25 January 2006 WO 03/002103 PCT/ US02/ 19918 ENHANCED PHARMACOKI NETI C PROFI LE
OF HYDROPHOBI C  DOPAM NE AGONI STS ADM NI STERED TO THE DERM S CRGRS armrERBeNCE
TO RELATED APPLI CATI ONS [0001] This application is a continuation-in-part of
U S. application No. 09/897,801 filed June 29, 2001. BACKGROUND OF THE
INVENTION (1) Field OO The Invention [0002] The present invention relates
to adm nistration of substances into the derms and, nore particularly, to
nmet hods, composioeziens and devices for adm nistration @CTH§ERYphobI
substances into the dermis. Such adm nistration results in systemc
absorption, which is inproved as conpared to absorption obtained follow ng
subcut aneous ENEAHNCSIDBHARMA(QMQUPMFM@FHYMGM@BI& Art [0003] The

i nportance of a [ h bs ch as diagnostic
agents or dr ugs(il) .P.Iz A m&éﬁ'—%@%ﬁw hé@é@& on and bi ol ogic
effectiveness has | ong been recogni zed. Such bi ol ogi cal effectiveness is
dependent ! of the substance as reflected in
phar nacokggrg‘%él%a% AT i@‘& PR as reflected in pharmacodynam ¢
measur enent s (061} Tiey ipplicationis Cavmtihasion-at-pag of UE. @plientiolPNar macol . 37: 655- 69S,

1997, V\as%@;@pt—l{%&%&a@@d Res. 24:395-401 1993; Ratain, Sem n. Oncol.

19: 8- 13, rophobi ¢ substances present a partlcular chal | enge
i n achi eviRekcHBBINTEOF PRI IRgEGRlonef f ects due to difficulties in the
preparatlon of delivery formulations coupled with the significant
dlstrlbutﬂéﬁ@@*“fﬁe§””§ﬁﬁstances into adi pose tissue and storage in such

Mot ab. D opos gt Tashssent Pyt B ReiRaipd o disdees Ipe 019 5,°1 1 80 P 19
a result, denhysdncbptwmadlcslab}sttcarn@bfsismbmewtmewdrdewmfoe acﬂrhlantmtlom_ ted systenmc
absor pti ogyy fygéoJF}Bmc@gbstaH&@&nt&@@a&ms' Qpa! adﬁlaﬁgﬁr%nqésu@sq d&z&eﬁﬁa ation, Commonly

used routes stem ¢ adm nistration have invol ved subcut aneous,
i nt r anus cabiserptiasy whigh isaperard$s epappsed faabsqaptiongptaingifelewipg ut es of

adm ni st r gbh@RefRRaRRiseaRal dered transdermal administration, i.e. delivery

(2) Description Of The Related Art

[0003] The importance of administering pharmaceutical substances such as
diagnostic agents or drugs in a manner that results in good absorption and biologic
effectiveness has long been recognized. Such biological effectiveness is dependent upon
both systemic presentation of the substance as reflected in pharmacokinetic parameters
and drug action as reflected in pharmacodynamic measurements (for review see Cawello
et al, J. Clin. Pharmacol. 37:655-69S, 1997; Wasan et al., Arch. Med. Res. 24:395-401
1993; Ratain, Semin. Oncol. 19:8-13, 1992).

[0004] Hydrophobic substances present a particular challenge in achieving
desired biological effects due to difficulties in the preparation of delivery formulations
coupled with the significant distribution of these substances into adipose tissue and
storage in such tissue. (Steiner et al., Drug Metab. Dispos. 19:8-14, 1991; Xie et al, Drug
Metab. Dispos. 19:15-19, 1991; Hough et al. Life Sci. 58:119-122, 1996). As a result,
hydrophobic substances often show no more than limited systemic absorption following
most conventional routes of administration. Commonly used routes for systemic
administration have involved subcutaneous, intramuscular or intravenous delivery. All of

these routes of administration can be considered transdermal administration, i.e. delivery



| 25 January 2006 WO 03/002103 PCT/ US02/ 19918 of substances through the skin
to a site beneath the skin. Typically, conventional needl es ha’s Jereary 26
for delivering substances transdernally although other approaches have also
been used. [0005] Anatom cally, the outer surface of the body is made up of
two major tissue layers, an outer epiderm s and an underlying derms, which
together constitute the skin (for review, see Physiology, Biochem stry, and
Mol ecul ar BW&1%88#198f the Skin, Second Edition, L.A b PRI Ed., Oxford
University Press, New York, 1991). The epiderms is subdivided into five
| ayers or strata of a total thickness of between 75 and 150 iim Beneat h
the epi depifibstapges tirqugh theskiniiaa sitghenesh the tiai hwicelhp conysntional negdles it er nost
portion h&E 6k ald s dativeti suea&késlt@ﬁsﬁerdﬁgymﬁlo@mt}@r sprRaks Hayer referred to
as the reticular derms. he papillary derm s contalns vast
m cr oci rcﬁfoéieﬁ’r‘ife%l ood and | ynphatic plexuses. In contrast, the reticul ar
derms is relative acel | u] ar and_avascul ar. and ma up .of  dense
col | agenous aﬁi’“ﬁ Rl o ee?}‘felr%fa‘feioggﬁg’.o%ﬁéﬁ’égetw O?E“éc"g%‘?rd‘é?lﬁi s and derm s
is the slped)iadie é@dérinsane an @kdatyingebedis, etich gathertchmstitiygthcdRinm s, which is
conposed qf connectjve tissue and f i e. sgl.e tissue |ies beneath
t he subcu&gﬁ%vbedvsscteiﬁé%” é?gy[%ﬁg'é’]”s%é Ko ‘él\écugaﬁz;\%ozo,gyﬁ%ﬁg)f"ﬁggcgﬁ cut aneous tissue
and nuscl Editidnsk.aeGbldana thh Eé nOxfod imbatsity BreedNes Yerkt E991) dhe epddvrmis st r at | on  of
pharmaceutical . substances. The derpis. .. however, has rarely been targeted as
a site fof sﬁg‘rﬁdgﬁyls“ TatigRe St °‘§‘fi‘b’s?é’ha(‘:te“ls",lme§;rll\% t “ieg“hfrssa"il“‘‘E)”eux ue, at least in
part, to Bdueatidihf tpi¢amisyieothe ferasi lechmertdinetwol lacsnamtutermesppdrtivn der m s.
Furt her no . der m i j , il lary derm s has
Je%:rfcg% ﬁgeée &gﬁﬁ{}(ﬁ?t}ﬁs de arﬁle%]yr thydr Rﬁr}eh fedls "f’t{eir%&cﬁgu BB

been known ) : h degree ascularrty, i s not heretofore been
appr eci at B pemiliary dmmiscortiigs vastaierogivianiydieodend ympkatigplgkusgedr ee  of

vascul ari fofdsD i@ Pl Rfnis FREANBS SRSRF Bl b ARcubl 9id e u 8F defiiedr ophobic
substances conpared to that achi éeved foll ow ng subcutaneous adm nistration.

0
This is budaagaws andelasticrorecHe tiseds) Bepeath feepideai 0§ deraiigithy absor bed after

adni ni st r @bduBedubtiud, Bt SERCY 1ol @R UFpolbrE SRS ChmptAsE JI0GRedtRE NOre easily
and predict abl%1 targeted than figgel}ee m s has been. On the other hand,

hydr ophobfsghe 28¢{38Y Bsite Mygle e AP G SIS BRBPES¥uch as proteins are
t yp! Cf"" ly not Hfo@&]iBQs' nbted I:abcﬁ/%, tc;{hrtﬁel %bc%lba%&)lilp gscsiuef a(I)1|d lm%‘é‘élé‘ t%sée%gge%egr? eous. .
admi ni stratiohs. "'Becausé nhydrophobl ¢

commonly used as sites for administration of pharmaceutical substances. The dermis,

however, has rarely been targeted as a site for administration of substances, and this may

be due, at least in part, to the difficulty of precise needle placement into the dermis.

Furthermore, even though the dermis, in particular, the papillary dermis has been known

to have a high degree of vascularity, it has not heretofore been appreciated that one could

take advantage of this high degree of vascularity to obtain an improved absorption profile

for hydrophobic substances compared to that achieved following subcutaneous

administration. This is because small drug molecules are typically rapidly absorbed after

administration into the subcutaneous tissue which has been far more easily and

predictably targeted than the dermis has been. On the other hand, hydrophobic

substances as well as large molecules such as proteins are typically not rapidly or

entirely absorbed following subcutaneous administrations. Because hydrophobic

substances tend to partition into subcutaneous adipose tissue the absorption of these

substances into the vascular system would be expected to be limited following



substances tend to partition into subcutaneous adi pose tissue the absorption
of these substances into the vascular system woul d be expect ed 25dabeary 2006
limted following 2 25 January 2006 WO 03/ 002103 PCT/ US02/ 19918 subcut aneous
adm ni strati on (Wl der, | nmunopharnmacol. |munotoxicol. 13:101-119, 1991).
Large proteins would al so be expected to be slowy absorbed foll ow ng

subcut aneous adm ni stration and bioavailability has often been reported to
be highly vwamellod and i nconplete (Porter et al., AdvPCTHOBeliv. Rev.
50:157-171, 2001). Furthernore, hydrophobic proteins can show poor
absorption follow ng subcutaneous adm nistration neasured by standard

phar mac oksubrataneoupainanistat e (Walder Jormpreapbe mpepl Jeinyesioxicob ! &l Held 95 or  prot ei ns

whi ch ar e gt FGIEED ,  Pharmacol .
Toxi col . 79293%%%%%%&9%&1? géﬁ%sxrp?cgeg%(;W“?é hydr o%ﬁ%%glac subst ances have

not typi csabquiﬂﬂWé?ﬂﬁa@maﬁP%%flérwa?il]ﬁ‘Plbtythh@f@éPW§CP°1[“19‘G®171 highlyrer ous reports in

the |'terv%f1w1@an9§n\6@mﬁ§9? t@IdetQMW%@@%znbﬁanw gesenifed as "intrader mal "
adm ni stration erences, however, have often used the term

"intr aderﬁ“ﬁhﬂma@ctdflwph?@lctp@m?l{l%caé SHANOIPLADERRAPN FRIlGHimEuRSItansoRs r acut aneous”
. e Wi tRinhiddfonT ARG Stafdard SRS bifinetid et hélooniperel hivalles Pri marily,

subcut aneous tissue, In other references, so called "intradermal" placenent
of i nj ect®HinetPEPiEYhich aeRpdhgwaRob% (sepcfin gaplA ShorseR eiehan | ocal

adm ni st rzaztzhﬁuaozoroxtchﬁ74ssmsisam©e4)amdspn@ofam§ @pbpHobic BEARndeOhavachi eve systemic
bi oavail abj it §f the in ectte substances. [0008] One such approach for
achi evi nd BRsHly fﬁﬁaﬂlflglts A thsdeiMihst ances has  been routinely used in the

Nant oux tuber fjh u&ﬁ%ﬁoasfeg&s&{hgh{%aﬁ&@ UE SporfbaBULL L S0h BY Ot €l der ivat i ve

is injected a In“surface using a 27 or 30 gauge
needl e (dedcyibad aet'm@adem@H@lenls@@ﬂonlE@@-r@ferem@@hywevm tegroéen uséd thcertai nty in

bl acenentic ffrih i LSRR RWmrIAYRNE Incali it dlSQHD. {1l se negative test

results. Noreover, ol ved ocal i ze |nject|onto elicit a
response Véﬂ“ftth@uéﬁ“tnée fthq ﬁlf}neéfﬁsd‘f?uléﬁ'éfhldﬁé’ Wﬂb’u%bc%ﬁﬁ?%&%e has not led to

the inj eqh b@d r@ifrefidd s @ns&'sndaa&&atv Rodn0f i dc@ stfiRndy [sRAsRLT  achi evi ng
system c deljvery of su@st ances, 83%?? i m I arI | ocal, "intradermal"”

i nj ecti oﬁ%acafev%??ég‘frﬁg‘f“? Cﬂtail,i@’?“ﬁ%{vé tﬁ@%ﬂf‘dt ARt e fhe pai n
associ at achisvie systamio/bioavailabityedf therifjedtéd sabstaneed. Wi t h sut uri ng of

[0008] One such approach for achieving local administration of substances has
been routinely used in the Mantoux tuberculin test. In this procedure, a purified protein
derivative is injected at a shallow angle to the skin surface using a 27 or 30 gauge needle
(Flynn et al, Chest 106: 1463-5, 1994). A degree of uncertainty in placement of the
injection can, however, result in some false negative test results. Moreover, the test has
involved a localized injection to elicit a response at the site of injection and the Mantoux
approach has not led to the injection of substances into the dermis for the purpose of

achieving systemic delivery of substances.

[0009] Similarly, local, "intradermal” injections of anesthetic drugs have been
used to diminish the pain associated with i.v. catheter insertion and with suturing of
lacerations (see for example Criswell et al., Anaesthesia 46:691-692, 1991; Anderson et
al., Ann. Emerg. Med. 19:519-22, 1990). Such usage of local anesthetic drugs is,
however, intended to be localized at the site of injection and systemic delivery of the

local anesthetic agents is not obtained.



| acerations (see for exanple Criswell et al., Anaesthesia 46:691-692, 1991;
Anderson et al., Ann. Ernerg. Med. 19:519-22, 1990). Such usag@Sdpnyag:)06
anesthetic drugs is, however, intended to be localized at the site of
injection and system c delivery of the |ocal anesthetic agents is not

obtai ned. 3 25 January 2006 WO 031002103 PCT/ US02/ 19918 [0010] Sone groups
have reported on system c adm ni stration by what has been characteri zed as
"intrader ma¥®%YHpttion. In one such report, a conpari RS o

subcut aneous and what was described as "intradermal™ injection was per f or med
(Autret et al, Therapie 46:5-8, 1991). The pharnmaceutical substance tested
was cal ci t oni 016§ Soﬁ‘Fé’i"éPsﬁlabefre%?r‘i‘?@)P‘é%’ﬁqe’éfc aé@tﬂgﬂ?“"& y 28hbes bE6B0, which is

hi ghl'y V@Eﬁﬂct&l@éd&@|"§111~hdbnﬁil'elnjeétfbheﬁ{o%9lstﬁ:hfr@bfﬂadbﬂﬁéarlé&xﬁdudygfm larly, Bressolle
et al. adm nistered the w%t er. sol ubl e hstance, saodi ug1 cefta2| dine i n what

was char EteBARCPBY ARG SVhat WS Cerqrberar "mtraidﬁ‘iﬂ@ﬁfw&%%Wé%Pw A 3. Pharm
SC:c 82: LHMLZ& 46bb9293991) Nﬂiebhz&ha@ﬁndahﬁxsﬂarﬁéwgbcﬁsas cﬁ)ll’cmdﬁmldie any predi ctive
in ormatlona ut absor 0 subst ol | owi ng

adni ni st PEED atr6° BH, gllgf?{'l abofb%ﬁ]w(?'%ﬂdsﬁﬂé?yﬁ?tgﬁﬁ L? ed on what was
descr i bednjegabriforni maf @sdersmil ydBmgsolldalal u@mmst&&dmeva(euso&blePat ent No.

5,997, 501 %{}GO S d%‘ oyt tws ac sZe m&a&ermal,to be at a slowrate
and the i"HSEF 1\1§qc[egaz11 ® 5 DEGH SO Tegi on bel ow t he

epi der m dnjedtien(Bresdode ptral. efrﬂ’laoe SbeﬁZAbléﬁrlﬂTﬂeIQ%) dsitherof duast stullies dermi s or the
interior t aught

adni ni st Pat Pofvjdte %ﬁrgﬁ&{% %“f&“f“i‘%gg‘?{‘t‘ Qa(%gx\%?:ne&ﬂh%ruﬁ}oafsg%?ﬁagc?g fsapg&lﬁ:lgat es which
woul d notadrb@lSé%we(tﬂ@dd@ﬁ@w any inproved systemc absorption as neasured by
phar macoki neti c paraneters, ng)ar ed that obtained follow ng subcutaneous
adni ni st rat i 91 ot eég‘B‘éFHéQPé‘é o Wt i dendrived drinrgrdsmal g at e of

i nfusion dmbxheheempraﬁhmd 5 mﬁsomgo G@&sem al)nafj@tief walsidaRl tose and not tissue
| d_not be expected to be

absorption _barrie sorpti on o
greater ghafOv ?E?@Bﬁf%’éh‘é%cdgn 5885 'B{elg%ﬂ tg? © TPHES #‘Weﬁhé remains a
cont i nui Bpidéamedi 4 alie iafeifae betweennisd dpaldsniand tltbeimmeSr theflﬁl’en@:dmhm stration of
hydr Opho%‘ & ssolflgso a’tra].r(l:eeoss tI snueaTHia rE‘ergn egééht (%Ililll'llstra 1%11 (Nﬁ}? m‘f’%crx]xgar conpl ete
systemc arg'éor ? %FI (ﬁ

device by mfusmn at slow rates whlch would not be expected show any improved

systemic absorption as measured By pharmacokinetic parameters, compared that obtained
following subcutaneous administration. This is because at slow infusion rates, the rate of
infusion would be the rate limiting determinate of absorption and not tissue absorption
barriers. As such, dermal absorption would not be expected to be greater than

subcutaneous absorption.

