Conposition and Apparatus for Transdermal Delivery

CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This
wa@ppbkiosaté on clains the benefit of U S Provi si BOEUS2004/035053

Application No. 60/520,196, filed Novenber 13, 2003.
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[0004] As is well known in the art, the skin functions as the primary barrier to the
transdermal penetration of materials into the body. The stratum corneum, the outermost
skin layer that consists of flat, dead cells filled with keratin fibers (keratinocytes)
surrounded by lipid bilayers. The highly-ordered structure of the lipid bilayers confers a

relatively impermeable character to the stratum corneum.

[0005] Nevertheless, transdermal delivery of therapeutic agents is an important
medicament administration route. Transdermal drug delivery bypasses gastrointestinal
degradation and hepatic metabolism. Most commercial transdermal drug delivery
systems deliver drug by passive diffusion. The drug diffuses from a reservoir in the

patch into the skin of the patient by means of the concentration gradient that exists, i.e.,



systens deliver drug by passive diffusion. The drug
diffuses froma reservoir in the patch into the skin
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di scl osed in European Patent EP 0407063Al, U. S. Pat.

Nos. 5,879,326 issued to CGodshall, et al., 3,814,097
[0§073 , QherSeriserubietise tigy sl plercingeignenistojeakanggtransdermal
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82 issued rstel, et al., Reissue 25,637
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Grgg Y 155250/@3%@@(? %i@e et al., 3,964,482 issued to Gerstel, et al., Reissue

25,637 issued to Kravitz, et al., 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 by reference in their entirety. These devices use
piercing elements of various shapes and sizes to pierce the stratum corneum. The
piercing elements disclosed in these references generally extend perpendicularly from a

thin, flat member, such as a pad or sheet. The piercing elements can be extremely small,
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all incorporated by reference in their entirety. These
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exposure to the biologically active agent. This is a
desirabl e feature when adm ni stering drugs. [0009]
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befsofficichidy t@oenttasdd sbehﬁ uftHerapblﬁfmh]lWeffdchnmt eftirapistchattd
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m@b’rém piten, meshbe nyed e a@nea{mg @wtabbfwacn%tYag ent. Thus,
viscosity nodifiers often nust be used to achieve a

suitabl e viscosity.
[0010] Conventional viscosity modifiers include hydroxyethyl cellulose (HEC),

carboxymethyl cellulose, Povidone®, Dextran® and other polymeric materials. These
prior art materials present significant disadvantages when used to enhance the viscosity
of protein or peptide formulations. Since the formulations are used for transdermal
delivery on stratum corneum-piericing microprojections, HEC, hydroxypropyl
methylcellulose (HPMC) and the like cannot be used as they are not approved excipients
for parenteral applications. Other conventional viscosity enhancing agents that are
approved for parenteral delivery, such as Dextran® and Povidone®, would require a

substantial amount in the formulation to provide the necessary viscosity.
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[ 0010] Conventional viscosity nodifiers include
hydr oxy ethyl cellul ose (HEC), carboxynethyl
weedlosisase, Povi done(r), Dextran(r) and ot her PoOI/ys®ni/a35053
materials. These prior art materials present
si gni ficant disadvantages when used to enhance the

viscosity of protein or peptide fornulations. Since
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Accor di ngl y, i's an object of the Invent

fﬁled*\%PlHe a bi oI ogi cally active agent fornmul ation having
sufficient viscosity to facilitate a desired coating
on _m croprojections. LOOlS] It is a further object of
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SUMMARY OF THE INVENTION
[0017] Inaccordance with the above objects and those that will be mentioned and will
become apparent below, the present invention is directed to an agent-containing coating
formulation for coating a transdermal delivery device having a plurality stratum
corneum-piercing microprojections, the coating formulation including a biologically -
active agent and a viscosity-enhancing counterion, wherein the formulation has a
therapeutically effective concentration of the biologically active agent. Preferably, the

formulation has a viscosity in the range of about 20 cp to about 200 cp.
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on m croprojections by enhancing the viscosity of the
agent formul ation. SUMVARY OF THE | NVENTI ON [0017] In
waewensiasce with the above objects and those tP@r/usiobd/ 035053
be nentioned and wil|l beconme apparent bel ow, the
present invention is directed to an agent-contai ni ng
coating fornulation for coating a transdermal delivery
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In a preferred embodi nent, the active
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having at | east two acidic pKa. Suitable acids include

mal eic acid, malic acid, malonic acid, tartaric acid,
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nuguﬁmunhﬂhaﬁd@ and phosphorlc acid. [0019] In other
preferred enbodi nents, the active agent has a negative
charge at the fornulation pH, and the
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ounterion i.s a at |east two acidic pKa.

aci d hayi
acigyhenggng spl %%rrerg fegng gﬂ%:?ﬁwéer dacifficiaridoiscigic agidy glypmis.
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hydrobronic acid, nitric acid, sulfuric acid, maleic
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aci d, gluconlc aci d, glucuronlc acid, lactic acl
meghtqlameseranic #njd: gifiamalicacd, qitsiereid; asparte acid, glutamic acid,

tricarballylic acid and ethylenediaminetetraacetic acid.

[0021] Another preferred embodiment is directed to a viscosity-enhancing mixture of
counterions, wherein the active agent has a negative charge at the formulation pH and at
least one of the counterion is a base having at least two basic pKa. The other counterion
is a base with one or more pka. Examples of suitable bases include sodium hydroxide,
potassium hydroxide, calcium hydroxide, magnesium hydroxide, monoethanolomine,
diethanolamine, triethanolamine, tromethamine, lysine, histidine, arginine,

methylglucamine, glucosamine, ammonia, and morpholine.



tartronic acid, fumaric acid, acetic acid, propionic
acid, pentanoic acid, carbonic acid, nmalonic acid,
wa@eiopiosi4aci d, citraconic acid, |evulinic acid,PQi/usmns/es053
acid, itaconic acid, neglutol, nesaconic acid,
citramalic acid, citric acid, aspartic acid, glutamc
acid, tricarballylic acid and
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capacity. [0024] In one enbodi nent of the invention,
the biologically active agent is selected fromthe
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vasopressin, interferon al pha, interferon beta,
interferon gamma, FSH, EPO, GW CSF, G CSF, IL-1Q
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directed to a transdernmal delivery device having a
enhancing counterion.

BRIEF DESCRIPTION OF THE DRAWINGS
[0027] Further features and advantages will become apparent from the following and
more particular description of the preferred embodiments of the invention, as illustrated in
the accompanying drawings, and in which like referenced characters generally refer to the

same parts or elements throughout the views, and in which:



m croproj ection nenber that includes a plurality of
m croprojections that are adapted to pierce through

W0 b@s58518¢ um corneum i nto the underlying epi deP@i/ESBENH035053
derm s | ayers of the skin, the mcroprojection nmenber
further including a biologically active agent, wherein
the coating is fornmed froma fornul ati on having at

[0028 s tFIOGH&BV is e psispgotivd wivwiolig pouion bEorecmboBRidRFof a

) THE . NGS..[0027]. Furt her features

nan ?BZ%; \%/; %%L (e@atvhbﬁlgge@?gorrpéacg [f)%%fftg n{nv?r}ué% the foll ow ng

and nore particul ar description of the preferred

odi of the i.nventian, as illustrated,in t
108 A o HIRER R b tiPert “hivi? s ilfrobileehod SrsbpEn i UR
1 whias aeitiep deygeitel qal thy mied@sjedtoni;he same parts or
el ements throughout the views, and in which:[0028]

FIGURE 1 is a perspective view of a portion of one
[0830) 0HIGERE 10 agrdphGh&ihS 1R Gkidefordvadostdmpbstisidior all e
. for, practice of the invention; [0029] FIGURE 2 is a
mbeélflg‘g%scﬁ UHoRiofiMSt t he ni croprojection array shown in

FIGURE 1 with a coating deposited on the
m.croprojections; [0030] FIGURE 3 is a graph show ng
[00Hd &%3 ioif 3 gFaph shoving the pHIIY S vaténys compesifions afdat i on
infhtion dUNGhARA oPfimdel 498 [0031] FIGURE 4 is a graph

showi ng the purity of various conpositions of the

invention as a function of tinme; and [0032] FIGURE 5

a : I . 0.
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inyomtigy aspOUBRERERE PMEON OF THE | NVENTI ON [ 0033] Before
descri bing the present invention in detail, it is to
be understood that this invention is not limted to
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herein is for t(Pe t%ur posg of .
the preterred materials and methods are described herein.

[0034] Itis 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.

[0035] 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.

