TRANSDERMAL DELI VERY SYSTEM FOR HORMONES AND STERO DS Field [0001] This
invention relates to a transdernmal delivery systemand to a nethod of
transdernmal delivery of hornones and steroids. Background [0002] Steroids
and hornones include sex hornones and certain adrenocortical hornones
(corticosteroids). The corticosteroids have numerous and diversified
physi ol ogi cal functions and pharmacol ogi cal effects. They influence
carbohydrate, protein, fat, and purineinetabolism electrolyte and water
bal ance; and the functions of the cardiovascul ar system the kidney,
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corticosteroids are used for treating hormonal insufficiencies, inflammation, and
other conditions, whereas the sex hormones are widely used for contraception

and hormonal insufficiencies, as well as for treating other conditions.

[0003] The two main classes of sex steroids are androgens and estrogens, of
which the most important human derivatives are testosterone and estradiol (17-
estradiol), respectively. Other contexts will include progestagen as a third class
of sex steroids, distinct from androgens and estrogens. Progesterone is the only
naturally-occurring human progestagen. Progestins are synthetic sex hormones
used in contraception either alone or with estradiol.Androgens are often referred
to as "male sex hormones", since they have masculinizing effects, while
estrogens and progestagens are considered "female sex hormones" although all
types are present in each gender, albeit at different levels. Androgens may be
used in treatment of reduced libido or in treatment of depression in both men and

women.

[0004] Administration of hormones and steroids through the skin (‘transdermal
delivery’) has received increased attention because it not only provides a
potentially simple dosage regime but it also provides a relatively controlled route



2 for release of a hornone into the system c circul ati on. However,
transdernmal drug delivery is conplicated by the fact that the skin behaves
as a natural barrier and therefore transport of agents through the skin is
a conpl ex nechanism [0005] Structurally, the skin consists of two
principle parts, a relatively thin outernost |layer (the "epiderms') and a
thicker inner region (the 'derms'). The outernost |ayer of the epiderms
(the "stratum corneunl consists of flaptened dead cells which are filled
with keratin. The region between the flattened dead cells of the stratum
corneumis filled with |ipids which form|anellar phases that are
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viable epidermis.

[0007] A transdermal "patch” typically consists of a matrix or reservoir containing
the drug to be administered, together with a backing layer, an adhesive and a
protective release liner. Release membranes may also be incorporated. The
delivery of drugs through these systems is either through passive diffusion,
controlled by a semi-permeable release membrane, or is controlled by the
adhesive/adhesive matrix. The system may also incorporate drug penetration

enhancers to increase the flux of the drug through the skin.

[0008] One of the drawbacks of the current approaches to administering
hormones and steroids is that the formulations are typically in continuous contact
with the skin. Creams and ointments or adhesives used in patches can cause
skin irritation and sensitisation. A significant proportion of patch users suffer from
skin irritation and sensitisation due to adhesives used in the patch. Steroids and

hormones, particularly the sex steroidal hormones have a relatively poor skin



[ 0009] The rate of drug delivery across a dermal surface can be increased
by dermal penetration enhancers. The problem w th nost known der nal
penetration enhancers is that they are often toxic, irritating or

al l ergenic. These enhancers tend to be proton accepting solvents such as

di met hyl sul f oxi de and di nmet hyl acet am de. Mre recently, 2-pyrrolidine,

N, N-di et hyl -mt ol uam de (Deet), 1-dodecal -azacycl oheptane-2-one (Azone), N,
N di et hyl f ormam de, N-nethyl-2- pyrrolsi di ne and cal ci umthi ogl ycol at e have
been reported as effective enhancers. However, difficulties remain with
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Summary
[0011] The invention provides a transdermal delivery system comprising a

composition comprising at least one agent selected from hormones and steroids,
and a penetration enhancer comprising a polyethylene glycol of average

molecular weight no more than 300.

[0012] In a further aspect the invention provides a method of transdermal
administration of an active agent to an animal subject, including a human,
comprising application to a dermal surface of the animal of the above described

transdermal delivery system.



[00151 In a further enbodi ment the invention conprises a conposition

conpri sing a pharnmacol ogi cal agent selected from steroids and hornones and
a penetration enhance for application to an area of skin of a subject. The
conposition nmay be for treatnment of an insufficient |evel of a hornone such
as a sex hornone, for hornone replacenment therapy or contraception. [0016]
In a further aspect the invention provides a nethod of preparing a
transdernmal delivery systemfor admnigtration to an area of dermal surface
of an animal the nmethod conprising conbining at | east one pharnacol ogi cal
agent sel ected from hornones and steroids and a penetration enhancer

conpri sing pol yethyl ene glycol of average nol ecul ar wei ght no nore than
300. [0017] dors@anfyet bRGtheeadpdi e nhvenhien prvRRtiugB of iMpblysgiepe glyaoisder mal
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polyethylene glycol of average molecular weight no more than 300.

[0017] In a further embodiment the invention comprises a transdermal delivery
system comprising a spray apparatus comprising a container for a transdermal
composition a spray nozzle and an actuator for delivering a metered dose of
spray from the container via the nozzle, wherein the transdermal composition
comprises at least one pharmacological agent selected from hormones and
steroids and a penetration enhancer component comprising polyethylene glycol

of average molecular weight no more than 300.



[0021] The term "pharnmacol ogi cal agent” is used herein to refer to a broad
cl ass of useful chem cal and therapeutic agents. [0022] The term
"pharmacol ogi cal "™ in describing the agents contenplated herein is used in a
broad sense to conprehend not only agents having a direct pharnacol ogi cal
effect on the host, but also those having an indirect or 6 observable
effect which is useful in the nedical arts. The term pharnmacol ogi cal agent

i ncludes prodrugs of the agent which i vivo exerts the physi ol ogical
effect. Steroids enconpass conpounds having the general
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be a prodrug steroid which in vivo provides a nore active formof the
steroi d. Th&'&kleedstgam oididmak ugs and prodrugs whi ch provide eutrogenic,
andr ogeni ¢ gl ucocorticoid, adrenocortoid, anabolic or birth control
activity. Exanpl es of steroids include, for exanple, dexanethasone,
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acet at e, hydeaesdrt bb®srEhurhXfagigRls | sone acetate, hydrocorti sone cypionate,
hydr ocorti sone sodi um phosphate, hydrocorti sone sodi um succi nat e,

predni sone, prednisol one, prednisol one acetate, prednisolone sodium
phosphat e, Petiigifgl one tebutate, prednisol one pival ate, triantinol one,

trianci nol one _acetoni de, ' trianti nol one hexacetoni de, triantingl one
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get anet has ofklbuse AhsIghtPhe SRbrat Bian CRIC IreRided rﬂmﬂwla?eg@ba, oftAshinapst er one,
esoxycorticosterone, desoxycqrticosterone acetate, desoxycorticosterone
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f | uoxymest efghigss than 95% the no 0 ene glycol 1s of formula
H-[OCH2CH_],-OH. An average molecular weight of no more than 300 means
the average value of n is at least 3 and is generally from 3 to 6 such as 3, 4, 5 or
6 (although the average need not be an integer) and more preferably 3 to 5.
Polyethylene glycol (PEG) is widely available from commercial suppliers in
pharmaceutical grades and is sold in specified nominal molecular weights which
generally signify that the average molecular weight is not more than 105% and
not less than 95% of the nominated value. The viscosities and methods for
molecular weight determination are disclosed in USP NF Official Compendium of

Standards Volume 11180-1182 [2007 Edition].

[0021] The term "pharmacological agent" is used herein to refer to a broad class

of useful chemical and therapeutic agents.

[0022] The term "pharmacological" in describing the agents contemplated herein
is used in a broad sense to comprehend not only agents having a direct

pharmacological effect on the host, but also those having an indirect or
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is a phar macol ogi cal drug which is adnministered in an inactive or |ess
active formand is nmetabilised into an acpl ve form The prodrug itself may
have little or none of the desi rea y Jntil it interacts with the
systens of the body such as the s ul atory systens. Nonethel ess
hor nrones and steroi ds used i - Al delivery systemof the

admi nistration forma nore jacti t m)ne or steroid in vivo during or
after the process of transdé pel*“adtfi ni stration. [0025] In yet another
preferred enbodi nent, a prodr ug or "a conposition of prodrug mixed with the
parent conp r t Of; gMEind han an
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amine or aci ti r CafidRlnbiBnd OAABNgBKLA! ed
base deri vaPaeJn%%%%% t?é@;stthf B ﬁr&hg)gga%wggj‘téscusésegmtD n %alrnd Desi gn of
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ring, such EEJ%J {one fdn?é}ha%dﬁ% 35cRAs! th%}ostgfon%t fiDExyledidshd,i on on
the fused ri'ng. cUI pre erre ar e steroi hor nories such as
estrogens, progestlns, and androgens. The correspondi ng steroid prodrug
(prosteroid) is defined as a corresponding structure to the steroid where
the free hydroxy at the 3,11 or 17 position has been reacted with an

al cohol reactive noiety. Particularly preferred are steroid derivatives
acylated at the 17 position hydroxyl for exanple by a Cl-Cl2 al kanoyl
group. Regardl ess of whether the steroid or the correspondi ng prosteroid
derivative is incorporated in the carrier conposition as the dom nant drug,
each 9



provi des a source of steroid in the bloodstreamto achieve the intended
physi ol ogi cal effect which, in the case of the correspondi ng prosteroid,
occurs through nmetabolic conversion of the derivative. A steroid ester is
t he corresponding structure to the steroid where the free hydroxy group on
the ring has been esterified. Exanples of a steroid and its correspondi ng
ester include estradi ol and estradi ol benzoate, estradiol 17-beta
cypionate, estradiol 17 propionate, estradi ol hem succinate (eutocol),
estradi ol enanthate, estradiol undecylate, estradiol acetate, and estradiol
proprionate, etc. Another exanple is testosterone and its correspondi ng
ester of t estdostemmeneanethamdregiendronset metylapdestenedies t ety &%O%waﬁ% hat e,
testoster Onﬂo%‘tt%(?wtd ch]@ﬁe ’testtcfﬁc%{eﬁe QEABS RN ARRE t8stodteBhe Pr&siftte,

proprionate, are non-esters that have groups on the 17
posi tion suchwlmwt eastuilist estiadioll benaeats; gstiadiel Airsoripnatey eetf'ﬂ'er%StrPH%t have

groups on t Qgtr&eogéh%da?@ %&é@& ?ﬁegﬂéﬁéléﬁé OhnRedBhBYaceit8 e EnlolRfffdneThe ter s
" per cut aneous rans are used herein in the broadest sense to
refer to beingatebl e t oflpagestong ough aefiaieken skhYﬂrO{m‘pr‘?ﬂ%‘s"?r@P?ﬂ der mal
penetrationg t Em@g? feedry to an
agent which ?a]rrjg?%qﬁ%éylf) @éeﬁ@e%@%&?cﬂdp gdxggﬁ)gé?r@gﬁg hrt 0 rdé%ts ive agents
acr oss the skétatef dydnozypragebterené gaprpatst naglendgstrel ale.t IBEHUSIEORE: such as
ani mal s, Hb%n{%n@e é;rgq'es S5 %gg)n}ﬂcaéét,%glopr nesEhEaN CdifRtdiserone, [ 0028]

The term"” n occl usi'v S used h ninits broadest sense to refer to
not trappi ngthisteronesi ﬂ@ymmlsmlﬁipeﬁ@et heorgthiesdspher BGNIREERNS ofCe@ifat ch

device, fi X?\tghertrﬁﬁtgf(\ﬁ%' Fuodiibre® 8di8Rdé, hﬁu@ﬁ’c‘]renéléﬂ? hyRfdtda@ene sodiid ng

pl aster, e which remarns on the skin at the site of apllcatlon
for a prol osgegndtengnethgpregniselonet spdiupar3uceinpigr | Pregpieplens e ANPFARS he

transder mal agﬂ_' VertHarﬁ%’ﬁcﬂ@r‘i@ of&iBRid bnvgmnrggya,d@ n%@ﬁcl lsﬁfdﬁglactofhg

termnally efentla kerati nocyte rimarily of the proteinaceous
mat eri al keoaandiolane.anyettiolong, pameikolang tﬁefa%tafonefoae'ﬁn@tﬁ St A nor t ar

bei ng. compr Lpetl 8l e! Lol Bbicrxidrae pRrdHettr 11 om chol ester ol

cerani des ah Rain fatty acids. The stratum corneum creates the rate
limting barrier for dlffu5|on of the active agent across the skin. [0030]

The term "S:fd.)%éfiﬁp dr B iUy ﬁarh%'b@io |Cbr’drhg%/rmfh%‘@8§ﬁm§t%ﬂen bA |r|iafbi|€é to a

reservoir o posi t actlve a ermal penetration & ancer Wi thin
t he strat umotasaagtiye mtamdrls met 'Sleﬁt"ﬂta-a@eﬂqt'm 89”“( Whe Rrosru SRl Yyt es) or

intercel | ul %Eve Q83 Ig%f ’Erfaer(f%swlé agﬂ\h!y%dﬁpﬁ‘lﬁ{&laéﬁshhlﬂl theGys@meediiteé e i s

used in the Art to Tef har maceut i cal vehlcle conprising a
vol atile |idafyl svcReas \Km hSkm mmmélaﬁlfVI‘é/SFqWéﬁu Noredig!egse hoaiEsad"d der nal

penetrat | on FABRECHey f) PSRBT IGhEnCaES bt iMRIabh | Rolieui d
tl

m xed with a non- v der ma enetration enhancer when descri bed herein

is used in |hD§an$aai”eis$te@éi’$s\e|""G|bafm@ﬂodﬂ@st"lfm%*eo%9@@“6}‘%3{?%\%?{”%\% MRBBatil e:
non-vol ati | g lildAUbAndRbE 5&S0id in vivo during or after the process of transdermal

administration.

