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(57) Abstract: In one aspect, a method of increasing hair growth includes administering to an individual in need thereof a pharma -
ceutical composition containing a therapeutically effective amount of isomyosmine or a pharmaceutically acceptable salt thereof and
a pharmaceutically acceptable vehicle therefor. In another aspect, a method of improving the appearance of hair includes administer -
ing to an individual in need thereof a pharmaceutical composition containing a therapeutically effective amount of isomyosmine or a
pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable vehicle theretor.
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METHODS OF INCREASING HAIR GROWTH AND IMPROVING HAIR APPEARANCE

(03]

CROSS-REFERENCE TG RELATED APPLICATION

This application claims prioritv to U.S. provisional application no. 62/2935,618, filed
February 16, 2016, the disclosure of which 1s hereby incorporated by reference n its

entirety.

BACKGROUND

Hair growth is a ¢yclical process which includes a growth stage (anagen), a regression
stage {catagen), and a quicscent stage {(telogen). During anagen, the hair bulb within
the follicle penetrates the dermis and contacts the dermal papilla, triggering division of
hair matrix keratinocyites. The new keratinocvies dehydrate and condense to form the
hair shaft, which is pushed through the epidermis by newly dividing keratinocvies i
the hair root. Hair growth ends in the catagen phase. The hawr bulb separates from the
dermal papitia, retracts from the dermis, and the tollicle shrinks in size. In telogen, the
hair remains attached to the follicle but, due to its shallow position in the epidermis,
can casily be released from the skin. Normally, the follicle transitions back mto
anagen phase, during which the hair is pushed out of the follicle by hair newly formed
by dividing keratinocytes. Disruption of the hair growth cyele leads to thinning and
baldness. On the scalp, hair follicles shrink and shed terminal (long, pigmented) hair.
The lost hair is either not replaced by new hair or is replaced by vellus (thin, short,
non-pigmented) hair, resulting in the appearance of baldness.

The most common pharmacotherapeutics currently used to treat hair loss are minoxidil
and S-alpha reductase inhibitors, such as tinastenide. The precise mechanism by which
minoxidit reduces hair loss is snknown; and there 1s a sigmificant percentage of
patients that do not respond o therapy. While finasteride has been shown to slow hair
loss in men, the drug is associated with several side effects, mcluding gynecomastia
and sexual dvsfunction. Both minoxidii and anti-androgens can require several weeks
to increase hair coant, and must be continued indefinitely on a daily basis to maintain
effectiveness. DnColandrea et al. U.S. Patent 8,986,664 describes one alternative
approach m which cerfain monoamine oxidase mhibttors (MAQOL) are administered

together with a vasodilator to improve hair biology and hair growth.
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[84] There remains a need for more effective treatments for improving hair growth and/or
for restoring hair color. It would be particulardy desirable to development treatments
which also improve other qualities of hair associated with aging, such as texture, body,

and sheen, which may help provide an overall more vouthful appearance.

SUMMARY

[05] In one aspect, a method of increasing hair growth comprises administering to an
mdividual in need thereof a pharmaceutical composition comprising therapeutically
cffective amount of isomyosmine or a pharmaceutically acceptable salt thereof, and a

pharmaceutically acceptable vehicle therefor.

6] In another aspect, a meothod of mmproving the appearance of hair comprises
admimistering to an individual in need thereof a pharmaceutical composition
comprising a therapeutically effective amount of 1somyosmine or a pharmaceutically
acceptable salt thereof, and a pharmaceutically acceptable vehicle therefor. The
appearance of hair may be improved by restoring color, increasing sheen, and/or
otherwise providing a more vouthful appearance or treating atinbutes of the hair

associated with aging.

BRIEF DESCRIPTION OF THE DRAWINGS

=)
=

A more complete understanding of the present mvention and certain advaniages
thercof may be acquired by referring to the following detailed description in

consideration with the accompanying drawings, 1in which:

08] FIG. 1 is a graph showing the ability of isomyosming, myosming, anatabing,

anabasine, and nomicoting to inhibit the cnzvmatic activity of MAG-A.

[09] FIG. 2 is a graph showing the ability of isomyosmine, myosmine, anatabing,

anabasine, and nornicoting to inhibit the activity of MAG-B.

(18] FIG. 3 is a photograph of the scalp of a4 male subject before treatment.

111} FIG. 4 is a photograph of the scalp of the male subject after three weeks of treatment.

[12] FIG. 515 a photograph of the scalp of the male subject after 80 davs of treatment.

[\]
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DETAILED DESCRIPTION

113}  Aspects of the present specification disclose, in part, a pharmaceutical composition. As
used herein, the term “pharmaceutically acceptable composition” is svnonymous with
“pharmaceutical composition” and is one that includes a therapeutically effective
concentration of an active mngredient to produce an intended respomse. A
pharmaccutical composition disciosed herein may be useful for medical or veterinary
applications. A pharmaceutical composition may be admimstered to an individual

alone, or in combination with other supplementary active ingredients, agents, drugs or

hormones. In general, the compositions may be administered by any suitable route,
including by not limited to orally, mntravenously, transdermally, subcutanecusly,
topically, parenterallyv, or a combination thercof. Non-limiting examples of topic

formulations mclude creams, lotions, pastes, shampoos, and the like.