[0012] Thus there remains a continuing need for effective methods and devices
for administration of hydrophobic substances in a manner that achieves rapid and

complete systemic absorption of the compounds.

SUMMARY OF THE INVENTION

[0013] Accordingly, the inventor herein has succeeded in discovering an
approach for administration of hydrophobic substances in which improved absorption is
achieved compared to that produced upon subcutaneous administration of the substances.
The improved absorption is indicated by an improvement in at least one pharmacokinetic

or pharmacodynamic parameter. The approach involves selectively delivering the



SUMMVARY COF THE | NVENTI ON [ 0013] Accordingly, the inventor herein has
succeeded in discovering an approach for administration of hydrZplaoedry 2006
substances i n which inproved absorption is achieved conpared to that
produced upon subcutaneous adm nistration of the substances. The inproved
absorption is indicated by an inprovenent in at |east one pharnacokinetic
or pharnmacodynam c paraneter. The approach invol ves sel ectively delivering
the 4 25 JaMRPPODH06 WO 03 /002103 PCT/ US02/ 19918 hydr6pHBie & ubst ances
into the derms. Delivery of the hydrophobic substance is to the derms or

into a region in close proximty to the derm.s hat .abs rptlon t akes
pl ace prBYBRIGEEPSANFS lﬁtﬁ@e&g@ﬁi ?ellﬁf%‘?fé]?%flﬂ?pﬁ#’ffesu %‘Eﬁ?& i c substance is

admi ni st edeaflis Byinto RQEish in kloss prifidntty 0 e dehas fuclplald Bebrfonttdkesplet about 10

m nut es to bout 15 m nut.e r ef er abl thin 2 mnutes
or |ess. Bfopimagf yriﬁﬂk?de%%} 8‘%#%?@“3&91’?% S lesfaﬁ’fesls a‘ﬁ”élgﬁ%/rtegl’ff n an

i Mpr ovenetlus) iR, \onlttaﬁmmpemclfemrodibeﬁt 1phﬁﬁummd)pnalmrmnmumnent s as
conpared tqQ what on .subgut anepus ion. [0014] Thus,
the presée ”i“ﬁ?/%‘ﬁ‘{ef% &‘8\/:!? gsf’rr%es?m WG ﬁge t ?&%ﬁ%&nﬁsor systenic
adm ni st ratulton aﬁ)hn;ao@uiasttlapwaaokmetmmzalpharﬁawﬁemaam measurh_eentmmral is a h_uman
al t hough Cogxo t'o%rﬁataigh%@?ucedW‘éﬁ;@u&ﬁtugeggssad%ﬂﬁltr%t‘?éns farm ani mal s such as pigs

and cows, Ic ani as 200 aninmal's and the like are al so included

within the SC Qa4 Ofud, AR prfER 38 Bktioh PNSALS Ane bRV kR)enl RS HB B " hydr ophobi c”  as
used with respect to a substance adm nistered into the dernmis or

subcut aneWtignic pdmipistratios of ygubstanee toragnapagh Rrpfgrablynige mapmebnpimaands t o

pref er ent {i@bdgh ctfahioh kftfhals BB ab HeHR Rk dats FarerOARAIS HEMAi SWaI0dS, Can be found
di pose tissues rather t ous extracel | ul ar

in subcut aneous in
fluids. THEHC Wa*?sa;ﬂﬁbaa.ze? wmﬂfa%ﬂgﬁjﬁgﬁfﬁﬁgemelaﬁedae@g@e%m 8y st andard

met hods spiesbntasentionr exanple, by determining the oil-water distribution
coefficient, preferably, the n-octanol/water distribution coefficient (see
for exanpl e, BOtI)vikk ttrm Cuydrophtidc"@Ghased yitBf3pe8i80 o siB8@Be.admivialereds are typically

expresse t%%etd%xi‘éé‘lﬁl‘}wﬂﬁﬁhg?égf( O%rmtén‘agd §§1{eg1?th9tfthé)&5%§intce RihsGPef ficient,

| oge, un appropriate ic conditrons. Such con |t|ons w | | depend
upon t he prefermaklymsﬁoeﬁnt@ heoptl&rcge@parteg%wcms cagip¢ feratipat i on in the mammul

i ncl udi NGsyb&AREN LB tissues rather than into aqueous extracellular fluids. The |
hydrophobicity of a substance can be assessed by standard methods such as, for example,
by determining the oil-water distribution coefficient, preferably, the n-octanol/water
distribution coefficient (see for example, Buchwald, Curr Med Chem 5:353-380, 1998).
Values are typically expressed as the hydrophobicity or log value of partition coefficient,
logP, under appropriate physiologic conditions. Such conditions will depend upon the
conditions of the target region of administration in the mammal including temperature,
pH, concentration and the like. Also, log of octanol-water partition coefficients can be
estimated by using a variety of calculation programs, such as the one developed by

Syracuse Research Corporation (Meylan and Howard, J. Pharm. Sci. 84: 83-92, 1995).

[0016] A threshold value of logP, which correlates with partitioning into adipose
tissue is between 1.0 and 2.0 as has been shown by Steiner et al. for barbiturate
compounds (Steiner et al., Drug Metabolism and Disposition 19:8-14, 1991; see, in
particular, Fig. 4). This has also been shown for a number of basic drugs (Betschart et al,
Xenobiotica 18:113-121, 1988; see, in particular, Fig. 2). Thus the hydrophobic



pH, concentration and the like. Also, log of octanol-water partition
coefficients can be estimated by using a variety of cal cul ati oR> pRBgFRaH0
such as the one devel oped by Syracuse Research Corporation (Mylan and
Howard, J Pharm Sci. 84: 83-92, 1995). [0016] A threshold val ue of | ogPO,
which correlates with partitioning into adi pose tissue is between 1.0 and
2.0 as has been shown by Steiner et al. for barbiturate conpounds (Steiner
et al., DruyONRPUHSIism and Disposition 19:8-14, 1991; PSEESOVIRS parti cul ar,
Fig. 4). This has also been shown for a nunber of basic drugs (Betschart et
al, Xenobiotica 18:113-121, 1988; see, in_particular, Fig. 2). Thus the
hydr ophobfubstancesyf e pipseny inyentien iger o Srrestdd logP v et e d 98 " subst ances of the

present i g¥@RblyOd 1hAaRue 115k geha! o liegiTelMahy 105 BahelownRfvedn 00  preferably,
at least about 1.5 or greater. A linear relationship has been shown between

adi pose t 194Rostissys RIS A P galBes Rt Andigheatep on o fogpamfeBerdiats oe  conpounds

( Bet schar gt ai. 8lpra). -Thu$ HiVeAdin enlbbidSnentsit & Aédirablth@iRaddfpRdbs, it is desirable

t hat the hydrophobi c conpound have .a | qgPO,t of greater .than 1.5, i.e., at

| east aboPuny MgYe 4fpefar Afigreatsy thpnpLaqie, %fg'%ﬁttab%tg'ocﬁ’?gr@‘?t@afté‘?a?t at |east about

3.0 or graahteXs orgtealet adtasiddout3.03r predier, grneatabsut 3 dbor freast at l@kout 4.0 or

greater, or at |east about 5.0 reater. [0017] The hydrophobi c substances
Bowho orEsrgien B7 B Aol share:

of the pr i nmol ecul ar drugs or diagnostic agents
or |arge 1ol e¢yys eSrayCh, A8,PEALEIAS e iR %SAGEDMok dESoe (Qly OL her pol yneri ¢
conpounds. The "rlly’d? o%ﬁo }?"(.: gu‘bgtanc%s f=the pré’se_ﬁt eisnvlclanti.on i ncl ude the
non-1i m t{n@igfuzgxéwgi @ liagenstig agetﬁwrllgamolwdramcbhmpteMambly?ag¢haudqci ds, H'V
protease riebidiMedic céfolvds! ®he HMOARR! sBGBncds bf Y Flleft Mldnfi@IeN- cont ai ni ng
conpounds for ~central nervous system and sexual dysfunction conditions as
wel | as ridftedeshrnostiimiing crappiaspRetInev snlydarrimsbartifec prdseltY on i s
parti cul girbt¥ass Rilbit6:8h@yvita Dnublebsiass; i Gl it REEEMtaGRM Binpbidds PMPOUNnds  usef ul
in treati nﬂ ﬁexual dysfunctl qn, J.n _en a d wonen as disclosed in
| nt er nat | GREA REEUS TS BB FRUR BT REm ‘\9\25{16?5113250 s BRSNS of this class
wer e ear |hyétophlib&cshixsancksi ThelinsntidAd$ ganticulddy afipliiB R, 1@ #bydlioaitlogdd® 00/ 40226 and
U S Pate . No. 5 273 975 .are..incorporated in {hei.r entireties, by
et er encepacoRpich AR 1Bl PR Rl R e Llhnia i itk )

disclosed in International Patent Publication No. WO 00/40226. Compounds of this class

were earlier disclosed in U.S. Patent No. 5,273,975 (both WO 00/40226 and U.S. Patent

No. 5,273,975 are incorporated in their entireties, by reference).

Such compounds are of the formula (I)

R1
N
g2

X R3
|
Ds _A
N

B)n (D

or pharmaceutically acceptable salts thereof, wherein
R!, R? and R’ are the same or different and are H, C, alkyl (optionally phenyl
substituted), Cs.5 alkenyl or alkynyl or C;.;¢ cycloalkyl, or where R’isas
above and R' and R? are cyclized with the attached N atom to form

pyrrolidinyl, piperidinyl, morpholinyl, 4-methylpiperazinyl or imidazolyl



(B),, (1) or pharmaceutically acceptable salts thereof, wherein R, R2 and
R3 are the same or different and are H, Cl1_6 alkyl (optionally pPdehappary 2006
substituted), C3.5 al kenyl or al kynyl or C3_10 cycloal kyl, or where R is as
above and R and R are cyclized with the attached N atomto form
pyrrolidinyl, piperidinyl, norpholinyl, 4-nethylpiperazinyl or imdazolyl 6
25 January 2006 WO 03/002103 PCT/ US02/19918 groups; Xis H F, O, Br, |

OH, C _6 al A8E1Y| koxy, CN, carboxan de, carboxyl orpfﬁngﬂw“
allcyl)carbonyl; Ais CH CH2, CHF, CHCl, CHBr, CH, CHCH3, C=0O C=S, CSCH3,
C=NH, CNH2, CNHCH3, CNHCOOCH3, CNHCN, SO2 or N, Bis CH CH2, CHF, CHC,
CHBr, CH, C=0O 8®WupNH or NCH3, and nis 0 or 1; and Dis CH CH2, CHF,

CHCQ, CFlBr, GHsp &8 01 i, cNHB) oNERY, ClWVichBo Al de QS0 BMicE9S as i ndi cat ed
in WO 00/40226. Preferréd conpourds use¥u| in nethods of the present

i nvention are tH¥s®cabngk| osed generically or specifically in above-cited
U.S. Patent No jso2 €8, THr, chepesalde, Crc’f ecoec-s ospryiodsyar e t hose of

formula (11) Hwherein X is 0 or S. CH3 g0018] The inproved systemc
absor ption produc®ee GYHEER PEGPGy FHHES 9= ™n  be neasured by any one of

a nunber of stmpdar dupCMMEBROK CABE, ICEIATH, 61, NHA NCHS, 8y MR MioE 1par amet ers such
as, for exanple, increase in bioavailability, decrease in T,,,,X , increase
in Crax |, decred®d in Tiag , or the like. By bioavailability is meant the
total anount Dok Cal, gHY,EHRIOHAY €HBhAHIy @&y ey, NHer NICHQd conpartnent. This is
generally neasured as the ar%%m&ﬁ%%ﬁob&ﬁmﬁgrve in a plot of concentration

. . 1th  various provisos as 1n
vs. time, i.eVTAUEIOSPT

Preferred compounds useful in methods of the present invention are those
disclosed generically or specifically in above-cited U.S. Patent No. 5,273,975. Especially

preferred compounds are those of formula (II)

2T

CHs;

N
HN——<
X ey

wherein X 1s O or S.

[0018] The improved systemic absorption produced by delivery to the dermis can
be measured by any one of a number of standard pharmacokinetic and/or
pharacodynamic parameters such as, for example, increase in bioavailability, decrease in
Trmax , increase in Cmay , decrease in T , or the like. By bioavailability is meant the total
amount of a given dosage that reached the blood compartment. This is generally
measured as the area under the curve in a plot of concentration vs. time, i.e. AUC.
Although, bioavailability theoretically includes the total amount reaching the blood
compartment over an infinite time period after dosage, as a practical matter,
bioavailability is measured over a finite time interval of several hours after dosing, such
as for example, about 2 hours, about 4, hours, about 6 hours, about 8, about 12 hours,

about 14 hours or about 24 hours after dosing or longer.



Al t hough, bioavailability theoretically includes the total amount reachi n%
the bl ood conpartnent over an infinite tinme period after dosag@,5 Japmagy 200
practical matter, bioavailability is neasured over a finite tinme interval
of several hours after dosing, such as for exanple, about 2 hours, about 4,
hours, about 6 hours, about 8, about 12 hours, about 14 hours or about 24
hours after dosing or longer. 7 25 January 2006 WO 03/ OCT/ US02/ 19918
[0019] By "PMA*PRHE" or Ti,g is meant the del ay bet V\eeggﬁ#e%%é%%rni stration
of a conpound and tine to neasurable or detectable blood or plasna |evels.

Al t hough Tag 1 .l he dependent upon t nsitivity .of .the assay nethod
nmeasuri ng or H)ﬁgé@tyi ﬁaéq‘frﬁeordﬁaﬁgd‘efpaﬁﬁghep‘{gggﬁr%wfe@\}féﬁ § tl%rhc%& ance, the

decr ease dompakingd @nd thned t6 depanblient dadctable dRyd opldmd leviiecaliiveght g same assay

met hod is .ysed to asure bl.ood pl as l.evel s. under th conpar at or

condi ti oﬁ@Hg%geé’ﬁquglﬂ%Hbeesc?Psé%‘gtg Ogh‘e?sﬁ@fnq%bord TEREANPE & &fﬁ%{éngggerre assay system

i s used tbdood onpasta l¢kiashmsubeanet, sheafetresse gLl id irslasndst athstapinsthodt i on and after
adm ni stration of a_suhstance to th AUPS orte i.e for achieving
det ect ablbgcau egl\llee i aytrﬁeetﬁos%d 5 ‘a?ltr?cnéff%s‘?%fl{;ggv?nr ﬂ‘%@a ﬁ%;e?ﬁ‘{é‘f‘ ée]rrﬂllryralg into the derms
conpar ed compargortronditone ebow theidpdrease atli.pFor éxavpleghesmenprpspedmabsor pt i on.

0020] T i | I Lgeyve nmaxi mal bl ood
[ 0020] T} Bl B P LB IRLE RO ARG bt

on of ( I's the maxi mum bl ood concentration
reached adiinfstratiogiofesubeianse totheideamisi AisBarientinofer trbiekiog detqutpblet i me f or onset of

action i SeeRbahethbbithce, iRBhinghdn@iflermi o thé AASRAGHpASI B! | Oof these parameters
influence the tine necessary to . achieve a blood (or target tissue)

concent r AYcBANGIBRTEEEHT Ity Indisates P@royedpbeRiigRcal ef fect. Tmex and Cmaa can
be determ ned i sual jnspecti.on_ of graphical re ts and can often

provi de suffilﬁ)?%ﬂrlnzij "r‘f‘faovla‘ll’ﬁf‘l%f)eﬁe"tt‘Bg QISHBEFO CI?‘%%F‘F@E]IQO f adnministration of a
conpound.conckimebest thervampeiind Zind Cal ikase matmbebldet @ncdantigtbnn@ctiedpr eci sel y by

anal ysi s _usi ng kineti model. s descri bed bel . and/.ar, ot her nmeans known
to those Wlo?‘ aﬁ%e? flosleﬁn dtcaﬁremnésr ? !mn[ré%%)f] %%eeﬁuﬁltg?cﬂ/ns‘lgr?? }ég)n%les & =(1e)t‘r3dmt°s can be with
any of a T, Tga v Gopt, jnawiuchl esdllod thesahiapistepsrigthane the toetrep@astonr cropore such
as is prodygedpl¥d B Plidsl) BERERGEdrMeessal 16 FhiRATHidINoal GfeL€, thermal energy

or gas ballistics. Such devices are referénced hereinm as poration devices,
in parti dekdhd Gracta8BofATERd BeviFtebgspegion Qbgranbicabietidis andfay pigess .

provide sufficient information to compare two methods of administration of a compound.
However, numerical values can be determined more precisely by analysis using kinetic

models (as described below) and/or other means known to those of skill in the art.

[0021] Delivery into the dermis can be with any of a wide variety of devices
which produce a cutaneous micropore such as is produced by any solid projection,
electromotive force, thermal energy or gas ballistics. Such devices are referenced herein
as poration devices, in particular microporation devices, or dermal-access devices.
Preferably delivery is through one or more hollow needles although needleless or needle-
free ballistic injection of fluids or powders into the ID space, iontophoresis,
electroporation, or direct deposition of fluid, solids, or other dosing forms into the skin
and the like are also within the scope of the present invention so long at least one

cutaneous micropore is established by the delivery device.

