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The present invention relates to a transdernmal fornul ation for the
treatment, inter alia, of osteoporosis and related ail
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3 The invention further consists in an adhesive conposition,
conprising an adhesive having at |east one conpound of formula (1) or
an ester thereof dispersed therein as defined above, for the
transdernmal adm nistration of said‘conpound or ester. Anong
t he conpounds of the present invention, preferred conpounds include 5
t hose conpounds of fornmula (11): (in which RI, R2, R3 and R4 are as
defi ned above) and esters thereof Anot her preferred class of
conpounds of the present invention are those conpounds of formula
(rrry)y: 10 (in Lch Rla.crepresents an oxo group, a hydroxy group, a
mer capt o group o\r,\ﬂ’élmﬂﬁ’fl 6%&\?5'? tg?%ﬁl}sa';‘f‘?ﬂtw buRbas4p ée F@Dedi}'eﬁ skilled of frainefl
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conmpounds of _the present invention are those GO or fru
(1v)y: WO 20897105 9BPCT/ GB2005/ 001596 4 (in mhlch Rl, R2, R3 and R4
are as defined above) and esters thereof Exanpl es of conpounds

of formula (11) |mhﬁg§a1 1@&}5 L.ope i ch. has
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whi ch has t herobidedribtthodendnigs can pdsd H@ough the skin sufficiently efficiently and
sufficiently predictably.

We have now surprisingly found an adhesive patch or adhesive composition for

10 transdermal delivery of certain steroids, including those of EP698612, WO 02/00224
and WO 02/00225.

Thus, the present invention consists in an adhesive patch for the transdermal
admuustratmn of a compound of formula (T):

R

15 (in which R!; 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

20 the subsirate, in which said adhesive comprises a copolymer of from 40 to 60% by
weight of methoxyethyl acrylate, from 30 to 40% by weight of lauryl acrylate or
methacrylate and from 10 to 25% by weight of a polar monomer, said adhesive having

dispersed therein at least one compound of formula (I) or an ester thereof.



5 and esters thereof. Exanpl es of conpounds of fornula (1V)

i nclude 713-hydr oxy-epi androsterone, hereinafter referred to as
7,3-0H EPI A, which has the formula (Va): 5and esters thereof In
t he conpounds of the present invention, where Rl, Rl a, R2, ,3 a or
R4 represents a halogen atom this nmay be a fluorine, chlorine,
brom ne or iodine atom preferably a chlorine atom O her
useful steroids which nmay be used as the conpound of formula (I)

i nclude 10 such androgens as testosterong and

3, 6,17/ 3-di hydr oxyandr ost ane . X, the,,canpounds.referred to
above, the nost pAr{%f 8 erngﬂémg?%he;? 89%%?}%%%65&??%?6%?0&}’?@%@&8 an

70- hydr oxy - epdhasite bating sirleast Gid-BpERIAAY f@fthla (I) or an ester thereof dispersed

11, 6- hydr oxy4- andr o hggﬁ-S,l?-dione (HAD) . Patches for, trans&grnal
adii ni 8t r at | GRSt S RGeS f%ﬁhﬁﬁﬁwewarﬂim%traﬁw@%@mm@d@r eser.
medi cally acceptable fabric or filmon which is a |layer of an

adhesi ve i npr egnads@nyitetofpeurt et 88 hiasht RN PREaRY %oﬁﬁ&%ﬁ@?]ﬂluﬂé ed
inthe figld may be used jn the present invention. It may, for
exanpl e, be °%6ﬂ9¥%%ﬂﬁQQ@F%%%aﬁbven fabric, porous filmor noul ded
film ideally 10-100pmthick. Wven fabrics, nonwoven fabrics and
porous films are useful in that they allow the passage of water 20

vapour, while nmoul ded filnms are useful for pro@ﬂqgno a bather to
bacteria and for waterproofing. 6pg Howeverd, 1t/ will be

effect on the utility of the patch,
wi th some care. Thus, the adhesive
skin, it must permt sustained.¢

properties over a relatively
attachnment, despite the nqQrnnm
washi ng. Moreover, the agh- [ F trong that it causes
damage to the skin when the patch is renoved. W have now found
that a particular class of adhesives is especially useful wth the
steroi d conpuskishBf, RArRridra KA dre andbfesd Siove) hereeefs tugast i n t he
present invention. 10These new adhesives conprise a copolyner of from