[14] A pharmaccutical composition may include a pharmaceutically acceptable carer that
facilitates processing of an active ingredient into pharmaceutically  acceptable
compositions. As used hercin, the term “pharmacologically acceptable carrier”™ is
synonymous with “pharmacological carrier” and means any carrier that has
substantiallv no long term or permanent detrimental effect when administered and
encompasses ferms such as “pharmacologically acceptable vehicle,” “stabilizer,”
“diluent,” “additive,” “awxdiliary” and “exeipient.” Such a carrier generally 1s mixed
with an active compound or permitted to dilute or enclose the active compound and
can be a solid, semi-solid, or hiquid agent. It is understood that the active ingredients
can be soluble or can be delivered as a suspension in the desired carrier or dilaent. Any
of a variety of pharmaceutically acceptable carriers can be used including, without
limitation, agueous media such as, ¢.g., water, saline, glvcine, hyaluronic acid and the
tike; solid carriers such as, ¢.g., mannitol, lactose, starch, magnesium stearate, sodium
saccharin, talcum, cellulose, glucose, sucrose, magnesium carbonate, and the hke;
solvents; digpersion media; coatings, antibacterial and antifungal agents; isotonic and
absorption delaying agents; or anv other mactive ingredient. Selection of a
pharmacologically acceptable carrier can depend on the mode of administration.

Except msofar as anv pharmacologically acceptable carrier is mcompatible with the
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active ingredient, its use in pharmaceutically acceptable compositions is contemplated.
Non-himiting examples of specific uses of such pharmaceutical carriers can be found in
Pharmaceutical Dosage Forms and Drug Delivery Systems (Howard €. Ansel et al.,
eds., Lippincott Wilhams & Wilkins Publishers, 7ih ed. 1999}, REMINGTON: THE
SCIENCE AND PRACTICE OF PHARMACY (Alfonse R Gennaro ed., Lippincott,
Williams & Wilkins, 20th ed. 2000}, Goodman & Gilman’s The Pharmacological
Basis of Therapeutics (Joel G. Hardman et al., eds., McGraw-Hill Professional, 10th
ed. 2001); and Handbook of Pharmaceutical Excipients {Ravmond C. Rowe et al |
APhA Publications, 4th edition 2003} These protocols are routine procedures and any
modifications are well within the scope of one skilled 1n the art and from the teaching

herein.

1151 Isomyosmine (3-(3,4-dihvdro-2H-pyrrol-2-vi}-pyridine) is a nicotine related alkaloid

present in solanccea plants containing nicotine.

[16] Isomyosmune mav be prepared synthetically using known technigues, and also is
commercially available from several chemical suppliers. Isomyosming has two optical
tsomers (+/-) owing to an asvmmetric carbon atom within its pyrrole ring that joins to
the pyridine ring. Unless otherwise clear from context, the term “isomyosmine,” as
used herein, is inclusive of enantiomernic mixtures {+/-} inchuding racemic mixtures, as

well as tsolated forms of one or the other epantiomer.

[17] Unless otherwise clear from context, “isomyosmine” as used herein refers to both salt
and non-salt forms of isomvosmine. Non-limiting examples of possible salts are
described in P. H. Stahl et al., Handbook of Pharmaceutical Salts: Properties, Seloction
and Use, Weinheim/Zirich: Wiley-VCH/VHCA, 2002, mcluding salts of 1-hydroxy-2-
naphthoic acid, 2,2-dichioroacetic acid, 2-hydroxyethanesulfonic acid, 2-oxoglutaric

acid, 4-acetamidobenzoie acid, 4-aminosalicylic acid, acetic acid, adipic acid, ascorbic
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acid (L3, aspartic acid (L), benzenesulfonic acid, benzoic acid, camphoric acid (+),
camphor-10-sulfonic acid (+), capric acid {decanocic acid), caproiw: acid (hexanocic
acid}, caprylic acid {octanoic acid), carbonic acid, cinnamic acid, citric acid, cvclamic
acid, dodecyisutfuric acid, cthane-1,2-disulfonic acid, ethanesuifonic acid, formic acid,
fumanic acid, galactaric acid, gentisic acid, glucoheptonic acid (D), gluconic acid (D),
glucuronic acid (D), glutamic acid, glutaric acid, glveerophosphoric acid, glveolic
acid, hippuric acid, hydrobromic acid, hydrochloric acid, isobuiyric acid, lactic acid
(BL), lactobionic acid, lawric acid, maleic acid, mabic acid (- L), malonic acid,
mandelic acid (DL), methanesulfonic  acid, napbthalene-1 5-diselfonic  acid,
naphthalene-2-sulfonic acid, nicotinic acid, nitric acid, oleic acid, oxalic acid, palmitic
acid, pamoic acid, phosphoric acid, proprionic acid, pyroghutamic acid ¢~ L), salicvhic
acid, sebacic acid, stearic acid, succimic acid, sulfuric acid, tartaric acad (+ L),

thiocyanic acid, toluenesulfonic acid {p}, and undecvlenic acid.

