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TRANSDERVAL STERO D FORMULATI ON The present invention
relates to a transdermal formulation for the

woe@atoant , inter alia, of osteoporosis and rePEr/682005/001596
ail ments. Osteoporosis, a condition in which bone mass
decreases, resulting in the bone losing sone of its
structural integrity, is a condition particularly
preval ent in post nenopausal wonen. It is often
treated by the admi nistration of steroids, such as
oestrogen. EP698612 discloses that certain 11-hydroxy
L O S o 2, PERANRB M ST ol Py e GR™ an
prevention of FOT—OSteogeresTS—
wi t hout many of the side effects of known treatnents.
Therkheipseseot inmeitimt relatesito a ttanslespeliofmeiation forake treatinket,

. route whi ch .t he, st eri. re to be adm ni stered.

mt%%@v@?,&t?%r@%\?ﬁﬂr@g &Pec"%% use of the conpounds by
injection. WD 02/00224 and WD 02/ 00225 di scl ose the
use (WedpRidsd, B céndiveh xwhith %BQé ﬁlaQSOd&Pé%'éékd Pesulting in the bone
especially 3: hydr oxy- 7 b- hydr oxy-steroid corrpouﬁéi

lofing sqrreekitt $tﬁwtu;glam¢gntyn =1 Qnmditlomqialrtuuummprewasen post-

menoggu W%It}l%}l It'i 1s o en {:fea’cedjb}{ljl ﬁl %mlmstratld% cgjf 5 er01 S tsucItl Qse

oestrogen.

EP698612 discloses that certain 11-hydroxy steroids are particularly useful for
the treatment and prevention of osteoporosis and for osteogenesis, without many of the
side effects of known treatments. There is no indication in this specification as to the
route by which the steroids are to be administered. However, the Examples show the

use of the compounds by injection.

WO 02/00224 and WO 02/00225 disclose the use of certain 7-hydroxy-steroid
compounds, especially 3-hydroxy-7B-hydroxy-steroid compounds, for protection
against neuronal cell death. These suggest that, in order to achieve a rapid effect, the

compounds should be administered by intravenous injection.

WO 03/015791 discloses the use of 3-hydroxy-7-hydroxy steroids and 3-0x0-7-
hydroxy steroids, especially the 73-isomers thereof, and pharmaceutically acceptable
esters thereof for protection against ischaemia-induced damage to peripheral organs,

such as the heart or kidneys.

Although the two most common methods of administering medication are orally
or by injection, both methods have serious disadvantages. Oral ~administration of adrug
depends on the drug being stable to the acid environment of the stomach as well as to
the intestinal mechanism, or on the drug being protected from that environment.
Moreover, people differ in the rate and manner in which drugs are absorbed, and so the
amount of the drug actually reaching the bloodstream via the oral route can vary

enormously from person to person.
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i njection. WO 03/015791 di scl oses the use of

w@20vpdesasd/- 7- hydr oxy steroids and 3-0x0-7- hydPORGB2005/001596
steroids, especially the 7/3-isoners thereof, and
pharmaceutical |y acceptable gesters thereof for
protection agai nst i schaem a-i nduced danage to
per ilpjectiai amdrathsse dispsivartsgastbat hastotbealonk bytaakiled or trained

Al t hough t.he.t nost co t pods .of, admi nisterin .
pefvni s aAFs ke ap R iped BBl b B H SR P st detmdes if
dohé¥H seml ous di sadvantages. Oral adm nistration of a

drug depends on the drug being stable to the acid

envi ronment of the stomach as well as to the

i nt d¥adiianallye trastesnl admivistratinn (@ewagnynistation Greughdhe skin,

romthat .envij.r t ... Moreover eople.differ.in.t .
oo} AU e SR Bt Ry S ARt Bl P Ve sin
or ififcalFRI tm @l ikemesd1g tigeb UBloke vEr a&hh BE ubdtPwith other drugs

bl oodstream via the oral route can vary enornously

provided that these drgpeasiass thapush the pkinvaitwéentiyedBoiently and
suﬁic%e%?lﬁ%ﬁ&%él but has to be done by a skilled or
rain

person, is often disliked, sonmetines
intensely, by the patient and can cause damage if done
t 00 Wt heve ndfw adkiptisingbi foynd thatachdernmed] daliverpicat batsedwith

i.e, m.ni stratjon throu t he skin
cettiin Geraam S ol o BESE) ot % 8503224 and wo 02/00225.
Thus, the present invention consists in the use of compounds of formula (I):

3
CH; R

CH,
0

R! R2

(in which Rl; Rz, R3 and RA" are the same as or different from each other and each
represents an 0xo group, a hydroxy group, a mercapto group, a hydrogen atom, a
halogen atom, an alkoxy group or an aryloxy group; and the dotted line indicates that
there may be a single or double bond between one or two of the respective non-adjacent
pairs of carbon atoms) and esters thereof for the manufacture of a medicament for

transdermal administration.

The invention also consists in a pharmaceutical formulation for transdermal
administration having as the active ingredient a compound of formula (), as defined

above, or an ester thereof.



but w thout breaking the skin) has been used only for

t hose drugs which affect the skin or immediately
wap@endiinyng nmuscle tissue. However, it can be PGEGB2MO5/01596

ot her drugs provided that those drugs can pass through

the skin sufficiently effici®ntly and sufficiently

predi ctably. W _have now surprisingly found that
t r aABeErveaiionBIrtheeeqnsisiningg adiedvepateh s theirgnsdermal
&L Qi ' ' P . d..:
s 3 s b Berp Gt AR gD KSR ok IR b i
patth %lgﬁﬁsiﬁg aem[mmma"uislh a)lfayérmf[jﬁd??si‘(d ot th? isnbatkates EaiR a‘rd]héaive
R and R a the same as or di erent from each ot her
havipg dspEed @ﬁ%@ aieast AR BXBPYFERS. ,fmamﬂeléfs Sk §n GHEpereal.
mercapto group, a hydrogen atom a hal ogen atom an
5 al K axyord 1AL Borp odHils B WePrset BBt Jrdiife @ Rfimbt BRIude
indicates that there may be a single or double bond
thobetamwpourngs of formtwo(IDf t he respective non-adj acent
pairs of carbon atons) and esters thereof for the
manuf acture of a nedi canent for transderg?
adm ni stration. The invention alsocﬁggsi sin a
pharmaceuti cal fornul agdon for transderpal
adm ni stration having the _atiiyg ingredient a
conpound of formula (T), as

—4

D)

R! R
(in which Rl, R2, R3 and R? are as defined above) and esters thereof.

