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(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 resul,
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



t hese routes of adm nistration can be considered transder nal
admnistration, i.e. delivery 1 WD 03/002103 PCT/ US02/ 19918 of substances
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needl es have been used for delivering substances transdermally although
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achi eved foll ow ng subcutaneous admnistration. This is because small drug
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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 info 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 as well as |arge nol ecul es such as proteins are typically not
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[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.
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expect gd/iton PR i GRhE oW B which 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
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preferentially partition into lipophilic compartments such as can be found in
subcutaneous adipose 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 logPq 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
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Med ChemWwO3B80A80, 1998). Values are typically expressedCagsnheos

hydr ophobicity or |log value of partition coefficient, |ogP, under
appropri ate physiologic conditions. Such conditions will depend upon the

condi t| : i f ] | J | i ncluding
t enper EW%?ES %‘i}!?le @%%%gtrll Jregﬁél)lgﬁa‘%nad%&fiiqé%ﬁ%ﬁé;%{egﬁe%g&é “oct anol - wat er
parti t preferablyf atileaseaicuit clafobgreates t A imkad-elyionsdiiplgasdb e shaty beiveeml cul at i on

progr ang_, such as taltge %Be devel oped by _ Syracuse Research Corporation

( Mey| aAYRAR WisHaFRiakeandppagh waluesyp togyandgereasor fo1 saymg compeyngls (Betsehagshol d

val ue I t i r i t:h: R N Wolal i L.pose tissue is
bet vveegﬂcall'.’ggg% EH%E’ ggce aél ‘ﬁ%@l@ﬁ%ﬁﬁ%}% %{rdebltlén@rg t tjgtg hg{ﬁog?@gbbar biturate
conpounaspdBidhaver legPqbf greBrenthalvit Hlhel, askedntiodi2dpasgreater) al Bag- 14, 1991;
see, | rticular, Fig. 4). This has al so begen_shown for a nunber of

basi ¢ 81??}82 ge%rg?,tﬁ%f“ttleg? alé‘%u,”'%r%ﬁ?t@i’ Pl aﬁ@ﬁ‘i‘ﬁéjl]‘flg,reaf%éf leage, in

parti cull,(ﬁ{m,(ﬁng%e r, off USast g%ut@g@r&p%?gg@érp 5 WD 03/ 002103 PCT/ US02/ 19918
substances of the present invention have a threshold | ogP val ue greater
than 1.00 f : : | d r relationship
has been sh@%ﬁl@g@%ﬁmﬁaﬁ%%&t%ﬁ?ﬁfeﬂe teg néggvﬁgﬁﬁ%alg%\?a ues up to 5 and
gr eat emolanls dmegsoo dpguoddis agBet schagd moktulas suchas pragins, Poligsacdharider t ai n

enbodi nents, it is desirahle_that the hydrophobi conpound have a | ogPoct
of gr 8t &Het PRlymerie compayne S'aﬁ‘? E%?&ﬁb%iubﬁgﬁce&o%&eéﬁgg’ﬁf yentidast about

2.5 or i@nRRIRE nolimiGRSdxaRPRI! ardicBnPlls&lf BMRloindbalbRASL 28RQYTS- 5 OF
greater, at |east about 4.0 or greater, or at l[east about 5.0 or greater.

[ 0017] Proieash i Bt vieal buelaptids, Bicythenipogseemtiningrpmpoundsfobe smal |

nol ecul. ar,_drugs or. di agnost | nts or large nmolecules such.as proteins,
pol ysact tre#ln es"° ¢ rS%o %@rseﬁ%ﬁfaﬁfl%uo&%gﬁw& as ‘Yﬁlg A VHPEOHOBIE subst ances
of thehpdrepkstic bubsRMtdsOThe lifhEntihe is figticilaty AgplitAngtoenietdllasiroglt | convul sant

hydantoi ns,  barbituric acids, HV protease inhibitors, antiviral
nucl eoSPHREIng GompeEndsusai peing sax el Aysigndionpo meagnd syomepeast r al  ner vous

¢ ‘ ' , i
Py ar ophsby & ChRE LS Tl PPUCRAHbANSY B R0 o IRR ST uf 08,
tri cycWiers eurlierajwiosed 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\RZ
X R?
|
De. _-A
> -
(B)n (I)

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 C;.1¢ 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



cont ai ni ng conpounds useful in treating sexual dysfunction in nmen and wonen
as disclosed in International Patent Publication No. WO 00/40226.
Conmpoundswofo3obdie3 cl ass were earlier disclosed in U S PaCFAISOMNIIS
5,273,975 (both WO 00/40226 and U.S. Patent No. 5,273,975 are incorporated
in their entireties, by reference). Such conpounds are of the forrmula (I)
RRRR XR3 N D(Bn (1) or pharmaceutically acceptable salts thereof,
wherein R1, RZF'SHE”R3 are the sane or different and are H, Cl 6 al kyl
(optional |y 3pheamny, CisBRI} OHYCEEAlkylGP aflkkod KENY barBbx amhikly, k¥iboRY1 deICLY

cycl oal kyl, or where R3 is as above and Rl and R2 are cyclized with the
attached N at otkylraglnnyl; pyrrolidi nyI pi peridi nyl, norpholinyl,
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(Cl_6 al kyl ) cGNBRN¢NHGH,, ENBHOCHEH,, @H'H,sz,or(BHBr CHI CHCH3, C=0, C=S,
CSCH3, C=NH_ . CNHD. CNHOHS,  CAHOOOGHS N, Bis CH CH2, CHF,

CHCl, CHBr, BasICH.&Rb, (F.\gHGh C%%CH&QF% NG o QSquH% a1 pslicH, oz,
CHF, CHCI, CHB‘{nd CH, C=O 0, N, NHor NCH3; wth various provisos as
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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 (IT)

ZT

CHs

N

HN—<
X (I

wherein X is 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
Tinax , increase in Cray , 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.
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Thag, Trmax and Crax, inasmuch as all of these parameters influence the time necessary to
achieve a blood (or target tissue) concentration necessary to realize a biological effect.
Tmax and Crax can be determined by visual inspection of graphical results and can often
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
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pl acement of the substance in the dermis of in the region of the derms
whi ch ¥jArevesendoes result in access to and uni npeded absorption of the
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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
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will depend upon the conditions of the target region of administration in the mammal

including temperature, pH, concentration 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, 1.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
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epiderms. DETAILED DESCRI PTI ON OF THE | NVENTI ON [ 0024] In accordance with
the present invention, it has been discovered that admnistration of a
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[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):

logSy, = - 1.341ogPy + 0.99

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

Using this equation, values for logPq. 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
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nol ecul e at a physiologic pH of 7.4 and this neutral formw Il partition
substantially into the oil phase in an oil-water distribution test. [0027]
Anot her fwotodnozhs ch wi Il influence the nmeasured val ue of PCagR02/19918
addition to pH, is the particular non-polar solvent used in the oil phase.
Typically, n- octanol is the non-polar solvent because this substance has a
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nunber of methods known in the art. These include, for illustrative

pur pos&wleghlay drugs et dighestistageets pelargsdsolecides ashws protemn polysedchaiigaga( TV

devi ce o An | cal Sir . UK) which
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(see for exanple, Valko et al., Curr., Med. Chem 8:1137-1146, 2001), flask
shaki nBrofﬁf‘élﬁ?\%éQlfoﬁ% aativirdl yaclgptidrsgeyclopzygengpe whihitors tmpehositwser- al ., curr.
Med. 9! - i ka. : een shown
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( HansctveBts aimerodis ofeghydehpingbic 8Bstaddes350, 1968): 1ogS, _ - 1. 34l ogPoct +
0.99 where logSWis the nolar solubility and logP,,ct is the water-oil
partition cm®BB] tr‘hemventiéﬂsisépgntchiaslyagpmajme tMeyalienitkapenlcofiRthing can be
calcul ated fromsolubilit ata. [0030] The hydrophobi c substances of the
pr esentoppRrads phhedpardashl y show an  n-octanol -water partition coefficient
of at |least about 1.5 or greater, nore pF@ferany at |east about 2.0 or

greater, and in certain enbodi nents, preg‘erabl y at | east about 2.5 or
greater, at |east about 3.0 o | | east about 3.5 or greater or at
| east about 4.0 or greater v MNydr opRobi ¢ subst ances that can be

delivered into the derm s X%

i ntended to include pharnac 11

B)n )
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.1o 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, Cl, Br, I, OH, Ci 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,
CNH,, CNHCH3;, CNHCOOCH3, CNHCN, SO; or N;

B is CH, CH,, CHF, CHCI, CHBr, CHI, C=0, N, NH or NCH3, and nis 0 or 1;
and

D is CH, CH,, CHF, CHCI, CHBr, CHI, C=0, O, N, NH or NCHj3;

with various provisos as indicated in WO 00/40226.
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WO 03/ 002103 PCT/ US02/ 19918 biologically active substances i ncl udi ng

di agnosti c agents, drugs, and other substances which provide therapeutic
or heal t wbembi1ns such as for exanple nutraceuticals. [O0@8IJUSIIe918

hydr ophobi ¢ substances of the present invention can be small nol ecul ar
drugs or diagnostic agents or |arge nol ecul es such as proteins,

pol ysaccharj . r J e hydrophobi ¢ subst ances
of the pres%%%é?%géﬁﬁ%%hlc#ﬁﬁgﬁggé&gﬁ%%ggﬁﬁﬂgﬁ¥%gﬁg exanpl es, anticonvul sant
hydant oi ns, barbituric acids, HV prot#ase i nhibitors, antiviral

nucl eosi des, cycl ooxygenaseg Qb1 oL, Fﬁﬁgyclic ni t rogen- cont ai ni ng
conpounds for central ner ystemjand sexual dysfunction conditions as
wel | as numerous ot her hyd ghi ¢ substances. [0033] The invention is
particularly applicable to T%icycINc nitrogen-containing conpounds of the
formula (1) RR R2 XR3\ N D~ A (B)~ (1) or pharmaceutically acceptable
salts thereof, wherein Rl, R3Nan are the sane or different and are H,
Cl _6 alkyl (optionally phenyl subStituted), C3_5 al kenyl oraglkynyl or
C3_10 cycloal kyl, or where R3 is as above and Rl and R2 are cyclized with

t he attache _ el [ e i nyl,

4- et hyl pi p&%ﬁ%\{}ﬁg g)?(sl m gaozlg?/ {;/1{§tdg§‘lg§%lléd HQ (?‘g"rw @)’/hﬁ()%i@’é'grﬁ"ﬁ’$ OH, Cl1.6

al kyl PaterstiNm®>%)2730ON5 wihdetbar dmdotigqrated ibtheirlentretieChyGefeadnky). ) car bonyl ; A is
C=N CNH2, CNHCHS3,

CH, , .CHF, CHC1l, CHBr, CHI, CHCH3, .C=0 .(C=S, CSCH3, ,

mm%ﬁé‘?uleﬂntmgr@éz{%?w%dﬁgl Seigrpise el o R pEgRny | Co0, N, N

or NCHBysfigRdoR dsFecthll9f (B-5,6-dihydro-5-(methylamino)-4H-imidazo[4,5-ij]-quinoline-
2(1H)-thione and pharmaceutically acceptable salts as well as sumanirole which is

(R)-5,6-dihydro-5-(methylamino)-4H-imidazo[4,5-if]-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 the like.

[0035] The LogP of (R)-5,6-dihydro-5-(methylamino)-4H-imidazo[4,5-ij]-
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 Cy,x values and shorter T 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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and Dis CH CH2, CHF, CHC1, CHBr, CHI, C=O 0, N, NHor NCH3; wth
various provisos as indicated in WO 00/40226. 12 WO 03/002103

PCT/ US02/w0938021Es peci al |y preferred conmpounds are those @CTfusomdoas (11) H
CH3 NHN X (Il') wherein Xis O (sumanirole) or S (conmpound I11) (see WD
00/ 40226 and U.S. Patent No. ‘5,273,975 which are incorporated in their
entireties, by reference). Particularly preferred are conpounds in the
series useful for treatnent of sexual dysfunction, especially,

(R) - 5, 6- di hydr o- 5- ( Felby eaPrv3luas-Of Hydwpbplic Substincgsii nol i ne- 2(1H) -t hi one
and pharmaceutically acceptable salts as well as sumanirole which is

(R) -5, 6-di hydr o-5- (net hyl am no) - 4H i m dazo[ 4, 5-i]-quinolin-2(1H)-one and

phar maceutl cal]Ty acceptable salts. [[0034] Phgrrmaceuti ¢al acceptabilfity
r ef erlsCOPOWBLe” properties which proi@eSwf or | LogPabi | Referense
adminfistration to a subject includi ndmadepi) dnents of [ gover noent al
agenc| chem cal and physi cal UI r ntg which
allo @Fﬁw};ﬁw&@mm ioavailahility in %tg]%b lgl?and t he
i ke. accept abI e slalstyg, i ncl salts dqw ng
aci dS. 0 %%Hﬁl &%lﬁté'l}ﬁ o€ IIyUI \,|4|.| ?I € |ij§i‘§i’ obro u1n8§ 77§T.7| fll?"‘?gc
phos hP%an%f ’Hn& ge%%mc citric,| tartarid, i,ﬁnnrl(,, and the |iKe.
[ 0035 & n(D\-Rﬁdlh\/drn- CrBSt hyl 2 4 )-4H i mi dazo[ 4, 5-i] ] -
qui noj 3eetzneloRymetiybas- was esti mat ed jfossbe 1. @26(psi ng|l ogKow sof t wdr e
( Syr ajcdiphen fotth Cor poration, Norlth Syracus NY 18212; see al sq Meyl an
and I n accordance w the pr i nvention, thig
Conpjﬁ%ﬁetggkejl 8’}1,,}) nynnr‘f ed to pr ndllr‘nts' i ghpr f@ﬁy val ues and shortier Tmax
val uelsqidnenRiaskd ni st ration to the derpig t han 4 4t

5-phenyldithiolethione -5.64 4.95

dimethylthiolethione -3.42 3.29

BARBITURIC ACIDS Prankerd et allnt.

e e . Pharm. 112:1-

5,5-dimethylbarbituric acid -1.74 2.04 {5’19619711

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—S -(3-methylbut-2-enyl)barbituric 2.60 268

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 2.47

5-Et—5—(3-methylbut—2—enyl)-barbltunc 295 2.42

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

5-1Pr-5-(3-methylbut-2-enyl)-barbituric -2.59 2.67

acid
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obt ai ned foll ow ng subcutaneous adm ni strati on.
hydr ophobi ¢ substances within the scope of the present
t he non- |woioBiomyoexanpl es of anti convul sant hydant oi ns,

H V protease inhibitors, cycl ooxygenase inhibitors,

anti viral

[ 0036] Additional
i nvention include
ba&chitsoz/19918 aci ds,
nucl eosi des

4. 95

-1.16

and pinene and its derjiwvatives as shown in .
PCT/ ER & _d.v1}-855; ueg ks Hydr pghagbi ¢ Slibst ances.
Logsvﬁ%%?g%ﬁie&é?@tencey}? es% N%' ULSANT HYDANTO NS Stelll a et
al N 8 o ——E+ - b5 eh phC:’:y kit hl_y ot +—+6—3—864 88: 775- 79 1999
3- pe tﬁﬂﬁﬁ&p@@ﬂﬂiﬁjﬂ&lg{m(ﬁ 5 di phenyl hydaogoi n 12.288 4.28 3
- oct difphenyihydantoi n Apnet hol e trithijone
- 5. 8( Halbya-5 phetnlsllb@t‘tatum@n@ 2.48 2.592.38. pheny¥l3di t hi o| et hi one -5.6
di metjh thlole hione -3.42 3.29 BARBI | C AC Prankerd et alli zqg.
5, 5- J g;é 119?’9@?@80 &fd -1.74 2 lejﬁe Phaul_?n?’% 12- 14 15,1994
5- Me- Y b G 3 1.|68 ce5- Nb~§- |yl bartituric acig
160 | % R e P R R
5- Me-BS fh\ll h||f 2 nnul\har bi-t-tH-He—2- UO ’..68

5,5- (CH2)2-barb1tunc 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 2.96

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.,

) . Adv. Drug Del.
Dldanosu’le "0.90 1.48 Rev. 39211-238,
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-yl]propyl}phenyl)-5-(trifluoromethyl)-2- program
pyridinesulfonamide (Meylan, et al.