As an alternative o preparing 1somyosmine synthetically, isomyosmine can be
obtained by extraction from tobacco or other sources i which it occurs naturally. For
cxaraple, a tobacco extract may be prepared from cured tobacco stems, lanuna, or
both. In the extraction process, cured tobacco material is extracted with a solvent,
tvpically water, ethanol, steam, or carbon dioxide. The resulting solation contains the
sohible components of the tobacco, including isomyosmine. Isomyosmine may be
purificd from the other components of the tobacco using suitable technigues such as

tiquid chromatography.

In pharmaceutical applications, an isolated form of isomvosmine generally is used. An
“isolated form of isomvosmine,” as used herein, refers to 1somyosmine that erther has
been prepared synthetically or has been substantially separated from natural matenals
in which it occurs. The isolated form of isomyosmine should have a very high purity
(including enantiomeric purity in the case where an enantiomer is used). In the case of
syanthetic 1somyosnune, for example, punty refers to the ratio of the weight of
isomyvosmine to the weight of the end reaction product. In the case of isolating
isomvosmine from native material, for example, punty refers to the ratio of the weight
of isomyosming 1o the total weight of the isomyosmine-containing oxtract. Usually, the

level of purity is at least about 95%, more wsually at least about 96%, about 97%,



WO 2017/142833 PCT/US2017/017641

about 98%, or higher. For example, the level of purity mav be about 98.5%, 99.0%,

99.1%, 99 2%, 99.3%, 99.4%, 99 5%, 99.6%, 99.7%, 99 8%, 99.9%, or higher.

(28] While not wanting to be bound by theory, it is believed that 1somyosmine mav mcrease
hair growth and/or improve the appearance of the hair by inhibiting moncamine
oxidase (MAQ), mcluding the MAO-A and MAO-B enzymes, and by blocking the
svnthesis of hydrogen peroxide (Hz02) and/or other reactive oxygen species (ROS) m
the hair follicles and/or surrounding cells. Increased levels of hydrogen peroxide at
the cellolar level are agsociated with the normal aging process and other disorders
which may adversely affect the normal hair growth process and pigmentation.
Inhubiting the production of ROS such as HoO» 1s postulated to help restore function to
mitochondria, thereby mcreasing hair growth, restoring natural color, and/or
improving other characteristics of the appearance of the hair as deseribed herein, ¢.g,

increased sheen, body, cic.

23] A pharmaceutical composition may include other pharmaceutically acceptable
components (o7 pharmaccutical components), including, without limitation, buffers,
preservatives, tomcity adjusters, salts, antioxidants, osmolality adjusting agents,
physiological substances, pharmacological substances, bulking agents, emulsifying
agents, wetting agents, sweetening or flavoring agents, and the hike Varous buffers
and means for adjusting pH can be used to preparc a pharmaceutical composition
disclosed herein, provided that the resulting preparation is pharmaceutically
acceptable. Such buffers include, without limitation, acetate buffers, citrate buffers,
phosphate buffers, neutral buffered saline, phosphate buffered saline and borate
buffers. 1t 15 understood that acids or bases can be used 1o adjust the pH of a
compgosition as needed. Pharmaceutically acceptable antioxidants include, without
hioutation, sodivm  metabisulfite, sodium thicsulfate, acetyloysteine, butylated
bydroxyanisole and butylated hvdroxytoluene. Useful preservatives include, without
timitation, benzalkonium chloride, chlorobutanol, thimerosal, phenvimercuric acetate,
phenvimercuric nitrate, a stabilized oxy chloro composition and chelants, such as, e.g.,
DTPA or DTPA-bisamide, calcium DTPA, and CaNaDTPA-bisamude. Tonicity
adjustors useful in a pharmaceutical composition include, without limitation, salts such
as, ¢.g., sodium chlonde, potassium chlonde, mannitol or glveerin and other

pharmaceutically acceptable tonicity adjustor. The pharmaceutical composition may be
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provided as a salt and can be formed with many acids, including but not hmited to,
hydrochlornic, sulfuric, acetic, lactic, tartaric, malic, succinic, ote. Salts tend to be more
soluble in aqueous or other protonic solvents than are the comesponding free base
forms. It 1s understood that these and other substances known in the art of

pharmacology can be included in a pharmaccutical composition.

Composttions may contain isomvosnune, alone or with other therapeutic compound(s).
A therapeutic compound is a compound that provides pharmacological activity or
other direct effect in the diagnosis, cure, mitigation, treatment, or prevention of
disease, or to affect the structure or any function of the body of man or animals. A
therapeutic compound disclosed herein mav be used in the form of a pharmaceutically
acceptable salt, solvate, or solvate of a salt, e.g. the hydrochloride. Additionally,
therapeutic compound disclosed herein may be provided as racemates. or as individual
cnantiomers, including the R~ or S-cnantiomer. Thus, the therapeutic compound
disclosed herein may comprse a R-enantiomer only, a S-cnantiomer only, or a
combination of both a R-enantiomer and a S-cnantiomer of a therapeutic compound. In

some aspects, the therapeutic compound may have anti-inflammmatory activity.