[0036] Further, all publications, patents and patent applications cited herein, whether

supra ot infra, are hereby incorporated by reference in their entirety.



descri bing particular enbodi nents of the invention
only and is not intended to be limting. [0035] Unless
waledosnedsot herwi se, all technical and scienti fPCT/US2008035053
used herein have the sane neani ng as comonly
under stood by one having ordinary skill in the art to
which the invention pertains. [0036] Further, al
(0P| i Fdnally oasansedhinttieip specifisationand tite apppided eleinonthe singddr
=Y 93 3 [ j h 3
T o SRE gyl roleulhol B e SBH R oty gites
otiryvise.| Yhusafor eenpld, referhics te fancictiveapents incnids twreor more such

] ) r forns "a, ‘an" and "the"
oaBb RO fedi s PRoradr BB DM e o] fnon el eroPigegns
thejiilket at es ot herwi se. Thus, for exanple, reference to

"an active agent" incluggégﬁmo or nore such agents;
reference to "a m croprQ] PBn" i ncl udes two or nore

[0638¢ h Trite carmpitrapseletniabl s @sed hérbi, ig'e%ﬁ thelRildty bf aﬂ@ﬁhﬁ%&
e.term"tra ermal ", as use erein, means the
an%@fﬁ&%@ghgﬁkgﬁggﬁgﬂ?rﬁﬁ?gmh &PB¥ through the skin for
| ocal or system c therapy. [0039] The termh f
“transdermgl flux", as used herein, neans the rate o

10g35} 5 e vt rasdfnat flux’t aoused hereia, meanstheptg ofrusdermpl
dedry.ve agent”, as used herein, refers to a conposition

of matter or mixture containing a drug which is
phar macol ogi cal ly effective when adm nistered in a

[06408 T SR thirh CBIoNEI BT SGivh ¥Sen®TRUEY hgffﬁ:ﬁ,sxgﬂztrg t ag:roﬁlfpgﬁ{i&{jof
agents_of the invention conprise Feptl es an

MR riRir ey vWhishhs pharmacelagiselly siféotive when

adMli Qe inlal tHdr, A)%Hi@di‘l& ekEMivk 'afn%hr?.g PH&E&R@ '})?ef&%dea[%gﬁtg 9t the
hor mone (LHRH), LHRH anal ogs (such as “goserelmn,

invieptigsr conipeise paptidesrand profeins: iRxawples pisuclyastiad ogets ingludm d

. el ' i ' =
N e Y N

(suplcT-Baseralio depsalid, taserd@T Hiiptdrel2 ponadadelin,tand infpfarelin,
GRS 5T oy VSO A SR ko
(ACTHHE AT males aychi as AT TR (1624) gratvitenin Spaydtir6id Bofhdnd (PTH),
Vasi)gr%g)s)m, di s l[eeﬁx,tI?-A?gﬁ ra(r) 1r|111r6119 \?ascc):}?rlesoslnlﬁl interferon alpha, interferon
beta, interferon gamma, erythropoietin (EPO), granulocyte macrophage colony
stimulating factor (GM-CSF), granulocyte colony stimulating factor (G-CSF),
interleukin-10 (IL-10) and glucagon. It is to be understood that more than one agent
may be incorporated into the agent formulation in the method of this invention, and that
the use of the term "active agent" in no way excludes the use of two or more such agents

or drugs.

[0041] The term “biologically active agent”, as used herein, also refers to a
composition of matter or mixture containing a vaccine or other immunologically active
agent or an agent which is capable of triggering the production of an immunologically
active agent, and which is directly or indirectly immunologically effective when

administered in an immunologically effective amount.
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stimulating factor (GW CSF), granul ocyte col ony

stimul ating factor (G CSF), interleukin- 0 (IL-10 and
w@bwsagam |t is to be understood that nore the@T/o8m04/035053

agent may be incorporated into the agent formul ation

in the nethod of this invention, and that the use of

the term "active agent” in no way excludes the use of
[004%  cFherfenme’vacaitre” aagertdshensin, dcﬁﬁgisto ccﬁlﬁemtikjnal'l'dmd/ot easmmermally
ava@%b‘?é %g%lg@é n%luﬁﬁ% ?ngtﬁ%gged to teff’ Vrac%?es Weﬁglgease vaccme
rakugm@mnc,mgeaaleymcmmenmpmbmma cmmuncpbﬂga@aiel smadlgioiV e

anaent which i.S ca tri erl the
e e PR Perliiaro 57 ey wasing drpmbllap prowin
vawd’ih@shDN%\ \dilcdilﬁtﬁstdng ti@fapbntiti capek klat:cinﬁ'ﬂlm&l t@xiﬂi %l:dl?(el” thus
. effectiyve adm ni st.er.e n00|ca
g e e i froger)n Voo o dpRpot e eelned or
klll‘lﬁlr\ﬁlmﬁes suef @rostofrrﬁ:géil@ﬂivt@nﬁdpgtﬁtﬁ'B AR RIpaG O Rfr&d, Ahrhah

allable\{) ci.nes, ‘i ncludin but not limted to, flu
[ormpinis, rbelTacyirms cind a@ricrda cpsis, weakgneseor lled baieria such as

boFWﬁa@ﬁrMﬁ%Cblﬁﬁndzﬁ)ﬁrmém’vﬁﬁ:%e@&:ter%m 8HEMRR o Al Ne,
smal | pox vacci ne, hepatltls vacci ne, pertussis

Str@@@%qcﬁ‘é% legiogtelifi sk mentile, Reisseiaveningiidssiiserdarmopasot ei n
aeVRShds, esﬁept%cz)’%@iuﬂ@ﬁaéa BQer)aﬁﬁg%H&m Gan! @fbgl% rchollga]me and

vacci nes.” The térm "vaccli ne s inclu
mixfusgstth@reefn, antigens in the form of protelns,
Iipoproteins weakened or killed viruses such as
cytonegal ovirus, hepatitis B virus, hepatitis C virus,
[O¢d3daThedpm ‘Ibéstesidally sffeativb einbent pr (hinlogicadly wifedtive dtel’ shall

beglge:t{ \ﬁlgegi t@@ﬁ@ﬁgﬁgﬂ}p%mbé &%eﬁ‘? 18 Q%ﬁé a %l(r:e%tlléag atcigal \‘7’6 ab %ﬁtda%ﬁ ?(lfler‘gl
to thephtobatrdr ags oguho pharma(xﬂmgcmlly active lagent hexglled)tuedffeat the desired

BRI Bng DU RSH DR LB bR i
be [plat hmdmﬂmemﬁrwﬂohlleh@er a highapeatcally eiffsttivé ahast bhhe agdnt to
erm"biolpgically effective anount" or

.004
aCILIBYeotg%)a?Sbrﬁﬁl%}Vrag?‘ft‘tgcf‘fsi“ e rate" shall be used when the

bi ol ogi cally active agent is a pharnaceuti cal ly active

nt and.refers_to the anount, or rate of
[0{,‘4%2 ﬁﬁe@%ﬁr R W vapt wigely dgrending dpensde P@Tlélflﬁré’é?loglﬁ'fély

acil@Sdgb R eind e REI 116 sit@btt dé[lv&? NRS deGbrty of I %Hllldltlon-rﬁé%g
amount _of arg ent enpl oyed in the coatin hat

treaffe by dasecdibgiapeptic ¢ BiTeR P P digsqlyiianzpd Qf«raé@kwws for delivery
of Blefa@ &t iioen BEBSHRhg Hro S ABRNT: it ot practical to define a precise

range for the therapeutically effective amount of the biologically active agent
incorporated into the microprojections and delivered transdermally according to the

methods described herein.

[0045] The term “microprojections”, as used herein, refers to piercing elements which
are adapted to 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.



achi eve the desired therapeutic result. [0044] In

practice, this will vary w dely dependi ng upon the
w@20osiosdb@r bi ol ogi cal ly active agent bei ng dePCTESB®O4/035053

the site of delivery, the severity of the condition

being treated, the desired therapeutic effect and the

di ssolution and rel ease kinetics for delivery of the
[08¢fd ntIn bnoembdimen af iha gnventian, i ipiercnilgeieramts have agprojextion

defin

efré%ptfe‘iﬁ{ 1(}06 nflglron? ﬁg%tfﬁl{t,%? g%g%c[rll e Tth% ngrcbnhgoﬁlements alve a
pra]e¢t10néer@gmﬁle35 ttea 5P0 médrexds, moteqpréf@bly) lessipmﬂﬁ@aﬁmrms The

d d [l d t
B et T O CE A e
mia®ptge@dofang i, fofreddan diffetenpsiapes, Aghek assRs,hollbw abeddse

|erce I cut thrqugh the stratum corneum

dt u
bl‘gl?ff c?mt%h%“n(ﬁ) edyPomging (im&él?qrﬁog | ayer, or epidernis and

derm s | ayers, of the skin of a living ani nal

ticularly a mammal and nore partl cularly
mﬁ%&arﬁf’é@%]}‘/mﬂﬁp‘@ﬁétl%%n i dlrsreel}aéefwﬁ%ml.urﬁfty tthe
mi@fogfdgécﬁensedr@ﬂgéatlﬁ aR B8 Rr PeRimahd QRANNCHGhdnl. eBR t han

O mcrons. In a further enbodi nent, the piercing
migfopFaisetian ARy b fojrard iy ing R PHNCHIng aenal%rakﬂbr&ﬁ 500
miBpEHEBiond TE a i E&E%ldfc)ldi g%? bdaRy t%lc%ﬂf&] BaRns JRSF

m Croproj ections typical ave a w d d "t hi ckness
theplangyfihe degtdo Emmm C@nﬁmatlonﬁecfms(ih@ phcwyrleletP‘ammﬁsl mhle be
m BB SioR a8 ATl oca0ARERn oBUARR MBS RReh B Bithing
ong leemetsfstrifsGOving niftreprojectinns pioog apedge of edchof the stip(s) asis
dlééi%%gd ﬁleiél‘éfc .5 Bl ﬁo @oﬂ) Rgurl }nﬁéf?lﬁ‘g'egqo%ra?rg#%ag%&h%gs

rranged 1I’'n ‘an arra plercring stratum corneum
hoIIIbNE nmdiesozﬁndyleﬂdaduypaammyolnglyalb@cﬁmmrﬂt. by etching or
punching a plurality of mcroprojections froma thin
sheet and fol ding or bending the m croprojections out

(048]t I‘IEfqmbr&Iaftoaﬁe drbeeofahedicettod nfearban @dcefisfehgud 80 e properth

as th n_ Fi qu The. m croprqj ectjion array
pefifig* Stk SR bt - <eking Mo e Ramies ) S QR ne by
citt@nferdige @ rdur oMbe €he@t.r i ps havi ng m croproj ections

al ong an edge of each of the strip(s) as disclosed in

Zuck, U.S. Patent No. 6,050,988. The m croprojection

[0G49] QYThE B mi ‘BE1utHS of efokBitafi e Gh&Binvhdd bt BRlyGomp8itons of

har macol ogi cal | ){) active agent.
fully dissolved components ut also suspensmns of components including, but not

le

_._’1

limited to, protein virus particles, inactive viruses, and split-virions.