J.Pharm. Sci. 84:
83-92, 1995.)
ANTIVIRAL NUCLEOSIDES Kristl, Med.Res.
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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- phwoyBamandi turic acid -2.32 2.47 PCT/US02/19918

5-Et-5-(3-nethyl but-2-enyl)-barbituric -2.25 2.42 acid
5, 5- djpherytbarbituric acid 420 3 87 5 5.di-iPr-harhituric acid -2 77

2.81 ﬁguﬁg joyﬁ barblturlc aci d -lhgg 2.0y 17 Rev. 7:417-440,
5-1 Pr5= \o E?’EEEC?;EI btut=2~ Ullyl ; barbttu+e 259267 aecli 9994 WO 03/ 0p2103
) -
|

PCT/ Us024cb884ddcloyirt Bu- 5- ( 3- et hyl but { .86yl ) - pas®i turifc -3.55 3.39 pcid
5-di a[T Ir’_l}él-t)arblturlc acid -2 082729 5-altytF5- ?nenylbarbituric ac|d -2.37
2.51 dP-siacgtylaEyelavisbar bi t uri c aci §-22017 2|3

5-Et-5-(1-nmethyl butyl)-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 2.96 5,5-(CH2)10-barbituric acid -4.59 4.16
5,5-(CH2)5-2-thiobarbituric acid -3.46 3.32
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5,5-(CH2) 11-barbituric acid -5.80 5.07 H V PROTEASE INH BI TORS W I ians et

al .,

-4.76 4. 901090@10&f avirenz -4.57 4. 15

D danosi ne -0.90 1.48

Adv. Drug Del.

Rev.
| ndi navi r

-5.16 4.52 Anprenavir -4.00 3.72 Saquinavir -4.33 3.97

N (3{
phenef p
3-yl]
(Meyl
Kri st
2. 17
N2, O

AND
44: 77

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

indicated.

17

39: 211-238, del avirdi ne
-3.94 3. B8T/URDY/ON9a8/i 1

IR -1-T(6R)-4-hydroxy-2-0x0-6- -8 00* 6 71 log P estigated
ro-2H pyran- using SRC :

PRI Oy BV 0. 2 pyr an- using SCpianctal g o

a@,plr@he aI J Phar m Sci. 84: 83_39@; 19953,_47 ANTI P %&%&I DES
esI5 WO 03/ 002103 PCTUS02/ 19918 N2==aq éb cyctovir| -1.92
RB\pmeYlMl? 440, 1999. O0-acetyl @@yl ovir|3.6086 1.
di.acetylacyclovir -2.70 2. 75 16 WD 037002103 PCI/ US02/ 19918 |PI NENE
YAASVES Fichan et al ., J. a-pirfene -[26% 3. 47 Chem Eng. DOata

3M7y¥07ehe B- pi nene -3.91 3.66 1999—3.58 3.41

Borneol -2.62 2.69

fenchyl alcohol -2.27 2.43

pinene_oxide -2.59 2.67

a-ionone -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.
. J.Pharm. Sci. §4:
P b -3.16% 3.10
arecox! 83-92, 1995.)



| i monene -3.41 3.28 Mrcene -3.58 3.41 Borneol -2.62 2.69

fenchyl _al cohol -2.27 2.43 pinene_oxide -2.59 2.67 a-ionone -3.06 3.02
carveol -wod3/0@183 |inalool -2.00 2.23 a-terpineol -1.9PCT/N62/19%28 vone
-1.67 1.99 CYCLOOXYGENASE INHI BI TORS | og P estimated Cel ecoxib -3.66* 3.47
using SRC program Valdecoxib -2.59* 2.67 (Meylan, et al. Parecoxib -
3.16* 3.10 JPharm Sci. 84: 83-92, 1995.) *Log Po,t was cal cul ated as

| ogPO, t = ([1089] Th¢ pyswp¢dkiBticenciiptfonindivaluat trenyiuads willhghryaacearding7 WO
03/002103 PCT/.US02/ 19918 . ] 0037] The pharmacokinetic profile for individual
conpoudle ST RE AT i Pe EHIRAERr. poopeReRadidi & e conpounds.
For exmyibgshobiORALMERCIRS BAViRE & molatila? Rk 6f SoRore AL a00b Baltb@Vi Ng a

nol ecular wei ght of no nore than 1000 Daltons are expected to show

si gni f wegipecttbingbew sigmpitetichangesy comnaredriaragisionphparenterabnbads of
adm ni g4 0 atd3on UGN, %ﬁ%@%{@%%ﬁé@&woﬁggféﬁ%ﬁ%g&’aﬁijg{tio%‘?bder mal injection.

Fur t hernore, conpounds are rop Ic a I'vely | arge, having a

ol ecuF@ttherit®te) Bémpdunds whiksdre hODGphdYit ambrelisivelgl lhrgashdvad@emotsenapunds  of
at | east, 2000 Daltons, at |east 4000 Daltons, at |east 10,000 Daltons and

| ar ger Vaieht ehaidwselP0pDadtosnas Well abkirecr spgapynds oh et lead 989 Deliparkd t o
tradi t0ah0 HaBBhe hAkadith 086 DBbndSHE 183} £R%kP e ToR%the most

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. It is 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, Int. Rev. Immunol

10:195-217, 1993). Single-chain Fv antibodies can also be conjugated with small
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i ntranuscul ar, subcut aneous or subdermal injection. [0038] The enhanced
absorption profile is believed to be particularly evident for substances
whi ch ar ewpa/oombs absor bed when injected subcutaneously ParlUsay199ior
exanpl e, hydrophobi c substances and, in particular, hydrophobic

macr onol ecul es. Macronol ecul es and, in particular, hydrophobic

macr o -1 r I e ly and this
oy bongue Pl & iR Guc o) Bhackfle, nARRRLATRGT WR LBRERNS, Y 20 e i
may al $99@)endwsect corjigaias asd alve dithinthe stope o diegpredehicinvetitnst i ti um because
of their size and hydrophobicity. It is to be understood that hydrophobic
nmacr onol eculf@®if BY ‘HRSEAES phiraRcetiBetiyt (taPhRRItGhA AN BhRhcetBntGINt r ast,, smal |
nol ecul es which are hydrophilic are generally well absorbed when

admi ni BRapRgokingiqptafiteds ashjeved@s measyred,fosexapinde, b standardenhanced absor pti on

profil gy nouldhg; L] -'Qig-gg m 0 r o]

absor p?lllon }: %#lpoﬁgﬁgﬁg%g?%}pn%%ﬁéég m ni slk)a %g& Cfﬁ%%;gﬁnn@ﬁ‘é‘iﬁb%r ophobi ¢
subst anzgsitwdet dfimaximel slewmecobetthtiop(€sanor the Vietettb eficit @ mininkglyude

conj ug ?t:\tgéstp‘\#gib h are covalently |inked. Such conjugates can include the

non- | IPlasrcopsepiratipn Ty BY erlimapd shspiphion ptfdet s conj ugat ed

W th : VLeW, see

Ver onegfg%ﬂtg%l%wrf%tg e Pgl:l gﬁﬁ%ﬁ&ﬁg@ gfie[%{%r %g%s&%%% ﬁ%ﬁaacéﬁ%%tﬁ of PEGto a
pr ot ei parenmateys. ebd measuomeas ef phaemagrkieticpateatdters bddeddterntihatog. of
Protein-protei n.conjugates,. i.e. fysion oteins, are_also included within
t he sc%@f%ﬁlyteﬁ%c%‘f € gﬁ?n%ﬁaH%ﬁ‘rF S?P%g]ﬁgﬁ’% rmedin @Qéﬁpl‘fgﬂueé PR dchai n Fv
(sFv) senictmal %bé/\eﬁﬂan@é‘dfl%z%ﬁgaaﬂé&i ®itA2 std@irdTEMk SPadmRSstidMSh ofret al, Int.
Rev. I'mmunol 10:195-217, "1993). Single-chain Fv antibodies can also be
conj ugat éor exafrle; gehdutang@s\aGniBE 0T PN0S NGNS ddeintratioh.ebidues such as

i magi n f e. Begen et al, Nat.. . 2:979-984, 1996) and
such C%Chtj}l g%’tO é%qtgirs g?ég?rggﬁvn\jﬁ{hﬁp%h Pﬁtéleggsgﬁlilyoefseflhﬁl’ %E%%ansizrﬁg‘éthﬁt%n. [ 0040]
By "i nthealeadispindatmiditiatieh iwts the tefdrénd®Bapbudthatsubdnt R ERIE Hhvale

phar macoki netic profile is achieved as neasured, for exanple, by standard
phar mat'§RARE s _éi‘?léar?ﬁ g’re§al§8.éﬁ1°§§t andrponetiptnR ﬁ%‘ilf\lé paweH as diecanter at i on

( Tmax) oarkiBey e RO NA GBI R tHERb LS TRe EANGER L BRI M GPMaX) or the tine

toelicit a mnimlly
administration method and/or administration 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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det ect abl e bl ood or plasma concentration (Ting). By enhanced absorption
profile, it is neant that absorption is inproved or greater as neasured by
such pharwedskixieii c paraneters. The neasurenent of phar PaETASINEIIE
paranmeters and determnation of mnimally effective concentrations are
routinely perforned in the art. Values obtained are deened to be enhanced
by conpari, et M]thg sa?&lgﬁ]gﬁ{lﬁ 5ucf%alesu8£ta1‘?c% f3lRL LA hPaﬂeé%?#aceaa? thef or

exanpl €, subcutaneous adm ni CEPRT o o i nt ranuscular adm nlstration. In
such eonp@htannsion of 106 Lphefadadit of 160 fhpugihinied oveegrsiadofy essenti al ,
that admnistration into the derms and adm nistration into the reference
site sWEHs subcut aneous tissue, involve the sanme dose levels, i.e. the
same anmount and concentration of drug as well as the same carrier vehicle.

Admi ni st r at {0842} Sdmindstrasiosrodadedeiphebie aubstrncato theisisimis is mtended to

adm ni st i hod and/or .adm ni strati@n n be at t at the,sane rate
o aciehfiopf e PRSP P s B Melndhdrib! i G2 3uPialh sty Feoahek it ot on
or at fclly ouetlarizédrpapsilaf deshie a0l isadpidlyi sHsobed aito tiTobd Sipidrieon to the
reference site at a bolus rate of admnistration is preferred for

achi evitierdyepbaieresiolstodiereme syramicgly Wparadlable. SaphewpteswhiiPMasnuch as
SR O SRRED O DRI ST IS B e

tissue s n stem c absorptio
absor pinithewgfer potimhad desrelstively legs eradepthr ogivuldr deonissutisthatnihe substined are | ess

hydrophobic .. than the tesi supstance (see for exanple, Fuji et al, Exp.
Ani m ’2?8‘91%}’4‘1@%?%,mti’ég@)’?pliﬁ’fﬁégmlshe i nprovenent in system c absorption as
reflected in pharmacoki netic paraneters is m)re@Eronounce_d fol | owi ng
adni ni st r at 1083} Mapmealige skincogtainsdyrp davses, o disanssed abpvgsineeidicalhyp theowi ng

bol us g@%ﬁg%md it %}Je%isqymahé)gé‘&} g%@ﬁ@rsg Q%G HeQuP At the

sanme r mnistration In terns une per ’unit tine.
Thus, S$totune heging, thastratmiHraafiosom, dfe seratyiny pinopinasmdbibe ytritoml subst ance into

t he derm t a cqncentratijon ch a 00 g/ mlL and rate of .100 L per
i nut CERPUFIUHEPA A GISS tHSED ShouP HYepy Bedasl Wb Y empamEtiten - 19 o
03/ 0024 QBeRETésRARAh R0 The 1AL §Fﬂh€%ﬁﬂis%ﬁd bhResRiTt RiALBLAR | cal

substance into the subcutaneous space at the " same concentration of 100
g/ m afigmrindigidgal to Godigiduple andvvithinendndividaalp et diffdrepf losations on the body.

