Apparatus and Method for Transdermal Delivery of Natriuretic Peptides FIELD
OF THE PRESENT | NVENTI ON [ 0001] The present invention relates generally to
t ransder ngb 20@panbs4del i very systens and nmet hods. More pawrtirash@sloyseos he
invention relates to an apparatus and nethod for transdermal delivery of
natriuretic peptides. BACKGROUND OF THE | NVENTI ON [0002] It is well known
that acute heart failure is the single nost common cause of hospitalization
in the United States for patents 65 years of age and ol der. Indeed, acute
heart failure resultsAppamtuosandiViéthoshfonTirhnsdeimapi t al i zati ons each

year. [0003] Nesiritide, Denegpfr‘gfm,ﬁﬁ&myfe ig@®’n B-type natriuretic
peptide (hBNP), is often used to treat pati entg Wi th acute congestive heart

failure who have dyspnea (i.e., shortness of breath) at rest or with °
m nimal activity. The noted peptide, hBNP, is a naturally occurring protein

that is secreted by the mgopnrﬁgﬁmggﬁﬁmwtrmrheart failure, e.g.,
when the heart is unable to punp blood efficiently, hBNP is produced.

[ 0004] DEOGI]l sThdf presemt inventiair refates goagrallylto ﬂn@ﬂﬂ’emamnhé¢ll‘t@ria$mtmmdur etic
pepti des s), .and reco ant techni for duc f.sane are set
forth irfnéﬁﬁg‘? PPre Ragicy %R'lﬁ’ﬂméeﬂgoﬁﬁedags A 9P a rﬂ'«'egi Bhtents are
expr essl ansdeRaP@I Ao MREAIred peptidgd.r entirety. [0005] Recent studi es

i ndi cate that hBNP provides a nunber of additional physiologic (or

t herapeutic) effects, such as relaxation of blood vessels, (i.e.,

vasodi |l ation), enhanci ng g ”@(éi&%‘iﬁ\tﬂb% ?ﬁESIﬁ"VEWTI@ N€-, hatriuresis) and

fluid (i.e., diuresis) and decreasi ng neurohornones (| e, endot helin,
al dost er[0062] angs wekkkedwn tha) acufd heantf failire isithie athgidyestebmgion @bfeet s (or
actions) work. in concert. on the vessels, heart_and ki ecrease the

fluid | dwapiplizetien wahe UnitethStaesifornatintso b ofagsand o eﬁkltéeffcgsﬁé Recent
studies }ik?ﬁ?%lg.lxé ?eSQE%%Pf&Hrﬁgte@ Rl ho@f}”?alizgtl&ls%gﬁ% TG--B nedi cated

cardi ac ast pro eration and nyocardial fibrosis. Additional
evi dence

[0003] Nesiritide, a recombinant form of human B-type natriuretic peptide (hBNP), is
often used to treat patients with acute congestive heart failure who have dyspnea

(i.e., shortness of breath) at rest or with minimal activity. The noted peptide, hBNP, is a
naturally occurring protein that is secreted by the heart in response to acute heart failure,

e.g., when the heart is unable to pump blood efficiently, hBNP is produced.

[0004] Details of the natriuretic peptide hBNP and other brain natriuretic peptides
(BNPs) and recombinant techniques for production of same are set forth in U.S. Pat.
Nos. 5,114,923 and 5,674,710. The noted patents are expressly incorporated herein in

their entirety.

[0005] Recent studies indicate that hBNP provides a number of additional physiologic
(or therapeutic) effects, such as relaxation of blood vessels, (i.e., vasodilation),
enhancing the excretion of sodium (i.e., natriuresis) and fluid (i.e., diuresis) and
decreasing neurohormones (i.e, endothelin, aldosterone, angiutensin II). All of the noted
physiologic effects (or actions) work in concert on the vessels, heart and kidney to

decrease the fluid load on the heart, which improves cardiac performance.



further suggests an ability to inhibit cardiac renodeling after mnyocardi al
infarction. [0007] Nesiritide's diuretic and potentially anti-fibrotic

ef fects haoeoalmossied to significant interest in its potemtisadostessasidr ess
acute and chronic kidney disease. Historical exploration of BNP has
denonstrated a potential-long termbenefit fromchronic adm nistration in
sl owi ng di sease progression towards ESRD and di alysis reliance. [0008] At

present, Pis only,.adm nistered viaintrayve . (,68.G.. iatravenous
Prf et 09U B e St b e ntted R AR R Fpshing BAETEY S oy
active ageidated cattist fsrobBMMrolRygionadd a8dcalifal eBsyiswreiditnal tydence

adm ni stered, since they either are not fully absorbed or are adversely

af f ect eduher spescsts @B apigy toniahibitsarkacemedaling afien ygeardid ifysiens t he
desired activity. On the other hand, the direct injection of the agent into
t he bl oodstream while assuring no nodification of the agent during

adm ni stfo@17] orNesirstide’ ddififetic ahd potentdadiyaant fisrbtic plicand hdvealsd ledwont or t abl e
procedur e ich sonmetinmes results in poor patient ¢ |.i ance. [0009]

Tr ans deSHEIGR] {pEes) 11} s E%ﬁg‘agt(\ﬁdélbqség%ﬂt?é? chrpiyg kfcg‘ien{/)él&ﬁ??sﬁi stering active

agent s, 1R8hHitA WkAblation BENRP Sl et dlecPd Bt Mt Sofia8Hn bendt® s | vered via

hypoderm c i njection or intravenous infusion. The word "transdermal", as
used herchiomjc adsninistyatiay inclavangndishase pregressiont toweksks iBp&1Y argf diakysiact i ve agent
(e.g., a_ therapeutic agent, such as a human brain natriuretic peptide or an
i mmunol 6Yi®%F 1y active agent, such as a vaccine) through the skin to the

| ocal tissue or systemic circulatory systemw thout substantial cutting or
penetration of the skin, such as cutting with a surgical knife or piercing
the ski fOW% h At ngssati dBNFCs vabcadminisiesss\ia itV eRQyS e Sd ITAYERSPSt hus | ncl udes
i ntracut : j i d |V, ks [ve
di f f usi gﬁﬁg@l‘fﬁg}t*aﬂgsga?gﬁ %&atrr%{l éjé: g%?'i ﬁ"g’gér? g@%%%élg’nlgr yélcglglej ?g@? such as
el ect ri guélyas(BNP,, have rddapdibe¢f@sacy)witanchrail y 4disinistded, 8inge they either are not

phonophar esi s) . [ Q0010] Passive. transdernal  agent. delivery systens, which
are mor @&%fk@gw precaMpyely ietiad belog Seriar bisofgsa andhvadagota i gh
concent ratd-ohele@Rdackili%e G othel}8nd, the direct injection of the agent into the
bloodstream, while assuring no modification of the agent during administration, is a
difficult, inconvenient, painful and uncomfortable procedure which sometimes results in

poor patient compliance.

[0009] Transdermal delivery is thus a viable alternative for administering active

agents, particularly, hBNP, that would otherwise need to be delivered via hypodermic

injection or intravenous infusion. The word “transdermal”, as used herein, is a generic

term that refers to delivery of an active agent (e.g., a therapeutic agent, such as a human

brain natriuretic peptide or an immunologically active agent, such as a vaccine) through

the skin to the local tissue or systemic circulatory system without substantial cutting or

penetration of the skin, such as cutting with a surgical knife or piercing the skin with a

hypodermic needle. Transdermal agent delivery thus includes intracutaneous,

intradermal and intraepidermal delivery via passive diffusion as well as delivery based

upon external energy sources, such as electricity (e.g., iontophoresis) and ultrasound ;

(e.g., phonophoresis).



reservoir is adapted to contact the skin, which enables the agent to

di ffuse through the skin and into the body tissues or bl oodstream of a

pati ent. WwOQ0ds/obpssfls is well known in the art, the tranederusadosodpségs flux is
dependent upon the condition of the skin, the size and physical/chem cal
properties of the drug nol ecul e, and the concentration gradi ent across the
skin. Because of the |low perneability of the skin to many drugs,

transdernmal delivery has had limted applications. This |ow perneability is
at t ri but d80QN0] nRaspive trarsdereal ggenttdghy &y sheems. Wineh YaargsemoR; fypicaller whi ch

consists. 0 e WM | L g o
kerati noég{hé%l} éilesh’lhl ?%%ﬂ’ g@h%t;s/coﬁa#sgadlgpﬁl g@éérég{r%%sﬁah?gﬁfeyéégpge];%ed structure
of the | irpietivdit isaggpted wanhecstha skial avhichehyblesthe apenld difftkatlacighrtheé o t he

stratum corneum [00012] . One c n met hod of increasing the passive

t r ansder rf§i0 ngdflpwgh%h%@tg@gqﬁor%msqrmp BatgBEhani cal |y penetrating the
outernost skin layer(s) to create m cropathways in the skin. There have

been many techni ques and devi ces devel oped to nechanically penetrate or

di srupt t[A01diit s isozdll lglovm inalyears, thetransdatmenl datgihesyis dependenthpon khen.

[llustrative. .is e drug delivery devjce disclosed in, U.S. Pat. No.

5, 064, 455000 25{he kb e bt sl fobsfics Shp s Bk ond

pi erci ng tR esRBASatfon pRG GErobd MBSKIRI MRadg f thedeipéahdabalit® oftHeakased in
U.S. Patent Nos. 5,879,326, 3,814,097, 5,250,023, 3,964,482, Reissue No.

25, 637, dndapgTnmshiransgenmshdalsery b o/ lmmitsisppigtioes. 37his dow pemyebiing 48, WO

w0 96 ootd i ity ! Ragta ot i Padds oI [madioal’ 71
i ncor por ftedicad cdisilled wief legrathic Bbérs (itehietat@motyted tsyrrofrie0 b4 lipideilaesc| osed
systens and appar at us _enpl oyroﬁzi ercing. el enents of various shapes and sizes

to pi er cetinbgplyrafersd struciyre (d?e.lé?.‘fl%.tl%r%‘fqné‘irﬁﬁfﬁlﬁ‘wémﬁ‘p%?‘e 8 skin. The

pi ercing & Plsmaks A8 thduth. t hese references general ly extend
per pendi cu%l‘;argﬁy froma thin, flat nenber, such as a pad or sheet. The

piercing elements in sone of these
[00012] One common method of increasing the passive transdermal diffusional agent
flux involves mechanically penetrating the outermost skin layer(s) to create
micropathways in the skin. There have been many techniques and devices developed to
mechanically penetrate or disrupt the outermost skin layers to create pathways into the

skin. Illustrative is the drug delivery device disclosed in U.S. Pat. No. 3,964,482.

[00013] Other systems and apparatus that employ tiny skin piercing elements to
enhance transdermal agent delivery are disclosed in U.S. Patent Nos. 5,879,326,
3,814,097, 5,250,023, 3,964,482, Reissue No. 25,637, and PCT Publication Nos.
WO 96/37155, WO 96/37256, WO 96/17648, WO 97/03718, WO 98/11937,

WO 98/00193, WO 97/48440, WO 97/48441, WO 97/48442, WO 98/00193,
WO 99/64580, WO 98/28037, WO 98/29298, and WO 98/29365; all incorporated

herein by reference in their entirety.

[00014] The disclosed systems and apparatus employ piercing elements of various
shapes and sizes to pierce the outermost layer (i.e., the stratum corneum) of the skin.
The piercing elements disclosed in these references generally extend perpendicularly
from a thin, flat member, such as a pad or sheet. The piercing elements in some of these

devices are extremely small, some having a microprojection length of only about
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devices are extrenely small, sonme having a m croprojection |length of only
about 25 - 400 mcrons and a m croprojection thickness of only about 5 - 50
m crons. wbes&/dosay piercing/cutting el ements nake corr espasdis@bssosmal |
mcroslits/mcrocuts in the stratum corneum for enhancing transdernmal agent
delivery therethrough. [00015] The disclosed systens further typically
include a reservoir for holding the agent and also a delivery systemto
transfer _the agent fromthe reservqir through the stratum corneum such as
by hol | @-tH0R&xcTeps ke pasrPRielgetian ficknegieotophnafont o S8 Gufroas-dElsEe i s

di scl os [ : | el 3 bts i reservoir
nmust , howg\?%rr éé@%@%&éé%ﬁ?eﬂgg{aﬁgo&?%?@gh%% Ig?%g?lgg rgggsztﬁﬁétfﬁérlgigﬁhtghe tiny

t ubul ar sehtemerorsevantbrienhancingdgrapkdemmabDigeatidediveggberetfroeghch devi ces i ncl ude

t he added conplication and expense for adding a pressurizable liquid
reservoir and conplications due to the presence of a pressure-driven
delivery system [00016] As disclosed in U S. Patent Application No.

10/ 045, 842, which is fully incorporated by reference herein, it is also

It
possi bl ¢0@M Shalhe dissdosgd sysiemsfyather thigeally includegaesesyqivor baldingthed on t he
m croprojections i . ' ' S ' Thi s
eIinina?ggﬁ?ﬁgaﬁggggél?gsg%mg%géggggﬁgé%ﬁ%&?@évhggggﬁégﬁ@%gﬁéﬂﬁeveIoping an
agent f gfrAluheddradungrsucoaginshdliodntisp of ie dealde\itsélfr Ohbexamgsenfaich.a [ 00017] As
stated, hBNP is at present delivered solely. via intraneoiﬁ routes. It would

thus be dgwse isahiscdosed i g PHA 743 yashy bagey lidbid seeatesamohape FeSEivPITt at es
intracu 1 nj 4 : i i

bopt | doltEAReRTbabRSALL D BlodlEl gl il B fetbind Sy ISR | 16
provi de aad intatedkimeDisatyantagetedfisueh jevapgsanc udesthe addedetongdicativat andr ovi des

i ntracut aneous del.ivery of .natriuretic peptides .o .a patient. [00019] It is
anot her eBBT”éE?“@ﬁd‘t“ﬁél r?ﬁ?léﬂﬁ%i)%lqlﬂgbﬁswgﬁémg PR %atﬁlé’ng‘lle téi’gé‘ﬁt del i very
apparat%gmgﬂg(ﬁ%&gggmkhﬁh@g@@thygyﬁ@@jd on-set with tol erable Cnax.[00020]
It is another object of the invention to provide a transdernal agent

delivery apparatus and nethod that provides biological action of hBNP for a
period ifodilee A3R9802% if U.s PRI Aplication No. 10/045,842, which s fully

incorporated by reference herein, it is also possible to have the active agent that is to be
delivered coated on the microprojections instead of contained in a physical reservoir.
This eliminates the necessity of a separate physical reservoir and developing an agent

formulation or composition specifically for the reservoir.

[00017] As stated, hBNP is at present delivered solely via intraneous routes. It would
thus be desirable to provide an agent delivery system that facilitates intracutaneous

administration of hBNP as well as other natriuretic peptides.

[00018] It is therefore an object of the present invention to provide a transdermal agent
delivery apparatus and method that provides intracutaneous delivery of natriuretic peptides

to a patient.

[00019] It is another object of the invention to provide a transdermal agent delivery

apparatus and method that provides rapid on-set with tolerable Cmax.



[00021] It is another object of the invention to provide a transdernal
agent delivery apparatus and nethod that can be enpl oyed once or tw ce
dai ly. [09028je/d20841s anot her object of the invention toppraskesn2s693
natriuretic peptide-based fornul ati on havi ng enhanced stability for

i ntracutaneous delivery to a patient. [00023] It is another object of the
present invention to provide a transdermal agent delivery apparatus and

met hod that includes mcroprojections coated with _a bioco tible coating
that i ndPQAPES Ihis anathet obypet of e nygrdion 4o eyt eoPet,rafEF‘QF@:' 3$ﬁ"§zm,gealh‘§ﬂb. [ 00024]

Anot her asgir&‘ag afld mte{'h%gQﬁnag?ﬁc{(}{l;ldés%‘fcﬁﬂéﬁ:&l%{ién BPhMPY&rd@%&ioHriﬁﬂﬁqﬁﬁé@éf agent

del i very apparatus an that Tncludes a gel pack adapted to receive a
hydr ogel2 f 6howkat i on that contains at |east one natriuretic peptide,

preferably, hBNP. [00025] It is yet another object of the present invention
to provide a transdernmal agent delivery apparatus and nethod that includes

a solid [é@@ﬁy 1t @ aHofer 8bjcti@AMe A0 tIOALS bvedd LirRRBEMBE agddit ableveaP! Y, hBNP,
that is adapted to be reéeconstituted (grlor to delivery by a hydrogel.

SUMVARY apparaidE andwieNpH dhat can be enplorederssratdwise dailyh t he” above objects and
those that will be nentioned and will becone apparent bel ow, the apparatus
and nethod for transdernmally delivering a natriuretic peptide in accordance
wi t h t hifgo022y enis :a6thgeobeal df yhecinngitionas peovikid 4 variyretiy petideltavédg a

m croproj ection nenber (or assenbly) that incl ges a plurality of

mi cr opr dpeeulatinncshavee eahanged sibHER for lf‘tﬁ%FPtaé‘F%“Séié pEgdo e®as™r ce t hr ough t he
stratum corneuminto the underlying epidernmis |layer, or epidernm s and

derm s layers. In one enbodi ment, the mcroprojection nenber includes a

bi oconpd00023@ It atniothgr bhbjectrud tiat preseas inventeomtatproides irengdemmaldgent| n anot her

havi ng Sl SpPERES R FeliPE R IO Er quero P prE ey B b BehERP It he
m cr opr Qh86dd Mk ITEINR&Y at 1061 dtdamtrdursiy Mtiaé,gstr@fefa@[mhmﬁ.on having at | east

one natriuretic peptide and a hydrating hydrogel formul ati on. [ 00027] The
apparatus and net hod provides intracutaneous adm nistration of

[00024] Another object of the present invention is to provide a transdermal agent delivery
apparatus and method that includes a gel pack adapted to receive a hydrogel formulation

that contains at least one natriuretic peptide, preferably, hBNP.

[00025] 1t is yet another object of the present invention to provide a transdermal agent
delivery apparatus and method that includes a solid state form of at least one natriuretic
peptide, preferably, hBNP, that is adapted to be reconstituted prior to delivery by a
hydrogel.

SUMMARY OF THE INVENTION
[00026] In accordance with the above objects and those that will be mentioned and will
become apparent below, the apparatus and method for transdermally delivering a
natriuretic peptide in accordance with this invention generally comprises a delivery
system having a microprojection member (or assembly) that includes a plurality of
microprojections (or array thereof) that are adapted to pierce through the stratum
corneum into the underlying epidermis layer, or epidermis and dermis layers. In one
embodiment, the microprojection member includes a biocompatible coating having at
least one natriuretic peptide. In another embodiment, the microprojection member

includes a hydrogel formulation having at least one natriuretic peptide. In yet another
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natriuretic peptides wth inproved pharmacokinetics, including rapid on-set
with tolerable Crmax and biol ogi cal action of the natriuretic peptide(s) for
a peri od wb 2806/02684mours. [ 00028] I n one enbodi ment of treTiusy@siopssws t he

m croproj ection menber has a m croprojection density of at |east
approximately 10 m croprojections/cm2, nore preferably, in the range of at
| east approximately 200 - 2000 m croprojections/cm 2. [00029] In one

enbodi ment, the mcroprojection nenber is constructed out of stainless

steel, tighARhBnt ThékroprofcdfibrifebeOludey a Sl diaE fdrmtoiopdatinbat
materials. [00030] In another enbodiment, the microprojection nenber is

const r uctiedt enetnatriuretipaptide aedie hydratinghydrpgal forsu#ios pol yreric materi al s.
[ 0003 1] Alternatively, the mcroprojection nenber can be coated with a
nonconductive material, such as Parylene(r), or a hydrophobic material,
such as T@(ﬁdzc;p( he apparatd And methiodgirovidey infrasutahcond @inialstrai@0632] The

coating fornulations applied to the m croprojection mepber ta formsolid

bi ocorrpatﬁaﬁll’éettfﬁd@ﬂlﬁ?jsw’é}hﬁnlﬁeﬁ%?@@“é@%é‘t?ﬂgﬁé?féu‘%%xaé’ 55 Wit mul at i ons.
In at le e e Sctfol @ FveRidefe pddtRlelsPIdra Rtibaaes)- i ncl udes at
| east ong&%%atggcd?%%?(g&ggggﬁageﬁ whi ch can bécgiiﬂgsgﬁfsged vg%tlhi n a

bi oconpats hlues.carri er or suspended within the carrier. [00033] Preferably,
the natriuretic peptide is selected fromthe famly conprising artri al
natriuretic peptides (ANP), B-type or brain natriuretic peptides (BNP),

Ctype ”gbd&éz‘% et SndGRbddiBent((ENR) inddtion! BdinkigfopRSecti@RGheiisr Ggsa acti ve
fragments, degradation products, salts, variants, sinple derivatives and
conbi nat insiesoprdjestimofdensity ef 3b feasteappraximatisbydl hRIFORIAIECHRNSIN F BT pept i de

[ B ' i ' , : HhBNP (1-32).
[00084] BB DBHCU s 8t et 8RR B EAT0 - AP0 Ryb b Renibhlent e 17

conprises in the range of approximately 1 - 30 wt. % of the coating

formul at i][@(?ozd] 0R Q3R lenfPosinedrthy midrbgroprabmmeaibet Reofgiuctddrait bfstpifess de
contained in the coating o ) )
steel, titanium, nickel titanium alloys, or similar biocompatible materials.

[00030] In another embodiment, the microprojection member is constructed out ofa

non-conductive material, such as polymeric materials.

[00031] Alternatively, the microprojection member can be coated with a non-
conductive material, such as Parylene®, or a hydrophobic material, such as Teflon®,

silicon or other low energy material.

[00032] The coating formulations applied to the microprojection member to form solid
biocompatible coatings can comprise aqueous and non-aqueous formulations. In at least
one embodiment of the invention, the formulation(s) includes at least one natriuretic

peptide, which can be dissolved within a biocompatible carrier or suspended within the

carrier.

[00033] Preferably, the natriuretic peptide is selected from the family comprising artrial
natriuretic peptides (ANP), B-type or brain natriuretic peptides (BNP), C-type natriuretic
peptides (CNP) and urodilatins, and analogs, active fragments, degradation products,

salts, variants, simple derivatives and combinations thereof. In a preferred embodiment,



formulation is in the range of approximately 1 - 2000 ng. [00036]
Preferably, the pH of the coating formulation is bel ow approxi mately pH 9.
Mor e prefwoabdepodsne pH of the coating fornulation is iprcrhs26Engssoof
approximately pH 3 - pH 8. Even nore preferably, the pH of the coating
formulation is in the range of approximately pH 4 - pH 6. [00037] In one
enbodi nent of the invention, the coating fornulation includes at |east one
buffer. Exanpl es of suitable buffers incluyde, w't limtation, ascorbic
aci d, cithe pairigeetig peRtifle ORPEISe:? B YRR Jatgymete Rert F(gg@&dﬂ?r@ Pé%%@,%{g’gl ucur oni c
acid, |aftNs@syd, malic acid, pyruvic acid, tartaric acid, tartronic acid,
fumari c aci dg ma?f ei ¢ acid, phosphoric acid, tricarballylic acid, malonic
acid, adipic acid, citraconic acid, glutaratic acid, itaconic acid,

' ' i t | ] i.d,. dimethyl ol i oni id.. tigl] id,
ol yoor | d00Ef neaipgman B nfesEhdr o aR SRR aRSRbT ¢ aci o,
Cr ot oNi GaR¢d &k appRERhitelyac o whydloeeyddatin@firblul@ispar tic acid, glutanic

acid, glycine or mxtures thereof. [00038] In one enbodi nent of the
invention, the coating formulation includes at |east one surfactant, which

can be zw L0 b . oty o e Lanic. ineluding,
without IPDRSTLp Ry AP ARbRL of e Bl BC ooiRe Bbhiinelin AT LTS ('SpS)
cet yl pyrioghilation 8h eei rdege( ERGproxinstelyyll 12000migry| ammoni um chl ori de (TMAC),

benzal koni um chl ori de, polysorbates, such as Tween 20 and Tween 80, ot her
sorbitan derivatives, such as sorbitan |aurate, and al koxyl ated al cohol s,

such as [hagH (ﬁt Pfe%er%ﬂ&o&@ ?ia{ Jrth PO %3k i 0belbWapprak Bttt HH § he

concentration of the'surtfactant 1s Th the range of approxinately 0.001 - 2
W . % ofMbieeprefosibiy) thef mH oiithatcoatmd OQYR}ion is in thanangeof apphodinatelt of t he

or " pol yrit 37t S Exe ere Ty P et HEEsehe IRR Aot SR BNt nout

i m tatiQRroxgBhtell 158 gvatives, such as hydroxyethyl cel |l ul ose (HEC),
hydr oxypr opyl net Wyl cel I'ul ose (HPMC), hydroxypropycel | ul ose (HPC),
met hyl cel | ul ose (MC), hydroxyet hyl net hyl cel | ul ose (HEMC), or

ethyl hyd[bB&/ﬁt . (;n%eelrrllb%ld{)n%eent GE h'l%CiPlVen?ign,vﬁé Loa%i%g%tlﬂqtﬁmo%sincludes at least

one buffer. Examples of suitable buffers include, without limitation, ascorbic acid, citric
acid, succinic acid, glycolic acid, gluconic acid, glucuronic acid, lactic acid, malic acid,
pyruvic acid, tartaric acid, tartronic acid, fumaric acid, maleic acid, phosphoric acid,
tricarballylic acid, malonic acid, adipic acid, citraconic acid, glutaratic acid, itaconic
acid, mesaconic acid, citramalic acid, dimethylolpropionic acid, tiglic acid, glyceric acid,
methacrylic acid, isocrotonic acid, B-hydroxybutyric acid, crotonic acid, angelic acid,

hydracrylic acid, aspartic acid, glutamic acid, glycine or mixtures thereof.

[00038] In one embodiment of the invention, the coating formulation includes at least
one surfactant, which can be zwitterionic, amphoteric, cationic, anionic, or nonionic,
including, without limitation, sodium lauroamphoacetate, sodium dodecyl sulfate (SDS),
cetylpyridinium chloride (CPC), dodecyltrimethyl ammonium chloride (TMAC),
benzalkonium, chloride, polysorbates, such as Tween 20 and Tween 80, other sorbitan

derivatives, such as sorbitan laurate, and alkoxylated alcohols, such as laureth-4.

[00039] In one embodiment of the invention, the concentration of the surfactant is in the

range of approximately 0.001 — 2 wt. % of the coating formulation.