[0025] In yet another preferred embodiment, a prodrug or a composition of
prodrug mixed with the parent composition has a permeation rate that is faster or
slower than an identical composition having a pharmacologically equivalent
amount of the parent drug. In still another preferred embodiment, the composition
has a duration of the therapeutic effect that is longer or shorter than a
composition having a pharmacologically equivalent amount of the parent drug
alone. In another preferred embodiment, the prodrug is more lipophilic than the



[0032] The term "aliphatic" includes straight chain, branched chain and
cyclic aliphatic and may be saturated al kyl groups or unsaturated aliphatic
containing from1l to 3 unsaturated groups particularly 1 to 3 doubl e bonds.
100331 The transdermal drug delivery system of the present invention

enabl es a wi de range of pharmacol ogi cal agents sel ected from hornones and
steroids to be delivered through the skin to achieve a desired systemc
effect. The drug delivery system prefegably conprises at |east one active
agent intimately mxed with a non-volatile dernmal penetrati on enhancer and
a volatile liquid. Were the drug delivery systemis a d.to the ski n,

at | east oneawot dug ag@tie peldaa gas ﬁr@ﬁ?%rﬂ?ﬂﬁ%@t'oﬁn@“’sﬁg ‘?H

non-vol ati | %elngﬂalﬂi//%@?’?oﬁohﬁ&ﬁ&dgﬁham&@r&b!s drd v&ihtibnd Br tbevatiléd oﬂthet he

vol atile |iqui aporates. Once within the skin the nonvolatllslllqwd may
ei ther di sraptent hermppesd ofesterpids aMairidrhayet 9radPa clesvaie ) yrer mefeBRi%w 11 an

enhanced pepgf Hson Prédrg é)fbeEQrﬁeathel ﬁé}éﬁt Qﬂ@saﬁhlbw%rémﬁ*mhd&mmugw the skin
and into the su eln%treate this way, the de enetration
enhancer actastl\@slnavw@wmrétf@mdmﬁ‘ﬁf%@ %%}%Q'ﬁé?ﬁ é'”ﬁ%’t PW@'OMO%‘ftéo%?e to be
transder ml | kadgidisiherede rgdarananpmrugs[&ﬁaﬂ&nuqmaowmm gl ait ondieid T eat ed

r ma

with the trans |ve systemis generally a L'i% blya
human bei ngacitegstersrpreparad &y Wﬁ@'oﬂeﬂ?frﬂ‘e tﬂ@éﬁ’ﬁ@é@ﬁl%&ﬁ'?c&;‘%tgc{) unt "
means the agpiip, é}fac:‘ich?esg%ﬂtﬁ@ﬁ/ &Qiﬁ?@ﬂé“éréd&f’éd WY kdacBbn 6f thetgigedtiaidgi cal or

medi cal response of sue, System animal or human that is being sought.
[0035] Thr o@gRoUne @Q\'@pQ}@@'d'VIWpQﬁ @W'W agbrespastive!yor P?ﬁ'%g‘?b@%.r‘?ﬁfcé ion the

word " conpri$ e ARd Aot tbé)s%sdé?fvaﬁ\;@ WRE fhples Ust r@@rug§@@ﬁls&b§@d iand
"conprises” 1s not |n ended to exclude_ other additives

i nt egers or Benegard, Masign et Predrees. pbR-oA-: [9036] E*Pﬁ\é'ebr%@ n&)e\n?\v ors have
found that tg)c GertR, Phe PR éfﬁ‘ébb{érﬁ@ﬁy%m@ Déé??nﬁmaméjﬁdnowep@%meDfe t han

300) as a pene ration enhancer shows a sl gnificant er qveh ¢ d
penet r at i on Asagiemiserens. N Piggo.dedlifyd93gnd Burger's Medicinal Chemistry an

Drug Chemistry, Fifth Ed., Vol. 1, pp. 172-178,949-982 (1995). The other
method for controlling the blood plasma profile of subject is in the selection of the
prodrug, such as based on its molecular weight or polarity. By increasing the
molecular weight of the prodrug, the time to the onset of permeation of effective
amounts of the prodrug will increase relatives to the parent drug. One example
of this effect is in the use of norethindrone and norethindrone acetate. The
permeation rate of norethindrone rapidly peaks after application, whereas
norethindrone acetate having a higher molecular weight reaches a maximum
after the norethindrone permeation rate begins to decline. steroids having a free
hydroxy group at a position on the steroid ring, such as the 17- position, the 3-
position, or at the 11-position on the fused ring. Particularly preferred are
steroidal hormones such as estrogens, progestins, and androgens. The
corresponding steroid prodrug (prosteroid) is defined as a corresponding
structure to the steroid where the free hydroxy at the 3,11 or 17 position has
been reacted with an alcohol reactive moiety. Particularly preferred are steroid
derivatives acylated at the 17 position hydroxyl for example by a C;-C42 alkanoy!
group. Regardless of whether the steroid or the corresponding prosteroid

derivative is incorporated in the carrier composition as the dominant drug, each



[0037] Typically the PEG of average nol ecul ar weight |ess than 300 w il be
present in an amount in the range of from0.5 to 20% such as 1% 1.5% 2%
2.5% 3% 3.5% 4% 4.5% 6% 7% 8% 9% 10% 11% 12% 13% 14% 15%
16% 17% 18% 19% or 20% Preferably the PEG of average nol ecul ar wei ght
| ess than 300 is present in an anmount in the range of from0.5 to 15% and
nost preferably from0.5 to 10% by wei ght of the conposition. [0038] The
conposition of the invention preferably conprises PEG 200 in an anount in
the range of fromO.1 to 40% by wei ght of the total corrposition and

preferably from0.5 to 20%_such 5%, 2% .2.5% 3% % 4. 5%

6% 7% 8% PR naefo% SQU6f C?Ez%er@l 'f&/éb %}6‘33&96(50 "’I_G}%F el%% "% Dow 12

[0039] The @ﬁmsgubamﬁe@f whit@, imwentédsenofnay o@ﬂdsmfrﬂfrfgrabbtﬁrmdldmcomt ain a

vol atil e sol vent erab the \% La%tll so|,.vent ha a v%g%r lts essure
atu

above 35 nm!ifigught ’B? %'lﬁ’né’P ¥erpiPBsE "’ﬁ Yol Ak ef{ Pe hee of 32
delgr ees Cel ?btﬂésbplohﬂl_ng sﬂi@bﬁ;r@td %SI stelerrde\Meéreeﬂe free mydrfoxy tgeoummenta nmrght heI

sol vent pretrer IS | to a | ano or

i sopr opanol 13§ eﬁr\‘/ﬁ‘ﬁ'ﬁ‘?g Examelss. °f[aﬁﬂ@]da%ng%%HoBaé‘gle&%%'n(fl

prefer a]?I]y lééﬁiﬁcgélt ath%/shl%deDrﬁm bétle]?rbs&fadlbhelﬂtfét@rﬁypmmte’l an:caambum } n thgo
range o rom to 0 wel 0 C t1.on an rerera rom
to 95% nor &WERE aﬁﬂﬁcﬁioﬁ? UpGnaig g GHVCQED {ra@alcﬁngg tg%%s&raglgﬁ%

wei ght, 70‘thee®fé¥e e?rsﬁ’aﬂl@l 9&%atel aﬁ@e&tmo&g%rmnoneuegbtc Ahoﬁl"l_theXam;_aé ISd _
conposi t1on. e CO ositio e on nay, I SI I contal n
one or nore %?&‘Eﬁ i %aﬁ”daﬁf 1§80 te ?fogeé?%gqrg'&? é&' r q? héetg'r oup
consi sting efpipedtet rﬁatstdsfer@f&laaaaﬁtaatesutésm&aames ntdahn:henetestc&tmlomjl vents.
Exanpl es of UI table t

ers |nclu ci ds ic acid
copol yners, S’b\f]ace(t,aat?’r gﬁ@é e PrREC] ﬁ’rg é?li"ﬁ%daargeep?ﬁ A abi el guor gem
hydr Orygt hylha@ﬁbkddp@m imxéd?p%ﬂr@pym Qe/tesuﬁtéruh@se-chmrmtmsnmamm] pol yvi nyl
pyrrolidone. The content of t ener. % [0042] In one
embodi nent teﬂ”é’r?)@ﬁgg?"ﬁgr%p%%gﬁ@e?"%&‘r‘p’%ﬁgﬁ? eﬁﬁ?g‘% ?lleat E‘Sﬁﬁ%g tion may
conprise one or nore additional penetration enhancers. Of part| cul ar note
are esters cylic acid ef er,ably . eletedfrom
ali phatic eﬁ(@g] Icﬂ" stﬁfmﬁyPF'@u%@FBU%nan%ﬁ apaly aEHFyusﬁ? PSre(ﬁin gﬁef(yl
sal i cyl at e arshdeBisdendE € Rférhb Yedgtaple HPaks Hralgh pardkenidkar. | y 2- et hyl hexyl
saliclate. Wen an ester of salicyclic acid is present in conbination with

pol yet hyl ene glycol, the weight ratio of the ester of salicylic acid to the
pol yet hyl engoghyThé téei "deraiahPpensidtionudriancal gsh'aJsed) heteie i iaroraddBst i s

preferably in the range of fr 95‘:.5t0595 ef er abl to 1:10 to
051 stich astieer EETES 20t ek gatoyes Yirorofhpr RiELiEh8sls rarsBH c?

active agents across the skin for use and delivery of active agents to organisms

such as animals, whether it be for local application or systemic delivery.

[0028] The term "non-occlusive” is used herein in its broadest sense to refer to
not trapping or closing the skin to the atmosphere by means of a patch device,
fixed reservoir, application chamber, tape, bandage, sticking plaster, or the like
which remains on the skin at the site of application for a prolonged length of time.
It is particularly preferred that the transdermal delivery system of the invention is

non-occlusive.

[0029] The term "stratum corneum" is used herein in its broadest sense to refer to

the outer layer of the skin, which is comprised of (approximately 15) layers of



13 ratio may vary depending on the nature and concentration of the active
agent and the concentration of the penetration enhancer conbination. [0043]
Known dernmal penetration enhancers nay be included in addition to PEG of
nmol ecul ar wei ght no nore than 300. Exanples of known penetration enhancers
are | aurocapram and | aurocapram derivatives, such as those 1-

al kyl azacycl ohept an- 2-ones specified in U S, Pat. No. 5,196,410, and oleic
acid and its ester derivatives, such a%0nethyl, ethyl, propyl, isopropyl,
butyl, vinyl and gl yceryl nonool eate, and those given in U S. Pat. No.