[0022] The methods of the present invention can involve, in one embodiment, a

selective delivery of the hydrophobic substance to the dermis. Such selective delivery



Preferably delivery is through one or nore hollow needles alt houg

needl el ess or needle- free ballistic injection of fluids or powdef#uantZ0bhe
| D space, iontophoresis, electroporation, or direct deposition of fluid,
solids, or other dosing forns into the skin and the like are also within

t he scope of the present invention so |ong at | east one cutaneous m cropore
is establi shed by the delivery device. [0022] The neth e present

i nvention c¥R% W% BPve, in one enbodinent, a selecti vepgﬁlllslg%l@g?@ of the

hydr ophobi ¢ substance to the derrri Ss. Such selective delivery 8 25 January
2006 WO 03/002103. P S 8, l.nvol yes enment of the

subst anc&° R'estlﬁt%ntl %agelg?né&% tshe arnge Lnon do}f'mq% r%lhg%gln%ngk%l ch will or does
resul t i demdcelgsh vidl cadebs rrailhip ectesh tabslommmdnd abfortiheofghbsbdiance in the derms

as conpar, eﬁjx Eie?mglag‘g tc! %@Iﬁgnt % Ql.? %thelerg%lgﬂqot(?ﬁe sﬁcﬁe Tﬁn%(éeﬂ:ctlv-ghe sel ective

del i very can conpris art, a recognitron that delivery of
the subsNelivee camcontruist, hewlci)éermrspartl mremxeltlas fhetcdelivsty ditiessubstabesdis ment , t he

delivery @&ea&ﬁlss 5 %aomsteggodlﬂlg{twdah@éyl) tﬁeguset%xémm ¢ absorption and,

pref er abI y, nproved system c absorption is tal ne Such i nproved
system ¢ mwswitﬁ Brydemic ewpﬁiqnsaed,@r%m@r,arﬁrrpmd|Syst¢nlgﬂ?éiarpthﬂlbavau lability

and/ or a fiiRsd &kl AlpkdvelySBaic a@@i?p‘flon aaalcuoﬁabm@ 2SRBAENY hathdry shorter Tnax

and/or a substantl ally shorter h a variation of the enbodi nent, the
del i ver y bjoavailphikity aprkey atsbbsgﬁq‘ﬁllé@?’@h &s-bxe?ﬁd@r appbgrpeibokorteldaapr ef er abl v,
i npr oved agYsita@ibstanfdl§@hdHet DY) In SUshtiGRIfBRtmbaitel: teedelivdrpisobt ai n i nproved

systemc abso ptiQn can co nmeasur enent of one
or nore t GRAFYE SYSEAP ngﬁ?i’toé’r‘?d ﬁ"/\(f]\ﬂ%ﬁ?'g“%%vﬁd sys%’b‘icoa\%qﬁ%‘r?fl [ 0023] Anpng

t he sevelsadh sald@tﬁretiagzexsj t@aﬁmmmebvbysykﬂaalqmbas;ﬂiah czlrﬂ:\tﬁﬁzﬁdegﬂ whokler ef ore, may be

noted the I‘OVI sion Qofa new paren r ent oﬂ;%encr oute of, adm ni,strati on of
¢

e
hydrophobﬂ T EREES WRIC HAchieve paramftgrﬁ‘ls}(l:o“aneﬁsluf/lery of the

subst ancésprotelent. provi si on of a nethod of admi nistration suitable for
obtaining rapid onset of action of h droghobl c substances; the provision of

net hods sui t 489231 W“@@F&q"?ﬁlﬁﬁvqﬂ%@&‘f’%ﬁveﬂ Y th Pres@binyAngeR at i ons whi ch mimi ¢

the pul s@elckdte, fadBE BotéRh&RERsiAf o fRRLW hRLntABROSSdminAGatiddlo@Vi Si on of met hods
which allow intefmttent. and/ or . uI satile adm nistration of hydrophobic

hor mones PtoRbPRie pybatancihiph g aihifye Sislrmicselsio hestistanessuiation elicited -

provision of a method of administration suitable for obtaining rapid onset of action of
hydrophobic substances; the provision of methods suitable for obtaining repeated bolus
administrations which mimic the pulsatile, rapid release of natural hormones; the
provision of methods which allow intermittent and/or pulsatile administration of
hydrophobic hormones or mimetics which avoids any receptor down regulation elicited
by continuous blood levels of the hormones; the provision of a mode of administration
which achieves a high absorption and bioavailability to allow less active drug to be used
at a reduction in cost and a diminished likelihood of side effects; the provision of method
of administration of a hydrophobic substance which can achieve higher blood levels than
that achieved with subcutaneous administration of the same dose level; the provision of a
method of administration which produces increases efficacy of the substance without
altering systemic elimination rates and without altering pharmacodynamic effects; the
provision of a method which avoids the substance being trapped in subcutaneous tissue
lipophilic compartments to produce a depot effect; the provision of a method which is

amenable to a regulated dose regimen as a result of rapid absorption of administered



by continuous bl ood | evels of the hornones; the provision of a node of
admini stration which achieves a high absorption and bi oavai | a®5 Janyary d006
allow |l ess active drug to be used at a reduction in cost and a di m ni shed
| i kel i hood of side effects; the provision of nmethod of administration of a
hydr ophobi ¢ substance whi ch can achi eve hi gher bl ood |evels than that

achi eved with subcutaneous adm ni stration of the sanme dose |evel; the
provi si on oVO&3%¥ hod of administration which produce8¢V¥¥FaSes efficacy
of the substance without altering systemc elimnation rates and w t hout

al tering pharmacodynam c effects; the provision of a method which avoids

t he subswdw@amU@dﬂgpmwappedannﬂ@mb@u@awe&u@nmﬂgﬁeﬁwhmhwbmhn||c conpart ments
to produgﬁ B SRR Yitn S ib RS neem@ae eomac%g tHE‘sdBEtaxﬁe Hﬁ&éﬁg%m@a&&s ks amenable to a
regul ate ose reginmen as resu rapi d absorption of adm nistered 9 25
January 2@@6“@@@@8ﬂ@$@¥@@HPQWV@E@@W&&@%&V%ﬁ%@ﬂhﬁ@@“maﬁdhﬁhe provision of a
met hod of,@uf,aneous adm nistration which when inplemented with a hollow
needl e deV|ce pl aces the substance directly in the derms to avoid

met abol i plagrEsetscrasd or TarENYeNO@N activity which can occur in the
epi derm s. DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0024] In accordance with
the present ipvRN RErdante Wilisthbpefntheaorelt e tebradisconded thit st r ati on of a

hydr ophobi,c. su stance .t 0 he rnls r sults |n i mproved system c absorption
of the sdBRPERHE Fﬁy m#% “ﬁ? slat bF@nsm‘ﬂ %@“WC sytStﬁ%lcpresent i nventi on

tend to bbﬁnﬁmﬂﬁﬂmeWWWﬂweSO|ubl|Ity or to be water insoluble, but soluble in
non- pol ar sol vents. Hydrophobicity of a substance can be assessed by

standard met hi8e#5] Shechtydeephobicoiubsianaenef e prefapt igeanépmicnd e phlev oi | - wat er

distri buwafensomﬁw dr¢d BbaterRiseiusTe ARl éblubfehﬁncﬂl R0 ahPdntnat er  di stribution
coefficient (see for exanple Buchma . Curr Med Chem 5: 353-380, 1998). The

oi | - wat erydioBlopictyfiashbstaace ¢3a be assserd By Stansiardamatihods sush a%f“éxa&]@}?pound in a
wat er - | mdgeinilig (RO PabdistialiMeRtipbR SR efaablothés oftadlivagnol to the

trati \ h h Val
L M Ty
under apfhepit-waitreligritySorolk dgirationd nahicénirative. of Sumipovodhiliatwaghs Wi | | depend upon
the condif} Qe Sl sbifoPfilasd S A QlanBAT R SA A8 Vv lefe marmmal

phase in contact with the solvent phase. Values are typically expressed as the log value

of partition coefficient, logP, under appropriate physiologic conditions. Such conditions
will depend upon the conditions of the target region of administration in the mammal

including temperature, pH, conceniration and the like.

[0026] For substances which are ionizable, the pK values or the negative log of
the dissociation constant of such substances are a consideration and these values are
sometimes determined at the same time that hydrophobicity is determined. This is
because the partition coefficient is the ratio of concentration of a substance as the neutral
molecule in a water-immiscible solvent to its concentration in an aqueous phase.
Therefore, it is important to know the amount of neutral species present and this can be
determined the pK of the substance and the pH of the aqueous solution. The pKa is the
negative log of the equilibrium constant of an acid and the pKb is the negative log of the
equilibrium constant of a base. As a practical matter, an acid having a pKa of one or
more units greater than 7.4, i.e. 8.4 or greater, or a base having a pKb of one or more

units less than 7.4, i.e. 6.4 or less are each predominantly in the form of the neutral

10



including tenmperature, pH, concentration and the |ike. [0026] For substances
whi ch are ionizable, the pK values or the negative log of the &} saweiy22006n
constant of such substances are a consideration and these val ues are
sonetinmes determned at the sane tine that hydrophobicity is determ ned.
This is because the partition coefficient is the ratio of concentration of
a substance as the neutral nolecule in a water-inmm scible solvent to its
concentrati 89 BA24 aqueous phase. Therefore, it is i ®pH¥ANP ko know t he
anount of neutral species present and this can be determ ned the pK of the
substance and the pH of the aqueous solution. The pKa is the negative |og

of the equbkiuatarhesiviegicaRitold aa%ﬂlbﬁdieﬁraéf?ﬁnfvﬁbpaﬁmnﬁ‘ébsﬁaﬁ@uﬁ@&ht| ve | og of

the equi{hi Bif prase i6 QRSH-dakr Ritrivutbese. As a practical matter, an acid having a
pKa of one or nore units greater than 7.4, i.e. 8.4 or greater or a base

havi ng a pKb @d020Nn&nditier AOHEWhithWillSnfieae tliehﬁ’dﬁsu?edlkalub ofloglf it or | ess are each
predom nant | he, form of the neuy tral ‘%‘ 06 WO 03/002103
BT Uso; M g B SRt ger S RGP PR A E & nout ral form

Wi I part éctan6lrs el bat-putdr kdVdnybdemisothistshigstanéd haphesien Itd’lo:@gelﬁhﬂlo- wat er

distri but| te‘“aﬂéﬁgﬁf]hgﬁ %rﬁh“f athfrﬁsV“?ﬂuEQhe i)%lanoln yence t he measured

val ue of Tv € partic lBfﬁl ar sol vent used
in the oidocffiaistds beliyyud caretlert tha distibttamol a substtriveadnonistpel &ra sbkatent because

this subst %agqorh%snﬂgk br%pmtlp ggqf%],rq)t j,,,Q‘,p,,,; M@ﬁ%}g Js simlar to that of

l'i pid material 1n ani at s> e n-octanol partition coefficient is

bel i eved to rffédz@pfhetp%wdc%kffkieﬁttdfgeube&n@cmmamb@«%@wastered to a
subject into regl ons of dy containing a significant anmount of

adi pose t1&E9ef negio é%kjm"ﬂ‘l@tb“aﬁ“r|TF‘F%‘?H“°<]:‘{S‘§ff?“E‘iSE?ﬂ"eB\“P%Pe%%)ét ance can be
measur ed enasmetﬁ»é mahod@umhegwmi Pmtd’lw&pmmew&s t(hiuaAhalytithese incl ude, for

|IIustrat tlorrerlcrre ods. such.as with PCA101 of
d pKa t dié‘W”Hg é‘aP;’SSW ! MR P@r?gﬁ  pafijtign cqeffigents ssex, UK) whi ch
nmeasur e bﬁxtehpqal{amalmS pnmlnﬁsbnm Fiapt.f9crCtiene-604, 11982) edvef3é pinee MEEd0ds

i1 Ph 0 2 C hod
(soo for SRpdbieEt Pk Bupnfeyetly 29 o ved e I TRTRIRERIE™ 2001 11 ask

shaki ng neehegissthss.euidetivamethets fod br (uepleflyrhvaldatpl. € vBusldal d et al ., Curr.
Med.  Cheg,,5535%:H, ffds) 988)ikand the |ike.

[0029] The LogP has been shown to be related to aqueous solubility according to
the following equation (Hansch et al., J. Org. Chem. 33:347-350, 1968):

logSw = - 1.34 logPy: + 0.99

where logS,, is the molar solubility and logP, is the water-oil partition coefficient.

Using this equation, values for logP: can be calculated from solubility data.

[0030] The hydrophobic substances of the present invention preferably show an
n-octanol-water partition coefficient of at least about 1.5 or greater, more preferably at
least about 2.0 or greater, and in certain embodiments, preferably at least about 2.5 or
greater, at least about 3.0 or greater, at least about 3.5 or greater or at least about 4.0 or

greater..

[0031] Hydrophobic substances that can be delivered into the dermis in

accordance with the present invention are intended to include pharmaceutically or

11



[ 0029] The LogP has been shown to be related to aqueous solubility according
to the followi ng equation (Hansch et al., J. Og. Chem 33:3425d8mary 2¥¥)
|l ogSw = - 1.34 | ogPocE + 0.99 where logs. is the nolar solubility and

| ogPo0Ot is the water-oil partition coefficient. Using this equation, values
for logP,, can be calculated fromsolubility data. [0030] The hydrophobic
subst ances of the present invention preferably show an n-octanol -wat er
partition c¥@PYI2¥:nt of at |east about 1.5 or great erPCHEPEHBef erably at

| east about 2.0 or greater, and in certain enbodinments, preferably at |east
about 2.5 or greater, at |east about 3.0 or greater, at |east about 3.5 or
great er Giologicalbapsye wbwncesingindise diagnostig ents, drusn3ng otpfF aRRSPAGHI ¢ subst ances
that can Jighgdalvidd &eBfeltidbPhdatlEbedSHtduSh hsTor REGRNE HaR6ALHWIL h the present
invention are intended to include pharnmaceutically or 11 25 January 2006 WD

03/ 002103 PCTot%30 2hd BRitsphbti©dubgikal Jf yhe peekdnvBventBiSéanBe &6all Ncl udi ng di agnosti c
agents, ich provide therapeutjc or health

%&gﬁ a‘g&]d og.her substanfes {
benefits arCuEs G TASHOFHS) 2R Y AT SRR SRS T PSRRI RHEIH Ghhobi ¢
subst ancesotidr pblyRedy @spbiinds. "Tiemydrophobia Bubbienceetl the presodt @cehth dr ugs or

di agnosti.c nts or.large | ecul e o S _Rroteins ysaccharides or

ot her polnﬁfﬁ@gﬁ? s %lﬂﬁ%Wp%émtﬁc%vrugsﬁ%g‘%?%%lsnﬂ%gg’éﬁceas?idﬁf%he present

i nvent i omprotdasedhhibieery, ldivivdmuadleagides, cpgloexyaampbeishibiany, irrgelicuitegat- hydant oi ns,

bar bi t ur ig, A6k 0. ool s cRLALEARE ol Wbk LOF S yaPRbANILRL oG SQST des,

cycl ooxygenase®inhibitors, tricycltc nitrogen- contail ning conpounds for
central el eowmeemps otbenhaidrdphvbicgelistanpesf unct i on conditions as well as

numer ous ot her hydr ophobi c. substances. [0033] The invention is particularly
appl i cabl e tdOQﬁ/E%uﬂV@ﬂm it poygevrly aprliseiig 1A dricyelismengricontinighe fornul a (1) D-
~A t6) ncéﬁjaoumsogb,almgqgg@i cally acceptable salts thereof, wherein R, R2
and R3 are the sane or different and are H Cl1.6 al kyl (optionally phenyl

X R®

RZ

»—z

D, .z
®)

@

or pharmaceutically acceptable salts thereof, wherein

R!, R? and R? are the same or different and are H, Cy. alkyl (optionally phenyl
substituted), Cs_s alkenyl or alkynyl or Cs_o cycloalkyl, or where R? is as
above and R' and R? are cyclized with the attached N atom to form
pyrrolidinyl, piperidinyl, morpholinyl, 4-methylpiperazinyl or imidazolyl
groups;

Xis H, F, C], Br, I, OH, C; alkyl or alkoxy, CN, carboxamide, carboxyl or (Cy.¢
alkyl)carbonyl;

A is CH, CH,, CHF, CHCI, CHBr, CHI, CHCHj;, C=0, C=S, CSCH;, C=NH,
CNHz, CNHCH3, CNHCOOCH;, CNHCN, SO; or N;

B is CH, CH3, CHF, CHCI, CHBr, CHI, C=0, N, NH or NCH;, and nis 0 or 1;
and

D is CH, CH;, CHF, CHCI, CHBr, CHI, C=0, O, N, NH or NCHj;

with various provisos as indicated in WO 00/40226.
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substituted), C3.5 al kenyl or al kynyl or C340 cycl oal k
above and R and R2 are cyclized with the attached N a
pyrrolidinyl, piperidinyl, norpholinyl, 4-nethylpipera
groups; Xis H F, d, Br, I, OH d alkyl or alkoxy,
carboxyl or (Cl.6 alkyl)carbonyl; Ais CH CH2, CHF,
CHCH3, C=0, C=S, CSCH3, C=NH, OCNH2, CNHCH3, CNHCOOCH3

yl, or where R3 is as
tomto f@apdgnuary 2006
zinyl or imdazolyl
CN, carboxam de,
CHCl, CHBr, CHI