[ 00041] In one enbodi nent of the invention, the concentration of the

pol ynmer presenting anphiphilic properties in the coating fornmulation is

pr ef er ablwoi2ood/d2es4n ange of approxi mately 0.01 - 20 w. WcTose@spesber abl y,
in the range of approximately 0.03 - 10 wt. % of the coating fornmnulation.
[ 00042] I n another enbodinment, the coating formulation includes a
hydrophilic polymer selected fromthe follow ng group: hyroxyethyl starch,

dext | al cohal I t de)
oy (o HgRTAB et remRony et B e BrRAm o gho oI iRD) Incliges St ny ene
gl ycol and: JeddiRsrid ReeRaf or p%ﬂqnér'tﬁzﬁ hHQLMBﬁi'bﬁrhc[p%}%‘t% Which cph ef erred

enmbodi ment, the concentration of the hydrophilic polymer in the coating
f or mul atcoowpriss withouhkemitatige celfulessled xatimgs.cfugh @s ydroxyzthyiellubgse nor e

f th h i
ool athEn DebBsa AR Rl AR RIHERICL s Rt (40 he Soat | ne)
for mul atyh QRyIEARIEEMB, pyd?s@m@umsdhﬂcemmeemwc? @ efh3thydeiiL i se, W t hout

linitation, human al bumn bi oengi neered hunan al bum n, pol ygl utanic acid,
pol yas pathyilesllatosel (EBBC a5 siefl@s pluromesnt osan pol ysul f at e, pol yam no aci ds,

sucrose and like
sugar (E]ﬁﬁ'aﬂn %gGW}??%r it?lg 4‘%Lilérggﬁec%oﬁ%érﬁfr ag ?)gﬁhe% e b| oconpati bl e
carri er pIrdEI;eﬁﬂilﬁg anptiplitic prpettieain e costirignfothelatiamBereferabhpinabe rampeby 2 - 70

w. % nore preferably in the rang f approximately 5 - 50 wt. % of the
coat i ng 2PBROMMaElY ST 1 80 BASL> AT LY, S arRee At apPWél%ﬁ%WTomm ati on

'nC|Ud9304m$%@9Hhé36£ﬂ§ 1dﬂmch can conprise, without limtation, a
non-reduci ng sugar ysacc arlde or a reducing sugar.[00047] Suitable

non-reduci ng sugars |nclude for exanple, sucrose, trehal ose, stachyose and
raffino Sui t abl.e pol ysacchari de dextran,
ol ubl e 10004P41iD LiEF PPt eaPrinE bRty S 1ieh e LBl Rg S e Gar s
i ncl ude sefeted $oaTTHE ol FWIRE SARHNRYORRSIh Y Wedhc i deARINYBSly(viny! alcohol),

poly(ethylene oxide), poly(2-hydroxyethylmethacrylate), poly(n-vinyl pyrolidone),

polyethylene glycol and mixtures thereof, and like polymers.

[00043] In a preferred embodiment, the concentration of the hydrophilic polymer in the
coating formulation is in the range of approximately 0.01 — 20 wt. %, more preferably, in

the range of approximately 0.03 — 10 wt. % of the coating formulation.

[00044] In another embodiment of the invention, the coating formulation includes a
biocompatible carrier, which can comprise, without limitation, human albumin,
bioengineered human albumin, polyglutamic acid, polyaspartic acid, polyhistidine,
pentosan polysulfate, polyamino acids, sucrose, trehalose, melezitose, raffinose,

stachyose, mannitol and like sugar alcohols.

[00045] Preferably, the concentration of the biocompatible carrier in the coating
formulation is in the range of approximately 2 — 70 wt. %, more preferably, in the range

of approximately 5 — 50 wt. % of the coating formulation.

[00046] In another embodiment, the coating formulation includes a stabilizing agent,
which can comprise, without limitation, a non-reducing sugar, polysaccharide or a

reducing sugar.



ar abi nose, |yxose, ribose, xylose, digitoxose, fucose, quercitol,

qui novose, rhammose, allose, altrose, fructose, gal actose, glucose, gul ose,
hamanel oswo 2o@mres41mannose, tagatose, and the |ike; andpdiraseaBsaricdes such
as prinmeverose, vicianose, rutinose, scillabiose, cellobiose, gentiobiose,
| act ose, | actul ose, nmaltose, nelibiose, sophorose, and turanose, and the

| i ke. [00050] In another enbodi nent, the coating formulation includes a
vasoconstrictor, which can conprise, without limtation, am dephrine,
caf am nol , cycl opent am ne, deoxyepinephrine epinephrine fel ypressin,

! ”da”angodae] glﬁttabe%mgducm his P&%&%h AR, Oct odrine,

or ni pressi n, - oxynet hazol'1 ne,” pheny ep Fine hﬁfethano am ne,

phenyl prsaphyust and reffingseopy| hexedri ne, pseudoephedrlne, t et rahydrozol i ne,
tramazol i ne, tuam noheptane, tynazoline, vasopressin, xylonetazoline and
the mxtures thereof. The nost preferred vasoconstrictors conprise

epi nephrdiRg) wﬂa%%mgcchaﬁaésqmga@ml dxBfipleNdanAaoldlitge stiRhi dQdtine.
tranazollne tymazoli ne, oxymetazoline and xylonetazollne [ 0005 1] The
concent rmad isplinf t he vasoconstrictor, if enployed, is preferably in the
range of approximately 0.1 wt. %to 10 wt. %of the coating fornul ation.
[00052] In another enbodiment of the invention, the coating formulation

i ncl udego@i49) eAstablReducht Sugay maﬁcwmx emdyleaﬁ@ﬁosacmlabs &1 a§ OpipEd, S€,

wi t hout Ilnltatlon osnoti c agents sodium chloride), zwitterionic
conpoun@sabinose, lyxess; mepsa.ciydese, dlaﬁwoami%cqsmwm SUNOYgEH TRAMNASBh as

bet anmet n EE%Hg! oni de 2

1-di sodlg il}ﬁ”lé%b ltl%s f{h@ﬂ)%ﬁ%raggog% ? én%ﬁlé% ol%:aft?f or |l emﬁh%rﬁ}?@gﬁi sone 21-
phos phattzigadjss omhlduhe Blad; tand dﬁadtyxh@desdnclsaﬁ @iree@rdsepviompédsat eatidbsodi um

salt, neth edn@gg{one 21-succi naat e so ium sal t % r.amet hasone di sodi um
phosphatsél & FRIRNSS) FRE0v05e, %%&Q?Fﬂéft@ 0SBdt Fﬂ%&?‘g 1705 °BAP I 8Bagul ant s,
such as gl bfrhfosBCnd-th&iikd ate salts (e.g., sodiumcitrate), dextrin sul fate
sodium aspirin and EDTA. [00053] In yet another enbodi nent of the
invention, the coating formulation includes a sol ubilising/conplexing

agent, \%](l)(%%] A% t?ln;pem odlmel%hﬁle%gtgn%dt%)(t rla{}bn 1nc}u%es a vasoconstrictor,

which can comprise, without limitation, amidephrine, cafaminol, cyclopentamine,
deoxyepinephrine, epinephrine, felypressin, indanazoline, metizoline, midodrine,
naphazoline, nordefrin, octodrine, ornipressin, oxymethazoline, phenylephrine,
phenylethanolamine, phenylpropanolamine, propylhéxedrine, pseudoephedrine,
tetrahydrozoline, tramazoline, tuaminoheptane, tymazoline, vasopressin, xylometazoline
and the mixtures thereof. The most preferred vasoconstrictors comprise epinephrine,
naphazoline, tetrahydrozoline indanazoline, metizoline, tramazoline, tymazoline,

oxymetazoline and xylometazoline.

[00051] The concentration of the vasoconstrictor, if employed, is preferably in the

range of approximately 0.1 wt. % to 10 wt. % of the coating formulation.

[00052] In another embodiment of the invention, the coating formulation includes at
least one “pathway patency modulator”, which can comprise, without limitation, osmotic
agents (e.g., sodium chloride), zwitterionic compounds (e.g., amino acids), and anti-
inflammatory agents, such as betamethasone 21-phosphate disodium salt, triamcinolone
acetonide 21-disodium phosphate, hydrocortamate hydrochloride, hydrocortisone 21-
phosphate disodium salt, methylprednisolone 21-phosphate disodium salt,
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Cycl odextrin, Ganma- Cycl odextrin, glucosyl-al pha-Cycl odextrin,

mal t osyl - al pha- Cycl odextrin, glucosyl-beta-Cyclodextrin,

nal t osyl -Wwetasddezedsedext rin, hydroxypropyl beta-cycl odex®Prirnus2005/028693

2- hydr oxypr opyl - bet a- Cycl odextrin, 2-hydroxypropyl -ganma- Cycl odextrin,
hydr oxyet hyl - bet a- Cycl odextrin, nethyl -beta-Cycl odextrin,

sul f obut yl et her - al pha-cycl odextrin, sul fobutylether-beta-cyclodextrin, and
sul f obut yl et her - gamma- cycl odextrin. The nost preferred

sol ubi | i shatiylprsdmbelrnnyl -agesinagtecodiun sé, Megmmmdﬁsoﬂfdémphcr?ﬂagew?r oEyI ,
bet a- cycl odext ri n,,2-hydroxypropy] bet.a- .Cycl odextrin and sul fqbutyl et her
bet a- cgclpf)%lg&sto[olnﬁ?l[sﬁﬁ%%%f S 'émc%#’ aé’ﬂtapgﬁla@HﬁBTs’ f‘}‘fbaé&tﬂ‘.bﬁqlfl’s‘i"ﬁﬁ?corrpl exi ng
agent, i falenelgoyedium striteRidex@inlsyilfhtd sbdiem! aipiien Hd BDPMOXi mately 1 wt. %to
20 wt. % of the coating fornul ation. [00055] I n anot her enbodi nent of the

invention, the coating formulation includes at |east one non-aqueous

o opet snd L3758 RIRE o SARLAEAARL m BB AR o RAPRERR R HERR e ano
Phe. T ants. of -apr xRt G W 5010 0wt ok o the. GOAL o for mul ati on.
[ 00056] g%ryégogf"gg‘fly, amppa- %l?é?qeﬁﬁmﬁ 8riGpY, ﬁlpélﬁscwéﬁﬂ@xawrr@awlta hpess t han
appr oxi mehglodetflf, A6 PBIE TR et ilﬁ, Ql&osghg%}ai eﬁtglfekﬁ’ﬁsﬁyclr%))%ﬁ)gé%]é a{ i“ngnies

enbodi ment of the 1nvention, "the thicknes ocohpa
| ess t hake@zypliodexsris, 2-hypdrexyprepydtata-Qyclbdeserin, Raly dt €k yprapybasmmas  neasur ed

fromthe mcropr.oj.ection. surface. 0058] I.n furt hey enbodi ment of the
i nvent i oﬁ{p c@ﬁ% & }fy@é?’ﬁy egvz'i)%tﬁic(feyﬁ&:‘*‘%ﬁ@_é]’ H‘ryéigﬁtla%)@?“?f{??‘ﬁ’cni’-on. Preferably,
t he hydr egedbutydstied @phL6ydiSdeBi, JilRRtylahe-Ked-cRAGdexkRPQRP] I n at |east one
enbodi ment. of the invention, the hydrogel fornulation contains at |east one

nat ri ur esiléobyspetheresammaopdpdaxtrin bhamestmsefeuadeditbitising/complemingr i ur et i c

hyar ogol “PaPATisE el olsRER Ry APRERITBLE YeRapisf hytrfibobl®

f or mul at beta-Gylddekwin aad gulfasthupedky? tath-6yclodextrin.

[00054] The concentration of the solubilising/complexing agent, if employed, is
preferably in the range of approximately 1 wt. % to 20 wt. % of the coating formulation.

[00055] In another embodiment of the invention, the coating formulation includes at
least one non-aqueous solvent, such as ethanol, isopropanol, methanol, propanol,
butanol, propylene glycol, dimethysulfoxide, glycerin, N,N-dimethylformamide and
polyethylene glycol 400. Preferably, the non-aqueous solvent comprises in the range of

approximately 1 wt. % to 50 wt. % of the coating formulation.

[00056] Preferably, the coating formulations have a viscosity less than approximately

500 centipoise and greater than 3 centipose.

[00057] In one embodiment of the invention, the thickness of the biocompatible coating
is less than 25 microns, more preferably, less than 10 microns, as measured from the

microprojection surface.

[00058] In a further embodiment of the invention, the delivery system includes

hydrogel formulation. Preferably, the hydrogel formulation is contained in a gel pack.
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More preferably, the pH of the hydrogel fornulation is in the range of
approximately pH 3 - pH 6. Even nore preferably, the pH of the hydrogel
f or mul at iwo 208/020841 he range of approxi mately pH 4 - pH @cT[i30@6@ksshsn one
enbodi mrent of the invention, the hydrogel fornulation includes at |east one
of the aforenentioned buffers. [00063] Preferably, the hydrogel
formul ati ons conpri se wat er-based hydrogel s havi ng nmacronol ecul ar pol yneric
networks. [00064] In a preferred enbodi nrent of the invention, the polyneric
network conprises, without limtation, hyroxyethyl starch, dextran,
hydr oxy |1 e (HECQ) .. PMOY).
hydr oxy é@é{? i gﬁaﬂ eggté) n% ﬁﬁ‘%‘i‘“{rf%? ﬁ@;ﬁge ﬁgﬁ%@gﬁ%@él torRfatioffebhrbins
hydr oxy et feyst-onehhyiueiclpgbode (HEMC), et hyl hydroxyet hyl cel | ul ose (EHECQ),
car boxymet hyl cellul ose (CMC), poly(vinyl alcohol), poly(ethylene oxide),
pol y(2- hydroxyet hyl net hacryl ate), poly(n-vinyl pyrolidone) and pluronics.
L 000651 100 1 aQaeterrb LU AR i b AIER! YepridE LURABAslin iHRAGAg AT

t Ich can anphot

sur f act ant, e zmtterionic, eric, cationic, anionic or
noni oni appio@BdBdy 01 2ome Yeofthd hyénogeldbrmidatiomvent i on, the surf act ant
conprises sodi um | aur oanphoacet ate, sodi um dodecyl sulfate (SDS),

cetyl pyridiniumchloride (CPC), dodecyltrinethyl anmmoni um chloride (TMAC),

benzal kegiosT) EBfepibiFehe POloY BRIIIALRSI fobMGlAtiaS isTHRAA agitoRinshtelWpErs. 80, ot her
sorbitan derivatives, such as sorbitan |laurate, and al koxyl ated al cohol s,
such as Mergmeafhrably; 68adTf the hadreeeldprrentniel idmthe range af\papwganatelyr mul at i on

such as Mewretfha i | . afpapi ot
i ch oXh oy o<k ppiririer Bl B TR e AFoRR BRRLAOA sif SRV AREE 1 22

hydr oxy &f Byproginardl 9 pBl 4 HpE)6. hydr oxypr opyl nmet hyl cel | ul ose (HPMO),
hydr oxypr opycel | ul ose (HPC), nethylcellul ose (M),
hydr oxyet hyl net hyl cel | ul ose (HEMC) and et hyl hydr oxyet hyl cel | ul ose (EHEC),

as wel | [@O@MP%QE CRibod nggﬂs thg @n\%n{ibﬁ,ttﬁheﬁycﬁcgg%@%rﬁﬁﬁﬁtio‘ﬂfinélﬂ@esia@}é%ﬂti on, the

hydr ogel atron inclu
one of the aforementioned buffers.

[00063] Preferably, the hydrogel formulations comprise water-based hydrogels having

macromolecular polymeric networks.

[00064] In a preferred embodiment of the invention, the polymeric network comprises,
without limitation, hyroxyethyl starch, dextran, hydroxyethylcellulose (HEC),
hydroxypropylmethylcellulose (HPMC), hydroxypropycellulose (HPC), methylcellulose
(MC), hydroxyethyl-methylcellulose (HEMC), ethylhydroxyethylcellulose (EHEC),
carboxymethyl cellulose (CMC), poly(vinyl alcohol), poly(ethylene oxide), poly(2-
hydroxyethylmethacrylate), poly(n-{/inyl pyrolidone) and pluronics.

[00065] The hydrogel formulation preferably includes at least one surfactant, which can

be zwitterionic, amphoteric, cationic, anionic or nonionic.

[00066] In one embodiment of the invention, the surfactant comprises sodium
lauroamphoacetate, sodium dodecyl sulfate (SDS), cetylpyridinium chloride (CPC),
dodecyltrimethyl ammonium chloride (TMAC), benzalkonium, chloride, polysorbates,
such as Tween 20 and Tween 80, other sorbitan derivatives, such as sorbitan laurate, and

alkoxylated alcohols, such as laureth-4.



sol ubi | i si ng/ conpl exi ng agent, which can conprise Al pha-Cycl odextrin, Beta-
Cycl odextrin, Ganma- Cycl odextrin, glucosyl-al pha-Cycl odextrin,

mal t osyl -wbpb&702634¢| odextrin, gl ucosyl - bet a- Cycl odext ri RPCT/US2005/028693

mal t osyl - bet a- Cycl odextrin, hydroxypropyl beta- Cycl odextrin,

2- hydr oxypr opyl - bet a- Cycl odextrin, 2-hydroxypropyl-ganma- Cycl odextrin,
hydr oxyet hyl - bet a- Cycl odextrin, nethyl-beta-Cycl odextrin,

sul f obut yl et her - al pha-cycl odextrin, sul fobutyl ether-beta-cycl odextrin, and
sul f obut yl et her - ganma- cycl odextrin. The nost preferred

sol ubi |'i si ng/ conpl exi ng agents congrise bet a- cycl odextrin,

hydr oxypr w@ﬂbé@ anather| enthedimént, the hyregd XomdpiyorbietladeQyadymedx materialnd

sul f obut - cyel xtrin. .[0006 | n _anot her..enbodi. nent of the
i nventi o%%nelg ‘ﬂzﬁ‘%ﬂfg‘ ?‘gg’é%? g?pgrﬁlllcagrpg?lm%% (‘:’fqﬁ%']e%ané:f) g T ﬁﬁ‘ﬁgté‘efbeous
sol vent, sdihitosasiedvatareglsuch sOpydapareylcellelos@I9EC), lh?/@d@ﬂ?ﬂ:opylb:ﬂ Zggl :

yco )

propyl ene gl ycol , dinmethyl sul phoxide and pol yethyl ene

Pr ef er abl W%tl{yiﬁghﬂbﬁ@ W@@YMW@FRPYE@WW%ES >ﬁn?thﬂ0¢1§ﬁg@ MCappr oxi mat el y
1 wt. %t QuROxWihyviehidkli6 EM@?/ i furt her

enbodi rren?y ofx%@rt\ey I nvgntPor?,&y@tLe h g{l(gEgtgyllh?%}rogg?tg{d?%ﬁzg%r{kglgn@’ %w‘ggast one
pat hway pat@nepiasodul at or, which can conprise, without limtation, osnotic
agents (e.g., sodiumchloride), zwitterionic conpounds (e.g., am no acids),
and anti-inflammtory agents, such as betanmet hoasone 2 1-phosphate di sodi um

sal t, tri puossoloAturaeetRBbdithedt df i HRAMEUR, mp@ée?forgﬁ)é?ﬁﬁﬁ%ctl@d@tae

hydrochl ori de, hydrocortisone 2 1-phosphate disodiums
met hyl pr etubisisgleomplexing agpmtawbichicen domprissad ipha-FyclogexriedBetsol one 2

1-succin e net.hasone dispdium phosphat.ean edni sol one 2
1- succi ng{:gdggeg{tﬁﬁrgééa r%‘?‘og’g%%gﬁtflpt%gﬁﬁVgﬁlpg,'bgﬁlgﬁe’égg’c’?‘?f‘?séfﬁ S@F‘%f citrate
sal ts (e.Qyclodoaiinghiobylsiced Cyeloddxidin realobat et 0gtieaeana, Hdideyptdd9f71] I n
yet anot her %grbogi ment ﬁf the invention, the hydrogel fornulation includes
at |east ¥eCvslogedna:3-hedrexyprapyldstaGreledmyin gehydipymoenyligpmimaat i on,
epi nephr i g, 1NN 39U eth b EL 20N 1 -' L Ddahagol d .netizoline,
tramazol i ng(f Ot ymaz’o?i ne,§e gglsﬁrf%?ggﬂogﬁg%h’%?%mgg%fﬁg?xtg% dephri ne,
caf anmi nol sulfopulytgplemtalphiargyclodextrin, sulfobutylether-beta-cyclodextrin, and
sulfobutylether-gamma-cyclodextrin. The most preferred solubilising/complexing
agents comprise beta-cyclodextrin, hydroxypropyl-beta-Cyclodextrin, 2-hydroxypropyl-

beta-Cyclodextrin and sulfobutylether7 beta-cyclodextrin.

[00069] In another embodiment of the invention, the hydrogel formulation includes at
least one non-aqueous solvent, such as ethanol, isopropanol, methanol, propanol,
butanol, propylene glycol, dimethy! sulphoxide and polyethylene glycol 400.
Preferably, the non-aqueous solvent comprises in the range of approximately 1 wt. % to

50 wt. % of the hydrogel formulation.

[00070] In a further embodiment of the invention, the hydrogel formulation contains at
least one pathway patency modulator, which can comprise, without limitation, osmotic
agents (e.g., sodium chloride), zwitterionic compounds (e.g., amino acids), and
anti-inflammatory agents, such as betamethoasone 21-phosphate disodium salt,
triamcinolone acetonide 21-disodium phosphate, hydrocortamate hydrochloride,
hydrocortisone 21-phosphate disodium salt, methylprednisolone 21-phosphate disodium

salt, methylprednisolone 21-succinate sodium salt, paramethasone disodium phosphate



deoxyepi nephrine, epinephrine, felypressin, indanazoline, netizoline,

m dodri ne, naphazoline, nordefrin, octodrine, ornipressin, oxynethazoline,
phenyl ephwonees/pbsmyl et hanol am ne, phenyl propol ami ne, propyishesedschne,
pseudoephedrine, tetrahydrozoline, tranmazoline, tuam noheptane, tymazoli ne,
vasopressin and xyl onetazoline, and the m xtures thereof. [00072] In
accordance with yet another enbodi nent of the invention, the delivery
system for delivering a natriuretic peptide includes a_microprojection

nenber atdguidrjsalope Anshdstnatesediin sadlc ard andicpagnlants, sychods dipisricidgsitiieat  ext end
t hrough,t he m cr.oprojecti . - ity of mcroprojections that
pr oj ecfaltls?%ﬁﬁ’ f%dé&gocﬁ%%%f g%?‘fngg‘g?agst qgn%mg'rb‘?g?%j ection nenber. The

m croproj ection menber further includes a hydrogel formulation and a solid

state fornul ati on having at |east one natriuretic tide, preferably,
hBNP( | [0§9Y1] E@mxmthpherawl@ﬁ%&i%wv?mt%t@m@g§f§ ulegpmifichideon | <

di spos I 0. r : ol 1 he&did aenber. In

anot he%qge%gﬁ {;n%h??&s?ﬁé&r’sghﬁg cé:?gfrgﬁr?sg? ﬁuﬁpg%tﬁgﬁi%tgha%%% ‘proxi mate the
bot t ormaphataie, Bfralidrozvline oplaojzting,onetizelibe tranfa@eiiyies jymazobne enbodi ment of

the invention, the hydrogel fornmyl ation is devaid of a natriuretic peptide
and, h@RERstaZ0 DFtYet Jeta %Tﬁ?@gﬁ“}?&c‘?ﬁ?ﬁl I cP’%BBefgﬁm'Inﬁ’ one enbodi ment, the
sol i d gdol/Epib @itk At PhERSTElY SRSsIA iA®nasgblfre] MetiZWRESnatdldyine,t he solid film

. y
is made by casting a Iiquid formulation consi s,tlggjof at | east one
nat r i unaghazolinepndrdefrinaogiedrinee pindpragsine pkanethazadine aghepylephajss hy| st ar ch,

dextra hydr oxyet.hyl cel |, ul @ . HE: p. cel l ul ose (HPMO),
ny i oxDSPO I e T & bt BRI Plom REFEQIEP R AR Rt |

hy dr oxjghitydroEsling) €ehdzeling e(ainNeheptaichtyhtayolime easoptessihland ose ( EHEC) ,

car boxymet hé;cel | ul pse (CMO),  pol yvinyl al cohol), poly(ethylene oxide),
pol y( 2XHgee 9@%%9%@!%&%‘?‘%%&@9@0%0I y(nvinyl pyrolidone) and pluronics, a
pl astici zing agent, such as glycerol, propylene glycol, and pol yet hyl ene
gl ycol, a surfactant, such as Tween 20 and Tween 80, and a volatile

sol venfq0032ic in ascovdznee with yeparopien enbodietentioiithe amenedrh dmodelivery

system for delivering a natriuretic peptide includes a microprojection member having top
and bottom surfaces, a plurality of openings that extend through the microprojection
member and a plurality of microprojections that project from the bottom surface of the
microprojection member. The microprojection member further includes a hydrogel
formulation and a solid state formulation having at least one natriuretic peptide,

preferably, h(BNP(1-32).

[00073] In one embodiment, the solid state formulation is disposed proximate the top
surface of the microprojection member. In another embodiment, the solid state

formulation is disposed proximate the bottom surface of the microprojection member.

[00074] In one embodiment of the invention, the hydrogel formulation is devoid of a

natriuretic peptide and, hence, is merely a hydration mechanism.

