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METHOD OF ENHANCING HAIR GROWTH

This application is a continuation of international appli-
cation number PCT/US98/02289, filed Feb. 3, 1998, and
claims the benefit of provisional application No. 60/037,237,
filed Feb. 4, 1997, priority from the filing dates of which is
hereby claimed under 35 U.S.C. §§ 119 and 120.

FIELD OF THE INVENTION

This invention relates to a process for stimulating the
growth of mammalian hair comprising the application to
mammalian skin of prostaglandin compounds, derivatives
and analogues and the pharmacologically acceptable acid
addition salts thereof, alone or in association with a topical
pharmaceutical carrier.

More particularly, the invention is concerned with the use
of prostaglandin derivatives of PGA, PGE and PGF for the
stimulation of hair growth. The invention relates also to
therapeutic compositions, containing an active amount of
these prostaglandin derivatives, and the manufacture of such
compositions.

BACKGROUND OF THE INVENTION

Dermatologists recognize many different types of hair
loss, the most common by far being “alopecia” wherein
human males begin losing scalp hair at the temples and on
the crown of the head as they get older. While this type of
hair loss is largely confined to males, hence its common
name “male pattern baldness,” it is not unknown in women.
Be that as it may, no known cure has yet been found despite
continuing attempts to discover one.

Notwithstanding the fact that nothing heretofore has been
found which is effective in preventing, yet alone reversing,
male pattern baldness, a good deal is known about various
types of human hair and its growth patterns on various parts
of the body.

For purposes of the present invention, we need consider
various types of hair, including, terminal hairs and vellus
hairs and modified terminal hairs, such as seen in eye lashes
and eye brows. Terminal hairs are coarse, pigmented, long
hairs in which the bulb of the hair follicle is seated deep in
the dermis. Vellus hairs, on the other hand, are fine, thin,
non-pigmented short hairs in which the hair bulb is located
superficially in the dermis. As alopecia progresses, a tran-
sition takes place in the area of approaching baldness
wherein the hairs themselves are changing from the terminal
to the vellus type.

Another factor that contributes to the end result is a
change in the cycle of hair growth. All hair, both human and
animal, passes through a life cycle that includes three
phases, namely, (1) the anagen phase (2) the catagen phase
and (3) the telogen phase. The anagen phase is the period of
active hair growth and, insofar as scalp hair is concerned,
this generally lasts from 3-5 years. The catagen phase is a
short transitional phase between the anagen and telogen
phases which, in the case of scalp hair, lasts only 1-2 weeks.
The final phase is the telogen phase which, for all practical
purposes, can be denominated a “resting phase” where all
growth ceases and the hair eventually is shed preparatory to
the follicle commencing to grow a new one. Scalp hair in the
telogen phase is also relatively short-lived, some 3-4
months elapsing before the hair is shed and a new one begins
to grow.

Under normal hair growth conditions on the scalp,
approximately 88% of the hairs are in the anagen phase, only
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1% in catagen and the remainder in telogen. With the onset
of male pattern baldness, a successively greater proportion
of the hairs are in the telogen phase with correspondingly
fewer in the active growth anagen phase.

The remaining result associated with alopecia is the
severe diminution of hair follicles. A bald human subject
will average only about 306 follicles per square centimeter,
whereas, a non-bald one in the same age group (30-90
years) will still have an average of 460 follicles per square
centimeter. This amounts to a one-third reduction in hair
follicles which, when added to the increased proportion of
vellus hair follicles and the increased number of hair fol-
licles in telogen, is both significant and noticeable. It is
written that approximately 50% of the hairs must be shed to
produce visible thinning of scalp hair. It is thus a combina-
tion of these factors: (1) transition of hairs from terminal to
vellus, (2) increased number of telogen hairs—some of
which have been shed, and (3) loss of hair follicles (atrophy)
that produces “baldness”.

While a good deal is known about the results of male
pattern baldness, very little is known about its cause. The
cause is generally believed to be genetic and hormonal in
origin although, as will be seen presently, the known prior
art attempts to control it through hormone adjustment have
been singularly unsuccessful.

One known treatment for male pattern alopecia is hair
transplantation. Plugs of skin containing hair are trans-
planted from areas of the scalp where hair is growing to bald
areas with reasonable success; however, the procedure is a
costly one in addition to being time-consuming and quite
painful. Furthermore, the solution is inadequate from the
standpoint that it becomes a practical, if not an economic,
impossibility to replace but a tiny fraction of the hair present
in a normal healthy head of hair.

Other non-drug related approaches to the problem include
such things as ultra-violet radiation, massage, psychiatric
treatment and exercise therapy. None of these, however, has
been generally accepted as being effective. Even such things
as revascularization surgery and acupuncture have shown
little, if any, promise.

