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WD 2004/ 060310 PCT/ US2003/ 041545 1 HUVAN GROMH
HORMONE CRYSTALS AND METHODS FOR PREPARI NG THEM

WA EHOHNGAL FI ELD OF THE | NVENTI ON [ 0001] The preBES1003/041545
invention relates to crystals of human 5 growth
hor rone or a human growt h hornone derivative and
conpositions or fornulations conprising them In
addition, the invention provides nethods for
produci ng crystals of human growth hornone or a hunan
grow h hornone derivative. The crystals of the
present invention are particularly useful in 10
nmet hods for treating a mammal havi ng di sorders
associated with human growt h hornone deficiency or
whi ch are aneliorated by treatnment with human growth
hor mone. BACKGROUND OF THE | NVENTI ON 15 [ 0002]
Somatotropin or growh hornmone ("GH') is a mammali an
protein conprising a class of tropic hornones
synt hesi zed and secreted in the brain by the major
gl and of the endocrine system the adenohypophysis.
The secretion of GH and other tropic hornones by the
adenohypophysi s regul ates the activity of 20 cells in
ot her endocrine gl ands and tissues throughout the
body. WO 200EPY6H3 ¥HOPEY BRZYOYFoARIATALS AND
Specifically, GYEFEHQR? EPRPRYPARME FE®Bhs of the
anterior pituitary gland and functions to stimulate
the liver and other tissues to synthesize and secrete
|G~-1, a protein that controls cell division,
regul ates netabolic processes and exists in a5 free
state or bi ndBECKHNDIRL OFIBLE OF MeHE PIOVENDSONesi gnat ed
as | GBP-1 through 6. The secretion process itself is

0o iy e P deB e Boninsott B ST (95 gruman
groweh HRIBRIR) od @%d@@%@pﬁ&n&aﬁfmﬂ%@@ drsg of

partl cul ar interest ecause It serves as a
compursiitiicals mor fimrenile tivens epuipatissmafthage | Iancadsilgfazmn, the

h_and hysi.ol i
invedliati R A M B R o gy

growt@s Hd1sndde @ gamun®h igr&iiH Hemad RefiorRgatey. | Mhe

adul ts, whereas under -
crystals of the present invention are particularly useful in

methods for treating a mammal having disorders associated with
human growth hormone deficiency or which are ameliorated by

treatment with human growth hormone.

BACKGROUND OF THE INVENTION

[0002] Somatotropin or growth hormone ("GH") is a mammalian
protein comprising a class of tropic hormones synthesized and
secreted in the brain by the major gland of the endocrine
system, the adenohypophysis. The secretion of GH and other
tropic hormones by the adenohypophysis regulates the activity of

cells in other endocrine glands and tissues throughout the body.
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production |leads to dwarfismin children [ Mauras et
al., J. 15 din. Endocrinology and Metabolism 85(10),
w@e®3/0886® (2000); Frindik et al., Hornone ReBEHDUS1D)3/041545
51(1), 15-19 (1999); Leger et al., J. din.
Endocri nol ogy and Metabolisnmp 83(10), 3512-3516
(1998)], Turner's Syndrone (fenmales only) [Bransw g,
Endocrine, 15 (1) , 5-13,(2001) ; Pasquing gﬁﬁgl., ,
SpecbiREhe YRe SEa LN ’segéf(eé:)e’d Se§5PE T ﬂf anterior
pituGREeY §15eRAL INFHAIGIRRCE J Gkl t@l tRle 1ivERRER other
I n Endocrinol ogy and Metabolism 11(6), 231-238
tiss(2600p, sybéharsd zst aald serre@el AGFEAdo@ invsitegyn apt controls

t.abol.ism _87(6)., 2760-27 (2002);_.Si cal, .
LIRS AR R o ee e A G AP BTy oopss (0n sy in @
frecaditbtts, ACHidRId aertle @ =dld eathedb preitalield esignated as

processi ng_of proteins, carbohydrates, |ipi.ds,,
IGFBR-fe t&FOUARD Coonés iSRETGTESHe PARFSEEn Itk i modulated by
' thRRAY [ h
oppcff B et iU UL, SR AER ) (A T e 15880)
somafiose agtinal (inhlibiPddicatdt o leak®s(.3), 376-382 (2000);

toyapgp et al_., Ln. Exp. N .l agy, 30 2(.2) .
[00‘%2- 16?”(?@9@)%@% ﬁb‘%r“f?é% a‘g’?g&]ﬂr gn d’ufgé’rad‘(etrjsdular interest
becatlzal a¢! drzee s g el il Wnidie ude DT ASTdTIGn of

syndrome [Hirschfeld, Hornone Research, 46, 215-221 ,
cell agg6Prapm ewth #nd IAmPhysigd@isdiaed, Sos(tion 4Ry various

998) ; g t WO @9&} : ;
sta %T%%ngl(\)%%m%%e e_)?(J,Q;nlee., ng%gfﬁftrg)r a gLnoé1 I?nft ehrGa results in
gigaNttireint iien ,cHiA(@en I2OR-5HMMnecBA90)in adidrirses vdrakeas under-

Cadnman, _Bi oDrugs, 14(2), 83-91 ,(2000)]. and Prader-
PTOdWALLOTs yiichireq RiMteze, S léé%ﬁé%_rfévlﬁl%@a %21 2087
c1id .28 cr EIIVALTartd 18 tabdUlsm,J -85adi)at rdax - 3lesld 502000) ;

368-377 (1998)]. 5 [0004] To date, treatnent regi nens

Frinddk leGHadefi diamgne Redratais Sdcls pridmard |1 B#P) i Leger

cu ucuanens oL an oL PULI I RIS RO, 2saz-asac

(1o9pagkagrtis e tdhaidsonsd| (fAdnaildan chlsgr t [Brtgeswilg @ Endocrine,
| yophi lized owder requiring _reconstitution at the
15 (Wime 9 usd 0 e BRFFHR &Iy lof iHfEtDesraEst, 46 (6),
269-98RENAING: N éﬁ@%&@ﬁﬁ% REINY ;i A8t AR t i rro1l et al.,
commerci al'l'y avai l abl e product bei ng used. “For
Tremianpl &ndiwarinsheds anddiathlyyl ikl VL s(cut2diedidd (2000) ;

e g B . AT BORL N L0, 58, 0761,
2760-2763 (2002); Simpson et al., Growth Hormone & IGF Research,
12, 1-33 (2002)]. 1In adults, hGH deficiency can affect
metabolic processing of proteins, carbohydrates, lipids,
minerals and connective tissue and can result in muscle, bone or
skin atrophy [Mehls and Haas, Growth Hormone & IGF Research,
Supplement B, S831-S37 (2000); Fine et al., J. Pediatrics,

136 (3), 376-382 (2000); Motoyama et al., Clin. Exp. Nephrology,
2(2), 162-165 (1998)]. Other hGH deficiency disorders
characterized by growth failure include AIDS wasting syndrome
[Hirschfeld, Hormone Research, 46, 215-221 (1996); Tritos

et al., Am. J. Medicine, 105(1), 44-57 (1998); Mulligan et al.,
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15 delivery route for hGHis necessitated by the
i nherent instability of the protein in solution. That

w0 p@patisio ty results from cleavage of criti caPCT/US2003/041545
i ntranol ecul ar crosslinks at specific positions
within the am no acid sequenge-of the protein, which
i'n turn disrupts the essential three-dinensional 20
structure recoa%;zed b and associated with cellula

RIS 1709, 8 R oA L AT HE b @ (0TG4 08 (1999

Torrelse AHI & Rin-GL I BHH L, 314 @hchestrat ed dyd)Marddy BPhder-
oxi dati on of methi oni ne reS|dues or dean1dat|on of

willdssamduomnei Ritesmdudommnne diesssaal,ob6 Sherleby208 (2002);

s} PR oY e et S B A G i H oS 17 o o208

[ooofqr mul atd eng g, hatreaattnerst atdog nradits | Aoy lﬂm |dqmcbrctqn in
be delivered not only subcutaneously but by other
humagen F@fiUi=o A1 ripsddge o RBCUTARGPUE it idefalPd 1ed hol

N e o e e s I e Gy

pac]@tge&mais teol tackdr @sssdlrutSLcmeetdl gFaramxanjge,or Nutinogphilized

pow E i S an |nleﬁt l.e susgeagloqapf Qg§onb|naqhua

fre n\dyaQ‘Iﬂ Q%j%ﬂ&@'#éiﬁe(so@péﬂd?ﬁ@%}?fiﬁﬁe (®@fase being
ttp://ww. gene.con). In addition to WO 2004/ 060310

tr @s@Gm@mwrcladlwmwlﬁ@rqw%%mHﬁ%% For
SO C S
5 S 8y 4% S S ) TEBIEL, cfon o

recdradierdrad knust be reconstltuted MAth an aqueous

[ ution in arbox | cel l ul ose sodi um
00QH]) 1 St ot S T S b At Hiapid
dells}é%rg,e%% Ay ol Slsmgéé/sm%d 8¢ e POIYERInL i S

adm'™ni stered once or twice nonthly and requires a 21
instgdnidel mearl] & Horpiatjsdiot iloh s i@n t helhizelmitahhlity

res@d'\?eféxpher aa\pad thef VII’Q'J_Ci:m'lcsa%I 0:1 rleatﬁ)ofl @L?lapr[ O&U %%111’1]{8 at

jeCtI Slte reac S Cahn OCCUT resu

sped T O P8 LIS 1 s e/i:ydl’[hﬁ‘[r&;hepéurﬁh,ncbra,ttfd r@qménrd% ngf the
| i poatrophy and pufflness

Proqﬁltrb RkA geheiige Wﬁ%éﬁtﬁ RARSRY I3 Jriess ghymensional
Ar surfa
Anot e%%? %rW:%@%Jé%JMh cd POy surfaces in

oprment but subsequently
thecpaﬂmnﬂhrum&hesm$¢mnni&mnﬁﬁmthHIQﬁ@pvag¢r@r degradation is

orc éﬁ%ﬁ%ﬁﬁ?&gﬁé: pr od, Ce&aﬁs fu quﬁgrqéégg hlonfhe regidues or
deamidation of aspartic acid re81dues upon dissolution, thereby
rendering the protein inactive. Due to this fragility, a need
in the art exists for hGH compositions or formulations that are
stable and long-acting and can be delivered not only
subcutaneously but by other conventional dosage routes, such as
oral, dermal and intravenous routes.

[0006] A number of commercially available hGH products have
been developed in an attempt to address this need. For example,
Nutropin Depot® is an injectable suspension of recombinant human
growth hormone (rhGH) embedded in a polylactide-coglycolide

(PLG) microspheres (see http://www.gene.com). In addition to
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http://ww. hgsi.conm products/ al butropin.htm). This

product is said to exhibit prolonged half-life in
w@reogib@to on, roughly a fifty percent increaseCDUS2003/041545

that of soluble native hGH Al butropinTMis typically

delivered by injection on a veekly 20 basis and is

said to stinulate 1G--1 levels Iong after clearance

fromt b . The biological effect af thi,s prodyct
rhoR go Rl T RO oR0A, BT SRS digradrtate and
z inch PR sfhRe (R RiRRenHR008[p AR hey Fandidiicit avielopethe solid
was Infitropin CRTM a formnulation of hGH conpri sed

ma.t egfi ago mpstth yee e CEINFEAH S gdtedn ZEIURCH shdl il deon

Thi onj r i a i.nj '
compk NS L UIT I IRIIIS R 0 B IR e,
sodiwint iliorsidgnisndc antt dxur stThefd entsddRasiongt wiich s mostly

comRRE D ASIRAL RS di COTETHRREEo5h TBG0St: (i 4 Morienly and
requidLs RAl e BRIBFANG HA48.A25 TRIEMd Ghe size of

aqueous fornulations of hGH that are said not to
the miquiaspherase s tihautvilgrsisemadivrearad dde ey Bdverse

.. dai.ly injection, . Such, for i Qns. typically co '

im0 TR ¥ e el SetoohrbBsT Y O,

erytPehd /S0 ,04khds iy, siwdtaetantl iauh opipgionaldd/ ,petfiness
neutral salt, mannitgl, or,a preservatiyve._ [0010]

(seevAyGtaid /IMerd iy SR 1 SRMP SIS BH te 1 ndfi pginagiston/
:H%q{ : ]%ﬁ X b Lo ol | ed Rel ease,

OPPo1( fgi%q—'IZlic/[Zﬂg?g 5 (?QS%%E?%t/Ilin&esdnesé) 0i | enul sions and

[000¥ilodegrramatiles H6ity merodvaly oigp vbenesslopmare: Budh igesequently

. _attenpts.to provide sustained drug rel ease of ,
e Qi (e T BT ol o GHE: Lt G 1 B eroduced
fusil eass ofn tde Himith diSurhiad Shd ongdidn Ao h&aithe (see
are conplicated to nanufacture. This is especially ,
ht tr r/Afemvof - TR h@/Griad uat oh s HasePi Bittldct i (This product is
. £Q-gl N ' ) } Gf t ,
i f IS WAL TR SRR O oy o
f1i ftyenmksrdem te niplane scan dite onshatucht asoellelmtek ive hGH.
t enper aj ures, surfact i.c solvents and

t,.
Alb } ohyeHER O TR F YRR e, 174 9O GIORHTE 1 IRRIELY

 basil¥ Ohfd N Jenatdind ikl dderigr geri Sfe B Loy GftdNldlearance

np. Controlled Rel ease of Bioactive Materials, 23,
frog3thegdndyoosihe ighagical effret gf this product is similar

to that of currently available growth hormone therapies.

[0008] Another product developed was Infitropin CR™, a
formulation of hGH comprised of polyethylene glycol-conjugated
hGH molecules. This conjugated hGH required a once a week
injection and was said to be released at a continuous rate,
without significant burst effect [Ross et al., J. Biol. Chem.,
271(36), 21696-21977 (1996)]. However, this product was
discontinued. ’

[0009] United States patents 5,981,485 and 6,448,225 refer to
aqueous formulations of hGH that are said not to require a
reconstitution step and are administered by daily injection.

Such formulations typically contain hGH, a buffer, a non-ionic
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Phar maceutics, 229(1-2), 107-116 (2001)]. [0011] Sone
of the above-described preparations require hGH to be
waemreesin a | yophilized state, which can be aPCT/D82088041545
consunm ng and expensive process. United States patents
5,780,599 and 6, 117,984 retes to divalent cation
crystals of hGH and met hods of produci ng di val ent
cation cryst al s of wi t hou need f ar,
SuT TR FY Fots LTI 001 S e (8 e A 4 £F 2
pres%qq,raegs,edrawbacks of 25 conventi onal hGH products,

including instability upon storage and injection,
[0019dort Meniiows Iedbie] idralg Kierldivesh éacin 1&5&1%, %chdﬂr as

1’1ydr%I %ﬁ\éal [ltK%k%l lHaW’ %.q di ]:;‘]} %Jtyrcﬁll?ldecj 21-26

m ni s ratlon e néed for | nproved repara |ons
(Logremnyi l’lipos%e&ddrcﬁﬂs elrhii1ss ireed ,artdh & iprdesaratdabyive nda lommer

o advant agstegi’lzl%ﬂ %Oe@%;%%gslncl %st al's of hunaqr aro Suhstalned

drugz%ﬁ/e%%%g 13 Pel . US@WVQA"15AC51e @es@@ﬂ%\( grmm%tlons
NVENTI ON [ 0013] The pr esent invention is directed to

dls@aazblae bur(atg-redﬁaaﬁig ofcdmﬁerﬁrem ama g sgntednd dnidins and
somen&MrSt al S gﬁc\?‘;&t@ t%r ovgnmfacq:r g[rl}l% hl'g% r@:‘."%lqgf true of

e I nven er rovi

hGH G:Qimciﬂlat*dlm Qfast‘d@/ﬁralmqfadﬁﬁmrtchgwdblzrmramm @LG)
human growt h hornone derivative, including

Wﬁﬁ%q%@%céﬁ%r O SHAGR Tt et Praglice the
mlcf&@%e@ ta‘rﬂig W Ao mtdiodss falcprapali dgsugh

as vve rrp05| tions conprising them
temp'HIamIIS&E,alsslraﬁmbtWMOSJHgaJnsl cfolnertts sandvaerie@rs Arrganic

advant ageousl| di ods for treatin
soli e, B o st Sl R efllgpt don
[He MYy dorqmne meld cimnay. ynihl don Sraltbed Rét €gsdYor
treat ment by ‘treatment with hunman growt h hor none.

Bioqapinag D@%%Zflaﬂegrofz%urﬁaﬁ‘g?&ﬁm RS o e Bret Munnatl. J.
phalg{ LPtlt gT&nez)derld/,pt v6e (ﬁ{qby 0QONPosi tions or
a a

i'ons ‘Conpri'si ng ve ‘sever al
[00ladvant eayess omdjhﬁjlad:gsvet-rdaasmpédmd ignemdramoms pegquire hGH

co HEROSLIE L SalrLa bee, ustal Lyne puspenslof {ot
con%ﬂflerégfya[ﬂ&‘gﬁ@éﬂéfxye %’J%cé%ssshor@mﬂ%d sk Dfed i skt her
5,780,599 and 6,117,984 refer to divalent cation crystals of hGH
and methods of producing divalent cation crystals of hGH,
without the need for a lyophilization step.

[0012] Despite the efforts to address drawbacks of
conventional hGH products, including instability upon storage
and injection, short in vivo half-life, burst effects, lack of
oral biocavailability, and difficulty and frequency of
administration, the need for improved hGH preparations remains.
To address this need, the present invention advantageously
provides crystals of human growth hormone that yield stable,

long-acting hGH.
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20 the invention, including inprovenents of hGH
crystals and conpositions or formul ations conprising
W0 b@aesso conpared with conventional hGH pr epPCHUSINE (041545
will be appreciated by those skilled in the art, in
view of the disclosure hereid. -BRI EF DESCRI PTI ON CF
THE DRAWNGS 25 [0015] FIG 1 illustrates hGH crystals
grown in the presence of 860 \m |m phosphat e
(pH 8.9), as i magdd it Aeo5e5hy. See
Exanple 1. [0016] FIG 2 |Ilustrates hGH crystals
[001870WN iThet Becpl@tenefrer®li o290 snivedited aid rAtedledS long-
i maged by optical mcroscopy. See_ 30 Exanple 2. WD
actipgo4, oBu3Td SRETAUS? Pe%/ 68543 iepdlyoeryStalg of human growth
I lustrat al ese
hormgge B, & SrAE GE ol b o YRR S P o
furt&e&) pro&d demagethpays iapionealo fimiceyesedpy o £SérntEoa mgiosrtd

[0018] FIG 4 illustrates hGH crystals grown in
%@ T o AR Rk rldélq%mémg

pharﬁbb%u@@%aﬁﬁ? %d@bﬁ%&%ﬂéJC gﬁ%ﬁﬂﬂdnéﬁ@ﬁﬁﬂébﬂW(ﬁ?ﬁE'Bhventlon

fate , as |1 mge opti cal m croscopy
furtS@e-‘ Br@rvpld@sme[t@v@m] ﬂqmpr@@wm @a%uqnxs;tadfs,h@s well as

compéa té.?les g: rats%% t%né]m %' %@y@%&ﬁ@ CaI C%o@tlons of

S¢S 6diUum phosphate “an
thicAGelvane/idnotar revpIreGigedualls weed ifunetimdooffdd mreating
and nonitored at 280 nm_ See Exanpl e 5. O%gl FIG 6
an indiydcigtle SEIL By HAX GoRFIHK V@sfgh magy JRYEth

horn%)\rf{lev)de'f%‘eﬁ QRANQYy, mﬁﬁdﬂ\ﬂl%alacfdéi@&%éii & AN I I by

pH*8.6), as 1 nmaged by optical “m croscopy.
treaSeenE(amlﬂhe lﬁlmals 9[1@1?\2:1'] H?:h@orﬂe | I | ustrates hGH

ysta r.Q in the resen 5%
tooiay ot S SEEIHGs Tharedi] i i e v gmoven
horxﬂt@e (el i&=R)iveds dm&gﬁ@bdyltqmﬁg:&lr i rsieayon Seomprising
Exanple 7. [0022] FIG 8 illustrates hGH crystals
theryr GAVe BEvRE S é’é%éf?é‘é‘—agﬁs 1 ORAHAAN S h%?ﬁ)lcaW%](WW)Of once

per F')AEU c%% m;?’{c&{fioscop({/gvI ge gg%ﬁ{%glzﬂr%oozs ﬁ%}éé@g%m

safeaﬂmv\&fsialdﬂmy i tyunft G tearbyisitiddys, m&s/wspeauifcbnd]ung{ tand
Exampl , -8 nonitored at 280 mtas a func on of
sSyrimngaa Jﬁzlymﬁveesr aSe%”L rﬁﬁ% ther objects of

the invention, including improvements of hGH crystals and

compositions or formulations comprising them, as compared with
conventional hGH preparations, will be appreciated by those

skilled in the art, in view of the disclosure herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 illustrates hGH crystals grown in the presence
of 860 mM ammonium phosphate (pH 8.9), as imaged by optical
microscopy. See Example 1.

[0016] FIG. 2 illustrates hGH crystals grown in the presence
of 390 mM sodium citrate, as imaged by optical microscopy. See

Example 2.
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[0024] FIG 10 illustrates hGH crystals grown in the
presence 25 of 85 nM cal cium acetate, 2% (v/v)

WQERB4H800BM and 100 mM Tris-HC1 (pH 8.6), as i negeuS1y93/041545
optical mcroscopy. See Exanple 10. [0025] FIG 11
illustrates hGH crystals grown-in the presence of 500
nmM sodi um acet ate 6% (v/v) PEG 6000 and 100 v

Tri s- HC1 % as inm ed b)l// l&l cal m cr,osct
[001%ke ExEdAfl-e 11113‘€tff6@§§] h ﬁacr SLRLEUSEP PedTh & presence
of 6BpYRMALILALGN sbralh&e&%e GAEE a8k &@oﬂ%quwsu@@cl (pH 8.6),
| oride, 6% (v/v 6000 and 100 mM Tris-HCL (p
as 1®a€§3daby1 n@@e@aﬂ mpmoeabpm cr 8seoprangde Bxanpl e 12.
2004/.06031Q PCT/U 03 545 El G, .13
10018F) ot Fabes nc GG EEare Bt VR ChE GRokEnds op gesence
of BBMnMab@tﬂlém;aﬂ%Jc@:%teﬁ%(iV/l‘@b REGT6QR0 HC100 prMSsTrE)s addl co-
6) and co-crystalli zed with Protanm ne sulfate
crys(sflﬁrg/zmd) widh Prefediipy spdifede hilcFEdRgpy. aSedmaged by
l; 0023 4 iyl lustrates hGH crystals
Optlgéﬁnpul%rﬁ%t%ﬁeoéﬁ esence%lx%np125 mM cal ci um acetate, 6%
[0018V¥/vVv) PEG.MYESBQOEG aaq:dub(i(llrtm O'fr hSHHCY yY(sHe 188 @)en@a@ted from

i maged._ by opti cal .CI 0SG anple
ammop.l:l.égn PROSK, S0l lIUimt )(; @%ﬁhc d'é\mn %gxosghate and
calc@%‘rpra@'e‘%% %?’P@&'Hﬁ{l@}‘é %)Q'elz‘.{pﬂf&@ll tisored aatflﬁ'ﬁﬂllﬂjﬁ &F &ime and

function time in mnutes. See Exanple 15. [0030]
monigp@ed] Gts Reks mer uhdeeFelaglegPm ) of commercial hGH

[OOZ%RGH S%]Ilébl Egﬁ%t%ge@ﬁ%ﬁ{e%%%rl@ c}v& @i@f{ﬁiee ﬁn_%sence

cryst ma Wey rats
of l@&ﬁﬂhﬁ&)o%@ogﬁ@ﬂmﬂh BS afvt erala isimngloe tsulec wrahelds mM Tris-
mnlstratlon of 2.5 ng/kg dqgse ,of soluble or
HC1 d&%@alq |'né‘%(§ma§&d £ O PSR itk gTPle 6.

0028l t=0.p1 5.7 L1 1dsthatls %G}ﬂ%r%*gi:aa.‘ls |§¥5m§1 i?f&he presence
[ E)%arrpe16 [00318] SIIG 17 illustrates the

of 56 slsuvit iisrPrstraraactler i85 ik asfl civeH dypstisles qrichriRy mM Tris-

5cl ot 540 aHp SO5 AR B CACE (B )T Bhon (e Catple 7.

[oo2addi ti ax@f avaryliveg: et foRrsated e f3a1 eche presence

These various f.or mul atlo s of hGH crystals were then :
of 14 /% AT o b/ REG 6 Qv 10 S 1B HCL (P

8.6 gaplgesr ﬁlg{a%eed vgvalﬁ measur eglr?it bdyﬂéggﬁgj:o l(s,grge %%15@ ge'ge
[002BJanpl €IF. 9 shows solubility of hGH crystals grown
according to Examples 6-8 monitored at 280 nm as a function of
time in minutes. See Example 9.

[0024] FIG. 10 illustrates hGH crystals grown in the presence
of 85 mM calcium acetate, 2% (v/v) PEG-6000 and 100 mM Tris-HCl
(pH 8.6), as imaged by optical microscopy. See Example 10.
[0025] FIG. 11 illustrates hGH crystals grown in the presence
of 500 mM sodium acetate, 6% (v/v) PEG-6000 and 100 mM Tris-HCl
(pH 8.6), as imaged by optical microscopy. See Example 11.
[0026] " FIG. 12 illustrates hGH crystals grown in the presence
of 85 mM calcium chloride, 6% (v/v) PEG-6000 and 100 mM Tris-HC1

(pH 8.6) as imaged by optical microscopy. See Example 12.
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[0032] FIG 18Aillustrates hGH crystals grown in the
presence of 500 nM sodi um acetate, 6% v/v PEG 6000 and
wAa2@4mw03107r i s- HC1 (pH 8.6), as imaged | engt hwi BET/D§2003/041545
TEM See Exanple 18. [0033] FIG 18B illustrates hCH

crystals grown in the 30 pregsence of 500 mM sodi um
acetate, 6% v/v PEG 6000 and 100 mM Tris-HC1 (pH

6), [ d - t] | | TEM See., Ex
002 P S Y P T 8 EAP L e
of 839AMShawe;sfr H%Es‘éél,ss%ngm) ekch@bobn SHeURST T3-B-HC1 (pH

and 9 of female Sprague-Daw ey rats sanpl ed over 168
8.6) hanflscororyethddizedhvikh Brospmépehspldatey (1 mg/ml) as
. sybcut aneo 1 Ni tiop_Qv or a single
imaofn Bt BREGHE s ALRkORE b a5t rer iR o "o 7 i ko
[002dDse ofFIbCHipedllattraBee BEinpkesZ2landrdatl és EhE2presence
0035] FILG, 19B shows wei ght in_(g) of female
of 1%Er Hbﬂ]uéﬁleéw“e;%w?é?geof 8301l ¥{¥ad PFGT 260°99s 20 §0fs ™
is2uct apd 9) e9verg8indars ahbt ebreihhemnidalbopy. See Example
TrlssubcusgneOUSQadnfnﬁgE?atio%to%érc7 da;s 10 F@?ﬁup 2) ®
. or a single subcutaneous adm nistration on day 1 of 7

14
oond® (G000 (LA B 00,10 B

accosBawy the rxangaskr abi-oa , otoh@doredhla@od s9emitinasas &unction
function of tine for fenale juvenile cynonol ogous
of thmakdys MiTGteshcufefeSHSMPLEddioni stered daily sol ubl e

r003BF (GEauR 1k sediUuBeHivstake18f BEaonmexesnidiial hex
I (G 2) and f h&H

pol yar gi ni ne oup 2) sodium ¢crystals o
(hGHCc enpludded windh heio aepee ciGaoue 8 nac tor dxegrtle IPablheH

16. .See Exanpl e 23. [ 0037 |G, 20B_shows the
cxyoEgRAITE atFor SO P GEPE SO B P50 120200 (RIRA g over 24 hours

aftefURCHIigR1Qf bR thelkeJugmaldmijnd werisla By ARl .e0edy kg dose of
nonkeys “subcut aneously adm ni stered daily sol uble hGH

solupleowy Tryséedilimec Fleg GBthGHSEIWH @i tere measured

pal yar gi ni.ne ,( G,oup 2), a Ioym al ﬁ%gﬁ
at tE@r‘rpl%e'%éd i ér’o{%émkﬁeq%aagl% 2%) h%;l%%:ir di%r?g to f&ee 1e-
[00318. SeeIiBxam d€123st25teB038le MiGs1A ishowhatseteristics of

concentratjion of. hGH in bl ood seru S funct.i on of
hGH GHStRS 1GRETES dveriite PERTSRDGIUS Bk eya cLum acetate,

2% (SYROUEBREAIOY R-MIS ke adidaiH SQIRIY &)hCidda e
addi%ib;“g¥s£2rying amounts of Protamine sulfate. These various
formulations of hGH crystals were then added to dissolution
buffer and allowed to sit for 1 hour before the concentration of
soluble hGH in the supernatant was measured by RP-HPLC (Area).
See Example 17.

[0032] FIG. 18A illustrates hGH crystals grown in the
presence of 500 mM sodium acetate, 6% v/v PEG-6000 and 100 mM
Tris-HCl (pH 8.6), as imaged lengthwise by TEM. See Example 18.
[0033] FIG. 18B illustrates hGH crystals grown in the
presence of 500 mM sodium acetate, 6% v/v PEG-6000 and 100 mM
Tris-HCl (pH 8.6), as imaged cross-sectionally by TEM. See
Example 18.
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crystals of hGH conplexed with protanmine (3:1 ratio of
hGH: protam ne) (Goup 2) and sodiumcrystals of hGH
weeovploessedd 30 with protamine (2:1 ratio of PCT/US2003/041545
hGH: protam ne) (G oup 3) according to Table 20. See
Exanpl e 24. [0039] FIG 21B Shews the concentration of
IGF-1 in blood serumas a function of time for female

j,uveni cyn | ogous WO 2004/ 060310 PCT/ 415
1003kY 15" K ckey e GREEaREalE) y Xt SEATGd G Py Lt Croups
3-5 80kuUbl & fhEEEB0UR rhue -DREileR ehyst aspidhGder 168 hours

conpl exed with protamne (3:1 ratio of hGH protam ne)
(0-7eGheougs2 phena) s aditein ElESea S23flYhEMPSHFIeR® with

Nol4 ' ¢ 2. ti f LR g ges lé%%
aami § 333 8n’ Bvby’ F, gRyR, 524 HEAT PP Fi o
admi?? sithrhtisohaeert e degnveefd&y. 7gmovidy dlosmaloE s tear rat.

rats that had been_subcut aneously adm ni stered control

See EEPBRACL 220R0E d&YSover “seven days), sol ubl e hGH

[0036§ OUPF T4 .andp %ahoWéceve‘i?th LMY GOV dray®)lAbrague-
crystalline hGH (G oups 6, 7, 10 9 and 10, once over

Dawlsgventgays) sedeotdicnd aroiatlionss (GgeapseRandl @érgh 9) over 8
- [0041] . El. 23 4 l.lustr at iy i e
Gaye dtie G Sher S ta SRS A gt i Piler, 7 cave
(Grdugt 2)t kat ahad ndleerudithouracesy sidniadmtrisgtiere®n day 1 of
control (Goup 1 nce daily 15 over seven days),
7 dags d@r@w%@%é PLarkd 75,m€i{§<@e W59 P Ps%@éﬁ%t- See
Exangﬂés)zza%qldc%%l@ liisne hGH (Groups 6, 7, 9 and 10, once
ver seven days) according to Table 26. See Exanpl e

[003%3. DEFAIQ.ED OBESTRIWRTION CRITHRUMNENH af Hoaf iin thlnmd serum

2 0042] Und ess otherw se .def. ned .herein, scientific
28 el alt T S BRI TR (s onkeys
subdUtesR¥u I IRV etniefi stehadd deaver tdd umanings (ddumr® , sodium
commonl y understood by those of ordinary skill in the ,
crysiels B R Caim lese bHdtnwiRd vegiiia ~ (G htextand sodium
' I i nel lidi I ;
crr R I Tepiled LS ool ) Wil o
Tablromenc| &aer éxangade A connection with, and techni ques

00y, COBHID ST SO QDL RSl ALETSESPRL, U U
serddNA I8t gt iRePtd e o fHotRiMkhle juvenile cynomologous
monkeys subcutaneously administered daily soluble hGH (Group 1),
sodium crystals of hGH complexed with polyarginine (Group 2) and
sodium crystals of hGH complexed with protamine (Group 3)
according to Table 18. See Example 23.

[0038] FIG. 21A shows the concentration of hGH in blood serum
as a function of time for female juvenile cynomologous monkeys
subcutaneously administered daily soluble hGH (Group 1), sodium

crystals of hGH complexed with protamine (3:1 ratio of

" hGH:protamine) (Group 2) and sodium crystals of hGH complexed

with protamine (2:1 ratio of hGH:protamine) (Group 3) according
to Table 20. See Example 24.
[0039] FIG. 21B shows the concentration of IGF-1 in blood

serum as a function of time for female juvenile cynomologous
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chem stries, nucleic acid chem stry and nol ecul ar
bi ol ogy 30 described herein are those well known and
W@ omo6l3yo used in the art. W 2004/ 060310 PCT/US2003/041545
PCT/ US2003/ 041545 - 11 [0043] The follow ng ternms,
unl ess otherw se indicated; Bhatl be understood to
have the foll ow ng neanings [0044] The term "growh

oo SETRE S o SIS S HENEIALS 0 O PITNE? (Group 1),

sod it k htau@t o@nk@}ﬁ@dﬁc{pl\é&éd stitrexagyesef (mMMedsio of
i ncl ude hunan apes, nonkey rat, pig, dog rabblt

hGH :pzot 28éhe ) hdFeup |¥du§é1 rsadlm’cgféfaﬁ alg & Gy Ct%lp&exed
I (0] t; I
L e

to Tpkdbeam ha%e&gEmepm@ &#.no aci d sequence, structure

[°°4ﬁ ?n;gn%g og&ggﬁracterlstlLc?Tl?éh nattﬁf huma n-gr?ﬁ%#%ale

W:Lst%lrs QaltBChBERS 1Rl Hedof @dﬁc@cta@ﬁddéﬂyh RO T MAed control
hornone, including but not limted to, isoforns with

(Grawsl dculomce Fasdas Qels seven ey, spiukde Ll 48uqups 4 and

S, FROBA L ARIEY AR e G e e es Tre s P rlgroues 6. 7.

9 amdCild ,segudencreaf swatdry ey, acsmmmtioly ap Makded 2the See
192 ami no acid sequence containing an N tern na
Exangdeni2eni ne (Met - hGH) and somatrem [United States
[oomt ent $14.343 832 .- 2,833 135 Pa1 ICH MR e Rbipihefhin
20 isolation and purification froma bi ol ogi ca
(grasrta)r ceqr abyseviear Gl mnlqa\lﬁqmtrrt&d@ Wnlsftarmd@tl@ that had

nblnant thod oted as

beer] A e PG G TS (T e R @S Gaily
oved Wehed! ldayiy)epaad:diye rrﬁ;}pn(‘@mn:ts NAndret hQﬂ'!Hé)gib.:Ll%B over

[ 0046] The tern1"hunan growt h hornone derivative"
severpfays )t Grg Cchﬁté} i AFTAMRD Gcit sequihdd . once
overt Mlvdr® LOMAAN S hd MY ol 1Al Aldoke ALLMLIdGs

mmngro hor mone he term " conpara fers to

an am no aci d sequence that is between 2@6 and 100%

honol ogous DEGATAED] DESARTRT TON OFs dGiFe 1S/ ENT I0CH or

the 30 192 am no acid sequence of Met-hGH |[In various

eandlnents of the present invention, human growth

derivatives conprise

[0042] Unless otherwise defined herein, scientific and

technical terms used in connection with the present invention
shall have the meanings that are commonly understood by those of
ordinary skill in the art. Further, unless otherwise required
by context, sgingular terms shall include pluralities and plural
terms shall include the singular. Generally, nomenclatures used
in connection with, and techniques of, column chromatography,
optical microscopy, UV-VIS spectroscopy, pharmacokinetic
analyses, recombinant DNA methods, peptide and protein
chemistries, nucleic acid chemistry and molecular biology
described herein are those well known and commonly used in the

art.
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organi c cations of hGH or Met-hGH, substitution,

deletion and insertion variants of biologically
waynwthesized hGH or Met - hGH WO 2004/ 060310 PCT/US2003/041545

PCT/ US2003/ 041545 - 12 proteins,

post-translationally nodifiad RGH and Met - hCGH
proteins, including deam dation, phosphoryl ation,

cos acetyl ation re d '
o0 ] Yo0ShAL o0 TS ek oy BRI GRHAED U REUIRLL e
be urfdBrs88047t618892] thé ﬁb@ﬂbwahbymaaﬂnﬁged hGH or
Met - hGH proteins derived from blologlcal source

[0044b| ypepbpdEctnal' g§evhidherBanrealFi) "syﬁ#ﬁ€§|S§aera11Y to

arouPRPk 5B, Aol 0 A Le0ces ARl ARt
Althpughaneth&h exhbbtth@Ee Lnetudexafpilssl afi mamedm anclude
bi ol ogi cal source, reconbin

humagy nfREFY cMERERY cal 2 ouPes o OQOEEQPE§|On§a%hg¥88$ hegse,

mousgatﬁat gﬁaeéobhat ﬁ@@@galhﬁ t@'Bf refrbrbiA se@dEneest of
of hGH incldde hG+N and ro et al.,

th1scmnMﬁat@gnaphyeBmammgl 39- a7hum@998) Bennani - Bai ti et

[0043@ uma%sgr%%th6ﬁgrggae(%%%§3L déﬁo&gg4§]p¥%%e3%rﬁbv1ng

al ency ed'as an elenment's abi
an af@Abi Beid tkqgokhee, ebeﬁantarananhiuhctioﬂlchate@tbylstlc of

the nunmber of electrons in the gyggrnnst hell of th
natiyeohBAs SERPEEs SaMRESr he ARuNEE T2t Ems aﬁy@r‘f&@’gﬁl

horm@ﬂé QﬂﬁH@tQQ%o %h@ﬁ@@%@ WhkVakerb gl eFenb) i$RPARANOGrowth
uniting with (o O replacing) its atons [Wbster's
hormNawuwénbdualmgl@n&rw00f1$mﬂ§ﬁdeto LilsdifeymsDwighd molecular

asol§358 L, S5 tfcn) Ton work, Setore oo .

Chrofitoefraphiefsr 720 ,i aBs 4car(npiong 1a pamtsl vehehakgen Hicat
have either a valence state of one or two,

inclpdepetiievaly. a@ﬁfﬁbﬁ§lﬁa@@ﬂ@e@§edpﬁf@@éﬁWeV5ﬁ@hce
soma%%%&%%e%an be QARG A iAO0LYARN Gyl AR ntaining an N-

nonovalent I norgani ¢ cations include
termﬂﬁﬁﬂnn&&h@NHénb (et - @Eﬁﬂpamde$emamugnoﬂtth¢e@éﬁUamas
table (H+, Li+ +, K+, Fr +) _.and
pat et oot 4 0Py, S Ao ine U ERSuE PP SR ey
1sol%%§o%+anW%tr1@ﬂtc5t1@h ZronBal bidWtcaloesbudd br by
Cue+, Zn2+, 30 Cd2+, Md2+ and Rae+) [0049] CaIC|um

recoumsnaallt &2 mhogkovw H th &edien &Yo £ o Flpaian ty DO
methg%orf[%%%f,d%rdl-lvaté \é%nort%fde ok E%J&%@lag{tomg}f) Mﬁ:h Hormone

(rhGH) . Met-hGH is typically prepared by recombinant DNA
methodology.

