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[57] ABSTRACT

A methed of trealing and/or preventing alopecia (baldness,
deficient hair growth) comprises administcring 10 a paticent
in nced thereofl a therapeutically or prophylactically cfiec-
tive amount of a sulfated mono-, di- or oligosaccharide or a
derivative, salt or complex thercol. The saccharide is prel-
crably polysulfated, such as a polysulfated disaccharide, in
particular sucresc. or 4 derivalive, complex or salt thereofl.
Especially interesting polysulfated disaccharides are sucrose
pentasulfate, sucrose hexasulfate, sucrose heptasulfate and
sucrosc octasuilale, c.g. in the form ol a potassium or
sodium salt, or in the form of sucralfate.

15 Claims, No Drawings



5,618,798

1

USE OF SUCRALFATE TO TREAT
BALDNESS

This application is a continuation of application Ser. No.
08/047,07% filed Apr. 16, 1993, now abandoned itscll a
continuation of application Ser. No. 07/613,559 filed Nov.
21, 1990, now abandoned which way the national stage of
PCT/DK90/00104, filed Apr. 19, 1990.

Alopecia (baldness or deficient hair growth) is a condi-
tion which leads 1o more or less disabling or discomlort to
the individual sullering therefrom, ranging from minor cos-
metic disadvantages to scvere psychological conscquences.

Alopccia has a number ol ctiologies.

The most common form ol alopecia is androgenetic
alopecia, more accuralely described as common batdness.
Androgenctic alopecia occurs in chimpanzecs, orang-oul-
angs and other primates as well as in man.

As is implied by the name, androgenctic alopecia is
induced by androgenic stimulation of hair Tollicles predis-
poscd by the interdependent influences of genetic factors
and ol ageing. Despite ils name, it affect both the male and
the female.

The initial stage in the condemncd lollicles is probably
the accumulation ol Sa-dihydrotestosierone, the tlissuc-ac-
live androgen which inhibils the metabolism of such fol-
licles.

There is a marked racial variation in the incidence of
androgenctic alopecia. The diseasc is most frequent and
severe in Caucasoids.

The carliest histological change is the appearance of foci
of degeneration in the lower part of the connective-lissuc
sheath of the follicles, with perivascular basophilic change.
The follicle gradually shrinks, leaving beneath it a strand of
sclerosed and hyaline connective lissue. However, even in
areas of scalp in which almost all follicles are short and
small, producing at best only Lliny vellus hairs, there remain
a {ew quicscent terminal follicles which can be stimulated
into growth o give falsc hopes of a cure.

Androgenetic alopecia is a very widespread condition, at
least in its less severe Torms. Thus, during adolescence,
uniform recession of the frontal hair-line occurs in 96% of
maics and about 80% ol females.

As mentioned above, there are a number of other etiolo-

gies of alopecia, such as the administration of chemicals, 4

such as drugs. As cxamples of these may be mentioned
antlicoagulants such as large doscs of heparin, heparinoids
and coumarins, cylostatic agents, triparano! and [{luorobu-
tyrophenone, excessive consumption of vitamin A, occupa-
tional exposurc to sodium borate, potassium thiocyanale,
large amounts of bismuth. Also, oral contraceplives have
been suspected of giving rise Lo the discase, and the same
applics Lo propranolol, mctoprolol, levodopa, and ibuprofen,

Also, alopceia may have nutritional or metabolic origin,
or it may be caused by disorders of the central nervous
system. Furthermore, the significanl association of the atro-
phic statc with alopecia arcata has been stressed relatively
recently in some populations. Also, an association belween
autoimmunity and alopecia arcata has long been recognized.
Alopecia including areala is also olten scen in association
with skin discase such as scalp cczema, psoriasis and other
dermatosis and also in association with systemic diseasc
such as LE.

Today, no completely satislactory Lrcatment or prophy-
laxis of alopecia exists. Although topical administration of
minoxidil can induce regrowth, it is not considered the
definitive therapy.
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Heparin, heparinoids and related glycosaminoglycans
have been suggested as effective in stimulating hair growth
(c.g. DE 3543221 Al, GB 936 916, GB 1 098 935, EP 35
919, EP 182 756, EP 277 428, EP 279 244, P 295 (092, EP
207 453).

In EP 295 092, it is described that hyaluronic acid
[ragmenls comprising Irom 7 to 50 monosaccharide units
terminating cither with a glucuronic acid unit and/or &
N-acety! glucosamine unil, or an unsaturaled derivative of
onc or both of these terminal units arc useful as hair
stimulating agents when topically applicd to the scalp. Such
compounds can be characterized by being “naturally” occur-
ring mucopolysaccharidc moietics.

It has now surprisingly been observed that after 34
weeks of two daily applications of an ointment containing
10% wiw of sucralflate, there was appearance ol hair in the
othcrwise bald lateral-frontal arcas in a 40-year-old male
who had a normal common male-pattern baldness. At the
beginning, a “plume” appeared in the area, and alter a few
days the “plume” began turning into rcal hairs and 8 days
after, there were dozens ol real hairs which were indistin-
guishable [rom other hairs of the scalp, apart Irom being
shorter and all coloured, in contrast to the exisling hair,
which was partially greyed.