[00075] In one embodiment, the solid state formulation comprises a solid film.
Preferably, the solid film is made by casting a liquid formulation consisting of at least
one natriuretic peptide, a polymeric material, such as hyroxyethyl starch, dextran,
hydroxyethylcellulose (HEC), hydroxypropylmethylcellulose (HPMC),
hydroxypropycellulose (HPC), methylcellulose (MC), hydroxyethylmethylcellulose
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[ 00076] I n one enbodinment, the liquid formulation used to produce the solid
filmconprises: 0.1-20 wt. %natriuretic peptide, 5-40 wt. % polymer, 5-40
W . % pl awDI20ecz208410-2 Wt . % surfactant, and the bal ancectawspeoissssys

vol atil e solvent. [00077] More preferably, the concentration of the
natriuretic peptide in the liquid formul ation used to produce the solid
filmat a concentration in the range of approximately 0.1 - 2 wt. %

[ 00078] In further enbodinments of the invention, the solid state

f or mul at i(HEMG), émynﬂdrdxythalcphuioes@HﬁI)ecarbdxymﬂhylbéibllagsedam(b)onsi sting of

ot ract| SR ine A BRD: PR AR GPREE e PugRPRBEB R pINET 1 {he

not ed e”%ﬂ’lg?fb idond)8d ?hﬁ&ﬁ@@@tﬂlﬁh@izﬂgéﬂgbﬁgsd& a8 gRRERY ptr@p}h’&le glycol,

reconsititut by a’suitable sSolvent in u appr oxi mat el mn, and
pr ef er ablapd ppkyeﬁhmleng ghyopk; aﬁurfmt@tyswhﬁf’ ﬁwefﬂhé() Tweep $& Iaamla@lﬁ al so
pr ef er abl es._an anti oxi d 0] Pr ferabl y, the pH of the
liquid f(§¥ f‘l‘c 7S WL ltS%prBP t{’#e?m(z)(?ltg s% ate formul ation is bel ow

about pH 6. Mre preferably, the pH of the fornulation used to produce the
solid state fornmulation is in the range of approxi matelt%/ pH 3.- pH 6. Even
be

more pr ef[@9&5] yin onpembpdigrent, e ]lﬂlﬂﬁfw}?ﬂl‘%ﬁ?q torpraduss thosqlidditce the solid
state TolgaLlon. 5o Le %hﬁum&ggg DliadBRIPK| TRhShheP!d-do RE! R pidsRAOBOT | 1

anot her € inment, the Tiquid ation use 0 produce the solid state
f or mul at igehwi. r%lsuﬂ@:ﬁam a&idathe balancegoapeining watibhsodemt.conpri se, w t hout
limtation, a nonreducing sugar, a polysaccharide or a reducing

sugar . [ 00081] Suitabl e non-reducing sugars include, for exanple, sucrose,

trehal osg 0@172%)5&5&@&9%1}5 ahd é&ﬁ&ﬁraﬁbﬁ@@ﬂ%]naﬁﬂh&tﬁci%e%ﬁﬁ@ hy@agghar i des

i ncl ude, xanpl'e, dextran, soluble starch rin, and inulin. [00083]
Sui tabl e fomd@mmglssdlgapwdum:thga@hd filor amtmratlnnmﬂﬂsc@mmfdes such as
api ose, arabi noselé,g yX9se, (yrl bose, xylose, digitoxose, fucose, quercitol,

qui novos &PPI A

[00078] In further embodiments of the invention, the solid state formulation is formed
by a process selected from the group consisting of spray drying, freeze drying, spray
freeze drying and supercritical fluid extraction. A currently preferred process is spray
freeze drying. In the noted embodiments, the biocompatible coating is adapted to be
reconsitituted by a suitable solvent in up to approximately 15 min, and preferably, in up
to approximately 1 min. The coating formulation also preferably includes an

antioxidant.

[00079] Preferably, the pH of the liquid formulation used to produce the solid state
formulation is below about pH 6. More preferably, the pH of the formulation used to
produce the solid state formulation is in the range of approximately pH 3 ~ pH 6. Even
more preferably, the pH of the liquid formulation used to produce the solid state

formulation is in the range of approximately pH 4 — pH 6.
[00080] In another embodiment, the liquid formulation used to produce the solid state

formulation includes a stabilizing agent, which can comprise, without limitation, a non-

reducing sugar, a polysaccharide or a reducing sugar.
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all ose, altrose, fructose, gal actose, glucose, gul ose, hamanel ose, idose,
mannose, tagatose, and the |ike; and disaccharides, such as prineverose,

Vi ci anosewonruéd/2esie, scill abi ose, cell obi ose, genti obi oper/UsamsE03%93

| act ul ose, nmaltose, nelibiose, sophorose, and turanose, and the |iKke.

[ 00084] In one enbodi nent of the invention, the liquid fornmulation used to
produce the solid state formulation includes at | east one of the

af orenenti oned buffers. [00085] In another enbodi nent of the invention, the

l'iquid fqpnod 1?t $1ARbISRA-eQudRLslbaR ihileds Bor ckamiphi, sudredelrtialloselsthdhgbsedes at
| east one of the aforenentioned conpl exi ng/sol ubilising agents. [00086] In
a furtheroresffiodserent of the invention, the liquid fornulation used to
produce the solid state fornulation includes at | east one of the

af orenenti oned vasoconstrictors. [00087] In a further enbodi nent of the

i nvent i opodgg $uitblecbolysacatasidésinclude dot exapiphe dextranhsolsbleisthrat, déxrin,
formul ation _includes at | east one of the aforenentioned pathway patency
nodulatoﬁ@d“PéUG88] I n accordance with one enbodi nent of the invention, the
met hod for delivering a natriuretic peptide to a patient includes the
follow ng steps: (i) providing a delivery system having a m croprojection
merber,  t[0@083] cSwimbly redudingsugarsiaclude donakamglea myinasagtharidesfsuch as apiose,

m cropr oj ect.i ons, and a, bi oc atible coating having at |east one
nat ri ur et PEHt liya%%e, fli"?sf’ ’&ag%%thgof?f& @S%Stee@lueﬁf ltoﬁ’o%uﬂ%?vé)é?’ir%?{n?%sﬁber to the
patient’ s;;pki Ridsa AkidsS AEAARSR! gluvdie @llyse! RendthélbRPIdOLE GhdrADSe, Rigafos€, t he
skin and the agent-contal ning coating is dissolved by body fluid and
rel eased andtte kikes ard lisacchandrgojucirias pEBSY@asarViciangso FaEasefcishees: i s
preferably.left on th i 0 rj i: e
hour . - rol'afiets, 2Pl bed el 8! rfiole Rl Moo B2 ERNMRRb Y T
renoved fiholiké.he skin. [00090] In accordance with a further enbodi nent of
the invention, the nmethod for '

[00084] In one embodiment of the invention, the liquid formulation used to produce

the solid state formulation includes at least one of the aforementioned buffers.

[00085] In another embodiment of the invention, the liquid formulation used to produce
the solid state formulation includes at least one of the aforementioned

complexing/solubilising agents.

[00086] In a further embodiment of the invention, the liquid formulation used to
produce the solid state formulation includes at least one of the aforementioned

vasoconstrictors.

[00087] In a further embodiment of the invention, the liquid formulation used to
produce the solid state formulation includes at least one of the aforementioned pathway

patency modulators.

[00088] In accordance with one embodiment of the invention, the method for delivering
a natriuretic peptide to a patient includes the following steps: (i) providing a delivery
system having a microprojection member, the microprojection member including a
plurality of microprojections and a biocompatible coating having at least one natriuretic

peptide, (ii) applying the coated microprojection member to the patient’s skin via an
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delivering a natriuretic peptide to a patient includes the foll ow ng steps:
(i) providing a delivery system having a m croprojection nenber and a gel
pack i nclwoiog/@osaydr ogel fornul ation having at | east oreTnabeoswerssbs C
peptide, (ii) applying the mcroprojection nmenber to the patient's skin via
an actuator, whereby the m croprojections pierce the stratum corneum and
forma plurality of mcroslits in the stratumcorneum and (iii) placing
the gel pack on top of the applied microprojection nenber, whereby the

hydr ogel fcapatot, atheoabyrthgmadtreprojeqtionsgnerce thealighandiibe ageat-gentpiningfepafiegl by t he

m cropr oj ect.i ons. 0Q91]..Th 1 craproj.ecti.on menber-gel pack assenbly is
pr ef er abl §° &P Vegﬁiy%ggyﬂq%arﬁgp eﬁsegg?@é@e %kélg'ti ng from5 mnutes to 24
hours. Followi ng the desired wearing time, the m croprojection nmenber-gel

pack assenbly is renoved fromthe skin. [00092] In a further aspect of the
not ed enb&0$8htThercnatedimieroprapgcaien msmber fgueierably lefew the skipora residai ni ng

bi oconpat ilatg{ip%%p@ge@egﬂ@mﬂw%on%d rﬁaﬁslm{g@ﬁgu%%a%mg ffod of a

natriuretic ence, 1S nmere ration nmechani sm [00093] In
accor danc enigvoptojevioh hembterixadinoeat from thdigkinnventi on, the nmethod for
delivering a natriuretic peptide includes the follow ng steps: (i)
providing a delivery system having a m croprojection nenber and a gel pack

i ncl udi ng G’Od@ﬁfqﬁg@éortﬁﬂcg‘&hﬁté QRO iAEnt 0 8%l in FHRIoAAhE nidiIRId for Pept i de,
(i) appl );I ng the mcroprojection member to the patient's skin via an

act uat or, delrerisgy tatréreticpeptidofee patntingludes thetfpllowing stepsn(Darenddimeand f or m

I lity.of m li.ts | t he.strat i
i b opr o] SLHTH VAR EPVIPE e RETU PR MERoeE R Bl gtk iy Y blobsle
gel pack ofoffifatin Habmighi %aEtQﬁﬁ:Qﬂtrﬁiﬁétfhpem@é,(i‘by?fﬂfbﬁn@%rr@igﬂiprdj%tmml ation

mgrates into and through the microslits formed by the m.croprojections.
[ 00004] Theengher tythe lpajient j5skmeyiapp getpaips, whsrabydhemaggoprgiectionsaperstitheast i ng

from5 mn Fgl i : : i i ijm.ihhe gel
pack st S E ofrcath Stfolp lop Bl B RRIE T MR Aeh, RGP 2

i nvent i on pldchgy thepéiqrck on tapedfithesppligd mioaprdjentioh inengeptwiteebytbe udes t he
Fol L owing o D fotmilafior misratadirdo and thysugh (e o orndd By the

microprojections.

[00091] The microprojection member-gel pack assembly is preferably left on the skin
for a period lasting from 5 minutes to 24 hours. Following the desired wearing time, the

microprojection member-gel pack assembly is removed from the skin.

[00092] In a further aspect of the noted embodiment, the microprojection member
includes an agent-containing biocompatible coating and the hydrogel formulation is

devoid of a natriuretic peptide and, hence, is merely a hydration mechanism.

[00093] In accordance with another embodiment of the invention, the method for
delivering a natriuretic peptide includes the following steps: (i) providing a delivery
system having a microprojection member and a gel pack including a hydrogel
formulation having at least one natriuretic peptide, (ii) applying the microprojection
member to the patient’s skin via an actuator, whereby the microprojections pierce the
stratum corneum and form a plurality of microslits in the stratum corneum, (iii)

removing the microprojection member from the patient’s skin, and (iv) placing the gel



m croproj ection nmenber, a hydrogel fornulation and a solid state

formul ati on having at | east one natriuretic peptide, and (ii) applying the
ni cr opr ojwotnemzosrber to the patient's skin via an act watrasooshescedy the
m croprojections pierce the stratum corneum the hydrogel formnulation
hydrates and rel eases the agent fornulation fromthe solid state

formul ation and the agent formulation mgrates into and through the
mcroslits in the stratum corneum fornmed by the nicroprojections. [00096]
The i cpaskoojteof tha pratiebied skig, phetby th@lly'dtcgﬁl fosmuletien glgnates drto anger i od

| astin sec urs. ng the desired wearing tine, the
m crop?tgf%’&?ﬂg% ?fﬁgﬁf e‘féﬁ@‘? ‘81°¥°rp %t O\gsskl n. [00097] In yet another
enbodi ment of the invention, the mcroprojection nenber having a
natriuretic peptide-containing bioconpatihle coatin applied to the
]E)atl ent [09024i FHEG gelqark st eﬁ’é?g)l W&Oé.‘th%%l?lp é‘?ré'tl?%loﬂé%)%iﬂazro&b fHRHEHE hydr ogel
or mul C menber,
3&4 Rk @1&% PHRARG-ONWER LA Coatge@gwﬂ rih YRR Rh Bt 4R

wher eby’ _ oge ormu mgrates into and through t he
mcroslits in the stratum corneum forned by the mcroprojections. The

i cropr o] ectl pac ssenbl S | ef t th kKin f

a perio 0023k ffhﬁ%% g%i‘ Bt 94 ‘ﬁBUF%U nnﬁl ‘reé‘eﬁﬁ%‘fé’?gﬁ Vrglﬁa og hoﬁr: e

Fol | ow pg. ﬁc |deSELIMRRTh b stéﬂ@e(lﬁbﬁﬁfﬂm{g% gatveRNsyRRAPRIviRNS gel pack
58]

are renove Preferably, dose of natriuretic pepti de del i vered
intrac umwnqmuswowmamtbhle aéﬂ{vdlrogﬁlaﬁonndﬁ@@h arat & salidetate fyewlatiga hawinBels is in

t he range of a roxi mat e [da r in the range
of appr Q?tr?ﬁ?é %%‘CPCR%%%%‘S‘HW%EH%EE&&‘&H@ Fﬁﬁl”%é‘e"fﬂ% BEaw NGS [ 00099]
Fur t her pdtRat yEias vanh Resadi! ABESbytHe mibRpesiectdpp pletdet thé m@mmrwrﬂeuhi owi ng and
nor e part| cul ar description of the preferred enbodi nents i nvention,

as i || uthehaydegel fermplation bysirpiangndisleasenihsagent fseufagiopdioght |SR]é§Fté'ieer enced
char act Fo uﬁ%@ﬁﬁ@& Lh% aﬁ%}}?&‘a‘ﬁjﬁﬁ‘?@a 5 ﬁ’l% i1 Bfouf gh%ﬁic?osrhl?sr BL{H@OU" the

Vi ews, perspective view of a portion of
one ex asmitlﬁn @brne@um formed by the microproj ectlons

[00096] The microprojection member is preferably left on the skin for a period lasting
from 5 seconds to 24 hours. Following the desired wearing time, the microprojection

member is removed from the skin.

[00097] In yet another embodiment of the invention, the microprojection member
having a natriuretic peptide-containing biocompaﬁble coating is applied to the patient’s
skin, a gel pack having a natriuretic peptide-containing hydrogel formulation is then
placed on top of the applied microprojection member, whereby the hydrogel formulation
and coating migrates into and through the microslits in the stratum corneum formed by
the microprojections. The microprojection member-gel pack assembly is preferably left
on the skin for a period lasting 5 minutes to 24 hours, more preferably, 1 — 6 hours.
Following the desired wearing time, the microprojection member and gel pack are

removed.

[00098] Preferably, the dose of natriuretic peptide delivered intracutaneously via the
aforementioned natriuretic peptide methods is in the range of approximately 10 —

2000 pg/day, more preferably, in the range of approximately 10 — 1000 pg/day.
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m croproj ection nmenber; [000101]FIGURE 2 is a perspective view of the

m cr oproj ecti on nmenber shown in FIGURE 1 having a coating deposited on the
m cr opr ojwotzo@nressaccordi ng to the invention; [000102] Prc@URk03/0R&9a Si de
sectional view of a m croprojection nenber having an adhesi ve backi ng;

[ 000103] FIGURE 4 is an expl oded perspective view of one enbodi nent of a
gel pack of a mcroprojection system [000104] FIGURE 5 is an expl oded

per spective view of o i j on nenber of a

m croproj ection syst egﬁkﬁé’%&g%g@m@%ﬁw‘b@?&ecu ve view of one
enmbodi ngow | Rt CleMRrRIafE hil 3§ P bdcopRiapphhiBomliRe ﬂﬁl'owﬁ’%z!ﬁlds hown in

FI GURE nd the m croprojection nmenber shown in Fl GURE 5; 106] FI GURE

7 is a sidepyticulpndestripticapidhe prefasted iembodiragntsef the mveropy 6§ ébltsir@iﬁd irenber
di s pOSEﬂ_l ! her eL; r[ 0(8'01%%,] aﬁb%@g@bhke 1S SHce R ?l%;aééc ers glegeralg);{ retfer}?o Eheet ai ner

shown i I's an explro rspective view of an

appl i Cafsﬁﬁeﬁétdsdr%leﬁld?@srt}&&@ﬁ&&ﬂ]le Fle@Rind i whicha graph il | ustrating the
charge profile for hBNP (1-32); [0001 10] FIGURE 11 is a graph of hBNP
content in a coating formulation of the invention as a function of the

number ;ﬁgﬁod&e PIBORIPP gaagetrgap%@ﬁve %9&%5 gﬁ,%hm%'o%ﬁ@e&nggm SEM i mages  of

coat ed Croprojection accor to the invention; [0001 12] FIGURE
13 is angcmpi‘bjmnnmdnﬂg:r,pl asma concentration of hBNP foll owi ng transder nal
and intravenous delivery, according to the invention; [0001 13] FIGURE 14
is a graph conparing pharmacokinetic and pharmacodynam ¢ response fol | ow ng

”ansdeidsmho IGUREY2 ¥ a ﬁ@i\ﬂ@ctl%ﬁ%@fﬂ% thRrd}16jeb THEREMBE: sh@ﬁﬂ ih 0001 14]
FIGURE 15 is ‘a graph conparing pharmacodynani ¢ response follow ng
FIGURE 1 having a coating deposited on the microprojections, according to the

invention;

[000102] FIGURE 3 is a side sectional view of a microprojection member having an

adhesive backing;

[000103] FIGURE 4 is an exploded perspective view of one embodiment of a gel pack of

a microprojection system;

[000104] FIGURE 5 is an exploded perspective view of one embodiment of a

microprojection member of a microprojection system;
[000105] FIGURE 6 is a perspective view of one embodiment of a microprojection
assembly comprising the gel pack shown in FIGURE 4 and the microprojection member

shown in FIGURE §5;

[000106] FIGURE 7 is a side sectional view of a retainer having a microprojection

member disposed therein;
[000107] FIGURE 8 is a perspective view of the retainer shown in FIGURE 7;

[000108] FIGURE 9 is an exploded perspective view of an applicator and retainer;
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transdermal and intravenous delivery of hBNP, according to the invention.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0001 15] Before describing the
present iwoendd/ossin detail, it is to be understood thatctrhisgoosnysnsi on is
not limted to particularly exenplified materials, nethods or structures as
such may, of course, vary. Thus, although a nunber of materials and nethods
simlar or equivalent to those described herein can be used in the practice
of the present invention, the preferred materials and net hods are descri bed
herei n. [[OWAD9LBIGUREIS imh gmphollimtratingltheshangd prafde farhBNR(Ir32)0l ogy used
herein is for the purpose of describing particular enbodi nents of the
invention only and is not intended to be limting. [0001 17] Unless defined
ot her wi sggo@hb) FRADREQAlis #BEhpRGIF BN dohtdneIBcossiag fhafgitonvide t he same
meani ng as conmonly understood by one having ordinary skill in the art to
whi ch t henventiemas ®fungéen af thg npwdenofi@ptimg anphisations] | publ i cations, patents
and patent applications cited herein, whether supra or infra, are hereby

i ncorporated by reference in their entirety. [0001 19] Finally, as used in
thi s speqodolgaj FIGURRA 2tshewsa SpdN edbes bAcomsed miveomojedidrearrdysy avsording toan” and
"the" include plural referents unless the content clearly dictates

ot her wi sdbe INeRIon or exanpl e, reference to "a peptide" includes two or nore
such peptides; reference to "a mcroprojection” includes two or nore such
m croprojections and the like. Definitions [000120] The term "transdernal ",
as used Heod@®ila] FH®ERE 18He agedphwempachg plasag esrtcehinatoonarfdBOYP fallovirgh t he skin
for local or system.c therapy.. The term"transdernal" thus neans and

i ncl udes t{aﬁfc}eé%ﬁltaé’?éﬁ%‘fenpﬁ{% HEYRATC ‘ﬁ]ag fontﬁf’ USSP nal delivery of an
agent, such as a peptide, into and/or through the skin via passive

diffusion as well as energybased diffusional del i'vera, such as .
i ont ophor{680193aAnBIGIARRdgtine exph cofnpainnharmaeokinatigangd pharsmpspdaane ux" | as

used her %lasrfa’ongee 0 (S>w}n% rans eef'rn%{ dél{v%ﬂﬁ&ﬁ{dﬂ, according to the invention; and

[000114] FIGURE 15 is a graph comparing pharmacodynamic response following

transdermal and intravenous delivery of hBNP, according to the invention.

DETAILED DESCRIPTION OF THE INVENTION
[000115] Before describing the present invention in detail, it is to be understood that
this invention is not limited to particularly exemplified materials, methods or structures
as such may, of course, vary. Thus, although a number of materials and methods similar
or equivalent to those described herein can be used in the practice of the present

invention, the preferred materials and methods are described herein.

[000116] It is also to be understood that the terminology used herein is for the purpose

of describing particular embodiments of the invention only and is not intended to be

limiting.

[000117] Unless defined otherwise, all technical and scientific terms used herein have
the same meaning as commonly understood by one having ordinary skill in the art to

which the invention pertains.



delivery. [000122] The term "natriuretic peptide", as used herein, thus
nmeans a peptide that exhibits natriuretic activity. The term"natriuretic
pepti de" wbusogmnessudes artrial natriuretic peptides (ANPrI/USR@isn2893 B-t ype
natriuretic peptides (BNP), C-type natriuretic peptides (CNP), urodilatins
and pepti des anal ogous thereto, and anal ogs, active fragnents, degradation
products, salts, variants, derivatives and conbinations thereof. [000123]
The term "brain natriuretic peptide (BNP)", as used herein, refers to an
am no aci o pg{gﬁtgﬁ,% 3 o [ 4 to an
effecti véébé)g?tgfon of }Fagug%%ﬁ@&g%%nﬁyaﬁ@g 1 of U%&S%gf@u%i.n’ g%%ﬂ%glr 710 and
whi ch hasupratariinfretatecheaetyi iucarporafeddyr2éfenthén theirestitelasi riti de” and "hBNP",
as used herein, refer to a reconbi nant form of hunman B-type natriuretic
pepti de, peptides anal ogous thereto and active fragnents thereof. The terns

t hus 'nPlgMﬂﬁww FRAW, ab LEEdLAHi9 Spec TRAROA aklhe APRAUSLIaTAE theNifBular
"co-delivering", as used herein, neans that a supplenental agent(s) is
admi ni st dored ‘B Zand dad {1k inchidepbyralysfeserds uplessiihe eoniend clegrlp distatere i s
delivered,, before and durin n 412 X - i {C peptide,
during tlpg}?g‘ﬁg?'nihusﬁ ?Odf%%?lp%h}eelfeﬁg c%ﬁé?g Fétkdéeﬁ)‘?({lu 5,@?‘8’%%’8% hafter

t r ansder maptidesefedénct he“nmidroptoficiion Hapluteetwomtdiat sadh icréprajstitersnal {1 ux
of the natriuretic peptide. Additionally, two or nore natriuretic peptides
may be f@péthedik®d in the coatings and/or hydrogel formulation, resulting in
co-delivery of the natriuretic pequeglgﬁiongoom%] It is to be understood
that nore than one natriuretic peptide can be incorporated into the agent
source, f000M2DRt Tinerm eidsderncad3tas ngsl lemelhomeas|thaldelivatyeoffaprageitanioons  of

this inventjon, and, that .the use of t.he termrnatriuyretic peptide" in no

way excl lﬁ‘_ﬂé@r ﬂ%@‘ﬁﬁ’stge ntf%go‘é?hl Oﬁﬂfsée“%‘ﬁgkf?rﬂ@'pt?ﬁggm _[%’(5‘1‘327{%‘? &term

" m cropr &6t hNRicludaSinHa&AMRBLE iMtrade@hAlad iftraebRIefhdl HeBl@yBNhS agdtCh are
adapted to pierce or cut through the stratum corneuminto the underlying

epi der i su¢tageer peptide. épfodadior $rawgh the skinyia passive difisianras vt a8 BETRA- | i vi ng

ani mal ’ %%getdl CﬁH{lSaf(l;l’ll ’del‘fflverrry%@ﬁ?lll asai%gtopﬁgﬂ’e?ls Bg(li bﬁcﬁm‘ébﬁ‘&e%s a human.

[000121] The term “transdermal flux”, as used herein, means the rate of transdermal

delivery.

[000122] The term “natriuretic peptide™, as used herein, thus means a peptide that
exhibits natriuretic activity. The term “natriuretic peptide” thus includes artrial
natriuretic peptides (ANP), brain or B-type natriuretic peptides (BNP), C-type natriuretic
peptides (CNP), urodilatins and peptides analogous thereto, and analogs, active

fragments, degradation products, salts, variants, derivatives and combinations thereof.

[000123] The term “brain natriuretic peptide (BNP)”, as used herein, refers to an amino
acid sequence that is encoded by a DNA capable of hybridizing to an effective portion of
the DNA shown in Fig. 1 of U.S. Pat. No. 5,674,710 and which has natriuretic activity.

[000124] The terms “Nesiritide” and “hBNP”, as used herein, refer to a recombinant

form of human B-type natriuretic peptide, peptides analogous thereto and active

fragments thereof. The terms thus include, without limitation, hBNP(1-32).
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[000128] In one enbodi ment of the invention, the piercing elenents have a
projection length I ess than 1000 mcrons. In a further enbodi nent, the

pi er ci ng wbeomnkessdhave a projection | ength of |ess thanpe@@spNsnesss; nore
preferably, |less than 250 m crons. The m croprojections further have a

wi dth (designated "W in Fig. 1) in the range of approximtely 25 - 500

m crons and a thickness in the range of approximately 10 - 100 m crons. The

m cr opr Qj ' may he f.grned i if ferant : S,

R e e e

" M cr ophPi@eihiseRedRi3EErmallg®ithecsbidre tied mutrigetie peptidy icdsivetedsbefore

m croprojection array conprising a plurality of m cropr%j ections arranged
r

in an aepdguring trinsdeimah Juk € themagiyelcRaptde Aures drapidermal iipedithon nenber

can be ng{rﬁgggq%égﬁ%% ra'uﬂﬂg Qlé)de%?glfg&ht ridalPAY G the YatAfirelt PEARIONRPL ONS from a

thin shee n ng o e mcroprojections out of the plane of
t he sheattet warfsdérmah flopof thgwmattiretic, peptiddy  Additinsdllys howor innreMiagriurétic The
m croproj ection er can.al.so be forned, in other known mapners, such as
by o kG ey beOTBuIEH i gt ST BIRBRY o THE I GUAR Bdgeos each
of the brlieR(&Y orthetlatGlrOBEslptided)- S. Patent No. 6, 050,988, which is hereby
i ncorporated by reference in'its entirety. [000130] The term "coati ng

formul ation", as used herein, is nmeant to nmean and include a freely flow ng

arroys AERaBT i tiribRlooh Mt MR YRl P SRl b ARl “Cinhe T

sol uti Orinél’fr%cﬁﬂt%@ﬂﬁﬁ i adent dobtref fimiulatibhg and/bOEMingsldndldresolia state
"bi oconpatibl e coating” and "solid coating", as used herein, is neant to
mean andoinhdptions of this myentinp. awt that the ushot the teams PBEIUEFHG REPHJE IBINOY st at e.

[ 000132] %gc@ggmh'é%gégﬁ@%gﬁorggﬁ% tiign", as used herein, is meant to

mean and l'ude solid orne casting, and powders or cakes forned
by spray drying, freeze drying, spray freeze drying and supercritical fluid
extraction. 00133] As .indi cat.ed above, the present.invention generally
conpri se[@o%uhgl %“ewnsf@?r@mql‘i%@ﬁ%i%uw&?{?&g? 8?3? BIFTHRRBEPPSr syst em)

having a,twiaRlhpte@fo pierce or cut through the stratum corneum into the underlying
epidermis layer, or epidermis and dermis layers, of the skin of a living animal,

particularly, a mammal and, more particularly, a human.

[000128] In one embodiment of the invention, the piercing elements have a projection
length less than 1000 microns. In a further embodiment, the piercing elements have a
projection length of less than 500 microns, more preferably, less than 250 microns. The
microprojections further have a width (designated “W” in Fig. 1) in the range of
approximately 25 — 500 microns and a thickness in the range of approximately 10 —

100 microns. The microprojections may be formed in different shapes, such as needles,

blades, pins, punches, and combinations thereof.