Another preferred class of compounds of the present invention are those

10 compounds of formula (IIT):

(I1)

R

(in which rla represents an oxo group, a hydroxy group, a mercapto group or a halogen

atom; and R2, R3 and R% are as defined above) and esters thereof.

A still further preferred class of compounds of the present invention are those

15 compounds of formula (IV):



above, or an ester thereof.The invention further

consists in an adhesive patch for the transder nal
wa@elwsndav4 ati on of a conpound of formula (1) OPCHGB2005/001596

ester thereof, as defined above, said patch conprising

a substrate and a | ayer of qphesive on the substrate,

sai d adhesive having dispersed therein at |east one

conmpound of forrmula (I) or an ester therﬁbf. Anong t he

conpounds of the preseng inventio Hor ef/ér r ed

conmpounds include tho 4

which R, R 5R and R are IyeeabQve) and esters

t hereof. Anot her prefer
present invention are t fornulggggll)
: (in which R a repre Y, a hydroxy
group, a nercaptg groupyor a hglogen atom and R, R
and R are as def| ned abgve) and esters thereof. A
still further prk conpounds of the
present i nvehiron pds of formula

(IV):(in ch R, R, Rand R areas defined above)
and esters thereof. Exanples of conpounds of formula

(in(v!&lli?:h k‘i ?kg,dl% Lhd AL OXYiHmal %&%S &R esters thereof.

Examples of compounds of formula (IT) include 113-hydroxy-4-androstene-
3,17-dione, which has the formula (Ila):

CH, /9
HON_

CH,
(ITa)

0

and esters thereof. This compound, which is the preferred compound for use in the

present invention, is hereinafter referred to as “HAD”.

Examples of compounds of formula (III) include 7o-hydroxy-
dehydroepiandrosterone (7o-hydroxy-DHEA), which has the formula (IIla):

CH, /2

(ITTa)




3,17-di one, which has the fornula (Ha): and esters
thereof. This conmpound, which is the preferred
W@ 09p0es1d f or use in the present invention, i SPCT/GB2005/001596
hereinafter referred to as "HAD'. Exanpl es of
conmpounds of fornula (111) isuclude
7a- hydr oxydehydr oepi andr ost e€r one (7a- hydr oxy- DHEA) ,
and\&dt&b thwesoft he fornmula (1lia): (lIlia)and esters
t hereof . Exanpl es of conpounds of formula (1V) include

7/ 3- hydr oxy- epi andr post_er one, r.ei naf eferred. to
as EROTRIss OBCRmPONdEt %ﬁm@% é@%ﬁfﬁﬁf?fwéw—&wandrostemnea
f 0 ent
oL BEEr e ARAR o JODHIRTASRRRAINS U ol et s a
hal ogen atom this may be a fluorine, chlorine,
bromi ne or iodine atom preferably:g,ch @rine atom
O her useful steroids which may be u ed/ as t he
compound of forrmula (1) incl #\Ndr ogens as
testosterone and 3/ 3,17/ 3- gst ane. OF the
conpounds referred to &bdyg ferred are
' (IVa)

HO

m““lll'-

5  and esters thereof.

In the compounds of the present invention, where Rl, Rl a R2, R3 or R4
represents a halogen atom, this may be a fluorine, chlorine, bromine or iodine atom,

preferably a chlorine atom.

Other useful steroids which may be used as the compound of formula (I) include

10  such androgens as testosterone and 383,178-dihydroxyandrostane.

Of the compounds referred to above, the most preferred are 7ai-hydroxy-
dehydroepiandrosterone, 73-hydroxy-epiandrosterone (78-OH EPIA) and 118-hydroxy-
4-androstene-3,17-dione (HAD).

. Patches for transdermal administration of medication normally comprise a
15  substrate of a medically acceptable fabric or film on which is a layer of an adhesive
impregnated with the medication. Any substrate commonly used in the field may be
used in the present invention. It may, for example, be a woven fabric, non-woven
fabric, porous film or moulded film, ideally 10-100pm thick. Woven fabrics, non-
woven fabrics and porous films are useful in that they allow the passage of water
20  vapour, while moulded films are useful for providing a barrier to bacteria and for water-

proofing.
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7/ 3- hydr oxy- epi andr ost erone (7| 8-CH EPI A) and
11/ 3- hydr oxy- 4-androstene-3,17-di one (HAD). Patches
wo erostieamsder mal admi ni stration of medi cati on POY/GBRI0F/001596
conprise a substrate of a nmedically acceptable fabric
or filmon which is a layer @f an adhesive inpregnated
Wi th the nedication. Any substrate commonly used in
t he Hovedver, mteyilbee ampe@iatﬁd thlaéthp rne’wmf theadhesiverimay have a

