-1 - METHOD OF DRUG DELI VERY FOR BONE ANABOLI C PROTEI N RELATED APPLI CATI ON
This application clainms the benefit of U S. Provisional Application No.

60/ 848, 960, filed on Cctober 3, 2006. The entire teachings 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 certajn anal ogs are known to be useful to
i nprove bone mass and quality in the treatnent of osteoporosis and rel ated
di sorders. However, the 10comrerci al use of these proteins as
pharmaceutical agents requires the devel opnent of a formulation that is
acceptable in terns of storage stability and ease of preparation.

Furt hernore, cu i ' r i i ons on
ui tabl o dosageMiged Gt DRI PRIt RASR OB HOWE AR RBRLE R IAES
hyper cal cem a and 15i ncreased stinul ati on of bone resorption. These
unwant ed si de-effec lting dose limtations reduce the beneficia
ef fects mhigﬁngﬁﬁbéiggﬂﬂgtgggfron1these drugs. Thus a need exists for
conpounds whi ch &g : I Py L W diciinnease the
benefi ci al effec?gﬁﬁpﬁﬁ%ﬂ?hg%ﬁﬁﬁﬁﬁggggh?gqﬁﬁghﬁﬂagﬁ?e ‘g$%ggéffects. 20
SUMVARY OF ab4B48, 88 iTedadh October 3TR80Gr Elseaitire teachingsoof the aboivel egplaation

st orage- st apl.e congoaitio contai ning a parathyroid hornmone-rel ated protein
(PTHr P) nalSdBraEPAd heteHbsrediefsi ng t hose anal ogues and conposi ti ons
cont ai ni ng those anal ogues as described herein to treat osteoporosis, to
i ncrease bopgadRESROOND OF TIEE $RYENIQOK qual ity. The conposition is

25storage stable, in sterile form and in general nmay be stored at room
tenperature for Barathgrsd hemwmeatlated gitateind"RTHRY) sanh3drtp A3 apénoeasicer al

admnistration.to n patients | n one enbodi.nment, .the present
vent on pPQUitieR AL Eadhloes stedngudiie PEA U 4BPRV BPSHAT, ot rat i on
to a subj ecind fuallty indhdERMALRt oFld8teopordsis af@FPASd dikRBerS OHBReY &Sthea PTHN P
anal ogue and an effective anount of buffer to maintain the pH of the

conposi k0 oncdremonsish use efrihiesg prateing appharingceuticalagbnis reguires the devebamment s
[ 0i u22, 25, u23, 28,.31., Al b29 s26, 30 PTHr P( 1-.34) NH2(SEQ | D NO.: 2).
L aa Eb SRR thaf jedcennt S o ST ES TR RO BT Ld Sont ar mer

cont ai ni Ny grepir@fi@pe- st abl e conposition suitable for administration to a

subj ect. The conposition conprises PTH P or an anal og thereof and an
ef fecti ve anmpunt Fethepopreegurrantinayailabiqosténpopsisclrugslave impesers @n bet ween 2

and 7. In a_particul ar_enbqdi t..th THr P | ogue i ,

Ceuz3. 28, 3 APl RS SR A Pl e et S RiB SN B Mpeibat e |
anot herj senbpeica®atstinful@ioRloE $61RY rebotpaoi.| ThesphBWakkes side-@ffu@s afd fexdltiyig devi ce
conprising one or nore than,one single-use container which conprises a

storage st adfse liguiapons terduee tho henelisiaheffests-whichican he aghigvsd fromethest and an

effective a t buf : i Nt al ‘ Sitl tween 2
and 7 1 e s el S ol Tt B e 8L At ET 8 4dsB V% 5
Leu23. 28" 31wilAinbreaseltiis B&rieticiah&XTedtPlvith St )ablidr &dsQin {Be Nowantdd side-effects) n

anot her enbodi nent, the present invention provides a drug delivery device
conprising one or nore than one nulti-use container, which conprises a
storag t alpl bt §S§iyng PTHrP or an anal og thereof and an
effect?%i ggugﬁgggﬁoorT%ﬁ??ﬁgﬁﬁgngintain the pH of the conposition between
2 and 7. |In a paTld gresent ingefitivgi prevites 4 sterdgdstaBleagvalpogition iconthiaing2?, 25,
Leu23' 28.31, A b29, Lys26,30 ]1iPTH P(1-34)NH2(SEQ I D NQ.: 2). In

anot her entisEthERid hargmopsedlatst Proige ﬁ?{“ﬂrﬁpﬂna\?ga%gr%ﬁﬁ@%ﬁ ustngthe%t i ng

ost eopor 0Si S, | | s Lher ISl 1l st.eri to the
oubj cot 5 FR2ioBufs SRSk Bn\ AR RE aRATRIGE, B0 (a0 13k

Al b29, Lys26tcdpoloRisnioripéréase dbhdhiaésShQo lindrédse borg quahityarTlanmumjosbiehvieen 40
and 16Q jig for a &unatiqaﬁ&f tiQf sufficient to treat the subject,

typi cal¥dy bieReLHabiBdlstesIgioRnNaNd 15 ESBCTAbIER 8BS SIOFFALb FROTR IRBMGTAWRLST t he

t r eat ment f d i gm@% t her
enbodinentQﬁﬁ%ggﬁgggﬁﬁé¥§3g%??ggsggggﬁgg§%g£%%%ﬁg 0 hé%?%@?@%ﬁing bone
mass or i ngragiastsng bone quality in a subject in need thereof conprising

adm nistering ta the subj.ect si ngl e. dai .y subcut aneous e of [01lu22, 25,
euzs, 26,31, Al HagRe €Ok ThgeRrRreot iany e BPREY fBORESERR i an - 3 -
amount bet V&%oﬁ@ioﬁ@ﬁita@@fo%drﬁaﬁﬁst?&ti%rt@&'sﬁ’é]e&f(e.g.', HBusehY. iTHeent to treat the
subj ect, typically between 3 nonths and 36 nonths. In sone enbodi nents, the
treatnent period is between about 3 nonths to 18 nonths. 5The PTH P and
anal ogue conpositions of the invention exhibit storage stability in terns

of hornmone conposition and activity. Furthernore, these conpositions can be
adm ni stered, in general, in higher dosages than currently available



15FIG 2 is a graph showing the stability of Iyophilized SEQ ID NO 2 over
24 months at 5 C 25 C and 40 C. 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 Ay Lys Ser Ile Gn Asp Leu 20 ArgArg Arg Phe Phe Leu Hi s
Hs Leu lle Ala Qu Ile H's Thr Ala (SEQ-ID NO1). In a particular

enbodi nent, the PTHrP anal ogue is {GlU22' 25, LeU23' 28' 31, A b29, Lys26.3
RIPTH P(1-34)NH2(SEQ I D NO.: 2). Other PTH P anal ogues are described in
6,921, 750, Sofipositiéd coiphded aPUHIP analoghe and2d, dRétivamtdoint 688 t he entire
contents of each, of which are incorporated 25herein by {ef eéq?d)ce. A
"buffer" as MABRINEE@HPfithe sompesiion bsiwesn 2and onp AartishlahfAm pediment,

phar maceut i bsey aralspapaih f6,301R] bA {1ion of
t he present qﬁégzﬁ%oﬁ%‘ﬁahf%&g deslaﬁtgdqﬁ% rgﬂigg&ﬁg{}f ?‘g?@@ﬁ)g I'scl osed
conposi tion)maintain the pHin a range of about 2 to about 7, about 3 to
about 6, about 4 to about 306, about 4.5 to gbout 5.6, or about 5.1.