[000129] The term “microprojection member”, as used herein, generally connotes a
microprojection array comprising a plurality of microprojections arranged in an array for
piercing the stratum corneum. The microprojection member can be formed by etching
or punching a plurality of microprojections from a thin sheet and folding or bending the
microprojections out of the plane of the sheet to form a configuration, such as that
shown in Fig. 1. The microprojection member can also be formed in other known

manners, such as by forming one or more strips having microprojections along an edge
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m croprojections (or array thereof) that are adapted to pierce through the
stratum corneuminto the underlying epiderms |ayer, or epiderms and
dernmi s | ayersoc/okbga1m croproj ecti on nmenber (or systen) i rchhudesmsatssheast one
agent source or agent delivery medium (i.e., bioconpatible coating,

hydrogel fornulation, solid state fornulation). [000134] As discussed in
detail herein, the mcroprojection system provides intracutaneous

adm nistration of natriuretic peptides with inproved pharmacoki netics. The
i mproved phakhe dicisagi(b)es disttdsed @5US2 Pa@nONo S6050998) whdhat ablegy Crax and
sust ai ned, bi ol ogi cal action of the natriuretic peptide for a period in the
range of DCOBOREe(RY refepReeInits anmgit her advantage of the present invention
is that the formul ati ons enpl oyed as and to produce the delivery nedi unms
substantially inhibit oxidation of the natriuretic peptide(s) disposed

t herei n. [08613Q)aBibeiteryn Gloatigefoamehition’d ab abad iegeined imeani 1 nhdading ilidel cant |y
enhanced.% 0%%%.Referri gg) now to Fi %{ ]é,mpihere i s shown one enbodi mnent of
a mcropr ?‘8 TORY e RROsEEpqr mixtice that §5 epploysde sont theypisrenraisctions

i |l ust r at gglbrmanfalyYihefeof ! TRe AAMADARE Pfttdel ATl FoiRAhersth, LAFbIHEIIRion or

m croprojection array 32 having a plur ality of mcroprojections 38" The

m cr opr o] BP¢Nsies 184hefoshwlatiphy extend at substantially a 90 angle fromthe
sheet, which in the noted enbodi nent includes openings 38. [000137]
According to the invention, the sheet 36 can be incorporated into a
delivery [9a0t3i] iTheherth fdocdnipactkiengadil T8 “t41R &JaBBE”, A useddr&RNs

addi ti onal Ig/ i ncl ude adhesive 16 for adhering the patch to the skin (see
Fig. 3). PR Deanpuhinglude a “contingiformppatiqng dr p snestadialy eolidstated by et chi ng
or punching a plurality of mcroprojections 34 froma thin netal sheet 36
and bending the m croprojections 34 out of the plane of the sheet 36.

[ 000138] [0A0bLId dilb eatinisntid sthitet fhemulati@iit aoused hbeinjiicmeait @ 8ehh omd nenber 30

i or opr o) REPHENSRLIRD CRBELosSlinb apf yowii Phesiea iganegioy spravalising
appr oxi Nefr@lzy dARR, spral Fkel SiyRY RIIRGHAEHRLE Mkt exiabi &l abl y, the number of

openi ngs per unit area through which the agent passes is at |east
approxi mately 10 openings/cn2 and | ess than about 2000 openi ngs/cn®.

[000133] As indicated above, the present invention generally comprises a delivery
system including microprojection member (or system) having a plurality of
microprojections (or array thereof) that are adapted to pierce through the stratum
corneum into the underlying epidermis layer, or epidermis and dermis layers. The
microprojection member (or system) includes at least one agent source or agent delivery

medium (i.e., biocompatible coating, hydrogel formulation, solid state formulation).

[000134] As discussed in detail herein, the microprojection system provides
intracutaneous administration of natriuretic peptides with improved pharmacokinetics.
The improved pharmacokinetics includes rapid on-set with tolerable Cpay and sustained

biological action of the natriuretic peptide for a period in the range of 2- 6 hours.

[000135] A further advantage of the present invention is that the formulations
employed as and to produce the delivery mediums substantially inhibit oxidation of the
natriuretic peptide(s) disposed therein. The stability of the agent-containing medium is

thus significantly enhanced.
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[ 000139] As indicated, the mcroprojections 34 preferably have a projection
| ength |l ess than 1000 m crons. In one enbodi nent, the mcroprojections 34
have a prwpecidmmssdiength of | ess than 500 m crons, norepprafsesidpbssos| ess
than 250 microns. The mcroprojections 34 also preferably have a width in
the range of approximately 25 - 500 m crons and thickness in the range of
approximately 10 - 100 m crons. [000140] To enhance the bioconpatibility of

the mcr Lection. menber 30 . 0., mnimze bleeding.and irritation
o 1 ows OPI6T - ReBME Hhov forieskitictofs HoRpe Erpotipiing s §PlorabroldsBbl nen:
the m cropnR-80tbOanRe with ﬁﬁé?f&élﬂ%%nﬂaﬂeAallhﬁﬁﬁ&B ih Efgsnﬂnan 145 mm nore
preferably, in the range roxi mately 50 - 145 even nore

pr ef er abvhigroprajection membRs 38f1n%1 GINGERPSQIPCtiny array 33 h@mngmltuﬁhtry oft he
M T OPT Qi AR TRREY TROnG oﬁq[%ﬁﬁnsaiho;%fefe?%lgéﬁgﬁd ALY ARG e

m cr opr ensrty grea mcr ectl ons

pr ef er akinyle frdin tH&&;héan@Bwﬁﬁn eepoed aﬁf&ioﬂlmerﬁﬁhﬁbludﬁ%émngﬁ&pr oj ections/cm
.[000141] The m croprojection nenber 30 can be manufactured from vari ous
net al s, such as stainless steel, titanium nickel titanium alloys, or

simlar (ﬂ[%@gpﬁ};&%g%gqggﬁ 1h@énzﬁon[tgg%%%6 @chﬁglﬂb&%ofa@bdtlﬁ% 4 MMRBLKI on, the

mi cropr can e constructed out of a non-cenductive
mat er i alpatdlumblurdmgaa imokinget0. fof 40 het86 Alndean addMeilqll,y intlederadhesipe dpect i on

menber can he .co NONCO du tiyv ch as Paryl ene(r or
a hydr opfﬂb?fﬁ'&“ﬂ%f A3t toglﬁf‘csill“% STt %(If’ﬁm? 8’6’?1é %F’I’\cé?prlobe\ﬁy%?fer éy)

mat eri al Rirhlal Sf ek Wﬁbﬁﬂ frbasehire. 9.
photoreﬁét%éll?oarg]ggygf%ﬁ{sgg?@g??ﬁgl&? u. S& Appl |Ocat| on No. r60/ 484, 142 whi ch

i s i ncormpdalshed 36yand dending the hisrasreiectiame 3448] oftbe pispe of thetshest 3fenber s t hat
can be enployed with the present invention include, but are not limted to,
the nenbers disclosed in U S. Patent Nos. 6,083,196, 6,050,988 and

6, 091, 97500 M3 Ch eetentiidhparodiiadnintioaf be atic@®plgection nigmtich8D haeat i rety.
[000145] O her m croproj ection menbers that can be enployed with the
present MisepERIFSIPN deasitiiel Adsmsnpredmatsly B mirenirisgisy ‘in&oﬁloi& ng silicon

chip et Cd}éfg%bly, in the range of at least approximately 200 - 2000 mlcroprOJectlons/cm .
Preferably, the number of openings per unit area through which the agent passes is at

least approximately 10 openings/cm2 and less than about 2000 openings/cmz.

[000139] As indicated, the microprojections 34 preferably have a projection length less
than 1000 microns. In one embodiment, the microprojections 34 have a projection
length of less than 500 microns, more preferably, less than 250 microns. The
microprojections 34 also preferably have a width in the range of approximately 25 —

500 microns and thickness in the range of approximately 10 — 100 microns.

[000140] To enhance the biocompatibility of the microprojection member 30 (e.g.,
minimize bleeding and irritation following application to the skin of a subject), in a further
embodiment, the microprojections 34 preferably have a length less than 145 pm, more
preferably, in the range of approximately 50 — 145 pum, even more preferably, in the range
of approximately 70 — 140 pm. Further, the microprojection member 30 comprises an
array preferably having a microprojection density greater than 100 microproj ections/cm?,

more preferably, in the range of approximately 200 — 3000 microproje:ctions/cm2 .
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techni ques or by nolding plastic using etched m cro-nolds, such as the
menbers di scl osed U. S. Patent No. 5,879,326, which is incorporated by

ref erencewben@iorogan its entirety. [000146] Accordi ng topchaszesersesbodn, the
natriuretic peptide to be admnistered to a host can be contained in a

bi oconpati bl e coating that is disposed on the m croprojection nenber 30 or
contained in a hydrogel fornulation or contained in both the bioconpatible
coating and the hydrogel formulation. [000147] In a further enbodi nent,
wher ei n [00@ 4] cThepmigreprojegtiomeenber 3heantwanarfacigred frooovarmiusimetalsol i d stat e

formul atign, the natriutret.ic peptide.can,be contajned in t bi oconpati bl e
coat i ng,Suﬁg/%ﬁ'%@g]Iessf %?emf%lflfngn&cggelstgﬂ“&nsalugysé F 3 §{qc8]ﬁ1?attgﬁei nall three
del i ver yh4re@Higins. [ 000148] According to the invention, at |east one

natriuretic peptide is contained in at | east one of the aforenentioned
delivery medi uns. The anount of the natriuretic peptide that is enployed in

f e oL R AU AR, IS AAG o) BE ARGBRON nRALEH W e | N1 2O

necessary ver erapeutica I've anou e natriuretic
pept i de coastachidone of hHromesiduetve matetial, such geragolymea, this will vary widely
dependi ng upon the particular natriuretic peptide, the site of delivery,
the severity of the condition, and the desired therapeutic effect. [000149]

In one qaﬁmﬁbgmtemm@elgtﬁé RO iRfcliON mERIFRE Lan TRGodRASYith Ph@ompati bl e

coating tha ntalns at |east one natriuretic peptide, preferably,
hBNP( | - 32hduddye magrirat,suctyas Peaylene@it arm hydrophohcinaatenial ofuch he Tefton®,- t he

natriuretic peptide-containing coating i.s dissolved by bo fl.ul

(Fnt r acati<on B Biet aCoiti BaBhal oo wefirbdtis et AR{% M o 11 ui )
and rel epse@. g'h,rm@tdr&et) $lefs dré s@ forttPl US. d@blidion)NJ. 80/48% 4 vkich her apy.
Preferably, the total dose of natriuretic peptide delivered

i nt r acutie¢reprreted by sefereneqbergiinge of approxi mately 10- 2000 ng/ day, nore
preferably, 10-1000 ng/day. [000150] Referring nowto Fig. 2, there is
shown a m croprojection nenber 31 having m croprojections 34 that include a
bi oconmpgdidil4d] cdEEopd)dfion Artieeh that daa be lemployed mitlothe present invention

include, but are not limited to, the members disclosed in U.S. Patent Nos. 6,083,196,

6,050,988 and 6,091,975, which are incorporated by reference herein in their entirety.

[000145] Other microprojection members that can be employed with the present
invention include members formed by etching silicon using silicon chip etching
techniques or by molding plastic using- etched micro-molds, such as the members
disclosed U.S. Patent No. 5,879,326, which is incorporated by reference herein in its

entirety.

[000146] According to the invention, the natriuretic peptide to be administered to a host
can be contained in a biocompatible coating that is disposed on the microprojection
member 30 or contained in a hydrogel formulation or contained in both the.biocompatible

coating and the hydrogel formulation.

[000147] In a further embodiment, wherein the microprojection member includes an
agent-containing solid state formulation, the natriuretic peptide can be contained in the
biocompatible coating, hydrogel formulation or solid state formulation, or in all three

delivery mediums.
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the coating 35 can partially or conpletely cover each m croprojection 34.

For exanple, the coating 35 can be in a dry pattern coating on the

i cropr ojwotneneo4. The coating 35 can al so be appli edpbefuse@sopscas ter the

m croprojections 34 are fornmed. [000151] According to the invention, the

coating 35 can be applied to the mcroprojections 34 by a variety of known

net hods. Preferably, the coating is only applied to those portions the

m croproj ecti on menber 31 or microprojections 34 that pierce the skin

B e.g., t i[pS0139) - ﬁ&&ﬁ@iﬁ@%} g@;ﬂv@ush, ot bt o1 mamidrett sopripe isseataitigd-inant i ng.
p-coating can be described as_a neang to at the mcroprojections b

palrti al | yeast onefdhe 9f0F%Fé‘F‘§P‘?fbd@c1W€fYrﬁ1€‘ﬁ6‘BF-oj%£%f“?’8W§ O%]ﬁhq I??E)rbugﬁt“'coati ng Y

sol ution. of. ' LT3 ' At midrhpd ' @ limt

the- coat ipeE e SRR e RS Hllel SN A i Gbpio e ROR iR A

further deahitnmounst ieoessaynpdekes artbérbputicadyt éfifegtiveainohnteritheoyasrieretiol | er

ti hanismthat sinmlarly |ini : ' he ti
Cho. m or GRPUREEPBIRL: e denire oyl o Pt dGiona el vecpi Berblatp U’
Appl i cat iygdpNQeul dHASeROferidd ine Moo of202024:91 3R A6¢0rity WhiheRonditibAG@apor at ed

by reference herein in its entirety. As discussed in detail in the noted
appl i cat itbedesithé thtrapshaseldieatol | er coating net hod provi des a snooth coating
that is not easily dislodged fromthe mcroprojections 34 during skin

pi ercing. [000154] According to the invention, the mcroprojections 34 can
further ijpoduge Meansendshdihed, he nfieoeioyetian deatbee ifvhnies a biveomphtitte of t he

coating 35, such as apertures (not shown), groov , surface
irreg gl ardogtingsthaieontaimiciidgasbenediatryralic PRAYCS, R’Fﬁﬁc‘)’faﬁ% Q’B‘ﬁ%fggﬁﬂ@ neans

provi des j. , f r i : ; b Ng can
D depos i ES e L e B R o T
t he scopds dissdlial iy Bsiyluid (neadellotar Qoidsand estragstular foids swalp. asAutestitlalng t o

the inventign, spray . coating.can enco SsS rmation of a |

suspensi OIGTARBR¥AET RGOS BODR SolFersh o SRLURIABTED ahf ke Bbol

suspensi Qfe RRMIdAGE & BHPRERE p&Hiiae defiveriPiatradilate@ud Y& RitEOtdn€68 1S
approximately 10-2000 pg/day, more preferably, 10-1000 pg/day.

[000150] Referring now to Fig. 2, there is shown a microprojection member 31 having
microprojections 34 that include a biocompatible coating 35. According to the invention,
the coating 35 can partially or completely cover each microprojection 34. For example,
the coating 35 can be in a dry pattern coating on the microprojections 34. The coating 35

can also be applied before or after the microprojections 34 are formed.

[000151] According to the invention, the coating 35 can be applied to the
microprojections 34 by a variety of known methods. Preferably, the coating is only
applied to those portions the microprojection member 31 or microprojections 34 that

pierce the skin (e.g., tips 39).

[000152] One such coating method comprises dip-coating. Dip-coating can be
described as a means to coat the microprojections by partially or totally immersing the
microprojections 34 into a coating solution. By use of a partial immersion technique, it

is possible to limit the coating 35 to only the tips 39 of the microprojections 34.

25



sprayed onto the mcroprojections 10 and then dried. [000156] Pattern
coating can al so be enployed to coat the mcroprojections 34. The pattern
coati ng owo 2bes/pshi ed usi ng a di spensi ng system for po®criusresg296he
deposited liquid onto the mcroprojection surface. The quantity of the
deposited liquid is preferably in the range of 0.1 to 20

nanol i ters/ m croprojection. Exanples of suitable precision-netered liquid

di spens isclosed.in U S. Patent S. 5,916,524, 5 743, 960;

5. 71, c4ad0iaf 8 BahE RN mELRY oBPRE Y R PRI OY et ElEhce. her ei n.
[ 000157]coMirfy ABHahRAL thsiGARY RStk HeBehhd PNB ME tipOBObF @BS can al so be
applied using ink jet technol'ogy using known sol enoi d val ve di spensers,

opt i onalmittoprajeqtions & kbarndlenpenting siathashis disclpsechin Wi dipplieatigaiNer. al | y

controll \ of.; a i\ fiheld, .Cx her |iauid di spensing.technol ogy
fromt hé%g)P ?ﬁsto ?Zgu‘?ﬁ‘d’ ug 9 ;ﬂy/ﬁ?ri Ogi&)rﬁ“ihécrh P ilr%:%)lrpd) r%tF&s gg F\egFrﬁﬁc e%‘%lﬂél?lot y known in
the art eaarnheAssigcusbal inalepliMih g ddied giplication, aradisddgse@folldhicsating
|nvent|on.#§001 58] Referring now to Fi for storage .and

3 . gs. .7 and 8, .
appl i catmeshod pra¥ides & papebjceringdhalis pptegasiirdiglodgabirgm the mi¢reprgjestignsp| y
suspend i et ai ring 40 by adhesive tabs 6, as described in detai
in US. %%pdblpf‘gélfl:ﬁ TrREE oo/ 976, 762 (Pub. No. 2002/ 0091357), which is
i ncorporated by reference herein in its entirety. [000159] After placenent
of the mi oj ection mher i.n the retainer, ring 40 he ni croprojection
menber NBOGSRT RS UE AR TR AR TP ShE RioPaREHBF b 57 frberPEOT B BL | on
menmber i3, 3B8Pld RekilOaddis PBhARREe PoldkkRf UR c!&gtiﬁ%% Rarhs ARAlIS BT 45, such
as shown in Fig. 8 and described in Co-Pending U S Application No.
09/ 976, $hgwn)groohes @of stoomorusfaeslirtegulatifiey @atshoway) er pinilar modifewatipnset y .
[ 000160] ,As .indicated, accaording.to.one enbodi nent. of the invention, the
coat i ng Tsroit TS PR atEs ) RErRe Erg s st Bisalsp BB SES i m sot i
bi oconpabhtigecaa®idep@ite8an conpri se aqueous and non-aqueous formul ations
having at |east one natriuretic peptide. According to the invention, the
natriuretic peptide can be dissolved within a bioconpatible carrier or

Sus pende{@O(WS%Pi A Mﬁer%%ﬁtriﬂgeﬁlethod that can be employed within the scope of the present
invention comprises spray coating. According to the invention, spray coating can
encompass formation of an aerosol suspension of the coating composition. In one
embodiment, an aerosol suspension having a droplet size of about 10 to 200 picoliters is

sprayed onto the microprojections 10 and then dried.

[000156] Pattern coating can also be employed to coat the microprojections 34. The
pattern coating can be applied using a dispensing system for positioning the deposited
liquid onto the microprojection surface. The quantity of the deposited liquid is
preferably in the range of 0.1 to 20 nanoliters/microprojection. Examples of suitable
precision-metered liquid dispensers are disclosed in U.S. Patent Nos. 5,916,524;

5,743,960; 5,741,554, and 5,738,728; which are fully incorporated by reference herein.

[000157] Microprojection coating formulations or solutions can also be applied using
ink jet technology using known solenoid valve dispensers, optional fluid motive means
and positioning means which is generally controlled by use of an electric field. Other
liquid dispensing technology from the printing industry or similar liquid dispensing
technology known in the art can be used for applying the pattern coating of this

invention.

26



[000161] In a preferred enbodinment, the brain natriuretic peptide conprises
a human B-type natriuretic peptide (BNP), including hBNP(I-32) and anal ogs,
salts, vawoaondeosgti ve fragnments and sinple derivativegscrhse@sfizgh$00162]

I n one enbodi ment of the invention, the natriuretic peptide conprises in
the range of approximately 1 - 30 wt. % of the coating formnulation.

[ 000163] In one enbodi nent, the anount of the natriuretic peptide contained
in the coating fornulation is preferably in the range of approximately 1 -
2000 ng. [000164] Referring nowto Fig. 10, there is shown the predicted

charge F[b@mlsls? REfRENdw 82igs. & RRIE, lf&estd}a%wmt%ggcétwar theasi ¢ pKa (Arg,
Lys, Cys, d Tyr), and three aci dic pKa ( and G u). As

i1l ust rem@rj)plr%eﬁlog ‘merpberde.gp B0 01 36) if ﬂ?éefgéblmsampd ora wtagnes ging 405 el ectric
char ge. a(iE \ﬁ)tgf)sné as%iﬁgzl $ad ?r}aéetael !Ilj'% Aégﬁéagi%bhat @5@%69@1&1 No Si nce thepi

of hBNP I's’sO he neu speci es

nost |y ex08t089 573 vﬂhlcl?& mddnpdsﬂatea by efepongehereinein i Rhiikey.i S expected to
preci pitate out of solution. [000165] Accordingly, in a preferred
enbodi nent, the pH of the coating formulation is bel ow approxi mate pH 9.

More pr y I r I e of

Vor e R8P0 Y AT PG oL 1R SR AR 9 S HHE 0B O

f or mul atristoprgeétiontrhembarngappdied ag thregetiertsekin. mﬂe&rablpﬁheﬁmlc[rﬁmﬁjbﬁ&}n I n one
enbodi ment of .t he i fhe.coating fornul ation, include | east one
of "t he APOR B TRUSRL DomRRL s REOG A PG AP BHSHE et BYTPRE B nuant | on,
the coatpip® 4Rl dBrfledqn Col¥dnd#RSU 8t AbSiacatioR M. 89060V SRVhicHscor ding to the
i nvention, the surfactant(s) can be zwitterionic, anphot eric, cationic,

ani oni c ln@mW@Wd@ﬁlféfer@QhW@SmthS estietyabl e surfactants include, without
limtation, sodium | auroanphoacetate, sodium dodecyl sulfate (SDS),
cetyl pyri di nium chloride (CPC), dodecyltrinmethyl anmonium chloride (TMAC),

benzal kqooerso] c Ak eddictted, pedoydiag babesersbuimas of teeinvaioanthe Togeny 80, ot her
sorbi tan derivatives such as sorbitan |aurate, and al koxyl ated al cohol s

such as foamylatensgppigssio the micappraiection membshs&io foam gelid lme@ﬁpaz@ € Tween 80

and SDS. coatings can comprise aqueous and non-aqueous formulations having at least one

natriuretic peptide. According to the invention, the natriuretic peptide can be dissolved

within a biocompatible carrier or suspended within the carrier.

[000161] In a preferred embodiment, the brain natriuretic peptide comprises a human
B-type natriuretic peptide (BNP), including hBNP(1-32) and analogs, salts, variants,

active fragments and simple derivatives thereof.

[000162] In one embodiment of the invention, the natriuretic peptide comprises in the

range of approximately 1 — 30 wt. % of the coating formulation.

[000163] In one embodiment, the amount of the natriuretic peptide contained in the

coating formulation is preferably in the range of approximately 1 - 2000 pg.

[000164] Referring now to Fig. 10, there is shown the predicted charge profile of
hBNP(1-32), a peptide presenting four basic pKa (Arg, Lys, Cys, and Tyr), and three
acidic pKa (His, Asp, and Glu). As illustrated in Fig. 10, at pH 11.5 the peptide presents

a zero net electric charge. This point is also called the isoelectric point or pl. Since the
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[ 000168] In one enbodi nent of the invention, the concentration of the
surfactant is in the range of approximately 0.001 - 2 wt. % of the coating
f or mul at iw0.20460208469] I n a further enbodi nent of the ineemtisews/obdses coati ng
formul ation includes at |east one polyneric material or polynmer that has
anphi philic properties. Exanples of the noted pol yners include, w thout
limtation, cellulose derivatives, such as hydroxyethylcellulose (HEQ) ,

hydr oxyp t el 1 ul.qse .( HPMC cel | ul

met 1 o PLASSE (S & sp it e niprmvts PR ER Pl S esmpy B Gt i

et hyl hy gepxgetiiesi ralges@e pEbLe)is eRsecwalth pRSipiaté' Ul bf Solufiéi)0170] 1 n one
enbodi ment of the invention, the concentration of the polynmer presenting
anphi philic properties is preferably in the range of approximately 0.01 -
20 wt . I i w. % of
thecoat 1190 PSF AP ERaRED: ki SRS, APRRREMECal: Rrbilaiodds 1

pol ymer bekw dplirdi}&mﬁ&r]ﬂe9 oMaap preforabig; thk pHofthe cdating forduddtidntieircthat i ng

formul ati on. [000171 According tg the inve atl n formul ati on

can f ur r#ge of gpprgyianatel M)P@r%pﬂ?ﬁgff .cE ﬁ@l‘}}?@rpm%taég’e *&m@ofc oph| lic

pol yner g I 0 hydr oxyet h I starch, dextran,
bﬁmﬁ?t(k:ogﬁg Frgt,htapo Ré&kineawggmzf i 6.hydr oxyet hy

pol y(vi nyl ' ene o
pol y( 2- hydroxyethylnethacrylate) pol y(n-vinyl pyrolidone), polyethylene

27 7t 08Pl s e o£ 0 o1 <BoBd Pagaul St on o

t he hydraRRF tHeGfhem¥Ridneld BukB®. coating formul ation is preferably in the
range of approximately 0.01 - 20 wt. % nore preferably, in the range of

approximately 0.03 - 10 wt. % of the coating fornulation. [000173]
Accor di 16001671 hin om\mrhodomnttoﬁéleaomlng, the eoagingtformrulation moludéseat 1¢aat:| ude a
bi oconpat i bl arrier h_ .as. th iscl e

Appl i cat% PSﬁurﬁf)c(%aniof‘fﬁddetggo RGP 'iog R ga}ng(ts}e%an%e ZFWIB grrl%r%%’e herein in
i ts entigfh¥terieX@MBhRSarlbnis Wrindhloid) | FxaapRatdf Bligablagurfaetagtsinglhdgle, W t hout
limtation, human al bumi n, bioengi neered human al buni.n, SDol ygl utam c acid,
pol yas pa;yltho(gt h@iltgtlorpgq)@mmslgmgprﬁg oacetate, sodium dodecyl sulfate (SD

cetylpyridinium chloride (CPC), dodecyltrimethyl ammonium chloride (TMAC),

benzalkonium, chloride, polysorbates such as Tween 20 and Tween 80, other sorbitan
derivatives such as sorbitan laurate, and alkoxylated alcohols such as laureth-4. Most

preferred surfactants include Tween 20, Tween 80 and SDS.

[000168] In one embodiment of the invention, the concentration of the surfactant is in

the range of approximately 0.001 — 2 wt. % of the coating formulation.

[000169] In a further embodiment of the invention, the coating formulation includes at
least one polymeric material or polymer that has amphiphilic properties. Examples of
the noted polymers include, without limitation, cellulose derivatives, such as
hydroxyethylcellulose (HEC), hydroxypropylmethylcellulose (HPMC), hydroxyl-
propycellulose (HPC), methylcellulose (MC), hydroxyethylmethylcellulose (HEMC), or
ethylhydroxyethylcellulose (EHEC), as well as pluronics.

