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METHOD OF TREATMENT OF ALOPECIA WITH 
MONOTERPENOIDS 

RELATED APPLICATION DATA 

5 This application claims priority from Australian Provisional Application No, 

2013904859 filed on 12 December 2013, the full contents of which is incorporated by 

reference herein in its entirety, 

FIELD OF THE INVENTION 

10 The present application relates to the field of hair loss and/or hair growth, such as the 

production and use of cosmetics for prevention or treatment of hair loss or the 

promotion or enhancement of hair growth, and the production and use of medicaments 

for therapy of alopecia.  

15 BACKGROUND TO THE INVENTION 

Hair and hair development 

Hair is integral to our body image and can have a profound influence on our self

esteem and self-confidence. The appearance altering effects of hair loss and/or hair 

thinning can have a significant impact on an. individual's psyclological well-being and 

20 quality of life. In this regard, alopecia, and particularly androgenic alopecia, is a source 

of low self-esteem and anxiety for many sufferers. Hair is an important facet of the 

human appearance that is commonly used for recognition and is one deterninant of 

physical attractiveness. In both Western and Asian cultures, voluminous thick hair is a 

symbol of health, youthfulness and virility. As a consequence, the loss of one's hair 

25 can diminish body image satisfaction and have deleterious effects on selfiesteema 

Cash TF, British Journal of Dermatology, 141:398-405, 1999. Those suffering from 

hair loss often experience eibarrassret and fear being ridiculed by others because 

they look different. in some subjects, alopecia may lead to depression. These factors, 

coupled with society's current emphasis on youthfuiness, have only served to 

30 strengthen the value of abundant hair, and, as a result, products and services promoting 

hair growth, replacement or fuller appearance of hair have proliferated,
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The hair of non-human mammals is commonly referred to as "fur". Unless specifically 

stated otherwise, or the context requires otherwise, the term "hair" as used herein shall 

be taken to include "fur". The term "hair" shall also be taken to include hair on any part 

of a mammalian bodyEinluding the eyebrow, edge of the eyelid, armpit, and inside of 

5 the nostril, unless the context requires otherwise. Thus, hair may include head hair, 

eyebrow hair, eyelash, cilia, or other body hair.  

Each hair comprises two structures the shaft and the follicle. The primary component 

of the hair shaft is keratin. The hair shaft contains three layers of keratin, however the 

10 inner layer i.e., the medulla. may not be present. The middle layer ie., the cortex, 

makes up the majority of the hair shaft The outer layer Lie., the cuticle, is formed by 

tightly-packed scales in an overlapping structure. Pigment cells are distributed 

throughout the cortex and medulla giving the hair its characteristic colour. The follicle 

contains several layers. At the base of the follicle is a projection. called a papilla, which 

15 contains capillaries, or tiny blood vessels, that feed the cells The living part of the hair, 

the area surrounding the papilla called the bulb, is the only part fed by the capillaries, 

The cells in the bulb divide every 23 to 72 hours, faster than any other cells in the body.  

The follicle is surrounded by an inner root sheath and an outer root sheath. These two 

sheaths protect and mould the growing hair shaft. The inner root sheath follows the hair 

20 shaft and ends below the opening of a sebaceous (oil) gland, which produces sebum, 

and sometimes an apocrine (scent) gland. The Outer root sheath continues all the way 

up to the sebaceous gland. An erector pili muscle attaches below the sebaceous gland to 

a fibrous layer around the outer sheath. When this muscle contracts, it causes the hair to 

stand up.  

25 

Human skin comprises two types of hair: vellus hair and terminal hair. Vellus hair is 

short, fine, "peach fuzz" body hair. It is a very soft, generally pale, and short hair that 

grows in most places on the human body in both sexes. Vellus hair is generally less 

than two centimetres in length, and the follicles from which vellus hair grows are not 

30 connected to sebaceous glands. It is observed most easily in those having less terminal 

hair to obscure it, such as women and children. It is also found in pre-adolescents and
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in males exhibiting inale-pattern baldness, Terminal or "androgenic" hair is developed 

hair, which is generally longer, coarser, thicker and darker than vellus hair, Phases of 

growth for terminal hair are also more apparent than for vellus hair, by virtue of a 

generally-longer anagen phase. Terminal hair has associated sebaceous glands, In 

5 puberty; some vellus hair may develop into terminal hair. Under other conditions, such 

as male pattern baldness, terminal hair may revert to a velius-like state, 

The hair growth cycle in mammals is composed of three sequential phases: anagen, 

catagen and telogen.  

10 

Anagen is the active growth phase of the cycle during which time cells in the root of 

the hair are dividing rapidly, follicles grow, hair synthesis takes place and skin 

thickness increases. Anagen can be further divided into six short subphases i.e., anagen 

I-V During the anagen phase, hairs are anchored deeply into the subcutaneous fat and 

15 there-fore cannot be pulled out easily. As new hair is synthesized, the club hair is 

pushed up the follicle, and eventually out from the skin. During this phase active 

growth phase, the hair grows at a rate of about I emn every 28 days. Scalp hair stays in 

this active phase of growth for approximately 2-6 years. Human subjects that have 

difficulty growing their hair beyond a certain length may have a shortened anagen 

20 phase, whereas those having an ability to grow longer hair quickly may have a longer 

anagen phase. In humans, the hair on the arms, legs, eyelashes, and eyebrows generally 

has a short anagen compared to head orcalp hair.  

The catagen phase is a transitional stage that lasts for about 2-3 weeks in humans, 

25 during which time growth stops. thereby forming "club" hair, follicles regress and skin 

thickness decreases, 

Telogen is the final phase of the hair growth cycle during which both follicles and skin 

are at rest, lasting for about 100 days for scalp hair and much longer for other body 

30 hair; During telogen, the hair follicle is at rest, the club hair is formed, and compared to 

hair in anagen, the hair in telogen is located higher in the skin and can be pulled out
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more readily, The root of telogen hair comprises a visible solid, hard, dry, and white 

material. Shedding of hair in the telogen phase is normal, and up to 75 hairs in telogen 

are shed front a normal human scalp daily. However, hairs are typically replaced at a 

rate similar to that at w which they are shed, because about the satne number of follies 

5 enter the anagen phase daily. At any given time, approximately 80% to 90% of follicles 

in a norna scalp are in the anagen phase, about 1% to 3% are in the catagen phase i.e., 

undergoing involution, and about 5% to 10% are in the telogen phase.  

The hair growth cycle is known to be regulated by a variety of mediators, including 

10 several members of the fibroblast growth factor (FGF) family. Of the 22 known 

members of the FGF gene family, FGF-i, FGF-2, FGF-5. FGF-7. FGF-13, FGF-18 and 

FGF-22 are expressed in the epithelium of the hair follicle and are thought to be 

involved in the hair growth cycle. For example, FGF-, FGF-2 and FGF-7 are reported 

to be involved in cell proliferation in the hair follicle and agonists of these molecules 

15 have been proposed for used in hair growth products, 

Conditions of hair loss and/or reduced hair growth 

As used herein, the term "alopecia" refers to a medical condition or pathology in which 

hair loss or hair thinning occurs by virtue of a reduced ability to replace shed hairs or as 

20 a result of a medical condition or pathology that results in enhanced hair shedding 

without concomitant or subsequent replacement thereof eg., brittle hair growth, thin 

hair growth, short hair growth., sparse hair growth, alopecia, or hair de-pigmentation.  

For example, the hair cycle can become uncontrolled leading to accelerated hair loss, 

which may be temporary or permanent 

25 

Alopecia can have various causes, including androgenic alopecia (also referred to as 

male or female pattern hair loss), acute alopecia, and alopecia areata including alopecia 

totalis and alopecia universalis.  

30 Androgenic alopecia is the most common form of alopecia. Androgenic alopecia is a 

hereditary hair-loss condition affecting men and women of, for example, Caucasion or
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Asian descent Androgenic alopeciais characterised by a progressive decrease in hair 

volume, or even baldness. Without treatment. the number of hairs on a sufferer of 

androgenic alopecia will decrease at a rate of approximately 5% per year after onset 

e.g. Ellis et at, Expert Reviews in Molecular Medicine, 4:11 , 2002, Androgenic 

5 alopecia is so common it is reported to affect up to 70% of the general population, with 

an estimated 30% of men developing androgenic alopecia by the age of 30, and 50% of 

men affected by the age of 50. in fact, it is reported that fewer than 15% of the male 

population have little or no baldness by the age of 70 e.g. Sinclair RH_/JUGJ .1(4):319

327. 2004; Lee and Lee, Ann. Dennat, 24(3):243-252, 2012. As many as 10% of 

10 pre-menopausal women are reported to exhibit some evidence of androgenic alopecia 

(also referred to as female pattern hair loss), and the incidence of androgenic alopecia 

in women increases significantly as women enter menopause. For instance, as many as 

50-75% of women aged 65 years or older are or will be affected by androgenic alopecia 

e.g., Norwood OT, Dermutol Surg. 27(1):53-4,2001.  

15 

Whilst the onset and physical manifestation of androgenic alopecia varies quite 

significantly among individuals, at least in males, its pathogenesis is thought to 

commence after puberty when there are sufficient circulating androgens. For example.  

dihydrotestosterone (DHT) is produced by the action of 5t-reductase on testosterone, 

20 and binds to androgen receptors (AR) in the denial papilla of sensitive hair follicle of 

the scalp inducing growth factor beta (TGF-p and results in cyclical miniaturization 

(shrinkage) of the entire hair follicle. Hair produced from miniaturized hair follicles is 

generally short and fin compared to hair produced from normal hair follicles and 

therefore provides less complete scalp coverage.  

25 

In contrast, androgen stimulation of facial dermal papillae cells produces insulin-like 

growth factor-2 (IGF-2), resulting in cyclical enlargement of the entire hair follicle. As 

a consequence, hair produced from follicles that have undergone cyclical enlargement 

is generally longer and thicker compared to hair produced from normal hair follicles 

30 and provides more complete facial skin coverage.
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Acute alopecia is hair loss associated with an acute event, such as pregnancy, severe 

illness, treatment eg,., such as by chemotherapy, stress, severe manutrition, iron 

deficiency, hormonal disorders, AIDS, or acute irradiation. For example, treatment 

with chemotherapeutic agents, radiotherapeutic agents and other medicinal products 

5 may induce necrosis or apoptosis of the follicle as a side-effect of the therapy, thereby 

preventing the follicle from entering anagen Examples of agents which are known to 

induce temporary or permanent alopecia include alkylating agents eg.j temozoloniide, 

busulfan, ifosamide, melphalan hydrochloride, carmustine, lkmustine or 

cyclophosphanide, and antimetabolites e.g., 5-fluorouracil, capecitabine, gemcitabine, 

10 floxuridine, decitabine, mercaptopurine, pemetrexed disodium, methotrexate or 

dacarbazine. and natural products e.g., vincristine, vinblastine, vinoreibine tartrate, 

paclitaxel, docetaxel., ixabepilone, daunorubicin, epirubicin, doxorubicin, idarubicin, 

mitroxantrone, mitomycin, dactinomycin, irinotecan, topotecan, etoposide, teniposide., 

etoposide phosphate, or bleomycin sulfate, and biologics e~g., filgrastim pegfilgrastim 

15 bevacizumab, sargramostim or panitunumab, aid hormones or bormone-related agents 

gs, megestrol acetate, fluoxymesterone, leuprolide, octreotide acetate, tamoxifen 

citrate or fluxymesterone, and other therapeutic agents eg., sorafenib, erlotinib, 

oxaliplatin, dexrazoxane, anagrelide, isotretinoin, bexarotene, vorinostat. adriamycin, 

cytoxan, taxol, leucovorin oxalipiatin, and combinations of the foregoing agents.  

20 

Alopecia areata is a common cause of non-scarring alopecia that occurs in a patchy, 

confluent or diffuse pattern on one or more sites of the body. Alopecia areata is 

thought to be T-cell mediated autoimnmne condition and has a reported incidence of 

0.1-0.2% in the general population with a lifetime risk of 17% in both men and women 

25 alike e.g., Amin SS and Sachdeva S., JSSDDS, 17(2):37-45, 2013. In approximately 1

2% of cases, the condition can spread to the entire scalp (Alopecia totalis) or to the 

entire epidermis (Alopecia universalis.).  

Mechanistically, in all forms of alopecia, hair loss is directly-related to a reduced 

30 ability, slowing or failure of the follicle to enter the anagen phase, or a failure to 

maintain the follicle in the anagen phase, such that formation of a hair shaft reduces, is
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slowed or ceases altogether. Hair may move into the catagen phase before sufficient 

growth is achieved in the anagen phase, thus becoming in a sustained manner short and 

thin (i.e. "hair thinning"). Chemotherapeu tic agents, radiotherapeutic agents, and other 

medicinal products may induce necrosis or apoptosis of the follicle as a side-effect of 

5 the therapy, also preventing the follicle from entering anagen, For example, alkylating 

agents, antimetabolites, natural products, biologics, hormones or hormone-related 

agents, other therapeutic agents, and combinations thereof are known to induce 

temporary or permanent acute alopecia, 

10 Animal models of alopeoa 

There are several models of alopecia in humans that have been acknowledged in the art 

for use in testing efficacy of alopecia remedies and other hair growth-promoting 

therapies.  

15 For example, the stunmptailed macaque possesses hereditary balding characteristics 

similar in many respects to that of androgenic alopecia in humans, is used to obtain a 

inorphometric assessment of the rate of cyclic change of the hair follicle, including 

rates of cyclic progression (resting to regrowing phase, and regrowing to late anagen 

phase) and overall changes in follicular size. These primates are also reasonably good 

20 predictors of compound efficacy, and for example, have been employed to test efficacy 

of minoxidil on androgenic alopecia. Cessation of topical minoxidil treatment resulted 

in a renewal of the balding process, with folliculograms demonstrating increases in the 

proportion of resting follicles. This withdrawal from. treatment apparently had no effect 

on hair regrowth during subsequent reapplications of ninoxidiL Such treatment 

25 resulted in regrowth similar to that in the first treatment phase. Continuous treatment of 

topical mninoxidil for 4 years has not resulted in systemic or local side effects in these 

animals. See e.g., Brigham et aL, Chn. Dermatol 6, 177-187 1 998c Sundberg et it., 

Exp. Mo! Pwhol 67, 118-130 (1999). the contents of which are incorporated herein by 

reference in their entirety).  

30
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in addition to the stumptailed macague, Crabtree and colleagues recently reported the 

first rodent model of androgenic alopecia e.g., Crabtree et aL, Endocrinology, 

151(5):2373-2380, 2010. In this study, transgenic mice overexpressing human AR in 

the skin under control of the keratin 5 promoter were exposed to high levels of 5-alpha

5 dibydrotestosterone and showed delayed hair regeneration, mimicking the androgenic 

alopecia scalp. Crabtree and colleagues also demonstrated that the androgenic alopecia 

of the scalp was androgen receptor (AR) mediated, because treatment of the mice with 

the AR antagonist hydroxyflutamide inhibited the effect of dihydrotestosterone on hair 

growth, 

10 

Collectively, the findings obtained from studies on mouse models support the concept 

of alopecia areata as an autoimmune disease, and several rodent models with 

spontaneous and induced alopecia areata have been identified. For example, the 

Dundee Experimental Bald Rat (DEBR) was the first rodent model validated that 

15 developed spontaneous alopecia areata and is utilized to identify candidate alopecia 

areata susceptibility gene loci (Michic et aL Br J Dermartl, 125, 94-100, 1991.  

incorporated herein by reference). The most extensively-characterized and readily

accessible alopecia areata model is the C3H!HeJ mouse model (Sundberg et at, J 

Invest Deratot, 102, 847-56, 1994. incorporated herein by reference ) Aging 

20 C3WHHeJ niice (females at 3-5 months of age or older and males at more than 6 months 

of age) develop histopathological and iinmunobistochemical features of human 

alopecia areata, Alopecia develops diffusely or in circular areas on the dorsal surface of 

sufficiently-aged animals. Histologically, the changes in this non-scarring alopecia 

appear limited to anagen follicles surrounded by mononuclear cells composed primarily 

25 of cytotoxic or cytostatic (CDS+) and helper (CD4+) T cells, this is associated with 

follicular and hair shaft dystrophy. Pedigree tracing of affected C3H/lHeJ mice suggests 

that this non-scarring alopecia may be an inherited and complex polygenic disease with 

a fernale predominance at younger ages. C3H/HeJ mice with alopecia areata can be 

used to study the efficacy of current treatments of alopecia areata, to study the 

30 effectiveness and safety profile of new treatment forms in established alopecia areata,
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and to assess the influence of various factors on the development of alopecia areata in 

order to prevent the onset of the disease.  

Paus et al. Ami. PathoL 144, 719-734 (1994) disclose a rodent model of acute 

5 alopecia, In this model, alopecia is induced by a single intraperitoneal injection of 

cyclophosphamide to C57 BU6 mice. In depilated C57 BL/6 mice, the hair follicles are 

synchronized to anagen. By day 9 after depilation, all follicles are mature anagen VI 

follies, and the skin is characterized by grey-to4lack coloured hair shafts.  

Histologically, niacroscopically. and functionally, depilation-induced anagen VI 

10 follicles are indistinguishable from spontaneously-developing anagen follicles. Around 

day 16 after depilation, follicle regression occurs without loss of hair shafts in the 

depilated animals, and skin colour converts from black to pink, indicating both 

induction of catagen and cessation of melanogenesis. The development of catagen 

follicles is indicated macroscopically by a change in skin color from black to light grey.  

15 and occurs in large waves appearing in the neck region first and then the flanks and tail 

regions, At day 20 after depilation, all follicles enter telogen again, characterized by 

change in skin color from grey to pink, When cyclophosphamide is administered to 

C57 BL/6 mice on day 9 after depilation, the animals show rapid and reproducible 

visible signs of acute alopecia dose-dependent, including significant loss of fur and 

20 premature termination of anagen characterized by depigmentation. leading to a grey 

skin appearance by day 12-14. Thus, follicles of the neck region are generally in 

catagen 3~5 days after cyclophosphamide treatment. Hair shafts on the backs of animals 

are also removed easily by rubbing at days 12-14, and by day 15, as much as 60% of 

the dorsal surface may be exhibit alopecia. The color change and alopecia induced by 

25 cyclophosphamide reflect the induction of dystrophic forms of anagen and catagen in 

anagen VI follicles. In cyclophosphamide-treated animals, follicles also progress to 

telogen rapidly, as evidenced by pink skin, and rapid tosis of fur due to damage of the 

hair follicle. Telogen is shortened following cyclophosphamide treatment, and normal 

telogen hair follicles enter the next hair cycle, so that animals develop new hair shafts 

30 on days 16-20 i.e., within about 7-10 days following treatment. These new hair shafts 

are often dc-pigmented due to the presence of dystrophic anagen follicles that have not
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had time to produce new normal ly-pigmflented hair shafts. Later, pignented hair shafts 

develop.  

Therapy ftr alopecia 

5 Products that claim to be useful for treating hair loss target a steadily growing, multi

billion dollar market worldwide. Existing therapies for alopecia include topical 

ninoxidil and derivatives thereof e g. U.S. Pat. Nos. 4,139,619 and 4,596,812, and 

European Pat. Nos. EP-0353 123. EP-0356271, EP-0408442, EP-0522964, EP

0420707, EP-0459890 and EP-0519819, spironolactone, cyproterone acetate, 

10 flutamide, finasteride, progesterone or estrogen. However, none of those agents are 

broadly applicable for all forns of alopecia, nor are they uniformly dependable for all 

patients.  

Based on the fact that androgenic alopecia is the most commonly reported form of hair 

15 loss, there have been many attempts to discover effective agents for treatment of this 

condition. Notwithstanding the large number of advertised 'anti-hair los agents on 

the market, convincing evidence-based medicine is still the exception rather than the 

rule in this field., and currently, only monoxidil and finasteride are known to be 

effective for treating androgenic alopecia, and only topical monoxidil and oral 

20 finasteride fornulations (for males onty) have been approved by the United States Food 

and Drug Association (FDA). However, even thcse. agents have their own 

shortcomings 

Minoxidit is a vasodilator which was originally used to treat hypertension. However, 

25 following observations that patients treated with minoxidil showed increased hair 

growth, a topical formulation was developed for treatment of hair loss. Although a 

mechanism of action of minoxidilis not fully understood, .minoxidil has is postulated to 

(i) arrest hair loss by prolonging the anagen gowth phase of terminal hair leading to a 

decrease in hair shedding, and (ii) stimulate hair growth by increasing cutaneous blood 

30 flow to the scalp eg., Kwack et a., Joumal of Dermatotogical Sciene. 62(3):154-159, 

2011; Buhl et aL, The Journal of Investigative Dermatology, 92(3) :315-320, 1989.
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Whilst minoxidil has demonstrated some efficacy in promoting hair growth, it does not 

inhibit the biological process of hair loss, and upon cessation of topical ninoxidil 

treatment, hair shedding rapidly resumes, including the loss of any minoxidil

stimulated hair. For this reason, patients treated with topical ninoxidil require frequent 

5 dosing to achieve an effective outcome e.g, twice-daily at 2% concentration, 

Minoxidil is also considered to be effective in less than 60% of patients, and there is 

currently no indication as to which patients are most likely to respond. Minoxidil also 

has a number of undesirable side-effects. For example, irritation of the scalp, including 

dryness, scalingy itching, and redness, is reported to occur in approximately 7% of 

10 patients using the 2% solution and in more of those using the 5% solution because of its 

higher content of propylene glycol. Minoxidil may also cause allergic contact 

dermatitis or photoallergic contact dermatitis Hypertrichosis is another dermatologic 

adverse effect reported in subjects using minoxidil which is thought to be caused by 

increase cutaneous blood flow thereby increasing nutrients, blood and oxygen to the 

15 follicles e.g,, Price VH, New Englad Jburnal of Medicie, 34](13)964-973, 1999; 

Rossie et at. Recent Patents on Inflammation & Allergy Drug Diseo very, 6(2):1,30-136, 

2012 

Finasreride is a selective inhibitor of 5-alpha reductase of type II. which reduces 

20 conversion of testosterone into DHIT. Notwithstanding that finasteride provides an 

advance over minoxidil in beingdeliverabie orally, approximately 35% or more of 

balding male recipients show poor or no response to fin asteride treatment.  

Furthermore, because finasteride is used for systemic therapy in males, DHT 

production is reduced systematically in tissues and serum. As a consequence, systemic 

25 inhibition of 5-alpha reductase during finasteride treatment can produce significant 

side-effects in some users, including erectile dysfunction, impotence, low libido, or 

gyneconestica after using that drug e.g., Price VH, New Engand ,Journal of Medicine, 

34113)964-973, 1999. In those males suffering such side-effects, the side effects may 

not disappear after ceasing finasteride, Finasteride is also costly to produce.  

30
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Other expert mental agents, including various prostaglandin analogs, have also been 

disclosed for use in treatment of alopecia e.g., travoprost and voprostoL However, 

most of these drug require frequent administration e.., at least daily. For example, 

prostaglandin analogues, which are have been used to treat eyelash hypotrichosis with 

5 some success, have been proposed for treating alopecia, However, topical applications 

of prostaglandins have not proved efficacious e.g., Atanaskova et at, Dermatologic 

Clinics. 31(tM.119-127 2013- Botulinum toxins have also been introduced for 

treatment of hair loss with some success, resulting in reduced hair loss, and in some 

cases, increased hair growth However, little data on the effectiveness of these 

10 emerging agents in treating hair loss are currently available.  

Herbal cosmetics are also finding increasing popularity, and approximately 1000 types 

of plant extracts are reported to have been examined with respect to hair growth e.g, 

Rathi et at., Pharmacognosy Reviews, 2:185-1-87. 2008. For example, 

15 procanthocyanidins extracted from grape seeds h'ave been reported to induce hair 

growth e.g,, Takahashici et a, Acra Demato-Venereologica, 78:428-432, 1998.  

There is a need for cosmetic and medical products for treatment and prevention of hair 

loss and for the treatment of pathological conditions of hair loss such as alopecia.  

20 

The following publications provide conventional techniques of molecular biology.  

Such procedures are described, for example, in the following texts that are incorporated 

by reference: 

1. Remington 's Pharmaceutical Sciences, 21th Ed. Philadelphia, PA: Lippincott 

25 Williams & Wilkins, 2005 

SUMMARY OF THE INVENTION 

In work leading up to the present invention, the inventor sought to identify compounds 

eg. for topical administration to a subject, capable of reducing FGF-5-dependent 

30 signalling in a hair follicle or part thereof, and/or which are capable of preventing 

and/or reducing and/or inhibiting FGF-5 binding to its cognate receptor, FGFR1 The
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inventors hypothesized that such compounds would be useful for reducing and/or 

preventing loss or thinning of terminal hair associated with FGF-5 signalling in the hair 

follicle. This work was based on the recognition by the inventors that FGF-5 is 

important for transition of a hair follicle from anagen to catagen during the normal 

5 growth cycle and that FOF-5-signalling in the hair follicle can cause hair loss or hair 

thinning by decreasing proliferation of outer root sheath cells, suppressing dermal 

papillae cell activation during anagen and inducing onset of catagen, 

The inventors reasoned that compounds identified as being capable of reducing FGF-5

10 dependent signalling in a hair follicle or part thereof and/or which are capable of 

preventing and/or reducing and/or inhibiting FGF-5 binding to its cognate receptor, 

FGFRi, could be administered as part of a topical formulation to a reduce, delay or 

prevent loss of terminal hair caused by FOF-5 signalling in the hair follicle, such as in 

subjects suffering from, or having a propensity to, develop alopecia.  

15 

The inventors screened synthetic and naturally-occurring compounds using a FR-Ba/F3 

cell-based screening assay, e.g,, Ito et al, Journal vf Cellular Physiology 197:273-283, 

2003. The inventors also used a dermal papilla Alkaline Phosphatase (DP-ALF) cell

based screening assay as disclosed in W02013/105417 to validate the FGF-S-inhibitory 

20 activity of monoterpenoids identified in the primary FR-Ba/F3 cell-based screening 

assay as inhibiting FOF-5-dependent signalling.  

The data provided herein show that certain inonoterpenoid compounds derived from 

plant extracts exhibit an inhibitory activity on proliferation and/or viability of FGF-5

25 dependent FR-BaF3 cells cultured in the presence of FGF-5. Because FR-BaF3 cells 

are dependent on FOF5 for viability and proliferation, the observed reduction in cell 

proliferation and viability indicates the ability of the monoterpenoid compound(s) to 

inhibit and/or prevent and/or reduce FGF-5 dependent signalling in those cells. The 

data provided herein also show that a subset of nonoterpenoid compounds that 

30 modulate FGF-5-dependent signalling in the FR-BaF3 cell assay are also capable of 

increasing or enhancing alkaline phosphatase (ALP) activity in dermal papilla (DP)
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cells treated, with FGF5. Collectively., these data support the conclusion that 

monoterpenoid compounds of the invention are effective inhibitors of FGF-5

dependent signalling in hair follicles or parts thereof, and useful to reduce and/or delay 

and/or inhibit hair loss or hair thinning caused by FGF5 signalling in the hair follicle.  

5 

The monoterpenoids compounds are formulated for topical application to the skin.  

Such topical formulations are administered topically to subjects to reduce FGF5

dependent signalling in a hair follicle cell or part thereof and/or delay FOF5-dependent 

signalling in a hair follicle cell or part thereof and/or prevent FGF5-dependent 

10 signalling in a hair follicle cell or part thereof, to thereby reduce loss of terminal hair 

and/or reduce thinning of terminal hair and/or prevent loss of terminal hair and/or 

prevent thinning of terminal hair and/or delay loss of terminal hair and/or delay 

thinning of terminal hair in a subject e.g., such as in an aging subject or a subject 

wishing or a subject suffering from alopecia, such as androgenic alopecia and/or 

15 alopecia areata and/or acute alopecia, 

Accordingly, the present invention provides a topical formulation comprising an 

amount of an isolated Co-monoterpenoid or isolated enantiomer thereof or an isolated 

ester thereof with a carboxylic acid in an amount sufficient to reduce fibroblast growth 

20 factor S (FGF5)-dependent signalling in a hair follicle cell, wherein the Cm

nionoterpenoid is of formula (I: 

R3 

YR, 

R2 

wherein: 

25 R is hydrogen, hydroxyl or oxygen;
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I is absent or hydrogen or hydroxy1; 

R3 is C1: 

X is CH3 or CH2OH, or 

X is CH-CH or CHOHCH2 and X and Y together form a single bond within a 

5 6-membered ring; 

Y is Cit when X is CH or CHzOH, or 

Y is CH or COH when X is CHECH2 or CHOHCiH; and 

Z is a saturated or unsaturated C-C 5 alkyl or alkyl ester 

10 By "topical formulation" is meant that the formulation is capable of being applied 

externally to the dermis of a mammal e.g., a human, or is applied to the dermis.  

As used herein, the term "FGF5-dependent signalling" shall be understood to mean any 

signalling within and/or between cells in a signal transduction pathway that is 

15 dependent, either directly or indirectly, on the presence of FGF-5 andlor the presence of 

an amount of FGF-S above a specific threshold.  

As used herein, the term "C2Cs alkyl" refers to monovalent straight chain or branched 

hydrocarbon groups, having 2 to 5 carbon atoms, It is to be understood that the term 

20 "CC5 alkyl" includes an alkyl chain having 2 3, 4 or 5 carbon atoms. Suitable alkyl 

groups include, but are not limited to, ethyl, propyl, isopropyl, n-hutyL sec-hutyl, tert

butyl. n.-pentyl or 2.2-dimnethylpropyl The C-,Q alkyl may be optionally substituted 

with one or more substituents. The substituents may be in any position of the carbon 

chain. Hydroxyl groups of the C2 C5 alkyl may be esterified with a lower alkyi 

25 carboxylic acid. such as, for example. acetic acid, propionic acid or formic acid.  

The topical formulation of the present invention may conprise a Cq-monoterpenoid 

which is nonohydroxylated or non-hydroxylated. In one example, the Ce0

monoterpenoid is monohydroxylated. In one example, the C 1 -monoterpenoid is non

30 hydroxylated.
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In one example, the topical formulation comprises a Cwmonoterpenoid of formula (J) 

wherein R1 is hydrogen. Alternatively, the topical formulation comprises a CIO

monoterpenoid of formula (I) wherein R1 is oxygen.  

5 in another example, the topical formulation comprises a CIovmonoterpenoid of formula 

(1) wherein X is CH and Y is CH2. Alternatively, the topical formulation comprises a 

C1o-monoterpenoid of formula (I) wherein X is CH2OH and Y is CH7.  

in another example, the topical formulation comprises a Co-monoterpenoid of formula 

10 (1) wherein X is CHCH. For example. the topical formulation may comprise a CIor 

monoterpenoid of formula (1) wherein X is CH2CHi and Y is CH. Alternatively, the 

topical formulation may comprise a C-monoterpenoid of formula (I) wherein X is 

CHCWi and Y is COH.  

15 in another example, the topical foaulation comprises a Coymonoterpenoid of formula 

(I) wherein X is CHOHCH. For example, the topical formulation may comprise a Cl 

monoterpenoid of formula (I) wherein X is CHOIHCH2 and Y is CH. Alternatively, the 

topical formulation may comprise a Clm-onoterpenoid of formula () wherein X is 

CHOHCH2 and Y is COH.  

20 

In. another example, the topical formulation comprises a Co-monoterpenoid of formula 

(I) wherein R- is hydrogen. Alternatively, the topical formulation comprises a Cm

monoterpenoid of formula (I) wherein R2 is hydroxyl. Alternatively, the topical 

fornulation comprises a Cl1 rmonoterpenoid of formula (I) wherein R2 is absent 

25 

in another example, the topical formulation comprises a C10-monoterpenoid of formula 

(1) wherein Z is a saturated C2 alkyl, such as, for example. CCIII. Alternatively, the 

topical formulation comprises a C1 0-tmonoterpenoid of formula (1) wherein Z is an 

unsaturated C2-C3 alkyl, such as, for example, CCH2 or CCHCH. In one embodiment, 

30 Z is CCH2, In another embodiment, Z is CCLICH.
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in another example, the topical formulation comprises a C rmnotfloterpenoid of formula 

(1) wherein Z is an unsaturated CN-C 3 alkyl and R2 is absent. Alternatively, the topical 

formulation comprises a C m-nionoterpenoid of formula (I) wherein Z is an unsaturated 

C2 &3 aikyl and Rz is hydroxyl. Alternati.vely, the topical. formulation comprises a C1 

5 monoterpenoid of formula (I) wherein Z is an unsaturated C -C alkyl and R is 

hydrogen.  

in yet another example, the topical fornmlation comprises a C 1p.monowrpenoid of 

formula (I) wherein Z is CCHCH2OCOCH,3P In a preferred embodiment, Z is 

10 CC2HCH OCOCH 3. and the C1 0 -monoterpenoid or enantiomer thereof is non

hydroxylated.  

In a further example, the topical formulation comprises a Cw.o-monoterpenoid or 

enantiotmer thereof which is monohydroxylated, wherein R1 is hydrogen, R2 is 

15 hydroxyl, X is CH, Y is CH2, and Z is an unsaturated Q-C, alkyl, such as CCHCH2 .  

In another example. the topical formulation comprises a Cwrmonoterpenoid or 

enantiomer thereof which is monohydroxylated, wherein R, is hydrogen or oxygen, R2 

is absent or hydrogen or hydroxyl X is CH2CH or CHOHCH, Y is CH or COH, and 

20 Z is a saturated or unsaturated C2 alkyL For example, the topical formulation may 

comprise a C 0o-monoterpenoid of formula (I) wherein R1 is oxygen, R is hydrogen or 

hydroxyl, X is CH2CH2 , Y is CH, and Z is a saturated C, alkyl, preferably, wherein R.  

is hydrogen. Alternatively, the topical formulation may comprise a Cim-nionoterpenoid 

of formula (1) which is monohydroxylated., wherein R, is hydrogen, R2 is hydrogen or 

25 hydroxyl, X is CH2CH2, Y is CH or COH, and Z is a saturated C2 alkyl preferably 

wherein Y is CH and/or R2 is hydroxy. Alternatively, the topical formulation may 

comprise a CID-monoterpenoid of formula (I) which is monohydroxylated, wherein R; 

is hydrogen, R2 is hydrogen or hydroxyl, X is CHCH. Y is CH or COH, and Z is a 

saturated C2 alkyl, preferably wherein Y is COi and/or R2 is hydrogen. Alternatively, 

30 the topical formulation comprises a C1 0-monoterpenoid or enantiomer thereof which is 

monohydroxylated, wherein Ri is hydrogen or oxygen, R2 is absent, X is CHIO-fCt Y 

is CH, and Z is an unsaturated C2 alkyL
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In another example, the topical formulation comprises a CIO--monoterpenoid or 

enantioner thereof which is non-bydroxylated, and wherein R is hydrogen, R7 is 

absent, X is CHi. Y is CH, and Z is CCHCH 2OCOCH 

5 
In one example, the C1 -monoterpenoid is selected from the group consisting of 3

Methyl-6-(propan-2-yl)cyclobex-2-en- i-one (piperitone), -isopropyl-4-methyil-3

cyclohexen-1-ol (terpinen-4-ol)i 2-(4-Methyl-3-cyclohexen- I -yl)-2-propanol (alpha

terpineol). 2-Methyl-5-(1-methylethenyl)-2-cyclohexeno-1 -ol (carveol), 6lsopropyl-3

10 methyl-2-cyclohexen--one t3-crvomemhenone), and 3,7-Dimethyl-1I.6-octadienl-3-o 

(linalool). Preferably, the Cvo-monoterpenoid is 3-Methyl-6-(propan-2-yl)cyclohex-2

en-I-one (piperitone) or 1-Isopropyl-4-methyl-3-cydloexen-1-ol (terpinen-4-ol). More 

preferably, the C 0-monoterpenoid is 3-Methyl-6-(propan-2-yl)cyclohex-2-en-1 -one 

(piperitone).  