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

72

about 90 um 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

-20 -



m nutes. [0042] Admi nistration of a hydrophobic substance to the derms is
intended to nean that the substances is placed in such a nmanner that the
subst ancewpaaniily3 r eaches the richly vascul arized papi | | &Cy/user/m9s8 and i s
rapi dly absorbed into the blood capillaries and/or |ynphatic vessels to
beconme system cally bioavail able. Such can result from placenent of the

subst an i reqi o f the derm.s, o . papi derm s or
in the pIngr% %%tg@f’ﬁ(’i)w %gupggwglt?/%lde%% 0\;§lggrllﬁrglgﬁarnea£%?)gt%gr erm s such
t hat tierspibkaig o m&adhdnyabdiuf 1.0968 andhtost frefepaidy hb aiote demmbsut 1.D043]

Manmal i an skin contajns two |ayers, as discussed above, specifically, the
epi dermisWilheesulé ipsapid apprplipn gbmapromodecilay and(pr rdrephabiq sipstagcest he st rat um
cor ne i . : h E Spi nosum
nd s hecqh PR i 06, 4 WAL MY B b M BT P! TS
upper ¢@&he kdteniar demiis & tehidvédie reddteipeiic subktaned wingldowisabsdtbed ithekness of

the derms and epiderm s.in humans varies from.indi yi dual tq.indjvidual,
and wi €5 Yosger Wﬁf’\ﬁ?‘b‘%‘iﬂ}s Atindis § F%tﬁ?equaeal?fbﬂgwsﬁ%[ Wﬂ@%ﬂﬁd reSESr exanpl e,
it ha%n%&ibea%&rﬁé@hae cr&ﬂgle%hfi%%ﬁhydﬁéﬂhgﬁic'sﬂb§t£ﬂc%§“H&%oﬁfr@lﬁ%@bom 40

to about 90 m an erms varies in'thickness ranging fromjust bel ow
t he eplaivery of & sbstanctdptie ddrmis oatowdlsspaphldary demmis imths seticul@gieoms, of t he

body to .just.under 2 to.abqut 4 mm in,other ians. of the body dependi ng
apon i spRiistEie fe b iffetats TR o nd B Beati FitS)

46: 327sh33 M endBR1en oPAH Edt\IB@Shar Bl Bk atiJRRFANSIubstarsie 16 tHO(hdEnABE) 1955;
Rushmer et al., Science 154:343-348, 1966). The invention herein with

r espectaselar ahiympbeticanicserapdlanybedhdn themepiisasdusivewhasitcasfbesubst ances to
t he deibnrgl{)%g?tililtﬁg¥%ter§%séilrcﬁﬂlﬁlog szhttg&n ﬁ@récﬁﬁi&lﬁﬁ%\gﬁ%?ﬁﬁ ]?se&lﬁég{egedqh

v
pl acene ubstance w | epen erms at the

desi r efflarsitd3tdngrothebutianglud egsmdonipaytnfeat. for exanple, fromup to about 1
nmin certain instances for abdom nal skin (Hmang et al., supra) or up to

about 4 nmM [QD4SPThépRsdnd shAREESpioRides k nibtdd foh thelpetitié RughBIbEt al . |
supra). [0044] For nost areas of human skin, it is preferred that a

subst a¢fdvepeoin hdsephopicaagrphether spbaienee l@ediumagfor gonthesen aabpalt 0. 3 nMm
or € pgu%ﬁ &t BP hﬁrectﬁx ta}g%fﬁ?é th%%%ispwﬁefaﬂ the %ng or substance is administered

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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WO 03/ 002103 PCT/ US02/ 19918 and nost preferably at |east about 0.5 mm up
to a depth of no nore than about 2.5 mm nore preferably, no nore than
about 2. Owomsamiosrost preferably no nore than about 1.7 memisot/199¢sult in
rapi d absorption of macronol ecul ar and/ or hydrophobi ¢ substances.

Pl acement of the substance predom nately at greater depths and/or into the

| ower bRY, in the
substag%lrgygg{éﬁg{l%}f%cwg sorgﬁ%ﬂﬁg%ﬁlghﬁ?ess vgggdxﬁ&lgt@%ul ar derms or
int heermoh@umametﬂm$eme1glommeed]tekle/bumfthmfombmﬂbminpz&alnlb tiameterraaduced
absorpt i of magronol ecul ar and/ or C substanc The control |l ed
del i ve’rnﬁﬁ‘gf’pé{raé‘ﬂ &y Gtenelar optasenal.ny gﬁ@»l%‘a‘ﬂ*@ gHamgeirc é]rs;‘a%r ms in the
reticular derns but sufficiently above the interface between the derms
and the subl9dahMicroperationer dergmbagegssedeyies aksa Heflwecbaélmtw(fbm war d)

m gr at r and | ynphatic
m crocglél Iérdge/\};l H?@%&ﬁ%ﬁd%@e Z%Qg’%‘?gﬁq‘g{s@?‘?‘%ﬂ?ﬁe I \%an be absorbed
into sylstteomagnetic adsisadd mwnweme@ @asrassisdahdilivienr devicesd dffveiith diecatly
sequest er ed Itﬂe, transit by any other cutapeous_ tissue conpartnent. [0045]

The preshpte;ths dp F‘?)WOH%QS"\W%F@% of deby iy @ Aupcthidsliypesiostan¢ssdathrent by
del h
el i vepyodply ecmegl @@Bﬁgféeﬁlé?fnﬁgsp%e Oﬁneetf kbgigéreg]ﬂf?@f& v& img%éﬁ%epon uman

ani mal subj ect y targeting t er rug or
subst ahycﬁlm@nadmcncsmaed matytbe@uqmlwdynmllmbyahamctm%enfor sathroal - access

devi ces. t anc L ered acc t.hods of .t he invention
have b&&RO L{gﬁ%ﬁ“{s Pﬁgfca AHeavEl mg’ﬁ% PP%?B%‘%@?SF%E gr‘ﬁa‘ie@‘f‘b? and nore
clini cpie!fetawl%bwebéretﬁef&mcb Rad stRRaRsIMBShnk ®6r doRGoll n%iéﬁ&frﬁﬂﬁ%

adm ni stered@{f}/ subcut aneous i njection, i..e. by bol'us subcut aneous

admi ni Sedasiresidepftogitbin tirhdermis r etsanpﬁmmeallywcmpu@mdbynmnegﬁa devi ce
used f\Qdeeﬁ J”ru%h%f‘ fu% 55{% ma%eg wﬂ]tecg% Sl%an Sf tﬁcﬁ rrr%a n ce%%g{eglgs th Ventfgﬁn ' s not

critica penet %Ieswed

t ar get e folepbdha bﬁbkﬁri’gestﬁﬁtlﬁ‘b 8r platftt@iio WRISH ilitgndebiled U@ utlabiedd eMgilengil®  t he
subcut apeous ti ssue I n_nost cases, the device wll penetrate t he skin and

to a delgpisronsedlgsasdermabaccepineans ar eFsraipble kess hapgane lengih cBhe | se
Cypes, e o L A ror 8o o DB By e mm - access
nmeans maylmmromdfaeeﬂdllaéae o5 Wdedllnmlsmnmkzirmj’s ng 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

‘ combinations thereof,
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ballistic injection devices. The terns "needl e" and "needl es" as used
herein are intended to enconpass all such needle-like structures The term
m cr oneedwe3as210sed herein are intended to enconpass st PaTUsozsI9ssral | er

t han about 30 gauge, typically about 31-50 -21 WD 03/002103 PCT/ US02/ 19918
gauge when such structures are cylindrical in nature. Non-cylindrical
structures > 1 ) Les, Lg QLS of

conpar abl e @pgﬂ@%fﬁg%ngpﬁgf(gégﬁgf?g@rﬁggg rglc?%gngg%g%hﬁ%%ta onal , wedged,
and otdubstageedodia dermis inhafheaste coh@0vwith Mecapilaryahicorvasculabarenald- access
devices also include ballistic fluid injection devices, r jet

del i velFyPheiq BIEOVasT sy ?ﬁt{l? P%I?Ih%‘]yé’é{f?lé fl%l?d 4 %@Fi%gfﬁéﬁﬁ% assi st ed
del | Ve IRYGERiARS oAOBIIRES BolR O AN iftSndelfto WILLR dtheeCt | Y
penetrate the skin to provide access for delivery or directly deliver

subst avmsedat ar lymphaticalrgietgeipdtoways withinihedenmishe der mal space. The targeted
depth of delivery of substances by the dernal-access neans may be

control | ed joaseiaWhile byt inbetdjirgao e tboamdEby argr thesrbticad mechartifo of adtiom, assi st ance
of indicator nmeans to indicate when the desired depth is reached.

Pr ef erih i Beligpihalthe rapid alsprrtionypbseryed TRon AdRHNISEafn IPEPrt%E GREMBIS i ng skin
penet r g ERIHAD SRR o HIEdY dhdll [oVessels i the Hsimfi@St typi cal Iy
accom%%eﬁgﬁggiréﬁggﬁsﬁ%ﬁ{ca% ‘\%lﬁﬁenetnﬂ area o?ﬂﬁﬁ% Cass%acsi 1at e% W tl”l t he shaft
of t heloeeva) thaprsasendbitwdtdndtlymplatic plexusdsha theodamaof waulldaokbynigsedt r uct ur e
or platformto which the needl,es are attached.. .The, | engt of m croneedl es
as der efxpget.gggospr BT ?n‘fﬁdé?’é‘?r%?@?hfyég@%f’h’ﬁr‘?uESt'fIHﬁ%F B?ﬁj’flf“? tﬁ}rhey maybe
used i fipktfcedsRHRAND paRitRS ihddipthHlR|compRdhents1:£4 05RLHUBRHNAb thdletdn assenbly
of nultiple mcroneedles in'linear or two-dinensional arrays so as to

i ncr eadiminifle theitagaidgbilitydpt shspyption. {lhe ealimpoer absprpéigbobsgived ¢ vered in a
gi ven r. 0 f tdne. . M.cron ] I ed | ariety of
devi cotranheG o T AERE RBHR R s T e i PSRk 1
dept h iatk pehetdBlahd hendéieheabiBhtisicbesse delipadstiofonifetnanveintheon may al so
incorporate reservoirs to contain the substance prior to, deljvery or punps

or ot hé&Fmisrebinshar posdipicoairibHEoR fethapagkrssied eranced #sprItior aghiged pressure.
Alter “ngfo}nvﬂi%r %@ﬁy&’z‘éﬁh&ﬁc Q@t?ﬁﬂn@gs ke HEFIBLAARERR FroleHl fRRaSBY be |1 nked
n guc a

exter y to Itiona conponents.
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 lymph 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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[0048] M croneedles suitable for admnistration to the derms may, for
exanpl e, have the dinensions of about 250 m cron outer dianeter, and | ess
than 2 mmwexposad3 | ength. The m croneedl es can be constr rcTaboriseg eel |
ot her nmetals such as copper, nickel, titaniumor mxtures thereof,
silicon, ceramc, plastic, or any suitable material or conbinations

t hereof. -2 Q2 Hﬁ;} ! e -1ike
phar macoki n@to?ga%gérg acﬁslﬁggé%ﬁ%?% %#?e%ﬁlgﬁoreél gg%loéilt}g%{ng’%fé@l}@wﬁee derms in
i nti mabathdohtsant infiiibn téleveenpf diugs ynddthesnbsendeata@nacdr aniongdhat i c

m crovascul atyre of the papillary derms. In should be understood that the
terns ?H%é‘?céﬁ:a%’i ol doss Isgt sipglp dpsedafivereddn aping SollERGTEt Qe 4 RIPERRE ¢ o
refer 4:9:r8ctiB8%f MR ok X ' | page sl he derm s.
[ 0050] V\hfﬁilee ngt 1i nt élglllil}é t%lltbe %ﬂﬁgoﬂf;%ény t%%gérret' ég?wrréec'%lgﬁssm of

act i ongr less, Admingstiagorebly bblas adrmisteatiod cabbbobys devicobhsblecfdr uessing

adm ni stration..ntq the derms is. achieved.as. a result.of the rich

ol exustBe s geh dsneanBamech s drreR inedba sptace inip HAASFMIY he

pr esengrhak, fol eefhRd de!@lﬁ@?ﬂi@roﬁé&ﬁélmléd%ra@y’ﬂﬁi%é&Fi\%n"t%“i ﬂmg;p.t by itself
ydr ophdbi ¢ subst ances

be expected to produce an enhanced absorption of
becausAltemativelyibe syrings anénecdlodgivery eandre used mahngdlydhyi push vdtdlepar t ments in a

depot i 1. ) imnish their avail.abili f or sor.pt.i on. The
enhan cltélgﬁg‘g@% %? iné %&i(r?ﬁts%%l?ev Kﬁ?gfg r?% Olét%nﬁ?@?sroétl?s%wgﬁ ¥h§ S‘r?%‘?aaglﬂ?ﬂg 6’&8

subst atloek bowhtee. derm s may, however, result fromthe |ack of fat cells
and, hence, the substantial absence of |ipophilic conpartnents in the
dermis. Ano[gesn] BESHPEniBARMAbPLhA ke lehﬁﬁst&ﬁ@wﬂﬁifd%@a%gl@@te&ﬁﬂe absorption
achi eved wupon delivery of hydrophobic substances to the derms may result
f r om atha§ mey bagenstant oyasialile; pvsn aanstitivelyinidra extepdadrtinbbériad) tyeatled by

i njectj | r.-m.s. &or, exanpl it. 1s knpown that.a.pinprjck
 mser o gt B8 bR Sl T8 Be R BuBumcentid SR Get Bi® FPBRing (i s
has beshaqeastothaklél of @ sitfedt PEBHEIRY AlrbctDS tatRied abtdsEWithen ARULHE ah@ i Ssue
rel eaSﬁ of histamne (Arildsson et al., Mcrovascul ar Res. 59:122-130,

2000) . themplastange of sfpstapesssie deliveras enadminisistsdentodhy derminwhersrhesune
i nf | argERiQhMy oPEOARSHCA :ngg gﬁfﬂob&hregﬁpa(ﬁﬁi% diduuisd ShetdMatic E wices a

transi ent inctrease In ow and capil'l'ary per see
dermal-access device may be connected to a reservoir containing the substance or

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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Physi ol ogy, Bi ochem stry, and Ml ecul ar Bi ol ogy of the Skin, Second
Edition, L.A Goldsmth, Ed., Oxford Univ. Press, New York, 1991, p. 1060;
W1 hem R&0.03@82103Biol. 30:153-172, 1971). At the sane tiPag/USO®9isj ecti on
into the derms would be expected to increase interstitial pressure. It is
known that increasing interstitial pressure fromvalues froma nornal

val ue of about -7 to about +2 di st ends .| hatic vessels and

i ncr ea%éassqlf%ﬂﬂfnfq HR-{ERYBE'® Eeaqr_a,ve 1C1F S _@.mlf%i?%ﬁﬁ?@ @@napco Proc.

