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- 1 - METHOD OF DRUG DELI VERY FOR BONE ANABCOLI C
PROTEI N RELATED APPLI CATI ON Thi s application
clainms the benefit of U S. Provisional Application No.
60/ 848,960, filed on October 3, 2006. The entire
teachi ngs of the above application 5is incorporated
herein by reference. BACKGROUND OF THE | NVENTI ON

Par at hyroi d hornone-rel ated protein ("PTHP') is a 139
to 173 am no acid-protein. PTH P and certain anal ogs
are known to be useful to inprove bone mass and
guality in the treatnent of osteoporosis and rel ated
di sor qlgt -y BQQP FCB@NEU&I@A%E)%B%TEFN
protelns as arnaceutlcal agents requires t
developnent of a formulation that is acceptable in

%ﬁD% 6RT %ﬁbl ity and ease of preparation.

ernor e, currently avai | abl e osteoporosis drugs

have I ﬂﬁlsta@bhm&anhlrﬁsltHeaJéhﬁitdﬁmQ’rbaﬂ@ﬂﬁﬁ Ahgichiort e
| de-e such_as hypercal cem a and

1ép/r$6886%é"de<é oR @moaﬁq h 2086, Bonentire seelngson thershoye application
[ d resulting dose limtations
&hﬁﬁa%dggﬁﬁéggﬁ%%ee fects which can be achieved
fron1these drugs. Thus a need exists for conpounds
WBIACTK GROUND & THEINSBNITIAN a dose which wil |

i ncr ea e the g%nefi cial] effects without an increase in.
the unbamitgeidPaRORT et Pro@ingURAMAY) ey H%eo |1 /enmaaid-
g?otaﬁeﬁ?pltrP LAY &Ml rpe{haﬂ%g t§tbg g&ﬁr t%tﬂm'o% bpne mass

nposi ti on contal ni ng par at hyroi Frionerrer
pand guatitf Ttk Reataneal &fgls&oﬁmfdsﬂahm adsedisorgemng Hohs@srer the
analggue andﬁéonp05|t|ons cont ai hi hg those, anal ogues

SO pleg O hOF % MOEHIS @5 shmg?%ﬁlo%@ﬁs Fequyrgs ihscRelsmment
b sid i on
PSRRI e PECARIEL RN, S Hhald TG AU
masepbmtist.or ed at roomtenperature for at |east severa

weeks €||OMICOHVG |en5%ﬂarentera dn1n|strat|on to
human EH’F ERoEe, currently gval %O%?ﬁ@@m%ﬁtlgs haye ligntatigpg on

| Qyiemld &ﬁaé@' 1‘3}{ L e %o e UnRLfred SRRl e&@ r%@l? b fg\ﬁ:‘ércalcemla and
suitabl e tor mnistration to a su Jec

hmt:ma}ed s'[inmlat;onZof booorgsoptibn. ofhesonpmiastes seefeTliekt® and resulting

ue and an effective unt  of buffer to i ntain
H%S@ﬁﬂr%%“mﬁée 6%&?8@?!&%&9.@16 %&hc@c&a&ewhwd rom these

c [
e L%% gg@% a ﬁé’égl%iisfﬁtafﬁl; corh él?-%- W‘%Ecg 'Igéfrl ﬁF”? d sﬁ%@d ?t S? dose Wthh
N@ill irRyeas&ihg baneficiad |effe¢tb mﬂuhnetrﬁn, in¢rgsepn dgemwanmdsrdemffects.
provi des a seal ed contai ner containing a

storage-stabl e conposition suitable for adm nistration

t SUMSIUREOF THRENYERIQON | on conpri ses PTHP or an

anal og thereof and an effective anount of buffer to

mai nt ailhe presens vshtiethprogiviep @ stotdgorstablt wemaposioardntainingia

* P kB G2 ein PP SnploBRe 35 el efpping ose
34&%@166 (2 drkbd¥dlons 2dntaining thode&n@l@»g&&% desERiBed H@@fn to treat

the present invention provides a drug delivery device.
C BHPINOSPSHY toineregse base anash ahtodnereaserbghe qualidy.c Bt edrmsition is

ris or
o Siofle SBHR' e cPhORRERREEH faf BERREH A Sibra pormneppys for
anmibast s@ferd:b wekley totatlo WadoRt &idht bknekl @imiM&ragieARORihAON
between 2 and 7. In a 15particul ar enbodi nent, the
PRAePtSanal ogue is [011.122' 25, Lel12328' 31, Al b29, yL
| s26, 3
anot hegl %I}rgbkz ﬁdﬁﬁént%ﬁ%g}eg?rgg’tg\%n pn@lg d%%astora e S lﬁe
deargpabetiansaitgbld dari admxmsmranso agubpet (erg rzrthlumahh aﬂ’heone
mul ti-use container, which conprises a storage stable
conposition conprising PTH P or an anal og thereof and
an effective 20anount of buffer to maintain the pH of
t he conposition between 2 and 7. Llnysa26, 30
part| cul ar enbodl ment , the PTH P anal ogue |s

[ L IS N NN P~ A 2 w7 A Y~ A R~ [ e p— g



10

15

20

25

30

DETAI LED DESCRI PTI ON OF THE | NVENTI ON The sequence

of native hPTHP (1-34) is as follows: Ala Val Ser Qu
Hs Gn Leu Leu His Asp Lys Gy Lys Ser Ile Gn Asp
Leu 20 Arg. Arg Arg Phe Phe Leu H's His Leu Ile Ala@u
lle H's Thr Ala (SEQID NO 1y2-n a particul ar
enbodi nent, the PTH P anal ogue is [Q U22' 25,
LeU23128' 31 Ai b29, Lys26,30 | hPTHrP(1-34) NH2(SE%I D
NG@omppyition comprises @ HidirPpmiopucansl apqisstive amelms of bustsd to

[ 2 ' 955. 57 44.949,..5,, 723, 57/ d,.

5 RREETEE PR i dis e B oA RRHTLRE fBociment
| nBO PR RIsa1FSHer g By mte?ﬁ,qrﬁ?ﬁé%lhmrﬁ'raﬁﬁmwz BSEQHBNO.:
herein is any acid or salt corbination ichis

phar maceutical |y acceptabl e and capabl e of maintaining

the co It of ..t h resent .invention.wthin .

dosi r o AL PEraREoh e Bt R RN b e dtontaine

C yBRQ$iihg @B rapelsiibdd conifesitiphl shifable for BGIRiIMdtralib@t a dibjedt. The
about 7, about 3 to about 6, about 4 to about 306,
alFempogitign comangnstt THrE or ap arghes thewof andsy effdstive uaunees

[ Ny, : r ' cC abl e, buff er capabl e
S B PG Lo ERBL A UL 5 et
exeitRldément, thd PTHRE ghdlb@ic it pEluf?at ¢ cpHéSPhaib® Dy (uratap(1-
buffers. In_one enbodi nent, the buffer is an acetate
or39NHe (FRQIBING-e2): 1 n anot her enbodi nent the buffer

I's an ~ I n | ffer 18
R L

C alepias icbinprising bee 6OMERNThARGreGingdd-usboneindr SvHighdoardikds a
in the 5 range of about 0.1 nMto about 1000 mM about
0.90TASA $13Pl @ BRIPOSHIT GomPriabe T o Pmr gviapgoa Hstro! s anvifective
a . .
Lot Rl bGP Ot BiOMcpien 2 om0
pharticutze mmbpaimqnt,amgblggbaralq@&z;@[hma’czi& %_eu%’%?i3t,@bb2é, Ifyat*
a jstration tQ a subject, ich inhibits, prevents
oﬂ%gﬁéﬁﬂéz{‘mHgﬁjmww-@-cro organi snms i ncluding, for
exanpl ' I LUS b1 4 :
b P bl 8E B LMTEL RIS g v
antevicicampbsiag oagenmsrefthan areanulti-ish eoxtaimpn siHidcharsmpaine a

m% hrggeZstat f§ g%gg&&séec%gﬁryj%gwggg Iau gg] g]%frjetof gxgdeanneof%ective
RSO T U R S %T”gega% S5 e
praptidulap ambbdiment, thoPEHSadnakopde phieHy e LeufPre’, mib? dtya?®
a t n odi.nent the anti- 15 m crobi al
agg%?@%@'ﬁmhé@@%f%m esol or phenol. In another
enbodi NgRLth&e: st dim | I Svi ;
or phenol . (?tl ér‘lieeanot Illﬁnégﬂtg%gl&hnte%? %?%1021 %ﬁ‘tllig% %ﬁlgﬁl?gﬁp{reatmg
agsispporosis phepidiject in need tikgeafsethphieingiadmanistefifgtotthasaibject a
anmount . of an anti-m.crohi agent 2383120, 39Uk 30 -,

o AR 1ty <P P b BB e R s A LS g RRTREP(-
Or34NNH; BBY AN NB) ihRs labduiibetd @ 40a4amn! @ BA£ 8@k of time

viruses and fungi in the conpositions of the present
i puEisiand e treas thehmabieohpimidally basvesh abows Spnesthnto 36 months. In