CN S02 or N, B

__CNHCN
is CH CHoWE2%0o "cHBr, CHI, C=O, N NEI or NCH3FCINE2H*Y& 0 or 1@ and
Dis CH CH2, CHF, CHCI, CHBr, CH, C=O 0, N, NH or NCH3; wth vari ous

provi sos as indicated in W 00/40226. 12 25 é?nuary 20
PCT/ US02/ 199 Espepiaibarsignsdroppamds e toeshisrimasar e t hos
CH3 (11) wherein X is O (sunanirole) gr S (conpound |
and U.S. Patent No. 5,273A87S5 whihelarey] ncor por at ed
by reference). Particula eferred are conpounds
for treatnment of sexual dowsfungtieon, especially,

(R) -5, 6-di hydr o-5- (et hyl amino) - #4H i m dazo[ 4, 5-ij]-qu
and pharmaceutical ly accept ak alts as well as suman
(R) -5, 6-di hydr o-5- (et hyl am no) - i mdazo[4,5-1)]-qu
phar maceutically acceptable salts. [0034] Pharnmaceutic

06 WO 03/002103

e of formula (Il1) H
) (see WD 00/40226

in their entireties,
n the series useful

nol i ne- 2(1H)-thi one
irole which is
nolin-2(1H) -one and
al“"acceptability

reTers 10 UG ERS sl o 0L MhARnt Ch. eG4 Ly d o o nistration

requir a
accept anatentNel SR Sortlichaandinphgeitetih the quiiretispby referoive)
manuf act I%E‘t?cgla?.ﬁfr fetrbd e ;39%3'1\1 tﬂ?éehést%%ﬂggoﬁrelﬁﬁ%hﬁ%e)ﬂ

Phar mnaceu acceptable salts 1 nc salts of t

gencies, patient

h all ow for

npd the like.

e foll ow ng acids:

nal ei c, #efunetion.ebrconllye (R)tpyicdibudn-ofmethylamino)-4H-imidazo[4,5-4]-quinoline-

2(1H)-thione and pharmaceutically acceptable salts as well as sumanirole which is

(R)-5,6-dihydro-5-(methylamino)-4H-imidazo[4,5-ij]-quinolin-2(1H)-one and

pharmaceutically acceptable salts.

[0034] Pharmaceutical acceptability refers to those properties which provide for

suitability for administration to a subject including requirements of governmental

agencies, patient acceptance and chemical and physical requirements which allow for

manufacture, stability, bioavailability in a subject and the like. Pharmaceutically

acceptable salts include salts of the following acids: maleic, methansulfonic, hydrochloric

hydrobromic, sulfuric, phosphoric, nitric, benzoic, citric, tartaric, fumaric, and

[0035] The LogP of (R)-5,6-dihydro-5-(methylamino)-4H-imidazo[4,5

the like.

_y‘]-

quinoline-2(1H)-thione was estimated to be 1.62 using logKow software (Syracuse

Research Corporation, North Syracuse, NY 13212; see also Meylan and Howard, supra).

In accordance with the present invention, this compound would be expected to

produce

higher Cpux values and shorter Ty, values upon administration to the dermis than that

obtained following subcutaneous administration.

[0036] Additional hydrophobic substances within the scope of the present

invention include the non-limiting examples of anticonvulsant hydantoins, barbituric

acids, HIV protease inhibitors, cyclooxygenase inhibitors, antiviral nucleosides and

pinene and its derivatives as shown in Table 1 below.
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hydr obrom c, sulfuric, phosphoric, nitric, benzoic, citric, tartaric,
fumaric, and the |ike. [0035] The LogP of 25 January 2006
(R) -5, 6-di hydr o-5- (et hyl am no) -4H i m dazo[ 4, 5-ij]- quinoline-2(1H)-thione
was estimated to be 1.62 using | ogkow software (Syracuse Research

Cor poration, North Syracuse, NY 13212; see also Meylan and Howard, supra).
In accordance with the present invention, this conmpound woul d be expected to
produce hiYR&M0RE yal ues and shorter Tm x val ues RfgIROZAENEni stration to
t he denpbs than that obtained. follow ng subcutaneous adm nistration. [0036]
Addi ti onal hydrophobi c substances within the scope of the present invention
i nclude the non-limting exanples of anticonvul sant hydantoins, barbituric
aci ds, HIV protease Tabhkilbldgdnauec@LipmophoiEnsshetandahi bi t ors, anti viral

nucl eosi des and pinene and its derivatives as shown in Table 1 below 13 25
January 2006 WO 03/002103 Table 1. LogP Values O Hydrophobi c Substances.

PCT/ US02/,19918 . ConpoundLogS. LogPoqt* Ref er ence, («nof £s/ L) ANTI GONVULSANT
HYDANTO KB&FBff a et al, J. Pharm ss%°gp§“§L 5] PP Riferedoe
henyhl hyeart-e+-—4—1+63—8688—Fo—F5; ﬁglﬁs )9”39 I—pert-anroy-exyrethyl - 5, 5-
- 4. 684. PANTII@NULS AYDHNDANTOIN®Ct anol oxynet hyl - 5, bSteHet 525, 60
di phenyfhydant ol n Anethole trithionfe-5,805]07 dith)Bieuhichne- 2} 482. 59
5,5-diphenyhlhydantoin -4.10 3.80 88:775-79, 1999
3-pentanoyloxymethyl-5,5-
diphenylhydantoin -4.68 423
3-octanoloxymethyl-5,5- }
diphenylbydantoin 6.52 360
Anethole trithione -5.80 5.07
dithiolethione -2.48 2.59
5-phenyldithiolethione -5.64 4.95
dimethylthiolethione -3.42 3.29
BARBITURIC ACIDS Prankerd et allnt.

, . o e J. Pharm. 112:1-
5,5-dimethylbarbituric amd. -1.74 2.04 15,1994
5-Me-5-ethylbarbituric acid -1.23 1.66
5-Me-5-allylbartituric acid -1.16 1.60
5-Me-5-phenylbarbituric acid -2.38 2.51
5-Me-5—(3 -methylbut-2-enyl)barbituric 22,60 .68
acid
5,5-diethylbarbituric acid -1.40 1.78
5-Et-5-iPr-barbituric acid -2.15 2.34
5-Et-5-allyl-barbituric acid -1.61 1.64
5-Et-5-phenyl-barbituric acid -2.32 247
5 -Et—S -(3-methylbut-2-enyl)-barbituric 295 242
acid
5,5-diphenylbarbituric acid -4.20 3.87
5,5-di-iPr-barbituric acid -2.77 2.81
5-iPr-5-allyl-barbituric acid -1.71 2.01
5-iPr-5-(3-methylbut-2-enyl)-barbituric -2.59 2.67
acid
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5- phenyl di t hi ol et hi one-5. 644. 95 di net hyl t hi ol et hi one- 3. 423. 29 13ARBI TURI C
ACl DSPr ankerd et al/nt. J. Pharm 112:1- 1994 112:1- Pharm 25 January 2006

5, 5-di met hyl bar bi turi cacid-1. 742. 0415 1994 1 5-Me-5-ethyl barbituric
acid-1.231.66, , 5-Me-5-allylbartituric acid-1.161.60

5- Me- 5- phenyl barbituric acid-2.382.51 5- Me-5-(3-nethyl but-2-enyl)barbituric
-2.602.68 acid 5, 5-diethylbarbituric acid-1.401.78 5-Et-5-iPr-barbituric

aci d-2.152. W2 0803 5_ 5| | y| -barbituric acid-1.611. 64 5-FEUEOHHWRRyY| - bar bi turic
aci d-2.322.47 5-Et-5-(3-nethyl but-2-enyl)-barbituric -2.252.42 acid

5,5-dipTeq¥1Daroitur|0’atlu-472p3.21 3;5-0 -TPr-parbituric acid-2.772.81
5-i Pr - 54 4ty i-Gomethylbuieicaylibabitupic71 2 -5 3.39
5-1i Pr - 5 @Qdma'rhy_lhu'r-z-pnyl)-har hitlruic -2i892 67 scid 14 25 January 2006
5-diallyl-barbituric acid -2.08 229
5-allyl-5-phenylbarbituric acid -2.37 251
5-diethyl-2-thiobarbituric acid 2,17 2.36
5-Et-5-(1-methylbutyl)-2-thiobarbituric -3.68 3.49
acid
5,5-(CH2)2-barbituric acid ~-1.89 2.15
5,5-(CH2)3-barbituricacid -1.66 1.98
5,5-(CH2)4-barbituric acid -2.35 3.97
5,5-(CH2)5-barbituric acid 3.06 3.02
5,5-CH2)6-barbituric acid -3.17 3.10
5,5-(CH2)7-barbituric acid -2.98 296
5,5-(CH2)10-barbituric acid -4.59 4.16
5,5-(CH2)5-2-thiobarbituric acid -3.46 3.32
5,5-(CH2)11-barbituric acid -5.80 5.07
HIV PROTEASE INHIBITORS Williams et al.,
Didanosi 0.90 | 48 Adv. Drug Del.
1Cnosme = ~ Rev. 39:211-238,
delavirdine -4.76 4.29 1999
Efavirenz -4.57 4.15
Indinavir -3.94 3.68
Ritonavir -5.16 4.52
Amprenavir -4.00 3.72
Saquinavir -4.33 3.97
N-(3{(1R)-1-[(6R)-4-hydroxy-2-0x0-6- -8.00%* 6.71 log P estimated
phenethyl-6-propyl-5,6-dihydro-2H-pyran- using SRC
3-y¥]}'>ropyl}phenyl)—5-(tn'ﬂuoromethyl)-Z- program
pyridinesulfonamide (Meylan, et al.
J Pharm. Sci. 84:
83-92, 1995.)
ANTIVIRAL NUCLEOSIDES Kristl, Med. Res.
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WO 03/ 002103 PCT/ US02/ 19918 5-t Bu-5-(3-net hyl but-2-enyl)-barbituri

-3.553.3
acid-2.3

9 acid 5-diallyl-
72.51 5-diethyl -

c

barbituric acid-2.082.29 5-allyl-5-phetylananyi2006i c
2-thiobarbituric acid-2.172. 36

5-Et-5-(1-net hyl butyl)-2-thiobarbituric -3.683.49 acid 5,5-(CH2)2-barbituric
acid-1.892.15 5,5-(CH2) 3-barbi turicacid-1.661.98 5,5-(CH2)4-barbituric

aci d-2.353.97 5,5-(CH2)5-barbituric acid-3.063.02 5,5-CH2)6-barbituric

aci d- 3. 173. WO 05083108 CH2) 7-bar bi turi c aci d-2.982. 96 5, 5- PFEMSYP?Bar bi turic
acid-4.594.16 5,5-(CH2)5-2-thiobarbituric acid-3.463.32

5 5-(CHJII-parbitaric actd-5. 805. 07 HI V OTEASE 1 1N6, BF- 47 liams et al.,
Di danosi [ ecclptyd®Ady. Drug Del . Revl9239: 21217238 dejgayir di ne-4. 764. 29, 1999
Ef avi renzogce‘ﬂé]: élévu' ndi navi r-3 943. 680@ tonayj;g-S. 164. 52 Anprerjavir-4.003. 72
Saqui navj—+==4- ooo 97+tog—P-estt+rated

N2,0-diacetylacyclovir -2.70 275
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N-(3{(IR)-1-[(6R)-4- hydroxy 2- 0X0- 6- using SRC

phenet hyl - 6- propyl - 5, 6-di hydr o- 2H pyran- -8.00*6. 71pr ogram 25 January 2006
3-yl ] propyl } phenyl) - 5 (trifluoronmethyl)-2- (Meylan, et al.

pyri di nesul f onam deJPharm Sci. 84: 83-92,1995. ANTI VI RAL NUCLEGCSI DESKri st |,
Med. Res. 15 25 January 2006 WD 03/002103 PCT/ US02/ 19918

N2- acetyl acyclovir-1.922.17 Rev. 7:417-440, 1 1999 .

0- acet yl acYtQ B¥4%0. 861. 38 N2, O di acet yl acycl ovi r - 2. 788TV¥HAR®S January
2006 WD 03/ 002103 PCT/ US02/ 19918 PI NENE AND DERI VATI VESFi chan et al., J a-

pmene- 3[ 663, 47CNeM _ENg._ Data 447 773- 777, B- pinener.3. 913. 661999
| i nonenpERENEANIBDEBIVAIINES 583 41 Borneol - 2. 622, 6fichanetal, J
. Chem. Eng. Data
a~pmene -3.66 3.47 44:773_777
B-pinene 391 3.66 1999
limonene -3.41 3.28
Myrcene -3.58 341
Borneol -2.62 2.69
fenchyl_alcohol -2.27 243
pinene_oxide -2.59 2.67
a-ionorie -3.06 3.02
carveol -1.88 2.14
linalool -2.00 2.23
a-terpineol . -1.91 2.16
Carvone -1.67 1.99
CYCLOOXYGENASE INHIBITORS log P estimated
: | using SRC
Celecoxib -3.66* 3.47 program
Valdecoxib -2.59% 2.67 (Meylan, et al.
Parecoxib -3.16% | 3.10 J.Phaym. Sct. 84
83-92, 1995.)

*Log Poc: was calculated as logP,: = (0.99 - logSy)/1.34 except where otherwise

indicated.
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fenchyl _al cohol -2. 272. 43 pi nene_oxi de-2.592. 67 a-ionone-3. 063. 02

carveol -1.882. 14 |inal ool -2.002. 23 a-terpineol-1.912.16 Carvone23Jaggary@g0o6
CYCLOOXYCGENASE | NHI BI TORS| og P estimated Cel ecoxi b3. 66*3. 47usi ng SRC program
Val decoxi b-2.59*2. 67( Meyl an, et al. Parecoxib- 3.16*3.10J. Phann. Sci. 84:
83-92, 1995.) *Log P., was calculated as |ogP0,, = (0.99 -1logSw)/1. 34 except
where otherwi se indicated. 17 25 January 2006 WO 03/ 002103 PCT/ US02/ 19918
[0037] The PRIMEEBKi netic profile for individual conp8GHEY2WMY vary
according to the chem cal properties of the conpounds. For exanple,
conpounds whi ch are hydrophobic small nol ecul es having a nol ecul ar wei ght

of no nore t hpsAGR0 pidahienBeticr AL PRGRGk oy wail 98 bdce@ng changes
conpared to traditional parenteral nethods of adnnistration, such as

i nt r amus da g ehendgabRrareging 81 4e ermropltet Fhaianaly EXRROBRS Wi eHfer mor e, conmpounds
whi ch ar e,yByshicBRRek HoRAdeshetiagd 4 Melkdnldr aveigh.of hambRghaa 1000 Bawhar  wei ght of at

| east 1000 Daltons.as well as larger c ounds of at ]east 2000 Dal tons, at
| east 4008 PRFFGshoy sigpifsant cstfﬁ',geﬁ Wﬁat@?@ﬂﬁﬂﬂ pf‘rﬁ?tﬁré{'m%ﬁo S&pected to show
t he nost admingsfhiidnCatt asGRBNUeS]E QuRaaAdud @ sibdatiat injeetddn. par ent er al net hods of
adm ni stratjon, such ag J.ntrapuscular, subcutaneous.or subdermal injection.
[0038] * THEhER OB LoP B Sh P e S SEaRS MR Cul ar |y

evi dent fvaight Subkisanine ®albrs afwell & lagdr covepoundzlo§ arldastc 00hPaltons) jaect ed

subcut ansoysh, SUEN, Al oo BATRLE LN BNRRG S4Rsianses and. in
particul ar, hydrophobi ¢ nacromol ecul es’
significant changes compared to traditional parenteral methods of administration, such as

intramuscular, subcutaneous or subdermal injection.

[0038] The enhanced absorption profile is believed to be particularly evident for
substances which are not well absorbed when injected subcutaneously such as, for
example, hydrophobic substances and, in particular, hydrophobic macromolecules.
Macromolecules and, in particular, hydrophobic macromolecules are, in general, not well
absorbed subcutaneously and this may be due, not only to their size relative to the
capillary pore size, it may also be due to their slow diffusion through the interstitium .=
because of their size and hydrophobicity. Itis to be understood that hydrophobic
macromolecules can possess discrete hydrophobic domains. In contrast, small molecules
which are hydrophilic are generally well absorbed when administered subcutaneously and
it is possible that no enhanced absorption profile would be seen upon injection into the

dermis compared to absorption following subcutaneous administration.