This observation is most remarkable in view of the fact
that sucralfate or sullaled meno-, di- or oligosaccharides
have apparently not been suggested as means for treating or
preventing alopecia. Alse, the sulfated mono-, di- or oli-
gosaccharides do not belong o any chemical or therapeutic
group of compounds previously used or suggested lor the
trealment of alopecia, such as minoxidil, vilamin A, steroids,
in particular triamcinolone, pyrimidine carbamate, squaric
acid, allergens and psoralens in PUVA and naturally occur-
ring mucopolysaccharides.

Sucralfate and other disaccharide polysulfate-aluminium
compounds have been indicated as eflective in allevialing
the symploms of anoreclal discase when topically appliced to
human skin, and as cflcctive in promoting the healing of
wounds (WO 89/00047), and sulfated oligosaccharides, par-
ticularly mono- and disaccharides such as sucrosc octasul-
lale, have been mentioned as wound healing agents (EP 230
023}, WO B9/05645 and WO 89/05646 disclose a broad
range of pharmacotogical clfects of sucralfate and sucrosc
oclasullate such as anti-infllammatory, anti-infective, anti-
malignant, skin-protective and anti-wrinkle and other effects
after topical or systemic adminisiration. WO 89/07932 dis-
closes the usc of sucralfate and sucrose oclasuifale in the
lreatment of gingivitis and parodontosis,

Bascd upon the obscrvalions made in the present inven-
tion and the inventors” knowledge of sulfaled saccharides, it
is reasonablc to coniempiate that the hair growth stimulating
cffect will extend not only to sucralfate and the sodium salt
of sucrosc octasulfate, but also to other related sullated
mono-, di- and oligosaccharides, which arc of a type not
naturally occurring in glycosaminoglycan structurcs.

SUMMARY OF THE INVENTION

In one aspect, the invention provides a method of treating
and/or preventing alopecia, the method comprising admin-
istering lo a patient in nced thercof a therapeutically or
prophylaclically elfcctive amount of a sulfated mono-, di- or
oligosaccharide or a derivative, salt or complex thereof.

In another aspect, the invention relales to the use of a
sulfated mono-, di- or oligosaccharide for preparing a com-
position for usc in the treatment and/or prevention of alope-
cia.
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In a further aspect, the invention relates to the cosmelic
use ol a sullaled mono-, di- or oligosaccharide for combat-
ing or preventing hair loss and/or preserving the natural
colour of the hair.

DETAILED DISCLOSURE OF THE INVENTION

The sulfated saccharide used in accordance with the
invention may be a sullated monosaccharide, for instance
sullated xylose, fructose, glucose, ribose, arabinosc, galac-
wse, rhamnosc, {ucose, sorbose, psicose, tagatose or gulose,
a sulfated disaccharide such as sulfaled sucrose, laclose,
maltose or cellobiose, or a sullated oligosaccharide such as
sulfaled maltotriose, maltertreose, or a sulfated raffinose,
which is an oligosaccharide comprising a sulfated sucrose
moicty together with a galactose moicty, or a sulfated
melezitose, which is a suifated sucrose moicty logether with
a glucose moiely. In the present context, the term “an
oligosaccharide™ is a saccharide consisting of 3-20
monosaccharide units in accordance with the gencrally
accepled terminology.

The sulfated mono-, di- or oligosaccharide is preferably a
polysulfated or persuli{ated saccharide, which means that
Iwo or more, possibly all, sulfur-containing moictics arc
present as subslituents on hydroxy groups of the carbohy-
drate moicty.

[n some cases, the sulfated mono-, di- or oligosaccharide
may be complexed with or form a salt with a metal, e.g. an
alkali or alkalinc carth metal such as Na, K, Ca, Mg or Ba,
or Al, Zn, Cu, Zr, Ti, Bi, Mn or Os, or with an organic basc
(c.g. an amino acid). The currently prelerred salts are
potassium and sodium salts, and the preferred complex is the
aluminium complex. Furthermore, the mono-, di- or oli-
gosaccharide may be in the form of a suitable derivative, e.g.
a mono-, di- or polycster ol aliphatic carboxylic acids such
as Tormic, acelic, propionic, butanoic, myristic or slearic
acid.

Preferably, the composition of the invention contains a
persulialed disaccharide, [or example sucrose oclasullale.

The preferred sulfated disaccharide can be represented by
the following formula:

CH-0R

H RO
CH;0R

OR H

wherein R is H, SO4[AlL(OH)s], SO;H or an acyl residuc of
the above-mentioned carboxylic acids, the groups desig-
nated R being the samc or different, with the proviso that at
lcast onc R represents a sulfale group,

or physiologically acceptlable salts or compliexes thercof,

The particular preferred compounds according 1o the
invention are sucrallate and the potassium or sodium salt of
sucrosc octakis(hydrogen sulfate).

Sucralfale may also be termed sucrose octakis(hydrogen
sulfate) aluminium complex. 1ts CAS number is 54182-58-
0. The commercial product is a while powder which is
practically insoluble in water and most organic solvents; it
is soluble in acids and alkalis. In practice, there may be
slight variations in the chemical composition, ¢.g., duc Lo the
fact that the sulfation may be slightly incomplete so that the
product may, ¢.g., contain a ccrtain proportion ol molecules
which arc nol octasulfated (persulfated), bul rather less
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sutlaled such as heptasulfated. Such minor variations in the
commercial product are well known and are reflected in the
lact that e.g., the aluminium content in commercial products
may rangc {rom 17 to 21% and sulfur from 9.5 to 12.5%. In
the present conlexl, the term “sucralfaic” also comprises
such generally accepted minor variations.