40 to 60% by wei ght_..of t haxyet hyl acry) ate, from 30 to 40% by

wei ght of |auryl %ng’rdw B ﬁCY%%%OWB%@%&%’F@egﬁWWFWEﬁmﬁ) 25%
by wei ght ofcomppaidans framaBRTI): The amount of units derived from
met hoxyet hyl acrylate in the copolyner should be from40 to 60% by

wei ght, nore preferably from45 to 55% by weight. If 15 this anount
is greater than 60% by wei ght, gelling occurs 8£Eingg ol yneri sation
1

.g. 3 to 7 days, after
he sl.dn and possibly

and the resulting copol ynmer becones 4 nsol ubl e.
viscosity of the copolynmer is poor &0 &0
of net hoxyethyl nethacrylate is |less than 40% T drughsolubility in the
adhesive is reduced and the rel ati vé&lHshi gh drfig | oadi ngs ot herwi se
achi evabl e are not achi eved. 20K , lauryfimacryl ate
and/or lauryl nethacrylate, i of from30 to 40%
by wei ght of the nononer unitjs in the copollyner. Its presence
enhances t he adhesion of the Jadhesive and, |when conbined with the

met hoxyet hyl acryl ate, ﬁﬁac ovindes~surtabt’e equeli ti ons for dissol ving
the stet®ids used in

(in which R12 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

compounds of formula (IV):



the present invention as well as absorption pronoters, where these
are used. If the 25 anobunt of l|auryl acrylate and/or |auryl

nmet hacryl nj in the copolyner is less than 30% b Laht,. ..
adequat e %@?@B}H@?%i ty is not achieved. On the other %S%?Q@Pmﬁlﬁ%é
anount is greater than 40% the copol ynmer becones too hydrophobi c and
drug solubility is reduced. 7 lauryl group, the ability of the
resulting copolynmer to dissolve hydrophobic drugs_and absorption
pronoters woul d be reduced. On the other haqgg3if3btearyl acryl ate or
nmet hacryl ate, with a | onger chaﬁﬁglength wey e“uged in place of the

| auryl anal ogue, the adhesion of't he gehiess woyl d be poor. 5The
third necessary nononer in the copoly
invention is a polar nononer. Thi to the copol yner
hi gher cohesion without danaging Abl e prop@Vi es

menti oned above and it can i g t he C10ss-1inking of the pol yner.
It should be present in the inlan anount of from 10 to 25%
by wei ght of the copol yner i
pol ar 10 nononer w || npt~giwe_atequate” cohgsiéon, while nore than 25%
will result in the co&%lyner becom ng too polrar and the adhesi veness
bei ng reduced. Exanples of suitable polar nononers include acrylic

aci d, methacry.l. 3 d,3 acryd am !

Novinyl - 2 Briieh Riofe R\ B2pnSsusl AR A baeat oy
acrylate and vinyl acetate. A su;gleloggkpfléggéfmﬁﬂ a foqgigation of
two or nore naEximples ofissapoudis ¢iewayla déyipéin -Rlydroxy-4-anarosiene-
N-vi nyl - 2- pyrrolidone and_2- hydr ethyl acrylate are preferred,