5,082, 866, particul ar odecyl (N, N-di nethyl am no) tat e,_and dodecyl

(N, N- di net h@?%’i‘aﬁ%) g"ﬂjﬁéﬂﬂﬁﬁgt Eeréfﬂ%ijciy sumade pgimanyy’ °ﬁ?§%l‘?r%’l{‘,a°8%¥sri cularly
2- n- nony1- 1ndatehiadketainearrdviget ipreebeack edd kiutan fdetiomiwitpethetmartdrdreirgnhancer s
are oleic acid and its . ester derivatives, such as thyl . .ethyl, propyl,
opropy!, BATRIESK, P IS K ek yrman Tt elo RSt shivnidgh atH oY 7S
Pat. No. 5, @BainSfatly Jeiist i auk adtyatwhn deyduni Nrédted ithed Inyte alimitioy bacietr e and
dodecyl (N, if%i mra]t e.and in U S Pat. No. 4,861, 764,

| am.no ropi onat
particul arl y"2S ﬁgﬁgﬁac}rygéa&gg@r%ﬁ@e $9b44] Preferably the conposition
will conprise no nore than 5% by wei ght of the other non-volatile
penetration er_noye. pref erabl o _nore.than 1% and st .pr.eferably no
nore t han 0.[@%€?ﬁ%it%fm Si‘fre??f)é’?c'ﬁﬁﬁégi Srep s 6?1-({17’8? g?rimsiegR)pr ﬁ%ttsa i on
enhancers ofréeivdihanddposit of atilecagdnaanavdieghdl pehetratiomérhanbemwiBtio thd 0045] | n
a preferred odi ment of t invention the conpositiaon consi sts
essentially Sﬁf“ UM eprngym; e\ﬁquﬁ%rng %%t'?t(?éceélé’ﬁ‘éc@&g'nf k%rr‘?]'ﬂ%cry?ﬁ?ie% MG st er oi ds
and nore preéknably steroidal sex hornones; (ii) a penetration enhancer
conponent consisting essentially of a polyethylene glycol of average

nol ecul ar wei ght no nore than 300; (iii) a volatile solvent consisting of
one or nor e [@B1EeTHakeon "asldtileopivopédrdigLid(vehjcledpd usathinl tie artpo ogfert foamt .

liquid pharmaceutical vehicle comprising a volatile liquid mixed with a non-volatile
liquid vehicle, such as a dermal penetration enhancer. A system or vehicle
comprising a volatile liquid mixed with a non-volatile dermal penetration enhancer
when described herein is used in its broadest sense to include those systems

known as volatile: non-volatile liquid vehicles.

[0032] The term “aliphatic” includes straight chain, branched chain and cyclic
aliphatic and may be saturated alkyl groups or unsaturated aliphatic containing
from 1 to 3 unsaturated groups particularly 1 to 3 double bonds.

[0033] The transdermal drug delivery system of the present invention enables a
wide range of pharmacological agents selected from hormones and steroids to
be delivered through the skin to achieve a desired systemic effect. The drug
delivery system preferably comprises at least one active agent intimately mixed
with a non-volatile dermal penetration enhancer and a volatile liquid. Where the
drug delivery system is applied to the skin, at least one active agent selected
from hormones and steroids and non-volatile liquid are thermodynamically driven
into the skin as the volatile liquid evaporates. Once within the skin the non-

volatile liquid may either disrupt the lipid matrix and/or act as a solubilizer to allow



14 [0046] It will be understood by those skilled in the art that al cohols
and polyols contain a certain anmount of water. Typically the total water
content of the conposition is |ess than 20% by wei ght and preferably | ess
than 10% by wei ght of the total conposition. [0047] The conposition of the
invention may be in a range of forns such as a |liquid, cream paste, gel,

| otion, patch (matrix and reservoir), tape, plaster or filmfornmer. In the
nore preferred enbodi nent the transdernmal delivery systemis in the form of
aliquid for application to a defined area of skin. [0048] The conpositions
of the present invention may be in any formsuitable for topical .

appl i cat i on aP@nhaBcaskpenetrafion wie OF fhg %%'e?ﬁcqu?d%"t'é’ﬁ@Q}?ﬁb{héo‘iq?’qtﬁfe&gfn gel s;

l'i qui ds thatngwo e sStdd 8dingSicatedd Ih@hik wal, the\defal peretatorsentandersust ai ned
rel ease matrices of transdernal delivery devices sych aé ﬁgt%res. The
conposi t i ongcras %@aﬂwnadﬂw%%aaaw&r?ege&ﬁ?fe@ﬁf‘ew S eSS Best ances,
adm ni st r at i;g@midid¥reB8 BHBhirdgd). nodi fi ed by using other delivery mechani sns

such as iontophoresism ultrasound and m croneedl es to enhance penetration.
Non- occl usi ve application and in particular spray application is preferred.

[0049] Sui t afj3e) PRASIFRERIPBE Gahted wiklthey BaitRierBalaRIivdr] sgétemas generally be
sel ected from [0050] Estrogens such as estradiol, e i i ol

| zt ri qh esttr
benzoate, edtPaNMgl. Pleferablyiahuman Beigadnale wdepaai Jiederaht RePReUtEalY. adi ol
propi onat e, e&sthRa&INe Mgdestheath®Unt of fresdudfdct Bbmp&ireNat will eliskesier anol |,
stil boestrol, dienoestrol, epioestriol, estropi E_atag | et halh%tti Ibbest rol,
Chl or ot r i anitidiggical omedigat 'eaPAsed Gdiss e FYPIRTn 8Mapgy b‘é@? it 51 °Hosphat e
and zeranol ggfghtm xtures thereof; [0051] Progesterone and progestins such

as norethi sterone, norethisterone acetate, gestodene, |evonorgestrel,
allyl estrenol, anagestone, desogestrel, dinethisterone, dydrogesterone,

et hi st er one o5 Yﬁ%@{;ﬁﬂut 1 lgeatioh afdbasecrims oFtinepedticatibn tigesioatiene,
et hi nyl estradi ol , hal oprogesterone, 17- hgdr o&x- 16- . « s
“comprise” and variations of the word, such as “Comprising” and “comprises” is

not intended to exclude other additives, components, integers or steps.

Detailed Description
[0036] The present inventors have found that the use of polyethylene glycol (of

molecular weight no more than 300) as a penetration enhancer shows a

significant improvement in penetration enhancement of the active agent.

[0037] Typically the PEG of average molecular weight less than 300 will be
present in an amount in the range of from 0.5 to 20% such as 1%, 1.5%, 2%,
2.5%, 3%, 3.5%, 4%, 4.5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, 15%,
16%, 17%, 18%, 19%, or 20%. Preferably the PEG of average molecular weight
less than 300 is present in an amount in the range of from 0.5 to 15% and most
preferably from 0.5 to 10% by weight of the composition.

[0038] The composition of the invention preferably comprises PEG 200 in an
amount in the range of from 0.1 to 40% by weight of the total composition and
preferably from 0.5 to 20% such as 1%, 1.5%, 2%, 2.5%, 3%, 3.5%, 4%, 4.5%,
6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, 15%, 16%, 17%, 18%, 19%, 20%.



15 net hyl ene- progest erone, 17. al pha. - hydroxypr ogest erone, | ynestrenol ,
medr oxypr ogest er one, nel engestr ol , nor et hi ndr one, nor et hynodrel, norgesterone,
Gest onorone, Norethisterone, norgestimate, norgestrel, Levonorgestrel,
nor gestri enone, norvinisterone, pentagestrone, NMENT
(7-methyl 19-testosterone); Norelgestromin, and trim gestone Drospirenone,
Ti bol one, and negestrol and m xtures thereof; [0052] Sel ective progesterone
receptor nodul ators such as Asoprisnil |12CDB-4124 and m xtures thereof;
[ 0053] Sel ective estrogen receptor nodul ators such as Bazedoxi f ene,
Cl om fene, Fulvestrant, Lasofoxifene, Raloxifene, Tanoxifen, Torem fene and
m xtures thereof; [0054] Antiprogestogen such as Mfepristone and m xtures
t hereof . [ 0Q&6&p] And ceopaesitivinraiphe Bivantn rasy Bladpzddralsin dvilGemtain mosoatisend
m xt ures thesr Vof' IJ’,OPS nt i andr ogens such as cglpr ot er one gget at e and
danazol and anhrerge[r ¥ﬁ]ﬁ\{oa|es vent has a vapour pressuré above 35 mm Hg

at atmospheric pressure and normal skin temperature of 32 degrees Celsius. In

a particularly preferred form of the invention the solvent preferably is a C, to C4

alkanol and more preferably is ethanol or isopropanol, or a mixture thereof.

[0040] The volatile solvent is preferably present in the composition of the
invention in an amount in the range of from 40 to 95% by weight of the
composition and preferably from 50 to 95%, more preferably from 60 to 95% by
weight such as 65% to 95% by weight, 70% to 95%, 70 to 90% or 75 to 90% by
weight of the total composition.

[0041] The composition of the invention may if desired contain one or more
additional adjuvants such as those selected from the group consisting of
penetration enhancers, surfactants, thickeners and solvents. Examples of
suitable thickeners include polyacrylic acids; and acylic acid copolymers, agor,
carrageenan, food starch, gelatins, germ Arabic, guorgem, hydroxyethyl cellulose
hydroxypropymethyl cellulose, protein and polyvinyl pyrrolidone. The content of
thickener may be from 0 to 5%.

[0042] In one embodiment the penetration enhancer component of the
composition may comprise one or more additional penetration enhancers. Of
particular note are esters of salicylic acid preferably selected from the Ce to Cao
aliphatic ester of salicylic acid and more preferably Cgs to C12 alkyl salicylate and
most preferably octyl salicylate particularly 2-ethylhexyl saliclate. When an ester
of salicyclic acid is present in combination with polyethylene glycol, the weight
ratio of the ester of salicylic acid to the polyethylene glycol (of average molecular
weight no more than 300) is preferably in the range of from 95:5 to 5:95 and
preferably from to 1:10 to 10:1 such as 1:10 to 5:1 and 1:5 to 2:1. The optimal



[ 0057] Antiestrogens such as tanoxifen and epitiostanol and the aromatase

i nhi bitors, exenestane and 4- hydroxy-androstenedi one and its derivatives
and m xtures thereof. [0058] Androgens and anabolic agents such as

andr oi soxazol e, androstenediol, bol andiol, bol asterone, clostebol,

et hyl estrenol . fornyl di enol one, 4-hydroxy-19- nortestosterone, nethandriol,
nmet henol one, nethyl tri enol one, nandrol one, norbol et hone, oxynesterone,

st enbol one and trenbol one. Androgenic $}eroids can include bol denone,

f | uoxynest er one, nestanol one, nesterol one, nethandrostenol one,

17- nethyltestosterone st ost rone cyclo entyl

pha. - th
enol et her, "#% B@K R0 S?Qﬁﬂg'”gn?i?m H%WH‘%/B'FH CORGER a'i"?ﬂ Bﬁg‘e ‘Eﬁ?v one,

oxymet hol onend easdreentfation S &Y gnetatiorsérivanzal combirfatish.ost er one,
testosterone 17-chloral hem acetal, testosterone proprionate, testosterone

enant hat e ti onest erone dehydr oepi andr ost erone (DHEA), androstenedi one

(Andro): an [egadr Redenesin®l pendteltion tehamers ﬁliambén@ctltaﬁdaataﬂdmna t¢ PHG) and
andr ost anol 02 ’Band derivatives thereof; r educt a e.inhibitors
t

0059] 5- %9"
such as fin& Petdar (eight ¢ g e fhang 8904 EX 'I?R 0 ”%‘ﬁ’a Qﬁ@? RN
thereof ; [ 0QBRindery tar€ 0sdrocapral® and ha@scdpedrangdrivasase, sucht asrtidses one

I t d th h .