Sucralfate may, {or instance, be prepared as disclosed in
U.S. Pal. No. 3,432,489 by reacting a {-10% w/w aqucous
solution of sucrose octasulfate or an alkali melal or alkaline
carth metal salt thercol with a 1-10% w/w agucous solulion
conlaining aluminium ions, prceferably AICI(OH), at room
lemperature and a pH of 4-4.5. The sucrosc oclasulfate may
be prepared by reacling sucrose with CISO,l1, 11,50, or
H,80,—CHN.

The sulfated saccharides may otherwise be prepared, for
cxample, as disclosed in EP 230023,

The sulfated sucrose is preferably selected from the group
consisting ol sucrosc pentasulfate, sucrosc hexasuifate,
sucrose heptasulfale and sucrose oclasulfatc.

The administration form in which the sulfated saccharide
is administered will normally be a form suilable for topical
application Lo the aflected arca. However, also administra-
tion into the skin or administration under the skin, c.g. by
injection (by needle or dermajet) or other methods, are
contemplated.

Although there may be cases where the sulfated saccha-
ride may be administered as such, it will typically be
compounded with onc or more pharmaccutically acceptable
carriers or cxcipients to present it in a form which is suilable
for topical application or for injection or other form ol
introduction into or under the skin. In other words, it will be
in the form ol'a liquid, semi-solid or solid topical or systemic
preparation such as an ointment, lotion, gel, cream, cmul-
sion, solulion, suspension, microcmulsion, liposomes or as a
roll-ball applicator, sponge applicator or a spray device; a
shampoo, hair lonic, hair conditioner, soap, balm, spray,
pasie, powder, sponge, slrip, plasier, pad, dressing, or a
comb or brush impregnated with or carrying the sulfated
saccharide in such a manner that it is relcased when the
comb or brush is used at the aflecied arca.

The above-mentioned compositions are also suilable for
cosmelic purposcs where the compositions are applied Lo the
hair or the skin arcas normalty covered with hair in order o
prevent hair loss and/or 1o preserve the natural colour of the
hair. Preferred composilions for cosmetic usc arc ¢.g. gels,
cmulsions, suspensions, liposomes, shampoos, hair tonics,
hair conditioners, soaps, balms or sponges.

[l may be intercsting in certain cases to combine the
sulfated saccharide with other forms of therapy, in particular
therapics known 1o cither producc hair growth by them-
selves such as vilamin A, minoxidil, squaric acid, allergens,
irritants, corticosteroids, or agents which attack or modify
the mechanism responsible for the alopecia, such as in the
casc of lungal infeetion, an ointment containing sucralfate
and an antifungal agent such as ketoconazole, miconazole,
clotrimazole, antiviral agents, such as acyclovir, antiinflam-
maltory agents, antibaclerial agents, elc. Also, it may advan-
tagcous Lo combine the sulfated saccharide with other phar-
maccutical products known to have beneficial effcets on the
skin, such as vitamins, including vitamins B, vitamin E,
lactic acid, astringents, emollicats, or other agents, such as
hyaluronic acid or other glycosaminoglycans, dermatan sul-
late, chondroitin sulfate, keratan sulfate, heparan or heparan
sulfate. Normally, the sullate saccharide will be the pre-
dominant active component ol the preparation.

Furthermore, advantages may be achieved by incorporat-
ing pharmaceutically acceplable amounts of penctration
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enhancers in the formulations, such as salicylic acid and
other keratolylics, amine acids, thioglycollales, dimethyl-
sutfoxide, and hydrating agents, such as glyccrol.

Plasters, sponges, strips, pads or other dressings may be
prepared by impregnating a dressing malerial such as cotton
wool or gauze or a polymeric subslance with a solution or
suspension of the sulfated saccharide lollowed by drying.
Allernatively, a paste, lotion, cream or gel containing the
sulfated saccharide may be spread over the dressing mate-
rial.

Alternatively, the suilated mono-, di- or oligosaccharide
may in certain cascs be injected or otherwise introduced into
or under the skin or scalp.

For Lopical application, the preparation may be formu-
laled in accordance with conventional pharmaceultical prac-
tice with pharmaceutical cxcipicnls conventionally uscd lor
topical applications. The nature of the vehicle employed in
the preparation of any particular composition will depend on
the method intended lor administration of that composition.
Vehicles other than water that can be used in compositions
can include solids or liguids such as cmollients, solvents,
humectanis, thickeners and powders. Examples of cach of
these types of vehicles, which can be used singly or as
mixtures ol one or more vchicles, arc as follows;