. , I xanmpl e,.. be n n fabr
sigftanectioct it O BV 6 eRR el todB P eon Wik Some

cardO @R, RO AdHSive RARNBY EahabRISf a@ﬁer%{gjtonﬂé g8, it iueBpemna
useful in that they allow the passage of wat er vapour,

susipineedmgutldess andlitmugmet paise amtzftmn tp tlesvikdn-n genpead it st
teria and for V-,
myapdfeS nt i o eha YA R IG8 e B oy Mok beftment

despi@Rhd herat fieking of tmmhm@%dshlblww@mgw eVipadoohr, tiendhegve
this needs to be chosen with sone care. Thus, the

mustiheidiose strass theb iteaps damage wdhe Flringhes thepateliisFempyed.
must permt sustained drug release and it nust not

causge hgl\';é 1{110% fo%dttﬂatt fb%ﬂféﬁ'lﬂ cldss 8f SQI.IVBS 18 esl?@&atlly useful with

mai nt ai'n these propertles over a re
thepgétotiticongpaindSof fmrﬁuﬁe(y)sandm‘steeg theltebﬂﬁsiw&n the p:femnt inwention.
t he nor nal flexing of the skin and possibly washing.
Mo dh
' Ql%\éseg new agheaslwese g(l)r\rllgnse a copolymer of from 40 to 60% by weight of
methoxyethyl acrylate, from 30 to 40% by weight of lauryl acrylate or lauryl

methacrylate and from 10 to 25% by weight of a polar monomer.

The amount of units derived from methoxyethyl acrylate in the copolymer
should be from 40 to 60% by weight, more preferably from 45 to 55% by weight. If
this amount is greater than 60% by weight, gelling occurs during polymerisation and the
resulting copolymer becomes insoluble. Moreover, the viscosity of the copolymer is
poor. On the other hand, if the amount of methoxyethyl methacrylate is less than 40%,
drug solubility in the adhesive is reduced and the relatively high drug loadings

otherwise achievable are not achieved.

The second co-monomer, lauryl acrylate and/or lauryl methacrylate, is present in
an amount of from 30 to 40% by weight of the monomer units in the copolymer. Its
presence enhances the adhesion of the adhesive and, when combined with the
methoxyethyl acrylate, it provides suitable conditions for dissolving the steroids used in
the present invention as well as absorption promoters, where these are used. If the
amount of lauryl acrylate and/or lauryl methacrylate units in the copolymer is less than
30% by weight, adequate hydrophobicity is not achieved. On the other hand, if the
amount is greater than 40%, the copolymer becomes too hydrophobic and drug

solubility is reduced.

If 2-ethylhexyl acrylate or 2-ethylhexyl methacrylate were used in place of the
lauryl analogue, since the chain length of the 2-ethylhexyl group is less than that of the
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nmust not be so strong that it causes damage to the
skin when the patch is renoved. W have now found that
w@2panoiteul ar cl ass of adhesives is especial | ypaiEeB205/001596
with the steroid conpounds of fornmula (1) and esters
thereof used in the present 7invention. These new
adhesi ves conprise a copolynmer of from40 to 60% by
laulwé nglhup thie abiiti ofglretrbgplltir@crqﬂomr@qr t6 dzeol80 hydropb%ibglrugs and
ht of | aur cry] at rla t l,.at e. and
abspIpAT PEPTRESe /5%9 %%*ﬁ & Pngps] b b e a1 or
meDY it dngertGhain/ed Br@eiiem%e&p @ééwﬂth@%y;p%@lo th
coeo1 ner gﬁouanbegtfrom 40 to %IO%by wei ght rmg?% ©

adhpmeﬁefﬁblaﬂhmwdﬁldtb@ 686 by weight. If this anpbunt is
greater than 60% by wei ght, gelling occurs during

P S e GRd JRptokioras DittoB Bl E R e i ention i
a pPaLmonéMet, MENiOEdIOESs 1o M gart kd tﬂem@palmﬂmg@%r caRiekion yethout

rrethacryl ate is less than 40% drug solubility in the
dangattinstheothes desithbleprongertics mentiencgtaboes gndyit gw Hrprgve the cross-

l.oad] o) her | [
25 BB ERIAE ML SR VAR P EoP TP gl Do 1
to 294 b Weygmbe thel ®pplyaRe ntnts NL&S tIRoIs bpfweigm ﬁfﬁﬁ ﬁolhr

40% by wei ght of the nonomer units in the copolyne
monemer will not give adequate cohesion, while more than 25% will resilt in the
copolymer becoming too polar and the adhesiveness being reduced. Examples of
suitable polar monomers include acrylic acid, methacrylic acid, acrylamide,
methacrylamide, N-vinyl-2-pyrrolidone, N,N-dimethylacrylamide, 2-hydroxyethyl
acrylate and vinyl acetate. A single one of these or a combination of two or more may
be used. Of these, acrylic acid, N-vinyl-2-pyrrolidone and 2-hydroxyethyl acrylate are
preferred, N-vinyl-2-pyrrolidone being most preferred, either alone or in combination
with at least one other polar monomer. In any event, we particularly prefer that units
derived from N-vinyl-2-pyrrolidone should constitute at 5% by weight of the

copolymer, provided that the total amount of polar monomer is, as stated above, from

10 to 25% by weight of the copolymer.

As mentioned above, an absorption promoter may be included in the adhesive
composition according to the present invention. Examples of such absorption
promoters include: fatty acid esters, such as isopropyl palmitate and isopropyl
myristate; glycerol esters, such as glyceryl monolaurate and glyceryl monooleate; acid
amides, such as lauric acid diethanolamide; and neutral surfactants, such as
polyethylene glycol dilauryl ether. However, such materials are well known in the art,
and any common absorption promoter may be used. The preferred absorption promoter
is isopropyl myristate. Clearly, the amount of the absorption promoter must be
sufficient to enhance transdermal absorption of the drug. However, too much may have
the effect of reducing the adhesiveness of the patch. Accordingly, we prefer that the
amount of absorption promoter should be from 3 to 40 parts by weight per 100 parts by
weight of the copolymer.