Sui t abl e3buf f er s 1n ABPtereembadimeH aihrREcsentiipentige PEYides B scalfOBRICEpabl e of

mai nt ai ni ng : r. 2 : : Vi fe,

tartrate phc?tsogﬁé %Soggtersga{ﬁgee%tﬁ?@gl?@?@?lﬁabgérzgr gﬁggg%t%g%? ?O atsr?gjegﬁ?}:%r is an

acetate or tcamippsitien barhpeises PIHrRB oot atalenthocdtbframd arf dfectivdf 4dnsount sf an acet ate
enbodi nent the buffer is. acetic acid and sodjium acetate. In

buffer. |
tlﬁe Sir scl gsig?febm@p@rrbﬁh@ pEhef the prrapasiion ishvesn dandi erlnpPattighiakal 1y in the

5 range of 0 - 5 ps,30. 2 ’mgrﬁq{ﬂ Q MM
about 0.5 rﬂ%ﬁ% ghg%&%’ttg%&wgg%%%u%qgﬁ}r}m digggut 1 lbm%g about rgPlnM

As used lher s4iNHafSEEhID N@.c2obi al agent is a pharmaceutically acceptable
preservative, suitabl g for. adm nitf#rati on to.a subihdgct, whj Fh i nhibits,
prevents or del ayB2Re{aer M, tHE BICSCTS ARy EAT QB Pﬁ&f"&i{e Y¥Y exanpl e
bacteria, vi ; [ 51,44 : ; t, i nvention.
Sui t bl 6 antr e B A b e R B e B e ot hods. of

t he present stonagerstabdmcarmpdsitobe, comprisimg @ TibP or amahadg thereof areba effectrenzyl

al cohol , phenol, benzal koni um chl orj d benzet honj um ch| or.i de,
chl or obut angmeu 'Hé‘ﬁ%??’gf Fﬂ/maar%ﬂwﬁ %@bﬁ?‘i’mb‘%&% W d 7p§F§ben,
thiomergal and;caReBMbERRLEYL, ik ﬁrrﬂ{paatnglo@t]@'ﬁq@ﬁ&mf?Leﬁzm”é%iﬁmggiﬁﬁ%nt the

anti- 15 microbial agents is mcreso chlorocresol or "phenol”. I n another
enbodi ment  hRTBR(1-3ANHSEQ IYERS i s chl orocresol or phenol. In another

enbodi nent the antimcrobi,al, agents i s pheno|.. . us herein an

ef fective anmount ?%Pnoéﬁereﬁ%m_dmm ’oth? aﬁes%{gé!h‘ie“{‘%“ a’iﬁ"’%@ﬁf‘@éﬁg}é@é?i ve to

i nhibits, pgevieatsmpMisifebrey/sr hbR teHnVMen@ti-ulk @mamgmw&n%ﬂséstadi ng, for
0

20exanpl e bacteria, viruses and fungi in the conpositions t he present
i nvention. Bieragestablamyaaspasitomsooiprising PIHeB enen eralegthersaf andan edfeotive  of

ti-migkobial t s typically i ' f bout 0.1 to about 20
no/ i ShoneneuB gkt in Bt et ot s BRSSP B, RES ot 6-25
to about 5 mE#®lar &BB&dinRnE /t%ecpma@@um{mlu%ﬁpgeﬁ”@‘t, AiEH w40 no/m ,

about 3 ng/nl_or about 5 25 The conpositions of the present

i nvention t Y &IP(L-34NH7 GEQID YOadhi ni ster, aqueous sol utions which are
sterile, storagess d .pharmaceutical | y. acc bl Lt hout .t he need
for reconstituti é’?\grgo%egre%l%gd tﬁf%sgr?sﬁflﬁ ISH‘?I}{LPﬁeP rcg‘g?r%oasﬂ%?%én%ﬂg nbge pr esent
invention abgtespbrésidinea §ubjechilimeat Herdlf icOMptising admbii@eiingWbitisubRans t hat
they are_pharmaceutical |y acceptable,,non-tgxic, not,c gont ai n_any

: d
conponedl s WHEEHadpwkAuANsavedase ) [GrTEsLerha bi f%lbgggL&éI P H&Pnal
ef fects of i ! [N I j i on: not ,
for exanpl e?ﬁﬁ}@e@?gﬁm aﬁ??gﬁﬁgp %E) ﬁlg%g ﬁNe%E 4%*1\%%?22%?{1{5@:{%%& Ogglrrngegsi tion
of the pressufficienventdadtheisabjstiptypipalsbethleen bbout Benaithitot3s mpanthst 3h of t he
PTHr P remai ns above_about 95% of the ori amount under gne of the

_or.iginal
fol | owi ng c&Bs embedimepts) thetrspimsat PQﬂOdd\“fg?t“_?e?éQ?‘g 3gponhydo 18 mqnghs st or age
for over 30 qayslr?ﬁnﬁ?e@embodimen?gx% é)?&'g}?tqalzédtﬁﬂ r&Vi ?stayxﬁétﬁgtu) stored in a
seal ed container, vial or cartridge which is typically suitable for |ong
t er m st 80 agmeréaSup bahd mafoor ihanapingbone sjualitgde s snBjactdn hbwaitthérbel vi al |
container or cartridge does not all|low faor the escape of conponents of the
conposi ti ongma?rt%l%acgwgséwna RIREIPISAL BN aﬂh@\%@ﬂé«?ﬂ%@%%pnal
conponent s, rGuEAs 3, 23881 9107 g gﬂé,@gﬁp ]-kﬁlgﬁH EGIDN&RSH) ig agont hs at 25
C. 10The cogrposi tions of’the’p?ese t ?ﬁ\%ﬂti n g?% (gre er ab)llyaadm' ni st er ed
by injection, typically subcutaneous injection. The conpositions of the
present invention, can be stored in single-dose or multi-dose seal ed
containers, vials or cartridges. The seal ed container, vial or cartridge is
typically suitable for use with a single or nmulti-dose injection pen or
15drug delivery device, which typically allows the patient to adm nister




- 6 - As di scussed above the conpositions of the present invention
can be adm nistered by injection. Suitable volunes of the conpositions of
the present invention for injection include about 0.5 to about 1 ni, about
0.1 to about 1 m, about 0.02- to about 0.04 m, about 0.1- to about 5. 0Oor
about 0.1- to about 1.0 5pl. I n t+Be conpositions of the present

i nvention the concentration of the peptides is fromabout 20 ng/nm to about
20,000 ng/m, from about 100 ng/m to about 10,000 ng/m, from about 300
mg/ M to abocuroudObetwgémd( aridrb&ﬁyzg)ﬁuua dbfadomyf titne seffelzatito t2A00e supjerk, and

about 2 nmg/ni Th co 05| resent vent| n can al so be
| yophi | i zed IMI%}F%I@ Ini’af SIBQEWHBGUIE‘SSOW&WJPO W"’t"l"ﬁaq&r el st ored as
a powder whi Ro@?srbe?@eé gg)gﬁfsj ot P h@hthk0 adnministration. The term

|yOphI|I2atI0n as used herein 1s a freeze drying or dehydration techni que
whi ch involves renoving a solvent, preferably a water mscible solvent,

nor e pref erably om.a conpositi on or the present .invention,
typicall'y by subwﬁﬁ&tT%% a&ﬂ@éi"“ﬁ‘l‘*‘g‘ﬁ’“ﬂ’&é‘d@ﬂﬁ Qﬁ%g?lmc"ﬁ’én% 1§9788¢ is in a
frozen stat Qublkphfbhy of hotRAb LbrkBbsih drd oYY %ﬂ‘éhnbr@ thy@phi 1'i zati on

equi pment (a l'yophilizer) nprises a ry| ng chanber with variable
t enper at ur e coopbsitdiss caa becaddnmstered; o] gmérhleut highdreiosagan thaa cuaeulym syst emto

reduce the pre relnthe 20The.terns hiliz

Combosi &1 on valzDld EuepPaiarido e ARG og of EUmIBOBPT POYIEH S ch 1 s
produced or effakishutk AR ) Serddit&hiald? Stih¥IAREH b Bk t&VdrRIoAC G 1fis R def i ned
above. The lyophilized conposition of -the present invention typically

f urt her 18onpdvaags gblninvaesse in bmef igialphysiotogidab effoats duectntthe fMbreatedr m

