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Title: The Use of Retinoids arnd Their.Derivatives to Increase the
PateofGrcwthomeranScalpHaira:ﬂtoIncreasetheRate'

of Growth of Fur in Certain Fur Bearing Animals.

Backgrourd of the Inventicn
1. Field of the Inventicn

This invention relates to the-use of retinoids and their deri-
vatives in order to increase the rate of growth of human scalp hair
ard to increase the rate of growth of fur in certain fixr bearing

animals.

2. Description of the Prior Art
A normal characteristic of human bair growth in most individuals

" is that it diminishes with age. Both the rate of.growth of the hair

ard the length of the growing cycle are reduced. This condition
is comon to all individuals with rare excepticn a;x“iﬁnmst be differ-
entiated from true male pattemalopec;.awiu.ch:.s a distinct clini-
cal entity associated in certain individuals with the production of
the male sex hormone, testosterons and its derivetives, particularly
dihydrotéstostercne.

Many factors may influence the rate of hair growth incliding
race, sex, age, region, season of the year, nutrition arnd hormones
(Myers and E=milton, 1951, HEamilton, 1958, Yano, 1936, Maeda, 1938,
Troter, 1923, Pinkus, 1924, ard Omo, 1963). In the past, many at-

tempts have been made to alter the course of male pattern alopecia
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thrmghmmemustypesoftrea@,&lofwhichhavepmventme_
successful. This invention does not purpert to reverse total male
pattern alopecia. This invention describes a treatment to increase
the rate of growth of hair from growing hair follicles and from the
rairfclliclesofcerizinfurbarizganjmals,ardmprolongﬂze
growing phase of the hair cycle.

In the past, Vitamin A camourds, hereafter referred o as
retinoids have been shown to be effective in treating many types
of disorders including denna'b:;ogical corditions such as acne ard
pscriasis. I'havemwfamdans«rusefortheretjmidsinmcra-
singtherateofhaj:growthamprolongingtheanagenphaseofthe
heir cycle.

In the past, Vzm%cmmxﬂs, hereafter referred to as
retinoids have been shown to be effective in iresting many types
of disorders incliding dermatological corditions such as acne ard
psariasis. I have now found a new use for the retinoids in
increasing the rate of hair growth.

Smmyofthelnvenﬁcﬁrrr -

I have discovered tiat retinoids particularly all trans
retinoic acid a:nd it; derivativies can increase the rate of scalp
haz:grcwthml'nmansarﬁﬁ:at it-;:aﬁalsobeusaito increase the
rate of growth of fur in Certain fur bearing animals and o retard
molting. The choice of administration is topically by use of lotions;’
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ointments, creams, etc. Hovwever, administration is not limited +o

these means, the effect can also be cbtained by the oral or systemic
administration of the retinoid campourds.

Detailed Description of the Invention

This invention concerns the use of retinoids, imsiuding all
trans retinoic acid and its metabolitss and other retinoid campourds
in arder to increase the rate of scalp hair growth in hmans axd to
increase the rate of pelt (fur) growth in certain fur bearing animals.
All trans retinoic acid has been shown to cause elevated DNA synthesis
in keratinccytes in cell culture. All trans~retinoic acid has been
shown to cause elevated DNA synmthesis in keratinocytes in cell culture.
All trans-retinoic acid can also be shown to increase the turmover
time of epidermal cells in cell culture experiments as well as in
in vivo experiments with luman subjects. I have discovered that
the cells of the hair follicle including the papillae can be stimu-
lated by retinoids including all trans retinoic acid. When tested
experimentally, the retinéids caused the cells of the dermal papillae
and ;l:he cells of the rcot sheath to incorporate more tritiated thy-
midine into DMA ard to reprcduce at a more rapid rate than untreatsd
cells fram other hair follicles. This stimilation by the retinoid
camourds ultimately causes the entire hair follicle +o becamne more
activated ard the mitotic irdex as measured by t’cmnidjne-H3 ircorp-
oration into DMNA to rise. Therefare the irdividual scalp hairs can

be shown to grow at an increased rate and the anagen phase is prolonged.
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A )
A majer problem in influsncing hair growth is to obtain good

percutanecus abscrption of the active campourds. Ancther problem
is the accurate measurement of hair growth to substantitats t+he
results of the testing. All trans~retinoic acid and its derivatives
ard the other retinoid campourds. have been shown to give excellent
percutanecus absorption and to be very active on the keratinizing

_cells of the skin, including the ha.:zr follicle. Furthermore, a re-
latively recent methed wh:.d: gives excellent results has been used
to- meagure the rate of hair growth. This methed was devised by
Saitoh, M. et al ard utilizes microcapillary tubes which are gradu-
ated using 0.2 mm graduatioms. ( a reprcduction of the photcgraph
of the instruments utilized for this method is enclosed.)