[0046] The term "human growth hormone derivative" refers to a
protein having an amino acid sequence that is comparable to that
of naturally occurring human growth hormone. The term
"comparable" refers to an amino acid sequence that is between 2%
and 100% homologous to the 191 amino acid sequence of hGH or the
192 amino acid sequence of Met-hGH. In various embodiments of
the present invention, human growth hormone derivatives comprise
organic cations of hGH or Met-hGH, substitution, deletion and

insertion variants of biologically synthesized hGH or Met-hGH
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derivative thereof, that has been crystallized in the
presence WD 2004/ 060310 PCT/ US2003/ 041545 - 13 of a

wa@lrasalensto cal ci umion. The dival ent cal ci um i oPCT/BS2003/041545
i ntroduced into the crystallization solution as a
calciumsalt. |In a preferrda® enbodi nent, a cal ci um
crystal of human growth hornone or a human growth

hor none deri vati e co ses f.r
ProtBgn e nPer LR anELaF O Bes VuBROMEr o Fanae: Meraar
prot8inBUMACALEWHE hekf®aatebnUERBsphowkf aRabrnne

derivative. Ina nore preferred enbodi nent, ‘a cal ci um
glyceeysiakiopl haraHlgEdRfh ﬁ@gwg@étépnaa ﬁzgmntlﬁ cleavage

reacpg Hgnﬁﬁg%rlg%tbxe QOWEEE%EE ?ﬁg%ﬁ %2%0 %@047 (1998)1,

Pecul &s per “nonomner o nomer chain o
chemhuﬁ&myngW&ﬁlbdrﬂGHeoﬂrMhhﬁhmngmwthlhsrd&m&ved from

derivative. [0050] _-The term"calciumsalt” incl
biolBgiREnSPGAATE  ARALYBFRERFE EORNCEF GRE. &P @ﬂ Vs

synth@%&z@grgb @16%@'%oﬁ@ﬁ@nthha%ln%ab%h@U%| E$kes analogous
anples”of different calciumsalts include 15 cal ci um

to therabé hedr atre Metah&Hum acet at e nonohydrate, cal ci um

[0042§ﬁ;éL§F§EQ a}gsh drat%re%%E I%@hL %S%%fb%%% include

1s01BicS 06, Gxrém/ 2818 o8obekrbafl lsvoree?, 2etionliment3 b0 cicanedol ogy,
i onat e) cal ci um

synthesig, zrh@neqaét ERNEERy PX3 combd pekiemsorRedeotcal Gusate.
genegrgﬁhgeen%%dﬁ WO, cankenale s eRIACIWH QY dg 1fedl Giddude

chlori de rate, cal cium chloride hexahydrate,
hGH- Nab@ﬁuhﬁmhwbdﬂdeo hydﬁéte Joal@ingmadiagrapdy B, 720, 39-47

(st AR L it P ppERo e S e

[oo4@|]uconqth%, t‘é&JmCIu&'@l'é)h@l’yox|1(§sedeﬁfd|riéldlré]d1)a®£)@'l|dh’(éri’o€',s ability
calciumiodate, calciumiodide, calciumiodide

to cloydniace Wikd Stier2 5 leskadivorad Whighe ilsmsiti@s &y the
numbh%QJ &l Uy i ttlrx%tn% %a'tgle %o%lte’sh(éqjlc'dfnt‘?f@laacto‘?n and

at e, cl um oxi C|un1 pantothenate cal ci um

exprfeeRido Bt eheca:lumhan mf_r @mhmsqohﬁ éyalwbgesal (wmny other
sul f at e. a;ni am0|mmtoftm5|nvn%§n

i ng

Sta“tdl?édcéﬁn&" ) e CPET & FE st

repl%fcﬁ% cal lémo?ff‘set[@fe%st“e%l'% wWawe lidei Galdidd of Science,
ul f ate and cal cium gluconate. In a nore preferred

Llndémfodunrerﬂnd MeorsalToitum Fal=- i Macamlldianm Atest ataxk wiyew York,
1998%004Gg90% %‘PCI/%§%RQ§_Qﬁ; %élon" and "divalent cation®

refer to ions carrying a positive charge that have either a
valence state of one or two, respectively. Cations having
different valence states can be organic or inorganic in nature.
Examples of monovalent inorganic cations include ammonium (NH,Y)
and Group I elements of the periodic table (H*, Li*, Na*, K", RbY,
Ccs*, and Fr*) and divalent inorganic cations include Group II
elements (Be?**, Mg**, ca®*', sr?**, Ba?', Mn*", Co*', Ni?**, cu®", zn®*,
cd?*, Mo** and Ra*').

[0049] "Calcium crystal of human growth hormone or a human
growth hormone derivative" refers to human growth hormone, or a

derivative thereof, that hag been crystallized in the presence
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14 [0051] "Organic cation crystal of human growth
hornone or a human grow h hornone derivative" refers

wao eoohesmo gr omt h hornone that has been cryst aPCT/BE82003/041545
the presence of an organic cation. The term "organic
cation" refers to a positi-veBy-charged atomor 5 group
of atons that contain carbon. Exanples of organic

cations inc]ude quaternaﬁg annniiUﬁ%ca ions, . .

of a{@ivabehyl Gimohrant PFEA) 10t ¢ Bt T het hiyFaittonPln'®

1int r&dBYM) 1 nPE OCRE NaPY dea 81 DOBE 08hd8o (HAER) . as a calcium salt.
azi dopr ocal nam de et hoi odi de (APM, d-tubocurari ne,

In anpteferied evecdioaium aroslebninugrystal of human growth

1- net hyl - 4- phenyl 1 diniu c ! ;
hormRRE 408 B NE R T R RO RS ol Rhl Tar di APBRF °EG055P™
aboubGd t& gesuErspal Exlavaml ablectubekypphi horedetobm andomer
is typically produced by reconbi nant t hods.
chaipcedr @nmgnt grovhishPrveRei 84, PERGEt SFPIESt PFERMEPSheH

Ny erally ' y i a-b - 1
I i .

of hdinahygiragthndocrmaventrati hymehegsowohi barandeadgiriyagive
npnoval_ent oy djval ent tion or_salt to.the l ytion.

CompIHFes) SF?‘Sraﬁ?Elb FoEi 298] RRTRE o RRierBacar oln Hhhlter ox

monoREgaBh&iAr oENALAAAI §row@hi BBrheuadokohliftbn HR20&8L @aemone

preferred enbodi ment of this invention relates to 20
deriwehovalent cation crystals of hGH or an hGH

[oosﬁgriva h¥€retf 8caTREE p%ﬁﬁ%mrggcgﬁgggiggﬂh’ibg%ganic and

noval ént cation is sel ected romthe group
orga@fnststihagrabnsl btrhinoiecsddisulthapotfessi am dpgic bond with a

)l I ferr, mbodi t, th .
calcONLATL, | BBt BT Sheried bl iy include

calcﬁﬁgpgbggﬁﬁe_B?ﬂﬁatgﬁOthpHQhﬁﬁaétaﬁeoho@ohy@&ﬁt@LOW%hcium
ornmone derivative conprises fromabout 1 to about

acet50@cebroaskehydratieon cagicdsm s ageprianened hydrabfomsalcium
. hai f _h n.ar r mon I r
bis Gabiadh Jeo POUSET - TRECEEr B FraiS T I S ot P Carpenate)

calcingl vdesobat b, 638 ci-rengahyd -an 6 -biegakine dd omatter) o rs 1ari um

nol ecul es that froman ionic¢ bond_ with the nonoval ent .
bromige, FRlgigererPedadfoodPrmeit™ IHEHETov &l wafﬁﬁﬁrlde

cinfiite s AR iad nama R dn romite
hydriaPe2004/106 081 0 1RCHES2603/0WEB4E e - cpg.cium
dihydrogenphosphate, calcium 2-ethylhexanocate, calcium fluoride,
calcium gluconate, calcium hydroxide, calcium hypochlorite,
calcium iodate, calcium iodide, calcium iodide hydrate, calcium
Ionophore I, calcium molybdate, calcigm nitrate, calcium
oxalate, calcium oxalate hydrate, calcium oxide, calcium
pantothenate, calcium propionate, calcium pyrophosphate and
calcium sulfate. In a preferred embodiment of this invention,
the calcium salt is selected from the group consisting of
calcium acetate, calcium chloride, calcium sulfate and calcium
gluconate. In a more preferred embodiment, the calcium salt is

calcium acetate.
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consi sting of sodiumcitrate, sodium phosphate and

sodium acetate. In a nost preferred enbodi nent, the
wGaomiiends@l t is sodium acetate. [0055] Anot hePCT/US2003/041545

preferred enbodi nent of this invention relates 5 to a

protam ne crystal of hGH or 1an -hGH derivati ve.

Li kewi se, in yet another preferred enbodi nent, this

iovention relates to a _polyargi:nine crystal .of hGH or
00s3] hoiBEPREAEI ot PRoSE SRAPUFENEN TRreberygy ottond or 2
numa8MgediviBNhofnchRi Seirivantiven refickdded MRRRYAERWte hormone
di valent crystals of hGH or an hGH 10 derivative

thatcbapl bred oryssadijgedl iz shewPrRsFReLamingiprganic cation.
The gg%%am%ggbﬁﬁc %%%goB&eE%%gggytotEﬁ?ggiiﬁﬁkﬁgfg%éﬁggdﬂgtom or

ysSta comnmpl exed or Co-crystal ot am™ne
grou@l ofobyamgi fhae. cdn®e57] cihdosol uBkerpdem of l@damky cations
, be characterized by a variety of n%t hods, .i ncl udi ng
inclpgfePHBlSERASY RIYRTEERT GATEADE 15 SErgGHtdy Lammonium (TEA)

tribﬁ@&@ﬁ%%ggﬁéﬂﬁ%nﬁﬁﬁrWE@QNA)%iﬁ%o%éﬁhﬁﬂﬂaé ethobromide (PAEB),
chromat ography hi gh performance |iquid chronatography

az1dpSECHPRG)iged mefpjdrioghidisi d AP er et catiegriatcog mgHeFurine

HC [W_ et al.. J. . Chr tqgr 3+295- 60 :
A i S A e
N- (4t e agbher- daaites] ) t-2e -eleysdyaljmand rfiafim (APDaf) .hGH may be

characterized by opti.cal mcraoscopy and X-r@/, ,
(0053t f r abGForts IGPgET& AL L vt Ryaddnadhlis Ik lpfopiiilized form and
is tgzﬁ%taﬁlllyi ?}%cﬂﬂ:e\@ﬂ lﬂg AT AITRG t MRS haRe s @2 IR ding to

ystal,” i.e., a shape selected fromthe group
thi sc dmsiesttiiog  ofc rymterlds, zatdet! ef, hGhids,s Peateexnlly accomplished

hexagonal s.and. squares), .rho [ cubes,. .bi pyram ds
by BB IISt A THE ES O NSl Sl T e o
desad@fingat idMe 186801 ifid tcdriding rdviventdien doiruaiqd-dikedding a
or needl e-1i ke norphol ogi es when inmaged w th opti cal

mongyiadiegtc 3y AiMplene arfd@mmedt Sadity falt oS NG Gt - anfhe
h I vatj that net . :
lattaeb%;l l?s:eegplo\é%éil\igcn%cﬁ_ra oizlrjk%d;ﬁ&g:rma%%. i Q £|.'11Q,e aieeﬂlorganlc

min length. Ima preferred
catiembedurehtto marystals of hGH or an hGH derivative form

rods or needl es tha re betwee out .3 and about
[0058d0 m 9 éHgtitT eﬁ{ae meﬁ}tefog ﬁ_‘gblserﬁfbvo‘? qn relates to

mondiyishal 01 WG LFsan N@E dett Bt e Hot M vative. In a
2004/ 060310 PCT/ US2003/ 041545 - 16 rods or needl es

more hate fany dsbtanrd iaanit, hamprebmiess qatipn is selected

from the group consisting of: lithium, sodium, potassium and
ammonium. In a most preferred embodiment, the monovalent cation
is sodium. In a most preferred embodiment, human growth hormone
or a human growth hormone derivative comprises from about 1 to
about 500 monovalent cation molecules per monomer Or monomer
chain of human growth hormone or human growth hormone
derivative.

[0054] The term “monovalent cation salt” includes both
inorganic and organic counterions or molecules that from an
ionic bond with the monovalent ion. In a preferred embodiment,
the monovalent cation salt is a sodium salt. 1In a more

preferred embodiment, the sodium salt is selected from the group
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| engt h. [0059] Another enbodi nent of this invention
relates to conpositions conprising calcium
woreeMeldent cation, protam ne or 5 pol yargi ni PEI/US2003/041545
crystals of hGH or an hGH derivative and a
pharmaceutical ly accept abl-e 1&xci pient. I n yet another
preferred enbodi ment, crystals of hGH or an hGH
derivati d t he, exci pi ené are res n(% m
cons {8ReI PF RS- HMaCHBFAr o abPO BF PHOFPAREF pre Efpiu
acet@POUt 15 250nber aBPHEe#1rd8. ehBodimahter BRkesdBium salt is
preferred enbodi nent, the crystals of hGH or an hGH
sodigarfgatave. and the excipient are present in a nolar
[005§gt|0 R%ﬁ@ﬁt&e Eﬁéggéd %@bgBQHEng 4 tghﬁgoﬂhvén%?onlgelates
yet ano erre I ment e crystals o
to aOpraﬂainﬁ-ﬂedercymah&vefahdm be aBXhGHI detrimpgipeesehtikenise,
. a nolar_ ratio of hGH:exialent of out, 15},10“)1 t
in YRboRRORNEE1P8eEPRLS P PBRABA Enb b I RoNE SEr§EPak e gF S to @

polyBEHi L nBGHdetbyabirvecar ergrawacyi HBrsodiukeacet ate
that nmay be” either crystallized with or coated with

[005pbl yar §i fiumsher ppesexiedeempoddUEnts pét &hd sofinygmid on

wth _hornmone, or _a .h r r
incL iR, BRouPaRh h o S Pne e L kA Sofer BeRecr: &R Py
deridaeepbabbipe¥sinl et coAeegtdandited |Wll$,hj Ip\terttainﬁlm,e ar
'pharmaceutical |y accept abl e _exci pi ent” .
polyaxeipiest t Nere REELeyersYri ther B 5% oS B Ratoc Uy crystals

rerusedd Ge Wl i Al GRARAS! 8NP0l :
Compé’ %gr?)e:d%gjxcfglse:%{ig :E%cl u&ed :pn 25 thles ca ggﬁigérnene

[005T) am tTheatspd&bJ@uéhDras ofl )h@iﬁneﬂaYarbg: mh@éfaCt@gGZreldr by a
aci d ?lm c acid, sr ne % ine, ut anj

varlﬁpg|pﬁem O@fﬂb&ﬁf&P gg ISV& agbch §r%ormance

such

llquaﬁ B eaREd g It OFe- HyﬂG@Qt@&Qe @m&ﬁM§Lonabmmdeﬂhgraphy
xylose, ribose; 3) disaccharides, such as | actose,
hight p@ﬁéloe?wnqmlh%ed TS eSEARhY JSRFsAELAr oA

hydrgrp tb&%: ’ XL %hx%gq&ttr %y'i%\’phg/st @), Ghy e9en:. S)J.

such as manni t | actitol,
ChrdaRitidrelghif) 5g1arcrﬁ9csr+|6c§)6ac(|1c99ogal ddfarmpmie Iatugc’&" /7)FDA

T T P T
Of HEWE ¥ gﬁe)ﬁer 'dha?d%t@ﬂll&%d By iGN it REd8s arfilich-ray

as sodium chloride, potassiumchloride, magnesium
dif foislcdriiage, ﬁhDS$ﬁnﬁn§imﬁthe conditions of crystallization will
determine the shape of a protein crystal, i.e., a shape selected
from the group consisting of spheres, needles, rods, plates
(hexagonals and squares), rhomboids, cubes, bipyramids and
prisms.
[0058] Crystals of hGH or an hGH derivative according to this
invention form rod-like or needle-like morphologies when imaged
with optical microscopy. In one embodiment, crystals of hGH or
an hGH derivative form rods or needles that are between about
0.1 and about 200 um in length. In a preferred embodiment,
crystals of hGH or an hGH derivative form rods or needles that

are between about 3 and about 100 um in length. In a more

preferred embodiment, crystals of hGH or an hGH derivative form
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sodi um and potassium boric acid, amoni um carbonate

and ammoni um phosphate; 9) organic nol ecul es, such as
w@ewhatmss) 5 citrate, ascorbate, |actate; 10) PCT/US2003/041545

emul sifying or solubilizing/stabilizing agents |ike

‘acaci a, diethanol am ne, gl w®&eryl nonostearate,

| eci thin, nonoethanolam ne, oleic acid, ol eyl

al cohol oIo a | ysor bat i um,l aur :
roas Sh ke B) PRICL o PRLYSGLRALER DUl W BUENL o6y 5
lengf®nostearate, and 10 other sorbitan derlvatlves

| yoxyl derivatives oxyeth ene

[0053br|va@ﬂVEQGISQWbP@aﬁeHErP@aEh@éslnﬁﬁB 1P reilaEssi £¢

n n ga nd
compos?%fgﬁé go&géggﬂﬁé Eéf?lugryé?ﬂg#ggggghéﬁtgoﬁ prbSamine or
poly@ﬁ@yﬁthglengsoaldeof h@HIuroaa BAH devidetiivat evndsa

pyl ene_car bonat e, eth Ien 15_gl ycol , h | ene

pharGRGERF L Co) L ixARBPPCaa Eo B bEREcombOuREE. By IR SBEeTerTed
embo@?méﬁ@d cé\yéeatlBebfph@ﬁebfeanghggpd@he&enptaeaha the

i ncl udes sucrose, trehal ose, | actose, sorbitol,
excipaentt ske Hﬁﬁﬁenblln BH@@l?@mPO§éF@§n§fl§oélW@ﬂéﬁdratlo of

otassi u a C t phates, t
hGH: %%Fé?éeng] cingougrglg%ﬁego aﬁgg?hqlgﬁe 28ho%%d%§t%Qﬁate
pref@@ké&|6Mbodh&ehQ| tﬁel¢eyhybéeeogthHIprhenyheﬁederivative

g ycol , . met hoxy polyeth l ene g el ati
and 9§r@%96péﬁpp age PYEersd xtFi f, mﬁgp§| tﬁ@ o thH excipient

of aB8h¥aﬁgﬂnEBeabbggei]lbn oRg ?ggoghg%ﬁkrobrhﬁb§red

I nvention, the excipient is "selected fromthe group
embodmmsnstlngeotryanaﬁe afi 4SH ozl ey, heH db@@ﬁ@ﬁgve and the

B L

1:10PEef apbed 1era5qu|5rremxn Bherefeirpeanembsdialeett, ed:ﬁyrsﬁtmls of

the group consisting of: protam ne, ponV|nyIaIcoho
hGH eychbe SEFILNGL LYEX BN STOWRI Wikl FOddoRars e tadey dhdto may be

elth%%'g%ps%%ﬁﬁ1@%dp%h¥%r%&nb%%te%QwHQEYE%%g%%g@%lne or

ut'amat e, polyethyl ene glycol mers
protamhmerthlnlne pol yet hyl enei mi ne, chitosan and
L xt ures thereof In_a nore erred enbodl BN
[0065hcipi V5t& 18 Pdc CHT9F §HWH %Z%G&WE%ﬁéfﬁ‘ Tl ofien
hormBad He2dQ3/tQ4545n belZombiecdl Qup e emsi ﬂda&@a{b‘eut ically

protam ne, polyarginine, polyethylene glycaol and
accemtﬁhlree@qqmwﬂ: [@@@P]Id@n)gstt@l $hie Haven

o EIHR a3 P B PAIUE o ol Oiipiens char
acts as a flller or a combination of fillers used in
pharmaceutical compositions. Preferred excipients included in
this category are: 1) amino acids, such as glycine, arginine,
aspartic acid, glutamic acid, lysine, asparagine, glutamine,
proline; 2) carbohydrates, e.g., monosaccharides such as
glucose, fructose, galactose, mannose, arabinose, xylose,
riboge; 3) disaccharides, such as lactose, trehalose, maltose,
sucrose; 4) polysaccharides, such as maltodextrins, dextrans,
starch, glycogen; 5) alditols, such as mannitol, xylitol,

lactitol, sorbitol; 6) glucuronic acid, galacturonic acid; 7)

cyclodextrins, such as methyl cyclodextrin, hydroxypropyl-g-
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5 conbined with a carrier or excipient, a substance
that, when added to a therapeutic, speeds or inproves
w0 t@4aeBi®n [ The On- Line Medical Dictionary, PCT/US2003/041545

http://cancerweb. ncl . ac. uk/ond/ index.htm]. Exanples

of carriers or excipients-nciude, for exanple,

buf f er substances, such as phosphates, glycine, sorbic

10 acid, potaSS|un1so$bate artlallgﬁégeride xturesd
cyclgfexhrinaeed avékei abl e1PAFOFTAE B &Ps, B8Pt §5oP°+1M
chloﬁhaétfﬁbxé Siu UEH1@§1dBr0haﬁh@§1§mlEﬁu@rlaéSOQh@@phates of

hydr ogen phosphate sodi um chl ori de zinc slats
sodlumlhnddpbtasbuum, hagm@saGﬁﬁ tﬁm@pﬂﬂ§@téaréépﬁﬁﬁo§@d

based ubs ces ol yeth yc rrier

ammoR g 8, BRBRERELS! of | GETORESE ISREChes " ReFhaas poptales.
c1tr8¥é”pbgc?§?gtén1l?atbeé¥gﬁpmybm&ﬂbrﬁ9ﬁﬁg or | ol ock

ol yacryl ates, pol yoxye ene- pol yoxypropy ene 0G
SOlugéééﬁyﬁ§/§tabéﬂyéﬂﬁ9léﬁ@ Fyddkeapdondsd dngthanolamine,

glyc?%gghﬁbﬁosgggggkelnl%%ﬁtﬂlﬂor%oBB%E%%E%Qa%HQ%d'Qﬁ%ﬁc acid,

exciprent Is '20 protam ne. Furthernore crystals
oleydf aﬂlebmoﬂ apoﬁl@dadlem,vaptlveorb;ndegr, ool éla@rp'rle%lrltfate,

in an gargneratloof aboS ?v\é to%%%e ae and
steaEWwa01 BoF it 6 By R85 PR ge BEPISER o
othe&os@?@ﬂ%aﬁodérﬁW@Wﬁveﬁbsboﬁ&%&@ﬂa@biAVEQQWe@atM@x,

ranges between about 12:1 to about. 15:1 (ww).
polynsyetlyAgneo daiiyetaVes: nSOE bdFeEdidRaratiNgE ir #05% L9

e u 1 r :

B N e T s R G e
saltéO @uémﬂgmm Apeéctiim, apbdthawlemﬂ@@hmﬂntdeﬁﬂthyiana)oxide,

cer 1ot o000 L0 SHOLDET, S5l ©f LS cerytone

glyc%)ic' B'e?c@/tleh% leehed ¢ Qﬂ%atp'aﬁ Or @4N t COFSistidN@Edpounds may
pol yam no aC| |nclu i ng péﬁgly5|ne pol yar gi ni ne
alscabe p@bﬁgluﬂaﬁ@ﬁ@heﬁhpgqﬁaﬂT sFoambodi metirgentshiigicludes

BT T sy )

inosamkadi ments pd Woykiure dias potaalsdon  arsuedi gl deetbheen
about 1,500 and about .8, 000 kD.. I n anot her enbodln%pt,h 1
PhOﬁH@@te@n sikrates Rad Horatehadlysrineat AR iange. polysthylene

ik, ?ﬁ?@% . P e R o g ool
met hreatyg @ dlateiber esiso @l Il tgeladout, ydroxypropyl-E-
cyclodextrin, polylysine and polyarginine.

[0061] In one embodiment of this invention, the excipient is
selected from the group consisting of: amino acids, salts,
alcohols, carbohydrates, proteins, lipids, surfactants,
polymers, polyamino acids and mixtures thereof. 1In a preferred
embodiment, the excipient is selected from the group consisting
of: protamine, polyvinylalcohol, cyclodextrins, dextrans,
calcium gluconate, polyamino acids, such as polyarginine,
polylysine and polyglutamate, polyethylene glycol, dendrimers,

polyorthinine, polyethyleneimine, chitosan and mixtures thereof.

In a more preferred embodiment, the excipient is selected from
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(Ww). Mst preferably, that ratio ranges between
about 12:1 to about 15:1 (ww. According to an
w@bdoeneste enbodi ment, that ratio is about 5:RCT/US2003/041545
about 1:50 (ww). And, in a further enbodi nent, that
ratio is about 5:1 (ww). -108[ 6065] In yet another
preferred enbodi nent of this invention, the excipient
is polyarginine. In a nore preferred_ enbodi ment thylene
the gBPYRrPH et HAg AT roPECETRI Gl HRtY Bet WeEHT abBRt Yty
glycdP 009 AMkuADOUELEPEGR0 KD In another embodiment,
the crystals of hGH or an hCGH derivative and
[0062Dbl yarGrnérelaref phesent 9raveh MSTHEPRE psfyar BHRrRegrowth

rati of about 5:1 tq.abo ; . Tha rati
norm{ls' e StvEbite BarakdiRinth, BBie bhpichthan’ 816D e
combMsd Piehesabhyrithabrr akboptangesabstimeeanabothat?: then

to about. 3:1 (ww. According . to an alternate, he O
adde@nb@d? nERET2PRBELFat PBEFES aholtPEOYeFolhFoatt1oB0 IThe On-

L ne n | nbodipE twéf . hati acl. skhemagen
Llnea@%%gcﬁé:?égggggéggf %gF%E?&faﬁeéAgd,_in a chr?he?ﬁ
indeenbodi hent Exehpl esabfochasraboat o8: e¢xChpipntpodscdpdene for

enbod] t according to the, pres ' i 0 : :
exan oy B S REC ARk BB R lbgkBAERE, SBiveire, sombic
acidﬁ%ﬁ?ﬁé§bﬂgma56@batgo peiata0f gtyysirade afixhGreer ofnsaturated

derivative. That 25 suspension is_characterized b%
vegetabyer stispengabil i PRtesPowSasEdi RENEALFEROANESE 1t £ as
actlan ke af | bhBRYhake 1 Bi8Ghed chloride,
Prot W%EngQQ?%Feusgﬁéggqgk égggéﬁgngngeﬁaﬁd providingc orres
zincaBl180%, | evell cdtadf kadtiicee MmegdiesgumThat isddpensgieon ced lulose-

pure, as reflected_b acaneters of 0.02% aggregation
baSEQSEUhPEércsﬁda@@s@?&@%FgﬁgFE& EﬁXFSﬁns‘%éﬁ? %%E)%gfhis
exciPYeht¥ ESrMBLA! #aked fefmsanayl e@slludequifod Bt e, sodium

under refrigerated conditions. [0067] One enbodi nent
carbokytkithyilreddtilose, e Palaacry latesy s Py o &y 16mean

o BRGS0 IS8 o o

wax @i1898lbdtsi.on behavi or when introduced into an
i ndi vidual, as conpared to that _ of..conventiona

[00683] ubl ThERToP HEHS RIERRTEE o RELORIES T nd N Tif@ient is

prot'&rrh\i%%t.i 0, ARSI 0N 1B8fst Ay Yo forh@h dcraid¥dYative

erivative is characterized by either 5in vitro or

and yiretatiissolans @resEmdnEirers e poeawiiae iptia af about 5:1
to agvi(ﬂ%%g:lgtlioon(v‘;/sw)d.esCIrHaQ:edraacsic} t?n%yc %rl(\s%ntxraq{g:}eorbeq:fween about
10:1 to about 20:1 (w/w). Most preferably, that ratio ranges
between about 12:1 to about 15:1 (w/w). According to an
alternate embodiment, that ratio is between about 3:1 and about
1:10 (w/w). In another embodiment, that ratio is between about
5:1 and about 40:1 (w/w). And, in a further embodiment, that
ratio is about 5:1 (w/w).

[0064] In another aspect of the invention, the
pharmaceutically acceptable excipient is selected from the group
consisting of polyamino acids, including polylysine,
polyarginine and polyglutamate. 1In a preferred embodiment of .

this invention, the excipient is polylysine. 1In a more .
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hGH (expressed as a percentage of total or ng of total

hGH or hGH derivative crystals originally present)
w@bdioalemsw per 15 minutes or per wash step i n BCT/US2003/041545

sequenti al dissolution process 10 (see Exanple 5). In

one enbodi nent of this inwveddon, crystals of hGH or

an hGH derivative are characterized by an in vitro

diss lutjon,rate of e ween about a ut 16% of
prefgsPal Srhotanep: WAtk LOsReuRsH BxPosararns yoiont petween
aboug|§$9b9thﬁa Qbﬁﬁ€r8(500 M, HEPESa6pthér2 mbdd0meiit , the
10 mM KC1 and 0.02% (v/v) NaN3) 15 at a

CrYStéhﬁé@ﬁt bFE er 8nChCHherELHAERECCcBRECRPLYLYEANSS aRgHPresent
in af'néf. gg'll g&ag%g '8f%8§8€t si.H $gl be% ab.q8 (w/w).

concent I'n anot her

Thatephodomeat, aﬁeystahgeobeh@ﬂenrabnuhGHO detpvabpwe adel
characteri ze n i tro dissolutio rate

(w/ et vaGHCABSEE “BHB4 T oCRBbUE S5 3> EAGIEF DSFdeaRy SPRRE 1211 O

abouee&5\t\@sfaw?€}) st eActBraifgaeenthakldessokel eabopiaeass that
(see Exanple 5). On the other hand, in vivo

ratidi ssohbplubn5| g §@sébpﬁédlb§05éﬁ’uﬂvﬁ l.evénsl, an RGAUrkhgr
r ngl tion of hGH t
embogagen%nnéﬁ 6%2%? F% ﬁ%ﬁﬁglg ﬁcﬁ%gﬁﬁnhlates tlSSUgg °

[006ED synuhegezea&bdhe?preéeemedléﬁbbdlmepmobélMhuhannvention,
in turn, plays a role in cell_ division ag@ net.abo

the BrGERIEES. lﬂsp\%lVlarBénéﬁﬁrecFEt 8d "6 PG TSR caiment,

polyb@gﬁﬁgn%rhass%r%5&@@U1%&dwé 1 lreeleer®outienendent and
many factors, including physiological and

aboutr éat, 9ot ksl atIeld ah@ch@rrs emgedh meadt, ot walvgdelsp@f hGH or
not, 3 h SIO|O i_cal r ch as:
an o ERTIEVANE BonePOREL AR o dy Rapre e

hGH : eV &kepienihnal rsiage ofe apoutl ISCI‘J.ea,Sﬁ@deﬁV&lO .at (w/w). That
puberty) and treatnent-rel ated factors, such as dose

ratipamey( Rilset reapeoedyseng 2RREtr d0rd ¢P AAYT €C0rdt i GH W)
MostA%js:%lf %4/&%@3}%@@/&%@/&{1@& abott 1hase Plapout

art wll apprecCiate that different hGH
3:1 dmdw)l.GFAtdoavdghngg WEyamed&aaﬂhaﬂaﬂemHmﬂﬂmdhﬁnthﬂ? ratio is

standp0|nt of safety fficac for d|ff rent
abouga i dntt H &R |Oﬁ§ (P%Uag ﬂ%hl StheT. 5k ment that
rati9ufi fse'Hé"tgvé(errp@b%dtarlaetly 2fd G issuf f(lw‘/ivﬁl’lCI ehd, in a
di sease states or syndrones nay be treate by vari ous

furtheyl e dgfmegitogdiiels Hptdd ihferdPHGET
[oosszySt als, %@&@i@%@ %@ao%lqgv%@'&leawﬁr{w iRyt sSn

vent i on
includes an injectable crystalline suspension comprising about

20 mg/ml of crystals of hGH or an hGH derivative. That
suspension is characterized by easy resuspendability, slow
sedimentation and a time action profile of about 7 days. It may
be injected once weekly, using a 30 gauge syringe and providing
an 80% level of effective loading. That suspension is pure, as
reflected by parameters of 0.02% aggregation (SE-HPLC) and 2.3%
related proteins (RP-HPLC). This purity is maintained for at
least about 4 months under refrigerated conditions.

[0067] One embodiment of this invention relates to a crystal

of hGH or an hGH derivative which is characterized as having
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exanpl e, an endocrinologist may initiate therapy using
a dose of about 0.2 ng/kg/week for a child,

w0 p@nmesing t he dose to about 10 0.3 ng/ kg/ weeRCHUSM®N3/041545
several weeks or nonths of treatnent, with the dose
being further increased to abouwt 0.7 ng/ kg/ week around
puberty. As will be appreciated by those of skill in

the art, _the |eyel of such exq ellvered h
ael aee 4 EFORIGCE BEDAHARPBT SRREERHS G Apdyidual,
as célr@%ﬁé%p%d @Ma tUREN ey ehiz iOHaat Israﬂuwnésmx—pgﬂlc qieH
l'evel or concentrations of hGHd [0070] Dosage

formudgitriems .f oAdeerdiindaddl tthisr mqr@rl@fm,aﬁés&ﬁh@r%on of

crye RIS Bk S B L RO S8 oy e

in wWiddebra igayiver dd swedkit iiore parlayieltga/rcﬁiy @ox example, in
ng/ kg/ week. Wth such 20 considerations in mnd
vi trgcé@rs&q%glttl&noﬁ@ st 5t S SORGREHRGRH T soluble

hGH Z(erl Y& AUH HSH YdrRRfade Wi Aot 0f AP neH or

vative, or a conposition conprising such crystals,
hGH fderr i vexdms @ryat@hsgloernmmlﬁmdmaﬂemr)atqmnofechm 15
. er 30 k rovi des an i-n Mivo.h
minol R el s aes Shem el et AR S P Boess
(sedd@&mbland )2 past AT iaidon ofgrtQﬂLtser:Ln\idi'a:l’ILcﬁbOuirystals
5 ng/m on days 3 and 4 post-adm nistration and apout

of h§H qig/am el diarlsfattdv@ayﬁrﬁ ﬁé&%ﬁaﬁﬂ‘—?ﬁzﬁdr &Y gy 1n vitro
dlsﬁg%gft% fé\ﬁéaﬁ,odfe%e%wa@ﬁ Admnistrad e Gyyals, of

rivative, or a conmposition conprising
cryssiadh perry steadls s tmpoviptes epasund v 30 di(adscs'lermimn buffer (50

concenéé_?ti o of%g)b%tuw} ﬁ@ngﬁﬁm%%@gomﬁ% %) Naw)

at é“%émfg{)@}%tuﬁ Qﬂ(@rﬁb’by abewkih E%é”boh@eﬁb@ﬁ&lb@xooﬁghm or an

between about 0.5 hours and about 40 days,
hGH stesti~ednive sits attesienth Jgauapmmzﬁto@omcentratlon of

452003 £
abo etmeéﬂggbouﬁﬁbégxhours THE By gﬁ;%%gI éﬁfygdﬂﬂ%j%? an hGH

derﬁ%dﬁﬂ&é(Hré.dhﬂranﬁﬁrﬁﬂhﬂrbynanuimNW1E%dndzﬂﬂqautznn rate of

singl e adn1n|strat| n of cr stals or
betwga vilq e, 0 G P s d St al B per wash

ste;s:rl)f?téls?equé%m\ald%ﬁ@butwrv%&cs@gmmmrﬁ dofn . on
of above about 2 ng/nl hG{ preferably above out 5

the ng/her HEHA nost Pied ei‘ﬂeﬂﬁcylld@oma Iholgscaroihril r’H’Y @¥um levels
o« 43RBT S RL R AUl iy o o
intd@mh®nemiaapout 10, 7 or 1 days

[0068] In mammals, GH stimulates tissues to synthesize and
secrete IGF-1, a protein that, in turn, plays a role in cell
division and metabolic processes. As will be appreciated by
those of skill in the art, serum hGH and IGF-1 levels are
dependent on many factors, including physiological and
treatment-related factors. Such factors include, but are not
limited to: physiological factors, such as: birth age and bone
age, sex, body weight, developmental stage (e.g., increased
level at puberty) and treatment-related factors, such as dose,

rate (kinetics) of dosing and route of administration. Also,
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post-adm nistration. In a nore preferred enbodi nent of
this 10 invention, a single admnistration of crystals

wWo@Rooh@se300 an hGH derivative, or a conpositi oPCT/US2003/041545
conprising such crystals, provides an in vivo serum
concentration of greater thamiabout 0.3 ng/m hGH for
bet ween about 0.5 hours and about 40 days in a mamml ,

chodf SRS, S0 30 06 Rt od, o AU 16 o PDOML A i ana

IGF-elmz@i;er@tmagf deipend a1 Obotdh Sl eneellahdpoint of
adm ni stration of crystals ‘of hGH or an hGH

safeder iarat ioffimcya dorpobiifesierdomat sy RARh ariensl s,

[ooe%ﬁo‘” d%gu%{% | N,V ﬁ%l%fgwgﬁmg éﬁgaowﬂl@gf%frmﬂ

insufSilcigd kst rcﬁtsamse ieatey 0 dyhairaiEoutndy ngd Mrdeddd by

on days 3 and 4 post-adni ni st reatl on acgg-‘ﬁ above a% 1
varipus f@HmEEH Wh GRPB Daye st hdiithi s ind crystals
or H?:ﬁ# déﬁxﬁae‘w& hery Sodi RN ng 8P i 1 teh BN b St Al ON For

crystals of hGH or an hGH derivative, or a
exam:gﬂmpos&ft iconlocoimprliad g suash mm%nes tlmmxdessmg |an dose of
Vi VO Seru 25 cancentrat i gr eat er. ab u
aboyfy Gy rweoegi V\fgen njt %euarssln%} %008 éeio o about

0.3 d%/ﬁk e]@%ﬂi’tréxstsré:\tem ‘&&Hsl]oﬁ\&m{mmgaﬂ Bt ment, with
I ment of this invention Si ng{_ve adm n| stration

the &Os‘cﬁ RIS I omPHRd dét iARRTY e - Gr/Hka/week around
CO I;
°30 QB S e ohe R GG the 2t

the |lewed]l prfi Grudio @mgzbn@.u:krﬂlynuhlr:a«tamd diCHrdaget thadblts or
.-hg/ M from about rs to, abaut 72 hours
oni el AdRTAR R dEH T e S, (Cop Sy upqrp the
exi@ebl% SH Mg 5 0m abedlt o2 &B}we&ldlﬂa@i&h@ 36 wews
2004/060310 PCT/ US2003/ 041545 - 23

(00 ERini sncr%agebrrew@errﬁ dny hEbun wiwks or children are

0s trat i vel ' :

orc QRUAAUIAE LA Ae B BSIEL A e & Ol omis

(IUMes)i vatdwe mgnanamnmrse tgerrem]rﬂrylmm@imm toysedtlser a day
prOV|des an in v ser Ievatlon about 5

Or FHdf$Ak 1 o & abdid/ kg é&)‘/ﬁ? Miﬂ efeihanl W u?uci]%)o

cond¥HdH o Q53D O rg-lrQQO ac'fk%fﬂllncfj Xo Qﬂ%’%r@@&iﬂﬁé‘rﬁ@ 3P this

about 40 days post - admi ni stration, preferably about 7
1nve;rat§@rposa -t Adeti gt ray T red iqerstabs of ngfl or an hGH

cerSEL S £ A SLURLAL S AN AN vorara, con
exarﬁﬁyéla%l@mmééigly Gadrtthistration of about 9 mg per 30 kg
child, provides an in vivo hGH serum concentration of greater
than about 10 ng/ml on days 1 and 2 post-administration, greater
than about 5 ng/ml on days 3 and 4 post-administration and about
0.3 ng/ml on day 5 to day 7 post-administration. Alternatively,
a single administration of crystals of hGH or an hGH derivative,
or a composition comprising such crystals, provides an in vivo
hGH serum concentration of about 0.3 ng/ml to about 2,500 ng/ml
hGH, preferably about 0.5 ng/ml to about 1,000 ng/ml hGH, most
preferably about 1 ng/ml to about 100 ng/ml hGH for between

about 0.5 hours and about 40 days post-administration in said
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10 present invention may provide an in vivo IG--1

serum el evati on of above about 50 ng/m, preferably
w@boveembout 100 ng/ m, for about 0.5 hours tPRCHDS2003/041545

40 days post-adm nistration, preferably about 7 days

post-adm ni stration. Accordigg o one enbodi nent of

this invention, a single adm nistration of crystals of

hGH or 15 an hGH derivative, or a COHEPSItI

mammad mp PEEITRE 28deh fory detiveen st ds 2a C%UHFS\HW lBgy. pne of

abou%eﬁ%nhﬁb%vah'Qﬁqﬂy%ﬁ‘Qﬁ%@y %SEGFd%lﬂﬁﬁﬂﬂadydﬁ“"Slmllarly,
sai d adm ni stration of gréater than about 50 ng/m

a smgdm adopunisl veduos tof abywtalz leduh$H or an hGH derivative,
t-adm.ni strati on .and between %%ciut

or L EE S0 hG e FROM R E 0 TE e t S aBaT A Sy v

seruRPgonaeichiashiica Ig sWove? abiits 2t @ig/atloHEH],0 piag@erably above
post-adm ni stration. [0072] According to this
abowtn@eﬁs/aﬁ heHsi mgse ﬁrﬁﬁﬁrﬁbﬁé& PRPVS Shpar Ay ngy'ml hGH for

betv}é%h"‘%%%u%b%u 5 %ﬁ%ﬁd‘% IHREK 40 @Rt O]SQ:O adm./rﬁgt"i‘%ﬁﬁon in

crystals or erivative cryst aI S,
saldc oepuosilt,i prederptilsi fprswely cnestced sa,bQMterJé] ,n 7t h:e.” 1 days

vol une ,of the adm.nistration i bet en.0.1L nl .an
Pos B S5 TR LT XhbITrS DA e G BRI O ife €2

1nve‘i|1%f1|o§1 e%?)él'@ﬂ.@%.d#@ﬁ'ﬁ%%éﬂdﬁﬁéf %&S&&it%llss €5 f}@ﬂl or an hGH

deri vat lve cryst al S, Or a COI’TpOSI tion COITprI sin such
derlc’@téiv@l,s orgta mmomtstqm/q@mé@@nge Sglch a?damt $yy provides

an :Ln t h hG%e%le(Q: cfménqir der| \y#al%r kgglfte% 3 ng/ml

cryst S or tirve crystals
hGH cf@jfpmﬁaﬂwamm Gyt S JE hmom amq/szttajua; 4 chi;,mJt:LrD a37rEamma1

ng/ kg/ week, e about for child,
Prefat@aivorta ;im AdiTR %&% EHAS R ag?%ﬁ: meyr Vi °F *
day <2 YUHQGRFLA, sRET/ISZQ03/ Gl 9{3% e dageshmidAr MH this
at about 0.2 ng/ kg/ week, e.qg., out 16 ng for a 80

invey igdul ta smrme/vaﬁakﬂgf cﬁck@ers;@t:mtnbm dosetrwgihl h@f hGH or

/ da - [ e o)
an hz#ogcﬁ% & yv‘ t s 3 ncvoem |S\3ﬁ_‘locr% ySt lé]éj%félh@ éﬂ/eétals,
proii@dglesni viat |Wﬁvro QG A tdcﬁftélﬁfﬁ&ﬂmmgaﬁlgrd‘teater than
crystal s, display a rel ative bioavailability simlar
abotto Khate /oL RSB (B} GIEH § RS ke - A b sEaon, greater

tl'largcza.ciﬂflﬂ:.I g r{gio/nqlh'ﬁ(}H 'JH’%H}}SO"B have A g&l@dd®inistration and

ioaval labiTity of at |east 50%or ‘greater conpared
abotte alvatt df. Solgyrhle HBH omalaw ey éb bi,ay hHe pesie-ddnimigteration.