5: 14- 1Q1verd ORBh-aqhbdin vehdRs hAFHLESB I chRliBLISAd dughs anH BEhUhSleEhlCi t ed by
injection into the derms is believed to elicit increased |ymph flow and

i ncr eaweightingbephyilispolimers free Smexemple, ¥etkewsky.Mobbiliip add Saludilizatign WD

/ / / . he.admi i i had ful f
Oy g KR R A AN STl
drugs GMAicREhIvenidiBtRAE 8thatidl, frapTese SycallpRBén, seblibE gbRethildal us dose is

a single dose delivered in a single volune unit over a relatively brief
per i odglgeoli4ORepolycibyleas Elyceltf9p, paoxamsytl8s, ryppyleracarbamate. pr ef er abl y about 2
m nut e [ . Ml i Yarlk t O be by a device
suita oéyﬁgyfp&i@%%@?e%ﬂﬁ%&%ﬁééeoﬁdg %%45@3%@®g§%¢%%8§nﬁéﬁ%ﬁani sm for

pr opel thergf.t Aenchighatiafemulanbos, theecagiedrieticlsioe theds/drdphobiexabytiiee wallneedl e or
m croneedl e coupled to_ a syringe driven % a pur’r? A{aterng ively, the

syri ng@ukHA ahleasfiome gepqlvent ot aenceiration of famahiow, S Hyto sbeH SR P22 noni t ori ng
the inj QR dht BRvis. TRl AV T BMLESt Masd BeSosdWddd of he second hand
of a n%?%(i:lk@glrg%\'t/\g%&m?%%gg I n?ﬁ%ﬁgﬁjlggm ni st rzgtsi on 8%%%ri saes

admi ni eineentragion dflatiledstabout 1984, et teast abate20% i deantapobe3 WWongtleast abmut var i abl e,

over a, relativel e extended tine period, typically. eater than about
To m riitBap trs5eth e FeURHOah s TR e 1BEEE TSN < ol aced

ad] aceptixufestdtRosdivdhtPéandi W B6d. providing directly targeted access within
the derm s and the substance or substances are delivered or adm nistered

nto the defqisy) WIRRE LheYasl, i BShuhASAL! shnQlsoli RASAIEAS | nt0 the

bl oodstream an e distr systematically. Th dermal - access device
may beformmintioned stlobdizmgsgemsi Sudhonrfactantsgan he asiohist eatioeicpewitedbsicances t o

be del ver,edc BBl e LYl OISR NS b B0 R B B igr © ther

of suitable surfactants include phospholipids such as lecithin, benzalkonium chloride,

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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passively, w thout application of the external pressure or other driving
neans to the substance or substances to be delivered, and/or actively,
wi t h t he wppBioecads on of pressure or other driving nmet hodPCEAzDI®SS Of
preferred pressure generating devices include punps, syringes, elastoner
menbr anes, gas pressure, piezoelectric, electronotive, elecrtomagnetic

punpi ng, or vi{l L. N or washers qr .cophi nations thereof. If
desired, t h@ﬁséjt gh%ffycﬁgﬁ’st?@écr 31%8@?%‘3@“?%83}%{%3 3 #?TEW élae%ﬂﬁfté%‘?syo “control | ed
by t hengbesstalsadis@eyea o sispendRiAn an afifeods hedilln., If i”haUbsh@nish et ers the
derm s -and is absorbed in an amount and at a rate sufficient to produce a

cl i ni chydrgphepbiq swhetpeassis naenartioutats, e BrVpg Ded lese Bien gheutrlem(Ds being
ref er eQﬁ%ﬂleF&Erﬁéﬂ‘ﬂm % 'bgtv&éi'%%%ﬂh% rﬂaﬂ?c}lé{é. e Bﬁ&ﬁ‘er%é’ 'Frll?ss&i{llﬁgtl 13 A0
therapeu]tlca fgy useful’ responses, resulting fromadmnis ration of a

subst alageso dimeiigion). dncesch ndidpaBbuliiedotmydatdpispiveiphs idigeneticlofizé 13e present
invention are in a fornmulation suitable for adnnistration to the derms.

The hy &PEBRLaPeutd (B srpiecabortd) dyun.fhr srepioptaut 190 nydoaspudd s, or _
PCT/ USQ%fud 3 19 hb &kt 38h Y. OFhd FhnBp AN UEA S n AR ﬁis@gﬁrlfcé iYEhe cl e which

is a mxture of water and a co- solvent. Non-aqueous es and/ or
cosol varus45hohudebaudans nandndingte prefeeably alrout we0 ght tolapdutd®yiim (Dol yner s

(see for. ex | e, Yal ko Sol.ubi Li.ty and Sol ubilization |.n Agqueous

od: a, D5 bAHTSE S R) Ty Sreirb e a8y ST i 83 digmebnpl os o
such Cﬁ&ﬁéﬂfﬁiﬁ%@st'dﬁﬁér&é%&?@ﬁ%@iceutﬁﬁ%&@ﬁio% )é&ﬁgﬁsiﬁg)iﬁy%f fuch Sorbitol,

pol yet hyl ene gl ycol 400, polyethyl ene glycol 4000, poloxaner 188

pr opy | einepaHicweiromnulapensyal ty hylyephobicovheianati sretbeyistisbinontthotds,of
N net h%le&}(rsg Iﬂlg%nlenand conbi nati ons thereof. Anong such fornul ations, the
carrier vehrcle ?319 t he hydrophobi c substance will contain at |east one

cosol vent ncentration of. from about. 5%t o.about 95%0n a
wer ght / wei oHESBESRGEN s Bt ocried for iR SH AU IR SPHPRITS AL one

cosol vgleltapaiﬁcaageﬁ@ra&emcr\ﬁ{.i SEmObf Bbscl REks AR nctRMicAIndafAicHaROUt 20% at
| east about 30% at |east about 40% up to about 50% or greater in an

aqueousiiliiegitongdush partigks siget toweiagh raniga.sand othays pregipétgtegfanesived pamiclscan al so
gfegZﬁﬁoﬁnkgﬁhﬁéh ﬁlllurs[r%ﬁ\?e &%Eies\égs &9 81%%1%’56({ inhe Sé{éﬁt%%ﬁ)ﬁge{tlsohs &Ry baellosv(\?. be

U.S. Patent No. 4,826,689 to Violanto & Fischer.

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 et al.

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

U.S. Patent No. 5,340,564 to Illig & 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 ef al.

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

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

U.S. Patent No. 5,510,118 to Bosch ef 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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formul ation as solubilizing agents. Such surfactants can be anionic,
cationic, zwitterionic or nonionic (See for exanple, Yal kow sky, supra,
pp. 236-3®0)3/00an3 | i M ting exanpl es of suitabl e surfactarc3y/isaride
phosphol i pids such as |ecithin, benzal konium chloride, benzethonium
chloride, cetylpyridiniumchloride, dioctyl sodium sulfosuccinate,

nonoxynol 9ty 190XV RE! 53%)4%9@f005¥@9%}r09, pol oxaners, polyoxyethylene (8),

caprylic/capric nono- an Iglycerides (e.g., Labrasol TM of Gattefosse),
pol yoxyet hyUsh®ateiBBp. £,a364,608 @i Canaped a/oxyet hyl ene (20) cetostearyl ether,

pol yoxyet hyl ene, (40 nat ed castor oil, pol yoxyethylene (10) ol eyl
et her, pol yb;éj]zbf“ﬁff %Tﬂeag%ig@f@[a?’a@@fage i ysorbate 20, pol ysorbate 40,

pol ysor bat ey paRal X805 860,93 B kRkEbfr osleeNTM 80 of 1C), propyl ene glycol
| aurate (e.g., Lauroglycol TM of Gattefosse), sodiumlauryl sulfate,

sor bi t an nobid. Rateat No. 5660P32xto Bagebbé/edt e, sorbitan nonopal mitate, sorbitan
nonost ear at 0 o] 1 xture her eof . [0055] Fornul ati ons

cont ai ni ng ?&%@gﬁgsg’égﬁg% gc}ewoggg?%lﬁ ably, fromabout 1% or less up to
about 15% surd. ®ateatiNo 05 569 Me8 BWonBkett basis. Preferred surfactant
concentrations are at |east about 2% at |east about 3% at |east about 4%

up to about UsS«Patert Nowepghbpowa Biskhaiheiad. - 25 WO 03/ 002103 PCT/ US02/ 19918
[ 00561 The pygﬁ,g PPIioCS §z§)§g3&1&c§e§&§ %lsfe?slge in the form of nanoparticles
ar's rsed’or” suspende i

or nanocrys I Spers I'n an aqueous nmedium In such a

f or mul at i onUth@atchyNoofhbehs79 sukeddneeali s nanoparticul ate, i.e., having D90
| ess than about 1m ]&D90 bei ng a djaneter such that 90% by wei ght of the
particles abe> £aint Bp- 2:ASh 1PhisReddyiéeer in their |ongest dimension). In
such nanopafitd eUl-at Rof 2658mhad PRSI ght average particle size is
typically about 100 urr td about 860 run, for exanple about 150 nmto about
600 nm or Udb®atenPN0. n691.45@boliansb@@ in  The nanoparticles can al so have a

D25 parti cl i 4 rn to about 1000 run, and nore preferably
about 500 uﬁﬁﬁ{%&g@&ﬁ%baﬁo}‘}éﬁ bei ng a di aneter such that 25% by

wei ght of ties. pafcht Nbes 662,835 PBARNI @n this diameter in their |ongest

di mensi on). Pharnmaceutical conpositions conprising any of such

nanopar t i cuPat Eafeat Wol 260A31 tsfBageki ¢fydr ophobi ¢ substance can be useful in
methods of {55 patent No. 5,718,919 to Ruddy ez al.

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 00/273609.
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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the present invention. [00571 Nunerous processes for preparation of
nanoparticul ate conpositions of therapeutic agents are known. Sone of

t hese prowevsms210se nechani cal nmeans, such as mlling, tecratoregparticle
size to a nano range, and others precipitate nano-sized particles from

solution. Illustrative processes are disclosed in the patent publications
cited below. U S. Patent No. 4, 826 lolanto & Fischer. U S. Patent
No. 5,145,684 to Liversidge et al .E%@ﬁ?\éftent No. 5,298,262 to Na &

Raj agopal an[0060] Bhis Beimeple ilNsirates I0Lindddvddayhtemér sisdgeioatof §R)-5,6U. S.  Pat ent
No. 5, 336,507 to & Raj agopal an.. .U S. Paten . 5,340,564 to Illig &
Sar pot%ﬁydro-ii@thgg%ﬁﬁ&ﬁ!m%?ﬁéh %lwlm-%lﬁkﬁg@@pw%. U.S. Patent No.
5, 352, 4R et gsmgt al. U S. Patent No. 5,354,560 to Lovrecich. U.S.
Patentﬁmﬁsg?%@&olm to EOourtei Ile et al. U 'S Patent No. 5,429,824 to

June. U. S . ; . B No. 5,510, 118
to Bosch et ﬁgﬁﬂ%%m}%ﬁgﬁ{a)zﬁg &1§y§§g>d%egﬁ¥1%{1glro&%8§ Ié’tudgv%o.%’%ﬂ S. Patent No.
5, 518, qiBBoline-Xil Hitobiie leis adlestimated WEFFORIMOG1I0R WEg 1050w O8Féhre U. S.  Pat ent

No. 5,534,270 to De Castro. U, S. Patent No. 5,536,508 to Canal et al. U S.

Pat ent (SNEAcuse Bessareh orppretione Nartiyeyragusg NY 1321 spaplspMawdan andsg0, 931 to

Ei ckhofif i, Oy ' i@bhowndoS: Pat ent

No. 5, BeEEfy R g deo bR vibmg tmisilor gk B Bl if e ol
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-i7]-quinoline-2(1H)-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 yL/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.

-28 -



U S. Patent No. 5,571,536 to Eickhoff et al. U S. Patent No. 5,573,783 to
Desieno & Stetsko. U S. Patent No. 5,580,579 to Ruddy et al. U S. Patent

No. 5,
Pat ent

585w008/0010Ruddy et al. U S. Patent No. 5,587,143 ®POoTWS0Z19918 S.
No. 5,591,456 to Franson et al. U S. Patent No. 5,622,938 to Wng.

U.S. Patent No. 5,662,883 to Bagchi et al. U S Patent No. 5,665,331 to

Bagchi
5, 747,

et al. US Patent No. 5,718,919 to Ruddy et al. U S. Patent No.
001 to Wedmann et aI | nternati onal Patent Publication No. WO

93/ 25190. I nternational 3‘%@?&%‘9&119%?&%“ NO. WO 96/ 24336. I nter nat i onal

Pat ent

Publ i cati on No. WD 9 eérnati onal Patent Publication No.

WO 98/-35666 +ntetattonat at c at—Pub Ng WO-99/ 6546
| nt er r@fnll%?lal Pavtven A Publ i ca 81f'| VO %F&?SM Il%e;kn“atl oﬂgllee]ﬁﬂ ent
PUb| | ('atl ot :\I . J\i\\i’.\gaoes'll rj7f)r~n e e B LD_GPI?.} nﬂt ef DJIhI i T l8U Iﬁ[\l\l
00/ 30615. [cng%gi ari2oss e oPas r?af O8Gct | DOSH f FROSSF | RSFY r’é&s& | yP8¥pt t he
processes theretrn——desertbed—tp—preparation—of—thehydrephebie—subst ance in
nanopé&rti cul atgl/f ar np? [oo§§] | lustrative|exanplies ar¢g descrl bed bl ow.
- 27. 031662103 "CT’@S 219918 —BEXAMPLE—1- 1 0660)—Thi-s—{exanple—illustrat es
the i frpr Bved syztém' absorptipn of (R)-5, 6-
di hydre-—S5—trethyamnoy—4H+-m-dazef-4-5—-41+aui-reli-ne-—201H)-—t hi-one—upon
admi nijf st ?ati on tothe derms. [O ] Thiy céunggupd
(R)-51€-q+h‘df0-': -rethyil-am-roy—4H—+m ﬂazc[4,s.%4,}

5 D SC v

6 SC IC ID

* IV represents intravenous administration, SC represents subcutaneous administration and ID
represents administration to the dermis.

[0065] Blood samples 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. After 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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qui nol i ne-2(1H) -t hione has an estimated | ogP value of 1.62 using | ogKow

software (Syracuse Research Corporation, North Syracuse, NY 13212; see

al so Meylwp oafok103Howar d, supra). |In accordance with the i meeniSopmner ei n,
this conmpound is shown to give higher plasma | evels and inproved

phar macoki netic paraneters upon admnistration to the derm s than that

produced g SE&%&%@%&’&%&%@ (1'111 ?r}di 61*(2(?‘ :5,6-889&kb- Rty RaLAY. M i - pi gs

wei ghi ng

(R -5, 6-di h azg %Egh T At lgming AERUHFHSORRY 2( 11 - ¢ hi one
wer e preparé’a1 4§ Ropfe Hfl?lﬁil ons at pH 5.5 in citrate/ phosphate
buffer with sufficient dextrose to achieve isotonicity received

(R) -5, 6-di hydr ¢-3p/dTE nyl apno) -4 M gizo[ 4,[5- Y] - gai nol i he- 2( 1H) - t hi one
by the following routes: (A) intravenous bolus, (B) subcutaneous
injection, and|(C) i nj &fano op tSth eMdmrn sSlby aMﬁmronSBdl e array. A total

of 6 animals wet € ¢ ’ gﬂﬁr—zdzehé each ani mal
received a 1.0 uﬂlosefggg; Al I adn;l 24§ 551?0 rg§t es| i fYan|i nj ection vol une
of 0.1 nmL. [0063]0 mkine| i270.3 averqus |dass Was9.admni nisst er ed.gan| ear vein

catheter. Subg¢utaneous—del| vas—t-h dard 0.5 inch, 30 gauge
needl e. Del i ver yotmin hég-%erm4§ was 1P HAr ouﬁza t Hode poilﬂt M croneedl e array
having three 3 m,iglg Needl ES W T {g o1 SPgCi nq4a_.;nc1 I gmdepth to right

flank of the anima etween| the rib cage and tlh rear 1eg| Subcutaneous
and i ntravenous Mdninnj st bt | o2.4vas bY.Omanua# |njléc§1| on0fecpnds.