15 

in another example, the topical forulation comprises a carboxylic acid monoester of a 

C1 0 -monoterpenoid of formula (1) as described herein. For example, the carboxylic 

acid monoester may be a ionoester with a carboxylic acid selected from acetic acid.  

propionic acid and formic acid. For example, the carboxylic acid is acetic acid In 

20 another example, the carboxylic acid is acetic acid and/or the the Cwicmonoterpenoid 

carboxylic acid ester is selected from the group consisting of (2E33-Dimethyl-2.6

octadien-1-yl acetate (geranyl acetate). 3,7-Dimethyl-1,6-octadien-3-yI acetate (linalyI 

acetate); 2-(4-Methyl-3-cyclohexen- 1 -yl)-2-propanyl acetate (terpinyi acetate); and 5

Isopropenyl-2-methyl-2-cyclobeen-yI acetate (carvyl acetate More preferably, the 

25 C1 -monoterpenoid carboxylic acid ester is (2E)-3Dimethyl-2;6-otadien- -yl acetate 

(geranyl acetate) or 3,7-Dimethvl-1,6-octadien-3-vl acetate (linalyl acetate).  

In a further example, the topical formulation of the present invention comprises an 

isolated enantiomer of a C Io-monoterpenoid of formula (I) as described herein, such as, 

30 for example, an isolated enantiomer selected from the group consisting of (R)-1

Isopropyl-4-mecthyl-cyclohexen-1-ol[(-)-terpinen-4-ol, (15-1-Isopropyl-4-methyl-3

cyclohexen-I-ol [(+)-terpinen-4-oll. 2-[[R)-4-Methylcyclohex-en-1-yljpropan-2-oi
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[(+)-alpha-terpineol]. (6R)-3-methyl 6-(propan-2-yl)cyclohex-2~en1one syn. (6R)

Isopropyl-3-nethyl-2-cyclohexen- 1-one [(-)-piperitone], (65)-3-Methvl-6-(propan-2

yl)cyclohex-2-en-1-one [(+}-piperitonej, (3-3 ,7-Dimethyl-1, 6-octadien-3-ol j(+)

Linalool], (3R)- 3,7-Dirnethyl-i.,6-octadien-3-ol [-Linalool, (1R,5R)-2-Methy-5-(1 

5 iethylectheny-2-celohexen -1-ol [--c/s-carveol], (1S5S)-2-Methyl-5-( 1

iethylethenyl)-2-cyclohexen-1-cl [(+)-cis-carvecl] (A5S) 2-Methyl-5-(1

nmethylethenyi)-2-cyclohexen-1-l [(+)-rans-carveoll and (IS5R2 1-Methyl-5-(1

methylethenyi)2-cldohexen-1-el [(trans-earve~A] In one example, the isolated 

enantiomer of the C-moncterpenoid is (R)-1-Isopropyt-4-methyl-3-cyclohexen- 1-ol 

10 [(-terpinen-4-oll, in one example, the isolated enantiomer of the C1 -monoterpenoid is 

(IS)-i-Isopropyl-4-iethyl-3-cyclohexen-l-oi [+)-terpinen-4-ol]. In one example, the 

isolated enantiomer of the Cj o-monoterpenoid is 2-[(IR)-4-Methylcyclohex-3-en-1

yi]propan-2-ol [(+)-alpha-terpineol]. In one example, the isolated enantiomer of the 

Cio-monoterpenoid is (6R-3-mecthy1-6-(propan-2-yl wylohex-2-en-1-one sym (6R)

15 isopropyl3-nethyl-2-eyckohexen 1-one [(-)-piperitonet In one example, the isolated 

enantiomer of the C-monoterpenoid is (6S)-3-Methyl-6-(propan-2-yl)eyclohex-2-en

l-one [(+)-piperitonej. In one example, the isolated enantiomer of the Cicr 

monoterpenoid is (3S)-3,7-Dimethyl- 1,6-octadien0--ol [(+)-Linalool] In one example, 

the isolated enantioner of the Ca-monterpenoid is (3R)~ - Diethyl-I,6-oetadien

20 3-oI. [(-)-Linalool]. In one example, the isolated enantiomer of the C1}-monoterpenoid 

is (JR.5R)-2-Methyl-5-1-methylethenvl)-2-cyclohenxen-I- [(-)uicrvecl]. In one 

example, the isolated enantiomer of the Cm-nonoterpenoid is 5512-Methyl-5(1

methylethenyl-2-cyclohexen -1-ol [(+)-cis-carveol, in one example, the isolated 

enantiomer of the Cmnionoterpenoid is (IR,5.)-2-Methyl-5-(1i-methylethenyl)-2

25 cycohexen-1-ol [(+)-trans-carveol], in one example, the isolated enantiomer of the 

C 1 -nmonoterpenoid is (IS,5R)-2-Methyl-5-(CI -umethvletheniyl)-2-cyclohe xen-1-oI [(-)

trans-carveol]. Preferably, the isolated enantiomer of the C (-imonoterpenoid is selected 

from the goup consisting of (R)- 1 -isopropy-4-methyl3Lclohexen- -ol [(2) terpinen

4-cl], (1-1-Iopropyl4-methyl-3-cyclohexen-1-el [(+)-terpinen-4-ol (6R)-3-methyl

30 6-(propan~2-yIcyclohex-2-en-i-one or (6R)-isopropy-3~methyl~2-cyclohexen-1-one 

[-)-piperitone]. (6S)-3-Methyl.-6-(propan-2-yl)cycohex-2-en- I-one [(+)-piperitone],
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(/S5)-2-Methyl-5-(-methyletbeny)2-cyclohexen-ol [(+)cis-carveoll, and 

(IR,5S)-2-Methyl-5-(1 -mnethylethenyl)-2-cycihexen-1 -ol [(+)-trans-carveol], 

Preferably, an isolated enantiomer of the C10-monoterpenoid is (R)-1-Isopropyl-4

mnethyl-3-cyclohexen- I.-ol [(-)-terpinen-4-ol].  

5 

Alternatively, or in addition, an isolated enantiomer of the Cm-monoterpenoid is (

piperitone or (+)-piperitone. For example, a topical formulation of the present 

invention comprises isolated piperitone or enantiomer thereof such as ()-piperitone or 

(+)-piperitone in combination with terpinen-4-ol or enantiomer thereof such as 

10 terpinen-4-ol.  

A further particularly preferred embodiment of the present invention provides a topical 

fonrulation comprising a combination of (i) isolated piperitone or an isolated 

enantiomer or carboxylic acid ester thereof and (ii) isolated terpinen-4-ol or an isolated 

15 enantiomer or c,arboxylic acid ester thereof in the preparati of a topical medicament 

for the treatment and/or prevention of alopecia in a subject in need thereof. This 

combination includes a combination selected from the following: (i) piperitone and 

terpinene-4-ol; (ii) piperitone and (-terpinene-4~it; (iii) piperitone and (+)-terpinen~4

ol; (iv) (+piperitone and terpinene-4-ol; (v) (-piperitone and (+terpinen4-ol; (vi) ( 

20 )-piperitone and (±)-terpinen-4-oL (vii) (+)-piperitone and terpinene-4-ol; (viii) (+)

piperitone and (-terpinen-4-ol; and (ix) (+)-piperitone and (+)-terpinen-4-ol. in one 

example, the combination is piperitone and terpinene-4-ol In one example, the 

combination is piperitone and (terpinene-4-ol In one example, the combination is 

piperitone and (+)-terpinen-4-oL In one example, the combination is (-piperitone and 

25 terpinene-4-ol. In one example, the combination is (+piperirone and (-)-terpinen-4-ol.  

In one example, the combination is (-)-piperitone and (+)-terpinen-4-oL. In one 

example, the combination is (+)-piperitone and terpinene-4-oi. In one example, the 

combination is (+)-piperitone and (-)-terpinen-4-ol In one example, the combination is 

(+)-piperitone and (+)-terpinen-4-oL Of these combinations, the combination of 

30 piperitone and (+terpinene-4-oi is particularly preferred.
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The total amount of the Ctwomonoterpenoid or ester or enantiomer thereof in the topical 

formulation is an amount sufficient to reduce or inhibit FGF-5 activity in the hair 

follicle or part thereof. For example, the total amount of the C 0-monoterpenoid or 

ester or enantiomer thereof is an amount sufficient to reduce or inhibit FGF-5 binding 

5 to a cognate fibroblast growth factor receptor (FGFR) e,g, FGFR I in the hair follicle 

or part thereof.  

It is to be understood that isolated CI 1wmonoterpenoids or esters or enantiomers thereof 

comprised in the topical formulation(s) of the present invention may be isolated from 

10 various sources. For example. the C1 monoterpenoids or esters or enantiomers thereof 

may be a natural product or isolated from a natural product or natural source e.g., such 

as from plants, plant parts and/or essential oils by conventional procedures.  

Alternatively, the isolated C-monoterpenoids or esters or enantioners thereof may be 

synthetic compounds. Alternatively, the monoterpenoids may be produced 

15 recombinantly, such as by expression of genes required for monoterpenoid production 

in yeast cells. Preferably. the compound is isolated as an essential oil, perfume oil, or 

perfume.  

In a preferred example, the topical formulation of the invention consists of or 

20 comprises a fragrance oil or perfume oil or essential oil or combination thereof or a 

perfume derived from a fragrance oil or perfume oil or essential oil or combination 

thereof, wherein the fragrance oil or perfume oil or essential oil or perfume comprises 

an amount of at least one monoterpenoid or enantiomer or carboxylic acid derivative 

thereof is in an amount sufficient to reduce binding of FGF-5 to FGFRl or to treat. or 

25 prevent hair loss in a subject in need thereof. especially in treatment or prevention of 

alopecia, as described in any example hereof 

As used herein the term "fragrance oil" or "perfume oil" shall be taken to refer to an 

extract such as a solution comprising alcohol, e.g., ethanol, comprising one or more 

30 synthetic monoterpenoids of the invention, whether or not the extract also comprises a 

natural compound.
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As used herein, the term "essential oil" shall be taken to mean a concentrated 

hydrophobic liquid derived by distillation or cold pressing of plant material and 

comprising one or nore natural monoterpenoids of the. An oil is termed "essential" 

5 because it carries a distinctive scent or essence of the plant from which it derives, 

For example, the topical formulation of the present invention may comprise the isolated 

C(-Ymonoterpenoid or ester or enantiomer thereof in the form of an essential oil, such, 

as an essential oil front Eucalyps dives. An essential oil from E. dives may comprise 

10 piperitone or enantiomer thereof such as (-)-piperitone or (+)-piperitone and/or 

terpinen-4-ol or enantiomer thereof such as (-)-terpinen-4-ol, 

As used herein, the term "perfume" shall be taken to mean an oil e.g. a perfume oil or 

essential oil or combination thereof as defined herein wherein the oil comprises up to 

15 about 25% of the essential oil or perfume oil or combination thereof, generally diluted 

in ethanol and/or water or other diluent known in the art 

It is to be understood that an oil or perfume need only have a sufficient concentration of 

a inonoterpenoid described herein to perform the invention. Notwithstanding that an 

20 oil or perfume is generally used in liquid form, quantitation of the active compound 

e.g., monoterpenoid or carboxylic acid ester or enantiomer thereof, may be determined 

employing the liquid or a powder prepared therefrom. The skilled artisan will be aware 

various methods known in the art for quantifying such active compounds. For 

example, a powder may be prepared from a predetermined volume of oil or perfume, 

25 resuspending the powder in a suitable solvent to produce a sample solution, and 

subjecting the sample solution to one or more gas chromatography (GC) and/or mass 

spectrometry (MS) processes to thereby determine an amount of monoterpenoid in the 

powder. Exemplary means for drying an oil or perfume include drying over anhydrous 

sodium sulphate. Exemplary solvents for dissolving powders comprising 

30 monoterpenoids include any solvent suitable for GS-MS, e.-, diethyl ether. Exemplary 

GS-MS systems for quantitation of monterpenoids include fast-OC and/or fast-CC-
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qMSs and/or enantioselective GC and/or multidimensional CC and/or GC-isotopic 

ratio mass spectrometry (GC-IRMS) and/or gas chromatography with flame ionization 

detection (GC-FID). Thus, based on the concentration of monoterpenoid in a powder 

prepared from-a known sample volume of oil or perfume, the amount of the active 

5 compound in any other volume of the oil or perfumre may be determined without undue 

effort. Similarly, if such quantitation is performed on a liquid aliquot of the oil or 

perfmne, the amount of the active compound in any other volume of the oil or perfume 

may be determined without undue effort Similady, quantitation of formulations of the 

invention other than oils or perfumes e.g., a tonic or shampoo or lotion, may be 

10 determined readily based on the percentage volume of oil or perfume (v/v) in the 

formulation.  

Exemplary concentrations of monoterpenoids in essential oils are set forth in Table I 

hereof, and amounts of the monoterpenoids in any fragrance oils may be determined 

15 readily based on the known amount of the active compound(s).  

It is within the ken of a skilled formulation chemist to produce an oil or perfume or 

other formulation of the invention having a reproducible amount of a given 

monoterpenoid or carboxylic acid ester or enantiomer thereof. In general, a suitable 

20 concentration of such active comnound(s) is prepared readily by evaporation of an oil or 

perfume comprising one or more non-volatile active compounds, or by dilution of an 

oil or perfumne comprising the active compound(s) described herein, e,g using ethanol 

or other suitable diluent known in the art.  

25 Topical formulation(s) of the present invention may be presented in unit dose forms 

containing a predetermined amount of the isolated Cw -monoterpenoids or esters or 

enantiomers thereof per unit (lose sufficient to reduce FGF5-dependent signalling in a 

hair follicle cell. it is to be understood that the concentration of monoterpenoid 

compound may vary depending upon a range of parameters eg, including whether or 

30 not the formulation is for prevention or therapy, the site to which the topical 

formulation is to be applied, the half-life of the C joymonoterpenoid compound
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following administration of the topical formulation, the age, sex and weight of the 

subject, and the type of hair loss condition, if any, to which the subject is predispose or 

which is to be treated.  

5 It is also to be understood that the topical formulation(s) of the present invention may 

comprise a plurality of isolated Cm-monoterpenoids or esters or enantiomers thereof as 

described herein, e.g., such as 2, 3, 4, 5, 6, 7, 8, 9, 10 or more compounds. The skilled 

artisan will be aware that it is possible to combine rnonoterpenoids that are active in 

performing the invention by combining one or more perfume oils and/or one or more 

10 essential oils to achieve optimum concentrations of active monoterpenoids as 

determined by the activity profile(s) of the constituent monoterpenoid(s) described 

herein.  

The topical formulations of the present invention mnay also comprise one or more 

15 carriers, excipients or emollients suitable for topical administration eg such as to the 

dermis or skin of a subject. For example. a carrier suitable for topical administration 

may be selected from the group consisting of a transdemal patch, lotion, ointment, 

paste, foam, emulsion, cream., serum, aerosol, spray. roll-on fonnulation., masque, 

cleanser, shampoo., conditioner, gel, oil or moisturizer, A suitable carrier can be a 

20 lubricating formulation, water-based formulation, silicone-based formulation, 

petroleumn- based formulation, natural-oil based formulation, and/or rnassage 

formulation, 

The topical formulation of the present invention may further comprise one or more 

25 adjunctive therapeutic agents. For example, the adjunctive agent may be selected from 

the group consisting of estradiol, oxandrolone, mnoxidil, Sanguisorba aficinalis root 

extract, Rosa fnldtfipora extract, Brown algae extract, loquat leaf extract, Pecan shell 

extract, squill extract, sodium phytate, Fucus vesiculosus extract, phytic acid, nonanal, 

and Lipidure-C. Combinations of the monoterpenoids of the invention are not excluded 

30 from such adjunctive formulations.
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The topical formulations of the invention as described in any example hereof are useful 

for delaying and/or reducing toss of terminal hair in a subject. Such utility may be non

therapeutic or therapeutic. By "non-therapeutic" is meant that the subject to whom the 

formulation is administered does not suffer from a pre-existing medical condition that 

5 causes hair loss or hair thinning, eg, alopecia, however may be predisposed to such a 

condition. Accordingly, a non-therapeutic use may be a cosmetic treatment or a 

prophylactic treatment it! the present context, Such cosmetic treatments include 

treatment of hair loss that is of non-medical aetiology e.g., as a consequence of age 

and/or sex of the subject. In contrast, a therapeutic use is for treatment of a pre-cxisting 

10 medical condition that causes hair loss or hair thinning e.g., alopecia arising from any 

one or more factors responsible for the condition e.g.. stress, chemotherapy, etc.  

For example, a non-therapeutic or cosmetic use may compose administering a 

formulation of the invention as described herein to a non-alopecic subject who wishes 

15 to maintain full, voluminous hair, A non-therapeutic formulation is also suitable for 

reducing or delaying hair loss in a subject who is not suffering from alopecia but who 

is suffering from loss of terminal hair e.g., natural hair loss. Alternatively, or in 

addition, the non-therapeutic formulations are suitable for prevention of terminal hair 

loss in a subject having no visible symptoms of alopecia, however suffers from a 

20 genetic condition that predisposes hin/her to future onset of alopecia including 

androgenic alopecia. Alternatively, or in addition, the non-therapeutic formulations are 

suitable for prevention of terminal hair loss in a non-alopecic subject about to undergo 

therapy with a cytotoxic or cytostatic agent or antiviral compound that will induce loss 

of terminal hair.  

25 

Accordingly, the present invention also provides a method of reducing and/or delaying 

and/or preventing loss of terminal hair in a human or mammalian subject who is not 

suffering from alopecia. Such a non-therapeutic method may comprise administering a 

topical formulation of the invention as described in any example hereof to an area of 

30 the dermis or skin of the human or mammalian subject in which loss of terminal hair is 

to be reduced and/or delayed and/or prevented, or to an area of dermis adjacent or
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surrounding an area of the derais or skiia of the human or maunmalian subject. The 

administration is generally for a time and under conditions sufficient to reduce or delay 

or prevent the loss of terminal hair in the subject. In one example, the subject to whom 

the topical. formulation is administered is a subject who wishes to maintain full, 

5 voluminous hair by reducing and/or delaying and/or preventing hair loss not caused by 

alopecia. Alternatively, the subject is not suffering from alopecia, but suffering from 

loss of terminal hair. Alternatively, the subject may have no visible symptoms of 

alopecla, however suffer from a genetic condition that predisposes the subject to 

alopecia g.. a genetic predisposition to hair loss or familial history of hair loss, 

10 Alternatively, the subject may be about to undergo therapy with a cytotoxic or 

cytostatic agent or antiviral compound that induces loss of terminal hair.  

It is to be understood that the frequency of dosage and the total amount of Ca

nionoterpenoid or ester or enantiomer thereof in a unit dosage of the topical 

15 formulation for a non-therapeutic use may vary. Factors affecting frequency and 

amount of dosage include e.g_ the site to which the topical formulation is to be applied 

and/or the half-life of the specific Ca-monoterpenoid compound in the topical 

formulation following administration thereof, and/or the age and/or sex and/or weight 

of the subject 

20 

The topical formulations of the invention are useful for delaying or reducing or 

preventing loss of any terminal hair including. for example, scalp hair and/or eyelash 

hair and/or eyebrow hair. The method may comprise administering the topical 

formulation of the invention to the scalp of a human or mammalian subject not 

25 suffering from alopecia to reduce and/or delay and/or prevent loss of scalp hair in that 

subject. Alternatively. or in addition, the method may comprise administering the 

topical formulation of the invention to the eyelid or eyelash, of a human or mammalian.  

subject not suffering from alopecia to reduce and/or delay and/or prevent loss of 

eyelash hair in that subject. Alternatively, or in addition, the method may comprise 

30 administering the topical formulation of the invention to the face or forehead or
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eyebrow of a human or mammalian subject not suffering from alopecia to reduce 

and/or delay and/or prevent loss of eyebrow hair in that subject.  

The non-therapeutic method of the invention may also comprise promoting or 

5 enhancing growth of terminal hair of the subject in addition, topical formulation(s) of 

the invention as described in any example hereof may promote or enhance growth of 

the terminal hair in a subject.  

In another example, the topical formulation(s) of the present invention as described in 

10 any example hereof are useful for treating alopecia e.g. an acute form of alopecia or 

alopecia areata or androgenic alopecia., in a human or other mammalian subject. An 

acute forn of alopecia may be induced by an acute event selected from pregnancy, 

stress, illness, treatment with a cytotoxic agent, treatment with a cytostatic agent, and 

treatment with an agent that induces necrosis or apoptosis of hair follicles as a side

15 effect of therapy. Accordingly, the topical formulation of the invention is suitable for a 

human or mammalian subject undergoing treatment with a cytotoxic agent or cytostatic 

agent, or to whom treatment with a cytotoxic agent or cytostatic agent has been 

prescribed. Alternatively, or in addition, the topical formulation is suitable for be a 

human or mammalian subject suffering from, androgenic alopecia.  

20 

For example, the present invention also provides a method of treating alopecia e.g an 

acute form of alopecia or alopecia areata or androgenic alopecia. in a human or 

mammalian subject in need thereof, comprising administering a topical formulation of 

the present invention as described in any example hereof to an affected area of the 

25 dermis or skin of the human or mammalian subject. Alternatively, or in. addition, the 

formulation is administered to an area of dermis adjacent or surrounding an affected 

area. The administration is generally for a time and under conditions sufficient to 

reduce or delay or prevent loss of terminal hair in the subject.  

30 An acute form of alopecia may be induced by an acute event selected from pregnancy, 

stress, illness, treatment with a cytotoxic agent, treatment with a cytostatic agent, and
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treatment with an agent which induces necrosis or apoptosis of hair follicles as a side

effect of therapy. For example, the subject to whom the topical formulation is 

administered may be a human or mammalian subject undergoing treatment with a 

cytotoxic agent or cytostatic agent or to whom. treatment with a cytotoxic agent or 

5 cytostatic agent has been prescribed, In one example, the topical formulation of the 

invention is co-administered with a cytotoxic or cytostatic compound that causes hair 

loss ct-., in the case of a subject undergoing chemotherapy or radiation therapy or 

treatment for HIV-. infection or AIDS in such circumstances, the efficacy of the Cvt

monoterpenoid or ester or enantiomer thereof in the topical formulation counterac ts the 

10 hair-loss effect of the cytotoxic or cytostatic compound.  

The frequency and dosage amount of C to-monoterpenoid or ester or enantiomer thereof 

in a topical formulation administered to the subject to treat alopecia may vary 

depending upon a range of parameters e.g, the type of alopecia and/or the severity of 

15 the alopecia and/or the site to which the topical formulation is to be applied and/or the 

half-life of the specific Ciw-monoterpenoid compound in the topical formulation 

following administration thereof and/or the age and/or sex and/or weight of the subject.  

The topical formulations of the invention are useful for delaying or reducing or 

20 preventing loss of any terminal hair in an alopectic patient or subject including, for 

example. scalp hair and/or eyelash hair and/or eyebrow hair. For example. the topical 

formulation may be for delaying or reducing or preventing loss of scalp hair in an 

alopectic patient or subject. Alternatively, or in addition, the topical. formulation may 

be for delaying or reducing or preventing loss of eyelash hair in an alopectic patient or 

25 subject. Alternatively, or in addition, the topical formulation may be for delaying or 

reducing or preventing loss of eyebrow hair in an alopectic patient or subject.  

The topical formulation(s) of the invention for therapeutic and/or non-therapeutic 

application may delay or reduce or prevent loss of terminal hair by delaying hair 

30 follicles comprising the terminal hair from entering catagen phase. Alternatively, or in 

addition, an anagen phase of hair follicles comprising the terminal hair may be
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extended to thereby delay or reduce or prevent loss of terminal hair. In addition, 

topical formulation(s) of the invention as described in any example hereof may 

promote or enhance growth of the terminal hair in a subject.  

5 The present invention also provides for use of at least one isolated Crmon)onterpenOid 

or isolated enantioiner thereof or an isolated ester thereof with a carboxylic acid in the 

preparation of a topical medicament for the treatment of hair loss in a subject suffering 

from alopecia, wherein the C nrmonoterpenoid is of formula (): 

Ra, 

x 

Y R 

10 R2 

fonnula (1) 

wherein: 

Ri is hydrogen, hydroxyl or oxygen; 

R, is absent or hydrogen or hydroxyl; 

15 R3 is a CH; 

X is CHi or CH2OH, or 

X is CH2CH2 or CHOIHCH2 and X and Y together form a single bond within a 

6-imembered ring; 

Y is CH2 when X is CH or CH2OH. or 

20 Y is CH or COH when X is CH2CH2 or CHOHCH'; and 

Z is a saturated or unsaturated Q-Ci alkyl or alkyl ester.  

By "topical redicament" is meant that the isolated Cminonoterpenoid or isolated 

enantionier thereof or an isolated ester thereof with a carboxylic acid is formulated for 

25 application to the dermis of a mammal.
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The Cwt)-monoterpenoid for use in the preparation of the topical medicament may be 

monohydroxylated or non-hydroxylated.  

5 In one example, the topical medicament comprises a C-monoterpenoid of formula (I) 

wherein R, is hydrogen. Alternatively, the topical medicament comprises a C10

monoterpenoid of formula (I) wherein R1 is oxygen.  

In one example, the topical medicament comprises a C1 -monoterpenoid of formula (I) 

10 wherein X is CH and Y is CHz. Alternatively, the topical medicament comprises a C(r 

monoterpenoid of formula (I) wherein X is CH O11 and Y is CH.  

In another example, the topical medicament comprises a Cw0-monoterpenoid of formula 

(1) wherein X is CWCH. For example, the topical medicament may comprise a C10

15 monoterpenoid of formula (1) wherein X is C1 2CW[ and Y is CH Alternatively, the 

topical medicament may comprise a Curo-monoterpenoid of formula (1) wherein X is 

CHCH, and Y is COH, 

In another example, the topical medicament comprises a C to-monoterpenoid of formula 

20 (1) wherein X is CHOHCH2. For example, the topical medicament may comprise a 

Cm-monoterpenoid of formula (1) wherein X is CHOICH and Y is CH.  

Alternatively, the topical medicament may comprise a Cwormonoterpenoid of formula 

(1) wherein. X is C.HOHCH-l and Y is COB.  

25 In one example, the topical medicament comprises a C-armonoterpenoid of formula (I) 

wherein R is hydrogen Alternatively, the topical medicament comprises a Cl0

monoterpenoid of formula (I) wherein R is hydroxvl. Alternatively, the topical 

medicament comprises a C 0-monoterpenoid of formula (1) wherein R2 is absent.  

30 In one example, the topical medicament comprises a Cio-monoterpenoid of formula (I) 

wherein Z is a saturated C2 alkyL such as, for example, CCH. Alternatively, the
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topical medicament comprises a Comonoterpenoid of formula (1) wherein Z is an 

unsaturated CrC alkyl e.g such as CCH, or CCHCH. For example, in one 

embodiment, Z is CCH2,. In another embodiment, Z is CCHCH.  

5 In another example, the topical medicament comprises a C~o-monoterpenoid of formula 

(1) wherein Z is an unsaturated C2-C alkyl and R2 is absent. Alternatively, the topical 

nedicament comprises a C m10-nonoterpenoid of formula (I) wherein Z is an unsaturated 

C2 -C3 alkyl and R2 is hydroxyl. Alternatively, the topical medicanent comprises a Cvy 

monoterpenoid of formula (I) wherein Z is an unsaturated (7 -C3 alkyl and R2 is 

10 hydrogen.  

In yet another example, the topical iedicanent comprises a Cm-monoterpenoid of 

fornula (1) wherein Z is CCHCH2OCOCH. In a preferred embodiment, Z is 

CCHCiWOCOCH3, and the Cio-nonoterpenoid or enantiomer thereof is non

15 hydroxylated.  

in one example, the topical medicament comprises a Co-nionoterpenoid or enantiomer 

thereof which is monohydroxylated, wherein Ri is hydrogen, R2 is hydroxyl, X is CH-b 

Y is CR2, and Z is an unsaturated C,-C]; alkyl ,such as CCHCHX 

20 
In another example, the topical medicament comprises a C] rmonoterpenoid or 

enantiomer thereof which is monohydroxylated, wherein R] is hydrogen or oxygen, R2 

is absent or hydrogen or hydroxyl, X is CH CH2 or CHOHCH2. Y is CH or COH, and 

Z is a saturated or unsaturated C alkyL For example, the topical medicament may 

25 comprise a Cjo-momoterpenoid of formula (1) wherein R1 s is is hydrogen or 

hydroxyl, X is CHCHh, Y is CH. and Z is a saturated C2 alkyl, preferably, wherein R2 

is hydrogen. Alternatively, the topical medicament may comprise a Co-rmonoterpenoid 

of forula (I) which is monohydroxylated, wherein R1 is hydrogen, R. is hydrogen or 

hydroxyl, X is CHtCH, Y is CH or COH, and Z is a saturated C2 alkyl. preferably 

30 wherein Y is CH and/or R2 is hydroxyl. Alternatively, the topical medicament may 

comprise a Cwionoterpenoid of formula (1) which is monohydroxylated, wherein Ri 

is hydrogen. R2 is hydrogen or hydroxyl. X is CH2CH- Y is CH or COH. and Z is a
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saturated C2 alkyl, preferably wherein Y is CON and/or R2 is hydrogen. Alternatively, 

the topical medicament may comprise a Cm-nionoterpenoid or enantioner thereof 

which is monohydroxylated, wherein R1 is hydrogen or oxygen, R is absent, X is 

CHOHCH2, Y is CH, and Z is an unsaturated C alkyl.  

5 
In another example, the topical medicament comprises a Cto-monoterpenoid or 

enantiomer thereof which is non-hydroxylated, and wherein R is hydrogen, R2 is 

absent. X is CH, Y is CH, and Z is CCHCHXXX"CHO O 

10 For example, the C1 monoterpenoid for use in the manufacture of the topical 

medicament is selected fron the group consisting of 3-Methyl-6-(propan-2

ylieyciohcx-2-en-i-one (piperitone), 1-sopropyl-4-methyl-3-cyclohexen-1-ol 

(terpinen-4-ol), 2-(4-Methyl-3-cyclohexen-1-yl)-2-propanol (alpha-terpineol), 2

Methyl-5-(1- methylethenyl)-2-cyclohexen-1-ol (carveol), 6-Isopropyl-3-methyl-2

15 cyclohexen- I -one (3-carvomenthenone); and 3,7-Dinethyl-1.6-octadi en-3-oI (linalool).  

Preferably, the C-monoterpenoid is 1-isopropyl-4-methyt-3-cyclohexen- 1-01 

(terpinen-4-ol) or 3-Methyl-6-(propan-2-yl)cyclohex-2-en- I-one (piperitone).  

In another example, the topical medicament comprises a carboxylic acid monoester of a 

20 C1-monoterpenoid of formula (1) as hereinbefore described. For example, the 

carboxylic acid monoester may be a monoester with a carboxylic acid selected from 

acetic acid. propionic acid and formic. acid. Preferably, the carboxylic acid is acetic 

acid and/or the Co-monoterpenoid carboxylic acid ester for use in the manufacture of 

the topical. medicament is selected from the group consisting of (2E) 3,7-Dimethyl-2,6

25 octadien-l-yi acetate (geranyl acetate), 37Dimethyl ,6-octadien-3-y1 acetate (linalyl 

acetate); 2-(4-Methyl-3-cyclohexen-1-yl)-2-propanyl acetate (terpinvl acetate); and 5

isopropenyl-2-nethvl-2-cyclohexen-i-yl acetate (carvyl acetate). More preferably, the 

C[O-monoterpenoid carboxylic acid ester for use in the manufacture of the topical 

medicament is (2E)-3,7-Diniethyl-2,6-octadien--yi acetate (geranyl acetate) or 3,7

30 Dimethyl-1L6-octadien-3-yl acetate (linalyl acetate).
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In a further example, the topical. medicament of the present inventon comprises an 

isolated enantiomer of a Cw-monoterpenoid of formula (I) as described herein. For 

example, an isolated enantiomer of a Cr-monoterpenoid of formula (I) for use in the 

manufacture of the topical medicament is selected from the group consisting of (R)-1

5 IsopropyL-4-methyi3cyclohexen-1-ol ()-terpinen-4-oE (IS) I-Isopropyl-4-methyl -3

cyclohexen-1-ol [(+)-terpinen-4-ol], 2-[(JR)-4-Methylcyclohex-3-en-1-ylpropan-2-ol 

(V+)-alpha-terpineoJ (6R)-3-methyl-6-(propan-2-yl)cyclohex-2-en- i-one or (6?R)

isopropyl -3-methyl-2-cyclohexen- 1-one [(-piperitone], (65)-3-Methyl -6-(propan-2

viycyclohex-2-en-1-one [(+)-piperitone]. (35-3.7-Di methyl-I,6-octadien-3-oI [(4)

10 Linalool, (.3R)- 3,7-Dimethyl- 1,6-octadien-3-ol [(ILnalolk (ZR,5R)-2-Methyl-5-(1

rmethylethenyt)-2-cyclohexen- 1-cl [(cis-carveol], (13,5S12-Methyl-5-(1

methylethenyl)-2-cyclhexen -I-ol [(+)-cis-carveol, (/1, 5S)-2-Methyl-5-( 1

methylethenyi)-2-cicohexen- 1-ol I[(+)-trans-carveol], and (ISR E)-2-Methyl-5-(1

miethylethenyl)-2cchexen--ol j(-)-rans-carveol]. Preferably, the isolated 

15 enantiomer of the Cmo-monoterpenoid is selected front the group consisting of (Ryl

isopropyl-4-mnethyl-3-cyclohexen- 1-ol [--erpinen-4-ol] (IS)- I-Isopropyl-4-methyl-3

cyclohexen- .1-cl [()-terpinen-4-ol], (6R)-3-methyl-6-(propan-2-ylcyclohex-2-en-1

one or (6R)-Isopropyl-3-nethyl-2-cyclohexen-I--one [(~)-piperitone], (6S)-3-Methyl~6

(propan-2-yl)cycl ohex-2-en- 1-one f(+)-piperitonet (15S52- Methyl-5-(1

20 methylethenyl)-2-cyclohexen- 1-ol [(+)-cs-carveoi], and (UR, S) -2-Methyl-5-( 1

miethylethenyl)%2-cyclchexei--ol [(+)-trans-carveol]. More preferably, the isolated 

enantiomer of the Cwnotepenoid is (-terpinen-4-ol or (-j-piperitone or (+)

piperitone.  

25 A particularly preferred embodiment of the present invention provides for use of 

isolated 1 -Isopropyl-4-methyl-3-cyclohexen-14-o (terpinen-4-ol) or an isolated 

enantiomer or carboxylic acid ester thereof in the preparation of a topical medicament 

for the treatment and/or prevention of alopecia in a subject in need thereof 

30 A further particularly preferred embodiment of the present invention provides use of 

isolated 3-methyl-6-(propan-2-yl)cyclohex-2-en-.I-one (piperitone) or an isolated
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enantiomer or carboxylie acid ester thereof in the preparation of a topical medicament 

for the treatment and/or prevention of alopecia in a subject in need thereof.  