[0050] The term “pattern coating”, as used herein, refers to coating an agent onto
selected areas of the microprojections. More than one agent may be pattern coated onto
a single microprojection array. Pattern coatings can be applied to the microprojections
using known micro-fluid dispensing techniques such as micropipeting and ink jet

coating.

[0051] As indicated above, the present invention provides a formulation of a

biologically active agent to a patient in need thereof, wherein the formulation has

10



[0048] References to the area of the sheet or nenber
and reference to sone property per area of the sheet
woroosestass are referring to the area bounded bRCT/H82004/035053
outer circunference or border of the sheet. [0049] The
term"solution" or "formulation" shall include not
only conpositions of fully dissolved conponents but
enhdnsod sismpeyrs;i fbmhtatefcoai@gpmmqrhlrslitb/ € steathinn gornéwui -pieading
i roe? protein virus particles, inactive viruses,
888 éﬁ P?SV|r|ons [0050] The term "pattern coating”,
as used herein, refers to coating an agent onto

B3 A e B D BRI S bl Ban one

fomurartmﬂ iO¢rdehde@ by aldifloh oﬂ%@ﬁﬁt@idﬂls CPREd A0S tlfeadgeﬁecoﬁ@ﬂbds qd
0, the ﬁ]CfOErOjeCtloné usin g known nrcr& fluid

peaﬁl@ppéﬁgqtﬁ@ T Beifrastien okte RepSEe o Riplg it thp gouniiopleads to

an)ifre SO ViQBsityl @320 heASrmianih 6@%&%@?%@@ dr RSdBE &SRR LS.
I nvention provrdes a formul ation of a biologically

Thgcppnjeriong employed wapien ebhimalkivaadies iniave 8 markgddparase pmie
vide Q& el BN ARRND 'F‘%f‘@o%glbﬁftys QQag he difRedaifit Inetdlidescribed

coating on a plurality of dtra um cor neum pi ercin
abpyes p Epymojadien hais be ith Bz cepigin aisepsity range+ Adresaibrrpigred

v1%c§§tl¥:j fGhe fatn 91f ab@u@Ooié)@QErﬁg)gléé( ‘ft UM Qgcﬁﬁlﬁllatlon that has an

atron enhance I on o Counterions.
unancepteblamsquttyhfer @@m mﬂm ahout 20 qpeqyigieater than pbatt @dthep
mJﬁ?iHﬁ??&ﬁ?hé%ﬁ %1 he peptide or protein with the
count eri ons ds™ o an increase in viscosity due to
t he fornation of secondary bonds or hydrogen bonds.

0 208 BB SRRL T o5 o] o Gk BT, ¥ B
pH ardnuileadin de. v1sEOsrlty€EmhimhlglcbﬁlyerldnSﬂomgrlkdB @an dmp hmag atrieast
descr.i bed, abqv t|o has, to
AP PRE” SEREUY PO R by rpElaedth Brge ag el i
m§6at adid, eghtavicscidsadipic h&d,icitrdcbidc ﬁc&dlﬁﬁrnﬁlﬁc e&litplgtutzﬁﬁ -a2{d)
centip |seu((§cp€n.g Usi.n 3 fornul ation t $ s an .,
itaGORC h (A8 ROk NERaETIE §id, SReiniS agiy ciramp “s%Cl ratHonp BRit:
citd6 a&ib, tAEarBdIBH&E ﬁéldtd‘ﬁl@kr@&%tne‘%ﬂgacgﬂc dcE Ubdaitid Adid) ERfmic
coating variability. [0053] |n a preferred enbodi ment ,

actdh@r%@érﬂ“%églf‘&l%@r @Flphosé Kg€idat the formul ation pH
and wherein the viscosity-enhancing counterion

conprises an acid having at |east )
[0054] In other preferred embodiments, the agent has a negative charge at the

formulation pH, and the viscosity-enhancing counterion comprises a base having at least
two basic pKa. Suitable bases include, but are not limited to, lysine, histidine, arginine,

calcium hydroxide and magnesium hydroxide.

[0055] Another preferred embodiment is directed to a viscosity-enhancing mixture of
counterions wherein the agent has a positive charge at the formulation pH and at least a
first counterion is an acid having at least two acidic pKa. A second counterion is an acid
with one or more pka. Examples of suitable acids include, but not limited to,
hydrochloric acid, hydrobromic acid, nitric acid, sulfuric acid, maleic acid, phosphoric

acid, benzene sulfonic acid, methane sulfonic acid, citric acid, succinic acid, glycolic
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two acidic pKa. Suitable acids include, but not
limted to, maleic acid, malic acid, malonic acid,
W0 200551466 aci d, adi pic acid, citraconic acid, PCIEH§1004/035053
acid, glutaric acid, itaconic acid, meglutol,
mesaconi ¢ acid, succinic acid, citramalic acid,
tartronic acid, citric acid, trlcarballyllc aC|d
acid, glueiieaid lysaranicrasits eiicacid malic acidawrivic avid, Grtaric acid,
taﬂllonc%HHCfu?r%hg ’aca;ﬁ ae{c@@d"écfd ?fob%tnﬁsdwdf ";gn;ta‘floﬁcaé% 81hnic acid,

phosphori ¢ aci er p
melame ditkeadinds adidh siteagenie adididevalimie geidi shetaidaidy dtaadnid doid,

mégﬁt@{n@&ée@ﬂc :Qnam%cﬁi' 4f’r? ccy S H%%idngl Count ed’ ion
Easégﬁ ?&b 54 By

nprises a avi ng
trl%bfﬂb(m acith a&b@hylmmldwdenetémhceac emdlot limt ed to,
| ysi ne, histidine, arginine, calcium hydroxide and
magnesi um hydr oxi de. [0055] Anot her preferred
[0e31 o dinwthet pieereiid reanbbdichehids diractedltos ivisyosﬁjﬂéﬁmaﬁg mixture of
of c unt er Lons ere

th
coiig Sty Bt b encP il ates Hh R aer chr f e g

coﬁmtelsdn isa lbarte&fa‘vmg at Bash Bw@ldsid pRay Angead cog@étior 19 badei e
nore

Ka. A nd is.an acid with one or nt
on g Binofe i FRAmRe Qs hosshcnotedt, b i iggfed ipogodhamn
hybiowide e;d)tetsgummyafo&cd@l Qlldign BFdr6hidd) WHEARIRhFdr&Gid

nitric. acid, sulfuric acid, mal ei ¢ aci d, phosphorlc

mopopthanolpipine fiethanolagting trithanolamive emmectiming dysincalistitline,

argihihé, ln‘i‘eﬂ@ﬂgldeanﬁh'@ %!d&b@nﬂﬁé SinmBhi¥ GAL kAR ofine.9! UcONI C
acid, glucuronlc acid, lactic acid, malic acid,

pyruvic acid, tartaric acid, tartronic acid, fumaric

[068% d GeA&8llY, Gn ﬁfé'n@ted an@@ﬂl&@g& of’tgl% thveREAL %@ A ﬁ%lfd ’

carboni c acid, nmalonic aci Ic aci raconlc
cogRprépn (P ixtyrp PECQuBtetiony slmume@tr@lme dhe riet ahaogn o tlzci d,

buﬁﬁﬂ&m Qkt conic acid, citramalic apld C|tr|p
acid &asagggég aci d, glutan1c acid, tricarballylic

aC|d and ethylenedlan1netetraacet|c acid. [0056]
t ' s dir to a
0GRE. 155 el of e TRRLS TRl Rud inber o eBolhes worseme
negttpding thh ast change gedisent ©n tieapee atthe pHef flerfomtiadtionn Epédsast

ol SOARL 4 0 2 B B A 35285

pthdunExaﬂphmsmﬂﬁbaﬂhh@hh@whﬁses i ncl ude, but are not
limted to, sodiun1hydroxide, pot assi um hydr oxi de,

cal ci um hydr oxi de,” magnesi um hydr oxi de,

[005ONORteliaatlY,ahé fatio oh@chapa|bafiedR the obhRértANR ki thfire of
tronet ha ine, histjdine, arginine,

COYRLSTINNE 51 fgﬂlc&ﬁi%@aﬁig AqHYe asent ind 204 friim AT & Vory met Gharep pEsise en

the biological active agent, there is at least 1 and up to 20 net charges of counterion or
mixture of counterions). More preferably the ratio of net charges between the
counterion (or mixture of counterions) to the biologically active agent is 1-10. Even
more preferably, the ratio of net charges between the counterion (or mixture of

counterions) to the biologically active agent is 1-5.