Adm ni strationrt herderas—was—at—ga;rate;of ““*’T—n—gy" A Ssyringe punp.
[ 0064] The stuchjﬁcfggli bn S ag?ﬁn cg;%sso‘\?J Wi th’each3ani fral ~ recei vi ng

i ntravenous, suUbcuianeoad ahd iger alo.@adm nj st rlatg.on.| Eagh ani nal recei ved
three treatments—over a two-weekiperiod-wthla mninal washout period of 2
days bet ween s,ub%]@quenﬁ doseé4 D()Slsmb vas1 Ac or%ﬁng t &4t he schedul e shown
bel ow i n Tabl e[Z. 8[ VW03l 0 08 P/ YUSORE 19914 Nabbe 21 Dosi ng

Schedul e* Ani 3V}\géek 1 Wse (2216l =k4%3d *ellgldﬁ WéeP15 D%'?e 1 Dose 2 Dose 3
Dose 4 Dose 5 Dodehr6 Dosé 7| Ddse 8 Dose |9 1.4 N 1Z2SC 1.9

6 hr 2.6 4.1 0.4 1.0 1.6 3.3

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

administration.

[0068] Pharmacokinetic parameters were estimated using Watson Drug

Metabolism Laboratory Information Management System, version 6.2.0.02 (Innaphase
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2IDSCN3SCNID 4NIDSC5IDSCN 6 SCICID * IV represents

I ntravenous adm ni stration, SC represents subcutaneous adm nistration and
I D repreword®oAd nistration to the derms. [0065] Bl oodPSAMSOBEIMNEr €
obtained fromthe vena cava access port imrediately before dosing and at
5, 10, 15, 20, 30, 45, 60 mnutes and 2, 3, 4, 6, 8, 10, 14 and 24 hours
after n | of injection for
a gi veﬁgﬂg rp}lﬁ"lfagém?%el)égn%gﬁé}gganpd[ezésrﬁ{\}\}tééra(e{vé}éll{legg?ﬁgéfﬁltaéﬂ DTA cont ai ni ng
Vacut acoreentrations CmaG dintertd fmgﬂdalqﬂamm)cmemlehﬁmw @a gné@rthd Gume nut es at

4C. Aft trifu , R ayer wastransferredto | astic

st orag%s%ﬁag‘? Oéndlngp gﬂﬁﬂ# PB&QH’ }%i"?fs Ingdj@ Gase I SMACPNCPIIEION, Adsay of t he
pig plasma sarTBI es was performed by HPLC anaITyS| S. Results are shown bel ow
in Tabl es 3[0088] WwmcogpatvPaperriesers swyrsin Trhls€bdowpl asma Concent rati ons
(ng/m) of (R)-5,6-dihydro-5-(methylam no)

4H- i m dazo[ $ame 4] Ml PH%a@%ﬁétﬁarEﬂb@K%i@%ﬂd% d%glaﬁgﬂj o 4%5 Isgi on By

Vari ous Routes In Yucatan Mni-pig Méan SD Mean SD
5 nin 29.8 7.0 2dibgdms-fmathylentn®-4H-gmidano[2F-5]- cﬂulﬁoliz@ 21191)@111@:&:3 3.0 15
mn 18.5 4.2 16. FobowRingG\ditis#ati@OBpiVaribhs RoZte? h8YraGnaMid-pbgsl. 8 30 min
13.1 2.4 14.0 2.4 14.0 0.9 45 mn 10.7 2.3 9.9 2.7 9.9 3.1

PARAMETER 1.0 mg Dose
IV D SC
(n=6) (n=6) (n=6)
Dose (pg/kg) 40.9 41.3 40.3
(3.2) (3.9) (3.4)
29.8 26.7 16.9
Cmax (ng/0L) 7.0) | (102) | @6
Trmax (hr) 0.083 0.139 0.222
(0.000) | (0.101) | (0.068)
AUC(p.o9 (ng*hr/mL) | 32.4 33.6 32.1
(8.2) (9.0) (9.2)
Ty (hr) 1.45 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 Cp,x 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-ij]-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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1 hr 9911.59.01.6891.4 2hr 6.7 1.45.71.9561.4 3 hr 2.8 2.6
4.2 1.54.12.0 4hr 1.6 1.53.61.42.21.9 6 hr 2.6 4.1 0.41.01.6 3.3
8 hr 0 0 WO®3008031.6 10hr O O 0O O O O 14hr 0 0 0 0 O O peghrsoD1P1® 0 0 O
Drug was given by intravenous adm nistration (IV), subcutaneous

adm nistration (SC) and by admnistration to the derms (ID). The

i ntravenous AEHTLNE . i oup into an
ear vein. [Bagrg%fA\?Ag%ghomp?lﬁtd%g%ﬂgé&ﬁ?ﬁ%g%&%%s%ﬁ? g%d}?%x;[%‘aélﬂ?) e derm s

t ended reramee diivedisdisgibie of the asfamentestedrain of inthnded tiesehy tohsmmarodihe upon

subcut aneous adm nistration. Anal ysi.s.of. th ata by Heterogeneity of .
Regr es P SRGRAR elrtéy &8@8‘&&8’3 apfl 5P aéﬁﬁlﬁf’é@ Isgtﬁ%ﬁ?%aw ‘?rSWerﬁj’%%tHWeﬁi stration
to the piRk BitJeldfeht ka'hatameiIntS AsPHcRhtSbiRhdsQRe WBKiGo BR4llendd {HeSkEithcf F OM each
other, but djfferent from val ues obtained follow ng subcutaneous

adni ni s0d @eitigsncy oltberitehsfaienseki neti ¢ parameters were estimated using

Wat son Drug Metabolism Laboratory Informati on Managenent System version
6.2.0.02 (I nnaphase -30 WO 03/002103 PCT/ US02/19918 Corp., Phil adel phi a,
PA). Paraneters determ ned were the maxi mal plasma concentration, Crax ,
time to maxi mal plasma concentration Tmax, area under the curve estinmated
tot =infinity, Tmax and the half-life for decrease in plasm
concentration, T1/2. [0069] Pharmacokinetic paraneters are shown in Table
4 bel ow. Table 4. Mean Pharnmacoki netic Paraneters (I standard deviation) of
(R -5,6- dihydro-5 -(nethylam no)-4Himdazo [4, 5 -y]-quinoline-2(1

H) -thione Follow ng Adm nistration By Various Routesa In Yucatan

M ni - pi gs.
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PARAMETER 1.0 ng Dose IV ID SC (n=6) (n=6) (n=6) Dose (pg/kg) 40.9 41.3
40.3 (3.2) (3.9) (3.4) 29.8 26.7 16.9 Crax (ng/nm) (7.0) (10.2) (2.6)
Tmax (hr)w0.088&103 139 0.222 (0.000) (0.101) (0.068) AUC(ecT)UuSpQmeYons / )
32.4 33.6 32.1 (8.2) (9.0) (9.2) T112 (hr) 1.45 1.61 1.5 (0.38) (0.70)
(0.53) a Drug was given by intravenous adm nistration (IV), subcutaneous
adm ni stHAl CLSAEPARG by adm nistration to the derms (I1D). [0070] As
shown in the table, the Chax val ues were consistently greater and the Tmax
val ues wer e lconsismstiodyfor systearic adhinsiiatign all ahpdrephahtic dopantng dgonder i s t han

R R P T S T BN

(R) - 5, thertnhiiad-whe&B ifytor8il Baterfithab8irp@d0lshr&hictd adbingRdréd@- 2(1 H) - t hi one.
[0071] As various changes could be nmade in the above nethods and

conpos PP§oERion Rewesdtupgs galivering the depantiec agonjsé s@fcutaneotshvlenbolon, it is
intendﬁ_g Jtﬂ)?nt all matter contained in the above description be interpreted
as illUsfrative and not in a limting sense. -31 WD 03/002103

PCT/ US02/ 19918 [0072] Al references cited in this specification are

her eby i ncoyrporated by, reference. . The di scussi on of. the references herein
is i ntendedrz'mereltlg1e é@m&%@?‘fmgmﬂg SéPl?arfBlHS g 153 ﬁq(ﬁgql{h But hors and
no adnfggiutdyI):s nmade that any reference constitutes prior art relevant to
patentability. Applicant reserves the ri gbt to chal l enge the accuracy

R

et

(B)n D
or pharmaceutically acceptable salts thereof, wherein

R', R” and R? are the same or different and are H, Ci.s alkyl (optionally phenyl
substituted), Cs.s alkenyl or alkynyl or Cj.19 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, Cl, Br, I, OH, Ci.6 alkyl or alkoxy, CN, carboxamide, carboxyl or (Cy4
alkyl)carbonyl;

A is CH, CH,, CHF, CHCI, CHBr, CHI, CHCH3, C=0, C=S, CSCH;, C=NH,
CNH,, CNHCHj3;, CNHCOOCHj3;, 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 NCH;; and n is 0 or 1,
and where == is a single or double bond, k

with the provisos that:
(1) whenn is 0, and A is CH,, CH-(halogen) where halogen is defined above,
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and pertinency of the cited references. -32 WO 03/002103 PCT/ US02/ 19918
WHAT IS CLAIMED IS: 1. A nethod for systemic admi nistration of a

hydr opholbwo odomans ne agonist to a nanmal, the nmethod conpCTdaisayi1des i veri ng
t he. dopam ne agonist to the derms of the nmammal, wherein inproved
systemni c absorption is produced as conpared to absorption produced upon
del i VeC‘HEH% tecl@raniosagent st subcut aneously by bolus injection. 2. The
net hod of claim’l wherein thé dopamine agonist is as set forth in fornula
(1): RL R2 X thsh R3s OH,, CH-(haloBym where hapgghiamsdetingdabave,\C-#3d3pt abl e salts
thereo%%%ﬁ@gﬁgln R, R2 and R3 are the sane or different and are H Cl 6

al kyl tly phenyl substituted), C3_5 al kenyl or al kynyl or C3_10
cycl oal kyl , (Drwhdsei B 0Rdnd S as above and Rl and R2 are cycl ized with the
attached N atomto forn1 yrroI|d|n |, piperidinyl, hol i nyl ,

4- et hyl pi per at By d7-SC Qﬁi\&lzyCNéﬂﬂjp €-NHGOO 3,|€ CNBﬂ,H:n oH G _6
al kyl or al koxg_i gi"—l ar boxam de, car boxyl or (C1_6 al kyl)carbonyl; Ais
CH, CH2, CHF, &I, CHBr, CHI, CHCH3, C=0 C=S, CSCH3, C=NH, CNH2, CNHCH3,
CNHCOOCH3, (GYhaidn 1534, Q[IidN B is CH, CHZ CHF CHCl, CHBr, CHI, C=O N, NH
or NCH3, and n is 0O or CHF, Gﬂl GBr CH, GO O
N, NH or NCH3;AdhEHe GE- (bal%eniWhewl‘?ﬂ?érl%aﬁ defiped phejiee CBCRo G502 bond,

C=S, C=NH, SO,; and
B is CH,, CH-(halogen) where halogen is as defined above, C=0, NH, N-
CH3; then
D is CH;, C=0, O, NH, N-CHj3;
(4) whenn is 1, and
A is CH, C-SCH;, C-NH,, C-NHCH3, C-NHCOOCH;3, C-NHCN, N; and
B is CH, N; then
D is CH,, C=0, O, NH, N-CH3;
(5) when n is 1, and
A is 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. The method of claim 2 wherein the dopamine agonist is (R)-5,6-dihydro-
5-(methylamino)-4H-imidazo[4,5-i/]-quinoline-2(1H)-thione or a pharmaceutically

acceptable salt thereof.
4, The method of claim 2 wherein the dopamine agonist is (R)-5,6-dihydro-
5-(methylamino)-4H-imidazo[4,5-ij]-quinolin-2(1H)-one or a pharmaceutically

acceptable salt thereof.

5. The method of claim 1 wherein the bolus subcutaneous injection is

delivered in not more than 10 minutes.
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with the provisos that: (1) when nis 0, and Ais CH2, CH (hal ogen) where
hal ogen i s defined above, -33 WD 03/002103 PCT/US02/ 19918 CHCH3, C=0
C=S, C=NHyvos@d921bhen D is CH2, CH (hal ogen) where hal ogenPcI/ise2/d®is ned
above, C=0O 0, NH, N-CH3; (2) when nis 0, and Ais CH GC SCH3, C NH2,
C-NHCH3, C-NHCOOCH3, C-NHCN, N; then Dis CH N (3) when nis 1, and Ais
CH2, CH (hal ogen) where hal ogen is as defined above, CHCH3, C=0 C=S,
C=NH, S2; and B is CH2, CH (hal ogen) where hal ogen is as defined above,
C=0, NH, N- 6CH3; Tiheametiod of il 5 @h&eirOthe Mbjus NuliiBaneogstinjeatiemisn is 1, and A
is CH &GS C-NH2, .C-NHCH3, C-NHCOOCH3, C-NHCN, N; and B is CH N, then
Dis cﬁg}" ,n‘tit%ﬁ?t}r&“%mut%) when nis 1, and A is CH2, CHCH3, C=Q

C=S, C=NH, S, and Bis CH N then Dis CH N, and pharnaceutically

acceptabl e salts thereof to the human. 3. The nethod of claim2 wherein the

dopami ne agdni st The nigthodoBlaiivhly wherein the hydrophobic dopamine agonist is

5- (et hy. am 451 m dazol 4.5- U - qui nol i ne-2(1H) -t hi one or a

phar ma éla‘%F%d;ﬁ@e d%%‘&légét}{“éﬁ%‘iﬂ% hereof. 4. The nmethod of claim2 wherein

t he dopam ne agonist is (R)-5, 6-di hydro-

5- (et hyl am no) - 4Hi m dazo[ 4,5-1]]-quinolin- Zgll-_i) -one or a pharmaceutically
8. The method of claim 7 wherein the hydrophobic dopamine agonist is

delivered to the dermis in not more than 10 minutes.

9. The method of claim 8 wherein the hydrophobic dopamine agonist is

delivered to the dermis in not more than 2 minutes.

10.  The method of claim 1 wherein the hydrophobic dopamine agonist is

delivered to the dermis by repeated bolus injection.

11.  The method of 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.

12. The method of claim 11, wherein the improved pharmacokinetic

parameter comprises increased bioavailability of the dopamine agonist.

13.  The method of claim 10, wherein the improved pharmacokinetic

parameter comprises a decrease in Tpay.

