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WO 2004/ 060310 PCT/ US2003/ 041545 1 HUMAN GROWTH
HORMONE CRYSTALS AND METHODS FOR PREPARI NG THEM

TECHNI CAL FI ELD OF THE | NVENTI ON [ 0001] The present
whuERlkTy F €l ates to crystals of human 5 9r%1'7uszoosm41545
hornmone or a human growt h hernone derivative and
conpositions or fornulations conprising them In
addition, the invention provides nethods for

produci ng crystals of human growth hornone or—a hunan

growth hornone derivative. The crystals of th
present 't nvention are pari curarly useru o ([T

nmet hods for treating a mamal havi ng
associated with human growt h hornDne def|C|ency or
whi ch are aneliorated by treatnent

Sarat ot 7 opi 1 or gt ow h hor rone (" GH) = SoﬂétﬂlﬂﬂﬂllﬂﬂlﬂlﬂﬂIIVVVIINIIIIIIIII

protein conprising a class of tropic hornones *G00002*
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 endocri ne gl ands and tissues throughout t he

body. WD 2004/ 1 %IE

Speci fically, gRB&;ﬁ p3f ﬁ % of the
anteri or p|tU|tafngﬁgigi%ﬁégéﬁﬁeggéﬁs—ge stinmul ate
the liver and other tissues to synthesize and secrete
|G~1, a protein that controls cell division,

regul ates nmetabolic processes and exists in a5 free

state or binds_to _on of X other protelns desi gnat ed
as |GFBP-1 t o Nitself is

nodul at ed by oppOS|ng actions of somatoliberin
[opprdnot i Tige Cib—terﬂre:asel)veamdonsnﬁm'oes ato m:(ysﬁalka; toifnguman

CH. r e] ease). Human h hor none
RN e e R R M T R AT
compbbtﬁabnﬁo&mh mulatdien@eguinpthsmngfth@:ell m@d@ﬁgaan, the
rO\M.', an In ySI a untlon upon vari ous
in Fﬁﬁégno?r%ﬁ’rqt% “!?dtgjoéi%a%‘BFeprB BF prIduty T 5Ot &man

grb@sHl hértdne or a human growth hormone derivative. The

*166166*

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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gigantismin children and acronegaly in adults,

wher eas under- production |eads to dwarfismin

WO 20061319 Mauras et al., J. 15 din. Endocri niFBE3R0EHA1545

Met abol i sm 85(10), 3653-3660 (2000); Frindik et al.,

Hor nrone Research, 51(1), 15-1 1(1999); Leger et al.,

J. din. Endocrinology and Metabolism 83(10),

998) Moy SR QIR 0 rior

Sp‘“{%%]f%':%%g’, Eﬁdggr%ﬁ‘é%w&(b SRS I&ngglgu?h%Ee%
pitalitarhogiend Resednohtidss 6)Q sz@r%lgat;entf(elgga)e]r ang other

chroni.c re i_nsuff I Tr, S
&l 55 e[:Sn(}ocrl no }rlggsy}zgnahﬁ/éggg%ﬁ%nﬁﬁliw Fg‘Jﬂ:e §18t%gg controls
ce R @i0)isiddel arduettak. mefabdlia. pmemdrmig)em@s in a
Met ab 6) 2760-2763_ (2002 son
£r9% SR HOIBIE S FeroReoRh, St St pipy 3R dRleidnared as
IGEEhuﬂfthﬂBadhd%flCmﬁecgeeaetﬂéﬁepfoééggnﬁﬁﬁyﬂﬁ ds modulated by
processi ng of proteins bohydr at e lipid

r
PRI A A, G SOTPLRLE PEELR. MR 1% B (relpase) and

sofisSd et RPNE i bitkhg @Hr9@h¥a£é¢h|s and Haas, G owh
Hor nrone & | G- Resear ch, pl enent B 831 S37 (2000);
[0¢9He et %uman eropvéan aprrnege (113%%5 7 X Yisppey; interest

be%%% ! e (1998)]as I%rl%&E&l“ﬁQPﬁ@ﬁngn égézgégulatlon of

O her hGH deficiency disorders
cethaamt tardare @uopwtdr ewch ihabhyséol pglcrle DS i@ tuneg various

f el 4
oY 0 LSS TG PSRt 1 381 Fehnes o
gi¢d®©OB8gm Mildhigatrest aald acWOm2gedy0603ddults, whereas under-

/ US200 /041545 Par ral and. Ent er.al
PRERPT H PO &) 2 360 FOOM eI THT B Lo T
Cl@ﬁdmﬁdo&m_l@( a]:ﬂimeta&al%mczas@m) ANE6 $¥ 340 (2000) ;

WL Rit ., 56(5;6), 308
r={ogels) ¥ holEPTEe oS SHBP, 3L (hod ST L AR Eeer

et 388 377. (4998) | EndodAHMog)o agtat Methbeaiﬂiﬁnm:{ ego)ryenassu 3516

for hGH deficiency in humans focus_pri rrar%%g/
(188Bt Lt aFeHRRT | §ij BEG o IFHAL EFe@PhEH [ RE}BSHIS, Endocrine,

5r(§§0”§LP§n¥2&5\BI€£€JHlﬁhQﬁ>YetTE§t th@f;ﬁ@ﬁétkéséérch 46 (6) ,
pac aged as either solution_in a cartridge or

26I9yéy?5ﬂ| (1226 Jp@m@ec?hww rienglr dasu§fichenen é@aﬂflﬁéll et al.
b Eﬁaoc;rbﬁoﬂ&g} r O ORGL R 1ish), €&l i en, vgﬁeﬁas (2000) ;

epengl ng on the disease being treated and t
Uedendeeti ally dvaflab eEIpiQﬂi’l}é’{Ol@gﬂ’ngﬂds@Gtah@ilsm: 87(6),

272538058, AQ&@‘& L s& n@ o drd 6at & hgﬂtzv Hally sUPGULANEOYSE Research,

injec F econmbi nant
12, 1- 33 (2002)]. In 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, S31-837 (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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[ 0005] The use of subcutaneous admi nistration as a
rapid 15 delivery route for hGH is necessitated by
WaaoduBient instability of the protein in sRET{U$2003/041545
That instability results fromcleavage of critica
i ntranol ecul ar crosslinks at 3specific positions
Wi thin the am no acid sequence of the protein, which
g. | Patdi b STHRE Srli@a@SRERLE 8l ob hreerd Mesionalys2Q1 999 ;
structure recogni zed by and associated with cellular
Torigd sareh Gagimaphe BIoDrede, Fhé2 hecharismMIWM0)HGEnd Prader-
. ] e radati ] 0 t iJar i
ni B Rl RS RrhdneqREREsten e T R0k too2)
Eilasheet iet adi.d mgi.diesPagdatdisspl 187 (7),, tIedr-aloy (1998) 1.

eri t rotein inactive. Due_to.this, fragility,
08 F0EeG' 2 drhehe Urre s e ey Sre R r o Mt T e gt
huthat s S D S itnfeati 197 en  stibblieanasus oNgraetiidiy cENguedkied hGH
e delivered not only subcgtaneously but by ot her

made et SR RIS a e A HEERBOISERh abhatordleraRaalc 4fd
padfddaY eNPUS; dHAH @S 5ol 0096h AnNENBeFt Af aGOMRILIIII N 111 zed

avai | abl e hGH products have 30 been devel oped i'n"an
POt el Pt I it reserehii s Uhéer. aForhexart ©f wast.r ofhs
)i S AN i ReC oo . . r
cPREOLS 1ot S AMCRIACLASLBsSHEBENE A B 080 AN being
trpatyd axnd dere sfinnsalciide 1y PaGr 1 bkl o sphethest (wdeig used. For

ol LA O e B A SRR o o

readsibigampri@e. zi nc acetate and zinc carbonate

onent.s. Prior.to,admnistrati.on,.the solid ,
Lo et b8y SRBRELPLERED BT ST SpioLes = rapid
de3Olr¢ity OFouttd Ny HANW) ieanboxyBetAybea eby W ies el riedidnm
. salt, golygg&ﬁ?te, 5 sodLun1cEIO[ide and water. This
InghaBenston TREE Est Py SOCBhpP T sed Hit potSHR L ity
res8dDt 8i St&t el ieRyedloft Wrgeinant bhyransl e 81t 8% s213hks at

auge need| e, for %E%Fction. Due to the size of the
SPRF&F 5 phRF B AHY Wi iw §86uaMARPURELGf SR D Rfctthe

pra€¥en $eyhidh Gt ItSidi@ri@ast LARSe §8ENOLLU G hHFRSIH RS 1 onal
in nodul es, 10 erythema, pain, bruising, itching,
Strpﬁéﬁf?oﬁﬁ9°%ﬁkF§dhqﬁ ﬁ@gsaseggéated with cellular surfaces in

thBt bRt 4 L. gpnenieah Qo ¢8pehREOdYCt 44T oL B Qation is
;Eportunlstlc/nutyopln-depot/hndex.Jsp .. [ 000 _
orphesheat adrppieatuicty iy ¢eidhopaanet boetkidrsiamiemtdiyues or
degh§89955€u§9 é%§#¥é%§'éaiﬁnresiauggngpgﬁtéfgéolution, thereby
genetically produce
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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15 fusion protein of human al bum n and human grow h
hornone (see http://ww. hgsi.com products/
WOAWYEPIA. ht M ). This product is said to exp&biub2003/041545
prol onged half-life in circulation, roughly a fifty
" percent increase over that of4sel uble native hGH
Al butropin' is typically delivered by injection on a
rh@Rekhy AQ bagis raRdokpnadl t I.G-1 | evels
‘long after cIearancgsﬁfrongt%gséoégyﬁﬁgé?kﬁ%ﬂ?nﬁQ§%ate and
Z1Rf f @@¥befatchicompopgnss - i sPsior| ho afwitisttrafion, the solid
CULL ent | 1.ahl : hor ppne_t her api es. - [ 0008]
e L e B S S R PR Fe Stk o dom
cofpr hed =g | rrheixynSidhydrpl L sedsef spol et Sy1€N&olysorbate,
ol-conj ygated 25 h | ecul es. This conj ugat ed
So%%%ﬁr%%{%ﬁ%%géugkg %grmgtﬁﬂgﬁjﬁE?P%ﬁshﬂ%(WH§i§hP@ fmestly
coloer { sé@ase boilyr@rGonbi AEAUA1EBECed MhéDUM S9N HIERM v and
- burst_effect [Ross et _al ., J, Biol, Chem, 271(36),
SHEHe: A g 6 FCILBWEIEr 1N BFB1PR odRYUE Vikes the size of
théli storddgnads 304 00091 bBbh80n St ALES, P
5,081, 485 and 6, 448, 225 refer to aqu%oags%]go}r?lﬂugtti’oﬁgverse
INGFCHERT tHdtS FHECEAPHSNBRNt BCFEYui Fesal t irer ams ticdutlieen
erpt BOANGALE 3308k sEer ed.Ryngdai | yoiny ection. . Such.
ornula??ons typical Ty co%?a?g’h%%?éégiﬁﬁqxuéndapug%lness
(S@® bt hi /o N - 260810608 100R(TE USPONSADAIS/Am E Frmat ion/
Yrfaciant 1,0 .a.neutral salt, mannitol,
Op%r a pre§3?5§¥?ggb F%%%%{l a??bﬁ%g%ther drug delivery
[00@Thnol dgicghershEH asodhydr byedisvé Kapmdeamigit lubseduently
: ol | ed .Rel.ease, 49(]1), 21-26 5 (1997)], |
di |%&éﬁ#&§éjﬁﬁ ﬁﬁgHgngé s’aﬁd}%?%d%iﬁ%ﬂﬁuﬂ%9ﬁ§%9?%éy produced
fusi of qepiteries ofhausaheglbueefl dRd AERIPIH IR HPHOHEEe (see
htsusnﬁinquﬁgru% rel ease of hGH However, the resulting
o Tl at IS - f“éBFaauat%r%%bﬁl@r%f_e-lamlvhe dhig, pysduct is
sabarsh eanidiit @i518Aged SRARE Al 160! ¢ GAHAG i®n, roughly a
nufacture., This is especially true of 10 hGH

E130F RALASEnd NASBECoRVEE - FRRE | @f cer itk mat ixei HGH.
ALY in"MiE egPReRe1Leqbiolosyd pcAUSE iR %loge%éekly
y

used to produce the mcrospheres tends to e

. bagpp g difs sadchtasSeimvhaks I¢Bnbelenakedongurfaetranliearance

D s B S R T o, e Blosertnigsotmitas
Lo Hathafgeuraensly, aprbtabl it groBymphoxBemter ahkedpies.
[05§%FaseA$Ether product developed was Infitropin CR™, a
formulation of hGH comprised of polyethylene glycol-conjugated
hGH molecules. This conjugated hGH reqguired 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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Bi oactive Materials, 23, 835-836 (1996); Kimet al.,

Intl. J. Pharmaceutics, 229(1-2), 107-116 (2001)].

[0011] Sone of the above-descri bed preparations

VORWYBOHEH to be stored in a |yophilized stBfEUS2003/041545

whi ch can be a tine 20 consuning and expensive

process. United States patent? -5, 780,599 and

6,117,984 refer to divalent cation crystals of hCH
suRPdcPBhHOgSs Al rpduaiyngadhvakent salt prmaiyisicll s &f a

hGH, w thout the need for a |yophilization step.
PrpeeIvRtbespite the efforts to address drawbacks of 25
ropepyent i opal oG dHaduet s, denshudingebnst Bdiddd y RN as

storage and i1 njection, short in vivo half-life, burst
hyéfrbgels, [Kackkah etoradl - hidoaranitapil L pdyReb@ds i 149 cult ¢1-26

requency of dm _ni st.rati.o t

(lgﬁ‘g?g\’/e lﬁfﬁ%{%?sé’pa?a iéc?)dﬁl;ltsrl gbtrrrlgi %gld B %&(g d?%és)él? rﬁ)oslymer
mikeedphthesprieseatbeav erdddoiradastmageots| yr&0i e osistesined

crystals of gr.owt h hornone that yiel | .,
drl%g? EFFﬁgOEéTE?IQVD 21560 5&?@)&%‘6@3?%’2"&‘3&%“%15
diSUVMBRY ShrEHE- NVEGNT IN HHRO I hgThespr bsesh ¢on@iticems and
is directed_to stable, conveni ent a

. | ong- .acting -
SR FERt CPPPRABRYSRT SRR Wian GPOR Re. HOPRGHALoF cXue of
ncl FHOPR19E9WLE PSS NEn der-ilvaitiive coTBRytoY eat aend S(PLGA)
further provides conpositions of crystals of _human
migrespie TR0 ERSRBODPTY MRARALSR diteh PREFRBAUAERI vatpRrRduce the

] | U Py Yo REGRRIARI @ueaTRESELEPASed
mltcﬁgr%g’fe%%hgg?ﬁ\%tgi onﬁ fltrt her provi des nethods for ,
t EpaAturgssushrépgtant s, OXERV [Sodyengsnpadi BEBAQUS/organic

e e PB; .
sqRIE sifigeem The cF y@ﬁ@éﬁu@%eﬁ ggeéah' 8882PhrdQion

sinvention aré advantageo i n nmethods for

[Hewstdgrg eanailndi Prdaal Imali ngymp diComtded ledsBeilaaed of
W th hu I r _ I Cf Y, @t Whaichyis ]
B%ﬁ%ﬁ?1VénM%f%§?Q??éa?§éﬂgyfyégg & SJEGY. %EmWEt Ql., Intl. J

orate freatment wth human
Plgsi and dethiaramn229[(002%] O ystBé s(afolidman gr owt h

0 ne of ah grow h 15 haor ri Lye .
QSR ¢ (S O FBPROPalT SN SO Sisg e oar tpggdiize o
tSENEr A oty am ageyophhll Wi ngtatde wapabidant peok dhne

per week dosing, ready to use crystalline, suspension
CORFHIING Tt ﬁx%@FlrSilaf&cyrow%ty,‘y%%ta%#| o= patents

5T egyspendabd Id,tM 79884 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-1life, burst effects, lack of
oral bicavailability, 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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syringeability over a short period of tinme. O her

obj ects of 20 the invention, including inprovenents of

etoodss@l s and conpositions or formul ati onger/us2003/041545

conprising them as conpared with conventional h

preparations, will be appreciagted by those skilled in

the art, in view of the disclosure herein. BRI EF

DESCRI PTI ON OF THE_DRAW NGS 25 [0015] FIG 1

illustrates hGH chMﬁQ&sence of 860

nmM ammoni um phosphate (pH 8.9), as imaged by opti cal
[00LG] OSCOMe Metsdntamiventioh0046fift&ed td!stsdnial,esong-

hGH crystals, grown in the presence. of 390 nmM sodi um

acEippat OMERR Shigeth P AGHEFEAE SRPER LY CORYSCBE OBguman growth
hoE?ﬁ@HIéﬂ 8r 22 MAOUHQRIBHYREHE US9340He45 THe {RRhfion

3 illustrates hGH crystals grown in the presence
fu@ﬁhegopwmmﬁ@nmmmnﬁh@§pﬁﬁvétaiha 25 OhwAIT rd =pwid1

: | QRY
nefRERd B0 RATRORTIY JRBEER, ABLELOEROR)  Raine
phglrmeum;dtﬂelx) reseamsble chmdgsaivionk ctherecktt at’.Ehaandlvent ion
fu%%%@%ﬁ%%%&%% éé&ﬁé%fyor %%eégi%%ry:%g lé%egggiﬁﬂ as well as

con*posd)sn:ong.ccsqerfscmgaltmedn [ @0&9ExrFEGals Siikﬂ)WSompositions of
sol ubj | i [

of hGH stal s ner at d from. a ium _
e dBRERELoS R A A TS O B R bl P BAGR it Ereating
andngdi¥Odcal chan @ ef adBidet-agkBecRhEEH Pivl BRtSuRen agrowth
functiqgn of time and mnitored_at 280 _nm See Exanp
hOB’mOE‘GO?Bf 1ERCYS PF | WRIGhiss aﬁ‘@lllleF?EFgl ?YgFB%tW‘EFPtt H%%’

tdeaeseRcewi Oh HAkak yawdrﬁwx%ﬁaol 85 mM cal ci um

acetate and 100 mMTri s- H 8.6), as inmaged by
[093¢1cal ArePertomt e B‘O*E[‘QHF0921T Iyr@n Browth
hdxlnlo&‘l%t pALeSahFL Cryst Al g Hi1QWRnisn o&h%oE{hﬁﬁQ?@ns Oéonﬁy{‘h sing
(v/v) isopropanol, 85 cal cium chl ori de and

thpm, s hapel seperal @dV%%ta%ﬁgeanUéspecthm @@@@WY of once
a = t

e B e e T e T e

s#EEY6 080 L andct00pnid Ty | sstrml(lpu 2®e8u6p¢nésbihimgsechr‘@

t| ca [ %g I [.0023]
fﬁ% ablﬁhgy 8§QP ? t %&R %S%grgﬁﬁg acggr éL}ects of
tHexanpleasi6nd ﬂmuludiﬁgl mpﬁ&@emtas o hGHctrp@ta)Is 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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time in mnutes. See Exanple 9. [0024] FIG 10
illustrates hGH crystals grown in the presence 25 of
85 nmM cal cium acetate, 2% (v/v) PEG 6000 and 100 niV
WPi2804{469810 (pH 8. 6), as i nmaged by optical m cri§SEe(03/041545
See Exanple 10. [0025] FIG 11 illustrates hGH
crystals grown in the presenck - of 500 nM sodi um
acetate, 6% (v/v) PEG 6000 and 100 mM Tris-HC1L (pH

[okA) . agriragedbysephi calndh & 2RemEXanehe dlesence
30 [0026] FIG 12 illustrates h crystals grown in

of t4f0 piegdbesicosodbumboesriaime cindrlfe Medrig ¥yl (pH 8.6),

oo TR o BRsedon M SEbEedl | 45 TR odos10)

(O RAB) US20USY. 041545u58ra[:@@21?q;H F¢ﬁrstia313 |gnesty dneshhGpiresence

crys Is r.omwn in.t l,u
of agc%t u(nvla\(f)Etﬁgg Eﬁg fqurE)M giﬁllsrl}ge\fk-lé IH?pH 8?851 cos
crﬁlﬁh]ﬁl&z@dé&%&]ﬂ IPZ*Gda}MLhB S Df &pe neL sl fdt)g I(a]s Agaakl by
i mage optical mcros y. See Exanple 13. 5
OP"'[JER)"‘Z]S]mr—eIr@S il | G&€r Ef‘%@p%%l—lgcr ystals grown in the
[opLEsencarrof 51%510w gah Gbum e¢edatiecH Bpfatan)s generated from
PEG MVE- 6000 and 100 mM Tris-HCl1_(pH 8.6),_ .as imaged
ampgn gt iR SERAtC0 s 6P UnSe et ERERD| @lbai%c [S505em ppesphaste and
caBOOWR &%%é{ﬁﬁ&%ﬁ%%ﬁwﬁn%% ol O ARG A 8¢ t:@me and
Exanpl es 10-14, nonitored at” 280 nmas a function
moniperedh abi MAGM.SeScExBNpIR1255.[0030] FIG 16 shows
m el s { ng/ 0 rgj gqﬁg—l ol yhl
[0§§%Pheﬂe%r epargL lggz:cg%gierg]gmtgg %Zg%r%% 1%]'( 204 S%esence
of crgst a‘h{v ne)saprdremalle Sﬁra@ueaDaﬂ\ﬂneyacpaia;:esm 890 mM Tris-

ours 15 afte a_sinal subcut aneous
ncQu i o T2, B by R IR AL AR sse Example 6.
[oozyst al |71, hﬂ-ilpﬁrsumttesShGantpyehss Veer@vriTeias whed presence
2.and 24

o T 75 SO SERRE 1 &5 1 FRHISEPATRL T ST 100 m Tris-

- uclli $50| @it 60N LhaingeieeY kst bpsiokl hGHresysbyl s (deomrmtple 7.