Emollients, such as stearyl alcohol, glyceryl monoricino-
leate, glyceryl monostearate, propanc-1,2-diol, bulanc-1,3-
diol, cety! alcohol, isopropyi isostcarate, stearic acid, isobu-
tyl palmitate, isocetyl stcarate, oleyl alcohol, isopropyl
laurate, hexyl laurate, decyl oleale, octadecan-2-ol, isocetyl
alcohol, cetyl palmitate, dimethylpolysiloxanc, di-n-butyl
schacate, isopropyl myristaie, isopropyl palmitate, isopropyl
stearale, buly! stearale, polyethylene glycol, tricthylenc gly-
col, lanolin, castor oil, acetylated lanolin alcohols, petro-
lcum, mineral oil, butyl myristate, isostcaric acid, palmitic
acid, isopropyl linoleale, lauryl lactate, myristyl lactate,
deeyl oleate, myristy! myristate,

solvents, such as water, methylene chloride, isopropanol,
castor oil, cthylene glycol monocthy! cther, dicthylene gly-
col monobuly! cther, dicthylenc glycol monocthyl cther,
dimethy! sulloxide, tetrahydrofuran, vegetable and animal
oils, glycerol, cthanol, propanol, propylenc glycol, and other
glycols or alcohols, fixed oils;

humeclants, such as glycerin, sorbitol, sodium 2-pyrroli-
done-5-carboxylate, soluble collagen, dibutyl phthaiate,
gelatin;

powders, such as chalk, tale, kaolin, starch and derivatives
thereof, gums, cotloidal silicon dioxide, sodium polyacry-
late, chemically modificd magnesium aluminium silicate,
hydrated aluminium silicate, carboxyvinyl polymer, sodium
carboxymethy! celiulose, cthylene glycol monostcarate;

gelling or swelling agenls, such as pectin, gelatin and
derivatives thercof, ccllulose derivalives such as methyl
cellulose, carboxymethyl cellulose or oxidised cellulose,
guar gum, acacia gum, karaya gum, lragacanth gum, ben-

lonite, agar, carbomer, bladderwrack, ceratonia, dextran and ;

derivatives thercof, ghatli gum, heclorite, ispaghula husk,
xanthan gurm;

polymers, such as polylactic acid or polyglycolic acid
polymers or copolymers Lhereol, parallin, polycthylene,
polyethylenc oxide, polycthylenc glycol, polypropylenc gly-
col, polyvinyipyrrolidone;

surlactants, such as non-ionic surfactants, c.g. glycol and
elycerol esters, macrogol cthers and csters, sugar ethers and
esters, such as sorbilan eslers, ionic surfaclants, such as
amine soaps, metallic soaps, sulfated fatty alcohols, alkyl
cther sulfates, sulfaled oils, and ampholylic surfactants and
lecitins,
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buffering agents, such as sodium, potassium, aluminium,
magnesium or calcium salts (such as the chloride, carbonate,
bicarbonatc, citrale, gluconale, laclate, acctate, pluceplale or
tartrate).

The preparation of the invention may also contain other
additives such as stabilizing agents, preservatives, clc.

Furthermore, it may be advantageous to provide modified
release preparations in which the sulfated saccharide is
incorporaled into a polymer matrix, or nanoparticles, or
liposomes or micelles, or adsorbed on ion cxchange resins,
or carried by a polymer.

The pharmacologically active clement in sucralfate is
probably the non-aluminium complexed sodium  andfor
potassium salt of sucrose octakisthydrogen sulfate). Since
such a salt 13 soluble in walter, it would scem that a small
particle sizec would be an important {aclor when preparing
Tormulations of the sparingly soluble sucralfate. One way of
achicving a small sucralfalc parlicle size is by means of
milling, grinding or disintcgrating apparatus, ¢.g. a three roll
mill, where the sucralfate powder is ground, preferably
together with a suitable liquid vehicle having a viscosity
adaplted to effectively suspend the resulting fine particles,
and preferably a relatively low vapour pressure so that no
cxeessive evaporation with resulting agglomeration of the
fine particles will occur, such as a polyalcohol, for example
glycerin or polyethylenc glycol, normally having a molecu-
lar weight in the range of 200-6000, such as PEG 400. The
resulling preparation will normally contain up to 60-70% by
weight of sucrallale particles with a fairly uniform particle
size of about 5-10 pm or less (for 95% by weight of the
sucralfale), the particles being substantially cvenly sus-
pended in the vehicle. Such a pasie can then be further
suspended in any suilable pharmaceutical preparation using
well known pharmaccutical methods. Another starting point
for a small particle size sucralfate formulation is sucralfate
“filter cake”, which i3 an intermcdiary product oblaincd
from the synthesis of sucralfate. The “lilter cake” comprises
sucralfale with a content of water ol about 50% by weight,
and with a parlicle size ol about 5-10 pm or less. This
malerial can he mixed with, for instance, a waler-miscible
liquid which has a relatively low vapour pressure, such as
glycerin, in order Lo prevent the waler from cvaporating, and
the sucralfate particles will relain their small size. Another
important factor Lo lake into consideration when preparing
formulations of sucralfalc and other sulfaled saccharides is
the strong negative charge of salls of sucrose octakis(hy-
drogen sulfate), and probably of mest sullated saccharides.
The pharmacological effect of sucralfate, salts of sucrose
octakis(hydrogen sullale) and other sullaled saccharides
probably depends on this negatively charged entity, and the
pharmacological eflect of the drug may be reduced by the
presence of posilively charged mono- and divalent ions in
the vehicle. The person skiiled in the art will be able to take
this into consideration, using guidclines from the relevant
literature, c.g., Martindale, The Extra Pharmacopocia, The
Pharmaccutical Press, London, or other pharmaceulical text-
books.