Al’ld,v\H,é'? H‘:E' rbc%éranee uosdfrrqerlltn”arrsuls’r?g e a mir?fstt'lf)a ion of
crystals of hGH or an hGH derivative, or a composition
comprising such crystals, provides an in vivo serum
concentration of greater than about 0.3 ng/ml hGH for between
about 0.5 hours and about 10 days post-administration.

[0071] According to one embodiment of this invention, a
single administration of crystals of hGH or an hGH derivative,
or a composition comprising such crystals, provides an in vivo
IGF-1 serum elevation over baseline IGF-1 level prior to said
administration of greater than 50 ng/ml from about 10 hours to
about 72 hours post-administration and between about'0.5 ng/ml

to about 50 ng/ml from about 72 hours to about 15 days post-
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said bioavailability is neasured by the area under
curve (AUC) of total in vivo hGH serum concentration

WO 2004960300 sol ubl e hGH and said crystal. CrystBCEUS003/041545
hGH or an hGH derivative are thus characterized by an
advant ageous in vivo dissoluggon rate. 15 [0074] The
present invention further provides nethods of

.adm ni stering crystals of hGH or an. hGH derivative to
adminLathad lorha\H]?ﬁj%/ &R o PRt ddb Gt PR t R Humdstration.

ALt PR NQF Mones i gefd dRney A-WiGh ds arpliorated i or an

treatnent Wwith h The nethod conprises the step of
hGH d@ﬂwas:tzere nen a tdvanarerirt ora czﬁnnmeerﬂa@muqialchyystals,

ectlve anpunt crystal
orovFeRl ) vt A e S e s § /Tl o
abOLﬁ:t@p,EKIfO Iﬁﬁmln) s i1y, theoummed @Y el frestdiv®it 1,000
amount of composition conprising crystals of hGH or

ng/mdn HGH (Pé?‘?%thfe hawife tr alQut AP T I -admkprisration,
pre@l@ﬂﬁ tmc Ccfa)ﬁrc‘é ostQ acﬂ@?‘llcgtc J.QS%' Ziﬂ,eézfﬂﬂix)@ly, a

accor Ing tO thIS I nventi on are: clumcrystals
s:mgi‘mn@uhhenﬂswqﬂstcai Rt muycsam]rﬁe CEfi )l’BIIrhlcsr an hGH derivative,

or LONELAILDE, QUL 8 SISO AL ST e

pre R tAGAVESE 258ty @edvitR: 1891 1N Do almutl Q6en VBEYation
t hree days, about once a week, about once every two 30

of ahesies ACHbAR TRl eRGSEarAR Y, a[km)%]a@%t‘ormsng/ml for
abtheloat§q131%$%la[§éﬂgl4% % %tdg%r%ﬂfl are nieiy preferably

accordin 'S Inventlo
aboud m tcmifs tpbst&thﬂrﬁlrglrshMaftlfmTImﬂB:cﬁ&fdmg?nw one embodiment

of pediatric grongBq§££g e 2004/06Q§%$dﬁ%r¢%¥???1s of hGH or

an k@fﬂ@%agi’kf@eroﬁyﬁ@&ﬁﬁosﬁﬁfﬂ RS s SYNALQR, crystals,
chroni ¢ renal insufficiency, i di opathic short stature,

proxmﬁeﬁauagmlmymmtmﬁelr;smfelswatbmm yegjerazal ore 1GF-1

enale infertilit intrauterin r rdatlon
tevef B e s At F G PR SRR S0

ng/meliras Bhet Deneduts al ahmxtabm |1@o1d:r§cps@@tr5admmmeration
enbodi nent of this invention, the |so;der is

and RehivRen CRPEt b hrHiHe RFARIENSP a1 ¥ eREFRMbout
72 H, tt?o'éb upd |z gt &gx%] &%@%eﬂa@{oz@%wm to
n chil

cm and out 11 cmii under goi ng
aboutr €et nbts QQBW{Eﬁmﬂnﬂstnﬂnﬁ¢mu enbodi ment of this
a.cal cium crystal of hGH or.a

[Ooigélysctalté)%nd %&P%e??/etha 8 rbvegﬁﬁon, s:Lng?le administration

igs defined as between about 0.01 mg/kg/week to about 100
mg/kg/week hGH crystals or hGH derivative crystals, or a
composition comprising such crystals, wherein the volume of the
administration is between 0.1 ml and about 1.5 ml. For example,
pediatric growth hormone deficiency may be dosed with hGH
crystals or hGH derivative crystals, or a composition comprising
such crystals, at about 0.3 mg/kg/week, e.g., about 9 mg for a
30 kg child. Turner syndrome may be dosed with hGH crystals or
hGH derivative crystals, or a composition comprising such
crystals, at about 0.375 mg/kg/week, e.g., about 11.25 mg for a
30 kg child. Additionally, adult growth hormone deficiency may
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adj unct for bone therapy, as well as treatnent of
human growt h hornone deficiency in a manmal . [ 0077]
wabh@4pessent i nvention al so provi des net hods fRCT/USH03/041545

i nduci ng weight gain in a manmal, conprising the step

of admnistering to saidreaared a therapeutically

ef fective anmount of crystals of hGH or an hGH

derivative, Al ternati suc ods conprlse t
be AZeR St CHaHER SECRPRY: 8" SalB /AR Ry &0 anout 18 mg for
a sol Rer apeutki, cawzysse%a@%tlh\ge dagRidile (ﬁfayab%o%%%'d WA%h hGH at 6

conprising 20 crystals of hGH or an hGH derivative and
mg/daﬁle?cgpheﬁ@ Mo wes& - enmbodi ment of such nethods the

i ght .ga | h
07! S0 R AUESL) e AIIBRNACEIT 1B s covoans
of hGH &&Idncmmﬁtdb$1b¢tunpecbm0@o&@@sla1mmebomgﬂﬂ¥ﬁﬂg such

stals of hGH, crystals of an hGH derivative or 25
crys&e 0s PEFBASYC Gt éfc.%aet RaREYPArEDidr b H i ar to that of
solu%&%'%b%ﬂﬁn.Eﬁ%@?ﬁmlad”ﬁ%bSEﬁﬁﬁgiéﬂéﬂ%%cdyaﬂﬁ§ RY teiafs @
phar maceutical, therapeutic “or prophylactic¢
invepreépar deiven a ”mégatm beoacvmlmaﬁlém:df IDf apy least 50% or
onvent i onal tr ut cludi.n for
oo FAmaBES g S GPAL, By SO L i iy AR che sarie

rout@andle,. gd6r MRlbcu@ekledfs 3&‘umkﬁ%MﬁﬁQManlﬁhﬁ&ﬁﬁﬁ&ﬂbarmherein
|ntraarter|al. intraperitoneal, nucosal, sublingual,
saids PeFvaieed  adsd@epauracofive dihe RIGGaundsr curve (AUC)
of tfgtaﬁagdgq}ﬁ}o Rt %%"ru\épc%g)lQ:Ae/n ?ﬁ%%]lQJIP CEE!IU%%.Q.%S/ sQﬁJuFbﬁ% hGH
I'n one enbodi nent of the i1nvention,
and csraysit airsfsdrfalhwearystarl&@lﬂ dhestt voet iawe hGBY demmwma)rasre thus
conpri.si t hem th,or  wthout an ci pi.ent,, are :
charzgirieee: &Y B GAAFERE T Iharei SrasrolTien [7rts
[oo7Rnef er re@ @fﬂé@@n’ﬁeﬂ.hv&itﬁﬁrﬁ|ﬁn&fhdieﬂx@v1@efm @hods of

derivative, or conpositions conpr|S|ggathen] with or
admlmam;tlrmn cecmtal@mof g 1y adiipeu tteh go (pmma l

qzﬁ Had AL &g [“%%O]hdn{éré‘ %ft%r mone

odi nen € crystals or conmpositions o
defiiciesnty @x van@hadm rinstlercath tad Suyb e mihﬁ:lr dw@e, The

usj ng a needl e _havin uge greater than r e aI to
methprl GRS Bt R G PRTL T RRGISh, 1] s

theﬁ%ﬁéﬂ%ﬂH@ilf“éﬂ?ﬂéﬂlﬁéJé%%uﬁ&h%ﬁ?ﬁ¥$£§yétéﬂ of hGH or an hGH
conpositions may be administered froma pre-fil

derigytimse oRld awted idssly i ifgsimsithod comprises the step of

administering to the mammal an effective amount of a composition

[
havﬁgﬁ)

comprising crystals of hGH or an hGH derivative alone or with an

excipient. Various embodiments of crystals of hGH or an hGH

derivative according to this invention are: calcium crystals,

monovalent crystals, protamine crystals or polyarginine crystals
of hGH or an hGH derivative. Such crystals, or compositions
compriging them, may be administered by a time regimen of about
once every three days, about once a week, about once every two
weeks or about once every month.

[0075] Disorders related to hGH insufficiency that may be
treated according to this invention include, but are not limited

to: adult growth hormone deficiency, pediatric growth hormone



10

15

20

25

30

punp. Alternatively, they nmay be adm ni stered by
needl e-free 15 injection. [0081] This invention
w@cdowanssyeous! y pernmts sustained release of PEHAUBIWDD041545

a manmal . I n one enbodi nent, the crystals or

conpositions according to theas 4+ nvention are

adm ni stered about once a week. In another

enmbodi ment, the crystals or 20 conpositions accordin
deficdeprys Frheesti-di larte S mrﬁﬁ“?t'egégpn%oﬁﬁm R e bowel

syndiréeeelSonkit Yehaanathels ereAiENt iRt It Yrature,
conposli tions accordi ng to this invention are

dwarddmsimi styeoed tudlteaty oee fdvar.y bemst iregemeagiadtidye female

.- appreciated by those of skill in the.art th

nt e P iy RS R e asR s e Paied

cachetdh , agriohe '@ saaseds) bairnsgated wellle sagetang: geighic and
of the patient to be treated, general gh){qs,i cal ,

metakeddict iFgOreRIthe pat iR equg%m Sihe vty the

disdiLY GiARe diA082]. AGCRRM %mr@%e%@%q@ﬂaptandh Lreatment

conpositions conpri'sing crystals of hGH or an
resudérs dat ianauaddoredl mrowiht e lgaddanto 3Matmesnt isdrowr & cm and

har.act er,i z by ,a GH concentration greater than
abOU%b?nh " J.mrr%?’n‘ﬁ .C}ﬁyé%ﬁgﬁlﬁ%;re@& ration may
[007%8 betvweeancabeut hwbdigert T talieuti ndRhUIWHY .2 calcium
Al ternatively, those conpositions may be

crysifedr &ft Sz eF B HFthdeomdeiier &aYor RIS Goy /20 651011
P 4 -, 27 /
ad3 ugﬁggjté% %88%#%/ #ﬁ%%oirapt}fe’t \Kaese;w&b\%%{é %%%%'r;rtg";erﬂg gr?d a ounf growth
hornt@@ mg/flcieBieoh icorposintmadns al so i ncl ude t he
fqll ow ng conponent,s: nni tol, - about, 0.5 /M. to
10073 dout 06 HRESAIE SO STtk PIABAASS TN IS o
indu%ﬁo%gﬁ\@eﬁ'@h@cf gjaam VirP AR5 MMt 1abield th0 JWp d s

HG - about mMto about 100 mM pH about 6.0 to
admigbcierd. i@ (Gor efedcablaesdowt Wi ansuddciatl 18 )feqiEge amount
of '\}/fvs\;/tsa Q 'ofs%g% oprr%];nerh%kﬁ Y3333+ 14Q00, Aqg:_oe%n ttisxpeolg)f, “such

t'o about 9 protamne, preferabl'y a 31T ratio
metHi@d poadpanisre;tandteg) waft gidning, sterdfrey ald e b dammal a

rati o of .10 hGH pol yargi ni ne. Such conpositions may ,
the TR AT Yo e Ve SRTB O ¢ FFTOT T MBbROTIo 5109
crydEHIE (o AMdO0 ACIAS Htt Heri WG e Wi ne. 0 In one

my/mM to about 50 nmg/m; preservatives .
embqdiment cyfolsivalh msidwels, éteaoradgligl gaienzyidudesbhiol \a

- 09 0
hypcgq?/rgyias(t;e%azogﬁ{z%c{ Q_%rtabiesn)})etweoe{? ta%oall,lbco Lg% Sa{?é parbegu [ aépd%y after
administration of said crystals by injection once a week.
[0078] Crystals of hGH, crystals of an hGH derivative or
compositions comprising them alone, or with an excipient, may be
administered alone, or as part of a pharmaceutical, therapeutic
or prophylactic preparation. They may be administered by any
conventional administration route including, for example,
parenteral, oral, pulmonary, nasal, aural, anal, dermal, ocular,
intravenous, intramuscular, intraarterial, intraperitoneal,
mucosal, sublingual, subcutaneous, transdermal, topical, buccal

or intracranial routes.
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15 0.99%; and polysorbate - O ng/mm to about 10 ng/m .
According to one enbodi nent, conpositions according

W 200066810 nventi on are characterized by 80% eP¢BUS1008041545
| oadi ng. [0083] A preferred fornulation vehicle
according to the present 4imgemnion conprises about
100 mM sodi um acetate, about 20 5% PEG 6000 MV and

oo g5 B oL o SRt e
an hemdaePaiak 1GkYStal lHonpAGH iand @Qﬂ@&lbﬂﬁb'ﬁﬂéﬁ w1t%|or

pol yargi nine (or about 3.12 ng/m protam ne).
withbutappr egcapagnty tahr@s@d@\‘lm@l?qemed PYt m,rad{ tLouFiey &¥F

pare%lg%a&o%%%l tio n q:"e%ed te‘r%én? %S%%l@%f hGH or

i sé about to abou

an hecongemtratior,, Uiedwlpwlgjwrme dmprmsdm:mumn with or
concentration should be adjusted accordingly, so that

without §ns §FECIEILERT 1t G ILEILS t& e Hvh GHRSILPRSAYS e

ALY qg@qgrea 3:1 hGH protamine (Ww ratio and
in nﬁunt gl n Iov(\)/ solubility and 30 rel ease of hGH of about

[0085)]ng/ nin Iéopr@farpfleei effrthodtm@né;bo@le deytsttisded or
fornul ati o the de |red cr

l.i
comBERCARE Aol T BB S PRt dpn g caneous

routlY,0@iindelh neRIKeNHaatiineN aslgwgé e@hmﬂ t4'1d“fg/dﬁ edd@l to
2004/ 060310 PCT/ US2003/ 041545 - 28 [0084] The
27. prlasene ismhettiment @ fér sprigvieads afet Héws r%?cﬁdle 9auge may

be eg{h%ﬁ_a%?% ggry%tk?é %rgfe C];%le r A3 %?chrysatrﬁa\ﬁ/e b

conpri st eps “of : m xi'ng a -
admisdlstiteiresal dfrdrrurmrp@{ﬁmmechwmn@eoroxa ahuregra gramet hinfusion

hor mpne deri vati ve th a 5 crystall,jzation.sol uti
DuEa) ARSI SO G S e b A e -Eree
inj R siggni ¢ pol ymer; and (b) incubating said solution

for greater than about 12 hours at a tenperature

[0083dt meeﬁlu@omnvmtd{w AHRANFTBSOUFY [Pyt | Higgained

D508 s D0 2 T 1
rele(? rel \(/)aftgl ve are or rregmr%{n 1 ano %e lr}[gg msn?Che CIYSta S

or dweiged heny iseoddimcssttepslofy irajentiodn rgrea mlﬂmmred
of human growth hornone or a hlﬁ r.owt hor mon
aboufeqnirgt i &'SETh - TerARAAT £8 it it SaraLe or
comgdhtididd Za%d&ral%g:} l»Bd Qh (ORIt a?r%l tacﬁmlpstered about
precipitant; and (b) incubating said solution for

onceyresEmy et 18 hirlr en-har enkarberentur che crystals

or c%%pvg%% 1aot%‘1osu tacA'c%rac{]ldnga t{:o l'lttlrls:L7sC :Lnl‘{/etrln'! 1t ¥ Séeal administered

about once every month. It will be appreciated by those of
skill in the art that the specific treatment regimen will deﬁend
upon factors such as the disease to be treated, the age and
weight of the patient to be treated, general physical condition
of the patient and judgment of the treating physician.

[0082] According to one embodiment, compositions comprising
crystals of hGH or an hGH derivative according to the present
invention are characterized by an hGH concentration greater than
about 0.1 mg/ml. For example, that concentration may be between
about 0.1 mg/ml and about 100 mg/ml. Alternatively, those

compositions may be characterized by an hGH concentration
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of human growth hornone or a human growt h hornone

derivative are fornmed. In another enbodi nent, the
waeloemsm at step (b) of either nmethod describpedusivovet1545

can be incubated for greater than about a week at a

tenperature of about 15C. Impa preferred 20

enbodi nent, the crystals of hGH or hCGH derivative are

cal cium crystals, nonoval ent cation _crystals,

betvipeg; ZRONE dr yist/als 3810 3 Fariithinied Ter 8t ASE VTR AReut 10
mg /108G %@J%&dr?; rqt{ar/?rpﬁm R cRYARGIHNG1 dd) include the

anot her e e ionic polyner is ol yl ysi ne
followipgl yomorinsmtes : manpettcdnet Rédrownifod tml thee adut 100

Loni ¢ pol yner is a mxture of t r e . of
"/ B OPRRNE, VA a1 A ard oI ySIHE, 1 UDSY (RS TeTeDLY
abou¥abls M HELRHAL afsd hel;alever dgsicrd kegburethaeds tompbout

be either nonoval ent or dival ent and inorganic or

100 gMgamic abmyr &f & ried shieiddiSdht (Rere fprihlal elowdalq- § $o about
i | 0 f d gmedidmy -
8'5)?hg@g’g:(ﬁwu%%s&al—t %bsooz’elpgé%&%fb?yﬁnﬁ{%@ group | ox 8000)
0 tocaheust 2% ;0fgrataindingy aoetfatreblgalacilum oldtara def
cal cium gl uconate .and cal.ciumsulfate.. In yet a nore
hGH GRSl GO A THE Cal T Yy 9% T GO OF
hGH :%g @i dihaNOtdiRh \W3ngROAGGAE] G RCHIISZA0 0A kfprise :

preferred enbodi nent, the nonovalent cation is

sucrssieect ilomd/mimta ool & diyinshi gnigio |aaddaume-g. .
.sQdi_ um_ Pot-assi an i r ef .
crss R S RRAT 200, SRR B ol Sl ] SEitbrvacives

(antlimiarcditar nadleerlef erated revdradi mMsdn0f1 tdlicotol,
i nvention, the nonqgval ent cation salt js a sodium

parabsanzogtf o PaRAREHret et ed it et , (RIRF 6t b Kalto about
0. 9%'0)_3- seleded d5amddhe. gnpcansidig 19 ‘m$adi UMaccording

itrate,” sodi um phosphate and sodium acetate. In a
to opet emircelimesfter rednpmdiddiorentacadrdigwlitamgalg drvention are
sodi um acetate, 10 [0087] In the above-described
charaGhsd = é?yee%qw"e esf‘[a%cscllsV eaqocaacfl&%'m salt or a
[008BINOValreBramdnand Sddnulidt ich pregsiailie idvdd¥ling to the
crystallization solution of step (a) at a
presgiic ditrait ian et e, PO M SR RCSEae 1 pPout
2 "SI RN Lanty s Lk congent ! 1Py I's Aetygen
> %b%u@%@ﬂdﬁg%% 505 M Where 1 he l%fsa'lt is a
compead idi ium gatdpardd iwssjpresenth ian tdtel e stal |doapiige: about

9. B%W%ncggstsglﬁpiéea)hﬁ aa}'lc? oa Coeun(:t r1a.t élo nmgb ﬁ rrtliNe peonlyaabroglfgnine (or
about 3.12 mg/ml protamine). As will be appreciated by those of
skill in the art, given that compositions according to this
invention may comprise about 1 mg/ml to about 100 mg/ml hGH
concentration, the polyarginine (or protamine) concentration
should be adjusted accordingly, so that it is sufficient to
maintain a 5:1 rhGH:polyarginine (w/w) ratio or a 3:1
h@GH:protamine (w/w) ratio and maintain low solubility and
release of hGH of about 5 ng/ml. For example, for the above-
described formulation, i1f the desired crystalline hGH
concentration is about 20 mg/ml, the polyarginine (or protamine)

concentration should be about 4 mg/ml.
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and 235 mM [0088] In a preferred enbodi nent, the
crystallization solution of step (a) further
weowpneses a pH buffer. In a nore 20 preferrepPlCT/US2003/041545

enbodi nent, the pH buffer has a pH between about pH 6

and about pH 10. In a nore peeferred enbodi nent, the

pH of the buffer is between about pH 7.5 and about pH

10. In_a nore referred, enbqdi t he . H of
100841 1 or s Berrebh ABUGECARR FUGCBRY REGUCRA 6iPRe Eor
prer?En@ pRLecRfef 8" a@nepbodhneal, dbkevBbid of ohle such method

fer i5 between about pH 6 and about pH 9. I'n yet a
compnteSpteﬁesteasenﬁodKﬁenm;xune pHseﬂuth@nb@ﬁf@mmam growth
tween_a nd_about [
norngity REr alUier BF ot LBOVe e e iEal el RS the pH
crysbdfifierzatiost eplh@iohs eellacbegrsfcacmutzhe;Lgmou;mutlon

consisting of: 30 Tris, HEPES, acetate, Eﬁosp at e
compriEiaged Fotat 809 APdALHLE BRAYTGEycRRE (PA &ncubatlng said

Pt gherhed pabedi ment Eabbﬁ% ahoygudescri hed Apihads:
ik % E Eﬁ?? in steg a) I's sel egted fromthe grouge
betweens labbmmg 48@ abd calpbonad & C i mrd'eﬂzlolcefm@tsa ofyl lywiare, growth

2 WO 20 4/060310 PCT/ US2003/ 041545
horm8P§(ﬁ§dFo § OmeHF eF&W?FéWﬁaﬁ&e formed. In
anothell SnbbdSment, C%haoﬁékﬁod comprises the steps of: (a)

N-( 2- acetanrdo)-lnrnodlacetlc acid, 2-am no-2-nethyl -
mixing3apseganaerolta B OroNEs: BETIERe? OéFmanéJélt“}?é‘h@rOWth
horuBle f%rg'r&v RatA: 42 k0290 1R 2908 Al 1Lhe AReNGHES ol

fhe precipitant * used to prepare crystals o
crysh@HldmaaﬂomGHcd@mumatbmmpn351mgpmcwdl¢ poldy mepmecipitant ;

i ncl ydi ng | qw nol ecul ar, wei ght_ pol ohoI an
and SB3 ARHEA B b PO GETTERE. GF SAREH FAER (1% i hours
at apE%ﬁ@@ﬂéﬁﬁfé BethRRn( dboRi ane QﬁdtEBO@QOYGO@GS@ﬁtDPdcrystals
nethods is 10 a non-ionic polyner. In a preferred
of hamisodiomemtth Hieermene- icniec hug@ryméfpw@ Selmmonsd daiative are
roup st al ol hy, e
rornefl G (B S BAE TR SRRt s B ), of
eithler @dﬂ?ﬁc‘ﬁﬂe@ﬂ:rﬁfﬁé@dlamte, dalre ber daiquiteardd ifor greater than
i sopropyl al cohol or ethanal et_.a nore referred
aboEnBodARM AL ¢the PESTRS ks O R Y Cnel Gt ShBEGEERZed

embo@ (Pr{étntzoc%l'f"éq%r%@léﬁ&%@ hcH@r PIEE MRY-iRAMe R are calcium
ecul’'ar wei ght of 3350, 4000, 6000 or 8000. In a

, crysm@ﬂe,pmeﬁewm@ﬁnﬂﬁmamummﬂcryﬁﬁahaasHnﬁtamunﬂeﬁﬁMaﬁalS or

polyaré%nlng crystals and the ionic polymer is Protamine or
polyarginine. In another embodiment, the ionic polymer is
polylysine or polyorthinine. 1In yet another embodiment, the
ionic polymer is a mixture of any two or more of protamine,
polyarginine and polylysine.

[0085] The salt in step (a) of the above-described methods
may be either monovalent or divalent and inorganic or organic.
A preferred embodiment of a divalent salt is a calcium salt. In
a more preferred embodiment, the calcium salt is selected from
the group consisting of: calcium acetate, calcium chloride,
calcium gluconate and calcium sulfate. In yet a more preferred

embodiment, the calcium salt is calcium acetate. 1In another
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about 6000. In yet another preferred enbodi nent, the

PEG is present at a concentration between about 0.5%
wa@pasabow 12% w v. 20 [0091] I n anot her enbodPeEN$2003/041545

one of the above-described nethods, the precipitant

in step (a) is an ionic polyrer- In a preferred

enbodi nent, the ionic polyner is selected fromthe

roup, consi sting of: protam ne, polyarginine, .
pre fgior AT T YIS S5 J0059) heshsqripn Trom
the YRl dorfi drhecpkFva-idasiGin beddRin 0o tCHHI IS @hd ammonium.
m xi ng a solution of hGH or an hCGH derivative with a

In acmpsealduessrivas sei@disent n Wik masodlfh witiomeis sodium.
roog®gt hod.p.f he, afletselﬂéfaée%g )Pck?é%eﬂlercftén%b fodHE ! ¥ NFL
crystalll za

rivative 1n sal ion solution’is
invdigiiwegn dkowonbvag/art art iadowalld0 il G0Godyluth .sdIta In a

preferred enbodi pent, the hGH or hGH_ derivative i
moreh rp kegiRd GRS SIS ten(tha. SPHOHE FRliath Hrf S 1Rt hambEron the
gro@PUEnA JHH And Py R0 v mHE . ddBidid WHdShate and sodium

enbodi nent, the hGH or hGH derivative in sai sol uti on

| acetiab D 20041 0603 IBRCHNEIO0SDASABIinerg], Hreseriun salt is

3:3:.50¢ ntrati on between about 10 ng/mM and about 25

SOChy rﬁqeet[a&?%] In a preferred enbodi ment of the

[008afjoVe- desald etbowetdwtt f ife PrrepRiddg wharsd aise daltGH s a
or an hGH derivative, the 5 solution conprising hGH

calgiiumysadH Hed BRIVE-AT 1978 Gy sttt i Adt i 'oh RieitRilontn the

cryég:ﬁac#l %cﬁ’g écﬂuﬁﬁ% (&» Jt% b@i)""e@@ a Mer@c@écp@ﬁ/ between

about two days at a tenperature of about 33C
abouAl terdiatmMeind ahwatt tlerper dtrure pmsf dereabanib@¥Grentn, this

anqt her, enbodi nent, the solution,c risi an
condiEt AR QT I SR TR 5 (S o GO orfipdle the
salt nidlbated diam hetmeen mbitp e 2ne day @il @bastalWzation

days at a tenperature of about 25C. In yet another
solurssdigferfttenr hed)scitutd crPreArIast i Hafwemmbd 0.01 mM
anddze,{f'; ive and the crystallization solution is

incubat'ed for between about 0.25 day and about two
[0o08&Rlys atlma & gpefeatned afbddiredout tIHEC cryfOOEU] i Fdieion

sonfliaonte Hent o furiher providee a0 SlUSLpEe 1 o wore
pre e A ik tOf QRS I KU PNSr QP Id PN Steden about pH 6
and(gggﬁéﬂghéﬂﬂ a%n.a more preferred embodiment, the pH of the
buffer is between about pH 7.5 and about pH 10. 1In a more
preferred embodiment, the pH of the buffer is between about pH
7.0 and about pH 10. In yet a more preferred embodiment, the pH
of the buffer is between about pH 6 and about pH 9. 1In yet a
more preferred embodiment, the pH of the buffer is between about
PH 7.8 and about pH 8.9.

[0089] In another aspect of the above-described methods, the
pH buffer in step (a) is selected from the group consisting of:
Tris, HEPES, acetate, phosphate, citrate, borate, imidazole and
glycine. 1In a preferred embodiment of the above-described

methods, the pH buffer in step (a) is selected from the group

consisting of: bicarbonate, imidazole-malate, glycine, 2,2-
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exci pient. This nethod conprises the steps of: (a)
m xing a 20 solution of hGH or an hCGH derivative with
w@2onpet3ad | i zati on buffer to produce a cryst aPCT/BEs82008041545

solution; (b) adding deionized water to the

crystallization solution; €c}oadding an ionic small

nol ecul e or ionic polyner to said crystallization

tion: (d) addi salt to said |.ization .

sis GidhSie IS LTr (B it S SRt ol IS5t are )
carbudtd OlN—f(C"J ReIBeido abouin & wt o We kb8 hoahBndt2 Gnethyl -

terrperature bet ween about 10C and about 40C, until

1,3 msenaaiesictl rod ofN ahl trge i datidemoe tine dsul foric
ac lc{ urt her enmbodi ment of this invention, that incubation
I's carried out for between about 4 and about 48 30
[00d0dur s. TIm aarotdertips eflerredesoidaremetiidids, the precipitant
crystallization sal utlﬁogjat ste

use PR ARG 1O AN G Dbt ik aftelee‘r%rele\ﬁe abut

typ AN A8 HOUT S Ald Bhd EIBRE R L, 108t Weely lcohol
ypl 4C a%%ﬁﬁ 40C, unti | créyst als of hGH or an h V\ga coness

and zemmmo FCT /3820031 omul%mentszof dere vimvemt sere, the

ore Rl octf (hatf nithod | B 31 el IR Tt i grgyhoss 1e

a ndﬂfﬂbnﬁﬁtpﬂlyMéﬁl(kmn dTﬁﬁeﬁ&ﬁféﬁﬁémbd&im£mmprtB@Snon ionic
addi ng pr eci i tant to the crystal|ization solution,
polye Jf&UrSrﬁﬂé?C‘Be R et BOU & ABBVEE s 7§ beril cohols,

polf@éﬂﬁde gfc(cﬁ ﬁ@tawggoly%f%lc%hwtof h@@l@anol In

optron ps are enployed, in a preferred
a mceaqunefffm:ed rmrﬂm@/m@hﬂ:r ZEe qrresol it i amk ais si%p)pl(@yl

i ncu ed for en about one and 5 aysthe PEG

alegfiol, 0% & arl’éﬁ]ure i dbott Pi%eé%%e

has aenqﬁcmearcdl%ﬂor@éﬁjwe%@wm neut taeo Carry@taabdamrzam@m The
solution at step (e) 1is incubated for between about

PEG Gy iRl o ROt s@i kRl ekt ettt Q0 bet GReM @BoBR00. In
a mo%:%gg% g 10 t%n% cﬁﬂggrli_‘l]. Itﬂl@ ﬁ(ﬁefﬁaé ﬁ&%?géﬁftwelght of

acc I's 1nvention, 1n step
abowb /@3 aes cln besk netdidder tﬂmeefsahted serttaddimemt 1. 15hs a]PEG is

or a nmonoval ent cation sal referred
predant il &\ SRR LR P gt TRkt 101 5 caracaenit 12% w/v.
[004110M t heh Hiephe £ 0aEbSA i Meh©OTo f (& | MM At MSve -described
cal ciumchloride, calcium gluconate and cal ci um

methadd attdhe |Wwp3atm¢ elprefferred) enbvdi hemic pabymer. In a
preFALL YRR hSn €l GheM SCEL S yrhdl & PTEILLLENY From the

group consisting of: protamine, polyarginine, polyornithine and
polylysine.

[0092] The mixing step (a) of the above-described method
comprises mixing a solution of hGH or an hGH derivative with a
crystallization solution. In one embodiment of that method, the
resulting concentration of hGH or hGH derivative in said
crystallization solution is between about 1 mg/ml and about
1,000 mg/ml. In a preferred embodiment, the hGH or hGH
derivative in said solution is present at a concentration
between about 2 mg/ml and about 50 mg/ml. In a further

embodiment, the hGH or hGH derivative in said solution is
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20 enbodi ment, the cal ciumacetate is in the form of

an aqueous solution having a pH between about 3 and
W@bouneBd1®. In a nore preferred enbodi ment, tPET/US2003/041545

aqueous solution of calciumacetate has a pH between

about 7.0 and about 8.6. I+ 3mother enbodi nent, the

calcium acetate in the crystallization solution 25 at

step (e) is present .at oncentration bet n abpu
presgiE i L BB S308 e SR AP SIVEG At Sboue 25
mg/m@Nbodi nent, the calcium acetate in the

crystallization solution at step (e) is present at a
[0098dncentfafi &Fafe imgmtmafatdieanversesagibed

Hiseh
methbglo%%]r b%‘&?)arﬂrn% ?r%%rarl%d g%gﬁlr% Fﬁgtaélr gﬁ%{ ?o@r%g.l & t%R/te , the

cation sal't ecte I'ng
solutfion tchimpnissed WBH orotaas $idsmdand varmiore wnd ltheyet a

nore preferred _enmbodi nent,, the noval ent tion salt
crYSitﬁl_ﬁtl@et(l@n_ SO e oo RS e HettHeP & &k hrtveen
aboud B bar Ity P B RS @fhed Arhodidiidratie W2 about 33°C.
2004/ 060310 PCT/ US2003/ 041545 - 33 nonoval ent cation

Altegalt ivelye| ddtadd Hammanatainy oy dnsstihg OF- dodposther
i.trate, .saodi u hosph and sodj et at I . X

enore e o 3 S ROen e e Al R B hiflqdive and

the icsy$adilunzAaceimteludich prefierdtsh mnb bt wddre about 0.25

sodium acetate js in 5 the formof an aqueous sql ution
day Ra@ F§Oatp Wsetdash adbsuttSIRgid t Wisortt #RPuY #% Chor é7 Yet

anotMeS et Gihadi Bt .o NG RGUeYSH S Wld Atr Ay sedineh

acetate has a pH between about 7.0 and about 8.6. In
deriamdtiver sewbddigrentysteiel isdiion aoetEtiern nig Hewadlaitadrfor

at st ( i resen t oncentrati.on hetween
beculinsh AT MuindHb ot 7000 T Y Hort HIBIRAFe of
aboumoegtnment, the sodiumacetate in the crystallization

solution at step (e) is present at a concentratian
[009dt wee TR A SRIT VERTH IeBb U BE MM ofHigtes an alternate

|.Qn. t n
e SSRGS Deiaen SR B A
derisrdmdierent ,cdnpe i@ wors @S sdierg vatdlvecnysttailss and an
crystallization solution at step (e), of th .
xR dediri AP HRPSIOTE IFSGHE B P Hhen(Partiging »
solREINeRIE RAPWr Z2ATHAH & ahoute With @/ ddysddilization
anot her preferred enbodi nent, the hGH or hCGH

buf fgr ibratinasuge theewrsist bl datagmrokotirton(lat addimg

cesd ol SETo 3,2 TR IS A PLIEEN BhPUoP Saatng wn
ionientdileniglddiele or ionic polymer to said crystallization
solution; (d) adding a salt to said crystallization solution;
and (e) incubating the crystallization solution for between
about 2 and about 168 hours at a temperature between about 10°C
and about 40°C, until crystals of hGH or an hGH derivative are
formed. In a further embodiment of this invention, that
incubation is carried out for between about 4 and about 48
hours. In another preferred embodiment, the crystallization
solution at step (e) of the above-described method is incubated
for between about 4 and about 48 hours at a temperature between

about 4°C and about 40°C, until crystals of hGH or an hGH
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hGH or hGH derivative in the crystallization solution

at step (e) is present at a concentration between
w@bmyve@1mg/ M and about 100 ng/m . [0098] | nPET/US2003/041545

preferred enbodi nent, the crystallization buffer 25

at step (a) of the above-desxzi-bed nethod is sel ected

fromthe group consisting of Tris-HO, HEPES,

acet at e, phasphate, C|trate bor at e, i dazol e and

deriypydivite 3T8 LOEARC ve Py CHRE NI A B8l IBILFSITET S R fment

the 86boeledfhaMelhec@hedP iGORSSHIJM Rt with $rHEbtional step
gl ycine, HEPES, imdazole, Bis-Tris, AWP (2-am no-2 30

afteweshyppH@panomhatAwpplonal step comprises adding a

ni_no- hyI I, nedi qJ ANPSO
prec%? %ﬁft H? ryft gr%%%ét yﬁfg%ﬁﬁb - Ay Poy B sa
emboﬁ@me&%|EQﬂk@mﬁ%&dWe—ma@drabeﬂim%mﬁdﬂﬂ REep (c) is optional.
l'ycl gl yci ne, TAPS,  Taurin, Triane, and m xtures
Whetfiggr O8F Nt thRsEhOPHOPFdr SEEPRDFSAWOEYEY, in a preferred

emboBSHeHE20Q3/ ?&%’ba 1 134t iePedImRNon tHhe ste fe)iés

crystal’'l i zat uffer in solution at step
incupetsentfcat ke towere @focatti mmeb@tnﬁe@boamlHWQ@am a@td a

about 80 mM [0099] I not e nt f t he
temp&ﬁ&&é‘r&eg’&ti“i?gﬁl .‘Fg%or‘rl&d 15 Pygg ? atl M BUP AT
prefleﬁ"r%fde%nﬁﬁ))dﬂnférﬁr egert oatysa;amlml\e@ﬁrsoammﬁ #NGtep (e)
about 10. In a preferred enbodi nent, the

imopdedad fam &@%@%@h@%%ﬂn%@b&%% Weere at a
tempggggglr% %%Céw%wgbo%t Bcyghaagablier speef err ed

ment crystal l'i zati on buf IS present at
[00981pH banwee pratfctred Trdnedlinthtakbodorting GH00Ihis invention,

in SERoL 1B R, AR tied M e s (E @Al torq faloiun

saltal?ﬁ\’% nissrdiRed matdied, ishihet wee Ahgdr 3l adiment for

In a nore preferred enbodi nent, the pH of the

calocwrsmytatzadts orcsufdadiciium B ldolis iss- 9o asbtiasm Hisogroup
t 5 t it
constlhsgngﬁa Q_JJ cgaldldn?aa\ycieelt %erm:;:%blc%ﬂ %l{l%d.r Odda{ﬁhum

t he ¢crys Zati’o sol uti
gludegiameemrab @yl cAum and fabeut Irb ye[ti)]aOlr]oﬂen me{ﬂeafmd ed
enbodi ment of those nethods which include the

eangﬁd{rr}%| e rFdiBhisid Stieh c(a[;)md,}m SETRF S 200 2 preferred
embd¥ iR t aHe T8 e rHd@dd zal 150D 3R WdQh.of A aqueous

preC|p|tant is a non-ionic small nolecule or a
solutdrpri dwivcingplay et bdatiween about 3 and about 9.0. 1In a more
preferred embodiment, the aqueous solution of calcium acetaté
has a pH between about 7.0 and about 8.6. In another
embodiment, the calcium acetate in the crystallization solution
at step (e) 1s present at a concentration between about 0.1 mM
and about 205 mM. In a more preferred embodiment, the calcium
acetate in the crystallization solution at step (e) is present
at a concentration between about 85 mM and about 100 mM.
[0096] In a more preferred embodiment, the monovalent cation
salt is selected from the group consisting of lithium, sodium,
potassium and ammonium. In yet a more preferred embodiment, the
monovalent cation salt in step (d) of the above-described method

is sodium. Similarly, in a more preferred embodiment, the
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preferred enbodi nent, the non-ionic polyner is
sel ected fromthe group consisting of polyethyl ene
w@kopa0b03(PEG), pol yvi nyl al cohol and m xt ur eSPCTIESM03/041545

I n another preferred enbodi ment, the PEG 25 has a

nol ecul ar wei ght selected frpamihe group consisting of

bet ween about 200 and about 8000, about 6000, about

4000 and about 335Q. In_yet anather preferred L
MOnOYRBEHNEREIOPEEAHLE preSEleCted e AUqupGREisting of:

sodis@ WikkQaal m;,\?g%ﬁe@%% el beteeR ARt el 2% and n yet 2

about 20% ( . I'n"another preferred enmbodi ment of 3 '
moret perefleovreddesbodiseniet ftde, ndmeverlegitpicadnitor salt is sodium

sel ected from the roup cansisting of: amnao acids, .. -
acetBler qdst pOPTIM RS nel BONE i AT GO Gt g 1o o
the 2024 QG030 REENS2 3 @4 Ravind a [l BHcuwderarpdigr 3 and

preferred enbodi nent, in step (c)_ of the ,
aboughGvé--dedeY ith @PLive RGE S HIE iealgﬂ@lﬁaﬂrgtnerth% aggletefolution

of ddQMd %%et%rt%u@lal%s{é;g}?lt G wWfen IRWAMN® and about 8.6. In

polyar gi ni ne, po ne, polyornithine an
anotéetrarggibdrdimenltn ahet kedipmefeerated cenbodilreergql B lion at step

step (c.) of the above-described nethod, | yargi nj ne
() 3" Rt 1250 3 GG BT e AT AL and about
800 hNgi NG, hethen frickantd ahdiddikicdh, e rasatdn Nbetate in
crystallization solution is incubated at a
the taarysdredtlirze ripmyised Wetloe et f5QR BC dhPrarrit 3tca
concfe(%{tra%ﬁ%% b]e Oel.H sdl;oq,ltaq.% I’[ﬂ’? a{}ﬁi‘ra%o&to %&ﬂ'q@ Thﬁqat
present 1 hvention provides yet another nethod o
condarepat it Giaystadlso ofe Matwreagr altdutharSomne, amct yetalts 100 mM.

of a human growth hornone derjvative or conposi.tions
L00 oy | g SOOI L S a B Gt o diCit S ho
derir()‘%{%% COMIHS 8S-idte 198RS A sd e MBI NY S9! ) B the
of human growt h hornone or a human growth 15 hornone
abowkerd ety Needvintet feode riyss tritd ezt ath duddrgentor g beudesiveen

rystal)ization.solution (b) -addi ej,ani
abm’tcto Qzaﬁl wly a‘—aflfoluztat]iFg'nrb sn(oq e 'on;ﬂ?c%%%%%é’%ﬂed
embdd @6 | alle timis adl haH Y@l ddiziake oin sthaitdopst{d)ization
adding a salt to said crystallization solutjon; (e)
solyteeibart i el yist BITHRRE A 2 SHRT O T tRE WGP about

14.52313%@1%0%{%;3%&9 168 huirs: at fn 4 eAPSNM M SubSE RS, the

about 40C " until crystals of human
hGH grovidH hiberioret ore althurieen grositdl hozabien devlvai¢weat step

(o) A2 L SLTRG: 208 (1)c 96110 B0 A SeROLISE 3 OIAL anc
about 100 mg/ml.