N-vi nyl - Jgi??@P?d@%@‘%@gﬁﬁmﬂﬁg?%@ﬁeferred, ei ther alone or in
conbination with at | east one other polar nononer. In any event, we
particularly prefer that units derived fro
shoul d constitute at 5% by meig?h) provi ded that the
total anmount of polar nononer is; C from20 10 to 25%
by wei ght of the copol yner. d aboye, an absorption
pronoter may be included in the i ve conpositjon according to the
present invention. Exanples g i pronot er s ([agl ude:
fatty acid esters, such asgi 1
nyristate; glycerol esters s ¢
nonool eate; acid 25 am des as laurjc acid diethanol am de; and
neutral surfactants, syg#s ehe gl ycol dilauryl ether.
However3 such material & are well known in the art, and any conmon
absorption pronoter may be used. The preferred absorption pronoter is
isoFrgpyI ﬁﬂ.’ésﬁirsﬁlihejieoﬂ'ﬁﬁﬂ:mp(?hé,m' i) tﬂimeﬁehed echrspnupt. EE?EISpm;j ter
nmus e sufficien o enhanc ransder nmy sorption o e drug.
However, tBESRhEN R K e¥ﬁ%ﬂ§g$%%% reduci ng the adhesi veness
of the patch. Accordingly, we prefer that the anbunt of absorption

pronot er 5h0U|¢@%hﬁﬁ§5&§n%@mﬁ@oBﬁ&ﬁﬁhﬂKﬂMﬁMﬂH?d&ﬁ&ﬁﬂ@ parts by
wei ght of the copolyner. It is also ﬁreferred that the

copol ynmer dsdrdepiandirostarthe §1o-bydonmpBEEA) ofhish bag the BempladEE)) | nked by
means of a cross-linking agent in order to enhance cohesi on. Exanpl es
of such cross-1linking agents include isocyanq%ﬁs ghd chel ating

agents. The anmount of the cross-I|inking age sefd is preferably from
0.1 to 2 parts by weight. If 5the anmoun [ ess than 0.1 parts
by weight, little cross-1inking takes¢pl ace ™and tQere is no
significant benefit fromits addiiggp) On the hand, if the
anount added is nore than 2 parts by wei ght, i

adhegi veness reduced.
The copol yner may be prepared b Own in thé a%t for
the preparation of polyners| of thijs type,

for exanple by free radical
pol ynmeri sation using 10 the} nononelrs defijned above. Any conventi onal
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t hi ckness of the conposition after drying is from30 to 1201.tm |If
the thickness is | ess than 30pm adhesion of the conposition is weak
and it ma cult to incorporate an adequate ano

active iné?gg(lmg '§5f16401 the other hand, if the anount |SBSJF’§%§°°P}3§5H
120gm it is difficult to forma Iayer of the conposition and to dry
it. WD 2005/ 105104PCT/ GB2005/ 001596 9% The present invention is
farther il I?strahﬁj l%y the follow ng non-limting Exanples, of which
Exanpl es Wstrate the preparation of the adhesive copol yners
and Exanples 4, 5, 6 and Conparative Exanples 1 to 10 illustrate the
pr epar ation anﬁxamplembf patiueds offotnnda (Ve sehtdei 7dviedtaxyrepisbEdiPnES

azobl Si so%’gE gﬁﬁﬁe Fﬁ%tf ?é 6%’?%#]?& éﬁ%&%ﬁ%@?@gﬁom in the

fol |l owi ng TabI e 1 were charged into a reaction vessel, which was then
sparged with nitrogen. Pol ynerisation was tlﬁﬁ@ C Orled out for 15
hours at 20C. The resulting copol ymer sol ut| o w#s coated with a

2 filmto a dried

t hi ckness of 100gm and then dried at a teny e of 90C for 15

m nute to produce adhesive sheet sCH ng sheets were
attached to the keratin |ayer
Wstar rats. They were | ef after which they were
removed, and the adhesivengss and|state pf the adhesive |ayer were

Table 1 Monomer Anpun E > ohesi on Exanple 1
nmet hoxyet hyl acrylatem#3 g no detéchmant wi t1Tn 24 hours no residue
left on body lauryl acrylate 38 8

5  and esters thereof.

In the compounds of the present invention, where Rl, rl a RZ, R3 or R4
represents a halogen atom, this may be a fluorine, chlorine, bromine or jodine 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 3(,178-dihydroxyandrostane.

Of the compounds referred to above, the most preferred are 7o-hydroxy-
dehydroepiandrosterone, 7f3-hydroxy-epiandrosterone (74~OH EPIA) and 118-hydroxy-
4-androstene-3,17-dione (HLAD).