10

15

20

25

presence enhances the adhesi on of the adhesive and,

when conbi ned with the nethoxyethyl acrylate, it
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steroids used in the present invention as well as

absorption pronoters, where g hese are used. If the

anount of |auryl acrylate and/or lauryl nethacryl ate

uni ftss also pheferrethiat/ine copalyimes usedia theaBiistiye prenpesition should

d hyd hobi ci ty.i t hi d. t h th
be Fig kel B et i Tapidad Sren R0 ot SGp S e
Exglﬁgfé%ﬁ sﬁc%%r@éé‘ihﬂkﬁ’ﬂ%:@eﬁtﬁﬁ@iu@é 16cya@hiebbhd EDeldtihg agents. The

reduced. If 2-ethylhexyl acrylate or 2-ethyl hexyl
ampentrddhe traselinking ages dsedis prefereblbf frerpd. 1 oy parts by weight. If

anal ogue, . .sknce t chai,n | en f €: A= | hexyl
ey P 8085 et RAR By BB B rb ittt R e
thefdis ot sYgrfficdn B el Wolnl NYadRHEH. YOB the ¢theli18:96] i ¢he amount added
hydr ophobi ¢ drugs and absorption pronoters woul d be

is mextubanl2 paxts bhweighhadhesayearess is restused-y| acryl ate or
nmet hacryl ate, with a | onger chain length, were used in

pl a af I Lon: t
0SSl USRS s AR ERLOR Pk e
prépBfaticARE bylyRiess oStk thpe, fhrecxprpbetyt fresmadival polyingriation using

pol ar nononer. This serves to inpart to the copol yner

thetngmncre RBRIIAPONP ABYCORRREGNH PTRIFES St AL WakIMabl e
poRRELAdE ?#g{i%ﬂéibﬁB&%éﬂg’é{ﬁm%?‘%rﬂuﬁsi&ﬁ"ﬁolw}éfig’éﬂ%d B8y be used.
Solution polymerisation is particularly preferred, since the resulting molecular weight
distribution is relatively narrow and there is, as a result, little variability in

adhesiveness.

Surprisingly, we have found that the copolymers suggested above, when used as
the adhesive, actually enhance the absorption of the compounds of formula (I) through
the skin.

The active ingredient may be mixed with the adhesive copolymer by adding it,
and, if desired, an absorption promoter and/or a cross-linking agent, to a solution
containing the copolymer in a suitable solvent. The resulting mixture may then be
laminated onto the desired support using, for example, a knife or roll coater, and then
dried in an oven, for example at a temperature of from 50 to 100°C, for a suitable period
to remove the solvent and cause the adhesive composition containing the active

ingredient to adhere to the substrate.

The amount of the mixture applied to the substrate is preferably such that the
thickness of the composition after drying is from 30 to 120pum. If the thickness is less
than 30pm, adhesion of the composition is weak and it may be difficult to incorporate
an adequate amount of the active ingredient. On the other hand, if the amount is greater

than 120pm, it is difficult to form a layer of the composition and to dry it.
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nmononer. In any event, we particularly prefer that

uni Hgo ?%’f'eth%ﬂ acfdtaﬁg(dﬂﬂfdn@y D-03-gu: a&@’&lm@a:bﬂﬂy@hﬂﬁlditlnltlator) and

constifute at 5% by wei ght of the copolyne provi ded
thet thaornérs shawmin @aé@hwmg Tabledy wersisharged mgo aaéa%lpatvwel
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Ion pronot

holuRGk poresl Tie deb@tiag b@;sdlymemﬂmml mmmdcmﬂda Rgift codtdrento a
resent invention, | es of such_absorption
polyethylene terephthalate ﬁlm to a dried thickness of 100pm, and then dried at a

temperature of 90°C for 15 minute to produce adhesive sheets.

The resulting sheets were attached to the keratin layer of the shaven skin on the
abdomen of Wistar rats. They were left there for 24 hours, after which they were
removed, and the adhesiveness and state of the adhesive layer were observed with the

naked eye. The results are shown in Table 1.

Table1
Monomer Amount | Adhesion Cohesion
of
monomeyr
Example 1 methoxyethyl acrylate 43 g no no residue
lauryl acrylate 38g detachment | left on body
N-vinylpyrrolidone 6g within 24
acrylic acid 3g hours
hydroxyethyl acetate 10g
Example 2 methoxyethyl acrylate 48 g no no residue
lauryl acrylate 34g detachment | left on body
N-vinylpyrrolidone 15¢g within 24
acrylic acid 3g hours
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pPHopy
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sufficient Aol ansder maj 5gbsor pt| ganef 24 he
drug. I—lovvevIgSm%n]oo nﬁghémv have t5 e effect o%H
reduci ng the/dashediywaceesis of the| pagch. Acbomdi ngly

webrefer lthat the anmpunt—of nhe'\rnfl on—p onpter

A ana g

shoul d be from3 to 40 parts by wei ght per 100 parts
by wei ght of the copolymer.It is also preferred that

the copol yner used |n the adhe3|ve co oos|t|on shoul d
be Cros "‘—Q-J-JI{..' . '\ () P ' E E 0

order to enhance coheS| on. Exarrpl es of such

Pr& [ SS%ioh! dHelaRgsied f include isocyanates and chel ating
—-a]gvnr':.iﬁhe—amﬁr&cxf the cross-linking agent used is
preferably fromO0.1 to 2 parts by weight. If the

ano LIntb ths edhestvelseRsioh Iﬁmpol}aﬂsrpsahﬂtmnb(yf Tveinglé 1 ahd firitb ¢he

ross-|inking rakes place a S .no signi f| cant
ST ﬁollut’fqné Hg‘?‘{ 3 tg‘a QPW@F}“V@% e?)tth"e frugsreciiipd belaw, and,
I?e@ﬁ’é%ﬁ, R8Pyl myristate and/or a crosslinker, were added and dissolved. The

resulting compositions containing the dissolved drug were coated onto a poly(ethylene

terephthalate) film to give a thickness when dry of 100 pm, and dried at a temperature

of 90°C for 15 minutes, to produce drug-containing adhesive sheets.