Mon-limiting examples of other therapeutic compounds include vasodilators, such as
minoxidil, apigenin, hvdralazine, prostaglandin, and prostacyclin. A sigoificant
percentage of subjects do not respond., or are only minimally responsive, to minoxidil
treatment alone. For some individuals, co-therapies involving the administration of
isomyosmine and a vasodilator, such as minoxidil, may yield improved results over the
adnunistration of cither component alone. When more than one active agent is
adounisiered, the active agents may be present in the same formuiation or m two or

more different formulations.

A pharmaccutical composition may comprise a therapeutic compound i an amount
sufficient to allow customary admimstration to an mdividual. For example, a
pharmaceutical composition may inchude, .g., at least 5 mpg, at least 10 mg, at least 15
mg, at least 20 mg, at least 25 mg, at least 30 mg, at least 35 myg, at least 40 myg, at
least 45 mg, at least 50 mg, at least 55 mg, at lcast 60 mg, at least 65 mg, at least 70
mg, at least 75 mg, at least 80 mg, at least 85 myg, at least 90 mg, at least 95 mg, or at

least 100 mg of a therapeuotic compound. The amount of therapeutic compound n a

-~
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composition may be in the range of, ¢.g., about 10 mg to about 250 mg, about 10 mg to

about 500 mg, about 10 mg to about 750 mg, or about 10 mg tc about 1,000 mg.

ey
N
124
o

Pharmaceutical compositions as described herein may include a pharmaceutically
acceptable solvent. A solvent 1s a liguid, solid, or gas that dissolves another solid,
liguid, or pascous (the solute), resulting in a solution. Solvenis useful in the
pharmaceutical compositions include, without limitation, a pharmaceutically
acceptable polar aprotic solvent, a pharmaceutically acceptable polar protic solvent
and a pharmaceutically acceptable non-polar solvent. A pharmaceutically acceptable
polar aprotic solvent includes, without limitation, dichloromethane (DCM),
tetrahvdroturan (THF), ethy! acetate, acetone, dimethviformamide (DMF), acetoniirile
{(MeCN), dimethyvl sulfoxide (BMSO). A pharmaceutically acceptable polar protic
solvent includes, without limitation, acetic acid, formuc acid, ethanol, n-butanol, 1-
butanol, 2-butanol, isobutanol, scc-butanol, tert-butanol, n-propanol, isopropanal, 1,2
propan-diol, methanol, giveerol, and water. A pharmaceutically acceptable non-polar
solvent includes, without lLimitation, pentane, cyclopentane, hexane, cyclohexane,
henzene, toluene, 1,4-dioxane, chioroform, n-methyl-pyrrilidone (NMP), and dicthyl

ether.

126] A pharmaceutical composition disclosed herein may comprise a solvent in an amount
sufficient to dissolve a therapeutic compound disclosed herein. In other aspects of this
embodiment, a pharmaceustical composition disclosed hercin may comprise a solvent
in an amount of, ¢ g, less than about 90% {v/v), less than about 80% (v/v), less than
about 70% (v/v), less than about 63% (v/v), less than about 60% (v/v), less than about
55% {v/v}, less than about 50% (v/v), less than about 45% (v/v}, less than about 40%
{viv), less than about 35% (v/v), less than about 30% (v/v), less than about 25% (v/v),
less than about 20% (v/v), less than about 13% (v/v), less than about 10% (v/v), less
than about 5% (v/v), or less than about 1% (v/v}. In other aspects of this embodiment,
a pharmacentical composition disclosed herem may comprise a solvent in an amount
in a range of, ¢.g2., about 1% (v/v) to 90% (v/v}, about 1% (v/v} to 70% (v/v}, about 1%
(v/v} to 60% {v/v), about 1% (v/v} to 30% (v/v). about 1% (v/v) to 409% (v/v), about
1% (v/v) to 30% (v/v), about 1% (v/v) to 20% (v/v), about 1% (v~} to 10% (v/v),
about 2% (v/v} to 50% {(v/v), about 2% {(v/v} to 40% (v/v}, about 2% {v/v} to 30%

(viv), about 2% {v/v) to 20% (v/v}, about 2% (v/v) to 10% (v/v), about 4% {(v/v) to



WO 2017/142833 PCT/US2017/017641

50% {v/v}, about 4% (v/v} to 40% {v/v}, about 49 (v/v) to 30% {v/v}, about 4% {(v/v})
to 20% (v/v). about 4% (v/v} to 10% {v/v), about 6% (v/v) to 30% {v/v), about 6%
(viv) to 40% (v/v), about 6% (v/v) to 30% (v/v), about 6% (v/v) to 20% {v/v), about
6% (v/v) to 10% (v/iv), about 8% {(v/v) to 50% {v/v}, about 8% {v/v) to 40% (v/v),
about 8% (v/v} to 30% {(v/v), about 8% {v/v} to 20% (v/v}, about 8% {v/v} to 15%

(viv), or about 8% (v/v} to 12% (v/v}.