In this conncction it should be mentioned that while the
incorporation of sucralfate or other water-insoluble or spar-
ingly water-soluble sulfatcd saccharides is best performed as
described herein taking into consideration the physical and
chemical propertics of the sulfated saccharide, in particular
the particle size considerations mentioned below, the incor-
poration ol water-soluble sulfated saccharides, such as
sodium and polassium salts of sucrose oktakis (hydrogen
sulfate) in preparations discussed hercin will normally be
cxtremely simpie and will ordinarily consist in the addition
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of the sullated saccharide to the preparation or to constilu-
enis thereof in either dry or dissolved form.

The sulfated saccharide will normally be used in a prepa-
ration in an amount ol 0.001-99%, Lypically about 0.1-75%,
such as aboul 0.2-30%, prefcrably about 0.5-20%, such as
aboul 2-20%, c.g., 3-15%, by weight of the lotal prepara-
tion. For therapeutic and/or prophylactic use. the sulfated
saccharide may also be used in a preparation in an amount
of about 0.001-99% w/w, typically about 0.01-50% w/w,
such as aboul 0.05-30% w/w, preferably about 0.1-20%
w/w, such as aboul 0.5-15% w/w.

The concentration of the sulfated saccharide to be used in
cach particular case will ol course depend upon the type of
preparation and the intended use, but also on the solubility
characteristics of the sullated saccharide and, for sparingly
soluble and substantially insoluble sullated saccharides, on
the particle size thereol: the smaller the particle size, the
faster will be the dissolution of even sparingly soluble or
cven substantially insoluble sulfated saccharides or com-
plexes thereof. Insoluble or sparingly soluble salts or com-
plexes of sullated saccharides are preferably used in the

form of a fine powdecr, lor example having a particle sizc of

200 um or less, such as 100 um or less. Examples of very
small parlicle sizes which may be desirable for ccrtain
purposcs arc c.g. 50 um or less, such as 20 um or less, in
certain cascs 10 um or less, such as 5 pm or less.

A topical preparation containing the sullated saccharide is
normally administered between 1 and 10 times a day,
depending on the formulation, the severily of the condition
to be treated, the age of the patient, and other [actors. Based
upon cxperience with other substances used in the treatment
of alopecia, in particular minoxidil, it is expected that the
effect will depend on continuing application of the prepa-
ration, for several months, or cven years. In view of the fact
that sucralfate is remarkably free of side effects, there should
he no adverse long term conscquences of such a treatment.

The invention is further illustrated by the following
non-limiting examples.

EXAMPLE |

Preparation ol Sodium and Potassium Sucrose
Octasullale

1. Sucrosc octasulfate

254.7 g (1.6 mol) ol sulfur trioxide pyridine were slurried
in 1300 ml of water-{ree pyridine. With stirring, 68.5 g (0.2
mol} of sucrose were added. The reaction mixture was
heated to 65° C. and kept at this tecmperalure lor 240
minutcs. As the reaclion proceeded, the substance was
scparated as a thick flowing oil. When the reaction was
terminated, the agilator was stopped, the pyridine phasc was
decanted, and the oily phase was dissolved in 600 m! of
ion-cxchanged water.

II. Potassium sucrosc octasulfale

One portion of sucrose octasulfate solution prepared as
deseribed in [ above was adjusted with 10% w/w aqueous
potassiurm hydroxide to pH=9 with stirring ai room tem-
perature. The solution was evaporated at 50° C. in vacuo to
remove pyridine and water until 880 g were Iclt. The warm
solution was filtered, adjusted Lo pH=9.5, and the substance
was precipitated with slow cooling to 5° C. The subslance
was filtered and washed with 300 ml of 1:1 ion-cxchanged
watcr/methanol and 300 ml of methanol. The wet filler cake
was dried in vacuo at 50° C. The crude product was
dissolved al 40° C. in 700 ml of ion-cxchanged water. The
liquid was filtered and adjusted to pH=9.5, and the subslance
was precipitated with slow cooling to 5° C. The precipilated
substance was fillered and washed with 300 m! of 1:1
ton-cxchanged waler/methanol and 300 ml of methanol. The
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wet filler cake was dried in vacuo at 50° C. The subsiance
was reprecipilated twice as mentioned above.

Yicid: 137 g (about 53%) of potassium sucrose octasul-
(atc.