The adhesives used for the Comparative Examples were obtained from National

Starch, and are sold under the designations DT2287, DT2516, DT2051, DT2052, and
DT2074.

The compositions of the adhesive mixtures are shown in Tables 2 and 3.
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this type

process,

for exanple by free radical
using the nononers defined ghove.

pol ynmer i

suspe
may

used. Sol ution polynerlsarrun‘rs partlcularly

nrof oread

Any conventi onal
such as solution polynerisation,
polynerlsatlon or enul si o el ymeri sation,

sation
nsi on
be

prer—e€6 sthRee—the—te b1 €t et
Examgie NSut | on is re|ti verj mptr b @0 (L;Iit hgf’g‘H .| Gemp 4 | Comp 5
result, llttle varlabjlity in adhesiven
Ingsedipnti si ngly, we have fpund thal the copolyners
suggest ed| above, wnhen used as the adhes|jve, actpually
Ex8RBRGS. T NSoRrDSAE P} 25 pf the cpapounds|of fornula (1) |-
through the skin. [The arctive ingredient| may be m xed
DTvc? tte ggﬁ |n§( COpol by pdding if. and, |I -
esired, an absorption pronoter|and/or g cross-|inking
anant A ool it et ar e oAl o A A PP a
T utl JII oot anr it I[u bUIJ T yIICI LI L=t
Dr@ﬁiéable LSPULARE frhe resul ting %ﬁiture may thep” be )
| am nat ed ont o thp desiyed suppprt using for p&anpl e,
DTRORAI f e of Spbdimgoat er, | and t hep- 250 - -
DT2052 Solid, mg | - - - - 250 -
DT2074 Solid, mg | - - - - - 250
IPM mg 100 |- - - 100 100
HAD mg 7.0 |5.0 7.5 7.0 6.0 5.5
Crosslinker* | mg 250 |- - - - -

* 0.05% of aluminium acetylacetate/tetrahydrofuran solution.




10

dried in
50 to 100

an oven,
C, for

for exanple at a tenperature of from
a suitable period to renove the

wa@ologaertioand cause the adhesive conpositi on coPCEGBRIVG001596

the active ingredient to adhere to the substrate.

The

anmount of the mi xture appligd to the substrate is
preferably such that the thickness of the conposition

after drying is from 30 topg0gm

If the thickness is

| ess than 30mm adhesion of The conposition is weak

;-
alriu .1

L | L 2
o Ul 11

ottt

——1Te =TT DT at e a1 U e QU]

Examnle Noot [ he acti | ingre(dj?'gma g’?“ﬁh’é oqh[gp%ha gmp 3 | Comp 10
__the anount | Ler than 120 [t jsldifficuit to
Ingredipita | ayer of the conpdsition and to dry it. The

present ipvention |s furtlher illustrated by the
ExtmpleoMb.rig| Belid, inbgni | 250 Exjanpl es, | of whi gk Exanp|es 1 -

to 3 illustrate the prepdaration pf the agdhesive
DTPRRO! yer 5saidl pxappl es 4,759, 6 and Congarati ve|. -

Exanples L to 10 i|lustrate the preparat|ion and| use of

tehes—of ot epent T nvent o, EAMPEES 132007 .

D%ﬁét hyl aé%]t‘cgtngé( 5ol vent|), 0.05 ‘Zj of

azobi-si-sebytyroni-tH-e—{Hritatef)—and-the roRopers
DIHGhn in | hRldGMEohi ng TAble 1 weTe char 9258 intp a -

reaction vessel ich S then Spargediwith nifrogen
DR®5¢ner i spboloh m@s| t hen carried put for (15 250 -
DT2074 Solid, mg | - - - - - 250
IPM mg 100 - 100 - 100 100
78-OH EPIA mg 8.0 6.5 12.0 10.5 7.0 9.0
Crosslinker* | mg 0.002 |- - - - -
PEG 400 mg 30 - - - - -

* 0.05% of aluminium acetylacetate/tetrahydrofuran solution.

As shown in Table 2 and Table 3, the various adhesives were loaded with the

saturation concentration of HAD or 78-OH EPIA. Where possible, isopropyl myristate

(IPM) was used as an enhancer, since it is an excellent pharmaceutical excipient for the

. transdermal delivery of a drug because of its marked enhancing effect and low skin

irritation. However, most of the conventional adhesives could not load enough IPM

because it resulted in a decrease in cohesion.

EXAMPLE 6

1. Saturation concentration of HAD in adhesives

The adhesive patches described in Example 4 and Comparative Examples 1-5

were mixed with progressively increasing concentrations of HAD and were stored

(adhesive side up) at room temperature for 8 weeks. At the end of this time, the patches




5

10

hours at 200C. The resulting copol yner sol ution was
coated with a knife coater onto a pol yet hyl ene

wo epepbiibal ate filmto a dried thickness of

| GFMYGB20Wd/001596

then dried at a tenperature of 90C for 15 mnute to

produce adhesive sheets.
attached to the keratin
wetehrxapiikolrte letstmitieswlagther,

patfso S

observed wth the naked eye.

| ayer of the shaven skin

af ter whi

Thesresulting sheets were

on

D hpd eyysipdlised| aafthe sygéacss phihe
h..th .
Bl g b HEDIRECTE Ry o 0AP s n Tablo 4.

