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BACKGROUND COF THE | NVENTI ON Par at hyroi d hornmone (PTH) is sosecigied, 84

am no acid product of the 10 manmalian parathyroid gland that controls
serum cal ci um | evel SETABOMIEDIERIRARA HE/%%LUJ§Q Ssues, including bone.
Studies in humans with certain fornms of PTH have denonstrated an anabolic
effect on bone, and have pronpted significant interest in its use for the
treat nent of osteoporosis an ' j sorders. Using the N-term nal
34 ami no acids of the bovi ne%@%@ne for 15 exanple, which by all
publ i shed accTDhistisveation celsteeth phasinacgutiahll cpmpasitivasd eontaibimgtahe ful | | ength
hormone, it has_ been denonstrated jn humans, that parathyroid hornone

enhant ePHHRE O BOIPNSa Mets preiqularih g 1BYRIAN selatea tp terppratidati | e fashi on by
t he sub eQus ; i I ifferent formof PTH, human PTH( 1- 38)
has shomcﬂﬁﬁgpmgﬁél?&?@tslgq f@@%ﬁj Yaﬁé&e%ar ations have been reconstituted from
fresh or |yophilized hornone, and incorporate various forns of carrier,

exci pi ent and vehicle. Mst are epared in water-based vehicles such as
saline, or water acidi BAGKEROUAD QFTHE INVENTION d to sol ubilize the

hor none. The [Qrity.of re d formul atj.ons _al sq incorpprate al bumn as
2 stabiiizer Tanviay naumirs @ Tlay a Sl 4 ¥iin o Product 686 25 280: 6225;
Reev gy atmahmalibA Pafithyrdid andlthdOcdatroRe@Men adicidh levGbirbioh il 8&i4e Res. .

1976, 21:469; Hodsman et al., Bone M ner; 199D, 9(2):137% Tsal et al., J.

d i n. Endoearicusitisiiesalncludin@dwne 6 SgElieslio mahswith cettaialformd-of PTHMet ab. Res.
1980, 12(9):487; Law et al., J,.. din Invest. 1983, 72(3):1106; and Hulter,
J. din Mypérmopstratadaganapolis feng@)Q“qﬁ“ﬁe"r“drl@ﬁ%H"é‘ﬂ’t?‘g‘_ﬁlﬁﬁ’lfwfons have

| ncor porialdrely Al K R At b oTRBBIAL and'hl Bhd dishigIent either with
the Iyophilized hormone or 1n the reconstitution vehicle. Formulations

r epr esent at i vBsing thd\Nsterreimpl 4 edirfocacidsurfalne sivint el Hunednudemand feran 1" -
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pr epar atdihané3 GRS gtdwthgdrticilelyawhél adiginiseieCingul et fedsnep ued al ., | 991,
14( i ), 67-83 ); and a bovine PTH( | -34?R E};epar ation in aqueous vehicle
pH adj ustubguignedusaewtei & dighdly shiferenhfiosmof RdHahwuan RTH 382 hasshemao an

I nternati.onal Reference preparation which for human PTH (1-84) (SEQ ID NO
1) consissf?’éaf)fesﬁlé‘b ng of hornone anpouled with 250 ~g human serum al bum n
and 3025 nmg | pEHAKEpdratidi have bedireborstingad fem Ridsh or boBhilize@nsi sts of 10 ~g
| yophil'i zed hornone in 0.01 Macetic acid and 0.1 %wyv nmannitol (see
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5,496, 801 describes a freeze-dried conposition for the natural hornone,
PTH( 1- Sityorpomatt albnimuyasastabiliaer @ee fon caxoplpiRenve atrad., Br.dvied.ak,c1986ur ce as a

non-yol at j | uffering,agent. ' igl exploitation of parathyroid
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not commonly encountered by the pharmaceuti cal_ .indust r]y. Furthernore, 1ike

ot her prdtdi ghndmast. 1883 7[%@611 06: and Bulter, &(dmckypartony, I9B6-2(43:3p@8) ti cul ar | y
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bi 0ag0i Vistpteseht eitifer dithahé B@iphilfzell MerméRsif tHeresdtstitifioh YeRicRY i de a
pharmaceutically useful PTH preparation, particularly one conprising, as

acti ve i Fopmadatéms represengativatof deose pmnidyed 49r {usro stmliggOnchide a huaGinCLAI MS 4
JUNE 2002 1. A process for preparing a sealed vial or cartridge containing
a liquid pharmaceutical fornulation ready for parenteral adm nistration,