{udr ocor t| UM BRIHESRAZERRES THRGUER o b e ot Neo% Hod e i u g aqid
L | :JOCI ngl onendfit wewdr lﬂl@hmﬁeﬁ(wlblglasdﬁet?)ﬂj etﬂﬂppr?ﬁylprseprdpall putypvingeand

al opr edone, cortiso rocortis e i sone
17- bgt yrate9 'Vi‘fé@([’% qaszr@dzi 1055 AHYEt & E’Eghéﬁbr@?iné gg?éﬁgy '?8‘3%5 %ol one,
predni sgl Onelgaécyph(()ﬁmidlmthwrirﬁldﬁ) gaa@tatet r hiedT idoeésme (NIN- ummymhmgpl
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penetration enhancers other than PEG of molecular weight of no more than 300.

[0045] In a preferred embodiment of the invention the composition consists
essentially of:
(i) at least one active selected from hormones and steroids and more
preferably steroidal sex hormones;
(i) a penetration enhancer component consisting essentially of a
polyethylene glycol of average molecular weight no more than 300;
(ii)  a volatile solvent consisting of one or more of ethanol and isopropanol;

(iv)  optionally a propellant.



17 predni sol amate, prednival, triantinolone hexacetonide, cortivazol,
fornmocortal and nivazol and m xtures thereof; [0062] Aronatase inhibitor
such as Am nogl ut heti m de, Anastrozol e, Exenestane, Fornestane, Letrozole
and Vorozol e; [0063] Gonadotropins such as C omfene and Urofollitropin;

[ 0064] GhRH: (receptor) agonists such as Buserelin, CGoserelin, Hstrelin,
Leuprorelin, Nafarelin and Triptorelin; [0065] GWRH antagonist: Abarelix,
Cetrorelix and Ganirelix; [0066] Pituiféry hornones and their active
derivatives or anal ogs such as corticotrophin, thyrotropin, follicle
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of the total composition.

[0047] The composition of the invention may be in a range of forms such as a
liquid, cream, paste, gel, lotion, patch (matrix and reservoir), tape, plaster or film
former. In the more preferred embodiment the transdermal delivery system is in

the form of a liquid for application to a defined area of skin.

[0048] The compositions of the present invention may be in any form suitable for
topical application to the skin. Suitable forms include sprayable liquids; gels;
liquids that may be applied using a roll-on device; lacquers; and sustained
release matrices of transdermal delivery devices such as patches. The
compositions are usually administered alone but, under some circumstances,
administration may be further modified by using other delivery mechanisms such
as iontophoresism, ultrasound and microneedles to enhance penetration. Non-

occlusive application and in particular spray application is preferred.

[0049] Suitable pharmacologically active hormones and steroids may be selected

from:

[0050] Estrogens such as estradiol, estriol, estradiol benzoate, estradiol 17. beta.-
cypionate, estradiol enanthate, estradiol propionate, estrone,ethinylestradiol ,
Fosfestrol, Dienestrol mestranol, stilboestrol, dienoestrol, epioestriol, estropipate
Diethylstilbestrol,  Chlorotrianisene,  conjugated  estrogenic  hormones,

Polyestradiol phosphate and zeranol and mixtures thereof;

[0051] Progesterone and progestins such as norethisterone, norethisterone
acetate, gestodene, levonorgestrel, allylestrenol, anagestone, desogestrel,
dimethisterone, dydrogesterone, ethisterone, ethynodiol, Ethynodiol diacetate,
Etonogestrel, gestodene, ethinylestradiol, haloprogesterone, 17-hydroxy-16-



[0069] The optimal ratio of penetration enhancer to active will differ
dependi ng on the nature of the active and the penetrati on enhancer.
Typically the weight ratio of penetration enhancer to active will be in the
range of from 1000:1 to 1:1000 and preferably from500:1 to 1: 10 and nost
preferably from?20:1 to 1:1. [0070] The penetrati on enhancer of the
invention is particularly useful in transdermal adm nistration of hornones.
Hor mones that may be used in the drug d#&livery system of the present

i nvention include system cally active hornones 18 which can be delivered
through the skin with the assistance of the dermal penetration, enhancer to
achi eve a dé‘%‘?libﬂ%”eé?ﬁo%ﬁq,emnf’ooﬂ%] C%H%'sit YSFPé‘yBrPg?ﬁEmPﬁVehquHeWﬂy i ncl ude
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estrogens afd'9RE Y moPESIONYGEET | MO GBFINE TheOfIe% ma o4& Sler y

ﬁ ystem n'ayd;nev(om@eétr@g d.efgjem}enmelt, meramstatdneapéntagdstrens,i MENarmnmml hyf t he
or none an r steroid t cal. arep or. to t system c circulatjon. In
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t he phar nac oheagbstalandgeiriurdsithédeef; system c circul ation, for exanple a

pharmaceutically effective blood Ievel. In one preferred formof the

i nvention t el ivery system conpri,ses on wej ght. basi s, f about
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hor none and ast efigtues thérea anount of from about 0.1 to 12% of the der nal
penetration enhancer and from about 78 to 99. 8% et hanol, i sopropanol or
m xt ure t her eof

[0053] Selective estrogen receptor modulators such as Bazedoxifene, Clomifene,

Fulvestrant, Lasofoxifene, Raloxifene, Tamoxifen, Toremifene and mixtures

thereof;
[0054] Antiprogestogen such as Mifepristone and mixtures thereof.
[0055] Antigonadotropins such as Danazol and Gestrinone and mixtures thereof;

[0056] Antiandrogens such as cyproterone acetate and danazol and mixtures

thereof;

[0057] Antiestrogens such as tamoxifen and epitiostanol and the aromatase
inhibitors, exemestane and 4-hydroxy-androstenedione and its derivatives and

mixtures thereof.

[0058] Androgens and anabolic agents such as androisoxazole, androstenediol,
bolandiol, bolasterone, clostebol, ethylestrenol. formyldienolone, 4-hydroxy-19-
nortestosterone, methandriol, methenolone, methyltrienolone, nandrolone,
norbolethone, oxymesterone, stenbolone and trenbolone. Androgenic steroids
can include boldenone, fluoxymesterone, mestanolone, mesterolone,

methandrostenolone, 17-methyltestosterone, 17. alpha.- methyltestosterone 3-



[0073] In another preferred formof the invention the drug delivery system
conprises, on a weight basis, fromabout 1 to 3% of at |east one

phar macol ogi cal agent sel ected from hornone and steroids in an anmount of
fromabout 1 to 15% of the dernmal penetration enhancer conbination, from
about 45 to 90% et hanol, isopropanol or m xture thereof, and 5 to 45%

wat er. [0074] Di seases or conditions that nmay be treated by using the drug
delivery system and nmet hods of the pre$ent invention include, but are not
limted to, nmale hornone replacenent in testosterone deficient hypogonadal

men, femal e hagrno repl acenent therapy, for postnenopausal women using for
exanpl e est PX@P%‘? ?ﬁanﬂﬁ)gg ef’ep'l‘%ﬁ?@ﬂﬂ&ﬁfglotnﬁer EBS/mqqﬁ?n Al é’é‘af'%((?[é"ﬁg | i bi do
usi ng an anadxpgestesumeh orgnétrsibost graseeneBtadictiand, rstrepblon neftbsterorganpl e
using a progestin such_etpnogestrel optignally with testosterope) and
fombe b0 S eoBs: | G, TERARSIAD ETeins: GUBEPRAeop S BRErTF | n
conbi nat i on enahthat@n tReiesegen) . ddHydepiandraseosTO@HEWNt ahdrestenedisiter mal
delivery system conprises a spray apparatus conprjsing a cg iner for a

t ransder nal ?’é'&qﬁ}gsgﬁi g?g?oger;eﬁfoéy r‘?&g%s Ay aﬁg&é)tqigqs%fo'?eor&@i%qi ng a
nmet er ed dosandfosgpbRyiefahdrietiVigivedticedoter via the nozzle, wherein the
transdermal conposition conprises at | east one pharmacol ogi cal agent and a

first penetration enhancer conponent of polyethylene glycol of average
nol ecul ar wed(Fht Sratphaoregutthsd irdiitorsaBacops ifinastetige, auseteoide, PEotT@ i on

enhancer co f an.ester of salicylic acid. [00761 The transder nal
del i very sy%gwpgaﬂgﬁ’gﬁ‘rgﬁfvrﬁ@ applied in a dose sufficient to provide
an effective anount of the at |east one pharnmacol ogi cal agent in the

bl oodst r eam h ni mal . 0077] Preferabl the a icator provides a
net er ed dosé&)fg%lﬁg'if?sg%ogﬁc%u&% %S né?@?@gja&ggg %F%E%h?soé‘estv EdCener gy
met er ed doseofigone, Ordeaamaihasdnaye idexa@dettlasenep udipphdiphiter aflidrotdrsatheug
delivery sy coveri ng?.a delivery

te isaphiedtot skin of the. anijmal.
sur f ace’ ar cLUBENRREE. aReinone. HiioBnERodeshidE JIRPRPRRFy THAFTRER about 10
and 400 cn?acetodidepst fipscitelorb) y bhelcineaideaboutlopfedane, 20Rydrogbrtiskdme,
application_is nost re{fr bly p r(&or d by ans_of opi cal ered dose
spray conbi Hé@'oﬁ?@ﬁor?fn CY%%[?@’ ﬁ% 9?‘%"9%%% “RHYRY ¢ ?(f%é?soggggﬁatel y
control theaastatent ragtbylprednigolbog,m fpyeddiisdidne, dosredripgbmned. 21Cpeosbhiaiet i on of
t he shroud isec{noolrgeet athe Irg)ozzthﬁ at lfa) gr e-deitderrri ne rheei ghrt above, and
per pendi cul BB EATRIR NS WATERCA aa?tﬁa G@PF\VHF )}?8 'i's being
applied. This function nay al so be achieved by neans of a spacer-bar or the
i ke. Anoth Lt ction of the shroud is to_enclose the area aboyv he skin
o der t oleel ERENGT eRamRIES 13 RiE R sh AR B 510k (v b T ver y
system to t irstsiicompositiong iscivde ipolea tortdiabee, dhibyacttvaide; Badroforégplel cat i on
defined by td”l%orssrc])ﬁeou%iallc%ta?eu,bsﬁu?grgdrgéélgnecI hes lor?‘lEie,l nm%Qr?/gghe, amcinafel,
amcinafide, betamethasone and its other esters, chloroprednisone, clorcortelone,
descinolone, desonide, dichlorisone, difluprednate, flucloronide, flumethasone,
flunisolide, flucortolone, fluoromethalone, fluperolone, fluprednisolone,
meprednisone, methylmeprednisolone, paramethasone, cortisone acetate,
hydrocortisone cyclopentylpropionate, cortodoxone, flucetonide, fludrocortisone
acetate, flurandrenolone acetonide, medrysone, amcinafal, amcinafide,
betamethasone, betamethasone benzoate, chloroprednisone acetate,
clocortolone acetate, descinolone acetonide, desoximetasone,dichlorisone
acetate, difluprednate, flucloronide, flumethasone pivalate, flunisolide acetate,

fluperolone  acetate, fluprednisolone valerate,paramethasone  acetate,



20 [0078] The invention wll now be described with reference to the
follow ng exanples. It is to be understood that the exanples are provided
by way of illustration of the invention and that they are in no way
limting to the scope of the invention. Exanples [0079] The conpositions
of the Exanples and their performance are conpared with reference to the
drawi ngs. Brief Description of Drawi ngs [0080] In the draw ngs: [0081]
Figure 1 is a colum chart conparing the perneation of a progestin + an
estrogen froma control with progestin transdernmal delivery conposition of

the invention contai ni ng PEG 200 pursuant to anple 1. 2] Figures 2a
and 25 are COITRATEPT Srechval (g PHESERT drSeodhBgRuParohap e Eh of
conpar at i ve aht alvaderanal migrasaséiebHns cont ai ni ng di fferent progestins and
PEG400 rat her than PEG 200 as described in Exanple 2. [0083] Figure 3 is a
col um chart which shows the effect of PEG 200 on the perneation of an
andr ogen fr goocky AresrdedseEihhibiedrisvet ¥s Aonnuhithétonde, dasstrottel Exemestanp) e 3.