[ t - unt _of anti-nmicrobial ent., i
o shitelch QR BRI SR 180y i B8 monins
my/ m, IalbedtherCnZbddimédi ehe praédntin Bitiona?evitiea Methdd apout
1Q ng/ M, about 0.25 to about 5 ng/m, about 0.5 to
abRRIEASEIE Goge mrass ghimgreasing bonsrspalitylio asybiset inapes thergof

/ . . 5. . . i 14
e g S L e 1R TS ERIMAS AR e
adGaots, kol it ? o msb AHiyaH A TSI (-3 BN (SEQJDD ab) i@ an
and pharmaceutically acceptable w thout the need for
reconstitution prior to adm nistration. The
conpositions of the present invention are suitable for
adm nistration to a subject which neans that they are
pharmaceutically acceptable, non-toxic, do not contain
any conponents which 30woul d adversely affect the
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| yophi l'i zati on techni ques known in the art and stored
as a powder which can be reconstituted prior to

adm nistration. The term"lyophilization" as used
herein is a freeze drying or dehydration techni que
whi ch invol ves renoving a sol-vent , preferably a water
m sci bl e solvent, nore preferably water froma

conmposition or 15t he present invention, typically by

s AqURRPStyRe Hand Hilpe (e durstiom ehtimp suffisiepbisi traabihe sebject,
?’@Cglr ?\Qee%t ? fn)%/)l(’)lbh%)é.ﬁa g@ o\é}}hsle%)%gmelen}%a%lgﬁ)e%ts Tche treatment

| yeepbd is Iieewaen aMaut:mrrmn‘mm $&moathdr yi ng chanber with

vari abl e tenperature controls, a condenser to coll ect

water, and a vacuum systemto reduce the pressure in

t he dr The " hilized ...
conpos e I8 ana G ot hos SRR ottt seress
powbdity Whieeihs bShqrireet cestpesitioddndhicti et Mgthafhere, théewR

| yophi lization procedure as defjned above. The

| ;FBHWPWP%%CB@ch?ﬁémlmﬁféf?dom geperal prelighar dopagspthapgurrently
t |
aéégéxga?)éelb stddpo ﬁrdrﬁmstﬁ% 2 ﬂ%@%ﬁ%ﬂiﬂéﬂg?l\ 8¥ leanted side-

aceo?fems,asinbb aamp@‘cﬂﬁ&mlaaﬁ swmelitlhxebﬁ‘bdm r€dogtiont O h@s has the
su stance which 25i s added to a solution prior

ﬁ?ﬂtﬁl&ez%@rld?flr%eélhh%{w elabphysigiaesal §€f¢%%d‘sqf@ﬁhea@cqeh5@d
c
yoaet PR St en e T Bl e
ex0|p|ents may be, for exanple, buffers and pH
a@RI@F@E$CRYHI§ON OF rTé{H:)DRWWiQ\I(éS(ci pi ent s,

stabilizer and taonigit In certain

pref er rFi@ ghsc?o%ﬁaﬂ%ﬁioé‘“% eﬁ gfeggééél N? %e&%&f‘&mn@s at

eXCUNAS °@le§h<ﬁ1t Sﬁ%%e%!:dl @%bf‘?ﬂi!erk' ng excipient. The

terns “"crystalline ki ng excipient" or "crystalline

bul ki ngFlag2mtd graph slmdnglénestalbllnpaﬁbfopmxeetbSEQéDtNM ofer 24

prOV|d Rul ds ture to the lyophilization
th&ﬁié g% 32%“&9 0 e bul king agents are inert - 7

- and do not react MAth the peptide. In addition, the

CW@UEDWDEQ@mPvamﬁE@NVEW@N e of

crystal lizing under i zation conditions.
Exanpl d&¢s¢qusnie @ﬁm\a@vc hEEHBH (1+39 ivad fellogs:agent s

ooy merds Ve SRR G T LB Rl s S oty HGISEF RN RSS Lew

S5tk iAlrg | Arg ®he ®ht Oy HIURI I Il AR 1L TIRIHis %ﬁk&qutﬁd 1D NO:1).
arabitol, galactitol, iditol, allitol, malti o} 232831

f r uct odea pasichles embedimens the BEHBealoguetsdChga", bau 558,
dg%gm xna@?ggég( 53&& %§PQ3§%§852 fructose, gul ose,

i dose’, ‘gal a abi nose, xyl ose,

I yxoseOtlSeiCPfK}ﬁfP anm@lgtlébsaee ddsasbedse 6, 92@@50' 9985,57416338 949,
mel ezitose, maltotri ose, fflnose

aI5t ?23t %17’ apth§096,88% theamtise catents@f mhﬁ vipch axe incarparated
ag, %Wﬁ&y $erddche correspondi ng racemates; inorganic
saFts bot % m heral and mineral organic, such as,

cal ci urh ‘@alffes’ asaused hasintis ény &td at Rt cghibeimiah Gvhich is
ceryl phosphat e, C|trate phosphat e nonobasi ¢ and

I

i %%maeeutgcaﬁb AGegp@blecAnd capablenfanaintpining Be campagtion efghe
t
ORsoRTRfoh il PUATRRPIT A TIRASRR disclased compositions
dimagdaio tlsg pld és a2 asngeel kbas 2 ttdeboid ﬁ,raémpomb atgup6) @bbytdﬁhiocabout

:uég OLZ? a |t€ %ﬁgﬁg I»Snéz Of fRauf uch. i %31@3? gufglq{a mc?&gen gnyachannaceutlcal

PatetBiabM! Hifer BApgad RN md] ﬁt@fnﬁfgrtﬁéj alfdv¥ PiPahbaie sl a|§ | fd8example,
agents are selected fromthe group consisting of

gl ycine, mannitol, dextran, dextrose, |actose,
sucrose, polyvinylpyrrolidone, trehal ose, glucose and
conmbi nations thereof Particularly useful bulking
agents include dextran. 20As used herein a stabilizer
is a conposition which maintains the chem cal,
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15Exanpl es of such salts include the sulfate,

pyrosul fate, bisulfate, sulfite, bisulfite, phosphate,

nonohydr ogenphosphat e, di hydr ogenphosphat e,

nmet aphosphat e, pyrophosphate, chloride, brom de,

i odi de, acetate, propionate, -decanoate, capryl ate,

acrylate, formate, isobutyrate, caproate, heptanoate,

propi ol ate, oxal ate, mal onate, succinate, suberate,

s efyatég, tartréte phosphate onaitlaa:t miffemutiy nee émbodiineat, ehe buffer is an
zoat chl o zoat e,

20h | t
S v i PoleneBa UeH S DY anaE Acite buffer. n
MesRAMRAREGRLIR bubfat NalcatEaci® Md Q)Gﬁ{rr? cetate.

xyl enesul fonat e, phenyl acetate, phenyl propi onate,
phenyl blotthe disclpsedicomposionstbe edreentration of buffer is typically in the

DORE: AP DM S ROAERME B 0 bR ahoura0q mM, abou

- SOI6 V128 @boul 3D RINIAARAET A Y4 AR EmMBPES) Rk amand
the like. 25The conp03|t| ons of the present invention

t ypi cal Ayusgd hawin, ghenti-argrobial sngSraqdaane@besmaélyame@cam

S T
| | gdled tiabgueth dhthRrd &@ESisMO theludinkl #9 e%ﬁaﬁfétbﬁc@hl\ Q)N%ses and

for adnministration of higher doses than comercially
aviingidphe C@gtp@élﬁiélﬁ%@f the area@ﬁ invgotidre S}Ot&bb}santlrmmsobuﬁl agents

i_nvention ni st red
agf%rdg% i ! SPTIPOFitions andcmitaoc?s c?fqﬁ% PrERED Eﬁ’ﬁﬁ%%] igﬁ%tbgf are not
t higmipgded edrbsdld) bemtyll BIRolgYpHRBol2BERZAS hiRhEch] G RN 8erE thoflium
conbi pation with an additi onal  t her apeutic agent, such

aschigiidgnehl @réb'éiﬁmh phenylegyaplpohd] onetbxlarapiten, propyl paraben,

S ARERER DR R Y5 30 ol 72 S eppoSiaapsie anc-

L yraR€bdal japéntéishh-tre3d), Mdrocs8d dr BhKaL. I@Ano%ﬁ@kétﬂUouf{nea¥ the
| ow acetate concentration (1mM), w thout stabilizer

T ABfigmicrobial pgentais obisparesel oUplienak yin Boothen emipgskiment the anti-
2) Tri-hydrate sodi um acetate
O%kwb g%?r{éssgghgg%d 1 N Water for Injection |Ipsen