tobRa] 000t S B0 HACFA-Ser T BRVBLG)] SR (i tne Presence

ofaddit iopvpfemadnding 1wqu&>opreLebam aed sud atve . Tris-HC1 (pH
These various fornul ations of hGH crﬁt als were then
8. §ddedSt bMAPRS APt IR CHufEEFOFRAPY | oY TR for 1

[obeyi befpig. t@eemeer&metm%goef sehubl-psthhd igrduhe
supernatant was neasured b HPLC (Area).
according to Examples 6-8 monltored 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-HC1
(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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25 See Exanple 17. [0032] FIG 18A illustrates hGH
crystals grown in the presence of 500 mM sodi um

6% v/ v PEG 6000 and 100 mm Tris
@%0%@%10| maged | engt hwi se by TEM See ExanpI]PéﬂqJ8_42003/04ﬁ45

[0033] FIG 18B illustrates hGH crystals grown in the
30 presence of 500 nM sodi um acetate, 6% v/v PEG 6000
and 100 mMM Tris-HC1 (pH 8.6), as inmaged
[0o0RPDSS- SELEi artal iy unt rREMs 868 cEyahple ggowgpin the presence

04/ 060310 PCT/ US2003/.Q4
of ERoT SBFURYT Ve Tiig ) AT n B ROB bup” Wst s 5T (P
8. 60f ahanabecHSpsegLier Aaveyr b MtsamrpleeéudiﬁetelﬁﬂB hg(mls) as

(0-72 hours shown) after either dai I%{ sggcut aneous
imag@m RY'sPPatFdh OSEWHys 61 PG bcut aneous 5

[002@71 Ni strati op DVRLsthrtays ol @I@Sﬁgﬂ&ggdﬁﬁﬁ mﬁ HiG# presence
per rat. See Exanple 22 and Tables 7-1 bOO FI G
of 198 sNomslaerghiceeate ( B® o /FambEs- §B‘Fa&8 0 £Q0 mM

Trik ti-lﬁlof(pﬁ‘:"laeg {edy %10{ & ISP RUPidrobcadpy. 9) s&¥ efixample
ays-after eit ai | y 'subcut aneous adm ni stration
14.over 7 days 10 (Goup 2) or a single subcutaneous

ni strati i/ (A QRS +418Ngr8dm Of
[00%%[}1 /Egedogg %$ ﬂ%—?c}l@glrlaltt ?e%h@xanpl §é12 gﬁ
acckatlimgl 30 E@EBPleF - 2{)A o ndte agoRGéntmagison denction

f GH in bl ood serum._as ar&ylctl noftlrreforferrale
© |“1ne“‘831?H8ﬁ8I 0gots Fon 15 subcut aneously
[owbm ni straced 1dash§;wsoi;e|bdzre Iﬁe](ﬂmm’nm ofodiommercial hGH

crystals qf h Iexed ni
G A, B BB ey A SRR g Fho
crk<EOUD nd) @%C(f'éﬂlbﬂ]@ B@ra&@@llﬂaxﬂ.ﬁey Ses Haiiplled?dver 24 hours

0037] FIG 20B shows the concentratjon of 1G-1 5(n
af DG SITE1ee FURCHE2RCPURCTABI BT -1 T G Permalg/kg dose of

soiﬁBT%“Afad%&y%ﬁghQﬁeuﬁGHnPQfeﬂétSLWEéE@mWﬂE#ﬁlE were measured
adm ni stered daily soluble hGH (G oup 1) sodlu

at cty&t & < oflhe éorréll e@edli 2RA pef VBRI n e(eGEB‘&B‘Pé)? 16.

[0?53-91 SOd%ﬂﬁ“ Gy 3t ahgrehe BEt RON@l exeditd &l dH=HRFeRestics of
according to Table 18. See Exanple 23. 25

hGHO@ﬁ)S?taﬂlﬁ @rA\esih@wS thRepreneee raf i ©n B IrFFiuR acetate,
2/b'§° fg%é‘ouresooﬁjo ﬁ%df 4Ret hANTRL LR (94 & &Rl Quddhy @il e
addition of varying 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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subcut aneously adm ni stered daily soluble hGH (G oup
sodium crystals of hGH conpl exed with protam ne

1)
‘&8: 1 ratio of hGH protamine) (Goup 2) and sodium )
YAHPBIG: haH conpl exed 30 with protani ne {G/4S2003/041545

ratio of hGH protamine) (G o 3) according to Table

20. See Exanple 24. [0039] FI'G™ 21B shows the

concentration of 1G-1 in blood serumas a function
[oad4lt i ne HIor. flemplkojvavearte Tyvelw| ognrd )WOE hGH in Groups

2004/ 06031Q PCT/ US2003/ 041545 - 10
3- € it o e R P AP SR B By | 57 S T Mo B 56 hours
(01)2 h&od WY S bakerot i bkl caapl xataitadhepiet ani ne

(3:1 ratio of hGH protam ne) (Goup 2) and, sodium
admpinisgias-i5m mrcanﬁﬁgiear & th%}%t%f#‘iﬁ’é?aﬁf"fsr atio

ad@f n NEF Y QUAHRS) 7 GaQuPod) 6 2¢Cas i Hoge toF Tl pe22rat.
See Exanple 24. [0040] FIG 22 illustrates the

Seg eipermnlay 2r aviach Tgo1@gl €-19 star rats that had been
[o§¥PLut a@w.slmsa%rﬂowsswaeﬁtc?mﬁok ) (& Glihate @g&g ue-
d fabTe hGH ( g

ally over seven days), sol ubl G oups 4 an
Dawhee watid yolowsrlespesh foayy)abhdner (@reuns e MGand 9) over 8

(o 6, 10 )
ool EH05, et B 900k RS, VBT BRI 308) o e
(Grbhpis2y atres tdienglai |spbicndaveduseadghinistmt iy ams)day 1 of
ver seven da i od for, nal ISt ar ts, that _had
7 gﬁ%ﬁ g%%‘ﬁﬁsan‘}eo%éqo)e?r)aé’% r?i'gt rél%ggc RET o?tr (artg’}{of&rl,ra%' See
Ex@RpEBe 02t | and Srapiey 1seven days), sol uble hGH (G oups 4
and. 5, once daily over _seven days) and crystallin
(ORER) (o e 6 0P =K 0 COBRERL B Erh by SRy lood serum
as28CehAtNHot G ablge 26r Jmakxanplen2be dEIMJIIRIIous monkeys
DESCRI PTI ON OF THE | NVENTI ON_ Definjtions 20 [0042]

subgheaBeRenkby i delinfetiared Hedéynsosubbat ¢ c(Grgpp 1) . sodium

cry8EBNLCE A& NEo dd) WBRRNSBH ARy Mhife t B-AEI/Ntand sodium
~invention shall 'have the neani ngs that are comonly

criyrat st @bdh@y eomzkexntd voitdi paPyagkne| (FFPume Jargccording to
raEHLt her, ggéeﬁa\ﬂé Tré/g se required by context,
a

singular terns s Include pluralities and plural 25
[008f7ds ShBEE- | 2eB ushowhehs senicantreghen gpf yICF-1 in blood

sc1RIPAS] A1 HLAS USRI {1 ROTHIGCHRAIY | ity ADTk | SHIIALE DS
of, col umm chromat ogr aphy, opti cal Ccroscopy, - VI
mesireytr esbopyanebas mcoknimdistered 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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anal yses, reconbi nant DNA net hods, peptide and protein
chem stries, nucleic acid chem stry and nol ecul ar
wé 2bRBYosP described herein are those well knowiudbsdosisas
commonly used in the art. WO 2004/ 060310
PCT/ US2003/ 041545 - 11 [0048] -The follow ng ternms, '
unl ess otherw se indicated, shall be understood to
have the fol |l ow ng nmeani ngs: [0044]. The term "growh
moTHsifp R CBHPnePEF Y s2gBHR B $3P T 1 ot WrdFnbREs (Crowp 1)
so PR @94 thY st B¢ REHULLASYeRbaNGidiD JRIFRIi%re (3:1 ratio of
Al t hough not an exhaustive |ist, exanples of mamals
hGH ypafddimgnar Crapes 2) nedkesodiwt cpisfhaldo@f h&Hbicpmplexed
 gat : JAONSE IS€nr M Rbn i {ne)AC Lng,t ;
T S D M s
to drdhirar22 .[ 0648] ExHupda gtowt h hornone (hGH)" denotes a
tein Vi . LNo [ ucture
o B P En 2an At asF B Ao S B B e e
Widtogmares Aslaits @éddheeehnsubtmasimesoyith admwimizte edGdbntrol
al so Jincludes a i soformof pative h gr.owt
(o, Ol RN CREE HBTSR | BrYBly (5L st e \irpHos 4 and
5, "hEC Wy mesesedbnddald) 203 Zyst?ll1idfe ant 45rklps 6, 7,
[Haro et al., J. 15 Chromat ography_ B, 720, 39-47
9 19gdd) | OPAFUSVShEVERNPRAE FrcPLYES thi TRPLeadiPno See
Exﬁ%ﬁe sgfuence of native hGH  somatotropin, and the
1 am no acid se%l:];nce contai ning an N- termnal

[O@dthi oniF&E -( W8t ARGIPCEASS oRRE r &R { UniRBIFest atedght gain
(g Qrkg)mc?‘ve% %4_%e%%% 3%9' Eg?§§d3§g}-m§ﬁ| '«g?%;lgoile I%Q%a:tﬂg.g had

y 20 1solation and purification from ogl ca
begpuswecwranspuslyc adpinaate DA aertroels. (Gfoumde lppce daily

rec i nant d g [ e S ,
oV O A ume s TSr g hohormne® (Fhthy ® nerlaioidy over
sevgpi dayd)y gurdepanyed alyinechb@bi f@noudiNG , et odaldogy., 2b5ce
0046] The term "human growh, horopne deriyvati ve”
oVERTRTLT Gy o RSy F g AR S B AT PRS2
that is conparable to that of naturally occurring

human gr owt IDETAINEDe DEFARIPETON " QI ITTHE dNVENTIONer s t o
an am no acid sequence that is between 2% and 100%

Degﬁgﬁggggs to the 191 am no acid sequence of hGH or
92 am no acid sequence of Met-hGH |In various
[0e4BDdi NnEils=2gd 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, singular terms shall include pluralities and plural
terms shall include the gingular. 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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the. present invention, human growth hornone
derivatives conprise organic cations of hGH or
Wzohﬁﬂij gubstitution, deletion and insertio

varlant'e8s bi ol ogi cal |y synthesized hGH or I\gcwﬂ%ﬁ_losv%ms
2004/ 060310 PCT/ US2003/04154%, - 12 proteins,

post-translationally nodifie hGH and Met - hGH
proteins, including deam dation, phosphor yl ati on,
[0@g3cos| yillwt ifon Lonsagy Farmen, unkgpe g ifed ledigaaedc shall

cl eavage ac , umat ogr aphy B,
ve G55 GE e FR05ETES cobCE G Phuthe mespdal & 200
[0044 } hGH Treotteinns "deriwzbdhbdbronne bi @0y neflersogenerally to
ol ypepti de anal o nd_chenm ca
o= BRK A BETRy A Yo e SoCel A Gt R 8 manmat s
A1t heseh alothGh eixHdRisthGHE. lﬁ.@ﬁ47§axMﬁﬂbh@$ﬂSoﬁJSMnntads include

prepare hGH or Met-hGH include 10 Iﬁél atlo froma ), rse
huBaR} RPeH EBFe, FodcoRbPnaiPs DNER :tthoa% ftrogy oW ReEES

mo§¥@t heii cachefdaal meubesiay eendi paéfonsed hateefimefio of
dat e, genes that encode for different DNA sequences
thps AEFERREPUdEheh@INeAnd ShaHV P aro et al ., J.

[0@@5?”‘“ OB GRAYY %ov@p’h&%@ﬁg (64898) geRBedand Bajtlei nehaving
., CGenomcs, 647-652 (1995)]. 15 [0048] The term
an" amhencycldssmem aTacterensht’ SunptioR Chaxpcteristic of

na%ﬁ'\r;gl HSm r— O%J}Frhcﬁln%ﬁfem SA@”@S%' ﬁgréz?nd' 1‘.&5[@41’? r@ﬂvth

ectrons in the outernost shell of the
hoatnome amHGH exal ws sieth lagidsh @nryu ms@vf OGfﬂ af onst bYe Hyareggerrowth

or _any e dar n
ha H‘PPanlW:?HéJ( kﬁ“gt rrcleodtl aci ng %i Itg EBE&%%E‘EJ?H{ fiftlecular
mal¥ews\VE| d, DLet i pmary2 ,of24Scu3@1<aeJ,d 4ki kObeyHaip @tndal J.

Moore T.H., Eds cm | Yor New, York
Cfﬂ?@’@@fogfﬁBhYe?an%n%%fa“{ ({1%? il on" lfgﬁa"' 05 ar ey BeH
irkatider” theef el &mﬂl@nascmrsre)quegm@ pdshkiyeschel ge t hat

have either a _val ence state o

S SEEOPIBY y Son TR EnLo R A Ficid FPOPEES, SPBRARLRS an N-

rShRtRs GRRnhenPhganiet HGH NGRMHchatematlUneted States
Exanpl es of nonoval ent i norgani c _cations_inc

ude
PaiATSH dnPERHE3Y 2BAdS FdUpE 12l et 83 P FhELE%W%%'l?:Y
Cf?i et “émdl- triMadatKdn FRom a &iblRAdalRr shuedd or by
val ent | nor ganic cations include Goup Il elenents
r¢@Bathd navyt DNACaekhods . 2+1£ gpade vh xrecompd pang pyA

me%i'xe X o]%ﬂ%rf 28 ngaen@/ﬁé?: Qé‘dre%@ﬂalnan[togﬁ%n" &bt WMormone

crys uman gr owt ornone or a human
(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 seguence 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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grow h hornone derivative" refers to human growt h
hornone, or a derivative thereof, that has been
WOag9319ed i n the presence WD 2004/ 060310 PCT/US2003/041545
PCT/ US2003/ 041545 - 13 of a divalent calciumion.
The divalent calciumion is 1Bntroduced into the
crystallization solution as a calciumsalt. 1In a
ferr ' ; j t f.h n
P B monanar 15 el RIS i Und B por,
pramyrs sescludimg dbawiddtion abhvhusHO0rcla tdicmm
1 ”cools\?l%}il es per réDEthre ;9 monomer chaiann f hurmrg.
TG AT on8 S FY hama R gr ot ho It FEh U EHVER U 8. CfRavage
reactniore: ftefrer eedagnbodi nehtomatcgd-aphyn &,r yr2togl 3907 (1998) 1,
huna rowth hornone or a human growth hornmone = _
SheE A B EdREr PERsOT itk ABTn (S It B G AT uFoT
bi IR 18 S RTcBY NPEEYp bt 1@ NDROTEY s Chia eHAmilkuTay
growt h hornone or human, growt h hornone_ derivati ve.
SYRERsHZerh P& c SPRF il 529 taminR | dRikt 5UeTicRSr gaalegous
to aUbsOlFaNE eRURLELLEAS or nol ecul es that form an
ionic bond with a calciumion(s). Exanples of
[0QRT) er eMetdrmdsi urrdalosPreR3 RNl @mlMstuhGicdngtlade
: . , [ - dr : j,.u
el OrE ot & MRIGEI AT EBPON Ko B mechodology,
syl hgidratahiendaladi gputes or combinations thereof. To date,

gelbe (il Lrfochd 8 BRERLLUS bt 2 ShIBIN o} e 180T dae
hGIbH N (R HEIBM disanethykl 3, 57 hephanesitomadsy, &aleioynso-47
(1%%1?@ cal;ci um car bonate, cal ciumchloride, calci um

of i >)1.

S TR drafl, 2tal FARTRhESr i te HRXaiydr 4t

[ocagi uUmTeld ardréie "vAYdhaye, icalef iR Eidd Hrf element's ability
tetrahydrate, cal cium dihydrogenphosphate, cal cium
tos hekdio s Berc &L EMENT P | FBF | Welch ok Gifhated by the

nuhste R tell,e GHZISUAMNY HE 0¥ E8rmE st Chlen NYROUHO Hb8 ang
calciumiodate, calciumiodide, calciumiodide
SXRURFSRE, 2T ARG WD5T) BhophePe PL R¥EEPIRR NIy 5@t ether

st ERALEIM N A1RER, cGRBhEhHM cOXAbBL Cor Cdh £ 1HY QXAAt®
hi/dr ate, calcium oxide, calcium pantothenate, calcium
reptapiematics @éqoé‘isurEWsWéBhb%pﬁfaWeW%hd Rettciomary of Science,
Llﬁﬁiéﬁt %., Ia{hcﬁ o%Tee‘rr. ﬁq, eg@g(_jl nﬁgé ﬁilér@,‘ sNévJ’“Q%%cl oR’Haw York,
the calciumsalt is selécted from the grloup consi sting
1998] 30 B diaymsacdeavwalent ctapichl oande" dicalentmeation®

ce2Uh138 S0P S CLUEPN : bl fe B, Bt o
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,*)
and Group I elements of the periodic table (H', Li*, Na‘, K', Rb*,
Cs’, and Fr*) and divalent inorganic cations include Group II
elements (Be®*, Mg®*, Ca®*, sr®*, Ba®*, Mn®*, Co?*, Ni?**, cu®**, zn®*,
ca**, 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 has been crystallized in the presence
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WD 2004/ 060310 PCT/ US2003/ 041545 - 14 [0051]
"Organic cation crystal of human grow h hornone or a
hyw 65860 h hornone derivative" refers to hu
grg%th‘tgﬁ??ﬁnone that has been crystallized in't éUSZOO3/041545
presence of an organic cation; The term "organic
cation"” refers to a positively charged atomor 5 group
of atoms that contain carbon. Exanples of organic
ofc &t PN lerhcrabel yuatast narficasivRil Rt cadl @han ion is

1ntt§Ioﬂﬁ%E’ByhﬁggD%é”@:é}e@§]hl rtll*e,t %ﬂﬁ&bg{ﬁaﬁm&'&ﬁum salt.

procal nam rom PAEB
Inazi @@pﬂf@medaﬁmld@dmnml @dlqdadc(mﬁl\/yz;cydtaljb@ﬁmtmamegrowth
net ocurine vecuronl rocuronlu

hgfmonF OF 2 pﬁ%%?l%yrl nlUﬁFﬂl gFr gagﬁgelipmprises from
abNu(t4 14tax aboupend y | damlmmw&]dmbsnpam AR 0 Qfptomer
commercially available_.in Iyo h||| ed formand

cHAG S BERY ST R e e S

deAeerdiveg tOn &hhSrd Prasfderd enpshahbheata OcEVamthﬁérystal
general |l y acconplished by preparing a buffered

Ofsauaﬁnoﬁrawgh@rw% f3F 1Ry A0 ST Pt HelarpoRey, derivative

cipdliseisn@ randasenc entdAtidty dheiee Hbh 8By eds i fih@ner or
nonoval ent or divalent cation or salt to the 'sol ution.

mopRme] ghpdp Sf epurar gt haveorer fit henalfgapivth hormone

deHi9alH;Ge0r inorganic cation bound to hGH [0053] One
preferred enbodi nent of this invention relates to 20
[GAR¥dval eﬁhec‘aﬁr@n“@lﬁxm sadft 'hdrcdndas h@h inorganic and

% catclo\(l?xt 1ofis g@rfoféﬁ{leerd‘! %?’xa%n? ment iOlIllC bond with a

oval |on 'S SE rom
ca:lmlsmsmomagsd)f. Exdtp g csﬁ)@ﬂmﬁﬂermltasaﬂumransialts include

nmoni um a st. preferr.ed enbodi ment i
I P = ba PRRES TS AT Frer ek BoPoBr by Sreky caleiun
a&HﬂyIﬁdnﬂMMatbuhﬁﬂr@ﬁéww&aiﬁmuﬁﬂﬂ}dE&o&baaeh@ﬂﬁﬁdﬁﬁﬁ&%lbalcium

%3er|vat|ve rises fro E‘Bh l1to about
oVaPeftr °chE ‘?re%Lﬁ #@Ft oner ~r taRrbiate) .
cal‘lftauﬂn fidhanansgs ou\wrméu’meprs —méFE@BngﬁﬂdMth@Pr NEAIEC 1 um

derjvative. [0054] The term_ nonoval ent cation salt"
PR Afte SBELHT gér]i’?l%"i‘@%ml %a]a‘ﬁd‘“brc&éﬁFéd@ouﬁ?Jeﬂ‘é‘ﬁsC}b]romde

I} BEELS chhat uh R @R aé HHEariaidi v, t Bal BeuHOARY S £id

ion. In a preferred enbodi nent, the nonoval ent cation
hedirats s G&@é&i“uﬁf-%’é@‘t‘—e FotERrInE@R LS CRAFIBE

T ST RE e TS R RERRGaL LOANEL G Bhhor i,
calcium gluconate, calcium hydroxide, calcium hypochlorite,
calcium iodate, calcium iodide, calcium iodide hydrate, calcium
Ionophore I, calcium molybdate, calcium nitrate, calcium
oxalate, calcium oxalate hydrate, caléium oxide, calcium
pantothenate, calcium propionate, calcium pyrophosphate and
calcium sulfate. 1In 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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- 15 consisting of sodiumcitrate, sodi um phosphate

and sodium acetate. In a nost preferred enbodi nent,

wbeoeeiziom salt is sodium acetate. [0055] Arraimiiese003/041545

preferred enbodi nent of this invention relates 5 to a

protam ne crystal of hGH or Bn -hCGH derivati ve.