. 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 10-100pum 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.



N-vi nyl pyrrolidone 6 g acrylic acid 3 g hydr oxyet hyl acetate 10

g Exanpl e 2 met hoxyet hyl acrylate 48 g no detachnent within 24

hours no Rﬁ??(ﬂd‘fosﬁtﬁft on body lauryl acrylate 34 g PCT/GB2005/001596
N-vi nyl pyrro one 15 g

6
However, it will be appreciated that the nature of the adhesive may have a
significant effect on the utility of the patch, and so this needs to be chosen with some
care. Thus, the adhesive must be capable of adhering to the skin, it must permit
sustained drug release and it must not cause irritation to the skin. In general, it must
5  maintain these properties over a relatively long period, e.g. 3 to 7 days, after attachment,
despite the normal flexing of the skin and possibly washing. Moreover, the adhesive

must not be so strong that it causes damage to the skin when the patch is removed.

We have now found that a particular c¢lass of adhesives is especially useful with

the steroid compounds of formuia (I} and esters thereof used in the present invention.

10 These new adhesives comprise 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
15  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.

20 The second co-monomer, lauryl acrylate and/or Iauryl 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. Ifthe

25  amount of lauryl acrylate and/or lanryl 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
30  lauryl analogue, since the chain length of the 2-ethylhexyl group is less than that of the



acrylic acid 3 g WO 2005/ 105104PCT/ GB20051001596 10 Exanple 3
met hoxyet hyl acrylate 50 g no detachnment within 24 hours no residue

left on b | acrylate 36 g N-vi nyl pyrrolido
hydr oxyet hy 2%{’%;@{'%%% 10 g BET2:8%05/001596
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lauryl group, the ability of the resulting copolymer to dissolve hydrophobic drugs and
absorption promoters would be reduced. On the other hand, if stearyl acrylate or
methacrylate, with a longer chain length, were used in place of the lauryl analogue, the

adhesion of the adhesive would be poor.

5 The third necessary monomer in the copolymers used in the present invention is
a polar monomer. This serves to impart to the copolymer higher cohesion without
damaging the other desirable properties mentioned above and it can improve the cross-
linking of the polymer. It should be present in the copolymer in an amount of from 10
to 25% by weight of the copolymer units. Less than 10% by weight of the polar

10 monomer will not give adequate cohesion, while more than 25% will result in the
copolymer becoming too polar and the adhesiveness being reduced. Examples of
suitable polar monomiers 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

15  beused. Ofthese, 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

20 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: faity acid esters, such as isopropyl palmitate and isopropyl
myristate; glycerol esters, such as glyceryl monolaurate and glyceryl monooleate; acid

25  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

30  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,



EXAMPLES 4 & 5 & COVPARATI VE EXAMPLES 1-10 Preparation of adhesive
patch SInto the adhesive solution (copolymer solution) of Exanple 1

and into d e solutions used in the Corrparatlv he
drug specig{wz(@b/g‘%?%w and, where used, isopropyl nyrls? F}gﬁg@gﬁ@rs%ta

crosslinker, were added and di ssol ved._ The resul ting conpositions
cont ai ni ng the dissol ved drug were codted onto a pol y(et hyl ene
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there is no significant benefit from its addition. On the other hand, if the amount added

is more than 2 parts by weight, adhesiveness is reduced.

-

The copolymer may be prepared by methods well known in the art for the
preparation of polymers of this type, for example by free radical polymerisation using
10 the monomers defined above. Any conventional process, such as solution
polymerisation, suspension polymerisation or emulsion polymerisation, may 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.

15 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
20 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,

25 The amount of the mixture applied to the substrate is preferably such that the
thickness of the composition after drying is from 30 to 120um. If the thickness is less
than 30um, 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 120um, it is difficult to form a layer of the composition and to dry it.