1271 In one embodiment, a solvent may comprise a pharmaceutically acceptable alcohol. As
used herein, the term “alcohol” refers to an organic molecule comprising a hydroxyl
functional group {(-OH) bonded to a carbon atom, where the carbon atom is saturated.
In aspects of this embodiment, the alcohol may be, e.g., a Craalcohol, a Craaleohol, a
Ci-s alechol, a Ciraleohol, a Ciw alechol, a Cias aleohol, or a Cizealechol. In other
aspects of this embodiment, an aleohol may be, ¢.g., a primary alcohol, a secondary
alcohol, or a tertiary alcohol. In other aspects of this embodiment, an alcobol may be,
¢.2., an acvelic alcohol, a monohvdric aleohol, a polyhvdnic alcohol {also known as a
polyvol or sugar alcohol}, an unsaturated aliphatic alcchol, an alicyelic alcchol or a
combination thercof. Examples of a monohydric alcohol include, without limitation,
methanol, ethanol, propanol, butanol, pentancl, and 1-hexadecanol. Examples of a
polvhydric alcohol include, without hmitation, glveol, glycerol, arabitol, ervthritol,
xylitol, maltitol, sorbitol (gluctiol}, manunitol, mositol, lactitol, galactitol (iditol}, and
isomalt. Fxamples of an unsaturated aliphatic alcohol include, withowt hmitation,
prop-2-ene-1-ol, 3,7-dimethviocta-2,6-dien-1-0l, and prop-2-in-i-ol. Examples of an
alicychic alcchol include, without himitation, cyclobexane-1,2.3.4.5 6-hexyl and 2-(2-

propyl}-3-methyl-cyclohexane-1-ol.

28] In ancther embodiment, a solvent may comprise an ester of pharmaceutically
acceptable alcohol and an acid. Switable pharmaceutically acceptable alcohols include
the ones disclosed hercin. Sutable acids include, without hmutation, acctic acid,
butaric acid, and formic acid. An ester of an alcobol and an acid include, without
limitation, methyl acetate, methyl boterate, methyl formate, ethyl acetate, ethyl
buterate, ethyl formate, propyl acetate, propyl buterate, propyl formate, butyl acetate,
butyl buterate, butvl formate, isobutyl acetate, isobutyl butcrate, isobutyl formate,
pentyl acetate, pentyl buterate, pentyl formate, and 1-hexadecyl acetate, 1-hexadecyl

buterate, and I-hexadecy! formate.
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In another embodiment, a solvent may comprise a pharmaceutically acceptable
polyethviene glvcol (PEG) polymer. PEG polymers, also known as polyethylene oxide
(PEO) polymers or polvoxyethylene (POE) polymers, are prepared by polvmerization
of ethyviene oxide and are commercially available over a wide range of molecular
weights from 100 gimol to 10,000,000 g/mol. PEG polvmers with a low molecular
mass are hquids or low-mching solids, whercas PEG polvmers of a higher molecular
mass arc solids. A PEG polymer include, without hmitation, PEG 100, PEG 200, PEG
300, PEG 400, PEG 500, PEG 600, PEG 700, PEG 800, PEG 900, PEG 1000, PEG
1100, PEG 1200, PEG 1300, PEG 1400, PEG 1500, PEG 1600, PEG 1700, PEG 1800,
PEG 1900, PEG 2000, PEG 2100, PEG 2200, PEG 2300, PEG 2400, PEG 2500, PEG
2600, PEG 2700, PEG 2800, PEG 2900, PEG 3000, PEG 3250, PEG 3350, PEG 3500,
PEG 3750, PEG 4000, PEG 4250, PEG 4500, PEG 4750, PEG 3000, PEG 3500, PEG
6000, PEG 6500, PEG 7000, PEG 7500, PEG 8000, PEG 8500, PEG 9000, PEG 9500,
PEG 10,600, PEG 11,000, PEG 12,000, PEG 13,000, PEG 14,000, PEG 15,000, PEG
16,000, PEG 17,000, PEG 18,000, PEG 19,000, or PEG 20,000,

In another embodiment, a solvent mav comprise a pharmaceutically acceptable
glveende. Glveerides comprise a substituted glveerol, where one, two, or all three
hydroxyl groups of the glveerol are each estenified using a fatty acid to produce
monoglycerides, diglycendes, and triglvcerides, respectively. In these compounds,
cach hydroxvl groups of glveerol may be esterified by different fatty acids.
Additionally, glveerides may be acetvlated to produce acetviaied monoglyeenides,

acetyvlated diglycerides, and acetyliated triglycenides.

In one embodiment, a solvent may comprise a pharmaceutically acceptable solid
solvent. Solid solvents may be useful in the manofacture of a solid dose formulation of
a pharmaceutical composition disclosed herein. Typically, a solid solvent is melted
order to dissolve a therapeutic compound. A pharmaceutically acceptable solid solvent

includes, without limitation, menthol and PEG polymers described above.