AT

*166166*




COHpr’i sing: a. conbining human parat hyroid hornone and a buffer to maintain
a pHfromgreater than 3 to 7, thereby formng a solution, and b. sealing
said solution in the vial or cartridge fromwhich a therapeutically '
effective dose of parathyroid hornmone can be withdrawn for use by a
patient. 2. A pharnmaceutical conposition in the form ot &USBl2002n, which
conpri ses human parat hyroid hornone,and a buffer to nmaintain a pH from
greater than 3 to 7, said solution being ready for parenteral

adni ni HTE(H 390 (FEQIDMNRRR) preparation apnsHIng. WRAN Iepstbyion; ebmannitdled. 3. The
phar maceut.i cal of .cl aim 2 rel i uff.er 1s selected fromcitrate,
tart ra?‘g‘,‘t IB?C% Végefizhuéqanéf.e mﬁ\\é\ﬁ)p é:},%\?}ﬁ?lioc%?mgl(a Pk B 1l%1gqr 850l ution

furt henppeaphon Sitadcd (SdcRédviezehl., 1976T0SCHSRARAL Iaakuppl @6ol M 4 wherein

said stabilizer is mannitol. 6. The pharmaceutical of clai'm 2, wherein said
human @47 atathunend Hid¢1r38)epreparatednaretenstifutediintdn e sajineyhide tsest i ng of PTH
(1-34), PTH (1-37), PTH (138),. . PTH (1-41 PTH (1-84). . 7. The

phar mad#astsmanet 8 1304 M(ﬁs); %&)#{3 %‘aﬁvan%ﬁﬂﬂgl-almﬁw%wawﬂ%% is PTH
(1-34) ., 1 dl d A | t 44 ining a

phar rraélgltﬂclibc%}?aé@%g@ &? %c%nf:%mtﬁ ﬁdglh? gpt\rﬁrg#g gllbgo ut?%%gr?se%8€£'?or par ent er al
adm ni ahteﬁidti@ﬁaliRbfarehwmgmﬁb@wmic}ﬁfa'r Hurhari PTH L8 (SBQAID BiORg) a. human
par at hyroi d hornone, and b. a buffer to maintain a pH fromgreater than 3
to 7. %onsibte ofil @0 ngof bermereqgrepapedewvish 5@ patumansenun albynfinand i s sel ect ed

formcitrate, tartr , _or.acetat - odne vi al cartridge of claim8,
sai d fg}r tl?%?ﬁef(&§%ﬁe?nc£ !legﬁeﬁg};&sf%)nﬂnf’f@roﬂ?fgal?lﬂgfl&%%q or cartridge
of ¢l aiyRhEndRed. 61 M aiiclacili AR 0I 126w/ TaRBRA (& Makihdalth ThY EatraOr cartridge
of claim8, wherein said hunman parathyroid hornone is selected fromthe

group @hasmadoepip, The Phidtn{ate®icn] PreFH Liohd8m,)29tPEditioh 38989 #P-H18318)41) and PTH
(1-84). 13. The wvial or cartri g_%e of gJ al g 1&, V\/ne,li,ei sai d human
par at hyr oi d A&sBhatemPLsTINprpvig) the §tabiliyy, for the,|yophilized preparstionpt ¢) aj m 8

wher ei t (2292 e\ ¢ LS r.af i 3 = to 1000
~g/m . q“%“&%W"f&%@ﬂ%?@‘ﬁtﬁ %I{I%qgggg{h@%dor I %%ofgf %’%émas pect of
t he pr emdirbdiufveilbnidd), Alsb&i.8. P&t. Wooy #0680 hd¢gscaibessfréere-drietipar i ng a seal ed