HIL. Sodium sucrose octasullate

Onc portion of sucrose octasuifate solution prepared as
described in I above was adjusted with 10% w/w aqucous
sodium hydroxide to pH=9 with stirring at room tempera-
ture. The solulion was cvaporated at 50° C. in vacuo to
remove pyridine and waler. When 250 ml were distilled, 580
ml of ethylenc glycol were added and the evaporation was
continued until 10 mm vacuum. 100 ml of cthanol were
added 10 the solution. The solution was filtered, and pH was
adjusted to 9.5. 350 ml of cthanol were slowiy added with
vigorous stirring at 30°-35° C,, and the substance will then
precipitate. After the addition was ended, the mixture was
cooled to 10° C., and the solid substance was filtered and
washed with 50 ml of 1:1 ethanolfethylene glycol and 200
mi o methanol. The wet filter cake was dried in vacuo at 50°
C. The crude product was dissolved in 520 ml of ethylene
glycol and heaicd to 40° C., and 100 m! of cthanol were
added. The solution was fittered and pH was adjusted to 9.5.
350 ml of cthanol were slowly added with vigorous stirring
at 30°-35° C. and the substance will Lhen precipitate. Alter
thc addition was cnded, the mixture was cooled to 10° C. and
the solid substance was filiered. It was washed with 50 ml
of 1:1 cthanol/cthylene glycol and 200 ml of cthanol. The
wet filter cake was dried in vacuo at 50° C. The substance
was teprecipitated once as above and then dried for 2 hours
at room temperalure in 500 ml of cthanol. The substance was
filtered, washed with 200 ml of cthanol and dried at 50° C.
in vacuo.

Yicld: 146 g (about 63%) of sodium sucrosce octasulfate.

EXAMPLE 2

A cream consisling of the following ingredients is pre-
pared (all percentages arc by weight):

2:1 suspension of sucralfale* in polycthylene 15.0%
glycol 400 (10% sucralfate in the final

product)

Lanolin 10.0%
Vegetable oit {evening primrose oil) 20.0%
Pelyethylene glycol 400 menostearate 10.0%
Water o 100.0%

*Sucrallate provided by Guilini Chemic, W. Germany.

The vegetable oil, lanoline and polyethylene glycol 400
monosicarate were melted and thoroughly mixed with the
warmed water Lo form an ointment. The sucralfate suspen-
sion was incorporated into the ointment.

EXAMPLE 3

A lolion is prepared from the following ingredients (all
percentages arc by weight}:

2:1 suspension of sucralfate* in polyclhylene 15.0%
glycol 400 (10% sucralfate in the final

product)

Glycerof 10.0%
Ethanol 50.0%
Waler 1o 1000%

*Sucralfate provided by Guilini Chemie, W. Germany.

The ingredients were mixed together in the order stated o
obtain a lotion.
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EXAMPLE 4

A hair tonic is prepared from the following ingredients

(all percentages are by weight):
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EXAMPLE 10

A shampoo is prepared [rom the Tollowing ingredients (all

pereentages arc by weight):

5
Sodium sucrese sulfate 3.0% Propylenc glycol oleate (PEG-55) 1.5%
Lithanol 25.0% Sodiam laury} sulfale 28% 23.0%
Waler I 100.0% Cocamidopropyl bethaine 9%,
Dimethicone copolyol 1.5%
) ) ) Sadium sucrose octasullate 3.0%
Sodium sucrose sutfate was dissolved in water and ctha- 10 NaCl qs.
nol was then added to the solulion. Water , ad 1009
Phenopip (preservative) 0.5%
EXAMPLE 35
A hair tonic is prcpared as described in Example 4 from 4 EXAMPLE 11
the following ingredients (all percentages are by weight): o i i ) .
A moussc-conditioner is prepared {rom the following
ingredients (all percentages arc by weight):
Sodium sucrose sulfate 1.5%
Ethanol 40.6%
Water o 100.0% 20 Glyceryl slearale (PLG-100 stearate) 1.5%
Cetaryl alcohol 1.5%
Dimethicone copolyol 0.5%
Demineralized water ad 100%
EXAMPLE 6 Phenopip (preservative) 0.5%
) Sodium sucrose octasulfate 2.0
A lotion is prepared [rom the fellowing ingredicnts (all 5
creenlages are by weight): . . .
P i ; g 95% ol the above mixture was placed in a spray botlic
together with 5% of bulanc.
Sodium sucrose sulfate 0.5%
Isgpropanol 10.0% EXAMPLE 12
Lthanot w 1030.0% 30
A skin lotion is prepared [rom the following ingredients
(all percentages arc by weight):
EXAMPLE 7
. 5 . . . : . ; L Cire de lanol “seppic CT0Q” 4.2%
A cream is prcpdrcq from Lhe following ingredicnts {all 35 Macrogoli stearas 400 “Simulsol M 45" |8
percentages arc by weight}: Arachidis oleum 555
Isopropyli myristas 4.8%
Aqua purificata 68.0%
Sodium sucrose sullate 2.0% Sucralfate, micronized {<5 micron) 7.0%
Cetyl alcohol 6.0% Macrogolum 400 354
Mineral oil 4.0% 40 Glycerolum 85% 4.2%
Paraffin 20% Dil. paraoxibenzoas 10% 1.0%%
Tricthanolaminc 0.5%
Xanthan gum 0.5%
Water o 100.0% i
EXAMPLE (3
45 A cream is prepared from the following ingredients:
EXAMPLE 8
A lotion s prepared {rom Lhe following ingredients (all Paraffinum solidum 19.6 mg
pereentages are by weight): Cetanoleum 196.0 mg
Cetomacrogolum 1000 166.0 mg
50 Vaselinum album 58RO mg
Sucralfate 5.0% Acid. ci_ln'cgm monohydricum ;2: mg
Hydroxyethyl cellulose 0.5% Natrii citras Je mE
Eihano! 25.0% Pr(lpylcngglycolum 56.0 mg
Propylene glycol 40.0% g\qua Pumlca_{i_l . 5 mic l’lsgig mg
Waler 100.0% 55 ucrallate, micronized (<5 micron) 0 mg
. iXAMPLE 14
EXAMPLE 9 EX
A solution is prepared from the following ingredients (all Ellcet of a Treatment with Sucralfate on Common
percenlages arc by weight): Male-Patiern Baldness
The preparation of Example 2 was uscd in lwo daily
Sedium sucrose sullate 3.0% topical applications by a 40-year-old male who had a nor-
m‘cr ' - mal, common malc-pattern baldness. After 3-4 weeks, there
hano © 100.0% 65 was appearance ol hair in the otherwise bald lateral-frontal