- - - Dr2287 Solid, nag - 250 - - DT2516 Solid, mg - - 250
Dr2051 Solid, nmg - - 250
WO 2005/105104 PCT/GB2005/001596
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The present invention is further illustrated by the following non-limiting
Examples, of which Examples 1 to 3 illustrate the preparation of the adhesive
copolymers and Examples 4, 5, 6 and Comparative Examples 1 to 10 illustrate the

preparation and use of patches of the present invention.
EXAMPLES 1-3

200 g of ethyl acetate (solvent), 0.05 g of azobisisobutyronitrile (initiator) and

the monomers shown in the following Table 1 were charged into a reaction vessel,

‘which was then sparged with nitrogen. Polymerisation was then carried out for 15

hours at 20°C. The resulting copolymer solution was coated with a knife coater onto a
polyethylene terephthalate film to a dried thickness of 100um, and then dried ata

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.

Table 1
Monomer Amount | Adhesion Cohesion
gfonomer

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 10¢g

Example 2 methoxyethyl acrylate 48 g no 1o residue
lauryl acrylate g detachment | left on body
N-vinylpyrrolidone 15g within 24
acrylic acid 3g hours
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Example 3 methoxyethyl acrylate

50g

lauryl acrylate

36g

N-vinylpyrrolidone

hydroxyethyl acetate

10g

no
detachment
within 24

hours

no residue

left on body

EXAMPLES 4 & 5 & COMPARATIVE EXAMPLES 1-10

Preparation of adhesive patch

Into the adhesive solution (copolymer solution} of Example 1 and into the

adhesive solutions used in the Comparative Examples, the drug specified below, and,

where used, isopropyl 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 dimg-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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Table2
Example No. 4 Compl |[Comp2 |{Comp3 |Comp4 | CompS5
Ingredient
Example No. 1 | Solid, mg {250 |- - - - -
DT2287 Solid, mg |- 250 - - - -
DT2516 Solid, mg |- - 250 - - -
DT2051 Solid, mg | - - - 250 - -
DT2052 Solid, mg |- - - - 250 -
DT2074 Solid, mg |- - - - - 250
PM 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/tetrahydrofiran solution.
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Example No. 5 Comp 6 | Comp7 | Comp 8 | Comp 9 | Comp 10
Ingredient
Example No. 1 | Solid, mg { 250 - - - - -
DT2287 Solid, mg | - 250 - - - -
DT2516 Solid, mg | - - 250 - - -
DT2051 Solid, mg | - - - 250 - -
DT2052 Solid, mg | - - - - 250 .
DT2074 Solid, mg | - - - - - 250
PM mg 100 - 100 - 100 100
76-OH EPIA mg 8.0 6.5 12.0 10.5 7.0 5.0
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 nsed as an enhancer, since it is an excellent pharmaceutical excipient for the

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

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

because if 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 1-3

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
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were examined to determine whether HAD had crystallised on the surfaces of the

patches. The saturation concentrations of HAD in the adhesives are shown in Table 4.

Table4
Adhesives Saturation of HAD (% of patch weight)
Example 4 2.0
Comp 1 2.0
Comp 2 3.0
Comp 3 2.0
Comp 4 1.5
Comp 5 2.0

5 2. Saturation concentration of 76-OH EPIA in adhesives

The adhesive pétches described in Example 5 and Comparative Exatnples 6-10
were mixed with progressively inoreasing concentrations of 78-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

10  surfaces of the patches. The saturation concentrations of 7B-Oﬁ EPTA in the adhesives

are shown in Table 5.
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Table 5
Adhesives Saturation of 758-OH EPIA (% of patch weight)
Example 5 2.0
Comp 6 2.5
Comp 7 33
Comp 8 | 4.0
Comp 9 2.0
Comp 10 2.5

3. Permeation behaviour

The materials used were as follows:

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

Commercial estradiol patch as permeation marker (Estrana,

Hisamitsu Pharmaceutical Co.)
Patch size: 8 mm diameter for HAD and 10mm diameter for 78-OH EPI4
10 Receptor solution: ~ PEG400:water (1:3)