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

i nyventi relates_to a oI i r 0 r
odgtfhen SRrPeaEryEat fobsf et Aineifaf bbity hoiidhefor o

hun@iFb ediowent hotmbhe sdepieativen refelrsdes immevageovtiprhormone
di val ent crysta rivative

oA RER oL TERL F JEEH | 15 d SR SGPSCaing P Foenic cation,

ThP Ukl gb@gaﬁlcl\/eaeleﬁefeéwg td ke posittislel yacRasged tatom or
crystals conghexe or co-crystallized with protam ne
ni

groww w PECEEnEhat CPRbaY DAL ulbFETRSR REEFHRY cations
indfdh %%%Ehh%?da ﬁoﬁluﬁ{aéételtéhé)f ﬂ@ﬁé@iﬁmyl‘a&ﬁbﬁghﬁg (TER) ,

revers ase erformance 15
trmmea@[yépmy\opﬁapmHW@MA)s,, R Sednggiisle ethobromide (PAEB),

azicg%ge%g g; ngkgalsgiéerwe 4 mmameoga@eaaume

rophobi ¢ i nt'eracti on chronatograp y
ved it dz)iym r@tcuadomum, 1 Ohe ot oIy 1 5500,d15gsmg0gholine and

FDA ubl a 1982 On
g ég&%ﬁéflﬁ&%%yﬁﬁhggg§§8¥%??une :5¥ﬁ1§gﬁﬂ? EGH ngi be
[ocbH2r act edwz G.d; prmetricdal 1y a:valsl:ahi)ye aimd D¢ardilized form and
di ffract. on. %§$ ral, t

co di .
1SCF%%%&1H&% Y §&f8 @%H&%‘%‘ W= -a pFEPEFRNS tO
theEYSh@dnt iork- cﬁ?éﬂ%&ﬂﬁz&@h@ﬁt@ﬂ hdH 018 tdenegt=dlly accomplished

consi sting of spheres, needles, rods, plates

by (neERRYOHRE & feqiesr @9) Ut i pRnbi - Yl AP s
degg§t1 , P SR 1 P B Ehyehetst Ohg ik AdoBRt ifeHand adding a

erivative according to this invention formrod-1ike

moppvakedt eo¥ | ke HSTPhGRGEPBs ORNER T nEg et v st -caflfe
1aEE%#S%?Q@yreéﬁléH"%I?QQQQEgﬁﬂétléﬁyéfaéﬁ SfgdH YJr iABrganic
|

ative formrods or needles that are between
cagbout b8nd. to drfeH about 200 min length. In a preferred

083 gd' Thhe pELYS laéds oAGH-AF 8P hfatk derdaati de fates to

nee es t are between about 3 and about
mob@@amenn tenigdih. cﬁystﬁhﬁmqi h@Heperaedh@Hb@@wxﬁﬁﬁlve In a

mofﬁO%%%%%ﬁi%pF%%# G?f%4&b¥8%§¥8nE°EQE¥$% 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. In a more

preferred embodiment, the sodium salt is selected from the group
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rods or needles that are between about 10 and about 25

min length. [0059] Another enbodi nent of this

i nvention relates to conpositions conprising calcium

%470 cation, protamne or 5 polyargi ni RET/US2003/041545

crystals of hGH or an hGH derivative and a

phar maceutical |y acceptabl & éRcipient. In yet another

preferred enbodinment, crystals of hGH or an hGH
corketdniald \&E mmheciexat@i esbdaif PHESEtd Rnguebdium

conpositions in a nolar gtlo of . hGH: E‘%fl pi ent of
acelRfiit- 1. 95® meskodEelerspd PROAAIERREr ndt% Sgilum salt is

so@{&ﬁeggeeégteérbodl ment, the crystals of hGH or an hGH
derivative and the exci p| ent are present in a nola
[092%] 0 ofAnnrasx giysiferredormapdiment 10% otfalt?odtnvr—nfeom pelates

oggtgﬁggﬁégﬁgérl éﬁgﬁe%f g&ﬁogknﬁﬂtheﬁh&efiaéﬂfvéS oilngthse,

ative and the excl pl1 ent are pr esent I n
inayepl arotrtety @ma‘feh:@eldezmbpdemenbf bbost iEtite relates to a

bout. 1: 0. 125. a erred e di e stal s of
PORERF S HEH cd@'fsltvaa |vfg%§%egér%\r/\lmﬁaﬁ JI% |tulﬁny%cet at e
[o0ohel rrayA beurEdhgrredieysed| embediment @f tdoisg echweint-hon

n|ne or . prot [ 0060 ystal s. of hu
B PO Eh TR 1 HIFRACHF oUE RS E 368 LOF e o B s
de@lefrhﬂ;&tfé ESBEILS 23] mﬁmone&ymhmlaaydphatnq&mﬂanﬁaiel er

accept abl e exci pi ent. g}gr di ng to thi s i nventi caq
polpREF HRTRE | X1 P&i?cf@ﬁa Ve GhEi PrEREAlE i sodium crystals

coﬁ@s&éﬁé&%rt@é\lcrﬁ@ﬂﬂ B%ed tmlthqepr@taﬁlﬁ@n@r rpdlmgqfnlne

llers used in har maceuti cal rTEOSI tio
5

[OPﬁéﬁ er r eBhexep PR sFTc PhdBET ﬁ‘aﬁ FhF}éaE%\‘ffeeg@r%Fdalbéf a
va%hegg]gfuﬂ&tﬁéds,ﬁgﬂﬂ]ylgbyge@%rséﬁgbﬂhgg ' hi s AT mance

acl tamc ac S ne, asparagl ne g ut am ne,
ligudHi abro@ytoar iy dfRR-EHLCe . gmzmﬁwééehcamu@ersvmraphy :

hl%?;] ggwg%sgcﬁw%g 'clﬁ%! &l gg%ghgaagﬁéeﬁpﬁéﬁbamse

dlsac such as | actose
hytdrepabbse, m‘aér@selo@@lfmmﬁ@@e‘ra@ﬁypdﬂy%cé%l&r@fd@sl J.

such as mal t od ri t AR g en;
BRI A A i SR OB
pLBﬂnkmlatdbn 6)(1gB2|):1Jr ontDn: s e d:tk@acl é{:@m@ronhe aryskall)ine form

o REORFHT BBy EEEUB 200 DGO B PRI UG0S BARE AN XY
diFdaedexhr.i nTandeatike, e idmaidjanicnsnolfecryesal kigdtion will
dé?%é%i%gughe 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 pm in length. In a more

preferred embodiment, crystals of hGH or an hGH derivative form
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chl oride, potassium chloride, magnesium chl ori de,
phosphates of sodi um and potassium boric acid,
WOOH0aPB1¢ ar bonat e and anmmoni um phosphat e; WCHBYEPAIB081545
nol ecul es, such as acetates, 5- citrate, ascorbate,

| actate; 10) enulsifying or 1&ot ubilizing/stabilizing
agents |ike acacia, diethanolamne, glyceryl

rod@BQSh%@a@&s tﬂl@@'&ﬁé betRLTIAR! 201 BRa 9bBLE 851 gh in
ol eyl al cohol, pol oxaner, polysorbates, sodium |l auryl

lengthf.at e, stearlc aci d, sorbltan nonol aurate, sorbitan

rogERRost e?[“%er. Va&%&@lrpéﬁterofs rpst qr_aw@a@lgﬁt L ¥€Stes to

pol’ yoxy atives, wax yoxyet hyl'ene
commagxmabmsespmgnxblmgwcakniumu|manpvai@@tliptlonscpsotqmlne or

I.ncreasi ng_reage a Ld and.its
po%¥ﬂ3§§nlﬁﬁarv§ﬁﬁ?f%e%% lrlftshpo Vit A q E%Na%lve and a
phdﬂﬂ@ﬁﬁdﬁib@ﬂ&yoxtd@ptabré|eﬁdmgiéﬂﬁi i tfn geti wabvties preferred

opyl ene carbo ate [yeth yl ene
BT | GEARAPLF . OB G ST SRS R TCAF e
exc%lléﬁd arf bHébBﬁt meéﬁfw esbrifcHif idfnse% el Bi @BLSr ratio of

i ncl udes sucrose, trehalose Iactose sorbitol,

hGH RHGRHEREIBANAPBIE 1] #0%i 1|20 1< 29 5o am ahgernate

prdUASH WiboadGBnas BGEletFsta PNOSPNRILS: Gl hatitdeddative
borate, glycine, arginine, polyethylene 20 oxide,

andydiheyiandipdesshare poeserhyimre I@J;Péblratﬁéb(ﬂfeﬁ@H excipient

, h ol yet hyl V. [
of QA éérigéxyszprlg‘g:;? %éﬂ?c)h/c % dexﬁ‘%&l ybhye%e rred

mqmﬂ%mﬂnpﬂﬂumg cp&esé}SInfOW%Hewbaﬂlﬁéﬁi<iﬁrHWmugve and the

xR By §RE-EE, PhoR phter S S HOMAPEILALPor aoou:
-1:D@nhﬂhyﬁnataso peet ei ba, alpt&fbrréﬂnémhﬁUNMEEt, crystals of

I d d t th
v o B SBOaT RoRES PREVaxE] Tl T SEGarsd hrnTay be
either gFOr £0ASest Wigh 6f: cpabéanyng pgualyadgiylialecohol

cycl odextrins, dextrans, calcium gluconate, polyam no
PrAABEIe such as polyarglnlne 30 pol yl ysi ne and

[oped YOl ut@rRaie.] spelfy aliblihegeogt i CRbrmslendit e Muman growth
pol yort hi ni ne, pol yet hyl enei m ne, chitosan and
hORNQRS r QT Y WRSIVEF CaTy Ren CRBPENH eV LR e RiGHTRSFUE icR1Y

ac@é RNt ool S fﬁ.@n%(:t eﬁcchQmLM@ 200440603 ntion, a
/ US2003/ 041545 - the group consisting of:

"plpamamm@caj&yy@rcglemtﬁélepéwephw*é'hels A Bicimignt that
ac ngrgsff {%fr a[ g@ﬁ%]lﬁ%Xéhaéaﬁ Pﬁﬂé&?@%&@‘%ﬁ

ornone or a numan gro
pharmaceutical compositions. Preferred excipients included in

this category are: 1) aminoc 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,
ribose; 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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hor none derivative according to this invention can
al so be 5 conbined with a carrier or excipient, a
substance that, when added to a therapeutic, speeds
JYOPMAHIS its action The On- Line Medical  PCIT/US2003/041545
Dictionary, http://cancerweb. ncl.ac. uk/ ond/
i ndex. html]. Exanples of carri%ers or excipients
i nclude, for exanple, buffer substances, such as
cyRhegpRetes, aith Vol e ; r Bingri@nae ﬁlol@@u?é§' Wlch as sodium
sorbate, partial glycerlde nixtures of saturated
chyegafiahl ROFaBeiumGHHOT it eFaaneaits ehleride r @hasehates of
s S d
B T R A T S A ke
amgioni g, pmm@@t@m 9k rqrszanl@atr@l eculkal osech basexbetates,
an ol ye I rle s or 15
SR R e AR g AT
SOQmaHﬁhe;ngb@tabn1xzuﬂgnqguﬂthyﬂ¢kblabasea, diethanolamine,

ryl at es ol l.ene- X opyl ene-bl ock
91%850 §né Eosiﬁﬁ€éﬁ% Iéﬁ:q%Pﬁkopo X&B%giaﬁ§}' oleic acid,
ol&ly(lOb.Ql:ShoI. QO@&J]o;tarma/ze,t paambebatefser s6dierbDgiENtsul fate,
he .exci |ent i.S g rotam ne. Furthernore, crystals

Stgrarﬁ@aas ans‘h@%‘baé? Q\HTakfd FPEPARFReTRes AR and

othréxa@ohﬁlrlt@ﬁ od&ri e 1add 0 pRfl yaRout gerivat OvédPUlaxl: 10
&a . That ratio may, al'so range between about  10: 1
P

oXpsthy2ena deriyat vmt, Foebetapl jerivativest gnd 11)

RGeSy Patwess hq xabo 2
Vi Accor dt ng to anl]%q;gatl%%%te g%boglbﬁ%nt 4 #ﬁé r%?aido a}nsd its

sadéswe Sdagboun. Pdctiel, apuvinylieleahed , pﬁlmmme oxlde,

I LIplabald B MR RO o5 BT AR e

ghxyoébohEXElinéwwhyCOI(Xﬁ¥ﬂ0ﬂapoanotBeitaspé0$ucm ¢dwpounds may
invent | th cal of8CE ta

alé%ﬁ%%ig% is ge ?@%E ron1gﬁé%g Fodps angxg%$ HWPtoy includes

sqmﬂqw&ninweheldse |Im¢tmham;qmﬁb;hpibnéactpobyar@amnﬂubl

and .paly ama a preferred.enbod t.hi
lnﬂ%ﬁ%ﬁ% o% E%ﬁe exd?p}%Wn né&pOtﬁiﬁﬁgphesugﬁ %Frﬁﬁ%? Rﬁb

pHﬂH@h@&ﬁ@B161EEH%§E2@&$N&&%&@5 glyt9nepr et-gifiefle, polyethylene

od| sin a nol.ecul ar wei ght bet ween
T AR NPT LR SR RIS S B D
meIthfbxyC PysiatByDénd G}ﬁ].*_@chBﬁ JeGdrder,i vatir¥eypndpyl - 8-

|yl ysine are_present in an hGH polylysine ratio of
CJ) Vi intona%gﬁ¥sagﬁlg?qwgﬁlyarglglné y

[0061] In one embodiment of this invention, the excipient'is
gelected 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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5 That ratio may al so range between about 10:1 to
about 20:1 (ww). Mst preferably, that ratio ranges
wagtovgeszabout 12:1 to about 15:1 (ww). Accqptqtmggoog,@“s“
an alternate enbodinent, that ratio is about 5:1
about 1:50 (m/mb And, |n_a1%urther enbodi nent, that
ratio is about 5:1 (m/mb 10 [0065] In yet another
preferred enbodlnent of this mveni%‘_i the ex yp % E
the | Qroi8y A HTEI Ph *aPRBFE™HPRT &P7 SifbdiSremelyethylene
glymyﬁalﬁ%ﬂ&s tdheabecul ar wei ght between about
000 and about 60,000 kD. |n_ another enbodi nent,
[006%13 cr Y I I It GfGRUBRR SRONERN BeFTYRR e afyman growth
5; h&Eh
nor by TS SRS P T iras PR A e be
comhage@lwoth angehdtereor grouprienti @oSIalb%ttﬁncz@ thatw/ when
st p a o_rat _
aaadBsioPL féhééagg%gtlvﬁg bbbk Qggé%ggté VEED AR, 1kt on
Llnéﬂh@@lm@mtDldﬂmﬁnaﬁﬂl htitp: /dbaateﬁw&btMChbmmnukaﬁE/

oth di_nment that 20. rat|0|s
iy RS £ 167 SRR O ARR D OIS e ToT
exaﬁﬂb@ﬂlB@ﬂferti&ﬁsﬂdﬁdeﬁ | suahodt bPhdsPbwds, [QBGHEIneON@orbic
enbodi nent according to the péﬁsent i.nvention

acifln PRERSS LM | FYERA I £y EtaPIYREL SUS PRIk Grs of saturated

veg€OHBL LSRG AbOM ds 2/, ehiesystakseofrdiFtay, asmch as
hGH derivative. That 25 suspension_is characterijzed

Progagyne esutpriflasitsadium Mﬁrogéau RBRERRRBR aFRALT ﬁt’éonde'

zinRCELQPsProbiiSi @1 @Lol%tcg da¥SeshimMBYrife iMect ediiulose-
once weekly, using a 30 gaugé syrlnge and prOV|d|ng
basgd 80bstanees o&n@fpc@atat\mlte@@deﬁgco hat CBYSPRPSioN i s

R e B L

carpoxytpthylaal htbkdsed dolyaarylagast abovoxydenmnt ¢re-

under _ref erate d|t t
R e A T L
waxh@iceapigat i ve which is characterized as having WO

4/06 310 CT|USZOO3/O4154 y
[°q§ sol utoX®beRalfoT %ﬁ?ferﬁﬁ %&m ko €Qe excipient is

prddﬁﬁiﬁbduaFurtaérﬁOﬂ@aI@mbdﬁhIdﬁﬁf mbHCOBVEﬁthGHaﬂerlvatlve
sol uble hGH or hGH forpul ati.ons. Accordi

I {o
and REGRERAS GPESUTREThn T St e ROt o ey Fat Yarehapout 5:1
to @idutati: 1@ i(&/ehar acher i Zod Ddnpi e PahBeVbéfPedi dbbut

10\Q\g% %B%%%Ig%lgn(p &?ﬁEtﬁgé% g?gfé%é%qgtethgg 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). 1In 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. In a preferred embodiment of .

this invention, the excipient is polylysine. In a more .
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vitro dissolution is described as the concentration of
sol uble hGH (expressed as a percentage of total or

Q,BZB&%%% pGH or hGH derivative crystals or| &[% }{034941345

present) obtained per 15 mnutes or per wash

a sequential dissolution proggss 10 (see Exanple 5).

I n one enbodi nent of this invention, crystals of hGH

or an hGH derivative are characterized by an in vitro
prefieggsiduembadiaent of PRE WeEmama 2 "ergcabant wabdhtofbetween

Yy I S t
T e e e e Tl
Crﬁ*ﬂals @ WYHKCE andh@H 0% i(wel tvi)veNzaxg) pDBYéysane are present
._te \ e.of r centr. n f h
in g B EAEp 0o Y S by SR BRRE 4P Sw
Thannnmmmiatwoaleb rangwtbékwqﬁmnabdum arotlthep about 20: 1
odi_pent , hGH or. an erivative ar

o il alBB PEATERRANT | Lo o e Lo o F e B oSOt 1271 to
abdig! ween ahow .0. ﬂécb@dﬂb@bﬁo a8 Nk rofa teaetbeayYaéat, that

per wash 20 step in a sequentlal di ssol ution process

rat(ls%el%@éwte%} Pconabete btHer (Hafd, iARdyj¢g a further
e SRR | @MalcS rdessri bedoby: serumyeyel s of hGHin a

mamal over tinme after a single injection of hGHd into
(096 marmi@ YetoeB8Eheh maRfersed grkadimangt € thisydgvention,

thé‘éi%%ﬁﬂéﬁ% 4% @BgyofglﬁfﬁéeteiﬂQE:ﬂOréi % ?E@dtgﬂ%odlment

intu pl ays In cell division and neta
POJFH@@JSS!G’SE has w mpblpeudapreciahtieddwearhedboubf 15kpP0 and

abdlt LHE xﬁnserEﬂH‘ QFE{S‘:%QQ &% didh eﬁ’te' 11 r%rg%%BEQdSPthGH or
on many ac ors nclrading yS|o di cal” an
antﬁ@ﬁud&ﬁMVahﬂv&taddfpolpasglﬁMMa if&ﬁpresenmﬂludan but

ot 30 limted to i o |cal tors h as:
nof ol ars hins Bahao SheabURk * bhdso i Lo *> That
radﬁwemayn&mﬁdﬂra&gagbeteegn abnnteaseﬂ tdeahautauo 1 (w/w).
ubert d tr rel ated factors, such as dose,
Mo B S P m s PRt BOLE AT SoP Jor vt AR 187 bt Fepapout
3:£l$ﬁMwVK)Zﬂﬂﬁh@ﬁﬁéleopéﬁl&EB@Qﬁéﬁéﬁéﬁﬁbdiﬁkntth@&@tOfatio is

skill in the art wll zpre0|ate that different hCGH -
abgill 516EA 3R 478y (BéWhenef P cRPE Mot g MeRke that

radiandpobditydn SRhRt ¥2andaghf hesey. 1501 differenhd, in a
patient popul ations. [0069] Adults or chil'dren

fuzghesreRPdita Faatetdtdp AEHRBOTRSTFY | (/#ci es,

[0865pase SAEHRIIBYRILEEBSATRY D6 tRLARLERY 1%aELRYSH
regi mens of exogenously delivered hGH using hGH
1ngly@@g|@n 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 hay
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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or hGH derivative crystals according to this
i nvention. For exanple, an endocrinol ogi st may
Wai200446651¢ her apy using a dose of about 0.2 ﬁgﬁh@ﬁmggkﬁ43
for a child, increasing the dose to about 10 0.3
ng/ kg/ week after several weegs or nonths of treatnent,
wth the dose being further i ncreased to about 0.7
e Y AR R G R PO o eRE S0t Yind i eneiesl Spkf an“Tnd¥viauat,
as exmgenedst¢ dhhtvefedoﬁmihﬂhﬁﬁﬂitsbﬂﬁﬁﬂetaegforcﬁchdfen
q§{r|n hGH del |very I s .al so dependent upon_ the 15
SHRYEphy SFEPEGTRAI BT evfets ornvSHcem r disensubionapt

cry[sQ&ZL@] oBosagecregh NBmS d&F: eH deh 135d l<':lhta§-a‘%'i: cCBLLETEP either
are often expressed in terns of ng/