[ 0084] Fi gure 4 gnd Fi urcﬁ 5 (ﬁ/e coII um charts which conpare the effect of
PEG 200 and FPECSHE: LeYBeds POLIV996R®per neat i on of an androgen from
transdermal delivery conpositions described in Exanple 4.

[0063] Gonadotropins such as Clomifene and Urofollitropin;

[0064] GnRH:(receptor) agonists such as Buserelin, Goserelin, Histrelin,

Leuprorelin, Nafarelin and Triptorelin;
[0065] GnRH antagonist: Abarelix, Cetrorelix and Ganirelix;

[0066] Pituitary hormones and their active derivatives or analogs such as
corticotrophin, thyrotropin, follicle stimulating hormone (FSH), luteinising
hormone (LH) and gonadotrophin releasing hormone (GnRH);

[0067] Thyroid hormones such as calcitonin, thyroxine and liothyronine and

antithyroid agents such as carbimazole and propylthiouracil; and

[0068] Other miscellaneous hormone agents such asoctreotide; and mixtures

from two or more of the groups.

[0069] The optimal ratio of penetration enhancer to active will differ depending on
the nature of the active and the penetration enhancer. Typically the weight ratio
of penetration enhancer to active will be in the range of from 1000:1 to 1:1000
and preferably from 500:1 to 1:10 and most preferably from 20:1 to 1:1.

[0070] The penetration enhancer of the invention is particularly useful in
transdermal administration of hormones. Hormones that may be used in the drug

delivery system of the present invention include systemically active hormones



[0085] Figure 6 is a colum chart exam ning the effect of PEG 200 on
perneati on of an androgen from conpositions of Exanple 5. 21 [0086] Figure
7 is a colum chart exam ning the effect of PEG 200 on the perneation of an
estrogen fromtransderrnal delivery conpositions described in Exanple 6.
[0087] Figure 8 is a colum chart showi ng the effect of PEG 200 on the
perneation of the androgen testosterone in the presence of another

per neati on enhancer as described in Exdbple 7. Exanple 1 [0088]

I nvestigation of the Effect of PEGQOO on Cunul ati ve Perneation of the

t i te Es di Th H
5, 092t 1 NS 3h 05k 8 ot Do B e BF N e,
under t aken wnagatdmremaomrdo hehiavre 4 eemdeel effbctom nal skin (500 pm).

[0071] Compositions of the invention may include a plurality of hormones from
one or more of these groups. For example it may be desirable for contraceptive

formulations to comprise one or more estrogens and one or more progestins.

[0072] The transdermal delivery system may be used to deliver a therapeutically
effective amount of the hormone and/or steroid to a local area or to the systemic
circulation. In one embodiment the system provides a pharmaceutically effective
level of the pharmacological agent in the systemic circulation, for example a
pharmaceutically effective blood level. In one preferred form of the invention the
drug delivery system comprises on a weight basis from about 0.1 to about 10%
of at least one pharmacological agent selected from hormone and steroids in an
amount of from about 0.1 to 12% of the dermal penetration enhancer and from
about 78 to 99.8% ethanol, isopropanol or mixture thereof.

[0073] In another preferred form of the invention the drug delivery system
comprises, on a weight basis, from about 1 to 3% of at least one pharmacological
agent selected from hormone and steroids in an amount of from about 1 to 15%
of the dermal penetration enhancer combination, from about 45 to 90% ethanol,
isopropanol or mixture thereof, and 5 to 45% water.

[0074] Diseases or conditions that may be treated by using the drug delivery
system and methods of the present invention include, but are not limited to, male
hormone replacement in testosterone deficient hypogonadal men, female
hormone replacement therapy for postmenopausal women using for example
estradiol, androgen replacement therapy for females lacking libido using an
androgen such as testosterone, male contraception (for example using a

progestin such etonogestrel optionally with testosterone) and female



[ 0090] These experinments were perfornmed over 24 hours using Franz-type
cells. Pre-cut skin nmenbranes were nounted as a barrier between the hal ves
of greased (high vacuum grease, BDH) horizontal Franz-type perneation cells
in the mddle of the receptor chanber of the cell with the stratum corneum
facing the donor chanber. The area avail able for perneation was

approxi mately 0.925 cnR2. The receptor chanbers of the perneation cells were
filled with the receptor phase (Phosphd?e Buffered Saline pH 7.4) and
capped. The perneation cells were imersed in a constant tenperature water

bath such t he.re tor chanbers were.maintained at 35C Receptor
chanber _contBRrARupE TRERmABIER & s edbul BpUbRRrS Brekalin MG Bhonet i
stirrer bar ssttogergn by subnersi ble magnetic stirrers. The skin was all owed
to equilibrate to tenperature with receptor solution for 1 h in the water

bath prior to dosing. 22 [0091] The fornulations were applied to the skin
at a dose of[0@B56Impbhe rEhbodimeerdpipd itradsdenmalitielivengnsysdeam spprgeaideoeesprayhe ski n

area using endorf. positive displacenent pipette.tip wthout breaking

Che-ski n medBPaLS SereisBRrd, P FiaRs BE s eoa i FBAPO it & Foh esifpos: t§ on

1: 2. 8% Nor enbiastastcate fdcedliatind NEEfgred QoSS eb &rshy frdmche C&RpineSvia Gud v

Salicylate Conposi tion 2: 2. 8% NETA, 0.55% E2. . 5% Pol yet hyl ene d ycol

200 PEC200) 28U e Bloring . g Ao B ot Aoraisas, Lol R0

Conposi t i on pharm2addtegdal A, aferib%nd2a 1% pir@@afion enhancer component of
polyethylene glycol of average molecular weight no more than 300; and

optionally a second penetration enhancer component of an ester of salicylic acid.

[0076] The transdermal delivery system will preferably be applied in a dose
sufficient to provide an effective amount of the at least one pharmacological

agent in the bloodstream of the animal.

[0077] Preferably, the applicator provides a metered dose application such as a
metered dose aerosol, a stored-energy metered dose pump or a manual metered
dose pump. Preferably the drug delivery system is applied to the skin of the
animal covering a delivery surface area between about 10 and 800 cm?, more
preferably between about 10 and 400 cm?, and most preferably between about
10 and 200 cm? The application is most preferably performed by means of a
topical metered dose spray combined with an actuator nozzle shroud which
together accurately control the amount and/or uniformity of the dose applied. One
function of the shroud is to keep the nozzle at a pre-determined height above,
and perpendicular to, the skin to which the drug delivery system is being applied.
This function may also be achieved by means of a spacer-bar or the like. Another
function of the shroud is to enclose the area above the skin in order to prevent or
limit bounce-back and/or loss of the drug delivery system to the surrounding
environment. Preferably the area of application defined by the shroud is

substantially circular in shape.



Conposition 5: 2.8% NETA, 0.55% E2, 5% OGS, 10% PEG200 [ 00921 The anount of
active that perneated the skin was quantified using validated HPLC net hods
[0093] Figure 1 conpares the penetration of conparative conposition 1 with
conpositions 2-5 relating to invention. PE&O0O in conbination with OS was
found to significantly enhance the perneation of both Norethisterone
Acetate and estradi ol through human epiderms in vitro. Perneation of NETA
is conpared in Figure 1. Exanple 2 [00®@4] Investigation Into the Effect of
PEG00 and PEG400 on Curul ative hbstorone & Ethinyl estradi ol Perneation

Thr ough Hu Vitro Methods Finite-dose in vitro.diffusion

St as wer SR dReLRusta W hePEe SRR iR S ealstn M n 500

pm. 23 examples. It is to be understood that the examples are provided by way of
illustration of the invention and that they are in no way limiting to the scope of the

invention.

Examples
[0079] The compositions of the Examples and their performance are compared

with reference to the drawings.

Brief Description of Drawings
[0080] In the drawings:

[0081] Figure 1 is a column chart comparing the permeation of a progestin + an
estrogen from a control with progestin transdermal delivery composition of the

invention containing PEG-200 pursuant to Example 1.

[0082] Figures 2a and 2b are column charts showing the effect on progestin
permeation of comparative transdermal compositions containing different
progestins and PEG400 rather than PEG 200 as described in Example 2.

[0083] Figure 3 is a column chart which shows the effect of PEG 200 on the
permeation of an androgen from transdermal delivery compositions described in

Example 3.

[0084] Figure 4 and Figure 5 are column charts which compare the effect of PEG
200 and PEG 400 respectively on permeation of an androgen from transdermal

delivery compositions described in Example 4.

[0085] Figure 6 is a column chart examining the effect of PEG 200 on permeation

of an androgen from compositions of Example 5.



[ 0096] These experinments were performed over 24 hours using stainless
steel, flow through diffusion cells based on those descri bed previously
(Cooper, EER Pharm Sci. 1984, 73, 1153-1156) except that the cell was
nodified to increase the diffusion area to 1.0cn2. The fornul ati ons were
applied using a finite dose technique (Franz, T.J. Curr. ProbL Dernmatot,
1978, 7, 58-68) to mmc clinical dosing conditions at an applied dose
volume of 3.6 Lk /cnR. A piece of staifless steel wire nesh was pl aced
directly below the skin in the receptor chanber of the of the diffusion

cell to mai i turbul ent flow,of receptor, solutio t he skin. The
Gt Fusi o con el e TS riann® % PROTTRG RS Gt BT ERG Al I 4R i
by a m cr ocaesetdtionperansésidopen foomparisdétraa rdelifaery @onpaSiondYeschibed ael | s wer e
kept at 32 .bC by a heater bar and the sanples were collected into

appropri at el xag}pkee glass vials for a period of 24 hr. The receptor
sol utions (Phosphate Buffered Saline pH7.4) maintained sink conditions

bel ow t he skj he foynul ations consi sted of: - b ) 1
(Gontroly: - 1008anFifice & 8 erBE] GEsSbERg et ee ot BEC 285 4 M%bpr opy!
Al cohol (| PAermedionmf Zhe andbgerNteStosterainBhe pbdéeRod wetihgthemeerglewtiai 400
(PEG400) in | PA Co 3. 1. 35%NES . 35% EE, 0.5% Pol yet hyl ene gl ycol
(PEG200) i nePEinC[eﬁggﬁlfscfﬁggéﬂT%{ﬁWpIS?' active that perneated the skin was
gquantified using validated HPLC net hods. [0098] The effect of PE&00 on
per meati on g NE@ ?nd EE is shown in Figures 2a and 2b respectively.

Fi gures 2a ~—t hus show Nestorone and Et hi nyl estradi ol perneation
respecti vel yoaskt mvestigdtiaomof ftice &Epiect o PEG200forCCapundativeo Reéméatiin of t he

[0009) PEcodts ProgsiBrHoftitiBiBrh Mekda she. feGerhsden, ERFBIR It ar {on of

bot h Nest or dhmam@8kilt/hiVigrbest r adi ol t hrough human epiderms in vitro.

Methods:
[0089] Finite-dose in vitro diffusion studies were undertaken using dermatomed
human female abdominal skin (500 pm).

[0090] These experiments were performed over 24 hours using Franz-type cells.
Pre-cut skin membranes were mounted as a barrier between the halves of
greased (high vacuum grease, BDH) horizontal Franz-type permeation cells in
the middle of the receptor chamber of the cell with the stratum corneum facing
the donor chamber. The area available for permeation was approximately 0.925
cm?®. The receptor chambers of the permeation cells were filled with the receptor
phase (Phosphate Buffered Saline pH 7.4) and capped. The permeation cells
were immersed in a constant temperature water bath such that the receptor
chambers were maintained at 35°C. Receptor chamber contents were
continuously agitated by small PTFE-coated magnetic stirrer bars driven by
submersible magnetic stirrers. The skin was allowed to equilibrate to

temperature with receptor solution for 1 h in the water bath prior to dosing.