I r el an dAsRIsedi hh@nﬂnﬁéfﬁd@ﬁv%ﬁﬁtﬁt of M@qthﬁm{rbbﬁﬁaé&ﬂﬁ@hn amount
gs pH Si. gs 1.4 Type. |l clear glass
n%g‘@ "1h Bltwrevmzs, ﬁééel%ﬁ {7 Bronits BEmigTa osgAsIsTRiEQkHing, for
G
m&’é?‘EEEb?yPﬁ? RRSrY g 208 1 PR R Ebn L 0P Pleseny fpvanton. n
vithe Menpositiobs ¥kihe présstt 1ﬁ’i7m1|t1nﬁ,ahemm6ait oI aﬁtl-lmlim&l &gent is
3ant|£ sufficient to i eve fornul ati on
YPigalbdn theomnac iowrabe 5 Iorone 20 ’?ﬁ/%’eﬁb@“@ Znip abpuipd
0
con%@ll nalbﬁﬁgt Oé‘?ﬁ)u?dé)%g 2@% : I Eb(}%b%& th %odt%I xﬁ%rgz %O\Ll\lta Q.5 to about
us¥dng/ml, about Rwhouslﬁ:mgtmlt mbcmxﬁaig/mhbr ﬂhmms @&d/m.
stabilléllhé over fn at.5 C.as sho in Fl G .
This s tCP'aIHO%,JB%Sa? fae wsseélf inyeationdypisalprredeady 4p pdainister,
andu&k ¥ 16 GM\@I‘E@E afcatdand f
forqu( SEQ S 2), ;t aé |sﬁrigeer5t?bée %ngt phr?gggéégq?%wga?\%) table
go»adwosgmmmd foy récanssisutian pver t@dwmsﬁaﬁon USke afmmisttiong of the

T%é%&\kﬂug\fle% 101'1 Igrel t%le Ifc|> > gnlrﬁl(s)treﬂ] 1on to g Eb?ect w}|1\1|81 mealzs that they

are pharmaceutically acceptable, non-toxic, do not contain any components which
would adversely affect the biological or hormonal effects of the peptide. The

compositions of the present invention do not, for example, comprise any cells.
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Material Supplier Unitary Formula (per vial) (SEQ ID

NO.: 2) Dextran 70 Gitric acid 0.25 % (wv) Water for

i njections** Ipsen Ireland Interchem cal Prol abo Meram
0.1 ng (free base) 50 ny gs pH 4.5* gs 1 g Type |

clear glass vial, 11-13 m G-&y chl orobutyl PTFE

st opper, 20 mm FI i p-off metal crinp Verretubex Dalkyo
West Pharma 1 1 1 **to get pH5 - 5.5 after

| yophi | Asusef bareineherraposiianeaf the prescat ventiog is sterpge-s@ble if the

Tr%n@-ﬁ Lf)tuhgn(ﬁ” th@Ej{E nigana% abgv?ﬁaelg: (J? g%‘%rs)g} edgrygbxﬁa& \95"8}”# dmder

10ore@f B fdgé\dm@%‘éﬁ&lt&m\é th) |smr@§etfb@@xfer Q?e@r@@t pet; dr@2)l stérage
ONE vi al of

ot)IOUPYf‘ér??S) daysdtiZdi’hg 5 to 40 pg/d doses (W|th

15inje

usea +o e nePEREwE Il sl el bp o LR Rrrices
bulkich (s tagielty iu@aﬂlbdoﬁlakgtérﬂrsfﬂiﬁgeo *Saidbl A br long-term storage”

| yophi lization. The sol utions descri bed were

| VBT thas Hig vigl, efingajsenar gprgridasidgesnaspiawdor thaeswpsof

[ Wﬁ ﬁ%*ﬁ gf‘é‘g gé’r’g@S‘@@"S%i,t%gﬁébfygglggonEheenx%gress of external

| riBhigoR¢rits, 3dgHNN2 (nSErQ ok daniNDs: whgh, keptufot &tylean 8 nifyissiag ab °C.

tests re conduct ed on sanples renoved from storage
at di f f E1CSRMPPFIRRRS offfag present ipventinrease Areduabliy aﬁmlstged by

QhjeBEH E%%aﬁg@&z&&%n%us(}g eclSy Percent remaining.. The

atal excel Ten stability over 24

mont hs Tk c@mPEsitions dfdhe pledeNRivEntSon, Saf ieedibred ifingle-dose or
[ for Glu22, 25, LeU2328131, Ai b29, Ly826 39

|
if %%Fﬁ%{ g@%@)w@lrwg@aﬂwm@vl @fas tlhe Wmtamqrf\éa it

P
l\/lrect%ﬁfy%%%r ab}éﬁ of méebr%ez: for u}gf‘%ﬁ ol %e&\rq}% ? arB?Ctlon pen or

5 piregdzerlwaty dws:ef whmhsyéplmltyfallﬁtzvlslﬂ%];%ﬁcnths laélﬁhrﬁﬁer&l}e peptide
g Lys 6, 30. Pl PTH; P(1- 34) N2 ('SEQ I D NO.: @2 as
TS YRt 1 BhSeRtRd containes 6R GAmRRTISE g pemeradpsps el the peptide of

L TR T
mpe;htx&sas@écrmcd herein. Pr opyl paraben - 0.15 nmg/ m,

A single-dose injection pen, or drug delivery device is typically a disposable
device which uses a sealed container which comprises a single dose of an effective
amount of a PTHrP in the compositions described herein. A multi-dose injection
pen or drug delivery device typically contains more than one dose of an effective -
amount of a PTHrP thereof in the compositions described herein. The multi-dose
pen can typically be adjusted to administer the desired volume of the storage stable
compositions described herein. In certain embodiment the multi-dose injection pen
prevents the ingress of microbial contaminants from entering the container or
cartridge which can occur through multiple uses of one needle.

Injection pens, as used hereéin, can also comprise two containers one of
which contains a PTHrP, as described herein, in a lyophilized powder, as described
below, and the second container contains a liquid for reconstitution of the
lyophilized powder. The contents of the two containers can be mixed prior to

administration.
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_ - Phenol - - 5/ nL _ - Chlorocresol - - - 3 ng/
nmL - Benzyl alcohol - - - - 10 ng/ nL Preservative

ef fecti veness test Fail ed Pass Pass Pass Pass
bservati onoo ssues Precipitation observed - -
Preservative effectiveness est-after storage .5
nmonths at 5C Not Tested as precipitated initially Pass
Pass Pass Fail 10Sol uti ons were prepared containing

[ Glu22' 26d1sdussed 3po & Be compbsiBonsiof siRarS&sehBEfkPOD <34 pAH?

e T

addeshtivh fGQReeAdn iatlLadgbdue 0 SBRBSIRY rhi0Rbdek DaGbI MBut 1 ml,
antimcrobial activity. Solutions were prepared at

r adout @03doe abant 6,04byl, db@s d). It tbahow f5.G fleovaboubsd- to about 1.0
ingredients in water for injection, with 15 stirring
over < 30 mnutes to ensure conpl ete dissolution,

55 L1 Rk 1 SRSOHEN e LG 0 A

applroetabant? e absut Z0AHOS nPmé st sbomo bl wigén! to about

c| 1%?0 rOerhg/ml, from about 300 mg/ml to about 300 mg/ml, from about 500 mg/ml to
about 2000 mg/ml and about 2 mg/ml.

The compositions of the present invention can also be lyophilized using
lyophilization techniques known in the art and stored as a powder which can be
reconstituted prior to administration. The term “lyophilization” as used herein is a
freeze drying or dehydration technique which involves removing a solvent,
preferably a water miscible solvent, more preferably water from a composition or
the present invention, typically by sublimation under high vacuum when the
composition is in a frozen state. Typically, lyophilization is carried out in
lyophilization equipment (a lyophilizer), which comprises a drying chamber with
variable temperature controls, a condenser to collect water, and a vacuum system to
reduce the pressure in the drying chamber.

The terms “lyophilized composition”, as used herein mean the solid residue
or powder which is produced or which remains after the lyophilization procedure as
defined above. The lyophilized composition of the present invention typically
further comprise a pharmaceutically acceptable excipient. The term
“pharmaceutically acceptable excipient” as used herein refers to a substance which
is added to a solution prior to lyophilization to enhance characteristics such as the
color, texture, strength, and volume of the lyophilized cake. Pharmaceutically
acceptable excipients may be, for example, buffers and pH adjusters, crystalline
bulking excipients, stabilizers, and tonicity .raising agents.