1n |G 9F dRaliURI £55SeHeriqn pwtreer@ rreﬁ@raﬁ@ample, in
aenerialby usghaduk ede£0F 11644 hay

v ng/ kéL/ §ayuor ng/ kg/(\a/vee 3 Wth sﬁ%%&%&ﬁgﬁﬁgét?%n%luble

hGH empﬁr@ssgécérsd@n@eme%maemd:m Coff mghipé total hGH or

hGH rHé%qtv'a‘E@ve c§}/§9£fs I%f ?TT}POS |st tﬁr %%‘i:aﬁlggn%er

or an derfvative,
minyifess @p:ypteal yashostepxam‘pi esecglesntngile dieelbllytion process

d rathon out 9
%ﬁzﬁﬁg gg a%5|n g?vo %G?@%éﬁ%ﬁgb ﬁgpﬁﬁgﬁilBNQBFl@?eafEYStals
of 2K lan aabbGH d8rigatdverntyhal-atérdzed by an in vitro
t-adm ni stra |on reater t han about 5 ng/nl on

disgsa SE3 08 F3RpBEL P T ARG on vl 2heett 166, St ngrie

crygtdlaper wasHaytdp p@;&Bn ashpdthstd ald Qn dl@S‘bQﬁE%EhV@uﬁ/fer (50
a_sin Ie adn1n|strat|on of crystals of hGH or an

"M JEEFat e, - 2or 428 ohIB T o T MDA RgdsQch2s V/v) NaN;)

t & hehpleSatpravbdessan ivh \ye\m s8enEHLSE
> con%g%%rgtlon of about 083 ng/ eto abollrl}1t9£]‘j:1 ?)OfIHﬁH or an

hGHh ggriypéfgrabPyPEBBERE 0I5 ﬁﬂg]/l%ﬁqub aetb@utcomceoarﬂgim of
abch@"Z H@?hl pr @Beéﬁgéﬂeﬁb&%ocﬂn.nﬂig{ﬂﬂ ﬁSQQQBZS%OQGIQgér an hGH

bet ween about 5 hours an bout
rﬁd@attlé[@nﬁﬁﬁsphara@hem%@m \AD 2101)44‘1038@8@@8801ut10n rate of

beé%ggﬂlg%gg%/g4$§4§o ggbuﬁ“ﬂngg q;%kﬂ%o%ag Ea??ﬁ%gygash

about 0.5 hours and any one of Tholt
stew IP-@aﬁegugnaadh1d15$¢kqunn Biqudsar | (see ExampgéeS on

théadcmﬂ’grsk ?1'5' orJ!n°£7”T9‘ élSS uqcflogg:?ﬁ? %Sﬁﬁlgﬂéhby serum levels

derivative, OITpOSI

of drqustm 8. maptmaﬂll deSrau:umm afiter B SENYNeCORGeBtishi OO heH
1nt 2¥ove abggt 2 ng/mM hGH preferably above about 5
st preferably above about 10 ng/m hGH

[Odaﬁi bettweeamabdy! GH Ssthimilleded adAue40tdaysnthesize and
seé%nte %%glgtsgrggégglérkhat, 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: physioclogical 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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said mammal , preferably for any one of about 10, 7 or
1 days post-admnistration. In a nore preferred
' t of this 10 invention, a single <

‘ﬁ%‘?@%ﬁb@?@ati on of crystals of hGH or an hgH PCT/US2003/041545

derivative, or a conposition, conprising such crystals,

provides an in vivo serumconcentration of greater

than about 0.3 ng/m hGH for between about 0.5 hours
theard ofbeiti 140idayke i arta wislnnelgpregrieter §bby GdffamgnoriegsHE and

ri.od of an ne_of about. 1 days .
reHi s Bt TeY, BF: Bre Rk i P 1a58 SHBoat Refpobrt of
safidtiys arldnegmt baBy, afst gl Freveeld paadeinti pbpalaobons .

crystals of hGH or,  an hCH d%iv,ative, or a
[0Q&posi HibA EEofpr FRHIY SucH TrYs dromypoVrgietynct et
inMl M3 NEHcS.EUMERBE8AT it an Hf %rrwoaﬁst fag pabertadds by
ng/mM hGH on days 1 and 2 post-adm nistration, greater
varipush#¢I4P60E SLnBrATSHTYS bh iyeregn@Cd using hGH crystals
3{&4 gf’éi'ilvg' agi ahove RPY 843 RaLBhe DGH, ong
or ay to g?/tv% %ggtgtgggn%l str_atr.i%gn. 'Aﬁd, in a f.urtherOr
exawpodi rentendacsiingl egbelei mAS titigt cofthegppyt apsngfa dose of
2 Pl 3 AGHAEL! ¥BL] Yeen Lla @ GRMRAYIELORLCABRE! 85 Nbout
such crystals, provides an in vivo Serum 25
0 . Tomy/Bd metekomfobrgsentral tweskaboutmcitBsngbnt re@Emént, with
bet ween .about 5 hours and.about, 1 ays
S RS AL PER, T07AT AR (o oRg/ <5/ wesk around
pulesibod] me wdfl 1t besabpresiaosd lay tdidwy efadkiidilstnathenart,
of _ crystals of hGHd or an_h erivativ or .a '
the ohPEst 13T0rPYUE P‘Pgﬁﬁau%%%'%f%&t%? ,hGgfr §7EGEs tanaiptts oF
chVi ¥eeB0rdddHirlnge hom gEBYR+PNi HVArsdakgldndentCGopdn the
| evel prior to said _adm nistration of greater than 50
ex Ry g fRHifiedegt crd heYes ¢ CARRRACTAS Mg ©F hGH.

[0096] - adidysld 3ligaheaBdrbet MEEN RRAUII t& 2r@hAlldrkl are
about 50 ng/mM_ from about 72 hours to about 15 days
of R t SN ST G605 EMPCYE Us2063/ @2 1Byernatignal Units
(I@ﬁ ﬁ!Sté&gﬂ‘y%giﬂkﬁgeé§9|¥eﬁgﬁgil (%ékgﬁﬁled for either a day

post-admnistration. Alternatively, a single
oragnveist riatd -on nal/ kev' dsvabs o/ kGHrerk an W such
coHS£a¥§££§85sf¥h.%ﬁ%ﬁﬁpgéb%kaﬂngoﬁ@réﬁ%'éhﬁ%&ﬂ&e%%y%kagﬁis
provides an in vivo'l G--1 serum el evation of about
inmghtionp & sbwmite 235001isgtatiopref ermadtalasboft hGH0or an hGH
ng/nm .to about 1 L 0 u .5 rs. to-
B e N e T e e
exdayse post s athiienivsatekdtyi admiAl seraalowedfy almutsiongigeper 30 kg

chgga}Cé%%%égéé”gﬁﬁiﬁ:k%%%gkaHogeggﬁiégnéghg¥§éion 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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or a conposition conprising such crystals, according
to the 10 present invention may provide an in vivo
um el evation of above about 50 ng/
‘%ﬁﬁoé?ﬁgg{oy above about 100 ng/m, for about frgJSﬁoga/?ngsu
- to about 40 days pOSt-&deﬂ%&hﬁtion, preferably
about 7 days post-adm nistration. According to one
enbodi mrent of this invention, a single admnistration
mangklcr psefesalboly hidt drethéean albGHtder Fvhphve, and any one of

w97 FORRLL S0, SUEPSERNSLl S oREAULSE° lianty,
a amngde tdmiail st vaitmi on St atrnyert adfl giehﬁﬁrothan hBBudesOrative,

froglabout 10. hours t bou& g
or 6‘0§P‘“88ﬁ11 f%?r%?‘f‘%?%s%{f‘r’d Bobit Brg"hS?Fﬁ ap jin vivo
sexaﬁo@bnaenﬁgéﬂioﬁ r O ahtd aHdult2 2he1gr/m1t hGHbOpteiér&i:aMS above

st - adz&nistration or 72 hoursa&p ut 10 y?
ab%sﬁ Bhhi RFF at PRRE BRRFAIRbAYC &Wﬁg GUEhit§ ng/ml hGH for
be'dwfé\é%mabeﬁt 8. 51 RGhes ahn MHit! alol ARysl podel bAREndStration in
bet ween about 0. 01 ny/ kg/ week to about 100 / kgl week
saifinagFady aPEe BRI HEHY dERT \ARY WRRec Ofs PRPYE 8P a728r 1 days

' po&@%ﬂﬁh&b%a@gﬂ“ StAG SHOL Prtiledhda Wﬂﬁb@hﬁeh@%% this

volunme of the admnistration is between 0.1 n
ingrdiont. 8 gingFeradnimpstasat imadiodt oty sgedat REhbEHope an hGH

de e\Iatg.'v%nCXrngy ?rﬁPngLe:goH\Aé&]n 1n%r 3§§1tc?l| 'étggsﬂ %Jé%vides

erivative crys Or "a cormnposition conp S|ng
an ci1y stialos seatimabonteft Batnipk gifivesdeatery thaababbud ﬁrg3 ng/ml

or .a,.30 30 kg, chjl Turner s dro be dos
hGR; 9¥I9§QWSF§S?5P§L E Hﬁﬂl§%rf%gtlvg%bgsgtays 1n mammal
pr@ﬁﬁmﬂjyt ifor aagpohsi PErsoEot carr;ystcaié,ofatabah@utmo 375r 1

about 11.25 for a 30_kg.child
da%cﬁ‘tﬁtoﬁéﬂlﬁlsg’daﬂoﬁr ov&?F?ﬁﬂ & HEREC TR Gélﬁlﬁi}tv@f- this

ine&RA D031 @ i RETEURBBRSY Oddibiddi stradd orb o fdesgdrui EhohGibH or
at _about 0.2 ng/ kg/ week, e. about 16 ng for a 80
an |hH AT vasiBS wast Pn@OTBP%%%@é’W“EEJ&dQV’@d sichhchggrFals,

pré¥ides M ARY vi®oIhcu4 e flh Weskced t343lord Ry eﬁﬁ@khﬁﬁan

enbodi ment of this invention crystals 5 of hGH or an

abeieH Hema/ali WEH R E8Wpobi 31 dRffriadHgistaption, greater
thgﬁyéé&\lts 5 QJ'gS/mlaYlGﬁ Bﬁl abi-yes bér&@V@'ﬂc?sbﬂ Jadnﬁnals@rhéion and

hat of “soluble hGH in a mammal he crystals
abg%@oﬁ@ﬁlﬁig . @ tnI§|/§11 nEteni éaly havieo aiqf}él7at90\ﬁé administration.

An{i' Oﬁ th Ly eﬁ&oggqéﬁg“ 5&”41@31 rﬁq{l%rtx%%%ﬁr g¢

at o elivere ?) e sane
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'O.S ng/ml

to about 50 ng/ml from about 72 hours to about 15 days post-
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10- -route (e.g., subcutaneous or intramnuscul ar

injection), wherein said bioavailability is neasured

by the area under curve (AUC) of total in vivo

WO 00/ eHeent rati on for said sol uble hGH andp‘é%{p%?““’“‘m“

crystal. Crystals of hGH or an hGH derivative are thus

characterized by an advant agédus in vivo di ssol ution

rate. 15 [0074] The present invention further provides
acfEhgdsa Ol on A4 O SLANNNAEERYS1E! 8295 BEBEOaMiEHacion.

derivative to a manmal = having a di Sorder associ at ed
Algrernahivehy gr awe g sl nigsriesienc pLofrptaks iaf hGH or an
ncRTRLL9L AL ed byo%r§a&¥ﬁﬁiggl\@'ﬁ3@1 %@Hﬁrlg?m?"g&@ﬂdc stals

m ni steri

Conprises th g to the mammel a 20
prolredapeati ¢al iv;zvefI@tﬂ \eeramp eldevet ignc pfsebduifs igdml to

vatiyv ternativel h
aBisioft S0 PREML! chtrer BN Aoty 08 PH/ ot i 000
noghiflecEbyeapsuunb . Bf h@urn meo sibicu®n 4 0C dAYsi poaY- adrym:ams:atlon,
of h or _an hGH derivative al.one or with a .
oG BPART 20T DU KR L TR AT SPR s B EREER Vel 2
s1341RCHARS nd 8E kY 8t bM CoREBFtialg: IoF HEHES ornuanhGRNdat Brative,
cal ciumcrystals, npnoval ent crystals, protanine

o By SCHPSSHE LPBI GAFBFHFHE D A7y StGR ShGRCEPTANGdP the

x%%fén\&atlh‘(z%nt%ﬁhms{;y?f&}ﬁe Qn GOITRASIH ITeFS1 SeFmRI Sidgation
them nay be adm nistered a time reginmen of about
oforevey @PPuthB8eng AT @'ﬁ%ﬁﬁraéﬂdfe aPaMEe RPORB oGP O ogEnl . for

h%\{z.ecr % %Wo%gswgkébeﬁﬁa@@% f%%&:V%r&fnﬂﬂqréﬁ:gat5.9975&referab1y

sordéers related to hGH i nsu ciency that may be
abm&at7eaﬁaar(s0@|0($|tﬁgdtn@ni$ltsatur%nt iAsrednesingdéo boe amlodiment

By TR, A R U B08taso of 1o or
alPGIEHSRA3/34 1845 0r26 combo<i teimy, CCPmladEBl-nW Buph crystals,

nd ome, Turner s shor nd ,
p’é % Ao ridl Vlﬁ’fu%igg ?encﬁ-/lfmi%i%‘b% K Oé%or%ggg%%ﬁ? elCF-1
wkvar foasiror yepepiiduatialyi dvest icmobaneategendaat about 50
f I infertilit i nt auterlne rovvth retardati
N B PP oo HBRFR, Fer BHS T Jhee i neang etration

ad@| beBfedt h@io@eNRE agdnl toeiladot i $0 digonderem hboane
enbodi nent of this invention, the .disorder is-.

THHPEET i }© FRAM Wofiﬁ'éfﬁepaﬁ?lﬁ m%%%%éﬁrgﬁt hours to

aB§§‘H|i§ dy A Jazrd ngsevabiye| ocity of between about
cmand about 11 cmin the chi|d undergoi.ng

[PP'é&l MentACaer it 6L LA EnsRTRRE EBo R ]t?f adpiigistration

iENYEPLLOD @ HhddHMabout 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 wmay 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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crystal of hGH or an hGH derivative may serve as a

useful adjunct for bone therapy, as well as treatnent

W0 2004/08031Qgr owt h  hor none defici ency i n a manTROT/US2003/041545

[0077] The present invention also provides nethods for

15 induci ng wei ght gain in-a2f¢mrmual, conprising the

step of admnistering to said mammal a

t c y. ef V, rystal
be ) o L2 b R G B rmoas 6 o for
a S0y iasmlthe BIB w@asam M sseasagnaid WadQSEdmthahGH at 6
m }%%#baDGUtIC%B|% tlve anount of a conposition

r|S|ng ?5 § of- hGH or an hGH derivative and

[ouﬂﬁlex0|gmegbt bnobher entbodimemt of uhuﬁwlmsbhodsn,theystals

wei ght gai a hypo t.om zed rat
of Yt 5 Dok Sor Chiat b O ot 18, Eefek a1 B guch
crﬁtaaas d &g %&E@A S by1hvjestbisavareasi MesK simi@8#8ko that of -

Crystals of hGH, crystals of an hGH derivative or_ 25
Jeéqﬁﬁaéﬁﬁ d#s 2 BRPPAS ngTRReTFEPES aficqfidimdako this

L HavTRY rR€at 2081 Bié&%fﬁa@iﬁhey d¥ a@S 1Rakt’ 8bsdor
p armaceutical, therapeutic or prophylactic
9r€FﬁfefﬂarCa?th@|IedTﬁ@ythﬁ9 & aehitpl e tkFRRd dsgllé(mred by the same
ro&@@VF{ted 0n@ub%%@aﬂb?hﬁa&kofnff’#ﬁ'\@séﬁﬂf'@r@%i ti8h) , wherein
parent era or al nonary,
sazdnb;oakanhﬂblloaulas me@sunedabfnbm@ arqﬂlumd@gCQMawe (AUC)
or LALER e Ao Il £a0GH LONEBL: o HGESA, B RIURYe how
aneous, ans ernm ucca
amﬂ néasm‘: r@mfysadalr ouCeystﬁ\Ds2664h0306ﬁ()ar9(ﬂd}1)%3:&3r/a&411§45re thus
h %0079 Ln one % g nt of the in
c %ﬁ% & E st WaardvaR ﬁ%ﬁP‘dErH}aYW% s°&é’r¥66’§ﬁ tP5Rs
[00PADr i SiTHE (PiRBent! LAvent ivht Bouthan Wlmeiﬂfmet&hbas of
adm ni stered by oral route or arenteral route. a

ARt S TP R AR OFo et QFs B ST S i = mammal

ha*dﬁﬁ%V@tdi/ébrdEr GRRRRS hteaN®i €ANRihSh NgrdW@NhoMridheOr
out an excipient, are adm nistered by subcutaneous
defiCipREY AN 1F0alMelippatef Py Breptdient adth The

meEADQILIRM s sd & 1 ¥2led) SrOhamSATRESH AONS Ahd masnmal a
I nvention, are adm niStered by subcutaneous 10 route,

thesppgubl etk e EaAtigyea 2gaugs gfcat eFYStah off h&dL s 8& heH
denga£Ev8pe.é?gg¥ﬂéq¥qégggokﬂ%smbgﬁgﬁt& r%gggrgﬁgﬂé%ep of

gauge nay be equa he crystals
aqu’;mi;ggerimmg:mayld)@ammal an effective amount of a composition
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
comprising 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
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adm nistered froma pre-filled syringe or a neta dose

i nfusion punp. Alternatively, they nmay be

adm ni stered by needle-free 15 injection. [0081] This
iMQ @prioeNi1tdvant ageousl y pernits sustai ned relceas208b41545
hGH into a manmal . I n one enbodi nent, the crystals or
conposi tions according to thissifivention are

adm ni stered about once a week. In another

@EE!{Q t, |
Ir{ﬁ:‘n\?gé ggﬁ&%ﬁeﬁa C%?é(r:gg%% Its%ongégg\r/er SFE bowel

Smcweekshrbmy ereaembt imu@iﬂhnmmnt idtibpathyst §]|1<Srt tature,

Qsjtions a hi s invention_ are
T SRR ERONT 0 R, e - oBrnRrRF iR, fomale
irafrprteidiiated ihyrahoseiné grdudd rdetatrdatabh,t Rabsthelated
semﬂctrga (g rei n wll depend 25 upon factors
%‘%ﬁ?‘lﬁs R Sediger e b Yt 6§, "EHhe aJeChRET FRBYHic and
meifalidle PAiiseRbet8. beThr &ad adibBRRNR! oBh¥8iSak nvention, the
condition of the patient and judgnment of the treating

difRRASE 47 PEEBBDTLACTEPHE I 1A Bise dekBEdPRENt and treatment

r&RNROSi it %ﬂiuﬁ@@é&séf‘&ntl?rWéﬂcﬁJl%yoth%tQEeﬁnalgm 7 cm and
derivative according'to the present 30 invention are

akidy dct & iadthy ehihdHrderaaincatireatyendt er than
[ @(?Péﬁt 0. :k ng{'lg‘éheg Oér{ﬁ&(@% dﬁh %tk].;llgo [}.ilgg}& @%ho Ny Y1 cium

be bet ween out
crsteanafi WeHy ort hnshGHc@eeqmsattmvmsxawayseme as a useful

n_hGH ¢ ntration 04/,060310
%%Sf%&%%gﬁgggrap%7 % vveen abgﬁta\é\o H’E/ﬁf JRgRn growth
habeite HeF ingentyotnbet meemalabout 10 ng/ m and about
ng/m Such coppositions al.so inc

“ﬂdgﬁ]ow ng coﬁﬁ%ﬁ%ﬂ mﬁ%ﬁ%}ﬁrblalsoalggﬁylgeg Wﬁ}z}ﬂ?d? e
iradhoriingl O 1 giteg/ ghms@ﬂl dnnanelat @ompaiedhgStAM oephout

50 r ef rabl 5 abo 25 MM to ahout 150 nM Tris
%‘Efnmaeg’p g LR o1 aiddlerﬁé‘lpeblﬁléﬁgét’ gfeeehive “amount
oB btk tR1G (ﬂr ﬁ&ﬁrabl ¥n aRewtddr i3 dtd vahouh1 t8rR ¢ iPER,, such
3350, 4000, 6000 or 8000

(MW 800 - 8000, referab%¥
mef RS KRRP T 864 tE?o?E‘ﬁPn afimEstsm ng 8o1spidi pamRal a
t WY L@l@ﬂl‘lﬁ e@ﬁchQ{ré!aét%l[ﬂtn%f R ebepdRk Y 18n5cdmprising
ratio of 10 i ni ne. Such conpositions may

CHHTF a9l h@gnﬁru §@ hGgufé%ls\@tl\@ #gArant @xabgy@nqoo In one

erf@cécmmer?dﬂcﬁ'o s@ehdRelfols; trd Gidy %Qnghﬁﬁhgggi in%
to about 50 ng/m; preservativ

hmhxﬁ@t@mlaed pRENdE, belerern adrolt, SBeanyl ahbobhedy 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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par abenzoate (paraben)) - 0%to about 5% (preferably
0% to about 15 0.9%; and polysorbate - 0 ng/m to
about 10 ng/mM . According to one enbodi nent,
SHAPYL%BHhs according to this invention are PCT/US2003/041545
characterized by 80% effective |oading. [0083] A
preferred fornulation vehicT e2&ctcor di ng to the
present invention conprises about 100 mM sodi um
[cayetat e, TAboHE edBo&iMEs FHOGhIMmrtitdbayt c2psfM s of hGH or
Tris.HCL, pH,7.5. An hGH conposition prepared using -
arg hGH &eyéﬁgmgenag?rc%ﬂw?sg&l%lﬁom 1§53 DgyFRem, with or
witiheicabhi BechSeand 2POWardiBld@dd WOlyang-Bi:pe 681
about 3,12 ng m Erot amne). As will_be appreciated b%/
PaneRdEeraf TORERI | ANt APEREeriRd @rhatHMeESnp63YEEaks of hGH or
[ LRl S 2544 {4 4 MW-i ut
ar?rgq% gllte ggé’%gﬁf’giﬁgn‘é/ ﬂ%\!&%&-}%concent r atlingﬁ,t ﬂtg ﬂé with or
wigdlopdr gnnereipdenpr obudi ad)imioriemad &Y ewbcyksnkdubeor
. adj c Lpgly, so that it is sufficient to
1%#@%?%1%95:9%‘3‘?%%: polyarginine (wWw) ratio or a 3:1
[00@®21pr ot ami pepiefe)yredt érobedidnerdi nttdien drywtedkbubrcl ity
and 30Q.rel ease, of hGH of, about 5 ng{m .. For exanple
e T80 FE tRascr P RO T iR T LA g Sy oY) papoutansous
réutyest aldinge ahGdedtenhenitidqta afauce apmdated0 tighnbr &§eal to -
ol yar gi ni ne r, protapi ne) concentration should be
2B oo ity MO SNERBB0RF G55 oL S0 564 19751 € pgsuge may
bé QQRA1 The zpr.esenk ica?fsaai@rbf Widrids s I idHsdagymekhods
for preparing crystals of hGH or an hGH derivati ve.