[0100] The addition of PEX400 to the fornulation did not have a significant
ef fect (enhancing or inhibitory) on the perneation of Nestorone through
human epiderms in vitro. PE&400 was found to inhibit the perneation of

et hi nyl estradi ol through human epiderms in vitro. Exanple 3 [0101]

I nvestigation Into the Effect of PEG0OO on Cunul ative Testosterone

Per neati on Through Human Skin In Vitro Methods: [0102] Finite-dose in vitro
di ffusion studi es were undertaken usi ng2 der mat oned human fermal e abdom na
skin (500 pm. [0103] These experinents were performed over 24 hours using

stainless s |, flowthrough diffusiqn, cells based o 0 desgri bed

o oviousl y (E80pERe REMHAISIONRE ppoiEn s 1Rkt 3 e AERERalc el (hat the
fceI I Y\as rrmibbiieeﬂfotmuliamr was epiche c:jjef thﬂsa';kém awa&&sir?]g)aﬁﬂhp(ﬂﬁdorﬂ' besitive

ormul ati ons, wer e appl.i usi i_nit se techni que (Franz, T.J. Curr.
Pro& Der nat 6‘I'_S\,,F\)%f§‘7'§81ppf?§g38“ 'ﬂ%{”gbrrﬁaﬁwg‘a?ﬁ? i@gfn%m' ng conditions at an
appl i ed dose volune of 3.6 pL 1cnR. A piece of stainless steel wire nesh

was pl aced di rectrl]%mbello t he s.k't?[lq i.n the receptor chanber of the of the
di ffusion cell t RYIZHNSLONESIEY Unt 1 ow of receptor sol ution bel ow t he

skin. The diffusign cefldapis¥ec8rmpBEiRGR 11eds Rt NaretHiGtidfohat Acchte aNETOYi MBt el y
1.0 mL/hr by a mcrocassette peristaltic punp (Watson Marl ow 505S UK). The

cel s were kept at 9D5%Esadigl (B2h&% Getybaalicdla® R sanpl es were col | ected
sol ut | ons. (0. 009uky REREFoRer A NETA B Erbth Shcitiurln, T8 40 2P %
The fornul ati ons corBEGR@R) of : -

o Composition 3: 2.8% NETA, 0.55% E2, 5% OS, 5% PEG200

o Composition 4: 2.8% NETA, 0.55% E2, 10% PEG200

o Composition 5: 2.8% NETA, 0.55% E2, 5% OS, 10% PEG200

[0092] The amount of active that permeated the skin was quantified using
validated HPLC methods

[0093] Figure 1 compares the penetration of comparative composition 1 with
compositions 2-5 relating to invention. PEG200 in combination with OS was
found to significantly enhance the permeation of both Norethisterone Acetate and
estradiol through human epidermis in vitro. Permeation of NETA is compared in
Figure 1.

Example 2
[0094] Investigation Into the Effect of PEG200 and PEG400 on Cumulative

Nestorone & Ethinylestradiol Permeation Through Human Skin /n Vitro

Methods:
[0095] Finite-dose in vitro diffusion studies were undertaken using dermatomed

human female abdominal skin(500 um).



Conp 1: 5% Testosterone (TES), in ethanol (95% Conp 2: 5% TES, 1.0%

pol yet hyl ene glycol 200 (PE&00) in ethanol (95% Conp 3. 5% TES, 2.5%
PEG200 in ethanol (95% [0104] The anmount of active that perneated the skin
was quantified using validated HPLC nethods. [0105] The effect of the

conbi nati on of PEG200 in Conpositions 2 and 3 is conpared with a control
Conposition 1 in Figure 3 As shown in Figure 3, PE&O0O in was found to
significantly enhance the perneation of3 Testosterone through hunman
epiderms in vitro. Exanple 4 [0106] Investigation into the Effect of
PEG200 and PEG 400 on Cunul ative Perpeation of the Andr ogt?n est ster one

from a | oti 6PP%PhIBRRENEIMSHEENSKYEIeI REAGTTES OV%?‘hﬁ?B%rs Y0 Sﬁlsc%e’dose in

vitro per m%bWQHroﬁQh'Giﬁﬁ&oM\@élﬁs w&@ardnah@ge wscngedi@wawmo@i@rm RPadget t
Mbdel B or S el ectrl c_der mat one at "2 g gar ed. from.exci sed
femal e. abdd@ral S¢i 18de 73, 1153- 1156) except that the cell was modified to increase

the diffusion area to 1.0cm?. The formulations were applied using a finite dose
technique (Franz, T.J. Curr. Probl. Dermatol., 1978, 7, 58-68) to mimic clinical
dosing conditions at an applied dose volume of 3.6 UL /cm?. A piece of stainless
steel wire mesh was placed directly below the skin in the receptor chamber of the
of the diffusion cell to maintain a turbulent flow of receptor solution below the
skin. The diffusion cells were maintained at a flow rate of approximately 0.5
mL/hr by a microcassette peristaltic pump (Watson Marlow 505S UK). The cells
were kept at 32 + 0.5°C by a heater bar and the samples were collected into
appropriately sized glass vials for a period of 24 hr. The receptor solutions
(Phosphate Buffered Saline pH7.4) maintained sink conditions below the skin.

The formulations consisted of:-

o Composition (Comp) 1 (Control): 1.35% Nestorone (NES), 0.35%
Ethinylestradiol (EE) in Isopropyl Alcohol (IPA)

o Comp 2: 1.35% NES, 0.35% EE, 5% Polyethylene glycol 400
(PEG400) in IPA Comp 3: 1.35% NES, 0.35% EE, 0.5% Polyethylene
glycol (PEG200) in IPA

[0097] The amount of active that permeated the skin was quantified using
validated HPLC methods.

[0098] The effect of PEG400 on permeation of NES and EE is shown in Figures
2a and 2b respectively. Figures 2a and 2b: thus show Nestorone and
Ethinylestradiol permeation respectively obtained from the application of
Composition 2 (not of the invention) compared against application of a control

composition 1.



[0108] These experinents were conducted over 24 hours (h) using

fl owthrough systens with a 1-cn2 adm nistration area. A piece of stainless
steel wire mesh was placed in the receptor chanber of each perneation cell
to support the skin and to maintain a turbulent flow of receptor solution
bel ow the skin. The receptor solution was maintained at a flow rate of
approximately 0.5 niL/hr by a peristaltic punp (Watson Marl ow 520S
Peristaltic Punp with 313A adaptor and2808MC 8 rol |l er punp-head; Stauff
Corporation, Australia). The cells were placed on a heater bar to keep the

of The- ki n010PhPER20D th Sineifatchivin GR 3oty EooYRtaMApaaPaR ot ho -

st rat um cor methN&stoioas antvEsitidsstadis ﬂwk‘o@htHWarﬂ@wrmmnm&/ocnﬂ of an
MD- Loti on fornul ation using a positive displacenent pipette. The
formul ati on was spread evenly over the skin area using the pipette tip.

Per neat i on $@1mpjvﬁewmmamlnm40moitm mrmpmrtuarpﬁidamlhyvéhagn\ifighaseffe\zi als for

a period of b 110 E)e effe of th ]J g}ﬁ h é t hyl ene gl ycol

200 (PEGZOO)(e ”98 y 8k Ay )gPS}c P H%’iﬁ"? et ﬁo&es oneh dREgNEIHTH, of

t est ost er on@pmanisnnes/bl BEG200 was Fouridtb \nHHGRE Gemhedtich of @thivykestradided to t he
Lot on formulation:- Fornulation: 2% v TES,

fol |l ow ng T(ﬁi‘f roneé)E%%

29/ v pol yvi YR ARAET 'ﬂﬂjf”?n i sopropyl al cohol (IPA). [0111] The
anount of active that perneated the skin was quantified using validated
HPLC net hod% Reﬁuits for PEG 200 are shown in Figure 4 and results for PEG
400 are sho gure 5. Results: [01121 PEQR0O0 significantly enhanced

t he perneat i[@lrmlpfnviEﬁgétiUmuﬂb the! IBMect st PEG200i dnf Cunfilldti@0Tektdsteedndrave any

effect on t e ea ntl‘hroug?lfHJrlrzrgn %rﬂjngp”hurran skin in vitro.

Methods:
[0102] Finite-dose in vitro diffusion studies were undertaken using dermatomed

human female abdominal skin (500 um).

[0103] These experiments were performed over 24 hours using stainless steel,
flow through diffusion cells based on those described previously (Cooper, E.R. J.
Pharm. Sci. 1984, 73, 1153-1156) except that the cell was modified to increase
the diffusion area to 1.0cm?. The formulations were applied using a finite dose
technique (Franz, T.J. Curr. Probl. Dermatol., 1978, 7, 58-68) to mimic clinical
dosing conditions at an applied dose volume of 3.6 uL /cm? A piece of stainless
steel wire mesh was placed directly below the skin in the receptor chamber of the
of the diffusion cell to maintain a turbulent flow of receptor solution below the
skin. The diffusion cells were maintained at a flow rate of approximately 1.0
mL/hr by a microcassette peristaltic pump (Watson Marlow 505S UK). The cells
were kept at 32 + 0.5°C by a heater bar and the samples were collected into
appropriately sized glass vials for a period of 24 hr. The receptor solutions
(0.002%w/v NaN3) maintained sink conditions below the skin.



Example 5 [0113] Investigation Into the Effect of PEG00 and PEG 400 on
Curul ati ve Perneation of the Androgen Testosterone Through Human Skin From
a Transdernmal Testosterone Conposition Applied as a Spray In Vitro 27

Met hods: [0114] Finite-dose in vitro perneation studies were undertaken

usi ng dermat omed skin (Padgett Model B or S electric dermatone set at 500
pm prepared fromexcised femal e, abdom nal skin. [0115] These experinents
wer e conducted over 24 hours (h) using2¥!|owthrough systens with a 1-cn2
adm nistration area. A piece of stainless steel wire nmesh was placed in the
receptor chanber_of the of each perneation cell to support the skin and to
mai ntain a tur buT'é%tormP'aW@rcq"éE%&%r sol ution bel ow the skin. The receptor

sol uti on was nmai ntai g%J Al5o2 TROBL BRI TRY, iRk aﬁélé@S‘%) m./h by a peristaltic
Wt Mar | S t th 31 d 308MC 8
rpch)InFeﬁ pu?rg?heacrj; 8&%’;{}%3&2; Br é’z)i‘,oé/;g}é{yre Y. g@ﬁ@ ‘2@ R'ES’E%%&%) Bl aced on

a heater bar to keeﬁ erature of the skin at o32 1C. [0116]
Fol | owi ng a 2-h equiGam 3t3%n ESt 26kePERRAC i ¢tharthé93%kept or sol uti on (RS;
0. 002% sodi um azi de), the stratum corneum surface was dosed with 3.6 pL/cnR

: he st f as dose 6
G sl acement"0rhalPeanoHE Porlial ebrrermesiel: tha ) iy, Ui iRel B0 15, ca

usi ng the pivpkdated HPPC nikethoasat | on sanpl es were coll ected into appropriately
sized glass vials for a period of 24 h. [0117] The Metered Dose Transder nal
Spray formnul ati ons cont ai ned:

[0105] The effect of the combination of PEG200 in Compositions 2 and 3 is

compared with a control Composition 1 in Figure 3 As shown in Figure 3,
PEG200 in was found to significantly enhance the permeation of Testosterone

through human epidermis in vitro.

Example 4
[0106] Investigation into the Effect of PEG200 and PEG 400 on Cumulative

Permeation of the AndrogenTestosterone from a lotion through Human
Skin In Vitro.

Methods:
[0107] Finite-dose in vitro permeation studies were undertaken using
dermatomed skin (Padgett Model B or S electric dermatome set at 500 ym)

prepared from excised female, abdominal tissue.

[0108] These experiments were conducted over 24 hours (h) using flow-through
systems with a 1-cm? administration area. A piece of stainless steel wire mesh
was placed in the receptor chamber of each permeation cell to support the skin
and to maintain a turbulent flow of receptor solution below the skin. The receptor
solution was maintained at a flow rate of approximately 0.5 mL/hr by a peristaltic
pump (Watson Marlow 520S Peristaltic Pump with 313A adaptor and 308MC 8
roller pump-head; Stauff Corporation, Australia). The cells were placed on a

heater bar to keep the temperature of the skin at 32 + 1°C.