HPLC conditions



* 0.05% of al um ni um acetyl acet at e/ t et rahydr of uran sol uti on. As
shown in Table 2 and Table 3, the various adhesives were | oaded with
t he sat ur avpoemsaemeentrati on of HAD or 7/3-0H EPI A Whete/gpasisioblsss

i sopropyl nyristate 5 (IPM was used as an enhancer, since it is an
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T_PM because it resulteddn, g, decrease i#fpgohesion. EXANPHEzgég%ﬁgmm
Saturation concentration o{ D in adhesives The adhesive

pat ches described in Exanple 4 and Conparative Exanples 1-5 were
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exam ned to determ ne whefﬁer D had crystallised on the surfaces of
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patch weight) Exanple 4 2.0 Conp 1 2.0 %59:?1%0137- 3 2.0 Conp 4
1.5 Comp 5 2.0 5 2. Saturation concentration o . EPIA in
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Column temperature  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
5  adhered to the stratum cormneum 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, 100ui of
sample was withdrawn from the receiver compartment, and the same volume of receptor
solution was added to keep the volume constant. The dmg concentration was analysed
10 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.
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in the
WO Pa1e5105104PCT/ GB2005/ 001596 14
EPI A (% of patch wei ght)

g T v AR [ e
Animal s: Wstar rats (pele—body—weifht.-240 - 250g) | est
pat ches: Exanpl es 4 andgﬁn@£g4Cbnpara§@ve Exanpl es 1-10 Commer ci al
estradi ol patch as peyneation markefrana, Hi sam tsu Phafnaceutica
<) Comp 1 28

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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to be released into the skin. Adhesives having just the -OH group, such as DT2516, did
not allow good permeation, whereas adhesives with a combination of groups -COOH / -
OH, such as Example 1 and DT2074, allowed good permeation. Allowing for
10 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
15  composition of Example 4 (Table 2) together with 5% w/w of lactic acid as enhancer.
A penetration flux of 1.1 pg/om*/br in hurnan skin was achieved.
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Al'l patches showed that a nuch hi gher anount of HAD and 7P-OH EPI A
had perneated than that of the pernea%?on mar ker, estradiol. This
means that HAD 7(3-OH EPI A have a potential skin pernmeability. It was
surprisingly found that the skin perneation of HAD was best with 5
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functional groups -COOH -0H, which make the adhesive highly
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having just the -OH group, such as DT2516, did not all ow good
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R R

(in which R'; R, R® and R* are the same as or different from each other and each represents an
OX0 group, a hydroxy group, a mercapto group, a hydrogen atom, a halogen atom, an alkoxy
group having from 1 to 6 carbon atoins or an aryloxy group having from 6 to 10 carbon atoms;
and the dotted line indicates that there.may be a single or double bond between one of the
respective pairs of carbon atoms) , said patch comprising a substrate and a layer
of adhesive on the substrate, in which said adhesive comprises a copolymer of from 40 to 60% by
weight of methoxyethy] acrylate, from 30 to 40% by weight of laury] acrylate or methacrylate and
from 10 to 25% by weight of a polar monomer, said adhesive having dispersed therein at least one
compound of formula (I} ,

2. A patch according fo Claim 1, in which said compound is a compound of formula (II):

Y

R

(in which R', R}, R® and R* are as defined in Claim 1) ,



15 conposition of Exanple 4 (Table 2) together with 5% w w of |actic
acid as enhancer. A penetration flux of 1.1m cn®2/ hr in human skin was
achieved. 18 CLAIMS: |. An adhesive patch fof the transdernal

adm ni stration of a conmpound of forrmula (I): (in which RI; R2, R3
and R4 are the sane as or different fromeach other and each
represents an oxo group, a hydroxy group, a nercapto group, a

hydr ogen Zat aputciachadingre Glait Oy which aidlkconppugliougpmpeant affofmutilt 0 6
carbon atons or an aryl oxy group having from6 to 10 carbon atons;
and the dotted line indicates that there.my be a single or double
bond between one of the respective pairs of carbon atons), said patch
conprising a substrate and a | ayer of adhesive on the gubstrate, in
whi ch sai d adhesi ve conprises a copol yner of f 40 Ro 60% by wei ght
of net hoxyethyl actylate, from3Qto 40@6by we | auryl acryl ate
or net hacrylate and fron110 toR ' Hol ar nonormer,

formula (1), 2. A patch accordin Ef
is a conmpound of forrmula (I11): %D
defined in daim1) 19 3.
said conpound is a conpou
represents an oxo group, a |nercapto group or a
hal ogen atom and B?, R J fined in Caim4. A patch

according to Claim1l, in|which sa d conmpound is a conpound of formla
(rv): (in which R 1, -R : defined in daiml). 5.
A patch accordingB% Cl ai m T R gggound is