A I Far srbTROR 2cBAPr fsb5ed iy SingR I @ (WFnfiRpRgiafusion
pé&ﬁ}”'ﬁyléyhéﬂqggﬂygrQﬂﬁpam%PrEE"EHﬁanbﬂE%@ﬁph@rBﬁghle—free

“hornone derivative with crystallization solution,
impeekimysstal i zation solution conprising a salt and

[?G‘Siloni C 1QlsY T8kren®R6n( BlivaMCARa: 10, S5 5hi 30!k @ned
or greater than about 12 hoursS at a tenperature
rebeawepiaidit inCoandmabwal . 370 ome i ¢mkgdigteaits ¢he crystals

ogu f@%gﬁs %%E EPS{Eglgﬂfgn'%&gwﬁﬂ%gg%%p%%mipﬁgtered

erivative are torne anot her e ment,
abethochaorpmesds t e shepbenfempadimentxi righea csylstikilenor

c%%gggﬁ f%ﬁ£1§%%$r 15“0@? ?Fig ?H@@Qt%%ﬁwggé gwﬂfagg%ered about
Ivatlve W a crystallitzation solution, sal
onty séadi zaid oveekal.ut iIanyeonpnoshery emsadimearntd ahe crystals
recipgi tant; and g% i ngubgltllgg. sai dtsol ut i ond{or | stered
ogr%%m ST SRR ngofpsthis “invention are administere
about once every month. It will be appreciated by those of
skill in the art that the specific treatment regimen will depend
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.
foos82] 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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15 at a tenperature between about 4C and about 37C,
until crystals of human growth hornone or a human
phone derivative are fornmed. In ano

W dP?na%t the solution at step (b) of e|thIczzérﬁef[]Szto?13/051545

descrl bed above can be |ncu_b§t7ed for greater than

about a week at a tenperature of about 15C In a

preferred 20 enbodi ment, the crystals of hGH or hGH
betleeemadbaet ar eng/ahlc izumd arho;a&t alog, mgymbved eret v @ubout 10

rystals., Prot st e cr als
nog it t R saine B0 RS Bgroonetel Bl e riRa R the
fonmoamﬁgheémﬁm@hgmrnﬁamﬁJmm enia®opel ymarmg,snl o about 100
si.ne or oI orthinine. In yet anoth

L R T
abbW® 95 #Rr €o 0fnMiOt g ; 'I&q|sy@1ﬁ?91| oi HBO@@CB mM to about

ol yl ysine. [0085] The salt in step (a) he
108p5¥

é- E%sélia%*édG o EPOUrY e @rﬁﬁera%sﬁoaM%tntG -@r to about
8. @bvabﬁat (AR dg b §1OL IFY ¢, %freCfre&%'l% 3959fei@6dedsooo or 8000) -

enbod |ment of a divalent salt is a calcium sal
0 30 abavke2bb efpmwzerﬂmmn@émrabtlbreacémmscaqu | s

haH E%SESﬂlﬂéonén&hﬁ%%F rﬁ‘i’féi' r%tz]e'%grg iy CAl €1 HMario of

tate, calciumtc afciumg onat e an
hGﬁaboﬂuﬁrguhfLaee $mr:1ysiona>crmxte.0pnsefneyr eptlmm mEmprise:
t he calc i s_.calc

ace L n anot er VWO
s e E oo b1 B R e O A, A7t} G ami ot et (3.
argiibddenant, glhein®novald ewt/ndatticomboats e aaq;/mm f;_hfﬁﬁervatlves
t he grou cnS|st| of lithium, sodiu ssj um and
(eiadeeRB PN BRAID. Siesrasaast s G HEh LRl
pafabRewabatt ¢aht8Peh)s) SO Mo AHHREOES! mp@af@ﬂmwatae to about
preferred enbodi nent of t%ﬁ@o i nventi on,

0 50 AP EnPOLHEP BRI T § P8 TWodHMPOHEL 10 | B qrp Ascording

tP ke medaereadi r@@ﬁpoéﬂﬁcﬁ’@'dﬁ@o&@ﬁhg' sosehest B dd@Mn are
the group consistin sodiumcitrate, sodium

Clﬁﬁ@ﬁiﬁ&’ﬂéeénéké@ﬁ f%féfe‘t‘éﬁ eioading-yet nore preferred

[oRyEaqd meat rbhers08i tsmal dtich v%@lqlcti@ QE@&?&fngltga che
[0087] Fhe above-descri bed net hod, where the sal

present @alhf@mnpgac@mml%\emw a0 ot Eodival @cetrata s about
sﬁfﬁ%e%tooonmhhgndcé%g el dd zah é‘%i tiop of g Steﬁa(l'ﬁi}a

a concentration between a 701" mvi and abo
cdvipdsi. td opr pirepredd endbnld nemh at hireshlcclgnmem canpoise s about

9 %est %ﬁla*%%#]tsé:é?%?ﬂg ﬁ?lgugpr%%sgonétﬂ\é 1W3F’;Lr %g}’llﬂf &c?lfaa&léinine (or
kmutStBaIlIZI rat/mdnprotamine) . 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
hGH:protamine (w/w) ratio and maintain low solubility and
release of hGH of about 5 ng/ml. For example, for the above-
described formulation, if 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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solution of step (a) at a concentration between about

0.01 mM and 235 nmM [0088] In a preferred enbodi nent,

WOSosaloysi@! |1 zation solution of step (a) furddisrons/oa1ses

conprises a pH buffer. In a nore 20 preferre

enbodi nent, the pH buffer hq&;a pH bet ween about pH 6

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

pH of the buffer is between about pH 7.5 and about pH
[0084] In ahﬁopeeswiefm\r%d:le}rbcf@arﬁbﬁr Ptfﬁ@léelsomew%ds for

preS;)atrl%[_:y Ic:?’: Qgr e?er ré%ﬁy 1pHn G?I %Q%l@gpﬂgg A#P% An{bh method

compatfikes thebetapenoﬂboua)pmixin@nd abdutlpH 8t humqmﬂgnpwth
nore preferred enbodi nent, the H. oftthe bugg |

ROTHENGe&f ZoOHTAR pEF Ve MRS, TSR VS S Ve[ B

cry@&@unqrzaasaﬁcgomﬁtim BdOME - di%ﬁm:l’allb.&d:alﬂi&bhodslutim pH
buffer in steg % is selected fromthe q

COMEEHETIEG] AgSBLT 28O IR ONIEMRYTEdEt F0E, [%o%faﬁ%?aetlng said

soldthiloat €orbgiabeeri fhaRzZOb&EANG W@ Be. al Befperature
preferred énbodi nent of the above-descri bed nethods,

betyeerpEboytf 47C | andaputa B 7S, sl carsomha ied 5iBap growth
I ne,
horg'%g‘% 2 04%‘803% pcgq#&o%%n%%‘%l% gLe £OhHeane In

anCBilﬁ(myedlb@xlylmenhyl Fhe, metiyd mampntistas éﬂhaﬁ@leps of: (a)

bIS tr| r e
e Sinien, SRR o apone 9% RotyTRR AT
hor’h;cﬁ’tep rdmmvadu&ie anhth (& ¢ty stcelt laim ado)or? sshutdenh aaeld
aci

[ 0090] In e
VR S HE RBatome e T & e And, 8 grpGipitant ;
andr @ﬂahl&ldﬁb)é%l’l&bs safidh&bliatian fiaH gerdteat ithani about 16 hours
typically polyneric, includi | ow npl ecul ag
at p%|wwuge BRIVERBt ahrhe. 4 r‘%h E‘E’QP Ledbdui &B%etl frystals
of {HEnd i \EWON holriBnePbECh Phiddd drowiiiehdiapbnel derevetive are
t he_above-descri bed nethods is 10 a non-ionic Egk%?E£f

foxTeh: prefiAtie e PHBAANBREE  t FRS RALYGIRR bty

eltsl?én?%@diud(cf UBHH8 bHOHBoGONSAS thd Ui 11ibh ] &0 FRIS greater than
pol yet hyl ene gl ycol (PEG and pol yvinyl al cohol

abegthanoreek Rt 2 merecprEnEer el dPdHi he R, Thed preferred

enBSELhALL aNind ?r’y%%@ﬁ.gp)ék h@ﬁCQqulGI@rd@fvae aQ"ey@El@lum

nmore preferred enbodi ment, the PEG 15 has a nol ecul ar

. crywetghs, beingeml egifogat200 anvisasbet BoganiTite CrPEGakgyor

po?yﬁargf‘nlnl eccr%}sz?:ral\é.!elaglgt tgg §<§1§9¢ écglp}gmepol(}so quotgqgge 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. 1In
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. In another
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a nore preferred enbodi nent, the PEG has a nol ecul ar
wei ght of about 6000. In yet another preferred
@gtiﬁ)ﬁi/o%q , the PEGis present at a concentration
tween ~about 0.5% and about 12% w v. 20 [ 00FGT/Y53003/041545
anot her enbodi ment of one of .t he above-descri bed
met hods, the precipitant in é ep (a) is an ionic
polymer. In a preferred. enbodinment, the ionic
prebéynet emhodigientt etther nontvhelegt owgpt tonsisstdelg@cafion from

rotam ne ol.yargini ne ol yornit hine and . .
end G s R 6o T e neSy Pyt St op et gd ammonium.
Inabou@re @ﬁﬂé&i&éd%@dimﬁﬁﬁp L i:B@SmdSEhd\'raﬂll&]rf:t 2QltdbhORsOkodium.

or rivative w-th a_ crystallization,
WE%FLH ort® (37 &ﬂ?eéﬁﬁ i HEﬁFeBFe?h%‘f‘g?é‘t% Afhéhis
investd & NEHORERIIVEAEReNcat 1 B 91 £ NG deydMald ‘é%%itr.‘ In a

said crystallization solution_is between about
MoK/ PR b ARPOYG MENYo Ot R/ APALVR SRl diteraed@cted from the

| grgg?o%ﬁ@fgbiﬁ&%fhgéoaﬁuﬂc%litggﬁé)’aéédfunil %)el'xt%%;p‘ijlate and sodium

ution Is present at a concentrati on en about
acetagnl Hh AlSGUMO3R PEERErred embodimmrt, disodiodenm, salt is

_ h GH derivative in said solution is WO
. SO%‘S‘H/%%%%&PCT/ US2003/ 041545 - 31 present at a

[0e8hLent rEt ithe kétomeedeaboibedOmaghod, arttbrabalte 251t is a
b . 093] In a preferred enbodi ment, of, the ,
“%3 %)V/%-Sejgtcrcf & moﬁ%’tg‘)'ﬁgsngofaﬁf’%’ﬂa‘?’? oy SEaPEeSEhGER the
crostabl hfdt def iscdhitden biest SpSohut 4O Cdryimig iBbeHbet ween
an hGH deri v%éiove and the crystallization solution

abPUE | f U APt AHOHE Ebi f oR bt RESHET S5 AT 3gegsy this

- cofbénebftion Wi dRwedh abbappesatilealsduals mBC. Where the

Alternatively, that tenperature nay be about 37C. In
sajhothet CRMHOW &I, fhelSoPUEFBRt chAPISiGrysfeldléraspon

solMeth 8gréradidte @d at0at Benceyst-at bt aldQhbeiP @ 0. 81 mm
i ncubat ed for between about 0.25 day and about two

anflag3SatMa tenperature of about 25C. In yet anot her
[o8BBpdi Meft , 5 the SOl QRLEATRERS! NIRD G-Alt AN 133 on

derivative and the crystallization solution is
solhEipat el $rr ot videthgbogemorseday pidulifeut. t Wo a more

prg§¥§r@& é‘mﬁ@ﬁ%ﬁéxﬁ! urt%eﬁé%—llguil?g th&é% é%l-?(e;orgeﬂ;]énte;é%e about pH 6

present invention furt provi des an
angeghodt opH pt@parimg ooyst aksfetra@embodistedts ¢heapH of the
bu?gér is between about pH 7.5 and about pH 10. In a more
preferred embodiment, the pH of the buffer is between about pH
7.0 and about pH 10. 1In 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.
[o089] 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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derivative or conpositions conprising such crystals
and an excipient. This nmethod conprises the steps of:
- W3004960818g a 20 sol uti on of hGH or an hGH dePCVAIS2008041545
with a crystallization buffer to produce a
crystallization solution; {bjJ0addi ng deionized water
to the crystallization solution; (c) adding an ionic
Oy .C_ | n
Bl%?‘*?gitfg??*“@e AP TR TPergeRahty (Piegerie -
nhoy@ttal,l Nz 42 i apetsohido ommlz@dam@e(ce): pacdbal ragln«hez methyl—

CrtbbTnel A, e S oo BeRna BRBkhafe "hrronic

.ac1$hd about 40C, until crystals of hGH or an hGH

togd, e Rbnot | A et L PP REk D Ehe precipiane

usdipttue piephodt cdy el @hofith@tB orB3@nhdalEs delk-ivanoibei s
preferred_enbodi mept, the crystallization solution at

tY@tC@& 1¥e POBYMERLC abbRELHERS | I58 MReERTd F s WBhEhbaPetyalcohols
and Yrdramieen abauindrirdd aIHintBiched 8hat j8vention, the

tenperature between about 4C and about 40C, unti
pregipitans ap RERPof2hroh @O Gbs @boyesdescribed methods is
Adl/1U3d00369¢4ad> B2 £ d.
° ccg}dlngﬁto§én alterﬁzgg&%éﬁhg e%?%dﬂ&%gg, the non-ionic
polabmre@egeﬂebéadnﬁMdthes gmup epnsdistwnghodn eptobobs,

s Y

a mQraipmaﬁeheedSemhb@ﬂmammx uﬁetﬁneqﬂmmtandessrnbeﬂropyl

AT iort SEPBBET Ar e BART bybdiTh P S erer SDodinetE, the prc

ha@@@mﬁbmmﬂ.aﬂ helgny shat wéerataruts @owt agd abostepob e) The
cubat ed getmeen about one and about two %oo

PE%tmaé’ frpér &P ?‘éu REWeRHFb Rt 2P5C artd °qho bGP 0878r §

a b f}ﬁ:l’ebe'rEEieEﬁibbﬁﬂm&H’pr&HEIﬁEG e & wehakhlaat kedght of
~solution at ste is incubated for between about

aboite D g YERoSRaL S (IE f e ARG TEBE s S S 15

préfeand takoubnddfe rh098R] bd twee P rBIRi &d s%n’%él aseht 12% w/v.
according to this invention, in step (d) of the

00Xbl e- dddt PFBERCHeERBECLTRE <ff tores afaltéieusboyesdsarsibed
me@ods MUY 320t peabhenisakdap | h) aﬂ%fe iioed e gtaﬁg\gg?m In a

for calciumcrystals, the calciumsalt is sel
pmquc}w@r@qoghptenéonthgtiﬂ@l@fpolcmem s scdegted from the

5§#c%éﬂgf§y e} @ %gEEAMP% é%%?&?@iﬂ?ﬂ% C%%ﬁ&%rnlthlne and

In

fate et a re pre
.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. 1In 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



10

15

20

25

30

enbodi nent, the calciumsalt is calciumacetate. In a
preferred 20 enbodi nent, the calciumacetate is in the
A aqueous solution having a pH bet
@82 3 %’%t 9.0. In a nore preferred enbodi nent, s%lﬁ}dhsu
aqueous sol ution of calciumagetate has a pH betmeen
about 7.0 and about B.G In another enbodi nent, the
cal cium acetate in the crystallization sol ution at
presey (&) & sopcessnptipnabebvieant3 Ay on bhaalEen a&Boa}Pout 25
mgpﬁ%_wM and about 205 mM In a nore preferred
enbodi nent, the calcium acetate in the
[0@93kt al |Trz &t ipoe feoireti embe@imlefp ¢%)the ahovserescyibgd

h
weEQRECPLE SRS ESDR ROy gEoy G PR M, v

. sotatioem cdafprsiaing &GmebechethHodertma@ﬁvnuandnuhest|ng

of ljthium sodium, pqtassiu ammoni u
S L LT R S e
abbiit St 5 (dhy @ind h@calkoveodasgsi heda meétsslrativres edi about 33°C.
Simlarly, |narmreprMeHedeMNdem the WO

31560arBEOH0 PEFEL FSTBSSAORTS 48R - DO bNn A ent  another

emb8lE R8N S Al thd SR G peiting BERUSr CONHGH idegightive and
sodium citrate, sodi_.um phosphat e and sodi um acet at e,
thencypstal Liwnte g ecdiutd@neiodRABRRT oE heCHoRiNaSEnAbout 0.25

da W%hgnaﬁéutt, ﬁvﬁoe Stgag}dé‘@t ACeLA %)Era{:ﬁré pteigsiiedsec, In yet

i ment um acetate is in the formof an
an@qheousmls@dmeam, Haha @@tpﬁnbepmeemsa%ulr@@ Qhgn hGH

deglvaE:Lve aﬁld tnhe c rSﬁ: d'L 1z aggr gg?ﬁ igﬁnis #%keu.bated for

ueous “sol ution cetate has a p t ween

beabeuh dbBuanal. zﬂxﬂayfhdﬂ aboutatgbhdryenmbbda negnpenataire of
sodium acetate in the solution at step (e) is present

abqut, ledncent rati on between about 0.5 mM and about 10

[d20&] M tneapﬂ®s@nmrxﬁw&nﬁmwneﬁhmdhaenprovh@eso&hLﬁhternate
acetate in the cr zat ol ut i en at
Moo B o RFeRT™ 575 (TRt 1% St N e FoLREAbE. of 155 el
dedraghQut '0508015@63 ffbidns camngaiisiab @ncﬁayr@b’sa)lé)emd an
bet ween about 85 nd about 1%3.ngg FO g}ﬂ
eXRHAUFET - pr@FéFr@%t% S TRAHSSS & E5SB i%) ing =
sdBldival b¥entl bheakr NS addrizaition skt hoBrastsl Bizdte)on
of the above-described nmethod is present a

byffirtefor REPEHCBeR WBEYS t abbi A2 1 9y At ugfﬁ&nabéla? 39ding
d%%rmzedl QafBot Ber tRE ef ey sed 1 e/iadnmrtiutibg; h@ Adding an

derivative in the crystallization sol ution at
ieniap @)l gopeevdat ont 1ankd MBI iton SBAWEENS kdblitzation

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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20 14.5 nmg/ M and about 15.5 ng/nil. In a further

enbodi nent, the hGH or hGH derivative in the

crystal lization sol ution at step (e) is present at a
Qy e3P i on between about 2 my/m and abouPCHBER003/041545
ng/m . [0098] In a preferred enbodi nent, the

crystallization buffer 25-aB2step (a) of the

above-described nethod is selected fromthe group

de€DRS Std NO-Off obindett. HCAccHERESg 864t £ tdhpsRha®odiment ,
citrate, borate, imdazole and glycine. Al ternatively

the RPogJAgsAYibes imsshedr £&r crETraef Rl dvittomn mvtg-p@@g step
aft?é’f‘sét.séﬂ n&) of ThTJe %pH%nagl ¥Eégycorhﬁi—:s%s' c%%{gg

Bis-Tri's, AWP (2-am no-2 30 nethyl propanol),
pr%czlmarm: zmhwlcrysgaéﬂ-égaheqnosylummso In a further -

en&gd{&él?\% cgf r@&é’]yd:scgrebﬁgH%%XBnglnla@ @o)s,gegy(dg)o>&y§r %@.@Lonal .