In some aspects, mdividuals exhibit hair loss or thinning hair which s focal, 1.¢,
limited to a particular region or pattern on the skin, or diffuse. Focal hair loss is most
commonly associated with androgenctic alopecia, also known as male-pattern or

female-pattern hair loss, which affects the vertex region of the skull. Other types of

10
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[34]

hair loss include anagen effluvium, telogen effluvium, alopecia greata, and scarnng
alopecia. While aging is a common cause of hair loss, hair loss or thinning also may
be caused by any of a number of medical conditions and environmental nsults, such as
loose anagen syndrome, finia capitis, ichthvosiform ervthroderma, leprosy, progena,
Sigmens  svndrome, hyperthyrowdism, hypothyvroidism, menopause, postpartum,
autotmmune disorders, mfection {e.g.. rngworm, Demodex folliculorum), allergic
reaction, cosmetic overprocessing, stress, nutritional deficiencies {e.g., resulting from
anorexia), poisoning, burs, radiation, compulsive hair pulling or twisting, traction
alopecia, and certain medications {e.g., antimitotics, retinoids, ACE inhibitors, hthium,
anticonvulsants, anticoagulants, and chemotherapy). In some embodiments, the subject
suffers from hair loss that is not associated with hereditary hair loss, such as

androgenetic alopecia,

As used herein, the term “treating,” refers to reducing or eliminating in an individual a
chinical symptom of hair loss or thinnmg hair, or delaving or preventing m an
mdividual the onset of a clinical symptom thereof. For example, the term “treating”
can mean reducing a symptom of a condition characterized by alopecia or related
disorder by, e.g., at least 20%, at least 25%, at least 30%, at least 35%, at least 40%, at
least 45%, at least 50%, at least 55%. at least 609%, at least 65%. at least 70%, at least
75%, at least 80%, at least #5%, at least 90%. at least 95%. or more. The actual
sympioms associated with hair loss or thinning bair are well known and can be
determined by a person of ordinary skill in the art. Those of skill in the art will know
the appropriate symptoms or indicators associated with a specific type of hair loss or
thinning hair and will know how to determune if an individual is a candidate for

treatment as disclosed heren.

In one aspect, the subject is a mammal, such as a male or female human. Altematively,
the subject is a fur- or hatr-bearing non-human mammal. In this regard, veterinary and
pet care applications also are contemplated wherein the subject 1s, for example, a
caning (such as, but not imited to, a dog or a fox), feling, monkey, chimp, rodent (such
as, but not limited to, a hamster, gerbil, rat, chinchilla, degu, or mouse), ferret, guinea

pig, skunk, rabbit, bovine, or horse.

i
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(351 Improvements in hair biology are determined using any suitable technigque, such as
techniques known in the art for evaluating the efficacy of hair care products. For
exaraple, the onset of new hair growth may be evaluated by observing changes in hair
count or density (number of hairs per predetermined area {e.g., cm?)} or hair weight.
Hair count protocols are known m the art and described in, for example, Olsenetal ) §
Am. Acad. Dermatol., 47 377-385 (2002} Methods of evaluating mmproved hair
growth and shine include, but arc not hmited to, global photograph assessments and
subject self-evaluation. Similarly, visual inspection may be used to detect mcreases in
the amount of terminal hair and/or a reduction in velius hair in a particular region of
the body, which also signals improved bair growth. Hair loss also can be evaluated via
visual inspection and self-cvaluation.  Another method of monitoring hair loss
mvolves collecting and counting hair lost during the first moming combing or wash at
various time points {¢.g.. at one week, four weeks, two months, three months, six
months, ning months, or one year) during or following treatment. Hair count protocols
are further described in, e.g., Wasko ¢t al., Arch. Dermatol., 144(6); 759-762 (2008).

Any reduction inn the amount of hair lost indicates an improvement in hair biclogy.

[36] Examination of individual hairs is useful for identifving the hair growth phase of a
follicle; anagen hairs comprise a sheath attached to the hair root, while telogen hairs
lack a sheath. Other indicators of hair biology, such as hair diameter, curl, breakage,
and shine, can be observed microscopically.  Tensile strength, clasticity, and
breakability also can be evaluated using a dynamometer, while glossmeters are
suitable for evaluating hair shine, as described in, ¢.g., Velasco et al, Br. J. Pharm
Sci., 45(1) 153-(2009). See also Robbins, Chemical and Physical Behavior of Human
Har, 4th Ed., Springer-Verlag, New York (2002). In some cases, hawr diameter may
be cvaluated using a Fiber Dimensional Analysis System (Mitutovo, Model LSM
5000}, or an imaging system as described in Berger et al. British Journal of

Dermatology, 149: 354-362 (2003).