In certain preferred embodiments the pharmaceutically acceptable excipient
is a crystalline bulking excipient. The terms “crystalline bulking excipient” or
“crystalline bulking agent” as used herein means an excipient which provides bulk

and structure to the lyophilization cake. These crystalline bulking agents are inert
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- 13 - The sol ution w th nethyl paraben was | ess
acceptabl e due to precipitation and inactivity

i medi ately after manufacture of the solution. The
solutions were then stored for up to 3 nonths at 25C,
and up to 4.5 nonths at 5C and’the preservative

ef fectiveness test repeated. as described in Exanple
5. 5 EXAWPLE 4; Evaluation of Anti-mcrobial

Pr ¥t aatireast with dhetnepbdeskn adilitigar the arysteline dintkir dgonts are

' ‘ Al 26, 30
Ofﬁ%ﬁ%ﬁ){ggﬁ kl%égﬁ %%phlﬁlz e Con%fio%%rrpo& tions
(stabi | Exampsiteishal il El'p&BtlaEmé bunasgmg%atsm&m&ya&m@

P87231 (SEQ ID NO : ngm
ng?XCiﬁ_emtSPChﬁSeWéﬁr wlullﬂn@ﬁ e5s; ﬁggarmuqbrﬁsm@@rtels eﬂrb@o

lg{ﬂé lo&fc?tap gwfm /aé:'i‘gimpcﬁ_'n%r%eto %hﬁtol 1(91’(0'?% l-)liﬂn‘]é

S Oﬂnulttlltcﬂnﬁ'ucwsfe?sdrbésb egiu@d%@ otylbsRgtréHal dsblr MeSABextrose, altrose,
Phar macopoei a, Chapter 5.1.3 "Efficacite de | a
cdﬁ%@?%@ ycase, Anetosaizalostiidesaegalgciose; alobe rigpseaprabinose, xylose,

S R e
efrﬁelctdstrm&n exffindsesdltriadll theirmoprivdlBcdctve f@ms I IRTL-Sdts) as well a

Bacteria Initial organismconcentration in cfu / niL
e‘gf’ COMESPPRNE F@&e’@f’t%fl{hmﬁﬁ@%ﬂfs POtbrﬂ@ eieband gmineral organic, such

QAL & GG IERLALD he 1ach ?e?ﬁﬁx%oﬁa%&%?}%e?ﬁ;?}%%]na@z&% e,

phosphate monobasic and dibasic, succinate, sulfate and tartrate, as well as the same
salts of aluminum and magnesium; carbohydrates, such as, the conventional mono-
and di-saccharides as well as the corresponding polyhydric alcohols; proteins, such
as, a]bumin; amino acids, such as glycine; emulsifiable fats and
polyvinylpyrrolidone. Preferred crystalline bulking agents are selected from the
group consisting of glycine, mannitol, dextran, dextrose, lactose, sucrose,
polyvinylpyrrolidone, trehalose, glucose and combinations thereof. Particularly
useful bulking agents include dextrah.

As used herein a stabilizer is a composition which maintains the chemical,
biological or hormonal stability of the peptide. Examples of stabilizing agent
include polyols which includes a saccharide, preferably a monosaccharide or
disaccharide, e.g., glucose, trehalose, raffinose, or sucrose; a sugar alcohol such as,
for example, mannitol, sorbitol or inositol, a polyhydric alcohol such as glycerine or
propylene glycol or mixtures thereof and albumin.

The compositions described herein can be used to stimulate bone growth in a
subject. Thus-they are useful in the treatment of diseases or disorders associated
with deficiency in bone growth such as osteoporosis and bone fractures. In one
embodiment, the present invention is a method of treating osteoporosis in a subject
comprising administering to the subject an effective amount of composition

described herein.
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Phenol 5ng/ nl Chl orocresol 3ng/ nl Chl orocresol 2ng/ il
Benzyl alc. 10ng/ mL St aphyl ococcu s aureus 3.8 x 105

TO 3.4 x 10 <5 <5 4.7 x 10' T+6 hrs <5 <5 <5 6.8 x

102 T+24 hrs <5 <5 <5 <5 T+28 days 5(*) <5 <5 <5

Pseudononas aerugi nosa 1.3 x-B06 TO5 <5 <5 1.5 x 102
T+6 hrs <5

As used herein, “treating” can include both prophylactic, and therapeutic
treatment. For example, therapeutic treatment can include delaying inhibiting or
preventing the progression of osteoporosis, the reduction or elimination of
symptoms associated with osteoporosis. Prophylactic treatment can include
preventing, inhibiting or delaying the onset of osteoporosis.

As used herein, an effective amount refers to an amount sufficient to elicit
the desired response. In the present invention, the desired biological response is an
decrease in the rate of bone loss and/or an increase in the bone mass or bone quality
of a subject.

Suitable dosage for use in the compositions and methods of the present
invention include from about 40 to about 160 pg, about 80 to about 120 pg about 80
to about 100 pg; or from about 40 to about 50 ug, about 50 to about 60 pg, about 60
to about 70 pg, about 70 to about 80 pg, about 80 to about 90 g, about 90 to about
100 pg, about 100 to about 110 pg, about 110 to about 120 pg, about 120 to about
130 pg, about 130 to about 140 pg, about 140 to about 150 ug, about 150 to about
160 pg; or from 40 to about 45 ug, about 45 to about 50 pg, about 50 to about 55 ug,
aboﬁt 55 to about 60 pg, about 60 to about 65 pg, about 65 to about 70 pg, about 70
to about 75 ng, about 75 to about 80 g, about 80 to about 85 pg, about 85 to about
90 pg, about 90 to about 95 ng, about 95 to about 100 pg, about 100 to about 105
png, about 105 to about 110 pg, about 110 to about 115 pg, about 115 to about 120
ug, about 120 to about 125 pg, about 125 to about 130 pg, about 130 to about 135
ug, about 135 to about 140 pg, about 140 to about 145 pg, about 145 to about 150
ug, about 150 to about 155 pg, about 155 to about 160 pg administered once per
day, once every other day, twice per week once per week, once every two weeks,
once per month. The doses can be a pulsatile injection, for example, once per month
which causes pulsatile release of singles doses of the composition described herein.

When the dosages described above are administered once per day, once per
week etc., typically the dosages are of equal amounts.

The subject as used herein can be an animal, for example, a mammal, such as
a human.

A pharmaceutically acceptable salt is a salt which is suitable for

administration to a subject, such as, a human. The peptides of the present invention
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<56 <56 <5 T+24 his <56 <56 <6 <56  T+28 days <5 <5 <5

<5 E.coli 6.7x 105 TO 7.2x 103 <5 <5 1.1 x 10 T+6

hrs <56 <5 <5 <5 T+24 his <5 <5 <5 <5 T+28 days <5

<6 <5 <5 (*) Bacillus Gam+, different from St.

Aureus -> result conform Orgafli-sm: Yeast and nold

Initial
can have one or more sufficiently acidic proton that can react with a suitable organic
or inorganic base to form a base addition salt. Base addition salts include those
derived from inorganic bases, such as ammonium or alkali or alkaline earth metal
hydroxides, carbonates, bicarbonates, and the like, and organic bases such as
alkoxides, alkyl amides, alkyl and aryl amines, and the like. Such bases useful in
preparing the salts of this invention thus include sodium hydroxide, potassium
hydroxide, ammonium hydroxide, potassium carbonate, and the like. The peptides
of the present invention having a sufficiently basic group, such as an amine can react
with an organic or inorganic acid to form an acid addition salt. Acids commonly
employed to form acid addition salts from compounds with basic groups are
inorganic acids such as hydrochloric acid, hydrobromic acid, hydroiodic acid,
sulfuric acid, phosphoric acid, and the like, and organic acids such as
p-toluenesulfonic acid, methanesulfonic acid, oxalic acid, p-bromophenyl-sulfonic
acid, carbonic acid, succinic acid, citric acid, benzoic acid, acetic acid, and the like.
Examples of such salts include the sulfate, pyrosulfate, bisulfate, sulfite, bisulfite,
phosphate, monéhydrogenphosphate, dihydrogenphosphate, metaphosphate,
pyrophosphate, chloride, bromide, iodide, acetate, propionate, decanoate, caprylate,
acrylate, formate, isobutyrate, caproate, heptanoate, propiolate, oxalate, malonate,
succinate, suberate, sebacate, ﬁlmérate, maleate, butyne-1,4-dioate,
hexyne-1,6-dioate, benzoate, chlorobenzoate, methylbénzoate, dinitrobenzoate,
hydroxybenzoate, methoxybenzoate, phthalate, sulfonate, xylenesulfonate,
phenylacetate, phenylpropionate, phenylbutyrate, citrate, lactate,
gamma-hydroxybutyrate, glycolate, tartrate, methanesulfonate, propanesulfonate,
naphthalene-1-sulfonate, naphthalene-2-sulfonate, mandelate, and the like.

The compositions of the present invention typically do not show any or show
reduced side-effects such as hypercalcemia and typically do not increase the
stimulation of bone resorption at the dosage listed above. This reduction in side
effects allows for-administration of higher doses than commercially available
osteoporosis drugs.

The compositions of the present invention can be administered by injection

as described herein.



organi smconcentration in cfu / nL 9., Test . interval
Nb of cfu present / preparation (plate-count nethod)
P87228 P87229 P87230 P87231 Phenol 5ng/ ml
chlorocresol 3ng/ml chl orocresol 2ng/ ml Benzyl alc.
10my/ ml Aspergillus niger 3.-40¢ 105 TO 4.0 x 105 <5 <5
4.1 x 105 T+7 days <5 <5 <5 <5 T+28 days <5 <5 <5
<5 Candj da al bi cans 3.9x 105 TO 4. 4x 105

he compositions of the present invention may be administered alone or in

combination with an additional therapeutic agent, such as an antiresorptive therapy,

for example, bisphonsphonates and calcitonin.