As used herein, the tezm retinoid denotes retinol, retinal,
retinyl esters as well as retinoic acid ard its esters, derivatives
and normal metabolites. The terminal group may be axidized, reduced
esterified, etc. The alkali metal (sodimm, potassium, etc) and
alkaline earth metal (magnesium, clac:um, etc ) salts are also inclu-
ded herein. : )

The pharmaceutical or,;:csugﬁc or veterinary preparations of
-the present invention can be pre:_:a:ed by the conventional techniques
for the preparation of lotiens, cresms, corditicners or shazcos for
the scalp or veterinary pre;zra‘!:lcns for pelts. Inclided also are
preparations which can be administered orally ard compourds which
can be added to animal fesds.

In addition to the active retinoids of this invention, the
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varicus preparations can contain any conventional pharmaceutically

acceptable or cosmetically acceptable inert or pharmaccdynamically
active additives. For example, the lotions may be prepared using
varicus forms of alcchols or other solubilizers such as glycols, or
esters. The corditicners may contain the rommally acceptable can-
merically produced campourds such as cetyl alcohol, ceteareth-5,-20
hydrantoins, hydrolyzed animal protein, glycol stesrate, amcdimsthi-
cone, paraffin, mineral oil, etc. (These are only given as examples,
ard are not meant to be inclusive.) The topical campournds may also
contain various oils including essential -fatty acids arnd other
polymsamratad fatty acids ard their derivatives, ard campourds
such as hormones, including progestercne, estradiols, thyreid, etc.

The topically applied lotion_s-, creams, ard dozﬁitiéners, etc
willvaryaccqrdingtomesta'mdard art with regzrd to the amounts
of other hydrophilic and hydrophobic containing ingredients includ-
| ing emlsifiers, so that either an oily, semi-oily or oil free
product may be cbtained. The shampocs may contain any of the con-
ventionally used detergents or scaps ard amy other campourds used
by those familiar with the art. Oil based shampoos are included in
these formulations. ‘

The cral preparations may be tablets, liquids, capsules, eftc.
The pharamaceutically acceptable substances camonly used as preser—
vatives, stabilizers, moisture retainers, emilsifiers, etc. can be
present in these preparations. Conventionally acceptable antioxid-
ants such as tocopherols, N-methyl a-tccopheramine, butylated hydro-
xyanisole ard butylated hydroxytoluene, czn be also incorporated in
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the preparations described in this inventien.

The dosages in which the retincids are administered can be varied
eith the route of administration and the requirement s of the subjects.

The topical treatments may consist of lotions, creams, conditioners,
shampeos, oil treatments, etc with from 0.001 to 2% by weight of all
trans-retinoic acid or derivatives, or cother retinoids, as the preferred
dosages in the described comositions.

The oral pharmaceutical preparations may be-admininstered at a
daily dose of from 0.25 mg to 2 mg per kilogram of bedy weight. These
can be also incorporated into animal chow in the case of fur bearirng
animals ,in the case of dogs or cats or other pet food or in the
case of bird seed for moulting bidrds.

In order to examine the specific action of the retinoids in in-
creasﬁngtherateofha.iﬁgrcwth, several types of experiments wers
performed. The micrecappillary methed was used in each case to measure
the rate of hair grow':h.

In Table I is described the results of stﬁia using male ard female
subjects. The all trams-retincic acid was applied topically or as
described in the table and the micrccappillary method was used to assess
hair growth ratss. (see separate pages for TRRIES).

In Table IT is described the results of studies using male ard famale
subjects. The ethyl ester of all transretinoic acid was applied topic-
ally or as described in the takle ard a control non-treated area was

utilized for camparison.