"phar maceutl cal I cept abl.e exs |ent herein refers to a

stbet ance wibereSuRESEREE B o TARBPER br Del At Baler | st on to enhance
characteristics such as the color, texture, strength, and volune of the

| yophilized B}age.pmllpqquut@pqﬁglpmwm(g@l e excipients may be, for

exanpl e, buffers _and pH adjusters, crystalline bul king excipients,
stabilizers, andFiGnl siagraptashowing tgeiabiity phSEQIDANG. pedr@dmeanthsbodi nent s

t he pharnaceu I ca abI exC| t 30is a crystal I i ne bul ki ng

exci pi ent. $ ge%%§2 &M am gn%%?tﬁ?ﬂlée excipient” or "crystalline

bul ki ngiggent” aslesm ahg&ﬁﬂl §hoWeAg the 3RAbRXE bPlyeptiilivd SHQRDNVD desvebod k and
structure to the ly I zation cake. These crystalline bul king agents are

inert - 7 m%}ﬂtﬁ&tjé E&S Ceeadtd0Ct h the peptide. In addition, the
crystalline bul king agents are capable of crystallizing under

| yophi li zat ID?T FEf‘i?ﬂ’IJI itable crystalline bul king
agents inclu ﬁﬂg?ﬂobﬁgP?%Pg&I\gq ent’s, gﬁlelﬁflgglu wat er sol ubl e pol yners;
sugars, such as ffhamquehce(sfofahwé hPTHEX{ 1340 68 a5 fgllowes:t ol , duci tol, inositiol,
arabinitol, arabl & bg&l actitaol, iditol, allitol maltli fru t ose,

p

sorbose, gl ucoseA X Glp Hip Sl ben Loy Hisdsp lwsGly dos Senfle (b8P ikt ose,
gl Ucose fr IA‘P%%?% r@PBhOBRe L{e@?ﬁsﬁ%s%h@l‘é%% ﬁlu b @'kﬁ??hr J&Ié’@% IIKabhnose,

Xyl ose, 1yxos ose tose, lactose r hamose,
nel ezi tose nal tbtapmGeularaﬁIbwd]msﬂt, tIrxaIPtIIHrP<ahc»,xlog11n£usr[Gbﬁ%Isplaaqulzv8 Hetive fornms

(D or L-for we 0 ing racenates; inorganic salts,
bot h m ner aIﬁZ ﬁ126nejh§ﬁ§Pé %%gffgééﬁ?ﬁg&g &Fci um sal ts, such as the
lactate, gl Uconabﬁaer9%P%Méleg%m%&%cn&ﬂtxﬁ 81921 7Pb°§9§‘335ﬁ4, BBugbhasi ¢ and
di basi c, succinate ate and tartrate, as’ wel He Sane sal’ts of

aI unm num an@, ’lr?égiﬂésanﬁﬁ 6260 Yothy entitcesntests ofeard, oftwieclcamverrpooated  nono- and

-sacchari as the correspondi ng pol yhydric al cohols; proteins,
such 1521§1 g?rﬁlﬂfhyrfﬁ CIfhhio acids, such as glycine; emulsifiable fats and

pol yvi nyl pyrr ol 'ﬁlo"&ﬁffexprﬁfu%d Seﬁeﬁrlé/é{y?édd HealiebibRisg oM ar e sel ected
fromthe group consisting cine,” mannitol, dextran, dextrose, |actose,
sucrose, poplwmagdupyatlboaqcelptaﬁﬁ and etmblsd magitawogethanclrnpommrmftthe)ns t her eof

Parti cul arl fuI bul ki ent ncl ude’ dext.r As .used herein a
Coabi |1 o VeSSt ibienBd bR ST e Bt B rdaRe GREpuIBal o
hor monal st aBinkdit YheQH ih@raR8Obf &lfut EXPAMLED, 2Bbust Rbibouzé NBodarBlabbwic! ude
pol yol s which includes a saccharide, prefer "abl y a nOnQOsaCC- hari de or

di sacch¥li d&,abeutgt. tﬂgﬁwbéé, ot ghekh.bs Suitabde buffass e'lChtﬁle guchheseacegticgligar
al cohol suc X |to r bi t i thydrlc
al cohol suc%L ablf: fef% % °£§‘a|m ?)m “é?%’ée ¢ OVEBF‘] TSP T xu[cﬁratgglo "@  and

al bum n. The COoNposi t| ons descri bed her ein can be used to stinulate
bone growth in a subject. Thus they are useful in the treatnment of diseases
or disorders associated with deficiency in bone growh such as osteoporosis
and bone fractures, In one enbodi nent, the present invention is a method of
treating osteoporosis in a subject 30conprising admnistering to the



A pharnmaceutically acceptable salt is a salt which is suitable for
admnistration to a subject, such as, a human. The peptides of the present
invention - 9 - can have one or nore sufficiently acidic proton that can
react with a suitable organic or inorganic base to forma base addition
salt. Base addition salts include thosedderived frominorganic bases, such
as ammoni um or al kali or al kaline earth nmetal hydroxides, carbonates,

bi carbonates, and the |ike, and organi ¢ bases such as 5al koxi des, al kyl

am des, al kydceare] tagtiate phesph&s or aidtel Bugfets. Ke onSeiabodiasas thesriffel isiad pr epar i ng
the salts of this inventiagn thus include sodi um hydroxide,- potassium

hydroxi de, oA AiaHyEtusder eln pothssembedimentsbmbitesr inptiacerne buffes. InThe

pepti des_of 5%%%08&{&5 Her8fF |se M NEhaRaET LGl g0t Iy basic group, such
as an amne can react wth an organic or inorganic acid to forman acid
addi tion salt. Adnhds disoioeedlcympOsisonsl thy eshct@ration B Beifet indgidallom kel ts from

conpounds with basic %[raoups are inorgani c acids such as hydrochloric acid,
hydr obr ori ¢ 3885 aRgw

i B to ghauy 1000 mM,y pbeut §e2 BM jorabephdilireMaghait and t he
like, and Prcgéﬂ{ngt@%o%s@}ﬁ% a%%ufr InﬁUlr kb%%ﬁyid &gk 6r Aflufls nfiRt hanesul foni ¢
acid, oxalic acid, p-bronotphenyl-sulfonic acid, carbonic acid, succinic
acid, citric aci disusethheicm, acanti-nacebiaCageai id a phadnddeeatidallik accepfabeanpl es of
such salts include the sulfate, pyrosulfate, bisulfate, sulfite, bisulfite,
phosphat e, FSHGRFHYSG %é%ﬁ RFUSTERURY & & Sbisshoe AR b biisepIa b Yhat e,

pyr ophosphat WelH aQm 1 0dj - To LOPI anoat e,
Coor vl at o aaF e or BB S1faniROhnlouio AL B B B RRRLAL Wk ORF

propi ol d0e, fonglimthe compbsitiatseof theipresendimentianh étable anghacabil agantsar at e,

mal eat e, butyne-I k6 4-di oate, 20hexyne-], 6-di oate, K benzoate, chl orobenzoate,
met hyl benzodPeUsedh HiecPBIpasitions Bd MgHhedsnof Herewnbinvari HoRgBn PykaTe not

pht hal at e, %Hﬁi?éﬂﬁ&tc?eso&tﬁg‘g%kém, hmgﬁ@g%amgwh%ﬁd%b6&9}1&2&%@%0nate1

phenyl butyrate, citrate, tate, da oxybutyrate, ycol at e,
tartrate, nehhadeshidromatm!, gheoplathgbaltdlohahahylnpapbeharepd paraben,f onat e,

napht hal ene- 2- sul f onat e, ndel ate, and the |Iike. 25The conpositions of the
present invé V’Gﬁa]tif‘gipgﬁﬁg’eﬁcg}mﬁ&""é%w agﬁ?F%rIngqg e@mﬁR@i&a@; effects
such as 1By PehieRLRE AL th-EaRbICAll %cﬁ%l@g%hémr ﬁﬁﬁﬁtﬁe?en%aigae&gwon of bone

resorption at the dosage |isted above. S reduction in si ects
al | ows for. adivimicobiahagants isthloragnesol eiqdesolt Haanabemantwidiahént thavaaitit abl e
ost eopor osi s .dr%]%ﬁ. 3?Thehcorlrposi tions of the present invention can be
adni ni st er edBY P& ORI descri bed herein. - 10 - The

conposi tions of tResdd B&Geintanicféie MMouRBYf HeanddmiddbihedRet iShPBRo@t i N
conbi nation with an additional therapeutic agent, such as anantiresorptive

t herapy, forflestiepe enhitijisspleserspaodedays sheagrawiadontcom prgansmexriRling: faTATI ON

EXAMPLE,4 d t G U22' 2 Lel23128. 31..Ai b Lys26, 30 ..