oni ¢ aci I Cl ne hano
Whgtly@l' g¢1;/an¢te,tms%5 optianeilngtdpsaaee amllcrp’red uries a preferred

f her eof anot her _pr. tred 004/060
0 K ety bR sPRuFron Ao Step (o) is
1ncmystédlfdfubenwéﬂﬁfaubutnoﬁeluhdoabaﬁtsﬁwﬁ)ddyg aU &
resent at concentrati op. bet n about 10 an
ceBRETEL W00 PICTOGRSIE AoundtHb oo sEnt B Ehe-her
préb@ﬂﬁe&ieérﬁtbécbﬁﬁéﬂﬁet ho@, crhstheleeysiohl sgnldim R fRep (o)

in step (a) _is present at a pH between about 3 and
isabpetbaeed | frn Rsteresty é@oé'ﬁbBH?néﬁ%i appet two daYS at a

teﬁ%aﬁ@ufé zgd i e WdRi: hScPESSeMo@t HyopH between
out and about 9. In yet another preferred

[o@ABbdi nehe, atweef%rrw ambedamesh Bm:@écﬂlmg tp?réid@rﬂ igvention,
in SQSIRb?&)’VeS ?bo?fe ggrlfagdamgg{zf) }%egjﬁol]t ik calcium

anot pre erre enbo ment, the
sabtysraﬁlmqmwva&emnﬁdaﬂlomnss@tut|@n atpseigrd&@ epfbddienent for

t
caffPsf cAPREIEP AP LG BELIED SOPULeh LI orous
copeystahgicht i cmld:mirﬁ ercetates saﬂatumnehho:tnﬁe/veemlahmmt

6 d_ab t f d enb
51 8RB BRE oF et Byl ATHAREr on BUPFEr S OSRGOS
embetimment abohik dabcind ﬂlﬂtuhsgcﬁlchﬁﬂlO&ﬂ:eﬂ:aﬁte& prief ef etk ferred

di ment_of t t vvh h_ ipclude th
g‘g?@%g{? ngﬁ e $3§er?§ ﬁ (’-Iﬁ';: 1B-f|§C g‘h’%“é’ (R aqueous

soRLEELAI hating Oatine Kdtaded] bbzati nasal abé@x),o that n a more
prg%gg;gétggéoéfment the aqueous solution of calcium acetate
has a pH between about 7.0 and about 8.6. In another
embodiment, the calcium acetate in the crystallization solution
at step (e) is 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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a non-ionic small nolecule or a non-ionic polyner. In

a preferred enbodi nent, the non-ionic polyner is
selected fromthe group consisting of polyethyl ene
V98BS | pol yvi nyl al cohol and ni xt ur es PCRASG$/041545
I n another preferred enbodi nent, the PEG 25 has a

mol ecul ar wei ght sel ected frof@the group consisting of

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

mAHARA 1R cakodh $3P0.id eRictanoihen phef ?Eéﬁﬁ consisting of:

enbodi nent, PEGis present in the crystallization
sashiu | Girratea é@@t‘@m?}ﬁﬁﬁ?ﬁ%t%ﬁ%ém acetavg andn yet a

m@%lﬂ%egf\%fx%\gé\égn?%é%n Lt hg‘%{ Rﬁo@foﬁfaﬁ%ﬂteB’Q@%H@él@ﬁé%edmm

e precipitant Is
agglast ed Iy enprageryed upizphigiesit .nghef soddimoacetass is in

ept i des | yam no_ aci ur eof
e B8 54, BT RS0 0% D3 ne b S B0 IR E ey oy 3 ano
a]quLﬁif e reed emibadmmédéltpréflemab e(n@odlfmetﬂﬁe the aqueous solutlon
descri_ b t hod |on|c oly is.selecte

?f? Lﬂ%ac&t&%ﬁ geﬁs?sg?}h%e raé:{) :}EO and aﬂ:out éj 6. In
arw{kyaf GinHode mepe), ytuélmdlurpc&qgtramet htnnehandolutlon at step
oct argi nine. I n anot her §E$ferr enbodi pent ,
(Bh eff (RITEPT RE ADBIRSRH 68, aﬁaﬁffan?nMeand about

gd® mfdedin iah mdrkapior Of rHOEMIJiMGI) RBe( BBANTR acetate in
rangi ng between 5:1 and, about 1:25. The resultin

g
the y%lfﬁqarlildtﬁa&ﬁo§oﬁﬂ%ﬁlwa A thAfat&l 1g pgesent at a

cbSPRSE AU S HRRGLBE DeLyeery @bgwta kb Grang @'@@UInM37Grhat
for about 16 hours to about 48 hours. 10 [0103] The

cpreseirtatl inre mayonl ppobe destween a%hq%reSnﬁMhéadoﬁbout 100 mM.
[&g?&ﬂa“ NG £}t Qhﬁtﬂ pg &dwé?nﬂ%m% Eh¥Sh&liSor nam

a human “growt |vat|ve or conposi tions
deohypat Svegirs idle ccyysahlszmmclam@memt sthps (e) of the

1'5’&9%0&&8% GRchilg $Leps. ol Bt a(ta) ’Hoﬁc’%%f% g%Ht b&vween

h hornone or a
aueutvatmg%mhuadd abonyslalslmQmen tmﬁfanouharppmdﬁeerad

C talliz ol ut] (b ddi ng. d |on|zed er.. .
fBS8i Rt SRR SE! bR abPlr RO B S R S Bhation
spleciphtantstap aabdlscpysﬁemtiaﬁié(nbnnﬁnﬂmanﬁpn(ﬂktween about

BB T gah Bt P BH BN 28% bl IrALaie GPoBELReRh: the

hehout Bemndk@beltt vE68nheHeScayseallfaiod Woaubebnegd step
about 10C and about 40C, until crystals of human

(§¢ ohE NPRRFFRINE o goﬁﬁﬁ’ﬁﬁr@\: AR PRI RTh SRR \?&F‘E‘é@l and
aBbBt 100 mg/ml.

[00981 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



10

15

20

25

30

formed; and (f) adding an ionic polynmer to said

crystals of human growth hornone or a human grow h

hor none derivative. 25 According to one enbodi nent of :
W 2mesdlodescri bed net hod, step (f) is opti ecaius2dosod1s4s
a preferred enbodi nent, the crystallization solution

at step (e) is incubated for Bétween about one and

about two days at a tenperature between about 15C and
eﬁgg&gmeﬁ% CthEncg gEQEP§£a£45§‘%Jf¥Lf3 @dq%EEOntQ? gtep (a)
crystal i'zatTon 30 sol ution at ste I'S 1 ncuba
i @rdssnieett aboohcenerahton atmneQW\mWS 18t m¥ and about 800
ml\{lerrperature bet ween about .4C and about 37C. 1In a

urther enbodi ment of this invention, that incubation
[¢ax99carr iled anothémr ehbbateentabofittlie aidbvabdaetc48bed method,
thours. t:éaglano% e 004/ 060310 {3 YUS2003/ 041545 36
SRS AR ARl helRrYSsTR 1324t &iF SE6P PanaaleH
bt veper( @bouefl 3t hadahpyatrdescr i hed tdftried icRbubahed:, the

for betvveen ab and about 48 hours at a
TR AT O BHEE R a b P AR P ia i RE. BRSWestnabput 6 and

axsw@tsal s 19f yBEHaabtaBrhhHe fleFto@tdio B deQr wed. S
[0104]. In a preferred enbodi nent according to this

CTYRiek S iFRE 1o PREEST( dF BYeseR. Aok RibLatvsea aBPHbBJ7 -5 and
abbg-sat is calcium salt or a nonoval ent cation salt.
In a nore preferred enbodinment, the calciumsalt is

[QE0RLt edmmhérgpﬁaﬁem@@ﬁfsWdﬁgn@Tt ddiecipiinef the
[ ot [.d ucqnate,and
%ﬁ%zsu at gmf?%Ey%P go%r%?ie%;ggf erred (%grr‘%tg'dt% ?bove-
d¢$|@r1ia¢d:|m¢mhs>dl tisi petukenuabacket Aitand labcutpref.er fada more

odi theclc maett is in.t orm.o
PRI B ERChaV I AGCh e BAT VBB iaute s SRAAPLEEer &
s@b@ttﬂorQ ik bleltw@emoraboupr ef sﬂicﬂ esbembagisentin ke a more

agueous, sol utj.on |CI cetate 15 has a pH '
qf ?Qzﬂﬁﬁﬂg ey an& gbBﬁt % e|$F%ﬁﬁﬁ atqon buffer in

s@]]iti)@ﬂc_bm belthe etakboul acetahe apodthe gystallization
1 on at ste e () sent at _a .concent rati on
fﬁi{’ﬁen Aot P S‘r'ﬁ)ed REbSS RN D (RE HHOS% e thgrs which
ipEBhes ret PRadnBNtebh@otabkiny sget @l)e J aha@ng t
a

crystallization solution_at step (e) is present
PEECHRtET 419 ShepSrXeEaL 366%1@5 WrPThbddat1 pyeafipitant is

al Ad95]od 1t anfane mekenkedyr egbadh MBS 1 ¢ tha yrerovakgnt

cation is selected fromthe group consi'sting of
Prefarieg eidimentpotass nanr horiap@iingn is spdecged from the

gPBLE é%&gfﬁefﬁé %&b%®1§gghyléﬂg glycol (PEG), polyvinyl alcohol

and mixtures thereof. In 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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nonoval ent cation is sodium Simlarly, in a nore

preferred 25 enbodi nent, the nonoval ent cation salt is

sel ected fromthe group consisting of sodiumcitrate,

YO UMRPHEsphat e and sodium acetate. In yet BETHB}AR03/041545

preferred enbodi nent, the nonaval ent cation salt is

sodi um acetate. In a preferréé enbodi nent, the sodium

acetate is in the formof an aqueous sol ution having a
[op6RBO belmesto et tprd fatttedbembo8iflent N in MYed (c) of the

referred, enpodi menf, .the aqueous sol ufion _of sodi um

@xa?ﬁw%IW%@M%&%%P#W%&%%%%%fmmme
grafapt &sfis BsNe rend prdtemsedi Upbagatgigind, gdl&lysine,

solution at step (e) is present at a concentration .
PObEPTREH VBT 230/ EFFEI PRET - US2D031eRse preferrgsh gmbodiment

inOsPepM @ndo Aot BN, dMMe sk ; BeAPHELREE! 858 Bhrginine is added
enmbodi ment, the calciumacetate in the
incpysetl i ohth@h: polyangimiae Smepmge) ranging dudneeat 5al and
anGARCEDS & AL i AR BELNBRN @POUL, 1091 b andh abOHl: 500 s cubated
y, t et weéen

ternative at concentration may al so be
atabotiempSr 51 zavt i et veen abbuf 018%] and wpebut 37°C for
2cf9 Dern el ers ed subod aeL,, the hGH or hGH
erivative in The crystallrTzation solution at step (e)
[0aD31 he Thevereesct ibecmevhodrosifessest aiotther method of
concentration bet n _about /M and about _17.
PrRGRRERG| LR Hor b BFERT 8 Ot hoRBbBP BNt XAk IRG Top human
grbGthdrétMahé V@e Ivd thisre IotS takpbzatiens &&hpiti Hihplsuch
step_(e) i.s present, at a concentration between about
crygtalagrif ahdRBHRiSTHS. 5 TRgAnfietPRdacPRTHRes the steps of:
(8"heRi ABNL, sbDeti b OmuEH debiv¢al h¥embfle td€ a human growth

crystallization solution at step (e) is present at a
hoggreentraivakivet wedh alssuEt2ligratiandbubiemdin proguce a
cryetah 11 OIS &81:8 58S ef)edaenRgduBBBhi zdd6vater to said

Crystallization buffer at step (a) of the .
cryissedldestiphedohint for | &)sealdedngdaf poaripitant dgp said

hsting.:af: LSt HCL, ( HERGS; acet osphat e,
P eate, bora: & ool T SnityE Bett) B antther
cyisghéiiedt 20neabbdt hemt |, (@)hénompetahyi zhe | ornydhelflerzaition

- SRALkRs B P el SRR scEocenl b

teapetrhénrenbetiveent abdutt HeL°Ebend- deser | 4, nenhdll, crydieals of

hunl=fS tg‘%lolwlctzaahé)gglogg f <f31.e Mo Il'pums’a.tne %r%%)chl ﬁo%ggee néeraitva% iQrHe 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
(£) is optional. In a preferred embodiment, the crystallization
golution at step (e) is incubated for between about one and
about two days at a temperature between about 15°C and about
37°C. In 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 iﬁvention, that incubation is

carried out for between about 2 and about 48 hours. In another
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25 between about 3 and about 10. In a preferred
enbodi nent, the crystallization buffer is present at

en about 6 and about 9. In yet ano
S‘?(gﬂg‘?%é enbodi nent, the crystallization bu??g/pszlogs/ouﬁs

present at a pH between about,.7.5 and about 10. 30

[0109] In another preferred en%odi ment, the pH of the

crystallization buffer in solution at step (e) of the
praffereeddesbodirshinetticd drysteflleeatabpusoBulainh agowtep (e)

1 I n.a nore referr odi.nen e f
of; Bys: APPrIaererE T ATt o babaToro Bledddh avout 4
anRCEbUS2008/ Rdibd =t 38 teswarsitarel bebetar eabalnout 6 aaddabout

about _9.5. In yet a referred. enbodi nent, ¢t H
405/ t'ﬂ%ti:f y%’fya?%%faﬂfgﬁﬁguf’fg ef ™ %éﬁs%?ﬁt‘l’%nl‘fes & weERed
[cakagt 7. 14 angrebetied.cmbddibdl: brcarfisfetseghis invention,
_enbodi nent, in step (c),of the abov%-O 5 descri bed, .
inyeitiedd, (4 hefpklei Hreumitds e Brch Mebhre  sHFI Sibt etdy @lcium
st &4 ANmbABL§1 88t YR iod s tPr efrer kedoeBbpdpBAteqt he

non- ionic is selected fromthe grou

I
erEmSmSRtng tbe: 24 boi YB1 T Erid FNESTS0PEEST poF yaF ey
cc?flrﬁﬁ@p'ﬁga%‘% : "Eéib’{&ﬁ adderigof i anothebrpaef egs i um
e odal nt, t

e PEG has a 10 nol ecul ar wei ght sel ected
gfummatiee agdogplcowsi selfrfof . betieded mRBsuPredoraed

err;igc%o&ﬁtme% Oo‘th%begﬁ.cgg Osé?]%gi% c%%q&g%ﬂ‘lc%%%ﬁ%ﬂ:a ﬂnpeferred

anot Her pr éferre i ment, Gis present in
erbedinamntst ahlei zal coumsateitdton & im ddecdormapfoan aqueous
et ween ,abqut 0. 5% d_ abo

a t 20% (W V). nQt he
ST EFT 85 Ve ﬁén??g‘f'enerif%s ugtp 3"(Ca)Mdo¥a 5P r\%g S79."%In a more
pEdae-ate sidode derief hoHe adeequecqlivtdnn iof csébéumedcetate
fromthe group consisting of: .am.ng id eptides,
ha14 RS S s SOt 18 UL BRI Rgr- 5 1 0171 FEPEREE
erdbed tintor efrer cadceuahodeseate im tHepdyigtadflizheion solution

above- descr.i bed nethod, the ionic pol r. is selected
2% rBFRR hee) IF P&F@lﬁﬁtcBhs?s??%ﬁerbtfl?é)tp’r%}n%‘ﬁtr‘?’&en abouE 0.1 my

aR@! Y56 nigre mvR0! ¥hy 8i f8re POryLERHddi i AIthent, the calcium
octarginine. In another preferred enbodinent, in step
agehats 'xrhetr@owersaééée-FBEHOﬂE$%%la§l%|a;)‘arsg'iem rH&)i s present
agdgeéonééh&arﬁtdno pRiwaEH: RBLYRT g4 Nindead "G HER: 13B0HMY
etween about 5:1 and about 1:25. In an alternate ,
[8&®BHI nenkn Ppalorser GireLRETRd oBbedernt n e Monevefent cation

19%7'(%98&%’&5 gﬂxrgnp%h(e”%rggia E@ﬂgii.ggilpftéﬁeeﬂ.thium, sodium,
potassium and ammonium. In yet a more preferred embodiment, the
monovalent cation is sodium. Similarly, in a mbre préferred
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 agueous 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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about 1:5 and about 1:25. The resulting solution in

step (f) is incubated at a tenperature ranging

bet ween about 1.5C and about 37C for about 16 hours

t woadoons0348 hours. The effect-of the pol yner BIT/WS2603/041545
rate of dissolution of the crystals of hGH or-an 30

hGH derivative is reflected-by7the nunber of washes
required for conplete dissolution. A control crystal

SCTITE STRALNE S TIER S S R

€ a crys prepar red w
tﬁ@lya[giwmn&n&&auﬂrﬂﬁsthetwagstabbmzaﬁubmxsdxhﬁman at step (e)

2004/ 060310 PCT/ US2 4154 entic
18 BSBPEET oft b%f?%?cq:’glragéﬁﬁl E?Ewalegs%l?%‘e“r oﬁd V@@a@s Sbout 500
mfl, € n@féerﬁétei)@elﬁ arsfquenteat rdt 560! widy Ol 5 AL IBLtween about

%see nple 5 [0112] In alternate enbodi nents of
nV‘MoPntih%b%‘b‘bv 0Qe¥tribed 5 methods, the. cal ci um

(9abk10r the yEROVMENr ¢alirerreal bmBBYiBent Pr&se™MeH Br hGH
the crystallization solution at a concentration

destiwesavabdut tlie oarwitadd izpsden splvEipet Heetteoly) =Ff the
%gb@ ges hoy édégéﬂﬂy% éﬁﬁ%@%@ﬁﬁagﬁ gnhedioBit e An Mtween
he escri

ove- sC hods, the crystallization
apotutt Qomg/mll andbebadt f16F- 51094 Tl me Iandnat benerefianred

| ected, fr t 0 0
FESESHET anbRoRe: o Rt ehn, HE LEpp AR don
sBﬁG,tlbatmeeﬁtabo(Jé OliEpmma;ndtaboubntmtﬂaytomtb@tween about
tenper bout C_and .bet ween 25 da
2 Paoag Ja%‘SSa “fggdr?l&e'ra tr & % %out %@%ﬁqt' the

r{dixlb%] h?éhedafeseﬂive nerdHeoonrglssaliinebtudes selhoisn far step
screenin stals of hGH or .an erlvtlvefo

d
(o &5 EREPRBEUEF a1 ST Hr bt SPr e LPERs SBP U R e/ and

dB3dodso Rghwde: (1) washing said crystals of hGH or
an hCH derivative with_a |ssolut|og1 buff er

La
i &ydr at uFe 8f PRBSETTST B St Erﬁétﬁgib?atlon buf fer
& Vel Sadndslefl Sbhotl Seddftiivyy Ridkfher) iandelddted from the

measuring the in vitro dissolution rate of said
grquR Fonsdetpos of : aRr heHClye HEPES v @CSER RasRRPFPRRT @

i ssglt ko 3Q%ff@ﬁld&@@I@'Jh&“ﬂﬁ&dﬂﬁe V'ﬁﬁpaﬂbﬁﬁgfuﬁféfbrred

rate of said crystals is between about 2% and about
arg9e B mesdi dt@ﬁygmﬁgalbtzm%éﬁlfaiﬁutlnlﬁoﬁﬂﬁEHP@sa‘én%lteP (a)

gé rﬁllto oégntl r%%o BHEgﬁtrg.\ﬁ }.cl;]n Me glttei oaﬁ\ﬂ §3d about 800

step in a sequentia ssol ution
rpmocess (see Exan'pl e 5) The

[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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in vitro dissolution rate of said crystals may al so be

bet ween about 4% and about 10% of said crystals over

aouno4doeat nut es or between about 0.04 and abeet/u$oddaisas

ng of said crystals over about 30 15.m nutes. [0114]

In order that this inventian 4@y be better understood,

the follow ng exanples are set forth. These exanpl es

are for WD 2004/ 060310 PCT/ US2003/ 041545 40 the
soé@rcéggei@fbetww r@h‘q\mn rng abeuir &-Aet B Pet a more

e f

e SR G O LA
soderté ons éd batW@mea&mqﬁ e7$55@tnd fadnoulh BebPow. Materials

[&ﬂg%ﬁ6] Cennerﬁiislg&égu% %@nﬁpongl?ggb(+%gggfg£ﬁgwgbove—

or none Was from Bresacen L arton
deAdstibaldi aptho@p! yed hyd i iglayaoli swiat hoavébage small molecule
nol ecul ar wei ght of 4000 or 6000 (PEG 40 or :
orp@en@@oefne\/aspﬂm&?%wp%r? @erseeffr%%d( EH‘EB(F)}émeNFguE]Pe non-
ideald 1RNpma}l 28dsPIetedd NErall It @reap pohehasetly of:
through Fisher fromI|CN Bionedicals Inc. (Pittsburgh,

PqﬂAoethA(Hfﬁﬁﬁl ghYes! phRPhatRo L yMiny el cobsdi aﬁﬁjci“%i‘EF%es

ufaz%% C $QdLHBLROPSPIGEErre £ A JRER! AlBe @alscmssgwa
| oride, zinc acetate, HEPES, sodium chloride
mqicﬂcalsl@ru wesahbr pelbecterdi SRR A Rte 9TiosEp COPaREE Qg Paf: between
t n yl h
Shhanglo a0 BBUE! MOETClite Ao BB 40BbNSha Eb6ut 3350.
Iﬁmﬁgw&o@@wﬁeyreﬂesre@r@b@mtal G flrsomrehantesn the
Laboratori W)rcester ar..fro
cﬁ%f%ﬁ%l %&BBrS?gFués ?Q&) tratlonwﬁ%té 8Heg589£ 0.5%
arkDlaougi 120Re (WES) obtmnadoﬁnm;ﬁregim:r(eﬂ embodimgnt, in
Anal t| C Tech ues and, As a Rever sed _Ph
S B R e B T e SO Byl B RE G rERE 5
@iﬂﬁﬁcﬁech|gla>mpehfaogﬂaﬁlsecbmgiﬂ;wh@rmataﬁgrmC@BE HBEE) ides,
were acquired on an ng | ent, 1100 éeri es HPLC (Pal o
Pt yainenacig§urpleBi ik thed ¥ TPm x 4.6 nm 3 Am

el (Supeho®herBphteéoné®, eldhdinkarm 6 weep (f) of the
di ssol ved in dissolution buffer (50 mM HEPES pH 7

- aloe TAR NERdPed1 BeRRPRC1 ERAR 0L PR b2 BIRAT NENSP §Gt§ﬁdfr°m the

gf bkt €Stk (420N eRT hebt LRI hd) 6541 Phegif iWid, Opcakalihas,

wer e ) )
polyornithine and octarginine. 1In another preferred embodiment,
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. In an alternate embodiment, polyarginine is

added in a ratio of hGH:polyarginine (mg:mg) ranging between
about 1:5 and about 1:25. The :esultiﬁg solution ih 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 rate 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
abouf 13 washes for complete dissolution, while a-crystal

prepared with polyarginine requires between about 30 to 90
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nonitored at 214 and 280 nm usi ng gradi ent nethod of
sol vents A WD 2004/ 060310 PCT/ 1JS2003/ 041545 - 41

vent A consisted of 99. 9% dei oni zed
o by -

o TFA.  Sol vent 'B consisted of 99. 99RCT/US2003/041545
Acetonitrile/0.1% TFA. All ggm cals were HPLC grade
obt ai ned from Fi sher. Elution$’were performed over 15
mn., using a gradient design of 0-2 mn 40 5 50% B,
1dbn1:.’icnrilnw56h6©%:8 diagsbhieikh 6:8e% BorAcbhphetatdisdfolution.