The results are shown in

Tabl e 1. Tabl e 1EXAVPLES Zablé4 & COVPARATI VE EXAMPLES
1-10 Preparation of adhesive patch Into the adhesive

solutio
t he adh

bs| ve sol ut

TAURRHPLY e SHAIHEOR 3 BAD FXESR)Ach waiht) 1

3 VNP I

ons used in the Conparative

to

Exanpl e
i sopr op)
and di s
the di sS4
t er epht |
100 mm
m nut es,

JF“#?PFS at
nal ate) fil
&lochpd? | ed
Comp 3
Comp 4

Comp 5

vy

50l ved. The
s6loyed! dr ug

to produc

opcu; ed—etov e —wher e s
e and/or a crossfinker, were ad
resul ting conpositions contair
were coated ont&%a pol y(et hyl ¢
mto give a thickness when dry
at a tenperature3df 900C for 15
e drug-contai ni ng adhesi ve shed
2.0

1.5

2.0

ed,
ded
i ng
ne
of

ts.

2. Saturation concentration of 73-OH EPIA in adhesives

The adhesive pétches described in Example 5 and Comparative Examples 6-10

were mixed with progressively increasing concentrations of 73-OH EPIA and were

stored (adhesive side up) at room temperature for 8 weeks. At the end of this time, the

patches were examined to determine whether 78-OH EPIA had crystallised on the

surfaces of the patches. The saturation concentrations of 7B—OH EPIA in the adhesives

are shown in Table 5.
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The adhesives used for the Conparative Exanpl es were
obtai ned from National Starch, and are sold under t

wer e
or 7/

(IPM

AT

ST e AT T

excel | Bmmear npceuti cal exci pi ent2-for the transder

del i

ery of a drug because of its marked enhanci ng

ef f ectCanpl6l ow skin irritation. Hoéver, nost of th
conventi onal adhesives could not | oad enough | PM
ted in a decrease 3.8 cohesi on. EXAMPLE
concentration of HAD in adhesives The

becaus@orhp 7r esu
6 1. |Saturation

he

waele®sgosvd ons DT2287, DT2516, DT12051, DT2052, BE@MGB2005/001596
DT2074. The conpositions of the adhesive m xtures are
shown in Tables 2 and 3. Tabhg 2 * 0.05% of al um ni um
acetyl acetate/tetrahydrofuran solution. Table 3 * 0.05%

of al um ni um acet yl acet at g/gh,¢d £ ahydr of uran sol uti on.

As shown in Table 2 and Tabre 3, the various adhesives

mal

e

adhes|i tches described in Exarrpbe 4 and
G |€§ Exappl es 1-5 )

Conpar a

Comp 9

Comp 10

2.0

2.5

3. Permeation behaviour

The materials used were as follows:

Animals:

Jest patches:

Patch size:

Receptor solution:

HPLC conditions

Wistar rats (male, body weight 240 ~ 250g)
Examples 4 and 5 and Comparative Examples 1-10

Commercial estradiol patch as permeation marker (Estrana,

Hisamitsu Pharmaceutical Co.)
8 mm diameter for HAD and 10mm diameter for 78-OH EPIA

PEG400:water (1:3)
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were m xed wth progressively increasing
concentrations of HAD and were stored (adhesive side
waipjosaesippom t enperature for 8 weeks. At the epd/6B2005/001596
this tinme, the patcheswere exani ned to determ ne
whet her HAD had crystallisedson the surfaces of the
pat ches. The saturation concentrations of HAD in the
adhesi ves are shown in Table 4. Table 4 2. Saturation
concentration af, 7/3-OH EPI A i dhesi ves The adhesi,v.
pat ches descri%élﬁmlnn Exanpl e ﬁggd Conpar ati ve 9'um, 46% 150 mm
Exanpl es 6-10 were m xed with progressively increasing
concent r at i onsMobiler/ 3- OH EPI A 'advdr wedeeorstr-ieed  (55:45)
(adhesi ve side up) at roomtenperature for 8 weeks. At
the end of thig tinme, the patches, were exam ned to
det er mi ne whetH8V¥ "#€3- o4 EPI A h&4™ % ystal | i sed on the
surfaces of the patches. The saturation concentrations
of 7/ 3-COH EPI Aypiedebradhesi vesyar gmshpwn gapTabl e
5. Table S 3. Perneation behaviour The materials used
were as follows: Animals: W st#0nmabs 7f-Gd BPIdbody
wei ght 240 ~ 25Qg) Test patches: Exanples 4 and 5 and

Conpar ative EX@%Lz%%en%ﬁelrgture 40°C

The excised abdominal rat skin was mounted on a Franz type cell (receiver
volume: 3ml) with a water jacket connected to a water bath at 37°C. The patch was
adhered to the stratum comeum side of the skin. The receiver compartment was filled
with a mixture of PEG400 and water (1:3 by volume) and stirred with a star head
magnetic bead driven by a constant speed motor. At predetermined times, 100ul of
sample was withdrawn from the receiver compartment, and the same volume of receptor
solution was added to keep the volume constant. The drug concentration was analysed
by HPLC.

For all adhesives, the amount of the drug which had permeated increased

steadily with time. The results after 24 hours are shown in Table 6 and Table 7.



Commerci al estradi ol patch as perneati on marker

(Estrana, Hi sam tsu Pharnmaceutical Co.) Patch size: 8
worpeoditestet er for HAD and 10mm di aneter for 7b-EEEBB2005/001596

Receptor solution: PEX00:water (1:3) HPLC

condi tionsColum CODS 5 um 466 x 150 nm Mobile water :

acetonitrile (55:45) Flowrate 1 m/mn Uvdetector 240

nm for HAD, 300nnfor 7b- O4fpide¢Col unm tenperature 400C

The exci sed abdomi nal rat skin was nounted on a Franz

type cel |l [Tecerver VOTUT. M) WTIT a water, | acket

connect ed | Adhesige er bat h| Berngeeg@l amounppglem’was

adhered to]the stratum coyneumside of the skijn. The
receiver cp artlrget was filled with a m xture of
PEG400 and| waf®epP (111:3 by| Vol une) and stirred with a
star head i | peed
nmotor. At pceggtiermned tipes, 1001 of

Comp 2 20

Comp 3 30

Comp 4 50

Comp 5 60

Estradiol 15

Table 7

Adhesive Permeated amount pg/cm>

Example 5 162

Comp 6 150

Comp 7 110

Comp 8 52

Comp 9 74

Comp 10 73

Estradiol 13
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sanple was withdrawn fromthe receiver conpartnent,

and the sane vol une of receptor solution was added to
we®@p/10d1e4 vol une constant. The drug concent r at PONGBa®S/001596

anal ysed by HPLC. For all adhesives, the ampbunt of the

drug which had perneated increased steadily with tine.