BU?-EAU
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In fur bearing animals, the rate of fur growth, laag;di of hair,
thickness of hair and molting seascn are controlled by many factors
incliding season, light (wave_lengﬂz) pericdicity, tamperature, hormonal
factors and mutrition. Controlling all of these variables is impossible
however, animals were selected and areas over the hird quarters were
shaved in 2 inch diameter circular arsas. In scme of the animals
the areas were treated topically with all-trans-retinoic acid and in
other animals theret:hmidwasadm:fnisteradorallyinanimalchm. Scme of
the animals served as their cuwn @trolé, using treated ard non-treated

areas. '
In fuir bearing animals,” the quard hairs and the pile hairs differ in
thickness, length and growth rats. In the rabbits stidied, the gquard hairs
averaged 34 mm and the pile hairs 30 mm in length. The effect of topical
application of all trans-retinoic acid was to increase the rate of new hair
growth. An: effectonﬂnemn—shavedfurbearmg areas treated with
topical all trans retinoic acid-in lotion form, was a decrease in the sheading
or molting of fur. The mean rate of hair (fur) growth fram treated shaved
areas was 0,3 mm/day for 3 rabbits "(meaﬁ"vmile in non~treatment shaved areas
it averaged 0.2 mm per day (mean of 3 rahbits).
The effect could also be demonstratad in domestic cats ard dogs; the
same type gf experimental prccedm:e; wera used. The most striking effect in
long haazed dogs ard cats was the retaxdation of molting or hair sheading.
Long haired doés ard cats terded to retain more hair in the anagen phase and
there was approximatsly 50 % less sheal&i.ng dmng the treatment pericds.
Both metheds of administration were satisfactory. Either topical loticnm ar
cream treatment or systemic treatment by inclusion in animal chow was satis-
factory. The daily dosage for animals was 20ng per kilogram per day in chow
or 10 to 15 mg applied topically.
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Camerically imcortant fur bearing animals were also used for experi-
mentation. Two male minks were closely clipped over the back hind quarters
The animals were treated cn cne hird quarter ard the other was used a the
control. mecappiuarymeﬂndformaamghairgrmrthwasusaiforthese
stidies. The animals were treated by two different methcds. The animals
were either fed the retinoid J.nthE'.EE chow or they were administersd the
retinoidtop_ically. The daily dose.was 2 mg per kg body weight per day
in animal chow or 5 mg. per day applied topically. . The results of these

. experiments showed that the rate of growth of new pelt was increased

approcimately 30 § by the retinoid treatment.

Experiments using birds (canaries ard parakeets )showed that inclusion
of the all trans retinoic acid or the ethyl ester of all trans retinoic
acid in bird food at a dosage of30mg'. per kilogram bird weight per day
re'ardai the molting process.

————
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The following Examples :.lest:ate the present invemticn. The methcds
of administration may vary by lotion, cream, ointment, pill, supplenent to
chow,coating for seeds, etc. These Examples are cnly meant to be illustrative
ard do not limit the mede of administration nor the ingredients which can be

admixed to the present invention, nor the amounts which may be used.

Example I

Iotion formilation for the topical administration % wt to wt
Active ingredient: all trans retinoic acid 0.1
Ethanol g.s. to 100.0
Propylene glycol’ 5.0
Butylated hydroxytoluene | 0.1
Safflower oil 1.0
a~tocopherol acetate 0.5
Example IT )

Cream Corditioner for Topical Administraticon

Active ingredient: All trans-reti:bic acid or 1.0
all trans-retinoyl acetate
Distilled water g.s. to 100.0
Cetrimenium Chloride : 5.0
cetyl alcohol - 4.0
Ethanol 4.0
Butylated hydroxytoluene _ 1.0
hydrolyzed animal protein 0.5
methylparaben, propylparaben - 0.1
Example IIT

All trans retinoic acid 0.1 gram is dissolved in 10 ml of
acetone, ard the solution admixed with 90 g of USP grade hydro-
chilic ointment to a uniform consistency; one gram of

butylated hydroxytoluene is added. The water washable cream

ointment thus prepared consists of 0.1 % active ingredi%gli: T




WO 82/02833 PCT/US81/00338

L
Eample IV

Tablets for oral administration .

Active irgredient: all trans retinoic acid or 25 mg.
all trans retinoic acid ethyl
ester or acstate

Lactose 52 mg
Cornstarch _ | 20 mg
Microcrystalline cellulose _ 40 my
Talc - 2.5 mg
Magnesium stearate 0.5 mg

The active ingredient was mixed with lactoss and gramulated usirg a
crn starch paste. The remainder of the above adjuvants was then admixed theresin ard
the mass was tableted. me.,tabletsve:eﬂmtableted.‘ﬁﬁ tablets were then
coated with a water-soluble or water-swellabla lacé;er '

‘I.hesamefcnmla’dcncanal;sobeuseda:ﬁgelatincanbe
added to make beadlets. .‘I'nae beadlets are then coated with a lacquer. The
beadlets ard animal chow can be mixed to the desired dosage level.