1 col um temper atu
M P Rel L hr SEERBUE 1 HEGHAT 150 A1RES4hry gposse (cee
Exasiplg AQil ent Chemstation. softvvare (Pal o AIto CA) .

8] T e cp centrat f eithe prota or
[0[&31 ar gi Pn% ?L’f)n‘?‘?l %fﬁ?ﬁ’cgl rogtl Os®© Ehﬁe‘—t‘]%‘?‘Fﬁ isFceribed
met$iode , atgeadh eatunet dpd of t@'d&i&r&lén(:gaagn/@)n salt may be
dei oni zed water/0.1% TFA) and 99. 9%
PrEsernittr Fhe/ oSt el zaHqn .%9%@ afepf GPRBIHRATLON
bedQdBnndbegte 8lof fil Q4 rab&.0f; JM raﬂ @e@weeﬁ' 8fodc 25 mi and
gradi ent design of 0-2.5 mn 5 (A .
algmit3 g OéAmB) ?1’15&&5615“@1‘“?@1 ez@dﬂan(a&tl) OflgnYSOS t_Ll'?e Oibove-

é%&:%@tf %l '&Kélgr fglrllgz%é]o(xﬁsgﬁutIXH' fgl incubated for
e elt er (0]

ution o Pr ot am ne or yargi ni ne was
a dhitme pod at témperatnred $¢ﬂ¢¢11&£btfﬁ¢®-lt@eugrngpaCOﬂSllstlng of:
j | cul at S et.er m ned a
e P ARl ol ool T e fmbpliyzature of
alzodi BizVes betsweat cabatted fsoagabnlr abmim ttws sy 2@t a
ener ted from each ctive addjtives. This

c =L HEEn 0 MBS b2 e i PReaPe P ABauT of Y Y eRdogbout

tid @ayishat eogphpestut@ldf]asgoaisated degraded hGH
was determned with a separate _ but, sim. ar

I3 sed TBRaBESRERhodRVERT I W i, 1@ dgRamgEhed sfor

soBserielSf eiifedalB 65 BURELE Cabi 1D \RIY vBita vV der Reé® in a
article size, 30 nm pore

Colum (5 cm x_4.6 nm 3 m
tRSTADEUfiiCh TeTPHEARDS At Thentiili wfe SHchameehpds nJgnclude (1)

wdBH iHAIded thiaughaubrt Rerr&P. adl hesy @elitlkraelgé%imsa
wer e nmoni tored using a gradi ent nethod having a

Al ismabufher20t, ACRETBEUA HEHE OF BROFEAR7dhd( frsbiekemple, 2
m@%%x@s@%l@zgﬁﬁAg\lmlsg% %J.@é(?ﬂﬂﬁ@n kb T Fahg g@)teom%asuring

gradi ent system changed from 20%to 45% B over
tig nin fridm4 8%se0l889%B raverob saldl 3 nyvistaler ofh BGHo¢mw an hGH

d%%?ﬁ%\gﬁo%%gz%g%g 1n"LQid9<9£/&§olv1Ri Qﬂoﬂu%%?f}owherein 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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42 static until 17 min and i mediately following this
step, 20% B was re-established until 20 m n was
0120] Size Excl usion Chronmatography. High
%@?ﬁ@?’g&?ﬁée si ze exclusion chromatogr ans(SE(f(F—Tlﬂl%f“’O“S“s
were acquired on an Agilent 1100 series-HPLC (Palo
Alto, CA) equipped with a TSK-Gel &000SWKL col um
(part# 08450, Tosoh Biosep LLC, Montgoneryville, PA)
thgq Pwpasex oF0 idAussrafiandomty Agnd earnte Ik00 tosbei esnsibued as
o (a4 I r LSS jn 0 .ssol ution
ll‘é)ll% é;r %31% S%.%f\g?no? [ Iqb ér g%‘y%gf%éh tior?i a[rﬁyeg{alng%lri' nto 10
Agil ent 1100 series tenperature controlled
Aut osanpler. Elution profiles were nonitored at 214
and 280 nm with a nobil eg ESof 50 mMM Tri s- HC1,
150 mM Nacl, 0.05% NaNs3, —5—Col um tenperature
was mai ntai ned at 25C, sol vents were degassed using
[0BkPIAgi | dite Frdd owénpewatiegbzbervend o iln WieVeSamples set
tion and Optical Mcroscopy. W-VIS
fo@;rg%eﬁgp ot ogr aphs were obtai ned on a Becknman DU 7400
spectrophot onet er, Becknman Coulter Inc., Fullerton,
M CA.. Optical mcrographs were obtained by bright field
2L¢Et iy using an O ynpus BX-51 ni croscope and
[0THEGL ur eddmmerrcSeny yDXCa 97 VDE 3EEELRO] Gl O hutagl Habwth
vi deo ner.a usi ng I mage- Pro software, Media ,
hOXGRG IR W38, TPGM BEFSRRPR nged - MATHRLARFOMun ARStERRLA) |
oII%B@H TGl i Af wilx boefHOX . mbDd@2] ad NANYHLSSIF0A000 or
P E ectylfr on Mgg??sco i}TEI\/p. EM anal ysi s m%;g@ carried
60QQt (BEC1419 0w %%5 A8} ofias of remHiamRem Resegreh (Laguna

Ni@@@fﬁrcéﬂ535¥hf@§r%nﬁ@ﬁ?ggaﬁ%ﬁges&ifghawwég .c%%ggﬁetﬂrough
excess nother |iquor and then negatively stained wt
Fighso, fireamyiCN femedd chds InhoufPiThebetgh ndd)hGHAmmonium

REenSIoN - e f er n
S AEREIT Bl hiEEs ALAIELE M bogonace,
calteus cagetteatyy i dadciefl ghaoridei edind hecdtEVegr HEPES, wasdium
er h anpl,e stage of a. JEQ, 1210
R D SR i aa o T ret o o
etgahdkcdret] peliyeriaiede KVycel endnometiegn ethearewgreekhch

organized lattice structure was 2004/ 060310
oo Fii SRR R rof R DA eraFats were
obthifed hereni iGHEHlldsORiveraLagopebbries (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 liquid 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) NaN;)
and filteréd (0.2 pm) prior to injection. Elution profiles were

monitored at 214 and 280 nm using gradient method of solvents A
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with the crystal prismaxis. EXAMPLE 1 [0123]
Crystallization of hGH with amoni um phosphate. 5
Gﬁﬁgﬁ ol Y available hGH (50 nmg) was first
in ‘{/ﬁd’lﬁl Tris-HC1L (10 mM pH 8.0) and di al yzgg§/%840¥§(ﬁ1545
against 2 x 4000 m Tris- HCY, - (10 MM pH 8.0) using a
Pierce Dialyzer cartridge haV|ng a nol ecul ar wei ght
cutoff (MACO of 10,000. Protein concentration was
anéd?ust%@ﬂt@nméhﬁxmﬁdgéﬁﬁonfu§9n@ adefomizsst evater/0.1% TFA.
Q4 MACQ,1Q,0 20-
SO%?%%? éﬁé?l%%ﬁéentrgt?ganLthéﬁgggeyfoungﬁux i
chealhgalsfwéf)e 45Ty lgradeasbiredaede drby Faism.barﬁﬂelualons were
280 nnt, 0.81 1.mg/m. _hGd A280=.0,813.absorb
PR RO POFA R o Yo T oMY Bq0EATEnE F AT o p o i 40-
s50%i Bl d2a12 fruial sqrentsem) andcent-nat 60nse$ HO- p20:1rml Hate of 1
ystals of hGH 15 merea%romn by _addi ng ammon
nl pRoRpREL €2 (FHHBPEAPEF 35 UEE P 82 Y5 ﬂ?é%éilﬁlﬁfioﬁhmu??hwt
tha&Orthat Bafd NAds GRRAYRLHALLERGOhG §§@nﬂ“@h&%ﬂﬁ@?@ﬂl@@Etware
obt ai ned. The solution was then |ncubated for
(PRArB31ae, 28K, - Needl e-1i ke crystals were obtalned and

rohqBged by oeéﬂééltxrgtq lee@pxéltm% 5&3@5@1& c&_t A8 rginine

were found to be 20 approxi mately
in| epgbhe wrebharetchorst alals ﬁ@ttuecmlyueell dsmﬁ Egrmdalrert’dwmthod of

eg Fhguse 124] S 4 z Y
o3P (ROsshi oA e AL TR P T
acb@Hnwa31pe/0f1%dHawd c Gllcriiomat eeraspelbodesdt rotrd A0 minutes

d, wat er. was added .t

o BnEBRTr BEER S0l UTTdT gl N Bo oy CEFA 87 | FET B ei? 5 mim

QSGGHC(AHBI) at 2 on-pf5 b aw/srsl (2Cryst al.s-of. hGrimez®: 75 (A:B),

ddi di trat Na- Gt 1.
2575 e OLBH a1 Fon S0t THat W1 rdl "eBnasnE: k1B ofT%ffal

e 1RV Na- GiFt é@tﬁeiﬁﬁﬁrdﬁﬁtﬁﬂ&@r Qia)ﬂyargttlnaﬁhwwed%tma at 6.2
required, aside fromhGH already ,in 10 mm Tris-HC

M0 R C WBGH (N 19 et idd ST 16Uﬁo‘a"i‘35°‘é3tatz‘§@s were

acheedie=ki ke siyshdl S awitembta tedrandnk "BEELoPYpolyarginine
optl cal WD 2004/ 060310 PCT/ US2003/ 041545 44 ,

ME9/EldsGEpY EiTRE ¥y statatigied feemweréd iPBuRirR CEves

gén%%%tte*aarirém BnéR bendld ﬂ’ééﬂbc%w%r %akathigal i ofnyd &ldhe
of greater than 85% See Figure 2

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 pum 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% Hz0, 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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EXAMPLE 3 5 [0125] Crystallization of hGH wi th sodium

phosphate. Commercially available hGH was purified
trated as described in Exanple 1. Loni zed

V€”6q2:(?4%\/\/{g{z‘padded to the concentrated hGH sol -&2&{)@%41545

yield a final protein concen 5at|on of 12.5-17.5

mg/m . Tris-HC1L (1 M pH 8.6) "was added to a final 10

concentration of 100 mMM Crystals of hGH were grown by

‘st ngptidi Bdsimgnsedfuimpbdsptetie {Na2WACY thlisMstep, 20% B

wa%\lahl%—l qun hggglaﬁgmgrgl u%:slo(r}rc]ent Jajion of 600 mM

was o al néed. Wwas t hen i1 ncubat ed
[0120] 16 hhumsE&tlﬂ%@onhﬁhdbmatognmmqyst&hsﬂlw&méormance size

t al ned.and i naged ical mcrosc
xR I gt PR AT (B S S M (R BRSPS i doent
1100 i fetongtrid t(Pado Awst atA) Z@c&dwpé/d aritiofa aisxaken
than 75% _See Fig EXAVPLE 4 [0126]

02 69 GPGr |FoAM o PRF ERCRPAP P n BAACh iy oRaR . and
Mof¥ breihAe 196, f #he. (GoBTRICI Rl 1y @yaid ahhe al}@"a‘i\@i%lent 1100

purified and 20 concentrated as described in
seyiepdiihi ZBA -waferphas Hededlizseheed oiedhiZ ale@thGH

I
d1§£$m&%tﬁfx'e@ gna bi, Qa :nrﬂfe&e&gﬁgl%y g 1 gaf}e%ftléﬁ into

. Tris-HC
Agtbemlent Y& iseries Lempﬁmtﬁnetmrstmllnd cm-ltCErampé,mrne Elution

-pré?%%?%ﬁ% osn%%QEgﬁgg g£n§54cg y addﬁlon 1 %%b”Ee phase

wer e grown ng ca C|um
of aﬁ@tram erfiGa-Hadet ase) liNM:lt 00. mmfe Myt ipBin 7S 6 .t alumdn
i nal, concentrat.i t ai ned

tat
te?ﬂerat Ut i'6W Wae ﬁéﬁe n%En%% d Fﬁ’ nﬁ@uW?rS Qe@?ﬁ?ed using
anNegtll ent i ke cI9estialss degaesebt ai ned and i maged by

cal m croscop The cryst al s obtai ned were found
0281} C7 et BrooR s e ahl Bl fafi i foscory . 09-0s

spetysbphdt Ftaphiy We%dogtagﬁ@@t@ﬁ 4 heeclif¥ piSem ool gure
4. WO 2004/ 060310 PCTI US2003/ 041545 45 EXAMPLE 5

SPEEEDIPRLANRTAL t PEGHBRP B0V EREHI RS yst B L §Ft&Far &8 - byOptical
mi8@bgrapiélufedd Obtstiakhl B3t beDghAf #8514 hﬁnégﬁq{éb Qfs',tﬁ@ ah

the crystallization solutions in Exanples 1-4
OLYTPUE AB%- Fie b OF OFEIOPSt BRdafRERESE domhi ®i FRFS XS OMRt 3CCD

coi@gna§gltibQnEk%ﬁE%herthggﬁé f@aéeﬂﬁgovggf%ware Media
resuspended in O. of dissolUtion

Cybernetics L.P. Sllver 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 liguor 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
L) 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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buffer- (50 mM HEPES (pH 7.2), 140 mM NaCl, 10 nM KCl1
and 0.02% (v/v) 'NaN3) by either pipetting or

t exj before being equilibrated for approxi hatel
?@%ﬁ%ﬂb@g’& at 37C. The sanples 10 were then BETARz03 01545
centrifuged at 10,000 x g for,_.2 m nutes and the
super nat ant was conpletelyr érfoved for deternination
of protein concentration nmeasured at 280 nm by

obBEriPE G nSkde HRLE @y, SwitEheher gsiantdmemel efldgnment

were further resuspended in 0.200 mM of dissolution
wifhi B GRSt He ?J’fjc%%ﬁ”‘rsepeat ed until no detectable

15 protein was neasured i-n the supernatant. This
process is referred to asExBMBBRtial dissolution..

0128] Figure shows the. sq| ubi,l Lty behavi or, of
[O\S'gtﬁi]ous ﬂ%‘?t@f%%?%?%orbroéfpzlnd o Wikit hgﬁﬁﬂﬂi‘/'é'f’e%lfos(ﬂﬁtoer
cob) 081 8y Va0t ab L) hers Alsbs g R¥anplhest lddssdiokal dsn 15 wl
a function of tine in mnutes. 20 hCGH di ssol uti on wa

TrgisoHCed (A8 WMcupll &t 9 @b Aded 2re| egeinshet X &P XY g Tris-

nd3P- (L faq, WERT @i.m AL YRl des frek BRALSLEr SAEPEBRigdiafring a
measured in ng/ usi n? a UV-VI S spectrophotoneter. ,
moflesulgat weightiseveees MK hal &Py 8P4l s EF%%%%CFWthratlon

t LLRORA.,0 - Ci. 1L a t
vl SR hopy oL Oe S IO S e BB Ghaencracor
(MO t18l, $0p) ephr €80 Byrpt ef cad d 0-i3@n mafugee - mVFng 2¢gentration

I, 0 _mM_NHAERPP ar. 0 t-el ' v
o%)l‘hc’?g wag habeg l%al‘%‘p](:a'cttl%?e\/erq]LJ y%oqu:'t qhygs/%? hefggh[gén%g%% by
alsdordadice prepavedm/by.she @ddig/imdn helH 85s.rW Cail Acsbsxirpance
and protam ne sulfate dissplv C letely.after 39
u e D Bn0S el et 6% it bt o a0 b b o €8 viela a
£ RGN Y520@3H043848ntradfon Tatbl®-L0 Seguant i grystals of hGH
di ssol ution test neasured at 280 _nm for s%l tys &é Q%—I
WTP ESVE B GAOBBET BFMOn TN RAGPR e Nt FARs on) Was® M
pEXPr 9SSR ta% peNGeabnof b aiiadt reelEasad cbndenBft 1dh NoE 860 mM
600 MM 860 mM 85 mM Ca- (mnhutes) Ctrate Na2

PO4
NigPOPORsACStaiaed . (ke 99lytEon yas phen fnppBrEet nker 16
néEXs &) 8. 005089 01 D& %x%%tal% Wwtra9ork8a B PdInt imaged by
8.53 30 99.36 99.85 99.18 19.39 45 99.99 99.99 99.50

‘op6i@al 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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60 100.00 100.00 99.50 34.92 75 100.00 100.00 100.00
38.31 90 100.00 100.00 100.00 42.22 105 100.00

wWi® 090603 0. 00 46.26 120 100. 00 100. 00 100. O@CEASBD3/041545
135 100. 00 100.00 100.00 52.73 150 100.00 100. 00

100. 00 55.08 165 100.00 1040 100.00 57.20 180

100. 00 100.00 100.00 59.65 195 100.00 100. 00 100. 00

e TR e, B0 10RO 22 ST S chon

pm 2851286tR0wiOR. 00 izheibn 2761400 0Grd®@feO(han 85%.
100. 00 76.85 285 100.00 100.00 100.00 78.39 300
See1§aJ¥H©180. 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
égg.oo 100. 00 90.57 360 Ex@®Pr@& 3200. 00 100.00 94. 20
100. 00 100.00 100. 00 8 90 100,00 100 0
[0128d. oo fé‘@’sﬁéglﬁz%%L%f g’ﬁ%f%?’ ésflml Phog! oge of
Comtdd Wati R yC ak-ak uab Be eh@xt ava HukdF ieldsapiopanoéntrated as

Commerci ally avail able hGH was_ purified an 8 V\é)
deszuUbEG6 631 BXPurl &S oo Peieraed yrterHeantrdeedtasthe

'con Gri-hed h@HEééﬂﬁkfoﬁ t£x§£gl&“3jﬂM%erpﬂ@ﬁelﬂdgﬁﬂcéﬁtratlon

e concentrated hGH solution to yield a final _protein
of d@m@eﬂﬂr@t o mdft 15ragrEFl (3 Mis HHCf -61 WFSpPriéeé)twa% final
co add%:q':attho fI E%IO mnce%yé’éépé‘ rE20 weMe %abi 88ding
I ng Ca-Acetate (1 e
dlmm |anrd:sm1 tph@tspaatenéNazﬂ:B@@éM-rm iton Bie glwigion so that a

flngAceta %%ﬁﬁ%b%% 289 %JgNA#% @ %%tQQne5096&Mévgolutlon
) Was ad ut I on en

was nm&rat:&cbm"ce% foauns htu2SGt szd’cl | kNeedyst &ike werystals

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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obt ai ned and i naged by optical mcroscopy. The
crystals 10 obtai ned were found to be greater than 100

£ th wwith a crystallization yield of greater
“tsﬁ]glﬁ&é? BV e i gure 6. EXAVPLE 7 [0130]  PCI/US2003/041545

Crystallization of hGH with % | ciumchloride and 50
i sopropanol. Commercially available hGH was purified
and 15 concentrated as described in Exanple 1.