vial or cartridge containing a |igui armaceutical  formulation ready for
i al id i ni | i gr id ph ical f | at i dy f

par ent €0FIPosiien ApKthe aatusal hoFmaps. PdH(§-8oaontmpige masaiobasat hyroi d hor none

and a hyf i I 0 d : B to 7, thereby formng a

sol uti é”#?{pg%égg%ga’?#t%égés%r%%(;%'Ef{ [ g?#g{lﬁ%ﬁlﬁfgn?ggf% “or cartridge fromwhich a

t her apeut i catdgimeidigiaiploitation of piratheraill hyrmont lequiresithe develfmanitt hdr awn f or
use by a patient. According to again another aspect of the present
i nvent iadig formelation thapispgrerdable jh ebstoraggistabipend €assPfin the formof a
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par ent emadll AERtAaSWeitht 8fugshavdveaRe foainubition W bvatiyrbidvdiorsioeen freeze
dried. Accordi ng to yet another aspect of the present invention, there is

provi deesentsechnBenges abt enmmankyrangeuntersd bxithe plprmagmuicabiddustical conposition
in the for,mof a.solution rea for .parenteral .adm ni.st.ration in a human
pat i entl% F_E]orfeo]_r‘ﬁ%?tzlﬂ Brr‘?ted’(’)ﬂ%‘}% havs eﬁ’ﬁﬁﬂﬂ‘“ﬁ)@?%f%ﬁ%hafyhgmﬁe, and a

buf fer donidRAMY &nBitiRe R lokidaids]'dah/iatibh aid Bydrelyis, ASERigtlire@thapity et anot her

aspect ‘of the present invention, there is provided a sealed vial or
cart r i dye¢ermuinalaindiCxermingt acqueoeestremaln intacposortdentn presetvechbibastivityf a sol uti on

conprisin uman parat hyroi d hornone, wherejn the parathyroid_hornone is
SO Rt ot P S ot o M asdy Inyantien ImptovIge AphArThads At B ER T (1 36y
PTH (1-gpy )préiﬁpati%m_bém&ﬁl%}} one célmﬂll?gilﬁg,zag%tive ingredient, teriparatide,

PTH(1-34) (SEQ ID NO: 2).




4 DETAI LED DESCRI PTI ON The invention relates to parathyroid hornone
solutions that exhibit storage stability in terns of hornone conposition
and activity. As active ingredient, the conmposition or solution nmay
incorporate the full length, 84 am no acid form of parathyroid hornone,
particularly the human form hPTH ( 1184) (SEQ ID NO 1 ), GBUNE2RP%i t her
reconbi nantly, by peptide synthesis or by extraction fromhuman fluid. See,
for exanple, U S. Pat. No. 5,208,041, incorporated herein by reference. The
amino aci d se&heéMMS for hPTH ( 1-84) is reported by Kinura et al. in

Bi ochem Biophys. Res. Comm, 114(2):493 {SEQID NO 1 ). The conposition
or solution may al so incorporate as active ingredient fragnents or variants
of fragnments of humnprdedsd for meparatg apealed ndaloor barwiidpe ESHthihingt a higuil human
PTH activity as determned, in the gQvarectom zed rat node] of ostegporosis
reported by Ki mmel P eutic d(g‘&‘m‘ﬁ%ﬂ%y,rea Hoator 3 pangntersl; 7 admyustiplions nhyr o d
hormone fragments deahsahgy incorporate at least the first 34 N-term nal
resi dues, such as PTF% I ©34) (SEQ ID NO 2), PTH( 1-37), PTH( 1-38) and
PTH( 1-41 ). Alter nambingw humath gafathyroidf hd?midne sand an beffem bonpantainea pHom 1 t o
5 amino acid substi.tution hat, | nproove PTH stability and half |life, such
as the repl acement 8™ %qafﬁr%l?ﬁwefo%&e&ﬁ)é’sfogpmﬁﬁoht s¥¥ and/or 18 with