[0060] In one embodiment of the invention, the biologically active agent is selected

from the group comprising of ACTH (1-24), calcitonin, desmopressin, LHRH, goserelin,
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[0057] Generally, in the noted enbodi nents of the

i nvention, the anount of counterion (or mxture of
w@ouwsners®©Nns) shoul d neutralize the net char geP@f/US1964/035053

bi ol ogi cally active agent. [0058] The counterion or

the m xture of counterions is present in anmounts

necessary to neutralize the net charge present on the
legelide, biserehn tiptotsding diker AR dmatoge PTHERPTESS 3(49 vasopressin,

de%ﬁ’i%a[%lh Gh. ﬁ&éﬂs a%g{]ﬁaé (f%gpr‘rélé:sglé in etrrfe?o% hradn%% q)&?at o

e in
injsrfenen ggmmddﬁﬁléﬂ:@(h WM-€ISENG-CSHp H1 0, \sluch 635 BRF, analogs thereof

anggﬁ};r aRkYart ralgg l’ta%ﬁe s {hgngé charges between the

unterion counterions to the
bi ol ogi cal |y actlve agent is 1-20 (e g., for every net
ge present n t he, hi ol ogi cal e ent, there
10fgT, B8 BTG xR sompis Bl R 0 beFmptvrion
ise@ Wlsms)ty-ldﬂlemcﬁhg afxtnieasTicoutSoriondHoSeni dth Beabup dolrisiak tidric
t C(ﬁ es bﬁ m%en t he cgunterlon (or m xture of
actdo 14699 é‘% it geif iy dpachloge radigiipoligadid andageig acids 1- 10.
Even nore preferably, the ratio of net charges between
@5 unterjon (or mxture of counterions) to the
[0 ZI g@‘Fé‘?ﬂeP?O“a?é%q qp@pgg@smmqtgodlfogappp@moamg @Webwloglcally
acBVERQENtTE B traRdednhte délﬂ’é%melvfég ha\Intbecl ﬁlhﬁh%f%ﬁ'ﬁth% (%ﬁ{

.agent .is selected fromthe group conprisin
Piqraing mycroprgjecians, fomprigiag s sieasef mow@lmﬁuformu atlon of the

biOHENS abiive BRI Blrbflng %%@%o%tg, B tnd KR BEGH bfaadilher

anal ogs, vasopr essi n,
coprfgnions “ﬂ)ﬂmwjtal@mg p ﬁlwevmlé}pﬁé@mmconpmﬂemreoﬁthe al p ha,

bldls%%ﬁlfy%&‘?d% a%@ﬁtatfnd' gglgfng% jnnﬁﬁ@’to ﬁl%d%lcrog(gpec ions. F,

Pr ?fhtablwmubr ior arey adsle¢ eypthafrpulstidnt to at:]iue\reexmscoﬁlﬁ}()ﬁlljle flatigen

odi nent, the agent conprises PTH (1-34)
Ofg&ﬁﬁ?ﬁe coﬁﬁberlon is a viscosity-enhancing mixture of

counterions chosen fromthe group conprising citric

10653} c B b mifio e mefin biogties oo hisbad plls
ﬂumhbmﬂdﬁmpﬂDBQS a method for applying a coating of a
bi ol ogically active agent to a transdermal delivery
device having a plurality of stratum corneunpiercing
[00B4T I DREQIBE td DB Snve R te bR fdrﬁﬁlaﬁé@@%s&f to F&Fﬂy laQrdFEtaBly
formul ati on of the bIO|O Ically. a

X ctive ag’ﬁh
UL GOR RO PHRICKAPEIRSEIPR ffa‘b“fieffrﬁb dligerndrues- oRieyyicenpeniesgons

are adapted to pierce through the stratum corneum into the underlying epidermis layer,

or epidermis and dermis layers. The applied formulation is dried onto the
microprojections to form a dry coating thereon which contains the biologically active
agent. Upon piercing the stratum corneum layer of the skin, the agent-containing
coating is dissolved by body fluid (intracellular fluids and extracellular fluids, such as

interstitial fluid) and released into the skin for local or systemic therapy.

[0065] The kinetics of the agent-containing coating dissolution and release will depend
on many factors including the nature of the biologically active agent, the coating

process, the coating thickness and the coating composition (e.g., the presence of coating
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counterions while maintaining a therapeutically
ef fective concentration of the biologically active
wa@g@ans14smd appl ying the forrmulation to the  PCT/US2004/035053
m croprojections. Preferably, counterions are added to
the fornulation to achieve a viscosity in the range
200 cp.. [0063] Preferably, the nethods of

f .-
fO?‘?@gi“)’ﬁ%‘@%th B?R?&ﬁl&% on the gelegsp finetigsprofle gt way bemssessiamo
mzinaid thelddadt e{if0srojcL SR 4 plé“cﬁ%rrgihﬁ]& \L‘Ph {hg @kﬁl ri*? eeQIeB{i’éqd’

ent fornmulation is use

t.h
peyy Sfog?lme(g‘i)%t Hintp abeutsd hpues).oplisfandiei a@mMplahs;ﬂIyramallormg the
miBBployeRtidn ﬂ@l‘{lbé‘r% th-gréﬁlnrﬁ‘sﬁig Qﬁl{egﬂvgscérn& ]tng ? adapted to

pi erce through the stratdm corneu fe underlylng
m‘@ﬁP’iﬂ’&"H‘i’@ Sﬂ%iy@rdes%kbeém WO 4844 thedeporitel Byargferahice FHs
ene) i ed formulation is dried onto the mcroprojections

to'forma dry coating thereon which contains the

bi ol ogically active agent. Upon piercing the stratum

ki.n agent - cont ai, ni.n
[O(%@ ok ?l#iﬂel lai)flggtgag%l o&g gmg dn%} r& yti‘] tmgilgn (:Pwlrlrg é)léqr?l
ml¢r|0mol¢st1<andemb(dr iferast bvith alre présemtddventSott Figge il Rh&Sd }bdﬂl@ﬁ of

the lhé‘tlftl&%nh%’ql?%ae]?lu%?% grtg?roheﬁgor}ghﬂe{l“ L% guc{ggpg:rgq@t%ns 10 extend
at mgﬂmmanpmpm aNghfr&H Side D Halv B g@béﬂlﬁ%n@@ﬁ‘e& &b 2 NAY will
depen e nature of tﬁ

g Pé%;actors i nclu
incgEPSTats uggp{@ pyteh ing atl}@ékleg)&ruslmgt pheséssy the
addifahily hehulé 8HRESS fR raahetnhg ﬂfé%{ch ROthE gﬁg O8] t‘iﬁs%;ﬂab()ﬁm%m the

t he presence of coatingfornmulation

MiGsNRISEHIRE arsriomed byetchinger Rinshing e lysaley |0f mjcrogrojeetjont &0
froMQGRR M sh&t MBLDE l?é'nﬁ‘mét chQ@fe&?oan‘h& 519tporf?ljlue epggr{eoo:}ﬁag dsEeet

piercing relation wth exten
of tinme (e.g., up to about 8 hours). This can be

[00@?]C ‘M@iﬁlb %ﬂﬁfjask%)/auﬂ&@ gﬁél’ 41 ti{anﬁmf%l%rtﬁ)@?rﬁ &51 W%Flglg %}

he Ski n usi ng esl ves ofr
Gonﬁﬁfwlég) thejibestrnisd QatsmcMe‘alsmwmau edmred memb‘é@ a9/ 418380 in

Trahfﬁ’l:cl(ﬁr 891[ attl %dPQyNB er (?8%812@,6% ng?o d%i%aﬁ 16,%385?(8% 5aﬁ“8 ﬂaddona,

T TTlustrates
et aboUﬁeEamm Q119G 5 nthe disglosvjes of ivhich arrtheipdrated H&€inWiyt h
mﬁ%&ﬁ present invention. Figure 1 shows a portion of the
er having a plurality of mcroprojections 10. The
n1cropr01ect|ons 10 extend at substantially a 90 angl e
om.sheet 12. havin eni ngs  14. Sheet 12 may be
[0052{] Ot Mmicroproj ect?on meqmb 1s that can be used with the present 1¥1vention are
formed by etching silicon using silicon chip etching techniques or by molding plastic
using etched micro-molds. Silicon and plastic microprojection members are disclosed in
Godshall, et al., U.S. Pat. No. 5,879,326, the disclosures of which is incorporated herein

by reference.