Propylene glyeol

arcas in the scalp. At the beginning, a “plume” appcared in
the area, and afler a few days the “plume’”” began turning into
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real hairs and 8 days after, there were dozens of rcal hairs
which were indistinguishable from other hairs of the scalp,
apart from being shorter and all coloured in the original
colour of the hair, in contrast 1o the existing hair, which was
partially greyed.

EXAMPLE 15

Clinical Evaluation ol Sodium Sucrosce Sulfale in
the Treaument of Alopecia. A Pilot Study

During a Il month period (April 1989 to March 1990}, a
total of 5( paticnts participated in a pilat study, evaluating
the effect of the sodium salt of sucrose sulfaic administered
topically for the treatment of alopecia.

The test preparation was a 3% solulion ol Na-sucrose
sulfate in a vehicle of 50% water/25% cthanol/25% propy-
lenc glycol (w/w), dispensed in 35 ml bottles with a sponge
for topical administration on the scalp. The test preparation
was applicd morning and evening on the scalp, preferably on
arcas ol partial or Lotal alopecia. In average the paticnts have
been using one bottle per month.

All paticnts were recruited by one dermatologist. and the
clfect of trcatment was cvaluated clinically by the same
investigator, at monthly clinic visits.

The clinical effect was classificd as very good in cases ol
definite cosmctic benefit, as good in cases of significant
regrowth of new hair, but not to an exlend that is cosmeti-
cally apparent at distance, and as no cffect in cases of no or
only marginal rcgrowlh ol hair.

Male androgenic alopecia was the clinical diagnosis in 35
paticnts, Ltheir age ranging from 17 years to 50 ycars. Period

of treatment was about 3 months in 15 casc, about 6 months

in 10 cases, and about 9 months in {0 cascs.
The lollowing results were ohtained:

Clinical effect

Age group No ol Very No Drop-
(years) patients good Good cffect outs
17-25 20 8 8 4 0
2540 10 4 2 2 2

>40 5 2 2 1

4 Patients in the age group 17-25 had previously failed on
treatment with minoxidil {(Regain®) and showed no effect
on the test preparation. 4 Patients in the age group 25-40 had
previously failed on treatment with minoxidil (Regain®)
and all 4 showed a good cflect on the test drug.

About 80% of the malc androgenic alopecia suffered [rom
milder to more severe seborrhea in the scalp, and both before
and during the test drug period they received simuitancous
treatment with topical steroid (betametasone) and tar prepa-
rations,

2 Paticnts suffercd from sublotal or total alopecia, with
underlying atopic dermalitis. The first was a 40 ycar male
who had been bald Tor 20 years, and after treatment with the
test drug for 10 months, complele regrowth of hair was
observed. The sccond patient was a 17 year old male with
2-3 years of alopecia, and treatment for 8 months with the
test drug, showed only litde eflect.

5 Females aged from 20-49 years with Ludwig type
alopecia were treated with the test drug lor 6-8 months. The
cffect was good in 3 paticnts, and in 2 patients there was only
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a marginal cffcct, both showing a betler responsc on previ-
ous treatment with minoxidil (Regain®2).
5 Female paticnts with alopecia arcala aged from 39 years
to 46 years were treated [or periods from 2 10 9 months, the
treatment showing a very good cliect.

Onc femalc 46 ycars old with very bad hair condition and
underlying psoriasis was trcated for 9 months and a very
good cffect on the test drug was obtained.

2 female patients aged 34 and 40 years with underlying
discoid LE were successfully ircated for 2 and 4 months,
respectively, with a very good eflcel comprising regrowth ol
hair except for the very center of the lesion.

[n conclusion, topical application of a solution comprising
the sodium salt of sucrose sulfate (3% solution of sodium
sucrose sullale in a water/ethanol/propylene glycol vehicle),
the sclution being administered every moming and cvening
for time periods of 3-11 months showed (o be cffective in
the trcatment of male, androgenic alopecia and the Ludwig
type alopecia in females. Furthermore, the drug was cffec-
tive in the treatment of subtotal, total and acrate alopecia in
palients with underlying discascs such as atopic dermatitis,
psoriasis and discoid LE.

The hair-growing effect in the patients responding 1o the
treatment was typically apparent after 1 month ol treatment
and in comparison lo trecatment with topically appiicd
minoxidil {Regain®), the 1est preparation gave a markedly
betier cffcet.