Test osterone (TES), Polyethylene glycol 200 (PEG 200) or Pol yet hyl ene

gl ycol 400 (PEG 400) isopropyl alcohol (IPA). [0118] The anpunt of active
that perneated the skin was quantified using validated HPLC nmet hods and t he
results for PEG 200 are shown in Figure 6. Results: [0119] PEG00 i ncreased
the perneation of TES through human skin in vitro. The addition of Adding
PEG 400 to the fornulation did not result in any 28 significant difference
in the perneation of TES when conpared2svi th the control formulation.

Exampl e 6

[0109] Following a 2-h equilibration of the skin with the receptor solution (RS;
0.002% sodium azide), the stratum corneum surface was dosed with either 15 or
30 pl/cm? of an MD-Lotion formulation using a positive displacement pipette.
The formulation was spread evenly over the skin area using the pipette tip.
Permeation samples were collected into appropriately sized glass vials for a
period of 24 h.

[0110] The effect of the addition of Polyethylene glycol 200 (PEG200) or

Polyethylene glycol 400 (PEG 400) on the permeation of testosterone was

investigated. 0.5-5%w/v PEG200 or PEG 400 was added to the following

Testosterone (TES) Lotion formulation:-

« Formulation: 2%w/v TES, 2%w/v polyvinylpyrrolidone (PVP) in isopropyl
alcohol (IPA).

[0111] The amount of active that permeated the skin was quantified using
validated HPLC methods. Results for PEG 200 are shown in Figure 4 and results
for PEG 400 are shown in Figure 5.

Results:
[0112] PEG200 significantly enhanced the permeation of TES through human
skin in vitro. PEG400 did not have any effect on the permeation of TES through

human skin in vitro.

Example 5
[0113] Investigation Into the Effect of PEG200 and PEG 400 on Cumulative

Permeation of the Androgen Testosterone Through Human Skin From a
Transdermal Testosterone Composition Applied as a Spray /In Vitro



[0120] Estradiol Spray: Investigation Into the Effect of PEGOO and PEG 400
on Estradi ol Perneation Through Human Skin In Vitro Methods: [0121]
Finite-dose in vitro perneation studies were undertaken using dermat onred
skin (Padgett Moddel B or S electric dermatone set at 500 pn) prepared from
exci sed femal e, abdom nal skin. 101221 These experinments were conducted
over 24 hours (h) using flowthrough systens with a 1-cn2 adm nistration
area. A piece of stainless steel wire pesh was placed in the receptor
chanber of the of each perneation cell to support the skin and to nmaintain
a turbulent flow of receptor solution below the skin. The receptor solution
was nai nt ai feth@ds:a noninal flowrate of 0.5 nl/h by a peristaltic punp

(Vatson Mar liowsp2PmitE28bsst # tliffo PeBInatibh 3hfesadagreorurdBrai®8Nisidg r ol | er
punp- head; Stautrf Corporation, Australia). The cells were placed on a

heater bar td§rRelefmedrrkin digrgett Mpdeld® of e elaetrie dermpgome et B PO]IHMD| | owi ng

a 2-h equi | ibratd PRoRlextiBEd Rifhdle, WobiBmilaeskigcept or sol ution (RS; 0.002%
sodi um azi de), the stratum corneum surface was dosed with 3.6 pL/cnR2 of an

Estradi ol Transdermal Spray fornul ation using a positive displacenent

pi pette. Theof Q] el &:QRriMRAsSRERIDNBYGEH YvaVES hdliS (BKighANGAtHBUGHY t he
pi pette tip. Perneation sa%rpl es were collected into appropriately sized
a

gl ass vi al s sygfemg vy @ doenet administrafiamaep. Theleed Of A@iASSTH Rl YerRBSN Spray
For mul at i ongy£UURIINE he recdGist SR RetHe [dFehch Peimi&itial lcen e dlpper!the?00 (PEG
200) or Pol yethyl ene glycol 400 (PEG 400) isopropyl alcohol (] PA)r 29

skin and to maintain a turbulent flow of receptor solufion below the skin. The

receptor solution was maintained at a nominal flow rate of 0.5 mL/h by a

peristaltic pump (Watson Marlow 520S Peristaltic Pump with 313A adaptor and

308MC 8 roller pump-head; Stauff Corporation, Australia). The cells were placed

on a heater bar to keep the temperature of the skin at 32 = 1°C.

[0116] Following a 2-h equilibration of the skin with the receptor solution (RS;
0.002% sodium azide), the stratum corneum surface was dosed with 3.6 pL/cm2
of a Metered Dose Transdermal Spray (MDTS) formulation using a positive
displacement pipette. The formulation was spread evenly over the skin area
using the pipette tip. Permeation samples were collected into appropriately sized

glass vials for a period of 24 h.

[0117] The Metered Dose Transdermal Spray formulations contained:

e Testosterone (TES), Polyethylene glycol 200 (PEG 200) or Polyethylene
glycol 400 (PEG 400) isopropyl alcohol (IPA).

[0118] The amount of active that permeated the skin was quantified using
validated HPLC methods and the results for PEG 200 are shown in Figure 6.

Results:
[0119] PEG200 increased the permeation of TES through human skin in vitro.
The addition of Adding PEG 400 to the formulation did not result in any



[0125] The anount of active that perneated the skin was quantified using
val i dated HPLC net hods and the results are depicted in Figure 7.. Results:
[0126] In both the 0.25% and the 0.50% fornul ati ons PE&R00 was found to
enhance the perneation of Estradiol through human skin in vitro. Exanple 7
[01271 Investigation Into the Effect of PEG0OO0 on Cunul ati ve Testosterone
Per neati on Through Human Skin In Vitro Methods: [)128] Finite-dose in vitro
di ffusion studi es were undertaken usi n@8dermat oned human femal e abdom nal
skin (500 pm. [0129] These experinents were performed over 24 hours using

stainless steel, fl t hrough diffusion s . based on thgse descrj bed
previously (Ehgf5apPt 8%.”@0?] i8R Aepnedign Ofi@s%l)”h?@,COng'fﬁdl‘%@B?‘ee%@BB’[ t hat
the cell wadormmghtiohed to i ncrease the diffusion area to 1.0cn2. The

formul ati ons were applied using a finite dose technique (Franz, T.J. Curr.
ProbL DermatolL, 1978, 7, 58-68) to mmc clinical dosing conditions at an
appl i ed doséExaniple® of 15 pL 1cnR. A piece of stainless steel wire nmesh was

pl aced directl el o e skin in the recept ch t he of e

G 11 usi on a0t BtAital Srava ivgsflartth Infs 3¢ BlrestaBEG?L and PG A0 ow ¢ ne
skin. The didhfEstratiolcRérheationThidugh Hunaa Skin a4 Viteoy rat e of approxi mately
1.0 mL/hr by a mcrocassette peristaltic punp (Watson Marl ow 505S UK). The
cells were kept at 32 0.5C by a heater bar and the sanples were collected

i nt o approprilethedly: si zed gl ass vials for a period of 24 hr. The receptor
sol utions (G, Q0P e NB0E) i1} b 2pBSShaibl SEHL 1G° Diebike sl ™
dermatomed skin (Padgett Model B or S electric dermatome set at 500 um)

prepared from excised female, abdominal skin.

[0122] These experiments were conducted over 24 hours (h) using flow-through
systems with a 1-cm? administration area. A piece of stainless steel wire mesh
was placed in the receptor chamber of the of each permeation cell to support the
skin and to maintain a turbulent flow of receptor solution below the skin. The
receptor solution was maintained at a nominal flow rate of 0.5 mL/h by a
peristaltic pump (Watson Marlow 5208 Peristaltic Pump with 313A adaptor and
308MC 8 roller pump-head; Stauff Corporation, Australia). The cells were placed

on a heater bar to keep the temperature of the skin at 32 + 1°C.

[0123] Following a 2-h equilibration of the skin with the receptor solution (RS;
0.002% sodium azide), the stratum corneum surface was dosed with 3.6 uL/cm?
of an Estradiol Transdermal Spray formulation using a positive displacement
pipette. The formulation was spread evenly over the skin area using the pipette
tip. Permeation samples were collected into appropriately sized glass vials for a
period of 24 h.

[0124] The Estradiol Transdermal Spray formulations contained:-

e Testosterone (TES), Polyethylene glycol 200 (PEG 200) or Polyethylene
glycol 400 (PEG 400) isopropyl alcohol (IPA)



30 The fornul ations consisted of:- Conp 1. 2% Testosterone (TES), 5% Cctyl
Salicylate (0OS), 2% pol yvinyl pyrrolidine (PVP), 30%isopropyl al cohol

(IPA) in ethanol (95% Comp 2: 2% TES, 5% OS, 2% PVP, 30% | PA, 0.5%

pol yet hyl ene gl ycol 200 (PE&00) in ethanol (95% Conp 3: 2% TES, 5% CS,
2% PVP, 30% | PA, 1.0% PE&00 in ethanol (95% Conp 4: 2% TES, 5% OS, 2%
PVP, 30% I PA, 2.5% PEQ00 in ethanol (95% [0130] The anopunt of active that
perneated the skin was quantified usingovalidated HPLC net hods [0131] The
effect on perneation of TES fromusing the conposition as shown in Figure
8. PE&R00 was found to significantly enhance the perneation of Testosterone
in conbination with the perneati on enhancer octyl salicylate (OS) through

human epi der@i28) MRe Varhéht of active that permeated the skin was quantified using
validated HPLC methods and the results are depicted in Figure 7..

Results:
[0126] In both the 0.25% and the 0.50% formulations PEG200 was found to
enhance the permeation of Estradiol through human skin in vitro.

Example 7
[0127] Investigation Into the Effect of PEG200 on Cumulative Testosterone

Permeation Through Human Skin In Vitro

Methods:
[0128] Finite-dose in vitro diffusion studies were undertaken using dermatomed

human female abdominal skin (500 pm).

[0129] These experiments were performed over 24 hours using stainless steel,
flow through diffusion cells based on those described previously (Cooper, E.R. J.
Pharm. Sci. 1984, 73, 1153-1156) except that the cell was modified to increase
the diffusion area to 1.0cm?. The formulations were applied using a finite dose
technique (Franz, T.J. Curr. Probl. Dermatol., 1978, 7, 58-68) to mimic clinical
dosing conditions at an applied dose volume of 15 yL Jcm?. A piece of stainless
steel wire mesh was placed directly below the skin in the receptor chamber of the
of the diffusion cell to maintain a turbulent flow of receptor solution below the
skin. The diffusion cells were maintained at a flow rate of approximately 1.0
mL/hr by a microcassette peristaltic pump (Watson Marlow 505S UK). The cells
were kept at 32 = 0.5°C by a heater bar and the samples were collected into
appropriately sized glass vials for a period of 24 hr. The receptor solutions
(0.002%w/v NaN3) maintained sink conditions below the skin.