By far, the most common approach to the problem of
discovering a remedy for hair loss and male pattern alopecia
has been one of drug therapy. Many types of drugs ranging
from vitamins to hormones have been tried and only recently
has there been any indication whatsoever of even moderate
success. For instance, it was felt for a long time that since an
androgenic hormone was necessary for the development of
male pattern baldness, that either systemic or topical appli-
cation of an antiandrogenic hormone would provide the
necessary inhibiting action to keep the baldness from occur-
ring. The theory was promising but the results were uni-
formly disappointing.

The androgenic hormone testosterone was known, for
example, to stimulate hair growth when applied topically to
the deltoid area as well as when injected into the beard and
pubic regions. Even oral administration was found to result
in an increased hair growth in the beard and pubic areas as
well as upon the trunk and extremities. While topical appli-
cation to the arm causes increased hair growth, it is inef-
fective on the scalp and some thinning may even result.
Heavy doses of testosterone have even been known to cause
male pattern alopecia.

Certain therapeutic agents have been known to induce
hair growth in extensive areas of the trunk, limbs and even
occasionally on the face. Such hair is of intermediate status
in that it is coarser than vellus but not as coarse as terminal
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hair. The hair is generally quite short with a length of 3 cm.
being about maximum. Once the patient ceases taking the
drug, the hair reverts to whatever is normal for the particular
site after six months to a year has elapsed. An example of
such a drug is diphenylhydantoin which is an anticonvulsant
drug widely used to control epileptic seizures. Hypertricho-
sis is frequently observed in epileptic children some two or
three months after starting the drug and first becomes
noticeable on the extensor aspects of the limbs and later on
the trunk and face. The pattern is not unlike that sometimes
caused by injury to the head. As for the hair, it is often shed
when the drug is discontinued but may, in some
circumstances, remain.

Streptomycin is another drug that has been found to
produce hypertrichosis in much the same way as diphenyl-
hydantoin when administered to children suffering from
tuberculous meningitis. About the same effects were
observed and the onset and reversal of the hypertrichosis in
relation to the period of treatment with the antibiotic leave
little question but that it was the causative agent.

Two treatments have been demonstrated as showing some
promise in reversing male pattern alopecia. These treatments
include the use of a microemulsion cream containing both
estradiol and oxandrolone as its active ingredients and the
use of organic silicon.

In addition to the foregoing, it has been reported in U.S.
Pat. Nos. 4,139,619 and 4,968,812 that the compound
minoxidil is useful for the treatment of male pattern bald-
ness. That compound, among others, has proven to have
considerable therapeutic value in the treatment of severe
hypertension. It is a so-called “vasodilator” which , as the
name implies, functions to dilate the peripheral vascular
system. Dermatologists and others have recognized that
prolonged vasodilation of certain areas of the human body
other than the scalp sometimes result in increased hair
growth even in the absence of any vasodilating therapeutic
agent. For instance, increased hair growth around surgical
scars is not uncommon. Similarly, arteriovenous fistula have
been known to result in increased vascularity accompanied
by enhanced hair growth. Externally-induced vasodilation of
the skin, such as, for example, by repeated biting of the
limbs by mental retardates and localized stimulation of the
shoulders by water carries has been noted to bring on
hypertrichosis in the affected areas. Be that as it may, similar
techniques such as continued periodic massage of the scalp
have been found totally ineffective as a means for restoring
lost hair growth to the scalp. Scar tissue on the scalp inhibits
rather than promotes hair growth.

The use of prostaglandins in the treatment of glaucoma
has also recently been reported. Glaucoma treatments can be
given by means of drugs, laser or surgery. In drug treatment,
the purpose is to lower either the flow (F) or the resistance
(R) which will result in a reduced intraocular pressure (IOP);
alternatively to increase the flow via the uveoscieral route
which also gives a reduced pressure. Cholinergic agonists,
for instance pilocarpine, reduce the intraocular pressure
mainly by increasing the outflow through Schlemm’s canal.

Prostaglandins, which recently have met an increasing
interest as IOP-lowering substances may be active in that
they will cause an increase in the uveoscleral outflow. They
do not appear, however to have any effect on the formation
of aqueous humor or on the conventional outflow through
Schlemm’s canal.