The above formlation can also be used in the powdered form
for mixing with bird seed ard the bird seed can then be sprayed with lacquer.

Liguids, syrups or other formulations can be made consistent with
the pharmaceutical art. "

(o154
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Subject
Sex 2Age
M 36
)
M 38
M. 24
F 35
F 41
F 63

Subject
Sex Age
M 31
M 68
M 38
F 3§
F 42
F 66

11

RESULTS USING ALL TRANS RETINOIC ACID

TARLE I

Dosage Form of

Dosage

Topical
Lotion

cral -

Topical
Topical
Cral

Topical

Treatment
Time

21 days

14 days

10 days
30 days
28 days
21 days

TABIE IT

Dosage Form of Treatment
per day Dosage Time
10 mg Topical 21 days
10mg Topical 20 days
70 mg Oral él days
10mg Topical 22 days
10 mg Topical

Cre=m 19 days
50 mg Oral 20 days

mm/day
Control
Rats

0.3
0.21

0.35
0.39
0.36
0.28

mm/day
Control

Rate
0.25
0.21
0.30

0.34

0.31
0.28

PCT/US81/00338

mm/day
Treatment
Rate of Growth

0.45

0.25

0.49
0.50
0.39
0.38

RESULTS USING ALL TRANS RETINOIC ACID ETHYL ESTER

mm/day
Treatment
Rate of Growth
0.31
0.29
"0.32

0.46

BUREAT
; [alBa=31
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Subject Dosage
Sex Age
M 36 10 mg/
day
M 38 10 Mg/
M 2. 1lonmg
P 35 - 10 mg-
F ~ 41 lomg
P * 63-. 10mg-

Subject
Sex 2Age
M 31
M €68
M 38
F 36
F 42
F 66

H/r

Table III
RESULTS USING ALL TRANS RETINALDEHYDE

see Merck Index)

Form of
Dosage

Topical
Topical

Topical.
Topical ~
Topical

- Topical - :

TABLE".IV °

Treatment
Time

21 days

14 days

10 days- -
30 days—
28 da}'s.'.z.'-

21 days -

(Commerically available~ for synthesis

mm/day
Control
Rate

0.30
0.23

0.35
0.39
0.31 -

0.28.

i.e.

PCT/US81/00338

mm/day
Treatment
Rate of Growth

0.33

0.32

0.40
0.45
0.35
0.41 =

RESULTS USING RETINOIC ACID METABOLITES: {-4~hydroxy and 4~keto)---

(Can be prepared: by enzymatic methods; synthesis known)
Ref: Archives-—of Biochemistry and Biophysics, 199 p.374-383(1980)

Dosage Farm of Treatment

per day Dosage
10 mg Topical
10 my  Topical
10 mg Tapical
1l0mg Topical
10 my Topical
Dmg Topical

Time

21 days
20 days
21 days

22 days

19 days
20 days

Rate

0.25
0.21

0.34

0.34

0.39

0.28

Trezétment -
Rate of Growth -

0.31
0.28

0.35

SURZEAD
OMPI
5&~-MHPOV
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_RESULTS USING OXIDATION PRODUCTS OF RETINDIC ACID
i.e. 8-(2,éﬁ-trimethyl-3—oxocyclohex-l-enyl)—2,6- '
dimethyl -6- hydroxoctatrienal prepared by
enzymatic methods ( Biochimica Biophysica Acta,
627; 270-275 (1980)

Subject . Dosage Form of Treatment  Control Treatment
sex 2ge Cosage Time m%y Ra% ,%'*Z yGrcwth
M 36 10 mg/ Topical 21 éays 0.30 0.35

@y .
M 38 10Mg/ Topical 14 days 0.21 0.24
day
M 24 10 my- Topical .. 10days .  0.35 | 0.35
F 35 10 mg- Topicak-: 30°days : 0:39 S 0.45 _.
P41 . 10 my... Topical :- 28 days -~ 0.36- 0.38
F 63~ 10 mg  Topical  21°Zays 0.28 0.27
TABLE VI