[0098] In a preferred embodiment, the crystallization buffer
at step (a) of the above-described method is selected from the
group consisting of Tris-HCl, HEPES, acetate, phosphate,
citrate, borate, imidazole and glycine. Alternatively, the
crystallization buffer is selected from the group consisting of:
Tris-HCl, glycine, HEPES, imidazole, Bis-Tris, AMP (2-amino-2-
methylpropanol), AMPD (2-amino-2-methyl-1,3-propanediol), AMPSO
(3-([1,1-dimethyl-2-hydroxyethyl] amino) -2-hydroxypropane
sulfonic acid), bicine, ethanolamine, glyclglycine, TAPS,

Taurin, Triane, and mixtures thereof. In another preferred
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human growt h hornone or a human growth hornone
derivative. 25 According to one enbodi nent of the
w@bovmeewescri bed nmet hod, step (f) is optional PCT/OSA03/041545
preferred enbodi nent, the crystallization solution at
step (e) is incubated for besfeen about one and about
two days at a tenperature between about 15C and about
37C. 1.n a.,anot her preferred enbodi nent, the .
eI | (R (O G ip HOAET s fonupg seper ()
is grsdpt wRen ahoie e @ish whOerd WbdlayS1@tmd and about 800
t enper at ure between about 4C and about 37C. 1In a
mM. further enbodi ment of this |nvent|on t hat incubation

[Oodhourgar ﬂn%glnog'{% W%%G% %O%@é ﬁé%f%d method,

the ?:ﬁ:ygﬂaélﬂerzraaﬂlc&n‘dmmmun tdte=er §,as)t ald iedsent sot U i i
at step of the above-descri bed

th
bet (RN Fora b ARt chout T ik Ao S oA LRt o €
crySE&Pef Adich Raimeen aHoute i@k abgit bé‘tg)@aeﬁméb&ut 6 and

crystals of hGH or an hGH derivative are forned
abOL[t01504] Jlrh Xﬁtpr&m@?h@@ WMMteMxrmm@ tibhee h| s

ep { bov
cryaiil Bt diEieh A ptiarts R BHtud JBelrly 5 and
abouth B0 hore preferred enbodi nent, the caI CI um salt is

sel ected from_the group conS| st | ng of: cal cium

0100kt at eI GILIREE B FEHEST IR UAARF gyl Yol 2 hnldhe
cryﬁgefc Sl od %@ffélﬂ Jy@ts@m@f&l psef @rdied e)er@Pd&H@nzibove—

ciumsalt is calciumacetate. I'n a preferred
de s emijoet rrmruhod hiss da¢ ttwesm azletwlt 3 i and nabdnet fb@ m oInas;m more

ueo uti on havin betvvee 3. an ,
prefgted eSS il N8 Tk R P A (R FER B @0 bueer in
so LIPSO USs S ttihd o Hboeal € 4id agiedat eo 15, ha_Bn ay®H a more

bet ween about 7.0 and about 8.6. |In anot her

prefemiei r@modwemz:m e n@léc%ﬁ atke | pryviea bk igralion i ber in

M o n concentration
SOl%@Jt vvee%] outé%lx.? a]f‘%ﬁt ocgté%%%t ?r?\/l% n a nore
[01@tlkf er red angwoslf erendd erhleo@ahe:rimmf aclet st emephodie which

e S TR P bt AR 55, WA Biht SASH A

pre&pé-ptlﬂnﬂ @ e ecPyef L1 1 £ IO AL FBRE ot | hetmogeé@ﬂpltant is
cation is selected fromthe group consisting o

a noptiowhy ol Lroleeehs sPuint anen akeihE UPPLlYReYet BR @
prefDr egréiﬁg&} e Pbogﬁgeﬁén {SﬁlcW@9P%@é§”£s°§éi&@té& from the

a nore
group consisting of polyethylene glycol (PEG), polyvinyl alcohol

and mixtures thereof. 1In another preferred embodiment, the PEG
has a molecular weight selected from the group consisting of
between about 200 and about 8000, about 6000, about 4000 and
about 3350. In yet another preferred embodiment, PEG is present
in the crystallization solution at a concentration between about
0.5% and about 20% (w/v). In another preferred embodiment of
the above-described method, the precipitant is selected from the
group consisting of: amino acids, peptides, polyamino acids and

mixtures thereof.
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25 enbodi ment, the nonoval ent cation salt is selected
fromthe group consisting of sodiumcitrate, sodium
w@hb@spbste and sodium acetate. In yet a nore PCEUS00FW1545
enbodi nent, the nonovalent cation salt is sodium
acetate. In a preferred enbagh ment, the sodium
acetate is in the formof an aqueous soI uti on havi ng a
et ween about and

[Ologr]efer&é]d SR et EH)(%)LQ}S‘ ngl ut or? oefp s @ the

aboveCelealce it %&dd@ﬁt ween 1@91% pollytheand dAbilte &l fibm the
anot her enbodi nent, the sodium acetate in the

groupolcerisgptdiisadp  EEPhanigiee s @et var H reldifve M latlwsiine

pOIY%%é%rr%lqg\r%) gbout&%g%]l%\]ﬂpq/n Ug%g%?{e%g'geg:? ref re@%odiment,

in serpodidyerif, tlheleatecidemateteat endtrhddhe polyarginine is added

crystall tion solution at step (e) is present at a

in SEReR O T RA RS TDOR (50 T FRP SR OF0t g 1 and

abou%l hermat | viglyy Il iGN CaRIdhak dmeral £01 e hetveehcubated
about 5 85 mM and about 100. mM [0106] In yet

at aamrrp@rrqmmmaéwmmumﬁn adrarth@$°6r angHabout 37°C for
erlvtlveln e Gcry | lization solution at step (e)

abo % " ovteO rei)socu(r:tl b%%rrelﬁwsod IS present at a

[Mot:ﬂncenﬂﬂﬁ ipre deattveieversfioit prowi/dds aret abotthel? .nhethod of
In anat her_ preferred 1Q enbodi nent, the hGH or
Preﬂ?@%%@%\‘ﬁ%ﬂe‘; i e EEoahh Aanane s Ght ot a human

et
sro bl BRI 5, papireli e dapeen abyten

crysarticdiarehtan tewe igiGhor HIB—iajetrat\kmd \ﬁeamprlts*rﬂas the steps of:

cryyst al I [ zat| sol u i on at ste resent a
() L & i rmend S ot dtz? groven

hordﬂﬂéﬂdeﬂﬂxﬁxﬂvéTWitH”éﬁd¥y§ﬂhI¥ﬂhuﬂﬂﬁﬂﬂbuﬂfék to produce a
crystallization buffer at step (d; of the . .
crysfisdvid-ahdsian ﬁ&tm%d saéidéage eflrcafhw% wafrgjup-o said

f il 'sai
crysccoa{is_l.:ltsgdﬂb P sol-l{[ﬂfo cfdgL yCI ne Jlfﬁﬂg%rg?%@ said

orate, im d’azo
cryguedfleirdsad R0 sesthodiarent ( d)t raeidnm@taaléalztatmorsatndf er in

soI tion at st i s prese at a oncent I
%&?%ts%ﬁ%d@b&d‘tc #hzatlon
soh?dm;trheﬂfoxeme@mamw he aﬂ{lp\éﬂsdiﬁcsofééJ%J@é hod,a the

crystallization buffer in step (a) is present at a pH
temmpy Aotk dretirrr BeiHd Hbsuendo abpita 49ref eppedl crystals of

humat] é%%&gﬂ“hof$gie or a human growth hormone derivative are

formed; and (f) adding an ionic polymer to said crystals of
human growth hormone or a human growth hormone derivative.
According to one embodiment of the above-described method, step
(f) is optional. In a preferred embodiment, the crystallization
solution at step (e) is incubated for between about one and
about two days at a temperature between about 15°C and about
37°C. 1In a another preferred embodiment, the crystallization
solution at step (e) is incubated for between about one and
about two days at a temperature between about 4°C and about 37°C.
In a further embodiment of this invention, that incubation is

carried out for between about 2 and about 48 hours. In another
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crystallization buffer is present at a pH between
about 6 and about 9. In yet another preferred
wepdvemeasent , the crystallization buffer is prEGENS2083/041545
a pH between about 7.5 and about 10. 30 [0109] In
anot her preferred enbodi nent3ethe pH of the
crystallization buffer in solution at step (e) of the
above- descr.i bed method is between about .3 and about
prefegrefh SpheHEei e &S S YEHIdiRATRLOM RO Pt G 3fe SteP ()
of tHeY Sibdd Zaldan Jud i Hoa MR 20R4HAAM Gor between about 4
PCT/ US2003/ 041545 - 38 solution is between about 6
and apdusbd® I®UEs lat etteanased ugs dfedrwash efisodi rfERt and about
ot he pH,of th rystal Li.zati gn far i Lutian
40°Cy o BpBEn K AL 2 L St e 28, BYH Beraarivs rer sokuge-
[010a1hOdi MmNt prefRHrefed E@mnbefdinteatakoverdirdeses itieids invention,
. net hod, the precipitant is a non-ignic snmall nolecule |
in s§epa Won9forite pRRedesGibest sttt ditfodidldntls (g cium
salt" ¥ d QRO dSi sielReited from the- JrPrerred
consisting of: polyethylene glycol (PEG, polyvinyl
embcaliownd, ante misdtaines salierisofse lartamtirrm grlef eyrap
enbadi ment, the PEG has a 10 npl ecul ar, weight select ed
con Hh &€ yr St Tofs %S Wy of :“hetWween avout 207 dnd™
glucihfitte 8000, caholiim 6R0GEamboutIrAGRY: andnahoWraddhbed I n
yet another preferred enbodi nent, PEGis present in

embadiamendyy sthe |GadetiWh ol tutdi o akC it ARttt i off @ preferred
t..0. 5% t. 209
emb%ﬁérﬁftp,e?géjnbcoag&é{ﬂm andapaut; 20 %ﬂl{éé%f?]ﬁg c?chgrbea{queous

ment, 1n 15 step
solwthimre -tdesiorg ke hHretdindsert hebquriedd prdrdbast %6l ect®ed a more

e T A O o T IR R B 01 5 I U deetate

has AP &e il eragsembadigmntabdut sé &p. (fin Andtieer
above-descri bed nethod, the ionic polyner is selected

embddigrmtthe tixD eploiie arstsingpftherefugtiaklization solution
ol yar gi ni ysi ne, i.thi
B DRt s IR LT B lieen shout 0.1 my
and (@owd 2d® mboverdes aidiee et dwarckd pahlyad gheatne tlse calcium

added in a ratio of, hGH pol i ni ne : rangi n
e bt L S A AL (R D) L8001 e
at fa’ﬁ_lé}géé@i‘fat,ﬂ% VS @t st Su2 g fdfe dahdd Bod@t | 00 @fmm.

. pol yargi ni ne (ng: ng) rangi ng between about 1:5 .
[01QGHId aboin &:m@Bre m@eﬁée@mdiﬁgo@%immbn e st@pP(3)enls cation

is selected from the group consisting of lithium, sodium,
potassium and ammonium. In yet a more preferred embodiment, the
monovalent cation is sodium. Similarly, in a more preferred
embodiment, the monovalent cation salt is selected from the
group consisting of sodium citrate, sodium phosphate and sodium
acetate. In yet a more preferred embodiment, the monovalent
cation salt is sodium acetate. In a preferred embodiment, the
sodium acetate is in the form of an aqueous solution having a pH
between about 3 and about 9.0. In a more preferred embodiment,
the aqueous solution of sodium acetate has a pH between about
7.0 and about 8.6. In another embodiment, the sodium acetate in

the solution at step (e) is present at a concentration between
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i ncubated at a tenperature rangi ng between about 1.5C
and about 37C for about 16 hours to about 48 hours.
wab@4ebéf3ect . of the polyner on the rate of di BEDUSI0HOM1545
of the crystals of hGH or an 30 hGH derivative is
refl ected by the nunber of-weghes required for
conplete di ssolution. A control crystal requires about
to about 13 mashes for conpl ete di ssol ution, . whi
abouk R St et T4 Wbol v G FHS AER TR TR ment

the 22030 aFc%t%&eV@rZQQﬂJ %%%1&%&@@9%&% 2 step (e)

i dentical washes of dissolution buffer for conplete
is pdiessultutstom cdmmﬁsraa:rl@mvé@ltvmeep@bquta mu@htarai about 500

. S 0055, (SR A &Pl Sl Ml noqn about

85 nWE%ﬁﬁﬁ%ﬂxﬂh£]QﬁiQmuﬁ]sa|t or the nonovalent cation
salt ma present in the cr%stalllzatlon sol ution

[010%l 4 ¢ é/H"?ttr AN h ARIST 285D AP BIM tan b gt 10 hGH
derigzrr%%?ev\%% té}@tgar?/?si and 1 APUY1 A0 M e Iél:@g%]t ENAL the

ments of t he above- descri bed ods,
aboﬂdﬁdﬁﬁgﬁﬂbﬂdlmﬁnhaﬂ1raﬂpﬂasnntsauranﬂnn&ﬁhﬁnntﬂmhebetween

tine a te ratu ected fr nwth u
Aot oSG BT At ndeh BBBUD, 26 By S S HR T Eee
embdifter!, ardemes Qilurlrﬁ“'ﬁpfdelaﬁﬁ&ﬂl@@,n bﬁ{é/\ﬁﬁfy@iELE1zatlon

0. 25 day and about two days at a tenperature of about
soluysErarkt bEaskelt)abicutP IR Bt dhFHBRRtrakrr dyatwgen about

14. 5? rﬁ eraq{cy ra%oQIt ajlbéjglzésn%% Sﬂr? ]ag'?ﬂug‘ﬁ?elp r&ﬁ‘&gﬁlment the

ntion al'so 1nc screeni ng
hGH oy HeH sdeofie@d v ian Wdie}rsmmmﬁmn Lﬂmlmtmcm at step
t herapeutic fornul ati on. The ste s of such net hod
(&) [IRIRRRESHY )20 VTR (Y RAMEG HEor? dre At and
abo&%”ld@“ﬁé#%ﬂ“th a dissolution buffer at a tenperature
of about™ 37C (for exanple, 2 20 ng of crystals and 1
[010n'4] of dﬁm%lmewmf@momq@) Theastry gl theaton buffer

it o e TN il PR PR fhrom e

grouwefc&hgnﬁuz@glcm VIti®- s s HEREDN d@dieatod, S;ﬁhcdsphate,
crystals is between about 2@6and about 16@6of sa
citigipt IR KRR AR D ¥ MR es HhPDEC %%uwreferred

embé&%%%ﬂﬂr“gﬁﬁ cf&éﬁbf&g%gthﬂnﬂﬁ%fE%EHH‘égﬁﬁﬂfBﬁe§tp§Eep (a)

Step in a sequential dissolution process (see
is pgrespie &) .a Thencéntxdltieon dhssetan i @routat 0 ofM sam@d about 800
™ crystals may al so be between

[0108] In another embodiment of the above-described method,
the crystallization buffer in step (a) is present at a pH
between about 3 and about 10. In a preferred embodiment, the
crystallization buffer is present at a pH between about 6 and
about 9. In yet another preferred embodiment, the
crystallization buffer is present at a pH between about 7.5 and
about 10.

[0109] In another preferred embodiment, the pH of the
crystallization buffer in solution at step (e) of the above-
described method is between about 3 and about 10. In a more

preferred embodiment, the pH of the crystallization buffer in
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about 4% and about 10% of said crystals over about 15
m nutes or between about 0.04 and about 0.32 ny of
wa@ 200d/0e3yst al s over about 30 15 m nutes. [ 011B{T/U82003/041545

order that this invention may be better understood,

the follow ng exanples are set _forth. These exanples

are for WO 2004/ 060310 PCT/ US2003/ 041545 - 40 the

purpose of illustration only and are not to be
solu&ﬂﬁshﬁu&%ﬂﬁbeﬂiab@ﬁthtmmdsahmm¢O$ the Inveati anndnpe

manner .

prefapied R HY dhmgrieosetie {or vk bR AR BRERL? in

soluiﬂé4ﬁhsQ%%H%éﬂféﬁduﬁvaléa£ﬁ@ £66@0bY nANt  hunan growt h
hormone (rhGH) was from BresaGen Ltd. &Thebarton

[011mm5treamea pr$ﬁ¢§@§%y¢@h@d§m§%%} Wt htapefayect the above-
e 0, 4
desc%%&?% %vl sg$¢% npglggﬁbsggrcgg aggﬁgc a&% molecule

or a Gabn+DsiH @)panghE Ot anh ne ﬁﬂéféfﬁe@ﬁSmbud¢MGsed the non-

t hrough Fisher_from|CN Bi onedi cals |nc. éPlttsb rgh,
ioniemyol yagont sinsabepHES phEPB, tHe| 9T RIER, CeBAF b8Pt Pht e,

e S P at u at gndCak gk yee
polEigEL, 95 L DIBRIE Byl bl U s, e stures
therémiassImwambﬁhmrdpreéedredwambdélmﬁsbprbbanBEG(haﬁ)a

anol d, pol e mononmet hyl. '
oL GURE OBt SPREUST Lt FShBP( Phet SharBncopAy st hg ofF! Between
abou@pf@ﬁuﬁn@h%$§Mtr@@@OWEéBou€06ObDaIQBduErQUDGhahHesbout 3350.

Ri ver Laboratories (Wrcester, MA) or from Bionedica
In y®Reseapthel apbebesreasenpadingppy cBEFeis BEpsent In the

ar e ai pe t ) 53
cevsCPLYSHPLIbRSIN Db o0 CEMLEL IR pekQUED) oo o.
and kb@htPEO%oxﬁﬁmte LEqu&doﬁhemnpte@gapbﬂ emBSdEmeetsedn

phase hlgh per f or mance I i d gr na ra RP- HP%C&
Stepheeh BGLRT PaPBHCRACAGFTBRE 1360000 FOE RPEEPRAROT 1o
sele@%&@ ££5h tﬁQUbPQEE whhhiatChg 8re¢Mnifhobalitdsd Beptides,
col um (‘Supel co el | efonte, PA) ‘Sanmpl es were

polydmssolaeddsnaddsm@XUpr@ﬁ buetept . (50 mM HEPES pH 7. 2,

[011%F|t2“% BOE%%fng%ggérggg Q2% Guhy) DaN3) 30 ?ndof the

0 injection. Elution
abovi#eHeschppetonedhat, 2tﬁeamdn280pbﬁymsmngsgBadeembd from the

met hod of solvents A
group consisting of: protamine, polyarginine, polylysine,
polyornithine and octarginine. In another preferred emquimeﬁt,
in step (f) of the above-described method, polyarginine is added
in a ratio of hGH:polyarginine (mg:mg) ranging between about 5:1
and about 1:25. 1In an alternate embodimenf, polyarginine is
added in a ratio of hGH:polyarginine (mg:mg) ranging between
about 1:5 and about 1:25. The resultiﬁg solution in step (f) is
incubated at a temperature ranging between about 15°C and about
37°C for about 16 hours to about 48 hours. The effect. of the
polymer on the rafe of dissolution of the crystals of hGH or an
hGH derivative is reflected by the number of washes required for
complete dissolution. A control crystal requires about 7 to

about 13 washes for complete dissolution, while a crystal

prepared with polyarginine requires between about 30 to 90



10

15

20

25

30

WO 2004/ 060310 PCT/ US2003/ 041545 - 41 and B. Sol vent

A consi sted of 99. 9% dei oni zed water/ 0. 1% TFA.
w®Eiwee31B consi sted of 99. 9% Acetoni tril e/ 0. 1P€TES2003/041545

Al  chem cals were HPLC grade obtained from Fi sher.

El utions were perforned eve® 5 nmin., using a

gradient design of 0-2 mn 40 5 50% B, 2-12 mn 50-60%

15 6 5% fl ow n
iden e b HERr AP uALoB 46 Mot harht SPhetolRIBEBnaaL oLt Lon-
WashtBeaFdNnwabat 3+ ¥ps aﬁahygequéﬁtmglwnbeauueheﬁspabbees (see

software (Palo Alto, CA). [0118] The concentration of
Exampl¢hgt - protanmine or polyarginine 10 in sanple

epar at i e [ r adi d

o118 g kS, 88 8o Ry g e aeberibed
meth688, 9¥hacetdaitii kel@. % TRA) moEbualens weteopesbétnmdy be

over 20 nut es a flowrate of 1 /mn, using,a
preagphqt Bt PoSFERCAE 1622 L oM oL g526n Alpr cangERtadion
betwéénsgb&ﬁtBb ol fr %§d5aﬁbﬂt2§ M50£Ab5£weé5 3500t1250mM and

mn 75 (A'B), 17-17.1 min 95:5 (A B). Typical
abouela@EomMof &ht hakepnetanenbodimgptyapdi ArKe Ofaghe above-

.descOb 8&2@%; Fgufgpw'gf@%Eglig%QEHoHGEO hﬁ?% %%@L%&%uhated for

lons-were eterm ne
a tifenkadt aotefpetrarure aedeetefolfyamgihengro(upgpinisting of:

additives was cal cul ated fromcalibration curves
betwgeRePROEE Préf €8¢h 28 eheVEeSYOCPRVE E&dﬁt%ﬁ ?%u§e of

abou?aggocnEﬁQ@@eQHyaBSuHSGdZSodﬁyaeﬂéeaﬁéﬁtptﬁﬁtdé?geéﬁeg
romthe conplexes. [0119] Associ ated degraded
tempaastdetepli pbdul L5 °@ se@ab@teeebu@b@uh1pa25 day and about

reversed-p net hod. FEor ex t he anal ysis 25
two ®8¥Spégf8rE§EP8 I§u8§l@g gvefy Bio Wde Pore

[01189l uMmThs piesent. anmémtaom earsbi dhelsides, 1B hadsp doe
size) with a_thernostat erature of 37 C:beln
screai RgaCHYe e Fo Agh S ﬂaTeainu CHTRe T 1Ak ivén &rof‘%%eeén a

ni a adi { h
ther\r%@t?%ltggp r%)se%i ?&3‘8@9 ACNTQ{eS%fFA)%ﬁtZSO@O%hT%E) Hody inelude: (1)

washﬁh@S@aBdS@r@%&%ﬂﬁCNf 80% Drpropaed] el VECEFA) wilhe a

radi ent system changed from 20%.t o,45% er,,0 to
i sSIRE SR RRA (UoTvGs HRTEL 85 § 18R, 71 bm 565 BRaTRLE, 2

mg o0 WL 110 b WO BN .4 iMRVIBMERAREREO3d (2) measuring
PCT/ US2003/ 041545 - 42
the in vitro dissolution rate of said crystals of hGH or an hGH
derivative per wash in said dissolution buffer, wherein said in
vitro dissolution rate of said crystals is between about 2% and
about 16% of said crystals for between about 10 minutes and
about 1500 minutes, with about 2 minutes and 32 minutes per wash
step in a sequential dissolution process (see Example 5). The
in vitro dissolution rate of said crystals may also be between
about 4% and about 10% of said crystals over about 15 minutes or
between about 0.04 and about 0.32 mg of said crystals over about
15 minutes.

[0114] In order that this invention may be better understood,

the following examples are set forth. These examples are for
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static until 17 mn and inmedi ately following this
step, 20% B was re-established until 20 m n was

w0 emgles1o [ 0120] Size Excl usi on Chr omat ogr aphyPCHUS003/041545
performance size exclusion chromatograns(SEC HPLC)
were acquired on an Agilent 4 1100 series HPLC (Pal o
Alto, CA) equipped with a TSK-Gel G&000SWKL col um

art# 08450Q, - Tosoh, Biosep.LLC t ryville, P
che pRPRLES FEod1anRR Rt PO BRI T Ry B TRE0 T e Borihued =
1imiCWUMY. thanpkepewere tessahead ion Qn2 amly efann@irssol ution
buffer and 0.2 mfiltered prior to injection into 10
Agil ent 1100 series tenperature controlled
Aut osanpler. Elution profiles were nonitored at 214
and 280 nm w th a nobil epiasgzg of 50 mM Tris- HC1,
150 nmM Nacl, 0.05% NaN3, pH 7-5. Colum tenperature
was mai ntai ned at 25C, solvents were degassed using
[01154 Agi Taet fridovwiag setgasgadsemerss UGl in Gheyegamples set
bsorption and Optical Mcroscopy. W-VIS
fortzlpzjg??)gphot ographs were obtained on a Becknan DU 7400
spectrophot onet er, Becknman Coulter Inc., Fullerton,
CA. Optical mcrographs were obtained by bright field
MateriggdiSng using an O ynpus BX-51 ni croscope and
(0228301 U @b 21501y, BTN 3GRrd ool Omuthic] igtoutn
Vi

eo canera using | mge-Pro software, Media .
hormOyleer(mdidis WasP fro@i BresaSen Agsl. Mihgkartomundarstiyed ia) ,

ni.-fi cati.ons .0f .40x to 400x. [,0122] Transpi.ssi
POl y BTG SRS S TERT PRI A E i TR gt A0 ©F
600 00UtpEs- 4f0ald s .PESLSRNY I ans drdCiHaptdaledda@h (Laguna
~ mother |iquor were washed twice with water to renove
Nigusloesinl ifsteia )| g rat@mineh HEFRTY AP AP (Through
Fishdr Loy AR S f];_L%r I]nch.ou((Pitgé%Lﬁ:tg’j}%,n%)h.G_'Ammonium
crystal suspensi ons (3-5 AL) were transferred onto
phospifper, TEMaHHAS,. dodiess diitgqustee wablbas ick exbdinay rdrebphate,
the sample grid briefly air-dried. The TEM gri was_ ..
calqlﬂ%ﬁcgﬁﬁéfrt S EhifpHe siHye B % A 1 FBPES Boatum
chldr s Mgt L4k 1184 @I Jd CrRstione £iitid Megaspmaignol (IPA),
col l ected using an 80 KV electron beam A very well :

ethagmjarfince pdlatatineg eng @Al NS So0y/ g overe each

PCT/ %003/ A 54%-3 s r insé% Jlee—lﬁ%{vyfé ':?‘at
Obtavﬁr%ehéJt reowcl)rfiolen % i(oPnltldtn%ba‘fﬁ%%ﬁ’rreV%?) Wit t%e cryst glﬁ s were
obt e fdns.Charles River Laboratories (Worcester, MA) or from
Biomedical Research Laboratories, Inc. (Worcester, MA).

Polyarginine was obtained from Sigma (St. Louis).

Analytical Techniques and Assays

[0117] Reversed Phase High Performance Liquid Chromatography.
Reversed phase high performance liguid chromatograms (RP-HPLC)
were acquired on an Agilent 1100 series HPLC (Palo Alto, CA)
equipped with a C5, 5 cm x 4.6 mm, 3 um column (Supelco,
Bellefonte, PA). Samples were dissolved in dissolution buffer
(50 mM HEPES pH 7.2, 140 mM NaCl, 10 mM KCl and 0.02% (v/v) NaNj)
and filtered (0.2 um) prior to injection. Elution profiles were

monitored at 214 and 280 nm using gradient method of solvents A
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EXAMPLE 1 [0123] Crystallization of hGH with amoni um
phosphate. 5 Commercially available hGH (50 ng) was

wo poogediesol ved in 15 M Tris-HCL (10 nM pHP@I/0%20a31011545
di al yzed against 2 x 4000 m Tris- HC1 (10 mM pH 8.0)
using a Pierce D alyzer cartai dge having a nol ecul ar
wei ght cutoff (MACO of 10,000. Protein concentration

was adjusted by centrif tiaon usi a.Ml1lipore
and BonceRt-Valor Alé"(‘ﬁﬂ‘\% 308)9 g{% gﬁnrlﬁr%df AtsE/8p1% TFA.

solvBhRUBesonEhgreaneenbnabikon cc@bnhGdiney of auneran anil
range of 30-45 ng/m, as neasured by absorbance at

chem2ge lsnive@e8 HRLC1 omglel oRGAiARE0£ o8 ¥4 shisgor bfdadions were

perf?ﬁf@leg) O%:x?nl f%grn\g?é. i C nce%t %Illeglrif Ig]% ‘;t%]n; Ifo%_tzomln 0-

50% €rystabsmihh BGHeDS \Ber an@r a\mnlksy 6a)d($|5l%g Barmnrﬂlm rate of 1
phosphat e ( NHAH2PO4) to the sol ution
ml/mis eRE: 2a COLNAR éeﬁ@@ﬁﬁt&ﬁeoﬁfo# 58§0Wﬁﬁ1 mREG R peR g g roughout

the %%ua'n%%taTQ%ss%E%ﬁ&%@dW%%1E@e@dﬂT@H¥ﬂdﬁéﬁ§@éﬁyén software

rs at 25C. Needl é-like crystals were obtained and
(Paliomaded  byA)optical mcr oscopy The cr yst al s obt ai ned

re f dtobe20ap mat, m |
e A T
in s%%%’les%@:e@a&{élt@.ohs vﬁ@@ﬂér&:{r&&‘ﬂsﬁﬁ@/ﬁ ajddddadritomethod of
hGH with sodiumcitrate. cially avallable

Solvmiqa/vé*s (S r-i9r4 @@l%%é@ﬁerra(toe& °aSTFAQS oS & i et 9%
acet%%%@@k ktegﬁ Qﬁﬁéed @ﬁﬂﬁ% d over 20 minutes

concentr sol ut'i'on of C?H to yi eg)d a final protein
at acdrlmmxramG @f af nﬂanﬁHrghrsllngC)wmctLewft i@d ey eof 0-2.5 min

addj ng sodi um a ( 't e). ( ] )
95: 5t o(At ﬁse) '331 Pt crggbln t6r$at3cga ¢P1 ﬁ?’il' |61:’tat“%16h]2(§5 4%O A:B),
15 . SN Glitd atse was xohd)ai ned.180 NQLID'@?«CH ugtment Wagpical
required, aside from hGH al ready in 10 mM Tris-HCI.

eluttmn sl \¢tij e T tieaH.Tien Qb A st nigeh ol QRtaiged at 6.2

win S G o0l GR0 Pat] U003 04 s Lo gy 2eions were

det dANCIIRST Gy .2 TBhewmcr yS{Icﬂ'ltserﬂbtcﬁ rrecbteeriend cunty dmo mdElyarginine
Iessthan8 mlnlen cr | 1ization yield
(mg /gL g@@é%lérl‘f%wva%%a %Jfl@nz i Cutves
generated from each of the respective additives. This same
method may be used to analyze excipient released from the
complexes.
[0119] Associated degraded hGH was determined with a separate
but similar reversed-phase method. For example, the analysis
was performed on C5 Supelco Discovery Bio Wide Pore Column (5 cm
X 4.6 mm, 3 um particle size, 30 nm pore size) with a thermostat
temperature of 37 °C being maintained throughout the run. The
elution profiles were monitored using a gradient method having a
mobile phase A (20% ACN, 80% HpO0, 0.1% TFA) and mobile phase B
(20% ACN, 80% 2-propanol, 01.% TFA). The gradient system
changed from 20% to 45% B over 0 to 5 min, from 45% to 55% B

over 5 to 15 min, from 55% to 90% over 15 to 15.1 min, 90% B
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5 [0125] Crystallization of hGH with sodi um phosphat e.
Commercially avail able hGH was purified and

weovgmessi@t ed as described in Exanple 1. Dei oPCRES2003/041545
wat er was added to the concentrated hGH solution to
yield a final protein concezation of 12.5-17.5
mg/m . Tris-HC1 (1 M pH 8.6) was added to a fina

concent.rati on of 0 Crystal f. hCH e wn by o
statiqy e I ogHe S8 diaehale Tt stees e sysiap.20% B
was E@ee%@dﬁmﬂﬁhéEHﬁﬁﬁﬂ 20 hiiRelva@oReRiHeat.i on of 600 mV

2HPO4 was obtai ned. The solution was then incubated

[012der 16 e Fxnl pEon R iqgeeriyyst dligh mgrformance size

excl%lbstl%nne%r%%d tﬁgax%%% d(@é:co—eltﬁ%f‘ce}l tr%r %ec%gﬁ[ edﬂ?)erg an dAgzjk_;Lent

$tals wer € foun ween

1100msdéi:JJeQﬂQIP|LGNI (Hala pd!t;ts,t aln)i zatiigpad etitlofa grasaterl
t han 75@6 See Figure 3 4 [0126]

620 O IO LT P Gr A @H ARG oS EHORER HEE and
Month’fo?Jea.c'?ﬂm\%U' frate. (Camet chaldy &yaid ahle at}g_lé’i@SAgllent 1100

purified and 2 concentrated as described in Exanple
seriks BEDONBED weteer wes wedtte ditse alived ot 6t anledhGH

disqsfpgl/ t'i onl}:?u%f}iegla?r@d iznalpérpgil%ereé%gogglec%n% rtaé Ifﬁjneoqtlon into

gllt‘e@fthmdcatge;iriéy‘ Pt uke tduri rsalid mtdﬁm@ame Elution
sul fate was added to final concentration of 1

profdrlyps alere oy taagdweite 2grfoviichy? &t dithg "k‘ﬂé?l%l%rﬁ@blle phase
of 53103%? b6 (rACety a§oe>m»§ M1 @, dde b ut bgn 5@ E%tluﬂm

concentr'ation 85 iVl Ca- Acet até ~was obt ai ned
tempﬁﬂaﬁuﬁanwaﬂ1m&ﬁnudunadnﬂubﬁféd fol venhisumwsrat degAB@sed using

I|ke crystal s, were obtained and i maged by
an 5%%1?%% Fﬁ%ﬁﬁﬁ?fjﬁqﬁ§%ﬁﬁystals obt ai ned were found

[o141q be d—ms heas b Bbrin drit | @t de Wi @oscopy.  UV-VIS
crystallization yield of greater than 70% _See Figure
speat. roNh AR E 08 M FRCHRISZoRS) (L sy Beckug XAV E 5

speétqic%?pﬂot 3’& d‘cl ! té’ r!L lcemgﬂct i yStﬁhslepJ.[te e(gA by Optlcal

uce crys I zat1"on ter’ the Tncubation of
mlcﬁdgragnsﬁméﬂé|dhﬁaxnedxﬂynbnmghurfié&ﬂqﬂmagﬂng-u$img an

o1 yrq?l{é%%fpglgf P ecl%éeet%g:} f‘cga? tx{%él%%g')é” NP YRRE P AT 3cep
COngﬁSd’!l?).L( 3 aded i e d. SO i1l ssladimis S dwdrd DOuddM a
p

7.2), 140 nM Nadl,” 10 KC1 and 0. 02%
Cybernetics L.P., Silver Springs, Maryland, under the

magnifications of 40x to 400x.

[0122] Transmission Electron Microscopy (TEM). TEM analysis
was carried out as follows. Suspensions of hGH crystals in
mother liquor were washed twice with water to remove excess
mother liquor and then negatively stained with 0.5% uranyl
acetate for 1 hour. The stained hGH crystal suspensions (1-5
ul) were transferred onto copper TEM grids. Excess liquid was
wicked away and the sample grid briefly air-dried. The TEM grid
was transferred to the sample stage of a JEOL 1210 transmission
electron microscope and images were collected using an 80 KV

electron beam. A very well organized lattice structure was
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(v/v)' NaN3) by either pipetting or vortexing before
being equilibrated for approximtely 15 m nutes at

W@ 714/0d03¢0 sanpl es 10 were then centrifuged at BROT/08WOX041545
g for 2 mnutes and the supernatant was conpletely
renoved for determ nation -of4pr-otein concentration
measured at 280 nm by RP-HPLC, SEC-HPLC or UV-VIS.