[0039] The hydrophobic substances within the scope of the present invention can
include conjugates which are covalently linked. Such conjugates can include the non-
limiting examples of high or low molecular weight molecules conjugated with
polyethylene glycol (PEG) and other polymers {(for review, see Veronese, Biomaterials
22:405-417, 2001). Covalent attachment of PEG to a protein can greatly increase the
protein half-life in blood. Protein-protein conjugates, i.e. fusion proteins, are also
included within the scope of the present invention such as, for example, single-chain Fv
(sFv) conjugates with effector proteins (for review, see Huston et al, /nt. Rev. Immunol

10:195-217, 1993). Single-chain Fv antibodies can also be conjugated with small
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Macr onol ecul es and, in particular, hydrophobic macronol ecules are, in
general, not well absorbed subcutaneously and this may be due25dﬁm¥mp9mio
their size relative to the capillary pore size, it nay al so be due to their
sl ow di ffusion through the interstitiium because of their size and
hydrophobicity. It is to be understood that hydrophobic macronol ecul es can
possess discrete hydrophobic domains. In contrast, small nolecules which
are hydr ophWPiog0%3K8 general |y wel | absorbed when adm nPSYEYEE*Bubcut aneously
and it is possible that no enhanced absorption profile would be seen upon
injection into the derms conpared to _absorption follow ng subcutaneous
admi ni st rEiPsles sychaseE TR BeHye B EBRe Bogpst At ek f R the scope of the

present iygnhi Rkh eeHugaiedist MELWRIONIhY SRbES N Pr&bnt afentiopval ently |inked. Such
conjugates can include the non- limting exanples of high or |ow nolecul ar

wei ght ol ecufm@aoc®rtikgated@havnbdokpetiogei Byleanehagineamincdoinadf and ot her

pol ymers (for review, .see Verqnese, Biamaterials 2:.405-417, 2001).

Coval ent é‘f‘iﬂ}iﬁ%ﬂ‘f pr8ﬁlelifl':"6}“?v§8§s ﬁ?%?ré‘iﬁ’ﬁorc?’éaﬁnpgﬂrabasttq alncrease the protein

hal f -1 i f ehbdhabdkix@ec pAtintdied selpdstinei thmatifpliplpah e oncentrationf(Dgi)XBe pr ot ei ns, are
also includ qimﬁtth t he scoggnoﬁjkge Q£8§§nt(j2%$ntlonﬂ uch as, for
exanpl e, BIRGIE OLRATRARA™E CRUTURIT Ciepa e TSR I BFF 2BYEPRY ot ei ns (f or

revi ew, skectbhblsblood @tplaaing conerntratik@\(T.g). MBEnbdncedbsoiion pibfile, iLBI93) . Si ngl e-chai n
FV antl borgsli g% < |l‘; of nng‘ njr“ug-g‘tfg- g i 11 "L wh 25’:‘] Duary 2006 V\O
03/002103“§é|V%%gnggbfggﬁb%ééhfé%“gﬁ%thgég%%épﬁé§?3§§m%§ee for exanple,
Begen et patamefest ThiachsPregdgoQdurmacdhesy pasmbtestand doemjinpgjet efs are al so within

the scop&,Rfinati erRliGS@RentRYEHrd Qlkinely M neBH md AP RAKLI RIRETRCOKI neti cs” it

is neant that an enhancenent of @ pharmacokinetic profile is achieved as
measur ed, & ¢spmeddahp prhandsd biseogparser With A sipifadorttripimingptiohsedr s such as tinme

to maxi mak, B Gadpe, GOt RMotAddRstfafion ordatrahuschiRCadm{BGRIdUGesweh maxi mal pl asma
concentration (C,,, a' me to elicit a mnimally detectable blood

,.a") aor the ti ) 1
or plas meE‘B%%‘?ﬁ‘ltb?tPF%‘?ﬁab(ler?lﬁ’Q)‘gh 08y neSrTAIh SR Uab LAt BT HPRI e, it is  meant
t hat absangdet:i6 ahdadinifst@i@dntg tieatfeknSitdReasdd sedutsosiikuepiagivercoki ncti ¢
par aneters. Thg nga%gtqunt of ngr cok“p tiﬁ; ara egg and determ nation
of i ni il TY°EFFECETVE 'CORTEATT L O Er e Pt ﬁéfﬁ%ﬁ OFfEd in the art.
Val ues  obtmienetliclea Admitéstuatin to the heferenvh siftcadbdry a bdwpaeofon wi th a standard
route of aﬁﬂ[ﬂsﬂ'&t%&nrl@ettﬂog anﬁéf%mninistration can be at the at the same rate as

administration to the dermis whether at a bolus rate of administration or at a slower,
infusion rate of administration. Administration to the reference site at a bolus rate of
administration is preferred for achieving a comparative enhancement of systemic
absorption inasmuch as such bolus administration of hydrophobic substances to the
subcutaneous tissue shows a diminished rate of systemic absorption compared to
absorption of substances which are hydrophilic or substances which are less hydrophobic
than the test substance (see for example, Fuji et al, Exp. Anim. 48:241-246, 1999). Thus,
the improvement in systemic absorption as reflected in pharmacokinetic parameters is
more pronounced following administration to the dermis as compared to values measured

following bolus subcutaneous administration .

[0041] Comparison can also be at the same rate of administration in terms of
amount and volume per unit time. Thus, for example, administration of a given
pharmaceutical substance into the dermis at a concentration such as 100 pg/ml and rate of

100 pL per minute over a period of 5 minutes would, preferably, be compared to
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as, for exanple, subcutaneous adm nistration or intranuscul ar
adninistration. In such conparisons, it is preferable, althoud? Jaeary2006
necessarily essential, that admnistration into the derm s and

adm nistration into the reference site such as subcutaneous tissue, involve
t he sane dose levels, i.e. the same anount and concentration of drug as well
as the sane carrier vehicle. Admnistration to the reference site can be at
a bol us rat ¥OdP2Y4dni ni strati on nethod and/ or admi ni st FRYYUH"¢¥n be at the
at the sanme rate as admnistration to the denbs whether at a bolus rate of

adm nistration or at a slower, infusion rate of adm nistration.

Adni ni st radminisratios of ke sy RbpEHEetieq] substance itiBe srbotanceusspace 3k ni stration i s
preferr edsmfr@eon@&mtﬁ)woﬁgo GRNRALALJF Y60 BNRRRGRIEREr Lerisysiisem ¢ absor pti on

i nasmuch as such bol us m ni stration of hydrophobic substances to the
subcut ane®Bl¥es | ssue shows a di m ni shed rat e of system c absor ption conpared
to absorption of substances. whic r drophi l.i c. qr st ances which are

| ess hydr gpho@f"@] Adanistiatien ‘{féshtydrga’ﬁgif é‘fl?é e L& g fifiﬁmsé&‘& Qo Fyji et at, Exp.
Ani m 48 2dd thdkBe subQ899s.is Pldea in sutﬂmarﬂ&rtwmﬂeﬂiﬁstahd’& réfly #ishes tAbSor ption as

reflected h okl par a ced follow ng

admi ni st rréf%lryéf% ‘l?l ﬁ Eafyn‘%egmégn fﬁ?f)l gyaBSO%Sd ETr}-t)(l’ \?}85 ﬂ‘g%?gﬂ f ol | owi ng bol us
subcut anemdfsr Ipdphatic edsselitto bﬂ‘aome gﬁ@myllmapalablsoﬁucmam ablﬂ;tdrobze at the sane rate
of adm ni stﬁr atl nterr )] unt e nd._.veal ung _Rer, time. Thus, for
exanpl e, Fdm ni st rea“’t“l““oncnl?lth K F”‘% h%F ﬁ”éti“e“UtJnghaIB & LE 1;ﬂrjféc‘a“ into the dernis
at a condaHe ngef Ml@m(ﬁﬂlea@at&f@ﬁ leg# Yﬁbcu(’sancbtlpléaréemﬁs Summatl_ﬂlqﬁebstampmut e over a

period of A, m-gite 1R it ably, be conpared to -19 25 January 2006 WO
03/ 002103 CPI&%I S02 ﬁlio\,@ a91 3’% nfngtratl on of the sane phar maceutl cal substance

into the SUbCMb@P%naﬁQx@%o%hta&Bﬁvo 1@%&%&&5\%@&%@%' s%@cl @@ g/m and rate
of 100 L per m nute over %erlo m nut es, 5 Amnlstratlon of a

hydrophotﬁptflerg’éﬂfé‘flgﬁﬁlg e “B’él‘srﬁlaélel‘%° fiye Laneredhas at“Wé&ﬁe“EThélte t he substances
is pl aCEd;trkﬂitn&id{ﬁbmﬁtthiﬁrgﬁdiﬁisurhhl&:sﬁhkhﬁﬂsﬁﬂ@&ﬁmraﬁadlbbtyau[neaches the richly

vascul ari zed a i ldar{. 1 delgrgrgadagdog ! rs absor@ed i nto e bl ood
capi | | ar i&%""% %// 5 15 7Radg 4R QiR lay'd ’bec Bre PRI derpis ppd £ 'f)l oavai | abl e.
Such can deepsubmcufar @ﬂnmuspﬂh@%mmss dthetdimmisand spideraés in hurhdne vasipper regi on of the

-dermis, ifroﬁr m&iaguaﬁ)a)%dixldﬂax ag@&/m&?an%dividual, at different locations on 'the body.

For example, it has been reported that the epidermis varies in thickness from about 40 to

about 90 pm and the dermis varies in thickness ranging from just below the epidermis to

a depth of from less than 1 mm in some regions of the body to just under 2 to about 4 mm
in other regions of the body depending upon the particular study report (Hwang et al.,

Ann Plastic Surg 46:327-331, 2001; Southwood, Plast. Reconstr. Surg 15:423-429, 1955;
Rushmer et al., Science 154:343-348, 1966). The invention herein with respect to
administration to humans, encompasses delivery of substances to the dermis at any

desired location on the body. Thus the depth of placement of the substance will depend
upon the depth of the dermis at the desired location. Such placement may be, for

example, from up to about 1 mm in certain instances for abdominal skin (Hwang et al.,
supra) or up to about 4 mm in certain instances for skin of the back (Rushmer et al.,

supra).

[0044] For most areas of human skin, it is preferred that a substance be placed

predominately at a depth of at least about 0.3 mm, more preferably, at least about 0.4 mm
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in the upper portion of the relatively |ess vascular reticular derms such
that the substance readily diffuses into the papillary dernis.25Jemuggy 2006
Manmal i an skin contains two | ayers, as discussed above, specifically, the
epiderms and derms. The epiderms is made up of five layers, the stratum
corneum the stratumlucidum the stratum granul osum the stratum spi nosum
and the stratumgerm nati vum and the derm s is nmade up of two | ayers, the
upper papi |W8r°§/0‘g8’i’m s and the deeper reticular derai FSVUSPHEthi ckness of
the derms and epidernms in humans varies fromindividual to individual, and

Wi thin an individual, at different |ocations on the body For exanple, it
has been apdmest prséerabhzat lepsh abowh0. gemhipso ¢ deptfeef np ﬁloferﬁ‘%@'étsl PPm about 40 to

about 90 nmr@ﬁelfe;ab@ rﬁﬁﬁd?a o AohSS0 itk hineH PR&ESLIHIGhAG tHah BB U5t bel ow t he
epiderms to a dépth of fromless than 1 mmin some regions of the body to

just unda&m il} igsultin spid absepption pf eacEratolqelgs Bf{er hyfrophebiqybsiangspendi ng upon t he

particul @Eacéﬁéﬁduftﬁ@@%&c&ﬂ?&@ﬂﬂna?ély ﬁlg;eateﬁd‘éﬁth%ﬁﬁ)&h@o e (vedfordn’ - 331, 2001;
Sout hwood, Pl ast. Reconsty. Surg 15:423-429, 1955 Rushmer et al ., Science

154: 343- 3hte refigga)dermpis beliqyedp Feawl Bdheeuprtagpe being SpbeseBed i ni stration to
humans, eRcaRPAEesaBulaelmiesin b ssuehsiatcesod @thérhﬂ}wﬂ&hﬂiloﬁldaésumny desired

| ocati on.on th bod hus t ep nt stance w ||
depend  UpBHCE @S%%W-FB]F“?’H € gﬁ’ ‘Qorg‘?’dr?ﬂ‘@aﬁﬁé@is Iécﬁs IT%‘E&F'I%@E Such pl acenent
may be, fdeliveryefambisencefid merdmstbeloabm;tapﬂlarymmm ic dretraticnlar deghiances f or

_abdom nallsa l&ﬁ@le&t‘f%o% tf ehm egac’e bet?vlég tﬂg dCITIllS alpd Lfne? su%cu?aneoé hrggl?fl n certain

i nst ance ’0044] For nost
areas of shnehipenalgkameffidint (ogtward fregratod of thasubaaxmbsthahméastb@mpl aced

predom n £eferably, at |east
Bbout 0. 4k B 8 Rl Bl B hSER 8 PRar e e RS 40T ana st
pr ef er ablatsoghed jngpsysterpis ginqulah o vigthesgmicgcapilldegstithowt baipe pesiwesterddam about 2.5 mm

nore prekgral Yny St BRERodshidfe 3R in@n0 MM and nmost preferably no nore than
about 1.7 mmwll result in rapid absorption of nmacronol ecul ar and/ or

hydr ophobi ¢ spobs aﬂq&s@m illeRERPRdide®h methied ﬁuch&h@ﬁﬁetrahﬁd@m nately at greater
depthsa ortlon f t erethular derms is believed to

ri.n
resul t qfvﬁlé’ o ﬁ%%‘jtr%f’llfgb ¢ %3% BT SRR BB RY O ioniman puRd \ ascul ar
reticul alSutUi‘EﬂV]Si drectty tmaetmhéleslarbuumzanemmlss dneggir arbstendeieadnodistesbd ch woul d resul t

through any one of a variety of dermal-access devices. Substances administered
according to the methods of the invention have been found to exhibit improved
pharmacokinetic parameters, and more clinically desirable than that observed for the
same substance administered by subcutaneous injection, i.e. by bolus subcutaneous

administration.

[0046] The microporation device or dermal-access device used for administration
to the dermis according to the invention is not critical as long as it penetrates the skin of a
subject to the desired targeted depth to the dermis without passing through the dermis to
the subcutaneous tissue. In most cases, the device will penetrate the skin and to a depth
of about 0.5-2 mm. The dermal-access means may comprise conventional injection
needles, catheters or microneedles of all known types, employed singularly or in multiple
needle arrays. The dermal-access means may comprise needleless devices including
ballistic injection devices. The terms "needle” énd "needles" as used herein are intended
to encompass all such needle-like structures The term microneedles as used herein are

intended to encompass structures smaller than about 30 gauge, typically about 31-50
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in reduced absorption of macronol ecul ar and/ or hydrophobi c substances. The
controlled delivery of a substance to the dernmis bel ow the pa@dJeawayy dédthi s
inthe reticular derms, but sufficiently above the interface between the
derm s and the subcutaneous tissue, should enable an efficient (outward)

m gration of the substance to the (undisturbed) vascular and |ynphatic

m crocapillary bed (in the papillary denos), where it can be absorbed into
system ¢ ci POIPARI%n via these nicrocapillaries wthouf“BEPHY?Yequestered in
transit by any other cutaneous tissue conpartnent. [0045] The present
invention provides a nethod for thera eutl\if?(é treatnment b delivery of a

hydr ophotfaesedihgh Sush sEichiEss 2 shlindarrt i Repey T‘Eﬁ]l*f‘dBFalﬁ‘Bﬁl“ﬁ%nan ani mai  subj ect
by di r ectdnyonlpaés®9iticNgmitierof@ne WouldMAGEBidbeloheonthatifle Alamstbsidance i s

adm ni stered through any_one of a varjety of dernml-access devi ces.
Subst ancé%“héjﬂﬁi”ﬁingjlagFeé Gﬁ?WﬂgW‘f‘%e‘{’ YT BOTEUSR SPPSS i nventi on have been

found to exhipit..i.nproved ar macoki netic, par [ and nore clinically
desirabl e thaﬁ'o%'ﬂell\?&gﬁcg%t%o\?é’ggﬁ?%fﬁés &%glg%lsgl%sﬁqg{r)@ésﬁg 1rlrllgni stered by

subcut anagesion d¢viees, ipowderjet deliviry ddvides; picgerrcuic aneousotivadm ni st rati on. [ 0046]
The m croporation. deyi r.der.mal - I use nistration to
the der m kR 4G R tEhiR (BasRRT RN ERI S ol o8I0 01

penet r at gendirhte thekskin tofrodde weds§ fordelivey phdireddysdeliend subatagres odhedept h to t he

derm s Wi BOK1,ASSLAEn WD ROHAN LD ETAALIL S éegth o&ﬁ&ixr%@?%ﬁ&%&“s tissue. In

nost cases, the device w Il pehetrate the skin and to a depth of about
0. 5- 2 nmbyTiselenreal-pagkss seersguay he eargoadynaseatiy by di¢ peastitioaen proYidiori nj ecti on

needl es, ablietEkSstQice HHikdiQAREREIS b Qficad WhdaMRMRsited RGRh is &ARle@yed singul arly
or in mltiple needle arraégs. The dernm| -access neans may conprise
S

needl el ed&fRaRly baeveiibe deyicsges spugtyrplangaps fopqopelingskgyneiadon tone t er s
"needl e" tdsired At @B8hin & dersRd TRR [Shost BpRaliynke@ngshed bpmemcompass al | such

encompas S EPFUEFLTSU SHEEr P RET SO0 0 GAGGE ey drEar PSbout 3150 - 21
25 Januartye @06 ab@rixgy 0o 8 fREbmUBOMIdIBd Bedjesrgeatiatied. Thedéngtit ruct ures are
o cr oncedr s fielfia ¥ fopdpS PRl SRty MR M OSen MERTRES, ¥ Lae
pyr am dalmaybeused ingth¢ mpentioasagfdvidual singdaigierpneedlesiordn regssegdbbiadt ri cal shapes.
multiple microneedles in linear or two-dimensional arrays so as to increase the rate of
delivery or the amount of substance delivered in a given period of time. Microneedles
may be incorporated into a variety of devices such as holders and housings that may also
serve to limit the depth of penetration. The dermal-access devices of the invention may
also incorporate reservoirs to contain the substance prior to delivery or pumps or other
means for delivering the drug or other substance under pressure. Alternatively, the

device housing the dermal-access devices may be linked externally to such additional

components.