[000170] In one embodiment of the invention, the concentration of the polymer
presenting amphiphilic properties is preferably in the range of approximately

0.01 — 20 wt. %, more preferably, in the range of approximately 0.03 — 10 wt. % of the
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pent osan pol ysul fate, polyam no acids, sucrose, trehal ose, nelezitose,
raf finose and stachyose. [000174] The concentration of the bioconpatible
carrier iwotb&/oestii ng fornulation is preferably in thepcangeosfseos
approximately 2 - 70 wt. % nore preferably, in the range of approximtely
5- 50 wt. %of the coating formulation. [000175] In a further enbodi nent,
the coating formulation includes at |east one stabilizing agent, which can
conprise, without Iimtation, a non-reducing sugar, a polysaccharide or a

reduci ng csMaR! forh@8Qdn’ O venlthére preferably; ﬂedmfcmaaugame polyimedés infthe  exanpl e,
sucrose, trehal ose, stachyose, or raffingse, 177] Suitable
poIysacch@nﬁdﬁgpmﬁénm%@yOﬂor5é%aﬁﬂ1éM3%E%?$gH“’ 1°Obl e starch, dextrin, and
insulin. [0001 78] Suitable reducing sugars include, for exanple
nonosacchari des, such as api ose, arabinose, |yxose, ribose, xylose,

di gi t ox o$@001f7mp OAecordmglt(Eth‘thvenqun nbc/amngrfmmangm caalfmmlm incidermse,

f t t | t t
bnd.t ne. inferhiisponad SraprbbothedsdionleTning o sueteE oMo RR Rt oo oo
cill abi t

ol i b o &0 bR A s O A O R o ot i ng

f or nul at |p©l}£{2-ayd:oxbnﬁhy:lmetfmchaiﬁ)’,\aoiym emabaxrph@@e&»fpommlmyq% At an

furth | ud t t Pend
U's.  apprehtronerl STERRTRoBER R BohATr Bkt BORER il T

inits enhtRkYischsityset forth in the noted Co-Pending Appllcatlon t he
vasoconstrictor is used to control bleeding during and after application on
the m croprojection nmenber. Preferred vasoconstrictors include, but are not

i m ted t[ﬁgOlﬂd?RQE&{lgmrﬁ%g)anaz e I AREDLBTE: oSEREERINARATE nC.

epi nephri F essin ol 1 ne, m dodri ne, naphazoline,

nordefri rpreiefabgdml therangé of gppeedmatelyof ) retdiartoli, mere ptaéenylblgplmthm@nge

phenyl et hoet‘“ra]lgIl)r%xmmrm]:ftelyphO%n—Yll(S)(N(‘[)Q?%?lch%ToggngP B%ltlggxed“ ne, pseudoephedrine,

[000173] According to the invention, the coating formulation can further include a
biocompatible carrier, such as those disclosed in Co-Pending U.S. Application No.
10/127,108, which is incorporated by reference herein in its entirety. Examples of
suitable biocompatible carriers include, without limitation, human albumin,
bioengineered human albumin, polyglutamic acid, polyaspartic acid, polyhistidine,
pentosan polysulfate, polyamino acids, sucrose, trehalose, melezitose, raffinose and

stachyose.

[000174] The concentration of the biocompatible carrier in the coating formulation is
preferably in the range of approximately 2 — 70 wt. %, more preferably, in the range of
approximately 5 — 50 wt. % of the coating formulation.

[000175] In a further embodiment, the coating formulation includes at least one
stabilizing agent, which can comprise, without limitation, a non-reducing sugar, a

polysaccharide or a reducing sugar.

[000176] Suitable non-reducing sugars include, for example, sucrose, trehalose,

stachyose, or raffinose.
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tetrahydrozol i ne, tranmazoline, tuam noheptane, tynazoline, vasopressin,

xyl omet azol i ne and the m xtures thereof. The nost preferred
vasoconstwoeb@rogsncl ude epi nephrine, naphazoline, tetraoydsomslobsses

i ndanazol i ne, netizoline, tramazoline, tymazoline, oxynetazoline and

xyl onet azol i ne. [000180] As will be appreciated by one having ordinary
skill in the art, the addition of a vasoconstrictor to the coating
formul ati ons and, hence, solid bioconpatible coatings of the invention (or
t he hydr ¢gi77jorSuilablei polysacohasddsiitclade fer dxamiple, dexton, salulde sasohd bel ow) is
particularly useful to prevent bleeding that can occur follow ng
applicatﬂ@ﬁ“Bﬁm@H@“WPcroprojection menber or array and to prolong the

phar macoki netics of the natriuretic peptide through reduction of the bl ood
flow at the application site and reduction of the absorption rate fromthe
skin sit¢0a0i78] tSetablegtdming sugatsantlode, fOGaABple, Mesosacdlveides, atu¢hoas of t he

vasoconstrictor,.if | oyed, is,pref.erably i n the range of approxi mately

0.1 wt. 9% w’bmo:se,ggvgqs.e,trh S%&%’%‘%‘ﬁgélglé?’?ﬁﬁ%fﬁo&ﬁ’. qlfffd@g’élﬂnolvﬂgget anot her

enbodi Metantosé, RBlosd) MRFVsE, Fructdsh Sratadse ud e Ml gie] Ipndnidibdedrivs@t | east one
"pat hway patency nodul ator”, such as those disclosed in Co-Pending U S

Appl i cat imsmnegs, tagatoss end 84 likghandrdipascharides.suehassRipovereeeYisidbeseher ei n i n
it ti ty. . ] - B i i i h h
Its entl r%g?élse %&llﬁﬁ‘ﬁ)sg %ﬁn{bl{))sjrg, %L%oﬁﬁgﬁ@%ﬁfée)s%@@ﬂld%& Iﬁ‘BRJsE %%]lgﬁa?{;'sle the pat hway

pat ency ) atrors préven I'n"s 'natural hg processes
t her eby poshoedk] ad thieosd, esdithe likk. t he pat hways or microslits formed in the
stratum corneum by the m croprojection nenber array. Exanples of pathway

pat ency nodul ators include, without limtation, osnotic agents (e.g.,

sodi um chbqyi79pe) Tl?er%aﬁ}rﬁl@% Fdrful RBhS af ﬁ&%f‘gi%%&ﬁp%ibgle @Jﬁiﬁiﬂgs S€thé ventiP0183]

The term " pat y patency nodul ator”, as defined iIn the Co-Pending

Appl i cat icamfurthar inklkde iarvesagdesrietot,isu¢indd thoseadisnlgsed greo Lending V. 8s

bet anet hasone 21- dj spdi um sal trianci nol one. acet gni de

21 di SodAMRHEEG TS A apotbE b SittepRpnidiie B PR tird St Gne 2

1- phosphafsaefiosdh to Add CoPehdidg PpPHAILA] BB @ashcdngthi@isPRaked Bicvatdoblum sal t,
met hyl predni sol one 21-succi naate sodi um salt, paranmethasone di sodi um

phosphat dlesdipgsiueing padrigerapplication oaitrmicrepsdieghion member. Preferred

vasoconstrictors include, but are not limited to, amidephrine, cafaminol, cyclopentamine,
deoxyepinephrine, epinephrine, felypressin, indanazoline, metizoline, midodrine,
naphazoline, nordefrin, octodrine, ornipressin, oxymethazoline, phenylephrine,
phenylethanolamine, phenylpropanolamine, propylhexedrine, pseudoephedrine,
tetrahydrozoline, tramazoline, tuaminoheptane, tymazoline, vasopressin, Xylometazoline
and the mixtures thereof. The most preferred vasoconstrictors include epinephrine,
naphazoline, tetrahydrozoline indanazoline, metizoline, tramazoline, tymazoline,

oxymetazoline and xylometazoline.

[000180] As will be appreciated by one having ordinary skill in the art, the addition of
a vasoconstrictor to the coating formulations and, hence, solid biocompatible coatings of
the invention (or the hydrogel formulations or solid state formulation, discussed below)
is particularly useful to prevent bleeding that can occur following application of the
microprojection member or array and to prolong the pharmacokinetics of the natriuretic
peptide through reduction of the blood flow at the application site and reduction of the

absorption rate from the skin site into the system circulation.
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salt, and anticoagulants, such as citric acid, citrate salts (e.g., sodium
citrate), dextrin sulfate sodium aspirin and EDTA. [000184] In yet another
enbodi menvoebodiresdinvent i on, the coating fornul ation i necwds3003/028693

sol ubi I'i si ng/ conpl exi ng agent whi ch can conprise Al pha-Cyclodextrin, Beta-
Cycl odextrin, Ganma- Cycl odextrin, glucosyl-al pha-Cycl odextrin,

mal t osyl - al pha- Cycl odextri n,

2- hydr oxypr opyl - bet a- Cycl odext ri n, 2- hydr oxypr opyl - gama- Cycl odextri n,

hydr oxyet t egleation Bio-i ti§ { i
sulfobuth%?ﬁgfa?%%y-Ccycl%@éﬁf&?ﬁ%&ﬁhﬁgbﬁﬁfgﬁg?ﬁgs%BiFg?g§2 gagﬁtrin, and
sul f obut ythregeldappanimayiyllobiext’ kn10 Fhés pbdr cerdrgforaylation.

sol ubi I'i si ng/ conpl exi ng agents conprise betacycl odextrin, hydroxypropyl

bet a- cycl odextrin, 2-hydroxypropyl -beta-Cyclodextrin and sul fobutyl ether?
bet a- cyclipgepso] i h ydt AAQREdmBd¥emEaIE et inadntion, thé codting formulation includes

sol ubi I'i si ng/ conpl exi ng agent, if enployed, is preferab in th ange of
appr oxi neat &dagt oneypathopy @a@()CWPd“/‘@@fm?ﬁ asdhesenlys Q§P‘5rﬂ1 é%(‘lPSﬂ‘.hP@gbé'SG]g I n

anot her epbodi e ' i; j TP ' udes at
PRI 1 b A N o e AR R ot
ﬁ r KES nol ipﬁbﬁt &1t in tgé rmydé EnePegling A pplidatives, thespatlivesyi mhésncy imeclataters
\ i met hyl f ormam_ de and, pgl yet hy] ene glycol 400. Preferably, th
concent r arEYsAt gxfdlfrwétslﬁ%.%&@%graggqaﬁgggr%§5$ﬁ#FWQYP5%V§g{Ig$ {}éﬁborsg% mately 1
W. %to &Qhé"%ath\%)%form@ro%ﬁétfbﬁ%dfiﬁrtl’f@-'ﬂtﬁtﬂrﬁ’ Eomﬁﬁﬁ%_tﬁghiéﬁ)ﬁl@{ecﬁmm
formul ation adjuvants can al so be added to the coating fornul ations;
provi ded, métnbyr atay n&ixamgies 0§ pathway patencytrhedulaterssselpge, uthent Yimitgtiond

viscosity characteristics.of the oati ng, for mu i t Slcal
i ntegri t yoSHOUCRETH? (CRIRETONGY ﬁglf’“ﬂ%?(?é‘ﬁ Zé\’gﬁt “PPeT éeor%ﬁ%gd?{é% %@3??%‘35)'
formul ati ons have a viscosity |ess than approxi mately 500 centi poi se and

greater than 3 centipose. [0001 89] In one_enbodi nent o he i nvention, the
coating t[900kEMdsThe éeme“s@thwma@cwm&r”,r?ﬁﬁéﬁﬁﬁ‘lﬂéh% pyPendigs than 10

m crons a/ip&?caaagﬁ,qﬂrtﬁérqmlﬁ&% A SAEREALBH AR tsS HichaE Betamethasone 21-

phosphate disodium salt, triamcinolone acetonide 21-disodium phosphate,
hydrocortamate hydrochloride, hydrocortisone 21-phosphate disodium salt,
methylprednisolone 21-phosphate disodium salt, methylprednisolone 21-succinaate
sodium salt, paramethasone disodium phosphate and prednisolone 21-succinate sodium
salt, and anticoagulants, such as citric acid, citrate salts (e.g., sodium citrate), dextrin

sulfate sodium, aspirin and EDTA.

[000184] In yet another embodiment of the invention, the coating formulation ingludes
a solubilising/complexing agent which can comprise Alpha-Cyclodextrin, Beta-
Cyclodextrin, Gafnma—Cyclodextrin, glucosyl-alpha-Cyclodextrin, maltosyl-alpha-
Cyclodextrin, 2-hydroxypropyl-beta—Cyclodextrin,Z-hydroxypropyl-gamma—Cyclo-
dextrin, hydroxyethyl-beta-Cyclodextrin, methyl-beta-Cyclodextrin, sulfobutylether-
alpha-cyclodextrin, sulfobutylether-beta-cyclodextrin, and sulfobutylether-gamma-
cyclodextrin. The most preferred solubilising/complexing agents comprise beta-
cyclodextrin, hydroxypropyl beta-cyclodextrin, 2-hydroxypropyl-beta-Cyclodextrin and
sulfobutylether7 beta-cyclodextrin.

[000185] The concentration of the solubilising/complexing agent, if employed, is
preferably in the range of approximately 1 wt. % to 20 wt. % of the coating formulation.



[ 000190] The desired coating thickness is dependent upon several factors,

i ncludi ng the required dosage and, hence, coating thickness necessary to
del i ver twe 20@zagse1 the density of the m croprojectionsppgruseevsi2gvea of

t he sheet, the viscosity and concentration of the coating conposition and
the coating nethod chosen. [000191] According to the invention, after a
coating fornul ati on has been applied to the mcroprojections 34, the
coating formulation can be dried by various neans. In a preferred

embodi Menooofse] hen kmtEEHeMRddih & of ARLSFENRLE RPEQIHRE b ARIDRE3R 4S dri ed
in anbi ent room conditions. However, various tenperatures and humdity

| evel s calfaghengsentaqusods solvens, suehas ﬁgaﬁoé,rlmnr@man@nE mgthagot, peopanol,

m cr opr oj i @ggi i onal.l c0a e .ca heat ed, ,stored
under vacﬁgérﬁ{og’:b% 2 er o% ?Oé’éﬂéﬁ’;éfhy%@goﬁ(ﬁ%’ %F ge o ’ﬁgrédzlg’eg’ry?tgﬁnﬁrpl iaPrfiI ar
t echni qugslysiededeoglyaiage. Phferably] the@bnavairetior 6fahe hhiLagiRdhé Sdvert 80@192]

Referring now to Fig. 6, there is shown a further mcroprojection (or
del i ver y)thejange of prraexigiaialed Wgerdp 20 Wt Yeef the toptipg dermubaticanpl oyed wi t hi n
the scope ofthe present invention. As illustrated in Fig. 6, the system 80

i ncludes a gel pack 62 and a microprojection assenbly 70, having a
m cropr 0j (66018 Mty dnpws dicimudatidnteeljuviactsepn else bt hddedrrentizetoaBfig shown in Fi g.

1. [00019 ef.erring. to,Fig. 5, the mcroprojectiqn assenbly 70

i ncl udes é%@&&?%gp??gﬁgﬁghgy fip Hgt afig'eréﬁléf aﬁfrggti tﬁ? BS‘}EISW%F‘gblPlgfyeﬂdi on array 32.
The ni cr ORsRERE EhRatt@RTENDE the EOENREOmMINIEEMORS the BHysiL m%;' kigied 4

[ 0001 94] F@fgfring now t o ng. 5% the gel pack Efkiﬁclu egygfﬁ%gg$%g or
ring 64 MR#®gy a centrally di sposed reservoir or opening 66 that is adapted

to receive a predeterm ned anount of a hydrogel formulation 68 therein. As
illustrated in Fig. 4, the ring 64 further includes a backing nenber 65

that is d0SpKssdPefierhble, theicesting foRailatetsiacea ofscbdis 1edsNBarbépprédighenabl v,

t he backi menber 65 is inperneable to the hydrogel fornulation. [000195]
In a preﬁgﬁﬁﬁﬂnﬁﬁﬁﬁﬂﬂﬁ% er thye3 gultivgsck 62 further includes a strippable
rel ease liner 69 that is adhered to the outer surface of the gel pack ring
64 via a conventional adhesive. As described in detail below, the release
| i ner 69 [080¥88hplreche embodiment of the invention, the coating thickness is less than 25

microns, more preferably, less than 10 microns as measured from the microprojection
surface.

[000190] The desired coating thickness is dependent upon several factors, including the
required dosage and, hence, coating thickness necessary to deliver the dosage, the
density of the microprojections per unit area of the sheet, the viscosity and concentration

of the coating composition and the coating method chosen.

[000191] According to the invention, after a coating formulation has been applied to
the microprojections 34, the coating formulation can be dried by various means. In a
preferred embodiment of the invention, the coated microprojection member 30 is dried
in ambient room conditions. However, various temperatures and humidity levels can be
used to dry the coating formulation onto the microprojections. Additionally, the coated
member can be heated, stored under vacuum or over desiccant, lyophilized, freeze dried

or similar techniques used to remove the residual water from the coating.

[000192] Referring now to Fig. 6, there is shown a further microprojection (or
delivery) system (designated generally “80”) that can be employed within the scope of
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prior to application of the gel pack 62 to the applied (or engaged)

m croproj ection assenbly 70. [000196] Further details of the illustrated
gel pack o 2aewh2084ar opr oj ecti on assenbly 70, as wel | as paddistéosnadeos

enbodi nents thereof that can be enployed within the scope of the present
invention are set forth in Co-Pending Application No. 10/971, 430, which is
i ncorporated by reference herein in its entirety. [000197] As indicated
above, in at |east one enbodi nent of e inveniion, .the hydrogel

For mil atbeR B RO AT AISFEh 1 0 BRIE BB S e G B bt fat  ve
enbodi Mgt oot diRnia%eaitly o0 hat g aMRFRIS R MbthBér Quthias gevoi d of a
natriuretic péptide and,” hence, 'is nerely a hydration nmechanism [000198]
Accor di mgjctoprajémsionmyesnier 3A shawme i Figel.nydr ogel fornul ation is devoid of a
natriuretic peptide, the natriuretic peptide is either disposed in a
coating on the mcroprojection array 32, as described above, or contained
in a solpeh198 Rt Referingioddt iodig S3ale mcréiirsjetWseabsemblyF0 iftlbdesNobackiag98/ 28037,
which is simlarly incorporated by reference herein in its entirety, on the
ski n si aeenefraneygng{ 2 ansh Sralar magroRnojesijomarrays e nThesmisraRIpissden i n t he not ed

Co- Pendi ﬁEPH% i L0/, : the top surface of the array 32.
[000199]ag%re era %{ng{?ﬂg?%%gég%%wﬁgﬁﬁati ons of the invention conprise

wat er - based hydrogels. Hydrogels are preferred fornul ati ons because of
their high water content and bjoconpatibjlity. [000200] As is well known in
the art ,[8@@39%9%?%“&@%3{%%4’&% P?%%%Wﬁgﬁdﬁl% 1§ rf%_4 havingswol | en

i n wat er,. . EXANPAi§SosOd re3btivbRRE BpRRhyY FBTHaEisRHAAMBA toSrebd1 6 B BRdettthiieyt
limtation, dextran, hydroxyet ﬁyl starch, hydroxyethylcellul ose (HEQ),

hydr oxy prmepyt ofst hydregsl Farimadasiopi4@NIByreinh ydridsiatesion deg. 144 thegeng 4Py ther

t hyl cel | MC hyd hyl.net hyl cgl | HE. .
oty ny bR aat ok e BF UL AT cobls? Plaote b of reing o4
pol y( Vi rpréfermloBO i Dacking nyentieh Bb edignpRxhéible tople Wiydtogel formulation.

hydr oxyet hyl net hacryl ate), poly(n-vinyl pyrolidone), and pluronics. The
nost preferred

[000195] In a preferred embodiment, the gel pack 62 further includes a strippable
release liner 69 that is adhered to the outer surface of the gel pack ring 64 via a
conventional adhesive. As described in detail below, the release liner 69 is removed
prior to application of the gel pack 62 to the applied (or engaged) microprojection
assembly 70.

[000196] Further details of the illustrated gel pack 62 and microprojection assembly
70, as well as additional embodiments thereof that can be employed within the scope of
the present invention are set forth in Co-Pending Application No. 10/971,430, which is

incorporated by reference herein in its entirety.

[000197] As indicated above, in at least one embodiment of the invention, the hydrogel
formulation contains at least one natriuretic peptide. In an alternative embodiment of the
invention, the hydrogel formulation is devoid of a natriuretic peptide and, hence, is

merely a hydration mechanism.

[000198] According to the invention, when the hydrogel formulation is devoid of a
natriuretic peptide, the natriuretic peptide is either disposed in a coating on the

microprojection array 32, as described above, or contained in a solid state formulation,
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polynmeric materials are cellul ose derivatives. These pol yners can be

obtai ned in various grades presenting different average nol ecul ar wei ght
and t her eloneosebd4i t di fferent rheol ogi cal properties. pL@aB3205)028693
Preferably, the concentration of the polynmeric material is in the range of
approximately 0.5 - 40 wt. % of the hydrogel fornulation. [000202] The
hydr ogel fornul ati ons of the invention preferably have sufficient surface
activity to insure that the formul ati ons exhi bit adequate wetting

char act er iighia SischobddCih FUEPRBTRG. NRO98/ 2803 BSHIREH isssk}hﬂﬂboﬂtcbrgﬁf& act
between the fornulatjon and the m croprojection array ‘and skin and

opt i onal | fpferenss hersin W ity entigety e slin sidle of deoRERPrAicctmirmay 120 sudhes

wet 11 ng asayROITUR MELCRRPERPRRblGRoANT 36 NI pE ey RibRRGT b °

anphi phi | areay@®20perties, in the hydrogel fornulation. Optionally, a wetting
agent can also be incorporated in the solid state fornul ati on.[000204]
According to the invention, the surfactant(s) can be zwitterionic,

anphot er i ©oo fAy] : ?Péf&ab@?{gl%gi?ﬁlquggf foﬂﬂﬂfaﬂﬂﬁsg%f Cﬂ%élj i hifoh c%ﬁnxgﬁﬁé (Al $ased

surfactants include, w i'mtation, aur oanphoacetate, sodi um
dodecy! shydiegels. (I508)gelcae prefymredifoninuiationd oachabe of @R highl odet ybiteatraiihy |
anmoni um.chl or i .(tTI\/AC), benzal koni um chl ori de, pol ysorbates such as
Tween 20 %{ﬂ%mi%g*@ﬂ‘ B0, other sorbitan derivatives such as sorbitan

| aureate, and al koxyl ated al cohols such as laureth-4. Mst preferred
surfactants include Tween 20, Tween 80 and SDS. [000205] Exanples of

sui t abl e (98930081 dsiihwelifrownin heatt, hydipgels aremacceholetwarepadionéncat i ves, such

hyd thyl | H . .
Py oy pr ooy e RS Riea el P BL SR YA 8 SO0 b B ers ot e
ot hy! hydroxyet hyl ot Tl 556 (LG 25 Yol | as Dhdront ee and dext
e roxye C 0S as we as uroni cs an extran.
[ 000205] BELTEPL b BatredRPME ) Brerary mey e lkioar 190 M il Mo ange of
appr oxi ety hgcfh%?%eethyl%eMyice%ste teMey I RAR) by A Pe BRRC),

concentration
carboxymethyl cellulose (CMC), poly(vinyl alcohol), poly(ethylene oxide), poly(2-

hydroxyethylmethacrylate), poly(n-vinyl pyrolidone), and pluronics. The most preferred
polymeric materials are cellulose derivatives. These polymers can be obtained in
various grades presenting different average molecular weight and therefore exhibit

different rheological properties.

[000201] Preferably, the concentration of the polymeric material is in the range of

approximately 0.5 — 40 wt. % of the hydrogel formulation.

[000202] The hydrogel formulations of the invention preferably have sufficient surface
activity to insure that the formulations exhibit adequate wetting characteristics, which
are important for establishing optimum contact between the formulation and the

microprojection array and skin and, optionally, the solid state formulation.

[000203] According to the invention, adequate wetting properties are achieved by
incorporating a wetting agent, such as a surfactant or polymeric material having
amphiphilic properties, in the hydrogel formulation. Optionally, a wetting agent can also

be incorporated in the solid state formulation.
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pol ymer that exhibits anphiphilic properties is preferably in the range of
approxi mately 0.01 - 20 wt. % of the hydrogel fornulation. [000207] As will
be appr ecweteeh/dayssone having ordinary skill in the art, pclraspabsogscwet ti ng
agents can be used separately or in conbinations. [000208] In a further
enbodi ment of the invention, the hydrogel fornulation includes a _

sol ubi I'i zi ng/ conpl exi ng agent, which can conprise Al pha-Cycl odextrin,

Bet a- Cycl odextrin, Ganma-Cycl odextrin, glucosyl-al pha-Cycl odextrin,

mel t osyl - gbqu204] Qredopdiay s ihe in@hueRHé seicAnmYdadRAF e onic, amphoteric,
mal t osyl - bet a- Cyc| odextrin, hydroxypropyl beta-" Cycl odextrin, _
2- hydr oxy SFERIYE-ABODE. oy RemeRigt Exgmples plaiteRle spdpstants inetnde, @ytbdwdext ri n,

hydr oxyet hyl. - § - bet g- | ede &N, T .
sﬁl f obut ypé%lﬁg?ﬁ’aopﬁa- %9ci o&%)e?cre?‘ﬁé,’ rgés!(!tijlf"?‘o 0@? ‘%‘%%“%%Ff%@g%%ﬂﬂmﬂg&% n, and
sul f obut ykblohide (RGN dodsoyltatertiyt ammolvhsi clﬂbﬁﬂ@(’l}’l\&ﬁl@[&a’ﬁﬁf@g%%ﬂ odext (rj in,
hydr oxypr opyl - bet a- Cycl odextrin, 2-hydroxypropyl -beta-Cycl odextrin an

sul f obut yFE%HQ?"P‘%@P%%?@P%H%&Y‘V?W2%?6@@29@]0’ pthersonbifiardegivpiivtisweelt of t he
I nvent i ongg (Bt nRAR! afdiiey téd)ﬁlc?lﬂﬁé UlRSs ?ﬁturétﬁ-%.s tM9§?$ré}gx@§aaq“e°“S

sol vent, such as ethanol, 1sopropanol, nethanol, propanol, butanol,

propy! ene sefactasits indiude liween 30) Phceni &endrid$ol yet hyl ene gl ycol 400.
Preferably, the concentration of the non-aqueous solvent is in the range of
approximately 1 wt. %to 50 wt. % of the hydrogel formulation. [000210]

Accor di ng 600205 Exameiés muitém@pWH{eﬁgﬁéluHégrvﬂHJoﬁ LRNEGRReRIGL arl y include
at | east agne pat hway patency nodulator, such as those disclosed in

Co- Pendi ngetiyagvesaspth asdvdenxyridyl sarchbsodnseethatee]lwdse G1EQ), Apdesypropd- pat hway

i | i mt-at | ti ents (e.qg.,
Cact um enlTay by ot AR GR TR Eptlih ithow 3 s RIR ueRng ©
anti - i nf | hpdrakyetylagtylelubse (HESI) adratsiibabonetdidlnhees pirate), d sedi um

salt, triancinol one acetonide 21-di sodi um phosphate, hydrocortamate
hydr ochl of REIONF AR de¥ds one 2 1- phosphat e di sodi um sal t,

[000206] Preferably, the concentration of the surfactant is in the range of
approximately 0.001 - 2 wt. % of the hydrogel formulation. The concentration of the
polymer that exhibits amphiphilic properties is preferably in the range of approximately
0.01 — 20 wt. % of the hydrogel formulation.