5 EXEMPLIFICATION
EXAMPLE 1 demonstrates Glu?>%, Leu™*!| Aib?, Lys?**® ]hPTHrP(1-34)NH,

(SEQ ID NO.: 2) stability at low acetate concentration (1mM), without stabilizer

TABLE 1
Material Supplier Unitary Formula (per
cartridge)
(SEQID NO.: 2) Ipsen Ireland | 0.140 mg (free base)
Tri-hydrate sodium acetate 0.1 N Prolabo 14.6 mg
1
Acetic acid 0.1 N Prolabo 9mgqs pH 5:1
Water for Injection Meram gsl4dg
Type I clear glass Cartridge 1.5 ml, .Bﬁnderglass via 1
washed, siliconised and sterilised Vetter
Grey PTFE bromobuty] cartridge rubber Datkyo 1
stopper
Chlorobutyl rubber-metal cartridge crimp West 1
Pharmaceutical

qs = quantity sufficient to achieve

The formulation delivered 100 meg of (SEQ ID NO.: 2) per 0.1 ml. (SEQ

ID NO.: 2) was dissolved in Water for Injection containing dilute acetate buffer to

give pH 5.1 was used.
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<5 <5 3.8 x 105 1+7 days <5 <5 <5 5 T+28<5 days
<5<5 <5 Results : Conform-i Conform Conform 1 Conform
Conform Nb of cfu= nunber of colony formng units -
15 - TABLE 5 Coned.: Preservative effectiveness test
results after 3 nonths storagd at 25C Organisns :
Bacteria Initial organismconcentration in cfu/ niL

Test interval (days) No of cfii present / preparation
(p at e-fesutconstrheugellent ghgmixadstpgiin2e ePBy aR0tRsA33C as

PQEQ\% ﬁ% 'Pl T%E]sl Nuiit ?ornec%g!amsng sp%llf:zlgrl c?rrp?gsre?\?’a%ve argggonQﬂG mM
acetate buffer.
In summation for (SEQ ID NO.: 2), stabilizer is not needed to give good

stability in solution.

EXAMPLE 2: Use of citric acid buffer in lyophilised form of (SEQ-ID NO.: 2).
TABLE 2

Material Supplier Unitary Formula (per vial)
(SEQID NO.: 2) Ipsen Ireland 0.1 mg (free base)
Dextran 70 Interchemical 50 mg
Citric acid 0.25 % (w/v) Prolabo qs pH 4.5*
Water for injections** Meram gslg
Type I clear glass vial, 11-13 ml . Verretubex 1
Grey chlorobutyl PTFE stopper, 20 mm Daikyo 1
Flip-off metal crimp West 1
' Pharma

**to get pH 5 — 5.5 after lyophilisation removed after freeze-drying step.

The solutions in TABLE 2 were reconstituted with NaCl 0.9 %, to give:

ONE vial of 2 ml (=50 ug/ml) providing 10 to 80 pg/d doses (with
injections of 200 pl to 1.6 ml), or

ONE vial of 5 ml (=20 pg/ml solution) providing 5 to 40 pg/d doses (with
injections of 250 ul - 2 ml).

Citric acid was used to adjust pH and Dextran was used to provide a bulking
agent to aid cake formation during lyophilization.

The solutions described were lyophilized in glass vials, and stored at various
temperatures for up to 24 months. The content of [Glu™>?®, Leu®>#*! Aib®,
Lys***® ThPTHrP(1-34)NH, (SEQ ID NO.: 2), purity and physical tests were
conducted on samples removed from storage at different times. Results are
presented in FIG. 2, for peptide concentration, as percent remaining.. The data in

FIG. 2 shows excellent stability over 24 months at 2-8°C.
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Benzyl ale.

(P87228, P87229, P87231)
<5 <5 3.8 x 10

'or
<5 <5 <5 <5

28day

6hr

10nmg/ mL St aphyl ococcu s aureus 2.7 x 10

5.2 x 105 (P87230) Au 1.9 x

30

<5 <5 5.9 x 103 :
<5 <5 <5 <5 Pseudonpnas aer ugi nosa

24hr

9.9 x 105 (P87228, P87229, Pg2231) 8.5 x 105 (P87230)

Onr

<5 <5 <5 <5

oehr

<5 <5 <5

EXAMPLE 3: Screening of formulations for Glu?*?, Leu?>%3!| Ajb?, Lys?*

JhPTHrP(1-34)NH, (SEQ ID NO.: 2) to Compare Different Preservatives
TABLE 3 below shows Methyparaben and Benzyl Alcohol are not suitable

preservatives for use with Glu”%, Leu™?**!, Aib”, Lys*** |hPTHrP(1-34)NH,

(SEQ ID NO.: 2), as precipitation and/or inactivity in preservative activity was seen.

TABLE 3

Example 3a | Example 3b |Example 3c|Example 3d| Example 3¢
Methylparaben 1.5 mg/ mL | 1.35 mg/ mL - - -
Propylparaben - 0.15 mg/ mL | - - -
Phenol - - 5 mg/ mL - -
Chlorocresol - - - 3 mg/ mL -
Benzyl alcoho‘l - - - - 10 mg/ mL
Preservative
o ffoctivenass tost Failed Pass - Pass Pass Pass
Observationo  orjPrecipitation
Issues observed ) ) ] ]
Preservative Not Tested
effectiveness as _
test after storage | precipitated Pass Pass pass Fai
4.5 months at 5°C | initially

Solutions were prepared containing [Glu*%, Leu

23,28,31’ Aibzg,

Lys***"JhPTHrP(1-34)NH, (SEQ ID NO.: 2) 2mg/ml, acetate buffer 6mM and water

for injection, with various different preservatives added at concentrations

recommended for effective antimicrobial activity. Solutions were prepared at room

temperature, by dissolution of the various ingredients in water for injection, with

stirring over < 30 minutes to ensure complete dissolution, Solutions were filtered

through 0.2 micron filter and filled into glass vials, to which a rubber stopper was

applied and crimped in place to ensure complete closure.
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<5 24hr

<5 <5 <5 <5

28day <5 <5 <5 <5 E. coli

6.8 X

105 (P87228, P87229, P87231) 9.5 x 105 (P87230) Onhr

1.7 x 105 <5 <5 8.0x104
28day <5 <5 <5 <5 Organism:

<5 <5 <5

61-ir

<5 <5 <6 5

Initial organismconcentratioMin cfu / nL

24hr <5
Yeast and nol d

The solution with methylparaben was less acceptable due to precipitation and

inactivity immediately after manufacture of the solution. The solutions were then

stored for up to 3 months at 25°C, and up to 4.5 months at 5°C and the preservative

effectiveness test repeated. as described in Example 5.

EXAMPLE 4: Evaluation of Anti-microbial Preservative Effectiveness of Various
concentrations of Glu™?, Leu™?*' Aib®, Lys?>** ]hPTHrP(1-34)NH, (SEQ ID
NO...2) Compdsitions (stability study)

TABLE 4

P87228 P87229 P87230 P87231
(SEQIDNO.:2) Pmg/mL | mg/ mL 2 mg/ mL 2 mg/ mL

Phenol Chlorocresol IChlorocresol Benzyl alcohol
[Anti-microbial

Smg/mL 3 mg/ mL 2 mg/ mL 10 mg/ mL
Acetate buffer pH 5.1 pH 5.1 pH 5.1 pH 5.1

The solutions were tested according to European Pharmacopoeia, Chapter

5.1.3 “Efficacité de la conservation anti-microbienne” (Anti-microbial effectiveness

test) to prove the effectiveness of the preservative.




Test

i nt erval

(pl at e-count ne hod)

Phenol

Benzyl ale.

5ng/ mL Chl or ocr esol
/' mL Aspergillus ni

10ny

Nb of cfu present / preparation

P87228 P87229 P87230 P87231

3ng/ mL Chl or ocr esol
ger

3.3 X

105

2ny/ mL

(P87228, P87229, P87231) 4.1-%4105 (P87230) Chr 3.8 X

105 55 70 4.