14. The method of claim 10, wherein the improved pharmacokinetic

parameter comprises an increase in Cpax.
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acceptable salt thereof. 5. The nethod of claim1 wherein the bolus

subcut aneous injection is delivered in not nore than 10 m nutes. -34 WO
03/ 002103wB@3HNW802/ 19918 6. The nethod of clai m5 wherei rCThSobolous

subcut aneous injection is delivered in not nore than 2 mnutes. 7. The

met hod of claim 1 wherein the hydrophobi c dopam ne agonist is delivered to
the derms bol el ¢ . Qi ein the

hydr ophobi cngpaﬁgﬁgﬁléfs(?ﬁpsﬁ)’ g&&&%ﬁ%é%eﬁyhgwﬁggwﬁé not nore than
10 m npermeted cofMpasesst devdeast incTigi m 8 wherei n t he hydrophobi ¢ dopani ne
agonist is delivered to the derms in not nore than 2 mnutes. 10. The

nmet hod of claim 1 wherein the hydrophobi c dopam ne agonist is delivered to
the derm s by remEatRdh&PbLSail Kbl the EdlivelhR 198bRgh Plutkledhsn 1 wherein
at | east one pharnacokinetic paraneter is inproved upon delivery of the
dopamni Hucrapensicstatedby wey shdidmrejectiong elaptzonaetivetordve theamel enptgyromgeoki neti ¢

par arrenogﬁistlil(%on delivering the dopam ne agoni st subcutaneously by bol us
injection. 12. The nmethod of claim 11, wherein the inproved pharnacokinetic
par anmet er conprises increased bioavailability of the dopam ne agonist. 13.
The met hod of claim 10, wherein the inproved pharmacoki netic paraneter
conpri ses aldecr dhgangthodrofplainylo whaeindhndelisring|isihioued. at {gastasien t he

i nprovglgl &E%%{%%oki netic paraneter conprises an increase in Crax. -35 WO
03/ 002 é 02/ 19918 15. The nethod of claim 10, wherein the inproved
phar macoki neti c paraneter conprises a decrease in Tiag

18.  The method of claim 1 wherein the at least one hollow needle comprises

an array of microneedles.

19.  The method of claim 18 wherein the dopamine agonist is delivered by
infusion pump, piezoelectric pump, electromotive pump, electromagnetic pump,

Belleville spring, iontophoresis, or sonophoresis.

20.  The method of claim 1 wherein the hydrophobic dopamine agonist has a
logP of about 1.5 or greater.

21.  The method of claim 1 wherein the dopamine agonist is in the form of

nanoparticles or nanocrystals.

22. A method for administration of a hydrophobic dopamine agonist to a
mammal, the method comprising selectively delivering the dopamine agonist to the
dermis of the mammal to obtain systemic absorption of the dopamine agonist from the

dermis.

23.  The method of claim 22 wherein improved systemic absorption of the

dopamine agonist is produced upon delivering the dopamine agonist to the dermis as
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16. The method of claim 1l wherein the delivering is through a cutaneous

m cropore created by any solid projection, electronotive force, thernal
energy orwgas/otiad |l istics. 17. The nmethod of claim 16 whererrushhe9is
delivering is through at |east one hollow needle. 18. The nethod of claim
1 wherein the at | east one holl ow needl e conprises an array of

el 1 voranegyd o Rrsob B EbARta Bhat v BiY it i BabP ARG AR 1

el ect r gyrbghetinjectipnrp, Belleville spring, |ontophoreS|s or sonophoresis.
20. The nethod of claim 1 wherein the hydrophobi c dopam ne agoni st has a

| ogP of about 1.5 or greater. 21. The nethod of claim1l wherein the

dopam ne agoni st Ths théthdéd6f dIfMMPHherbRNAY A6Pdntine SgMMistIRBORE Forthdhs. 22. A
met hod for adm nistration of a hydrophobi c dopam ne agonist to a nanmal,

t he mef®s@la@liprising sel ectively delivering the dopanine agonist to the
derms of the mammal to obtain systemc qpsorptlon of the dopam ne agoni st
fromthe derms. 23. The nethod of clalq122 wherein i nproved system c
absorption of the dopam ne agqnist s pmpduced upon delivering the
dopam ne agoni st to the derrm 5D D& 002103 PCT/ US02/ 19918
conpared to absorption proxhy rRPvering the dopani ne agoni st
subcut aneously by bol us injes
dopam ne agonist is as set for

hinfr

Dy, .2A
ey @

or pharmaceutically acceptable salts thereof, wherein

formula (1): RL R2 X R3

RY, R? and R? are the same or different and are H, Ci.¢ alkyl (optionally phenyl
substituted), Cs.s alkenyl or alkynyl or Cs.1 cycloalkyl, or where R3is 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, Cl, Br, I, OH, Ci alkyl or alkoxy, CN, carboxamide, carboxyl or (C;
alkyl)carbonyl;

A is CH, CH,, CHF, CHCl, CHBr, CHI, CHCHj;, C=0, C=S, CSCH;, C=NH,
CNH,, CNHCH3, CNHCOOCH3, CNHCN, SO, or N;

B is CH, CH;, CHF, CHCI, CHBr, CHI, C=0, N, NH or NCH3, and nis 0 or 1;
and

D is CH, CH,, CHF, CHCI, CHBr, CHI, C=0, O, N, NH or NCH;; andnisQor 1,

with the provisos that:

(1) whenn is 0, and A is CH,, CH-(halogen) where halogen is defined above,

CHCH3;, C=0, C=8S, C=NH, SOq;
then D is CH,, CH-(halogen) where halogen is as defined above, C=0, O,
NH, N-CHs;
(2) whennis 0, and
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N D'A(B)n (1) or pharmaceutically acceptable salts thereof, wherein R1,
R2 and R3 are the sane or different and are H, Cl.6 al kyl (optionally

phenyl swbagiobaibed), C3 5 al kenyl or al kynyl or C3_10 cye@lcoaiseyigoior where
R3 is as above and Rl and R2 are cyclized with the attached N atomto form
pyrrolidinyl, piperidinyl, norpholinyl, 4-nmethylpiperazinyl or imdazolyl

roups; X is H xamde
gar ngyl or (Cfigc}g(&y%{mé bon%ilc-ﬁ%«I M@t@?%ﬁ%ﬁ?
CHCH3, C=0, C=3isCICHS, C=NH, CNH2, CNHCHB CNHCOOCH3, CNHCN, 802 or N; B

is CH CH2, F, CHCl, CHBr, CHI C-O N, NHor NCH3, and nis O or 1; and
Dis CH 04@?4‘@%1‘1 n Bplepnd cppy C=0, 0, N, NHor NCH3: and nis 0 or 1,

and where - is (D) vvhen n
ond here 1 A% LS Qi Wﬁ”@% R B Y e

C=0 C£5S, C=NH, S82and hen D is CH2, CH (hal ogen) where hal ogen is as

defi ned above, .C 0 N- X when i1s .0 W\%%/ 002103
PCT/ US02/ 199188 li\%%z %ﬁ’([ﬁ%"%@ﬂg”ﬁée Mge“@ﬁ%%“ YNHON, N
then Do @en N (3) when nis 1, and Ais CHZ, CH-(haI ogen) where hal ogen

is as def| ned above, CHCH3, C=0
D1sCH2,C 0, O NH, NCH3;

(4) whenn is 1, and
A is CH, C-SCHj3, C-NH,, C-NHCH3, C-NHCOOCHj3;, C-NHCN, N; and
B is CH, N; then
D is CH;, C=0, O, NH, N-CHj;
(5) whennis 1, and
A is CH,, CHCHjs, 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.

25. The method of claim 24 wherein the dopamine agonist is (R)-5,6-dihydro-
5-(methylamino)-4H-imidazo[4,5-i/]-quinoline-2(1H)-thione or a pharmaceutically

acceptable salt thereof.
26. The method of claim 24 wherein the dopamine agonist is (R)-5,6-dihydro-
5-(methylamino)-4H-imidazo[4,5-]-quinolin-2(1H)-one or a pharmaceutically

acceptable salt thereof.

27. The method of claim 23 wherein the bolus subcutaneous injection is

delivered in not more than 10 minutes.

28. The method of claim 27 wherein the bolus subcutaneous injection is

delivered in not more than 2 minutes.
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C=S, C=NH, SO2; and B is CH2, CH (hal ogen) where hal ogen is as defined
above, C=O, NHL N CH3i then Dis CH2, CO 0, NH, N-CH3i (4) when nis 1,
and A is WH,0303CH3, C NH2, C NHCH3, C- NHCOOCH3, C- NHCN, RcTAarsd2/19318s CH,
N, then Dis CH2, C=0, O, NH, NNCH3i (5) when nis 1, and Ais CH2, CHCH3,
C0O C=S, C=NH, S, and Bis CH N then Dis CH N, and pharmaceutically
accept abl e gel t s THeeh&@hdd bPcliiRL2whESIn tBOhydrbphdBRé BeShntihe ctiishis?4 wherein

t he dopam ne agoni st is ;R -5, 6-di hydr o-

5- ( et Kighuredte) tha dermis by Pefus 15e¢tion. qui nol i ne- 2(1H) -t hi one or a :
pharmaceutically acceptable salt thereof. 26. The nethod of claim 24
wherei n the dopam ne agonist is (R)-5, 6-di hydro-

5- (et hyl ani300) - 4Aitteindtiad of ctair 39 whettinahe hy@oflidbio depadiinaagdnist fgceut i cal |y
accept Zlgte salt _thereof. 27. The nethod of claim23 wherein the bol us
subcut 46866 forthe detny 14 8ot ragieithasy lgninHteiot nore than 10 minutes. 28. The
nmet hod of claim 27 wherein the bol us subcutaneous injection is delivered

in not nore than 2 m nutes. -38 WD 03/002103 PCT/ US02/ 19918 29. The net hod
of cl ai m 23 3hher dihe mdtkodylirlaiphtbwherdiapgherhyrdroplgdric dbopansine dginistéy ed to t he

derms bolus.injection. 30. The nethod of claim29 wherein the
hydropﬁgﬁYeEeddtBﬁHﬁg léblbﬂ?té{lorf’éhanﬁerﬂw&qsed to the dermis in not nore than
10 minutes. 31. The nethod of claim 30 wherein the hydrophobi c dopam ne
agonist is

32. The method of claim 23 wherein the hydrophobic dopamine agonist is

delivered to the dermis by repeated bolus injection.

33. The method of claim 23 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.

34.  The method of claim 33, wherein the improved pharmacokinetic

parameter comprises increased bioavailability of the dopamine agonist.

35. The method of claim 32, wherein the improved pharmacokinetic

parameter comprises a decrease in Ty

36. The method of claim 32, wherein the improved pharmacokinetic

parameter comprises an increase in Cpax.

37.  The method of claim 32, wherein the improved pharmacokinetic

parameter comprises a decrease in Tig,.
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delivered to the dermis in not nore than 2 mnutes. 32. The nethod of claim
23 wherein the hydrophobi c dopam ne agonist is delivered to the derms by
repeat ed woloa®oiing ecti on. 33. The nmethod of claim23 wher @cn/@n2/i®wast one
phar macoki neti c paraneter is inproved upon delivery of the dopam ne
agonist to the derm s as conpared to the sane pharnacokinetic paraneter
upon del i venikng ] L S S J njection.

34. The net ﬁg'd o%%l@%%%ﬁ&%ﬁggghﬁ&te LeJtJPl ?ﬁ%ﬁ%\%& I%Jﬁ’e{(?lry%lc%%t%l&){lﬂg par amet er
conpr i geisroporrceesedibpuopydid @bjetiidny eRttrdhetiviofads, feraghbsticsdy. ordds The net hod
of claim 32, wherein the inproved pharnmacokinetic paranmeter conprises a
decr ead8liSHCSThax. 36. The nethod of claim 32, wherein the inproved

phar macoki netic paraneter conprises an increase in Crax 37. The nethod of
claim 32, wherein the inproved pharmacoki netic paraneter conprises a

decr ease i n39i ag.The3Beth@i 68¢1602 319 FhBET thSd2liviedmtds tid8ughTdtdeasedrieod of cl ai m
23 wherei.n the delivering is through a cutaneous m cropore created by any
sol i d pROPECEFHfH, el ectromotive force, thermal energy or gas ballistics.
39. The nethod of claim 38 wherein the delivering is through at |east one
hol | ow needl e. 40. The nethod of claim 23 wherein the at |east one holl ow
needl e conp#lses Thamethodigf Jhimmd wheredhe st ledst ong hellowtnkedle ofmyprtisss m 40
wherei n_the depam ne onist is delivered by infusion punp, piezoelectric
punp, @P@g?YSﬁE??VEF%} , el ectromagnetic punp, Belleville spring,

i ont ophoresi s, or sonophoresis. 42. The nmethod of claim 23 wherein the

hydr ophobi ¢ dopam ne agoni st has a_|ogP of about 1.5 or greater.
41. The method of claim 40 wherein the dopamine agonist is delivered by

infusion pump, piezoelectric pump, electromotive pump, electromagnetic pump,

Belleville spring, iontophoresis, or sonophoresis.

42.  The method of claim 23 wherein the hydrophobic dopamine agonist has a
logP of about 1.5 or greater.

43.  The method of claim 23 wherein the dopamine agonist is in the form of

nanoparticles or nanocrystals.

44. A method for administration of a hydrophobic dopamine agonist to a
mammal, the method comprising selectively delivering the dopamine agonist to the
dermis of the mammal wherein systemic absorption of the dopamine agonist from the

dermis is obtained.