A further particularly preferred embodiment of the present invention provides use of a 

5 combination of (i) isolated piperitone or an isolated enantiomer or carboxylic acid ester 

thereof and (ii) isolated terpinen-4-ol or an isolated enantiomer or carboxylic acid ester 

thereof in the preparation of a topical medicament for the treatment and/or prevention 

of alopecia in a subject in ieed thereof. This combination includes a combination 

selected from the following: (i) piperitone and terpinene-4-ol; (ii) piperitone and (

10 terpinene-4-ol; (iii) piperitone and (+)-terpinen-4-ol; (iv) (-)-piperitone and terpinene-4

ol; (v) (-)-piperitone and (-)-terpinen-4-ol; (vi) (-)-piperitone and (+)-terpinen-4-ol; (vii) 

(+)-piperitone and terpinene-4-ol; (viii) (+)-piperitone and (-)-terpinen-4-ol; and (ix) 

(+)-piperitone and (+)-terpinen-4-oL Of these combinations, the combination of 

piperitone and (cterpinene-4-el is particularly preferred.  

15 

As with the topical formulation of the invention, a plurality of isolated C10

nonoterpenoids or enters or enantiomers thereof as described herein, e.g.. 2, 3, 4, 5, 6, 

7. 8, 9, 10 or more compounds, may be used in the preparation of a topical, medicament 

of the invention.  

20 

The integers described herein for the composition and use of topical formulations for 

therapeutic applications, especially with respect to the concentrations of active 

monoterpenoids and enantiorners and esters thereof, fornmilation and dosage, apply 

mutatis murandis to the use of at least one isolated C1m-monoterpenoid or isolated 

25 enantioner thereof or an isolated ester thereof with a carboxylic acid in the preparation 

of a topical medicament for the treatment of hair loss in a subject suffering from 

alopecia.  

A subject for which the topical medicament is useful may be a human or mammalian 

30 subject that has a genetic predisposition for aopecia or faminial history of alopecia or is 

at risk of developing alopecia. Alternatively, or in addition, the subject fbr which the
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topical iedicarnent is useful, any be a human or mammalian subject that is suffering 

from alopecia. The alopecia may be an acute form of alopecia and/or alopecia areata 

and/or androgenic alopecia.  

5 In particularly preferred embodiment, the topical medicament is useful for treatment of 

androgenic alopecia in a subject suffering from, or at risk of suffering from, androgenic 

alopecia.  

In a further preferred embodiment, the topical medicament is useful for treatment of an 

10 acute form of alopecia. The acute form of alopecia may be induced by an acute event 

selected from pregnancy, stress, illness, treatment with a cytotoxic agent, treatment 

with a cytostatic agent, and treatment with an agent which induces necrosis or 

apoptosis of hair folicles as a side-effect of therapy. Accordingly, a subject for which 

the topical medicament is useful may be a human or mammalian subject undergoing 

15 treatment with a cytotoxic agent or cytostatic agent or to whom treatment with a 

cytotoxic agent or cytostatic agent has been prescribed. For example. the topical 

medicament may be prepared for co-administration with a cytotoxic or cytostatic 

compound that causes hair loss e.g., in the case of a subject undergoing chemotherapy 

or radiation therapy or treatment for HI-1 infection, or AIDS, In such circumstances, 

20 the efficacy of the Cw o-monoterpenoid or ester or enantiomer thereof in the topical 

medicament counteracts the hair-loss effect of the cytotoxic or cytostatie compound.  

As used herein the term "derived from" shall be taken to indicate that a specified 

integer may be obtained from a particular source albeit not necessarily directly from 

25 that source.  

Throughout this specification, unless the context requires otherwise, the word 

"comprise", or variations such as "comprises" or "comprising", is understood to imply 

the inclusion of a stated step or element or integer or group of steps or elements or 

30 integers but not the exclusion of any other step or element or integer or group of 

elements or integers.
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The term "hair" means any hair or fur on the body of a manmat including a human, 

and includes, for example, head hair, eyebrows, eyelashes, moustaches, beards, chest 

hair back hair, arm hair, leg hair, genital hair, nasal hair or ear hair, 

5 

As used herein, the term "teat" or "treating" or "treatment" shall be taken to include 

therapeutic treatment of a pre-existing condition. wherein the aim is to prevent, 

ameliorate., reduce, slow down (lessen) or arrest progression of hair thinning or hair 

loss eg., associated with alopecia. It follows that hair growth, or treatment of hair 

10 thinning, refers to normalization of thinned hair, such as caused by alopecia. Treatment 

preferably extends the anagen phase of a hair follicle, or prevents or delays a follicle in 

anagen phase from prematurely transitioning to catagen phase.  

As used herein, the term "delay" or 'delaying" refers to a postponement or deferment 

15 of an event eg., such as loss of hair, until a time which is later that would otherwise be 

expected, or the act by which something is postponed or deferred, including the 

slowing of an event or process, 

As used herein, the term "reduce" or 'reducing" with respect to hair loss shall be taken 

20 to mean a decrease or lessening in the loss of hair eg, terminal hair, than would 

otherwise be expected in an individual following adniistration of a formulation or 

medic ament of the invention.  

"Preventing", "prevention", "preventative" or "prophylactic" refers to keeping from 

25 occurring, or to hinder, defend from, or protect from the occurrence of a condition, 

disease, disorder, or phenotype, including an abnormality or symptom. A mammal in 

need of prevention may be prone to develop the condition.  

The term "effective amount" shall be taken to mean an amount of the Cw0

30 inonoterpenoid compound of the invention which is capable of preventing and/or 

reducing and/or delaying progression of hair thinning or hair loss in a mammal to a
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level which is beneficial to delay and/or reduce and/or treat and/or prevent hair thinning 

or hair loss, particularly associated with alopecia. A therapeutically effective amount 

may be determined empirically and in a routine manner in relation to treating hair 

thinning or hair loss.  

5 

Throughout this specification, unless specifically stated otherwise or the context 

requires otherwise, reference to a single step, composition of matter, group of steps or 

group of compositions of matter shall be taken to encompass one and a plurality (ise.  

one or more) of those steps, compositions of matter, groups of steps or group of 

10 compositions of matter.  

Each definition or clarifying term described herein shall be taken to apply mutatis 

mutandis to each and every example of the invention unless the context requires 

otherwise. Each example described herein is to be applied muatis narandis to each 

15 and every other example unless specifically stated otherwise, 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1(a) is a graphical representation showing the inhibitory activity of linalyl 

acetate at difference concentrations on proliferation and viability of FR-BaF3 cells in 

20 the presence of FGF-5 or IL-3. This figure also illustrates the concentration at which 

linalyl acetate inhibits viability of FR-BaF3 ells by 50% (IC50) when those cells are 

cultured in the presence of FGF-5 or IL-3.  

Figure 1(b) is a graphical representation showing the inhibitory activity of nonanal at 

25 difference concentrations on proliferation and viability of FR-BaF3 cells in the 

presence of FGF-5 or IL- This figure also illustrates the concentration at which 

nonanal inhibits viability of FR-BaF3 cells by 50% (IC50) when those cells are 

cultured in the presence of FGF~5 or IL-3.  

30 Figure 1(c) is a graphical representation showing the inhibitory activity of linalool at 

difference concentrations on proliferation and viability of FR-BaF3 cells in the 

presence of FGF or IL-, This figure also illustrates the concentration at which
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linalool inhibits viability of FR-BaF3 cells by 50% (IC50) when those cells are cultured 

in the presence of FGF-5 or IL-3.  

Figure 1(d) is a graphical representation showing the inhibitory activity of geranyl 

5 acetate at difference concentrations on proliferation and viability of FR-BaF3 cells in 

the presence of FGF-5 or IL-3. This figure also illustrates the concentration at which 

geranyl acetate inhibits viability of FR-BaF3 cells by 50% (1C50) when those cells are 

cultured in the presence of FGF-5 or IL-3 

10 Figure 1(e) is a graphical representation showing the inhibitory activity of a-terpineol 

at difference concentrations on proliferation and viability of FR-BaF3 cells in the 

presence of FGF-5 or IL-I This figure also illustrates the concentration at which a

terpineol inhibits viability of FR-BaF3 cells by 50% (IC50) when those cells are 

cultured in the presence of FGF-5 or IL-3.  

15 

Figure 1(f) is a graphical representation showing the inhibitory activity of i-carveol at 

difference concentration on proliferation and viability of FR-BaF3 cells in the 

presence of FGF-5 or IL1 . 'This figure also illustrates the concentration at which I

carveol inhibits viability of FR-BaF3 cells by 50% (IC50) when those cells are cultured 

20 in the presence of FGF-5 or IL-.  

Figure 1(g) is a graphical representation showing the inhibitory activity of (-)-terpinen.

4-ol at difference concentrations on proliferation and viability of FR-BaF3 cells in the 

presence of FGF-5 or IL-3. This figure also illustrates the concentration at which (-)

25 terpinen-4-ol inhibits viability of FR-BaF3 cells by 50% (1050) when those cells air 

cultured in the presence of FGF-5 or IL-3.  

Figure 1(h) is a graphical representation showing the inhibitory activity of (+)-trpinen

4-ol at difference concentrations on proliferation and viability of ER-BaF'3 cells in the 

30 presence of FGF-5 or IL-3. This figure also illustrates the concentration at which (+)-
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terpinen-4-ol inhibits viability of FR-BaF3 cells by 50% (IC50) when those cells are 

cultured in the presence of FGF-5 or IL-3.  

Figure 2(a) is a graphical representation showing the effect of linaly acetate at 

5 difference concentirations on Alkaline Phosphatase (ALP) activity in dermal papilla 

(DP) cells cultured in the presence of: (i) a GSK3 inhibitor and FGF-5 or (ii) a GSK3 

inhibitor only, ALP activity was deterniined by measuring absorbance at 490nni.  

Figure 2(b) is a graphical representation showing the relative difference in Alkaline 

10 Phosphatase (ALP) activity (expressed as a percentage) in dermal papilla (DP) cells 

cultured in the presence of: (i) a GSK3 inhibitor and FGF-5 or (ii) a GSK3 inhibitor 

only, following treatment with linalyi acetate at difference concentrations. ALP 

activity was determined by measuring absorbance at 490nm.  

15 Figure 3(a) is a graphical representation showing the effect of nonanal at difference 

concentrations on Alkaline Phosphatase (ALP) activity in dermal papilla (DP) cells 

cultured in the presence of: (i) a GSK3 inhibitor and FGF-5 or (ii) a GSK3 inhibitor 

only. ALP activity was determined by imeasuring absorbance at 490nm, 

20 Figure 3(b) is a graphical representation showing the relative difference in Alkaline 

Phosphatase (ALP) activity (expressed as a percentage) in dermal papilla (DP) cells 

cultured in the presence of: (i) a GS13 inhibitor and FGF-5 or (ii) a GS 13 inhibitor 

only, following treatment with nonanal at difference concentrations. ALP activity was 

determined by measuring absorbance at 490nm.  

25 

Figure 4(a) is a graphical representation showing the effect of a-Terpineol at difference 

concentrations on Alkaline Phosphatase (ALP) activity in dermal papilla (DP) cells 

cultured in the presence of: (i) a GSK3 inhibitor and FGF-5 or (ii) a GSK3 inhibitor 

only. ALP activity was determined by measuring absorbance at 490nn 

30
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Figure 4(b) is a graphical representation showing the relative difference in Alkaline 

Phosphatase (ALP) activity (expressed as a percentage) in dermal papilla (DP) cells 

cultured in the presence of: (i) a GSK3 inhibitor and FGF-5 or (ii) a GSK3 inhibitor 

only, following treatment with x-Terpineol at difference co-entrations, ALP activity 

5 was determined by measuring absorbance at 490nm 

Figure 5(a) is a graphical representation showing the effect of (-)-Terpinen-4-ol at 

difference concentrations on Alkaline Phosphatase (ALP) activity in dermal papilla 

(DP) cells cultured in the presence of: (i) a GSK3 inhibitor and FGF-5 or (ii) a GSK3 

10 inhibitor only. ALP activity was determined by measuring absorbance at 490am.  

Figure 5(b) is a graphical representation showing the relative difference in Alkaline 

Phosphatase (ALP) activity (expressed as a percentage) in dermal papilla (DP) cells 

cultured in the presence of: (i) a GSK3 inhibitor and FGF-5 or (ii) a GSK-3 inhibitor 

15 only, following treatment with (-)-terpinen-4-ol at difference concentrations. ALP 

activity was determined by measuring absorbance at 490mm.  

Figure 6(a) is a graphical representation showing the effect of (+)-terpinen-4-ol at 

difference concentrations on Alkaline Phosphatase (ALP) activity in dermal papilla 

20 (DP) cells cultured in the presence of (i) a GSK3 inhibitor and FF-5 or (ii) a OSK3 

inhibitor only. ALP activity was determined by measuring absorbance at 490nmm 

Figure 6(b) is a graphical representation showing the relative difference in Alkaline 

Phosphatase (ALP) acti itv (expressed as a percentage) in dermal papilla (DP) cells 

25 cultured in the presncc oft (i) a GSK3 inhibitor and FGF-5 or (ii) a GSK3 inhibitor 

only, following treatment with (+)-terpinen-4-ol at difference concentrations, ALP 

activity was determined by measuring absorbaice at 49Onn.  

Figure 7(a) is a graphical representation showing the effect of (@)-terpinen-4-ol at 

30 difference concentrations on Alkaline Phosphatase (ALP) activity in dermal papilla
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(DP) cells cultured in the presence of: (i) a GSK3 inhibitor and FGF-5 or (ii) a GSK3 

inhibitor only. ALP activity was determined by measuring absorbance at 490nni, 

Figure 7(b) is a graphical representation showing the relative difference in Alkaline 

5 Phosphatase (ALP) activity (expressed as a percentage) in dermal papilla (DP) cells 

cultured in the presence of: (i) a GSK3 inhibitor and FGF-5 or (ii) a GSK3 inhibitor 

only, following treatment with (±)-terpinen-4-ol at difference concentrations. ALP 

activity was determined by measuritn absorbance at 490mn, 

10 Figure 8(a) is a graphical representation showing the effect of piperitone at difference 

concentrations on Alkaline Phosphatase (ALP) activity in dermal papilla (DP) cells 

cultured in the presence of: (i) a GSK3 inhibitor and FGF-5 or (ii) a GSK3 inhibitor 

only. ALP activity was determined by measuring absorbance at 490nm 

15 Figure 8(b) is a graphical representation showing the relative difference in Alkaline 

Phosphatase (ALP) activity (expressed as a percentage) in dermal papilla (DP) cells 

cultured in the presence of: (i) a GSK3 inhibitor and FGF-5 or (ii) a GSK3 inhibitor 

only, following treatment with piperitone at difference concentrations. ALP activity 

was determined by measuring absorbance at 490nm.  

20 

Figure 9(a) is a graphical representation showing the effect of mninoxidil at difference 

concentrations on Alkaline Phosphatase (ALP) activity in dermal papilla (DP) cells 

cultured in the presence of: (i) a GSK3 inhibitor and FGF-5 or (ii) a GSK3 inhibitor 

only. ALP activity was determined by measuring absorbance at 490nm.  

25 

Figure 9(b) is a graphical representation showing the relative difference in Alkaline 

Phosphatase (ALP) activity (expressed as a percentage) in dermal papilla (DP) cells 

cultured in the presence of: (i) a GSK3 inhibitor and FG1-S or (ii) a GSK3 inhibitor 

only, following treatment with minoxidil at difference concentrations. ALP activity 

30 was determined by measuring absorbance at 490nm.
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Figure 10(a) is a graphical. representation showing the effect of an essential oil from 

Eucalyptus dives at difference concentrations on Alkaline Phosphatase (ALP) activity 

in dermal papilla (DP) cells cultured in the presence of: (i) a GSK3 inhibitor and FGF-5 

or (ii) a GSK3 inhibitor only. ALP activity was determined by measuring absorbance 

5 at 490nm, 

Figure 10( is a graphical representation showing the relative difference in Alkaline 

Phosphatase (ALP) activity (expressed as a percentage) in dermal papilla (DP) cells 

cultured in the presence of: (i) a GSK3 inhibitor and FGF-5 or (ii) a GSK3 inhibitor 

10 only, following treatment with an essential oil from Eucalyptus dives at difference 

concentrations. ALP activity was determined by measuring absorbance at 490nn.  

Figure 11 is a graphical representation of the Hamilton-Norwood Scale as used to 

assess male pattern baldness.  

15 

Figure 12 is a graphical representation of the Lugwig Scale as used to assess female 

pattern baldness.  

Figure 13 is a graphical representation showing the percentage of subjects receiving the 

20 Placebo and Test formulations who perceived a visual improvement in hair volume at 

days 7 and 14 of trial.  

Figure 14 is a graphical representation showing the percentage of subjects receiving the 

Placebo and Test formulations who perceived a visual reduction in hair loss at days 7 

25 and 14 of trial 

Figure .15 is a graphical representation showing the percentage of subjects receiving the 

Placebo and Test formulations who perceived that their hair was stronger at days 7 and 

14 of triaL 

30
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Figure 16 is a graphical representation showing the percentage of subjects receiving the 

Placebo and Test formulations who perceived that their hair was thicker at days 7 and 

14 of trial.  

5 Figure 17 is a graphical representation showing the percentage of subjects receiving the 

Placebo and Test formulations who perceived that the respective treatment resulted in a 

reduction in hair fall at days 7 and 14 of the trial 

Figure 18 is a graphical representation showing the percentage of subjects receiving the 

10 Placebo and Test formulations who perceived that their hair had improved density at 

days 7 and 14 of the trial.  

Figure 19 is a graphical representation showing the percentage of subjects receiving the 

Placebo and Test formulations who perceived that the respective treatment resulted in a 

15 strengthening of fine hair at days 7 and 14 of the trial.  

Figure 20 is a graphical representation showing hair shaft elongation (mm) over time 

for hair marine vibrissae follicles cultured in the presence and absence of exogenous 

FGF-5.  

20 Figure 21 is a graphical representation showing rate of hair shaft elongation over time 

(measured as percentage growth relative to day 1) for hair urine vihrissac follicles 

cultured in the presence and absence of exogenous FPGF-5 

Figure 22 is a graphical representation showing hair shaft elongation over time 

25 (measured as a percentage of growth relative to day 1) for hair marine vibrissae 

follicles cultured in the presence and absence of piperitone, 

DETAILED DESCRIPTION OF THE INVENTION 

Monoterpenoids 

30 The present invention provides topical fommlations comprising monoterpenoid 

compounds which are capable of reducing fibroblast growth factor 5 (FGFS)-dependent 

signalling in a hair follicle cell or part thereof,
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The temi "monoterpenoid7" or "monoterpenoid compound" shall be taken to mean a 

hydrocarbon compound having a monoterpene skeleton formed from tWO Ioprene t unis 

i a, have the molecular formula C lL which has ndergone io cal 

5 modiicatons such as oxkladion or rearrangement Monoterpenoids may be aeyeik.  

moonoyclic or bicychc As used throughout this speificatio, i term 

"monoterpenoid compound" shall be understood to include monoterpenoids, 

enantiomers of monoterpenoids and monoterpenoid esters with a carboxylic acid.  

10 Preferably, the monoterpenoid compound of the invention is C 0-rmonoterpenoid, or an 

enantiomer thereof or an ester thereof with a carboxylic acid, of formula (I): 

R3 

Y R, 

R2 

formula (I) 

15 wherein: 

R1 is hydrogen, hydroxyl, or oxygen; 

R2 is absent or hydrogen or hydroxyl; 

R3 is CH-: 

X is CHI or CH2OH, or 

20 X is CH2CH2 or CHOHCH2 and X and Y together form a single bond within a 

6-membered ring; 

Y is CH when X is CH3 or CH)OH, or 

Y is CH or COH when X is CH-bCH-b or CHOHCI-L; and 

Z is a saturated or unsaturated C2 -C5 alkyl or alkyl ester.  

25
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For example, the C[io-monoterpenoid may be selected from the group consisting of 3

Methyl -6-(propan-2-yl)cyclohex-2-en- 1-one (piperitone), -Isopropyl-4-mithyl-3 

cyclohexen-1-ol (terpinen-4-ol), 2-(4-Methyl-3-cyclohexen-1-yl)-2-propanol (alpha

terpineol), 2-Metbyl-5-(1-tnethylethenyl)-2-cyclohexenl-1.-ol. (carveolt 6-isopropyl-3

5 methyl-2-cyclohexen-l-one (3-carvomenthenone); and 37-Dimethyl-11,6-octadien-3-ol 

(tinalool). Preferably, the Cj(o-monoterpenoid is 1-lsopropyl-4-methyl-3-cyclohexen- 1

ol (terpinen-4-ol) or Methyl-6-(propan-2-yl)cyclohex-2-en-l -one (piperitone> More 

preferably, the Cwmonotetpenoid is Methyl-6-(prpan-2-yl)cyclohex-2-en-1-one 

(piperitone).  

10 

In another example, the carboxylic acid monoester of a C1 6-monoterpenoid of formula 

(1) may be a nionoester with a carboxylic acid selected from acetic acid, propionic acid 

and formic acid. Preferably, the carboxylic acid is acetic acid. For example.a C 

monoterpenoid carboxylic acid ester inay be selected from the group consisting of 

15 (2E)-37-Dimethyi-2,6-octadien-yl acetate (geranyl acetate), 3,7-Dinethyl-,6

octadien-3-yl acetate (linalyl acetate); 2-(4-Methyl-34-yc lohexen-I1-yl)-2-propanyl 

acetate (terpinyl acetate); and 5-isopropenyl-2-methyi-2-cyclohexen- I-yl acetate 

(carvyl acetate).  

20 In another example, the enantiomer of a C1 0-monoterpenoid of formula (I) may be 

selected from the group consisting of (R)- I -Iopropyl-4-methyl -3-cyclohexen- I -ol [(-

terpinen-4-olj (IS)-4sopropyl-4-methyl3cyclohexen-ol [(+)-rpipi-4--4-ol], 2

[JR)-4-Methylcyclohex-3 -en-1~-ylJpropan-2-ol [(+)-alpha-terpineolj, (6R)-3-methyl-6

(propan-2-yl)cvclohex-2-en- 1-one or (6R)-Isopropyl-3 -methvl-2-cyclohexen-1 -one [(

25 piperitone], (6S)3-Methyl-6-(propan-2-yl)cyclohex-2-en-1-one [(+)-piperitone]., (35)

3,7-Dimethyl-1,I6-octadien-3-ol If+)-Linalool], (3R) 3,7-Dimethyl-L,6-octadien-3-ol 

[(-)-Linalool], (IRS5R)-2-Methyl-5-(I -methylethenyl2-cyclohexen-i-ol [(I)-cis

carveolk (15,55+2-Methyl-5-(l-methylethenyl)2-eyelohexen-ol [()-cis-carveoii 

(IR,5S)-2-Methyl-5-(1-methvlethenyl)-2-cyclohen-1-ol [(+)-tra-carveol], and 

30 (1S,5R)-2-Methyl-5-(1-methylethenyl)-2-cyclohexen-1-ol [(~)trans-carveolL
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Certain nteUtrpcnoids and carhoxylie acid esters thereof may contain chial centres.  

h is to be understood that both racemic and diasteromeri nnxtures, as well as the 

indvdual optical isomers, isolated or synthesized, which are subtanialiy free of their 

enantiomeric or dastreomeric partners, are within the scope of the invention, 

5 Racemic imixires may be se parated imto the iirdividual, substantially optiicall pure 

isoners'iroug well- known techniues, such as the separation of iastereomeric sals 

formed with optically active adjunct: e acid: or baes followed by conversion back 

to the optically active substances. The desired optical isomer may be snthesized by 

means of sWreospecific relations begining with the appropriate stereoionoer of the 

10 desired starting material.  

Monoterpenoid compounds which are capable of reducing fibroblast growth factor 5 

(FGF5.)-dependent signalling in a hair follicle cell or part thereof may be identified by 

any method known in the art for doing so. For example, such compounds may be 

identified by performing an Alkaline Phosphatase Dermal Papilla (ALP-DP) cell assay 

15 as described in W02013/105417. Alternatively, or in addition, a monoterpenoid 

compound may be screened by one or more of the assays exemplified herein to 

determine whether or not it is capable of reducing FGF5-dependent signalling.  

For example, a Cj o-monoterpenoid or ester or enantioner thereof useful in a topical 

20 formulation of the invention will reduce or inhibit FGF-5 activity in the hair follicle or 

part thereof by about 10-90% or 20-90% or 30-90% or 40-90% or 50-90% or 60-90% 

or 70-90% or 80-90% or 10-80% or 20-80% or 30-80% or 40-80% or 50-80% or 60

80% or 70-80% or 10-70% or 20-70% or 30-70% or 40-70% or 50-70% or 60-70% or 

10-60% or 20-60% or 30-60% or 40-60% or 50-60% or 10-50% or 20-50% or 30-50% 

25 or 40-50% or 10-40% or 20-40% or 30-40% or 10-30% or 20-30%. Alternatively, or in 

addition, a C1 0 -monoterpenoid or ester or enantiomer thereof useful in. a topical 

formulation of the invention will reduce or inhibit FGF-5 activity in the hair follicle or 

part by at least 10% or at least 20% or at least 30% or at least 40% or at least 50% or at 

least 60% or at least 70% or at least 80% or at least 90%.  

30
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Alternatively, or in addition, a C-monoterpenoid or ester or enantiomer thereof useful 

in a topical formulation of the invention will reduce or inhibit FGF-5 binding to a 

cognate fibrohi ast growth factor receptor (FGFR) in the hair follicle or part thereof.  

For example, a C monoterpenoid or ester or enantiomer thereof useful in a topical 

5 formulation of the invention will reduce or inhibit FGF-5 binding to fibroblast growth 

factor receptor 1 (FGFRI) by about 10-90% or 20-90% or 30-90% or 40-90% or 50

90% or 60-90% or 70-90% or 80-90% or 10-80% or 20-80% or 30-80% or 40-80% or 

50-80% or 60-80% or 70-80% or 10-70% or 20-70% or 30-70% or 40-70% or 5040% 

or 60-70% or 10-60% or 20-60% or 30-60% or 40-60% or 50-60% or 10-50% or 20

10 50% or 30-50% or 40-50% or 10-40% or 20-40% or 30-40% or 10-30% or 20-30%.  

Alternatively, or in addition, a C m-monoterpenoid or ester or enantiomer thereof useful 

in a topical formulation of the invention will reduce or inhibit FGF-5 binding to FGFR I 

by at least 10% or at least 20% or at least 30% or at least 40% or at least 50% or at least 

60% or at least 70% or at least 80% or at least 90%. The ability of a Co 

15 monoterpenoid or ester or enantiomer thereof to reduce binding of FGF-5 to FGFR1 

may be determined by a reduction in viability of a BaF3 cell expressing FGFR1, 

wherein the BaF3 cell is dependent on FGF-5 signalling for viability 

Sources of monoterpenoids and enantiorners and carboxylic acid esters thereof 

20 The monoterpenoid compounds and/or enantiomers thereof and/or carboxyl.ic acid 

esters thereof may be produced in microbial, yeast and/or plant cell culture systems 

known in the art, including microbial, yeast and/or phia cell culture systems which 

have been. metabolically engineered to increase synthesis/production of 

monoterpenoids See e.g, WO2011123576: Grover et aL, Plant Cell,. Tsue & Organ 

25 Culture, 108(2):323-331, 2012; Reiling et aL, Biotechnolog and Bioengineering, 

87(2):200-212, 2004; Albrecht et al, Biotechnology Letters, 21:791-795, 1999, 

Alternatively, the monoterpenoid compounds and/or enantiomers thereof and/or 

carboxylic acid esters thereof may be synthetic compounds. Synthetic mionoterpenoid 

30 compounds are well known in the art and are readily available front, a variety of 

commercial sources. For example, a topical formulation of the invention may consist
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of or comprise a fragrance oil or perfume oil or a perfume derived from a fragrance oil 

or a perfume oil 

Altenatively, the monoterpenoid compounds and/or enantiomers thereof and/or 

5 carboxylic acid esters thereof may be natural compounds.  

Essential oils 

The mionoterpenoids and/or enanuotners thereof and/or carboxylic acid esters thereof 

may be in the form of a natural extract, or comprise a natural extract. such as essential 

10 oil or a perfume derived from an essential oil See e.g, Table I below:
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Table 1.  

Compound Source of essential oil 

Geraniol Geraniol is found in essential oils of rose (5% w/ palmrosa (-80% w,l 
Cymbopsgon app - 065% wM4 citronella java (~23% wi/v, lemon balm (~20-40% 

wIv) and genimn (.40 0% w/v) 

Nerd Nerd is an isotnerie alcohol found in essental oils from dcvana (-10% wA'). ntroli and 
petitgrain of iemronv5% 91. x 

Ii-Citronello Found in citronella oils (10-50 wiL i.as well as oils from geraniums (-10-40% wA') 
and rose (18-55% wiv), 

Lmalool LiooI can be found as (4)- and (-)- fom in oil of majorain (-60-80% w/,) basil 
(400% w'), lavender (40 540% -vdA) bergamot (-15% WfN), Pelargonbr geraniums 

(-10-15% w r neoli bigarde (-50% wM and Ylong ylang (-10% wlv) 

a-Terpincol Found in essential oils of Anrhemix alfssim L. vair. altissimza (-25% wv), clary sage oil 
(-47% wit). lavandin (-9% w/v marjoram (-5-25% wv' pedigrain (-5% wA).v 
cajuput 5% wvtea ree (15-8% wNi 

P-Terpincol isomeric with t-terpineol, btt is not Isohaed from natural sources in sufficient amounts.  
Found in commercial epineol.  

(t-Terpinen-4-ol Synthetic racemate e.g, 50% (w/w ) Terpinen-4-o1 and 50% (w/wf-+) Tcrpinen-4-oL 

-Terpincn-4-ol Found in Euaypts des (~-% wIvt). Also found in tea rec oi& and essential oil of 
sweet marjor n and lavende 4 

(+)-Terpinen-4-ol Found in tin tree oil and essential oil of sweet marjoram and lavende1 

Nonanal Found in essental oils from mosses, such as in oil of Tortula muralis (-18% wv), 
ttnoaieens /utes~enis (~36% w2j, H- ypnuon cupresx/fiwu k~-I5% v-w) and Pahuaa 
owas (--% w/') 

Menthol A constituent oi oil from the Memha genus (-30-75% wv) 

1-Carveol Found in essential oil from caraway seed (>50% w/v), Speanant -6-5-70% w/v and dill 
f-I .5% w/v).  

Piperitone Found in oil from JEoypts rdes 5 60% W/1 Cy>poopi also known as 
lemon grass (-55-80% w/v, and Aranise1 1050% w/v), as well as in 
oil from plants of Menda genus 1520% wlv.  

Lnalyt acetate Found in essential oils of bergamot (-15-55% w/0l bergmot mint (-40-809 whill 
lavender 20-40% w) lavandin -20-40% w/), major m (20-25% wx), thyme 
k 2.5% wvl, and clary sage (-15-70% w/vt it is the acetate ester of [inalool and the two 
are often present together.  

(Cronyv acetate (Jcranyl acetate is a constituent of nm-erous essential oils, including oils fro1 carrot 
seed (~35 5% wit) from citronela 2-5% /v) pamarosa (-10% w/) thyme 

(-25% w)aelary sage i- 10% wt lemongrass 1-5 wS ) and coriander seed 

15% wAv'.  

of the enaniiiner, which is more ready isolaled bom K d han & m tela.sor 'we.marjoram or lavendr otd 
2. 'ea n-e oil moy comprse about O-n0t n Terpinen4-of o whit about I5% n-39.'3 (./v. i .+)

5 Terpnn--lnonly n% a 0o i'ens Tarnen
3. Sweet maujnon oi may comprise about 1822 wv Terpina4- of winebm 73 . 1 N 

Teinen-4-of and only '7% e-5-O% w/v/) i ) Teriu. -4-oL 
4. Lavende el may cmpinse about 49 (,wA lerpinen-4ofL of hich about 98-5% i.e. 4594AN, (wM) is (+) 

Teginen4of and only about 1.5% ie 0.1% (w/v/ ix (l pinena-o 

10
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Conveniently, an essential oil will be prepared from a plant source that provides an 

active monoterpenoid at a concentration sufficient to perform the invention, preferably 

without a need for any concentration of the oil and/or separation of enantiomeric forms.  

5 Techniques for extracting essential oils fro m natural materials, such as from plants, 

algae, fungi and yeast, are known and described in the art A preferred method of 

extracting essential oils from natural materials in accordance with the present invention 

is distillation, such as by steam distillation or water distillation (also known as 

"hydrodistillation").  

10 

In steam distillation, the natural material from which the essential oil is to be extracted, 

such as plant foliage, bark or twigs etc., is introduced into a distilling chamber through 

which steam is to be passed. Typically, the distilling chamber is configured to support 

the natural material in a manner which. exposes the oil-rich areas of the material to 

15 steam when passed through the chamber. In one example, the natural material is 

suspended or held above water contained in the distilling chamber such that when the 

water is boiled, "wet steam" produced therefrom rises and contacts the essential oil 

containing natural material. In another example,. steam is produced in a boiler and 

pumped into the distiling chamber containing the natural material from which the oil is 

20 to be extracted. This is sometimes referred to as "dry steam". In either case steam is 

typically generated with a temperature between 100-105T and passed through the 

distilling chamber containing the essential oil-containing material. As the steam 

contacts the natural material, the cells and vehicles containing essential oils are 

disrupted and the essential oils are released in the form of vapour. The vapour flow of 

25 essential oil and steam is typically directed to a condenser unit in which the vapour is 

condensed e.g, by a water cooled jacket surrounding the condenser unit, to form a 

liquid distillate having an aqueous phase and an oil phase. The liquid distillate is 

directed into a collection vessel and the essential oil (oil phase) is separated from the 

hydrosol or aqueous portion (aqueous phase) according to the relative specific 

30 densities. The essential oil obtained from the distillate may be collected and used in 

accordance with the invention,



WO 2015/085373 PCT/AU2014/050421 

51 

Although specific reference is made herein to a steam distillation process, it is to be 

understood that any extraction process that allows for the separation and collection of 

essential. oils from the water soluble components and starting materials eg. leaves, 

5 twigs, sticks, bark, roots, etc., can be used according to the present invention.  

Examples of other extraction processes include direct "hydrodistiltation" in which the 

natural material is boiled in an aqueous solution and the vapors produced therefrom are 

collected and condensed to produce a distillate from which the essential oil may be 

10 separated. Other extraction processes that involve partial refluxing, solvent extraction 

and chromatograpiy to remove essential oils are also contemplated for use in the 

present invention. For example, physical processes for the isolation of nonoterpenoid 

compounds from naturally-occurring materials, including distillation. solvent 

extraction, and chromatography are described in Ziegler and Ziegler, Fiourings: 

15 producton, compositions, application regulations, IL Ed. Wiley-VCH Weinicim, 

Germany.  

A preferred essential oil will provide an effective amount of an active monoterpenoid 

or enantiomer or carboxylic acid derivative in downstream processing, such as to 

20 produce a perfume or other formulation of the invention, or to substantially purify the 

compound for other formulations disclosed herein.  

Preferred topical formulations of the invention comprise an essential oil or perfumne 

comprising piperitone or enantiomer thereof in an amount useful for performing the 

25 invention. For example, the working examples hereof demonstrate that piperitone 

elicits high alkaline phosphatase activity in dermal papillae. Accordingly, the essential 

oils of Eucalyptus dives and/or Cymbopogon spp. andlor lemon grass and/or Artemisia 

deserti krasch and/or Metha spp., and perfumes and other topical formulations of the 

invention derived there from are useful in performing the invention.  