The use of prostaglandins and their derivatives is
described for instance in U.S. Pat. Nos. 4.599,353 (Bito),
U.S. Pat. No. 4,883,819 (Bito), U.S. Pat. No. 4,952,581
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(Bito), International Application Publication No. WO89/
03384 (Stjernschantz), European Patent Nos. 170258
(Cooper), 253094 (Goh, Yasumasa), 308135 (Ueno, Ryuzo),
and by Alm, A., Surv. Ophthalmol. 41(Suppl. 2): 5105-5110
(1997); Bito, L. Z. et al., Invest. Ophthalmol. Vis. Sci. 24(3):
312-319 (1983); Camras, C. B. et al.,, Current Eye Res.
1(40): 205-209 (1981); Camras, C. B. et al., Invest. Oph-
thalmol. Vis. Sci. 28(3): 463-469 (1987); Camras, C. B. et
al., Invest. Ophthalmol. Vis. Sci. 28(6): 921-926 (1987);
Camras, C. B. et al., Invest. Ophthalmol. Vis. Sci. 29(9):
1428-1436 (1988); Camras, C. B. et al., Ophthalmology
103(1): 138-147 (1996); Camras, C. B. et al., Ophthalmol-
ogy 103(11): 19161924 (1996); Giuffre, G., Graefes. Arch.
Clin. Exp. Ophthalmol. 222(3): 139-141 (1985); Kaufman,
P. L., Exp. Eye Res. 43(5): 819-827 (1986); Kerstetter, J. R.
et al., Am. J. Ophthalmol. 105(1): 30-34 (1988); Lee, P. -Y.
et al., Invest. Ophihalmol. Vis. Sci. 29(10): 1474-1477
(1988); Villumsen, J. et al., Br. J. Ophthalmol. 73(12):
975-979 (1989); and Mishima, H. K. et al., Arch. Ophthal-
mol. 114(8): 929-932 (1996).

U.S. Pat. Nos. 5,321,128 (Stjernschantz et al.), U.S. Pat.
No. 5,422,368 (Stjernschantz et al.), U.S. Pat. No. 5,422,369
(Stjernschantz et al.), and U.S. Pat. No. 5,578,618
(Stjernschantz et al.) disclose the use of certain derivatives
of prostaglandins A, E and F, in which the omega chain has
been modified with the common feature of containing a ring
structure, for the treatment of glaucoma or ocular hyperten-
sion. A representative prostaglandin derivative from this
group, 13,14-dihydro-17-phenyl-18,19,20-trinor-PGF,o.-
isopropyl ester, also known as latanoprost or Xalatan (trade
name, Pharmacia & Upjohn Company, Kalamazoo, Mich.,
U.S.A.), has recently been introduced into clinical use for
the treatment of glaucoma. Introduction of the agent repre-
sents the culmination of years of effort by Laslo Bito and
others who noted that prostaglandins may lower intraocular
pressure. They continued to work with the medication
prostaglandin F2 alpha (PGF,a) to optimize efficacy while
minimizing side effects. The isopropyl ester had increased
efficacy with reduced side effects thought to be partially a
result of the lower dose required. Because of the trouble-
some persistent side effect of eye redness, or hyperemia
associated with vasodilation a phenyl-substituted compound
was developed. This phenyl-substituted compound was
found to be effective in elimination of the troublesome
clinical problem of hyperemia or vasodilation. Finally reso-
lution of the epimeric mixture was found to be an even more
potent ocular hypotensive agent. Prostaglandins represent a
novel new class of drugs for the treatment of glaucoma. The
agents have previously been in use in limited clinical trials
to establish efficacy and safety data for FDA approval. FDA
approval followed by distribution for clinical use has
occurred only within the past year. Accordingly, there has
not been a large clinical experience with this medication and
as with other new medications unrecognized side affects are
not unlikely.

U.S. Pat. No. 4,311,707 (Bernbaum et al.), U.S. Pat. No.
5,288,754 (Woodward et al.) and U.S. Pat. No. 5,532,708
(Woodward et al.) describe prostaglandin derivatives having
vasodilation properties.

Finally, International Publication No. W095/11003
(Stjernschantz et al.) discloses compositions containing
prostaglandins, and derivatives and analogues thereof, par-
ticularly derivatives and analogues of prostaglandin F2a and
prostaglandin E2, for increasing pigmentation of tissues or
modified tissues, e.g., hair.

The foregoing notwithstanding, the literature is devoid of
any suggestion that prostaglandin derivatives may be useful
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in the stimulation of hair growth despite extensive detailed
studies of numerous patients from three disparate regions of
the world (Camras, C. B. (1996a), supra; Mishima, H. K,
supra; and Alm, A. and Stjernschantz, J., Ophthalmology
102:1243-1252 (1995)).

It is, therefore, a principal object of the present invention
to provide a novel and effective treatment for the stimulation
of hair growth and the treatment of male pattern baldness.

Another object of the invention forming the subject matter
hereof is to provide a method of stimulating hair growth in
humans and non-human animals that is compatible with
various types of therapeutic agents or carriers and, therefore,
would appear to be combinable with those which, by
themselves, demonstrate some therapeutic activity such as,
for example, microemulsion creams or topical compositions
containing estradiol and oxandrolone, minoxidil or agents
that block the conversion of testosterone to dihydrotesterone
(Procipia).

Still another objective is the provision of a treatment for
the stimulation of hair growth which, while effective for its
intended purpose, is apparently non-toxic and relatively free
of unwanted side effects.