I euci ne or ot Ber hyghliaphef LIABNNA (B viAl bhddrtrddger v Swiidita Shéadutitallyagai nst
oxi dation and the r%placenent of am no acids in the 25-27 region wth
trypsi n-i nsensi ti veffegveodase i af spasatbyroids hprmaenedfane berwithdsawn dod nee briad t hat

i nproves PTH stabib&&%Iagainst prot ease. These forns of PTH are enbraced by
the term ' parat hyfoi d hornone" as used generically herein. The preferred
hormone is human PTH( 1-34) (SEQ ID NO 2) also known as teriparatide. The
hor nrones may be obtai ned by known reconbi nant or synthetic nmethods, such as
described in & S. Papharggceuticggempogition yi e dorm oba splupen.iygh (compriseice. The
stabilizing agent | i A . i tel i des a
ol yol uhi oh ol ujSseh PAEBLFROIGHRODEpE R LHTEPD AEERTAGRL FfL s

di sacchari de, e. g. thaglLic@esaid rsehdioodeing mhdy fasparemterad admagstratiansngar

al cohol such as, fox exanple, ., 4 JUNE 2002 5 nnitol, sorbitol or
inositol, and a po E}m‘apggengiwggﬂgtlhaﬂ]’(,gr'}’eﬁg%ﬁ?v{:%}q%ne or propyl ene glycol or
m xtures thereof. A preferred polyol is mannitol or propylene glycol. The
concentration of polyol may range fromabout 1 to about 20 wt-% preferably
about 3 to 103wt - %be nheemacsutical seff alairer, Whereinupdidrbufter cigeselectadpfroped i n
the solution or co f%éi&@a q& tqgepresent i nvention may be any acid or
salt conbination whi ¢h s P aréﬁggbtically accept abl e and capabl e of

mai nt ai ni ng the aqueous solution at a pHrange of 3 to 7, preferably 3-6.
Usef ul bemﬁngs¥nmm are, for exanple, acetate, tartrate or citrate
sources. Pref 8rred Thaf Pharmacetigals of r daigt ek, atadd ovolytign; fuither sepmprising (fost
preferred is an acggligesource. The concentration of buffer may be in the
range of about 2 mMto about 500 mM preferably about 2 rnMto 100 nM The
stabilized solution or conposition of the present invention may al so

i nclude a parenterally, acceptabl e. pr.eseryative. C. r.eservat.ives incl ude,
far exanple, gresol ?¥B@H¥§‘“5PL%%@1F‘ Héﬂﬁp?“%%ﬁ%gﬂ?gﬁﬁ bori de,

benzet honi um chl ori de, chl orobutanol, phenylethyl alcohol, nethyl paraben,
propyl paraben, thinmerosal and phenylnercuric nitrate and acetate. A
preferred predervailheehagnagsntiesd| ofwlaitseh wherein said bhmanparathyreifl dprmaens s

about 2 % pr ot ey Tt Ui ol ERRNRESE o of S0P RVl Fon”

Thus, the present B8Y®TH R4 hHaad PTeV(ldey, for exanple, a stabilized
teriparatide solution containing mannitol. acetate and mcresol with a
predicted shelf |ife of over 15 nonths at 5C. The parathyroid hornone
conpositions ef th r I i [ [ I [na
powder forn1cghtai2?%dﬁﬁgﬁ&ﬁgﬁéﬁ?ﬁgﬁﬂﬁg?§ﬁF§%“%@akE?%ﬂPgﬁ?ﬁQ?Mngﬁrkg from
the freeze-dryi ng idPEH$t-84). e, aqueous hornone sol ution prepared by m xing
t he sel ected parathyroid hornone, a buffering agent and a stabilizing agent
as above described. Especially useful as a buffering agent when preparing

| yophil i zed powders is a tartrate source. Particularly useful stabilizing
agents include glycine, mannitol, sucrose. trehal ose, raffinose or a

m xture thereof. The PTH sol ution and conposition of the present invention
incorporate PTHin a nedically effective anount, a termused with reference
to amounts useful either 4 JUNE 2002 6 therapeutically or in nedical