P P10 34 KRBT SR TEres 9 fuieh gy P Somagsiiofy o dus mESPRBRCWwY 28 on
(1mV), Wi t hehdtcompabitibheefthd ?ﬂs&thve%@@ﬁﬁ@m&ﬁﬁ@fﬁﬁ[-nﬁ% obial dgehonul a ( per
cartridge) QSEQ.I DNO: 2) Tr-hydrate sodiumacetate 0.1 N Acetic acid 0.1
N Water for tmgadlzin g rapgedrom ebdufd Prabpalld me/mlaghwuiB24meboutdd ny (free

s 145 T, o 2 08 b oty 3y el s G B
rubber st oppeimglhl, abehuttylabsutvehg /et oucRig/hdgieabeit SMhghhl. nder gl ass vi a
vetter %.if 1 eYo The compositions of the present invention typically are ready to administer,
aqueous solutions which are sterile, storage-stable and pharmaceutically acceptable
without the need for reconstitution prior to administration. The compositions of the
present invention are suitable for administration to a subject which means that they
are pharmaceutically acceptable, non-toxic, do not contain any components which

30 would adversely affect the biological or hormonal effects of the peptide. The

compositions of the present invention do not, for example, comprise any cells.



West Pharmaceutical 1 1 1 10gs = quantity sufficient to achieve The
formul ati on delivered 100 nctg of (SEQID NO.: 2) per 0.1 m. (SEQ ID NO. :

2) was dissolved in Water for Injection containing dilute acetate buffer to
give pH 5.1 was used. Results confirmexcellent chem cal stability over 24
months, at 5 C as shown in FIG |. ThisJ5solution contains no stabilizer or
preservative and only 6 nmM acetate buffer. In summation for (SEQ
ID NO.: 2), stabilizer is not needed to give good 5stability in solution.
EXAVPLE 2: Use ofAsused hereincd ebnimeisition of the preseht invesidnfiostoragé-stelSE tho, :  2) .

TABLE 2 Material S | i.er i.tary.For nul i.al) (SEQ ID NO. ; 2
Dot ran 70 G PRPEIRER i Garisaips shob 5374 Ph Blogpar aputindsro] anc
| nt er chem cne BF Hedh %Mﬁ%@@ﬁcﬁti&nﬂ%}ffsfo?%eq r§?eﬁ9aﬂ§°@,'ﬂr‘@2 §torqge 19
Type! clear glass vial, 11-13 nl ey chl orobutyl PTFE stoppéer, 20 mm

Fl i p- of f netfal ovsr Borgayseat 26fUbex Dal kyo West Pharma | 1 1 **to get pH 5-
5.5 afteg |yophiljsation.renoved after freeze-drying.step.., 10 The

sol ut i oné in TABLI?efo%B?S_éU?’g@B%Q’tp?C@ Y 8lgrssh lf’ﬁsﬁgélc ?@n% e‘_la]o(_’rg?v_%‘.iged\lE vi al
of 2 m  (=5QyReH #ypidulIPsLAnE fokQod PreBA stobaped “dnSHR &Wotngitéx‘ﬂ‘l §6labons of 200
p/| to 1.6 m), or o ONE vi al of m (=20 tig/ sol utton)

provi di ng 5 mesngthap@e diaiesetinenot tartrigajdeet icd alfow forabdegedpe-of2 ml) .

Citric acid was used adj ust.. pH and Dextr.an was used to pr.ovide a bul ki ng
agent to ai 80@8%6"?50?&& ?06#033}$ﬁ§?p§%ﬁF?ﬁ IDYRIgH or the mgrespwg_egtaml[i ons
described web@pbyedBilchzSdnicho SgBRBmY wilef ke Mok &t IQLEARhNET 2PUS
tenperatures for up to 24 nonths. The content of [GLu2225, Leu23' 28" 31,

A b", 200ys26. 3 Therempysitiay ofkziseent Dveudion apd preferabily gdraimistqred/sy cal tests
wer e conducted .o anphes..removed .fraom storage at different tines. Results
are present é@gﬁtlﬁgﬁﬂ% S"?bSPtaB%%Filﬁgab%’ncent ration, as percent remaining..

The data in Fl G TBe 861apésiteofs o iR Preeheiblérition, @M séfted B NinBe-abse2r8C. - 12-
EXAMPLE 3: Screening of formulations for Olu22,25, Lell12312831, Ai b29,

Lys26, 30 i hPmHi-dpsessalpdiepntgigens viplsiocartridges.oTigosepled somafnkns viahor
D oS Vatl Ve tddR iy BicR) QWaBONP ud Y RILERTD i dOS ieeritl BTG 27 & MOt
15 drug delivery device, which typically allows the patient to administer the peptide
themselves. The sealed container can comprise one or more doses of the peptide of
the present invention, wherein each dose compriseé an effective amount of the
peptide as described herein.
A single-dose injection pen, or drug delivery device is typically a disposable
20  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
25  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 heréin, can also comprise two containers one of
which contains a PTHrP, as described herein, in a lyophilized powder, as described
30  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.



3i Spreservatives for use wth 01u22' 25, Leu2328, A b29, Lys26, 30
MPTHrP(1-34)NH2 (SEQ ID NO.: 2), as precipitation and/or inactivity in
preservative activity was seen. TABLE 3 J Exanple 3a , Exanple 3b Exanple
3c Exanpl e 3d Exanple 3e Methyl paraben 1.5 ng/ nL 1.35 ng/ nL - -
Propyl paraben - 0.15 ng/ rnL, - 1 - Phe6el - - 5 ng/ nL Chl orocresol - -
- 3 nmg/ nL - Benzyl alcohol - - - - 10 ng/ nL Preservative effectiveness
test Failed Pass Pass Pass Pass (Observati onoo |ssues

As discussed above the compositions of the present invention can be

administered by injection. Suitable volumes of the compositions of the present
invention for injection include about 0.5 to about 1 ml, about 0.1 to about 1 ml,
about 0.02- to about 0.04 ml, about 0.1- to about 5.0 pl, or about 0.1- to about 1.0
5 ul

In the compositions of the present invention the concentration of the peptides
is from about 20 mg/ml to about 20,000 mg/ml, from about 100 mg/ml to about
10,000 mg/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.

10 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

15  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.

20 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

25  isadded 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

30  isacrystalline 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



Precipitation observed - - - - Preservative effectiveness test after
storage 4.5 nonths at 5C Not Tested as precipitated initially Pass Pass
Pass Fail 10Sol utions were prepared containing [011122125, LeU23' 28" 3I,