The results after 24 hours are shown in Table 6 and

;ab Iﬁéell PaiTlags| saowecr‘ém e n‘mghlh/igi@r emeynist{dhel and#i6-QHrHERIA had
' 7 E
pettheRed Wi Of s s dietis b, JE RRTR ffap 76-0m

EPTRaMTe b patentRKH BertdabiRtyA have & potential skin

perneability. It vvas surprisingly found that the skin
per neati on of D was _best w th adhesives having the

f undt Wah arrplgﬁla&lpf foengghabthe skapesneationaf FADvas best with

d%%‘ﬁs ﬂﬁgr op %nal %c&?/ Stlbytgv\s I?I%%t glghtbglﬂgé;@ggﬁ&ﬁl
gréuﬁs&ﬁ@@H&K]H’] wIﬁdhmske/’ém aldhesiveghijghlythykdhephi 1oH mm allows HAD

o et Bia i chobher o At E bt BT T6, i
no® HEdw %50(5?@1%'360&- vﬂfégea@-ﬁaﬂgs{lves %{M@&naaa%lp@wseﬁé QTOOH / -

ow n or ex erlmsnta variations due to vari ations
OHsuchds Ex@mple lraldé,DTZWél, allivreer gendgferratiopl eAllowiag for

experimental variations due to variations in individual rats, the adhesive of Example 1 is

as good as, if not better than, the known adhesives DT2052 and DT2074 for HAD

permeation.

4. Permeation in human skin

The protocol in 3 above was repeated with HAD on human skin using the
composition of Example 4 (Table 2) together with 5% w/w of lactic acid as enhancer.

A penetration flux of 1. 1pig/cm®/hr in human skin was achieved.



as good as, if not better than, the known adhesives
DT2052 and DT2074 for HAD perneation. 4. Perneation in
whewvanodkd n The protocol in 3 above was repeatBCI/GBRGV5/001596
HAD on human skin using the conposition of Exanple 4
(Table 2) together with 5% wgw of |actic acid as
enhancer. A penetration flux of 1.1/ig/cm2/hr in
cr\iWg. skin was achi eved. CLAIM5: 1. The use of
conpounds of formula (I): (in which R; R, Rand R
are the sanme as or different fromeach other and each
1. (Taeres ehecompeunds of éyrouwge Mt hydr oxy group, a nercapto
group, a hydrogen atom a hal ogen atom an al koxy
group or an aryloxy group; and the dotted iine
indicates that there may be a singl dubl e bond
bet ween one or two of t adj acent
pai rs of carbon atons) Qf for the

admini stration. 2. The UsH ccordln to Qaim1, in
whi ch said conpound i la (1)1

Rl

(in which Rl; Rz, R3 and R# are the same as or different from each other and each
represents an oxo group, a hydroxy group, a mercapto group, a hydrogen atom, a
halogen atom, an alkoxy group or an aryloxy group; and the dotted line indicates that
there may be a single or double bond between one or two of the respective non-adjacent
pairs of carbon atoms) and esters thereof for the manufacture of a medicament for

transdermal administration.

2. The use according to Claim 1, in which said compound is a compound of formula

(ID):

3
A CH; R
R
CHs,
I
R R?

(in which Rl, R2, R3 and R4 are as defined in Claim 1) or an ester thereof.

3. The use according to Claim 1, in which said compound is a compound of formula
(In:



(in which Rl, R2 , Rand R4 are as defined in Caima1l)
or an ester thereof. 3. The use according to Claim1l,

WO pooghosad sai d conpound is a conmpound of for muPEI/GB2005/001596
(111):(in which R a represents an oxo group, a hydroxy
group, a mercapto group or da9hal ogen atom and R, R
and R are as defined in Caim1l) or an ester thereof.

4. The use according to Claiml1l, ggl clR3sa| d
compound is a conpound of formula ?? in which R,
R, Rand R are as def Rned_i n_€rs Or an ester

thereof. 5. The use accordi i n which
sai d conpound is 1l/3-hytigpy-4- androstene- 3

, 17-di one. 6. The use accorclng to Id ai 1, m@ngh
sai d conpound i s : oepi a orosteron
The use according to d di i b which said conpound
is 7/ 3- hydroxyep|androsterone . The use of a

conpound as G preceding C ains
for the ma a metf camenRfor the treat nment
or prevention by transdernal applicationof
ost eoporosi s, osteogenesis, neuronal cell death, or
(inivettitiaRAF sepiresduized ostange, by phepab nosrgans grodp oAl halogen
adhesi ve patch for the transdermal adm nistration of a
atomn mpdm?ngfanﬂdlArmb as dned in Claim 1) or an ester thereof.

4. The use according to Claim 1, in which said compound is a compound of formula

Iv):

(IV)

R

(in which Rl, R2, R3 and R# are as defined in Claim 1) or an ester thereof.

5. The use according to Claim 1, in which said compound is 118-hydroxy-4-

androstene-3,17-dione.

6. The use according to Claim 1, in which said compound is 7a-hydroxy-

dehydroepiandrosterone.

7. The use according to Claim 1, in which said compound is 7f3-hydroxy-

epiandrosterone.