di agnosi s. The particul ar anount of parathyroid hornone incorporated in the
preparation can be pre-determ ned based on the type of PTH sel ected and on
the i ntended end-use of the preparation. In one application, the
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0.1 nmy rhPTH (1-34) (SEQ ID NO 2), 50 ng mannitol, 2.5 ng mcresol, 0.52
ng acetic acid and 0.12 ng sodium acetate were m xed into a solution with 1
m of distilled water. Exanple 2 0.25 ng rhPTH ( 1-34) (SEQ ID NGO 2), 45.4
nmg mannitol , 3 ng mcresol, 0.41 ng acetic acid and 0.1 ng sodi um acetate
were nmixed into a solution with 1 n &f distilled water. ThéJUNERMOAti ons
of the present invention, Exanples 1 and 2 were conpared to sol utions
containing no stabilizer, 0.9%NaCl, 20 nM acetate and 10 nM acetate as
primary stabi$i zerA sypled yiadpr partridagecontaiurg s crhappaceaties! womipagjtiomén Bwount in

of rhPTH (1-34} ( I . lg) I ki f i j
measur enent was na gn bd;/l) {ﬁl : ﬁg&g’glﬁ Eeg?eég}l?dgﬁ%ﬁmﬁﬁtﬁogf i%aatb‘nggarig %ﬁegt,z' 8
Table 1 Effect of $id foamylafioalkbompzisihgon Chemical Stability of rhPTH ( 1-34)

at 50C 4 JUNE 2002 Water0.9% NaCl 20 mM acet at e1l0 nM acet at eTi me, days%
Remai ni ngl ni t#al 104MYbAzset hUTPRSOASSE 86771 Tabl o 2 Conpari son of

Stabilit~~ ofyrhPT, - -at- nV acet at eExanpl e
1Exanpl e 2Ti rr% da?glg/gfér 15 PaiRthin 3N A8 B AECH S0l

Renai ni ngl ni tial 10010010010079694100- - 1494929610021909397- - 30- - 819696
Exam~~l e 3 The fol lL.owi ng experiment s carried out taq.show that

| yophi | i zed p%erlfg%r"iﬁgw&t'%ﬁ’élgﬁr(gp‘ﬁ%é‘h%ﬂ”éﬁﬁem S50 b03eR 18 GEERBHOTB! ¢ he
present invention gggeMreasicdb&atthan a control which was prepared ftom

PTH( 1- 34) and manni tol al one. A control solution and solutions for sanples
A through O were prepared as previously described with the ingredients and

concentrations, sho in,Tabl e .3. The,solutio were. th freeze-dried and
the resul ti ngﬁ?'yopﬁ% ivﬁaé(?r;%ﬁﬂgge Pgrc}ﬁlff]a ’iSghdsq§%lruisa?1§)flo€'§8eraforﬂﬁrl%lg 8r a one
nont h period. The aasiigdr. of PTH( 1-34) remaining in each sanple was then

measured by HPLC. The results are shown in Table 3. 4 JUr~~ 20U Table 3
Stability of PTH(1-34) Lyophilized Formul ations at 40C for One Month

Sanpl e PTH( 1184) R Kk SHakkdge of ABED BUmKNOsAPSMi1 SRS mannitol,

12.  The vial or cartridge of claim 8, wherein said human parathyroid hormone
is selected from the group consisting of PTH (1-34), PTH (1-37), PTH (1-
38), PTH (1-41) and PTH (1-84).

13. The vial or cartridge of claim 12, wherein said human parathyroid

hormone is PTH (1-34).

14.  The vial or cartridge of claim 8 wherein said parathyroid hormone is at a

concentration of 25 pg/ml to 1000 pg/ml.



my/ mL Buf ferBuffer Conc. mv % PTH

Remai ni ngCont rol 0. 2manni t ol 40--__ 7gA0. 5nmanni t ol 30acet at e590B0. 5gl yci ne30ace
t at e598C0. 5sucr ose30acet at e598D0. 5t r ehal ose30acet at e459JLEPE SI&H' nose30acet a
t e599F0. 75manni t ol 30t artr at e1595Gl1. SSIéCI‘ ose &

manni t ol 5/ 25t ar nat e599H0. 75sucr ose &

manni t ol 5/ 25t artrat el599l 1. 5nanni tol 30tartrat e596J1. 5sucrose30tartratel5100
K1.5manni tol 30tartratel599L0. 75sucrose30t artrat el5100M). 75sucrose30tartrate