Al b29, Lys26' 31hPTH P(1-34)NH2 (SEQ ID NO.: 2) 2ng/m, acetate buffer 6nMV
and water for injection, with various diZf-ferent preservatives added at
concentrations recommended for effective antim crobial activity. Sol utions
were prepared at roomtenperature, by dissolution of the various

i ngr edi ent s and deatoereattowith the @eptiden, Inwddikiod, Shes¢rystallingbdimp agerBfamei nutes to
ensure conpl ete di ssol ut.ion, %ol utions were filtered through 0.2 mcron
filter and f‘ﬁapﬁgﬁof?fﬁ'ﬁa Fing anderdyephikizatign conditions \hher st opper was appl i ed
and crinped in pl@agg : : : or The sol ution
wi t h et hyl par aben s&|°2§§‘w§’%c§g%{§%ﬁeesélﬁlé‘%?g&g? ’e"éf”ﬁ%tﬁé‘?ﬁo‘éﬁh‘énd i nactivity
i mredi at el y extipentsyswmhfaacwateresobfblé pelysetsysigars, suthes sahnitdl orosbiteér e t hen

stored for up,.t nont hs, at, 25C, . and. yp to 4.5 nths, at  5C and t he
preserva ivé&@fcﬁeé’r‘?‘@érfg’é’é‘ﬁt ’é‘gflt‘P]eB{é‘gt”é@l’ a%?é”talegg?‘?%gd‘di‘tﬁlaﬁﬁz‘é le 5. 5
EXAMPLE 4: atd f L M | R lype ' ess of
Vari ous con(%\éﬁj{ltrég’tf}‘%n%ss Q’OSfo %fgﬂ %g&%ngSﬁé%ﬁ%lgE%%Flés% %%&B&f_%llgr\égég 30
111PTHr P( 1- 3adctddelRgl(1855Q) frdtose, guldd®, idoRy, gelantpess italosensbdss; akihaseyxyddsady) 10

TABLE 4 P87228 P87229 P87230 P87231, (SEQ I D .. 2) [ mL 2 ng/ nL 2
my/ nL 2 mg/YHRSCAHETOSHTRAlGES: cmﬁelﬁstrﬂ%e@%w%%mé@@ 5.3 g/ nL

Chl or ocr esolmoise WarfRRSZ Yltrifh, GRAP bp QYL tivEL o ARSI Lot A S as i Bs

10 the corresponding racemates; inorganic salts, both mineral and mineral organic, such
as, calcium salts, such as the lactate, gluconate, glycerylphosphate, citrate,
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

15 as, albumin; 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 dextraﬁ.

20 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 alcoho!l such as,
for example, mannitol, sorbitol or inositol, a polyhydric alcohol such as glycerine or

25 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

30 comprising administering to the subject an effective amount of composition

described herein.



pH 5.1 pH 5.1 pH 5.1 The solutions were tested according to European
Phar macopoei a, Chapter 5.1.3 "Efficacite de | a conservation

anti-m crobi enne” (Anti-mcrobial effectiveness test) to prove the
effectiveness of the preservative. 15 - 14 - TABLE 5: Preservative

ef fectiveness test after manufacturing-&rganisns : Bacteria Initial

organi smconcentration in cfu / nL Test interval No of cfu present /
preparation (plate-count nethod) P87228 P87229 P87230 P87231 Phenol

5ng/ ml Chl or ocr eséb uSxdiendin, Cheamg? cars oich@abthrgrophBtacty, and therapkQtig/ mil
§t5aphyl 0O e atment. %%? e>?a'rr§plé tl}eorap-le-:g)tig 'trgatxmerllto clz_an<ix?clu< e dila7yinxg iiLll(l)ilbiting-lc-)Jrr6 hrs <5
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.

10 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 pg, about 50 to about 60 pg, about 60
to about 70 pg, about 70 to about 80 ug, about 80 to about 90 pg, about 90 to about
100 pg, about 100 to about 110 pg, about 110 to about 120 pg, about 120 to about

15 130 ug, about 130 to abouit 140 pg, about 140 to about 150 pg, about 150 to about
160 pg; or from 40 to about 45 pg, about 45 to about 50 pg, about 50 to about 55 ug,
aboﬁt 55 to about 60 pg, about 60 to about 65 ;ig, about 65 to about 70 pg, about 70
to about 75 pg, about 75 to about 80 ug, about 80 to about 85 pg, about 85 to about
90 pg, about 90 to about 95 pg, about 95 to about 100 pg, about 100 to about 105

20  pg, about 105 to about 110 pg, about 110 to about 115 pg, about 115 to about 120
ug, about 120 to about 125 ug, about 125 to about 130 pg, about 130 to about 135
ng, about 135 to about 140 pg, about 140 to about 145 g, 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,

25  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

30  ahuman.
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



<5 6.8 x 102 T+24 hrs <5 <5 <5 <5 T+28 days 5(*) <5 <5 <5 Pseudonobnas
aeruginosa 1.3 x 106 TO5 <5 <5 1.5 x 102 T+6 hrs <5 <5 <5 T+24 hrs <5

<5 <5 <5

10

15

20

25

30

T+28 days <5 <5 <5 <5 E.coli
-9.

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-bromo‘phenyl-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, monéh)}drogenphosphate, dihydrogenphosphate, metaphosphate,
pyrophosphate, chloride, bromide, iodide, acetate, propionate, decanoate, caprylate,
acrylate, formate, isobutyrate, caproate, heptanoate, propiolate, oxalate, malonate,
succinate, suberate, sebacate, fumérate, 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.



6.7x 105 TO 7.2x 103 <5 <5 1.1 x 10 T+6 hrs <5 <5 <5 <5 T+24 hrs <5
<5 <5 <5 T+28 days <6 <5 <5 <5 (*) Bacillus Gam+, different fromSt.
Aureus -> result conform Organism: Yeast and nold Initial organism
concentration in cfu/ nm Test . interval Nb of cfu present / preparation
(pl at e-count net hod) P87228 P87229 PH7230 P87231 »

The 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??83!| Aib®®, Lys?*% ThPTHrP(1-34)NH,
(SEQ ID NO.: 2) stability at low acetate concentration (1mM), without stabilizer

'TABLE 1
Material Supplier Unitary Formula (per
cartridge)
(SEQ'ID 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 9 mgqgs pH5:1
Water for Injection Meram gsldg
Type I clear glass Cartridge 1.5 ml, ‘Bﬁnderglass via 1
washed, siliconised and sterilised Vetter
Grey PTFE bromobuty] cartridge rubber Daikyo 1
stopper
Chlorobutyl rubber-metal cartridge crimp West 1
Pharmaceutical
10 gs = quantity sufficient to achieve

The formulation delivered 100 mcg 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.



Phenol 5ng/ nml chl orocresol 3ng/ nl chl orocresol 2ng/nml Benzyl alc. 10ng/ nil
Aspergillus niger 3.4 x 105 TO 4.0 x 105 <5 <5 4.1 x 105 T+7 days <5 <b
<5 <5 1+28 days <5 <5 <5 <5 Candida al bicans 3.9 x 10" TO 4.4 x 105 <5 <5
3.8 x 105 T+7 days <6 <5 <5 5 T+28 days <5 <5 <5

-11-

Results confirm excellent chemical stability over 24 months, at 5 °C as
-shown in FIG. 1. This solution contains no stabilizer or preservative and only 6 mM

acetate buffer.
In summation for (SEQ ID NO.: 2), stabilizer is not needed to give good

5  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)
(SEQ ID NO.: 2) Ipsen Ireland 0.1 mg (free base)
Dextran 70 Interchemical 50 mg
Citric acid 0.25 % (w/v) Prolabo gs pH 4.5%
Water for injections** Meram gslg
Type [ 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.
10
The solutions in TABLE 2 were reconstituted with NaCl 0.9 %, to give:
ONE vial of 2 ml (=50 pg/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
15 injections of 250 pl - 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®,
20 Lys™** JhPTHrP(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.



<5 Results : Conform - Conform Conform 1 Conform Conform Nb of du= nunber
of colony formng units - 15 - TABLE 5 Cont'd.: Preservative effectiveness
test results after 3 nonths storage at 25C Organisns : Bacteria Initial
organi smconcentration in cfu / nL Test interval (days) Nbo of cfu present /
preparation (p ate-count nethod) P84228 P87229 P87230 P87231 Phenbl
- 5nmg/ L al cirocreSol 3ng/nml chl orocresol 2ng/ Ll Benzyl ale. 10ng/nl

St aphyl ococcu s aurdus 2.7x 10 (P87228, P87229, P87231) 5.2x 105 (P87230)

OChr 1.9 x 10° <5
EXAMPLE 3: Screening of formulations for Glu?2?%, Leu?#31 Aib?, Lysm'3 0
JhPTHrP(1-34)NH; (SEQ ID NO.: 2) to Compare Different Preservatives
TABLE 3 below shows Methyparaben and Benzy] Alcohol are not suitable
5  preservatives for use with Glu?2%, Leu?>?83! Aib®, Ly826'3° ]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 3e

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 Failed Pass ~ Pass Pass Pass

effectiveness test

Observationo  orjPrecipitation

Issues observed
Preservative Not Tested
effectiveness as .
. Pass Pass Pass Fail
test after storage | precipitated
4.5 months at 5°C | initially
10 Solutions were prepared containing [Glu?>?, Leu®*?!, Aib®,

Lys?*%hPTHrP(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

15 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 stopber was

applied and crimped in place to ensure complete closure.