The crystalline pellets were further _resuspended in..
comepisac e Bk, LS, BEEhT A1 LULIE A ERSReNded ! 0 e

withl €Reatedsunti bieudekegtable 15 protein was neasured
in the Supernatant. This process is referred to as

sequential dissolution.. [0128] Figure 5 shows the
sol ubi lity behavior of vﬁkﬁiﬁéﬁ@ crystal s prepared
hth t N1 4y At S )ph i d N
mlz&anprgggfﬁyfagblé/a?gg{a funggﬁv&% of ti rlrj\sl [ n)pmo%?t es.
Comm@chelgi ssalilkidre sl plsot trgd assa foomil atiisselpedcem 15 ml
. release derived from RRP-HPLC, erei_n_AUC val for .

Tri siisiol O iifpl 86 Sndiie HHERCHPEY AT FEPIFIsing 000 diis Txie-
Hel SACHHOPREt @Meher.siHie o daladd Dish (?%ﬁﬁrﬂd@é having a

crystal s prepared by the addition o 39 _ '
moleNarl@irt watighér eutefs VBIGP)diofs 310w éd Oaf t SrdEim Maneentration

vas WEE A S IFHESLA SRR SIS I e
(Mwcdi s90loved aft ero 080 rPm For EoBtlesyimeszect iTted yor@entration

the other hand, hGH crystals prepare by the add]RiF‘téjd%n
of heH g snfctadAdét & FaaistP Mot dmidve U MHat & FSEHE Y
tely af ) iNUtesd/sae nEable, L below 238D
b ) A0t a0, DA T /Ee SEAP He T o anes
unitSequdetiicali zdids saltay ons estdatedasurtd aoRBOLaMryield a

,_salts of, hGH.in dissoluti uffer_ -, prot el

flnaéorpd:‘&%ql'ﬂ !c&pc%sr% %So;%g&tba-szfopemrgc/en%. o?d]{l/('ﬁtaa[ls of hGH

werd &RAGL Gy TidR13RP dridid¥arun® GhoddHEal niWilE, pd])Cat2.5 M;
(mnutes) Citrate Na2HPO4 NHAH2PQ4 Acetate + (Ex. 23

pH §.BX. 3 Y sou@tafindiaix. 2 HIpl SR, ©of 860 mM
0599 / -9912;9& A h ik Wb By W 16

age0 e SR B R 0 G 00, O

hour39.850 RAC92 Needle-like crystals were obtained and imaged by

optical microscopy. The crystals obtained were found to be

approximately 8 to 15 um in length, with a crystallization yield

of greater than 90%. See Figure 1.

. EXAMPLE 2
[0124]  Crystallization of hGH with sodium citrate.
Commercially available hGH was purified and concentrated as
described in Example 1. Deionized water was added to the
concentrated solution of hGH to yield a final protein
concentration of 17.5 mg/ml. Crystals of hGH were grown by
adding sodium citrate (Na-Citrate) (1.5 M) to the solution so
that a final concentration of 390 mM Na-Citrate was obtained.
No pH adjustment was required, aside from hGH already in 10 mM
Tris-HCl. The solution was then incubated for 16 hours at 25°C.

Needle-like crystals were obtained and imaged by optical
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75 100.00 100.00 100.00 38.31 90 100.00 100.00 100.00
42.22 105 100.00 100.00 100.00 46.26 120 100.00
waAM40603100. 00 49. 62 135 100.00 100. 00 100. 00PsSR2UIR03/041545

150 100.00 100.00 100.00 55.08 165 100.00 100.00

100. 00 57.20 180 100.00 10@40G 100.00 59.65 195

100. 00 100.00 100.00 63.95 210 100.00 100.00 100.00

67.57 225.100. 00 1 100. Q0 69.1 240.100.0
micregonY - 106160 FY 562 Szggtiéﬁ.egowfb‘& %6%@0?80%?4.9@?8 than 8
pm 137@eﬁ Bn0Qi100,00-120:001¢6+88n 2821800£06rE88 Q0 than 85%.

100.00 78.39 300 100.00 100.00 100.00 81.06 315

See E®OuBe 260. 00 100.00 83.97 330 100.00 100.00 100.00
87.97 345 100.00 100.00 100.00 90.57 360 100.00

100. 00 100.00 94.20 375 100. 00 100.00 98. 28
390 100. 00 100. 00 100. OOE%gg-gg——S EXAVPLE 6 [0129]

[0126] yst aldriyzataildd zeft ilv@Ho tHiIGH: amm moaﬁemammam

|so anol Iy avail, urifie
Comg gL F00AP4005I6 BEH UEZ0BSFO 18Ts S JproBHtalEh as
desct9BeaNt hatgd edascr ipkeenli B cBX MRle- MasD@da@dZQ@ the

water was added to the concentrated hGH solution to

concphsirateds el serlatdion teowderd: & ifdmads pf@ﬁ?g/fmconcentratlon
of 1£r|81#C% gég pr%a@%ﬁﬁﬁCr ?glgﬁpé 'ﬂgﬁ added to final

éoncéntrat Wer e grown by
concenaddicignCa-fAcetoatm . (1dwyst‘ualtsh©fs¢iGH marescgndmt by adding

final concentration of 85 nM Ca- Acet ate was optaine
aibap & FPGL o S LEOUETEY ) Dodl opiis I TR HokEs S0 that a

flnaqd%%qlcem%astﬁl I st s RENHPOS YRal ebtfOmekb. haHes solution
at 25C. Rod-like crystals were obtained and inaged b

y
was @einc dnovbertest dipr. Thhéamss el £5°C. Needle-like crystals
were obtained and imaged by optical microscopy. The crystals
obtained were found to be between 5 and 25 um in length with a

crystallization yield of greater than 75%. See Figure 3.

EXAMPLE 4
[0126] Crystallization of hGH with calcium acetate and
Protamine sulfate. Commercially available hGH was purified and
concentrated as described in Example 1. Deionized water was
added to the concentrated hGH solution to yield a final protein
concentration of 15 mg/ml. Tris-HCl (1 M; pH 8.6) was added to
a final concentration of 100 mM. To this solution, Protamine
sulfate was added to final concentration of 1 mg/ml. Crystals of
hGH were grown by adding calcium acetate (Ca-Acetate) (1 M) to
the solution so that a final concentration of 85 mM Ca-Acetate
was obtained. The solution was then incubated for 8 hours at
37°C. Needle-like crystals were obtained and imaged by optical
microscopy. The crystals obtained were found to be less than 20
pm in length with a crystallization yield of greater than 70%.

See Figure 4.
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10 obtained were found to be greater than 100 min
length with a crystallization yield of greater than
W@0e/088¢0 Fi gure 6. EXAMPLE 7 [0130] Crystal | PCHUSIN3/041545

of hGH with cal ciumchloride and 50 isopropanol.
Commercially avail able hGH+was purified and 15
concentrated as described in Exanple 1. Deionized
water was added to the %thr ed hGH solution to
yield a final protein ceheen ton of 15 nmg/m .

[012f7i s- HGo b M iz?}-l f&&ﬁlw&;ﬁ@@tﬁ@l éleys@ais NBepared by salt

concentration o 00 MM _Crystals of hGH were grown by

indughi] r@’)ﬁ@%—ﬂﬂmﬂﬂ@?l d@?@@l@'}e (IngybatelameoB otk i on

crys atlalhl?ll}ea Qfgo Hi's so utl on@;{%@;&f(}%% ?PA vva?l%ézt were

pellﬁt&acsdnd ithe wasndihreimg i supdaiachitorrdfoveadlr s e Z&sttal
Rod-1j ke needl es were obt ai and i maged b tical |,

Dol AR olbabyTS THE RS YA P TS ridd et ® ol (o Beution

bufigarzeaw a2 P 7 | engtiy oM dph I@a@I,YSi(ﬁlEdQHAZI@él oh@50.02%

y| eld of greater than 85% See Figure 7.
(v/+) OIM\]a @ysﬁakhexapl@@t@ﬂnmqmwtmm énﬁing

Commer ci v, u | ed
equéﬁé Y SRR S %lmaaescr ale% T q%?es St V\?%OCI%el ahis, Sprples
werd\ailedn mt&&a@e@ 410 Im,eomrbeeg’utf@f aﬂ dﬂﬁrﬂl’ﬁ@é Wh®Nt e

yield a final protein concentration_of 25 ng/m.
supemnatagy Was MOoHH Sy VERTARR At d%t@ﬂ?"ﬂd'ilatlon of protein

rat i t f _ y i
Con%:‘i%%o%boﬁpc# %5%4083%4&1 %SRIQ Hﬁwa\é%ﬁg 1]8%}?013 gv-vis

The (wy@taqaerﬁ@q&maon@m/mrmmmsx@@medolmh@ 200 ml of

. sal tjon. T, sthenlncubat d for. 16 h
a1s S AST bl Bt e AR SOt e ST R Wi} digi bt able
protin Gl 1B £50SCOPY T SlipyStidd Sambl ai Tiels Wer&cdosings

to be less than 25 5 min length with a

ref@ﬂ;@.@a‘}@laz%tﬁ’%}l%‘él%ll o@l%ﬁ%lﬂ‘é*mﬁhan 70% See Figure
(01381 EXA df%l@%[so%%éoéw@ ééidbﬁi z%f&%'ﬁfﬁ%ﬂ% hGH

preepare After t at| on
crys:traym apteéated nwstoh unmmxsalélﬁ)t pthé@amnecNHIJ) Extamﬂp]wslent (Ca)
, the cr stals eted and, t he emal
2215 o A St bV EbSTE 2 v Areeiperal vered I minutes.

hGH dissolution was plotted as a cumulative percent release
derived from RP-HPLC, wherein AUC values for protein samples
were measured in mg/ml using a UV-VIS spectrophotometer. The
data illustrates that hGH crystals prepared by the addition of
390 mM Na—Citfate are completely dissolved after 60 minutes. In
addition, hGH crystals prepared by the addition of 600 mM Na,HPO,
or 860 mM NHH,PO, are completely dissolved after 60 or 75
minutes, respectively. On the other hand, hGH crystals prepared
by the addition of 85 mM Ca-Acetate and protamine sulfate

dissolved completely after 390 minutes (see Table 1 below).
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isopropanol.

resuspended in 0.200 ml of dissolution buffer (see

Exanpl e 5) by

ei t her

whedongemsaqui | i brated for
37C. The sanples were then 15 centrifuged at 10, 000 x

g for 2 mnutes and the supet®at ant was

pi petting or vortexing before

approxi mately 15 m nuP€BUS1003/041545

renoved for

determ nation of protein concentration nmeasured at

8
T

0 nm by_ RP- HPLC, S(E
s-heasiﬁ-‘é‘é‘i%%i

$3LpS /0 RGH W2 digSeiut

.

oot on b ehtingatibedage daf o for

'Qpﬁgu entration

cryst al | 3% $EPresscdedd p@gfwmh@ﬁ ‘FQE@&DE%@E_E@

dissolution huffer and the praocess rpnpnted until no
detfet?ﬂ‘a;glﬁg ar ég%gﬁ“ag?}s neaéglgig? in the%os er Hat %l?tm Ca-
01831 = FYurle RECSTabl e FE ust rat%H sol|u E
behavi or of |hGHE (‘fr'yst als p expar)ed }iogo)l PA/ 85°5F lne
a=Acetate T 25 5% PAF85 vt CathH-2and ¢UWUE?L}VLUWW
EG 6000 as |a functPe® bf tinmef% % M nutes °PRe resul t <L-90
denondfrate [that h@d g ystal s 7spsepared bys t/he 8.53
0 -
i S5opyod_afltor Lo ATt oo GOl ohe_heH iy St o 1225
repar d by |t he ad@et&mn of 5%°LPA[85 nmM &GP and 10%%-81
Ft OH 30% 30 PEG 6QQQ . ¢opl et elgy . g $sol vedyaits4120 34.92
mnuteg and I35 nutes| respectively. WO 20047060310
bCT/ US2003/ 041545 290- 98| Tah[@9200 | n vt £80 $0ls ol utiokf-32
resul 8 of hiGH cryisbabs| pr eparoedoo Wi t h ahcohol 42.22
Exanpies 6-18) - R ‘8t§d N conc%ratBQ?n i on \/\@5 rB%asured | 46.26
expressetas—percentof LUlaI eased
I ne %)/o | PA. 85 riNI0598 | PA, 89%ff 10% Ft &P - OPO% 49.62
m nut¥Es) Car Acet atog . 60 2 PEGuEHHD (Exao®)oo(|EX. 7) s52.73
EX. 8Jp 0 0.00 000 O, 00 15 19.39(/0.16_76. 12 30
53.88 82 84 86 50 1985%% s 59 99933095 33 1B} 94 43 5508
D6. 0319%. 62 | 75 90L064098. 48 9¥po8TF0 | 90 95147.@9. 91 57.20
06. 281805 9B. 32 99,,94, 96. 82 14040 100.00 59.65
195 100.00 100.00 100.00 63.95
210 100.00 100.00 100.00 67.57
225 100.00 100.00 100.00 69.17
240 100.00 100.00 100.00 71.63
255 100.00 100.00 100.00 . 74 .35
270 100.00 100.00 100.00 76.85
285 100.00 100.00 100.00 78.39
300 100.00 100.00 100.00 81.06
315 100.00 100.00 100.00 83.97
330 100.00 100.00 100.00 87.97
345 100.00 100.00 100.00 90.57
360 100.00 100.00 100.00 94.20
375 100.00 100.00 100.00 98.28
390 100.00 100.00 100.00 100.00
EXAMPLE 6

Crystallization of hGH with calcium acetate and 10%

Commercially available hGH was purified and
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120 99.51 100.00 99.68 135 99.51 100.00 100.00 150

100. 00 100.00 100.00 165 100.00 100.00 100.00 180
wa2®4003100. 00 100. 00 EXAWVPLE 10 5 [0134] PCT/US2003/041545

Crystallization of hGH with calcium acetate and 20

PEG 6000. Commercially avai kable hGH was purified and

concentrated as described in Exanple 1. Deionized

wat er was added to the concentrated ]EGH Y] ion to
concefitgaref fahaleHFiotREh 1 JedtRYatt on ?1%Ee%&§rwater was

added St één%nm&@)hd@%@ﬂﬂgpoﬂ xdOpefdn@l final protein

concentration of To this solution, 2%(v/v)
concREGHO0M wals hﬁd@/mh ystals-BEl hGH M\er}éHg$ Wys added to

Ca-, Acetate 0
2 55 OGN St R ot OF BT Cal At B 2" v ORYSE rE™ B
addidfecSoldd i Hie Was HNeto | tigeibad Pacidwrsdbthatrs aindbC.
edl e-li ke crystals were obtai ned and, 15_i maged by

COHC@})W%%\}OWH *F 08 gpY . Catee gt a¥as obr et Heswer OfB]Eﬂ‘l%l
soluéfb@e f I“@@ﬁvﬁb $ %ﬂg aPPMA TRa 8 L 8aLengtfpi § b1 @ ion

crysta zation yie reater than 85% See Figure
was tien Wih2a0:l 60830 EEHMQEQ@O@EOZEKAS ROdﬂllKEOHW%&E&EE were

t al t f. hCH di tate
obta e dind GHtS e S ifTy e pagr e na T hEcEhRh e 1

obta fAEy COBEENE 53h@d: o aBe dessst bedehan Exaople in Dehgthzedch a
wat er was added to the 5 concentrated hGH sol ution to

crysyakl dzat ipnayiptdt ef noteakent FaanofSsef $5enfiarre 6
Tris-HCL (1 M pH 8.6) was added to a final
concentration of 100 mM g JQubhksS;sol ution, 6% (v/v)
PEG 6000 was added. Crystats—ofhGH were grown by
[013addi ngcspdtaiml dacetdbe ORahGAcwt dheyalzinp rblphede and 5%

solutiogn sg that a nal on_of 10,500 .nM
1s0pPREPAREL at e© %@eﬁﬁf‘%’(%\éda"%gagg ﬁ{'ﬂg %Bsp{lﬁégled and
concéﬁgygﬁégdasfQéséélb@ér§naEx35§&ehE€d|Behbh@zéﬂYﬁhaéS was

wer e obt ai'ned and mag optical m croscop% The ,
addedr st the obrepnedahede Gau d1u doBetBethBef abshpadsproteln

ConcgpEgaiat 15 T B AORL e 5vefall sl s
a final concentration of 100 mM. Crystals of hGH were grown by
adding calcium chloride (CaCl,) (1 M) to the solution so that a
final concentration of 85 mM CaCl, was obtained. To this
solution, 5% (v/v) IPA was added. The solution was then
incubated for 16 hours at 25°C. Rod-like needles were obtained
and imaged by optical microscopy. The crystals obtained were
found to be greater than 200 pm in length with a crystallization
yield of greater than 85%. See Figure 7.

EXAMPLE 8
[0131] Crystallization of hGH with 10% PEG-6000 and 10%
ethanol. Commercially available hGH was purified and
concentrated as described in Example 1. Deionized water was
added to the concentrated hGH solution to yield a final protein
concentration of 25 mg/ml. Tris-HCl (1 M, pH 8.6) was added to

a final concentration of 100 mM. Crystals of hGH were grown by
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[0136] Crystallization of hGH with cal ciumchloride
and 60 PEG 6000. Commercially avail abl e hGH was
w@eosPemt and concentrated as descri bed i n ExedmpUs2003/041545
Dei oni zed water was added to the concentrated hGH
solution to yield a final -pggtein 20 concentrati on of
15 mg/mm. Tris-HC1 (1 M pH 8.6) was added to a fina
_concentration of 100 mM To this, solution, 6%(v/V)
i EG B0 i BRIADOTE A8 ofAOH ST olr afy to the
deli ng 4aC LM s the S0l i b e $ O dihats ahdudlat 37°C,
SOlu%gﬂ%entrat il%%llé%%% mM CaCl2 was obet ai ned. The
Rod - Isidteitd s tvaelks twere i olciibatetl dot adwdirky 2 atcsC,

., Needle-like crystal r.e obtained and i e Y-
TR | e% GeROP A LT G YAl Sb T WeH Terd by than 25
pm ird Ol degtherNeen 05 epd 41 1 had: 160 yieTd | ehgiteaidh tthan 70%.

crystallization yield of greater than 90% See Figure
See RuEXAMPLE 13 30 [0137] Crystallization of hGH with

cal cium acetate, 60 PEG 6000 and protam ne sulfate.

Commercially avail able hgHAwass purified and

concentrated as described—Tm Exanple 1. Deioni zed WD
[0132D04/ 086BdBi PCEY S2008] ©40845GH - CEXStohs epr aBar addedth

to_the concentrated hGH solution to vield a _final :
a1c0R3h; of B CORGEHFr ST B oI Sa6 R iF . CTYPe =g LR gppucions
prep%éa iMegxadgedst 0-a, ftnal cepaeans rasionpel 1408d mvhd Tohe

his solution, protamne sulfate (1 mf/ m@g_lland 6%
rema PEGIG090PE VoY anasraddedd - 5 TResEarstet ReH Gef e"gFown
by_addi.n - tate (1 [ 0NsSQ ERaknRe 5) b
resu ¥%%€e%o%%gﬁf rﬁgﬁi@% 8# %g@ﬁ%?&?gge?g%gé%és obt ai n%d(.a ) by
eithdhepspbuting wasvbheaxingubafedefbeing aguisibraBeg. for

Needl e-| i ke crgstals were. g tai ped and Jj maged byh
apPreptmakelynier BSBBpGS Fheériyst ats Bt 1ed Were found

centEQfQ?eFeQE ﬁb?6035x1% gkn2l gnghbew bAdathe supernatant was
crystallization yield of greater than 70%  See Figure :
remo®8d EXAVREEermipotieh cfypratfirafPaAeBErRGLCRi PRasSured at

cal ci um.a te d P -2000 : [ .
280 5BV aBP ot RER WIECpUPrF 86 ug Tios oBGoTEEELatLin vas
meacdesar bbed combxanphe perbPentnpzedndatieriwes fddedAUE values

the concentrated hGH solutio toﬁg elg a fi nagl% otein
or UYoNEEng4MiloAeaFUTSTREER. FPPsCHERCRTIRPSpRCES: ;Smggre

furtﬁggegegﬁspended in dissolution buffer and the process
repeated until no detectable protein was measured in the
gsupernatant.

[0133] Figure 9 and Table 2 illustrate the solubility
behavior of hGH crystals prepared with 10% IPA/85 mM Ca-Acetate,
5% IPA/85 mM CaCl, and 10% EtOH/10% PEG-6000 as a function of
time in minutes. The results demonstrate that hGH crystals
prepared by the addition of 10% IPA/85 mM Ca-Acetate were
completely dissolved after 150 minutes, whereas hGH crystals
prepared by the addition of 5% IPA/85 mM CaCl; and 10% EtOH/10%
PEG-6000 completely dissolved at 120 minutes and 135 minutes,

respectively.



a final concentration of 100 MM To this solution, 6%
(v/v) polyethylene glycol nono nethyl ether-5000

w@ REGOME 5000) was 20 added. Crystals of hGH Mer/ES2003/041545
grown by addi ng Ca-Acetate (1 M to the solution so
that a final concentration 0§ 125 mM Ca- Acetate was
obt ai ned. The solution was then incubated for 16 hours

at 25C. Needle-like crystals were ojt:)t ai ned and mag
- Tabhy 2pt IRAVICH cCEHZSRRYLIqRTePYLE S| O JBFH| GEYS ggig repared
Wlthf@lm@h@b pBxawREes hansd P5- M@r‘??hl’llﬁﬁlﬁ:@ﬁ%r@’ﬁlﬁn was measured

cryst280i zat a0A gXpressed 02 aPerCeRaNOt 9hok aSeseckeased
14. EXAMPLE 15 [0139] Solubility profile of hGH

prt exi4®g bef ore bei ng =qes | i brat edof oz |appr oXi hed¢2l3
b m Nugees at [37C. The sanpl es vv?rhe9g tb%n centrifuged,

1 = o
10, OOO x—gor—2—mndtes—antd—the—Supernatant—was

broved f or _deét er mi nat i . 6f | pr ot ei n%-4%oncent r at i ¢4 87
casur e at 280 nm by RRsHPLC, SEC HRb Gior UV- VI S. 96.28
e crygtat e peffets were[further _resuspended i D

ssolution bhuffer and 5}8hép|;ggegg_a%.p?é‘la#_ed_wq{_i—|ﬁn:§_z‘
bt ect aBP e protein was aweasired inipheoosuper nat ang9.6s
140] 1Esgure 15 and Tab9j9 s3|1 11 ust Lgh & d the sol ubi}d toy

10—beh hGH-—erystats—prepared wrth 29
PEG 60885)85 m Ca- AcetHi%00 4% PEG A0007%00 my  100.00

Na- Acetlgbe, 6% PEG 6000{ &5 o5MW Cad 2100686 PEG 600048. 00
gﬂ_ Ca-Aggrat g/ grgltlilm .nf Iaggof 7 PEG WVE- 50007 125 9 o,

tH-re—t+Amhadtes—heH

di ssolution was neasured as a cumul ative percentage
and derived from AUC 15E§%Q§§%thrUV-VIS ng/ m
nmeasurenents. The resul ate that the hGH

5 [013@!y5tab%y@&@@dﬁ@dtbwntbe agdi i ah okl6YuREEc66AGE85Nnd 2%

mM Ca- Acet at e/ Prot am ne were the sl owest t% di.ssol.ve,
PEG- WOQIQ cenprereiails¥oplini baPoechPHi WgSaPrEitigg and

conc?o %%a%gEé? 8%%Eggbe8r%gtEkémﬂiésﬁtVege@%n%@@d”hﬁﬁbgswas

added to the concentrated hGH solution to yield a final protein

cfyst dligepr epar 8t wP2h 85pof yebhylPéneSyMYdolt 0% AfC8y 1tor‘ie
i ncuBARRE®) of | t h&a3BcGAFst al | | zaﬁaﬁﬁz sol Ut i orf§¢-600

p red-in Exanp! §x-18l 14 the *“m)i"Le Were 8)

pel | etel and {he remai ni ngosliper nat anQ aognoved.  The 00
cryst aI15peI lets were reigspéawded in 8y Zenl of 76.12
di-ssottutron—WO—2604/ 060310 PCT/US20037/ 041545 - 52
buffer (see Fxanple 5) 153-88ther pip848ig or 86.50
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P

concentration of 15 mg/ml. Tris-HC1l (1 M, pH 8.6) was added to
10 a final concentration of 100 mM. To this solution, 2% (v/v)
PEG-6000 was added. Crystals of hGH were grown by adding Ca-
Acetate (1 M) to the solution so that a final concentration of
85 mM Ca-Acetate was obtained. The solution was then incubated
for 16 hours at 25°C. Needle-like crystals were obtained and
15 imaged by optical microscopy. The crystals obtained were found
to be between about 25 and about 75 pm in length with a

crystallization yield of greater than 85%. See Figure 10.
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20 Acetate crystals or less for the other hGH
crystals. Table 3. Sequential dissolution test
wore@sgemsdo at 280 nm for PEG and salts of hGH PEI/US2003/041545
di ssolution buffer - protein concentration was
expressed as percent of totgb released Tine 2% PEG 6%
PEG 6% PEG 6% PEG 6% PEG (m nutes) 6000/ 85
6000/ 500 6000/85 6000/ 85 _nM MME- mM Ca- nM Na- nM Ca-
Ca- Acetat e/ 5000/ 125 AEEEMPEEALLtate Chloride
o138 ot ag-Ae. M B4 £ Fn é@)hé@méé)s&c@ﬁzm 12estd ated 6% PEG-
cetate (Ex. 13) (Ex. 14) .00 0.00 0.00 0.00 0.00
600015 Gutderid. L3116, H3 5L BELD, mﬁ vm)s 1B1180F ezl C%lqgcc%centrated

11.58 28.46 _45 27. 64 34. 74 37 74 17.2
as agEibdy 4 BiEHE o1 20 2 &2 i g o the
concedr B 3. HEH \@M@G&ﬁlﬁlm/wm Qéhi@éléln -c&Bcehtration

90 56. 18 78.86 77.90 28.15 82.70 105 62.70 88. 66,
of 1B5nphull. 7Hria-HEl (ROMeEREP ). IR YEIFEBLP5> o5t HR!

conc%§é6%9 %56%9 g&%o 12E§8t§§ Q&Dﬂ@t &éO d%- 8¥ @P BBG-6000 was

73753 50 58 100,00 43, 78 100, 00
2ddedB0 80/25:DS. 6 HE0. 98- 453650100/ 003195 901 pFNoBCgLCe (Na-
100, 0 100. 00 _ 210 90, 23_100. 00_ 100, 00 51,27, _. .
Bcetq) ofF hete2t g ABHIBPR0H 0683, 38 100" oPIggH At ton of

500 %@ 99-A089: 9= 1995 09p65i 843 100TRHE s2bdt D6n 6idad 00h&A incubated
00.00 57.24 100 00 270 96.61 100.00 100.00 58.61

for wghggrslz@t—s 2%°%1 m@ma@&@mwt@qwnﬁ) objgined and
nao 008000 460 0-84,20 400 0245210 £0,100, 08, rouns

to bd0Beffceddabdnd. 06 éﬂﬁ.@BoﬁﬂO?BOMMGiﬁGl&ﬁ@tBOW1th a
crystallization yield of greater than 85%. See Figure 11.

EXAMPLE 12

[0136] Crystallization of hGH with calcium chloride and 6%
PEG-6000. Commercially available hGH was purified and
concentrated as described in Example 1. Deionized water was
added to the concentrated hGH solution to yield a final protein
concentration of 15 mg/ml. Tris-HCl (1 M, pH 8.6) was added to
a final concentration of 100 mM. To this solution, 6% (/)
PEG-6000 was added. Crystals of hGH were grown by adding CaCl,
(1 M) to the solution, so that a final concentration of 85 mM
CaCl, was obtained. The solution was then incubated for 16 hours
at 25°C. Needle-like crystals were obtained and imaged by
optical microscopy. The crystals obtained were found ‘to be
between greater than 100 um in length with a crystallization

yvield of greater than 90%. See Figure 12.

EXAMPLE 13

[0137] Crystallization of hGH with calcium acetate, 6% PEG-
6000 and protamine sulfate. Commercially available hGH was

purified and concentrated as described in Example 1. Deionized
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360 100.00 100.00 100.00 79.36 100.00 375 100.00
100. 00 100.00 83.20 100.00 390 100.00 100.00 100.00
wW@200/p6eBO0. 00 405 100. 00 100. 00 100. 00 89. 15 HODUSIN03/041545

420 100. 00 100.00 100.00 92.25 100.00 435 100.00

100. 00 100. 00 94.40 100.00 5450 100.00 100.00 100.00

95.96 100.00 465 100.00 100.00 100.00 98.07 100.00

480 100, 00.100.00 100.00 99.07.100.00 ., 495 100. 00
watermtﬂ%oadi%%dotbo 1ee &Pﬁ%ﬁ?wt%ﬁiﬂwm&ﬁo yield a
£1na PIRFIBCOKI Qo & &n SO S NG SRfpakE:- Dand By-m@l S(1 A1, pH 8.6)

2.5 ng/ kg dose of soluble (comrercially avail able) or
was aided aid | def {185l nwerca i@l 206 PEE 6060) Fepfhis solution,

repar et.5 f Wy s '
oo e S48, 2l SUBRLD Aty RO ARyo Stopersien seec
Crys S Ague- W wyré adsowd Ney avddage Ceifytetate edthM) riad the
was 200 grans. The 24 rats were, separated in&o t wo
solulgyupye b Ehag?b%%li%%?%%%ﬁr%F%%%s%f of Fgraupsetate was
obta BREH. coptai 851G Ao Q290 06 0310, P HEMSPOL31 §4dSdps &4 37°C.

rats. Bleedings were collected via a jugular vein duct
Needlepl té cuysthteewspecbbiained nengolnegedi bri apeaenl
., __Subset . e tothe -linmted a ng_o od_apl e b
micr SRR h LG CEIEETHE BBttt e esp 7iad Geabeni e MEhan 23
pm iMSEéngtR Pi€erat erpBtalai paeddnmeyislat abi réytesubsehs70%.
of animals within groups were bled at noted tine
See Bogwrs. 1Serum sanples were then conpiled to forma
i near progressive tineline. Standard devi ations were
determ ned by the vari gregpel sarumlevels within
subsets at a given tine—pornt fromthe mean of that
[0138Libset CrBetaldbkesign6of| AGHOwTabl eg1gigm aApkars and 6%

desi gnated 1-12 receiyed solubl e h
prc-HE 40P e: CREREFSCRAlT: 200 AePr & Taiddae BRTEDoSg =nd
concBaehatani BBl deEB148kdFliguERahplel Lust Datenizbd Wwevek was

of hGHin serumas a_function of tine for _the solgble .
addednfocEyst 6PPFeagrRERS THE 8SLHAEPD FPeYdflfihg final protein

concfRPIEH 82 IR RBLARCEONS bl sl gyt <o
a fihAl concentration of 100 mM. To this solution, 6% (v/v)
polyethylene glycol mono methyl ether-5000 (PEG-MME-5000) was
added. Crystals of hGH were grown by adding Ca-Acetate (1 M) to
the solution so that a final concentration of 125 mM Ca-Acetate
was obtained. The solution wasg then incubated for 16 hours at
25°C. Needle-like crystals were obtained and imaged by optical
microscopy. The crystals obtained were found to be less than

50 pm in length with a crystallization yield of greater than
90%. See Figure 14.

EXAMPLE 15

[0139] Solubility profile of hGH crystals prepared with
polyethylene glycol. After the incubation of the
crystallization solutions prepared in Examples 10-14, the
crystals were pelleted and the remaining supernatant removed.

The crystal pellets were resuspended in 0.2 ml of dissolution
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the serumwas 4 hours for the crystallized hGH and 0.5
hours for the soluble hGH G ven that groups and
wGeaiwgees1of rats were treated with sol ubl e hGPOF/US2003/041545

crystal hGH at a concentration of 20 5.5 ng/m, dose

equal to 2.2 ng/kg, the Cmaxoval ues, listed below in

Tabl e 6, show that hGH when delivered in crystalline

form significantly reduced the nmaxi mum serum
bUff%ﬁné%%?r§¥@@ﬁ1@o aPédeltBeanPiBRRERAI O oV abFexdBgebetore

beinét u11£§£| O%o%°5§£r§§§ﬁ ei§Vfg $9ﬁu9&éi§elgbb@ The

crystal was S|n1 indicating 2
sampbésawaréabhéntyema51ﬁ0ged|ghl1Dcahﬁly ﬂffectédmbyutes and
n créstalglzatlon é’¥alug was_cal gu ated for, both
the FURSEBRLANE W%ﬁdr8W9¥? | FPRe PRSI B2 TRt s gaPEREFéP

concbhdisai 88 hbgshi-8B at 28bi sk B9%ptubhe, tsE@LHéu@ Basuv-vIs.
occurred. Hi gher values of T90% i ndi cate that the

The grugtpéhanAsbehlehe YeranfrsEhesngefrusrRBIFdoda3gdissolution
buffé%sg%asFﬁgnbgkgggs'Qe§?Q£8d6uﬁ ??rBX éﬁgﬁ:Fggﬁ t oteln was
crystal I'ine

ormresults in elevated evel's
meas8igdi thcahtl yubergetanthan t he sol ubl e forn1 WO

04/ 060310 PCI/ US2003/041545. .55, T h
014D s B PREL 1 SPAQNaD) Gedl L1l RRFTAEPUERE FOGRILAERS
behaBh8edo évﬁ@ﬁg@r§gaa@argre agsdh@kkhnngvaets@oo/@brhM Ca-

serum (ng/m) "1-4°0 0.0 00 5-8 0.5 1171.65 116.03
Acetgte? §%9REG46067/600 mM4Na-Rpetsie]68%8BEG55904/885m¥0CacCls,

G
5
Sl R o i TRy i
mM CBGﬁcaﬁaH§|aaharﬁ&nekubetbﬁ stindy inesdhtisebor hGH dissolution
rystallized hGH (85 nM Ca- Acetate/Z%)PEg-6000)
was measured as a cumulative percentage and derived from AUC
values or UV-VIS mg/ml measurements. The results demonstrate
that the hGH crystals prepared by the addition of 6% PEG-6000/85
mM Ca-Acetate/Protamine were the slowest to dissolve, with
complete dissolution occurring after 495 minutes. The other

crystals dissolved at 300 minutes for 2% PEG-6000/85 mM Ca-

Acetate crystals or less for the other hGH crystals.

Table 3. Sequential dissolution test measured at 280 nm for
PEG and salts of hGH in dissolution buffer - protein
concentration was expressed as percent of total released

Time 2% PEG- 6% PEG- 6% PEG- 6% PEG- 6% PEG-~
(minutes) 6000/85 6000/500 6000/85 6000/85 mM MME -

mM Ca- mM Na- mM Ca- Ca-Acetate/ | 5000/125

Acetate Acetate Chloride Protamine mM Ca-

(Ex. 10) (Bx. 11) (Ex. 12) sulfate Acetate

(Ex. 13) (Ex. 14)
0 0.00 0.00 0.00 0.00 0.00
15 8.41 14.23 6.63 5.66 9.50
30 16.80 23.03 19.50 11.58 28.46
45 27.64 34.74 37.74 17.22 48.04
60 35.57 47 .34 54.60 21.25 62.61
75 48.57 65.16 67.67 24 .63 73.76




Animal s Time Average Standard (hr) hGH in Deviation
serum (ng/m) 13-16 0 0.00 0.00 17-20 0.5 151. 39

W® 2003060320 - 24 1 159.19 69.50 13-16 2 236. 64 7BCT0S2003/041545
17-20 4 334.08 63.86 21-24 6 302.69 73.09 13-16 8
193.22 23.10 17-20 12 6-5636.-39 21-24 24 2.69 0.74
Total = 1386.379 WD 2004/ 060310 PCT/ US2003/ 041545 -

56 SIab' 6—Pharacoki-ret-e—paraneters based—on data |
in °oTabl @s 4 smdsg Sol ubl&s Orystaldd ped R&E5Anmung2-70
(0)L000 900 Dpsade (mghieg) |2 5e2.5 | Half bifm [(hr)oa.as
0P 3o 2989 45 hgl LeBEAS | ALCRB EoB1E 258k O agss 25-10
[oVA
(hr%354 1 EXAVREE 17 5ol 0443] Bbfect of Peoisdn ne 98.18
SRS o T 929 O soChel TS 51 [ C oTb | 5.0
cry&tal s |prepat et e o et o 20 EB S 100.00
cal Gioum dcet abg, 53206 (V/96) oPEG 6080c@Nd 10045MSTY i S-1hEloo
PrSa o lon b3t £ L ac rema gy acip GIPRe 2P adl - 100,00
amotit  of | pr obamang suldoab@|t o tdeopre- exBstdh 100.00
calzisum hiGH cpysial sojjut pen. The .bali 0s okshdd 10 100.00
240 92.90 100.00 100.00 55.31 100.00
255 96.61 100.00 100.00 57.24 100.00
270 96.61 100.00 100.00 58.61 100.00
285 96.61 100.00 100.00 60.28 100.00
300 100.00 100.00 100.00 64.90 100.00
315 100.00 100.00 100.00 68.04 100.00
330 100.00 100.00 100.00 72.46 100.00
345 100.00 100.00 100.00 76.26 100.00
360 100.00 100.00 100.00 79.36 100.00
375 100.00 100.00 100.00 83.20 100.00
390 100.00 100.00 100.00 86.17 100.00
405 100.00 100.00 100.00 89.15 100.00
420 100.00 100.00 100.00 92.25 100.00
435 100.00 100.00 100.00 94.40 100.00
450 100.00 100.00 100.00 95.96 100.00
465 100.00 100.00 100.00 98.07 100.00
480 100.00 100.00 100.00 99.07 100.00
495 100.00 100.00 100.00 100.00 100.00
EXAMPLE 16
[0141] Pharmacokinetic study using Sprague-Dawley rats. A

2.5 mg/kg dose of soluble (commercially available) or

crystalline (85 mM Ca-Acetate/2% PEG-6000) hGH, prepared as set
forth in Example 10, suspension was administered subcutaneously
into 24 female Sprague-Dawley rats. The average weight of each
rat was 200 grams. The 24 rats were separated into two groups.

Each group included a subset of 3 groups, each containing 4
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protam ne (ng:ng) ratios are indicated in Figure 17.

The graph illustrates that protam ne significantly
w@tdogosmsidi ssol uti on of hGH crystals. 15 EXAMRUEUSIB03/041545

[0144] Crystallization of hGH with sodi um acet at e.