[0069] Figure 2 illustrates the microprojection member having microprojections 10
with a coating 16 that preferably contains at least one biologically active agent and
optionally, a vasoconstrictor. The coating 16 may partially or completely cover the

microprojection 10. For example, the coating can be in a dry pattern coating 18 on the
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incorporated into a delivery patch, including a

backi ng for sheet 12, and may additionally include
w@civensmes f or adhering the patch to the skin. PET/UkI084/035053

enbodi nent, the mcroprojections are formed by etching

or punching a plurality of mcroprojections froma

thin netal sheet 12 and bendi ng m croprojections 10
mid@birojeétidnfeTIH agngfcal beagplieebefor Q06T théhiatdprojsdtiohs a6

st$lnless steel and titanium are the preferred
forigd-erials for constructing the illustrated pat ch.

Met al n1cropr01ect|on menbers are disclosed in

Traut man, et al U S. Pat. No. 6,083,196; Zuck, U.S.
[0028k Ap&prdlgg ’@gbe glggnuogntae Qé(@myﬁ gormé@atlgps of ttl? ]gVCI‘f_Cigfl caq\hfz
CO&@GdQ%]fthl%ﬁrorﬁ'(%] Betfh$ ¢ 9%&' (Iﬁ@t}%f AbWE theﬁfo@s | OfOsuBR hdthed is

herei n by reference. Ot her m croprojectiaon
dipresntite: Pipseating gan bfed%s»,relzfdm ¢ ﬁle@rﬁéo Boat e miCTORIAIGHIPRSPY

Ip

parfy O R mlerSh e Mo Splof i 0 Bt b Q! B, e
AltmingtivelntedstireSevice oan berichmsrsgd mt@thnﬁ@afmg ﬁ@]}l‘é@t pferably,

oIy A i St

i ncorporated herein by reference. [0069] Figure 2

[OO%I;L;’%% Iﬁlget ()gtﬁlilt ha?tla irgrrnggfr OJtGC%Bl ﬂ%ﬁ &%}_/ié 0S %Fle to limit

theG0HXingto Snl&thd tﬁ:as;f the rnmcﬂmpm_h acgmnsa [Ihg/re ax:a;lscvaeroﬂgm%tna] d

opt i onal vas co rjct The coat.in .
megfgnisrpny s T RRETBDF bl neamigopoRRlipr ol ket s
dedceibedei AB| Hovi@i@ﬁal@(}@ﬂlb:ﬂ@n NN 6WR7d, To2afildd Y 6 pEtr¢he2001, which is

coatlgg Hg thenlcro oj ections. The coatings can be
fullyjparaatpbpyia by ref the mcroprojections are

formed. [0070] Accordlng to the invention, the

i nventive formul ati ons of the invention ¢can be coated

[065R] t RéherFedtinpmsfhods inghide prraving the peatipe SHUGRAREP WEt hods.
mu%ﬁroﬁﬁﬁ(ths MBhiapHlg ksh HcBmpRa fdr@tiondfRn GOdbd @%p@l@ibrhﬂ‘ the
described as a neans to coat the m croprojections b
cogsmecpmpositionr In epmfarpdicmbadigrpgnapeslisePeRYY) I?Etrﬁg@r%oplet
sizb BF Shol ' 16 9@6 bfeglltél‘glly.girz%@d oﬁbttl?errﬂﬁic{pi/cﬁédlonst 8 Rt dric8.
device can be ' imersed i'nto the coating sol ution.
Preferably, only those portions of the m croprojection

[Odysfb ﬁ{ ano'ﬁ%i’ erﬁ‘)&f’uﬁgntt e{]?eri khal aﬁtltg%@Hﬁ@oat{r%@glulo@é’an%e

I 'nmret si techni que descr above, it
depcsltqilbrsm fhk eni¢roprojentions 10, as shown in Figure 2 as pattern coating 18. The

pattern coating 18 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 0.5 to 20 nanoliters/microprojection. Examples of suitable precision-
metered liquid dispensers are disclosed in U.S. Pat. Nos. 5,916,524; 5,743,960; 5,741,554;

and 5,738,728; the disclosures of which are fully incorporated herein by reference.
[0074] Microprojection coating 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
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the coating to only the tips of the m croprojections.
There is also a roller coating nmechanismthat limts

W bh@sodsé ng to the tips of the mcroprojecti oPCT/UkI084/035053
technique is described in U S. Provisiona
Application No. 60/276,762, filed 16 March 2001, which
is fully incorporated herein by reference. [0072]

tedﬁmlslegy ﬁ@ﬁ&ﬁd}ﬁmﬁﬁg badsiryl dreinithe ligwa ambeﬁ@ng hehfelagy B@wn in
solution o

cro oj ectio Spr |ng can
S SR s BT R eGP oh ek O o ISBEE o of 't he
coatlng conposition. In a preferred enbodlnent an
aer osol suspensjon having a droplet size of about 10
109751 290 draist Feasiog thickneyiagerundsat wop e FrERaes ect i ons
m@fbﬁroﬁé&ﬁ@nsqfef &t arlbOOFIRE sHebt AR MR o 8FRAE cORBAtratRn YEIHY
quantity of the coating solution can be
cogigeempettigasovellne the cordigragteed sherey. Preferablysthegppting
thl'ék&%%r S%Ol%d%é le@ﬂhtaﬁ‘ 50 nfi @84 ngre#ﬁe,feljgﬂg IB%ttflﬁf 75 GRAs Nnce
can be appl using a di spensing system for
thigknsicedtinas etah@iddlwdg slowgh ¢ff thaimicreproisctions upon stratum corneum
0 i t ed
PG B B RGO bl ool iR
mezaured diee the/crated mparogrejetticon. Exanpl es of suitable
preci sionnetered liquid dispensers are disclosed in
U S. Pat. Nos. 5,916, 524; 5,743,960; 5,741,554; and
[06’7,6]’ 3\ sizdcated)in aiesalbodinreet thefcoatimgdlhiclaress if ptdfgrably less than 10

i ncor orate ref renc

iR G PO T DEdPBBoT U TeRce e 2Tl i pria
thidkdesgis fimtke paige bRproXigyly 1o D@gmisiown sol enoi d val ve

di spensers, optional fluid notive neans and
- positioning nmeans which is generally controlled by use
[00F7] aIThe la&bleraigént ubedll ifl thePréderit ihvedtibrtrequires that the total amount of

di sp enS|nqtechnoIogy fromt&CrH printing industry
agglitepategt on d1LRfithe RCERERISTHRGS PIACRITEAPERISFUIRA BTFY beimbfrangerof 1
meARralfroUsllideth. appl ying the pattern coating of this

i nvention. [0075] The desired coating thickness is

dependent upon the density of the m croprojections per

ob¥ t BhKAQTinlif ﬁlléﬁﬁgé caB B8 cbdi& Mt SLRARESH0jBRfn array of the type

concentrati on of the coatlng co osition as well
sheweinddgire hgavieg Hedghesh b2 eith apprst ef w0 oy en%mlqrﬂymectlon

e%{ﬂg?olg pgg(fl(ﬁ)a %Ll%pl%ﬁech&%ép& fgn 50 microns, nore

'ess™t m crons, since thlcker
coati ngs have a tendency to slough of f the

}oGr O 0 [
[O@E r/ﬁgs,l ﬁé}l}gag%daon%% Lﬂ?ﬁq&aﬁlﬁé %tf ng]sn%}r%ét? %%1%‘1‘1?5 & l@ag,t one
bidvgcagacnmaetgemtgmd hi ledsh emrlsmaslbmmmcmgmounthnom dathd)een
found that RS otl B counterion increases the viscosity of the agent formulation,
improving the consistency of the coating on a microprojection transdermal delivery

device.

[0080] Also preferably, microprojection array 10 is reproducibly and uniformly applied
to a patient through the use of an applicator, for example a biased (e.g., spring driven)
impact applicator. Such devices are described in Trautman et al., U.S. Pat. Application
Ser. No. 09/976,673, filed October 12, 2001, the disclosure of which is incorporated herein
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[0076] As indicated, in one enbodinent, the coating
thickness is preferably | ess than m crons, as neasured
WO e@s051386 i cr opr oj ecti on surface. Mre preferedi/ys2005e35053

coating thickness is in the range of approximately 1

to 10 mcrons. [0077] The active agent used in the

present invention requires that the total anount of
byagfen:tlcec ddos grefiaratdly,| thodoated enicroprojeptiai z&mtyimmhed with an impact

on_ar be in.the ra rogram
of B e ROR R oo e M athicLonr R (Bnde PLEGe Scan
be coated onto a mcroprojection array of the type
shown in Figure 1 haviqg?ég? %Eeet with an area of up
to 10 cn2 and a m cropr F density of up to 1000
[oam 161 ame GhlRnOOAMPES afPRoviddddd SlabRshbsadiitled Brthehewamore
q atl gs ,of the inventjon conprise | east ane
clggrly pn&c&r |Wd Rracti ethg@rgmm igvention. léeélsspogﬁ got be considered as
lin¥iti dgzaaé kdape eNihe MsieRGors BuHRELY Bbeidd il1DAMHdABE RehQenahitehat
tion of the counterion iIncreases the viscosity of

agent formul ati on, inproving the consistency of
the coating on a n1croprojection transdernmal delivery
devi ce. [0080] Also preferably, n1cropr§1ect|on array

[0082] r dibe Sxpuenles dempnefraigihe siiliAationglisl weslt aeid vethyapapéidg or
pr&amgaﬁ td Qﬁaﬁb%ﬁl;@vwc%@nt}a Pidle| I&ara&f JF B AR AP GnRn iR

g., rmn | ven act i cator. Such evi ces
poaltleelﬂ elmqub@atldqurca@m ﬁmreetly éﬂads totheSforrmation of secondary