<5 3.8 x 10 6hr 30. <5 <5 5.9 x 10) 241w <5 <5 <5 . <5 28day <5 <5
<5 <5 Pseudonobnas aeruginosa 9.9 x 105 (P87228, P87229, P87231) 8,5 x 105
(P87230) Ohr <5 <5 <5 <5 6hr <5 <5 <5 <5 241r <5 <5 <5 <5

-13-

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.

5
EXAMPLE 4: Evaluation of Anti-microbial Preservative Effectiveness of Various
concentrations of Glu*>?, Leu?>%3! Aib®, LysZ{"30 JhPTHrP(1-34)NH, (SEQ ID
NO.:.2) .Compésitions (stability study)
10 TABLE4
P87228 P87229 P87230 P87231
(SEQIDNO.:2) 2mg/mL [ mg/mL 2 mg/ mL 2 mg/ mL
Anti-microbial Phenol Chlorocresol {Chlorocresol Benzyl alcohol
Smg/mL B mg/mL 2 mg/ mL 10 mg/ mL
Acetate buffer pH 5.1 !pH 5.1 lpH 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.

15



28day <5 <5 <5 <5 Ecoli 6.8 x 105 (P87228, P87229, P87231) 9.5 x 105

(P87230) Air 1.7 x 105 <5 <5 8.0 x 104 61w <5 <5 <5 5 241r <5 <5 <5 <5
28day <5 <5 -. <5 <5 Organism: Yeast and nold Initial organism
concentration in cfu/ m . Test Interval Nb of cfu present / preparation
(pl ate-count nme hod) -14 -

TABLE 5: Preservative effectiveness test after manufacturing

Nb of cfu= number of colony forming units

Initial Nb of cfu present / preparation
Oreanisms : organism Test (plate-count method)
1EaSIS * lconcentration|. > ["pg7228 | P87229 | P87230 | P87231
[Bacteria in ofu/ mL interval ,
m Phenol [Chlorocresol| Chlorocresol | Benzyl alc.
Smg/ml | 3mg/ml 2mg/ml 10mg/ml
Staphylococcu] 3.8x10° | TO |3.4x10° <5 <5 4.7x 10°
S aureus T+6 hrs| = <5 <5 <5 6.8 x 10°
T;:r254 <5 <5 <5 <5
T+28 R
days | 5 <5 <5 <5
[Pseudomonas | 1.3 x 10° TO 5 <5 <5 1.5x 10°
aeruginosa T4+6 hrs <5 <5 <5 <5
T;-r284 <5 <5 <5 <5
T+28 <5 <5 <5 <5
days
E.coli 6.7 x 10° TO |72x10° <5 <5 1.1x10°
T+6 hrs <5 <5 <5 <5
T;J‘234 <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 chcentration interval P87228 P87229 P87230 P§7231
mold in cfu/mL Phenol |[chlorocresol|chlorocresol{ Benzyl alc.
Smg/ml'| 3mg/ml 2mg/ml 10mg/ml
Aspergillus 3.4x10° TO |4.0x10° <5 <5 4.1x 10°
niger
7 <5 <5 <5 <5
days
8 <s < <s
days .
Candida 3.9x 10° TO | 44x10° <5 <5 3.8x 10°
albicans -
N T <5 <s 5
days
T8 1 <5 <5 <5
days
Results : Conform - Conform| Conform | Conform | Conform




P87228 P87229 P87230 P87231 Phenol 5ng/ ml Chl or ocresol 3ni ghnl
Chl orocresol 2nmem Benzyl ale. | Ong/m Aspergillus niger 3.3 x 105

(P87228, P87229, P87231) Chr 3.8 x 105 55 70 4:1 x 105 7day 4.1 X
105 (P87230) 28day <5 <5 <5 <5 Candida al bicans 2.7 x 105 Chr 4.0 x 105 <5
<5 3.8 x 105 (P87228, -15-

TABLE 5 Cont’d.: Preservative effectiveness test results after 3 months storage at

25°C
Initial Nb of cfu present / preparation (plate-count
Oreanisms : organism Test method)
Ba%t .~ |concentration|interval | P87228 | P87229 P87230 P87231
cria : fu/mL d - ——— - .
mc (days) [ Phenol - [chlcrocresol|[chlorocresol| Benzy! alc.
Smg/ml 3mg/ml 2mg/ﬁml " 10mg/ml
Staphylococcu] 2.7 x 10° Ohr [1.9x10 <5 <5 3.8x 10°
S aureus (P87228, . 3
P87229, P87231) 264};; i(s) 2 2 ‘ 5'9:510
5.2x 10°
(P87230)
28day <5 <5 <5 <5
Pseudomonas [ 9.9x 10° Ohr <5 <5 <$ <5
aeruginosa (P87228, 6hr <5 <5 <5 <5
P87229, P87231) Sahr =3 por3 <5 <5
8.5x10°
(P87230) 28day <5 <5 <5 <5
E.coli 6.8x 10° Ohr |1.7x10° <5 <5 8.0x 10°
(P87228, 6hr <5 <5 <5 5
P87229, P87231) >ahr P <3 <5 <5
9.5x 10°
(P87230) 28day < <> <5 < .
Initial Nb of cfu present / preparation (plate-count
Organism : organism Test method)
Yeast and concentration | , P87228 | P87229 | P87230 | P87231
nold in cfu/ mL interval
Phenol | Chiorocresolj Chlorocresolf Benzyl alc.
' Smg/ml | 3mg/ml | 2mgml 10mg/ml
Aspergillus 3.3x 10° Ohr |3.8x10° 55 70 4:1x 10°
niger (P87228,
P87229, P87231) 7day <5 <5 <3 <5
41x10° | 28day <5 <5 <5 <5
(P87230)
Candida 27x10° [ ohr |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




P87229, P87231) 7day <5 <5 <5 <5 3.7x 105 (P87230) 28day <5 <5 <5 <5
Results : Conform - Conform Conform Conform Not Conform - 16 - TABLE 5
Cont'd.: Preservative effectiveness test results after 4.5 nonths storage
at 5C Oganisns: Bacteria Initial organismconcentration in du / nL Test
interval (days) Nbo of cfu present / prelfaration (p ate-count ne hod)
P87228 P87229 P87230 P87231 Phenol 5ng/ mL chl orocresol 3ng/ ml

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

5°C
Initial Nb of cfu present / preparation (plate-count
Oreanisms: organism Test method)
poo o | concentration| interval | P87228 | P87220 | P87230 | P8i231
incfu/mL | (days) [ Phenol’ |chlorocresol|chlorocresol Benzyl alc.
_ Smg/ml | 3mg/ml 2mg/ml | 10mg/ml
Staphylococcu| 5.4 x 10° Ohr [4.1x10° <5 | .<5. 5.1x%10°
s aureus Ghr <5 <5 - <5 ] 72x10°
24hr <5 - <5 <5 <5
28day <5 <5 <5 <5
Pseudomonas | 9.7 x 10° Ohr <5 <5 <5 <5
acruginosa 6hr <5 <s <5 <5
‘24hr <5 <5 <5 <5 -
28day <5 <5 <5 <5
E.coli 6.1x10° Ohr |7.0x10° 5 5 4.2x 10°
6hr <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)
Yeast and cgncentration interva] 287228 | P87229 | P87230 P87231
mold in cfu/mL Phenol | Chlorocresol] Chiorocresol{ Benzyl alc.
Smg/m] 3mg/ml 2mg/ml 10mg/ml
Aspergillus 53x10° | ohr [37x10°[1.8x10° | 7.5x10° | 41x10°
riger Tday | <5 < | <5 <5
28day <5 <5 <5 <5
Candida 41x10° [ onr |45x10°] <5 5 4.5x10°
albicans : 7day pr = pr pr
28day <5 <5 <5 <5
Results : Conform - Conform| Conform | Conform Not
Conform

TABLE 5 shows Phenol, Chlorocresol and Benzyl Alcohol all produce
5 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.



chl orocresol 2ng/nl Benzyl ale. 10ng/nml Staphyl ococcu s aureus 5.4 x 105 Oh
4.1 x 10 <5 5.1 x 10 6hr <5 <5 <5 7.2x 103 24hr <5 <5 <5 <5 28day
<5 <5 <5 <5 Pseudonobnas aerugi nosa 9.7 x 105 Ch <5 <5 <5 6hr <5 <5 <5 <5

24hr
.17 -

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
5  TABLE 6 details the chemical stability of the formulations described in Example 4.