1371 In some aspects, the treatments described herein may also prevent or reduce dandruff
in a subject, such as dandreff caused by microbe-host nteractions {e.g., dandruff
caused by Malassezia veasts). Reduction or prevention of dandruff can be determuned

by any suitable method, such as self-evaluation by the subject, global examination, or
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observing microbe levels on the affected arca (see, eg., Gemmer ot al, I Chn

Microbiol., 40(9), 3350-3357 {2002)).

In some aspects, the treatments described herein may be etfective for mproving the
appearance of hair. Refercnces herein to improving the appearance of hair are
particularly inclusive of treating attributes of the hair associated with aging. In some
examples, the appearance of the hair may be mproved by restoring color, mcreasmg
sheen, body, and/or otherwise providing a more vouthful appearance. Improvements
in the appearance of the hair can be determined by sci-cvaluation, global examination,

and/or other techniques described above.

A therapeutically effective amount of isomyosmine for improving hair growth and/or
restoring hair color useally is in the range of about 0.001 mg/kg/day to about 100
mg/kg/day. For example, a therapeutically effective amount may be at least 0.001
mg/kg/day, at least 0.01 mg/kg/day, at least 0.05 mg/kg/day, at least 0.1 mg/kg/day, at
least 02 mg/kg/day, at least 03 mg/kg/day, at least 0.4 mg/kg/day, at least 0.3
mg/kg/dav, at feast 0.6 mg/kg/day, at least 0.7 mg/ka/day, at least 0.8 mg/kg/day, at
least 0.9 mg/kg/day, or at least | mg/kg/day. In some cases, a therapeutically effective
amount may be in the range of about 0.001 mg/kg/day to about 100 mg/kg/day, about
0.01 mg/ke/day to about 90 mg/kg/day, about 0.05 mg/ke/day to about 80 mg/ke/day,
about 0.1 mgkeg/day to about 70 mg/kg/day, about 0.2 mg/keg/dav to about 60
mg/ke/day, about 0.3 mg/kg/day to about 50 mg/kg/day, about 0.4 mg/kg/day to about
40 mg/kg/day, abowt 0.5 mg/ke/day to about 30 mg/kg/day, about 0.6 mg/kg/dav to
about 20 mg/kg/day, about 0.7 mg/kg/day to about 10 mg/kg/day, or about 0.8
mg/kg/day to about 5 mg/kg/day. As will be appreciated by persons skilled in the axt,
the appropriate dosing for a particular individual will depend on a mumber of factors
including the mdividual’s metabolism and the severity of the baldness or loss of

pigmentation.

Digsing can be single dosage or cumulative (serial dosing), and can be readily
determined by one skilled m the art. The timing of admnistration can vary from
mndividual to mdividual, depending upon such factors as the severity of an individual’s
symptoms. For example, an effective dose of a pharmaceutical composition disclosed

herein can be administered to an individual once daily for an indefinite period of time,

[—
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or until the individual no longer requires therapy. A person of ordinary skill in the art
will recognize that the condition of the individual can be monitored throughout the
course of treatment and that the cffective amount of a pharmmaccutical composition

disclosed herein that is administered can be adjusted accordingiy.

141} A phammaceutical composition disclosed herein can also be administered to an
individual in combination with other therapeutic compounds {o ncrease the overall
therapeuntic cffect of the treatment. The use of muitiple compounds to treat an
indication can increase the beneficial effects while reducing the presence of side

eftects.

[42] The following examples llustrate but do not imit the scope of the disclosure set forth

herein.

EXAMPLE }

61}  This cxample descrbes experiments for determining monoamine oxidase (MAQ)
mhibition for isomyosmine and other alkaloids. MAOs are enzvmes located on the
outer membrane of mitochondria and are wvolved m the catabolism of moncamine
neurotransmitiers.  There are two well-charactenized iscenzvmes: MAO-A, which
predominantly catabolizes serotonin and norepinephrine, and MAQG-B, which
preferentially  catabobizes benzvlamine and phenylethylamime.,  Dopamine and

tyramine are metabolized by both isoforms.

[#2] To detect the activity of MAQ, a luminescent method (MAO-Glo Assay kit, from
Promega, Cat # V1401) was used. In this method, a MAQ sabstrate {a derivative of
beetle luciferin provided m the kit) is mixed with the compound to be tested {(in this
case, myosmine and control compounds). Then, the MAO enzymes {etther A or B,
purchased separately) are added to the mixture and incubated with the reaction for 1
hour at room temperature. The MAQO enzyvmes, if not inhibited by the test compound,
will convert the substrate into methyl ester fuciferin,  Finally, a luciferin detection
reagent {provided by the kit) is added (20 mimites at room temperature} to stop the
MAO reaction and convert methyl ester luciferin into D-luciferin.  D-luciferin reacts
with uciferase to produce a luminescent signal, which is directly proportional to the

B-luciferin concentration and thus the MAOQ activity: the greater the amount of light

14
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163]

[04]

[43]

produced the higher the activity of MAQ. The luminescent signal 13 measured and

recorded using a luminometer.

The following materials were obtained from Toronto Research Chemicals, North
York, ON: isomvosmine, catalog # 1821350; mvosmine, catalog # MS35000;
anabasme, catalog # A63717S; and nomicotine, catalog # N756995.  Anatabine was

obtained from Emerson Resources, Nornstown, PA.

