Rheum Olfficinale extract (0.25% w/v) and L-Argmine (50% w/v) 1n 18

imsoluble 1n water.

3. The combination of Rheum Officinale extract (0.25% w/v) and undecylenic acid (20% v/v) 18

insoluble 1n the Cream-Maker/water vehicle solution.

Only when all three components were combined in the above-specified concentrations was a

Cream-Maker/water solution achieved.

Example 2. Broad In-vitro Bacterial Growth Inhibition.

In vitro testing was conducted to measure the efficacy of WT13-12 at inhibiting the
growth of clinically relevant bacteria. WT13-12 consists of 500 mg/mL L-arginine, 20 % v/v
undecylenic acid, and 0.25 % w/v Rheum Officinale. WT13-12 was streaked across half of a
sheep blood agar (SBA) plate and allowed to dry for 15 minutes. The other side was streaked
with the vehicle but not containing WT13-12. After drying, 50 uL of purified bacteria at
100,000 col/mL was streaked onto the control and treated sides of the sheep blood agar plates.
After streaking, the plates were incubated at 37 °C for 48 hours. Growth was assessed at 24 and
4% hours post-inoculation. Percent inhibition was determined by measuring the treated side vs.
the control side with the control side set at 100% growth. Plates were also compared to control
platcs that were not strecaked with the vehicle to ensure the vehicle did not inhibit growth of the
microorganisms (vchicle did not inhibit growth).

Figure 1 shows compound WTI13-12 significantly mhibited the growth of purified
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Gram-positive bacteria on blood agar plates. Methicillin resistant staphylococcus aureus

(MRSA), §. pvogenes and S. pneumoniae were all completely mhibited by WTI13-12. E.

faecalis and S. agalactiae were partially inhibited by the compound (30% and 48%,

respectively). Testing of WT13-12 on two clinically relevant Gram-negative rods (£. coli and
K. pneumoniae) showed WT13-12 had no effect on growth rates (data not shown). This finding
suggests the compound does not have an inhibitory effect on aecrobic Gram-negative rods.
However, adding 10 mg of WT13-12 into cooked meat media completely inhibited the growth
of the Gram-negative anacrobe, B. fragilis (Figure 2). This finding suggests WT13-12 may
significantly inhibit certain anacrobic species that typically colonize wounds and surgical sites.
We also conducted testing using the yeast species C. albicans. Using the same methodology for
testing our bacterial cultures, we found that WT13-12 completely inhibited the growth of C.
albicans at both 24 and 48 hours (Figure 3).

Example 3. In Vitro Combination Assays Reveal Synergistic Mechanism of Action.

Each component of WT13-12 was tested individually or 1in paired combination m the in
vitro bacterial growth inhibition assay described above to determine the relative contribution of
cach component. As shown i Figures 4-7, no individual component (1.e., L-Arginine,
undecylenic acid, or Rheum Olfficinale extract) or paired combination of components produced
any significant mhibition of MRSA, §. agalactiae, S. pyogenes, or E. faecalis within twenty-
four hours following culture inoculation whereas the triple combination WT13-12 restricted
culture growth 1n a statistically significant manner. These results indicate the combination
therapy WT13-12 1s based on the synergistic mechanism of biological action of its three
components and 18 not simply the result of additive mhibition by the constitutive molecules of

the combination therapy.

Example 4. In Vivo Combination Treatment Attenuates MRSA Infection in Rats.

Sixteen anacsthetized adult male rats received a 2.5 cm surgical wound on the right,
lateral back arca. The wounds were intentionally infected with 100,000 colonies/mL
methicillin-resistant S. aureus (MRSA). Four hours after infection, WT13-12 soaked gauze or
saline soaked gauze was packed into the wound. Twenty-four hours later the packing was
removed, the wound swabbed for culture, and the wound repacked with treated or saline gauze.
This procedure was repeated on day three post-infection. On day four post-infection the animal

was swabbed again, cuthanized, and blood was drawn for cultures and analysis. As shown in
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Figures 8-10, WT13-12 significantly attenuated an active MRSA wound infection 1n rats.
Treatment with WT13-12 completely blocked the development of sepsis 1n all amimals. Of the
eight saline treated infected animals, six were found to have MRSA 1n thewr blood. If we had
continued this study for a longer period than four days, 1t 18 quite possible the other two animals
would have developed sepsis as well. Wound structure and integrity was vastly different
between the WT13-12 treated and the saline treated animals. Treatment with WT13-12
significantly reduced the amount of dead tissue, bacteria, and cellular debris in the wound. This
effect was further verified by performing a visual inspection. Saline treated tissue, 1n all cases,
had at lcast one abscess present. In contrast, none of the WT13-12 animals had abscesses
present. Necrotic tissue patches (soft, black patches of degraded tissue) were also present 1n all

saline treated wounds and absent in all WT13-12 treated wounds. White blood cell counts

response, indicating they were not fighting an active infection. In contrast, three of the saline

trcatced animals had severe ncutropenia indicating a clear inability to mount an ctfective

white count indicating end stage infection. This bi-phasic WBC response to infection occurs
commonly in MRSA sepsis. As the bacteria grow and multiply 1n the blood stream, circulating
WBC levels are depleted as they fight the infection. As the bacteria levels continue to increase

and overwhelm the immune system, WBC's increase concurrently as an adaptive response.