30
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Other preferred topical formulations of the invention comprise an essential oil 

comprising terpinen-4-ol or enantiomer thereof, such as (-)-terpinen-4-ol, in amounts) 

useful for performing the invention. For example, the working examples hereof 

demonstrate that (f-)terpinen-4-ol elicits high alkaline phosphatase activity in dermal 

5 papillae and also has high FGF-5 inhibitory activity. Accordingly, the essential Oils of 

EucalJpmus dives and/or tea tree and/or sweet marjoram, and perfumes and other topical 

formulations of the invention derived there from are useful in performing the invention 

Particularly preferred topical formulations of the. invention comprise an essential oil 

10 comprising pipeitone or enantiomer thereof and/or terpinen-4-ol or enantiomer thereof, 

such as, for example piperitone and/or (-)-terpinen-4-ol, in anount(s useful for 

performing the invention. For example, an essential oil from Eucalyptus dives is a 

suitable source of both. and both piperitone and (-terpinen-4-ol in amounts for use in 

performing the invention. The essential oil of E dives is particularly preferred for 

15 performing the invention because that oil has a high content of both piperitone and (± 

terpinen-4-ol and because, as demonstrated herein, (i) piperitone and (-)-terpinen-4-ol 

each elicit higher alkaline phosphatase activity in derinal papillae than a racemic 

mixture of terpinen-4-ol or (+)~Terpinen-4-oi, and (ii) the (+terpinen~4-ol enantiomer 

has higher FGF-5 inhibitory activity than (+}terpinen-4-ol, Accordingly, the E dives 

20 essential oil provides an advantage in having both piperitone and ()-terpinen-4-ol 

relative to essential oils that have predominantly (+-terpinen-4-ol with little or no 

measurable piperitone such as tea twe or sweet maroram e or aVenoe, or essential oils 

that have high levels of piperitone with little or no measurable (4-terpinen-4ol such as 

the essential oils from Cymbopogon spp or Artemisia desert krasch or Mentha spp, 

25 Thus, the essential oils of tea tree, sweet marjoram, lavender, Cynbopogon. spp., 

Artemisia deseri krasch or Menit/ia spp. are less desirable in some embdoments than 

the essential. oil of . dives.  

The relative amounts of different monoterpenoid eantioners and carboxylic acid 

30 derivatives that are active in performing this invention may be the same in an essential 

oil as in a plant extract from which the essential oil is derived, or those relative atnounts
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may be different. The skilled aitisan will also be aware that the concentration of a 

given monoterpenoid compound may vary between different plant extracts, 

Notwithstanding these variables, it is within the skill of such a person to produce an 

essential. oil having a suitable amount of an active monoterpenoid, enantiomer or 

5 carboxylic acid derivative, or suitable amounts of different active monoterpenoids, 

enantiomers or carboxylic acid derivatives. In this respect, the concentration of a given 

synthetic monoterpenoid and/or enantiomer and/or carboxylic acid ester in an essential 

oil or fragrance oil or perfume may be determined without undue burden. For example.  

as described herein above, headspace sampling permits analysis and quantitation of an 

10 amount of constituent nonoterpenoid conpound(s) and/or enantiomer(s) thereof and/or 

carboxylic acid ester(s) thereof by gas chromatography (CC) and/or mass spectrometry 

(MS) processes. Such analysis of oil and/or perfume samples permits determination of 

an amount of monoterpenoid and/or enantiomer and/or carboxylic acid ester in an oil or 

perfume or powder produced therefrom on either a weight basis e.g, weight of the 

15 active compound relative to weight of powder or dried oil, or alternatively on a volume 

basis eg., weight of active compound per unit volume of oil or perfume. Knowledge of 

a volume of oil from which a powder is obtained also permits calculation of an amount 

of active monoterpenoid and/or enantiomer and/or carboxylic acid ester on a volume 

basis e.g., weight of active compound per unit volume of oil or perfume, Knowledge of 

20 an amount of plant material that produced an essential oil from which analysed samples 

were taken also permits determination of an. amount of monoterpenoid and/or 

enantiomer and/or carboxylic acid ester on a weight basis e.g., weight of the active 

compound per gram dried weight of plant material.  

25 The weight of monoterpenoid and/or enantiomer and/or carboxylic acid ester in an oil 

or perfume may also be known or readily derived, such as when the oil is prepared 

using purified compounds or starting material having a known concentration of the 

active compoundss, to facilitate determination of compound concentrations in the 

topical formulation.  

30
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Depending upon the concentration of active compound(s) in a synthetic preparation, a 

fragrance oil having a suitable concentration of one or more non-volatile active 

compounds is prepared readily by evaporation. A fragrance oil having a suitable 

concentration of one or more active compounds is also prepared readily by dilution 

5 using ethanol or other suitable diluent known in the art.  

Combinations of oils are especially preferred when it desirable to conibine active 

monoterpenoids or eantomers or carboxvlic acid esters therof, which are not each 

represented in sufficiently-high concentrations in a single oil to have a cosmetic or 

10 therapeutic effect, or that are not each present in a single oil in amounts that are 

processed conveniently without combination. The skilled artisan will be aware that it is 

possible to combine monoterpenoids and/or enantiomers and/or carboxylic acid esters 

thereof that are active in performing the invention by combining one or more perfume 

oils and/or one or more essential oils to achieve optiium concentrations of active 

15 compounds as determined by the activity profile(s) of the constituents as described 

herein.  

Perflumes 

in another preferred example, the topical formulation of the invention consists of or 

20 comprises a perfume derived from a fragrance oil or perfume oil or essential oil or 

combination thereof The perfume may comprise one oil, such as one essential oil or 

one fragrance oil, or it may comprise a combination of different oils, including a 

combination of essential oils, a combination of fragrance oils, or a combination of both 

essential oils and fragrance oils.  

25 

A perfume may be classified as "parfurn" and comprise an amount of oil in a range 

from about 1.5% to about 25% by volume, including 1.5% or 16% or 1:7% or 18% or 

19% or 20% or 21% or 22% or 23% or 24% or 25% oil by volume, in aqueous solution 

such as ethanol and/or water. Alternatively, a perfume may be classified as "soie de 

30 parfum" and comprise an amount of oil in a range from about 15% to about 18% by 

volume, including 15% or 16% or 17% or 18% oil by volume, in aqueous solution such
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as ethanol and/or water. Alternatively, a perfume may he classified as "eau" and 

comprise an amount of oil in a range not exceeding about 15% by volume, including up 

to I 1% or up to 2% or up to 3% or up to 4% or up to 5% or up to 6% or up to 7% or up 

to 8% or up to 9% or up to 10% or up to 11% or up to 12% or up to 13% or up to 14% 

5 or up to 15% oil by volume, in aqueous solution such as ethanol and/or water. For 

example, within such a range of concentration values, a perfume classified as "eau 

fraiche" may comprise about 3% or less oil by volume, a perfume classified as "eau de 

cologne" may comprise about 2% to about 5% oil by volume, a perfume classified as 

"eau de toilette may comprise about 4% to about 10% oil by volume, and a perfume 

10 classified as "cau de parfum" may comprise about 8% to about 15% oil.  

In a preferred example, the topical formulation of the present invention is a an cau 

comprising one or more monoterpenoids of the invention in aqueous ethanol solution, 

e.g., eau fraiche or eau de cologne or eau de toilette or eau de parfum, and more 

15 preferably, an eau fraiche or eau de cologne or cau de toilette.  

An exemplary eau fraiche of the invention will comprise not more than 3% by volume 

of an essential oil, such as an. essential oil from E. dives and/or an essential oil 

Cymbopogon spp and/or an essential oil from Artemisia deserti krasch and/or an 

20 essential oil from a plant of the Mentha genus and/or an essential oil of tea tree and/or 

an essential oil of sweet marjoram. Such a perfume will comprise at least effective 

amounts of piperitone or enantiomer thereof such as (F ipritone or (+>piperitone and 

terpinen-4~ol or enantiomer thereof such as (-terpinen-4-ol piperitone or enantiomer 

thereof. Alternativeiv, an exemplary can fraiche of the invention will comprise not 

25 more than 3% by volume of fragrance oil comprising piperitone or cuantiomer thereof 

such as (tpiperitone or (+)piperitone and not more than 3% by volume of terpinen-4

ol or enantiomer thereof such as (-)-terpinen-4-oL Alternatively, an exemplary can 

fraiche of the invention will comprise not more than 3% by volume of fragrance oil 

comprising piperitone or enantiomer thereof such as (-)-piperitone or (+)-piperitone 

30 and/or a fragrance oil comprising not more than 3% by volume of terpinen-4-ol or 

enantiomer thereof such as (F-)terpinen-4-ol. As used herein, the term "not more than
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3%" includes 0.01% or 0.05% or 0 1% or 0,15% or 0.2% or 0,25% or 0.3% or 0.35% or 

0.4% or 0A5% or 0:5% or 0.55% or 0.6% or 0.65% or 0.7% or 075% or 0.8% or 

0.85% or 0:9% or 0.95% or 1.0% or 1. 1% or 1 2% or 1 3% or L4% or 1L5% or L6% or 

1.7% or 1 8% or 1.9% or 2.0% or 2.1% or 2 2% or 23% or 2.4% or 2.5% or 2.6% or 

5 2_% or 2,8% or 2.9% or 2.01% or 2,92% or 2,93% or 2.94% or 2 95% or 2.96% or 

2.97% or 2.98% or 2.99%.  

An exemplary cau de cologne of the invention will comprise riot less than 2% by 

volume and not more than 5% by volume of an essential oil, such as an essential oil 

10 from E dives and/or an essential oil CYMbopogon spp and/or an essential oil from 

Artemisia desert krasch and/or an essential oil from a plant of the Mentha genus 

and/or an essential oil of tea tree and/or an essential oil of sweet niarjoram. Such a 

perfume will comprise at least effective amounts of piperi.tone or enantiomer thereof 

such as (4-piperitone or (+)-piperitone and terpinen-4-ol or enantiomer thereof such as 

15 (+terpinen-4-ol piperitone or enantioner thereof. Alternatively, an exemplary eau 

fraiche of the invention will comprise not less than 2% by volume and not more than 

5% by volume of fragrance oil comprising piperitone or enantiomer thereof such as (

piperitone or (+)-piperitone in combination with not less than 2% by volume and not 

more than 5% by volume of terpinen-4-ol or enantiomer thereof such as (+terpinen-4

20 ol, Alternatively, an exemplary can fraiche of the invention will comprise not less than 

2% by volume and not more than 5% by volume of fragrance oil comprising piperitone 

or enantiomer thereof such as (-piperirone or (+)-piperitone aid/o a fragrance oil 

comprising not less than 2% by volume and not more than 5% by volume of terpinen-4

ol or enantiomer thereof such as (-)-terpinen-4-ol As used herein, the term "not less 

25 than 2% and not more than 5% includes 2.0% or 2.1% or 2.2% or 2.3% or 2.4% or 

2,5% or 2,6% or 2.7% or 2.8% or 2.9% or 3.0% or 3.1% or 3.2% or 3.3% or 3.4% or 

15% or 3.6% or 3.7% or 3.8% or 3.9% or 4.0% or 4. 1% or 4.2% or 4.3% or 4.4% or 

4J% or 4.6% or 4.7% or 4,8% or 4.9% or 4.91% or 4.92% or 4.93% or 4.94% or 

4.95% or 4.96% or 4.97% or 4.98% or 4.99% or 5%.  

30
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An exemplary eau de toilette of the invention will comprise not less than 4% by volume 

and not more than 10% by volume of an essential oil, such as an essential oil from E 

dives and/or an essential oil Cymbopogon spp and/or an essential oil from Arteisia 

deserti kmschr and/or an. essential oil from a plant of the Mentha genus and/or an 

5 essential oil of tea tree andor an essential oil of sweet marjoram. Such a perfume will 

comprise at least effective amounts of piperitone or enantiomer thereof such as (-)

piperitone or (+)-piperitone and terpinen-4-ol or enantiomer thereof such as 

terpinen-4-ol pipeditone or enatiomer thereof Alternatively, an exemplary eau fraiche 

of the invention will comprise not less than 4% by volume and not more than 10% by 

10 volume of fragrance oil conprising pipeitone or enantioner thereof such as (-)

piperitone or (+)-piperitone in combination with not less than 4% by volume and not 

more than 10% by volume of terpinen-4-ol or enantiomer thereof such as (-)-terpinen

4-ol.. Alternatively, an exemplary eau. fraiche of the invention will comprise not less 

than 4% by volume and not more than 10% by volume of fragrance oil comprising 

15 piperitone or enantiomer thereof such as ()piperitone or (+)-piperitone and/or a 

fragrance oil comprising not less than 4% by volume and not more than 10% by 

volne of terpinen-4-ol or enantiomer thereof such as (-)-terpinen-4-oL As used 

herein, the term "not less than 4% and not more than 10%" includes 4.0% or 4.1 % or 

4,2% or 4.3% or 4.4% or 4,5% or 4.6% or 4.7% or 4.8% or 49% or 5 .0% or 5.1% or 

20 5.2% or 53% or 5.4% or 5% or 5.6% or 5.7% or 5.8% or 5,9% or 6.0% or 6.1% or 

6 2% or 6.3% or 6.4% or 6.5% or 6.6% or 6.7% or 6.8% or 6.9% or 7.0% or 7.1% or 

7.2% or 7.3% or 7.4% or 7,5% or 7.6% or 7.7% or 7.8% or 7.9% or 8.0% or 8.1% or 

8.2% or 8.3% or 8.4% or 8,5% or 8.6% or 8.7% or 8.8% or 8.9% or 9.0% or 9.1% or 

9.2% or 9.3% or 9.4% or 9.5% or 9.6% or 9.7% or 9.8% or 9.9% or 10.0%.  

25 

Fornudations 

A monoterpenoid or enantiomer or carboxylic acid derivative thereof described 

according to any example hereof may be formulated in any form used in the 

pharmaceutical, quasi-drug, or cosmetic field, suitable for topical administration to a 

30 human or ianmal
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Conveniently, topical formulations of the invention, including pharmaceutical and 

cosmetic forms., are prepared by dilution of an essential oil or substantially purified 

compound.  

5 Such pharmaceutical and cosmetic formulations include essential oils, perfume oils, 

perfumes, ointments, liniments, creams, shampoos, lotions, pastes, jellies, sprays, 

aerosols, or in patches or impregnated dressings. For example, the topical formulation 

may be a product for preventing and/or treating hair loss, a product for growing hair, a 

hair or scalp cosmetic (e.g, shampoo, hair conditioner, scalp lotion, scalp cream, hair 

10 tonic, etc.). a skincare product (e g. lotion, cream, face cream, face lotion, milk, pack, 

liquid facial wash, soap, etc.), a body care product (e.g. body cream, body lotion, soap, 

liquid wash, bath additive, etc.), a UV protective agent (e.g. sun block, sunscreen 

lotion, tanning oil, etc.), or a cosmetic (e g, eyeliner, eyebrow pencil, cream, lotion, 

ete) The term "ointment" embraces formulations (including crcains) having 

15 oleaginous, water-soluble and emulsion-type bases, e.g- petrolatum, lanolin, 

polyethylene glycols, as well as mixtures thereof These may be applied directly to the 

skin or an area of dermis comprising hair follicles 

In producing a formulation of the invention, an essential oil or perfume oil or perfume, 

20 or one or more isolated active monoterpenoids and/or enantiomers thereof and/or 

carboxvlic acid esters thereof is/are presented in an amount suitable for performing the 

invention te., producing an efficacious result in a cosmetic or therapeutic context 

described herein. The amount may vary depending on the nature of the formulation, 

the purpose, and the duration of treatment or cosmetic application.  

25 

in one example, a concentration of each active Co-monoterpenoid or ester or 

enantiomer thereof is an amount that is present in an essential oil having the desired 

cosmetic or therapeutic activity, prepared by conventional procedures for a plant 

material that produces the active compound as a secondary metabolite. Preferred 

30 formulations comprise essential oils described herein, including essential oil from E 

dives and/or an essential oil Cymbopogon spp and/or an essential oil from Artemisia
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desert krasch and/or an essential oil from a plant of the Mentha genus and/or an 

essential oil of tea tree and/or an essential oil of sweet marjoram. Particularly preferred 

formulations comprise essential oil from F. dives. Alternatively, a concentration of 

each active Cjc-nonoterpenoid or ester or enantiomer thereof is an amount that is 

5 present in a combination of such essential oils e.g. essential oil from E dives in 

combination with an essential oil from tea tree and/or an essential oil of sweet 

maroram. Conveniently, the essential oil is not processed to concentrate the active 

agent(s), but comprises the active agent(s) in sufficient concentrations) to provide for 

use of the essential, oil in an undiluted form, or diluted during downstream processing 

10 using an aqueous solvent suitable for topical use, e.g. ethanol in water, to an effective 

concentration of the active agent(s). One or more carriers, excipients, emollients, 

diluents, fillers., dispersants, stabilisers, preservatives, emulsifying agents, solubilizing 

agents, anti-crystallization agents, surfactants. cosmetic components, or adjunctive 

agents, may be added to an. essential oil provided that the final concentration of each 

15 active C10nw-monoterpenoid or ester or enantioner thereof is an amount having the 

desired cosmetic or therapeutic activity.  

In the case of a perfume derived from an essential. oil, the concentration of the active 

Cwj-monoterpenoid or ester or enantiomer thereof is in an amount that ensures 

20 classification of the formulation as a perfume as described, with or without additional 

carriers, recipients, emollients, diluents, fillers. dispersants, stabilisers, preservatives, 

emulsifying agents, solubilizing agents, anti-crystallization agents. surfactants, 

cosmetic components, or adIjunctive agents. For example, the essential oil(s) described 

according to any example hereof is(are) diluted in aqueous ethanol (up to about 50% 

25 (v/v) including 10% (v/v) or 20% (v/v) or 30% (v/v) or 40% (v/v) or 50% (viv) ethanol 

solution) to provide a final concentration of compound having the desired activity and 

desired concentration of essential oil. In another example, the essential, oil as described 

according to any example hereof may be diluted in aqueous ethanol up to about 70% 

(v/v), including 10% (v) or 20% (v/v) or 30% (v/) or 40% (v/v) or 50% (Wv) or 60% 

30 (v/v) or 7.0%(v/vV in another example, the or each C-monoterpenoid or ester or 

enantiomer thereof, or a perfume oil comprising same, as described according to any
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example hereof may be diluted in aqueous ethanol up to about 70% (w/v), including 

10% (wNv) or 20% (w/v) or 30% (w/v) or 40% (wv) or 50% (wiv) or 60% (w/v) or 

70%(w/v). In yet another example, the or each C 0-rmonoterpenoid or ester or 

enantiomer thereof, or a perfume oil composing same, as described according to any 

5 example hereof may be diluted in aqueous ethanol up to about 70% (w/w), including 

10% (w/w) or 20% (w/w) or 30% (w/w) or 40% (w/w) or 50% (w/w) or 60% (w/w) or 

70%(w/w).  

In the case of a perfume oil or perfume derived therefrom, or other topical formulation 

10 comprising substantially purified CjQ-monoterpenoids or esters or enantiomers thereof 

the concentration of each isolated active C1 -monoterpenoid or ester or enantiomer 

thereof is formulated in an amount consistent with the activity profile of that 

compound, with or without additional carriers, excipients, emollients, diluents, fillers, 

dispersants, stabilisers, preservatives, emulsifying agents, solubilizing agents, anti

15 crystallization agents, surfactams, cosmetic components, or adjunctive agents. For 

example, each C-rmonoterpenoid or ester or enantiomer thereof, or a perfume oil 

comprising same, as described according to any example hereof is diluted in aqueous 

ethanol (up to about 50% (vlv) including 10% (v/v) or 20% (v/v) or 30% (v/) or 40% 

(v0v) or 50% (Wv) ethanol solution) to provide a final concentration of compound 

20 having the desired activity. This ensures the desired cosmetic or therapeutic activity.  

In another example, the or each Carmonotepenoid or ester or enantiomer thereof, or a 

perfume oil comprising same, as described according to any example hereof may be 

diluted in aqueous ethanol up to about 70% (v/v). including 10% (v/v) or 20% (v/v) or 

30% (vN/) or 40% (vv) or 50% (v/v) or 60% (v/v) or 70%(v/v). In another example, 

25 the or each Cm-monoterpenoid or ester or enantiomer thereof, or a perfume oil 

comprising same, as described according to any example hereof may be diluted in 

aqueous ethanol up to about 70% (wlv), including 1.0% (w/v) or 20% (wv) or 30% 

(w/v) or 40% (w/v) or 50% (w/v) or 60% (w/v) or 70%'w/v) In yet another example, 

the or each C1 -monoterpenoid or ester or enantiomer thereof, or a perfume oil 

30 comprising same, as described according to any example hereof may be diluted in
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aqueous ethanol up to about 70% (w/w), including 10% (w/w) or 20% (w/w) or 30% 

(w/w) or 40% (w/w) or 50% (w/w) or 60% (w/w) or 70%(w/w).  

The concentration of monoterpenoid compound in a fornulation may vary depending 

5 upon a range of parameters eg, including whether or not the formulation is for 

prevention or therapy, the site to which the topical formulation is to be applied, the 

half-life of the monoterpenoid compound following administration of the formulation, 

the age, sex and weight of the subject to which the formulation is to be applied, and 

type of hair loss condition, if any, to which the subject is predispose or which is to be 

10 treated.  

Standard procedures are employed to prepare the topical formulations, especially once 

an oil or paste or powder comprising the active compound(s) has been prepared. See, 

e.g., Hardman, et al (2001) Goodman and Gilman's The Pharmacological Basis of 

15 Therapeutics, McGraw-Hill, New York, N.Y., Gennaro (2000) Remington: The 

Science and Practice of Pharmacy, Lippincott, Williams. and Wilkins New York, 

N.Y,; Avis, et at. (eds.) (1993) Pharmaceutical Dosage Forms: Parenteral. Medications, 

Marcel Dekker, NY- Lieberman, et al. (eds.) (1990) Pharmaceutical Dosage Forms: 

Tablets, Marcel Dekker, NY; Liebermtan, et al. (eds.) (1990) Pharmaceutical Dosage 

20 Forms: Disperse Systems, Marcel Dekker, NY: Weiner and Kotkoskie (2000) Excipient 

Toxicity and Safety, Marcel Dekker, Inc., New York, N.Y.).  

For example, the topical formulations may include one or more carriers, excipients or 

emollients suitable for topical administration e.g., such as to the dermis or skin of a 

25 subject.  

Excipients will typically be included to improve solubibty and/or bioadhesion. Suitable 

excipients include solvents, co-solvents, emulsifiers, plasticizers, surfactants, 

thickeners pH modifiers, emollients, antioxidants, and chelating agents, wetting agents, 

30 and water absorbing agents. Formulations may also include one or more additives, for 

example, dyes, colored pigments, pearlescent agents, deodorizers, and odor maskers.
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Diluents or fillers increase the bulk of a solid dosage forn so that a practical size is 

provided for compression of tablets or formation of beads and granules. Suitable 

diluents include, but are not limited to dicalcium phosphate dehydrate, calcium sulfate, 

5 lactose, sucrose, mannitol, sorbitol. cellulose, microcrystalline cellulose, kaolin, sodium 

chloride, dry starch, hydrolyzed starches, pregelatinized starch, silicone dioxide, 

titanium oxide, magnesium aluminum silicate and powdered sugar.  

For topical use on the skin and the scalp, the formulation may comprise ointments.  

10 creams, liniments or patches as a carrier. These topical formulations may or may not 

contain preservatives, depending on the dispenser and nature of use. Suitable 

preservatives are described above. Various matrices for slow release delivery may also 

be used.  

15 For topical use on the eyelids or eyebrows, the monoterpenoid or enantiomner or 

carboxylic acid derivative compounds) may be formulated in aqueous alcohol 

solutions, creams, ointments or oils exhibiting physiologically acceptable osmolarity by 

addition of pharmacologically acceptable buffers and salts. Such topical. foraulations 

may or may not, depending on the dispenser, contain preservatives such as 

20 benzalkonium chloride, chlorhexidine. chiorobutanol, parahydroxybenzoic acids and 

phenylmercuric salts such as nitrate, chloride, acetate, and borate, or antioxidants, as 

well as additives like EDTA, sorbitol, borie acid etc as additives, Furthermore, 

particularly aqueous solutions may contain viscosity increasifnga agents such as 

polysaccharides e.g., methylcellulose, mucopolysaccharides, e.g., hyaluronic acid and 

25 chondroitin sulfate. or polyalcohol e.g., polyvinylalcohol Various slow releasing gels 

and matrices may also be employed as well as soluble and insoluble ocular inserts, for 

instance, based on substances forming in-situ gels Depending on the actual formulation 

and specific monoterpenoid compound to be used, various amounts of the 

ionoterpenoid compound and different dose regimens may be employed. Particularly 

30 preferred topical formulations are essential oils, perfume oils, or perfumes.
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Topical formulations may also comprise one or more dispersants e,g, phosphate

buffered saline (PBS), saline, glucose. sodium lauryl sulfate (SLS), 

polyvinvlpyrrolidone (PVP) polyethylene glycol (PEG) and 

hydroxypropylmethvicellulose (HPMC).  

5 

Topical formulations may or may not contain stabilisers and/or preservatives to inhibit 

or retard drug decomposition reactions e.g., by oxidation or bacterial action, depending 

on the dispenser and nature of use. Such preservatives include E216 E218, 

chlorobutanol hemihydrate. methyl- propyl-, or butyl-parahydroxybenzoic acid, betain, 

10 chlorhexidine, benzalkonium chloride, and the like.  

Topical formulation, of the invention may also comprise an emnulsifyinig/solubilizing 

component comprising one or more of metallic alkyl sulfate, quaternary ammonium 

compounds, salts of fatty acids, sulfosuccinates, taurates, amino acids, lauroyl 

15 macrogol glycerides, caprylocaproyl macrogolglycerides, stearoyl macrogol glycerides, 

linolcoyl macrogol glycerides, oleoyl macrogol glycerides. polyalkylene glycol, 

polyethylene glycol, polypropylene glycol. polyoxethylene-polyoxvpropylene 

copolymer, polyoxyethylene fatty alcohol ether, fatty acid, polyethoxylated fatty acid 

ester, propylene glycol fatty acid ester, polyoxyethylene-glycerol fatty ester, 

20 polyglycolized glycerides, polyglycerol fatty acid ester. sorbitan ester, polyethoxylated 

sorbitan ester, polyethoxylated cholesterol, polyethoxylated castor oil, polyethoxylated 

sterol, lecithin, or polyethoxylated vegetable oil 

Topical formulations of the invention may also comprise an anti

25 crystallization/'solubilizing component which, when present, generally comprises one or 

more of metallic alkyl sulfate, polyvinylpyrrolidone, lauroyl macrogol glycerides, 

caprylocaproy macrogolglycerides, stearoyl macrogol glycerides, linolcoyl racrogol 

glycerides, oleoyl macrugol glycerides, polyalkylene glycol polyethylene glycol, 

polypropylene glycol polyoxyethylene-polyoxvpropylene copolymer, fatty alcohol.  

30 poly oxyethylene fatty alcohol ether, fatty acid, polyethoxylated fatty acid ester, 

propylene glycol fatty acid ester, fatty ester, glycerides of fatty acid, polyoxyethylene-



WO 2015/085373 PCT/AU2014/050421 

64 

glycerol fatty este, polvgiycolized glycerides, polyglycerol fatty acid ester, sorbitan 

ester, polyethoxylated sorbitan ester. polyethoxylated cholesterol, polyethoxylated 

castor oil, polvethoxylated sterol lecithin, or polyethoxylated vegetable oil.  

5 Topical formulations of the invention may also comprise one or more surfactants, 

Surfactants may be anionic, cationic, amphoteric or nonionic surface active agents.  

Suitable anionic surfactants include, but are not limited to, those containing 

carboxylate, sulfonate and sulfate ions, Examples of anionic surf actants include 

sodium, potassium, ammonium of long chain alkyl sulfonates and alkyl aryl sulfonates 

10 such as sodium dodecyibenzene sulfonate; dialkyl sodium sulfosuccinates, such as 

sodium dodecylbenzene sulfonate; dialkyl sodium sulfosuccinates. such as sodium bis

(2-ethvlthioxyl)-sulfosuccinate; and alkyl sulfates such as sodium lauryl sulfate.  

Cationic surfactants include, but are not limited to, quaternary ammonium compounds 

such as benzalkonium chloride, benzethonium chloride. cetrirnonium bromide, stearyl 

15 dimiethylbenzyl ammoni un chloride. polyoxyethylene and coconut amine, Examples of 

nonionic surfactants include ethylene glycol nmonostearate, propylene glycol myristate, 

glyceryl monostearate, glyceryl stearate polyglyceryl-4-oieate, sorbitan acylate, 

sucrose acylate, PEG-150 laurate, PEG~00 monolaurate, polyoxyethylene monolaurate, 

polysorhates, polyoxyethylene octylphenylether, PEG-- 1000 cetyl ether, 

20 poiyoxvethylene tridecyt ether. polypropylee glycol butyl ether. stearoyl 

ionoisopropanolamide, and polyoxyethylene hydrogenated tallow anide. Examples of 

amphoteric surfactants include sodium N-dodecyl-D3alanine, sodium Nilauryl- [3

ini nodipropionate, myristoamphoacetate, lauryl betaine and lauryl sulfbetaine 

25 If desired, various matrices for slow release delivery of the nionoterpenoid compound 

may also be used.  

The topical formulations compositions described herein may further comprise 

components which are generally used in cosmetics, for example, oils, detergents, UV 

30 absorbers, alcohols, chelating agents, pH modifiers, preservatives, thickeners, 

pigments, fragrances, and skin nutritional supplements. Specifically, the composition
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may compise active ingredients used for skin cosmetics, such as zinc oxide 

microparticles, titanium oxide, UV absorbers such as Parsol MCX and Parsol 1789, 

vitamins such as ascorbic acid, moisturising agents such as hyaluronate sodium, 

petrolatum, glycerin, and urea, hormonal agents, skin-fightening agents such as kojic 

5 acid, arbutin, placenta extract, and rucinol. steroid drugs, inhibitors of production or 

release of a chemical mediator such as arachidonate metabolite and histamine (e.g.  

indometacin and ibuprofen), anti-inflanunatory drugs such as receptor antagonist. anti

androgenic agents. sebuin secretion suppressing agents such as vitamin A acid. royal 

jelly extract, and royal jelly acid, peripheral blood-vessel dilators such as tocopherol 

10 nicotinate, alprostadil, isoxsuprine hydrochloride, and tolazoline hydrochloride, carbon 

dioxide with peripheral blood-vessel dilating activity, blood circulation promoting 

agents such as niinoxidil., carpronium chloride, capsicum tincture, vitamin E variants, 

ginkgo extract, and Swertia japonica extract, cellular stimulants such as pentadecanoic 

acid glyceride and nicotinic-aid amide, antimicrobials such as hinokitiol, L-menthol, 

15 and isopropyimethylphenoi, glycyrrhizinic acid and variants or salts thereof ceramide 

and ceramide analogs, 

Topical fornulations of the present invention may be compatible with various types of 

adjunctive agents with which they are combinable or capable of being administered 

20 sequentially or simultaneously or conconitantly. For example a topical formulation 

comprising one or More monoterpenoid compounds capable of reducing fibroblast 

growth factor 5 (FGFS)-dependent signalling in a hair follicle cell or part thereof may 

further comprise an adjunctive agent which is effective for treatment or prevention of 

hair loss. Alternatively, or in addition, a topical formulation comprising a 

25 monoterpenoid compound as hereinbefore described may be formulated for co

administration with one or more adjunctive agents effective for treatment or prevention 

of hair loss, In such circumstances, the efficacy of the monoterpenoid compound is 

preferably supplemented by the action of the adjunctive agent. For example the topical 

formulation may comprise an adjunctive agent selected from the group consisting of 

30 estradi. oxandrolone, minoxidit Sanguisorba officials (also known as Poterium 

officinale) extract, Rosa muldfora extract, Brown algae extract, loquat leaf extract,
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Pecan shell extract, squill extract, sodium phytate, Fucus vesiculosus extract, phytic 

acid, nonanal, and Lipidure-C.  

Altenatively, or in addition, a topical formulation of the invention may further 

5 comprise one or more cellular stimulants, blood circulation promoting agents, anti

androgen drugs, sebum secretion suppressing agents, imnmnosuppressants, 

antihistamine agents antimicrobials, focal stimulants, emollients, antiphlogistics, low

molecular anti-apoptotic agents, estradiol, oxandrolone, minoxidil or analog/variant 

thereof, pantothenic acid or variants thereof, placenta extract, photosensitizers, ginseng 

10 extract, biotin, mononitro guaiacol, carpronium chloride or hydrates thereof, vitamin E 

or variants thereof, Swertia japonica (also known as Swertia chirata) extract, capsicum 

tincture, cepharanthine, nicotinic acid or variants thereof, estradiol, ethynylestradiol, 

randic acid, 5t-mreductase inhibitor, 1.2-tetradecanoylphorbol-13-acetate, herbal 

medicine such as Polygonatwn rhizome, Unaria, iybumn niarianui, henna, 

15 Glvcvrrhiza, estradiol benzoate, diphenhvdramine. resorcin, hinokitiol, 1-menthol, 

salicylic acid, Polygonun root extract, Pantcc japonicus rhizome extract, panthenol, 

selenium disulfide, pyridoxine hydrochloride, dipyrithione zinc, pyrithione zinc, sulfur, 

piroctone olamine, pyrithione zinc, sulfur, glycyrrhetinic acid stearyl, glveyrrhizinate 

dipotassium, allantoin, dialkylmonoamine variants, Perila fnescens extract, Poria 

20 scierotiuni extract, pf-glycyrrhetinic acid, miconazole nitrate, benzoic acid, sodium 

salicylate, phytosterol, wine yeast extract, takanal ethinyl estradiol, 

isopropylmethylphenol, cepharanthine biotin, D-pantothenyl alcohol, Paconia extract, 

Tilia extract, Sophora extract. Sophora flavesens extract, Zingiber Officin ale (Ginger) 

root extract, 6-bcnzyhuninoprine. pentadecanoic glyceride, t-flavanone, sweet 

25 Hvdmgea leaf extract, adenosine, andpantothenviethylether; 

It will be understood that the topical formulations of the present disclosure may 

comprise any one or more of the C 0-.monoterpenoids or ester or enantiomer thereof or 

perfume oils or essential oils comprising same as desibed according to any example 

30 hereof, in combination with one or more other components described herein e.g, 

carriers, recipients, emollients., diluents, fillers, dispersants, stabilisers, preservatives,
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emulsifying agents, solubilizing agents, anti-cry'stalization agents, surfactants, 

cosmetic components, and/or adjunctive agents.  

For example, a preferred topical. formulation in accordance with the present disclosure 

5 may comprise piperitone, Rosa mi nra extract, Poterium officinale extract, Swertia 

chirata extract, ethanol, 13-butylene glycol, panthenyl ethyl ether, glycyrrhetinic acid, 

citric acid anhydrous, sodium citrate and purified water.  

Particularly preferred topical formulations are as follows: 

10 0.095% (v/v) Pipeitone formulation 

Rosa mukiflora fruit extrac(dry) LO (in solution) 1.67 

Poterium o nfficiale root extract (dry) 10 (in solution) 2.50 
Swtera chiram whole plant extract (dry) 0,03 (in solution) 3.60 

Ethanol 60.0 600.00 

13-Butylene Glycol 3A 30.00 

Panthenyl ethyl ether 03 3.00 

fIycyrdnietiic acid 0.1 1.00 
Citric acid anhydrous 0,025 0 25 

Sodium citrate 0 024 0.24 

Purified water q 

0.5% (v/v) Piperitone formuladion 

lagedint t o m tu £d) 
(-)-piperitone 0,465 
Rosa multilora fruit extract 1.0 (in solution) 167 

Poteriano fficinale root extract I0 (in solution) 2.50 

Swerda chirata whole plant extract 0.03 (in solution) 3.60 

Ethanol 60.0 600.00 

L3-Rutylene Glycol 3.0 30,00 

Panthenyl ethyl ether 0.3 3.00 
Glyryrrhetinic acid 01 .00 

Citric acid anhydrous 0.025 0.25 

Sodium citrate 0.024 0.24 

Purified water qs;
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Other exemplary formulations in accordance with the present disclosure are described 

in the working examples hereof.  