[000207] As will be appreciated by one having ordinary skill in the art, the noted

wetting agents can be used separately or in combinations.

[000208] In a further embodiment of the invention, the hydrogel formulation includes a
solubilizing/ complexing agent, which can comprise Alpha-Cyclodextrin, Beta-
Cyclodextrin, Gamma-Cyclodextrin, glucosyl-alpha-Cyclodextrin, maltosyl-alpha-
Cyclodextrin, glucosyl-beta-Cyclodextrin, maltosyl-beta-Cyclodextrin, hydroxypropyl-
beta-Cyclodextrin, 2-hydroxypropyl-beta-Cyclodextrin, 2-hydroxypropyl-gamma-
Cyclodextrin, hydroxyethyl-beta-Cyclodextrin, methyl-beta-Cyclodextrin,
sulfobutylether-alpha-cyclodextrin, sulfobutylether-beta-cyclodextrin, and
sulfobutylether-gamma-cyclodextrin. Most preferred are beta-cyclodextrin,
hydroxypropyl-beta-Cyclodextrin, 2-hydroxypropyl-beta-Cyclodextrin and
sulfobutylether7 beta-cyclodextrin.
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met hyl predni sol one 2 1-phosphate di sodium salt, nethyl prednisol one
21-succi naate sodium salt, paranethasone di sodi um phosphate and

pr edni solwoeods/kesiucci nat e sodi um salt, and anti coagul amrtsussesh2ss3 citric
acid, citrate salts (e.g., sodiumcitrate), dextran sulfate sodi um and
EDTA. [00021 1] The hydrogel formulation can further include at |east one
vasoconstrictor. Suitable vasoconstrictors include, without limtation,

epi neph hazqgline, tetra rozol i.ne .i ndagnazoline. .netizo in

cF anapollp AL 0o] frisbhen Enbodraabibt RRenta moRRRer iR s AL

caf am nQlast SUCHRPRRESN seﬁ»enﬁg@ewa@mmemgo@ﬁ)paﬁ&l ReRBROI oph&Ly Pr essin,

i ndanazol i ne, netizoline, mdodrine, naphazollne nordefrin, octodrlne

or i npr esstanol, @Wh@b@bl danethnemiphepideiané polyrdsiene ehaabtWhi ne,
P P BN\ e RlsRBf OFHE b Mfned28 SUIORALEARE Réhec LPLEARNG040) | o

t ramazol I'ne, “vasopr essin li ne,

and the1mmweu&ﬁﬁ)®heﬁepmeh&&@@aﬂzhnﬁmﬁomydrogel formul ati ons of the
i nvention exhibit adequate viscosity so that the formnulation can be

contained in the gel pack 62, keeps its integrity during the application

process, gl l)sAuo‘fH %@méq}?ve%aomﬂ& am é}%%ﬁ &r@rc%‘l‘gil ?“f%%%zls] For

m cropr n"8ssend openi ngs’ an ki pat
hydr ogelat fe@stmmle @'atho.ras phtead:y enobullatotr slueh\/asathomwdlpcrlomm CesPenﬁhg WiSscosity of

t he hydrog for preferably in the,range of a X|nately 2 -
500 por dopmestionio. el 4 i5a cee0 e daiva darRlsy AhH Sl i

for mul atd,gpsise, tvﬁﬁlo\ﬁ BSRStdn, osﬁ&laf%ﬁ’e&r(@% abdigm Rloride),pAgft&@icHd y in the
range of 1.5 - or 0.5 an ., at shear rates of 667/s and 2667/s,

r espect weﬂpyund%c(p gd |a1mmcamda‘)mnd1ﬁnatmﬁmmatomeagﬂn§e owdhtag betpmnotheseng ed at 25

o 667) <1 saa S s b RRC AP AR Fl Mk Rmtelone "o " he

i nvent i ¢iydrdcbRakine hogekhlbadeHydtdconisen hphssphite dB@daiunogt, nat ri uretic
peptide. According to_the invention, when the h dro el formulation contains

a natri ma@b}’l@feéé'ﬁf’lp%zI‘Phesﬂl?afterqliﬂd&m salp asthyderednipol B%C pl-eucsiaater g
concent rs%{l‘u%?sa hgﬁérﬁgt?ﬁ O.(PIE d%hﬁﬁx?@ RBhAE a}?c?*n%}%ﬁcﬁbﬂiﬁ %Q&ma[té)g)qm] I'n one

enbodi nen | nven 1 on entrat on O e natriuretic
salt, and anticoagulants, such as citric ac1d, citrate salts (e.g., sodium citrate), dextran

sulfate sodium and EDTA.

[000211] The hydrogel formulation can further include at least one vasoconstrictor.
Suitable vasoconstrictors include, without limitation, epinephrine, naphazoline,
tetrahydrozoline indanazoline, metizoline, tramazoline, tymazoline, oxymetazoline,
xylometazoline, amidephrine, cafaminol, cyclopentamine, deoxyepinephrine,
epinephrine, felypressin, indanazoline, metizbline, midodrine, naphazoline, nordefrin,
octodrine, orinpressin, oxymethazoline, phenylephrine, phenylethanolamine,
phenylpropanolamine, propylhexedrine, pseudoephedrine, tetrahydrozoline, tramazoline,

tuaminoheptane, tymazoline, vasopressin and xylometazoline, and the mixtures thereof.

[000212] The hydrogel formulations of the invention exhibit adequate viscosity so that
the formulation can be contained in the gel pack 62, keeps its integrity during the
application process, and is fluid enough so that it can flow through the microprojection

assembly openings and into the skin pathways.
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peptide is preferably in the range of at least 0.1 - 2 w. %of the

hydr ogel fornul ation. [000216] Preferably, the dose of natriuretic peptide
del i ver edwonvscacugsaneously is in the range of approxi matreryusi@so25090

ng/ day, nore preferably, approximtely 10 - 1000 ng/day. [000217] In
accordance wth yet another enbodi nent of the invention, the

m croprojection systemfor delivering a natriuretic peptide conprises (i) a
m croproj ecti on nmenber having top and bottom surfaces, a plurality of

openi ngs [bhg1 3¢ X Fene drdped Bgthuldtidnsitat exhisi Newtoienropetics i vasqokitly ef i t y of
m croprojections that project fromthe bottaom surface qf e .

ni cr opr ojthehydsagehdersailation; ip preferghly %ﬁ't?lé"a‘éﬁ?rﬂfépﬂ'ioﬁﬁn%telﬁ&d' r%g)é?m?edﬁrﬁls ation,
and (iii)_a _saoli tat L g j - rd i

et | de. BREREF Bl Eon R R o RS ORIy diabined

Appl i cat i 05N, is pRf&hBly4d the rahgecdl 1.5 - BOCar 0dr audeld Byt sheheratesod G0éfsei n i n

its entirety. 000218}_ ILn acc {dan e wth o enbodi nent_of th §° ention,

the sol i (ndi2RP 5518086 1%&1Y~oﬁ°’i‘§ agng \A%ﬂ“ﬁ%gﬁ%%‘?%"sl east“&%’sgrﬁf‘?g%e f the

m CrOprOjiggiéfé}ﬁbl?‘?ﬁ%franéébfaa??fo&ﬁﬁa@l 0$ILABIM, ot 4 dRas@td of 68UAL € fornul ation
e o]

i s dispos proximate the bo m surface of the mcroprojection
menber . [ 0002 19] In a preferred enbodi nent, the hydrogel fornulation is

devoi d of riuret.i eptide.and thus f i a i.pn nmedi um
[ 000220] pfod3 éﬁﬁ%‘%?arc’r%‘ﬂt“?attlﬁ%“ B¢ PN he MR Ao aRIRRPT TP
made by c@ghiBfofcdrtsid & 180t oad @itheetic pefides iArgomding toalsd inoarionatvhenr et i ¢

peptide, a polyneric material, such _as hyroxyethyl starch, dextran,
hydr oxy etthy hgdogel| fogeulgtiquayontaigsss @B@?Hﬁ%?mﬁé’l{h‘iﬂf"@é‘ir’l‘l{ﬂt’(‘}éﬁptlgﬁ?@)?e

hydr oxypr opycel | ul ] ;

hydr oxyetwg%éﬁe?thayﬁoggﬁt%ﬁggen ?%E%%é{sﬁg%%&k%;g?l&@a F\u;g?tclzoéll'l ul ose (EHECQ),

car boxynet hyl cel  ul ose (CMC), pol y(vinyl alcohol), poly(ethylene oxide),

pol y(2- hydroxyet hyrmet hacryl ate), pol y(n-yinyl rol i done) and pluronics, a
pl asti ci z'Oﬂgzla‘éeMPH%%‘PP wepf of s g‘l"‘?‘%’tkﬂnoﬁ?Ic\éﬂ‘ée%éﬁg}%?fotgﬁhatﬁlﬁ &t hyl ene

gl ycol, e}'dﬁé ?s?ré'fa}abbsfﬁf%ﬂe ASied VEANAP0aND T Bf BO hydR@elfonatiation.e

sol vent, ch as water, 1isopropanol, nethanol and

[000216] Preferably, the dose of natriuretic peptide delivered intracutaneously is in the

range of approximately 10 — 2000 pg/day, more preferably, approximately 10 — 1000
pg/day.

[000217] In accordance with yet another embodiment of the invention, the
microprojection system for delivering a natriuretic peptide comprises (1) a
microprojection member having top and bottom surfaces_, a plurality of openings that
extend through the microprojection member and a plurality of micrdprojections that
project from the bottom surface of the microprojection member, (ii) a gel pack
containing a hydrogel formulation, and (iii) a solid state formulation having at least one
natriuretic peptide. Details of the noted system are set forth in Co-Pending Application

No. 60/514,433; which is incorporated by reference herein in its entirety.

[000218] In accordance with one embodiment of the invention, the solid state
formulation is disposed proximate the top surface of the microprojection member. In
another embodiment, the solid state formulation is disposed proximate the bottom

surface of the microprojection member.
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et hanol . [000221] In one enbodinent, the liquid formulati on used to produce
the solid filmconprises: 0.1-20 wt. %natriuretic peptide, 5-40 wt. %

pol yrmer, wo40062084% pl asticizer, 0-2 wt. % surfactant, aod/ush@shadcance of
vol atil e solvent. [000222] Follow ng casting and subsequent evaporation of
the solvent, a solid filmis produced. [000223] Preferably, the natriuretic
peptide is present in the liquid formulation used to produce the solid film

at a co tion ipn the range of oximately. 0.1 - 2 . % [000224] In
anot her T@@%éﬁ prgfe]:rrfeﬁgn} ﬂ@‘gﬁpﬁ(glﬁe,aﬁf({ﬁ%geég(?qrﬁlh%{ogtl%dﬁvé’ﬂﬁaati onis a
powder QhtrakR Peptiiddmidl thedfunSibdsabhayliatiohhaidiens are achi eved by spray
drying, freeze drying, spray freeze drying and supercritical fluid

processi ng. According to the invention, these nethods forma high payl oad

powder ol i t tJ | S - i y the
hydr ogeﬁéq@r% I%tqnce)%n%ro ?}cl)l?er{t’gfl%éﬁtgggggﬁgﬁkioﬁdgéﬁgﬁml%gﬁgﬁg}bnat riuretic
pept i de cadtingfadiquid formutaeion ovelprisih@atitedsa bhonariareeic pepttepa polgmzaive rel ativel y

hi gh porosity to facilitate reconstituti on and i oV tient

conpl i arﬁ'&f’ée.r[%@??sa hﬁﬁéyez}&ﬁé@“%‘r g%@eéy‘g?xﬁﬂl?@gkﬁﬁzﬁgébnd cake

for mul at| ' L e | | Te:] xi mately
S ot Tt s b LS
depr ess (Wif)amairoxyethybaptbpkieligbse, (HEMC), ethydley dsdwettiiyl¢ellubpse EEHE€),abl y, t he

formul ati ons subjected t ing. ar s reritical fluid, ext tion in the
not ed nﬁ?‘??BH’é‘nﬁtgglﬁe'i‘ﬁﬂ?ﬁ@é\gég P8§’,(Y}8¥‘1>FE$°§‘P ;P%‘Mﬁeﬁ‘yé?eé’xéd&@cﬂ?ﬁ?ae or a sugar
al cohol h&@roﬁ?&tﬁfyﬂéﬂ%&?hté)hﬁ)_ly’(ﬂ!l\ﬁﬁylrp@lrdlfdoﬂ@)pirﬁ(ﬁuroﬂc&fh maicRimbigent, t he
fornmul ation includes an antioxi dant, such as nethionine. Specific

f or mul atshdnes glyesreli ponvisaeizivesland ppbetiniar ghysohy surgeta, SWB@@ Asvegnyi ng,
spray freez ryi Lti.cal | I ood control
over par2 t% iagﬁtg%%\é%gg’aa%@ ddd‘folsf%{ﬁ% g‘ﬂﬁ%’n,&c%g% i{ir:afg: g%@%ébgﬁg’ ﬁ{rfa%?{)%ogogy. The

not ed t egdanblgues are al so known in the art. For exanple, the spray freeze

drying process is ideal for high valued therapeutic drugs as batch sizes as
smal | as 300 ng can be produced with high yields.

[000221] In one embodiment, the liquid formulation used to produce the solid film
comprises: 0.1-20 wt. % natriuretic peptide, 5-40 wt. % polymer, 5-40 wt. % plasticizer,
0-2 wt. % surfactant, and the balance of volatile solvent.

[000222] Following casting and subsequent evaporation of the solvent, a solid film is

produced.

[000223] Preferably, the natriuretic peptide is present in the liquid formulation used to

produce the solid film at a concentration in the range of approximately 0.1 — 2 wt. %.

[000224] In another embodiment of the invention, the solid state formulation is a
powder or cake formulation. Suitable formulations are achieved by spray drying, freeze
drying, spray freeze drying and supercritical fluid processing. According to the
invention, these methods form a high payload powder or cake solid state formulation that
is reconstituted by the hydrogel formulation prior to the transdermal delivery of the
natriuretic peptide. Preferably, the powder formulations are adapted to have relatively

high porosity to facilitate reconstitution and improve patient compliance.
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[ 000227] As can be appreciated, the spray drying, freeze drying, spray
freeze drying and supercritical fluid extraction processes generate a cake
f or m whi oloi2soaieeeslitl y i ncorporated into the microproj ectconussysioessws

di scussed above. Alternatively, the processes generate a powder form which
is further processed to forma cake. In other enbodi nents, the powder form
is held in a container adapted to communi cate with the hydrogel.

Preferably, such enbodi nents include stripable release liners to separate

the powdefoohorsy fmgﬂotéaqnbae@ge@gfbakﬂfgiao“_rdgpméme%&rﬁgado%s %Zﬂri%}?g- [ 000228]

I n one enbodi nent of the invention, a suitable spray freeze g process
gener al | yeffigieot, fxnicadlygusingyields off approxénately®fi%e. Fantimay) the poressosittanoi ng t he

natriuretic peptide i qui d.nitrogen. Under the ,reduced te r e, the
oo veq sy e of ot el A AR T st freb i lre i 68 gL SRt g
process gPRErailgSthy &irhuldtiogs bilfectdddlabifig onbipeteritice] Ul SREMLBh i the

| yophi l i zed. The noted techni que generates a powder having a hi

i nt r apar t RIPEMSEOES Alsg comprisni tagboludrate. suctorts saceharida or A segpn elsaboliedi a.
Exanpl es_plip ftthdch Bichafitbhid blsie! R1HEbRNS o Boflishl RRLOW of 0002291 11

anot her e Iment o ention, "a sul aB e supercritica | ui d process
gener al | yaritioxalaue sudrasshethioninen §pecific fumaldtionsradeatiicassedbelole natriuretic
peptide in a solvent that is naintained above its critical tenperature and
pressure. Controlling theconditions of the crystallization process all ows

the produghoersofspeay Bk Uir&lzk GrifP bR RV iAHIING; i rticle size
and distrggut[gn,ppartlg e shapgﬂéggbngrpholgg§. [gggggg?h%ggpgﬁably, t he
pH of t heextiagivrdafifard mabdcomrol oyerbarticlpsioel anddistibution,ipdrtsdeathepé asdrul ation is

bel ow about 6. re preferabl the.pH of. t.he farnulation used to
roduce. cHeBblcRy dBG BeRHTRhRREY b 28 v Biin Py d e ShpRoRF FRsI y pH 3 -
pH 6. Evefledroideyifg pioeesahs jdeal fohiphl vafuel Mragettit Orfco hebAah 5o d4samlite
produce the solid state formulation is in the range of approximtely pH 4 -

pH 6. [ 00¥¥3mgran be pioduersh widhhighivigddt . the |iquid fornul ation used to
produce the solid state fornulation includes a stabilizing agent, which can
conprise, without limtation, a nonreducing sugar, a polysaccharide or a
reduci ng €00227] As can be appreciated, the spray drying, freeze drying, spray freeze drying

and supercritical fluid extraction processes generate a cake form which is readily
incorporated into the microprojection system discussed above. Alternatively, the
processes generate a powder form, which is further processed to form a cake. In other
embodiments, the powder form is held in a container adapted to communicate with the
hydrogel. Preferably, such embodiments include stripable release liners to separate the

powder form from the hydrogel until reconstitution is desired.

[000228] In one embodiment of the invehtion, a suitable spray freeze drying process
generally involves exposing an atomized liquid formulation containing the natriuretic
peptide to liquid nitrogen. Under the reduced temperature, the atomized droplets freeze
in a time-scale of milliseconds. This freezing process generates very fine ice crystals,
which are subsequently lyophilized. The noted technique generates a powder having a
high intraparticle porosity, allowing rapid reconstitution in aqueous media. Examples of

suitable nesiritide formulations are given below.

[000229] In another embodiment of the invention, a suitable supercritical fluid process
generally involves crystallizing a liquid formulation of the natriuretic peptide in a

solvent that is maintained above its critical temperature and pressure. Controlling the
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[ 000232] Suitable non-reducing sugars include, for exanple, sucrose,
trehal ose, stachyose, or raffinose. [000233] Suitable polysaccharides

i ncl ude, wonoexaoghe, dextran, sol uble starch, dextrin, pamaiscevsobicns

[ 000234] Suitable reducing sugars include, for exanple, nonosaccharides
such as api ose, arabinose, |yxose, ribose, xylose, digitoxose, fucose,
quercitol, quinovose, rhamose, allose, altrose, fructose, gal actose,

gl ucose, ose, . hamanel.ose, idose, and. the.like; and
I YR T O S L A I R

cel | obi q)%evdegﬁmﬁ IsR8@ partitlelsPRAnd ldRGiBiltRR parti@l tsl‘i’aﬁﬁanﬂ%dr?lhcﬂé@ sophor ose,
and turanose, the It ke. [000235] In one enbodi nent of the i nvention,

the liquid fornulatlon used to produce the solid state formul ation includes

at | eastm@(ﬁ;ﬁto Ite?%r%ﬁ;,lo tix nF[nttJ tl?enﬁ%lfigtf'(}cr];ﬂ?lﬁzﬁion dl@?(? %3 Slc)) ce é ?n %c;g}aesga[tg mbodi ment

of the i | o FOF i on use uc d state

f or nul atfb@Rulhti iy @ewedbouepi 6. M@re@fref&hﬁly@ft&l’;ﬂ{mﬂﬂm @ov@chilation used to
coaneX|ng/squb|I|2|ng agents.[000237] In_a further enbodi nent of the
i nvent i aWoducs &he sofidisiate formulatien sin fhegneooiampiiieaichicrd 81 RH 6t Fven

ror Ml haR phdilabiiChed bARE gt TofMulbiit &%@;&g%aaéeqnggolmaeonst rictors .

[000238] accor danc |nent 0 I nvention, the nmethod for
del i ver |fngmﬂatmnmllmﬁlretria;mgepffpppmmmelp@ﬁ ntplc@npri ses the foll owi ng steps:
(i) providing a mcroprojection nmenber 31 having a plurality of

m croprojections 34, the mcroprojection nmenber 31 including a

bi 000@3[?)0@3@2 Cﬁﬁédoﬂﬁzr BaRbbcheat, theRGlid Btuldiohiudéeiol froMRRh AR lidisepOs ed
therein, and (ii) applying the coated m croproj ection nmenber 31 to the

pat i ent 'fernsiamon/ingludes eastaluhzmg agwhewblbly catheompreseopthpu dimitation3ungsi-er ce t he

stratum ¢ Qpeun1to acB,S ve gca 2h.8 sgenlc t herapy. [000239] The coated
n‘icroprcﬂ ESH e AB8r % iiré afgp %/qge‘"%t on the skin for a period

| asting from5 seconds to 24 hours. Foll owi ng the desired wearing tine, the
[000232] Suitable non-reducing sugars include, for example, sucrose, trehalose,

stachyose, or raffinose.

[000233] Suitable polysaccharides include, for example, dextran, soluble starch,

dextrin, and insulin.

[000234] Suitable reducing sugars include, for example, monosaccharides such as
apiose, arabinose, lyxose, ribose, xylose, digitoxose, fucose, quercitol, quinovose,
rhamnose, allose, altrose, fructose, galactose, glucose, gulose, hamamelose, idose,
mannose, tagatose, and the like; and disaccharides such as primeverose, vicianose,
rutinose, scillabiose, cellobiose, gentiobiose, lactose, lactulose, maltose, melibiose,

sophorose, and turanose, and the like.

[000235] In one embodiment of the invention, the liquid formulation used to produce

the solid state formulation includes at least one of the aforementioned buffers.
[000236] In another embodiment of the invention, the liquid formulation used to

produce the solid state formulation includes at least one of the aforementioned

complexing/solubilizing agents.
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m croprojection menber 31 is renoved fromthe patient's skin. [000240] In
accordance with a further enbodiment of the invention, the nmethod for
del i veri ngoaoswalzos4ur eti c peptide to a patient conprisespthastasloosswng
steps: (i) providing a microprojection assenbly 70 having a microprojection
nmenber 30 and a gel pack 62, the mcroprojection member 30 including a
plurality of mcroprojections 34, the gel pack 62 including a hydrogel
formul ation 68 having at |east one natriuretic peptide, (ii) applying the
i cr opr o] POORBA dnatfmnhesemboﬂmm p_ambexmeha?@mtmnqm!m:ﬁ%ﬁgﬁgmg% to

' rojections 34 .pierce the patient's stratum corneum a

E)nl ﬁ; gloi '? Jypr(?fiu‘fﬁ tB? Béfcfsct%te ?‘?fg}‘@?th’?l ipslpdes at kaphang @f thecafprsmsatienddi ner 69 from

t he gel tdrs.empl oyed), (iv) and placing the gel pack 60 on the
m crgpr ofg%tsfcgﬁtr%eg%er 30, whereby the hydrogel formulation 68 is rel eased

fromthe gel pack 62 and m grates through th](ca openi Pgsh38 in the i ons

1 j } ra 2, do the,outer s aces of the m croprojecti
?4C;ﬁ8riojn gb%%(] t%ﬁl?% 5‘?313“%1%“%/1{‘]’8? 8§‘Ibf’#‘§nef‘6? B PR the WEBRE &Tect | ons 34 to
achi eve | dtiabrigg a Aatsileit peptihs B RMticd: QORBAs R RiBHAR é(?psggg ;Pg‘g‘:dcrirlg’?%k 62 is

left on the patient's skin for a period in the range o ly 5
mn. to ZMFRIPIECUQYNEHRFY havingrrlprabity ofomicropgoiettms 3dhthegel pack 62 and

' ' WeYa . from.the skin. [000242] |In one
o1 OP" o SRR B0 A ok SN LRI HU0005 18 1 one
bi oconpatnafigetopdritidg dispuiedghertinl agﬁ%@ii) ag%ymgtmé waeadf Iﬁicagﬁjk@lfoﬁeml chis

[ d he,.m cropr.oj ecti.on menber , . more preferably, .
m o1 opr o} BETPE A 16 M UBHE Fif 3 ik ichah e AEPpraiesiosasd pisne
natri ur etth€ segrhicdhelh @Q@ﬁi@b@%@alﬁj& sﬁﬁ%xﬂicttﬂgra drogel fornulation 68 and

t he bi oconpati bl e coating di sposed o € m croprojection nenber 31.

[000244] According to a further enbodi ment of the inven':(! on, 'Ejhe _ 4 The
i j j nb 0.is applied tq the.patjent's skin and renoved.

el case. | BIEo THEBis ity 3ntheesiof msrhes 4D FBeerabby o8 SBacR B2 and ¢ ho
gel pack ol Sasph@fesh Piechids BRAHAAL FSIISKiE thab&s£BYalfs Ry 4ge!

fornul ati on 68 having at | east one natriuretic )
microprojection member 31 is removed from the patient’s skin.

[000240] In accordance with a further embodiment of the invention, the method for
delivering a natriuretic peptide to a patient comprises the following steps: (i) providing
a microprojection assembly 70 having a microprojection member 30 and a gel pack 62,
the microprojection member 30 including a plurality of microprojections 34, the gel pack
62 including a hydrogel formulation 68 having at least one natriuretic peptide,

(i1) applying the microprojection member 30 to the patient’s skin, whereby the
microprojections 34 pierce the patient’s stratum corneum and form a plurality of
microslits therein, (iii) removing the release liner 69 from the gel pack 62 (if employed),
(iv) and placing the gel pack 60 on the microprojection member 30, whereby the
hydrogel formulation 68 is released from the gel pack 62 and migrates through the
openings 38 in the microprojection array 32, down the outer surfaces of the
microprojections 34 and into and through the microslits formed by the microprojections

34 to achieve local or systemic therapy.