5100N1. 5sucrose & manni tol gy g2hKA yr@#?ﬂlgqggéﬁwﬁr ose &

manni t ol 51 25acet at e591 * the sta |I|ty at hs was 96% . A A A2 . AS; |
. A@ur . AE

AB2. AL AL . AS ol 3B Rb bk hHRR, b &3b ko bgbeakral oal ca

] ca] ca] ca] cal] c

a] ca] Cab?@d&uﬁélacse%]éaa\]|éﬁir%%}tﬁé’dé3édrﬁé\lﬁ|]\§aa]lfﬁ/ﬁﬂi BhathGed tilal oAtliSfor’esy —3 “ar

tEMONAY &R

| wr ”hCAﬂ réﬁlaFa?la? rf eflaih C@Jrfrﬁr]sﬁ%] EothiSinith HhfRl SRk PofrhGM el £ gal cal ca

]Xc?] caJ ca]ca] cal ca caj ca | | cnal ca

] (;a] c%]@ga] calcalca ca%ﬁxgﬁq%g%%%{%(@m% c%}’}éﬁgﬁca CJCa aﬁg c’\a] caj

& 1 Qb0 ETICRUTR, 5, B8V BhisP g EE‘G“AV&°&<&§&EM&’]F”*"‘F\M“']“W{ S5l cal
a] ca] c™a] ca] ca] ca] c”a] ca

v cal EZ%%@?@%%E%%&@@%@ T ARG s %‘f%a%#)?éf’

S10% & ()-10% & ()-110% r& ()-"hl KwUa!,, "10%& ()-1 "10%t& ()-1 "10%& ()-!
"10%gg& ()-! "10%@@& ()-!d 10%& () - FK9 /01}[<1 10t&<10%&'()-!#

OF"10% : & () " - L . .
"10%r & ()- ) $5bi 5‘1’%“"%&%‘%&? of te, prosBi l@%@??ﬁmr &M"?‘“F'@'?I)-,
109%& () ph&midedbiidal - J:oanSHsm%gt WH%AB% of ]é) sbtltibA! Sahidk? % nforises Shdfiai () -
10% ()-y 109%& ()-!'f -2}k =PB4 1
parathyroid hormone and a buffer to maintain a pH from greater than 3 to 7, said solution
being ready for parenteral administration in a human patient without having been freeze

dried.

According to yet another aspect of the present invention, there is provided a
sealed vial or cartridge containing a pharmaceutical composition in the form of a solution
ready for parenteral administration in a human patient, said formulation comprising

human parathyroid hormone, and a buffer to maintain a pH from greater than 3 to 7.

According to yet another aspect of the present invention, there is provided a
sealed vial or cartridge containing a pharmaceutical composition in the form of a solution
comprising human parathyroid hormone, wherein the parathyroid hormone is selected
from the group consisting of PTH (1-34), PTH (1-37), PTH (1-38), PTH (1-41) and PTH
(1-84).
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As actlve 1ngred1ent the composition or solution may incorporate the full
length, 84 amino acid form of parathyroid hormone, particularly the human form,
hPTH (1-84) (SEQ ID NO: 1), obtained either recombinantly, by peptide synthesis
or by extraction from human fluid. See, for example, U.S. Pat. No. 5,208,041,
incorporated herein by reference. The amino acid sequence for hPTH (1-84) is
reported by Kimura et al. in Biochem. Biophys. Res. Comm., 114(2):493 (SEQ ID
NO: 1).

The composition or solution may also incorporate as active ingredient
fragments or variants of fragments of human PTH or of rat, porcine or bovine PTH
that have human PTH activity as determined in the ovarectomized rat model of
osteoporosis reported by Kimmel et al., Endocrinology, 1993, 32(4):1577.