TABLE 6: Glu?®%, Leu®?3 Aib?, Lys®*® JhPTHrP(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
L (SEQIDNO.: 2)
1.90 1.88 1.83
P87228 Eﬁﬁiﬁg / Phenol (100%) | (98.9%) | (96.3%)
(SEQIDNO.: 2) v '
1.98 1.96 1.94
P87229 82523 / Chlorocresol (100%) (99.0%) (98.0%)
(SEQIDNO.: 2)
1.93 1.89 1.86
P87231 2mg/ml)/ B 1 :
lec fhol %1 Orj;fgl) (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
(SEQID NO.: 2)
1.90 1.91 1.89
P7228 gggﬁg / Phenol (100%) (100.5%) (99.5%)
(SEQID NO.: 2)
1.98 1.96 1.97
P87229 82523 / Chlorocresol (100%) (99.0%) (99.5%)
(SEQID NO.: 2)
193 -1.94 1.92
P§7231 fﬁfﬁ‘;}%l/ Oi‘fgm) (100%) (100.5%) (99.5%)

10

As can be seen from TABLE 6 and [Gluzz’zs, Leu?2831 Aib?,

Lys***|hPTHrP(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.

15




<5 <5 <5 <5 28day <5 <5 <5 <5 E.coli 6.1 x 105 Ch 7.0 x 104 5 5 4,2 x 104
6ltr <5 <5 <5 <5 24hr <5 <5 <5 <5 28day j <5 <5 <5 <5 Organi sm Yeast
and nold Initial organismconcentration in cfu/ nL Test interval Nb of cfu
present / preparation (plate-count nme hod)
-18 -
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
(SEQ ID NO.: 2)
4.86 4.82 4.79
P87228 gﬁgzg / Phenol (100%) (99.2%) (98.6%)
(SEQID NO.: 2)
2.78 2.70 2.56
P87229 grrgggg / Chlorocresol (100%) (97.1%) (92.1%)
(SEQIDNO.: 2)
9.92 9.83 9.82
P8§7231 (2mg/ml) / Benzyl o 0 o
Alcohol (10mg/ml) (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
P87228 | (2mg/ml) / Phenal ;’asg 94'52/ 9‘;'80‘3/
(5mg/ml) ( o) (¥5.470) (75.07%)
(SEQ ID NO.: 2)
2.78 2.73 2.74
P87229 | (2mg/ml)/ Chlorocresol 0 0
(3mg/m}) (100%) (98.24) (98.6%)
(SEQIDNO.: 2)
9.92 9.89 9.94
P87231 (2mg/ml) / Benzyl o 0
Alcohol (10mg/ml) (100%) (99.7%) (100.2%)

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

5  lower stability, with greater loss in preservative content under both S 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

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



P87228 P87229 P87230 P87231 Phenol 5ng/ L Chl orocresol 3ng/ml

Chl orocresol 2ng/ nmlL Benzyl ale. 10ng/nl Aspergillus niger 5.3 x 105 Chr 3.7
x 10 1.8 x 103 7.5 x 103 4.1 x 10 7day <5 <5 <5 <5 28day <5 <5 <5 <5
Candi da al bicans 4.1 x 105 Chr 4.5 x 105 <5 5 4.5 x 105 7day

-19-°

Claims

1. A storage-stable composition suitable for administration to a subject comprising:
a) a PTHrP analogue having the sequence [Glu 2%, Leu 22831
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.

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.



<5 <5 <5 <5 28day <5 <5 <5 <5 Results : Conform Conform Conform Conform
Not Conform TABLE 5 shows Phenol, Chlorocresol and Benzyl Al cohol
all produce 5conpliant .results imediately after manufacture for both
Bacteria and Yeasts/noulds. After 3 and 4.5 nonths storage, the
preservative efficacy is maintained for Phenol and Chlorocresol, for both
Bacteria and Yeasts/noulds. - 17 - However, for Benzyl Alcohol, the
ef ficacy against Bacteria is not conpliant, as the data shows insufficient
rate of kill against S Aureus (TABLE %).. EXAMPLE 5: Chenical stability of
different formulations 5TABLE 6 detaiTs the chemical stability of the
formul ati ons described in Exanple 4. TABLE 6: Glu22' 25, Leu232831, A b29,

Lys26.39 ThPTH P(1-34)N1-12 (SEQ ID NO.: 2) stability r{esul t;/ St o_ralge
condi tions, : 2%ke sBAkRHbl KaddsPoNQccordheCONISH 11 By ihd'ah! @
concentration at t_:O)ééBatch Com:?osi ticg% Ogrmntﬁi 1 th'JET% M&%’%%B?ZZB
,(SEQ I D NO : Sfectivhgmenty of arPiménmlcrqbiaiggent) 1. 90 (100% 1.88 (98.9% 1.83
(96.3% P87229 (SEQ ID NO.: 2)

9. The storage-stable composition according to claim 8, wherein said anti-

microbial agent is phenol.

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.

11. 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?®?%*! 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.

15. 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®>* Aib®, Lys?***|hPTHrP(1-34)NH, (SEQ ID NO.2).



(2mg/ mL) / Chlorocresol (3nmg/nil) 1.98 (100% 1.96 (99.0% 1.94 (98.0%.
P87231 (SEQ ID NO.: 2) (2ng/mil) / Benzyl Alcohol (10nmg/nt) 1.93 (100% 1.89
(97.9% 1.86 (96.4% Storage conditions : 5C (SEQID NO: 2) content in
ng/mL (% initial concentration at t=0) Batch Conposition O nonth 3 nonth
4.5 nmonth P87228 (SEQ ID NO.: 2) (2ng/nil) / Phenol (5ng/nml) 1.90 (100%
1.91 (100.5% 1.89 (99.5% P87229 (SEQ ID NO.: 2) (2nmg/ml) / Chlorocresol
(3rmg/ mLl) 1.98 (100% 1.96 (99.0% 1.97 (99.5% P87231 (SEQ ID NO.: 2)

(2mg/ ml) / Benzyl Al cohol (10ny/ ml) _1219_3° (1009 1.94 (100.5%

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 pug of [Gluzz'zs,
Leu™?8*!, Aib®, Lys®*°|nPTHrP(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??%! Aib?,
Lys***°ThPTHrP(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 g of [Glu®%,
Leu®*!, Aib*, Lys®***JhPTHrP(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.



1.92 (99.5% O As can be seen from TABLE 6 and [ d u22' 25, uLe 23, 28, 31,

Ai b29, Lys26.39] hPTH P(1-34)NH2(SEQ I D NO.: 2) solution stability is not
significantly influenced by the preservative selected.. TABLE 7 details the
content of each preservative for the sanme fornul ations.