Dosage units andfIequency f anintstration 

5 The dose of monoterpenoid compound in the topical formulation, and frequency of 

administration thereof, may be appropriately modified depending on the circumstances.  

Typically, topical formulations of the invention are applied repeatedly for a sustained 

period of time topically on the part of the body to be treated or which is susceptible to 

10 hair loss, for example, the eyelids, eyebrows, skin or scalp. The preferred dosage 

regimen will generally involve regular, such as daily, weekly, twice-weekly, or thrice

weekly, administration for a period of treatment of at least one about one month, more 

preferably at least three months, and most preferably at least six months as required to 

reduce and/or delay and/or prevent loss of terminal hair in the subject. For example, the 

15 monIoterpenoid compound or topical formulation comprising same may be administered 

1, 2, 3. 4, 5, 6 or 7 times per week, corresponding with one use per day that the 

monoterpenoid compound or topical formulation comprising same is applied.  

Alternatively, the topical formulation of the invention may be administered to a subject 

daily or twice daily or every two days or every three days or every four days or every 

20 five days or eve;y six days or weekly as required. On any day, the topical formulation 

may he adrinistared 1, 2, 4 or 5 times per day.  

It is to be understood that terminal hair includes scalp hair, eyelash hair and/or eyebrow 

hair. Accordingly, the topical formulation may be administered to the scalp, eyelid, 

25 eyelash, face, forehead and/or eyebrow of a human or mammalian subject on which 

terminal hair would normally grow to reduce and/or delay and/or prevent loss of 

terminal hair. Alternatively, or in addition, the topical formulation may be 

administered to an area adjacent to the scalp, eyelid, eyelash, face, forehead and/or 

eyebrow of a human or manmmalian subject in which terminal hair normally grows to 

30 reduce and/or delay and/or prevent loss of terminal hair.
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The total amount of monoterpenoid compound in a topical formulation to be 

administered to the subject to reduce and/or delay and/or prevent loss of terminal hair 

will vary depending upon a range of parameters e.g., the duration of cosmeticor 

therapeutic administration. the site to which the topical formulation is to be applied, the 

5 half-life of the specific monoterpenoid compound in the topical formulation following 

administration thereof, the age, sex and weight of the subject to which the topical 

formulation is to be administered, and the hair loss condition suffered by the subject or 

to which the subject is susceptible.  

10 For example, a topical formulation in unit dose form may comprise an amount of each 

active C:1 -nonoterpenoid or ester or enantiomer thereof per unit dose sufficient to 

reduce FO5-dependent signalling in a hair follicle cell e.g., by reducing FGF-5 

activity in the hair follicle or part thereof and/or by reducing binding of FGF-5 to its 

cognate receptor in the hair follicle or part thereof.  

15 

An amount of Curnonoterpenoid or ester or enantiomer thereof in a unit dose of 

topical formulation is generally sufficient to reduce or inhibit FGF-5 activity in the hair 

follicle or part thereof. For example, the amount of Crmonoterpenoid or ester or 

enantioner thereof in a unit dose of the topical formulation may be sufficient to reduce 

20 or inhibit FGF-S activity in the hair follicle or part thereof over the course of a 

treatment by about 10-90% or 20-90% or 30-90% or 40-90% or 50-90% or 60-90% or 

70-90% or 80-90% or 10-80% or 20-80% or 30-80% or 40-80% or 50-80% or 60-80% 

or 70-80% or 1.0-70% or 20-70% or 30-70% or 40-70% or 50-70% or 60-70% or 10

60% or 20-60% or 30-60% or 40-60% or 50-60% or 10-50% or 20-50% or 30-50% or 

25 40-50% or 10-40% or 20-40% or 30-40% or 10-30% or 20-30%. Preferably, an 

amount of Cy10-monoterpenoid or ester or enantiomer thereof in a unit dose of the 

topical formulation is sufficient to reduce or inhibit FGF-5 activity in the hair follicle or 

part over the course of a treatment by at least 10% or at least 20% or at least 30% or at 

least 40% or at least 50% or at least 60% or at least 70% or at least 80% or at least 

30 90%



WO 2015/085373 PCT/AU2014/050421 

70 

Alternatively, or in addition, an amount of C-monoterpenoid or ester or enantiomer 

thereof in a unit dose of topical fonnulation is generally sufficient to reduce or inhibit 

FGF-5 binding to a cognate fibroblast growth factor receptor (FGFR) in a hair follicle 

or part thereof. For example, the amount of C 0-imonoterpenoid or ester. or enantiomer 

5 thereof in a unit dose of the topical composition may be sufficient to reduce or inhibit 

FGF-5 binding to fibroblast growth factor receptor 1 (FGFR 1) in a hair follicle or part 

thereof over the course of a treatment by about 10-90% or 20-90% or 30-90% or 40

90% or 50-90% or 60-90% or 70-90% or 80-90% or 10-80% or 20-80% or 30-80% or 

40-80% or 50-80% or 60-80% or 70-80% or 10-70% or 20-70% or 30-70% or 40-70% 

10 or 50-70% or 60-70% or 10-60% or 20-60% or 30-60% or 40-60% or 50-60% or 10

50% or 20-50% or 30-50% or 40-50% or 10-40% or 20-40% or 30-40% or 10-30% or 

20-30%. Preferably, an amount of C-rmonoterpenoid or ester or enantiomer thereof in 

a unit dose of the topical formulation is sufficient to reduce or inhibit FGF-5 binding to 

FGFRI in a hair follicle or part thereof over the course of a treatment by at least 10% 

15 or at least 20% or at least 30% or at least 40% or at least 50% or at least 60% or at least 

70% or at least 80% or at least 90%.  

An ability of a Co-monoterpenoid or ester or enantiomer thereof to reduce binding of 

FGF-5 to FGFRI may be determined by a reduction in viability of a BaF3 cell 

20 expressing FGFR 1, wherein the BaF3 cell is dependent on FGF-5 signalling for 

viability. For example, an amount of a compound required to reduce and/or inhibit 

and/or prevent binding of FGF-5 to FGFR1 may be determined using FR-B aF3 cell 

cultured in the presence of FGF-5 e~g such as described in Ito et aL. Journal of 

Cellular Physiology 197173-283. 2003 or in the accompanying working examples.  

25 

Alternatively, or in addition, an amount of Cleo-monoterpenoid or ester or enantiomer 

thereof in a unit dose of topical formulation is generally sufficient to sufficient to delay 

a hair follicle comprising terminal hair from entering catagen phase.
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Alternatively, or in addition, an amount of Cu-monoterpenoid or ester or enantiomer 

thereof in a unit dose of topical formulation is generally sufficient to sufficient to 

extend an anagen phase of hair follicles comprising terminal hair.  

5 A topical formulation of the invention, including a unit close thereof, may comprise at 

least about 0.01% (w/v), or at least about 0.05% (w/v). or at least about 0.1% (w/vV or 

at least about 0.25% (w/v), or at least about 0.5% (wA'), or at least about 0.75% (w/), 

or at least about. LO % (w/vt or at least about 1 25% (w/v), or at least about 1.5% 

(w/v), or at least about 1.75% (w/v), or at least about 2.0% (w/vt or at least about 

10 2.25% (w/vx or at least about 2.5% (w/v), or at least about 2.75% (w/vt or at least 

about 3.0% (w/v), or at least about 3.25% (w/v) or at least about 3.5% (w/v), or at least 

about 3.75% (w/v), or at least about 4.0% (W/v) or at least about 4.25% (w/v), or at 

least about 4.5% (v)/v or at least about 4.75% (w/v) or at least about 5.0% (w/v), or at 

least about 5.25% (w/v), or at least about 5.5% (w1v or at least about 575% (w/vt or 

15 at least about 60% (w/N) or at least about 6.25% (w/v), or at least about 6.5% (v/vt or 

at least about 6.75% (w/v or at least about 7.0% (w/v) of each Cw0-monoterpenoid or 

ester or enantiomer thereof, 

in a preferred example, a topical formulation of the invention, including a unit dose 

20 thereof, comprises between 0.01-2.5% (w/vt or between 0,05-1.0% (w/v) or between 

0.075-0,5% (w/v) of each Cmrmonoterpenoid or ester or enantiomer thereof; 

A topical formulation of the invention, including a unit dose thereof, may comprise at 

least about 0.01% (v/v), or at least about 0.05% (v/v) or at least about 0. 1% (v/vt or at 

25 least about 0.25% (v/v), or at least about 0.5% (v/vt or at least about 0.75% (v/v), or at 

least about 1.0 % (xf) 0 r at least about 125% (W/v), or at least about .15% (vl), or at 

least about 1.75% (vv), or at least about 2.0% (Wvv), or at least about 2:25% (vN), or at 

least about 2.5% (v/v), or at least about 2.75% (v/vN or at least about 3.0% (wv) or at 

least about 3.25% (x/v') or at least about 3.5% (Wv) or at least about 375% (vNL) or at 

30 least about 4,0% (v/v) or at least about 4-25% (WV), or at least about 4.5% (v/vt or at 

least about 4.75% (v/v) or at least about 5.0% (v/vt or at least about 5.25% (v/vt or at
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least about 5,5% (v), or at least about 575% (v/vt or at least about 6.0% (v/v) or at 

least about 6.25% (v/vt or at least about 6,5% (v/v or at least about 6.75% (v/v), or at 

least about 7.0% (vv) of each C 0-rmoinoterpenoid or ester or enantiomer thereof.  

5 In a preferred example, a topical formulation of the invention, including a unit dose 

thereof, comprises between 0.01-2.5% (v/vt or between 0.05-1.5% (W/v), or between 

0.075-1.0% (n/v) or between 0.1-0.5% (v/v) of each Cm-monoterpenoid or ester or 

enantiomer thereof. For example a topical formulation of the invention comprises 

about 0.1% (v/v) eg., such as 0.095% (v/v), of each Cwm-nonoterpenoid or ester or 

10 enantiomer thereof. In another example, a topical formulation of the invention 

comprises about 0.5% (v/v) of each Cm-monoterpenoid or ester or enantiomer thereof.  

A unit dosage of the composition will typically have a volume dependent on the 

formulation. For example, an essential oil or perfume is conveniently administered 

15 eqg. as a spray, in an amount not exceeding about I or 2 or 3 or 4 or 5 ml per dose. A 

liquid formulation is conveniently administered in an amount not exceeding about 5 or 

6 or 7 or 8 or 9 or 10 il per dose, whereas a lotion or cream may be administered in a 

smaller volume e.g.. not exceeding about I or 2 or 3 or 4 or 5 ml. per dose, For 

application to small areas such as the eyelash or eyebrow or eyelid, a much smaller 

20 volume e-g a 50pL or 10pL or 250pL or 500p.L droplet, may be employed.  

Exemplary unit dosages of up to about 10 ml volume may comprise each active C 0

monoterpenoid or ester or enantiomer thereof in a range from. about ipg to about 

10000mg, or in a range from about 2pg to about 10000mg, or in a range from about 

25 3pg to about 10000 mg, or in a range from about 4pg to about 10000 mg, or in a range 

from about 5pg to about 10000 mg. or in a range from about 6pg to about 10000 rug, or 

in a range from about 7pg to about 10000 mg, or in a range from about 8pg to about 

10000 mg, or in a range from about 9pg to about 60000 mg, or in a range from about 

1Opg to about 10000 mg.  

30
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For example, a unit dose up to about 10 ml, volume consisting essentially of a perfume 

classified as an cau, or a shampoo, conditioner, lotion or cream, may comprise each 

active C1 0-monoterpenoid or ester or enantiomer thereof in a range from about 50pg to 

about 6000mg, or in a range from. about 40pg to about 6000mg, or in a range from 

5 about 30pg to about 6000mg, or in a range from about 20pg to about 6000mg or in a 

range from about 10pg to about 6000 mg, or in a range from about 50pg to about 

5000mg, or in a range from about 50pg to about 4000 mg, or in a range from about 

50p g to about 3000mg, or in a range from about 50p g to about 2000 mg, or in a range 

from about 50Pg to about 1000mg, or in a range from about 50pg to about 1ng, or in a 

10 range from about 50pag to about 2mg, or in a range from about 50pg to about 3mg, or in 

a range from about 50pg to about 4mg, or in a range from about 50pg to about 5mg. or 

in a range from about 50pg to about 6mg, or in a range from about 50pg to about 7mg, 

or in a range from about 50pg to about 8mg, or in a range froin about 50pg to about 

9mg, or in a range from about 50pg to about 10mg, or in a range from about 500pg to 

15 about 10mg. or in a range from about 500pg to about 20mg, or in a range from about 

500pg to about 30mg, or in a range from about 500pg to about 40mg, or in a range 

from about 500pg to about 50mg, or in a range from about 500pg to about 60mg, or in 

a range from about 500pg to about 70mg, or in a range from about 5OOpg to about 

80mg, or in a range from about 500p g to about 90mg, or in a range from about 500pg 

20 to about 100mg, or in a range from about 1mg to about 1.00mg, or in a range from 

about img to about 200mg, or in a range from about 1mg to about 300mg, or in a range 

front about 1mg to about 400mg, or in a range from about Img to about 500mg, or in a 

range from about 1mg to about 600mg, or in a range from about 1mg to about 700mg, 

or in a range from about I mg to about 800mg, or in a range from about 1mg to about 

25 900ng, or in a range from about 1mg to about 1000mg, or in a range from about 10mg 

to about 1000mg, or in a range from about 10rg to about 1000mg, or in a range from 

about 10mg to about 2000mg, or in a range from about 10mg to about 3000mg, or in a 

range from about 1.0mg to about 4000mg, or in a range from about 10mg to about 

5000mg. or in a range from about 101mg to about 6000mg, or in a range from about 

30 10mg to about 7000.mg, or in a range from about 10mg to about 8000mg, or in a range 

from about 10mg to about 9000mg, or in a range from about 1.0mg to about 10000mg.
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In general, a concentration of active compound in an essential oil will be about 10-fold 

to about 100-fold the concentration in an eau. and a concentration of active compound 

in a parfm will be about 4-fold to about 6.64fold the concentration in present an cau.  

5 For example, a unit dosage of up to about 10 ml volume consisting essentially of 

essential oil or parfum may comprise each active C-monoterpenoid or ester or 

enantiomer thereof in a range from about 1mg to about 6000 mug, or in a range from 

about I mg to about 5000 mg. or in a range from about Ing to about 4000 m g, or in a 

range from about 1mg to about 3000 ng., or in a range from about 1mg to about 2000 

10 mg, or in a range from about 1mg to about 1000 mg, or in a range from about 1mg to 

about 500 mg, or in a range from about 1mg to about 100 ig, or in a range from about 

1mg to about 50 mg., or in a range from about 1mg to about 30 mg, or in a range from 

about 1mg to about 20 mg, or in a range from about 1mg to about 10 mg, or in a range 

from about 100mg to about 6000mg, or in a range from about 100mg to about 5000ng, 

15 or in a range from about 100mg to about 4000mg. or in a ranIwge from about 100mg to 

about 3000mg, or in a range from about 100mg to about 2000mg, or in a range from 

about 100mg to about 1000mg.  

A total amount of monoterpenoid compound administered to a subject may be in a 

20 range from about 0.1 ng per day to about 100 mg per day or from about I ng per day to 

about 10 mg per day or from about 10 ng per day to about 1 mg per day.  

An amount of active compound admini stered to the subject nay be in a. range from 

0.001 pg/en /day to 1,000 pg/cm 2/day or from 0.005 pg/cm2/day to 500 pg/cm2 /day or 

25 from 0.01 pg/cn/day to 100 pg/cm,/day or from 0.05 pg/cm/day to 50 pg/cm/day or 

from 0.1 pg/cn 2/day to 10 pg/em 2/day.  

An amount of active compound to be applied topically on the scalp is in the range of 

about 0.1 ng to about 100 mg per day, more preferably about I ng to about 10 mg per 

30 day, and most preferably about 10 ng to about I rug per day depending on the specific 

monoterpenoid compound and formu lation comprising same.
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A topical formulation of the invention may be administered alone or in combination 

with other active ingredients e.g., sequentially or simultaneously or concomitantly with 

other drug compositions for therapy of the same or a different condition. For example, 

5 the other drug may be combined with a topical formulation of the invention. Such 

other active ingredients may include e.g., one or more cellular stimulants, blood 

circulation promoting agents, anti-androgen drugs, sebum secretion suppressing agents, 

immunosuppressants. antihi staminie agents, antimicrobials, focal stimulants, emollients, 

antiphlogistics, or low-molecular anti-apoptotic agents. Specifically the other active 

10 ingredients may include at least one of estradiol, oxandrolone; minoxidil or 

analogs/variants thereof, Sanguisorba officinalis root extract, Rosa multiflora extract, 

Brown algae extract, loquat leaf extract. Pecan shell extract, squidl extract, sodium 

phytate, Fucus vesiculosus extract, phytic acid nonanal, Lipidure-C, pantothenic acid 

or variants thereof, placenta extract, photosensitizers, ginseng extract, biotin, minonitro 

15 guaiacol, carproniumn chloride or hydrates thereof, vitamin E or variants thereof, 

Swertia jtaprnicO extract, capsicum tincture, cepharanthine, nicotinic acid or variants 

thereof, estradiol, ethynvestradiol, randic acid, Sa-reductase inhibitor. 12 

tetradecanoylphorbol- 13-acetate, herbal medicine such as Polygonatam rhizome.  

Uncaria, Si/ybam marianur, henna, Glyevrrhiza, estradiol benzoate, diphenhvdramine 

20 resorcin, hinokitioL i-menthol, salicylic acid. Polygonwimroot extract, Panaxijaponicus 

rhizome extract, panthenol, selenium disulfide, pyrdoxine hydrochloride. dipyrithione 

zinc, pyrithione zinc, sulfur, piroctone olamine, pyrithione zinc, sulfur. glycyrrhetinic 

acid stearyl, glycvrrhizinate dipotassium, allantoin, dialkylmonoamine variants, Perilen 

frutescens extract,. Peiria seleratium extract, -glycyrrhetinic acid, miconazole nitrate.  

25 benzoic acid, sodium salicylate, phytosterol, wine yeast extract, takanal, ethinyl 

estradiol, isopropyhnethylphenol, cepharanthine biotin, D-pantothenyl alcohol, 

Paeonia extract, Tilia extract, Sophnra extract, Sop/ora flavscens extract, Zingiber 

Officinale (Ginger) root extract, 6-benzylaninoprine, pentadecanoic glyceride, t

flavanone, sweet Hvdrngea leaf extract, adenosine, and pantothenylethylether.  

30
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i one example, a topical formulation compiling a monoterpenoid compound is 

administered sequentially or simultaneously with an adjunctive therapeutic agent for 

treatment of the same condition e.g., estradiol and/or oxandrolone and/or minoxidil 

and/or finasteride or an agent that blocks the conversion of testosterone to 

5 dihydrotesterone. The adjunctive therapeutic agent is co-administered under conditions 

and in accordance to a standard treatment irgime for that agent. The skilled artisan will 

appreciate that such treatment regimens provide enhanced therapeutic benefit to the 

patient, and may be more than additive in their effect, 

10 Alternatively, or in addition, a topical formulation comprising a monoterpenoid 

compound is administered sequentially or simultaneously with a cytotoxic or cytostatic 

compound that causes hair loss e.g., in the case of a subject undergoing chemotherapy 

or radiation therapy or treatment for HIV-1 infection or AIDS. in such circumstances, 

the efficacy of the monoterpenoid compound counteracts the hair-loss effect of the 

15 cytotoxic or cytostatic compound. The cytotoxic or cytostatic compound will generally 

be administered in accordance to a standard treatment regime for that agent.  

Subjects and medical indications 

Topical formulations of the present invention are suitable for administration to human 

20 and other mammalian subjects, including companion animals such as dogs and cats., 

and domestic animals such as horses, zoo animals such as felids, canids, bovids, 

ungulates and primates, or iaboriory animals such as rodents, lagomorphs and 

prinmates, 

25 The subject to which a topical formulation of the invention is administered may be a 

subject who wishes to maintain full, voluminous hair for cosmetic purposes by 

reducing and/or delaying and/or preventing loss and/or thinning of teninal hair. In.  

such circumstances, the subject may be a subject who does not suffer from alopecia, 

but may suffer from loss and/or thinning of terminal hair. Alternatively, or in addition, 

30 the subject may have no visible symptoms of alopecia, but is genetically predisposed to 

develop hair thinning, hair loss or alopecia in the future. The topical formulations are
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also particularly useful for treating alopecia e.g., an acute form of alopecia. alopecia 

areata or androgenic alopecia. Accordingly, the subject to which the topical 

formulation is to be administered may he human or other nammalian subject who is 

suffering from hair loss or hair thinning, or predisposed to alopecia e.g., an acute form 

5 of alopecia. alopecia areata or androgenic alopecia, or hair loss.  

The topical formulation of the present invention is particularly suited for administration 

to a human or manualian subject suffering from androgenic alopecia or who has a 

predisposition or familial history of androgenic alopecia. Administration of a topical 

10 formulation of the invention to the human or mammalian subject suffering from, or at 

risk of suffering from. alopecia may delay and/or reduce and/or prevent loss of terminal 

hair in the subject by delaying hair follicles comprising the terminal hair from entering 

catagen phase, Alternatively, or in addition, administration of a topical formulation of 

the invention to the human or mammalian subject suffering from or at risk of suffering 

15 from, alopecia may delay and/or reduce and/or prevent loss of terminal hair in the 

subject by extending an anagen phase of hair follicles comprising the terminal hair.  

The present invention is also particularly suited for administration to a subject suffering 

from or at risk of suffering from an acute form of alopecia induced b an acute event 

20 selected from prgnancy, stress, illness, a cytotoxic agent, a cytostatic agent, and 

treatment with an agent which induces necrosis or apoptosis of hair follicles as a side

effect of therapy. The cytotoxic orcytosta agents may be endogenous eg., as 

generated in response to stress, or may be exogenous e.g., as administered during 

chemotherapy for treatment of cancer. subject undergoing chemotherapy or radiation 

25 therapy or treatment for HIV-I infection or AIDS.  

The present invention is particularly suited to treatment and/or prevention of alopecia 

in subjects that are either undergoing cancer treatment with, a cytotoxic or cytostatic 

compound or with radiation therapy, subjects who are undergoing treatment for HIV-1 

30 infection or AIDS with antiviral compound, or to whom such therapies has been 

prescribed. The subject may be treated before therapy with a cytotoxic or cytostatic or
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antiviral compound commences, or before and. after such therapy has commenced. The 

present invention also provides for therapy with a topical formulation as described 

herein after treatment with a cytotoxic or cytostatic or antiviral compound has 

coiimenced. Cytotoxic, cytostatic and/or antiviral compounds which cause hair loss 

5 are known in the art, 

For example, a subject may apply a topical formulation described herein as a fine line 

at the skin-eyelash border of each eyelid, and as a cream to the scalp, once a day 

several weeks e.g., two weeks or three weeks prior to the initiation of a chemotherapy 

10 regimen (e.g., doxorubicin, cyclophosphamide, and paclitaxel, or 5-fluoruracil, 

leucovorin and oxaliplatin). The patient may continue applying the topical formulation 

throughout and after cessation of the chemotherapy regimen. The patient would not 

generally experience the total hair loss normally associated with chemotherapy, and 

may recover nore rapidly when chemotherapy ceases. A few weeks after completion of 

15 the chenmtherapy, the patient may stop applying the topical formulation If hair is lost 

at this stage, treatment is resumed.  

Example embodiments of the invention: 

20 A. A topical. formulation comprising an isolated C-monoterpenoid or isolated 

enantiomer thereof or an isolated ester thereof with a carboxylic acid, wherein said Cio

monoterpenoid or enantiomer or ester is in an amount sufficient to reduce fibroblast 

growth factor 5 (FGF5)-dependent signalling in a hair follicle cell, and wherein the Ce0

monoterpenoidis of formula (I) 
R3 

Y R 

25 R2 

formula (I)
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wherein: 

Ri is hydrogen, hydroxyl or oxygen; 

R is absent or hydrogen or hydroxyl: 

R3 is CH; 

5 X is CH3 or CH12OH or 

X is CH2CH2 or CHOHCH2 and X and Y together form a single bond within a 

6-membered ring; 

Y is Ci when X is Ci3 or CH2OH., or 

Y is CH or COH when X is CH2CH2 or CHOHCH ; and 

10 Z is a saturated or unsaturated C2-C alkyl or alkyl ester, 

B. The topical formulation according to example embodiment A, wherein the Cuo

monoterpenoid is a monohydroxylated compound.  

15 C. The topical formulation according to example embodiment A, wherein R, is 

hydrogeTn 

D. The topical formulation according to example embodiment A, wherein R1 is 

oxygen.  

20 

E. The topical formulation according to example embodiment A, wherein X is CH3 

and Y is CH.  

F. The topical formulation according to example embodiment A, wherein X is 

25 CHIOH and Y is CH.  

G. The topical formulation according to example embodiment A, wherein X is 

CH2CH2, 

30 H. The topical formulation according to example embodiment A, wherein X is 

CHOH-ICH2 .  

I. The topical formulation according to example embodiment G, wherein Y is CH 

35 J. The topical formulation according to example embodient G, wherein Y is 

COH.
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K. The topical formulation according to example embodiment H, wherein Y is CH.  

L. The topical formulation according to example embodiment H, wherein Y is 

5 COH.  

M The topical formulation according to example embodiment A, wherein R2 is 

hydrogen.  

10 N. The topical formulation according to example embodiment A, wherein R, is 

hydroxyl, 

0. The topical formulation according to example embodiment A, wherein R, is 

absent.  

15 

P. The topical formulation according to example embodiment A. wherein Z is a 

saturated Cz alkyl.  

Q. The topical formulation according to example embodiment P, wherein Z is 

20 CCHI 

R. The topical formulation according to example embodiment A. wherein Z is an 

unsaturated CrC alkyl, 

25 S. The topical formulation according to example embodiment R, wherein R) is 

absent.  

T. The topical formulation according to example embodiment R, wherein RI is 

hydroxyL 

30 

U. The topical. formulation according to example embodiment R, wherein It is 

hydrogen.  

V. The topical formulation according to example embodiment R, wherein Z is 

35 CCH.
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W. The topical formulation according to example embodiment R. wherein Z is 

CCHCH 

X. The topical formulation according to example embodiment A, wherein Z is 

5 CCHC- 2OCOCa 

Y The topical fornulation according to example embodiment X, wherein the Ce

monoterpenoid or enantiomer thereof is a non-hydroxylated compound.  

10 Z. The topical formulation according to example embodiment A. wherein the C(

monoterpenoid or enantiomer thereof is a monohydroxylated compound, Ra is 

hydrogen. R- is hydroxyt, X is CH, Y is CH-? and Z is an unsaturated C?-C, alkyl.  

AA. The topical fornulation according to example embodiment Z, wherein Z is 

15 CCHCH.  

AB, The topical formulation according to example embodinent A wherein the C

nonoterpenoid is a non-hydroxylated compound wherein R1 is hydrogen, R2 is absent, 

X is CM, Y is CH, and Z is CCHCftOCOCH3.  

20 

AC. The topical formulation according to example embodiment A, wherein tie Cia

monoterpenoid or enantiomer thereof is a monohydroxylated compound, R1 is 

hydrogen or oxygen, R2 is absent or hydrogen or hydroxyl, X is CI-CI-b or 

CHOHCFV Y is CH4 or COH- and Z is a saturated or unsaturated C2 alkyl.  

25 

AD. The topical formulation according to example embodiment AC, wherein R, is 

oxygen, R2 is hydrogen or hydroxyl, X is CHWCH, Y is CH, and Z is a saturated C" 

alkyl.  

30 AE. The topical formulation according to example embodiment AD, wherein R, is 

hydrogen.  

AF. The topical formulation according to example embodiment AC, wherein R, is 

hydrogen, R, is hydrogen or hydroxyl, X is CHCH, Y is CH or COH, and Z is a 

35 saturated C2 alkyl.
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AG. The topical formulation according to example embodiment AF, wherein Y is 

CHI.  

AH, The topical formulation according to example embodiment AG, wherein R2 is 

5 hydroxyl.  

AL. The topical formulation according to example embodiment AF, wherein Y is 

COH 

10 AJ. The topical formulation according to example embodiment Al, wherein R2 is 

hydrogen.  

AK. The topical formulation according to example embodiment AC, wherein R2 is 
absent, X is CHOHCH , Y is CIL, and Z is an unsaturated C2 alkyl.  

15 

AL. The topical formulation according to example embodiment A, wherein the Cw(,

m.onoterpenoid is selected from the group consisting of: 

3ethyl6-propa-2~yl)cyclohex-2-en i-.one (piperitone); 

1-Isopropyl-4-methvl-3-cyclohexen- 1-ol (terpinen-4-ol); 

20 2-(4-Methyl-eyclohexen-1-yl)-2-propanol (alpha-terpineol); 

2-Mehiyl-5-(1 -methylethenvl)-2-cyclohexen-1-ol (carveoll: 

6-lsopropyl-3-methIl-2-cvclohexen-i-one (3-carvomenthenone; and 

3;7-Dimethyl-i,6-octadien , ol (linaloolt 

25 AM. The topical forulation according to example embodiment AL, wherein the Cm

monoterpenoid is 3-Methyl-6-(propan-2-yl)cyclohex-2-en-1-one (piperitone).  

AN. The topical formulation according to example embodiment AL, wherein the C a

monoterpenoidis ( propyl-4-methyl-3-cyclohexen-1-o1(terpinen-4-ol).  

30 

AO. The topical formulation according to example embodiment A comprising a 

carboxylic acid monoester of the C mo-monoterpenoid.  

AlR The topical formulation according to example embodiment AN, wherein the 

35 carboxylic acid monoester is a monoester with a carboxylic acid selected from acetic 

acid, propionic acid and formic acid
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AQ. The topical formulation according to example embodiment AP, wherein the 

carboxylic acid is acetic acid.  

5 AR. The topical formulation according to example embodiment AQ, wherein the 

C1 0 -monoterpenoid carboxylic acid ester is selected from the group consisting of: 

(2E)-3.7-Dimethyl-2,6-octadien-l-yI acetate (geranyl acetate); 

3,7-Dimnethy-1 ,6-octadien-3-yl acetate (linalyl acetate); 

2-(4-Methyl-3-cyclohexen- I -yl)-2-propany acetate (terpinyl acetate); and 

10 5-Isopropenyl-2~methyl-2-cyclohexen-i-yi acetate (carvyl acetate).  

AS. The topical formulation according to example embodiment AR. wherein the C10

monoterpenoid carboxylic acid ester is selected from the group consisting of: 

(2E)-3.7-Dinethyl-2,6-octadien- i-yI acetate (geranyl acetate); and 

15 3,7-Dime thy] -1 .6-octadien-3-y acetate (linalyl acetate).  

AT, The topical formulation according to example embodiment A conmprising an 

isolated enantiorner of the Ciw-monoterpenoid.  

20 AU. The topical formulation according to example embodiment AT, wherein the 

isolated enantiomer is selected from the group consisting of: 

(R)-1-Isopropyl-4-niethyl-3-cyclohexen-1-ol [(-)-terpinen-4-ofl; 

(iSV1IdsopropyL-4dmethyl -ecyclohexen-1- ot [(+1-ter pinen-4-olH; 

2-[( R)-4-Methylcyclohex-3-en-1-y]propan-2-ol [(+) alphaterpineol); 

25 (6R)-3-nethyl-6-(propan-2-yl)cyclohex-2-en-1-one [(pipeitone]; 

(6S)-3-Methyl-6-(propan-2-ye't)yelcehex-2-en-1-one [(+)-piperitone ; 

(35)-3,7-Dimethyl- 1.6-octadien-3 -o[ +)-Linalool]; 

(3R)- 3,7-Dimethyl-1,6-octadien-3-oi [(-)-Linalool]; 

(R,SR)-2-Methyl-5-(1-methylethenyl)-2-eyclohexen-1-ol --[(+cis-carveol); 

30 (1, 5)-2-Methyl-5- tmethyiethenyl)-2-cyclohexen 1-o[(+-cis-carveol]; 

(ZR,5S-2-Methyl-5(1~-methylethenyt-)-cyciohexen- 1~6 - [f+) -trans-carveolj; 
and 

(IS,5R)-?-Methyl-5-f1 -methylethenyl)-2-cyclohexen-1 -ol [(-)-tans-carveol].  

35 AV. The topical formulation according to example embodiment AU, wherein the 

isolated enantiumer is selected foin the group consisting of:
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(R)- I -Isopropyl-4-methyl-3-cvclohexen-1-ol [(-)-terpinen-4-ol]; 

(1)-i-Isopropyi-4-methl-3-cyclohexen--ol [(+)-terpinen-4-ol]; 

(6R)-3-methyl.-6-(propan-2-yI)cyclohex-2-en-1-one [(+piperitone]; 

5 (6S)-3-Methyl-6-(propan-2yIcyciohex-2-en I-one [(+)-piperitone]; 

(JS,5S)-2-Methyl-5-(1-methylethenyl)-2-cyclohexen-1-ol [(+)-cis-carveoli; and 

(JRS)-2-Methyi-5-(1 -methylethenyl)-2-cyclohexen-1 -ol [(+)-trans-carveol] 

AW. The topical formulation according to example embodiment 4AV, wherein the 

10 isolated enanioner is: 

(R)-t-sopropyl-4-methyl~-3-cyclohexen- 1-n [(-)-terpinen-4-oU] 

AX. The topical formulation according to example embodiment AX, wherein the 

isolated enantiomer is: 

15 (6R)-3-methyl-6-(propan-2-yl)cyclohex-2-en- 1-one [(-)-piperitonelj 

AY , The topical formulation according to example embodiment AV wherein the 

isolated enantiomner is: 
(6S)-3-Methyl-6-(propan-2-yl)cyclohex-2-en-i-one [(+)-piperitonel.  

20 

AZ. A topical formulation comprising isolated 1-Isopropyl-4-methyl-3-cyclohexen

i-ni (terpinen-4-ol) or an isolated enantioTner or carboxylic acid ester thereof, wherein 

said terpinene-4-ol or enantioner or ester thereof is in an amount sufficient to reduce 

fibroblast growth factor 5 (FGF5)-dependent signalling in a hair follicle cell.  

25 

BA. A topical formulation comprising isolated 3-methyt-6- (propan-2-yl)cyclohex-2

en-I-one (piperitone) or an isolated enantiomer or carboxylic acid ester thereof 

wherein said piperitone or enantiomer or ester thereof is in an amount sufficient to 

reduce fibroblast growth factor 5 (FGF5)-dependent signalling in a hair follicle cell.  