The parathyroid hormone fragments desirably incorporate at least the first 34
N-terminal residues, such as PTH(1-34) (SEQ ID NO: 2), PTH(1-37), PTH(1-38)
and PTH(1-41). Alternatives in the form of PTH variants incorporate from 1 to 5
amino acid substitutions that improve PTH stability and half-life, such as the
replacement of methionine residues at positions 8 and/or 18 with leucine or other
hydrophobic amino acid that improves PTH stability against oxidation and the
replacement of amino acids in the 25-27 region with trypsin-insensitive amino acids
such as histidine or other amino acid that improves PTH stability against protease.
These forms of PTH are embraced by the term “parathyroid hormone” as used
generically herein. The preferred hormone is human PTH(1-34) (SEQ ID NO: 2)
also known as teriparatide. The hormones may be obtained by known recombinant
or synthetic methods, such as described in U.S. Pat. No. 4,086,196, incorporated
herein by reference.

The stabilizing agent incorporated into the solution or composition includes a
polyol which includes a saccharide, preferably a monosaccharide or disaccharide,

e.g., glucose, trehalose, raffinose, or sucrose; a sugar alcohol such as, for example,
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The stabilized solution or composition of the present invention may also
include a parenterally acceptable preservative. Such preservatives include, for
example, cresols, benzyl alcohol, phenol. benzalkonium chloride, benzethonium
chloride, chlorobutanol, phenylethyl alcohol, methyl paraben, propyl paraben,
thimerosal and phenylmercuric nitrate and acetate. A preferred preservative is m-
cresol or benzyl alcohol; most preferred is m-cresol. The amount of preservative
employed may range from about 0.1 to about 2 wt-%, preferably about 0.3 to about
1.0 wt-% of the total solution.

Thus, the present invention has provided, for example. a stabilized
teriparatide solution containing mannitol. acetate and m-cresol with a predicted
shelf-life of over 15 months at 5°C.

The parathyroid hormone compositions of the present invention may, if
desired, be provided in a powder form containing not more than 2% water by
weight, that results from the freeze-drying of a sterile, aqueous hormone solution
prepared by mixing the selected paraihyroid hormone, a buffering agent and a
stabilizing agent as above described. Especially useful as a buffering agent when
preparing lyophilized powders is a tartrate source. Particularly useful stabilizing
agents include glycine, mannitol, sucrose. trehalose, raffinose or a mixture thereof.
The PTH solution and composition of the present invention incorporate PTH

in a medically effective amount, a term used with reference to amounts useful either
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PTH selected and on the intended end-use of the preparation. In one application, the
preparations are exploited for therapeutic purposes, and particularly for the treatment
of osteoporosis. Osteoporosis therapy entails administration of the reconstituted
preparation by injection, desirably subcutaneous injection, in unit doses that reflect
the prescribed treatment regimen but are, by way of example, for human PTH(1-34)
(SEQ ID NO: 2), within the range from 25 pg PTH/mL of injected solution to 1000
pg/mL of injected solution per patient, with injection volumes being desirably from
0.02to 1.3 mL. Accordingly, the purified PTH is desirably incorporated with the
buffering agent and excipient to form an aqueous solution containing PTH in a
concentration range from 25 pg/mL to 1000 pg/mL, preferably 100 pg/mL to 500
pg/mL, which is then sterile-filtered and filled into a vial or cartridge for use.

Once the preparation is obtained as an aqueous solution containing desired
amounts and concentrations of the buffering agent, excipient and PTH, individual
vials are filled with the solution to the desired volume. The advantage of the present
invention is that the above solution may be prepared with sterile water without the
need to undergo a freeze-drying process.

In an alternative embodiment of the invention, the preparations are provided
in a form that yields a unit container of 100-500 pg human PTH(1-34) (SEQ ID NO:
2) upon reconstitution into about 1 mL (0.8-1.2 mL) of the reconstitution vehicle,
and the vials are accordingly loaded with about 1 mL of the aqueous PTH
preparation, for subsequent freeze-drying.