- 18 - TABLE 7: Preservative stability results Storage conditions : 25C,
60% Ril Preservative content in ng/m (%initial concentration at t=0)

Bat ch Composition O nonth 1 nmonth 3 nonth P87228 (SEQ ID NO.: 2) (2nmg/ m) /
Phenol (5nmg/ml) 4.86 (100% 4.82 (99. %%o 4.79 (98.6% P87229 (SEQ ID NO. :

2) (2my/ ml) / Chlorocresol (3ng/nl) 2278 (1009% 2.70 (97.1% 2.56 (92.1%
P87231 (SEQ ID NO.: 2) (2nmg/nml) / Benzyl Al cohol (10ng/ml) 9.92 (100% 9.83
(99.1% 9.82 (99.0% Storage conditions : 5C Preservative content in
ng/mL (% initial concentration at t=0) Batch

24.  The use of Claim 16 wherein the said pH buffer is an acetate buffer.

25.  Use of a storage-stable composition according to Claim 21 in a single daily
subcutaneous injection containing from about 75 to about 80 pg of [Glu??

Leu”?*"! Aib®, Lys"**JhPTHrP(1-34)NH, (SEQ ID NO.2).

)

26.  Use of storage-stable composition according to Claim 25 further comprising

phenol in a concentration from about 0.25 to about 5Smg/mL.

27.  The use of Claim 26 wherein the said pH buffer is an acetate buffer.



Conposition O nonth 3 nonth 4.5 nonth _E87778 42ng/ml) .(SEQ ID NO.: 2) /
Phenol (5ng/ml) 4.86 (100% 4.83 ( 9740) 4.84 (997610) P87229 (SEQ ID
NO.: 2) (2nmg/ml) / Chlorocresol (3nmg/nml) 2.78 ( | 00% 2.73 (98.2% 2.74
(98.6% P87231 (SEQ ID NO.: 2) (2ng/m) / Benzyl Al cohol (10ng/nl) 9.92
(1009 9.89 (99.7% 9.94 (100.2% As can be seen from TABLE 7
chlorocresol is the preservative which has the 5lower stability, with
greater loss in preservative content under both 5 and 25C storage.

VWhile this invention has been particularly shown and described with

r ef epeonaessooeo exanpl e enbodi ments thereof, it will be understood by those
skilled in the art that various Changes in formand details may be nade
therein without 10departing fromthe scope of the invention enconpassed by
the appended claims. - 19- O afffs |.A storage-stable conposition suitable
for adm nistration to a subject conprising: , a) a PTH P anal ogue havi ng

t he sequennaﬂﬁﬂ@éﬁéﬁﬁ,:ﬂeu 23,28, 31 A|b29 Lys26, 30 TH P(1-34)NH2 (SEQ ID
NO.2); and b)$e g*f"é’ﬁ’t”f"\?é"m“o? % F Spiep p%‘al ntain the pHin a

range of abOUtDe extaen about 5. 6.
nondoly, Nathalie
Rigaud, Benedicte
Hendexson, Bart
ryttle, C. Richard

<120> Method of Drug Delivery for Bone
Anabolic Protein

<130> 3803.1004-002

<140> PCT/US2007/021216
<141> 2007-10-03

<180> 60/848,980
<151> 2006-10~-03

<160> 2
<170> FastSEQ for Windows Version 4.0

<210> 1

<211l> 34

<212 PRT

<213> Homo Sapiens

<400> 2
aAla Val Ser Gluv His Gln Leu Leun His Asp Lys Gly Lys Ser Ile Gln
1 5 is5
Asp Leu Arg Arg Arg Phe Phe Leu His His Leu Ile Ala Glu Ile His
25 30

Thxr Ala

<210> 2

<21l> 34

<212> PRT

<213> Artificial Seguence

<220>
<223> synthetic peptide

<220>

<221> MOD_RES
<222> 29
<223> Aib

220>
<221> AMIDATION

<222> 34

<400> 2

Ala Val Ser Glu Hia Gln Ieu Leu His Asp Lys Gly Lys Ser Ile Gln
10 s

A.sp Leu Arg Arg Arg Glu lLeu lLeu Glu Lys Leu Leu Ala Lys Leu His



2. The storage-stable conmposition according to claiml1, wherein said pHis
about 5.1. 3. The storage stable conposition according to claiml, wherein
said pH buffer is selected fromthe group consisting of acetate, tartrate,
phosphate and citrate buffers. 4. The storage-stable conposition according
to claim3, wherein said pH buffer is an acetate buffer. 5. The

st orage-stabl e conposition according to claim4, wherein said acetate
buffer is acetic acid and sodi um acetate. 6. The storage-stable conposition
according to claim5, wherein said buffer is present in a concentration
ranggg9f,afgut 1 mMto about 10 mM 7. The storage stable conposition
according to any one of claim®6 wherein said buffer is present in a
concentration of about 6 MM - 20 - 8. The storage-stable conposition
according to claiml1, further coaprising an effective anount of an
anti-mcrobial agent. 9.The storage-stable conposition according to claim
8, wherein said anfi- mcrobialysagent is phegol. 10.The storage-stable
conpositi omragcording to claim9, wherein said phenol is present in a
concentration fromabout 0.25 to about 5 ng/nL. 11. The storage-stable
conposi tion according to claim210, wherein said phenol is present in a
concentration of about 5 ng/nL. 12. The storage-stable conposition according
to claim1, wherein said PTH P anal ogue is present in a concentration of
about 2 ng/nL. 13. The storage-stable conposition according to claim1,
wherein said conposition does not contain a chemcal stabilizer. 14. A

st orage-stabl e conposition for use as a nedi canent in treatnent of

ost eoporosi s conprising: a) a PTHrP anal ogue having the sequence
[011122' 25, Lel.123'28' 31, Al b29, Lys26,30] pmrP(1-34)N112 (SEQ ID NO 2);
and b) an effective anmount of a pH buffer to maintain the pHin a range of
about 4.5 to about 5.6. 15.Use of a storage-stable conposition according to
Claim14 in a single daily subcutaneous injection containing fromabout 40
to about 45 pg of [G u22,25, LC1123' 28' 31, Ai b29, LyS26' 3111PTHr P(1- 34) NH2
(SEQ ID NO 2). -21- 16. Use of storage-stable conposition according to
Claim 15 further conprising phenol in a concentration fromabout 0,25 to
about 5ng/nl. 17. The use of Caim16 wherein the said pH buffer is an
acetate buffer. 18.Use of a storage-stable conposition according to Caim
14 in a single daily subcutaneous injection containing fromabout 75 to
about 80 p,g of [Gl1122'25, Leu23, 28,31, Ai b29, Lys26, 30] hpr nl-34) NH2( SEQ
I D NO 2). 19.Use of storage-stable conposition according to Caim18
further conprising phenol in a concentration from about 0.25 to about

5ng/ L. 20. The use of Claim19 wherein the said pH buffer is an acetate
buffer. 21.Use of a storage-stable conposition conprising: a) a PTHHE

anal ogue havi ng the sequence [ Glu22' 25, eL u23, 28, 31, A b29,

Lys26. 39] hPTHr P(1-34)NH2 (SEQ I D NO. 2); and b) an effective anmount of a pH
buffer to maintain the pHin a range of about 4.5 to about 5.6. for the
manuf acture of a nedi canent for treatnment of osteoporosis. 22.Use of a
storage-stabl e conposition according to Claim21 in a single daily



subcut aneous injection containing fromabout 40 to about 45 jig of

[ GLu22' 25 Leu23' 28. 31, Ai b29, Lys26' 39] hPTH P(1-34)NH2 (SEQ I D NO. 2).

23. Use of storage-stable conposition according to Caim 22 further
conprising phenol in a concentration fromabout 0.25 to about 5nmg/nL. - 22
- 24. The use of Claim16 wherein the said pH buffer is an acetate buffer.
25. Use of a storage-stable corrH9§i tion according to Caim?2l1 in a single
dai | y subcut aneous injection containing fromabout 75 to about 80 ng of

[ GLu2225, Leu23' 2531, A b29, Lys26' 30] hPTH P(1-34)NH2 (SEQ I D NO. 2). 26.
Use of storage-stable conposition according to Claim?25 further conprising
phenol in a concentration fromabout 0.25 to about 5ng/nL. 27. The use of

Oy 25 e PaL 2ty SN N0 A2 Sliarcs 100402 1
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