45.  The method of claim 42 wherein improved systemic absorption of the
dopamine agonist is produced upon delivering the dopamine agonist to the dermis as
compared to absorption produced upon delivering the dopamine agonist subcutaneously

by bolus injection.
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43. The nethod of claim 23 wherein the dopam ne agonist is in the form of
nanoparticles or nanocrystals. 44. A nethod for adm nistration of a

hydr opholbwo odo@ans ne agonist to a nanmmal, the nmethod conmpCirdaisay19918
selectively delivering the dopam ne agonist to the derms of the mamal
wherein system c absorption of the dopam ne agonist fromthe derms is
obtai ned. 436, ThenEBhdREM 6f clGinlMwhd-W8E BbParhitBaQYMst i§ U§ b& Tfh MbSOr ption
of the dopanine agonist is produced upon delivering the dopam ne agoni st
to the faemdd €):as conpared to absorption produced upon delivering the
dopam ne agoni st subcut aneously by bol us,4i njection. -40 WO 03/002103

PCT/ US02/ 19918 46. The nethod of claim wherei n the dopam ne agonist is
as set forth in formula (1): R R2 R3 g N D-/A(BTr, (1) or
pharmaceutically acceptabl e 5 heredf , “werein Rl, R2 and R3 are the
sane or different and are RPoptional |y phenyl substituted),
C3_5 al kenyl or al kynyl or & | kyl, or where R3 is as above and
Rl and R2 are cyclized with thg attdhed N atomto form pyrrolidinyl,

pi peridinyl, norpholinyl, 4-mefhylpilperazinyl or imdazolyl groups; Xis
H F d, Br, I, OH CL6 alkyPgs#di koxy, ON, carboxanide, capboxyl or
(C1_6 alkyl)carbonyl; Ais CH, , CHF, CHC1, CHBr, CHI, CH , C0O C=S,
CSCH3,  dephlifmaceutically 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.1q 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;

XisH, F, Cl, Br, I, OH, Ci. alkyl or alkoxy, CN, carboxamide, carboxyl or (Cy_¢
alkyl)carbonyl;

A is CH, CH,, CHF, CHCI], CHBr, CHI, CHCHj3;, C=0, C=S, CSCHj;, C=NH,
CNH,, CNHCH3, CNHCOOCH;, CNHCN, SO, or N;

Bis CH, CH,, CHF, CHCI, CHBr, CHI, C=0, N, NH or NCH;3, andnis 0 or 1;
and

Dis CH, CH,, CHF, CHC1, CHBr, CHI, C=0, O, N, NH or NCH3; andnisOor 1,

with the provisos that:

(1) whenn is 0, and A is CH,, CH-(halogen) where halogen is defined above,

CHCH;, C=0, C=S, C=NH, SO,;
then D is CH,, CH-(halogen) where halogen is as defined above, C=0, O,
NH, N-CH3;

(2) when n is 0, and
A 1s CH, C-SCH3, C-NH,, C-NHCH3, C-NHCOOCH;, C-NHCN, N; then
Dis CH, N;

(3) whennis 1, and
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CNH2, CNHCH3, CNHCOOCH3, CNHCN, S or N, Bis CH, CH2, CHF, CHC1, CHBr,
CH, CO N, NHor NCH3, and nis O or 1; and Dis CH CH2, CHF, CHC,
CHBr, CHIwOo®@s@2103 N, NH or NCH3; and n is O or 1, and wWrerass02/19938 a
single or double bond, with the provisos that: (1) when nis 0, and Ais
CH2, CH- (hal ogen) where hal ogen is defined above, CHCH3, C=0 C=S, C=NH,

SQ2; then D syl | ve, C=0, 0,
NH, N-CH3; (2) % %th |s@% o] é{%&&%g@a‘&a‘&%@gﬁ&%&%ﬁk@e&%&ﬁ%@?

C- NHCOQCHB ,C-OIHYHEDY,; adll then Dis CH N, (3) when n is ﬁ Iand -41 WO

03/ 002103 PCT/ USO 9 IS 2 CH (hal ogen) where hal ogen is as

defi ned above, %dslg‘éz 8%31% mogégggas ﬁtgnngbgvg_@: (ﬁﬁ(lﬂal ogen)
where hajpgen i s as defined above C=O, NH, N CH3; then Dis CH2, C=O, 0,
NH, N-CH37 (4) when nis 1, and Ais CH C SCH3, C NH2, G NHCH3, _
C- NHCOOCHS, C—NHICNHzl\KZ =an, NBL,NCHst N, then Dis CH2, C=0 0, NH, N- CH3i
(5) when n 1, and CH2, CHCH3, C=0, C=S, C=NH, S, and Bis CH N
then Dis ‘KP LG Qﬁﬁ&n&ceuti cally acceptable salts thereof to the

human. A is CH, C-SCH3, C-NH,, C-NHCHj;, C-NHCOOCH;, C-NHCN, N; and
B is CH, N; then
D is CH,, C=0, O, NH, N-CHj3;
(5) whennis 1, and
A is 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.

47.  The method of claim 44 wherein the dopamine agonist is (R)-5,6-dihydro-
5-(methylamino)-4H-imidazo[4,5-7]-quinoline-2(1H)-thione or a pharmaceutically

acceptable salt thereof.
48.  The method of claim 44 wherein the dopamine agonist is (R)-5,6-dihydro-
5-(methylamino)-4H-imidazo[4,5-i/]-quinolin-2(1H)-one or a pharmaceutically

acceptable salt thereof.

49.  The method of claim 43 wherein the bolus subcutaneous injection is

delivered in not more than 10 minutes.

50.  The method of claim 47 wherein the bolus subcutaneous injection is -

delivered in not more than 2 minutes.

51. The method of claim 43 wherein the hydrophobic dopamine agonist is

delivered to the dermis by bolus injection.
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47. The nethod of cl aim 44 wherein the dopam ne agonist is (R)-5, 6-di hydro-
5- (et hyl am no) - 4Hi m dazo[ 4,5-i ]-quinoline-2(1H)-thione or a

phar maceuwDaaiob2103 accept abl e salt thereof. 48. The net hodPefi/ushzimsi4
wherein the dopam ne agonist is (R)-5, 6-dihydro-

5- (et hyl am no) - 4Hi m dazo[ 4, 5-ij]-quinolin-2(1H)-one or a pharmaceutically
accept abl e It tker . L N:4 I . bol us
subcut aneou?éi nj ggl? ilgﬁﬁ?%ép%%@%%%%Jgﬁiﬁhﬁf&%/@on@f#@l% ﬁ%@@%@cﬁ% Zss 50. The
met hod defiverbdionthd demuhie irenot théve thel 1smiautessut aneous injection is delivered
in not nore than 2 mnutes. 51. The nethod of claim43 wherein the

hydr ophobi ¢ dopam ne agonist is delivered to the derms by bol us

i nj ecti on. 582 \W@HAHQRG OR:IRGTSV SRR fydrdBhoblDRopRE O dedlis el ai m 49

wherein the hydrophobi c dopam ne agonist is delivered to t erms in not
mor e t highvered to the denis B8notThererteanbatinotesc| ai m 50 wherei n t he hydr ophobi ¢
dopam ne agonist is delivered to the dermis in not nore than 2 m nutes.
54. The nethod of claim43 wherein the hydrophobi c dopam ne agonist is

del i vered t @4t he ThemidtBod¥f d18REAS SRRl tHS hidtbFEdHiOBopatine Ahide hod of
claim43 wherein at |east one pharmacokinetic paraneter is  inproved upon
del i verdglivred toche deramis B rensetsd dolusdnje¢tonder mi s as conpared to the same

phar macoki neti ¢ paraneter upon delivering the dopam ne agoni st

subcut aneously by bolus injection. 56. The nmethod of claim53, wherein the
i nproved phatnmacdhiemeithel ofasianes etereirmidastasei pharmasithelit pavaicteaki | ity of
t he dopam ne_agoni st. 57 Tge nmet hod of claimb52, wherein the inproved

phar madBRIYet Feon %élrva%?fé}le BRAsRINE agonsst (R theglgrmisiag compareddo thpamaet hod of

clai M SAarmMiKiRbtL pHEMLAPLONELIRRARSEE ApAAInk Ggonist subcutaneously by

bolus injection.

56.  The method of claim 53, wherein the improved pharmacokinetic

parameter comprises increased bioavailability of the dopamine agonist.

57.  The method of claim 52, wherein the improved pharmacokinetic

parameter comprises a decrease in Tax.

58.  The method of claim 52, wherein the improved pharmacokinetic

parameter comprises an increase in Cppax.

59.  The method of claim 52, wherein the improved pharmacokinetic

parameter comprises a decrease in Tiag.

60.  The method of claim 43 wherein the delivering is through a cutaneous
micropore created by any solid projection, electromotive force, thermal energy or gas

ballistics.
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parameter conprises an increase in Cmx. 59. The nethod of claim 52,
wherein the inproved pharmacoki netic paraneter conprises a decrease in

Ti ag. 60.wohe/omavhod of claim43 wherein the delivering i CThrsogyia
cutaneous mcropore created by any solid projection, electronotive force,
thermal energy or gas ballistics. -43 WD 03/002103 PCT/ US02/19918 61. The
met hod of clai m r ne holl ow
needl e. 6?he ﬁlﬁ;{e‘é@%ﬁ&% 8f§a| mgggjh\\é\ﬁeﬂr@?rqb%&ﬂlgqyﬁﬂ ]z‘tg;h Agﬁ%&%ﬁ]o | ow needl e
conpri slmélowareedieray of m croneedl es. 63. The nethod of claim 60 wherein the
dopam ne agonist is delivered by infusion punp, piezoelectric punp,

el ectronotive punp, electromagnetic punp, Bellevi6llle spring,

i ont ophor esigd, OrTIRARGRHPHLSkDn 4§4v11e55ﬂ{3th€‘§f iaga ok hBil@\k/'Heélcﬁe\@&‘ﬁ ﬁée@ the

hydr ophobi ¢ dopam ne agonist has a |ogP about 1.5 or greater. 65. The
met hod aofaraly @f mict8neddéssei n t he dopam ne agom st is i n the form of
nanoparticles or nanocrystals. 66. A nethod for adm nistration of a

hydr ophobi ¢ dopami ne agonist to a nammal, the method conprising

sel ectivel y gdel i vRkimahsder Sapad %e@ﬁ&ﬁbﬂbpér&n%'ﬁ oniStak Abgveddd gyhe mammal to
achieve a substantially higher bioavailability and/or a substantially

hi gher ltl;f,uﬁl,oapu@pdp@m@e%mgmmqlgqtlloploglﬁ@pu:@p, gtectepmagngiiopumpsubst anti al | y
shorter d/ o an I reater Ka as conpared to that
roduceoFlfg{’i%gn%%llL {0“?‘%3’2%1 Aned HO% %%%r%i %tration of the dopam ne agoni st at
an i denti cal dose. 67. The met hod of cl ai m 64 wherein the dopam ne agoni st

is as set forth in fornu n: R2
64. The method of clalm 43 wherem the hydrophobic dopamine agonist has a

logP of about 1.5 or greater.

65.  The method of claim 43 wherein the dopamine agonist is in the form of

nanoparticles or nanocrystals.

66. A method for administration of a hydrophobic dopamine agonist to a
mammal, the method comprising selectively delivering the dopamine agonist to the
dermis of the mammal to achieve a substantially higher bioavailability and/or a
substantially higher Cp.x and/or a substantially shorter Tmax and/or a substantially shorter
Tiag, and/or a substantially greater K, as compared to that produced upon bolus

subcutaneous administration of the dopamine agonist at an identical dose.

67.  The method of claim 64 wherein the dopamine agonist is as set forth in

formula (I):
R1
!
\R2
X R’
N
b o
G 0
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XR3I N D-jA -44 WO 03/002103 PCT/US02/19918 or pharmaceutically
acceptabl e salts thereof, wherein R, R2 and R3 are the sane or different
and are Hvo@ko&1es kyl (optionally phenyl substituted), CRCIF/SmokNery$ or
al kynyl or C3_10 cycloal kyl, or where R3 is as above and Rl and R2 are
cyclized with the attached N atomto form pyrrolidinyl, piperidinyl,

m)rphol i ny dazolyl groups; Xis H F, d, Br,
I, Agmaf%?lcal Y E Sa%{lhe&?fb‘@fé?‘}?de carboxyl or (Cl_6
al kyI ) car bowJ R® did B &bl thedene deferohiGind 268 C,.Shilcy1 @ﬂﬁbﬁaﬁ;@nﬂc—s CSCH3,

C=NH,~ CNH2, CNHCH3, CNHCOOCH3. CNHCN, SO2 or N B | , CHE, CHOl |
CHBr. CHI, C=cubsiituted),dss-srebremyl emallynyil er €s- mrcyqloakah@r whete RHs aeHp,  CHE,

cHd CHBr C'_% al%RGam%\lﬁ %‘Ec?z%h%%‘th t%t@qw?cﬂe?}@at\%#tjo forrﬁnd where is a

smgle or doubl’s bond. W e’provi sos enniTs 0, and Ais

CH2, CH (hal ogsmolidhsil.epipeaidigenmiosphdéhylnéhetidyi@erazibyCoBimidefolylC=S, C=NH,
S2; then Dis CH, CH (hal ogen) where hal ogen is as defined above, C=O, 0,

NH, N- CH3; (Z)grﬂﬂégm nis 0, and Ais CH GC SCH3, C NH2, C NHCH3,
E:I:--I-I\"(_I hal ogef\l)XC}\/\,hlls!l(:Eﬂ(;lCrllal\13 rot[gr(;(zltI | gaas e(%‘}ll’aneggl %ﬁe&ﬂm %_H%x@i 615(6?642
alkyl)carbonyl;
A is CH, CH,, CHF, CHCL, CHBr, CHI, CHCH3, C=0, C=S, CSCH3, C=NH,
CNH,, CNHCHj3;, CNHCOOCH;, CNHCN, SO; or N;
B is CH, CH,, CHF, CHCI, CHBr, CHI, C=0, N, NH or NCH3, and nis 0 or 1;
and

D is CH, CH,, CHF, CHCI, CHBr, CHI, C=0, O, N, NH or NCH3; and nis O or 1,

with the provisos that:
(1) whenn is 0, and A is CH,, CH-(halogen) where halogen is defined above,
CHCH;, C=0, C=S, C=NH, SO,;
then D is CH;, CH-(halogen) where halogen is as defined above, C=0, O,
NH, N-CHs;
(2) whenn is 0, and
A is CH, C-SCHj, C-NH;, C-NHCH3, C-NHCOOCH;, C-NHCN, N; then
Dis CH, N;
(3) whennis 1, and
A is CHy, CH-(halogen) where halogen is as defined above, CHCH3, C=0,
C=S, C=NH, SO,; and
B is CH,, CH-(halogen) where halogen is as defined above, C=0, NH, N-
CHz3; then
D is CH;, C=0, O, NH, N-CHz;
(4) whennis 1, and
A is CH, C-SCH3;, C-NH,, C-NHCH;, C-NHCOOCHj3, C-NHCN, N; and
B is CH, N; then
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C=S, C=NH, SO2; and B is CH2, CH (hal ogen) where hal ogen is as defined
above, C=O, NHL N CH3i then Dis CH2, CO O NH, N-CH3; (4) when nis 1,
and A is WH,0303CH3, C NH2, C NHCH3, C- NHCOOCH3, C- NHCN, RcTAarsd2/19318s CH,
N, then -45 WD 03/002103 PCT/US02/19918 D is CH2, C=O, 0, NH, N-CH3; (5)
when nis 1, and Ais CH2, CHCH3, C=0, C=S, C-=NH, S, and Bis CH N

then Dis CH {; bay ppsgihieqd.l y acceptable salts thereof to the
human. 68. The net (%ijeo?E cfml\%@\ﬁherei n the dopami ne agonist is

(R) -5, 6- di hy(@y wheiba {sTetahg| am no) - 4H i m dazo[ 4, 5-ti]-qui nol i ne-2(1H) -t hi one

or a pharnaceuti.c ept abl e sal reof. 69. The nethod of claim65
Wnere!on t he do%ﬂ%%ygggﬁﬁs =ﬁsc(:§)-§&§tg§ﬁy%}do-

5- (met hyl am nog-idthi W @agol 4, 5-1j]1-quinolin-2(1H-one or a pharnmaceutically
acceptable salt thereof. 70. The nmethod of claim64 wherein the bolus
subcut aneous i Bjie€H, oV and phamshdceeticatly iacceptablermaite thehend td thertivmanes. 71. The
nmet hod of claim 68 wherein the bol us subcutaneous injection is delivered
in not nore than 2 mnutes. 72. The nmethod of claim64 wherein the

hydr ophobi ¢ g80panineen&BedbHdlains 65 S@bickEihe dopsninb gSEEtTk %Rjay,_ehﬁﬂldmo- _
injection. 73. The nmethod of claim 70 wherein the hydrophobic dopam ne
agoni st>-{methyjaminpg-AdEdinidazabéd Scidrqtiseling-20bk)-hiene artaphatmasautical's. 74, The
met hod aggep%b%' Qlt%ﬂer‘é@frei n t he hydrophobi ¢ dopan ne agonist is

69.  The method of claim 65 wherein the dopamine agonist is (R)-5,6-dihydro-
5~(methylamino)-4H-imidazo[4,5-i/]-quinolin-2(1H)-one or a pharmaceutically

acceptable salt thereof.