30 

BB, The topical formulation according to example embodiment AZ or BA. wherein.  

the formulation comprises (i) isolated 1-Isopropyl-4-methyl-3-cycl ohexeii-dI-ol 

(terpinen-4-ol) or an isolated enantiomer and (ii) isolated 3-methyl-6-(propan-2

yI)cyclohex-2-en- I-one (piperitone) or an isolated enantioner thereof 

35 

BC The topical formulation according to example embodiment BB wherein
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(i) the isolated enantiomer of terpinene-4-ol is: 

(RIl-Isopropyl-4-methyl- -cyclohexen-I-ol [( terpinen-4-oil; andlor 

(ii) the isolated enantiomer of piperitone is: 

(6R)m3-ethyl-6-(propane-yl)cvclohex-2-en i-.one [()-piperitone] or 

5 (6S)-3-Methyl-6-(propan-2 yl)yclohex-2-enb- 1one [(+.)piperitone] 

BD. The topical fonulation according to example embodinent 54 or 55, wherein 

the terpinen-4-ol or enantiotner thereof is in an amount sufficient to reduce fibroblast 

growth factor 5 (FGF5)-depcndent signalling in a hair follicle cell.  

10 BE. 'The topical. formulation according to any one of example embodiments A to BD, 

wherein the Cu-monoterpenoid or ester or enantiomer thereof is a natural product or 

isolated from a natural product.  

BE The topical formulation according to example embodiment BE, wherein the.  

15 natural product is selected from a plant or part thereof, a plant extract, an essential oil, 

and a perfume comprising said essential oil.  

BO. The topical formulation according to any one of example embodiments BA to 

BD, wherein the piperitone or isolated enantiomer thereof is in the form of an essential 

20 oil from Eucalyptus dives or perfume comprising said essential oil.  

BH The topical formulation according to any one of example embodiments AZ or 

BB to BD, wherein the terpinen-4-ol (r isolated enantiomer thereof is provided in the 

form of an essential oil from Eucadyps div or perfume comprising said essential oil.  

25 

Bl The topical formulation according to any one of example embodiments A to BE, 

wherein the C 1 -monoterpenoid or ester or enantiomer thereof is a synthetic compound.  

BJ. The topical formulation according to any one of example embodiments A to BL 

30 comprising at least two compounds selected from the C -mnnotetpenoid and/or ester 

and/or enantiomer thereof.  

BK. The topical formulation according to any one of example embodiments A to BJ.  

wherein the total amount of C 0-monoterpenoid or ester or enantiomer thereof is an 

35 amount sufficient to reduce or inhibit FGF-5 activity in the hair follicle or part thereof
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BL The topical formulation according to any one of example embodiments A to BK 

wherein the total amount of C10rmonoterpenoid or ester or enantioner thereof is an 

amount sufficient to reduce or inhibit FGF-5 binding to a cognate fibroblast growth 

factor receptor (FGFR) in the hair follicle or part thereof.  

5 

BM. The topical formulation according to example embodiment BL, wherein the 

cognate FGFR is FGFR 

BN. The topical formulation according to any one of example embodiments BL or 

10 BM. wherein a reduction in FGF-5 binding is determined by a reduction in viability of 

a BaF3 cell expressing fibroblast growth factor receptor 1 (FGFR I.) wherein said BaF3 

cell is dependent on FGF-5 signalling for viability.  

BO. The topical formulation according to any one of example embodiments A to BN 

15 comprising a topical carrier, excipient or emollient.  

BP. The topical. formulation according to any one of example embodiments A to BO 

further comprising one or more adjunctive agents effective for treatment or prevention 

of hair loss.  

20 

BQ. The topical formulation according to example embodiment BP, wherein the one 

or more adjunctive agents is/are selected from the group consisting of estradiol, 

oxandrolone, minoxidit., Sanguisorba officials root extract, Rosa mulrflora extract, 

Brown algae extract. loquat leaf extract, Pecan. shell extract, squill extract, sodium 

25 phytate. Puts vesiculosus extract, phytic acid, nonanal, and Lipidure-C.  

ER. The topical formulation according to any one of example embodiments A to BQ 

for delaying loss of terminal hair in a subject.  

30 BS. The topical formulation according to any one of example embodiments A to BQ 

when used to delay loss of teriTnal hair in a subject.  

BT. The topical formulation according to example embodiment BR or ES, wherein 

the terminal hair is scalp hair, eyelash hair, or eyebrow hair, 

35
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BU. The topical formulation according to any one of example embodiments BR to 

BT. wherein delaying loss of terminal hair comprises delaying hair follicles comprising 

the terminal hair from entering catagen phase.  

5 BV. The topical formulation according to any one of example embodiments BR to 

BT, wherein delaying loss of terminal hair comprises extending an anagen phase of hair 

follicles comprising the terminal hair.  

BW. The topical. composition according to any one of example embodiments BR to 

10 1V for promoting and/or enhancing growth of the terminal hair.  

BX. A method of reducing or delaying or preventing loss of terminal hair in a subject 

who is not suffering from alopecia, said method comprising administering the topical 

formulation according to any one of example embodiments A to BQ to an area of the 

15 dermis or skin of a subject in which loss of terminal hair is to be reduced or delayed or 

prevented or an area of dermis adjacent or surrounding thereto for a time and under 

conditions sufficient to reduce or delay or prevent the loss of terminal hair.  

BY. The method according to example embodiment BX wherein the time and 

20 conditions reduce loss of terminal hair in a subject suffering from hair loss.  

BZ, The method according to example embodiment BX wherein the time and 

conditions delay loss of terminal hair in. a subject having a genetic predisposition to 

hair loss or familial history of hair loss.  

25 

CA. The method according to example embodiment BX wherein the time and 

conditions prevent loss of terminal hair in a subject having a genetic predisposition to 

hair loss or familial history of hair loss.  

30 CB. The method according to any one of example embodiments BX to CA, wherein 

said method comprises administering the topical formulation. to the subject daily or 

twice daily or every two days or every three days or every four days or every five days 

or every six days or weekly.
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CC, The method according to example embodiment CB, wherein said method 

comprises administering the topical formulation to the subject for one month or two 

months or three months or four months or five months or six months.  

5 CD. The method according to any one of example embodiments BX to CC, wherein 

the terminal hair is scalp hair, and wherein said method comprises administering the 

topical formulation to the scalp of the subject.  

CE. The method according to any one of example embodiments BX to CC, wherein 

10 the terminal hair is eyelash hair, and wherein said method composes administering the 

topical formulation to the eyelid or eyelash of the subject.  

CF. The method according to any one of example embodiments BX to CC, wherein 

the terminal hair is eyebrow hair, and wherein said method comprises administering the 

15 topical formulation to the face or forehead or eyebrow of the subject.  

CG. The method according to any one of example embodiments B X to CF. wherein 

delaying loss of terminal hair comprises delaying hair follicles comprising the terminal 

hair from entering catagen phase.  

20 

CH. The method according to any one of example embodiments BX to CF, wherein 

delaying loss of terminal hair comprises extending an anagen phase of hair follicles 

comprising the terminal hair 

25 Cl. The method according to any one of example embodiments BX to CH. wherein 

terminal hair growth is promoted or enhanced.  

CJ. The topical formulation according to any one of example embodiments A to BQ 

for treatment or prevention of alopecia in a subject.  

30 

CK, The topical formulation according to example ermbodi ment CJ, wherein the 

alopecia is androgenic alopecia.  

CL The topical formulation according to example embodiment CK, wherein the 

35 alopecia is alopecia areata,
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CM. The topical fonnulation according to example enibodinient CK, wherein the 

alopecia is an acute form of alopecia.  

CN. The topical formulation according to example embodiment CM, wherein the 

5 acute form of alopec ia is induced by an acute event selected from pregnancy, stress, 

illness, treatment with a cytotoxic agent, treatment with a cytostatic agent, and 

treatment with an agent which induces necrosis or apoptosis of hair follicles as a side

effect of therapy.  

10 CO, The topical formulation according to example embodiment CK, wherein the 

alopecia is alopecia induced by chemotherapy.  

CP. A method of treatment or prevention of alopecia in a subject, said method 

comprising administering the topical formulation according to any one of example.  

15 embodiments A to BQ to an area of the dermis or skin of a subject in which the 

alopecia is to be treated or prevented or an area of debris adjacent or surrounding 

thereto for a time and under conditions sufficient to reduce or delay or prevent the loss 

of terminal hair in the subject.  

20 CQ. The method according to example embodiment CP, wherein the subject has a 

genetic predisposition for alopecia or familial history of alopecia.  

CR. The method according to example embodiment CP, wherein the subject suffers 

from an existing alopecia.  

25 

CS, The method according to any one of example embodiments CP to CR, wherein 

the alopecia is androgenic alopecia.  

CT. The method according to any one of example embodiments CR to CT, wherein 

30 the alopecia is alopecia areata.  

CU. The method according to any one of example embodiments CR to CT, wherein 

the alopecia is an acute form of alopecia.  

35 CV. The method according to example embodiment CU, wherein the acute form of 

alopecia is induced by an acute event selected from pregnancy, stress, illness, treatment
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with a cytotoxic agent, treatment with a cytostatic agent, and treatment with an agent 

which induces necrosis or apoptosis of hair follicles as a side-effect of therapy.  

CW. The method according to any one of example embodiments CP to CR, wherein 

5 the alopecia is alopecia induced by chemotherapy, 

CX. The method according to any one of example embodiments CP to CW, wherein 

said method comprises administering the topical formulation to the subject daily or 

twice daily or every two days or every three days or every four days or every five days 

10 or every six. days or weekly.  

CY. The method according to example embodiment CX, wherein said method 

comprises administering the topical formulation to the subject for one month or two 

months or three months or four months or five months or six months.  

15 

CL The method according to any one of example embodiments CP to CY, wherein 

the alopecia involves scalp hair, and wherein said method comprises administering the 

topical formulation to the scalp of the subject.  

20 DA. The method according to any one of example embodiments CP to CY, wherein 

the alopecia involves eyelash hair, and wherein said method comprises administering 

the topical formulation to the eyelid or eyelash of the subject.  

DB. The method according to any one of example embodiments CP to CY wherein 

25 the alopecia involves eyebrow hair, and wherein said method comprises administering 

the topical formulation to the face or forehead or eyebrow of the subject.  

DC. Use of at least one isolated Cw-monoterpenoid or isolated enantiomer thereof or 

an isolated ester thereof with a carboxylic acid in the preparation of a topical 

30 medicament for the treatment or prevention of alopecia in a subject, wherein the Clw 

monoterpenoid is of formula (I)-
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R3 

Y R1 

R2 

formula (1): 

wherein: 

5 R1 is hydrogen, hydroxyl or oxygen; 

R- is absent or hydrogen or hydroxyl; 

R3 is a CH; 

X is CH- or CH2OH-l, or 

X is CH12CH or CHOHCH2 and X and Y together form a single bond within a 

10 6-membered ring; 

Y is CH. when X is Cit or CH2OH, or 

Y is CH or COH when X is C CH2 or CHOHCHI; and 

Z is a saturated or unsaturated C -C5 alkyl or alkyl ester, 

15 DD. The use according to example embodiment DC, wherein the C1t-monoterpenoid 

is a monohydroxylated compound.  

DE. The use according to example embodiment DC, wherein R1 is hydrogen.  

20 DE The use according to example embodiment DC, wherein R is oxygen.  

DG. The use according to example embodiment DC, wherein X is CH and Y is Cfl-b 

D14. The use according to example embodiment DC, wherein X is CH21OH and Y is 

25 CH2.  

DL The use according to example embodiment DC, wherein X is CH 2CH.  

DJ. The use according to example embodiment DC, wherein X is CHOHCH2.
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DK The use according to example embodiment DL wherein Y is CH.  

DL. The use according to example embodiment DL wherein Y is COH.  

5 

DM. The use according to example embodiment DJ, wherein Y is CH.  

DN. The use according to example embodiment DJ, wherein Y is COH 

10 DO The use according to example embodiment DL wherein R2 is hydrogen.  

DP. The use according to example embodiment DC, wherein R, is hydroxyL.  

DQ. The use according to example embodiment DC. wherein R, is absent.  

15 

DR. The use according to example embodiment DC, wherein Z is a saturated C2 

alkyL 

DS. The use according to example embodiment DR, wherein Z is CCH3.  

20 

DT. The use according to example embodiment DC. wherein Z is an unsaturated C2

C3 alkyL 

DU, The use according to example embodiment DT herein R is absent.  

25 

DV. The use according to example embodiment DT wherein R2 is hydroxyl.  

DW The use according to example embodiment DT wherein R2 is hydrogen.  

30 DX The use according to example embodiment DT, wherein Z is CC Hel 

DY. The use according to example embodiment DT, wherein Z is CCHCH.  

DZ, The use according to example embodiment DT, wherein Z is 

35 CCHCHOCOCH3.



WO 2015/085373 PCT/AU2014/050421 

93 

EA. The use according to example embodiment DZ, wherein the C 0-wmonoterpenoid 
or enantioner thereof is a non-hydroxylated compound.  

EB. The use according to example embodiment DC, wherein the C1t-monoterpenoid 

5 or enantiomer thereof is a monohydroxylated compound, Ri is hydrogen, Rz is 

hydroxvl, X is CH,, Y is CH% and Z is an unsaturated C2 -C- alkyl.  

EC. The use according to example embodiment EB wherein Z is CCHCHI2.  

10 ED. The use according to example embodiment DC., wherein the C rtnonoterpenoid 

is a non-hydroxylated compound wherein Rj is hydrogen, R is absent, X is CH, Y is 

CH2, and Z is CCHCHOCOCH 

EE The use according to example embodinent DC, wherein the C 0-wmonoterpenoid 

15 or enantiomer thereof is a monohydroxylated compound, R3 is hydrogen or oxygen, R2 

is absent or hydrogen or hydroxyl. X is CfI-CH: or CHOHCH', Y is CH or COH, and 

Z is a saturated or unsamrated C, alkyl.  

EF. The use according to example embodiment EE, wherein R1 is oxygen, R is 

20 hydrogen or hydroxyl, X is CH2CH2, Y is CH, and Z is a saturated C2 alkyl.  

EG, The use according to example embodiment EF, wherein R2 is hydrogen.  

EH. The use according to example embodiment EE, wherein R; is hydrogen, Rt is 

25 hydrogen or hydroxyl, X is CHCH, Y is CH or COH, and Z is a saturated C, allyt 

EL The use according to example embodiment EH, wherein Y is CH.  

EL The use according to example embodiment El, wherein R, is hydroxyl, 

30 

EK. The use according to example embodiment ER, wherein Y is COF.  

EL. The use according to example embodiment EK, wherein R2 is hydrogen.  

35 EM. The use according to example embodiment ED, wherein R, is absent, X is 

CHOHCI-, Y is CH. and Z is an unsaturated 2 alkyL
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EN. The use according to example embodiment DC, wherein the use comprises use 

of a C1 -monoterpenoid selected from the group consi.stifl of: 

I -sopropy-4-nethyl-3-cyclohexenI -ol (terpinen-4-ol); 

5 3-Methy-6-(propan2-ylcycloiexlenIl-one (piperitone); 
2-(4-Methyl--cyclohexen-1-yl)-2-propanol (apha-terpineol); 

2-Methyl-5-(1-methyiethenyl)-2-cy clohexen-1-ol (carveol); 

6-Iopropyl-methyl-2-cyclohexen-1-one (3-carvotnenthenone); and 

3.7-Dimethyl-16-nctadien3-oi (linalool), 

10 

EO, The use according to example embodiment EN, wherein the Cjrmonoterpenoid 

is I-Isopropyl-4-methyl-3-cyclohexen-1-ol (terpinen-4-ol).  

ER The use according to example embodiment EN, wherein the C10-monoterpenoid 

15 is 3-Methyl-6-(propan-2-vl)cyclohex-2-en-1-one (piperitone).  

EQ. The use according to example embodiment DC, wherein the use comprises use 

of a carboxylic acid monoester of the Ci-monoterpenoid, 

20 ER. The use according to example embodiment EQ, wherein the carboxylic acid 

monoester is a monoester with a carboxylic acid selected from acetic acid, propionic 

acid and formic acid.  

ES. The use according to example embodiment ER, wherein the carboxylic acid is 

25 acetic acid.  

ET. The use according to example embodiment EQ, wherein the Cif}-monoterpenoid 

carboxylic acid monoester is selected from the group consisting of: 

(2E)-3,7-Dimethyl 2 6-octadien--yl acetate (geranyl acetate); 

30 3.7-Dimethyl- 16-octadien , yl acetate (linalyl acetate); 

2-(4-Methyl A cydohexen Iyl)-2-propanyl acetate (terpinyl acetate); and 

5-Isopropeniyl methyl-2-cyclohexen-I-yl acetate (carvyl acetate).  

EU. The use according to example embodime n t ET, wherein the C 0 monoterpenoid 

35 carboxylic acid monoester is selected from the group consisting of 

(2E)-3/-Dimcthyl-2,6-octadieni ylacetate (geranyl acetate); and
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397-Dimethyi-1 i6-octadien-3-yl acetate (linalyl acetate).  

EV. The use according to example embodiment DC, wherein the use comprises use 

of an isolated enantiomer of the C1 rmonoterpenoid.  

5 

EW. The use according to example embodiment EV, wherein the isolated enantiomer 

is selected from the group consisting of: 
(R)- 1 -opropl-4-methyl-3-cyclohexen-1-ol [(-)-terpinen-4-oi); 

(15)-1-Isopropyl-4-methyl-3-cyclohexend-ol [(+)-terpinen-4-ol; 

10 2~[(fR)~4-Methylcyclohex-3-en- -yl]propan-2-ol [+)alpha-terpineol]; 

(6R)-3-methyl -6 -(pr)pan-2-yl)cyclohex-2-en- 1-one [(-)-piperitone]; 

(6S-3 -Methyl-6-(propan- 2-y Ivclohex-2-en-1 -one [(+)-piperitone]; 

(35)-3,7-Dimeithl- 1,6-octadiene--ol [(+)-Linalool]; 

(3R)- 3,7-Dimethyl-1 6-octadien-3-ol [(-)-Linalool]; 

15 (IR, 5R)-2-Methyl-5-(1-methvlethenyl)-2-cyclohexen-1-ol [(-)-cis-carveoll; 

(15S)-2-Methyl-5-(1-menthylthenyi)-2-cyclohexen-1 -ol [(+)-cis-carveol]; 

(IR,5S)-2-Methyi-S(1~ methyietheny)-2-yciohexen-1~ ol [(+-)-transtearveol]; 

and 

(1S,5R)-2-Mvethyl-5-( 1-methyiethenyl)-2 -cyclohexen-1-oI [(-)-trans-carveolj.  

20 

EX. The use according to example embodiment EW, wherein the isolated enantiomer 

is selected from the group consisting of: 

(R)~1-sopropyl-4-methyl -3cyclohexen - ol [(-)-terpi nen 4-ol]; 

(15)- 1 -sopropyt-4-methyil3eycdohexen- ol [(+)-terpi nen 4-ol]; 

25 (6R)-3-nethyl-6-(propan-2-yl)cycliohex-2-en-1-one [(piperitone]; 

(65)-3-Methyl-6-(propan-2-yelciohex-2-en-i-one [(+)-piperitoneI; 

(15,5S-2-Methyl-5-(1-methylethenvl)-2-cyclohexen-1-ol[(+)-cis-carveol]; and 

(JR,5.)-2-Methyli-5-(i-methylethenyl)-2-cyclohexen -1 -ol [(+)-trans-carveoli.  

30 EY. The use according to example embodiment EX, wherein the isolated enantiomer 

is: 

(R)- I -isopropyl-4-methyl -3-cyclohexen-1 -ol [(-)-terpinen-4-ol].  

EV. The use according to example embodiment EX, wherein the isolated enantiomer 

35 is: 

(6R)-3-methyl-6-(propan-2-yl)cyclohex-2-en-one[ piperitonel
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FA. The use according to example embodiment EX, wherein the isolated enantiomner 

is: 

(6S)-3-Nethyl-6-(propan-2-yl)cyclohex-2-en1-i-one [(+)-piperitonel.  

5 

FB. Use of an isolated Cjw-monoterpenoid or enantiomer thereof in the preparation 

of a topical medicament for the treatment or prevention of alopecia in a subject, 

wherein the isolated C1 -monoterpenoid is 1-Isopropyl-4-methyl-3-cyclohexen-1-ol 

(terpinen-4-6l) 

10 

FC. Use of an isolated C -monoterpenoid or enantiomer thereof in the preparation 

of a topical medicament for the treatment or prevention of alopecia in a subject, 

wherein the isolated Cur-monoterpenoid is 3-niethyl-6-(propan-2-y1)cyclohex-2-en-1

one (piperitone) 

15 

FD. The use according to example embodiment FB or FC, wherein the topical 

medicament comprises (i) isolated 1lsopropyl~4-methyl-3-cyclohexen-1~ol (terpinen

4-ni) or an isolated enantiomer and (ii) isolated 3-methyli6-(propan-2-y)cyclohex-2

en-i -one (piperitone) or an isolated enantioner thereof.  

20 

FE The use according to example embodimentFD, wherein: 

(i) the isolated enantiomer of terpinene-4-ol is: 

( 1propyl-4-mrethyl-3-cyclohexen- I -ol [-)-terpinen-4-ol; and/or 

(ii the isolated enantiomer of pipentone is: 

25 (6R)-3-methyl-6-(propan-2-yl)cvclohex-2-en-1-one [(-)-piperitonel or 

(65)-3-Methyl-6-(propan-2-yl)cyclohex-2-en-1-one [(+)-piperitonCj.  

FF. The use according to any one of example embodiments FB to FE, wherein the 

isolated 3-nethyl-6-(propan-2-yl)cyclohex-2-en- i-one (piperitonei) or isolated 

30 enantiomer thereof is in the form of an essential oil of Eucalpvtus dives or a perfume 

comprising said essential oil, 

FO. The use according to any one of example embodiment FC to FE, wherein the 

isolated 1-isopropyl-4-m ethyl.-3-cyc lohexen- 1.-ol (terpinen-4-ol) or isolated enantiomer 

35 thereof is in the form of an essential oil from .Eucayptus dives or a perfume comprising 

said essential oil.
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FH. The use according to any one of example embodiments DC to FE. wherein the 

Cw-monotcrpenoid or ester or enantiomer thereof is a natural product or derived from. a 

natural product.  

5 

Fl. The use according to example embodiment FH, wherein the natural product is 

selected from a plant or part thereof, a plant extract, an essential oil and a perfume 

comprising said essential oil.  

10 Fl. The use according to any one of example embodiments DC to FE. wherein the 

C 1monoterpenoid or ester or enantiomer thereof is a synthetic compound.  

FK, The use according to any one of example embodiments DC to FL, wherein the 

use comprises use of at least two compounds selected from the C 10-onoterpenoid 

15 and/or ester and/or enantiomer thereof, 

FL The use according to any one of example embodiments DC to FK, wherein the 

medicarment comprises a total amount of Cwomonoterpenoid or ester or enantiomer 

thereof sufficient to reduce or inhibit FGF-5 activity in the hair follicle or part thereof.  

20 

FM. The use according to any one of example embodiments DC to FK, wherein the 

medicament comprises a total amount of C -monoterpenoid or ester or enantiomer 

thereof sufficient to reduce or inhibit FGF 5 binding to a cognate fibroblast growth 

factor receptor (FFR) in the hair follicle or part thereof, 

25 

FN. The use according to example embodiment FM, wherein the cognate FGFR is 

FGFR1.  

FO. The use according to example embodiment FM or FN, wherein a reduction in 

30 FGF binding is determined by a reduction in viability of a BaF3 cell expressing 

fibroblast growth factor receptor I (FOER) wherein said BaF3 eell is dependent on 

FGF-5 signalling for viability.  

FP. The use according to any one of example embodiments DC to FO wherein the 

35 medicament comprises a topical carrier, excipient or emollient,
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FQ. The use according to any one of example embodiments DC to FP, wherein the 

medicament comprises one or more adjunctive agents effective for treatment or 

prevention of hair loss.  

5 FR. The use according to example embodiment FQ, wherein the one or more 

adjunctive agents is/are selected from the group consisting of estradiol, oxandrolone, 

minoxidil, San guisorba officinals root extract, Rosa amitiflora extract, Brown algae 

extract. loquat leaf extract, Pecan shell extract, squill extract sodium phytate, Fucus 

vesiulosus extract, phytic acid, nonanal, and Lipidure-C.  

10 

ES. The use according to any one of example embodinents DC to FR, wherein the 

subject has a genetic predisposition for alopecia or familial history of alopecia.  

FT, The use according to any one of example embodiments DC to FS, wherein the 

15 subject suffers from an existing alopecia.  

FI The use according to any one of example embodiments DC to ES. wherein the 

alopecia is androgenic alopecia.  

20 FV. The use according to any one of example embodiments DC to FS, wherein the 

alopecia is alopecia areata.  

FW, The use according to any one of example embodiments DC to FS, wherein the 

alopecia is an acute form of alopecia.  

25 

FX. The use according to example embodiment FW, where the acute form of 

alopecia is induced by an acute event selected from pregnancy, stress, illness, treatment 

with a cytotoxic agent, treatment with a cytostatic agent, and treatment with an agent 

which induces necrosis or apoptosis of hair follicles as a side-effect of therapy.  

30 

FY, The use according to any one of example embodiments DC to FS, wherein the 

alopecia is alopecia induced by chemotherapy.
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EXAMPLES 

Euunpk.I-ExtraictiOn of essential oil foEuavusdeshsteam distillation 

This example describes extraction of essential oils from Eucalyptus dives by steam.  

5 distillation and an exemplary chemical composition for an essential oil of Eucalyptus 

dives as determined by gas chromatography.  

Fresh Eucalyptus dives foliage is separated from a Eucalyptus dives plant and 

introduced into a distilling chamber through which steam is to be passed. The distilling 

10 chamber is configured to support the Eucalyptus dives foliage in a manner which 

exposes the leaves to steam when passed through the chamber. Steam is then generated 

with a temperature between 100-1054C e,g, in a boiler, and passed through the 

distilling chamber containing the Eucalyptus dives leaves. As the steam contacts the 

leaves, the cells and vesicles containing essential oils are disrupted and the essential 

15 oils are released in the forn of vapour. The vapour flow of essential oil and steam is 

directed to a condenser unit in which the vapour is condensed e g. by a water cooled 

jacket surrounding the condenser unit, to form a liquid distillate having an aqueous 

phase and an oil phase. The liquid distillate is directed into a collection vessel and the 

essential oil (oil phase) is separated from the hydrosol or aqueous portion (aqueous 

20 phase) according to the relative specific densities. The essential oil obtained from the 

steam distillation of Eucalyptus dives is collected and used in accordance with the 

invention.  

An essential oil extracted from Eucalyptus dives by steam distillation as described 

25 supra may be tested for chemical composition by gas chromatography e.g,. to 

determine its suitability for use in the present invention. An exemplary 

chromatographic analysis for an essential oil of Eucalyptus dives showing a typical 

chemical composition thereof is presented below.
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Typical profile of major chemical constituents of 

essential of from Eucalyptus dires 

Chemical constituent Amount (w/v) 

Piperitone 39-55% 
1, CiDeole trace 

a-phl] landrane 15-25% 
P-phellandrane 14% 
Globulol 2-6% 

Terpinene-4-ol 3-5% 

para-eymene 0 1 10%, 
o-pinene 0 1 -2 
S-terpinrene 0-5-3.5% 
iaonllenlle trace 

5 
Example 2 - Test compounds 

This example demonstrates availability of exemplary isolated nionoterpenoid 

compounds tested for suitability in performing the invention.  

10 Test compounds were all commercially available. However, compounds derived from 

natural sources that are in a substantially-purified form are also contemplated.  

Test Compound Source 

Linalyl acetate Tokyo Chencia Industry 

Nonanal Tokyo Chemical Industry 

Linalool Toky0 Chemical Industry 

Geranli acetate Tokyo henical Industry 

a-Tcrpiniol Tokyo Chemical Industry 

1-Carveol Tokyo Chemwica Industry 

(-)-Ierpinen4-oI Tokyo Chemical industry 

(+)-Tcrpincn4-ol Tokyo Chemical Industry 

(±f)Terpineo-4-ol f(+) 50%, 1) 50%) Tokyo Clmical Industry 

Nerol Tokyo Chmical Industry 

( )-Menthol Tokyo Chemical Industry 

beta-Citronellol Tokyo Chermical Industry 

GTernio Tokyo Chenical industry 

Piperitone ((-)-Piperitone) Tokyo Chemical Id ustry
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Exanple 3 - Effct of test compounds on FGF5 sinalling 

This example demonstrates the preparation and use of a transgenic FR.-Baf3 cell line 

for identifying compounds of the invention having FGF-5 modulatory activity.  

5 Ba/F3 is a murine intedeukin-3 (iL-3)-dependent pro-B cell line. 1L3-independent 

Ba/F3 knes expressing FGFR-1 or FGFR- Ic on their eoll surface and exhibiting FGF

5-dependent proliferation (e.g., Smedley et at, Neopka, 1:349-355, 1999; Demiroglu 

et at Blood, 98:3778-3783, 2001: Ito et at, Journal of Cellular Phyiolog, 197:273

283, 2003), were employed to assay compounds for their ability to inhibit FGF-5 

10 activity. That is, compounds were tested for their ability to modulate proliferation of 

FR-Ba/F3 cells in the presence of reconbinant human FGF-5 (rhFGF-5) prepared 

according to Macda et A, Nishi Nihon Hifuka, 69(1) 81-86, 2007.  

Briefly, a suitable plasmid expressing FGFR-lc was introduced into human ER-Ba/F3 

15 cells and the cells were maintained in RPMI RPMI-1640 with 10% FBS and 1.3x10 7 

M of urine IL-3 (Sigma, St. Louis, MI) containing antibiotic (341 8 sulfate (Promega, 

Medison, WI). The inventors compared proliferation of FR/lBaF3 cells in culture 

medium containing IL3 or FGF-5 and a different concentration in the range from 

.005% (w/v) to 1,0% (w/v) of each test compound listed in Example 1. The FR-BaF3 

20 cells were seeded at 5 x l0 4/mL cells per well in 96-well microuture plates (FalconI 

in RPMI- 1640 culture medium containing 10% fetal bovine serum, 5pg/mL heparin.  

Recombinant human FGF-5 (rhFGF-5; Ipg/mL) was added to one group, and IL-3 (0.2 

nghnL) (Sigma) was added to another group. The test compounds were then 

introduced to the micro-culture plate wells. Total volume of media per well was I00pI 

25 Control groups lacking test compound were also prepared for each of the IL-3

supplemented and FGF-5-supplemented samples. The plates were then incubated at 

37*C in 5% CO2 for 3 days.  

After 3 das., colorimetric assays were performed using a Cell Counting Kit-8 (CCK-8) 

30 (Wako) according to the manufacturer's instructions to measure cell proliferation or 

suppression thereof by the test compound at varying concentrations. Briefly, 10pl (1:2
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dilution) of the CCK-8 reagent was added to each micro-culture plate well after which 

time the plates were incubated at 370 C for 3 hours. Absorbance at 450nm xvas then 

measured using a microptate reader. Cell viability and proliferation for the IL-3

supplemented and FGF-5-supplemented groups was calculated as a measure of the 

5 optical density (OD) of cells treated with a test compound relative to the OD of the 

respective untreated controls, excluding the OD of blank controls (media only). Dose 

response curves were plotted and the respective inhibitory concentrations (IC50) for the 

test compounds were determined, 

10 Suppression of FGF-5-dependent cell proliferation and viability was observed in FR

BaF3 cells to which (-terpinen-4-ol. (+)-terpi(nen4-oL -TerpineOl, finalyl acetate, 

geranyl acetate, linalool and 1-carveol were added (data presented in Figures 1(a)-l(h)).  

ICao values for each compound are presented in Table 2.  

15 Table 2.  

Inhibitory activity of test compounds on FGF-5-dependent cell proliferation 

IC5 0 (%) FGF-5 Specificity 
Test Compound FGF-5 IL- IL-I/FGF-5 
Linalyl acetate 0,4 09 2.25 
Nonanal 0.1 0.9 9 
Linalool <0.03 0.9 30> (BR) 
Geranyl acetate 0.1 0.8 8 (BR) 

ou-erpineol -0.01 0.05 5> 
[-Carveol 0.05 0. 1 2 
(-)-4-Terpinen-4-ol 0.5 >1.0 2> 

(+)-4-Terpinen-4-ol 0.11 >1.0 9.1> 
Piperitone 0.024 0.59 25 
(±)-4-Terpinen-4-ol NT NT NT 
Nerol y0> 1 0> ND 
(-Menthol 1.0> 10> ND 
beta-Citronellol 1 .0> 1.0> ND 
Geraniol .0> 1 .0> ND 
BR; less reproducible ND: not determined, NT: not tested.
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From this result, the following test compounds were considered as potent FGF-5

inhibitory active substances: 
* Linalyl acetate 
* Nonanal 

5 ce-Terpineol 
* (-)-4-Terpinen-4-ol 
* (+)-4-Terpinen-4-ol 
* Piperitone, 
S( ±)-4-Terpinen-4-ol.  

10 

Examine 4 ~ Efect of test commands on proliferation of DP celLs as determined by 

Alikalie Phosphatase ( ALP) activ 

This example demonstrates the use of an alkaline phosphatase (ALP) activity assay for 

15 identifying compounds of the invention having the ability to modulate proliferation of 

dermal papillae (DP) cells, and preferably modulate anagen phase of the cell cycle 

thereof 

Denial papilla cells were prepared according to the methods described in 

W02013/105417. Briefly, hairs were pulled from the scalp of a healthy subject (32 

20 year old male) showing normal nonalopecia hair growth using tweezers. lair follicles 

with dermal papilla were thus obtained at a rate of approximately one for every 100 

hairs pulled. The hair follicles with dermal papilla were separated from the hair using 

tweezers and transferred into a saline for inspection under a microscope. Under a 

microscope, each dernnal papilla was isolated from a respective hair follicle using 

25 tweezers and a scalpel. Approximately 2000 isolated dermal papilla cells were then 

transferred to a 35mm cell culture dish together 1-2m of cell culture medium. after 

which time the cells were cultured at 37C to produce a primary cell culture of dermal 

papilla. The cell culture medium consisted of approximately 90% DMEM medium, 

10% fetal bovine serum (final concentration: 10%), FGF2 (final concentration: 

30 10ng/mnl) and penicillin-streptomycin solution (final concentration: 1 g/rnl) for every 

2mL of medium. Cell culture conditions were maintained for more than 14 days until 

dermal papilla cells covered approximately 40% of the area of the 35mm culture dish,
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at which time subcultures were performed To prepare the subcultures, the cell culture 

medium was removed from the 35mm culture dish and the adherent cells were washed 

once with 2rnl of saline (at room. temperature). 1 ml Trypsin-EDTA solution (0. 1% 

trypsin and 0.02% EDTA) was then added to the 35mm culture dish and left to stand 

5 for 4 minutes at 37C. Dissociated dermal papilla cells were then recovered from the 

35 mm dish, and seeded to a new 100mm dish, and cultured in media under the same 

conditions as for the primary cell culture described above.  

When the dermal papilla els covered approximately 70-80% of the area of each 100 

10 mm culture dish, the sub-confluent cells were subeultured as before- The process was 

repeated until sufficient cells were obtained to screen compounds of interest.  

Once sufficient DP cells were obtained, the cells were harvested to provide a cell 

suspension. To harvest the DP cells, the cell culture medium was removed from the 

15 culture dish, and the adherent cells were washed with saline at room temperature.  

Trypsin-EDTA solution was then added under conditions described aspra to dissociate 

the cells from the cell culture dish. Approximately 5x1&0 of the dissociated cells were 

resuspended in 500rl of assay medium containing 445 ml of DMEM medium, 50ml of 

10% fetal calf serum and 5m] of antibiotic.  