EXAMPLE 16

Clinical Evaluation of the Prophylactic and
Therapeutical Effect of Sodium Sucrose Sulfate in
the Treatment of Hair Loss Secondary Lo
Anti-Cancer Treatment. A Pilot Study

The lest preparation containing sodium sucrose sulfate
from Example 11 was used both prophylactically and Lhera-
pecutically in a few patients undergoing radiation and/or
cytostalic anli-cancer trecatment. One female started the
treatment with the test preparation immediately after the
anti-cancer lreaiment was instituted, applying the test prepa-
ralion Lwice daily on cycbrows and cyelashes on the right
side, and the left side served as untreated control. The
treatment lasted four weeks. On the treated side, eychrows
and eyclashes remained but were lost on the untreated side.
Another four females—also on anti-cancer treatmeni—usecd
the lest preparation iwice daily, topically on the scalp alter
the hair was lost. A much [asler regrowth of hair than
normally was observed in the four lemales.

In conclusion, topical application of sedium sucrose sul-
fate as a 3% w/w solution is effective in preventing hair loss
secondary to anli-cancer treatmenl and, furthermore, sodium
sucrose sulfale stimulates hair regrowth after anti-cancer
treatment. In addition, the results show that topically applied
sodium sucrose sulfatc is of beneficial use for cosmelic
purposes such as for the prevention of hair loss.

EXAMPLE 17

Clinical Evaluation of Sucralfate in the Trcatment
of Alopecia. A Pilot Study

A composilion containing micronized sucrallate (<5 pum,
Giulini Chemie, Germany) 5%, ethanol 25%, propylenc
glycol 25%, and distilled water 45%, was used in two daily
applications on the scalp, the composition being dispensed
in a boltle with sponge applicator. The average consumption
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of the Lest preparation in individual patients was aboul onc
bottle per month. One male aged about 55 years, and with
male androgenic alopecia Hamilton grade 3, used the test
preparation [or two months, and there was a dense regrowth
of small terminal hairs in the partly balded arca of the scalp.
The effects were lasting after stopping the treatment for
about 4 months, Another six male paticnts aged from 30 1o
48 years, and with male androgenic alopecia Hamilton grade
3 and 4, havc used the lest preparation [or periods of 3
months to 6 months, and in all six cases there have been a
definite regrowth of lerminal hairs; the cffect was typically
scen alter 6-8 weeks ol treatment. In once patient aged 50 and
with 1otal alopecia for the last 20 years, a dense regrowth of
fine short terminal hairs all over the scalp was observed afier
application of the test preparation for 6 weeks.

It can be concluded that topical application twice daily on
the scalp of 5% micronized sucralfate suspension in a
watcr/cthanol/propylenc glycol vehicle is cffective in the
treatment of male androgenic alopecia, also including
middle aged patients.

We claim:

1. A method of treaiing male androgenic alopecia com-
prising administering to a patient in nced thereo! a thera-
peutically cilective amount of a compound sclected from the
group consisting ol sucrosc octasulfale, and sodium and
potassium saits and aluminum complexes thereof.

2. A method of preventing, inhibiling, or treating hair loss
duc to exposure to radiation or chemotherapy, the method
comprising administering to & paticnt a prophylactically or
therapeutically cffective amount of a compound selected
from the group consisting of sucrose oclasullale, and sodium
and potassium salts and aluminum complexcs thercof, with
the proviso that when the method is for preventing hair loss,
the period of prevention s Tor the duration of the exposure
to radiation or chemotherapy.

3. A method according to claim 1, wherein the compound
is applicd topically in a vchicle or release system in a
suitable formulation sclected from the group consisting of
forms of an ointment, lotion, gel, cream, emulsion, solution,

10

20

30

35

14

suspension, shampoo, hair tonic, hair conditioner, soap,
balm, spray paste, powdery sponge, strip, plaster, pad,
dressing, an impregnated comb and an impregnated brush,
the compound incorporated into the vehicle or relcase sys-
tem in a form seleeted from the group consisting of the form
of powders, solutions, liposomes and micelics, and in a
concentration ol about 0.01-50% w/w.

4. A method according lo claim 1, wherein the compound
is introduced parenterally in the form of a formulation
sclected from the group consisting of suspensions, solutions,
liposomes, micelles and implants, in a coacentration of
about 0.01-50% wiw.

5. A method according to claim 2, whercin the complex of
the sulfated sucrose is sucraltale.

6. A method according to claim 2, further comprising
adminisiering said compound after the patient has started
exposure to radiation or chemotherapy which may result or
has resulted in hair loss.

7. The method of claim 2 whercein the administration is to
unbroken skin of the patient.

8. The method of claim 1 wherein the administration is 1o
unbroken skin of the patient,

9. The method of claim 1 wherein the compound is the
sodium sall of sucrosc octasulfate.

H). The method of claim 1 wherein the compound 1s the
potassium sall of sucrosc octasulfate.

I1. The method of claim 1 wherein Lhe
aluminum complex ol sucrose octasulfate.

12. The method of claim 2 wherein the
sodium sall of sucrosc octasulfalc.

13. The method of claim 2 wherein the compound is the
potassium salt of sucrosc oclasullate,

14. The mcthod of claim 2 wherein the
aluminum compiex of sucrose oclasulialc.

I5. The mcthod of claim 2 wherein the compound is
administered prior o or simultancous with radiation or
chematherapy.

compound is the

compound is the

compound is the
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