Here, a frozen bulk feed al ution of soluble

reconbi nantly-produced hGH (rhGHd) was obtai ned from
two_stocks - one derived fromE. coli.,_20_(Novartis
rats. anBlFﬁélﬁgﬁeWeF?oﬁp}éﬁgFe@Lh’&RyaG%Pg)l.la§eB%P’gt éu& Lmp1ant

'  of G deribvadsf 9rnEn eabh anBsyeast Dakoel the
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1imitedyatahhizafi bdoaddabdeubil bey draiar ast ar BdVeEs time point,
irrespective of its saurce, [OXI l; . Ll

a 16@06&?86%@?6%&?@8&6&%‘04‘;%4@%8?9)5(&?%&&%%1%‘%? %o\‘é%}“ i

stabi?@@?,aéuﬁﬁﬁﬂki©¢ iam imakgowa thuff erpupk weaeetbledh@l noted
ee

2d sol ution was purified usi ng}ra 1OD§ e aItigxglyfh linear
time polioA- sSEEMeEHPLBSORSFS PrEdr cPgPRd 9 §24hg, t1me
the.cal congiztisaned day 1WRsinag wdhe eelteHniviedsh by
progrsg STl KThaldfe [ OMEHAAIEE N5, 0) . The rhGH sampl &
the vaadatken dfoasecimaicvalllsowsdhio evosets B¢ SolodmeThyF 1me

. gravity. After di rding.the first tIEr] _
pointeffam ?éhﬁné‘“ter?é)r qéts%%ﬁq—‘ Osglbf’(?ecmw 1s- %%61;148%8 was'
Tabldd@n s2dded mald BHidHatide 1dasaltert inkCH amdsidleuttetfl and

and col |l ected. Concentration by centrifugation was

animdiken 3perd areved wsd e tEl IM4dd itk aforfredngatadr 09 each
~10,000) at 3500 rpmfor 20-30 mn. The concentration
animegdf- hGH was in range of 30 mg/m, as neasured by

[014APSor bangs-aty 280 N &l (thailaxte NGt AREO im (i as a
absor barice units). Crystals were grown hy. addin
funcidieiron iz edi menvaff @y , the | soGl § mm%.%gzstﬁé&emg kg%ﬁ The
-acetatg 1o L D 'l"f@I-F't i 190 Bher than
half—'(\ﬁ’% %liﬁot OCW@%%%%%%& ve y‘giﬁn t e&{ otal sol utigoner 'a
that W he@l dib 1@l hew ot ellie cohoendt athdrh ohaxdBrumgiGH . apprared in

sol ution was then m xe ent | . i ncubat ed at
the gerummas hokrers rx%%?&gheg o?rY%‘ba?ff%e‘gﬁ\}@a %gm%rsi%ours tox
the %&\i@g%dh@@d EREe O M £ Ny TEM & FLGS. sd8Aetado 1 8B)t s There
s ra

ysS nged in 20 length Tromapproximtely 2 to
trea®5d mviti t svleeher hEHgpngcaretaberfRt 2 hgt t Feneelsrafrson of

L
in Table 6, show that hGH when delivered in crystalline form
significantly reduced the maximum serum concentration compared
to an identical soluble dose. Also, the AUC of total serum
level for hGH soluble versus hGH crystal was similar, indicating
that biocavailability was not significantly affected by
crystallization. A Tgos value was calculated for both the soluble
and crystalline results. This parameter indicates the time at
which 90% of the total AUC has occurred. Higher values of Tops
indicate that the drug remains in the serum for longer. The Tgos
results contained in Table 6 clearly show that the crystalline
form results in elevated hGH levels for significantly longer

than the soluble form.
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Appr oxi mat e[ ¥nBuadsnf (TiGe 20| rigremhde qf Stdradped r hGH f eed
solution was purifjed,using aed QRG|desaktidg col um
supplied by|BioRad.| Prior fo saqgl | oadi ng, | t he
col utm was ¢onditioned by wasHTg" wWith 30 m| of
Na2HPO4/ NaHRPO4 (10| nM  pH 6. &a/miThe rhGH sapple 25
was then | oaded—pnerat-tgpwedrtoenterthe Tot um by
gravity. 0.00 0.00

17-20 0.5 151.39 60.30

21-24 1 159.19 69.50

13-16 2 236.64 75.70

17-20 4 334.08 63.86

21-24 6 302.69 73.09

13-16 8 193.22 23.10

17-20 12 6.50 6.39

21-24 24 2.69 0.74

Total = | 1386.379
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After discarding the first three m of eluant,

5.0 M of 10 nmM Na2HPO4/ NaH2PO4 pH 6.1 was added. A

wWa 284060380 | quot of the

col l ected. Concentration by

anot her

desal ted rhGH was el utrCr/aE82003/041545

performed using a MIIiporeaoncentrator 30 ( MACO
The concentration of

10, 000) at 3500 rpm for 5-10 m n.
hGH was i n range of

afabg

8 A nPhazzmmo

15ﬁggént’asﬂ

ng 400 AI of

centrifugation was then

units). Crystal s wer [

not her_1iquor containing W) 2004/060310

PCT/ US2003/ 041545 - 9 derBiized That & EE g Eo M
Na2 HRG , 0.8 M Zinc- aggtate,

9. 89% ,gcetone %gioo al _ of 8§Tgoare 15 ng/m protein
in 10 DdVIaMZHQOU NaH2PO4 (plzl 5. 1) The sd.stion was

t hen

hour s|.
ot f(mg)’mlappr oxi matel yizato 25 m Afdzer

in w

rxed y and
B f|ke5

xagLn

IIIbUUdI. BU d[
cryst Ard were

J_ -
obt ai ied r angi

cent r i(-fugi “Lanu peHettng—the—erystats—the

super nqc:aﬂ“‘au%ftl was extragted afd® crystallization yield
was mmasuypred as roughly 5591910 EXAMPLE 2474 0148]
Cryst pkdd/kafilon of hGH with calciumlacetate and

conpl et (®on of cal ci Um hGE#i h i oni ¢ pol§per

addi t Fye otyargimiTe). Here, a frozen bufLk feed

sol ut|on’ of soluble rleconbinantly-produced hGH (rhGH)

was obtained fromtw stocks 15 one derived fromeE.
coli (Novartis) and the other fromyeast (Lucky
Gold). Approximately 3.5 m (12 ng/m rhGH in Tris-HCL
(10 MM pH 8.0)) of tha#BaMPhEHL7eed sol uti on was

i fi 10DG d | | b
018} by nofE B broh Pare ) QA Phedlafiebiss >
charggﬂgfiéQﬂEQ @5.M@§hb

tHes colwi@umtin Zﬂlﬁﬂsma@és the
ris-HC 0). The rhGH sanpl e was
amoumtoa@éorn@mdcnawowe@ @:@emﬂf@ﬂ @%@ow%nt%ﬁﬁm}% le (85 mM

t d fel
caro i herELSET A TR AP fheshobdrgraoglalmtt e o o.6)

dissatded. adc&rnl whut hendesat t el Iﬂn@hsxasluieiQMe}duéﬁ@r at 37°C
col Lected. Concentration by centrifug n_wa en 25
afteperf@tRB e LS YRP 2TPHRF p%?ep EQhEBHET a?léi E?’IW\[%’ 1%11?)018)}5e

ex1s§£n§5991 LR h@ 89y§9%ﬂ1Qo}ﬁhﬁoﬁoncfﬂérﬂ&tﬂﬁsoéfhﬁﬁH to

in t e range of as neasured by
protaMsnebémgemgt 28©l©ﬁ1@relgvdlﬁ@¢ﬁﬁ B igure” 17.

illustrates that protamine significantly affects dissolution of

The graph

hGH crystals.

EXAMPLE 18

[0144] Crystallization of hGH with sodium acetate. Here, a

frozen bulk feed solution of soluble recombinantly-produced hGH

(rhGH) was obtained from two stocks - one derived from E. coli

(Novartis) and the other from yeast (Lucky Gold). Separate

analyses of rhGH derived from E. coli and yeast stock solutions
regulted in rhGH having the same crystallization and solubility

characteristics irrespective of its source. Approximately 3.3
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A280 = 0.813 absorbance units). Crystals were grown by

adding 1M Tris-HCl1 (pH 8.6), 50% PEG 6000 and 1M
w@0aveBai e to the rhGH, 30 30 ng/ m stock preper/a810031041545

so that a final concentration of 15 ng/m rhGH 100

mM Tris-HCL(pH 8.6), 2% v/ w7 PEG 6000 and 85 nmM

Ca- acetate was obtained. The solution was then m xed

ently and incubated at .33C f.or 12-16 hour
w1 §9/ e W00 FORRAES P USHIFOR GRS ). o thaved
rhoH Fasd a3 umers Qhiained fiargivd ddh d angid ddilt ing column
approximately 2 to” 25 m After extracting the

suppIsiguk fya tBdeR aahd d@ﬁﬂﬂiﬁugﬁﬁgmdﬁulqﬁgﬂqg4 q flumn was

e U TR B T AR g o
o o 3 e Smmen s SxGetniglmsd o e

the colfaer Ror YR i¥at (0TS IO 96 AL et g e {( sgree ™l of

clonPELAIR 5 PG U8 G s o daden

4.5 {lpkbB.18)e BUFEGHOOH arak £LutRf Mnborgkkefirde) so
10 that a.final concentration of, .21 '
ConoSHET Yo o B gt e B T S T 2
Mi11i g8+ dHcdiFhtOr patoEro jooe) vas Hdo (tmnnfpr Ihede min.
ratios are calculated to be nole ratios of

The cppreoxinatdy af QEBMIDriR HFEHI Yardf MHEn! THes measured
aboy t r&; §10 | et exSaig penglegh 3 n

by a?%%rﬁﬁg%gﬁégt@nyn@tﬁ%? F?gﬁ%@h%n%mzincubat ed

absotvefide ghtias) 2- @6 bedbs ewebei gigowenty | dddino t éebprhred

a condensed pellet, Th S nat S re.r ed.
wateqnalper 15 HoF e r6) s EpRratl [ e S50 her R ALY
conc!%(%f’é?fi%é hopt 1 b @Nke, agldi t+ y¢) aafld st oo edviat rdépe@bively in

MPLE 22 [0149] Pharmacokinetic and phar macodynanic
the soudy sbluslbeuvabeoastynalinPresedr edORERREERRYOD OF 15

pr e- Da rats_.a dj n i,0n. &' ] 33°C
oy S PO PYeh o oSl VBl o Yptabaned ac
for tontsohbeds! eNeadkeof ohGrbfir bikaGirgsyslal wgge obtained and

imacfasPER 985 TSGLNSLHE! 90 000 HREN YRR ATEHTea in
engYe P B hugee L TR Bng. 2T5BI 8 7 ey Ly Bhsr o 6 oug 3¢ =
pellSeapbesnSanpletBosetRegbnparnatant was extracted and,
crystallization yield was measured as greater than 85%. The
crystals can also be formed at temperatures between 33°C and 15°C
but require increased crystallization time and possibly result

in reduced yield.

EXAMPLE 19
[0145] Complexation of sodium hGH crystals with ionic polymer
additive. After crystallization yield was determined (see
Example 18), sodium rhGH crystals were re-suspended in mother
liquor (250 wM NaOAc, 25 mM Tris-HCl (pH 8.6), 6% PEG-6000, and
either 7 mg/ml protamine sulfate or 4.2 mg/ml polyarginine) so

that a final concentration of 21 mg/ml of sodium rhGH crystals
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or Test Description # of Dose Level Rats (ng/rat/week)
Conmpound Buffer in Water 100 | once 1 Soluble for

w0 pjogosizom 3 -- daily over 7 Vehicle (WI)b degBUY003/041545
2004/ 060310 PCT/ US2003/ 041545 - 61 Conmercially 100

.tl once 2 Daily availables&hGdin 9 1.05 daily over 7

Sol uble WFI days (1.5 ng/nl) See Exanple 10 - 100
once

21 nmg/ M, on.day 1 i.l ution_and Ca- te,
was agBREEt xING FTPLG BECARLH WG, REE L0 G0y e Toy
protaffin@’ stQ faitR Gl Approg8mexalpl 6 :13 Hing)oner’ fo2l rhGH to
my/m, on day 1 dilution and Ca-Acetate, gentle
polyamiodiindiges waist 15 :iot (mer: 1@) 1. 0ThepEGT AtiiQifo R TR MPrlsiugftrst to be

wote Ftslly Br e TR ords e, Pon MR AR e 30
apprdﬁe%iladﬁgtjreq%rearl@l.%psﬁw oﬁrfécztetga:tam getleargiinkinegg 3 The)mbdvet héGH
pellets were homogenously re-suspended in the appropriate mother
ligquor and incubated overnight at 2-8°C before being centrifuged
to obtain a condensed pellet. The supernatants were removed and
the pellets were re-suspended in the same mother liquor (without
ionic polymer additive) and stored at 4°C.

[0146] Additional rhGH:ionic polymer additive ratios may be
obtained by varying the additive concentration (mg/ml) of the
mother liquor while still resuspending to 21 mg/ml of rhGH. For
example, increased concentrations of protamine sulfate (10.5

mg/ml) in the mother liquor can be used to obtain a ratio upon

resuspension of rhGH:additive of 2:1.

EXAMPLE 20

[0147] Crystallization of hGH with zinc acetate.
Crystallization of rhGH with Zinc-acetate and acetone.
Approximately 3.3 ml (10-20 mg/ml) of thawed rhGH feed solution
was purified using a 10DG-desalting column supplied by BioRad.
Prior to sample loading, the column was conditioned by washing
with 30 ml of Na,HPO,/NaH,PO, (10 mM, pH 6.1). The rhGH sample
was then loaded and allowed to enter the column by gravity.
After discarding the first three ml of eluant, another 5.0 ml of
10 mM Na,HPO,/NaH,PO; pH 6.1 was added. A 4.5 ml aliquot of the
desalted rhGH was eluted and collected. Concentration by
centrifugation was then performed using a Millipore concentrator
(MWCO 10,000) at 3500 xpm for 5-10 min. The concentration of
hGH was in range of 15 mg/ml as measured by absorbance at

280 nm/0.813 (1 mg/ml hGH A280 = 0.813 absorbance units).

Crystals were grown by adding 400 ul of mother liquor containing
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injection) Mdther Liquors 100 | once 7 Vehicle from
Goups 3, 4, 3 -- onday 1 & 5f Mdther Liquor 100
worwe/06B10/ehi cl e from Goup 9 3 on day 1 See BEXHIP1003/041545
21 100 I once (21 nmg/m, on day 1 dilution and
gentle mxing Ca-Acetate, sgth Mdther 9 PEG Liquor
ld 9 1.05 Polyarginine 1:1 prior to injection, ratio
~of rhGHdpolyarginine = 12:1) aAll _ sanples were .
deiondredewaies ® -Hid WartedPPo/ Fo#RGeRpePatur & - £8r MggmL Zinc-
i_nut ) | i Lyt ithy f ' il tein
scetaleni sy ilendhd i 1D M g% pECRAsTd O WPl B
in 10 mi ceLE@ORMbEPMf (pHabs 1)bBufther sodnpiioseyad. Shey/ mixed

D-manpitol , 12 pg/.m crose, ,5 :
gent LootbrcIHRAS S A it & REH 86T 4PnBE FPom BEdEgR 11k
crystdit weSId d Bhe d SN Cin 4ARRG A, afhRbiMdtely 2 to

glycine (pH 8.6), 15 ngy/ D- manni tol, 60 ng/ m
25 ursucrid¥er cdtiviel Hewing andRPIReE HH 619 T il the A

single formu ' |cle lned 4 ; a
Supe%%%rfete Vg%sntér%f%%tr&gﬁﬁ%’f i eése grio%%tgl.aﬁl i?%géga]?’s
measddpad & rioedhl Bos3emal e Sprague- Dawl ey rats, wei ghing

approxi mately 150 grans 25 g and bei ng approxi mately

4-6 weeks old, were individually housed under

control |l ed conditions Wax2084£060310 PCT/ US2003/ 041545

- 62 (approximate tenperature 21 3C, relative
[0148luni di €yySballbgetion AEUREH| vike eRbCivngeesate and

arkpess ip each.24- r [ » 10 |.r
comp S hEGH) Shnganriah Aeheubeh Pnie tahmar aadREeee
(poly@bgiatpey . chourad &i brozenthbnbkghesd sbeusiodyof Theluble

rats were 5 allowed to acclipmate to the environnen
recombin@ﬁglmeggogpg@@ hegH (rhGH) was obtafned frgmngwé stocks -

one derived from E. coli (Novartis) and the other from yeast

(Lucky Gold). Approximately 3.5 ml (12 mg/ml rhGH in Tris-HCL
(10 mM, pH 8.0)) of thawed rhGH feed solution was purified using
a 10DG-desalting column supplied by Biorad. Prior to sample
loading, the column was conditioned by washing the column with
30 ml of Tris-HC1l (10 wM, pH 8.0). The rhCH sample was then
loaded and allowed to enter the column by gravity. After
discarding the first three ml of eluant, another 5.0 ml of 10 mM
Trig-HC1l pH 8.0 was then added. 4.5 ml of the desalted rhGH was
eluted and collected. Concentration by centrifugation was then
performed using a Millipore concentrator (MWCO 10,000) at 3500
rpm for 20-30 min. The concentration of hGH was in the range of
30 mg/ml as measured by absorbance at 280 nm/0.813 (1 mg/ml hGH
7280 = 0.813 absorbance units). Crystals were grown by adding
1M Tris-HCL (pH 8.6), 50% PEG-6000 and 1M Ca-acetate to the rhGH,
30 mg/ml stock preparation so that a final concentration of

15 mg/ml rhGH, 100 mM Tris-HCl (pH 8.6), 2% (v/v) PEG-6000 and

85 mM Ca-acetate was obtained. The solution was then mixed

gently and incubated at 33°C for 12-16 hours. Needle-like
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testing. [0151] Qut of the 80 rats, 48 were

adm ni stered hGH suspensions according to Table 7.
wab@40esto conpounds were admi ni stered once onPCHYSIINE041545

or once daily for seven consecutive 10 days as a

singl e bolus injection subcebaneously in the dorsum

area. The site of injection was shaved and narked up

tog 3 days _prior to dosing and thereafter as re

uIedo o o
crystad & 819 1R 15 FARDTT ik Gt RRPLREateLly

25 urﬁdmﬁtﬁﬁré&f@ﬂ‘ﬂqé‘t@% at ghimameed g &t faehed and
to a 300 | syringe.” Test 15 conpounds were carefully
pelldtmivey tdte | erysidelrs t Ceialel sapiparnsivieldrvap ngayired as

uni f.qr mi ty. i t hgut i pa. f oam ng priar, t
greatgy htg'l‘aef\]lva Tnto the syt .Jh&gse cgoﬁl?&]ag%ll%é SI%PT ofr)m‘f%ed at
tempHi &S Nodtwden J3fe amdeasiPonbudl neguiesd increased
approximately 0.1 nl per rat. [0152] Bl ood sanples. , .
crysfalor Falt 500 i Hrowpgd Eediced ape ¥ (edthteBF ?%ng%zatlon
yielcﬁqht,gs pfé}?ﬁ{?ﬂ&);dy‘@é@e Ctd oI et @f | 4oaBiuRbrid@d dffstals
ours folTowng injection on Day 1. Bl ood sanples Trom
were Izt ssugpegded psn 2foBwile tieh Svelebeke havimgy Caoles pey mM

. _group) were further_ s (vided jnto_3 ou of 3 .
reia EEPIRErE o ) b et U8 W B 45t i BEptqinine) o
that fd I8insubsehc@hrFat Sodtod. b1 wf/ml 2o f avsll dH68m 2bhbwuesystals

fromthe second subset at 4, 32, 96 and 168 hours and
was 4¢lohev@- t hTRe BEPERIN a0 2AdBt 1Yo orante 168r hbirs to

poly%%%#%%%?gwagn.eftk gsﬁg)FayTﬂes lfggiggsaﬁgrg?lculated to be

y colTecte unanest heti1 zed or C02/ Q2

mole anesibet 67 edppadsimdicelighl t heS®7 bfonl rh@impslyadginine. The
collected.in BD M crotai ner tuﬁgs w th ser

m. 30
2bove opAPI BFSL CEarniFES VRPROTRRiS LT T FigRE drS 10 the
appr oxi 4C. um. L. e : r _qo
appr PR QR (HLERL *igRls 265 TRLEGALEN OVORELShE 8F pgyC before
beingndeh€Fifufedets. oM 2004/ 660340s8CTHEHRO03/ 02E45 -

63 0153] Serum sangl es . wer e thﬁ congi | ed_and in tged .
supegRakaBEs YrEapEePOVed andnble, P PhEAVSpFofFegifhEhcee 11
the LLifE! hBENWRS1EQ1BBy: tBbandasdi deyhat toBe WBAEstored at 4°C.

determ ned by the variance of serum levels within
subsets at a given tine point fromthe nean of 5 that

subset. See Tables 8-14 éﬁgaﬂﬂé}%?e 19A. Serum | evel s

(ng/mM) of rhGH are sho inistered in a
[014parti cehatmacbyshaltl cnentiophul-atcodynAniinaksuder efbl ed

accor di ng to the ,
subcutaneously administered hGH using Sprague-Dawley rats and
divalent cation crystals of hGH. The goal of this study was to
assess the controlled release of hGH from hGH crystal
suspensions and the weight gained upon subcutaneous implantation
of hGH crystal suspensions in hypophysectomized Sprague-Dawley

rats. The study design was as follows:

Table 7. Study Design

Group # Sample?® Samplg # of Dose Level Dose Regimen
or Test Description Rats (mg/rat/week)
Compound
Buffer in Water 100 pl once
1 Solgble for Injection 3 -- daily over 7
Vehicle (WFI) b days
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study protocol at specific time points relative to

dosing. The results clearly indicate that a difference
we@zi08ne03bet ween the 10 absorption of conpl exePiCT/US2003/041545

crystalline material (e.g., protam ne and

pol y-argi ni ne) and non-coaptexed crystalline

formulations (e.g., CaOAC and ZnOAC). Table 8. hCGH

ani el pharmacokinetic—study esuHts—For—Goup—2:

[«
oo Tl =4 LEAYA Al o4

Dailly Sol.uble |ARPYRECE BYeed Alerage Standard Tifrelfitt once
2in Dev%ajﬁg?é% 4 ?%E?%]%G%( ng/fi)° Al 01000 1-3 1dal%fa§‘;er ’
1262 1546 4|43 45/mi 9 8 2|2 1-[3 24 1218 258 4-8
3231 —7-9 481G mxbrBld 201098 40 -6 96 U 0 (Yoo pul once
120 1355 337 AN(b13@8nD, O Total = 5174 15 WO on day 1

2004/ 060310 PCTAWS2003/&41545 |- 64 | Table 9. hG
5 ani freh-learbacOleneltd pisingdy resylts fory Ggoup 3:
Ca- Acet REE, PEGwiAmiMealer Bl eed| Aver age Standard Tine
hGH i n Deviati 0%} serum (hg/nm )| Al 0 0.00|0.00
1-3) 0.5 1927 771:14R%°4 5204 1040 |

injection

—_

See Example 13 100 pl once
(21 mg/ml, on day 1
dilution and
gentle mixing
with Mother
Liquor 1°

1:1 prior to
injection, ratio
of rhGH:protamine
= 5:1)

Ca-Acetate,
4 PEG,
Protamine

See Example 20 100 pl once
(21 mg/ml, on day 1
dilution and
5 Zn-Acetate | gentle mixing 3 1.05
: Mother Ligquor 2°
1:1 prior to
injection)

Mother Liquors 100 pl once
7 Vehicle from Groups 3, 4, 3 -- on day 1
& 5°

Mother Liguor 100 pl once

8 Vehicle from Group 9 on day 1

See Example 21 100 pl once
(21 mg/ml, on day 1
dilution and
gentle mixing
Ca-Acetate, | with Mother

9 PEG, Liquor 1° 9 1.05
Polyarginine [ 1:1 prior to
injection,

ratio of
rhGH:polyarginine
= 12:1)

°All samples were stored at 4 °C and warmed to room temperature for 30 minutes prior to dilution
with formulation vehicle defined in d, if required, and injection into the indicated number of
rats.

bpuffer comprises 7.5 mg/ml D-mannitol, 12 mg/ml sucrose.

‘Commercially-available hGH obtained from BesaGen Ltd., Australia.

dgmM CaOBc, 4% PEG-6000, 0.025 M glycine (pH 8.6), 15 mg/ml D-mannitol, 60 mg/ml sucrose,
eginc-acetate, NaH,PO; (pH 6.1), Ethanol.

fA single formulation vehicle defined in d was used as a vehicle control for all of these groups.

[0150] Upon arrival, 80 female Sprague-Dawley rats, weighing

approximately 150 grams x 25 g and being approximately 4-6 weeks

old, were individually housed under controlled conditions
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7-9 8 1409 881 1-3 24 1 0.49 4-6 32 0.00 0.00 7-9
48 0.00 0.00 1-3 72 0.00 0.00 4-6 96 0.00 0.00 7-9

wa 24060800 0. 00 Al 168 0.00 0.00 Total = 854PCTHk1083/041545
10. hGH ani mal pharmacoki netic study results for
G oup 4: Ca-Acetate, PEG -Pgptam ne Aninmals Bleed
Average Standard Tinme hGH in Deviation (hr) serum
(ng/m) Al 00.00 0.00 1-3 0.5 0.00 0.00_4-6 4

(apprmimate & geezgsire -3l 24 3 A6 regat iyes hymifgsy7 50 %@0%: 12
rourd 050 3 ol BoGR0 Dl A0 fortbd, 20
air PGHJIES? OGN Qhhn4db ah gifabt eaddesh @G animefied water and
labo:tpat]taorrn}?(:colrll%wn egzcii Cl ;flt)lu ggm {l’?lsglké]f%oﬂlito rth%r osl'g)uc?}}. ZnI_'hAé: e%a tse were
allowed to acclimate to the environment for one week prior to
testing.

[o151] out of the 80 rats, 48 were administered hGH
suspensions according to Table 7. The test compounds were
administered once on day one or once daily for seven consecutive
days as a single bolus injection subcutaneously in the dorsum
area. The site of injection was shaved and marked up to 3 days

prior to dosing and thereafter as required to facilitate

injection. The test compounds were administered using a 30-

gauge x 8 mm needle attached to a 300 pl syringe. Test
compounds were carefully inverted in order to ensure gsuspension
or solution uniformity without causing foaming prior to
withdrawal into the syringe and again prior to administration.
The injection volume was approximately 0.1 ml per rat.

[0152] Blood samples from rats in groups 1, 5, 7 and 8 (each
having 3 rats per group) were collected at 4, 32, 96 and 168
hours following injection on Day 1. Blood samples from rats in
groups 2, 3, 4 and 9 (each having 9 rats per group) were further
subdivided into 3 groups of 3 rats. Here, blood samples were
collected from the first subset of rats at 0.5, 24, 72, and 168
hours, from the second subset at 4, 32, 96 and 168 hours and
from the third subset at 8, 48, 120 and 168 hours following
injection on Day 1. Bleedings were typically collected on
unanesthetized or C0,/0; anesthetized rats through the orbital
sinus and collected in BD Microtainer tubes with serum
separators. Samples were then centrifuged at approximately 4°C
and serum recovered and stored frozen (approx. -80°C) prior to

determination of hGH and IGF-1 levels.
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Ani mal s Bl eed Average Std Tine hGHin Dev. (hr) serum
(ng/m) Al 0 0.00 0.00 1 4 2417 767 2 32 11 3 96
wWO2®4/0603168 0 O Total = 2418 Table 12. hGH aPCTrEk2003/041545

phar macoki neti c study results for Goup 9:
Ca- Acetate, Pol yargi ni ne Animal-s Bl eed Average
Standard Tinme hGH in Deviation (hr) serun1(ng/n1)
Al 0 0.00 0.00 _1-3 1 502 75 4- % &

[0153h36 498FUR-329R1E347a52 thep %%mléh%e 637718 E%e 4@%86 of

9 1:3 42 Oy 456
groué? 216% 010%8% %O T%?gegr @ Q%PstZvQ éggegigg #280f0rmed.

Stan®had ndevka neons waran@@@esmbae@dbﬁnth@avarlﬂn¢abbésserum
evebait 5 20PURRRE R 7Enfy Kb 56590 Soiot Fhghable Jrgdt of
that 6sUb88E K9 528378014 PE(x 4:2£a- AcgtiaéeloR. 7 BBLKE levels
ng/%f680§7rhGH are shown when administered in a particular
crystalline formulation. Animals were bled according to the
study protocol at specific time points relative to dosing. The
results clearly indicate that a difference exists between the
absorption of complexed crystalline material (e.g., protamine

and poly-arginine) and non-complexed crystalline formulations

(e.g., CaOAC and ZnOAC).

Table 8. hGH animal pharmacokinetic study
results for Group 2: Daily Soluble

Animals Bleed Average Standard
Time hGH in Deviation

(hr) serum

(ng/ml)
All 0 0 0
1-3 1 1262 18
4-6 4 234 45
7-9 8 2 2
1-3 24 1218 258
4-6 32 3 1
7-9 48 0 0
1-3 72 1098 40
4-6 96 0 0
7-9 120 1355 337
All 168 0 0

Total = 5174
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wWOEOANBB0D3/ 041545 66 Pol yar gi ni ne
of each rat was neasured and recorded prior
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rhGH in serum
t he | onger-rel easi ng pol yargi ni ne

it

f or ebaki 80 .cohfEl anémal phaamapokénsustachedyvekbsuiltyg

of wei ght fgai GroWp 200440808L8LPCTPBES20030041546

Animals Bleed Average Standard
Time hGH in Deviation

(hr) serum

(ng/ml)
ALL 0 0.00 0.00
1-3 0.5 0.00 0.00
4-6 4 38 27
7-9 8 961 385
1-3 24 1468 357
4-6 32 192 73
79 48 190 266
1-3 72 0 o
4-6 96 0 0
7-9 120 0 0
All 168 0 0

Total = 2849




67 EXAMPLE 23 [0156] Conparative pharnmacodynam c

studies in femal e juvenile cynonol ogous nonkeys. The
w@oak/0af31d hi s study was to assess the 5 in viROI/US2003/041545

phar macoki netic profile of crystalline reconbi nant

human growt h hornone (rhGHesnwhen admi ni stered

subcut aneously to female cynonol ogous nonkeys. These

data were_generated in order to est bl;gh a gggel for
contrnTﬁbHerKimaQEQEL—EngEaEiiﬁﬁiﬁﬂgiﬂf =C Yser um
and for wei gEeSHAES 5QTaCYOHBL PonZBFLERVEESI | ine 10
rhGH rel ease. _Table 15  Study Dpclm for—Primate

St udi es | Aﬁﬁﬂﬁi%1rggfﬁﬁ DbAYFaTe| D@%? Dose Number

of G #up Sanpl e of 1%§(rmﬂ Lorlcentratipn Vol une
Animals (hopr) (mg/m ) ('m/kg),glkemale) Daily 0, 24,

48, 72, 0.264770-8 3% 1 Sptubfea 96, 120, 144

Na- Acetate, | 0 0 254 2 PEGl 5 6929 4 p814Pat gi ni neb

Na- Acetate, |0 &.25(4 3 PEG 5.6202./4 protan] neb

aConmmer ci al [y-avai [[abl e2 hGH (soluble, uncrystallized

form was o taﬁﬁed ffG“%thalle and—drafidtered in

WFl . Goup Eggsttivegonttot) recefved sofubl e hGH
|

on each of the “administration dayd |15 bSeb| Exanpl es
18 and 19 for prepar@e%®dn= |cAll 2giases were delivered
after daily Dbieed. [0I57] Twelve female juvenile
cynonol ogous nonkeys were divided into three groups,

%‘Hiehel\é' ng Heetlardfiamaloh aptia cgkduigt i 2Gtany wersmlts for

admni stereg,RJdNel. $el-uhlet aiRGH idhveuRyit)inesodi um
crystals of ThGA W Th PEG and polyarginine (G oup 2,

accordi ng  ZAnEXanpl €61ded and ARrags $ostandned y|st al s
of rhGH with PEG and wifeot dm heH (i8 oluPe8iat@oeool di ng
to Exanplies 18 and|19)rYhe nvﬁkezs, rangi ng from 2-6
kg in weijght and 4{7 years aof fgdmht 25 the onset of
treat nent|, weédeé individbally housedobn stainlesps

1-3 1 502 75

4-6 4 846 102

7-9 8 1036 448

1-3 24 634 462

4-6 32 543 168

7-9 48 407 169

4-6 96 0.00 0.00

7-9 120 0.00 0.00

All 168 0.00 0.00

Total = 3980

Table 13. Pharmacokinetic parameters based on
data in Tables 8-12

Groups Dosage per 7 Crax  (ng/ml) Trax (hr)
Days
2:Daily Soluble 6.7 mg/kg 1262.70 1
3:Ca-Acetate, 6.7 mg/kg 5203.80 4
PEG
4 :Ca-Acetate, 6.7 mg/kg 1468.47 8
PEG, Protamine
5:Zn-Acetate 6.7 mg/kg 2416.97 4
9:Ca-Acetate, 6.7 mg/kg 1036.63 8
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20

steel cages equipped with an automatic wateri ng system

or water bottles. The ani mal room environnment was
weomwtnaisied (approxi mately 213C, 30- 70% hum dPCUSDR3/041545

hours |ight and 12 WO 2004/ 060310 PCT/ US2003/ 041545 -

68 hours darkness in each e4--hour period, and 12-20

air changes per hour) and twice daily, the nonkeys

i . ..-.= ~N o

Ce d ret-e—B #2055C)-

[0158] This primate study was conducted in order to

[0154?9(;3“&% %Q?ﬁeﬂw RaSEI HALCOREERhalireds apll hedoaddd prior
e

-1 after adm ni stration of soluble rhGd (G oup
to infkctdodi vm Daystalbf the stGdywier PEGIEnOTpEagEEr FLRiscuent

(Group 2) and sodium crystals of . rhGHw R d yeioht
mornl%lgoto%mtﬁl@ EEPGp PE-CTRS: yto\e/\i/&eg & mr\?/e'r eAVIl!I(S:tO:}g& g@&?g for?
gain @ 13RIMRIFS cdlcH FaRs vk namd gardhoigompdesisngadreutlieed by

tinmes indicated in Table 15 above. Bl qod sanpl es h
subt reagmex ithe alejoht @) DAt & &G & HRIRTI ardivmll eac

Vi he, f r.al rachj-al.t in)saphgn WidkLed r all
subse u%ﬁlf%??i?@&?y"é FEZO‘;G, RO R I TS 0
rats 48.tHA2y DGrdlR welebt calld8latg?] 26 eaz4p depps, ThggelFesults

and 312. Bl ood was collected into serum separating
are prgyEseq g Tag%ler&é‘lmterrper ature for 30-45 ninutes to

allow clotting, and centrifuged at 2-8C for 10

m nutes at 3000 rpm Each serum sanple was split into

a 100 |ITabiguot . andeignBi gathg aki foss, pebodhyofowrhi ch

were stored at gpigqulOawliedf daran@nesisy. 20,

Typically, the SmalTer 100 T aliquot was used for rhGH

Groullge EFJy Rafi ofy and (Hag 3 af gedy kenabader Wwamyused bar 7 Day 8
GF-1—detrermpati-on—There—were—sone—exceptions, dJue
1 to| voloune |of3.7ep| i tattes| needad.| [81759]| Crfl-Bacfed2:02 | -7.45
2 sefum sanpl es cyere Ehaezf‘ anal yzed for7hGH 728 7.86 12.69
s cofcentration (seg Tabt e[ 16). Appropriafe_di T ufi ong, 5 02
vere rfade | t%9hGH Botcent Palf ons 1Hat feft—outside :
4 the st@andar ds Mal ue srange. sABb Valuas were.sed t5001 6.20
s obtain an|in |$/§ duahlgqcfr anjngl | ayehadge bagkground, -0.95
| evel —of pritate—GH—hi$—per—anima _average  Was
7 subtracted fRo?s the0sed um [%e¥8l § nbdQurpd2a8® each Phpg 2-13
8 point 30 florotpat|teskhysubjects |The.ggorfecd.ed vyal-uess 0.61
9 ?ﬁ;rLL$§d g;gh”g?rfﬁcégsg g%géﬁ?edahg optginal 4.3 10.00

[0155] Table 14 and Figure 19B illustrate the seven-day
effect of administering a single dose (Day 1) of crystals
according to this invention as compared with that of
administering a daily dose of commercially-available hGH. For
example, Figure 19B demonstrates that calcium crystals of hGH
complexed with polyarginine achieves a weight gain comparable to
that of the daily soluble dose with only one dosage over the
same time period. In comparing the weight gained and the
respective release profiles of rhGH in serum, it is evident that
the longer-releasing polyarginine formulation correlates with a

more sustained velocity of weight gain.
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Standard errors were then cal cul ated by using standard
deviation of the corrected nean and divided by the
wGaquanenstoot of N=4. WD 2004/ 060310 PCT/ US2003POHLS2083/041545

- 69 Table 16. rhGH levels for groups 1 (daily

soluble), 2 (sodium rhGH pot yargi nine) and 3 (sodi um

rhGH protamine) Tinme Goup 1 - Std. Group 2 - Std.

Group 3 - Std. in Average daily Err. Average sodi um

ErhESI—V Avlerage sodium Err. hrs soluble rhGH

r pol yar gi ni ne, rhG¥piwdm e, (ng/ m ng/ m

(ng/mM) 216 4 7 -4 7 -2 -120 8 9 7 5,)7 S(B 8 3423 65
[015614 3 Comp@rat i3z piR g @dynegic sgelizs i Fomlp juyenile

205 45 85 45 94 35 .8 132 .29 186 .93
cynorigiesys JTHAE AR P UG TS Y §8S 7B ofygoe the
in vidd Dok med ik0 phb 35 Sl &ryd ald il Zebbnfirk®hit human
120 -11 6 6 13 2 11 144 -3 13 -6 10 13 M4 10 1 -%
growth hprrpne | (rhiji)3 whep ﬁdmlfsl@ef@dif”g)%i TS oLe 4]"'?1 emale
cynon@oﬁou&é%r@ta S 1_1 TH%]SSS %la]taA’ mgez.fel%éiﬂezsa‘heh Ld &der to

ue is t average value from4 aninals
estaflhath hasidiedn fasetdmercldjadtraleade ©f amfgialiins rheH in

basel i ne. eline i.s the avera val ue =7
blood FHE o P2 A 01 S0 E (01801 HIGURE: oA Tyetelline
rhay I+dusidates the level of rhGH in serum after

basel i ne adjustnment, as a function of tine in hours

for
Table 15. Study Design for Primate Studies I
Grou Administration Dose Level Dose Dose Number of
" P Sample of Dose® (mg/kg) Concentration | Volume Animals
(hour) g/ %9 (mg/ml) (ml/kg) (Female)
Daily 0, 24, 48, 72, 0.25 4
L Soluble? 96, 120, 144 0.8 3.2
Na-Acetate, 0 0.25 4
2 PEG, 5.6 22 .4
polyarginine®
Na-Acetate, 0 0.25 4
3 PEG, 5.6 22.4
protamine®

SCommercially-available hGH (soluble, uncrystallized form) was obtained from Novartis and
diafiltered in WFI. Group 1 (positive control) received soluble hGH on each of the
administration days.

bgee Examples 18 and 19 for preparation.

°a11 doses were delivered after daily bleed.

[0157] Twelve female juvenile cynomologous monkeys were
divided into three groups, each having four animals per group,
and were administered either soluble rhGH (Group 1), sodium

crystals of rhGH with PEG and polyarginine (Group 2, according
to Examples 18 and 19) or sodium crystals of rhGH with PEG and

.protamine (Group 3, according to Examples 18 and 19). The

monkeys, ranging from 2-6 kg in weight and 4-7 years of age at
the onset of treatment, were individually housed in stainless
steel cages equipped with an automatic watering system or water
bottles. The animal room environment was controlled

(approximately 21:3°C, 30-70% humidity, 12 hours light and 12
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Goups 1, 2 and 3. 10 Table 17. Sunmary of

phar macoki netic paraneters based on data in Table 16
W@R2@up6Ba G oup 2 Group 3 Dose Anmount (ng) 3. PCRBS203/041545

22.4 Dosage (ng/kg) 0.8 5.6 5.6 C,,,aX (ng/m) 372

409 381 T.X (hr) 2 10 10 G (0-t) 4570 3503 3455

(ng. hr.kg/m .nmg) T90.w (hr) 20 74 77

" Commerci al | y-avai |l abl.e hGH (sol ubl_e, crystal.l
hoursf gefknzgs dira At Péd Hoawere 1@d(w o Li%p@go taij\?elc anges pex

hour) C%@JH @hoi JLCRiMeA 2l bl %I%acﬁéo'pfa tdtenfard certified
mnistration days. 15 [0161] The data above

commegteriprs rames e kedtow hdlalan Sekiifice e b inimiydate Diet
mos%ﬁpeared !n the serum (Trmax) was 10 hours for the

I'yar gi ni ne conpl exed sodi um crystal hGH, 10 hours
[o1sdior theispratiatdtee ot exed codluahet yist alrde@H tandnsdsure

hours for the WD 2004/ 060310 P /uszoo /041545
and mmee SR quﬁdi?dﬁq% ol &eﬁﬁ%%&b‘a

admirils il Qvn t 1Q=f A8y Cinshad 159dms!'5<§it1{n@tdx%f§oaltsh%f

X va ues |st above in Table 17 show t hat hGH
rhGH V\ohlﬂﬂ'l ded \Betcb®olryaargirenm&)f Grup cib)rrmréi(e@@r%tfﬁwﬁtﬁéls of

cheH orgg Cg cant‘_%%“r edugc%e}agl% e ir?m t I%dd?m ng:{r%m% were

recoRfeN r&aloul %&ﬁnim dthecsalidid e andl mrist ald Ichm:Lng on the

ups. The T90% for Goup 1, the soluble for{n
£ ime 0L EAFAE edhhic? @%eﬁg@%\f% R RS IRRF (Zpgreoximately

1 ml) w@}eexc?cglféé/t?ércﬁl £ 08 é J\[’iﬁ‘éf Vs angk 75em$‘19é{[3 brachlal

respective ese resu early show t hat t he
or s&ﬁﬁ@’uc&l@dvé:ily&bml ﬂ:haencﬁmimw esiil days eZTe&'atebIZChG-O 2, 4,

level s f f ly Io
6, 80P sottil 481 ofin o164 | Faadk s on T detbr o ot i 358, 206

and 9{2Serﬁﬂ%&@”&&Qté@iléﬁ@edcini6}tef@ﬁ teygtaping Guldes, left
was al so neasured as a function of tine. By neasuring

at rodre pemplecaiene ofof G0 145 tRENEEEF cBRya b O 5CFHEH Bgs and
centJEJof]ert Ir%?:jons‘a#‘)lteoxlslob QUIEPY L S e A 1 Each serum

or animals 1n Goups 1-3.” Figure 20B

samplé | Wstrabescthatof 9l Lowi po Hesehopeasdbieasinongohliquot,
endogenacus

both of which were stored at -70 * 10°C prior to analysis.