20 

Aliquots of the cell suspension were transferred to the wells of cell culture dishes, and a 

single monoterpenoid listed in Example 1 e.g., (4-terpinen-4-ol, (+)-4-terpinen-4-oit 

(±)-4-terpinen-4-ol, 0x-terpineol, nonanal, linalyl acetate or piperitone, is added to each 

well at a concentration of 0.005 (mg/mI) or 0.01 (mg/ml) or 0.05 (mg/nl) or 0.1 

25 (mg/mi) or 0,5 (ng/ml). Cell suspensions were transferred to wells of a further cell 

culture dish to which ininoxidil was then added at a concentration of 0,005 (mg/ml) or 

0.01 (mg/n) o 0.05 (mg/ml) or 0.1 (mg/mI) or 0.5 (mg/ml). A Wnt/p- catenin pathway 

activation agent ag, Wnt3a or GSK-3 Inhibitor IX, was added to each of the cell 

cultures to produce an "activated cell. culture". Control cell cultures containing the 

30 same monoterpenoid compound or minoxodil, but lacking the Wnt/p- catenin pathway 

activation agent, were processed in parallel. These activated and control cell cultures
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weev divided further into duplicate cell culture samples either lacking FGF-5 or to 

which recombinant human FGF-5 (rhFGF-5; lpg/mL) was added. Table 3 illustrates 

the cell culture. and sample design matrix as herein described.  

5 The cell culture samples were each cultured at 37 'C for 3 days under atmosphere 

containing less than 5% CO,. Colorinetric assays were performed using a Cell 

Counting Kit-8 (CCK-8) according to the manufacturer's instructions to measure cell 

proliferation of the DP cells. An assay control contained cell culture media in the 

absence of DP cells ("medium background") Absorbances (450 nm) for each activated 

10 cell culture sample and the corresponding control cell culture sample were determined 

using a microplate reader, and the relative absorbance of each activated cell culture 

sample was determined by the following ratio: 

(A450 nm tuixara cc r - A450nm ,medim bmki momd 

(A450 1m control 1ser A450nim medium teieronod) 

15 

Each activated cell culture sample and each control cell culture sample was then 

washed twice in saline at room temperature. The cells were lysed by freeze-thawing 

employing three freeze-thaw cycles; in each freeze-thaw cycle, the cell suspension was 

frozen for 5 minutes at -80*C and thawed by incubating cells for 5 minutes at room 

20 temperature, To the lysed cells., p-nitrophenyl phosphate (1mg/mil) in IM 

diethanolainine buffer solution was added, and each lysate was incubated at 37 'C for 

30 minutes. The relative absorbance (490 nm) of each activated cell culture sample to 

each corresponding control cell sample was determined as a relative measure of 

alkaline phosphatase (ALP) activity, Similar readings were obtained for p-nitrophenyl 

25 phosphate (Img/mil) in IM diethanolamine buffer solution lacking DP cells ("buffer 

background").  

ALP activity was determined by the following ratio: 

(A490 nn e ,ed euure - A490nm bufrer baciuxnd) 

30 (A490 nm conru cot cu-aue A490an bure& backgruoma)
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Table 3 demonstrates saniple design for the DP-ALP assay described in the preceding 

paragraphs: 

Table 3 

Sample matrix for DP-ALP assays 

"FGF-5 group" EGF-S-free group" 
DP cell culture + 051(3 inhibitor IX + 1FOESU DJ? cell culture ±08K3 iniitor IX 

Test compound Approx concentration mg/ml) Approx. concentration m0l) 
Linalyl acetate controL 005 (101 0105 .1 0a 5 ontrl 0005 .0 03 0.1 0v 
NoT ynena control 0.005 0.01 0.05 0.1 0.5 onrl 0.005 0.01 0.05 0.1 0.5 

a-Terpeneol Copro 0.005 0.01 0.105 0_.1 0,5 Cnrl0,005 0.0(1 0.05 0.1 0.s 

(-4-Terpinten-4-ol control 0.005 (101 0.05 (1.1 0.53 oto 0.005 0.01 0.05 0.1 0.5 

(+)-Terpinen-4-ol contrL 0,005 0.01 0.15 0.1 0.5 control 0.005 0.01 0.05 01 0.5 
(tTerpinen-4-ol control (,005 0.01 0.05 01 05 ontm 0.005 0.01 0.05 0.1 0.5 

Fiperitone connol 0. 00 0.01 0.05 0.1 0 . n onr 0.005 0.01 0.0 0.1 0.5 
Minoxidil conoi 0.005 0.01 0.5 0.1 0.5 control 0.005 (101 00 0. 0.5 

5 
ALP activity was plotted as a function of the concentration of each test compound in 

the presence and absence of rhFGF-5 (Figures 2a, 3a, 4a, 5a. 6a, 7a, 8a and 9a).  

Normalised dose response curves were also obtained showing relative change in ALP 

activity following addition of the respective test compounds at different doses in the 

10 presence and absence of FGF-5 (Figures 2, 3b, 4b 5h, 6b, 75. 8b and 9b). Data 

indicate that the test compounds Piperitone, (-)-terpinen-4-ol, (±)-terpinen-4-ol, tt

terpineol, and (+)-terpinen-4-ol each increased relative ALP activity of DP cells treated 

FGF-5. Taken together with data from Example 2 hereof, this induced increase in ALP 

activity suggests that the respective test compounds inhibit FGF-5-dependent signalling 

15 and extend the anagen phase of the DP cell cycle and/or prevent DP cells from entering 

catagen. In contrast, minoxidil showed a poor ability to increase relative ALP activity 

in DP cells treated FGF-5 suggesting that minoxidi is a poor inhibitor of FGF-5

dependent signalling in DP cells.  

20 The FGF-5-inhibitory activity of the test compounds, from most active to least active, 

as determined by DP-ALP assay. may be ranked as follows:
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Most active Least active 

Piperitone > (-)terpinen-4-ol > (*)-terpinen-4-i > ct-terpineol > (+)erpinen-40oI > linalyl acetate 

The inventors then repeated the DP-ALP assay described supra employing Eucayptus 

5 dives essential oil extract.  

ALP activity of DP cells treated with Eucavptudies extract was plotted as a function 

of the concentration in the presence and absence of rhFGF-5 (Figure 10a) A 

nonmalised dose response curve was also obtained showing relative change in ALP 

10 activity following addition of Eucalyptus dives extract at different doses in the presence 

and absence of FGF-5 (Figure l0b). The data indicate that Eucalyptus dives extract 

increased relative ALP activity of DP cells treated FGF-5, suggesting that Eucalyptus 

dives extract is able to inhibit FGF-5-dependent signalling and extend the anagen phase 

of the DP cell cycle and/or prevent DP cells from entering catagen.  

15 
Test compounds, and extracts comprising same, which have been shown herein to 

increase and/or restore ALP activity in DP cells treated with FGF-5 and inhibit FGF-5

signalling in DP cells are considered by the inventors to be effective for reducing hair 

loss and/or hair thinning associated with FGF-5 signalling in the dermal papilla. such as 

20 by preventing and/or delaying and/or reducing premature onset of catagen in the hair 

follicle, and even extending the anagen phase of the hair follicle thereby prolonging 

hair growth. Such compounds are also effective for treatment of alopecia.  

Example 5 - Compound formulations 

25 This example describes formulation of monoterpenoids for use in performing the 

invention.  

One or more test compound(s) identified in Example 2 and/or Example 3 is/are 

formulated with a topical carrier e.g, as described in Remington 's Pharmaceutical 

30 Sciences, 21th Ed. Philadelphia, PA: Lippincott Williams & Wilkins, 2005, to produce 

a non-therapeutic topical formulation for treatment or prevention of hair loss or a non

therapeutic topical formulation for treatment of alopecia.
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The topical formulation may contain the test compound(s) in any dose suitable for 

reducing and/or delaying and/or treating and/or preventing hair loss or hair thinning 

e.g.. as determined by testing in an animal model described herein.  

5 

in one example, the topical formulation contains the test compound in a dose of about 

0.01% by weight of active compound per unit volume of topical formulation (w/v) or 

by volume of oil or perfume per unit volume of the topical formulation (v/v), In one 

example, the topical formulation contains the test compound in a dose of about 0.1 % by 

10 weight of active compound per unit volume of topical formulation (w/v) or by volume 

of oil or perfume per unit volume of the topical formulation (v/vt In another example, 

the topical formulation contains the test compound in a dose of about 0.5% by weight 

of active compound per unit volume of topical formulation (w/) or by volume of oil or 

perfume per unit volume of the topical formulation (v/v) In another example, the 

15 topical formulation contains the test compound in a dose of about 10% by weight of 

active compound per unit volume of topical formulation (w/v) or by volume of oil or 

perfume per unit volume of the topical formulation (v/v). In another example, the 

topical formulation contains the test compound in a dose of about 2.0% by weight of 

active compound per unit volume of topical formulation (w/v) or by volume of oil or 

20 perfume per unit volume of the topical formulation (v/v) In another example, the 

topical formulation contains the test compound in a dose of about 310% by weight of 

active compound per unit volume of topical formulation (w/v) or by volume of oil or 

perfume per unit vohnne of the topical formulation (v/v).  

25 The topical formulation may additionally contain one or more other agents effective for 

reducing and/or delaying and/or treating and/or preventing hair loss or hair thinning 

i.e., one or more "adjunctive agents". For example, a topical formulation may contain a 

primary agent identified in Example 2 and/or Example 3 as being capable of inhibiting 

FGF-5-signalling and/or binding FGF-5 and optionally any one or more of the 

30 adjunctive agents as illustrated in Table 4.
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Table 4 

Combinations of active agents for inclusion in topical formulations 

Primary gent 

Linalyl acetate+ + + + + + + 

Linalool + + + + ++++ 

Geranyl acetate + + + + + + + + 

__u--TerpjineolA + + +. + + 

-Crel+ + + + + + + + 

(Trie4 +++ + + + + + 

(+ + 

( 1-Terpinen-4-ol + + + + +++ + 

Piperitone + + + + + + + + 

(+Menthol + + + + + + + + + 

78 beta-Citroello) + + + + + + + + + 

GeniVol + 

LEtadil acetate + + + + + + + 

Oxandrolone + + + + + + + + + 

Minxildcl + + + + + + + + + 

Snusra oficinahis yoot 
R m oextrac t + + + + + + + + 

Ro w ala extrct, + + + I+ + + + + I+ 

Lout efextract + + + + + + +. + 

Pecan shell1 ex-,tract + + + + + + + + + 

Squill extract. + + + + + + + + + 

Sod j im pIhytate + + + + + + + + + 

-us wesirulosus extract + + + + + ++++ 

Phyticacid + ++ + + + + + + 

Nonanal o + + + + + + + 

Lipidure-C + + + + + + + + 

Sra+extract + + + + + + +
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Example 6- Shomnooo forrmlation comprising (trpinn4oi 

This example describes a shampoo formulation comprising (Yterpinen-4-oL 

An exemplary shampoo for use in accordance with the invention comprises (-)

5 terpinen-4-ol, in a substantially pure form or as a constituent of an essential oil such as 

E. dies, as an active ingredient to inhibit FGF-5-dependent signalling in a hair follicle 

or pat thereof. An exemplary shampoo comprising (-terpinen-4-ol may also comnprise 

one or more of the following additional ingredients: purified water, sodium laureth 

sulfate, lauryl. betaine, dipropylene glycol, lauranide DEA, glycol distearate, 

10 Sanguisorba officinais -root extract, Rosa multiflora fruit extract, Swertia japonica 

extract, chlorella vulgaris extract, Moringa pterygosperma seed extract, Eucalyptus 

globanus leaf extract, polyquaternium-64, polyquaternium-51, sodium lauroyl 

methylalanine, glycerol, polyquaternium 10, sorbitan stearate, polysorbate 80, PEG

stearate, dinethicone, laureth-2. citric acid, sodium citrate, butylene glycol, laureth-20 

15 muethylparaben, propylparaben, sodium salicylate, alcohol ethanoll and fragrances.  

Example 7- Shampoo formulation comprising ( ±Yerpinen-4-oi 

This example describes a shampoo formulation comprising ( hterpinem4-oL, 

20 An exemplary shampoo for use in accordance with the invention comprises (±)

terpincn-4-ol, in a substantially pure form or as a constituent of an essential oil such as 

from tea tree or sweet marjoram, as an active ingredient to inhibit FGiF-5-dependent 

signalling in a hair follicle or part thereof. An exemplary shampoo comprising (±i

terpinen-4-ol may also comprise one or more of the following additional ingredients: 

25 purified water, sodium laureth sulfate, lauryl betaine, dipropylene glycol., lauramide 

DEA, glycol distearate, Sanguisorha oficinalis root extract, Rosa multfhora fruit 

extract, Swertia japomica extract, chloella vulgaris extract. Moringo pierxgospenna 

seed extract, Eualyhpu globulus leaf extract, polyquaternium-64, polyquaternium-51, 

sodium lauroyl methylalanine, glycerol, polyquaterniumv 10. sorbitan stearate, 

30 polysorbate 80, PEG-5 stearate, dimethicone, laureth-2, citric acid, sodiumn citrate,
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butylene glycol, iaureth-20, methylparaben, propylparaben, sodium salicylate, alcohol 

(ethanol) and fragrances.  

Exanple 8 -Shanpoo fhmuidation conprising ai-Terpineot 

5 This example describes a shampoo formulaton comprising a&TerpineoL 

An exemplary shampoo for use in accordance with the invention comprises a

Terpineol, in a substantially pure form or as a constituent of an essential oil such as 

from Anthemis altissima or clary sage or lavandin, as an active ingredient to inhibit 

10 FGF-5-dependent signalling in a hair follicle or part thereof. An exemplary shampoo 

comprising (c0-Terpineol may also comprise one or more of the following additional 

ingredients: purified water. sodium. laureth sulfate, lauryl betaine. dipropylene glycol, 

lauranide DEA, glycol distearate, Sanguisorba officinalis root extract, Rosa imdtlora 

fruit extract, Swertia japonica extract, chlorella vulgaris extract, Moringa 

15 pterygosperma seed extract. Eucabyptus globuins leaf extract, polyquaternium-64, 

polyquaterniu-51, sodium lauroyl methylalanine, glycerol, polyquaternium- 10, 

sorbitan stearate, polysorbate 80, PEG-5 stearate, dimethicone, laureth-2, citric acid, 

sodium citrate, butylene glycol, launeth-20, methylparaben, propylparaben, sodium 

salicylate, alcohol (ethanol), aid fragrances.  

20 

Example 9 - Shaimpoo [ormulaton compvrisin±g y)-ter pinen-4-ol 

This example describes a shampoo formulation comprising (+)-terpinen-4-ol 

An exemplary shampoo for use in accordance with the invention comprises (+)

25 terpinen-4-ol, in a substantially pure form or as a constituent of an essential oil such as 

from tea tree or marjoram or lavender, as an active Ingredient to inhibit FGF-5

dependent signalling in a hair follicle or part thereof. An exemplary shampoo 

comprising (+)-terpinen-4-ol may also comprise one or more of the following 

additional ingredients: purified water, sodium laureth sulfate, lauryl betaine, 

30 dipropylene glycol, lauramide DEAS glycol distearate, Sanguisorba oflcinais root 

extract, Rosa mudripara fruit extract, Swertia japonica extract, chloreila vulgaris
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extract, Moringa pterygospera seed extract, Eucalyptus globula leaf extract, 

polyguaternium-64, polyquaternium-51. sodium lauroyl methylalanine, glycerol, 

polyquaternium- 10 sorbitan stearate, potysorbate 80, PEG-5 stearate, dimethicone, 

laureth-2, citric acid, sodium citrate. butylene glycol, laureth-20, methylparahen, 

5 propylparaben, sodium salicylate, alcohol (ethanol) and fragrances 

example 10 - Shampoo formndation emprisin' linalvl acetate 

This example describes a shampoo formulation comprising linalyl acetate.  

10 An exemplary shampoo for use in accordance with the invention comprises linalyl 

acetate, in a substantially pure form or as a constituent of an essential oil such as from 

bergamot or lavender or marjoram or lavandin or thyme or clary sage, as an active 

ingredient to inhibit FGF-5-dependent signalling in a hair follicle or part thereof. An.  

exemplary shampoo comprising linalyl acetate may also comprise one or more of the 

15 following additional ingredients purified water, sodium laureth sulfate, laurel betaine, 

dipropylene glycol, lauramide DEA, glycol distearate, Sanguisorba officials root 

extract, Rosa multiflora fruit extract, Swertia japonica extract, chloreila vulgaris 

extract, Moringa ptervgosperma seed extract, Eucalyptus globusl leaf extract, 

polyquaternium-64, polyquaternium-51, sodium lauroyl methylalanine, glycerol, 

20 polycuatemium 0 sorbitan stearate, polysorbate 80, PEG-5 stearate, dimethicone, 

laureth-2, citric acid, sodium citrate. butylene glycoL laureth-20. mnethylparaben, 

propylparaben, sodium salicylate, alcohol (ethanol), and fragrances, 

Example 1 - Shampoo formudation comprising linolool 

25 This example describes a shampoo formulation comprising tinalool' 

An exemplary shampoo for use in accordance with the invention comprises linalool in 

a substantially pure form or a. a constituent of an essential oil such as from marjoram 

or lavender or bergamot or .Peiargonium geranium, or neroli, as an active ingredient to 

30 inhibit FGF-5-dependent signalling in a hair follicle or part thereof. An exemplary 

shampoo comprising linalyl acetate may also comprise: one or more of the following
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additional ingredients: purified water. sodium laureth sulfate, lauryl betaine, 

dipropylene glycot, lauramide DEA, glycol distearatet Sanpisorba officinalis root 

extract, Rosa nuitiflora fruit extract, Swertia japonica extract, chlorella vulgaris 

extract; Moringa pIerygosperma seed extract, Ewalyptus glohulus leaf extract, 

5 polyquaternium-64, polyquatetuium-51, sodium lauroyl methylalanine, glycerol, 

polyquaternium-10, sorbitan stearate, polysorbate 80, PEG-5 stearate, dimethicone, 

laureth-2, citric acid, sodium citrate, butylene glycol. laueth-20, nethylparaben, 

propylparaben, sodium salicylate, alcohol (ethanol), and. fragrances 

10 Erample 12 -Shanmo formulation comp rising geranvi acetate 

This example describes a shampoo formulation comprising geranyl acetate.  

An exemplary shampoo for use in accordance with the invention comprises geranyl 

acetate, in a substantially pure form or as a constituent of an essential oil such as from 

15 carrot seed or citronella or palmarosa, as an active ingredient to inhibit FGF-5

dependent signalling in a hair follicle or part thereof. An exemplary shampoo 

comprising geranyl acetate may also comprise one or more of the following additional 

ingredients: purified water, sodium laureth sulfate. lauryl betaine, dipropylene glvcol, 

lauramide DEA, glycol distearate. Sanguisorba offiinalis root extract, Rosa multiflora 

20 fruit extract Swertia japonica extract, chlorella vulgaris extract, Moringa 

pterygospeIna seed extract, Eucalyptus giobulus leaf extract, polyquaternium-64, 

polycluaternium-5, sodium lauroyl methylalanine, glycerol., polyquaterniui-10, 

sorbitan stearate, polysorbate 80, PEG-5 stearate, dimethicone, laureth-2, citric acid, 

sodium citrate, butylene glycol, lauretl-20., methylparaben, propylparaben, sodium 

25 saticylate, alcohol (ethanol), and fragrances.  

Example 13 - Shampoo fomulation comprising l carveoi 

This example describes a shampoo formulation comprising l-carveot.  

30 An exemplary shampoo for use in accordance with the invention comprises i-carveol, 

in a substantially pure form or as a constituent of an essential oil such as from
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spearmint or caraway seed, as an active ingredient to inhibit FGF-5-diependent 

signalling in a hair follicle or part thereof, An exemplary shampoo comprising i-carveol 

may also comprise one or more of the following additional ingredients: purified water, 

sodium laureth sulfate. laurvi. betaine, dipropylene glycol, lauramide DEA, glycol 

5 distearate, Sanguisorba oftiinalis root extract, Rosa rmdtiflora fui t extract, Swertia 

japonica extract, chlorella vulgaris extract, Moringa pterygosperma seed extract, 

Eucalyptus globulhs leaf extract, polyquaternium-64, polyquaternuim-51, sodium 

laurovy inethvlalanine, glycerol., polyquaternium 10, sorbitan stearate, polysorhate 80, 

PEG-5 stearate, dimethicone, laureth-2, citric acid, sodium citrate, butylene glycol, 

10 laureth-20, nethylparaben, propylparaben, sodium salicylate, alcohol (ethanol), and 

fragrances.  

Example 14- Shampoo tonmdation comiprisinx p.'peritone 

This example describes a shampoo formulation comprising piperitone.  

15 

An exemplary shampoo for use in accordance with the invention comprises piperitone, 

in a substantially pure form or as a constituent of an essential oil such as from 

Eucalptus dives or lemon grass or mint, as an active ingredient to inhibit FGF-5

dependent signalling in a hair follicle or part thereof. An exemplary shampoo 

20 comprising piperitone may also comprise one or more of the following additional 

ingredients purified water, sodium laureth sulfate, lauryl betaine. dipropvlene glycol, 

Sauramide DEA, glycol. distearate, Sanguisorba oftcinalis root extract, Rosa multalra 

fruit extract, Swertia japonica extract, chlorella vulgaris extract, Moringa 

ptery'gosperma seed extract, Eucalyptus globidus leaf extract, polyquaternium-64, 

25 polyquaternium-51, sodium lauroyl methylalanine, glycerol, polyquaternium-10., 

sorbitan stearate, polysorbate 80, PEG-5 stearate, dimethicone, laureth-2., citric acid, 

sodium. citrate, butylene glyco, laureth-20, methylparaben., propylparaben, sodium.  

salicylate, alcohol (ethanol), and frarances, 

30
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Exampyle 15 - Tonic formation comprising -terninen'4-ol 

This example describes a tonic formulation comprising (-)-terpinen-4-ol.  

An exemplary tonic for use in accordance with the invention comprises (-)-terpinen-4

5 o, in a substantially pure form or as a constituent of an essential oil such as from 

Eucalvptus dives, as an active ingredient to inhibit FGF-dependent signalling in a hair 

follicle or part thereof. An exemplary tonic may also comprise one or more ofthe 

following additional ingredients: puified water, ethanol, butylene gycol. panthenv 

ethyl ether, Swere japonica (or Swa1a chirata) extract, glycyrchetinic acid. citric 

10 acid, sodium citrte, mnakodextrin, /nkioa extract. Eriobotrva japonica leaf 

extract, Paterhan oaffinaroot extract and Rosa muifiora fruit extract.  

For example, an exemplary tonic formulation of the invention comprises (4-terpinen-4

oh puified water. ethanol. butyene giveol Pareriwn oft/cnale root extract, Rosa 

15 udribar fruit extract, panthenyl eyl l ether. Swertia japonica (o Sterfia chirari) 

extract glycyrnhetinic cid citric acid, sodium citrate, and maitodextrin, wherein the( 

)-terpinen-4~ol is present in an amount between 0.01-3.0% or 0-01-03% by weight of 

active compound per unit volume of topical formulation (w/v) or by volume of 

essential oil per unit volume of the topical formulation (v/v) 

20 

For example, a formulation comprising both ()-terpinen-4-oi and piperitone in suitable 

concentration ranges is prepared as a dilution of the essential oil from E dives in a 

dilution range from about 1:10,000 (v/v) to about 1:33 (v/v), including 1:1000 (v/v) or 

1:500 (v/v) or 1:100 (v/v) or 1:50 (v/v) 

25 

Example 16 - Tonic foriduaton comprisuin (±)terpinen-4 -o/ 

This example describes a tonic formulation comprising (±)-terpinen-4-oL 

An exemplary tonic for use in accordance with the invention comprises (±tterpinen-4

30 ol, in a substantially pure form or as a constituent of an essential oil such as from 

lavender or other suitable source shown in Table 1, as an active ingredient to inhibit



WO 2015/085373 PCT/AU2014/050421 

116 

FGF-5-dependent signalling in a hair follicle or part thereof. An exemplary tonic 

formulation may alo comprise one or more of the following additional ingredients: 

purtIfid water, ethancl, butyene glycol, panthenyl ethyl ether, wrcin japOnca (or 

Swertia chiroa) extract. glycyrrhetnic aid, citric acid, sodium citrate naltdextr in 

5 Ginkgo boba extract. &iobotrya japcnia leaf extract. 'Poteriuam oinae root exCtract 

and Rosa nuliflora fruit extract.  

For example, an exemplary tonic formulation of the invemion comprises (±Yterpinen

4ol, purified water, ethanol, butye glycol, Porermn apicmce root extract Roa 

10 nifa fruit extract, panthenyl ethyl ether, Swar/a japonica (or Bwertia ohirata) 

extract, givcyrrhetinic acid, citric acid, sodium, citrate, and rmatodextrin, wherein the 

(±{-terpinen-4-ol is present in an amount between 0.01-30% or 0.01-&3% by weight of 

active compound per unit volume of topical formulation (wv) or by volume of 

essential oil per unit volume of the topical formulation (v/vt 

15 

Example 17 - Tonic formulation comprising a-Ter'wao 

This example describes a tonic formulation comprising a-Terpineol.  

An exemplary tonic for use in accordance with the invention comprises a-Terpineol, in 

20 a substantially pure form or as a constituent of an essential oil such as from. clary sage 

or other suitable source shown in Table 1, as an active ingredient to inhibit FGF-5

dependent signalling in a hair follicle or part thereof. An exemplary tonic fnrmulation 

may also comprise one or more of the following additional ingredients: purified watr 

ethanol. butylene glycol, panitbenyl ethyl ether, Swreria japonica (or Senia ehiratai 

25 extract , gycynrhetinic acid, citric acid, sodium eitrate, mattodex tr Ginkgo hi/aba 

extract Erioboarya japan/ca leaf extract, Parerncm c//cnade root extraet and Rlosa 

amu/la afru it extract.  

For example, an exemplary tonic formulation of the invention comprises (o-Terpineol, 

30 purified water, ethanol, butylene giycol Pateium finale root extract. Rosa 

mulalfic fruit extract. pantheny ethyl ether, Swon/a jappna (or SWertia chiraia)
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extract. gyytrrhenic acid, citric acid, sodium citrate, and aitodextri wherein the 

(a)-Terpineot is present in an amount between 0.01-3.0% or 0.01-03% by weight of 

active compound per unit volume of topical formulation (w/v) or by volure of 

essential oil per unit volume of the topical formulation (vv), 

5 

Exmple 18- Tonic feormlation comnprising (+ )tervinecn-4-ol 

This example describes a tonic formulation comprising (+)-terpinen-4-oL 

10 An exemplary tonic for use in accordance with the invention comprises (+)-terpinen-4

ol, in a substantially pure form or as a constituent of an essential oil such as from tea 

tree or other suitable source shown in Table 1, as an active ingredient to inhibit FGF-5

dependent signalling in a hair follicle or part thereof. An exemplary tonic formulation 

may also comprise one or more of the following additional ingredients: purified water 

15 ethanol, butylenc glycol, panthenyl ethyl ether, Swertia japanica (or Sl'crtia ehiraa 

extract, glycyrrhetinic acid, citric acik sodium citrate, nalrodextrin; Ginkgo bilba 

extract. Eriobcrva japonica leaf extract, Paterium mfe1ale root extract and Rosa 

mah flora fruit exnract.  

20 For example, an exemplary tonic formulation of the invention comprises (+)-terpinen

4-ol, pudfed water, ehianol, butylene grycol, Petcrium abe/na/e r extract, Roa 

mtnfara fruit extract, panthenyl ethyl ether, Swertia japanica (or Swera chirata) 

extract, glycyrrhetnic acid, citric acid, sodium citrate, and mattodextRin, where the 

(+kterpinen-4-ol is present in an amount between 0.01-3.0% or ).0i-0.3% by weight of 

25 active compound per unit volume of topical formulation (wv) or by volume of 

essential oil per unit volume of the topical formulation (v/v).
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Exapnle 19- Tonic formation comprising linalvl acetate 

This example describes a tonic formulation comprising linalyl acetate.  

An exemplary tonic for use in accordance with the invention comprises linalyl acetate, 

5 in a substantially pure form or as a constituent of an essential oil such as from lavender 

or other suitable source shown in Table 1, as an active ingredient to inhibit FGF-5~ 

dependent signalling in a hair follicle or part thereof. An exemplary tonic may also 

comprise one or more of the following additional ingredients: purified water, ethanol, 

butylene glycol, panthenyl ethyl ether, SerTia japonica (or Svcra chiaj) extract, 

10 glycyrrhednic acid, citric acid, sodium citrate, maltodextrin, Ginkgo hiloba extract.  

Eriobomrya japona C leaf extract. Paerium offinale root extract anda Rosa muJonr 

fruit extract.  

For example, an exemplary tonic formulation of the invention comprises linalyl acetate, 

15 punie c water, ethanol butvlene gjycol. Pateria m ofihima/e moo extract Rosa 

mung/ora fruit oxttact, panthent. ethyl ether. Swertia aponica (or Seti/a chIraa) 

extract, glyc'yrrhexinic acdi, citic acid, sodium citrate, and mahodextrin, wherein the 

linalyl acetate is present in an amount between 0.01-3.0% or 0.01-0.3% by weight of 

active compound per unit volume of topical formulation (w/v) or by volume of 

20 essential oil per unit volume of the topical formulation (v/v).  

Example 20- Tonic formulation comprisin linldool 

This example describes a tonic formulation comprising linalool.  

25 

An exemplary tonic for use in accordance with the invention cormprises linaloot in a 

substantially pure form or as a constituent of an essential oil such as from lavender or 

other suitable source shown in Table 1, as an active ingredient to inhibit FGF-5

dependent signalling in a hair follicle or part thereof. An exemplary tonic formulation 

30 may also comprise one or more of the following additional ingredients: pudfied water.  

ethanol. hutylene glycol, panthenyi ethyl ether, Swert/a japonica (or Swersaa chrata) 

extract, glycy'hetinic acid, citric acid, sodium cifrati, naltodextrin, Ginkgo buoba
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extract, Eriobcnwajaponica leaf extract, Prterium officinale root extract and Rosa 

nom flora fruit extract, 

For example, an exemplary tonic formulation of the invention comprises linalool, 

5 purified water, ethanol, butylene glycol, Poterum ofcinale rot extract, Rosa 

mtnil3 fruit extract, panthenyi etyote, wri ana (r Swertia chirta) 

extract glycyrrhetinic acit citric acid, sdniun citrate, and matodextrin, wherein the 

inalool is present in an amount between 0,01-30% or 0,01-03% by weight of active 

compound per unit volume of topical formulation (w/v) or by volume of essential oil 

10 per unit volume of the topical formulation (v/v).  

Example 21- Tonic farimation comprising geramyl acetate 

This example describes a tonic formulation comprising geranyl acetate.  

15 

An exemplary tonic for use in accordance with the invention comprises geranyl acetate, 

in a substantially pure form or as a constituent of an essential oil such as from carrot 

seed or other suitable source shown in Table L as an active ingredient to inhibit FGF

5-dependent signalling in a hair follicle or part thereof. An exemplary tonic formulation 

20 may also comprise one or more of the following additional ingredients: purified water, 

ethanol. butylene giycol, panthenyl ethyl ether, Swertia japonica (or Ye 'rtia chit ta) 

extract, giycyrrhetinic acid. cittle acidi, sodZim citrate, mialtodextrin, (Jinke bi/oba 

extract Eriobcrrya japonica leaf extract, Poteriunm offfe iale root ex tract and Rosa 

nuhitora fruit extact.  

25 

For example, an exemplary tonic formulation of the invention comprises geranyl 

acetate, purified water; ethanol butvene glycol, Poterwn oficinake root extract, Rosa 

mu~hflaa fruit tract panthenyl ethyl ether, Swrtuia japo ia (or Swertia chi a) 

extract, gyIrrheinI atc id, citric acid, sodium citrate, and mattodexin, wherein the 

30 geranyl acetate is present in an amount between 0,01-3.0% or 0,01-0.3% by weight of 

active compound per unit volume of topical formulation (w/v) or by volume of 

essential oil per unit volume of the topical -formulation (v/v).
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Example 22- Tonic fariation comprising I-carveoi 

This example describes a tonic formulation comprising I-carveol.  

An exemplary tonic for use in accordance with the invention comprises i-carveol, in a 

5 substantially pure form or as a constituent of an essential oil such as from spearmint or 

other suitable source shown in Table 1, as an active ingredient to inhibit FGF 

dependent signalling in a hair follicle or part thereof. An exemplary tonic formulation 

may also comprise one or more of the following additional inredients: purified water, 

ethanol, utylene glycol, panthenyl ethyl ether, Swertia japoni a (or- Swerfia chirota1 

10 extract' gcyrrhetinlic acid" citric acid, sodium citate malodextrin Ginkgo blioba 

extract, Eribarrya jpoica leaf extract, Poterium ohctna/e roct extract and Rosa 

muAlt7Po fruit extract.  

For example, an exemplary tonic formulation of the invention comprises -carveoi, 

15 purified water ethanol. butylene glycol, Polerio ofirie root extract Rosa 

muali;ara fruit extract, panthenyl eil ZtherSwertm ponica (or Swertia cIrata) 

extract; gycyrrhentic acid, citric acid, sodim citrate, and mnahodextrin, wherein the A 

carveol is present in an amount between 0.01 0% or 0.01-0.3% by weight of active 

compound per unit volume of topical formulation (w/v) or by volume of essential oil 

20 per unit volume of the topical formulation (v/v) 

Example 23- Tonic formulation comprising piperitone 

This example describes a tonic formulation comprising piperitone.  

25 

An exemplary tonic for use in accordance with the invention comprises piperitone, in a 

substantially pure form or as a constiment of an essential oil such as from Eucalyptus 

dives, as an active ingredient to inhibit FGF-5-dependent signalling in a hair follicle or 

part thereof. An exemplary tonic formulation may also comprise one or more of the 

30 following additional ingredients: purified water, ethanoL butylene glycol, pantherlyl 

ethyl ether, Swertia japonica (or Swerria cta) extract, glycyrrhetinic acid, citri
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acid, sodium itre. maitodextin, Ginkgo b/Ioba extract. Eriobotrva japonica Va 

extraci. Poterium oficindle root extract and Rosa rliflora fruit extract.  

For example, an exemplary tonic formulation of the invention, comprises piperitone 

5 purified water ethanol, butylene glycol, Poter/un ofinale root extract, Rosa 
ethr e~-et- 'er Sw-ria i aknt ora fruit extract, panthenyi etyote, wr aonia (or Swertia cirama) 

extract glycyrrheinic acit citric acid sodium citrate, and maltodcxtrin, wherein the 

piperitole is present in an amount between 0.01-3.0% or 0.010)3% by weight of active 

compound per unit volume of topical fonnulation (w/v) or by volume of essential oil 

10 per unit volume of the topical formulation (v/c).  

For example, a formulation comprising both (-)-terpinen-4-ol and piperitone in suitable 

concentration ranges is prepared as a dilution of the essential oil from E dives in a 

dilution range from about 1:10,000 (v/v) to about 1:33 (v/v) including 1I1,00 (v/v) or 

15 1:500 (v/v) or 1:100 (v/v) or 1:50 (v/v), 

Example 24 - Per une formmlation compvrising (4-terpinen-4-of 

This example describes a perfume formulation comprising (-)-terpinen-4-ol.  

20 

An exemplary perfume for use in accordance with the invention may comprise (-)

terpinen-4-ol in a substantially pure form or as a constituent of an essential oil such as 

from Eualyptus dives, formulated in an ethanol base comprising between 10% and 

60% ethanol and purified water. The essential oil will be present in an amount in a 

25 range of 0.01% -10% (v/v) of the perfume formulation.  