31 CLAIMS 1. A transdernmal delivery system conprising a conposition
conprising at |east one pharnacol ogi cal agent selected from hornones and
steroids and a penetration enhancer wherein the penetration enhancer
conprises a polyethylene glycol (PEG of average nol ecul ar wei ght no nore
than 300; and a volatile solvent selected fromC2 to C4 al kanol and

m xtures thereof in an anpbunt in the range of from70%to 95% by wei ght of
the total conposition. 2. A transdernmaB0delivery systemaccording to claim
1 wherein the PEG of average nol ecul ar wei ght of no nore than 300 is
present in an anmpunt of at least 0.1 by weight of the total conposition. 3.
A transdermal del P& EFpuUgiiissanaisiedding to any one of the previous clains

wherein the pol yerhylgne (0lae heslu Rl 9ESITIRCLAY SURIANL (o) Toye than

300 is present in an a I'n e rang ‘51to by "wei ght of
the total conpositi ealyvinyl pyrealidingd&@Miral 306l isapgy! Bjeaheh(IBAE dr ¢th#got o any
one of the previous %‘%‘} ns wherein the conposition consists essentially of:
at | east one phar maéo ogi cal agent selected from hornones and steroids;

(H)ya penetration eniGonger: CWIESS % O8)S1% PVR) 30f% PAD. 5%t tolyemgers ycol of
average glycol 200 (PEG200) in ethanol (95%)
o Comp 3: 2% TES, 5% OS, 2% PVP, 30% IPA, 1.0% PEG200 in
ethanol (95%)

o Comp 4: 2% TES, 5% OS, 2% PVP, 30% IPA, 2.5% PEG200 in
ethanol (95%)

[0130] The amount of active that permeated the skin was quantified using
validated HPLC methods

[0131] The effect on permeation of TES from using the composition as shown in
Figure 8. PEG200 was found to significantly enhance the permeation of
Testosterone in combination with the permeation enhancer octyl salicylate (OS)

through human epidermis in vitro.



nol ecul ar wei ght no nore than 300; (H)a volatile solvent consisting of one
or nore of ethanol and isopropanol; and (iv)optionally a propellant. 32 5.
A transdernmal delivery systen1accordin% to any one of the previous clains
wherein the total water content of the &onposition is less than 10% by

wei ght of the total conposition. 6. A transdermal delivery system according
to any one of the previous clains WhiCAAIME non- occl usive. 7. A transder mal
delivery system according to any one of the previous clains wherein the

wei ght ratio of penetration enhancer to pharnacol ogical agent is in the
range of from20:1 to 1:1. 8 A transdernmal delivery systemaccording to
any one bf tH tRANEYEER deliversYSiA®r ePmPriging éa%ocmRﬂ?é‘OBHé’t'W%]go@‘i e3pt g@%nt

conprises one or nore selected fromthe gr oup consijsting of steroidal
hor nones. pharmacological agent selected from hormones and steroids and a penetration

enhancer wherein the penetration enhancer comprises a polyethylene glycol (PEG)
of average molecular weight no more than 300; and a volatile solvent selected from
C, to C, alkanol and mixtures thereof in an amount in the range of from 70% to 95%,

by weight of the total composition.

2. A transdermal delivery system according to claim 1 wherein the PEG of average
molecular weight of no more than 300 is present in an amount of at least 0.1 by

weight of the total composition.

3. A transdermal delivery system according to any one of the previous claims wherein
the polyethylene glycol of average molecular weight no more than 300 is present in

an amount in the range of from 0.5 to 20% by weight of the total composition.

4. A transdermal delivery system according to any one of the previous claims wherein
the composition consists essentially of:

(i) at least one pharmacological agent selected from hormones and steroids;

(i) a penetration enhancer component consisting of a polyethylene glycol of average
molecular weight no more than 300;

(iii) a volatile solvent consisting of one or more of ethanol and isopropanol; and

(iv) optionally a propellant.



9. A transdernal delivery system according to any one of the previous
clains wherein at | east one pharnmacol ogi cal agent conprises one or nore
steroids which provide eutrogenic, androgenic glucocorticoid,
adrenocortoid, anabolic or birth contrdf activity. 10. A transder mal
delivery systemaccording to any one of the previous clains wherein the
phar macob-ogi cAltraagdsimat deliyeivsestesh acenrding te agy oneiofi hesriexiovs glaime Mherrin
group consisting of dexanethasone, dexanethasone acetate, dexanethasone
sodi um phospHhhedotat wetaraontent ebthe eeneosilias: istless Hpar % i wejglt of the total
hydrocorti sone acetate, hydrocortisone cypionate, hydrocortisone sodi um
phosphat e, hy&RSHioNsone sodi um succi nate, predni sone, predni sol one,
predni sol one acetate, prednisolone sodi um

phosphat e, pr edni sol onet ebut at e, pr edni sol onepi val at e, tri anci nol one,
trianci nol one acetonide, triantinolone hexacetonide, triantinolone

di acet at®e, I3 tiaBsdsMat deliveR/csysiea apeardipg $e aamPasbihe RIEWPES elaims which is

met hyl predni sol one sodi um succi nate, flunsolide, becl onethasone

di pr opi onat e, "BeRHSIMeasone sodi um phosphat e, bet amet hasone, vet anet hasone
di sodi um phosphat e, vet anet hasone sodi um phosphate, betanet hasone acetat e,
bet anet hasone di sodi um phosphat e, chl oropredni sone acetate, corticosterone,
desoxycorticosterone, desoxycorticosterone acetate, desoxycorticosterone
pi val at &- deddiERedaimabaelivedystystem arcording de 381 ONE SHINE PIENGHS StaiPE MEGHRIN
acetate, dichlorisone acetate, ) o

f 1 uor ohydr ocdhe weight ratioefrReneirainrosrhancantog A e arUeical Aoanes ia thsn@nge of

par amet hasone acetate, androsterone, fluoxynmesterone, al dosterone,

met handr ost erf6R8:1 tadihy| andr ost enedi ol , nethyl testosterone,

nor et handr ol one, testosterone, testosterone enanthate, testosterone

propi onate, equilenin, equilin, estradiol benzoate, estradi ol dipropionate,
estriol, estrone, estrone benzoate, acetoxypregnenol one, anagestone
acet at e,8-chl o traasdasmal delwenysystem asepidiag 4o anyeae & the previous Claims wherein
hydr oxynmet hyl pr ogest erone, hydr oxynet hyl progest erone acet at e,

hydr oxypr ogesit égashene pPamBopingisg 39t GREIPHERS AR O NP 8X9FPE o5t Riegsraup
caproate, nelengestrol acetate, normethisterone, pregnenol one,

pr ogest er one,CoasiRtjigef steypidathasmongest r anol , di net hi st erone, et hi sterone,

et hynodi ol di acetate, norethindrone, norethindrone acetate, norethisterone,
fl uoci nol one acetoni de, flurandrenol one, hydrocorti sone sodi um succi nat e,
met hyl pr edni sol one sodi um succi nate, prednisol one phosphate sodi um .
trianci fol ond HaevsdsimaedeliMgiyrysig apeordipditeidny SPE 06 BreVioHe claiRaNtesiBne,
oxymet hol one, pronethol one, testosterone cypionate, testosterone .
phenyl acet at ! least ragi Rhiarmegeslesical @9erheOMPIISES RS BPreaftgraidie Whieht RIOYAR
prodrugs thereof. 11. A transdermal delivery system according to any one of
t he previous eplfrageric.fandragerig glucocorticoid, adrenocortoid, anabolic or birth control activity.

10. A transdermal delivery system according to any one of the previous claims wherein
the pharmacological agent comprises one or more steroids selected from the group
consisting of dexamethasone, dexamethasone acetate, dexamethasone sodium
phosphate, cortisone, cortisone acetate, hydrocortisone, hydrocortisone acetate,
hydrocortisone cypionate, hydrocortisone sodium phosphate, hydrocortisone sodium
succinate, prednisone, prednisolone, prednisolone acetate, prednisolone sodium
phosphate, prednisolone tebutate, prednisolone pivalate, triamcinolone,

triamcinolone acetonide, triamcinolone hexacetonide, triamcinolone diacetate,



contraception conprising a conprising one or nore estrogens and one or nore
progestins. 34 12. A transdermal delivery system according to any one of
the previous clains wherein the active is selected fromtestosterone. 13. A
transdermal delivery system according 38 any one of the previous clains
wherein the dr u%ydel ivery system conprises on a weight basis fromabout 0.1
to about 10% Bethylpecdniselasied aretihdpragniaclong omcalalut aethyipiednisolope (gpdium
penetration enhancer and from about 78 to 95% et hanol, isopropanol or

mi xt ure ther edfccingle, Aupselide; beflgaethosaise gPippNaly  HetamRBasenre ctadim

wei ght no nore than 300 and a solvent selected fromC2 to C4 al kanols and
mi xtures t herRiwsrhated betamaihagepenvelamethasang olisadyin Sphosphale Yelamsthaspae

medi cament in manufacture of a nedicanent with at | east one pharnacol ogi cal
agent sel ect e¥diupaesPhaipeBetamgthasane jagstats. retamethasriendisodiim H'i‘%stp?‘éﬁ on
of the at |east one pharnacol ogi cal agent to a subject by application of

t he medi canenghlareprgdnisped of RGEHHE. sur f SOBICEPICIANE. subj e‘{qso YSPTHCPEIRIMENt  of
subj ects in need of mal e hornone replacenent in testosterone deficient
hypogonadal rAE§OXYROFiRSRIErone| aceiale ndespyrabgosteions o BVt p A6 MAGRRNE:
androgen replacenent therapy for females |acking |ibido or sufferin

depr essi on, restr@divbnt fudwseitisenesr fledrRrtisRift r R .on. digfiorisANG et ﬁﬁ%atﬁ
preparing a transdernal delivery systemfor admnistration to an area of

der mal sur f adbloghydrosgBjsecs., tHéomﬁwo%rrpriﬂ§Pﬁ¢Sn'§6'ﬁﬁ"?’ni nPAERMEEANEne
phar macol ogi cal agent sel ected from hornones and steroids and a penetration
enhancer conaramayapes et [ageigke gl JRPsteroNgy er AYEXHBFLRANEr \/\é|‘§ﬁ§er9ﬂ?’ nor e
than 300 and 70% to 95% by wei ght of the conposition of solvent sel e[\ct ed
from C2 to cAethradigpienalape. langrastaniedipl, metyl testosterone, norethandrolone,

testosterone, testosterone enanthate, testosterone propionate, equilenin, equilin,
estradiol benzoate, estradiol dipropionate, estriol, estrone, estrone benzoate,
acetoxypregnenolone, anagestone acetate, chlormadinone acetate, flurogestone
acetate, hydroxymethylprogesterone, hydroxymethylprogesterone acetate,
hydroxyprogesterone, hydroxyprogesterone acetate, hydroxyprogesterone caproate,
melengestrol acetate, normethisterone, pregnenolone, progesterone, ethynyl
estradiol, mestranol, dimethisterone, ethisterone, ethynodiol diacetate, norethindrone,
norethindrone acetate, norethisterone, fluocinolone acetonide, flurandrenolone,
hydrocortisone  sodium  succinate, methylprednisolone sodium succinate,
prednisolone phosphate sodium, triamcinolone acetonide, hydroxydione sodium,
spironolactone, oxandrolone, oxymetholone, prometholone, testosterone cypionate,
testosterone phenylacetate, estradiol cypionate, and norethynodrel and the salts and

prodrugs thereof.

11.  Atransdermal delivery system according to any one of the previous claims for female
contraception comprising a comprising one or more estrogens and one or more

progestins.



16. A transdernmal delivery system according to any one of clains 1 to 13
further conprising a spray apparatus conprising a container containing the
transdermal conposition, a spray nozzle and an actuator for delivering a
nmet ered dose of spray fromthe containéf via the nozzle.

12. A transdermal delivery system according to any one of the previous claims wherein

the active is selected from testosterone.

13. A transdermal delivery system according to any one of the previous claims wherein
the drug delivery system comprises on a weight basis from about 0.1 to about 10% of
the steroid or hormone, from about 0.1 to 12% of the penetration enhancer and from

about 78 to 95% ethanol, isopropanol or mixture thereof.

14. A use of polyethylene glycol of average molecular weight no more than 300 and a
solvent selected from C, to C4 alkanols and mixtures thereof used in an amount of
from 70% to 95% by weight of the medicament in manufacture of a medicament with
at least one pharmacological agent selected from hormones and steroids, for
transdermal administration of the at least one pharmacological agent to a subject by
application of the medicament to an area of dermal surface of the subject for
treatment of subjects in need of male hormone replacement in testosterone deficient
hypogonadal men, hormone replacement therapy for postmenopausal women,
androgen replacement therapy for females lacking libido or suffering depression,

male contraception or female contraception.

15. A method of preparing a transdermal delivery system for administration to an area of
dermal surface of a subject, the method comprising combining at least one
pharmacological agent selected from hormones and steroids and a penetration
enhancer comprising polyethylene glycol of average molecular weight no more than
300 and 70% to 95% by weight of the composition of solvent selected from C, to C,4

alkanols and mixtures thereof.



16.

35
A transdermal delivery system according to any one of claims 1 to 13 further
comprising a spray apparatus comprising a container containing the transdermal
composition, a spray nozzle and an actuator for delivering a metered dose of spray

from the container via the nozzle.