Typically, the smaller 100 pl aliquot was used for rhGH
determination and the larger remainder was used for IGF-1
determination. There were some exceptions, due to volume of
replicates needed.

[0159] Collected serum samples were then analyzed for hGH
concentration (see Table 16). Appropriate dilutions were made
to rhGH concentrations that fell outside the standard value
range. All values were used to obtain an individual per animal
average background level of primate GH. This per animal average
was subtracted from the serum levels measured at each time point
for that test subject. The corrected values per time point were
then averaged to obtain a corrected mean of rhGH in serum.
gtandard errors were then calculated by using standard deviation

of the corrected mean and divided by the square root of N=4.
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i.e.,
hours.

[0160]

after baseline adjustment,

Groups 1,

Table 17.

value minus baseline.

2 and 3.

-216,

Figure 20A illustrates the level of rhGH in serum,

as a function of time in hours for

Summary of pharmacokinetic parameters based

on data in Table 16

ThGH value is the average value from 4 animals that has been baseline adjusted,
Baseline is the average of values at t =

-120 and O

Group 1° Group 2 Group 3

Dose Amount (mg) 3.2 22.4 22.4

Dosage (mg/kg) 0.8 5.6 5.6

Cpax (ng/ml) 372 409 381

Trax  (Rr) 2 10 10

AUC (0-t) 4570 3503 3455
(ng.hr.kg/ml.mg)

Toos (NT) 20 74 77

iCommercially-available hGH (soluble, uncrystallized form) was diafiltered in WFI.

Group 1

(positive control) received soluble hGH on each of the 7 administration days.

[0161]

The data above demonstrates that the time at which

maximum hGH appeared in the serum (Tpax) was 10 hours for the

polyarginine complexed sodium crystal hGH, 10 hours for the

protamine complexed sodium crystal hGH and 2 hours for the
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have been baseline adjusted, i.e., value m nus
baseline. Baseline is the average of values at t =

WO 218/0603120 and O hours. 5 EXAMPLE 24 [0163] PCT/US2003/041545
Conpar ati ve pharnmacodynam c studies in female juvenile
cynonol ogous nonkeys with- didferent protam ne ratios.
The goal of this study was to assess the in vivo

har nacoki t fi ? [
colu R }bo i netic pro il f Cr t%ﬂag\{e% :“e Cﬁgrb‘}eg_ﬁaen at 1/7th

d%géc%@&@fél%ﬂystt%lf %‘Ml@ll@&&%ﬁ]&@uimmgy&aluﬂﬁiasted
data were generated in order to study the effect that

abovet higv Tedtlico 10f Bt (FhahGh D wmem dfldearad om taiigher of the
comp i3 IhEL 1% 85 Couls YRR HAFAN.D'A00 SEIUE:

aln as a UnC |0n CryStaI
serun %c&ﬁf&ﬁltﬁ&ﬂ:ﬂiﬁﬂ@ﬂxﬁa Exprerddeeintiadn ,StaudBeof m‘a]R[é et been

Studies Il Admnistratio Dose se Nunber 0
caloBahAc B B THEE LAY ST T bR A for

h i u oy LOT
T

Groupda-Acetdt®, the. czﬁngﬂe@dvﬁ_f&ys&ssllzmel fpwRaniwrre 74 and 77

R B I L

compXSed dbd 8y s tHICT ¥18d aff dirde drd arTg iNaSeDé)\t‘aﬂ:mdl(ﬁHOMavels for
Novartis and diafiltered in WI. £p05|t
mgme@mmwwbé@%dt%%bﬂ@fh@% %%cW‘ng? orm.

[016ffn1n'fﬁr§£ Pgﬂgépf? hSee fxapl &8 d6 0but9%ed@entrations

eparati on. doses were delivered after daily
of hmseme[netﬁé; oh FeF nhteastabyo Iheasheed et ve feneldon of

juvenil e nonol .ogous nkeys des b d |n Pr
time gt By TeﬁﬁV%1ﬁ$vF%%dpr?%D%t %?e%ggg%upg 0 %g%é%cy of
rhenf e A0LOBL SR . 9 o4l e angl MET 6w W 26PE4 0PR810GF -1

PCT/ US2003/ 041545 - 72
concentrations for animals in Groups 1-3. Figure 20B
illustrates that following baseline subtraction of endogenous
IGF-1 levels, complexed crystalline formulations have
demonstrated the ability to stimulate IGF-1 release comparable
to daily soluble administrations. These results, in non-human
primates, indicate that formulations according to this invention

may be advantageously used to achieve similar efficacy in

humans.

Table 18. IGF-1 levels for Group, Daily soluble, sodium
rhGH/polyarginine and Sodium rhGH/protamine

Time Group 1 - std. Group 2 - std. Group 3 - std.
in Average daily Err. Average sodium Err. Average sodium Err.

hrs soluble IGF-1 rhGH/polyarginine, rhGH/protamine,

(ng/ml) IGF-1 (ng/ml) IGF-1 (ng/ml)

-216 -48 54 263 148 31 94

-120 -0.63 22 4 34 218 115
0 48 73 ~-268 158 -249 86
2 39 32 -160 146 -56 104
4 22 52 -344 191 -120 114
6 37 45 -244 189 -19 96
8 ~22 9 ~464 170 -66 119
10 106 63 -491 219 4 86
24 130 130 -106 278 223 214
48 446 59 164 244 191 164
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adm ni stered either soluble rhGH (G oup 1), sodium
crystals of rhGH wth PEG and protamne (3:1

WO bd@@#ogisod am ne) (G oup 2) (Exanples 18 and 1B)T/082003/041545
sodiumcrystals of rhGH with PEG and protamne (2:1
rhGH:. protam ne) (Goup 3)-(f&xanples 18 and 19). 5 The
nonkeys, ranging from2-6 kg in weight and 4-7 years

72f ”i —at 41]L4|q,‘3 nr}agnt N of Lt - QQLL!?‘IQt ', el f i n:d': A d"‘é% Y307
9guuocu i ot@f]néSﬁg Steer CagesS;BQur PREY W 1T Al 216 243
1RUL oAl ¢ Wai#r|i ng /system or_watex | botklles. The 392 216
14n| L_room &8vi r orffent \/\aQ cont P4l -edtlf anpnroxi nat3dlyu 187
16840 AN 72n0l3 L 1:82, g15 |, 1oy (PP T 240 176
i i IIU/l43ldb"!Il gy, 12—thotrs eIt gdU 12 TU 1TTGY} 153
stkar Kness 1 n eadh 24&=hour peri od, r1=|&mnd _1Rs20 alr chamges 146
2pper| hour) atid twi @ |daily the Hﬁrkgy§\&g4#i€d_aj3 144
2@1‘ r*lgr A _e~aor ;‘GlFi od 67 82 85 167
2@L & Tt 222| T Uu113L oet bl al pb43l tll T 9h3l UW \I_Ial I @Idl 208
ek ad—Certifdsgd Praisrmat e D et #2095C)120][0165] Thi s 149

Note: PeH-atGust Bty rev@stcordult eterrer prider ceFUAEESUfren 4]&ninals that
have bgep bess r%i3§%tre€}gwlc6ﬂcléaﬁrt‘? EPENEs6H R GHEAITY oGS Fhe average of
valuesap &= ~aldmi i StPAtT 6HT0T sol ubl e rhGH (Group 1),
sodiumcrystals of rhGH with PEG and protam ne (3:1
rhGH protam ne) (G oup BxampdeE gadi um crystals of rhGH

with PEG and protanjne (2:1 rhGH protanin

[0163) | BodgmkT gt G vBF - PRI 6 D HITI55 S hrele, Juvenile
hecbhies +adisat ed]?h 1
crnehSASGHE ACEL. i J9BLB800 bhockiIne LhALSRL <l son
of tnesestu@ylw@$erfa@aeeachhanlnaV1v¢aph%@ma@©b¥@¢tlc profile
chi henou on th S

of CrXﬁﬁaifiﬁ re%%ﬁblga?g_hﬂﬁén ﬁowghngégﬁggé ?%hgﬁ% when
admlﬁﬂstéﬁed7@ub@@taﬂé@uslﬁ4to158ma182cyﬂ5m@1690640moﬂﬁéys

288, and 312. Bl ood was coll ected into ser

Thesge@atatWﬁ?@et%@%ra%‘flt 1Bt OF 98 F%n%%‘nl‘é}’uﬁﬂéef%?f%t 4ghat the
rat1$189 %8d£8m ﬁo@EC%g%EéﬂgneaﬂgscgﬂtEhéugsﬁtﬁélgeéckelease
m nut es at rpm h serum sanpl e was
of cspktalibhhe ahdB0ih hILoqdoseaum andr Epmi wehghtl ggintas a
both of which ﬁ g%ﬁd %ILF 7010C prior 30 testing.
functpeBept Hh¥EhE Hlﬁn§ heFERg/ M) in the coll ected
serum sanples were anal yzed and baseline corrected
(see data in Table 20). Note that appropriate

di liyHiens over exprde rtentd1G3 024 GaA3tEe Studies IT
PCT7USZ0037 041545 - 73 concentrations that fell

out st de the Jtmmteistiarsdnup raANge. Dose Dose | Number of
Group ¢ D ) . Vol Animal
; Sample of Dose (mg/kg) Concentration olume imals
# (hour) {mg/ml) (ml/kg) (Female)
1 Dailya 0, 24, 48, 72, 0.8 3.9 0.25 4
Soluble 96, 120, 144
Na-Acetate, 0 0.25 4
2 PEGH 5.6 22.4
protamine
(3:1)°
Na-Acetate, 0 0.25 4
3 PEGH 5.6 22.4
protamine
(2:1)"

SCommercially-available nGH {soluble, uncrystallized form) was obtained from Novartis and
diafiltered in WFI. Group 1 (positive control) received soluble hGH on each of the
administration days.

bsee Examples 18 and 19 for preparation.

°all doses were delivered after daily bleed.

[0164] In Primate Study II, the twelve female juvenile
cynomologous monkeys described in Primate Study I were divided

into three groups, each having four animals per group, and were
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Al'l values were then used to obtain an individual per

ani mal average background | evel of primate hGH This
w@eo4aeidmal average was subtracted fromthe sSPCT/DS2003/041545

| evel s neasured at each 5 tinme point for that test

subject. The corrected valueg per tine point were

then averaged to obtain a correct ed mean of rhGH in

serum Standard erro | at e
i A ARG CHRY Rt TR ® LTS o R e OGN f oY Hegts of

rhGH thﬂkhqDﬁﬂ U & Se0tambie Dlgfl 1 %@i@%ﬁ)’@é}nlrﬁ@ﬁ* dEygh S2)

Goups 1 (daily soluble), 2 (sodium
(Exampf(}# p]f&)tm ned X r s_c)c)\ltamdcnafqts@bﬁ U rAcH prbtlank e and

prOtémjﬁed ,&iﬁ/}é&ggg: cgtggrplneE)r r. (gro % age 5%’&‘7‘%%?%‘? ﬁgué?n& 19) .

The n‘?«ylﬂ{@% Smymlﬁr from h:E $6 sleds Lttlll ewe 1t rantdt protpsdne of age

rh t g/m) (3:1
2t thdgndas o5t Banby weioolidir el b Thegatdfig dgainices

ocee? Oydiy iped {0 TEIEE BB pod i td cace

bottB&s 13 Bhe 186161 17801621891 BAnmdBs7 2@s 33oni1041 ped 108

172 24 456 109 364 142 3 16. 29 372 74 48 8 7 153
(appaTcipaly F5iEG Ha e B 2 Soprs dight #nd 12

hour&zgaﬂﬁnésgzlgzeggh1§4 ﬂé&rl edbo8, 1dnd 182130 3468 dhaBges per
2 216 11 9 6 14 -29 19
hour24@nd7twgca4d@11g 8the monkeys were fed a standard certified
commercial primate chow (Harlan Teklad Certified Primate Diet
#2055C) .
[0165] This primate study was conducted in order to measure
and compare serum concentrations of hGH and IGF-1 after
administration of soluble rhGH (Group 1), sodium crystals of
rhCGH with PEG and protamine (3:1 rhGH:protamine) (Group 2) and
sodium crystals of rhGH with PEG and protamine (2:1
rhGH:protamine) (Group 3). Body weights were recorded for all
animals at transfer and prior to dosing on the times indicated
in Table 19 above. Blood samples (approximately 1 ml) were
collected from each animal via the femoral, brachial or
saphenous vein on the mornings of days -144, -120, -96, -72, -
48, -24, 0, 2, 4, 6, 8, 10, 24, 48, 72, 96, 120, 144, 168, 192,
216, 240, 264, 288, and 312. Blood was collected into serum
separating tubes, left at room temperature for 30-45 minutes to
allow clotting, and centrifuged at 2-8°C for 10 minutes at 3000
rpm. Each serum sample was split into a 100 pl aligquot and a
remaining aliquot, both of which were stored at -70x10°C prior
testing.
[0166] Concentrations of hGH (ng/ml) in the collected serum
samples were analyzed and baseline corrected (see data in Table

20). Note that appropriate dilutions were made to rhGH



10

15

264 -1 6 3521 -19 18 288 -2 9 2 5 -32 18 312 -0.58
9 10 6 -21 18 Note: rhGH values are reported as the
warenagsival ues from4 animals that have been POEBESI005@I1545
adjusted, i.e., value mnus baseline. Baseline is the
average of values at t =--%44,. -120, -96, -72, -48,
-24 and O hours. 15 [0167] Figure 21A illustrates the
level of rhGH in_serum after. baseline dJ’ tment, as
conceRTHEITHh BI2% | AL PHGUS fhe TraRfira, Valif d 95D
a11 AOMOGA3I0 HCTA URZQ93L D440 n -arf 4ind Bl @uil . peb BRI a1
of pharnmacoki netic paraneters based on data in Table
averafr GatfpieunG olpvel G Hupr BnaiBeseCAnouiiisg ieggr Fpinel 4

22. 4 Dosage / 0.8.,5.6.5.6 (0 0
averd uag SRIEA TS U g e s L4y Sl PRl S each
time (Feimd . K& Mt hag) t d90% (i ac0 1% 7@orrected values per time
. "Conmerci al | y-avail abl e hGH (sol uble, uncrystallized ,
poing grede di RER | TEPERITEH VEIOPER Bup? 1CPPERFEFY ety of JCH 1n
ec u 0 [ [ ard
e T s e 9o o deronat rar e ehaty ey ofapdar
deviatich ofixihencohGtoppeaean andtdevsdednPwashd Os@ozre root
for the protamne (3:1) conplexed crystal hGH 24
of Nhurs for the protam ne (2:1) conplexed crystal hGH
and 4 hours for the soluble hGH G ven 10 that sol uble
hGH was delivered at 1/7th the dose of the crystal
Tabadnbni. st FaGHONSvelllke FErARrvabees |(datidd abdwelien  Tabl(@odium
2 ovet dhate NG 1 Wheandled | ves@lum NeleGl hetottanphexepl: 1) )
crystaltTine form significantly reduced the maxi num

TidEEll UM GORCERAL I af 1oa. |[The 9@ -Tor [Goap |1, tiwee 3 - gtd-
i a i D), age . b sod jumn rr.
soll uBrgadeotly was™20 ho%ﬁrwgﬁiﬁ as| tie Tgmﬁj&aﬁl »
G oups ?Z/an 3,| the clomptexedgmhiystal ling ferin «wate
-14879 and 72, -rekpectdlvely. These-tesultgiclearly 34 22
-120ndi cate that:lg ' Laxead -9 5 10 6
-96 | 1 mASH 48 23 28 43
-72 -1 5 -5 6 3 9
-48 -9 5 -2 5 14 6
-24 -2 9 ~-14 7 -3 10
0 21 9 -4 9 1 5
2 312 47 8 10 ~-29 16
4 401 57 77 32 13 8
6 186 16 172 62 89 52
8 157 29 330 104 222 108
10 172 24 456 109 364 142
24 3 4 316 29 372 74
48 8 7 153 47 128 15
72 6 6 116 81 30 23
96 -2 5 42 15 13 21
120 14 3 22 22 22 14
144 16 16 8 12 -13 11
168 14 8 7 6 -21 13
192 2 7 -4 7 3 22
216 11 9 6 14 -29 19
240 27 19 14 9 -4 8
264 -1 6 35 21 -19 18
288 -2 9 2 5 -32 18
312 -0,.58 9 10 6 -21 18

Note: rhCGH values are reported as the average values from 4 animals that have been
baseline adjusted, i.e., value minus baseline. Baseline is the average of values at t
= -1l44, -120, -96, -72, -48, -24 and 0 hours.

[0167] Figure 21A illustrates the level of rhGH in serum,
after baseline adjustment, as a function of time in hours for

Groups 1, 2 and 3.
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crystalline fornms result in elevated hGH | evel s for

significantly |longer than the soluble form [0169] In
WwW@oainemsm t o det ermi nati on of serum concent r at PONES2088041545

of hGH, the level of IG--1 was al so neasured as a

function of tine. By neasuping the production of

|G~ 1, -the efficacy of rhGH was ascertai ned. Table 22

bel ow reports the I G=-1 concentratjons for animals in
G oupdPie321gj oFPEMSTR oﬁ|pharmaggk&ﬂﬁgﬁ_iaagamgﬁg__

basel i ne subt r acRaSH g iy ddbiePFs 4% 1 | evel ,

conpl exed crystalline fnrnnlatlnns_aLe_gannhlp of
stimil ati ng | GE- 165PBP &3 L) sol yffue 3
DOSE;ﬁJ}]?'P.H’F Q(F[“gé_t__L man nrqzwéj- e—racultc 22.4
DossGe BAE)  hht T orsibatt ane hecor ittt o thrd o 5.6
O 70 N WO A VAR - D A T T
AN VRPN SR bt WS IO S SD Ll 24
0 crrcacty T AmanS .o Z20UA{ dQUS LU 93
(ng. ;4%% $/ 041545 - 75 Tabje 22. 1G--1 levels for 2
7] oqgls T (daity sot gl e), 2 [(Sodi umiig NGV pratam ne 72

*Commerb izl i) Jva Bl e hof SEMHLUMN wnRikTpriodianmedib21deygd inlime @oaup (positive
control]) recedpef, so@patpeoon- cadt A iy befFiEstradpy 3P n Aver age
daily Err. Average sodium Err. Average sodium Err.

[016?1S sobubLe, g4 Ck- &e&@ﬁ%&?é@éaﬂhﬁﬁ FREH prot 371 PBich maximum
(3:1), TG~1(2:1), (ng/m) IG-I (ng/ni)
hGH appéaﬁédgznlzaeﬁsenem Vel 101@0ur61fq9 ghe preyangne (3:1)

116 27 -178..11_-1 3 43
conpl 334 Ryotabatin 21 ohaute. 537 55hderParalind g 250 §
compldRedlc194:406n82 48d 42holbs7iorbtK8 5d10ble4heB. 96G1ven

45 42 -10 94 6 48 106 38 63 91,74 8 10 119 97 47
that 7801ablggheHevwagrisdiBered apalspbhishe 26038 ?ﬁotﬁe7crYSta1

adm1ﬁ§sg%aggoﬁé,6§h§4@m37values listed above in Table 22 show
that hGH, when delivered in either complexed crystalline form
significantly reduced the maximum serum concentration. The Tgos
for Group 1, the soluble form, was 20 hours, whereas the Tgs for
Groups 2 and 3, the complexed crystalline form, were 119 and 72,
respectively. These results clearly indicate that the complexed
crystalline forms result in elevated hGH levels for
significantly longer than the soluble form.

[0169] In addition to determination of serum concentrations
of hGH, the level of IGF-1 was also measured as a function of
time. By measuring the production of IGF-1, the efficacy of
rhCH was ascertained. Table 22 below reports the IGF-1
concentrations for animalsg in Groups 1-3. Figure 21B
illustrates that following baseline subtraction of endogenous
IGF-1 level, complexed crystalline formulations are capable of
stimulating IGF-1 release comparable to daily soluble
administrations. These non-human primate results indicate that
formulations according to this invention may be advantageously

used to elicit similar efficacy in humans.
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72 505 391 100 155 278 105 96 328 202 363 161 289 122

120 329 224 294 89 261 136 144 279 282 210 81 86 103
waee488B1266 424 184 219 104 192 259 185 169 HEGBUIRA3/041545

50 216 127 152 55 107 -8 67 240 54 153 -54 141 -64

72 264 4 132 -165 103 -50 48 -288 -16 105 -208 122

-43 75 312 11 100 -77 207 30 77 Note: |IGF-1 val ues

are reported as the erage val ues s t
Tabl&ﬁq\PthngrG ‘h]ﬂelcﬁ‘f_egi%? Prs b (éa yldsﬁulprt'mae A Esodlum
e et AT (ol e AT %C&Wmfrl@gifmotﬂamLe 5(2:1))
-144. -120.__-96.__ -72 -48 -24 and 0_hours F)(AI\/DI E 25 =
s

TEFOWQEJ:QEZ@H;OCOE@wam TG af Uil o owt S BBCRRe | oo

nradin Bistereeiby singl e wom/waiahie SUpcut aneou&em/nyoe@ﬁneon
( Fod
t9 ) 10 Iﬁii‘]épphysect oni zet: ﬁa Ig Tats| The goaIIGFo‘f ng")m?
142 L UOY—WAS U O, LJ0MPdd the EI I'TTagys Pl ugor ferent 137 134
-1zbonnul at | onsef hGd when _admi ni s¢ preds+20nce or dai |AJL 57 98
-9 o5i_seven coisecut 37\“:: dayvs cuh‘r‘l7ﬁ' naotisl vt 0 13
~72. ~33 59" i § o oa S T -52 43
4yypupnybcutuy4Lcu HUIC Wstar lq TH& STUUY UEblgum 64
20as as tollows) 1oellable 23. Stueky| Desesgn - Sanple -83 78
°Degcri nf iLon 115'#: g||p7__1#_ Sar_rp| ea Sarmi Délclr i ntiagn ar 82 107
2 d SO IS EY IS NG O LR 51 95
Test CompottgtDaitySotubte (oG —&6 7 g/t -10 94
sD-manni tol, 26l 7/ mg/Inf 1 Vehicles}{ Sheam sucrose, 50 s 74
Ml NaH2PO4 (P-\C 6. 33 | Hyngnhvsect &/ Datly Soluble (ng8s 78
19, 10 = nl%%rm{r OS¢ N St -TH AN AT 75
24 T X0 7 IIQIO I %R 3 MU, 20,7 731yl 1 4 g £ VETirere = 150 107
2dOW SUCT 0SE, 3b0 nVboNaHZPOA (pH 685H) Dose| WO 342 97
72004/ 060310 sECT/ U 3/041545 1075 Peily Soluble (3% 105
9 1e 7 o8y 202l Sl T o 363l g6l 7 * 289 122
12 |..\J| |./ 1O 7 II%Ing oohL T Ut 20, l294l:jl LA 89 ) VCIII bl c - 261 136
10 gh sucroseys bU A NaHZPO4d {pH 2bo ) 81 86 103
168 591 266 424 184 219 104
192 259 185 169 163 131 50
216 127 152 55 107 -8 67
240 54 153 -54 141 ~64 72
264 4 132 -165 103 -50 49
288 ~16 105 -208 122 ~43 75
312 11 100 -77 207 30 77

Note: IGF-1 values are reported as the average values from 4 animals that have been
baseline adjusted, i.e., value minus baseline. Baseline is the average of values at t
= -144, -120, -96, -72, -48, -24 and 0 hours.

EXAMPLE 25

[0170] Pharmcocodynamic study of human growth hormone
administered by single or daily subcutaneous injection to
hypophysectomized male rats. The goal of this study was to
compare the efficacy of different formulations of hGH when
administered once or daily for seven consecutive days
subcutaneously to hypophysectomized male Wistar rats. The study
design was as follows:

Table 23. Study Design - Sample Description

Group # Sample® Sample Description
or Test
Compound
Daily Soluble (no hGH) 16.7 mg/ml D-mannitol, 26.7 mg/ml
1 Vehicle - Sham sucrose, 50 mM NaH,PO, (pH 6.5)
Hypophysectomy
Daily Soluble (no hGH) 16.7 mg/ml D-mannitol, 26.7 mg/ml
2 Vehicle - Low sucrose, 50 mM NaH,PO, (pH 6.5)
Dose




Dose 0.71 ng/m rhGH, 16.7 ng/mM D-mannitol, 26.7 4

Daily Soluble - nmg/m sucrose, 50 mM NaH2PO4 (pH 6.5)
wohowsDeseo 5 Daily Soluble - 1.0 ng/m rhGH, 16rP@T/De200$/041545

D-mannitol, 26.7 H gh Dose ng/m sucrose, 50 niV

NaH2PO4 (pH 6.5) 6 Sol uble %6ngle 3.5 nmg/m rhGH, 16.7

mg/ M D-mannitol, 26. 7 Bol us Hi gh Dose rrg/m sucrose

50 "1\/| ’\lﬂl—")Dm /r\l—l PAal v ar.

50 -;4' nl J-ﬁ{an it I”26 /ml
cryst ‘TB % ta ?T H| g“ﬁ’
*PEG|6000; is- P?Na& , % ¥§

potyargrmine HCT(Tod 3R rﬁ@/[nllorIQZIH Id’l@‘h@ﬁdlyﬁ[@rﬁhf@l I S6.7

,1: 0./587ieRpEeeCont il LbRosd baGhc NaB¥oPEGHEOGD, 25
mM Tri s- P@!LD(’EW 8 Protamine 8.6), 0.75 ng/m

protEagLlE, soliEee- OV fbfnl Ehed,alt Ne ng/m. BUhdnitol, 26.7
crysit al I#ipg sddeH, 2 /mMJm@A@e, 690 mD wek 6! A8 6.s)ow

6PI:(: OUBHinbYe sl | 53 J‘ElCillg(rﬂHrBGIrﬁ) 16 07 hg/t) DAhandd@8E, 26.7
Pr ot ambnes SugH aioee( nied /& $w@atroge 0f o rmGNaBAPY Apyi fisne | S

1:1. 715}] 181¢. 7ﬁ'gé/hd1 GI}SBEtFéllmenEHQHﬂ@'EO 2FONaANc, 6%
NaOAc ,Crgsxé/ ;% mglst APEG-60 ¢4 RS PRGTEH0HCL 28H R 5rj 8- Hme/mL
(pH 8 Eiﬂdqtléﬁl}ffé é’Eﬂ‘lﬁﬁt ‘éatgﬁo‘l’%r ratio
of__rhCH nol \/ar A ni nerhGH: ollya-:yg:j_.-\nln@mq,ﬁ nt r Al 2N

Y. ha@&d%&"ﬁé@mo@“ % E@ €5y 23 e g HeL (on
I 'yar gi ni ne-

%ol yar gi @!1:9&356) fagfreyst al s

Iz—vem bl')lf ContTot= é—oa {ngﬂﬂf T~ AW 8k, 460 mMTHAGHC, 6%
sucrpse, PEEaSing| e Bed -wsoamM2 PYs (o] 615k . @Al b.75 mg/ml
Sanp e‘sfy\ﬁé?Jes Sﬁﬁr{é‘ﬂér peratainnge WELfdatadefolsterddie of

condj ti ons® e veh| eha@@:aotagginfplecih @l . gl es were

filtered i th; L 22 L i tnefmlaf:rm’taﬂahrrﬁgfr 1 BBO mM NaOAc, 6%

.§0l ut '&9&41@ i E%%é@f’?ivé-"ffiﬂ"hé”lﬂs\%’ﬂ 8. @'Téb‘l‘%/ml
24. St udy Pesd n - AE?ﬁtﬁf“s § e ‘Eﬁ}ﬁr#r
Dose X hncg {Q\PI% EBGHnmﬁO? a“rgﬂgl*eeiz. L ?)f ??;je %er\}iel -
ol uﬁge 8 (‘ﬁ@ I‘r n nO il NaOA; s P 2 i I—bC (pH
! 200 7%1},@/ oses é)’ E 5 my/PY Wal@ AdT
Vehicle Control- | 16.7 mg/ml D-mannitol, 26.7 mg/ml sucrose, 50
12 Single Bolus mM NaH,PO, (pH 6.5)

*pnll samples were prepared using WFI under sterile conditions. The vehicle and soluble hGH
samples were filtered with 0.22 pm filter after bringing the solutions to their respective final
volumes.

Table 24. Study Design — Administration

Group # Dose Level Dose Conc. Dose Number of
or Test (mg/kg) (mg/ml) Volume Dose Regimen Animals
Compound (n1) (males)

1 0 0 200 7 daily doses 13

2 0 0 20 7 daily doses 11

3 0 0 80 7 daily doses 11

4 0.143 0.71 20 7 daily doses 11

5 0.8 1 80 7 dally doses 12

6 5.6 3.5 160 Day 1 11

7 5.6 18.7 30 Day 1 12

8 0 0 30 Day 1 11

9 1 3.3 30 Day 1 12

10 5.6 18.7 30 Day 1 12

11 0 0 30 Day 1 11

12 0 0 30 Day 1 11
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200 20 7 daily doses ii 3 0 0 80 7 daily doses 11

4 0.143 0.71 20 7 daily doses 11 5 0.8 1 80 7 daily
waelo®ensB2 6 5.6 3.5 160 Day 1 ii 7 5.6 18.7 BOI/Ds2003/041545

12 80030 Day 1 11 91 3.3 30 Day 1 12 10 5.6

18.7 30 Day 1 12 11 0 O 30yfay 1 11 12 0 0 30 Day 1

11 WO 2004/ 060310 PCT/U82003/041545 77 [0171] Upon

arrival, 138 male Wstar rats, hlng approxj mately

[0171- 10@@%@%@%@%@8&%@%% yr -edﬂ%lﬂa%in%m

r
apprc\f@ln‘?r oXl OP(?&ﬁ%er at ua}lg@%%%‘é rel at [ ve hum di 2535/ 30 days

old, %ﬂé)%rdl@ Hovused i @Me:armbrﬁzﬁd’lm)tmcsord@xikx@ss (mpeachimate

24- hour period, 10-15 air changes per and |ven
CemDAOSEe (B P e et T o I e e LiGhe and

12 h$ﬁ§%t&%@ﬁﬁggggﬂguéaéﬁQZ@IHGQ% Joei AL S1Yel € & 1 oveEIhdEs per

imate to t envi ronment for two weeks prior to
hour} estd ngi vel 049@¢sThieo 1838r T Bied vierecndmidi 2lepratory chow ad

llblg leS‘%@%ﬁéﬂlgﬁ T%B$§YtheTconcenéraérgnalygwg&etgnd

est conpounds wer e
acclﬁﬂ@%@l§éeﬁﬁé SRCer&fimenE ef sai Lo fuseBeVeni ogonseesitt ey .
days as a single bolus |néect|on subcut aneousl in
[omhe doFlsent 38 efat TheeEe t adBin] #f @ERH ofPWaseE haveardhgs to

the ggﬁgggt9£%15§53¥gg¥ﬁepéﬁgrdéglﬁgsfgglﬁéﬂ iﬁefgﬁiéeﬁ4as The

red itate injection, The t
testcoampundésmneEeaddmnns$9eedd us¢agon @@Gga@gelx gommseven

need| e attached to 0 n Test ¢
consgeel¥gy ?ﬁ?l?slﬁvﬁ??gg % i¥%efg?%cgﬁgﬁrEuggﬁg%%%gF%%y in
the 86r§@ﬁuék89 unirher gi ty¥ &ftbﬂyécﬁﬂ@ﬁlﬁgszHQVBQ ghtiofarked up
fo withdrawal into the syringe and again prior to 20

to 3adavaipriari ba. dpeing] avdi ghergal hehadsnEagut 8dake

cac EFRL TRy DUELDBOHERIRagS, 800 adndidocerea
usindPR’ 9¥LgBLELYx180mA ndB%a at adeatned Ebear350|h$ syringe.
Test compounds were carefully inverted in order to ensure
suspension or solution uniformity without causing foaming prior
to withdrawal into the syringe and again prior to
administration.

[0173] Weight gain was measured and recorded twice weekly
during weeks -3 and -2 and daily from days -7 through 14. Rat
weights were approximately 100 g = 10% at dosing. The results
of percent induced growth are presented in Figures 22 and 23 and
summarized in Tables 25 and 26. In Table 25 “high dose”
represents 5.6 mg/kg/week. The data illustrates the comparison
of the weight gain of rats having a single injection of
rhGH:polyarginine (Group 7, Examples 18 and 19) or
rhGH:protamine (Groups 9 and 10, Examples 18 and 19) crystals
over a seven day period versus a daily injection of control
(Group 1, no hGH) or soluble hGH samples (Groups 4 and 5) over
the same seven day period. Group 1, Sham Hypophysectomy rats,

shows the normal growth over a seven day period. Moreover, rats



of percent induced growh are presented in Figures 22
and 23 and 25 sunmarized in Tables 25 and 26. In Table
WQ@2004k6g0 dose” represents 5.6 ng/ kg/ week. TheECHESH03/041545
illustrates the conparison of the weight gain of rats
having a single injection-ofg thGH pol yargi ni ne (G oup
7, Exanples 18 and 19) or rhGH protam ne (G oups 9
~and 10, Exanples 18 and 19) crystals 30, over a seve
havingpaset iasiniversiared dTE B BT o BRI 7) ?@C&F’p
] é%ﬁ@ JEE'&%EH” ( RS )seven days
hlghe(]){/eﬂr&t e sng{rr%é%e%%]leoday peri odc.?éeal(()%p 1, %?126&15 =e Y
than Hypophysect oryat atsre axtowsi 4 thererbrael ulgroi®H ol(@roep 5)

seven_day period. Mregver, rats WO 4/,06031
cach BN (ST S5 - T A S bebn aeli i e gt PO
5  crystdiGHed yesahm el dkdE aedydhag go thgherepeitentvention are
i nduced growth with one injection over seven_ days
as effrreiwse 2atdaihatsoliel admil stERE SRRt Ty one week.
(Goup 5) each day for seven days. These results
illustrate that hGH 5 crystals and fornul ati ons
Tap@EC95dI NG b REgREE8eAE i hAYeRkEAN 18l 8ypBphokbtearioud Rats
as dai Ty sof ubte rhGHadm ni stered over one week.
Tabl e 25 G 8Py T TUUGRE B tipelédT 1N Dpay &
Hypophysectfddrzed Rats G oup # Sanpl e |Destducpdi oh Day
8 or Tebtonpadhiced Conpound G owh 1 $hamrowth
hypophygsectony 22% ghdiohypergiyeéstemgr ystial s 22%21% | hi gh
dose 5 Daily Sol ubHegydiadhimoseys@ds 4 Dai | y21ol ub| e
| ow dosg 11% 10 Protanbhgh degstals - high 5% dose 6

Daily splubfe si nr\?a\i_lﬁrﬂoﬂﬂébl@/.hiﬂfﬁgﬁiﬂg%g_g: : ne
crystal 5 - fow 20 D3d¥eSOFRbe Jo¥gdossy 1y | pHifced
Vi ght Gai mo(gran%r)"tF“Fﬂnﬁy%’@’@%%c't B dd Rard Day

5

Daily soluble single bolus 2%
6 high dose

Protamine crystals - low 2%
9 dose

Table 26. Daily Induced Weight Gain (grams)
in Hypophysectomized Rats

Day
Group 0 1 3 4 5 6 7
1 0 3 10 13 15 19 22
7 0 4 10 15 18 19 20 21
4 0 2 3 4 5 8 11 11
5 0 3 6 10 12 15 18 20
10 0 5 9 7 5 6 6 5
6 0 3 3 2 2 2 3 2
9 0 4 4 2 0 2 2 2
10
EXAMPLE 26
[0174] Crystallization of hGH with sodium acetate and

protamine sulfate. Here, a frozen bulk feed solution of soluble
15 recombinantly-produced hGH (rhGH) was obtained from two stocks -

one derived from E. coli (Novartis) and the other from
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20222 10 EXAMPLE 26 [0174] Crystallization of hGH
wi th sodium acetate and prepanine sulfate. Here, a
frozen bulk feed solution of soluble 15
reconbinantly produced hCGH (rhGH) s obtalned féo

yeast G QAI) oneSaiAT Vel TS o 1E b T e ohgem -

coli taﬂﬁi%} fé@ M@ﬂ%f&@@%@s%é@sﬁgoﬁ{&f'%ng 9 same
ticky

yeast( Separate anal yses of rhGH derived
crysifabhl fatlcml an@mblyté@shtsy otte st sl ¢eesitrespeptive of

its SRTGRT erbORT LT Ebheb ] VB of 10110 W LR of "thatda rhan
feed ARPT X SRt QLY Bui fled 18s 26y @)/ DG Aded r f&Him®

feed solution was purified using a | ODG- desa tlnﬁ
suppkbtdnpy sBbphadd byrBpeRae. swﬂﬁ 1RSI ethdagPhgn was

t
cona REcRALUT Yo ATrEhL DB IS gk o
pH 8 Wap. thEMeInh@mdsamﬂlaIWQmeﬂhen boaded ahe@ @bluwedbyo enter
ravit After, discayr in he first three.m of 10
the ol DRnGERE B 0 B LT dOSHAFHITS. FEL pHF8Colage ™ of
eluaddeghnodnar §looh1tbe desaltedi st wves el otedsagdded. 4.5

col l ected. Concentration by centrifugation was then _
ml opetherdedalisedgraGiv vas potetedopeenteat ot edmeo-oncentration

10,0 a 0] p cQ ion
oy odfeRRBheRLiIROPah PR o0 I e TR o cOEePTELRL
concé@hspsbapceMuato280, oo P. 8&335Q0ngpm1fbf}Q@Q3® mifl. 81TBe

absorbance _units). CI tals were ing
conceRtRFzeR At BF TRPst Ean%ﬁmé ? 4660mea ured by

f a aggyaientl Abval = 0.813 absorb
absog%%%gglggt?ggsﬁﬁgo QQ3“@1 §y (vliv), 2 ng/n1oaﬁé 5%080r anee

unitaM Cregspetsi verg, grﬂwnhbyt@ddhngoﬁanbahzaﬁtwaﬁerunEFlS -HC1

(pH ?hgkehg§§a4é§ﬁ 9 gﬁgﬁeogu%%agg/ nd ﬁgeaégkgEéogom@§nal

concentrations of 100 mM, 6% (v/v), 2 mg/ml and 500 mM,

3
5

respectively, in the total solution with a final protein
concentration of 15 mg/ml. The solution was then mixed gently
and incubated at 33°C for 12-16 hours. Needle-like crystals were
obtained ranging in length from approximately 2 to 25 um. After
centrifuging and pelleting the crystals the supernatant was
extracted and, crystallization yield was measured as greater

than 90%.