An additional object of the invention herein disclosed and
claimed is to provide a method for treating hair loss in men
or women which can be applied by the patient under medical
supervision no more stringent than that demanded for other
topically-administered therapeutic agents.

Other objects of the invention are to provide a treatment
for male pattern alopecia which is safe, simple, painless,
cosmetic in the sense of being invisible, easy to apply and
quite inexpensive when compared with hair transplants and
the like.

SUMMARY OF THE INVENTION

This invention provides pharmaceutical compositions for
topical application comprising a prostaglandin compound, in
free form or a pharmaceutically acceptable salt thereof, in
association with a pharmaceutical carrier adapted for topical
application to mammalian skin. Preferably, the prostaglan-
din compound is a PGF,a. derivative, such as 13,14-dihydro-
15-dehydro-17-phenyl-18,19,20-trinor-PGF, . or a pharma-
ceutically acceptable salt thereof.

Another aspect of the invention provides methods for
stimulating the rate of hair growth and for stimulating the
conversion of vellus hair or intermediate hair to growth as
terminal hair in a human or non-human animal by admin-
istering to the skin of the animal an effective amount of a
prostaglandin PGA, PBE or PGF compound wherein the
alpha chain of the compound has the formula:

‘\\\\\W
COOR{

in which R, is H or an alkyl group having 1-10 carbon
atoms, especially 1-6 atoms, for instance methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, neopentyl or benzyl or a
derivative giving the final substance equivalent properties as
a hair growth stimulating agent; and

the omega chain of the compound has the formula:

C—B—C—D—R,

wherein C is a carbon atom or loweralkyl chain, option-
ally substituted with one or more —OH groups;

B is a single bond, a double bond or a triple bond,
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D is a chain with 1-10 carbon atoms, optionally substi-
tuted with one or more —OH groups; and

R, is H or a phenyl group which is unsubstituted or has
one or more substituents selected from the group con-
sisting of C,—Cs alkyl groups, C,—C, alkoxy groups,
trifluoromethyl groups, C,—C; aliphatic acylamino
groups, nitro groups, halogen atoms, and phenyl
groups; or an aromatic heterocyclic group having 5-6
ring atoms, like thiazol, imidazole, pyrrolidine, thio-
pene and oxazole; or a cycloalkane or a cycloalkene
with 3—7 carbon atoms in the ring, optionally substi-
tuted with lower alkyl groups with 1-5 carbon atoms;

and the pharmacologically acceptable acid addition salts
thereof, in association with a topical pharmaceutical
carrier.
These and other aspects of the invention will become
apparent from the description of the invention which follows
below.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Alopecia (baldness) a deficiency of either normal or
abnormal hair, is primarily a cosmetic problem in humans.
It is a deficiency of terminal hair, the broad diameter, colored
hair that is readily seen. However, in the so-called bald
person although there is a noticeable absence of terminal
hair, the skin does contain vellus hair which is a fine
colorless hair which may require microscopic examination
to determine its presence. This vellus hair is a precursor to
terminal hair. In accordance with the invention as described
herein, prostaglandin derivatives and analogues can be used
to stimulate, such as stimulating the conversion of vellus
hair to growth as terminal hair as well as increasing the rate
of growth of terminal hair.

In the course of treating patients having glaucoma, treat-
ment may only be appropriate in one eye. Within the course
of daily practice it was discovered that a patient who had
taken a representative prostaglandin derivative, latanoprost,
for 17 weeks has lashes that were longer, thicker and fuller
in the treated eye than in the non-treated eye. On examina-
tion the difference was found to be very striking. The lashes
were about 30% longer and had a more full dense appear-
ance in the treated eye. The lash appearance on the lids of the
treated eye would have appeared quite attractive if it repre-
sented a bilateral phenomenon. Because of its asymmetric
nature, the long lashes on one side could be construed as
disturbing from a cosmetic standpoint. Because of the very
unusual appearance a systematic examination of other
patients who were taking latanoprost in only one eye was
made. It soon became apparent that this altered appearance
was not an isolated finding. Comparison of the lids of
patients who were taking latanoprost in only one eye fol-
lowing 5-6 weeks of use revealed subtle changes in the
lashes and adjacent hairs of the latanoprost-treated side in
several patients. Definite differences could be identified to
varying degrees in the lashes and adjacent hairs of all
patients who were taking the drug on a unilateral basis for
longer than 3 months.

These findings were totally unexpected and surprising.
Minoxidil is thought to stimulate hair growth by its ability
to cause vasodilation suggesting that agents with such a
capability may be uniquely effective in stimulating hair
growth. The finding that prostaglandin derivatives, such as
latanoprost, stimulate hair growth is especially surprising
and unexpected since latanoprost was specifically tailored to
eliminate clinical hyperemia and vasodilation.




