For example, a perfume comprising both (-)-terpinen-4-ol and piperitone in suitable 

concentration ranges is prepared as a dilution of the essential oil from . d/ves in a 

dilution range from about 1:10,000 (v/v) to about I :10 (v/v), including 1. :11,0(0 (v/v) or 

30 1:500 (vy) or 1:100 (v/v) or 1:50 (v/) or 1:20 (v/v)
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A preferred perfume formulation will comprise (terpinen-4o1 in an amount of at 

least about 0.01 % by weight of active compound per unit volume of topical formulation 

(w/v) or by volume of oil per unit volume of the topical formulation (v/vt such as 

about 0.095% by weight of active compound per unit volume of topical formulation 

5 (w/v) or by volume of oil per unit volume of the topical formulation (v/v).  

A perfume in accordance with the invention may also comprise one or more additional 

ingredients, such as one or more aromatic compounds and/or Swertia japonica (or 

Stwerna chiraa extract 

10 

Example 25 - Perfime formulation comprisinz (±Vterpinen-4-ol 

This example describes a perfume formulation comprising (±)terpinen -4-ol.  

15 An exemplary perfume for use in accordance with the invention may comprise (4) 

terpinen-4-oL in a substantially pure form or as a constituent of an essential oil such as 

tea tree oil, formulated in an ethanol base comprising between 10% and 60% ethanol 

and purified water. The essential oil will be present in an amount in a range of about 

0.01% to about 10% (v/v) of the perfume formulation.  

20 

A preferred perfume formulation will comprise (W}-terpinen-4-ol in an amount of at 

least 0.01% by weight of active compound per unit volume of topical formulation (wv) 

or by volume of oil per unit volume of the topical formulation (v/vt such as about 

0.095% by weight of active compound per unit volume of topical formulation (w/v) or 

25 by volume of oil per unit volume of the topical formulation (v/v)t 

A perfume in accordance with the invention nay also comprise one or more additional 

ingredients, such as one or more aromatic compounds and/or Sulerta japonia (or 

Sweri rh/rta) extract.  

30
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Example 26 - Per f ume formulation corprising oTerpineol 

This example describes a perfume formulation comprising s-TerpineoL 

An exemplary perfume for use in accordance with the invention may comprise x

5 Terpineol in a substantially pure form or as a constituent of an essential oil such as 

clary sage oil., formulated in an ethanol base comprising between 10% and 60% ethanol 

and purified water. The essential oil will be present in an amount in a range of 0.01%

10% v/v of the perfume formulation.  

10 A preferred perfume formulation will comprise (a)-Terpineol in an amount of at least 

about 0.01% by weight of active compound per unit volume of topical formulation 

(w/v) or by volume of oil per unit volume of the topical formulation (v/v), such as 

about 0.095% by weight of active compound per unit volume of topical formulation 

(w/v) or by volume of oil per unit volume of the topical formulation (Y/v). A perfume 

15 in accordance with the invention may also comprise one or more additional ingredients, 

such as one or more aromatic compounds and/or $w enia japonica (or S nertia chi-ata) 

extract.  

20 ExampiLe 27- Perifwne formuation comprising (+)-terpinen-4-ol 

This example describes a perfume formulation comprising (+)-terpinen-4-ol.  

An exemplary perfume for use in accordance with the invention may comprise (+

terpinen-4-ol, in a substantially pure form or as a constituent of an essential oil such as 

25 tea tree oil, formulated in an ethanol base comprising between 10% and 60% ethanol 

and purified water, The essential oil will be present in an amount in a range of 0.01%

.10% (v/v) of the perfume formulation.  

A preferred perfume formulation will comprise (+)-terpinen-4-ol in an amount of at 

30 least about 0.01% by weight of active compound per unit volume of topical formulation 

(w/v) or by volume of oil per unit volume of the topical formulation (v/v). such as
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about 0,095% by weight of active compound per unit volume of topical formulation 

(w/v) or by volume of oil per unit volume of the topical formulation (v/v) 

A perfume in accordance with the invention may also comprise one or more additional 

5 ingredients, such as one or more aromatic compounds and/or Swertia japonica (or 

Swertia chirata) extract.  

Example 28- Perfyne formation compriiue Inalvi acetate 

10 This example describes a perfume formulation comprising Iinalyl acetate.  

An exemplary perfume for use in accordance with the invention may comprise linalyl 

acetate, in a substantially pure form or as a constituent of an essential oil such as 

lavender oil, formulated in an ethanol base comprising between 10% and 60% ethanol 

15 and purified water The essential oil will be present in an amount in a range of 0.01%

10% (v/v) of the perfume formulation.  

A preferred perfume formulation will comprise linalyl acetate in an amount of at least 

about 0,01% by weight of active compound per unit volume of topical formulation 

20 (w/v) or by volume of oil per unit volume of the topical formulation (v/v), such as 

about 0.095% by weight of active compound per unit volume of topical formulation 

(w/v) or by volume of oil per unit volume of the topical formulation (v/v).  

A perfume in accordance with the invention may also comprise one or more additional 

25 ingredients, such as one or more aromatic compounds and/or Swertia japonica (or 

Swertia chirata) extract.  

Example 29- Perfume formulation comprising 1/na/vol 

30 This example describes a perfume formulation comprising 1 inalool.
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An exempla1y perfume for use in accordance with the invention may comprise linalool, 

in a substantially pure form or as a constituent of an essential oil such as lavender oil, 

formulated in an ethanol base comprising between 10% and 60% ethanol and purified 

water. The essential oil will be present in an amount in a range of 0,01%0% (v/v) of 

5 the perfume formulation.  

A preferred perfume formulation will comprise linalool in an amount of at least about 

0-01% by weight of active compound per unit volume of topical formulation (w/v) or 

by volume of oil per unit volume of the topical formulation (vl such as about 0.095% 

10 by weight of active compound per unit volume of topical formulation (w/v) or by 

volume of oil per unit volume of the topical formulation (v/v).  

A perfume in accordance with the invention may also comprise one or more additional 

ingredients. such as one or more aromatic compounds and/or Sierdia japaniea (or 

15 SwerIchirat) exttct 

Example 30- Pet fame formulation comprisin g geranvi acetate 

This example describes a perfume formulation comprising geranyl acetate.  

20 

An exemplary perfume for use in accordance with the invention may comprise geranyl 

acetate, in a substantially pure form or as a constituent of an essential oil such as carrot 

seed oil, formulated in an ethanol base comprising between 10% and 60% ethanol and 

purified water, The geranyl acetate or essential oil comprising same will be present in 

25 an amount in a range of 0.01 %o- 10% (v/v) of the perfume formulation.  

A preferred perfume formulation will comprise geranyl acetate i an amount of at least 

about 0.01 % by weight of active compound per unit volume of topical formulation 

(w/v) or by volume of oil per unit volume of the topical formulation (v/v), such as 

30 about 0.095% by weight of active compound per unit volume of topical formulation 

(w/v) or by volume of oil per unit volume of the topical formulation (v/v).
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A perfume in accordance with the invention may also comprise one or more additional 

ingredients, such as one or more aromatic compounds and/or Swertia japonica (or 

Swertia chrata) extract.  

5 

Example 31- Perfum formulation comp rising I-carveo 

This example describes a perfume formulation comprising /-carveoL 

10 An exemplar, perfume for use in accordance with the invention may comprise I 

carveol, in a substantially pure form or as a constituent of an essential oil such as 

spearmint oil, formulated in an ethanol base comprising between 10% and 60% ethanol 

and purified water. The essential oil will be present in an amount in a range of 0.01%

10% (v/v) of the perfume formulation.  

15 

A preferred perfume formulation will comprise [-carveol in an amount of at least about 

0,01% by weight of active compound per unit volume of topical formulation (w/v) or 

by volume of oil per unit volume of the topical formulation (v/v), such as about 0.095%.  

by weight of active compound per unit volume of topical formulation (w/v) or by 

20 volume of oil per unit volume of the topical formulation (v/v).  

A perfume in accordance with the invention may also comprise one or more additional 

ingredients, such as one or more aromatic compounds and/or Swerria japonica (or 

iewr'rtia du6,rota) extract.  

25 

Example 3.32 Perfume fonlation comtprisingiperitone 

This example describes a perfume formulation comprising piperitone 

An exemplary perfume for use in accordance with the invention may comprise 

30 piperitone, in a substantially pure form or as a constituent of an essential oil from 

Eucalyptus dives, formulated in an ethanol base comprising between 10% and 60%



WO 2015/085373 PCT/AU2014/050421 

127 

ethanol and purified water. The essential oil will be present in an amount in a range of 

0.01 %-10% (v/v) of the perfume formulation.  

For example, a perfume comprising both (~)-terpinen-4-ol and piperitone in suitable 

5 concentration ranges is prepared as a dilution of the essential oil front C dives in a 

dilution range from about 1:10,000 (v/v) to about 1:10 (v/v). including 1:1,000 (v/v) or 

1:500 (v/v) or 1:100 (vN) or 1:50 (v/v) or 1:20 (v/v).  

A preferred perfume formulation will comprise piperitone in an amount of at least 

10 about 0.01% by weight of active compound per unit volume of topical formulation 

(w/v) or by volume of oil per unit volume of the topical forulation (v/v), such as 

about 0.095% by weight of active compound per unit volume of topical formulation 

(w/v) or by volume of oil per unit volume of the topical formulation (v/v) 

15 A perfume in accordance with the invention may also comprise one or more additional 

ingredients such as one or more aromatic compounds and/or Swerdi punica (or 

Sweria chirota) extract.  

20 ExampLe 33 - Testing of topical formulations in a rodent model of androgenic aloapecia 

This example shows exemplary means for testing efficacy of topical formulations of 

the invention on therapy of androgenic alopecia.  

One or more topical formulations described in the preceding examples is administered 

25 to a rodent model of androgenic alopecia described by Crabtree et al, Endocrinology, 

151(5):2373-2380, 2010 (test groups), The topical formulations are applied twice daily 

to the dermis of mice in the respective test group for a period of 30 days or 60 days or 

90 days or 120 days. Hair/fur loss and hair/fur growth is monitored throughout the 

application period to determine the effect of the topical formulations comprising test 

30 compound(s) of the invention on hair toss and/or hair thinning in mice to which the
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formulation has been administered relative to a control group to which a placebo or 

control has been administered.  

Example 34 - Testing of formulations in a primate model of andro-enic alopecia 

5 This example shows exemplary means for testing efficacy of topical fornulations of 

the invention on therapy of androgenic alopecia.  

One or more topical formulations described in the preceding examples is administered 

to a primate model of androgenic alopecia described by Brigham et al, Clinical 

10 Dermatology 6 177-1-87, 1998 and/or Sundberg et al., Experimental and Molecdar 

Pathology 67 118-130, 1999. A topical formulation is applied to the dermis of the 

animal in the respective test group for a period of 30 days or 60 days or 90 days or .120 

days. For example, a shampoo formulation as described may be administered to wet 

fur, massaged into the animal's skin and left for a period of 2-3 minutes, and washed 

15 off. Alternatively, a tonic formulation as described may be administered to fur 1-2 

times per day. e.g., morning and evening, and massaged into the skin. Hair/fur loss and 

hair/fur growth is monitored throughout the test period to determine the effect of the 

topical formulation(s) on hair loss and/or hair thinning in those animals to which a 

topical formulation has been administered relative to a control group to which a 

20 placebo or control has been administered.  

Example 35 - Testine of topical simulationss in a rodent nodel of alopecia areata 

This example shows exemplary means for testing efficacy of topical formulations of 

the invention on therapy of androgenic areata.  

25 

One or more topical formulations described in the preceding examples is administered 

to a C3H/HeJ mouse model of alopecia areata described by Sundberg et at., Journal of 

Investigative Dematology, 102:847-56, 1994. A topical formulation is applied to the 

dennis of the animal. in the respective test group for a period of 30 days or 60 days or 

30 90 days or 1.20 days. For example. a shampoo formulation as described may be
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administered to wet fur, massaged into the animals skin and left for a period of 2-3 

minutes, and washed off. Alternatively, a tonic fornulation as described is 

administered to fur 1-2 times per day.e. g., morning and evening, and ma-ssaged into the 

skin. Hair/fur loss and hair/fur growth is monitored throughout the test period to 

5 determine the effect of the topical formulations on hair loss andlor bair thinning in 

those animals to which a topical formulation has been administered relative to a control 

group to which a placebo or control has been administered.  

Example 36 - Testing of topical fornmiltions in a rodent model of acute alopecia 

10 This example shows exemplary means for testing efficacy of topical formulations of 

the invention on therapy of acute alopecia.  

One or more topical formulations described in the preceding examples is administered 

to a C57 BL/6 mouse model of acute alopecia described by Paus et al, American 

15 Journal of Pathology 144:719-734, 1994. Adolescent. 6- to S-week-old, female.  

syngeneic C 57 BiJ6 mice (15 g to 20 g weight) with normal, black fur are housed in 

community cages with 12-hour light cycles and fed mouse chow and water ad 1/biluin.  

Mice in telogen, as determined homogeneously pink color of their back skin, are 

depilated to induce a synchronized anagen, by applying a melted wax/rosin mixture to 

20 the back skin and by peeling off this mixture after hardening. About 9 days following 

depilation, the mice ate then injected once intraperitoneally with 150 mg/kg body 

weight aqueous solution of cyclophosphamide, optionally with cyclosporine A 

administered intraperitoneally in 0.5 ml corn oil, at each of 7. 9 and 11 days post

depilation (250 mg/kg per dose) to prolong the testing period by delaying recovery 

25 from eyclophosphamide-induced alopecia. If required, animals are given a further 

injection of cyclophosphamide to extend the testing period. A topical fornmuation of 

the invention as described according to any example hereof is applied to the dermis of 

the animal in the respective test group for a period of up to 30 lays or up to 60 days or 

up to 90 days or up to 120 days. For example, a shampoo formulation as described may 

30 he administered to wet fur, massaged into the animal's skin and left for a period of 2-3 

minutes, and washed off. Alternatively, a tonic formulation as described is
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administered to fur 1L2 tines per day, e.g. morning and evening; and massaged into the 

skin. Skin color changes indicating the effect of test drugs on hair cycling and follicle 

melanogenesis, and hair regrowth, are monitored throughout the test period to 

determine the effect of the topical. formulation(s) on hair loss and/or hair thinning in 

5 those animals to which a topical formulation has been administered relative to a control 

group to which a placebo or control has been administered. Mice are also sacrificed to 

permit histological analysis of follick responses and recovery (morphonetry) in the 

presence aid absence of the topical formulations. Together, these data define a pattern 

of hair follicle response to the topical formulation(st and monoterpenoid-nediated 

10 recovery from acute alopecia.  

Example-37- Testingof topical fornulations for non-ther peutie or cosmetic purposes 

This example shows exemplary means for testing efficacy of topical formulations of 

15 the invention on hair loss anti/or hair thinning and/or hair volume when applied to the 

dermis of a human subject not suffering from alopecia.  

One or more topical formulations described in the preceding examples is administered 

to a mate or female subject (as appropriate) who is not suffering from alopecia. The 

20 topical formulation is applied to the scalp twice daily e.g., morning and evening, for a 

period of up to four months. For example, a shampoo formulation as described is 

administered to a male or female subject (as appropriate) who is not suffering from 

alopecia. To administer the shampoo formulation is applied to wet hair, massaged into 

the scalp with fingertips and left on the scalp for a period of 2-3 minutes, after which 

25 time the shampoo is rinsed thoroughly from hair. This process is performed once daily 

throughout the test period. Alternatively, a tonic formulation is applied to the scalp 

twice daily e.g., morning and evening, throughout the test period. and after each 

application the tonic is massaged gently into the scalp. Hair loss, hair growth and hair 

volume is monitored throughout the four month period to determine the effect of the 

30 shampoo formulation on hair loss and/or hair thinning and/or hair volume in the subject 

to which the shampoo formulation is administered.
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Hair growth rate, anagen/catagen ratio, hair shaft diameter are determined by 

Phototrichogram.  

5 
Example 38- Effic'acy of topical fomulatinspr treating hair loss in humans 

This example demonstrates the efficacy of an exemplary topical formulation to: (1) 

reduce hair fall/loss; (2) increase hair growth: and/or (3) increase anagen:catagen ratio, 

ti males and females suffering from male and fernale pattern baldness respectively.  

10 

Trial design 

The trial was designed as a randomised, single-blinded, placebo controlled clinical trial 

of a topically applied FGF-5 inhibiting lotion for treating hair loss.  

Trial cohort 

15 A total of 20 adult subjects between the age of 25-55 having mild to moderate male and 

female pattern baldness were included in the trial.  

The inclusion citeria for subjects were as follows: 

* Subjects exhibited pattern baldness on Hamilton-Norwood scale 2 to 4 for men 

20 (Figure 11) or Ludwig scale 1-2 to 11-2 for women (Figure 12) which was not 

complicated with other crucial hair disorders, such as alopecia areata (cyclic 

alopecia), loose anagen syndrome, acute anagen or telogen effluvium. and 

trichotioiania etc. Based on confirmatory visual assessment by suitably trained 

medical practicitioners e.g., Staff MD's from AMA Laboratory Inc., 

25 * Subjects were healthy, non-obese and not undergoing or recently completing any 

medical interventions or using any medications, and not utilising any other hair 

loss treatment: and 

* Subjects were within a healthy weight range for height iL., body mass index (BMI) 

between 19-26.  

30
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Subjects were excluded from the trial if they: 

were suffering from scalp inflammation or a skin condition, had known allergies to 

any lotion ingredients, were receiving any hair loss treatments currently or in the 

last 6 weeks prior to enrollment, were pregnant, breastfeeding or planning a 

5 pregnancy in next 6 months: and/or 

+ had undergone hypothyroidism or thyroid hormone treatment in the 6 weeks prior 

to enrollment, 

Tiat methodology 

10 Patients were randomised into two (2) sex- and age-matched groups (n= 10/group; sex 

ratio was set to 1:1, he, 5 males and 5 females, but skewed as far as 7:3 based on 

ability to recruit suitable subjects). Group 1 received a Placebo Formulation and Group 

2 received a Test Formulation. in each case, the formulation was self-applied twice 

daily for two weeks.  

15 

The formulations were as follows: 

Placebo Formo Iation: 

Ethanol 6t0 600.00 

Purified water qa.  

Test Formulation: 0.095% (v/vi Piperitone 

...... x...t 

(--piperitone 088 
Rosa ruldiflora fruit extract 1 0 (in solution) 1,67 

Poterium officinale root extract 1 0 (n soluton) 2.50 

Swertia chirata whole plant extract 0 03 (in solution) 360 

Ethanol 6(W) 600.00 

1L- Butylene Glycol 3.0 30,00 

Panthenyl ethyl ether 0.3 .00 

Glyryrrhethiic acid 0.1 1.00 
Citric acid anhydrous 0.025 0.25 

Sodium citrate 0.024 0.24 
Purinied water q' 

20
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Subjects agreed to use the same sbampoo and to maintain the same hair style, hair 

length and hair colour throughout the duration of the study, and to refrain from cutting 

the scalp hair shorter than 1 inch in length during that time. Subjects were evaluated 

for compliance by phone/enail contact after the first week.  

5 

Self-assessment was performed by questionnaire prior to treatment and at days 7 and 14 

of the study.  

Results 

10 At day 7 of the study, subjects in Group 2 applying the Test Formulation. perceived 

improved hair volume, reduced hair loss, stronger hair, thicker hair, improved hair 

density and strengthening of fine hair to a greater extent than those subjects in Group 1 

applying the Placebo Formulation (Figures 13-1.6, 1.8 and 19 respectively). This trend 

continued at day 14, with the additional observation that subjects in in the Group 2 

.15 applying the Test Formulation perceived that hair fall was prevented to a greater extent 

relative to those subjects in Group 1I applying the Placebo Formulation (Figure 17), 

Based on the foregoing data, it was found that the topical application of Test 

Formulation I was effective for treating hair loss in subjects suffering from male 

pattern baldness and female pattern baldness.  

20 

Example 39 - Efficacy of piperitone to increase hir growth in hair follicles from 

marine vibrissae ex vivo 

Methodology 

25 Preparation of follicles 

Five week old mate C3H mice (supplied by Japan SLC, Inc., Hamamatsu, Japan) were 

used for isolation of vibrissac follicles. The mice were sacrificed and the vibrissae 

follicles were carefully dissected from the mystacial pad. Briefly, the mystacial pad 

was cut into two sides (left and right). The skin cut, picked at the edge by tweezers, was 

30 washed in (i) 70% Ethanol for 30 seconds, (ii) PBS for 10 seconds. (iii) fresh PBS for 

10 seconds, and (iv) another fresh PBS for 10 seconds. This washing process was
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repeated twice. After washing. the skin cut was pla ced it'erted to expose the vibrissa 

follicles in Dulbecco's Modified Eagle's Medium (DMEM; Wako Pure Chemical.  

Osaka. Japan) at 37C. Under a dissecting microscope, the surrounding tissue was 

removed from the follicles using tweezers, carefully so as not to destroy the structure of 

5 the follicles; The isolated follicles were then placed immediately into Williams' E 

medium (Life Technologies, Cadsbad, USA), Those follicles that exhibited fine 

growing fibers were then transected leaving 0. 5 mm of the hair shaft from the frontier 

with the hair bulb.  

10 From the isolated mouse vibrissae follicles, only early anagen follicles were selected 

and randomized into groups with 30 follicles per group. The anagen phase follicles 

were laid individually on 0.7 mm x 0.7 tumm Gelfoam (Pfizer. New York. USA) 

submerged in 0.5 ml Williams E mediun supplemented with 30 pg/mL Insulin (Wako 

Pure Chemical), 10 ng/mL Hydrocortisone (Sigma-Aldrich, St. Louis USA) and 2 mM 

15 GlutaMAX (Life Technologies) without any preservatives in a 24-well plate.  

FOP-5 cultures 

A stock of FGF-5 solution (100 pg/mL was prepared by dissolving 100 pg of FGF-5 

protein (R&D Systems, Minneapolis, USA) in I il of PBS (Takara Bio. Otsu, Japan), 

20 The stock solution was diluted further in culture medium to yield a culture medium 

with a final FGF-5 concentration of 300ng/mL. This culture medium was used for 

culturing follicles in the FGF-5 treatment group. In contrast, the follicles cultured in 

medium without the addition of FGF-5 served as controls.  

25 Follicles in each of the treatment and control groups were incubated at 37*C at 5% CO_ 

for 8 days, while exchanging the respective culture mediums every 2 days. From Day 1, 

elongation of hair shafts was observed and the elongation length was measured for each 

hair shaft every 24 hours from Day I to Day 8 using a micrometer under microscope.  

The foil es which showed apparently abnormal growth (extremely low or no) growth 

30 were excluded from the data set. Among the early inagen phase follicles selected for 

culture, almost 30% of them. were qualified up to Day 8.
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Piperitone cultures 

A stock of Piperitone solution with a concentration of 100 mg/ml was prepared by 

dissolving 100mg of Piperitone (Tokyo Chemical Industry, Tokyo. Japan) in I ml of 

5 Ethanol. The stock solution was diluted further in culture medium to yield a culture 

median with a final Piperitone concentration of 0.1mg/mL. This culture medium was 

used for culturing follicles in the Pipeitone treatment group. in contrast, the follicles 

cultured in medium without the addition of Piperitone served as controls, 

10 Follicles in each of the treatment and control groups were incubated at 37C at 5% C2 

for 5 days, while exchanging the culture medium every 3 days. From Day I 

elongation of hair shafts was observed and the elongation length was measured for each 

hair shaft every 24 hours from Day 1 to Day 5.using a micrometer under microscope.  

The follicles which showed apparently abnormal. growth (extremely low or no) growth 

15 were excluded from data set. Among the early anagen phase follicles selected for the 

culture, almost 30% of them were qualified up to Day 5.  

Resdts 

FGF-5 cultures 

20 The addition of exogenous FGF-5 to follicle cultures was shown to slow the rate of hair 

shaft elongation over time (Figures 20 and 21), This is particularly apparent from the 

growth curves presented in Figures 20 and 21, which show that the rate of hair growth 

diminishes over time for those follicles cultured in the presence of FGF-5 relative to 

those follicles in the control group, particularly from days 5-8. This observation 

25 supports the inventor's theory that FGF-5-dependent signalling is important in the 

processes that lead to hair loss and/or thinning.  

Piperitone cultures 

As is apparent from Figure 22, hair shaft elongation continued steadily and consistently 

30 throughout the culture period for those follicles cultured in medium containing 

piperitone. i contrast, the rate of hair shaft elongation for follicles in the control group
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declined from days 3-5 due to the uninhibited activity of endogenous FGF-5 secreted 

by the follicles. Based on these results. the inventors observed that the addition of 

piperitone to the culture medium increased hair growth by inhibiting the activity of 

endogenous FGF-5 secreted by the follicles.  

5 

It will be appreciated by persons skilled in the art that numerous variations andx/or 

modifications may be made to the invention as shown in the specific embodiments 

without departing from the scope of the invention as broadly described. The present 

embodiments are, therefore, to be considered in all respects as illustrative and not 

1.0 restrictive.
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WE CLAIM: 

L A topical formulation comprising an isolated Cm-monoterpenoid or isolated 

enantioner thereof or an isolated ester thereof with a carboxylic acid, wherein said C1

5 mionoterpenoid or enantiomer or ester is in an amount sufficient to reduce fibroblast 

growth factor 5 (FGF5)~dependent signalling in a hair follicle cell, and wherein the C10 

monoterpenoid is of formula (R) 

R3 

XNN 

Y R1, 

R2 

10 

fannul a (I) 

wherein: 

R1 is hydrogen, hydroxyl or oxygen; 

R2 is absen-t or hydrogen or hydroxyl; 

15 R-4 i's CH--: 

X is CH ; or CH2OH, or 

X is CHCH, or CHOHCH, and X and Y together form a single bond within a 

G-membecred ring; 

Y is CH-, when X is, CH3 or C-H.1H. or 

20 Y is CH or COH wh"en X is CH2CH- or CHOHCHI; and 

Z is a saturated or unsaturated C-1-C5 alkcyl or alkyl ester, 

2 The topical formnulation according to claim 11, wherein the C(,monoterpe.)noid is 

selected from the group J consisting of

25 3Mty~(poa2~lyche~-n1ne(piperitone); 

1-Isopropyl-4-miet-hyl-3-cyclohexe-n-1-ol] (terpinen-4-ol);, 

2-(4Methl4-ycloexe-1-y)-2propnol(alpha-terpincol); 

2-Miethyl-5-(1-miethylethenyl.)-2-cyclohlexeni- I-ol (carveol);
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6-Iopropyi-3-methyl-2-cydlhexen-1-one (3-carvomenthenone); and 

3.7-Dimethyl-1;6-octadien-3-ol (linalool), 

3 The topical formulation according to claim 2, wherein the Cm-monoterpenoid Is 

5 3-Methyl-6-(propan-2-yl)cycliohex--en-l-one (piperitone) or -Isopropyl-4-methyi-3

cyclohexen-1-ol (terpinen-4-ol).  

4. The topical formulation according to claim I comprising a carboxylic acid 

monoester of the C1 -monoterpenoid.  

10 

5. The topical fornaulation according to claim 4, wherein the carboxylic acid 

monoester is a monoester with a carboxyl-ic acid selected from acetic acid, propionic 

acid and formie acid.  

15 6. The topical formulation according to clain 2 or 5, wherein the C10

monoterpenoid carboxylic acid ester is selected from the group consisting of: 

(2E)h-3. 7-Dimethyl-2,~octadiendy . acetate (geranyl acetate); 

3,7-Dimethyl-I .0octadiena3-y acetate (inalyl acetate); 
2-(4-Methyl-3-cyclohexen- -yl)-2-propanyl acetate (terpinyl acetate); and 

20 5-Isopropenyl-2-methyl-2-cyclohexen-I-yl acetate (carvyl acetate) 

7. The topical formulation accordinIg to claim I comprising an isolated enantiomer 

of the C3 -monoterpenoid.  

25 8. The topical formulation according to claim 7, wherein the isolated enantiomer is 

selected from the group consisting of: 

(R)-1-Isopropyl-4-methyl-3-cyclohexen-1-ol [(-)-terpinen-4-ol]; 

(IS)- -Isopropyl.-4-methyl-3-cyclohexen- 1 -ol [(+)-terpinen-4-ol]; 

2-[(IR)-4-Methylcyclohex-3-en -i-yl]propa-2-ol [(+) alpha-terpineol]; 

30 (6R)3-mnehyl-6-(propan2-l)cyclohex2-en- 1-one [()piperitone]; 

(6S)-Methyl-6-prop'n-2~yi)cyclohex~2-eni-one [(+)-piperitone]; 
(33)-3,7-Dimethyl-1 ,6-octadien-3-oI [(+)-Linalool; 

(3R)- 3,7-Dimethyl-1 .6-octadien-3-oi [(-Linalool]; 

(JR,SR) -2-Methyl-5-( 1- methylethenyl)2-.cyclohexen-.I-ol [()-is-carveol]; 

35 (iS,S)-2-Methyl-5-( 1 -methylethenyi)-2-cyclohexen-1I-ol t(+)-cis-carveoli;
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(1R?,SS)-2-Methyl-5-( 1-methylethcnyl)j-2-cyclohexen- I-ol [1-) -trans-carvedl; 
and 

(1SR R)-2-Methyl-5-( 1-methylethenyi)-2-cyclohexen-1-ol [(-)-trans-carveolj.  

5 9. A topical formulation comprising isolated 1-Isopropyl-4-methyl-3-cyciohexen

1-01 (terpinen-4-ol) or an isolated enantioner or carboxylic acid ester thereof, wherein 

said terpinene-4-ol or enantioner or ester thereof is in an amount sufficient to reduce 

fibroblast growth factor 5 (FGF5)-dependent signalling in a hair follicle cell.  

10 1.0, A topical formulation comprising isolated 3-rnethvl-6~(propan2--ycyclohex-2

en-I-one (piperitone) or an isolated enantiomer or carboxylic acid ester thereof, 

wherein said piperitone or enantiomer or ester thereof is in an amount sufficient to 

reduce fibroblast growth factor 5 (FGF5)-dependent signalling in a hair follicle el 

15 11, The topical formulation according to claim 9 or 10, wherein the formulation 

comprises (i) isolated 1 -Isopropyl-4-methyl-3-cyclohexen-1-ol (terpinen-4-ol) or an 

isolated enantiomer thereof and (ii) isolated 3-nethyl.-6-(propan-2-yl)cyclohex-2~en--l 

one (piperitone) or an isolated enantioner thereof.  

20 12. The topical formulation according to any one of claims 1 to 11, wherein the total 

amount of the C1 -monoterpenoid or ester or enantiomer thereof is an amount sufficient 

to reduce or inhibit FGF-5 activity in the hair follicle or part thereof 

13. The topical formulation according to any one of claims I to 12, wherein the total 

25 amount of the Cpo-monoterpenoid or ester or enantiomer thereof is an amount sufficient 

to reduce or inhibit FGF-5 binding to a cognate fibroblast growth factor receptor 

(FGFR) in the hair follicle or part thereof.  

14, The topical formulation according to any one of claims 1 to .1 3 comprising a 

30 topical. carrier, excipient or emollient.  

15. The topical formulation according to any one of claims 1 to 14, further 

comprising one or more adjunctive agents effective for treatment or prevention of hair 

loss, 

35
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16. A method of reducing or delaying or preventing loss of terminal hair in a subject 

who is not suffering from alopecia, said method comprising administering the topical 

formulation according to any one of claims 1 to 15 to an area of the dermis or skin of a 

subject in which loss of terminal hair is to be reduced or delayed or prevented or an 

5 area of denis adjacent or surrounding thereto for a time and under conditions 

sufficient to reduce or delay or prevent the loss of terminal hair, 

17, The method according to any one of claims 16, wherein: 

(i) the terminal hair is scalp hair and the method comprises administering the 

10 topical formulation to the scalp of the subject; 

(ii) the terminal hair is eyelash hair and the method comprises administering the 

topical formulation to the eyelid or eyelash of the subject; and/or 

(iii) the terminal hair is eyebrow hair and the method comprises administering the 

topical formulation to the face or forehead or eyebrow of the subject.  

15 

I&8 The method according to any one of claims 16 or 17, wherein delaying loss of 

terminal hair conprises; 

(i) delaying hair follicles comprising the termiinal hair from entering catagen phase; 

and/or 

20 (ii) extending an anagen phase of hair follicles comprising the terminal hair.  

19, The method according to any one of claims 16 to 18, wherein terminal hair 

growth is promoted or enhanced, 

25 20. A method of treatment or prevention of alopecia in a subject, said method 

comprising administering the topical formulation according to any one of claims 1 to 

15 to an area of the dermis or skin of a subject in which the alopecia is to be treated or 

prevented or an area of dermis adjacent or surrounding thereto for a. time and under 

conditions sufficient to reduce or delay or prevent the loss of terinal hair in the 

30 subject.  

21. The method according to any one of claims 20, wherein: 

(i) the alopecia involves scalp hair and the method comprises administering the 

topical formulation to the scalp of the subject; 

35 (ii) the alopecia involves eyelash hair and the method comprises administering the 

topical formulation to the eyelid or eyelash of the subject; and/or
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(iii) the alopecia involves eyebrow hair and the method comprises administering the 

topical formulation to the face or forehead or eyebrow of the subject.  

22. Use of at least one isolated C(t-monoterpenoid or isolated enantiomer thereof or 

5 an isolated ester thereof with a carboxylic acid as defined in any one of claims I to 15 

in the preparation of a topical medicament for the treatment or prevention of alopecia in 

a subject.  

213 Use of an isolated C 10-monoterpenoid or enantionier thereof in the preparation 

10 of a topical mnedicamemIt for the treatment or prevention of alopecia in a subject, 
wherein the isolated Ct-omonoterpenoid is 1-isopropy-4-methyl-3-vclohexen-1-ol 

(terpinen-4-ol 

24 Use of an isolated Cw-monoterpenoid or enantiomer thereof in the preparation 

15 of a topical inedicaient for the treatment or prevention of alopecia in a subject, 

wherein the isolated Cjo-monoterpenoid is 3-methyl-6-(propan-2-y)cyclohex-2-en-1

one (piperitone).  

25. The use according to claim 23 or 24, wherein the topical medicament comprises 

20 (i) isolated I-Isopropyl-4-methyl-3-cyclkhexen-1-ol (terpinen-4-ol) or an isolated 

enantioner thereof and (ii) isolated 3-methyl-6-(ropan-2-ycyclohex-2-en-1-one 
(piperitone) or an isolated enantiorner thereof.  

26. The use accoding to claim 25, wherein: 

25 (i) the isolated enantiomer of terpinene-4-ol is: 

(R)-1-Isopropyl-4-methyl-3-cyclohexen- I -ol [(-)-terpinen-4-olj; and/or 

(ii) the isolated enantiomer of piperitone is: 

(6R)-3-inethyl-6-(propan-2-y)cyclohex-2-en- I-one [-)-piperitone) or 

(6S 3-Methyl-6-(propan -2-yl)cyclohex-2-eu- i-one [(+)-piperitone], 

30 

27. The use according to any one of claims 22 to 26. wherein the medicament 

comprises a total amount of C mo-rnonoterpenoid or ester or enantiomer thereof 

sufficient to reduce or inhibit FGF-5 activity in the hair follicle or part thereof.  

35 28, The use according to any one of claims 22 to 26, wherein the medicament 

comprises a total amount of C1 trmonoterpenoid or ester or enantiomer thereof
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sufficient to reduce or inhibit FGF-5 binding to a cognate fibroblast growth factor 

receptor (FGFR) in the hair follicle or part thereof.  

29. The use according to any one of claims 22 to 28, wherein the medicament 

5 comprises one or more adjunctive agents effective for treatment or prevention of hair 

loss.
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