Example 5. In-vivo Testing: Case Study 1.

A 38-year old female with a 24-year history of cystic acne presented with several deep
facial acne patches. The affected arcas were swollen and inflamed and measured approximately
five mm 1n diameter. The patient was screened to ensure no other medications were being
taken. A selected arca was treated with WT13-12 and covered with an adhesive strip for eight
hours. Treatment was administered for 5 consecutive days. After the second day of treatment
the swelling and inflammation decreased significantly. By the fifth day the diameter of the acne
lesion decreased to <0.5mm. The untreated acne lesion increased to 7mm. One week after
treatment with WT13-12 ended, the lesion was completely healed. The untreated acne lesion
remained unchanged and was present 21 days after the beginning of the assessment period. The

treated arca showed no scarring or residual effect from the treatment.

Example 6. In-vivo Testing: Case Study 2.
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A 36-year old female presented with 12 mm boil on the left buttock. The area was
swollen, inflamed, and sensitive to pressure. Laboratory culture of the wound site grew a pure
culture of Group B beta streptococcus. WT13-12 was applied and covered with adhesive strips
for 24 hours. At the end of this period the adhesive strips were removed, the arca was cleaned
with soap and assessed. The inflammation and swelling was visually reduced. At the onset of
treatment the patient reported an immediate decrease 1n pain at the infection site. Twenty-four
hours post-treatment the patient had no discomfort from the boil. Five days after treatment the
boil was no longer visible. The treated arca showed no scarring or residual effect from the

frecatment.

Example 7. In-vivo Testing: Case Study 3.

adhesive strips for cight hours. The patient reported an immediate cessation 1n the “1tchiness™ of
the infection site. Treatment was continued for four days. Forty-cight hours after trcatment was
mitiated the ringworm 1nfection had decreased significantly. Ten days after treatment began the

infection was no longer visible.

Example 8. In-vivo Testing: Case Study 4.

A 39 year old male presented with an active Tinea corpus (ringworm) infection on the
right forearm. The infection site measured 10 mm in diameter. The infected site was treated
with WT13-12 and covered with adhesive strips for eight hours. The patient reported a “tingling
sensation” with an absence of pain. Treatment was continued for four days. Forty-eight hours
after treatment was 1nitiated the ringworm infection had decreased to 4 mm. Seven days after

treatment began the infection was no longer visible.
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All Embodiments

Although the foregoing invention has been described in some detail by way of
llustration and example for purposes of clarity of understanding, it will be readily apparent

to those of ordinary skill in the art in light of the teachings of this invention that certain
changes and modifications may be made thereto without departing from the scope of the

appended claims.
Other embodiments are within the claims.

What 1s claimed 1s:
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CLAIMS

1. A therapeutic compound comprising L-Arginine, undecylenic acid, and Rheum

Officinale extract, or pharmaceutically acceptable salt thereot.

2. The compound of claim 1, wherein the amount of L-Arginine is from about

5% w/v to about 100% w/v.

3. The compound of claim 1, wherein the amount of undecylenic acid is from about

2% v/v to about 50% v/v.

4., The compound of claim 1, wherein the amount of Rheum Officinale extract is from

about 0.025% w/v to about 2.5% w/v.

J. The compound of claim 1, wherein the amount of L-Arginine is about 50% w/v,
the amount of undecylenic acid is about 20% v/v, and the amount of Rheum Officinale

extract is about 0.25% w/v.

6. The compound of claim 1 further comprising a cooling or heating additive.
7. The compound of claim 6, wherein said cooling additive is menthol.
8. The compound of claim 1 in combination with a pharmaceutically acceptable

excipient, diluent, or carrier.

9.  The compound of claim 8, wherein said excipient, diluent, or carrier is optimized

for topical application.

10. Use of a therapeutically effective amount of a therapeutic compound comprising

L-Arginine, undecylenic acid, and Rheum Officinale extract to treat a patient suffering from

a disease wherein said disease is a skin disease, wound, or infection.

11. The use of claim 10, wherein said skin disease is acne, psoriasis, or eczema.
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12. The use of claim 10, wherein said infection is caused by a bacterial, viral, or fungal

agent.
13. The use of claim 10, wherein said wound is a burn, cut, puncture, or abrasion.
5 | . .
14. The use of claim 10, wherein the amount of L-Arginine is about 50% w/v, the
amount of undecylenic acid is about 20% v/v, and the amount of Rheum Officinale extract
is about 0.25% w/v.
10 15. A kit comprising (i) the therapeutic compound of claim 1; and (ii) instructions for

utilizing said compound according to the use as defined in any one of claims 10 — 14.
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Fig. 4
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Fig.
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Fig. 6

Streptococcus pyogenes (Group A beta hemolytic strep)
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Fig. 7

Enterococcus faecalis (Group D Enterococcus)
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Fig. 10
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