[000241] Preferably, the gel pack 62 is left on the patient’s skin for a period in the
range of approximately 5 min. to 24 hours. Following the desired wearing time, the gel

pack 62 and microprojection member 30 are removed from the skin.
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peptide is released fromthe gel pack 62 and passes through the mcroslits
in the stratumcorneum fornmed by the m croprojections 34 to achi eve | ocal
or systemvo 2béwnesay. [ 000245] Preferably, the gel pack @2rits2008forseon t he
patient's skin for a period in the range of approximately 5 min. to 24
hours. Followi ng the desired wearing tinme, the gel pack 62 is renoved from
the skin. [000246] In accordance w th anot her enbodi nent of the invention,
the nethod for delivering a natriuretic peptide to a patient conprises the
followi ng steps: (i) providing a mcroprojection assenbly 70 having a

m cropr 8[1)@@24123) NINEESEbodtner? 0@ &e iRAHKiof 2ha Rflcrapfoddtidn aésdin®d1y 2o nul ation

di sposed proximate to (or on) the mcroprojection nenber 30, the

ni cr opr dpdedgsarbipgomnatibleropting hryingatdeast oncnatiyredd peatideophishéct i ons 34, the
gel pack;. ' [ fhy dr [ ] te

for rrul,at&llsg’ﬁ)s‘%cpnc t:l} f‘ﬂg“’g{‘“ cgigggr? 451}1%9%% %rpgﬁega%}gg%& %Q?Op?&iektgoé%tg?yi ng the

m croprojection nmenber 30 to the patient's skin, whereby the

m croprojections 34 pierce the patient's stratum corneumand form a
pl ural i o3 h%@aﬁ%@‘semmr@% aileast png %WCH@PFﬂ’fé{erléF%§léecl frRath 69 from

the gel tﬂélg{c}roéelgéé@b&mn%e%m@ Bedrhyaribd @&hﬁgd]gsgssea% th@ck 60 on the

m croproje er 30, whereby the hydroge rmul ation 68 is rel eased
f r om t henigedprqgjection6Rerabat 3i gr at es t hrough the solid state fornulation and
the openings 38 in the mcroprojection array 32, down theouter surfaces of
the mcroprojections 34 and into and through the mcroslits formed by the

M cr opr qheEA4upn s Bérdi REAKE dndsRiim et oF ViRt i Mériioh NBE aRYropl QA T] ,
Preferably, the gel pack 62 is |left on the patient's skin for a period in

t he rangecmaber30ps eppilied tethy patientis skin and mmgred. Fhsl reloaserliper B8 (desi red weari ng

time, t 6 ' ' [ . f th
ki [ 0oyaSspP Britieenia BpRLAELE) SEL bR RRIEE pulk BE pLEMFthe. 0T 1 1
i nt r acutpaerennsl skin( péereig e hydiogt Comiitinion 68ilakingac leastfont hatrivedtied

enbodi nments, is.in the r@Pge of ximtely 10 - 2000 y, nore

> appr . g/ da
pr ef er ameptides seleased-fion) the ggl pack G on AT wbdlz%@l}crwé%mﬂﬁ §iratymt he
I nventi WiREORAES $RPRPEALotREs 399 AR3d 1681 bPsysnliOtierd59! Mes. By way
of exan%?gF t 8 notg%ggosagg(gan %8 adn?%?stered o?%e 5r t&ﬁﬁg
[000245] Preferably, the gel pack 62 is left on the patient’s skin for a period in the
range of approximately 5 min. to 24 hours. Following the desired wearing time, the gel

pack 62 is removed from the skin.

[000246] In accordance with another embodiment of the invention, the method for
delivering a natriuretic peptide to a patient comprises the following steps: (i) providing
a microprojection assembly 70 having a microprojection member 30, a gel pack 62 and a
solid state formulation disposed proximate to (or on) the microprojection member 30, the
microprojection member 30 including a plurality of microprojections 34, the gel pack 62
including a hydrogel formulation 68 and the solid state formulation including at least one
natriuretic peptide, (i) applying the microprojection member 30 to the patient’s skin,
whereby the microprojections 34 pierce the patient’s stratum corneum and form a
plurality of microslits therein, (iit) removing the release liner 69 from the gel pack 62 (if
employed), and (iv) placing the gel pack 60 on the microprojection member 30, whereby
the hydrogel formulation 68 is released from the gel pack 62 and migrates through the

solid state formulation and the openings 38 in the microprojection array 32, down the
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weekly for 12-26 weeks or 12-24 days for 12 weeks. [000250] It will be
appreci ated by one having ordinary skill in the art that in order to
facilitatwodoeszbgsansport across the skin barrier, the pceaspdosiopssenti on
can al so be enployed in conjunction with a wide variety of iontophoresis or
el ectrotransport systens, as the inventionis not limted in any way in
this regard. Illustrative electrotransport drug delivery systens are
disclosed in U S. Pat. Nos. 5,147,296, 5,080,646, 5,169,382 and 5, 169, 383,

the di scl ggter Qafabs Ythe idbfrofREOAPY a{deiﬁto%drtﬁlfoﬁgﬁme%i&%sﬁisrrohﬂ?& I r
entirety. [000251] The term "electrotransport” refers, in general, to the

passage ofheaniserrepiretioas 34genthieve lgcal onsystamjc dherayug precursor, through a
body surface such as skin, nucous menbranes, nails, and the like. The
transport of the agent is induced or enhanced by the application of an

el ect ri ca{00024EntRraferabiy)iticdizel pa¢d 6$isi1?ft bﬂ ﬁleﬁ}j&ﬂbﬁt@ﬂdi@ﬂ)frgfpeﬁb@ﬁ{ theC current,
whi ch delivers_or enhances delivery of the agent, or or "reverse"

el ect r ot r R EF EPPreumateds S apin énkhhews: Ealwingghadesired wagring timaiibe ﬁel

el ectrotr dHhickd¥oi t Sl ¢ n body may by
attained ?ﬁﬁsggéBuswﬁghﬂggggjﬁgggégg?ﬁ%gﬁﬁVF%é%gfagggaeIectrotransport
process, iontophoresis, involves the electrically induced transport of

charged i | egctro si s, apother type.of electrotransport process
i nvolgved ﬁﬂﬁ?’h@ ﬁf’%ﬁ?&%@% ‘fOLSF aﬂgﬁsﬁeﬁségwﬂf@ﬁ*&ﬁ@@aé &tmﬁéﬁﬁ{‘?o&‘lsly%gﬁar ged
ol ecul esd4y8; i@-accdrARte AAFTEch SRR HoRd RhbddiHERS §3 inth@i’é_?lll%¥%§ the nmoverent of
a solvent with the agent t hrough a nenbrane under the influence of an

el ectric #rpspximalet? 3060 agidan mereiprdferahlyt hpnroxippmtelnl0 el1860 petdapnsport ,

i nvol ves SS ent..t hr,ough res formed by. appl.yi ng an
el ectri catdbgal e,'@%gﬁﬁl%%\r}gg%gﬁémﬁh Itléee'g) tefdg&ga%?ﬂ?rbﬁr? Fn“%/létﬁ%%%é]va‘ﬁ?lusnany
i nst ancesregimése Byhany ofexagdpld, fige mnéddosasOcearintiRivteR $3e6 Ut Fiibd
simul taneously to different extents. Accordingly, the term
" el ect r ot MEFEPETE2-46Weks on LR edans fard 2yesksiest possi bl e interpretation, to
include the electrically induced or enhanced transport of at |east one
charged or uncharged agent, or m xtures thereof, regardl ess of
[000250] It will be appreciated by one having ordinary skill in the art that in order to

facilitate drug transport across the skin barrier, the present invention can also be
employed in conjunction with a wide variety of iontophoresis or electrotransport
systems, as the invéntion is not limited in any way in this regard. Illustrative
electrotransport drug delivery systems are disclosed in U.S. Pat. Nos. 5,147,296,
5,080,646, 5,169,382 and 5,169,383, the disclosures of which are incorporated by

reference herein in their entirety.

[000251] The term “electrotransport” refers, in general, to the passage of a beneficial
agent, e.g., a drug or drug precursor, through a body surface such as skin, mucous
membranes, nails, and the like. The transport of the agent is induced or enhanced by the
application of an electrical potential, which results in the application of electric current,
which delivers or enhances delivery of the agent, or, for “reverse” electrotransport,
samples or enhances sampling of the agent. The electrotransport of the agents into or

out of the human body may by attained in various manners.

[000252] One widely used electrotransport process, iontophoresis, involves the
electrically induced transport of charged ions. Electroosmosis, another type of

electrotransport process involved in the transdermal transport of uncharged or neiltrally
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t he specific nechanisn(s) by which the agent is actually being transported.
Addi tionally, other transport enhancing nethods, such as sonophoresis or
pi ezoel ecwoi2006irus4ces, can be used in conjunction with tPoe/uspesnLscon.

[ 000254] When the invention is enployed in conjunction with

el ectrotransport, sonophoresis or piezoelectric systens, the

m croprojection assenbly 70 is first applied to the skin as expl ai ned
above. The release liner 69 is renoved fromthe gel pack 62, which is part
of the eldpafoedicletapsné.g., sanselnalasingling ofglecse), éitolves tisymbesmentof 8
assenbly is then placed on the skin te ate,. ereby the hydrogel

f or nul at isghyepwith P}}eéigé’étst ug 6@?“?@%@%&@1@ ’B}i@%’ﬁﬁoﬁ%gg‘sﬁ%%?&ggh t he

m crosl i tﬁeétfbpkﬁ%ioﬁ,t S AHBHEP EYPE Wk fetr SiRhs B, ko s GhO PAsR R flaRAgent4 T O
achi eve l'ocal "or systemc theérapy wth additional facilitation of drug

t r anspor tthaough pbres &rewt bytapplysyeon ¢lectnend phlse.eshigh upltagieandsel toat r i ¢
processes.gﬁﬁren the invention is enployed in conjunction with one of the
not ed syst A%he total skin contact area can be in the range of
approximately 2 - 120 cnR2. EXAMPLES [ 000255] The foll ow ng exanpl es are

given to enable those skilled in the art to nore clearly understand and
practi ce [0A@2531 ebemany myanessomorerthay oahefithel npise PrRcessshEIRY P OGCHENE | i t i ng

t he scope.of, the jnyentd I ' il .

r epr esent SR e§ Aelf}elooﬁhg%gﬁg#{ém?‘égﬁ@%gl)gg{aeg ?%'lh I %1?%0[&%%%512]%5 #Re" coati ng
f easi bi | iteyeifits bRAtes gosille imtpreativhpoantlodenteatdcaitally irduce@OénhBiMed 20%
sucrose, 0.05% pol ysorbates 20) vvash evgluated in a Ei | ot .pl aniti facility on
a coater tFENPOIGOLAtdenst onrrharged og ynehargediaganty Py mxturgs Bsieof. feeaiigss Otwhi ch
provi ded : L ; vat er was pl aced
in a dehut?}ne g‘t%?lif%rofn F%%ﬂ%g?@%y%?ﬁggv{e%%@% %&%1%&%%&%{3%?% n a dew point
of appr oxAdditienajlylotBer Fanspdrit Emhaneing enciladsesush $s periopheiiesie dr pisz@lgtric 1 C
above the, dew poi d fluid through a heat transfer

t by, .circul ating. hi
bl ock noUIFEGS:5an gﬁ/“‘? %'rcé&éfl%inr“v%ﬁ-ﬂ% 1:‘}‘6%’1%8ﬂt was chilled

[000254] When the invention is employed in conjunction with electrotransport,
sonophoresis or piezoelectric systems, the microprojection assembly 70 is first applied to
the skin as explained above. The release liner 69 is removed from the gel pack 62,
which is part of the electrotransport, sonophoresis or piezoelectric system. This
assembly is then placed.on the skin template, whereby the hydrogel formulation 68 is
released from the gel pack 62 and passes through the microslits in the stratum corneum
formed by the microprojections 34 to achieve local or systemic therapy with additional
facilitation of drug transport via the electrotransport, sonophoresis or piezoelectric
processes. When the invention is employed in conjunction with one of the note_d

systems, the total skin contact area can be in the range of approximately 2 — 120 cm’.

EXAMPLES
[000255] The following exafnples are given to enable those skilled in the art to more
clearly understand and practice the present invention. They should not be considered as
limiting the scope of the invention but merely as being illustrated as representative

thereof.
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to -3.2 C. [000257] For coating feasibility, 500 nL of a 20% hBNP, 20 %
sucrose, 0.05 % pol ysorbates solution was added to the reservoir and the

dr um speestowass/i2oemeased to 50 RPM  Strips were passed egerushés/obschsm at a
coating height of 250 mm Strips were coated with various passes rangi ng
from4 10 to determne the level and linearity of the coated anmount. A
sanple of the coating solution was renoved fromthe reservoir after one
hour to evaluate the stability of the peptide under sustained applied shear
stress of the coater. [000258] Sanixamptflthe coated arrays at each |evel
were anal yzed ?y P- HPLC fol |l owi ng extraction fromthe mcroprojection tips
by di ssolledfith PEIRHDer . The results of the anal yses are set forth in Fig.

11. [000 § ' 9 alsHApRRAYELHmMNIafEh HRLGobef ore and
after thié@igggrﬁgﬁﬁ%g?g%%{bﬂg%gp\%% %t osr e%@g’t r2§€-e 8 Caovlépleni ght to

det er ni néBiNTe 26% sutiose, (0¥ ipblysgrbateh 20 waigvaiiated in hipslosplaatfaciliey erea forth

in Table | Table | [000260] As.reflected in Table I. the.coati |l ut i
Showed gGOHESERbIA 1 ¢90RFOROBITEnTED AL b Sy i Ao ey "
| ncr easeqHRGLABAEHROXIHAESY 100152 THREosBEMS Plat@sia of RhuaRifieDlmia t he

coating reservoir. [000261] A sanple of the noted &osto coating solution was
al so analajrziéev heetb(L A sepioinezintain & deys peipto! anpreymashck’ ef The BANI f or mati on

was det ect ed. roho . Of e ] fth the
20% hBNP?e%B%tggec&%s%?ﬂél%g@g% S/fsjﬁ? Eg‘?"?s‘ ngg%graﬂr%pgt% ?%‘ﬁat r eaglrlla yzed
under scanid tgoghedicadianste biskanyunidsidlowithieaesirv@r. 2MkOddobanit sak ohilledir r ent

60 mA, accel eration voltage 16 kV). The images of sanples coated with 10, 8
and 6 paé%e%za?e shown in Fig. 12 and identified as A, B and C,
respectively. [000263] As illustrated in Fig. 12, the inages reflect good
tip coating norphol ogy. Exanpl e 2 [000264] The fol |l om ng exanpl e

denonst r §0@3257heF gptaatieg tasihdity,08nd. of a 20% hBNP, 20 % sucrose, 0.05 %

polysorbates solution was added to the reservoir and the drum speed was increased to 50
RPM. Strips were passed over the film at a coating height of 250 um. Strips were
coated with various passes ranging from 4 10 to determine the level and linearity of the
coated amount. A sample of the coating solution was removed from the reservoir after
one hour to evaluate the stability of the peptide under sustained applied shear stress of

the coater.

[000258] Samples of the coated arrays at each level were analyzed by RP-HPLC
following extraction from the microprojection tips by dissolution in water. The results

of the analyses are set forth in Fig. 11.

[000259] The coating solution was also analyzed by RP-HPLC before and after the
coating experiment and was stored at.2 — 8° C over night to determine the solution

stability. The results of this study are set forth in Table 1.

45



phar macodynam c responses in male HGPs after transdermal, intraveneous (IV)
and subcut aneous injection of hBNP. Referring first to Figure 13, there is
shown t hewphasenresiki netic response in nmal e HGPs recei vi rgThishiRsadswoni st er ed
by intravenous (IV) route (closed dianonds) and transdermal delivery using
m croproj ections drycoated with drug (cl osed squares). For IV

adm ni stration, the hBNP was prepared in phosphate buffered saline and
injected into animals at 30mh hBNP/ kg. Plasma hBNP | evel s were determ ned
at t=0, 2, 15, 30, 60, and 180 min. post injection. For transdernal

adm nstration, the hBNP (3 1. 6596[m/ was formul ated with sucrose

(6.25% wWw ), polysorbate 20 (6=0. 108 Lﬂ) and USP vat er for injection

629 t hem—eoeatedzont T win- dr
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[000260] As reflected in Table I, the coating solution showed good stability throughout

the coating study and did not show any increased degradation under sustained shear

stress for one hour in the coating reservoir.

[000261] A sample of the noted post coating solution was also analyzed under an

optical microscope. No evidence of fibril formation was detected.

Morphology of Coated Arrays
[000262] Arrays coated with the 20% hBNP, 20% sucrose, 0.05% polysorbates 20

formulation were analyzed under scanning electron microscopy (SEM, Hitachi S-2460N

emission current 60 A, acceleration voltage 16 kV). The images of samples coated

with 10, 8 and 6 passes are shown in Fig. 12 and identified as A, B and C, respectively.

[000263] As illustrated in Fig. 12, the images reflect good tip coating morphology.
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HGP/ group) neasured by i nmunoassay. Exanple 3 [000270] Five hBNP solid
state fornul ati ons were prepared by freeze drying and spray freeze drying
processeswbDQo@sRresIs reconstitution tinme. In each case tpeTnsecassscdt i on
medi um was dei oni sed water and the amount added to each fornul ati on was
such that the resulting concentration of hBNP was 100 ng/m . The hBNP spray
freeze dried powder or freeze dried cake was all owed to dissolve w thout
the aid of agitation after additi ofldsionised water to the powder hBNP
fornul ati ons. The reconstitution r R%“are shown in Table Il. Table |

Exanpl e 00 #292The fdipwihd sxaenAdBdfonstiars Hegihagfacokattit khy of powder and

cake solid state formul ati ons was _assessed. Three fornul ations were
pr epar ecbharmdaciypasis sespprseg irnglelGPsafigs dapsdermaln bitiavencess diYaesd The gl ass

vials wer . a I a 4 for a period

R T o S e T L Tl

dL i ed anghagpicakinktieasporte iethafeOGRE adceiving EBNP himirdeaqd by éntedvahodsi ty over

the storage perjod. Table |11 [000272] W |1 be appreciated by one having
or di nar y¥kioufe (clpsedydiamopds) taﬁé trs%@amﬁéhwwm THFOPTURIORY BT ous

advant aggsic ARk (oM BRBIC RN ol Haflth ShORBRP ARAALANUSRANT et hods

for intracutaneous m ni Ion of natriuretic peptide h 1| nproved
phar mac giiosgtatectsfferattdalide amgd mggeied into-apanalemat J0thoiBNR/AE e Pasi hBINP bi ol ogi cal

action qf the nagriureti ept | s).fo eriod.of 2-6 hours. [000273] A
furt herq%“@%ﬂ?’ﬁ teﬁ“qeﬂggb%egeiréj%ngpeﬁﬁﬁ 6%0 F’én'tpﬁéttmjceﬁ *Forful ati ons

enpl oyedrasdandl ddninstdieactht ReNte(si 630y [wrRd) wadfosmbRteantitasdcYosenhi bi t

oxi dation of the natriuretic fg:eptl de(s) disposed therein. The stability of

t he ager®-28%iwavhi padyseekiitei29 (6570t WYe[WEwhnptd YaRtajerdamiairstion (62%) then
coated onto microprojection arrays (2cm?), forming a thin-dry film (112pg hBNP/array).

[000265] The microprojection arrays were applied on HGPs (~149 pg hBNP/kg) for 60
minutes then removed. Plasma hBNP levéls were determined at t=0, 5, 15, 30, 60, and
180 min. after microprojection application. The results shown in Fig. 13 represent

average hBNP levels (n=5 HGP/group) measured by immunoassay

[000266] Referring now to Fig. 14, there is shown the pharmacokinetic (closed
squares) and pharmacodynamic (closed diamonds) response in HGP receiving hBNP by
transdermal delivery using coated microprojections. The hBNP was formulated as

described above.

[000267] The microprojection arrays were applied on HGPs (~149 pg hBNP/kg) for 60
minutes then removed. Plasma was collected at t=0, 5, 15, 30, 60, and 180 min. after
microprojection application and measured for hBNP and cGMP by immunoassay. The

results shown in Fig. 14 represent average hBNP and cGMP levels (n=5 HGP).

[000268] Referring now to Fig. 15, there is shown a comparison of the
pharmacodynamic response between IV administration and transdermal delivery of
hBNP using microprojections. Administration of the hBNP by IV route and by

microprojection arrays, as well as plasma collection, was performed as described above.
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[ 000274] Additional advantages include a decreased risk of conplications
conpared to parental injections and increased patient conpliance by virtue
of the compenisanegiand tolerability associated w th adnmporatseasiozssoof t he
m croprojection nmenber (i.e., patch). [000275] The apparatus and net hods of
the invention can al so be enployed in the treatnment of various ail nents,

i ncluding, but not limted to, STEM (ST-Segnent Elevation Myocardi al

Infarcti ) Chroni ¢ Kidney Disease), acute nary syndrones (d ass
v S T s we iF- by FeReaiu Rt ReRE BV ef o T o002 76)
W t hout mp@fﬁbm@eggﬁmﬁwmgﬁ@g@ and scope of this invention, one of
ordinary skill can nake various cganges and nodifications to the invention
to adapt it to varioususages and conditions. As such, these changes and
nmodi f i c?ti ons alre propferltﬁ, feqH t@!a}hpl d i ntgnccllicai\l fvg \?\ﬁ’ twi t hi In _thedf_ul I
range of equival ence o e follomng~clainms. 50 at is claimed is:
i : Qt ?:E?Wﬁ] spist QBII\TR)sroliti_rsall&sﬁﬂm_tmtit)yS daieipvwaidaﬁaﬁrmte ki't;dilighm(}:;%m}pt :c de to
i o1 opr Oje6%E FIBHE RTAEEScs e BTSN BPce 1} REe i FFeBFHBi of t he
patient iméemgn «'eanidefaﬁ&E@wa{%k gn&@@tahfb&nﬁécmge%@éacﬁrfoﬁﬁhgim WEORERKREL T ON
menber, saild coating being forned froma coating fornmulation having at

| east ortlee ratlting catcestrpmptdfGS8NR waobomp/mar dihe hBNP Sphiey fiedzevigied syst em of

Claim1, erein sai.d coating i.s di sed on. at |.eas ne of said plurality
of i or SprFLe esre dnef e aliPytd e B of WiBbuifca o

coat i ng afaidHbatEieRisEPWRet fRhe POWASHHENIS fdrulitbas.| Phe refonsfifiiodeésuter y
systemof Claim1, wherein said coating fornulation conprises a non-agueous
f or mul ataroshova infiigbledd| i very system of G aim 1, wherein said natriuretic
peptide is selected

Table I1
Lot No. | Composition Process | Reconstitution State after
time (min) reconstitution
8269166A 49% w/w hBNP, 49% w/w SFD 1 Liquid

sucrose, 2% methionine (50%
solids content).
82691668 49% w/w hBNP, 49% w/w SFD 1 Liquid
sucrose, 2% methionine (30%
solids content).
8269170A 5.1% w/w hBNP, 5.1% w/w FD 1.5 Liquid
sucrose, 1.3% w/w mannitol,
0.2% w/w methionine.
8269170B 5.0% w/w hBNP, 5.0% w/w FD 1.5 Liquid
sucrose, 2.5% w/w mannitol,
0.2% w/w methionine.
8269170C 5.1% w/w hBNP, 2.6 % w/w FD 1.5 Liquid
sucrose, 2.6% w/w mannitol,
0.2% w/w methionine.

Example 4
[000271] In this example, the storage stability of powder and cake solid state
formulations was assessed. Three formulations were prepared and dispensed in glass
vials under an inert atmosphere. The glass vials were capped and stored at ambient
temperature and 40°C for a period of two weeks to determine stability. As shown in
Table III, the freeze dried and spray freeze dried formulations exhibit adequate stability

over the storage period.
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fromthe group consisting of artrial
natriuretic peptides (BNP),
and anal oge,2o@aoi2084¢ fragnents,
derivatives and conbi nati ons thereof.

natriuretic peptides (ANP),
C-type natriuretic peptides and urodil atins,
degradati on products,

B-type

salpCs/uapehsH28vPs e
6. The delivery systemof Caimb5,

wherein said natriuretic peptide conprises hBNP(I-32). 7. The delivery

systemof Claim1l, wherein said natriuretic peptide conprises in the range

of approximately 1- 30 wt. % of said coating formulation. 8. The delivery
syst em of CI al m1, wher ein said natTahlas Hlic peptide corrprl ses in the range
of 1 Sai-d—hi &t - 9: The ucn g System of
Claim JnP%eéSre kL[c’f'ne pH! o f‘#é)%?ujc?tlgnocaofnf’os‘?'o?o rngI\tH;}qjg o) e'hﬁi% gﬁfgkfopsl mat el y
pH 9. FheTdetvery SYStERWIBNE & 99, v WIETENIT sdi U To JE_ Qs Tu ation
includes at | easiooene buffeLe, 56 o,ggf\ﬁgmn[opm tthe gpgup consi %E&d’lg% P ascor bic
acid, gitric acid, succiBpo%waeinmi@hycolic acid, gluconilc &IS curonic
acid, I|&&ic gcid, mall ¢4n®k o/w BNPUAE% @6l d,) tartari c acl dpsd@argrggni ¢ acid,
fumari ¢ aci d, |weloeosa aci eicrophs¥phvor mehianed, [tricardmal |y |[acisghc D@lANI € aci d,
adi piciacid, gitraconic|acid, glutaratic aci|d, itaconic |acid, nesacohic
acid, gitranmal[ic acid, dusvehRyiBNP(@Piwn C adid, tiglic dci dsoglescgri € acid,
met hacr|\Wrbc aqisek006i i SOC Ewios2% wacinethiodinehy drloxybut.gr i ¢ aci dgoccLdtogni ¢ aci d,
angel i g acid, |hydracryl | ¢0%cplds caagparti ¢ acild, glutam c Jacid, glycine and

m xtures thereof.
formul ation includes at
consi sting of sodium | auroanphoacet at e,

cet yl pyrpghoyim mlﬁga%%r@ﬁﬁ’s‘ég;b Wgev

benzal k nrum - chlori

sodi

um dodecyl s

o PLTRET M IATIR

11. The delivery systemof Caim1l, wherein said coating
| east one surfactant selected fromthe group

ul fate (SDS),

ek

es

{de (TMAQ),
xyl at ed

al cohol dnesmtiofriprdvides sutrlegyus alivaniapes Thmodgltha/mivymtdgm aretlefpr@isiomof, wherein

sai d coating forrrul

anphi phidPParatys 3pd mef

ti O?orl ncl udes at

| east one
intracutaneous administration o natr uretic pepti

meric

improved pharmacokinetics, including rapid on-set with tolerable Cuxx and biological

action of the natriuretic peptide(s) for a period of 2-6 hours.

[000273] A further advantage of the present invention is that the formulations

employed as and to produce the delivery mediums substantially inhibit oxidation of the

natriuretic peptide(s) disposed therein. The stability of the agent-containing medium is

thus significantly enhanced.

[000274] Additional advantages include a decreased risk of complications compared to

parental injections and increased patient compliance by virtue of the convenience and

tolerability associated with administration of the microprojection member (i.e., patch).