1 x 105

7day <5 <5 <5 <5

28day

<5 <5

<5 <5 Candida al bicans 2.7 x 105 (P87228, P87229,
PEI/ABILE 53Préserkfbve effectiveness test after manufacturing

Initial Nb of cfu present / preparation
Organisms organism Test (plate-count method)
'EANISMS * |concentration | "' "pg7278 | P87229 | P87230 | P87231
Bacteria in cfu/mL |interval
n ctu/m Phenol |[Chlorocresol| Chlorocresol | Benzyl alc. |
Smg/ml | 3mg/ml 2mg/ml 10mg/ml
Staphylococcu| 3.8 x 10° TO |3.4x10° <5 <5 4.7x10°
S aureus T+6 hrs| = <5 <5 <5 6.8 x 10°
T;rzs4 <5 <5 <5 <5
T+28 "
days 5(%) <5 <5 <5
Pseudomonas | 1.3 x 10° TO 5° <5 <5 1.5x 10°
aeruginosa T+6 hrs <5 <5 <5 <5
T;r284 <5 <5 <5 <5
T+28 <5 <5 <5 <5
days
E.coli 6.7x 10° TO |7.2x10° <5 <5 1.1x10°
T+6 hrs <5 <5 <5 <5
T;rzs4 <5 <5 <5 <5
T+28 <5 <5 <5 <5
days
(*) Bacillus Gram +, different from St. Aureus -> result conform
~ Initial Nb of cfu present / preparation
Organism : organism Test (plate-count method)
Yeast and cgncentration inteiial P87228 | P87229 P87230 P87231
mold in cfu/mL Phenol |chlorocresol|chlorocresol| Benzyl alc.
Smg/ml'} 3mg/ml 2mg/ml 10mg/ml
Aspergillus 34x10° | To |[4.0x10° <5 <5 4.1x10°
niger
T+7 <5 <5 <5 <5
days
T+28 <5 <5 <5 <5
days .
Candida 3.9x10° T0 | 44x10° <5 <5 3.8x 10°
albicans :
L <5 < 5
days
T+28 <5 <5 <5 <5
days
Results : Conform - Conform| Conform | Conform | Conform

Nb of cfu= number of colony forming units




(P87230) Ohr 4.0 x 105 <5 <5 3.8 x 105

<5

Conf orm Conf orm Not Conform -
Preservati ve effectiveness test
nont hs storage at 5C Organi'sh55

28day <5 <5 <5 <5 Results :

16 -

Conform -

7day <5 <5 <5

Conf orm

TABLE 5 Coned. :

results after
Bacteria Initial

organi sm concentration in cfu / nL Test |

4.5

nt er val

(da sﬁ Nb of cfu present / preparation (p ate-count ne
hodABLE SHgqzly Pacrenati peafiaverso st results after 3 months storage at
25°C
Initial Nb of cfu present / preparation (plate-count
) organism Test method)
Orga : ]
Roc | concentration | interval | P87228 | P87229 | P87230 | P87231
incfu/mL | (days) [~ Phenol - |chlorocresol|chlorocresol Benzyl alc.
Smg/ml | 3mg/ml 2mg£nl " 10mg/ml
Staphylococcu| 2.7 x 10° Ohr [1.9x10° <5 <5 3.8x10°
S aureus (P87228, _ 3
P87229, P87231) Shr 30 5 = . 22X 10
24hr <5 <5 <5 <5
52x10°
(P87230)
28day <5 <5 <5 <5
Pseudomonas | 9.9x 10° Ohr <5 <5 <5 <5
acruginosa (P87228, 6hr <5 <5 <5 <5
P87229, P87231) Sahr <5 pr3 =3 <5
8.5x 10°
(P87230) 28day <5 <5 <5 <5
E.coli 6.8 x 10° Ohr |1.7x10° <5 <5 8.0x 10°
P87§P87228, 6hr <5 <5 <5 5
29, P87231) >ahr =3 =3 pr <5
9.5x 10°
(P87230) 28day <5 <5 <5 <5
Initial Nb of cfu present / preparation (plate-count
Organism : organism Test method)
Yeastand ~ |concentration|. ~°** I"pg7298 | P87229 | P87230 | P8723]
nold in cfu/ mL interval '
Phenol | Chlorocresol| Chlorocresol| Benzyl alc.
Smg/ml 3mg/ml 2mg/ml 10mg/ml
Aspergillus 33x10° | onr |38x10°[ 55 70 4.1x 10°
niger (P87228,
P87229, P87231)| 7day <5 <5 <5 <5
4.1x10° 28day <5 <5 <5 <5
(P87230)
Candida 27x10° | oOhr |4.0x10° <5 <5 3.8x 10°
albicans (P87228,
P87229, P87231)] 7day <5 <5 <5 <5
3.7x10° | 28day <5 <5 <5 <5
(P87230)
Results : Conform - Conform| Conform | Conform Not

Conform




Phenol' 5ng/ nl chlorocresol 3 ng/m chl orocresol
2nmg/ ML Benzyl alc. 1 Ong/m Staphyl ococcu s aureus 5.4
x 105 Onh 4.1 x 105 <56 <5" 5.1 x 105 6hr <5 <5 <5
7.2x 103 24hr <5 <5 <5 <5 28day <5 <5 <5 <5
Pseudonpnas aerugi nosa 9.7 x- 105 Chr <5 <5 <5 <5.

6hr <5 <5 <5 <5  24hr

TABLE 5 Cont’d.: Preservative effectiveness test results after 4.5 months storage at
5°C

Initial Nb of cfu present / preparation (plate-count
0 L organism Test method)
EENSMS | concentration | interval | Pg7228 | P87220 | P87230 | P87231
Bacteria in cfu/ mL
inciu/mb | (days) [ Phenol' |chlorocresol|chlorocresol| Benzyl alc.
Smg/mi 3mg/ml 2m§@ IOmg/ml
Staphylococcu| 5.4 x 10° Ohr [4.1x10° <5 | .<5. 5.1x 10°
S aureus 6hr <5 <5 <5 [ 712x10°
24hr <5 - <5 <5 <5
28day <5 <5 <5 <5
Pseudomonas | 9.7 x 10° Ohr <5 <5 <5 <5
aeruginosa 6hr <5 <5 <5 <5
24hr <5 <5 <5 <5 -
28day <5 <5 <5 <5
E.coli 6.1x10° Ohr |7.0x10° 5 5 42x 10°
6hr <5 <5 <5 <5
24hr <5 <5 <5 <5
28day <5 . <5 <5 <5
Initial Nb of cfu present / preparation (plate-count
Organism: organism Test method)
Yeastand  [concentration|. " ["P§7228 | P87229 | P87230 | P8r23l
mold in cfu/mL Phenol | Chlorocresolf Chiorocresol| Benzyl alc.
Smg/ml 3mg/ml 2mg/ml 10mg/ml
Aspergillus 53x10° | ohr [37x10°[1.8x10° | 7.5x10° [ 41x10°
ad 7day <5 <5 1. <s <5
28day <5 <5 <5 <5
Candida 4.1x10° Ohr |45x10°| <5 5 45x 10°
albicans : 7day < =5 <5 <
28day <5 <5 <5 <5
Results : Conform - Conform| Conform | Conform Not
Conform

TABLE 5 shows Phenol, Chlorocresol and Benzy!l Alcohol all produce
compliant results immediately after manufacture for both Bacteria and
Yeasts/moulds. After 3 and 4.5 months storage, the preservative efficacy is

maintained for Phenol and Chlorocresol, for both Bacteria and Yeasts/moulds.



<5 <5 <5 <5 28day <5 <5 <5 <5 E.coli 6.1 x 105 Onhs
7.0 x 104 5 5 4.2x 104 6hr <5 <5 <5 <5 24hr <5 <5
<5 <5 28day <5 <5 <5 <5 Organi sm Yeast and nold
Initial organismconcentration in cfu/ nL Test

10

15

i nterval
me hod)

No of cfu present! prfeparation (plate-count

P87228

However, for Benzyl Alcohol, the efficacy against Bacteria is not compliant, as the

data shows insufficient rate of kill against S Aureus (TABLE 5).

EXAMPLE 5: Chemical stability of different formulations
TABLE 6 details the chemical stability of the formulations described in Example 4.

TABLE 6: Glu**?, Leu™3! Aib”, Lys?** |hPTHrP(1-34)NH, (SEQ ID NO.: 2)

stability results

Storage conditions : 25°C, 60% RH

(SEQ ID NO.: 2) content in mg/mL
(% initial concentration at t=0)

Batch Composition 0 month 1 month 3 months
1 (SEQIDNO.: 2)
1.90 1.88 1.83
P87228 82523 / Phenol (100%) (98.9%) (96.3%)
(SEQIDNO.: 2) '
1.98 1.96 1.94
P87229 82528 / Chlorocresol (100%) (99.0%) (98.0%)
(SEQIDNO.: 2)
1.93 1.89 1.86
P87231 2mg/ml) / Benzyl -
(zme/m %1 o) (100%) | (97.9%) | (96.4%)
Storage conditions : 5°C
(SEQ ID NO.: 2) content in mg/mL
(% initial concentration at t=0)
Batch Composition 0 month 3 month 4.5 month
(SEQIDNO.: 2)
1.90 1.91 1.89
P87228 gzggg / Phenol (100%) | (100.5%) | (99.5%)
(SEQIDNO.: 2)
1.98 1.96 1.97
P87229 grn;gjmg / Chlorocresol (100%) (99.0%) (99.5%)
(SEQID NO.: 2)
193 -1.94 1.92
P87231 %"C‘g‘/h’;}lzl/ onﬁg/zrﬂB (100%) (100.5%) (99.5%)