 EXTRACTED-FROM..
RESULTS. USING .DEEYDRORETINOLS (PIKE LIVER OIL).:AND- -
THEIR . STEREDISOMERS  (SEE MERCK .INDEX' FOR SPECIFICATIONS) -
AND -OXIDATION PRODUCIS INCLUDING ALDEHYDES.AND ACIDS

. mm/day mm/day

Subject Dosage Form of Treatment Control Treaiment
Sex JAge per day Dosage . Tims Rate Rate of Growth -
M 31, 10 mg Topical 21 days 0.25 0.41
M 68 10 mg.  Topical 20 days 0.21 0.25
M 38 = lopgg Topical 21 days 0.30 0.34 "
F 36 10mg  Topical = 22 days 0.34 0.34
F 42 10 mg Topical

19 days 0.31 0.32

F 66 10 mg  Topical 20 days 0.28 . 0..29




PCT/US81/00338

WO 82/02833
3
RESULTS USING ALL TRANS RETINQYL ACETATE
TABLE- VII
» mm/day mm/day i
Subject Dosage Form of Trestment Control Trestment
Cosage Time Rate Rate of Growth .
Sex Age s
M 36 10 mg/ Topical 21 days 0.30 0.45
’ day Lekion
M 38 60 Mg/  oral .4 days 0.21 0.2 0
day
M : 24 10mg - Topical._ 10 days-  0.35. 0.41
F 7 3=  10my Topical = 30 days.. 0.39 . 0.39 .
F.4l.. 60mg- Oral : 2 days-. 0.30. 0.30 .
F - 63" 10 my — Topical 21 days - 0.28 - 0.39
TABLE VIII
RESULTS - BSING--ALL-TRANS-RETINAMIDE .~ .- =  _
mm/day mm/day
Subject Dosage Form of Treatment Control Treadment
Sex 2ge per day Dosage Time Rats . Rate of Growth
M 31 10 mg  Topical 21 days 0.25 0.30
M 68 10mg . Topical 20 days 0.21 0.20
RESULTS USING TRETINOIC ACID AND &RETINCIC ACID )
F 36 10 mg Topical 22 days 0.34 0.40 ‘
F 42 10mg ° Tcp:.:al '
Cresm

19 days 0.31 0.41
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What is claimed is:

1. A method for increasing the rate of growth of hair and prqlonging
the anagen phase of the hair cyéle by topically or orally administering to a
mammal, a retinoid or a pharmaceutically acceptable ester, ether, or salt
thereof, in an amount effective for the.purpose.

2. The method of Claim 1 wherein the retinoid is all tramns retinoic
acid, or all trans retinaldehyde, of all trans retinoyl acetate, or other

suitable esters or salts of retinoic acid.

3. The method of Claim 1 wherein the retinoid is selected from the group
consisting of the stereoiscmers of vitamin. A acid, or"vitamin A; acid, vita-
min A acid, vitamin A acid, 5,6 epoxy-vitamin A acid, dehydrovitamin A acid
or the aldehydes, alcohols, esters, ethers or salts of the above mentioned
compounds,

4, The method of Claim 1 wherein the retinoid is a naturally occuring
metabolite of vitamin.A acid such as 4-hydroxy retinoic aéid, 4-keto retineic
acid, 4-oxo-retinoic acid, §,8,oxy-rerinoic acid or 7-cis 3 dehydroretinol or-
retinoic acid,- 7-trans-9-cis-ll-trans-13-trans-5'-hydroxy-retinoic.acid; or
8-(2,6,6-trimethyl-3-oxocyclohex+-1-anyl)-2,6-dimethyl-6-hydroxyoctatriemal oT -
stereoisomers of the above mentioned ;ompounds, or aldehydes or derivatives
such as esters or salts thereof.

5. The method of Claim 1 wherein the compound is a carotenoid such as
crocetin or crocin or its naturally occuring metabolites.

6. The method of Clzim 1 wherein the mammal is a human znd the hair is

scalp hair.

7. -The method of Claim 1 wherein the zanimal is a fur bezring animal and

the retinoids also prevent or retard molting or shedding.

8. The method of Claim 1 wherein the retinoid concentration in the topi-
cal lotion, cream, ointment, conditioner or shampoo is between 0.001 to 5% by
weight.

9. The method of Claim 1 wherein the retinoid compositions are given

orally in a dosage of between 0.25 to 20 mg/kg of body weight of a2 mammal.
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