[0048] Microneedles suitable for administration to the dermis may, for example,
have the dimensions of about 250 micron outer diameter, and less than 2 mm exposed
length. The microneedles can be constructed of steel, other metals such as copper, nickel,

titanium or mixtures thereof, silicon, ceramic, plastic, or any suitable material or

4 combinations thereof.
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[0047] M croporation or dermal -access devices also include ballistic fluid

i nj ecti on devi ces, powder-jet delivery devices, piezoelectric, 25January2006
el ectronotive, electronagnetic assisted delivery devices, gas-assisted
delivery devices, of which directly penetrate the skin to provi de access
for delivery or directly deliver substances to the targeted |ocation within
t he dermal ace. The targeted depth of delivery of substances by the
dernal-acce§§ '%¥&%3He may be controlled manual ly by the PrHEY{¥Bner, or with
or wthout the assistance of indicator neans to indicate when the desired
depth is reached. Preferablx however,, the d V|c%ﬁhas structural means for

control Iing s@P4] PReiaksvaRqUsHike Bharpaqekinghics Fepnigesdiy PiiicAi"e he dermis. This
i's nmost  tofiafchs the a&mnﬁ)lnhﬁlh@doﬁiwwmamc@ma@mmodﬁaﬂdmama or hub associ at ed

with the shaft of the der £ss, mea he formof a

backi ng §W§&?W‘gowc%?tﬁfg€$‘ Wﬂeﬁﬂs qﬁéhoﬁgdé’ﬁluﬂgerﬁ? é%éf‘ftﬁ‘ﬁched. The I ength

of m crom@@dh&&ce;ﬁllﬁegmhmmgeaﬁommam Jintprtded @rrefhl ty eitleess t han 2 nun

Ienth The in the i ti.on. aS|nd|V|duaI singl e m croneedl es
|gn an &%éérn%n?’é‘pggw%ﬁﬁaﬁ alﬂéwat’ﬁg}l?ﬁ%g‘%a? €8 in linear or tvvogdi nensi onal

ar rays so as [’gﬁ?so? %lgg(%qntgrgl?ngftg%eebogﬁd tmdag#' Ih¥StEe la%echgﬁsngm&{ Ex of substance

delivered in ven onee € Incorporated into a
vari ety ('mfislzbdiwed@sttbumhldabsomilor!ebsswmotnmmﬁwon hia?tthmmaisso serve to
Mt NGofRR8 1 Ao SREL a1 Oes IolChaBLE ARE SoSalRNAGREO! he [ nventi on
may also Incorporate reservoirs to contain the substance prior to delivery
or punps Hewetsr.Weapresersa aEbleqsiand bimphadiciplegusetia therdggnipyodd ped by ¥¢st ance under

Pr essur e pe Alpk&d18 blodfte ¥n ermaﬁ'ceel@%bﬁgomHﬁdrmo&balbgﬁﬁdmec@.ﬁ&ﬁ@s devices may be
|l i nked externally to such additional conponents. Ené?0481] M croneedl| es

suitabl e svhﬁﬁamgam%o SpriLen 19ip ltpapftﬂffecoagmegts HB3 dePPpidpshion A BFEDY have t he
di mensi orgnigikh taélﬂubﬂa%ﬁﬁy fot EHsOMtial (TaE exdxm&eeitebrpnc&misérﬁslp&han 2 mm exposed

| engt h. The ron con ructed 0 netal s such as
copper, ‘I?]g}'%on ?’iea(tal’&'ﬁfoﬁm ot Su% Rt tlp ¢ deyris et Lo%evle‘i 568%% ﬁli‘%rri c, plastic, or
any suit aebk ef farkekyand,| heare, the piigamiat abemse df hpopboic comP2Rinbts dkehwuary 2006 WO

031 002103 LT/ AISRE/ bR 81 The b AN SARKRS LbdBalALIRGO! dnet  os are

achi eved terin substance I'n 1 ntlimate contact
Wi t h t he upesielivezsrof hmrgp}@blag@hjqaaqemoéhea}qgms may result from an increase in :

blood flow and capillary permeability caused by injection into the dermis. For example,

it is known that a pinprick insertion to a depth of 3 mm produces an increase in blood
flow and this has been postulated to be independent of pain stimulus and due to tissue
release of histamine (Arildsson et al., Microvascular Res. 59:122-130, 2000). This is also
consistent with the observation that an acute inflammatory response elicited in response
to skin injury produces a transient increase in blood flow and capillary permeability (see
Physiology, Biochemistry, and Molecular Biology of the Skin, Second Edition, L.A.
Goldsmith, Ed., Oxford Univ. Press, New York, 1991, p. 1060; Wilhem, Rev. Can. Biol.
30:153-172,1971). At the same time, the injection into the dermis would be expected to
increase interstitial pressure. It is known that increasing interstitial pressure from values
from a normal value of about —7 mmHg to about +2 mmHg distends lymphatic vessels
and increases [ymph flow (Skobe et al., J. Investig. Dermatol. Symp. Proc. 5:14-19,
2000). Thus, the increased interstitial pressure elicited by injection into the dermis is
believed to elicit increased lymph flow and increased absorption of substances injected

into the dermis.
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| ynphatic m crovascul ature of the papillary derms. In should be understood
that the terns microcapillaries or capillary beds of the der ni28 Japuary 2006
intended to refer to either vascular or |ynphatic drainage pathways wthin
the derms. [0050] Wiile not intending to be bound by any theoretical

mechani sm of action, it is believed that the rapid absorption observed upon
admnistration into the dennis is achieved as a result of the rich plexuses
of bl ood anWOPYpMatic vessels in the dermis. However CY8YBi¥sence of

bl ood and | ynphatic plexuses in the derms would not by itself be expected
to produce an enhanced absorption of hydrophobi c substances because the
subst ances t elf854 Fhpadministagion metherls|upely SericrrydneoghiBa iy FRiRE Boife a depot f ashi on

to ther elyyin beliushddiiSsiddRliverpyaink g3 Rhd dthey sfbotincadts Blidids @Paninkille enhanced
absorption observed u adm nistration of a hydrophobi c. substance to the

an

dernmis rréWecFFov%WPS,dO?eé%F‘Pgl? feshfleyered gcHPels ORI Wik YeE 2 Kl hence, the
subst ant ibgikf RRAGEITGMe Apidallp et 10 minGeNGradsk, iRt e felably Bigout ZiRiniites. Anot her

possi bl e contri bution to tE‘e nextge.ct ed erghanced a or(g_ti on.achi eved upon
del i very %bi*hy Tratincby dalys pdmpRigiation c4nbg by R Igycg s 5‘# ¥ ™Er om an i ncrease
i n bl 0othedennis ahich faohthia ¥y mpeadmiea i piobslligahesmblstdnye inky teedeknid i Nt 0 t he
derm s. For egrargﬁtgl e, itdis known (hhat adﬁi nﬁﬁic N n%ertion to a depth of 3
rum pr od JeLLSA A% 3 eediePr BIOBtEeds FOUCLR G T HIEE “REL PHARW 05t ul ated to be

i ndependevitemetivepaiha sysingaankd msedinidlicbnecat be tsed sirmally gl mals @hitef hi st am ne
(Arildssqpn et.al., . M.crov , , . is 1s also

consi st e%?onwl%nﬁﬂ%eﬁ@ecg Iggrpga Lo ¢ Oal:t'SZ %ﬁgtgc%'?eé&%gtplﬁé% %}rl%ﬁf)iasponse elicited
i n responmdekotwatehki n i njury produces a transient increase in blood flow and
capillary perneability é‘;_e_e Physi ol ogy, Biochem stry, and Mol ecul ar Bi ol ogy
of the Skin, B8 infstdiafmigisiration gompresst apmifigsing gduid 2y sedacgd 9 v. Press, New
Yor K,  19%at mBy belddfhint SNWhiAIB, oVBEY reldiddly mBle@ktended @ind Pedrod /idpicai971) . At the same
tinme, the i n{'_ ction.into th rms woul d b(fe eépected to. jncrease

i ntersti tf4e tg'f‘ne@g‘ﬁrlg.’mq“fesi §° St StrrRcs hegemmdlpgssidsrist sPResdal pressure
from val uéjscenfto ehesiein 6id sbjlect p folvidén gGiirealy @t eted Acdarehgthinthabaniis at®? nmHg di st ends

| ynmphati ¢ vessel s nd increases.lynph.fl ow (Skobe.et. al J. lnvestig.

Der mat ol ?he§§b rrs%‘.nceﬁrr 5@.“ e SﬁE? N ere%ﬁry(ff[%m%%s@g ?ﬁgeﬁmr]lsc‘?’}éeé%tgédl “hterstitial

pr essur e aellgcgllyt @de bysorber intotthedrhoddsiteamtandbedtbstiitivied systenfati¢allgvBet t 0- el icit

| nor easeded TRl ol A1l DEEERTGS ARAAERbEARN e SithTAARFES 1 Ni ected into

the derms. - Januar% y o )
substances to be delivered. Delivery from the reservoir into the dermis may occur either

passively, without application of the external pressure or other driving means to the
substance or substances to be delivered, and/or actively, with the application of pressure
or other driving method. Examples of preferred pressure generating devices include
pumps, syringes, elastomer membranes, gas pressure, piezoelectric, electromotive,
elecrtomagnetic pumping, or Belleville springs or washers or combinations thereof. If
desired, the rate of delivery of the substance may be variably controlled by the pressure-
generating means. As a result, the substance enters the dermis and is absorbed in an
amount and at a rate sufficient to produce a clinically efficacious result. Clinically
efficacious results, as referenced herein, are intended to include both diagnostically and
therapeutically useful responses, resulting from administration of a substance or

substances.

[0053] The hydrophobic substances of the present invention are in a formulation

suitable for administration to the dermis. The hydrophobic substance can be in the form
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WO 03/ 002103 PCT/ US02/ 19918 [0051] The adm ni stration nethods useful for
carrying out the invention include both bolus and infusion del3yknyarygf2006
drugs and ot her substances to humans or aninmals subjects. A bolus dose is a
single dose delivered in a single volune unit over a relatively brief
period of tinme, typically about 10 mnutes or |less, nore preferably about 2
m nutes or |ess. Adm nistration by bolus adm nistration can be by a device
suitabl e foO2¢BBE3i ng the derm s which al so contai nsPEI"HE&HAH sm f or

propel ling the substance into the derms such as, for exanple, a needle or
m croneedl e coupled to a syringe driven by a punp. Alternatively, the
syringe afidsshgpdliea aeldquenyvehizle ob e vehsedawiiemis ahlixturbyf warghndvied-e  noni t ori ng
the injectjon tinme. typi.cally.about 2 m nutes or l.ess i t he second hand
of a cl 58’112"3“& %%%uﬁ?lxﬁﬁb‘gef]axq/%rfcﬁssﬂ‘gﬁtsérg ?‘ﬁﬁ?lfu £ o ﬂé‘())lgrrgf)’%%jses adni ni stering
a fluid ateight sdkapbylegolyates (set fomexanmie, Walkowsg tSalnbilityranyg Qelulglkdadon over a

rel ati vely fipr 6. 9k LOARH (B B0 S OUR, 6500} Wionl B Sl about 10

mi nutes. ‘Tolderiver a s anc ermal -access pl aced adjacent
to the ski mchfosalvenibindede ethanali rdepyienel glyesttalyperinasogtobdolagtbdeas wi t hi n t he denps

and the ' inistered into the
derms Wr%g,}d @%ﬁ@@ﬁéﬁa{z‘e&;@ B]ladgg(g?fﬂs&%}eggg’ g‘g@’g‘?‘ﬁg%’b?’%{% t he bl oodstream and
be di st r ipblwiarpyydidereadimethylisgsorbidee N-nepehyinyirolifopeand cefebingtionstay be connected to

a T €Ser VQidieof O WultBfotr RariS D& BRA& vaicle fH BRLIRGHSbIE QuiRndd&lifi ver ed.
Delivery fromthe reservoir into the derms may occur either passively,

Wi t hout =~ &PWHP eHE3shne SpsobvRY 2EaqoBTRiEtop PEEYY pRouYs et 98kihRng means to the
subst ancgyeght/ &t PG had SSeféred BRmailidnd /18 ehntadi e {east omCdobot@nyataWM t h t he

application of pressure  or other drivin t hod. es of preferred
pressure Cﬁ‘écﬁ@?aﬂgri‘ ﬁ%t E’éﬁ? PROBE1 07 2 lff’dteab"‘ﬁﬁﬂgsg?eﬁ} Fﬁ’%b@)ﬁz r‘T‘E{e%?ETbBHter menbr anes,
gas pressiovayp tpaeaoieledigteater in eh afbsue Mtiuneon 2 wight/veighwgsiet i ¢ punpi ng, or

Bel | evi | | s ,Or vvasﬂers or, conbi nations thereof. |If desired, the rate

. t%er Io{"] solvents can also be used .
of deliveryVot “t R LB SHENCS HEY be variably controlled by the pressure-

generating NMegpsy shfacd a&{%g Hég%lts, iteN&rGHRRL BGRo SO ELS: ih i derm s and is

absorbed in an anmount an a rate sufficient' to produce a clinically
ef fi caci duguleengstsoluiiizing agants. ySuck surfogtants e9n §e priapig, eationigwitisfienienced her ei n,
are i nt erggshidn@ Eachrganiotadivaey ok ¢al 138-380d Noh-NktdRekniptal | y usef ul
e PONS e e hhan o A R s S O e hir b s chice, SUPStances.

benzethonium chloride, cetylpyridinium chloride, dioctyl sodium sulfosuccinate,

nonoxynol 9, nonoxynol 10, octoxynol 9, poloxamers, polyoxyethylene (8),

caprylic/capric mono- and diglycerides (e.g., Labrasol™ of Gattefossé), polyoxyethylene

(35) castor oil, polyoxyethylene (20) cetostearyl ether, polyoxyethylene (40)

hydrogenated castor oil, polyoxyethylene (10) oleyl ether, polyoxyethylene (40) stearate,

polysorbate 20, polysorbate 40, polysorbate 60, polysorbate 80 (e.g., Tween™ 80 of ICI),

propylene glycol laurate (e.g., Lauroglycol™ of Gattefossé), sodium lauryl sulfate,

sorbitan monolaurate, sorbitan monooleate, sorbitan monopalmitate, sorbitan

monostearate, tyloxapol, and mixtures thereof.

[0055] Formulations containing surfactants comprise, preferably, from about 1%
or less up to about 15% surfactant on a weight/weight basis. Preferred surfactant
concentrations are at least about 2%, at least about 3%, at least about 4%, up to about 5%

on a weight/weight basis.
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[ 0053] The hydrophobi ¢ substances of the present invention are in a
formul ation suitable for adnministration to the dernmis. The hydddpnessy 8006
substance can be in the form-24 25 January 2006 WO 03/002103 PCT/ US02/ 19918
of a solution in a non-aqueous vehicle or a vehicle which is a m xture of
wat er and a co- sol vent. Non-aqueous vehicles and/ or cosol vents include
sugars and MO *Hecul ar wei ght hydrophylic pol yner sPEEERABES exanpl e,
Yal kowsky, Solubility and Solubilization in Aqueous Media, Oxford
University Press, New York, 1999). Non-limting exanples of such cosolvents
i ncl ude et han9056]Jhe hydrenhebig kupsterice caglalse b¢ inrthe foon bf napopartislss ¢ret hyl ene gl ycol
400, poly. . : , onat e,

&&Wsﬁﬁ QisPlr¥ed g% ?T\gpég%d e ﬁﬁ@;ﬁg%edléﬁ. nxéfs&gf%f;matﬁ@ﬂ@

pol yvi nyl pyrrolidone, d 1 sosorbide, N rrolidone and
conbi nat i ydwphobissptstance inpamappriaaylels, ieo havined?op kpssthar gheutdgmPebeipghi cl e for the

hydr ophobj ganste o Ha€904 by weigkﬂ OF @ Phrtitlies 2RAB1IQ Wein GRS @INEH in Blir A _
concentration of from about 5% to about 95% on a weight/weight basis.