0%&9@{?&0 §81 ds, Woich %?(11%%? axﬁlzéreage ih ?é:iut%}lt @&gglﬁé e

|sc osure o I 'ncor por at e rel nby
greagdr elreemoé)cr d\f@stdlqogremsr thbiseatet the nuobdred samndampb@}de darimedh

beaveeaéléa an1 r‘riﬂt 9 Pgﬂt]ﬁe owroﬁe{'ﬁp ﬁlence H{ giaeater ?he VlSCIOSH%' 160rease

cCroprojectiron array

Ttms thmmretm%/ ¢rhafcing chpabilfitixls Iutmwa&gwhemnmh(m&da rdéacids,
dto nable those skilled in the art to nore

tﬁé?@%?F@Bﬁ$ﬂ% STARY" Y practi ce the present invention
They should not be considered as limting the scope of
nt| but e as_being illustrated
[0 @Er & y&“t‘ “P?féer(gﬁ'n 5% 6@1—‘7'%18&1%‘}2% ﬁ“d% 8§1ypept1%e that
re@ABN LRIt BorhdtRtabi fil deaath bP§tin@flatRdn\We 8Mciafi résorption ithe
kl$ept|de or. protei.n agent to enhance_the viscqsity. The

Y BY sheneng ssorpfen lcifigd;bgnesmptaix. i #dditiondt also stimulates

bone forming processes. It is the first (N-terminal) thirty-four amino acids that are
responsible for the hormonal activity. Consequently, a synthetic preparation of the first

thirty-four amino acids, PTH (1-34), was evaluated.

[0084] Various weak acid buffers have been incorporated in some PTH (1-34)
formulations in these experiments. A control formulation included PTH (1-34) actate
with sucrose was also prepared. The experiments investigate the physicochemical
properties afforded to PTH (1-34) by various mixtures of mono-, di- and tri- acids and
the stability of the solution formulations over a 48 hr period at 2-8 °C. The PTH (1-34)

formulations were buffered to a pH 5.2.
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positively charged peptide or protein apparently | eads

to the formati on of secondary bonds, e.g. hydrogen
Whonwds5148h1i ch results in an increase in sol utiPCIT/US2004/035053

viscosity. The greater the nunber of acidic groups,

the greater the nunber of secondary bonds forned

bet ween the ani ons and the peptide or protein, hence

[oozisl}goubt%alt ﬁlbwh&ethé/lo‘ﬁ fiﬁﬁlbdr%aﬂdﬁﬁdn&ﬁ&ﬁrer%— bilthe rawh@aterials

reti cal VI SCOSI ennancl n

il a5 Auatey s P el P aton Dot agota fr ther o LS PERTS
stud@tr Q“hg RIFR@l8Ens wOE %&ba@@fiﬁﬂ@b’dﬁﬁhg 2 bV e PEH( (PBH) inta BB ml

-four amno acid ptide that regul ate

polmmfuleamem@§ pensiifiies ng eM?W%;l 5S¢l RALYPERRY eaPpeeaﬁ’f& um
cen{r é%rt?ts \g&bc'ggrgg@ﬁle lﬁFﬁBﬁ'Yat@éfn&ﬁh@ﬁ@érﬁegwﬁﬁﬁ BL T (FRediired

dition it also stinul ates

for ﬁmmelafl@r)mun@swﬁ@e@lwéor formylationh and polyserbaiq 20esplvfinty) The
cenﬁI Hfhém al cgﬁltgltnﬁ'{?t e@&&% V@Jgﬁho@@@to HESRON D& LRkifilgee for

nsequently, a synthetic
a pgiodpéi atlmmn atgfo0o mn fiiilizing & Fisher Scipwific raimi eratrfige odeTH

i SR g b L LOBREEE) Apljoe e

PTH
PTH@F ) vatchons siseguratyplesaddn a neatbs Gla&-@dnﬂ@iﬂg No. 09?9A

T

2-8P@ysi cochem cal properties afforded to PTH (1-34) by
vari ous m xtures of nono-, di- and tri- acids and the
stability of the solution formulations over a 48 hr

[00R&Y | Dick PIH 2t-84)Golufibe fdrthidatidn \3&5) ceﬁmlﬁlgeﬂ eﬁdsrl a(m:ﬂodvef Zminutes at

e b P S P YEAT 3

solttidnl h#fffatiohdReR cdndicRMdiveBSing QBrcﬁ)lkgHtl vfs@dirﬁtth@tﬂodﬂsﬂAPZOOO
manuf actured for the sol utiagn . stabil IéﬁBSt ud

Allfviscpqifly apgagemeris g/elﬁ,c@%w’@a uB zuag «PeRe eﬁoéetgf, With g cone

andlero s &dﬁls:!l 710, RALK RAORYS KPR RBPEhERT femperature was
tentri fuge tube. Another 1.5 ni Npol ygéopyl ene

maiseaddib i § °C during vissgatytoeseurarientc Wascaestrize spieaist e
c@@?&‘iﬁr s%hw§§ € Thk SisWGHi§ Ene]@&lﬂénfléﬁ[s dtilized ’Rﬂ;ﬂ'o‘f PIHI(P134) solution

ation sucr ose required for fornulation)
formnbitipo| ysor bate 20 sol ution. The centrifuge vi al
contai ning the excipients was allowed to dissolve and
was centrifuged for a period of 1 mnute at 7000 rpm
[0087] | Detangpaaitieh seﬁETHSaa axitaiifn o affi fpimwations Wesigeasured g2

sta%];yt pylfﬁf-é-%erewfeeg?el rH ghs (%esl‘slltnje (flgquQﬁroq{a?&?Jb%? gRP @ﬁﬂc‘) t@V
detection at 215nm). Ox1dlzed PTH was separated from native PTH using a Zorbax 300
SB-C8 reversed phase column (4.6 mm ID x 150mm, 3.5um) (Agilent Technologies, Inc.
CA, USA) maintained at 55 °C. Final chromatographic conditions involved a gradient
elution, with solvent A: 0.1% trifluoroacetic acid in water, and solvent B: 0.09%
trifluoroacetic acid in acetonitrile. The pump flow rate was ImL/min. Soluble aggregates
(covalent dimer and higher order) were determined by size exclusion high pressure liquid
chromatography (HPLC) (UV detection at 214nm) using a TCK-gel G2000 SWXL column
(7.8 mm ID x 300mm, 5pm) (Toso Haas, Japan) with an isocratic mobile phase consisting

of 0.1% trifluoroacetic acid in 0.2M NaCl and acetonitrile (70/30 by volume), at a flow rate
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PTH( I
d as- Col ,

nodel

-34) which was subsequently placed in a rotator,
No. 099A RD4512. Dissolution of the

woTH503H361) with the excipient solution was coPdUS®O4/035053
[0086] The PTH (1-34) solution formulation
was centrifuged for a period of 2 mnutes at 7000 rpm

at 2-8 C.

utilizing

a Fisher Scientific mni

centrifuge,

nodel

of OM B /aNh. VhidaRRigtphPforbb® as@sivagperfonneddvitii Agidant Wed0series

conduct ed

ut|I|2|n aBro

ol IR R

HPIgAR 35019 (Agilgnt P@@e Biep i

therHlto'stlat't&i' aﬂ%s&ﬁﬂl@r ambrRbsMiRd G&Qﬁﬁbbt}dparbﬂlénlﬂ ail @ﬁmmp&n gle

a

nd radius 1.511 cm She rat

wa\@segth@w deiepisr Refarveasalectrdian ali‘

i ST

5iBHB A PerMnTHA& Idcps were
sof t war e.

T yinga i‘aﬁﬁjpﬂgom

cal cul ated by

The viscosity neasurenents

utilized 70 mof PTH (1-34) solution fornul ation.