70.  The method of claim 64 wherein the bolus subcutaneous injection is

delivered in not more than 10 minutes.

71.  The method of claim 68 wherein the bolus subcutaneous injection is

delivered in not more than 2 minutes.

72.  The method of claim 64 wherein the hydrophobic dopamine agonist is

delivered to the dermis by bolus injection.

73.  The method of claim 70 wherein the hydrophobic dopamine agonist is

delivered to the dermis in not more than 10 minutes.

74.  The method of claim 71 wherein the hydrophobic dopamine agonist is

delivered to the dermis in not more than 2 minutes.

75.  The method of claim 64 wherein the hydrophobic dopamine agonist is

delivered to the dermis by repeated bolus injection.
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delivered to the dermis in not nore than 2 mnutes. 75. The nethod of claim
64 wherein the hydrophobic dopam ne agonist is delivered to the derms by
repeat ed woloag®oiing ecti on. -46 WO 03/002103 PCT/ US02/ 19918 pCTAIS0Ti®1sret hod

of claim64 wherein at | east one pharnmacoki netic paranmeter is inproved upon
delivery of the dopam ne agonist to the derm s as conpared to the sane

phar macoki neti ¢ paraneter upon delivering the dopam ne agoni st

subcut aneously by bolus injection. 77. The method of claim 74, wherein the
i mproved phgemac gk Aedthdd offpddialet Where@IHp das@meiphafeaoRihcllt pavpieteal | i ty of

t he dopam ne_agoni st. 78, The nmethod of claim 73, wherein the inproved

phar maé8Rioved ppon ¢elivaryeridhe donasrine agonist frothe dgamisiap cqmngred ¢o thprsemget hod of

claim o] ' ed ' ' r i ses an
ner oab G ELL ihin BPLREIR U TREALAGH Sl X ORI EeoRTRY. o

phar mabokis mgedton. par anet er conpri ses a decrease in Tiag. 81. The nethod of
claim64 wherein the delivering is through a cutaneous m cropore created
by any solid projection, electronotive force, thermal energy or gas

bal li stics. 482. Jwosk 2 i 1 lel ] kNng is through at
| east one r?g'l I ongﬂ ﬁg{e%g e. 8C lm?rﬁgwnﬂg{e%b%{e%?ﬁfg& g%lgﬁggﬁ\%ﬁé@é#@n the at | east
one hobphnmetrs edinprisssripireased bicamaidability obtheidopamoreedhiss. 84. The net hod of
cl aim 81 wherein the dopanm ne agonist is delivered by infusion punp,

pi ezoel ectric punp, electronotive punp, electromagnetic punp, Belleville

spring, iont7@phomas infethdd of RARPIM G@Sichn the Mhip NP BhARAE0RnRET/ US02/ 19918

parameter comprises a decrease in Tyay.

79.  The method of claim 73, wherein the improved pharmacokinetic

parameter comprises an increase in Cpay.

80.  The method of claim 73, wherein the improved pharmacokinetic

parameter comprises a decrease in Tiag.

81.  The method of claim 64 wherein the delivering is through a cutaneous
micropore created by any solid projection, electromotive force, thermal energy or gas

ballistics.

82.  The method of claim 79 wherein the delivering is through at least one

hollow needle.

83.  The method of claim 64 wherein the at least one hollow needle comprises

an array of microneedles.
84.  The method of claim 81 wherein the dopamine agonist is delivered by

infusion pump, piezoelectric pump, electromotive pump, electromagnetic pump,

Belleville spring, iontophoresis, or sonophoresis.
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85. The nethod of claim 64 wherein the hydrophobi c dopam ne agoni st has a
| ogP of about 1.5 or greater. 86. The nethod of claim64 wherein the
dopam ne w@onios103 s in the formof nanoparticles or nano®cCydtsat/$29187. A
met hod for adm nistration of a hydrophobi c dopam ne agonist to a nanmal,
t he nethod conprising selectively delivering the dopam ne agonist to the
derm s of the mammal wherein a substantially higher bioavailability and/or
a substantially higher Crax and/or a substantially shorter Tnax and/or a
subst ant i al 186. shorHeanethdd aficlaimma4 eheteirsihb diydmdphebit opdaaib @poliet as apr oduced
as conpared to that produced upon bolus, subcutaneous adm nistration of
t he dopa#h AEaboybho OF 2katedn i dentical dose. 88. The nethod of claim 85
wherein the dopam ne agonist is as set forth in formula (1): RLRR X R3 N
D~ A or pharmaceutically acceptable salts thereof, wherein R, R2 and R3
are the samB6or difefreetbod ofeldina64 wierefilthé dapdnyine @gedistan &l thy folead |
substi t ut ed%,. C3 5 al ken‘éirs or al kynyl or C3_10 cycloal kyl, or where R3 is
as abd¥g° Igh TGOEYSGiSe cyclized with the attached N atomto form
pyrrolidinyl, piperidinyl, norpholinyl, 4-nmethylpiperazinyl or imdazolyl
groups; Xis H F, d, Br, I, OH Cl1_6 alkyl or al koxy, CN, carboxam de,
car boxyl or §/C1_6\ mgthog fpr admimisptationof & hwipopholi; da@idmindChiohist @HBr , CHI
N T R SRl P bts sefp AR el MR O doamiine agoisr o e 2
dermis of the mammal wherein a substantially higher bioavailability and/or a

substantially higher Cinax and/or a substantially shorter Tyax and/or a substantially shorter
Thag, and/or a substantially greater K, is produced as compared to that produced upon

bolus subcutaneous administration of the dopamine agonist at an identical dose.

88.  The method of claim 85 wherein the dopamine agonist is as set forth in

formula (I):
R1
N\R2
X R®
N
b b
G )

or pharmaceutically acceptable salts thereof, wherein

R', R? and R are the same or different and are H, Ci alkyl (optionally phenyl
substituted), Cs.s alkenyl or alkynyl or Cs.i9 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;

XisH, F, Cl, Br, I, OH, Cy alkyl or alkoxy, CN, carboxamide, carboxyl or (Cis
alkyl)carbonyl;

A is CH, CH,, CHF, CHCI, CHBr, CHI, CHCH3, C=0, C=S, CSCH3, C=NH,
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Bis CH CH2, CHF, CHCl, CHBr, CHI, CO N, NH or NCH3, and nis O or 1,
and Dis CH CH2, CHF, CHO, CHBr, CHI, CO 0, N, NHor NCH3i and nis O
or 1, amaowh®oHo3 is a single or double bond, with the preritsozivmat: (1)
when nis 0, and Ais CH2, CH (hal ogen) where hal ogen is defined above,
CHCH3, C=0, C=S, C=NH, S@2; then Dis CH2, CH (hal ogen) where hal ogen is as
defined above, (=0, H, e 2 is 0 and Ais CH GC SCH3,
CNH2, C NH%?@%QM%,C@MIQN?C%@’?@%QM N, (3) when nis 1,
and A is CHZ is@&H( 0r),aUeR) CHUEIGHBAICHIE0=Ds NaN 8 Noed, VR0 £HEH3, C=0,
C=S, C=NH, SO2; and B is CH2, CH (hal ogen) wher e hal ogen is as défined
above, C=0, NHa&\- CH3; then Dis CH2, C=:O O NH, N-CH3i (4) when nis 1,

N then b 1 SO By OB SR crfy EPERERY et ot o ey e
C=0, C=S, C=NHandStRerearrdis aBingde GHioudleBdm@n D is CH N and pharmaceutical |y

acceptabl e salts thereof to the human. 89. The nethod of claim 86 wherein
t he dopami neVilyBsipsevisas thaty - 5, 6- di hydr o-

e ot 58 ol 4 oy AR s LA VU
CHCHj;, C=0, C=S, C=NH, SOg;
then D is CHz, CH-(halogen) where halogen is as defined above, C=0, O,
NH, N-CHs;
(2) whennis 0, and
Ais CH, C-SCH;, C-NH,, C-NHCHj3;, C-NHCOOCH;, C-NHCN, N; then
Dis CH, N;

(3) whennis 1, and

A is CH,, CH-(halogen) where halogen is as defined above, CHCH;, C=0,
C=S, C=NH, SO;,; and
B is CH,, CH-(halogen) where halogen is as defined above, C=0, NH, N-
CH3; then
D is CH,, C=0, O, NH, N-CHj;
(4) whennis 1, and
A is CH, C-SCHj, C-NH,, C-NHCH3;, C-NHCOOCHj3, C-NHCN, N; and
B is CH, N; then
D is CH,, C=0, O, NH, N-CHj;
(5) whennis 1, and
A is CH,, CHCHj3, 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.

89.  The method of claim 86 wherein the dopamine agonist is (R)-5,6-dihydro-

5-(methylamino)-4H-imidazo[4,5-ij]-quinoline-2(1H)-thione or a pharmaceutically

acceptable salt thereof.
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-49 WO 03/002103 PCT/ US02/ 19918 90. The nethod of claim 86 wherein the

dopam ne agonist is (R)-5,6-di hydro

5- (et hyl w2143+ i m dazo[ 4, 5- U] - qui nol i n-2(1H) - one or aPrgmarsercwwt i cally

acceptable salt thereof. 91. The nmethod of claim85 wherein the bol us

subcut aneous injection is delivered in not nore than 10 m nutes. 92. The

nmet hod of claim 89 wherein the bol us subcutaneous injection is delivered

in not nore than 2 mnutes. 93. The nmethod of claim85 wherein the

hydr ophobi ¢ %opa@Mena@mlbsilalhf 86 dﬁhbieﬂﬁv\glqledopﬂnﬁlﬁ egﬂiﬁgtﬂh ﬁlﬁ}gg 6biil|é§uﬁ*o-

injectio 94. The net had cl.aim9l erein the rophohi ¢ dopam ne

aglonl st &%eth}d@pmpéﬁgdlrmga% BIgBr RO BY-opg PR Ph%(ﬁlaﬂ?}lqﬁaﬂﬁt es. 95. The

rret hod rein the hydrophobi c dopam ne agonist is delivered
t he aﬁ%yﬁ@é%ﬂﬁgﬁé@ﬁmre than 2 minutes. 96. The nethod of claim85

V\,her ein the hydrophobic dopam ne agonist is delivered to the derms by

repeat ed bol ys injecti A ng tho@ﬁf cl ai m 85 wherei.n at | east one
phar macoki nét' ¢ BQ’F ]?%dr ﬁg"slamf P’Vg‘\;@w gﬁluaéﬁl PATPORY Y 9HOY Spani ne
agoni stdeliGerbdf AR ME:S AR 199ARAIRd to the same pharnacokinetic paraneter
upon delivering the dopam ne agoni st subcutaneously by bolus injection.

98. The net hod of cI al m 95, wherein the inproved pharmacoki netic paraneter

03/ 002103 PCT UsdIF FOa SbdBRkt WheRin, beBp R PARHS SRS PR T he | pr oved

phar mmkbaedimn@@ﬁﬁaﬁiaﬁaﬁﬁmwglses a decrease in Tmax 100. The net hod of
claim94, wherein the inproved pharnacokinetic paraneter conprises an
i ncrease in COrax.

93.  The method of claim 85 wherein the hydrophobic dopamine agonist is

delivered to the dermis by bolus injection.

94.  The method of claim 91 wherein the hydrophobic dopamine agonist is

delivered to the dermis in not more than 10 minutes.

9s. The method of claim 92 wherein the hydrophobic dopamine agonist is

delivered to the dermis in not more than 2 minutes.

96.  The method of claim 85 wherein the hydrophobic dopamine agonist is

delivered to the dermis by repeated bolus injection.

97.  The method of claim 85 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.

98.  The method of claim 95, wherein the improved pharmacokinetic

parameter comprises increased bioavailability of the dopamine agonist.
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101. The nethod of claim 94, wherein the inproved pharnmacokinetic
paraneter conprises a decrease in Tiag 102. The nmethod of claim85 wherein
t he del i vwoioamoi1g3 t hrough a cut aneous m cropore created PgTArSY2/$018 d
projection, electronotive force, thermal energy or gas ballistics. 103.
The nethod of claim85 wherein the delivering is through at |east one

hol | ow needl 104. T od | ai.m.85 wherein the at |l.east one holl ow
needl e corrprglagSes e@%ﬁ?ﬁ%gﬁnﬁ?&% eégalﬂéesl.mp{%‘f)e. p?ﬁ'ém?‘f’é) ®of claim 102
wher ei patdigetelogpaiprizes aganést in $,,Jel i vered by infusion punp, piezoelectric

punp, electronotive punp, electromagnetic punp, Belleville spring,
i ont ophoresi s, or sonophoresis. 106. The nethod of claim85 wherein the

hydr ophobi c pang i (0} t . gr.eater. 107. The
met hod of cl gjpm gHiCiRARed b ‘Iflﬁ@?%‘%g"élﬁréég ﬁéegﬁé}??‘gs)‘%aipsha?ﬁa%% e ot
nanopargaramheter @inpraaoar insteasesin G .l

101.  The method of claim 94, wherein the improved pharmacokinetic

parameter comprises a decrease in Tigg.

102.  The method of claim 85 wherein the delivering is through a cutaneous
micropore created by any solid projection, electromotive force, thermal energy or gas

ballistics.

103.  The method of claim 85 wherein the delivering is through at least one

hollow needle.

104.  The method of claim 85 wherein the at least one hollow needle comprises

an array of microneedles.
105.  The method of claim 102 wherein the dopamine agonist is delivered by
infusion pump, piezoelectric pump, electromotive pump, electromagnetic pump,

Belleville spring, iontophoresis, or sonophoresis.

106. The method of claim 85 wherein the hydrophobic dopamine agonist has a
logP of about 1.5 or greater.

107.  The method of claim 85 wherein the dopamine agonist is in the form of

nanoparticles or nanocrystals.

-51-