Pr ef er r edlotesit fineatiyoia syghmpnopatiswlatnomulations eighfeversgegiatislisizats a
concent ra@%&myQJouatoolnﬁashb@bmtm}fb?/@xa@blelas@ﬁﬁs@ﬂ@wabaﬂ%oﬁﬁ, oreast about 30%
at | east about 40% %gutto about 50% or greater in_an aqueous_ mnedium on a

vei ght / wePg 04 fobout gP0 g, Lhe rapoparyel gy 3R AlFe bave A Day RaBIClssiz8kd. [ 0054]
Surface afpbit¥s r@gREbsst 10006nm, Sbt he€ prafetably ab&ud 560 &R tdxdoRves@AIDAL N t he
fornmul ation ag sol ubilizing agents. . sSuch surfactants can be anionic,
cat i oni c, PG PRBFFLHIL S AR rYoR o T SEECPOT ERAPIE BVEASSH sky, supra, pp.
236- 320) . in Kein longasi dimeargioa X ditipineseutical coddplotitidals eosprisirgahpaottsschi ncl ude

phosphol i pi ds . .such.as .l.ecithi benzal koni um chl oride, _.benzet honi um

h ort de. PRRF UL oGt b S REROR SRR R B b L FimesB0ET v e

nonoxynol th&presmdmoxstion] 10, oct oxynol 9, pol oxaners, pol yoxyethylene (8),
caprylic/capric_nmono- and diglycerides (e.g., Labrasol TM of Gattefosse),

pol yoxyet hyl el§857] Mysieroggpreesssep for preprgatipn i nangpprtisniate composigiensdt ear yl et her,

pol yoxyethatdpeiR abdh@)are 1A O SGRAIARscGATEAEs BE InectRMba e R M Ane (10) ol eyl
sor bate 20, pol ysorbate 40,

et her, pol_éigxyet %qleene, 1%4'0 stearate, &gl % )
pol ysorb BO° AU PEHPIL S logdancdanse and QAR RIGFIBIAIGRane-¢ipsd pattisled, py | ene gl ycol
| aur at e (fongsolutibra Ueghire@robbds@farddidc bedl dsthe paters poblidaohadited belgul f at e,
sorbitan rmnohguﬁga:{letn«tem S4ng2%i6 n \}mg‘n?o%%astheet sorbitan nonopal mtate, sorbitan
nonost ear ate, Tyl oxapol, and m xtures thereof .

U.S. Patent No. 5,145,684 to Liversidge et al.

U.S. Patent No. 5,298,262 to Na & Rajagopalan.

U.S. Patent No. 5,302,401 to Liversidge er a/.

U.S. Patent No. 5,336,507 to Na & Rajagopalan.

U.S. Patent No. 5,340,564 to 1llig & Sarpotdar.

U.S. Patent No. 5,346,702 to Na & Rajagopalan.

U.S. Patent No. 5,352,459 to Hollister et al.

U.S. Patent No. 5,354,560 to Lovrecich.

U.S. Patent No. 5,384,124 to Courteille et al.

U.S. Patent No. 5,429,824 to June.

U.S. Patent No. 5,503,723 to Ruddy e? al.

U.S. Patent No. 5,510,118 to Bosch et al.

U.S. Patent No. 5,518,187 to Bruno et al.

U.S. Patent No. 5,518,738 to Eickhoff et al.
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[ 0055] Formul ati ons containing surfactants conprise, preferably, from about
1% or less up to about 15% surfactant on a wei ght/wei ght basi 5 Jenearg2o@y
surfactant concentrations are at |east about 2% at |east about 3% at

| east about 4% up to about 5% on a weight/weight basis. -25 25 January
2006 WO 03/002103 PCT/ US02/ 19918 [ 0056] The hydrophobi ¢ _substance can al so
be in the fH8¥ Hanoparticles or nanocrystals di spefSE%*tspended in
an aqueous medium In such a fornulation the hydrophobic substance is
nanoparticul ate, i.e. Vi 0_.less than about 1m (DOo being a dianeter
such that 90%@%%@@‘%gg?f“’?tn/ﬁéoqg%?*lsfr%l es are smaller than this diameter in
their | ongest.slipaedn No05))36,908 tsCambl enginoparti cul ate fornul ati ons, wei ght
average parti Si i typi cal ly. aboyt 100 nmto about 800 nm for
exanpl e about %Ilﬁgat oiasgolt?pt‘%ﬁﬁenﬁ%”t * about 200 amto about 400 run. The
nanopar ti cl es Ui Ratadt Mo. $)860c03a tdIAEkhpHietdl.cl e size of about 450 urn to about

1000 nm and %g%tgé&e%s&%?gﬁa%%wg? nmto about 900 run (D25 being a

di anet er such ie particles are smaller than this
di ameter in UfePatedt dlogh$s,188 eWsngmy/, Phar maceuti cal conpositions

conpri sing any; Sqf,atgr}g?‘qlg] 5,5@%9%\%&5&%@ e formul ations of the hydrophobic

subst ance can bé use I n° metho the present invention. [0057]
Numrer ous pr oc &sS Baferft dio. Hdpap ta Fadtholsff shanoparti cul at e conposi ti ons of

therapeuti c aganpseAkS. KHWRs 1« EnPL sleRese processes use nechani cal neans,

such as milli g to reduce Earticle size to a nano range, and others
preci pi t at e nHroPaen Ng- HHOSE fodiuddf ¢#6Mm sol ution. |llustrative processes are

di scl osed i n phephak &Bts sushls eatidaya.cited below. U S. Patent No. 4,826,689
to Violanto & Fischer. U Patent No. 5,145,684 to Liversidge et al. US

. S.
Patent No. 5, YsP3gwNeo N1 R ®fopal an. U S. Patent No. 5,302,401 to
Li ver si dge et Ud. Patedt/NG. 5,52a14661t0 Hhsorey d36, 507 to Na & Raj agopal an. U. S.
Pat ent No. 5, 64.t0 | Sarpotdar. U S. Patent No. 5,346,702 to Na
& Raj agopal an%‘ds(‘){)ﬁgtN?’ast’éezlrzltgg%té’?W%’fgSSZ, 459 to Hollister et al.
U.S. Patent No. 5,662,883 to Bagchi ez al.

U.S. Patent No. 5,665,331 to Bagchi et al.

U.s. Patent‘No. 5,71 8,9 1l9 to ..Rl.lddy etal

U.S. Patent No. 5,747,001 to Wiedmann et al.
International Patent Publication No. WO 93/25190.
International Patent Publication No. WO 96/24336.
International Patent Publication No. WO 97/14407.
International Patent Publication No. WO 98/35666.
International Patent Publication No. WO 99/65469.
International Patent Publication No. WO 00/18374.
International Patent Publication No. WO 00/27369.
International Patent Publication No. WO 00/30615.

[0058] One of ordinary skill in the art will readily adapt the processes therein

described to preparation of the hydrophobic substance in nanoparticulate form.

{0059] Illustrative examples are described below.
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U S. Patent No. 5,354,560 to Lovrecich. U S. Patent No. 5,384,124 to
Courteille et al. U S. Patent No. 5,429,824 to June. U.S. Pat &jtJapgary 2006
5,503,723 to Ruddy et al. U S. Patent No. 5,510,118 to Bosch et al. U S
Patent No. 5,518,187 to Bruno et al. U. S. Patent No. 5,518,738 to Ei ckhoff
et al. -26 25 January 2006 WO 03/ 002103 PCT/ US02/19918 U. S, Patent No.
5,534,270 t dO¥Ydt v 0. U S. Patent No. 5,536,508 to EQHMI?EP ™. U s
Patent No. 5,552,160 to Liversidge et at. U S. Patent No. 5,560,931 to

Ei ckhoff et at U S. Patent No. 5,560,932 to Bagchi et al. U S. Patent No.
5,565,188 to Wng et at. U S. PatE#MREl 5 569,448 to Wng et at U S.

Patent No. 5, fpddo] T8 ekfnpi iQkdnafet the imprbved bismicRdiitionNO(R)S,6573 793 to Desieno

& Stetsko., U S Patent . 5,580,579t et at. U S Patent No.

5, 585, 108pEroRH{Hg Y{@{“‘I’Q%mﬂ.‘%?Z"%%ﬁ‘@h‘@““ﬁg‘.‘eeg?’gﬁtﬂfﬁ?%‘o wong. U.S. Patent No.
5, 591, 456 dintiskatnsome &dmasl . U. S. Patent No. 5,622,938 to Wng. U S. Patent
No. 5,662,883 to Bagchi et at. U S. Patent No. 5,665,331 to Bagchi et at

U. S. Patent N8061F TEd &npdond (8)-RadihydetS-(atethylamiBo)-HiimidbzoMes-i5, 747, 001 to

W edmann et at At ' . g ?%% Q. 93/ 25190.
| nt er nat iona elggt}gﬁl&%%‘% %Qe%{up%%&lﬁgé W\E))\%% 23 5"%2‘.’%%% er %at I onal Pat ent
Publ i cat i(Byradiee, Rege@rch Tofiphrk®ign, North Syracuse, NY 13212; see also Meylan and

Howard, supra). In accordance with the invention herein, this compound is shown to

give higher plasma levels and improved pharmacokinetic parameters upon administration

to the dermis than that produced upon subcutaneous administration.

[0062] Six Yucatan mini-pigs weighing 20-25 kg were used. Solutions of
(R)-5,6-dihydro-5-(methylamino)-4H-imidazo{4,5-ij]-quinoline-2(1 H)-thione were
prepared at 10 mg/mL concentrations at pH 5.5 in citrate/phosphate buffer with sufficient
dextrose to achieve isotonicity received (R)-5,6-dihydro-5-(methylamino)-4H-
imidazo{4,5-ij]-quinoline-2(1H)-thione by the following routes: (A) intravenous bolus,
(B) subcutaneous injection, and (C) injection to the dermis by a microneedle array. A
total of 6 animals were utilized in a full crossover design where each animal received a

1.0 mg dose by all administration routes in an injection volume of 0.1 mL.

[0063] The intravenous dose was administered an ear vein catheter.
Subcutaneous delivery was through a standard 0.5 inch, 30 gauge needle. Delivery to the
dermis was through a three point microneedle array having three 34 gauge needles with 7
mm spacing and 1 mm depth to right flank of the animal between the rib cage and the
rear leg. Subcutaneous and intravenous administration was by manual injection seconds.

Administration to the dermis was at a rate of 90 uL/min by a syringe pump.

[0064] The study design was a full crossover with each animal receiving
intravenous, subcutaneous and dermal administration. Each animal received three
treatments over a two-week period with a minimal washout period of 2 days between

subsequent doses. Dosing was according to the schedule shown below in Table 2.
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I nternational Patent Publication No. WD 98/ 35666. Internati on%l Pat en£

Publ i cation No. WD 99/ 65469. International Patent Publicati on2Rdaniary 2006
00/ 18374. International Patent Publication No. WO 00/27369. International
Pat ent Publication No. WO 00/30615. [0058] One of ordinary skill in the art
will readily adapt the processes therein described to ion of the
hydr ophobi c%&?ffg‘gé?ﬁce in nanoparticulate form [0059] T‘Pf’&??@g{s: ve exanpl es
are described below. -27 25 January 2006 WD 03/002103 PCT/ US02/ 19918 EXAMPLE
1 [0060] This exanple illustrates the inproved system c absorption of

(R) -5, 6- di hydro-5-(nethyl am no)-4Him dazo[4,5-1]]-quinoline-2(l H)-thione
upon admnistration to the i . The conpound

(R) - 5, 6- di hydr o- 5- (et hyl am‘ﬁ%ﬁe-a °F‘£r‘r$§§‘]2‘ié‘[°4, 5-ij]- quinoline-2(1H)-thione
has an eskLgRTET KROR Val[ue Gl 62 TUST Wk 0URKDW SWELWAT € Weedys |acUSEe
Research| Cor paration, Nonth Syracuse, NY 13212] see al so Meylan and Howard,
supra). | n acdaosanfboste t| okdpe| Déve @ NiDios [MBJsE€S N Dodeli [SDROSPDUsA || S shown to
gi ve higher pllasma | evel 3 and | nproved pharmacoki netji ¢ _pafanet grs upon

adm ni stratlion ¥o [h& derfiG |han tlhat produced upon sub¢ut angous

+~—

adm ni stration  [00B Silx_Yucatan mni-pigs weighing 20-25 kg were used.
Sol utions of D | SC v u

(R) -5, 6- ¢ .“3ydro 5—{rethylramne "é‘ruri n’iﬁazo[ﬁfyS H4—gureHnRe—2G1 H) -t hi one
were prepdared at 1D ng/ L concentrations| att pH 5.5 (in citrate/lphosphate
buffer syffrcirent [extTOsenf 0 [aghl gvesd sptomi gi ty recei vad

(R) -5, 6-di hydrio- 5- (et hyliam no) - 4H |i mi dazo[ 4, 5-ij ] -{qui nol i ne- 2( 1H) -t hi one
by the fpllsowi|ng roptes: [(A) intravenous [bolus| DPB)| ssthcut anedus i nj ecti on,
and (C) |njectiion tb theidernis by a mcrljoneedle arrlay. Al totdal of 6
animal s perfe ytilized infa ful| crogsover| designS&here%achfanijmal received
a 1.0 dose-—by—all—adm-nistrationroutes+nlan-+njecti-on—volune of 0.1
m.. [0063] The intravenous dose was adm ni stered an ear vein catheter.

Subcut anegySepfednls Yk ¥ndt it M S Reprd ARIAEMinGusadntidtatiod InddBuge needl e.
Delivery fefesttdadministration to the dermis.

[0065] Blood sémples were obtained from the vena cava access port immediately
before dosing and at 5, 10, 15, 20, 30, 45, 60 minutes and 2, 3, 4, 6, 8, 10, 14 and 24
hours after administration. Timing was started at the cessation of injection for a given
method. The venous samples were collected into EDTA containing Vacutainer tubes,
centrifuged at approximately 1000 g for 10 minutes at 4°C. Afier centrifugation, the
plasma layer was transferred to plastic storage vials and stored frozen at -70°C until

assayed.

[0066] Assay of the pig plasma samples was performed by HPLC analysis.

Results are shown below in Tables 3
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derm s was through a three point mcroneedl e array having three_34 gauge
needles wth 7 nun spacing and 1 mmdepth to right flank of t ke JaMapaf000
between the rib cage and the rear |eg. Subcutaneous and intravenous

adm ni strati on was by manual injection seconds. Admnistration to the
derms was at a rate of 90 pLJmn by a syringe punp. [0064] The study design
was a full MOP¥BY&r with each aninal receiving intrabehoW¥™®upbcut aneous
and dermal adm nistration. Each animal received three treatnents over a

t wo- week period with a mninmal washout geri od of 2 days, between subsequent

doses. Dosi APl sPlasmasPrmenrtons aEls e{RU P dHBR{EBYBROH Tabl e 2. -28 25
January 2006 WBDEketbighapeetingsd B)-his SoHeieAmislion BY Schedul e

Ani mal eek | WA@ROw\Reuks By@eaamMpiRiss Dose | Dose 2Dose 3Dose 4Dose 5Dose
6Dose 7Dose 8Dose 9 11VIDSC 21 DSClIV 3SCIVID 41 VIDSC 51 DSCN 6SCICID IV
represents intrapemgis| admmi stration,IDSC r gpresett s subcut aneous

adm nistration apd 1D fﬂ“”‘snﬁts A "br t+on—toskhe denos. [0065] Bl ood
sanpl es were obtained f th verggmbavg acc]ggas“ )OFP ijmredi ately before
dosi ng and at 5, ¥Gnin15,2930) 3®, 424860 ti.4ut é8.0and22, {3, 4, 6, 8, 10, 14
and 24 hours af per—adnipt O3, BT Mgy Wags starggdjat the cessation of
injection for a W’é@ r%e'tsh d. "The 2\%'en us's ng'gs V\E;Ee_col | ected into EDTA
cont ai ni ng Vacut pihem t UBEs,| 4dent ribBuged-2at| apPr oxildatiel y 1000 g for 10

m nutes at 4C. Ary@Li CEMNERI TUgalT(0Ng ol NEg ¢PI[a3hE {ay@r was transferred to
pl astic storage Mlals jand stored frozen at -70C until Jlassayed. [0066] Assay
of the pig pl asnp3&&ipl dé-lwas 2derlf dffed By HPLECanalysils.

45min | 10.7 2.3 9.9 2.7 9.9 31

1hr 9.1 1.5 9.0 1.6 8.9 1.4
2hr 6.7 14 | 57 1.9 5.6 1.4
3hr 2.8 2.6 42 1.5 4.1 2.0
4 br 1.6 1.5 3.6 1.4 2.2 1.9
6 hr 2.6 4.1 0.4 1.0 1.6 33

8 hr 0 0 0 0 0.6 1.6
10 hr 0 0 0 0
14 hr 0 0 0 0
24 hr 0 0 0 0

* Drug was given by intravenous administration (IV), subcutaneous administration (SC)
and by administration to the dermis (ID). The intravenous dose was administered to the
1.0 mg dosing subgroup into an ear vein.

[0067] As shown in Tables 3, administration into the dermis tended to produce
higher plasma levels of drug than that produce upon subcutaneous administration.
Analysis of the data by Heterogeneity of Regression analysis revealed that values
obtained following administration to the dermis and intravenous administration were not
different from each other, but different from values obtained following subcutaneous

admintstration.