8. The use of a compound as defined in any one of the preceding Claims for the

manufacture of a medicament for the treatment or prevention by transdermal application



(inwhich R; R, Rand Rare the sane as or different
fromeach other and each represents an oxo group, a
wWhy@soe3109r oup, a nercapto group, a hydrogen arCIGB2005/001596
hal ogen atom an al koxy group or an aryl oxy group; and
the dotted line indicates thw there may be a single
or doubl e bond between one Ee r.e pectlltrllg g%l([s of
of OglieARATOSE AT SRS KnNILPRE CF e £OT 1§ Reed damage to
a substrate and a | ayer of adheswe on the
peﬁgg&ﬁ O':I?ngs'sai d adhesive having di spersed therein at
| east one conpound of fornula (T) or an ester thereof.
9. 180 aghesivephtchdonthditragsdesmal edminGiration ofv edmpeind of formula (D):
conpound is a conpound of formula (11): (in which R,
R2 , R3 and Rare as defined in aim1) og an ester
thereof.11. A patch according to CI@F_%) 9,Rin which
sai d conpound is a conpgdnd of for (/n): (in which
R a represents an oxon‘gfgo group, a
mer capto group or a hal ogen tom a d R \R and R are
as defined in daim1l) 12. A
pat ch according to Caj ~said conpound) i s

(in which Rl; R2, R3 and R# are the same as or different from each other and each
represents an oxo group, a hydroxy group, a mercapto group, a hydrogen atom, a
halogen atom, an alkoxy group or an aryloxy group; and the dotted line indicates that
there may be a single or double bond between one of the respective pairs of carbon
atoms) or an ester thereof, said patch comprising a substrate and a layer of adhesive on
the substrate, said adhesive having dispersed therein at least one compound of formula

(D) or an ester thereof.

10. A patch according to Claim 9, in which said compound is a compound of formula

1D):

(1)

R

(in which Rl , Rz, R3 and R# are as defined in Claim 1) or an ester thereof.



(in which R, R, Rand Rare as defined in Claim1l)
or an ester thereof. 13. A patch according to Claim?9,
w0 poodhozaM sai d conmpound i s 1l /3-hydroxy- 4- PCT/GB2005/001596
androstene-3,17-di one. 14. A patch according to Caim
9, in which said conpound i s2l

113k BHGR ARG TS o it Lo iE B pgund of formuta

aﬁiB hydroxyep|androsterone.16 A patch according to
any one of Clainms 9 to 15, in which said adhesive
conprises a copolyner of from40 to 60% by_wei ght of
nmet hoxyet hyl acrylate, from30 to 8 by Rlél ght of
| auryl acrylate or nethagryl ate and 10 to 25% by
wei ght of a polar nmonom@r =17 _-Avaalch 2
G aim 16, in which the anoun ayived from

nmet hoxyet hyl acryl ate i nOHbe from45 to
55% by weight. 18. A patg¢h atcording Z1 aim 16 g{
Caim17, in whic ( , I'$acrylic a
nmet hacrylic acid, ' gt hacryl am de,

N-vinyl -2-pyrrolifone, N3Ndi nethylacryl am de,

2- hydroxyethXI acehate. 19. A patch
according tR"€ ‘ Y Ch t heRpol ar nononer is

acrylic aC|d Nvi nyl - 2 pyrrolidone or 2-hydroxyethyl
acryl ate.

(in which rla represents an oxo group, a hydroxy group, a mercapto group or a halogen

atom; and R2, R3 and R4 are as defined in Claim 1) or an ester thereof.

12. A patch according to Claim 9, in which said compound is a compound of formula

Iv):

Iv)

R

(in which R, R2, R3 and R? are as defined in Claim 1) or an ester thereof.

13. A patch according to Claim 9, in which said compound is 118-hydroxy-4-

androstene-3,17-dione.

14. A patch according to Claim 9, in which said compound is 7a-hydroxy-

dehydroepiandrosterone.

15. A patch according to Claim 9, in which said compound is 78-hydroxy-

epiandrosterone.



20. A patch according to Caim19, in which the polar

mononer is N-vinyl-2- pyrrolidone. 21. A patch
wa@ewseneiing to any one of Clains 9 to 20, in whPChGBR®5/001596

adhesi ve additionally cont aigﬂris an absorption pronoter.

22. A patch according to dd"m 21, in which said

162BSdteH ARBrdIh © tOARS oﬂesoﬂ@ﬂﬁfs@pﬁb' ST *bvﬁfcﬁts%d AR sﬁhcompnses a
pat ch according to Claim?2 dalm 2,

COEOAY@%%%@rpt“IOdﬁ GQ%%Wélght gf m@geyﬂthylmcaﬂatan’nmnﬂ Ofto &% by

ekt B (R ol e AENRABE B d AR R o2 e Bt o amhiee
mddotner.23, in which the adhesive |ayer has a thickness
of from30 to 120mm

17. A patch according to Claim 16, in which the amount of units derived from

methoxyethyl acrylate in the copolymer is from 45 to 55% by weight.

18. A patch according to Claim 16 or Claim 17, in which the polar monomer is acrylic
acid, methacrylic acid, acrylamide, methacrylamide, N-vinyl-2-pyrrolidone, N,N-
dimethylacrylamide, 2-hydroxyethyl acrylate or vinyl acetate.

19. A patch according to Claim 18, in which the polar monomer is acrylic acid, N-

vinyl-2-pyrrolidone or 2-hydroxyethyl acrylate.

20. A patch according to Claim 19, in which the polar monomer is(N-viny1-2—

pyrrolidone.

21. A patch according to any one of Claims 9 to 20, in which the adhesive additionally

contains an absorption promoter.

22. A patch according to Claim 21, in which said absorption promoter is isopropyl
myristate.

23. A patch according to Claim 21 or Claim 22, in which said absorption promoter is
present in an amount from 3 to 40 parts by weight per 100 parts by weight of the
copolymer.

24. A patch according to any one of Claims 9 to 23, in which the adhesive layer has a
thickness of from 30 to 120um.