In a preferred alternative embodiment of the invention, the PTH preparation
subjected to freeze-drying comprises from 25 to 1000 pg/mL of human PTH(1-34)
(SEQ ID NO: 2), from 2 to 8% by weight of mannitol, and a tartrate source in an
amount capable of buffering the preparation to within the range from 3.0 to 6.5 upon
reconstitution in sterile water. In specific embodiments of the invention, the tartrate
buffering agent is incorporated in an amount sufficient to buffer the pH to 3.5 to 5.5.

In addition to their therapeutic use, the present PTH composition can be

formulated and administered to aid in medical diagnosis, and particularly to assist in
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preparation will remain as described herein for therapeutic use. An intravenously

infused, single dose of human PTH(1-34) (SEQ ID NO: 2) that is equal to 200

International Units of PTH activity is appropriate for this diagnostic purpose.

Diagnosis is then made by determining the effect of administered PTH or urinary

cAMP levels, with cAMP elevation being indicative of the hypoparathyroidism

condition, rather than its pseudoform.

The examples which follow are illustrative of the invention and are not

intended to be limiting.

EXAMPLES
Example 1

0.1 mg rhPTH (1-34) (SEQ ID NO: 2), 50 mg mannitol, 2.5 mg m-cresol,
0.52 mg acetic acid and 0.12 mg sodium acetate were mixed into a solution with 1
ml of distilled water.

Example 2

0.25 mg thPTH (1-34) (SEQ ID NO: 2), 45.4 mg mannitol , 3 mg m-cresol,
0.41 mg acetic acid and 0.1 mg sodium acetate were mixed into a solution with 1 ml
of distilled water.

The formulations of the present invention, Examples 1 and 2 were compared
to solutions containing no stabilizer, 0.9% NaCl, 20 mM acetate and 10 mM acetate
as primary stabilizer, The stability was measured by determining the amount in %
of thPTH (1-34) (SEQ ID NO: 2) remaining after a certain time. The measurement
was made by HPLC. The results are shown in Tables 1 and 2.
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of thPTH (1-34) at 50°C

Water 0.9% NaCl | 20 mM acetate | 10 mM acetate
Time, days % Remaining
Initial 100 100 100 100
7 74 81 84 80
14 55 58 67 71
Table 2
Comparison of Stabilitv of thPTH (1-34) at 30°C
20 mM acetate | 10 mM acetate Example 1 Example 2
Time, days % Remaining
Initial 100 100 100 100
7 96 94 100 -
) 14 94 92 96 100
21 90 93 97 --
30 -- 81 96 96
Example 3

The following experiment was carried out to show that lyophilized powder

formulations prepared from stabilized solutions of the present invention are more

stable than a control which was prepared from PTH(1-34) and mannitol alone.

A control solution and solutions for samples A through O were prepared as

previously described with the ingredients and concentrations shown in Table 3. The

solutions were then freeze-dried and the resulting iyophilized powder formulations

were stored at 40°C for a one month period. The amount of PTH(1-34) remaining in

each sample was then measured by HPLC. The results are shown in Table 3.

#10%
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<:>?@\B(:Q%%]1§%%1WW§ rmﬁﬁ%e%;[ i nc;ltgq/glLUEI AL mM Re’;‘gammg
A 0.5 mannitol 30 acetate 5 90
B 0.5 glycine 30 acetate 5 98
C 0.5 SUCrose 30 acetate 5 98
D 0.5 trehalose 30 acetate 5 97
E 0.5 raffinose 30 acetate 5 99
F 0.75 mannitol 30 tartrate 15 95
G 1.5 sucrose & 5125 tartrate 5 99
mannitol
H 0.75 sucrose & 5/25 tartrate 15 99
mannito]
I 1.5 mannitol 30 tartrate 5 96
J 1.5 sucrose 30 tartrate 15 100
K 1.5 mannito] 30 tartrate 15 99
L 0.75 sucrose 30 tartrate 15 100
M 0.75 sucrose 30 tartrate 5 100
N 1.5 sucrose & 5125 tartrate 15 99
mannitol
0] 1.5 sucrose & 5/25 acetate 5 1%
mannitol

* the stability at 2 months was 96%