[0068] Pharmacokinetic parameters were estimated using Watson Drug

Metabolism Laboratory Information Management System, version 6.2.0.02 (Innaphase
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Results are shown below in Tables 3 25 January 2006 WO 03/002103

PCT/ US02/ 19918 Table 3. Plasnma Concentrations (ng/nlL) of 25 January 2006
(R) -5, 6-di hydr o-5- (et hyl am no) - 4Hi m dazo[ 4, 5-#] - qui nol i ne-2(1H) -t hi one
Foll ow ng Adm nistration By Various Routes In Yucatan M ni-pigs. TI Ml VIDSC
MeanSDMeanSDMVeanSD 5 mi n29. 87. 024.812. 410.02.2 10 m n20. 54, 522.59. 015.33.0
15 ni n18. 54WO1B/M803216. 01. 7 20 mi n15. 32. 218. 06. 614. 51, FCHHS219918

m nl3.12.414.02.414.00.9 45 minl0.72.39.92.79.93.1 1 hr9.11.59.01.68.91.4 2
hr6.71.45.71.95.61.4 3 hr2.82.64.21.54.12.0 4 hr1.61.53.61.42.21.9 6

hr 2. 64. 10C%n., Brilagedpise, A (Rypotsrsaietepninghiycohe oeximalla®e 000 24hr 000000 Dr ug
was gi vengadknkioha¥ eNake AR iRhSidsAh b&Rerthi¥on T.SURed AR EradM ni stration
(SC) and by administration to the dermis (ID). The intravenous dose was

admi ni st eysigatedtort Fantingty lmagand dasihali lidg dopdesispse ithriesma soregptealion. d12 [ 0067] As
shown in Tabl es adm ni.stration into the m s tended to produce higher
pl asma | evel s?%ﬁgh?}lﬁml‘ ’ﬁ’t‘fHﬁ?m%?ﬁﬁﬁé@wﬂﬂbﬂﬁ’i‘ﬁbb@lﬂwaneous admi ni strati on.
Anal ysis of the data by Heterogeneity of Regression anal ysis reveal ed that
val ues obt ai delde .0V ¢anRhamacaliritivi Batamegteisdh stenslatdiieviaionhp iR aHb- i nt r avenous

adni ni stration wer g el s (methylamino)-4H-imidazo[4,5-i/]-quinoline-2(1H)-thione
Following Administration By Various Routes® In Yucatan Mini-pigs.

PARAMETER — 1.0 m%D Dose "
(n=6) (n=6) (n=6)
Dose (png/kg) 409 41.3 40.3
(3.2) (3.9) 3.4
29.8 26.7 16.9
Crex (ng/mL) 790 | (102) | @6
Tinax (hr) 0.083 0.139 0.222
(0.000) | (0.101) | (0.068)
AUC (0.9 (ng*hr/mL) 324 33.6 32.1
(8.2) 9.0) (9.2)
Tip2 (hx) 145 1.61 1.5
(0.38) (0.70) (0.53)

® Drug was given by intravenous administration (IV), subcutaneous administration (SC)
and by administration to the dermis (ID).

[0070] As shown in the table, the Cpax values were consistently greater and the
Tmax values were consistently lesser following administration to the dermis than values
for the same parameters obtained following subcutaneous administration of the
hydrophobic substance, (R)-5,6-dihydro-5-(methylamino)-4H-imidazo[4,5-i7]-quinoline-
2(1H)-thione.

[0071] As various changes could be made in the above methods and compositions
without departing from the scope of the invention, it is intended that all matter contained

in the above description be interpreted as illustrative and not in a limiting sense.
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different fromeach other, but different from val ues obtained follow ng
subcut aneous adm nistration. [0068] Pharnmacoki netic paraneter 25 Jgpyary 2006
estimated usi ng Watson Drug Metabolism Laboratory Infornmation Managenent
System version 6.2.0.02 (Innaphase -30 25 January 2006 WD 03/002103

PCT/ US02/ 19918 Co , Phil adel phia, PA). Paraneters deﬁ’géﬂ%mi Jyere t he
maxi mal pl a3 By cent ration, Cm , tine to nmaxi mal Kcentration
T,,,0x, area under the curve estinmated tot = infinlty, Tm<x and the

hal f-1ife for | conc ration, T1/2

Phar macoki net {Ogﬁéa&iffgef %ﬁ?%éngﬁ%%‘”ﬁ?a%‘f Iéereﬁ?y%?rB%ate&'g%l e 4. Mean

Phar macokrafetrice. ’Ilﬁaﬂfamsﬁﬁfcsf tt(efref&feﬂfedﬁe’rdn thanteraibd merply o sufrijarizs the

di hydr o-5- n azo UI nol i -t hi one:
y %g‘an nl n]:) 81%11‘ ors\?g c[ml 1011 is mlde Zgla 6%{?1‘5%06%14) Egubes

Fol | owi ng ra I'oh? POES ut es i gs.
PARANET ERprid® artrédossat tb pﬁt@ﬁ@lmn Zpphicd) (eserB} thE)uglﬁ tf chabappe (e 8obiiraB0. 3

(3.2)(3.9 ax (ng/nm)(7.0)(10.2)(2.6) T""x

(hr)0. 083%5‘(‘1%%%‘ ‘%gé’%g“g%g‘d)f%&“g%l)(o.068) AUC(0-..) (ng*hr/mL)32.433.632.1
(8.2)(9.0)(9.2) Tin (hr)1.451.611.5 (0.38)(0.70)(0.53) 'Drag was given by
i ntravenous adm nistration (1V), subcutaneous adm nistration (SC) and by
admnistration to the derms (ID). [0070] As shown in the table, the C
val ues were consistently greater and the
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T. values were consistently |esser follow ng-adninistration to the dernms
than val ues for the sanme paraneters obtained fol |l owi ng subcut @edngary 2006
adm ni stration of the hydrophobic substance, :

(R) -5, 6-di hydr o-5- (et hyl am no) - 4H i m dazo[ 4, 5-y] - qui nol i ne- 2(1H) -t hi one.
[0071] As various changes could be nade in the above nethods and
conpositions wthout departing fromthe scope of the invention, it is
intended that all nmatter contained in the above description be interpreted
as illustrati é,n alimting sense. -31 25 January 2006 WO

03/ 002103 10072] Al references cited in this specification

are hereby incorporated by reference., The. di SCUSSI f

herein is i nlt‘_endgtgben‘gragf)ﬁ%?%‘oghc Ay "fgﬁglsgg)srgtéerEﬁbgﬁgpor?a%%%&{:ﬁéﬁ?gﬁt hor s
and no a‘?i@ﬂ]gi_%ﬂt% foShéBAi BRS mAMnd SftRFEM GForcAlShistuties of Pritytrophbbic el evant
to patentability. Applicant reserves the right to challenge the accuracy

and perddpamiteyagohist toethe dewmmisrisfpeo wdeystemioab3anplian ys POdecodRATOmpacdAp VMED | S:
1. Use of a hydrophopi c dppam. ne agoni st for .the, productiqgn of a i cament
for achPeorPEeR RYGGYFE ‘&’Oc"h‘ge?ldé’f"?ﬁ QC%PPMMW‘SWBE%W%B@ yawij}?g%?i on of

t he hydrophobic dopam ne agonist to the derms, inproved systemc
absorption is produced as _conpared to absorption produced upo ggel ivering

t he dopani ne2.agonf dise seasEding feelaisn | hgrdn the opﬁirxg&qg@ﬁl_stg_asg%@ &cording
to clairml V\/ra rein the dopam ne agonist is as set forth in formula (I): ~A
(B)n (Ifrmﬁlf1 Qhar maceutically acceptable salts thereof, wherein R, R2 and
R3 are the sane or different and are H, CR!(, alkyl (optionally phenyl
substituted), C3-5 al kenyl or al kynyl or ¢3_10 cycl oal kyl, or where R3 is as
above and R and R2 are cycl j t bél\attached N atomto form
pyrrolidinyl, piperidinyl, 4- ngt hyl pi perazi nyl or im dazolyl
groups; Xis H F, d, Br, | Ryl or al koxy, CN, carboxamn de,
carboxyl or (C -6

X

D

‘\\ ’4
®)

@
or pharmaceutically acceptable salts thereof, wherein
R', R? and R’ are the same or different and are H, C;.¢ alkyl (optionally phenyl
substituted), C;.s alkenyl or alkynyl or Cs.19 cycloalkyl, or where R? is as above and
R! and R? are cyclized with the attached N atom to form pyrrolidiny), piperidinyl,
morpholinyl, 4-methylpiperazinyl or imidazolyl groups;
X is H, F, Cl, Br, 1, 0B, Cy.¢ alky! or alkoxy, CN, carboxamide, carboxyl or (C;
alkyl)carbonyl;
A is CH, CH;, CHF, CHCI, CHBr, CHI, CHCH,;, C=0, C=S, CSCH3, C=NH, CNH;,
CNHCH;, CNHCOOCH;3;, CNHCN, SO, or N;
B is CH, CH,, CHF, CHCI, CHBr, CHI, C=0, N, NH or NCH;, and n is 0 or 1; and
D is CH, CH;, CHF, CHCI, CHBr, CHI, C=0, O, N, NH or NCHj; andnis O or 1, and
where == is a single or double bond,

with the provisos that:

-33.-



al kyl')carbonyl; Ais CH CH2, CHF, CHCl, CHBr, CHI, CHCH3, C=0 C=S, CSCH3,
C=NH, CNHZ, CNHCH3, CNHCOOCH3, CNHCN, S or N; B is CH, CH2, ZHRnu@meP06

CHBr, CHI, C=O, N, NHor NCH,, and nis O or 1; and Dis CH, CHZ CHF, CHC,
CHBr, CHI, C=O, 0, N, NHor NCH3; and nis O or 1, and where -. is a single
or double bond, with the provisos that: -33 25 January 2006 (1) when n is O,
and Ais CH2, CH- (hal ogen) where hal ogen is defined above, CHCH3. C=0 C=S,

C=NH, SC2; tlherheR i is 0CkRd AGHCEhACHYGagwtenle:rb hilogarisidsfinsd stefven@HCEhove,
C=0O, 0, NH, N CH3; (52 when nis 0, and Ais CH C SCH3, C NH2, C NHCH3,
C- NHOGERC=8, RO, Sz then Dis CU N (3) when nis 1, and Ais CH,

CH- ( hal h i def | 7.0y CHIBO={0 TP S5 NH, SO2;
and B i 5 0. CPBL B SaBrs Hianal B nEPhlBRe BRE K Sy ek OO s
then @4ys CHZ, C=O, 0, NH, N-CH3; (4) when nis 1, and Ais CH C SCH3,

C-NH2, C'NHG 3, G-NHCOOCH3, C-NHCN, N; and Bis CH N then Dis CH2, C=0Q
0, NH, N CHR) wheli)n mideandh is 1, and Ais CHZ, CHCH3, C=0O C=S, C=NH, 502,

fher eof To t heAtiaih C-SCH (uln SRR, DI DS GAERERRR fBhdopan ne
??nce)?lhilt almrsn(();Qz ﬁi%ﬂé}g%?455 ij]-quinoline-2(1H)-thione or a
phar maceut i GalMhenacisdpembl e sal t
A is CH,, CH-(halogen) where halogen is as defined above, CHCH;3, C=0, C=S,
C=NH, SOg; and
B is CH, CH-(halogen) where halogen is as defined above, C=0, NH, N-CHj3; then
D is CH;, C=0, O, NH, N-CHj;
(4)whennis 1, and
A is CH, C-SCHj, C-NH;, C-NHCH3, C-NHCOOCH;, C-NHCN, N; and
B is CH, N; then
D is CH;, C=0, O, NH, N-CHs;
(5) whennis 1, and
 Ais CH,, CHCHj, C=0, C=S, C=NH, SO, and
B is CH, N; then

D is CH, N; and pharmaceutically acceptable salts thereof to the human.

3. A use according to claim 2 wherein the dopamine agonist is (R)-5,6-dihydro-5-
(methylamino)-4H-imidazo[4,5-ij]-quinoline-2(1 H)-thione or a pharmaceutically acceptable salt

thereof.
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thereof. 25 January 2006 4. A use according to claim2 wherein the dopam ne
agoni st is (R)-5, 6-di hydro-5- 25 January 2006
(et hyl am no) - 4H i m dazo[ 4, 5-ij)-quinolin-2(1H)-one or a pharmaceutically
acceptable salt thereof. 5. A use according to claiml| wherein the bolus
subcut aneous injection is delivered in not nore than 10 m nutes. 6. A use
according to claim5 wherein the bol us subcutaneous injection is delivered
in not nore than 2 mnutes. 7. A use according to claim1l wherein the

hydr ophobi ¢ dopam ne agonist is delivered to the derm s by bolus injection.
8. A use according to claim?7 wherein the hydrophobi c dopam ne agonist is

delivered to the derms in not nore than 10 m nutes rding to
cl ai m 8 whér ei n A B 3ppardspmieila myd haieHkth ﬁéﬁﬁﬁ@‘t"el%c’“’a’e‘F%)&Sg&?ﬁ dorﬁ%lé derms

Lgdro{jﬂgggxgngg B LERs A QRS AECRE O D atd Ry aBFlieak e

IT've erms Dy reéepeated bol us
I Nj eCiyepdds. 11. A use accordl ng to claim1 wherein at |east one
phar macoki neti c paraneter is inproved upon delivery of the dopan ne agoni st
to the derms as conpared to the same pharnacokinetic parameter upon

del i vering_the do am ne ut anga 5 25
January 2006 12.% Seu%‘:éoﬁog'g%{]o ﬁﬂ‘é“ r W%ffeé’?ﬁ\ ng)% %ﬁﬁéﬁ;@?\#&? ?1341&“%?‘3%/8 vefed
phar MpcRkt Rstel thaP 80 aliRites. conprises increased bioavailability of the
dopam ne agonist. 13. A use according to claim 10, wherein the inproved

phar macol cnetic paraneter corrprl ses a decrease inT,,,,,Xx. 14. A use

according to clajm 10, er ei e har oki neti.e
conprises &n i nctEEEP toca g\"h,répfﬁ%g'catg rsb‘ o e rrg Ofdg[i@%erel n the
i npr oy,pgotm]a,rermg,pﬁ%ﬂ@tteg‘c par anet er conprises a decrease in Tl...

7. A use according to claim 1 wherein the hydrophobic dopamine agonist is

dclivered 10 the dermis by bolus injection.

8. A use according to claim 7 wherein the hydrophobic dopamine agonist is

delivered 1o the dermis in not more than 10 minutes,

9. A use according to claim 8 wherein the hydrophobic dopamine agonist is

delivered to the dermis in not more than 2 mirjutes.

10. A use according to claim 1 wherein the hydrophobic dopamine agonist is

delivered to the dermis by repeated bolus injection.

11.  Ause according 1o claim 1 wherein at least one pharmacokinetic parameter is
improved upon delivery of the dopamine agonist to the dermis as compared to the same
pharmacokinetic parameter upon delivering the dopamine agonist subcutaneously by bolus

injection.
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16. A use according to claiml wherein the delivering is through a cutaneous
m cropore created by any solid projection, electronmotive force, 2% hawuagl2006
energy or gas ballistics. 17. A use according to claim 16 wherein the
delivering is through at |east one hollow needle. 18. A use according to
claiml wherein the at | east one holl ow needl e conprises an array of

m croneedl es. 19. A use according to claim18 wherein the dopam ne a&gni st

is deliveredZoy A npeadcerdipgiiorlaig bl odresn theompiensd RbRERIGOSHISTE Pareply

el ect romagneti.c punp,,.Bel l.evi.| | SRLI L ontophoresis, or sonophoresis.
20. A 08 Qé%soﬁnﬁﬁ%ﬂ%gatbéo%vlag%#'*y é\th‘%? g‘gpr?prgﬂeej“ Of&(r?'ophobi ¢ dopani ne agoni st has
a logP of about 1.5 or greater. 21. A use according to claim1l1l wherein the
dopam ne agonist is in the formof nanoparticles or nanocrystals. -36

13. A use according to claim 10, wherein the improved pharmacokinetic parameter

comprises a decrease in Trus.

l4. A use according to claim 10, wherein the impioved pharmacokinetic parameter

comprises an increase in Cpgx.

-

15. A use according to claim 10, wherein the improved pharmacokinetic parameter

comprises a decrease in Ty,

16. A use according to claim ] wherein the delivering is through a cutaneous

micropore created by any solid projection, ele¢tromotive force, thermal energy or gas ballistics.

17. A use according to claim 16 wHerein the delivering is through at least one hollow

needle.

18. A use according to claim 1 whgrein the at Jeast one hollow needle comprises an

array of microneedles.
19. A use according to claim L8 wherein the dopamine agonist is delivered by
infusion pump, piezoelectric pump, electromotive pump, electromagnetic pump, Belleville

spring, iontophoresis, or sonophoresis.

20. A use according to claim 1 wherein the hydrophobic dopamine agonist has a logP

of about 1.5 or greater,

21.  Auseaccording to claim 1 whetein the dopamine agonist is in the form of

nanoparticles or nanocrystals.
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