[000275] The apparatus and methods of the invention can also be employed in the

treatment of various ailments, including, but not limited to, STEMI (ST-Segment

Elevation Myocardial Infarction), CKD (Chronic Kidney Disease), acute coronary

syndromes (Class III/IV heart failure), pulmonary hypertension and pre-eclampsia.

[000276] Without departing from the spirit and scope of this invention, one of ordinary

skill can make various changes and modifications to the invention to adapt it to various
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13. The delivery systemof Caim1l, wherein said coating fornulation

i ncl udes a hydrophilic polynmer selected fromthe foll ow ng group consisting
of hydr oxwyet2bydio2essar ch, dextran, poly(vinyl alcohol), pecy(mtévsioesses oxi de),
pol y(2- hydr oxyet hyl - net hacryl ate), poly(n-vinyl pyrolidone), polyethylene
glycol and m xtures thereof. 14. The delivery systemof Caim1l, wherein
said coating formulation includes a bioconpatible carrier selected fromthe

group consi sting of human al bum n, bi oengj neered human al bum n,.

pol ygl utusages apdeonditinnsy Assaeh. ithesg ehangepid mpdifications arapebasdyibliul f at e,
pol yam i I r F‘!n%% b deQ55%h k stachyose,
nannito?ﬂ%ﬁﬁ&ﬂ?ﬂ3§§§5§§§%Fﬁﬁﬁ@ S. ?@?&gkgé%%l|vé?§®é$g¥§%§gF'CIaim 1
wherein said coating fornulation includes a stabilizing agent selected from
the group consisting of a non-reducing sugar, a pol ysaccharide and a
reduci ng sugar. 16. The delivery systemof Caim1l, wherein said coating
formul ati on includes at | east one vasoconstrictor selected fromthe group
consi sting of am dephrine, cafam nol, cycl opentaim ne, deoxyepi nephrine,
epi nephrine, felypressin, indanzoline, netizoline, mdodrine, naphazoline,
nordefrin, octodrine, ornipressin, oxynethazoline, phenylephrine,
phenyl et hanol am ne, phenyl propanol am ne, propyl hexedrine, pseudoephedri ne,
tetrahydrozoline, tranmazoline, tuam noheptane, tymazoline, vasopressin,

xyl onet azol ine, and m xtures thereof. 17. The delivery systemof Claim]1,
wherein said coating fornulation includes at |east one pat hway patency
nodul at or sel ected fromthe group consisting of osnotic agents,
zwitterionic conmpounds, anti-inflanmatory agents and anti coagul ants. 18. The
delivery systemof Caiml1l, wherein said coating formulation includes a
sol ubi |'i si ng/ conpl exi ng agent selected fromthe group consisting of

Al pha- Cycl odextrin, Beta-Cyclodextrin, Gamma-Cycl odextrin,

gl ucosyl - al pha- Cycl odextrin, maltosyl-al pha- Cycl odextrin,

hydr oxyet hyl - bet a- Cycl odextrin, nethyl -beta-Cycl odextrin,

sul f obut yl et her al pha- Cycl odextrin, sulfobutyl ether-beta-Cycl odextrin, and
sul f obut yl et her - gama-
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Cycl odextrin. 19. The delivery systemof Caim1l, wherein said coating
formul ati on has a viscosity in the range of approximtely 3 - 500

cent i posew02006/0bb1del i very system of C aim 1, wherein toeusbishpssss of

sai d bioconpatible coating is |less than approxinmately 25 mcrons. 2 1. A
delivery systemfor transdermally delivering a natriuretic peptide to a
patient, conprising: a mcroprojection nenber having a plurality of

m croproj ections that are adapted hiﬁ‘gﬁce t he stratum corneum of the
patient; and a hydrogel fornulatio g at least one natriuretic

pepti de,waalisclayskogel fornul ation being in conmunication with said

m croproj ection nmenber. 22. The delivery systemof Caim21, wherein said
natriuretic pephdeleverysystans fy tiansdeaallwdejevenng appiroxstieeneptige © alpatigniyt . 9% of
t he hydr Oﬁ‘g’lﬁﬁf grrul ation. 23. The delivery systemof Caim2l, wherein said

nat ri ur &P lélﬁiide is selected fromthe group consisting of artrial

natriuretic raeﬂichgﬁé;jeétﬁhﬂhem&rtlmp'mgmqﬂﬁﬂaunedﬂIﬁicﬂ@mjbaﬁﬁls (HBINEYe, adepted pe
natriuretic peptides and urodilatins, and anal ogs, active fragnents,
degr adattp Bier¢sribe sEatym comepmn ofifhe Bitigph@der i vati ves and conbi nati ons

t hereof . 24. LY ar hm [ j L:Hpetic
pepti de conpra;%g(g%ogﬁilghégl C%g%@ &lggésgq‘ﬁegsﬂgﬁl\%ﬁ) §M€§fs"§ éﬁnl%“z %aamlaé n({ag é wher ei n

t he pH dfeirgdbnédd/flomgaloafing fornatation hawnget lewst pht Batriffetic Paptidbalisposed/ syst em
of Claim2l, wherein said hydrogel fornulation conprises a water-based

hydr ogel™${&% ng a macronmol ecul ar pol yneric network. 27. The delivery system
of O aim 21, MeeiclvadisYstidredsin f,arHBdiatiiaRoAtHE Y dRPoRH ond fastUiiR
surfactant, selected ffomthe group consisting of sodi um | auroanphoacet at e,
sodi um dddadylurglitly fod e criogr@ictioost yl pyri di ni um chl ori de (CPC),

3. The delivery system of Claim 1, wherein said coating formulation comprises an

aqueous formulation.

4. The delivery system of Claim 1, wherein said coating formulation comprises a
non-aqueous formulation.

. 5. The delivery system of Claim 1, wherein said natriuretic peptide is selected
from the group cohsisting of artrial natriuretic peptides (ANP), B-type natriuretic peptides
(BNP), C-type natriuretic peptides and urodilatins, and analogs, active fragments,
degradation products, salts and simple derivatives and combinations thereof.

6. The delivery system of Claim 5, wherein said natriuretic peptide comprises
hBNP(1-32).

7. The delivery system of Claim 1, wherein said natriuretic peptide comprises in
the range of approximately 1 — 30 wt. % of said coating formulation.

8. The delivery system of Claim 1, wherein said natriuretic peptide comprises in
the range of 1 pg — 2000 pg of said biocompatible coating.

9. The delivery system of Claim 1, wherein the pH of said coating formulation is
below approximately pH 9.

10. The delivery system of Claim 1, Wherein said coating formulation includes at
least one buffer selected from the group consisting of ascorbic acid, citric acid, succinic
acid, glycolic acid, gluconic acid, glucuronic acid, lactic acid, malic acid, pyruvic acid,
tartaric acid, tartronic acid, fumaric acid, maleic acid, phosphoric acid, tricarbally acid,
malonic acid, adipic acid, citraconic acid, glutaratic acid, itaconic acid, mesaconic acid,

citramalic acid, dimethylopropionic acid, tiglic acid, glyceric acid, methacrylic acid,
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dodecyl tri net hyl ammoni um chl ori de (TMAC), benzal koni um chl ori de,

pol ysorbates, sorbitan derivatives, and al koxyl ated al cohol s. 28. A delivery
syst em f owotoesngaen mal |y delivering a natriuretic pepti geThus2@spadsbent ;
conprising: a mcroprojection nenber having a plurality of mcroprojections
that are adapted to pierce the stratum corneumof the patient; a solid
state fornul ati on di sposed proximate said m croprojection nmenber; and a

hydr ogel. fornul at.i.o ai dr ogel mul at i on.adapt Q. €0 nicate with
sai d sol'f¥TUPHE 8"’1‘10[?'%%3{ ?dl%"ﬁ%%@agﬁge@@g}éf g‘e?“f"%@%%‘gmﬁ’gdﬁgc&@‘i M 28, wherein
sai d soldsghrit adie, dloamid adid,Qlydise andsaixinged thersofrade by casting a liquid
formul ation conprising at | east one natriuretic peptide, a polyneric
material, a pladthedrbvey sugemel Clamyl, Pdeteamsaid gerting fomadlayon iggludesat. 30,
The del i i | §al Eolvl | conpri ses
0. 1- 20 P! GpersFa BT ORI e e R Birishit DSt fuk iRl Rg, <o

pl asti cisaéium dbd2cyitsulfite $BDE g ceiyipyridaniain tchlorial(@RCE dodemyttrisiettyl vol ati | e

solvent. 31. The, deliv tem.of . C ajm 29, erein the concentration of
ot o nagmEnfade (EAAGY BT GhRbmper U s ST A P A of
appr oxi mat sk aidd alcohols al- miXeurddtherbbe delivery system of O aim 28, wherein
the pHof said liquid fornmulation is bel ow about pH 6. 33. A nethod of

t ransder mal | yi2ddlhedelivery davineiof Clatratli wherept Jaitbeqating foraulasion, inddudgsrat si ng t he
steps of: providing.a mcroprojection.enber having a plurality of

ni cr opr dfaégfﬁleo‘ﬁ)g},'mgré‘f @%&E@aﬁ?’iﬁ aé%?ﬁ@ﬁﬁgngwggrrueﬁavi ng a coating di sposed
thereon, sai d3coaikideGvéri gydicth v Cadim! 1§ dHeredi Saidd abdting fefrhelath@pintiddes appl yi ng
said mcroprojection menber to a skin site of said patient, whereby said
pl ur al i thydestehicarobyne;seteried onpihedellowing ssquponpsing Hwdragthybstevlr sai d

natriur e(fe;(&arg ?)nyi(QEylta(?co?l%i)gp&%eitmérie d@(ﬂﬂ:), poly(2—hydroxyethyl-methacrylate),

poly(n-vinyl pyrolidone), polyethylene glycol and mixtures thereof.

14. The delivery system of Claim 1, wherein said coating formulation includes a
biocompatible carrier selected from the group consisting of human albumin, bioengineered
human albumin, polyglutamic acid, polyaspartic acid, polyhistidine, pentosan polysulfate,
polyamino acids, sucrose, trehalose, melezitose, raffinose, stachyose, mannitol and like
sugar alcohols. -

15. The delivery system of Claim 1, wherein said coating formulation includes a
stabilizing agent selected from the group consisting of a non-reducing sugar, a
polysaccharide and a reducing sugar.

16. The delivery system of Claim 1, wherein said coating formulation includes at
least one vasoconstrictor selected from the group consisting of amidephrine, cafaminol,
cyclopentaimine, deoxyepinephrine, epinephrine, felypreésin, indanzoline, metizoline,
midodrine, naphazoline, nordefrin, octodrine, ornipressin, oxymethazoline, phenylephrine,
phenylethanolamine, phenylpropanolamine, propylhexedrine, pseudoephedrine,
tetrahydrozoline, tramazoline, tuaminoheptane, tymazoline, vasopressin, Xylometazoline,
and mixtures thereof.

17. The delivery system of Claim 1, wherein said coating formulation includes at
least one pathway patency modulator selected from the group consisting of osmotic

agents, zwitterionic compounds, anti-inflammatory agents and anticoagulants.
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removing said mcroprojection nmenber fromsaid skin site. 34. The method of
Cl aim 33, wherein said mcroprojection nenber remains applied to said skin
site for wopesdmoessef tine in the range of 5 sec. to 24 lpcsus3@s/oidees net hod
of Claim 33, wherein said natriuretic peptide is selected fromthe group
consisting of artrial natriuretic peptides (ANP), B-type natriuretic
peptides (BNP), C-type natriuretic peptides and urodilatins, and anal ogs,

active frag t radat i on ducts, salts,and sinmple der.ivatives and
conbi nat i onrﬁ?hiﬂ’sgﬁ. Y Sygign ﬁgpﬁ%‘a‘% hefely ?ﬁl%g?aqﬂlﬁg%?uﬁausoé}l IR ur et
pept i de seRBNIsingROMPRNTG agdd) seletled fihia theiBal c&sisGhaiomAdsha-Gf@sddxtrigai d
natriuretic peptide conprises in the range of approximately 1 ng - 2000 nyg
of sai d BstnEselpdeitnnCaomeiGyglodggrinrglucenst-ppha-tyclodartpnamalipbaleher sai d

del i ver i i i i WY i L ics
compar e s ERL AR LA RA B RC R el el A B ST L e .
39. A malphadCfobodektrig swl bt étierdsdta-Ceclodextan et sulfolattylethpe pirhole- t 0 a
patient, conprising the steps of: providing a mcroprojection assenbly

havi ng &N @Fﬁtﬁ‘ﬂ‘oj ection nmenber and a gel pack, said mcroprojection nmenber

including a Fiburl%_leidED{vé?%_sﬁt&ﬁ‘BPC@JiﬁClt, Whefin $Ad CoiRk hdnlatidiciaddi ng a _
hydrogel fornulation having at |east one natriuretic peptide; applying said
m cr opr ojisosityon therapege of appaogiviatels3d t 80bEensiapet. pati ent, whereby a plurality

of mcroslits, are fornmed in th atient's.strat.um corpeun. placi sai d gel
pack on sai dszr(ﬁ 3?'88?%]’%&5?'56‘?{“ r‘?gggaé?l,1’W%g?eé%ﬁbegélC@%@8?%?&1(2}”0?%%?’2?i onis
r el easeqohtifis %k thad @ppRAaKatalyd Sthigtakes into and through said mcroslits
formed by said mcroprojections; and renoving said mcroprojection nenber

from sai d ski2d- ¢} ddivenosystprefonitepssigragllycieivaiinga nyiruresic peptidefogel pack
i ncl udes aﬁer(teéo%ﬂﬁ?sﬂé{ ner and said nethod includes the step of renoving said
rel ease N1 Rer prior %o placing said gel pack

a microprojection member having a plurality of microprojections that are adapted

to pierce the stratum corneum of the patient; and

a hydrogel formulation having at least one natriuretic peptide, said hydrogel
formulation being in communication with said microprojection member.

22. The delivery system of Claim 21, wherein said natriuretic peptide comprises
in the range of approximately 0.1- 2 wt. % of the hydrogel formulation.

23. The delivery system of Claim 21, wherein said natriuretic peptide is selected
from the group consisting of artrial natriuretic peptides (ANP), B-type natriuretic peptides
(BNP), C-type natriuretic peptides and urodilatins, and analogs, active fragments,
degradation products, salts and simple derivatives and combinations thereof.

24. The delivery system of Claim 21, wherein said natriuretic peptide comprises
hBNP(1-32). |

25. The delivery system of Claim 21, wherein the pH of said hydrogel formulation
is below pH 6.

26. The delivery system of Claim 21, wherein said hydrogel formulation
comprises a water-based hydrogel having a macromolecular polymeric network.

27. The delivery system of Claim 21, wherein said hydrogel formulation
includes at least one surfactant, selected from the group consisting of sodium
lauroamphoacetate, sodium dodecyl sulfate (SDS), cetylpyridinium chloride (CPC),
dodecyltrimethyl ammonium chloride (TMAC), benzalkonium, chloride, polysorbates,

sorbitan derivatives, and alkoxylated alcohols.
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on said mcroprojection nenber. 41. The nethod of C aim 39, wherein said

m cr oproj ecti on nenber includes a bioconpatible coating having at | east one
natri ur etwo 2peposie. 42. The net hod of C ai m 39, wherei PCTAISA005/028693

m croprojection menber remains applied to said skin site for a period of
time in the range of 5 mn. to 24 hrs. 43. The nmethod of C aim 39, wherein
said natriuretic peptide is selected fromthe group consisting of artrial
natriuretic peptides (ANP), B-type natriuretic peptides (BNP), Ctype
natriuretic peptides and urodilatins, and anal ogs, active fragnments,

degradati on pROQUESIBerysHiktesn fntrafddephaly@liveahg ¥ 8sriandic pepiddratai ons
thereof. 44. The nethod of O aim39, wherein said natriuretic peptide

conpri s@SUHBNRMIIBME: 45, The method of C aim 39, wherein said natriuretic

pepti de conpri | ﬁﬁﬂ . gq;fql o % id

hydr ogel for rarlurﬁlgfolplcr)ﬂ?éfgﬁ egﬁeﬁgﬁl\%’g%@ &éll i'm éfo?)\rlﬂﬁeecrtlé)?lﬁ%élmg agélft?@er y of
sai d natté pieketthe stpemhicdmeamhoflthé patieapr oved phar macoki netics conpared to the
phar macoki net i cgﬁhar aﬁ%teri sti¢s of subcutanegus, deliver 47. A net hod for

Y.
transder mal | y* SQEf Sk PRBUIAN o ISPRiEE PTEIBRSSPdEniCE PRI B NEREMOL ot i si ng t he
steps of : pr %\Hgfifd%gk RribEHORIQIAHARI ARSEIIRLK JAHLN SnifhEHORE QCL! On

menber and a g sald m croproj ection nmenb including a plurality

m cr opr chdcvlidniate ﬁ;ahﬁlaMmroproj ection menber further including a

bi oconmpati bl g ,cqati,ng havi ng at | easf, one natriureti eptide, .said gel
pack 1 mol udi - Py ERgEr e AL CHRa SRfstori L e REPUASR 88 on rember
to a skisplig filrf nftide Hricstiddla IR[Hid foMmar-eby c@mPﬁMﬁQbﬂ lexst Ohe HAtEiLRSCI ts are
formed in the patient's stratum corneum placing said gel pack on said

ni cr opr diepiédd, 8 polyEesiematoyiadr eplasticazing agank. dgarfagtantagd arvokatile solyatteased from
rsn ?‘L?ngl)j ggf :(38?]'2?16 a’ﬁ';e}%&e% St bP R JoNGALA S Aqdlh BdRhddoh i by said

0.1-20 wt. % natriuretic peptide, 5-40 wt. % polymer, 5-40 wt. % plasticizer, 0-2 wt. %
surfactant, and the balance comprising volatile solvent.

31. The delivery system of Claim 29, wherein the concentration of said natriuretic
peptide in said liquid formulation is in the range of approximately 0.1 — 2 wt. %.

32. The delivery system of Claim 28, wherein the pH of said liqliid formulation is
below about pH 6.

33. A method of transdermally delivering a natriuretic peptide to a patient,
comprising the steps of:

providing a microprojection member having a plurality of microprojections, said
microprojection member having a coating disposed thereon, said coating including at
least one natriuretic peptide; |

applying said microprojection member to a skin site of said patient, whereby said
plurality of microprojections pierce the stratum corneum and deliver said natriuretic
peptide to said patient; and

removing said microprojection member from said skin site.

34. The method of Claim 33, wherein said microprojection member remains
applied to said skin site for a period of time in the range of 5 sec. to 24 hrs.

35. The method of Claim 33, wherein said natriuretic peptide is selected from the
group consisting of artrial natriuretic peptides (ANP), B-type natriuretic peptides (BNP),
C-type natriuretic peptides and urodilatins, and analogs, active fragments, degradation

products, salts and simple derivatives and combinations thereof.
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removing said mcroprojection nmenber fromsaid skin site. 48. The method of
Claim47, wherein said gel pack includes a release liner and said nethod

i ncl udes wbeoavepssof renoving said rel ease liner prior troTpisa@msngsesai d gel
pack on said mcroprojection nenber. 49. The nethod of C aim47, wherein
said mcroprojection nenber remains applied to said skin site for a period
of tinme in the range of 5 min. to 24 hrs. 50. The nethod of O aim 47,

ririal nat it diec ot Akeyerah oo asiturr Rl SpBpBieRee (ane) .

C-type m@Np@yrelic peptides and urodilatins, and anal ogs, active fragments,
degradati on products, salts and sinple derivatives and conbi nati ons
t hereof . 51. 37hdhgwmdiled offClain 33 whereipisaid slativseticopentifle FeRRses ipdst | de

conprises_in ran f ap ' | Y. - g of said

bi ocorrpéfnll%a’l 0eft aggrgf( ﬁ%%glygfg ng&%n%gﬁﬁ%l%p%é%) a%bie?go%\%ﬂgr ein said natriuretic
pepti de conpr3gs dhemdiitd of32him 33, whdreinseidhletiveary ofk#d mitreticheptde sai d
delivery of .said natriureti ¢ peptide exhiq?‘iet i mproved phar macaqki netics

conpar e*hibits PN e RiFmacQkinatics compared &g the PRRrmaglneuftrsteistissdr y. 54. A

met hod fsﬁBc&%ﬁBﬁéj&rlf@ y delivering a natriuretic peptide to a patient,
conprising the steps of: providing a microprojection assenbly having a
m cropr oj ect i39n Amewthed fortrgsterpmilly dahvkermgsolatuurstiapeptide toapatidntn, sai d

m croproj ection menber including a plurality of mcroprojections, said gel
pack i né%omﬁ’ﬁgéh%%ﬁs_dﬁjel fornul'ation, said solid state formulation being
di sposed proxjrbBlRg23hErdPr&e@RINCIsQGhb1P RaviIBE B Sicrdpebjédtioh wekiniker ahd h galst one

natriuretic peptide; applying said mcroprojection nmenber to a skin site of
sai d patragltsaidvpisrapsgicetiqp membertipcldingn ptuslity 1o migtepropeatiens.ispidiaskrasst i ent ' s
oA U SO AN T Bl A lith ARind Ak PBn R PRI ot on menber.
applying said microprojection member to a skin site of said patient, whereby a
plurality of microslits are formed in the patient’s stratum-corneum;
placing said gel pack on said microprojection member, whereby said hydrogel
formulation is released from said gel pack and migrates into and through said microslits
formed by said microprojections; and
removing said microprojection member from said skin site.
40. The method of Claim 39, wherein said gel pack includes a release liner and
said method includes the step of removing said release liner prior to placing said gel pack
on said microprojection member.
41. The method of Claim 39, wherein said microprojection member includes a
biocompatible coating having at least one natriuretic peptide.
42. The method of Claim 39, wherein said microprojection member remains
applied to said skin site for a period of time in the range of 5 min. to 24 hrs.
43, The method of Claim 39, wherein said natriuretic peptide is selected from the
group consisting of artrial natriuretic peptides (ANP), B-type natriuretic peptides (BNP),
C-type natriuretic peptides and urodilatins, and analogs, active fragments, degradation
products, salts and simple derivatives and combinations thereof.
44. The method of Claim 39, wherein said natriuretic peptide comprises
hBNP(1-32).
45. The method of Claim 39, wherein said natriuretic peptide comprises in the

range of approximately 0.1 — 2 wt. % of said hydrogel formulation.
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formulation is released fromsaid gel pack and mgrates into and through
said mcroslits formed by said mcroprojections; and renoving said

m cr opr ojwotzo@m2oember from said skin site. 55. The net lrod/uskooSloassns 54,
wherein said gel pack includes a release liner and said nethod includes the
step of renoving said release liner prior to placing said gel pack on said
m croproj ection nenber. 56. The nethod of C aim54, wherein said

m croproj ection nmenber remains applied to said skin site for a period of
time in the rabGgdheimeshad of Claip 29 wiresein 531d d€heerpref baddi natkiuGitizipeptids  wher ei n

said natriuretic peptide is.selected fr he, gr oup .caonsi,sti ng. of trial

ot i ur TR PGS pRPREoRER S SRt S B bF PhApREtHARE ety Ppe

nat ri ur etspscupeRbid@sivend urodil atins, and anal ogs, active fragments,

degradation products, salts and sinple derivatives and conbinati ons

t hereof . 58. Tfle Amethod ferrtransdgrmaliy delitesingiarnataireticpsiptide &1 apatiebbr nmul at i on

S forrredmfnrggilngﬂllisqéﬂsg)fforrml ation having in the range of 0.1 - 2 w. % of
[ I"de.

sai d natriure peep 59. The nethod of C aim 54, wherein said

\r/]\,ﬁt riuretic pepstidiagaamprapsgectioBNB{dmblp BavingQ midloprojetibn thedibeChad o84,
erein said delivery of, said natriuretic peptide exhibits inproved
phar mac o WRfle SHEMICHPHAPRIPNIBCRPRE IHUGiRg 8 BRITAIKY MRCOREYSEI0RS,iS81d cs of

subcut angouz,AGEAR ember further including a biocompatible coating having at least one
natriuretic peptide, said gel pack including a hydrogel formulation;

applying said microprojection member to a skin site of said patient, whereby a
plurality of microslits are formed in the patient’s stratum-corneum;

placing said gel pack on said microprojection member, whereby said hydrogel
formulation is released from said gel pack and migrates into and through said microslits
formed by said microprojections; and

removing said microprojection member from said skin site.

48. The method of Claim 47, wherein said gel pack includes a release liner and
said method includes the step of removing said release liner prior to placing said gel pack
on said microprojection member.

49. The method of Claim 47, wherein said microprojection member remains
applied to said skin site for a period of time in the range of S min. to 24 hrs.

50. The method of Claim 47, wherein said natriuretic peptide is selected from the
group consisting of artrial natriuretic peptides (ANP), B-type natriuretic peptides (BNP),
C-type natriuretic peptides and urodilatins, and analogs, active fragments, degradation
products, salts and simple derivatives and combinations thereof.

51. The method of Claim 47, wherein said natriuretic peptide comprises in the
range of approximately 1 pg — 2000 pg of said biocompatible coating.

52. The method of Claim 47, wherein said natriuretic peptide comprises
hBNP(1-32).

53. The method of Claim 47, wherein said delivery of said natriuretic peptide
exhibits improved pharmacokinetics compared to pharmacokinetics characteristic of

subcutaneous delivery.
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54. A method for transdermally delivering a natriuretic peptide to a patient,
comprising the steps of:

providing a microprojection assembly having a microprojection member, a gel
pack and a solid state formulation, said microprojection member including a plurality of
microprojections, said gel pack including a hydrogel formulation, said solid state
formulation being disposed proximate said microprojection member and including at least
one natrturetic peptide;

applying said microprojection member to a skin site of said patient, whereby a
plurality of microslits are formed in the patient’s stratum-corneum; “

placing said gel pack on said microprojection member, whereby said hydrogel
formulation is released from said gel pack and migrates into and through said microslits
formed by said microprojections; and

removing said microprojection member from said skin site.

55. The method of Claim 54, wherein said gel pack includes a release liner and
said method includes the step of removing said release liner prior to placing said gel pack
on said microprojection member.

56. The method of Claim 54, wherein said microprojection member remains
applied to said skin site for a period of time in the range of 5 min. to 24 hrs.

57. The method of Claim 54, wherein said natriuretic peptide is selected from the
group consisting of artrial natriuretic peptides (ANP), B-type natriuretic peptides (BNP),
C-type natfiuretic peptides and urodilatins, and analogs, active fragments, degradation
products, salts and simple derivatives and combinations thereof.

58. The method of Claim 54, wherein said solid state formulation is formed from a
liquid formulation having in the range of 0.1 — 2 wt. % of said natriuretic peptide.

59. The method of Claim 54, wherein said natriuretic peptide comprises hBNP(1-
32).

60. The method of Claim 54, wherein said delivery of said natriuretic peptide
exhibits improved pharmacokinetics compared to the pharmacokinetic characteristics of

subcutaneous delivery.
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