As positive controls for the expernment, clorgvhine (a well-characterized potent
inhibitor of MAQG-A} and deprenyl (a well-characterized potent inhibitor of MAQG-B)

were used.

Results for MAQO-A activity

When the pure alkaloids isomvosnune, myvosmine, anatabine, anabasine, and
nornicotine were compared, 1somyosmine was the most potent of the five in mhibiting
the enzvmatic activity of MAG-A (FIG. 1), The way to read this line graph is the
followmg: a 100% activity means that the test compound has no effect on the enzyme;
a 0% activity means that the test compound completely kills the enzyme. The more
the curve is shifted to the left, the greater the mhibition the test compound exerts on
the enzyme. As can be seen in FIG. 1, the curve for isomyosmine is more shifted to
the left among the five alkaloids tested. A 2 mM concentration (2,000 micromolar)
gives an imhibition of about 50%. The curve for clorgyling, the positive control for

the cxperiment, is greatlv shified lefiward.

Results for MAG-B activity

Similar results were obtained when testing the five pure alkaloids isomyosmine,
myosmine, anatabine, anabasinge, and nornicotine for the imhibition of MAQO-B.
Isonyosmine was the most potent among the five alkaloids tested at mlubiting the

activity of MAQ-B (FIG. 2}

EXAMPLE 2

[06]

A male aged 60 vears and approxamately 75 kg in weight was experiencing male-
pattern baldness. The individeal was orally admimstered isomyosmine at a dosage of

60 mg/day over the course of three weeks. FIG. 3 is a photograph of the scalp of the

J—
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mdividual before treatment. FIG. 4 is a photograph of the scalp of the individual after
three weeks of treatment {and a haircut}. FIG. 5 is a photograph of the scalp of the
ndividual after 90 days of treatment. As can be seen, the individual cxpernienced
significant new growth of healthy, dark-colored hair on the scalp as a result of the

treatment.

[44] While particular embodimenis have been described and illustrated, 1t should be
understood that the mvention is not limited thereto since modifications may be made
by persons skilled in the art. The present application contemplates any and all
modifications that fall within the spirit and scope of the underlving invention disclosed

and claimed herein.
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WHAT IS CLAIMED IS:

10.

11

A method of mereasing hair growth comprising adminstering to an individual in need
thereof a pharmaceutical composition comprising a therapeuatically effective amount
of isomvosmine or a pharmaceutically acceptable salt thereof, and a pharmaceutically

acceptable vehicle therefor.

The method of claim 1, wherein the pbarmaceutical composition is adounistered

orally.

The method of claim 1, whercin the pharmaceutical composition is administered

topically.

The method of claim 1, wherein the therapeutically effective amount ranges from

about 0.001 mg/kg/day to about 100 mg/kg/day.

The method of claim 1, wherein the therapeutically effective amount ranges from

about 0.01 mg/ke/day to about 75 mg/kg/day.

The method of claim 1, wherein the therapeutically effective amount ranges from

about 0.1 mg/kg/day to about 30 mg/kg/day.

The method of claim 1, wherein the therapeutically effective amount ranges from

about 0.2 mg/kg/day to about 25 mg/kg/day.

The method of claim 1, wherein the therapeutically effective amount ranges from

about 0.3 mg/kg/day to about 20 mg/kg/day.

The method of claim 1, whercin the therapeutically effective amount ranges from

about 0.4 mg/kg/day to about 10 mg/kg/day.

The method of claim 1, wherein the therapeutically effective amount ranges from

about 0.5 mg/kg/day to about 5 mg/kg/day.

A method of improving the appearance of hair comprising admunistering to an

individual in need thereof a pharmaceutical composition comprising a therapeutically
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effective amount of isomyosmuine or a pharmaceutically acceptable salt thereof, and a

pharmaceutically acceptable vehicle therefor.

orally.

. The method of claim 11, wherein the phammaceutical composition is administered

The method of claim 11, wherein the pharmaceutical composition is administered

topically.

The method of claim 11, wherein the therapeutically

about 0.001 mg/kg/day to about 100 mg/kg/day.

. The method of claim 11, wheren the therapeutically

about 0.01 mg/kg/day to about 75 mg/kg/day.

The method of claim 11, whercin the therapeutically

about 0.1 mg/kg/dav to about 530 mg/kg/day.

. The method of claim 11, wherein the therapeutically

about 0.2 mg/kg/day to about 25 mg/kg/day.

The method of claim 11, wherein the therapeutically

about 0.3 mg/kg/dav to about 20 mg/kg/day.

effective

stfective

effective

effective

effective

amount ranges from

amount ranges from

amount ranges from

amount ranges from

amount ranges from

The method of claim 11, wherein the appearance of the hair is improved by restoring

natural color, increasing sheen, increasing body, or a combination thersof,

Amisolated form of 1somyosming or a pharmaceutically acceptable salt thereof for use

n increasing hair growth or mmproving the appearance of hair.
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