As can be seen from TABLE 6 and [Glu®%, Leu®>®3! Aib%,

Lys?*JhPTHrP(1-34)NH, (SEQ ID NO.: 2) solution stability is not significantly

influenced by the preservative selected.. TABLE 7 details the content of each

preservative for the same formulations.
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P87229 P87230 P87231 Phenol 5ng/ ml Chl orocreso
3ng/ mL Chl orocresol 2ng/nml Benzyl ale, 10mArl
Aspergillus niger 5.3 x 105 Chs 3.7 x 105 1.8 x 103
7.5 x 103 4.1 x 105 7day <5 <5 <5 <5 28day <5 <5
<5 <5 Candida albicans 4.1 x-lIf85 Ch 4.5 x 105 <5 5 4.5
x 105 7day <5 <5 <5 <5

TABLE 7: Preservative stability results

Storage conditions : 25°C, 60% RH
Preservative content in mg/ml
(% initial concentration at t=0)
Batch Composition 0 month 1 month 3 month
(SEQIDNO.: 2)
4.86 4.82 4.79
pg7228 gxggg / Phenol (100%) | (992%) | (98.6%)
(SEQ ID NO.: 2)
2.78 2.70 2.56
P87229 Egzgrmng / Chlorocresol (100%) (97.1%) (92.1%)
(SEQIDNO.: 2)
9.92 9.83 9.82
P87231 2mg/ml) / Benzyl
;]C o 210mg /nﬁl) (100%) | (99.1%) | (99.0%)
Storage conditions : 5°C
Preservative content in mg/mL
(% initial concentration at t=0)
Batch Composition 0 month 3 month 4.5 month
CETTSEQ IDNO.: 2)
P87228 | (2mg/ml)/Phenol 486 4',83 n4'84
(5mg/ml) (1UU%) (¥9.47%) (¥5.6%)
(SEQ ID NO.: 2)
2.78 2.73 2.74
P87229 gggrn;g / Chlorocresol (100%) (98.2%) (98.6%)
(SEQ ID NO.: 2)
9.92 9.89 9.94
P§7231 fl’l“f}g‘llzl/ OBrjgfny)i) (100%) (99.7%) | (100.2%)

As can be seen from TABLE 7 chlorocresol is the preservative which has the

lower stability, with greater loss in preservative content under both 5 and 25°C

storage.

While this invention has been particularly shown and described with

references to example embodiments thereof, it will be understood by those skilled in

the art that various changes in form and details may be made therein without

departing from the scope of the invention encompassed by the appended claims.




28day <5 <5 - <5 <5 Results : Conform Conform Conform
Conf orm Not Conform TABLE 5 shows Phenol ,
Chl orocresol and Benzyl Al cohol all produce 5conpliant
results inmmediately after manufacture for both
Bacteria and Yeasts/noulds. After 3 and 4.5 nonths
storage, the preservative efficacy is maintained for
Phenol and Chl orocresol, for both Bacteria and

Yeasts/noulds. - 17 - Howeygrs for Benzyl Al cohol,
the efficacy against Bacteria is not conpliant, as the
data shows insufficient rate of kill against S Aureus

(TABLE 5). EXAMPLE 5: Chem cal stability of different
(lginul at i ons 5TABLE 6 details the chemical stability
of the formnul ati ons described in. Exanple 4. TABLE 6:

Gl1122' 25, Lel123.25' 31, Aib29, Lys26' 30

Rl PT it
'S o ag el Cortpdsiigh bl BT & ! pesiiecspomprising
cont @ntt iR Hrg/ rnalogud nhdviire thencgequeﬁ@g i @l af2%=Qley 22831

et AUPRE LRy, L RIRELAS) 757250

(100B) ar efB&:ti¢O8mOMk oL a 8B HuHer t%%alﬁ&?l?tg@%ﬁ ?%Oaé}g %@Qbé)ut 4.5

2) (2ng/nl) / Chlorocresol (3ng/nil) 1
(99.‘6@ o9y (98.09 P87231
2. The storage-stable composition according to claim 1, wherein said pH is about
5.1
3. The storage stable composition according to claim 1, wherein said pH buffer is

selected from the group consisting of acetate, tartrate, phosphate and citrate
buffers.

4. The storage-stable composition according to claim 3, wherein said pH buffer is

an acetate buffer.

5. The storage-stable composition according to claim 4, wherein said acetate buffer

is acetic acid and sodium acetate.

6. The storage-stable composition according to claim 5, wherein said buffer is

present in a concentration range of about 1 mM to about 10 mM.

7. The storage stable composition according to any one of claim 6 wherein said

buffer is present in a concentration of about 6 mM.



(SEQID NO.: 2) (2ng/nml) / Benzyl Al cohol (10ng/ ntl)
1.93 (100% 1.89 (97.9% 1.86 (96.4% St or age
conditions : 5C (SEQID NO: 2) content in ng/nL (%
initial concentration at t=0) Batch Conposition O
nmonth 3 nonth 4.5 nonth P87228 (SEQ ID NO.: 2)

(2mg/ m) / Phenol (5ng/ml) 1.90 (100% 1.91 (100.5%
1.89 (99.5% P87229 (SEQ ID NO. : 2) (2mg/ m) /

Chl orocresol (3ng/nl) 1.98 50100% ,96 (99.0% 1.97
(99.5% P87231 (SEQ ID NO.: (2 /ml) /| Benzyl

Al cohol (10ng/nil) 1.93 (100% 1.94 (100.5% 1.92 '
(99.5% 10 As can be seen from TABLE 6 and [ G1U22' 25,

8Leu2$he?8toﬁeige s&JbleQOmIi»déﬁl%ﬁ a%@&rﬁﬂlg i ¢l llfur§1er4 )cNﬁBrising an

tJ solution stability is not
SI gnﬁ”’mf CE‘&?]@IPQUW ﬁf@m%ﬁt@t}rwlt‘dh@tpr eservative

sel ected.. TABLE 7 details the content of each

preser vat i ve for the sane fornul ati ons.

9- 18The FmBLge-sTablPreespositidn \vecsddiapi foi tiing €§ Ulvhsrein said anti-

. 0
St orﬁﬂ:?ob?ﬁ%gle&t 1sop Senol 25C, 60% RI

10.  The storage-stable composition according to claim 9, wherein said phenol is

present in a concentration from about 0.25 to about 5 mg/mL.

1. The storage-stable composition according to claim 10, wherein said phenol is

present in a concentration of about 5 mg/mL.

12, The storage-stable composition according to claim 1, wherein said PTHrP

analogue is present in a concentration of about 2 mg/mL.

13. The storage-stable composition according to claim 1, wherein said composition

does not contain a chemical stabilizer.

14, A storage-stable composition for use as a medicament in treatment of
osteoporosis comprising:
a) a PTHrP analogue having the sequence [Glu?>?, Leu®>?8? L Ab?,
ys*>*"]hPTHrP(1-34)NH, (SEQ ID NO.2); and
b) an effective amount of a pH buffer to maintain the pH in a range of about 4.5

to about 5.6.

I5. Use of a storage-stable composition according to Claim 14 in a single daily
subcutaneous injection containing from about 40 to about 45 ug of [Glu*%,

Leu® 23!, Aib?, Lys?*|hPTHrP(1-34)NH, (SEQ ID NO.2).



Preservative content in ng/m (%initial concentration
at t=0) Batch Conposition O nonth 1 nonth 3 nonth
P87228 (SEQ ID NO.: 2) (2ng/nml) / Phenol (5ng/nml) 4.86
(100% 4.82 (99.2% 4.79 (98.6% P87229 (SEQ ID NO. :

2) (2mg/ L) / Chlorocresol (3ng/nl) 2.78 (100% 2.70
(97.19% 2,56 (92.1% P87231 (SEQ ID NO.: 2) (2ng/nml) /
Benzyl Al cohol (10Ong/nil) 9.92 (100% 9.83 (99.1% 9.82
(99. 0% Storage conditiong :- 5C Preservative
content in ng/mL (%initial concentration at t=0)

Bat ch Conposition O nonth 3 nonth 4.5 nonth _P87228
.(SEQ ID NO.: 2) (2nginaLPhenol 4.86 4.83 4,84

(5ng/ )
16.  Use of storage-stable composition according to Claim 15 further comprising

phenol in a concentration from about 0.25 to about Smg/mL.
17. The use of Claim 16 wherein the said pH buffer is an acetate buffer.

18.  Use of a storage-stable composition according to Claim 14 in a single daily
subcutaneous injection containing from about 75 to about 80 ug of [Glu22’25,

Leu®***, Aib¥, Lys***|hPTH:P(1-34)NH, (SEQ ID NO.2).

19. Use of storage-stable composition according to Claim 18 further comprising

phenol in a concentration from about 0.25 to about Smg/mL.
20.  The use of Claim 19 wherein the said pH buffer is an acetate buffer.