EXAMPLE 27

[0175] Crystallization of hGH with sodium acetate and
polyarginine HC1. Here, a frozen bulk feed solution of soluble
recombinantly-produced hGH (rhGH) was obtained from two stocks -
one derived from E. coli (Novartis) and the other from

yeast (Lucky Gold). Separate analyses of rhGH derived from E.

coli and yeast stock solutions resulted in rhGH having the same
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and incubated at 33C for 12-16 hours. Needle-like

crystals were obtained ranging in length from
wapprosismately 2 to 25 lam After centrifugi NnBCHO003/041545

pelleting the crystals the supernatant was extracted

and, crystallization yield was-neasured as greater 25

than 90% EXAMPLE 27 [0175] Crystallization of hGH

wi th sodi um acet ate and %arglnlne HCl. Here
crystRbhEARbIPR $RecSaLIRt } bRY oPISBREBFELS560S 1rrebpective of

its é@&?@@'naﬁéﬁ¥o£{8998f9 @C%i&ih§?5c0|| gbﬁy)nsé £R9Md rheu

tocks - one derived from Novartis) and
feedt@@l@them waonpyeasi¢duskinGos d} 0DGeparat eingatgsesnof

supp] LS PEGE TR P Ao FauPho rBEUahy  Jer 2008 obog1PL Qi was

cond PET6MSR003/ 9448y th80coTuystaithzabieh afdTris-HC1 (10 mM,
solubility characteristics jrrespective of

PH 8s@Ur ceThapprelti Aerels was Hhe%lbo?@eﬁg?ﬁﬁ)a%iOWﬁﬁmEG enter

f on u n
the %éﬁb%eggl??%%y%%f &@§§gpg? eggggﬁglgggdflEEFthfge ml of

eluasappheotbadi gy mheofonoanmE515 -BOhdpHi Bnedwhy added. 4.5

ml o} Bse"neeTHeR) LRI o has PhER FBAdEAL BRACET ovelPpRRETation

by csﬂtﬁifugaeléﬁlwag bMedr oL ty¥rmAlt gsifdhsaandingpbhe
first three M of eluant, another 5.0 ml of 10 nM

conc¢ntgapez PEE0010a808ldel. 3508 TR 6pri RB-ABsEired The
conceng¥l %ftﬁeHa@g C?h'?ﬁﬁgg oﬁbﬂseﬁﬁ/ﬁ&' %gagﬁred by
NtrI uga a I | pore

ce I on WaS then perforned
absoebaneat eat pg o ( MMCO. &@30@@)m§ﬂm$SBGHrBﬁBDOE 20830 mbmorbance

. The _concentration of hGd was .in range of 30 ng/nl as,
unitfpasGrydthys YBEEr GARWE &Y ééélﬁﬁfg g?@lefg FREZp Gl is-HCL

(pH @289 P§G84§O@b395@989?1nﬁﬂétﬁtl §£M3N§L§cé@é§egE6W@1Hal
di ng dei oni zed” wa Tris-HCL 15 (pH 8

6
concéﬁezac@OnSpgfyéﬁglmMmeZ%EiVéﬁﬂ Na moémat ando50Pnal,
concen ratlon of 1 / L
zeoDRap L P ¥petti Yiy SOLAL RELEbLRl YAFH PR aRtnEa FrAd
conc@h@katmonCeﬂCQBtmngQn Oﬁhé5sﬁghﬁhonThesschahimﬂmeSgently
then m xed gent %efand i ncubated at 33C_for

2-16
and pggubatreedfe3PrkefeFystals Weres 20 %%ﬁ%}%eﬁl$%nﬁF%§tals were
obtalﬂehe?%Bg Oﬁha@gh h”@E%RYa%pEQXQQaEbﬁy After o5 um. After

centr etlng the crystals
cent$dﬁegmagaandwasllezunactée amdst@ﬂystablszaﬁr@ﬁtﬁmﬁlwas

extr%%%e %%ﬁfegr%%t%E?QE%Elon yield was measured as greater
than 90%.

[0176] Although the foregoing invention has been described in
some detail by way of illustration and example for purposes of
clarity of understanding, it will be readily apparent to those
of ordinary skill in the art in light of the teachings of this
invention that certain changes and modifications may be made
thereto without departing from the spirit or scope of the

disclosure herein, including the appended embodiments.



than 90% [0176] Although the foregoing invention has
been described in 25 sone detail by way of

WO Rdoum6a3ai i on and exanpl e for purposes of cl apCT/ySmWhH3/041545
understanding, it will be readily apparent to those
of ordinary skill in the arg1i+ |light of the teachings
of this invention that certain changes and

nodi fications may be made__thereto w thout departing
fromthe spirit or scope %Mlﬁé 30 di scl osure herein,
i ncl udi ng the appended enbodi nents. WO 2004/ 060310

We clp@m:us2003/ 041545 81 CLAIMS We claim 1. A cal cium

crystal of human growth hornone or a hunman growth
hor none der. vat ve. A l,ent__cation.crystal of
r

2.
human Igr owth &gt &Wsﬁ%&lﬁf}%%%v\b Qrmone”ox a

humarﬂegrxio\(/&tﬂ Wormond LN crystal of human growt h
ornmone or a human grow h hornone derivative. 4. A

pol yargi ni ne crystal of human growth hornone or a
human 2gr owthh HBIRGRTEE e re /e ATy ST taph © Tnd HEWRHE ehfowth

cat cr i Ay iwherein said
horm%en val% nk%{ﬁ%:% i%}&%ﬁs%?%ﬁ:%éedc% r olm t hle group
consisting of: lithium sodium potassium and
anmonium & diet anioy atend t £atebhwears t g owide drelimepe or a

to claim5, wherein, said nonoval ent cation is sodium
humar?.gwq'b%r%\?n%c or ity Yo any one of claims 1, 2, 3

or 4, wherein a single admnistr t‘iéi?ln%Of sai d C{Pﬁ%al

to a ‘4ammet RROYREREIERE | FEXF VT HEH 'SEPHm 9T oV ormone o

&t 110 hdnSah -1 vRPIR: . sel ected fromthe group
@ hw{éﬁs' st‘{;ng of : (a) bet:\LNeen about 0.3 ng/m to about

2,500 ng/ : {t WeLn; G OM, O 1 NGEBbr& Pngbeyt
1, 000 %g/mTh‘%%%D?&g%%&?c) ﬁg%ween %bout 1 ng]/fm ?o
claimbputwidbe hy/ shid h@bhovaleat t ¢aeiperiodssbéece@difemnihe

grouy oSt S SESt 0800l £6d: 08! "EEL.8R0h Qnd BRHER um.

6. The monovalent cation crystal according to

claim 5, wherein said monovalent cation is sodium.

7. The crystal.according to any one of claims 1, 2,
3 or 4, wherein a single administration of said crystal to a
mammal provides an in vivo hGH serum concentration in said
mammal selected from the group consisting of: ]
(a) Dbetween about 0.3 ng/ml to about 2,500 ng/ml
hGH;
(b) between about 0.5 ng/ml to about 1,000 ng/ml
hGH; and
(¢) between about 1 ng/ml to about 100 ng/ml
hGH, for a time period selected from the group consisting of:
(i) between about 0.5 hours and about
40 days post-administration;
(ii1) between about 0.5 hours and about

10 days post-administration;



40 days post-adm nistration; (ii) between about 0.5

hours and about 10 days post-adm nistration; WO
wQ2AB0B10 PCT/ US2003/ 041545 82 (iii) betvweenusivor041545

0.5 hours and about 7 days post-adm nistration; and

(iv) between about 0.5 hoursz and about 1 day

post-adm nistration. 8. The crystal according to any

one of clains 1, 2, or 4, erei i ngl e

admi ni stration offiddi %e&”ﬁ‘?ﬁna}ggo %arb %a?r]t?é'ﬁfspra&?i gosut
7 day@N g tanildFeth-38/0HN @hgyvation over baseline |G--1

level in said mammal prior to said admnistration

sel ected from tHe)ghsimyesansbsitng & hqus pedwediput 1 day

about .5 ng/m_to about 2,500 ng/m; and (b) between
pos’c"?%grﬁlnlf&f%ht&orﬂ' to about 1,000 ng/m, for a tine
period selected fromthe group consisting of: (i)
bet ween abamte G5/ dtalr sard-dbgutto 4hydayse of claims 1, 2,
post-adm nistratiaon; and (ii bt:e,twecepﬁ abo.ué 0.5 th urs
3 or gnd MEHAID 2 AARE oAU AT ot TS Fhetes tO @

mammﬂ@cﬁ}ic?é:é:oirgiﬂg $Or@merne Hrgh d1Bvasich ove®badkeline
erein said crystal has a relative bioavailability of
IGF-latldwsstirb 096 ot mwwesl oy iwmpg® ethid adwiniggtegfion selected

£ i.dent i cal dosesisg_f.%fl(%_l e hGH delivered via the sanme
TOm fdti M STt VEYOut'E iherein sai d bioavailability is

measur ed by (AUC wétweadtal aboutyi v g hiH tserabout 2,500 ng/ml;
concentration for said soluble hGH and said crystal.
and 10. The crystal according to claim7 or 8, wherein

sai d mammal G5 a,QupRth ddoud Mo G THgLAl BsCaASOaL 600

claim1, wherein said crystal conprises fromabout 1
ng/mt o about 500 cal ci um nol ecul es per nononer of human

For SE0 D 0L BRSOl DU QLU 0. 9L IR0 A U BR Y5 YO
(1) between about 0.5 hours and about
40 days post-administration; and
(i1) between about 0.5 hours and about

7 days post-administration.

9. . The crystal according to any one of claims 1, 2,
3 or 4, wherein said crystal has a relative bioavailability of
at least 50% or more, as compared to that of an identical dose
of soluble hGH delivered via the same administrative route,
wherein said bioavailability is measured by AUC of total in vivo

hCH serum concentration for said soluble hGH and said crystal.

10. The crystal according to claim 7 or 8, wherein

gaid mammal is a human.

11. The crystal according to claim 1, wherein said
crystal comprises from about 1 to about 500 calcium molecules
per monomer of human growth hormone or human growth hormone

derivative.



83 12. The crystal according to claim2, wherein said
crystal conprises fromabout 1 to about 500 nonoval ent
W@ 2004060810 per nononer of hunman growt h hor none PCT/OS20831041545
growm h hornone derivative. 13. The crystal according
to claim1, wherein said -cggstal conprises a cal cium
salt selected fromthe group consisting of: cal cium
acetate, calciumchloride, calcium sulfate and
cal cium gluconate. 14 The crystal according to claim _,
13, whkf ei nt_&i ‘EJII3’%t<aEIﬂ(:i‘i‘ff'r‘?‘%?é\‘ler ng s aftth acethEstssa1d
crysdde E&NSEAle RCELEHI Mol® Tl 8 MBouthes @i oSt &l ent cations
crystal conprises a sodiumsalt selected fromthe
per mpreper cohsihvninE@oPwtls dapumers t ateuman dixew plhospriaeee
deri@ngisgdiun1 acetate. 16. The crystal according to
Ctar v 15, wherein said sodiumsalt is sodium acetate.
17. A conposition conprising crystals of human growh
hor none3 or Bhéusapsgibwidtcdod myetdeclaahi Ve whdraim said
excipient, whereip said crystals ar el ected from
cryskab ﬁ?%ﬂﬁl%%ﬁs?s??%ﬁlﬁm:s?gg (o=} %?EﬁgcfﬁgTaFgeogrﬂﬁﬂan

cons J5OVLE B! MBALC P AcBUEBE, JEQVE DuROLHDHL: deT | ¥al &vem
(b) ndnoval ent cation crystals of human growth

sulfavenané oalaihmnahugeedEd- hor none derivative; (c)
protam ne crystals or human growth hornone or a hunman

hor mone, der Lyat j,ve,; d argi pi cryst :
g o B, b1 B0 LD BOMYEL), o Ayt hcbin sas
calctleni yaltves d8lcThe soapaséti on according to claim 17,

wherein said crystals and said excipient are present

in said composition 2004/ 060310 PCT/ US2003/ 041545 .

ga” 55" ROParTYAERD OFCREALEAorDI SHEIBIabBiETT F05aid
crystQ12aboMbrideh. 4280d4i8m EHEtcggpéétéﬁOﬁr@ﬁC@héi?Qoﬁp

claim17, wherein said excipient is selected fromthe
consgpbupIconsi 8PHAgTOFitHAt Ao sodium phosphate and sodium

acetate.

16. The crystal according to claim 15, wherein said

sodium galt is sodium acetate.

17. A composition comprising crystals of human growth
hormone or a human growth hormone derivative and an excipient,
wherein said crystals are selected from the group consisting of:

(a) calcium crystals of human growth hormone or
a human growth hormone derivative;

(b) monovalent cation crystals of human growth
hormone or a human growth hormone derivative;

(¢) protamine crystals or human growth hormone
or a human hormone derivative; and

(d) polyarginine crystals of human growth

hormone or a human growth hormone derivative.

18. The composition according to claim 17, wherein

said crystals and said excipient are present in said composition



acids, salts, alcohols, carbohydrates, proteins,
l'ipids, surfactants, polyners, polyam no acids and
wWorRoot6iss0 t her eof .  20. The conpositi on accor dPeyUSH03/041545
claim19, wherein said excipient is selected fromthe
group consisting of: protagine, polyvinylal cohol,
cycl odextrins, dextrans, calcium gluconate, polyam no
aci ds, polyethyl ene egcoI dendri mers
at ap@@%@¥tﬁaﬁ%ﬁeo POFH eEF T RS RE, a%%??o%a%oaﬁ@ about
1.0.xtures thereof. 21. The conposition according to
claim 20, wherein said excipient is selected fromthe
group consisting of: protam ne, polyarginine,
poIyeth?lenﬁhglg@mpoah@iﬂmx@u¢esdinﬁet@o¢la2m 1Thewherein

. CONpPOSiti n, accoy gt claim 17 e .
Saldc%%%%ﬂf?% i ORA %? ﬁﬁ%n g¥om¢ h%o?ﬁ%ﬁg égn ﬁ%ﬁnaromxhamlno
acid8pr gRnes desivahbye, laaﬁaoﬂy@@apég;tpﬁ@tesnselE@peds,

fromthe group consisting of: (a) between about 0.1

surfapEaabsut PROYIHEEn POLYBNTREt 3EeAS aBBtt MAXEHECEhERETeot -
100 ng/ M ; and (c) between about 10 and about 100

mg/m . 5g3. @hQE&BHQOEQE15ﬁe§&eagd§ngaaaabla§M|mg Ayherein
di sorder associated wth human grow h hornone

saiddekictpeaoy 08 mhlebted faoml theagedubyconeasheng afth

human gro onpr.i Si the st
oot gl Ry SPEr ¥R Lo AP RO hanRa RO PRE Bt fEarFyne . calelun
gluc@ﬁée@tlyglgamuﬂb QEldSQrpél?étB?Eéhélngbﬁlanﬁeﬁ621mérs,
claims 1, 2, 3 or 4, or conposition according
polyerahanire . Wer2peklpsesedmpes/ UShob3Fan 1589 m85tu§28 phereof.
nmet hod for inducing weight gain in a mamal,

conprising & g éB oQEt@QH’QbéBEHhHQ £8 82hdnMBETALharein
t herapeutically e ectlve anmount of "a crystal

saidaesoigirgtt dsamgleohedofromative grogp 8opeisfivg af:
oSi ti on according_t m1l7, .25, The
S S

therB¥pophysect om zed rat and the wei ght gain |nduced in
said rat is between 5% and about 4096fo||omﬁng

adm ni stration of said crystals by |njec§|on once
week. 28. TRESnEPRBESAELEPAPAGOFES ERarm 9321fhérei HRoTein

the %ghgentratlon of human growth hormone or human growth
hormone derivative in said composition is selected from the
group consisting of:
(a) between about 0.1 and about 100 mg/ml;
(b) between about 1 and about 100 mg/ml; and
(¢) between about 10 and about 100 mg/ml.

23. A method for treating a mammal having a disorder
agsociated with human growth hormone deficiency or which is
ameliorated by treatment with human growth hormone, comprising
the step of administering to said mammal a therapeutically
effective amount of a crystal according to any one of claims 1,

2, 3 or 4, or composition according to claim 17.



di sorder is selected fromthe group consisting of:

adult growh hornone deficiency, pediatric growth
woeromwesidef i ci ency, Prader- WIIli syndrome, TRCTES2003/041545

syndrone, short bowel syndrone, chronic rena

insufficiency, idiopathic-skert- stature, dwarfism

hypopituitary dwarfism bone regeneration, fenale

infertility, intrauterine gromﬁh retardation,

Al DS-rel ated cache i%, n's disease and burns 27.

The netfod %c@%FH?ﬁg %) &P Hm-28, Wﬁh%ﬁ@iﬂa§ﬁian a mammal,

comp9h§9ﬁgefhé539§ﬂ'éErh&mQBQEEthﬁéngaesgﬁalﬁhﬁﬂﬁy and
said method results in annualized growth velocity in

thergpedt heahdy effbetmeenamQBDUtof andrgsbal @chﬁﬂlze to any

one gr el RIS Cofposi BFoR | £ allnr TR P e} GAPo-Car ho AT

claifyi7oral route, parenteral route, subcutaneous route
or intramuscul ar route. 29. The nmet hod according to
claim 28, mherein said cr or cgF osition

admi ni éPer edREomeERY nﬁﬁﬁﬁ 99 E8bcutaMedtis WBGF@ln said

mamm4$i 0¢ avmygeg BvhaviBgigcgavge gngatae %E@Qh@rgaﬁﬁuﬁhduced in
fo 27. 0047 060310 PCT/ US2003/ 041545 -

saidnethodsabebrvdengStoasiaphr28 6P% zﬁolﬁneregnad@andstratlon of
Saidcr¥stgl grycon ogb£|on b%cgdniai kered to said nmamal

b§ YR Q%Fe Vreejinjec i on-or Fa dose i nfusion punp.

31. The nethod according to claim23 or 24, wherein

said ceystathermeenpdshbbondhﬁgadninﬂaumred t @hsaedn said

mmal, by a ngn sel ected fromthe roug
dlsoé@ﬁ§|§?iﬁ§18Ftegefr8 oiSoREBUBY EPPSL AT 6BIYS; Sophf growth
horm@ﬁ@uHeQQE@eﬁc?eebedﬁ%kr@EOQEOQEﬁehgfﬁbﬁetH@f%@@%ﬁcyan@rader—
about “once’every nonth> 32. The nethod accordi ng

Wllluosyhdmnmea Surpsr whedsone,sahdrimhoreli syadnamen. chronic
thod _for produci C S
renaioﬁS@&EEnFlggFVOn O??gﬁgc %bo anlne¥§%gétgwarflsm’

hypo@@kﬁ@tgkyia&arfﬁgsrabenefrbgeaergtawhh Memameelnfeatllity,
human growt h hor none ) ,
intrauterine growth retardation, AIDS-related cachexia, Crohn's

disease and burns.

27. The method according to claim 26, wherein said
disorder is pediatric growth hormone deficiency and said method
results in annualized growth velocity in said mammal of between

about 7 and about 11 cm.

28. The method according to claim 23 or 24, wherein
saild crystal or composition is administered to said mammal by
oral route, parenteral route, subcutaneous route or

intramuscular route.

29. The method according to claim 28, wherein said
crystal or composition is administered to said mammal by
subcutaneous route using a needle having a gauge greater than oxr

equal to 27.



derivative, conprising the steps of: (a) mxing a

sol ution of human growth hornone or a hunman growth
whoroaesider i vati ve with a crystallization soP@I/US2903/041545

said crystallization solution conprising a calcium

salt or a nonoval ent catianggal-t and an ionic pol yner,

wherein said ionic polyner is protam ne or

pol yargi nine; and (b) incubating said crystallization

solution for greater, than about 12 hours

[ t .
t enper 3t ur eTBet REERCGHBEECHEI NGO ab ﬁfms%%,ogn?ﬁk wherein

saidcéiféHﬁlCB¥SEQE§FSﬂ?@@ﬁah§n£dﬁ§ﬁ£99eréay§babéid mammal by

protam ne crystals or polyarginine crystals of human

needgeofirbe hbrieanbion arhushd deset hnfdehbRePdEPi vati ve
are produced. 34. The nethod according to claim 33,

2004/ 08b310° PETPBLIBBar SaTEab et Jayo AR Ok e neretn

saidaeepstihbgotrocempbri B3ponwher ednisastderednto palignmeammal by a
. a mxture of any two or pore of protam ne,
timeppegaPgRnPRécahBdpbFgy §PReST36P AOHELRAbY FoPT

produci ng cakgi upLel¥sbaks QyerpopAY¥ALEREyEALI ON
crystals of human growth hornone or a hunan growth

hor none deri(bati sboutompriesbkngeeke steps of: (a)

m xi ng a solution,of _human grow h rppne _or human
growt h hornéﬁz d%PP&EtP$8em%YﬁrX Egés aFﬁFZa?an

buffer to paeduedocatceyskaklkezat montrol ution; (b)

addi ng deioni zed water to said crystallization

sol ution; (c%@adding a precipitant to said ,
cryst aPBizat] nme§8PgtPSHPr@§?9a88iﬁ ailc 4B PEnPéal Pherein

saidOha@mA®novakent gation salt to said crystallization
solution; (e) incubating said crystallization solution

for between about 2 and about 168 hours at a
t enper 3Bur eAbaerbed fapoproduciandcabedtmyocy sgadisl

won B TSR 55k T £ IR S 3 rsenin
crys@alisvati nemanhe orofteid hoamdne or a human growth hormone
derivative, comprising the steps of:

(a) mixing a solution of human growth hormone or
a human growth hormone derivative with a crystallization
solution, said crystallization solution comprising a calcium
salt or a monovalent cation sgalt and an ionic polymer, wherein
said ionic polymer is protamine or polyarginine; and

(b) incubating said crystallization solution for
greater than about 12 hours at a temperature between about 4°C
and about 37°C, until calcium crystals, monovalent cation
crystals, protamine crystals or polyarginine crystals of human

growth hormone or a human growth hormone derivative are

produced.

34. The method according to claim 33, wherein said

ionic polymer is polylysine.



(f) adding an ionic polynmer or an ionic snal

nol ecul e to said calciumcrystals or nonoval ent cation
w@eogheldsd of human growt h hornmone or a hunan PECDUS1003/041545

hor none derivative. 37. A nethod for producing cal cium

crystals or nonoval ent catiggn-crystals of human

growth hornmone or a human growth hornone derivative,

conpri Si ng the ste s _of m Xi ng SO| i on. of
human 37 owt FRoP7D %d ?CC%?%hﬂ%nt@r Mk % Eereln said

ionidepbYRhENE; Wi & NndxnYSISE| L2RIEHD BT h6Fe b0 Prodiens,
crystallization solution; (b) adding deionized water

polyapgsaide sngspalvivainen sol ution; WD 2004/ 060310
PCT/ US2003/ 041545 - 88 (c¢) addlng an ionic smal

Ol ecube. Of pafe LOBk oo POLYORLC 0 SBLdCERNSLALLLZEL  6F

sol ution; crum sa nono
monocalénd csahbntOrgatdlsrysthhhaﬂagrowthohurmone anda (Byman
i ncubating said crystallization solution for _between

9rOW%Boﬁ?r@°%ﬁdd§BBﬁ§t B8 hooFRT 46189t EffeFafRFehet ween

about 10C ang)abpuiiA9Cs yBihtisal 6EURLRENSEBLHLA hormone or
monoval ent cation crystals of hupan growt h_hornone or

a humahugaawgholbhmoher genévdetveavivh arerverpedizgBioghbuifer
od accord n rein, follow ng step
to pf%§u8ﬁd FFXFE?gl Fagl?nnE§Zut£@ﬁ

sal néthod conprises the
step of: addbmg adpLagi peiant zed sacdrcrygskali zati on
sol ution. 39. The nmethod according to any one of
crysppailhgalB3on3g018E18%; wherein said calciumsalt is

sel ected frngthsdaﬁﬂgpa 59@éh§5taatoeo gahalegystalllzatlon
acetate, calciumchloride, calcium gluconate and

solutaboium sul fate. 40. The method accordlng to cl ai m 39,
wherein salq cal |un1salt s cal ci acetate.

met hod accord ng>f8+ 8y 28 5t Ut SPfs 33, @ 3@0nova%?ng cation

SaltmﬁgrQbﬂds@k?sﬁﬁﬂ@i@b@ﬂanéb&Qﬁlbﬁ ;sel ected fromthe
gr oup conS|st|ng of: lithium sodlu Eota55|un1and
ammoni um  44€) ThénguPRbdnacesidi f §Y€Saé agtaen solution for

betw@g%rgbguﬁabdand about 168 hours at a temperature between
about 10°C and about 40°C, until calcium crystals or monovalent
cation crystals of human growth hormone or a human growth
hormone derivative are formed; and

(f) adding an ionic polymer or an ionic small
molecule to said calcium crystals or monovalent cation crystals

of human growth hormone or a human growth hormone derivative.

37. A method for producing calcium crystals or
monovalent cation crystals of human growth hormone or a human
growth hormone derivative, comprising the steps of:

(a) mixing a solution of human growth hormone or
a human growth hormone derivative with a crystallization buffer
to produce a crystallization solution;

(b) adding deionized water to said

crystallization solution;



nonoval ent cation is sodium 43. The nethod accordi ng

to any one of clains 33, 36 or 37, wherein said
woreemeldent cation salt is selected fromthe PBPCDUR2003/041545

consi sting of: sodiumcitrate, sodium phosphate and

sodium acetate. W 2004/ 068810 PCT/ US2003/ 041545 -

89 44. The nethod according to cIain143 wherein said

nonoval ent tion_.salt is sodium ac 45, The

met hod accor% nga@ l%$a§%1g%nlﬁh%m%f @%.%cule or an ionic

éySE@léafété 891 Y11 op; b4r sbene conpri ses a pH
p01yﬁ fer. E%Snethod a%cordlng tgﬂglaln145 wherein

sald pH buﬁﬂbr a3ding pM cal etumdsatone¥ eogpoapent cation

conS|st|n H bet bo pH 6 and about
salt jkp 197t %fyﬁta£?%e mg%% %%ou? €V75 dand about pH 10.
(c) a pH betapeninbabét piy 6sand ab?@tablhﬁata@ﬂ séthtdon for
et ween about pH 7.8 and about pH 8. 9.

betwgﬁmh@aogEc%r@n%ga?%uE|56%1heurﬁh%Fe@nt%%P%rﬁtpr%ub?Eween
abou# }@%P%ﬁgg Seleé&@% fro”ﬁﬁh%aggg%ﬁl%%nét%ﬁln%ro%onovalent

acetate, p osphate Ci 7 &

catibfl dagete13ndf whyehngrodth AbemsBthed acraemdhngrbeth
claim36 or 38, wherein said precipitant is a

hormppn- feRi ¥k iue| x|l etMeder a non-ionic pol yner. 49,
The nmet hod according to claima48, wherein said

non-i opkc P@%¥”ﬁéth§dS§E@8£8§n§f981Ehslﬁf9vp wherein,
consisting o pol'yet hyl'ene gfycol , pol yvi nyl al coho

follawdngi xtepesbi henéopribo. t¢hetﬁpthgﬁ,aee@ddmﬁghpd comprises

cne SSERTHE, ~HAT581 8, 8PLdroBPHNEL DY SR8 O GRLA 8 By

soluffion(a) a nol ecul ar wei ght between about 200 and
about 8000; (b) a nol ecul ar wei ght of about 6000; (c)
a nol ecul ar wei ght of about 4000; and (d) a_nolecul ar
wei ght 38f aBbat M98509 AECoBHANG66318ECINES260S,84 184583 /

or 37, wherein said calcium salt is selected from the group
consisting of: calcium acetate, calcium chloride, calcium

gluconate and calcium sulfate.

40. The method according to claim 39, wherein said

calcium salt is calcium acetate.

41. The method according to any one of claims 33, 36
or 37, wherein said monovalent cation is selected from the group

consisting of: lithium, sodium, potassium and ammonium.

42. The method according to claim 41, wherein said

monovalent cation is sodium.

43. The method according to any one of claims 33, 36
or 37, wherein said monovalent cation salt is selected from the
group consisting of: sodium citrate, sodium phosphate and sodium

acetate.



90 51. The nethod according to claim50, wherein said
pol yet hyl ene glycol is present in said crystallization
wG@0enemsm at a concentration between about O0.PCE/ESIN03/041545
about 20% (w v). 52. The nethod according to claim 36
or 38, wherein said precipig@ant is selected fromthe
group consisting of: amno acids, peptides, polyam no
acids and m xtures thereof. 53. The net hod according
to any one of clains 33, 36_ or 37, wherein said human
gr owt h*fior nBhe @?theﬁaﬁcﬁPéﬁﬂﬁghEPnﬁﬁ@lmdéﬁvvHP?V@lpssald
monoRh 2888t chpi 88! datkyskakbhzahi oBgakution at a
concentration se ected ron1t e group consisting of:
(a) a concentration between about 1 ng/m and about
1, 000 #§/.nl Thébhedhodneenbrdingntberhesdn aBouwhzrngnnsald
a concentratl ween
cryefl1 RS0 TILILY, 200 (o) Accapesnlralanhetut
according to any one of clainms 33, 36 or 37, mhereln
sai d cabCi uThsahttabdsacdordnayakentleat as,sahkretisa said pH
present in said crystallization solution at a

bUff§6n5éﬁtPapﬁoﬁe1§€F§étéﬁoprSH?tHéoﬁpoﬁﬁn§6ﬁ§ﬂ§ﬁlﬁé of :

(a) a COHCGQBSatbOQHb%E%%%@naQBBhtopﬁlsaaﬁdaQ%Bht Mo ;
and (b) a concentration between about 25 and about

205 mM 55. (Bhe aepﬁobeawe@ndahgutopany énengf ablbaitnpH 10.

33, 36 or 37, wher ai d cry z t|o

is incubateg For? apﬁtgﬁé wand & 98 g?a?u?@ %ggtegﬂ 9i and

for the groyg)cossist bagwebn eapubebweean sabedt aBod® pH 8.9.

day and about two days at a tenperature of about 330

WO 2004/ 060310 PCT/ US2003/ 041545 -

about 6725 d&&¢ Eﬁ&hﬁéoQFCPWHiH§y§°aF1aé”kéﬁpeﬂ?@ﬁ@énoﬁald PH

buff%goﬁg 256uraRd o) bebueenabeut %r%@gd@ﬁn%ﬁgtéggubf. Tris,
two days at a tenperature of abodt C.
HEPES, acetate, phosphate, citrate, borate, imidazole and

glycine.

48. The method according to claim 36 or 38, wherein
said precipitant is a non-ionic small molecule or a non-ionic

polymer.

49. The method according to claim 48, wherein said
non-ionic polymer is selected from the group consisting of:

polyethylene glycol, polyvinyl alcohol and mixtures thereof.

50. The method according to claim 49, wherein said
polyethylene glycol has a molecular weight selected from the

group consisting of:

(a) a molecular weight between about 200 and
about 8000;

(b) a molecular weight of about 6000;

(c) a molecular weight of about 4000; and

(d) a molecular weight of about 3350.



56. The nethod according to claim 36 or 37, wherein
said ionic small nolecule is selected fromthe group
weoengietsing of: ami no aci ds, peptides and m xPCF/ES2003/041545
thereof. 57. The nethod according to claim 36 or 37,
wherein said ionic polynergps-selected fromthe group
consisting of: protam ne, polysaccharides, polyam no
aci ds, polyarginine, polylysine, polyglutamate,
dendriners, polyorthjnine, _polyethyl eneimne . .
chi t oSan a&$ﬁﬁ%& ARy 58 3%ﬁ§Wn§qﬂuyhereln sald
polyAGRATH NGRSl Al N s MILTE] N Ery 10 PAIBAB dSlution
protam né or polyarginine. 59. The nethod according to
at a claiaarB6airi@Y batheras rebouth GitEp qr) Bfouwd A%w 36v/0F) -
step (e) of claim37, said crystallization solution

is in at fa et ! ur. .
5 LML o] e BEISEL Aol $51 o b8 A d0noresn
said GRtd i teaStad ssallecomb ViEtenttatdue rgstal st oflg of : amino

__human growth hornone or a hunm rowt h hor.none
acidgye BRI ARS arRPF R TP %%%d%r?e“%?bt&%@c% ot o

claim36 or 37, wherein, in step (e) of claim36 or

step (£, ofrigd ahdR12Sd S&dS-diuBmNn o HOMIhdas FdEa Dfis 33, 36
human growth hornone derivative is present in said

or 3Tryshei¢izasdbh onan i orowth eormt Pat Mo BeNRen: hormone

,_about 2, /[ d..ab 1 . .
P e e
conc&hghan 36n ofe béeped ejrof thaigrddp csandlisuimmn ofr owt h

hor none or hupman growt h hornpne derivative i 55;%& and

in WO 2004/ 6B031d BEHFERDHY3) O 1RAEVesn 9%bo‘é§i ﬁr

boul ¥S6&h | hgAhi on solution at a concentration between
P abolt 14§g$ng/n1 and about 15.5 ng/m . 62. The nethod
accor di ng t ¢btl akne@6cent 87t iomepetieeraplpout 2 mg/ml and

b cr% talli atiog buffer is selected fromthe group
aboul 3% 8¢ Wy’ of I 1ri s- HCL buffer, glycine buffer, HEPES

buffer, imidpzokecbutéptrabiconi beswbahfabouAVP) WPl and
AMPSO, bicine, Ethanolam ne, glyclglycine, TAPS,

aboulfa@®i ®I/Mti ane and mixtures thereof. 63. The method
according to claim36 or 37, wherein, in step (a) of

claim3f orcfbepetBbaObcebfiMh3toSahY one of claims 33, 36
or 37, wherein said calcium salt or said monovalent cation salt
is present in said crystallization solution at a concentration
selected from the group consisting of:

(a) a concentration between about 0.01 and about
1 M; and
(b) a concentration between about 25 and about

205 mM.

55. The method according to any one of claims 33, 36
or 37, wherein said crystallization solution is incubated for a
time and a temperature selected for the group consisting of:

(a) Dbetween about 0.25 day and about two days at

a temperature of about 33°C;



crystallization buffer is present in said

crystallization solution at a concentration between
Wa@abouwned® nM and about 800 mM 64. The net hodPCT/US2003/041545

according to claim36 or 37, wherein, in step (a),

said crystallization bufferghas a pH selected from

the group consisting of: (a) a pH between about 3 and

about 10 (b) a pH between 6 and about 9;_ and (c) Qy

bet ween abo(h 7@%%@%1“1(9 35 daph AN afeRHT two days at

accor di g o a|n1 or 37, wherein, in step (e) of
S

a teWﬁ?ﬁqﬁ &f @& m 37, the pH of said

crystalli zaw)on Mvﬁ@énla{b&@i b orysda) | dz@tdwput two days at
solution brings said solution to a pH selected from

a termergrary cOHnshbehi Mgpaf.: (a) a pH of between about 3
and about 10. (b) a pH of between about 6 and about

and et ween about about
66 CThet matﬂ%)% %%@6?‘%.%@0% W%l?ﬁ@l%}mg‘gg %er el n""here”1
saldsﬁbﬁl@uéﬁﬁil'ﬁo§@&@$§eﬂbfé@m%é@@dgiﬁ@@ €RaSh b gcohsist ing
Tris HEPES, acetate, phosphate, citrate, borate,

of : amimazatedandoet s n e ZODF 9B 0shereot .
PCT/ US2003/ 041545 - 93 67. The nethod according to

cl ai m 49, v@ﬁé%gtﬁeada ERL&1 M BSELBL Bl S5 i Hrt Be, fm&em

of an aqueous solution aV|ng a pH selected fromthe
saidgtonpc cpasysetnis ofeléaled Prbbetheegravputoldshshhdg of:

about 9.0; and %b% a pH bg§meen 7.0.gnd abfut 8.6ine
Prot@BINGhePRLY AR BARELITR PP by BT AT 20 IhheP ’TROTF RIS
poly§§§9née)iny?hétHh§§eOrdéﬁ@?lﬁéispr§1?bﬂt31n1ﬁald

cal cium acefate is present in said crystallization
polysbhyl enaining, bhb@ﬁ@ﬁa@ﬂ@nmééFééﬁﬁdtﬁﬁﬁﬁ?fhe group

consi sting of: (a) a concentration 'between about 0.1

mM and.,abo 2 n atton n
about 88" nw#éﬁdgétgg%t§§g8£ﬁ%F§ %8 %ﬁgaﬁe%ﬁ wRELWEBNsaid

ioniacpoig¢ginag te pratemdde whepelpasgidine.

59. The method according to claim 36 or 37, wherein,
in step (e) of claim 36 or step (e) of claim 37, said
crystallization solution is incubated for between about 4 and
about 48 hours at a temperature between about 4°C and 40°C, until
calcium crystals or monovalent cation crystals of human growth

hormone or a human growth hormone derivative are formed.

60. The method according to claim 36 oxr 37, wherein,
in step (e) of claim 36 or step (e) of claim 37, said human
growth hormone or human growth hormone derivative is present in
said crystallization solution at a concentration between about 2

mg/ml and about 100 mg/ml.

61. The method according to claim 36 or 37, wherein,
in step (e) of claim 36 or step (e) of claim 37, said human

growth hormone or human growth hormone derivative is present in



sodi um acetate is in the formof an agueous sol ution
having a pH pH selected fromthe group consisting of:
W@ 2004063 bet ween about 3.0 and about 9.0; andPCT/0$2083/041545
pH between 7.0 and about 8.6. 70. The net hod according
to claim45, wherein, in step (e) of claim36 or step
(e) of claim37, said sodium acetate is present in
said solution at a concentration selected fromthe
saidy Fwﬁt@éﬁé@ﬂl@@ LUt ako fc EMNCENITE T tHOmWRET witsgu e bout

0 80 nd (b) a concentration
14, 1% .
5be \/(/emeyln out %t)&o %an /a out 500 M 71. The net hod

according to claim36 or 37, wherein, in step (e) of
cl ai m 38 -or Tétee meftddodofacdcaidngy7 £ os aild isol36t ican 37,s wherein

t bet bout one %a two days
said, PR e P Mo tasdecr o RGm80 e
consisting of: Tris-HCl buffer, glycine buffer, HEPES buffer,
imidazole buffer, Bis-Tris buffer, AMP, AMPD, AMPSO, bicine,
Ethanolamine, glyclglycine, TAPS, Taurin, Triane and mixtures

thereof.

63. The method according to claim 36 or 37, wherein,
in step (a) of claim 36 or step (a) of claim 37, said
crystallization buffer is present in said crystallization
solution at a concentration between about 10 mM and about 800

mM.

64. The method according to claim 36 or 37, wherein,
in step (a), said crystallization buffer has a pH selected from
the group consisting of:

(a) a pH between about 3 and about 10
(b) a pH between‘6 and about 9; and
(c) a pH between about 7.5 and about 10.

65. The method according to claim 36 or 37, wherein,
in step (e) of claim 36 or step (e) of claim 37, the pH of said
crystallization buffer in said crystallization solution brings
saild solution to a pH selected from the group consisting of:

(a) a pH of between about 3 and about 10.
(b) a pH of between about 6 and about 9.5; and
(c) a pH of between about 7.5 and about 9.5.

66. The method according to claim 64 or 65, wherein
said buffer is selected from the group consisting of: Tris,
HEPES, acetate, phosphate, citrate, borate, imidazole and

glycine.
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67. The method according to claim 40, wherein said
calcium acetate is in the form of an agueous solution having a
pH selected from the group consisting of:
(a) a pH between about 3.0 and about 9.0; and
(b) a pH between 7.0 and about 8.6.

68. The method according to claim 40, wherein, in
step (e) of claim 36 or step (e) of claim 37, said calcium
acetate is present in said crystallization solut%on at a
concentration selected from the group consisting’of:

(a) a concentration between about 0.1 mM and
about 205 mM; and
(b) a concentration between about 85 mM and

about 100 mM.

69. The method according to claim 44, wherein said
sodium acetate is in the form of an aqueous solution having a pH
pH selected from the group consisting of:

(a) a pH between about 3.0 and about 9.0; and
(b)- a pH between 7.0 and about 8.6.

70. The method according to claim 45, wherein, in
step (e) of claim 36 or step (e) of claim 37, said sodium
acetate is present in said solution at a concentration selected
from the group consisting of:

(a) a concentration between about 0.5 mM and
about 800 mM; and
(b) a concentration between about 100 mM and

about 500 mM.

71. The method according to claim 36 or 37, wherein,
in step (e) of claim 36 or step (e) of claim 37, said solution

ig incubated for between about one day and about two days at a

temperature between about 4 °C and about 37 °C.