[0087] De
formul ati

conposi tion of 42 E
ons was nreasureél y

V|a oxidation in all
a stability-indicating

r eveiMideriilase hi gh

\ pressuletNoqui d chr

onat oM‘ﬂbﬁ%ﬂt“rer

( RPHHIPI3®) adetdté det ¢

act i on FATEDESHM) . Oxildi

zed FAACHEM

separ@jces

efrom natji ve PTH2W&IRAg a Zorb

ax 300 BBagihl

F§Y@hRReidRDASE COl

um (4.8Hom3 D x 150

mm 3. 5nBjgma

(AGT ERIE acl@Chinol od

I'es, TnegH@A3 USA) nmal

nt ai nedigata 55

C VR akid

(%] fpmatographi CEE®NOJopT ONS 1 n

vol ved aSigma

gt dEj'lﬁUhc gm&m om, [W T SOfggEffp3A- 0. 1% trifluosgageti c
acta {C\ival er,ang 510) VEﬂﬁzdéls'}U 09% 1T T T'uor oaggédaC

A~ A ant P s 1

g\,:ly ISQ‘I‘b,zfé ot /c IIIMV% blg.Lgh_l ow rmbdy n.
SeHbh gdf.egates (Covatgnhe HRTET anu g o
‘J‘..:\%W\.eru"‘fbglflg ]?‘.Igd by—si=ze Zgé ?.nonKun fri gll Pt cé?g?tg %ﬁ)uﬂgs

chr omat ography (HPLC) (UV detection at 214nm) using a

TCK-gel G000 SWKL colum (7.8 mm I D x 300mm 5nmm)
(Toso Haas, Japan) Wi t h Babl¢ Zocrati c nobil e phase
consi-gting Ccact o 2N INAC
Faripulagion 01| t r| I eF W%‘ﬁ’nﬁo%qsb'r?g) at a ng“v‘f‘?gt‘%“ ot No.
0 i/ roppt-ogr H—assays—wa
perdor mod| w ¢ h A%(W Eﬁﬂ“qiﬁ’d&e&‘?gs HPLC éy t e 28070
(Agilent Technologies USA}—p# u\/: dc" W_
bi NBry punp %%HMME@&@W(WS%%% el 7
t hernpsta ted col um canmpart nent and ul f. nl a
wavel engt h BAYY RRH.Q&Vetucense, %@JW%Z(EOI | ect ed/ 2REPOA
anal yzed using a Turbochrom dient Server Software
verBi on 6]2 (PeYolTHI, BDYrsucropa 8% HCI, 7528069B
0.2% Tween 20
E 20% PTH, 20% Sucrose, 1.2% glycolic acid, 7528069C
0.2% Tween 20
F 20% PTH, 20% Sucrose, 1.4% malic acid, 7528069D
0.2% Tween 20
G 20% PTH, 20% Sucrose, 1.2% tartaric acid, 7528070A
0.2% Tween 20
H 20% PTH, 20% Sucrose, 1.7% citric acid, 75280708
0.2% Tween 20

[0088] Viscosity results of the formulations are shown in Table 3. Citric and malic acid

buffered formulations exhibited the largest increase viscosity enhancement compared to

the control formulation (Lot No. 7528069A). 1t is interesting to note that citric acid, a tri-
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Table 1 Material Lot No. Manufacturer PTH (1-34)

acetate FPTHO801D BACHEM Sucrose 27412A Pfansti ehl
waansasidse acid (L(+)) 27HO743 Sigma Citric aci BCT/US2004/035053

126H0743 Sigma Malic acid (DL) EF02109PT Sigma

G ycolic acid 106F7703 Sigma HO 1202157 Ricca

Pol ysorbate 20 MV0208184 Croda Water for injection
aciyiehigd DKormvkagion wwith dredtighestedscisityl Bagedrortheiteatlis@iven in Table

[ i.on Lot No.
5, R Bl TRk 8 TBLAN BhiiBR ob BEatiig bt B
to di-a%d Hweern-20d.7528070D C 20% PTH, 20% Sucrose, 0.2%
Tween 20 7528069A D 20% PTH, 20% Sucrose, 0.5% HC ,
7528069B 0. 2% Tween 20 E 20% PTH, 20% Sucrose, 1.2%
gI ycol i c aci d 7528069C Ora%re 3ween 20 F 20% PTH, 20%

SHEFOS 1 __rlu. | Fr\ aci d’ 7~’)Q{'\R9h 0.2% Tween 20 G- 20%
PTH, /“’§Efttf ot NP 206 tarthric aci d. VAseesy(eR) 0. 204
Tween 20 HszzQﬂ@RTH 20% Sucfose, I.7%CitlggC aci d,
75280708

7528069B 87

7528069C 33

7528069D 116

7528070A 77

7528070B 172

[0089] Presumably, viscosity enhancement of the weak acid buffers is achieved by the
interaction of the weak acid anion with the positively charged PTH. This leads to the
formation of secondary bonds, e.g. H-bonds, which results in an increase in solution
viscosity. The greater the number of acidic groups the greater the number of secondary

bonds formed between the anions and the PTH, hence, the greater the viscosity increase.

[0090] The overall stability of the PTH formulations was determined and the results are
shown in Figures 3-5. Total oxidized PTH (1-34) and purity of the formulations were
determined by RPHPLC the results are shown in Figures 3 and 4, respectively.

[0091] From Figure 3 it is apparent, within the variability of the results, that the total
oxidized product does not increase markedly over the 48 hour period, similarly the purity
shown in Figure 4 of the PTH (1-34) solution formulations remained constant during the
course of the study. SEC was utilized to measure the propensity of the PTH (1-34)
solution formulations for aggregation and formation of covalent high molar mass products.
The results are summarized in Figure 5, which shows formulations of PTH (1-34) did not

aggregate appreciably over the 48 hour period when stored at 2-8 °C.
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0. 2% Tween 20 [0088] Viscosity results of the
formul ati ons are shown in Table 3. Ctric and malic
wa@eiod/obusd ered fornmul ati ons exhi bited the | ar gBGI/US2004/035053
i ncrease viscosity enhancenent conpared to the contro
formul ation (Lot No. 7528069A). It is interesting to
note that citric acid, a triacid, yielded a
(0092 mTheetdatarabowed dentohﬂratﬁs@taes@um‘ﬁirmn makttmes oBagchcil atdtie acid,

i E Sl MR kAR ol A P GiehiRha i B irease
the¢ visecaity of HRTHI(1~-310) Mdthtre’spmb m)thaeordrol faabluition. Fostildxatizean

PisEhoR e b Pt R snuRgnn prsd s igions dung

th¢ &88Jof Rleassudynbl y, vi scosity enhancenent of the weak
acid buffers is achieved by the interaction of the
weak acid anion with the positively charged PTH This

[0b93ad sWitRout A€pakteieRdnt 9B spifit HRIGEEET YhiPRREtRionCor-of ordinary
H-boggiPymhlch results in an increase in sol ution

skijh cap ariops shangesAnd modiicationstie the drveaidendo @dapt #ip ¥ariowe

usipe8 dhPontifiRniU ’
o e B R A eI Bty

ang jingenglsd! ¢9,be, Hithisdhefullrowe of equéle@%qa%m fodlpwiig| claims. of
the PTH fornul ati ons was determ ned and the results
are shown in Figures 3-5. Total oxidized PTH (1-34)
and purity of the formul ati ons were determ ned by
RPHPLC the results are shown in Figures 3 and 4,
respectively. [0091] FromFigure 3 it is apparent,
within the variability of the results, that the tota
oxi di zed product does not increase markedly over the
48 hour period, simlarly the purity shown in Figure 4
of the PTH (1-34) solution formul ations remai ned
constant during the course of the study. SEC was
utilized to nmeasure the propensity of the PTH (1-34)
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solution fornul ations for aggregation and formation of

coval ent high nolar mass products. The results are
wawemsi4zed in Figure 5, which shows fornul atipeEUS$004/035053

PTH (1-34) did not aggregate appreciably over the 48

hour period when stored at 2-8 C [0092] The data above

denonstrates that counterion m xtures of citric acid /

acetic acid, malic acid/ GAedMS acid, tartaric acid/
Wﬁﬁgté%7aCLd and hydrochloric acid/ acetic acid

& ERU%Ke viscosity of hPTH (1-34) with respect to
t he 1cont Adondpositivd B teafing I erhiderdal 8éle dBVide hdviddgtratum

roduct,, purity and aggreqgatiopn remi ned uni f.ormfor

CORICH M ROY FiH &P?rBK‘QJea‘ih‘HS 38@43%%@@%@ ‘i‘fﬁé’lg’f’%}ﬁﬁ}g active

agbiRQA8} vIMEdsipLhhmeRa chintdioh] WReréih 8ai8 RirfufatioMBassc ope  of
this invention, one of ordinary skill can nmake various

therppevHedly sHactig gPacertstion ﬁgsatl%blf)%gwﬁhlx/@ﬁw &0t 0 adapt it
to various usages and conditions. As such, these
changes and nodifications are properly, equitably, and
i nt @éndedThecaseposifion pf Glainn b, Whergin paig femylatienhas\paiissagiey in

thfankd\6t ORI DU AIhPIIRCLA VB VAt ['s Claimed st . A
conposition for coating a transdermal delivery device
havi ng stratum corneum pi erci ng m croprojections
comr i si e fof Sk 8F A O wikedlh Qi@ Rrfdlalits RELIHE ol
agent and a viscoslity-enhancing counterion, wherein

vab@gj whdreinisail didlegicalpsctve npent hpeutdsitiat Fhargf 4t ead ifarmulation

n ratiaon.of .sai iologically activ t. 2.

e ARE EE S B er iRty Yt PSR SR RE A B AR e o
has a viscosity in the range of about 20 cp to about
200 cp. The conposjtio f Cai.m.l, wherein said ...
For hut at Tin Ao R 87 Ceind 2, Shrn Ml brapei€ Bl Rad B cicic

pKavaluegi cal |y active agent has a positive charge at
said formul ati on pH, and wherein said
Vi scosi ty-enhanci ng counterion conprises a first acid.
4. Bhe coppeshdsiion 6f Clelndit/ikreinbad Gishad@isdeleited froMGhd
has at | east two acidi.c pKa values. 5. The copposition

gropP copsiptine At mpdrds asich melip aciimalenieaqidy tariaric apid Adiic #5idm
cittddBni hOHFuRAS hd, | g BarRfactliBltRiofic A6idImedTibI, Belcbhiic acid,
mal onic acid, tartaric acid, adipic acid, citraconic

suggdnig acifl, pifgamadic geiddfartigpigtagid ¢itrigecd, tricerhalbiicacidei d,

etiRGHibRlnetdTBRREONE Able acid, sulfuric acid, and phosphoric acid.