11P- hydr oxy- 4- an stene-3,17-dione. 6. A patcCh according to Caim1l,
in which said conpound is 7a-hydroxy-dehydroepi androsterone. 7. A

pat ch accor g ﬁgcﬂ K" fepradetits 4n oxo Browh) i GIdr&@ igfhuig @ WP rbi or a halogen atom; and
7p- hydr oxy- g R24Hd ROSE & BAfkd in Claim 1),

'p]l, in i1Gh

4, A patch according to Claim 1, in which said compound is a compound of formula (IV):

{Iv)

(in which R, R%, R? and R* are as defined in Claim 1),
5. A pateh according to Claim 1, in which said compound is 11f-hydroxy-4-androstene-3,17-dione.
6. A patch according to Claim 1, in which said compound is 7e-hydroxy-dehydroepiandrosterone.

7. A patch according to Claim 1, in which said compound is 73-hydroxy-epiandrosterone,



20 8. A patch according to any one of Clains 1 to 7, in which the
anount of units derived from net hoxyethyl acrylate in the copol yner
is from45 to 55% by weight. 9. A pateh according to any one of
Clains | to 8, in which the polar nononer is acrylic acid,

met hacrylic acid, acrylam de, nethacrylam de, N-vinyl-2- pyrrolidone,
N, N—dlnethylacrylanlde 2- hydr oxyet hyl acrxlate or vinyl acetate. 10.
A patch afi:c6@&@?@%@“@&%’(@9“¢1ﬁm9\h1f°é’hmt"‘ﬁ@ 6 Praguok s Heftrderived freer vl j ¢
aci d, N-vi nykth@xyesipd pasylptel yilee agpolyuenizdiondy bt Akplby aveightl ate. 11. A patch
according to Caim10, in which the polar nononer is

N- Vi nyl - 2. pyupatch dcckodieg to 2y ondofCltimh | adciordich e bdaratvyonomn é& aoflicGed) ms 1
to 11, i n whkthiertibeciddhgshide matairglantoaNvhyEDftaiideae, ayN-albstyipiryiobide,
pronot er. 13hydoxpehyd Aerdfeorviliyngeth®. Cl ai m 12, in which said absorption
pronoter is isopropyl nyristate 14. A patch according to Caim12 or
Clai m 13,10 A pwhi &bor@ad « cBs 91ip hiknPF M RbRImel i§ adPyii 3QM IN- whﬁyi%yﬁdﬁ@éh@t
from3 to 4&%@9&%&% \éﬁ,laght per 100 parts by wei ght of

copol ynmer. 15. "A patch according to any one of Clains 1 to 14, in

whi ch t hej,agdhesy é’c‘éorbl ‘Srcuﬂ-g %0, fh il %ﬁ%@%&&&g\@@l 2 npgm%r?u%m 16, An

adhesi ve co osSI t |on ccording to rising an
adhesi ve yin l.east one
Cher eof 1o MG RrautifeRin BF oL DRLR o wreh Y tesh? hillon B es <
or neuronalﬂﬁgP‘mﬁgﬂpﬁ 'to peripheral organs.

13. A patch according to Claim 12, in which said absorption promoter is isopropy! myristate

14, A patch according to Claim 12 or Claim 13, 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.

15. A paich according to any one of Claims 1 to 14, in which the adhesive layer has a thickness of
from 30 to 120pm.

16. An adhesive composition according to Claims 1 to 15, comprising an adhesive having at ]east one
compound of formula (I) or an ester thereof for the treatment or prevention of osteoporosis,
osteogenesis or neuronal cell death to peripheral orpans.