21.  Use of a storage-stable composition comprising:
a) a PTHrP analogue having the sequence [Glu**®, Leu?>®3!, Aib?®,
Lys****|hPTHrP(1-34)NH, (SEQ ID NO.2); and
b) an effective amount of a pH buffer to maintain the pH in a range of about 4.5
to about 5.6.

for the manufacture of a medicament for treatment of osteoporosis.

22, Use of a storage-stable composition according to Claim 21 in a single daily
subcutaneous injection containing from about 40 to about 45 ug of [Glu22’25,

Leu™***!, Aib”, Lys*** |hPTHIP(1-34)NH, (SEQ ID NO.2).

23. Use of storage-stable composition according to Claim 22 further comprising

phenol in a concentration from about 0.25 to about Smg/mL.



(99:49% -(99:69% P87229 (SEQ ID NO.: 2) (2mgy/ml) /

Chl orocresol (3ng/mL) 2.78 (100% 2.73 (98.2% 2.74
(98.6% P87231 (SEQ ID NO : 2) (2ng/m) / Benzyl

Al cohol (10ng/ml) 9.92 (100% 9.89 (99.7% 9.94

(100. 2% As can be seen from TABLE 7

chl orocresol is the preservative which has the 5| ower
stability, with greater loss in preservative content
under both 5 and 25C storage, . Wi le this

i nvention has been particul@arly shown and descri bed
wWth references to exanpl e enbodi nents thereof, it

wi |l be understood by those skilled in the art that
various Changes in formand details may be nade

therein wi thout 10departing fromthe scope of the
2tnv e hltg usa ob hsdmp asdeteibiheshid pHppdldisdn etaitabuffer: 19 -
Clainms 1. A storage-stable conposition suitable for

adm nistration to a subject conprising: , a) a PTHP
2&nal Uguef hawirag-dtitée saqpeittn ic&ﬂin%&o%lain@@laﬁ,azﬁn%é daily
Ai b29, Lys26' 31hPTHr P(1-34)NH2 (SEQ I D NO 2); and Hé 2295
an eTPELIeous FHertiap coptaiping frammbprle?s twabrul P aimof Helu™?,
pH i 288N gA8,20 bho t 0 The
st orlgeéf- st é%l%e ’fé“g%'pogfpgﬁ{éﬁ(la%gggﬁ@?g{]%qg?%i m1,
wherein said pHis about 5.1. 3. The storage stable

0 ition according to..claiml, wherein id pH .

260 PER M DREORG Rhuistife Sgfsdihe Sorane 2gugher comprising
acetgtiegol ih alcbiich@atidd RSP M0 3N Mol Hhempuf f ers.
4. The storage-stable conposition according to claim 3,
wherein said pH buffer is an acetate buffer. 5. The

o5t or _ L . - h ’
hor o nsgofClefn 20 TRER 1P S EPEOLAL oh L EUPLIAL oot urm
acetate. 6. The storage-stable conposition according to
claimb5, wherein said buffer is present in a
concentration range of about 1 mMto about 10 nM
7. The storage stable conposition according to any one
of claim6 wherein said buffer is present in a
concentration of about 6 M - 20 - 8. The
st orage-stabl e conposition according to claim1,
further conprising an effective anpunt of an
anti-mcrobial agent. 9. The storage-stable conposition
according to claim8, wherein said anti- mcrobia
agent is phenol. 10. The storage-stable conposition
according to claim9, wherein said phenol is present
in a concentration fromabout 0.25 to about 5 ng/ni.



11. The storage-stable conposition according to claim
10, wherein said phenol is present in a concentration
of about 5 ng/nl. 12. The storage-stabl e conposition
according to claim1, wherein said PTH P anal ogue is
present in a concentration of about 2 ng/nL 13. The

st or age- st abl e c0¥f98 s100# 092 aspgoerdke rigstimgc| ai m 1,

wherein said conpositio (g,g_ ntain a chemn cal
stabilizer. 14.A stor aggg tgéﬁ 29%%%09 tion for. use as

<1310> ﬁ%ﬁgﬂﬂhi AnEr eat rreFt ﬂf ost eopQrosi s conpri si ng:
a) PN SAAISUECMATNHENEhEt S ARRIAEaE 1Rl §OTENDES Taues
Le B39 84igHae1Ai 029, Lys2631hPTHr P(1-34)NH2 (SEQ I D
NO. ¥endol ma\'aﬁgﬂdﬁ effective amount of a pH buffer to
mai ﬁ%@‘goﬁﬁﬁakﬁﬁei n a range of about 4.5 to about 5. 6.
15.Uyseleqf carsdharage- st abl e conposition according to
[ml4 in a single daily subcutaneous injection
<1§§§?&$§t?ﬁ@§§f;?%ﬁ?ﬂ‘%&ﬁ¥ 30 %8S about 45 jag of [01u22' 25
Leu2328' 31, Aib29, Lys26' 3111PTH P(1-34)NI12 (SEQ I D
<130 3803.1004002.  16. Use of storage-stable conposition

<1485 Gk flisB8uA/82:Gh gl M 15 further conprising phenol in a
<l4gereoerdioagsi on from about 0.25 to about 5ng/ L. 17. The

<1545 %0944 im16 wherein the said pH buffer is an

<15§998 _é(’, ffer. 18.Use of a storage-stable conposition
according to Caim114 in a single daily subcutaneous

<16Pnj2ecti on contai ning from about 75 to about 80 jug of

<1705k 43R0 23r WiRlGWE ¢&hsPdn 4 D29, Lys26, 31hpr t-t
r(1-34)NH2 (SEQ I'D NO. 2). 19. Use of storage-stable

ol osition according to Caim 18 further conprising
<21pherpl in a concentration fromabout 0.25 to about

<21%nybpmmlsapi@ndhe use of Claim 19 wherein the said pH
<408 fer is an acetate buffer. 21.Use of a
AlaSiadr fgecrt MY €14 QBP QS tHi9MspOIRI bR NG &) 1fe %Tg'r P
1 anal ogue ha¥ing the sequerige [GluZ2'25, Lep23 25' 31,
ASP AjeH 299 %t'"%ﬂsﬁ@ Bhe| Phertey e Hig4he1 ITR2ATR I & 2); and
Thri®iaan effecti ve anount 3f a pH buffer mai ntai n the
pH in a range of about 4.5 to about 5.6. for the
manuf acture of a medi canent for treatnent of
<1®speoporosis. 22. Use of a storage-stable conposition
<21cdbdrding to daim2l1 in a single daily subcutaneous

n i ning fromabout 40 to about 45 jig of
<1eA351 0 SPalhl 5 51O es
<220_>y326631,11PTHr P(1-34)NH2 (SEQ ID NO.2). 23.Use of
<223t HrABRLIStRERE Beconposi ti on according to O ai m 22
<22¢>urt her conprising phenol in a concentration from
<g’§1abm!PLRIﬂi 25 to about 5ng/nmL. - 22 - 24. The use of
jzzﬁgﬁm 16 wherein the said pH buffer is an acetate
buffer. 25. Use of a storage-stable conposition
<§§Oaccor di nﬁ to daim21 in a single daily subcutaneous
ZIXBRTIEN contai ning from about 75 to about 80 ps of
[ 01U22' 25, Leu23, 28,31, A b29,
<220py S26. 30] hPTHI 1) (1- 34) NH2 (SEQ ID NO. 2). 26. Use of

:%%% t %g-st abl e conposition according to Caim25

<223b Walahemng QApid a0 phenol in a concentration from
about 0.25 to about 5ng/nL. 27. The use of C aim 26

<400 : - :
h uffer_is. an.acetate ffer.
Ale JE05% B0 Mo 3 Bkt £age Tf BRI E <110
Asp RRALG AR Ay Ie1u| kew. LeBoG]etes deu Coms@a | LysdiseuRetsher ches
et D ABBlications Scieflifiques (S.C ROA S.) Dey,
M chael 3. Mondoly, Nathalie R gaud, Benedicte
Henderson, Bart Lyttle, C. Richard <120> Met hod of
Drug Delivery for Bone AnZ#1tc Protein <130>
3803. 1004002 <140> PCT/ Us20077021216 <141> 2007-10-03
<150> 60/ 848, 960 <151> 2006- 10-03 <160> 2 <170>
Fast SEQ for W ndows Version 4.0 <210> 1 <211> 34



<212> PRT <213> Hono Sapiens <400> 1 Ala Val Ser Qu
Hs Gn Leu Leu 15 Asp Leu Arg Arg Arg Phe Phe Leu 20
Thr Ala <210> 2 <211> 34 <212> PRT <213> Artificial
sequence <220> <223> synthetic <220> <221> MOD_RES
<222> 29 <223> Al b <220> <221> AM DATI ON <222> 34
peptide <220> <28B%1004R00NFeqB2dE>123ing223> Xaa = Any
Thrapdano Acid <400> 2 Ala Val Ser Gu 1 Asp LeU Arg Arg
20 Leu His Asp Lys 10 Leu Qu Lys Leu 25 Ay Lys
Ser Ile Gn 15 Leu Xaa Lys Leu His 30 Thr
Al a3803. 1004- 002 sequence |isting
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