6. The composition of Claim 3, wherein said viscosity-enhancing counterion

further includes a second acid.

7. The composition of Claim 6, wherein said second acid has at least one

acidic pKa value.

8. The composition of Claim 7, wherein said second acid is selected from
the group consisting of hydrochloric acid, hydrobromic acid, nitric acid, sulfonic acid,
sulfuric acid, maleic acid, phosphoric acid, benzene sulfonic acid, methane sulfonic acid,

citric acid, succinic acid, glycolic acid, gluconic acid, glucuronic acid, lactic acid, malic
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succinic acid, citramalic acid, tartronic acid, citric

acid, tricarballylic acid, ethylenedi am netetraacetic
w@eiod/os1ass boni ¢ acid, sulfuric acid, and phospPOF/U82004/035053

acid. 6. The conposition of Claim3, wherein said

vi scosi ty-enhanci ng counterion further includes a

second acid. 7. The conposition of Claim®6, wherein

acgh bﬂusb@gidd’faﬁmiochctlharmmid aid; furndr aai @Heﬁc pid pradiotec adid,
nd.aci d,

er ein.said
pefioE ATRNEp A meloBiedhil: st ittt A BenR B
glateticlacid) ytdcwiir apid, meginiod, mdshdonictacR Eittamslid afcﬁ-’m | itria@éid,

bR S e RS0 €7 e

succinic acid, glycolic acid, gluconic acid,
gl ucur onj aC|d ] ac acid, malicacid, pyruvic acid,
tar g aric lrg% pyPositiop Péﬁﬁ‘gn AoVerein spig foranulgtipgihassepqnd pH

vae] Wherpin @it Ol 6gicadll dotive @g&ﬁ AR £neB&tivd ch&rRE Qtoblaidcfoﬂﬁm&tmn
mal onj c_aci d, adiplc¢_aci citraconic acid, levulinic

seeRo @t Yauge 31 wheggin gpid pesasinpehanging couegion e@prises a first

bak@saconic acid, citramalic acid, citric acid,
tricarballylic acid and ethylenedianinetetraacetic
acid. 9. The conposition of Claim1l, wherein said

fornyl at Tﬁ@cdﬁgﬁsﬁ‘ioﬁ GECRM RN Said g’{%ﬂ)a%% ﬂ%ssaq hdst o basic

bi ol ogi cal | ive agent has a negatlve
PKéaﬁbw$ornulat|on second pH val ue, and wher ei n sald

Vi scosi ty-enhanci ng counterion conprises a first base.

10. The conposition of Caim9, wherein said first

basélhasTh cdngmsition wiCloins i @ V\L’ﬂlé&in/ﬂﬁd,lﬁist batd s sdlbeted from the

1] m 10 mher base is
er R e 2F e g S eint e B i B s
hyfiosidedi ne, ar gi ni ne, cal ci um hydroxi de and magnesi um

hydr oxi de. 12. The conposition of Claim9, wherein
sai d viscosity-enhanci ng counterion further includes a

second b'HB@conistmEﬁhef ClaifPP,Sitetedmsa visdogityTerdncit €utefion

I%?Id F%cond b has at | east one basic pKa val ue.
further imclu €S a secon ase

13.  The composition of Claim 12, wherein said second base has at least one

basic pKa value.

14, The composition of Claim 13, wherein said second base is selected from
the group consisting of sodium hydroxide, potassium hydroxide, calcium hydroxide,
magnesium hydroxide, monoethanolomine, diethanolamine, triethanolamine,
tromethamine, lysine, histidine, arginine, methylglucamine, glucosamine, ammonia, and

morpholine.

15. The composition of Claim 1, comprising an amount of said viscosity-

enhancing counterion sufficient to neutralize a charge of said biologically active agent.
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14. The conposition of Caim 13, wherein said second

base is selected fromthe group consisting of sodium
whyasoxidde, potassi um hydroxi de, cal ci um hydr oORCTHES2004/035053

magnesi um hydr oxi de, nonoet hanol onm ne, di et hanol am ne,

tri et hanol am ne, tronetham ne, |ysine, histidine,

argi ni ne, nethyl glucam ne, glucosam ne, ammoni a, and

mor plol i e camposition 0f:6htpm§; whevein sdid Glokigivally activeagéns isng

t
st FBtfHhe Bou s 2 G G APy Loy
goawreling devarpdide, bigrelbheiptoetpy sihti MR Bfan4lbgs, ATH, PTHMEr-84)n
g ELE UM LR R

bethe Srteyfer@sgaitma, ESR—EP@MICGSB G-CSEUR:10) gld@go@t@&r @hal1Bgs
gs,. PTH, PTH (1-34),

r al
ergg%aﬁg@gnﬁéeug%%aﬁ@p !Sﬁ,tSt 186T98] ar gi ni ne
vasopressin, interferon al pha, interferon beta,

interfer mma,, FS EPO GMICSF, G CSF, IL-10
gl ujggon?ﬂecgﬂﬁ‘poé’ﬂali‘ lajnp, &6, aereihapich Hagopift ebencing | v

coﬁl@té@cﬂi @h{pﬁséiﬁiné Sr bRIa8RE seldefed fﬂ?ﬁth%%%@%bﬁél&ﬁg Qf m%cazicm,

wherejin said viscosity-enhanci ng counteri

ta%ﬁﬁl”lds@éhcoaﬁéi B}‘drﬂ‘iﬁl‘gwe@&%gl}’%(élcééldeﬁldfﬁcﬁm achie group
consisting of citric acid, tartaric acid, malic acid,
hydrochloric acid, glycolic acid, and acetic acid. .
The 18onpbas eompesigen of Glim 17, wihereési saidstipldgibalyl astjvcagehty

coﬁghge\é@q@g@@q conpri ses PTH (1-34). 19. An apparatus
for transdernally delivering a biologically active

agent to a subject, conprising a mcroprojection

me r h L. Opraoj ecti nsthat re
ad glg?ed fﬁgh éaﬁ%sgéoggiﬂ érx% i ecﬁq}vgm%%? al?lblﬁglg%lﬁyn%dﬁﬂ’ ag'ge
subipatr aoppopieg b lrrocrropmjcbmn memban daving aplluremc}owfpﬁlttobfc@ectlons

ti t one biolo active age
thef BRI B hBBRE P bR P8, it Rt o ember
1ncﬂnakmgagb1a¢orﬂpaalslb catiag U EnOS gt @R IbeISHiClly @e%va:ta@éﬁtomerem
rein, sai

soiff ooy s PR At S imuftsih By VS s hiseo <abwsingor
coateivh. 20 - 200 cp. 21. The apparatus of C aim 19,
wherei n said bi oconpati ble coating has a

20.  The apparatus of Claim 19, wherein said formulation has a viscosity in

the range of about of about 20 — 200 cp.

21.  The apparatus of Claim 19, wherein said biocompatible coating has a

coating thickness less than about 10 microns.

22.  The apparatus of Claim 19, wherein said formulation has a first pH value

and said biologically active agent has a positive charge at said formulation first value.

23.  The apparatus of Claim 22, wherein said formulation includes a first

viscosity-enhancing counterion having at least two acidic pKa values.
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coating thickness | ess than about mcrons. 22. The

apparatus of Claim 19, wherein said fornulation has a
wo poosH5bb val ue and sai d biologically active apEenUSivas035053

a positive charge at said formulation first value. 23.

The apparatus of Caim22, wherein said fornul ation

i ncludes a first viscosity-enhancing counterion having

at [2éast Thewppacituiof G 23 avhiersin 24id fofhalagipp achtdasa ebond

. ' . j I.d formul ation.includes a secand
vigtoBb el el Sl oo B Vit Elprghd B feon BvRE
lesst siomsidio/plémvedueci ng count eri on having at | east one

acidic pKa value. 25. The apparatus of Caim19,

wherein said formul ati on has a second pH val ue and

sai @5bi ollfagappatatys ACldivel 9pghditin Bas famDREah hatkts LBHIGRI value

ngt %%l(ii f.c%glrml ation ?lecond pHn%aI ue. 26f T‘He, appar at us
G NEIPEY 2GS A& Paht vrepidterlipige FioId TREmYiatics ssoqnp pkl
vallesCcOsi t y- enhanci ng counterion having at |east two

basi ¢ pKa val ues. 27. The apparatus of C aim 26,

wherein said formulation includes a second

Vi S@@Si t Yheapaneistl Clamns Skhdan sa@kFmaREON Aicludes a first

.vi scosity-enhancing counterion having at |east one
Vli?ﬁ%‘%“b%?“%ﬂé%"&l@t?r igighavingent lpagsawabagie Riga @lugb.m 23,

wherein said first viscosity-enhancing counterion has

sufficient activity to neutralize a charge of said

bi 0l2dgi c&h¢ gpparetus\oé Clagia?6, wherein said formulation includes a second

viscosity-enhancing counterion, said second viscosity-enhancing counterion having at

least one basic pKa value.

28.  The apparatus of Claim 23, wherein said first viscosity-enhancing

counterion has sufficient activity to neutralize a charge of said biologically active agent.
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