Dei oni zed water was addegXKaMPLEIE&S concentrated hGH

tio eld a fin [.O ntration .0
o4t Oned RunliSled, BLie0al BECLERN concantratlon of 18,1
J.nﬁﬁﬁé&n&f}aéﬂallrh.&ﬁatl&ﬁ mMVAECeystaé simduEH eI ghewn by

addi ng, cal ciumchloride,(CaCl2)_ (1 M to the solution
crygtehbizal 105 seligropgnd nF?‘%‘PP%%S of~B5 tThe caussangsvere

peﬂ?bé@écﬂ‘%d e Rethagolityl 80pepiaf YhY) rdddfrdifls Q@l@egr&stal

he solution was then incubated for 16 hours at

pehéaatqs. & haed| wergeressfPanded imand- 20Rgeld Hy ddgspéutrion
bubEEL OSSOy HEPESC (Yt @l 8) obi ahnad weFe, fPWd ke B8 0.02%

reater than 200 m'in Iength wth a crystalllzatlon 25
(vyve| Wals) @Ve&ﬂéherhhhp%t%n$@ Faprexing bERANPLIFe Bng

ol 1204 Bt RO DS WAL FE 000 208 bl

werenchﬂmr@&nnrxﬁmg@esemibedODﬂ Exanfde Z.miﬁuﬁﬂm zed the

30 dd th t d hGH l.ut
B R et NI

COEEEﬁtfﬁﬁldﬂ.ddaqﬂﬂdﬁ &x was atded RP-HPLE, rBHC-HPLC or UV VIS.
concentr stals of hGH were grown

ThG O S E04 D GPEErSSIbS BUTEASE S neRint G Jog00 ml of

dib¥bVht PEG RO A RGdl @¥e( prvre8bhagsbat &d @t 10 dh@etectable
solytion.” The solution was then incubated for 16 hours

prafe3ncras mRRTIRS dry P8l SUREFBBRRE! nethhPrHanreged 1y

reQEEkEé' to ML TRSRRANEIalNA16EYSHLBESHODt al ned were found
be less than 25 5 min length . wth

IOéP%t al | TP Fhovws 6#1egﬁ@&tle%l%hﬁanber@;s1015@é Frgdpus hGH
cr@st%@f&p&é@ﬁﬂh %@n‘é@allbhl‘, @ﬁgf bi-eni® %@Hd%i(rXEéﬂS Ca)

prepared wth alcohol. After the |ncubat|on 0
saditpsinl Examplienh st @bioyies 2516 frephied oh Brepiresinutes.

hG@I' ﬁnsggfue{cyﬁtv?alss ﬁ’i%'tete%el etaeguﬁﬂga{:b\?e 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 NH,H,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).



remai ni ng super nat ant

wer e

(see Exanple 5) by
woebas033ei ng equi l i brated for

eit

renoved. The crystal
resuspended in 0.200 m of dissolution buffer
pi petting or vortexing

appr oxi mat el yPQEUS2003/041545

her

pellets

m nutes at 37C. The sanples were then 15 centrifuged
at 10,000 x g for 2 m nutes4&nd the supernatant was
renoved for determ nation of protein concentration

TIRagvsed 84, 280; MM e ARh 35 HRhGuPEd We &0 nm for

SETts BEVhGH In

PPao0l

%‘H%‘ﬁ

& _CUIEE Bt hVE ncentration

p'CI bCIILa'%ng.éI‘ 1

6F Teeal”

reYdadie

_e%éé’cit s 'perde

ng/n1 nmeastrerefit me blybld HTe—pettets—were 20
frartherresusngyd éll disggy T o bufd an ey ca-
rog@ﬁﬁtesl&eDFat@l i i || novdedcgct gbl ampr,pd.ei [ Wastate +
measured in [t heExsuper nat amk. H0133] Exkgune 9 amtbtamine
Table 2 illustrate the |solubility | behavior df hy. 4)
grystaPs prepared wyidy [10% | PA} &% [MM Ca- Agafodt €, 250.00
U, U, U,
Flamets oot ot ALonkit oo T Hesult o deHenat rate t:52
tlhat ha(gH crystals 9pr¥plared b92i83g addit ebsi8af 10% 12.39
[IPA/ 85437M Ca} Acet atsg ser e  cosplgtiel y di ssgjovied aft efs.81
150 M ggat es, | wher eas hGH cr yst repar Dy the
?J«id- o ot b3 PASBE et Cala Bl 100 EELH Do 30— 24:2
EG 606% conpl etell@odfv%sol vedoatoo]20 m MmiPed jand 13538-31
nM nut e regpectingl e,/o WO 2QQ4/8610310 100.00 42.22
FA! Ud/U41b4b - Iabr z In V|tr CISSOI ut1 o
( Exanpr8s 6- ) - pw@t@q concl@mq 29 0Fnsr ad 49-62
af 2803/m and expreesesl| as paneesy | of tofealod Bl easedsz. 73
[Te I TPA; 85 MM 5% [ PA, 6o 10% Et 10%
( e miff‘i CalAcot 8 b a pRllalbl ¢ EA00RI0L o 555.08
(E O 0. 00 0. 0ropeD 15 1P9.HO 70 161076001 30 57.20
5B8.88 ¥2.84 86.50 1%004. 59 9036 P2. 33 1060084. 13 59.65
82 E))g 4. 62|75 90, B4 N2 48 94,8/, 190 95, A7,9P. 91 6395
. 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
330 100.00 100.00 100.00 100.00
EXAMPLE 6
[0129] Crystallization of hGH with calcium acetate and 10%
isopropanol. Commercially available hGH was purified and
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105 98.32 99.94 96.82 120 99.51 100.00 99.68 -::::T-

135 99.51 100.00 100.00 150 100.00 100.00 100.00 165

100..00 100.00-100.00 180 100.00 100.00 100.00

EXARBYROBY 5 [ 0134] Crystallization of hGH wi tRET/US2003/041545

cal cium acetate and 20 PEG 6000. Commercially

avai |l abl e hGH was purified-a#d -concentrated as

described in Exanple 1. Deionized water was added to
cohBenecantdAtRAE NI PHS0k Ht £Q8mbPe Vi e b drinRly REeLE! Pas

concentration of 15 ng/m . Tris-HCL (1 M pH 8.6) was _
ad@a@ewt@qm%qqmatggnégm palibhonftagoiand ardipmilsprotein

Lo 2% 4/ G 6 was; agdad. tal s _qf
coREbL08ord 4 Yty S5 O001REL 00, IS s v
a §ohal i orneentttetticn Hifndl0o0coMcentrasiale off 8B mre grown by

e i P S

coneept obt avmest &8® nidd Javagetaby wati clatained . osd@apythithe

rystal s. obtai ped were foun e bet n, about 25 .
sodt 8ot O5STHn FERGERoAPtN (RERrYRT A0ah | aipey B Son
wadf tperai efubbdiesy & 18edchirguse 36°C WORYIN4ARE03FPstals were

PCTI uizooci’./ 041545 - 50, EXAMPLE 11@%0135@
ObERLEEG| PRI at TIFE DO GRS EGETARFESt at B Y6 2ReG
ob€898ed REPET £hithd e AR 3l R CERY¥ASI PYIT idh | 8 123 th with a
concentrated as described in Exanple 1. Deionjzed
criggtet 1 haat beriettels! (e BegsrEehbrht 88 hGPeo I UigW® fo
yield a final protein concentration of 15 ng/m.
Tris-HCL (1 M pH 8.6) wagxasded o a final
concentration of , 100 MM To this solution, 6% (v/vV)
[0p3@] 6000CHHS ta-hiftrrt 1Aty W&t AGE W tRGFRhEE & (F ol isie and 5%
1R441BAn500! U RS LA 1N aABbAEChak2ul B0rifi®q and
solution so that a final concentration of "10 500 nmM ‘
congenterhed ansdetraibnel irTFeagpilat Lon Rekorirgs water was

)

a&d%%”ggtgﬂe ggﬁcééE£§E&§é@ﬁ%é@%ﬁt&%ﬁdLgT&igﬁdquéi

|
were obtalined and 1 mg tical mtroscopy. T
capropstabsioht af ned weimel f o s-HE1lbd 1b¥t vielgn8 aoas2®dded to

s (L L ST R

adding calcium chloride (CaCl,) (1 M) to the solution so that a

JZprotein

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 um 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
WOr2094/06881ind concentrated as descri bed i n ExeCU$2003/041545
Dei oni zed water was added to the concentrated hGH
solution to yield a final prd@ei n 20 concentrati on of

15 mg/mm. Tris-HC1 (1 M pH 8.6) was added to a final

=aai B E60 Ll S g Y Renre ol O SEpa ol ) bo wee

soladdbng Cafe 2soldtidn e tt&nensdlhuubanedsbothm haou‘nsnalt 37°C.
~.con entratlo of 85 S_obt ed The
RodS DGR GRYSESLE eSS (TS POE TBSROA BY 2P s
micheedbpyl i k'@hér&ﬂﬁﬂy\ﬁﬂﬁaﬂbbal nedeaﬂdunaatg@obdmess than 25

opti cal mcroscopy Th st.al s obt ai ned were N
pm flauﬁan% b¥1EReR NS 1oRa¥1E 3 |95r?8e"n?g1i HRR™ H 0% -
SGEanbﬁgfgabl ization yield of greater than 90% See

Figure 12. EXAMPLE 13 30 [0137] Crystallization of hGH

with cal ciumacetate, 60 _PEG 6000 and protam ne

sulfate. Comercially av@P¥BEE BGH was purified and
[o1@@jcent @éﬁ@gi§§t% Séﬁéfbﬁéi dM Hotpphe thi sDpirephzed Wih

2004/ 060310 PCTIUS2003/ 041545 - 51 water was, added
alaahalhe BShesnthat EACHRT 3 @i diet 6ryPEpdlazatiep solutions
pre?a%e%' @ncgﬁggxg%égtéog Oéhé'-ﬁ:x%t@ls Irre'ré Hgi-léée&/l arRi" the

to a final concentration of 100
rentdijrs'trQOIsuplecmatapt oremeved sulthe erystag/ pellakel ‘@%e

PEG 6 d qf- DGH uer
resouspeél e %?Acz:e f ?ﬁdwu o‘?! % Stegor(]ség ‘?ﬁﬁ‘%m 5) by
eltfhermlplcp@m:entgr ati onrbéxﬂ‘ﬁg rﬂdm-e%:@tmlge ewaslibbaedethr
The solu I on _was tpen I hcuhat ed Iél ours at 3/C
PRI TS R’e 1oy PAPRFES WY & bhtai 184S Sﬁ%}P g5 et

cerdfi fidfed mtcrlfosoopyx §hﬁofr3/8ﬁjahﬂ:e(§0taaidneﬂevveﬁpemet was
to be | ess. than n

length with.a ., :
reRNRA A% AR PREE AR oPE et (iRt iepapagred a¢
280 3am BXAMRLEpié, [ @E38hrLryst aivived | omal diedobutbon was
cal cium acetate_and 60 PEG MVE-5000. r
meagHT $hIR® h GHTNAS LpURI PRESPRMES Bt &?gég{n%agﬁamaéjc values
ord@@ww%/nn ReaRhemint Pei Ofh esh-Malan iwes paddedst were

the concentrated hGH solution to yield a final protein
furbheemesidnandsd in gpaplutien -pgifen and ShegPEPCRAS

reﬂgﬁgghtﬁhtil no detectable protein was measured in the
supernatant.

[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.
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a final concentration of 100 MM To this solution, 6%
(v/v) polyethylene glycol nono nethyl ether-5000
PEG MMVE- 5000) was 20 added. Crystals of hGH
48938ddi ng Ca- Acetate (1 M to the sol U%Qf%/ﬁszogslouys

that a final concentration of 125 nM Ca-Acetate was

obt ai ned. The sol ution was™ t%®n i ncubated for 16 hours

at 25C. Needle-like crystals were obtained and i naged

T OP ] cal vify @seePYutThE £eysled ODMGH neysweile prepared
w1@%5ﬂbloe(ﬂfa%§;ﬁé%a@ gp SUphotdih edgidentiratian was measured

o7 ysét‘?' 34 A Fhd kode8bear 23t peréant oDHbraleeeckegued
14 -B@WPE?I?[UTJ&JJ Sor-ubiTity profile of hGH

cry tat sripE eparjedow isR, gsolyef byl=ne a3l yec 0l 105AEtQE, 1d¥e
i ncubamimtesf tihe 88-aceyseal | | zat i®@Alsol uti onBEG-6000
prepared in Exanpl edER0614  the Eyshalslwer dEx. 8)

pel | eted @nd the remaini ng.saper nat anto.oemoved.  The 00

crystal 'Tets were res ded in O of '
digznlan%n WD qnnnanng%%PE%: 7@1E1 - 527&12
buf ter (sge Exanpl e 5) hys3eBeher pipe$d:Bhg or 86.50

vor t exi ngtSbef or e Dbei ng egukbilbr at ed 0133 Appr oxi maeel
15 mnutesy at 3yC. The s&ngges were thenicentrifuged,

at 10,000 x—gFpr—2mnutes—and—the sSupenmatant wWas

rempved f7or det or i nat i on®©F4pr ot ein B8 48y centratigh87
nmeasured ¥t 280{ nm by RP- ﬂPh@ SEC- HPeEL sar] UV- VI S. 96.28
The [CTySHakE I ne per ets wgggz urther ggsyigpended iRg g2

di ssed ut:“g‘. butfer—ant—thepriocess repeated untii N0,
det act abI & protein was nmxSdrled jin t*AR-A0

[ 0140] Fildare 1% and Tabl e9.31ill | ustr abe.dohe sol ub|1I0|0t

ner nnf ant
e

10 hemavige of MGH crystals 05r epar ed ‘G’btd?) 2% 100.00
PEG-ROOO/SE r-Ea—~Acetate; PEG66007 vt
Na- Acet at'e, 6% PEG 6000/ Sqorﬁ\(?l CaCl12 108040 - 00

mM Ca- Acet®t e/ priot ami ne and. % PEG M\IE05®O|O/ 125 nifo.o0o
Ca- Acetate as a function of tinme in mnutes. hCH

di ssolution was neasured as.a cunul ative percentage
and derived from AUC 15 vEXRMRBLBr1Q)N-VI S ng/ m

ure t tatg 1 Lihat abbeab&hnd 2%
(LT T Riealdd R Bon O RPN IR IR abBEabeTan

prdd élaod%c etcairrﬁ{eﬁ:‘k:dhahyn&va\el@lmé'@i owess Purdfgpdsapde,

S WwWith ete dissolutio o g af ﬁ%éd t
C%‘Fﬁﬂte’%a n%ésotdﬁglcrl%?és%lgl S L‘tgséolrhved Dta‘??géloo minates oo
28853 2% REG 6RO/ rate&ahCGH solution to yield a final protein
concentration of 15 mg/ml. Tris-HC1l (1 M, pH 8.6) was added to

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
imaged by optical microscopy. The crystals obtained were found
to be between about 25 and about 75 um 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
WRAWHA@A03t 280 nm for PEG and salts of hGHFCH/US2003/041545
di ssolution buffer - protein concentration was
expressed as percent of tot&P rel eased Tine 2% PEG 6%
PEG 6% PEG 6% PEG 6% PEG (m nutes) 6000/ 85

6000/ 500 6000/ 85 6000/ 8gxAMpMYE11 MM Ca- nmM Na- nmM Ca-
Ca- Acetate/ 5000/125 Acerare Acetate, Chloride N
[01FB Dbt aniGryshmlCdzatien ©6) heExwigh)sqqium poetaies apd 6% PEG-

5009 Ao 1) ShEX1 B8 18000 QDG BORR 89nBehratea

0 30 16.80 23.03 19.50
as dds6Bi81 46 FAGmple6d .34DFHoBYzdd MFtep wap @ddegoto the

35.57 47 4.60 21,25 62. 5 7 : ,
conggiggatad FEHECIN5 A BeRe1 8 PEl bty GHERE Y SOEgnggesion
of 96. 4§/nB. 86rrAk-$10128115,8pH76.6106a622FB8.66 F5n28

31.77 91.15 _120 66,49 90,36 90.59, 34.05, 9 5
conpgnhyageme 5.0y e, B9 8513390130195 o7* o//30 FEp000 vas
addé&ﬁoc?gs@@ls 165 nih 82:r20958wn HP0a84i B3 RB1LH0 . Btate (Na-

180 90.23 93.06 100.00 45.69 100. 00 %2%690.23 9 .8%. £
Acet@ged0 (2 7M5 XA FdeFO1343 o850 93 EREH. Bt 4BV P TTF R ©

500%%@198(3126%g§at9@v%% 13 03,eH00. @8e58038:t16R. W t2HHh incubated

00 100.00 55.31 100.00 255 96. 61-%%% Q0
forl 06, BOuS3. 24 2%C.00Nepddeobike FoYSHHL 9 FELR BFagped and

\ 100 0 2 O 10 OC 0 in ere oun
imagsyt 8’@! EEBg.?%%Pl“g’clf%%soce %90 %5%. 0%955%%&1%?%0 %88“.’ 00 Found

to 1020 12 we8n04badt. TP ar3BEIeE 0% 100io0lepgthowibh 45
créé%%l %za§§§n199é99 &PQQé&%E@%léﬁ%n7%5%§ 1gge09igure 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% (v/v)
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 crystale were obtained and imaged by
optical microscopy. The crystals obtained were found 'to be
between greater than 100 pm in length with a crystallization

yield of greater than 90%. 5See 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 OO

ig%%%%égg 00 405 100.00 100.00 100.00 89.15 1

¥ 100. 00 100. 00 92.25 100.00 435 108" 66$ﬂmywu55
100. 00 100. 00 94. 40 100.00 450 100.00 100.00 100. 00
95.96 100.00 465 100.00 100260 100. 00 98. 07 100. 00
480 100.00 100.00 100.00 99.07 100.00 495 100. 00
watlép. s HARED t0@he0 cdffeflfrattathA\MRE sk ytAbslko yield a

Phar macoki neti c study,using Spra - Dawl_ey s., A
1L R T GBS SGE B eOf hITET I e | y PP &bi(8) MorPH 8-6)
wa bl ¥&da&d ldde (ﬁ%aWcGﬂcéﬁEi:@EﬁérZ%fPE@(ﬁQ@ﬂ) heHthis solution,
prepared as set 5 forth in suspensi on maged

Prﬁﬁﬁﬁ‘%ﬁ%t%%]ef&tseub@uf‘@r{é%bswd ﬁnt%Eec‘mé%%a dv) was ad

Cr§9£§wecmﬁe>we&%t YrownebPVEesaNey Vel ettt £qQNM) I 86 the
was 200 grans. The 24 rats were separated into two

SOYRBIPR. SO B g dipailnePREsH BEIAR AT (IS FhCupsetate was
ob@ggﬁeﬁont'ﬂ{éﬂé}ﬂﬁ’tl\ég %ng:ﬂglqsﬂzgcxﬁg-ﬂé@%yl%%%ﬁg}s at¢ 37°c.

rats. Bl eed I Ngs were collected via a Jugu ar vein duct
Nepdpeahike atrydirades sigeei Phodinedreapdiinaged thyl wpsachl

mlgy‘gggég¥merﬁeo éﬂ%tal’smoggglﬁggql%r@f rog 3:oa@e i‘égsbghan 25

I'ven esi gn was
umuiadlehgtbrwknhta)duyaMaiﬂmzannqulyfhEdznﬁIgnqategubsens70’-
s anlnasg within groups were bled at noted tine
eﬁoFﬁ?B Fum sanpl es were then conpiled to form a

i near progressive tineline. Standard devi ations were
deternined by the variann@mﬁﬂﬁsemun1levels W thin

ets a en tine e.nmean_ of .that
odBTe: © Sefs bl BT Rl bl oeeo bl gt hd ov
PE@ﬂMMEDQbed.l dSntieeialag &thbhbléChGHndasEﬁﬂﬁﬂﬁrﬁd and
13-24 received a&gstal

] | i zed hGHlat a dose of %goag\?
CORSERTTERPARRS . IF YRR CFiTGurETBIF| L ust PRE T 15 Wowe Was
adfedh@ tReSEHHER@Sra-ed WUt BONueiohi 68 ﬁfﬁl&fﬁiﬁﬂﬁdlbb&oteln
and crystallized hGHd The 15 half-1ife of

th
comcptEPEL 9B dOF GHF VB ™) oL BoHED| 1 g 3 tBln washagded to
a &fi @l ¥BheehChhe T1He &f M@tmvihirehcABYI BUTMHGH ARpeARGE)

péf;ethylene 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 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 less than

50 um 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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20

the serumwas 4 hours for the crystallized hGH and 0.5
hours for the soluble hGH G ven that groups and
WOI38E06033¢ rats were treated with sol ubl e hG¥@@FUS2003/041545
crystal hGH at a concentration of 20 5.5 ng/m, dose
equal to 2.2 ng/kg, the Cmv&d ues, listed below in
Tabl e 6, show that hGH when delivered in crystalline
m 3.9 nt
bt g3k s Rk EE0 ol Uiy, e p R LS B ot pesore
be:AlgsequtthdebAhEedffcbntaipzsmmtellgves monub&H sol 2rfice The

rsus hGH i catli 25 t hat
sl sa Ve EnE FPhy CaBt i i 1o 0P Gt PR hpives and
theCleygleginat 2ati ¥As LerlOR4 \/mimeiem&mahcmbﬁt efl ppotdndih
the solyble and crystalline results, This gar anet

CONGEETERES™ H‘@aFPﬁ%dai‘ 34 O S00REFHPRE  t SFarERue q?x% Uv-vIs.

Thed CeH/tad 1 1 Hegpet 1 ¥k upsrof r 1 k900%r reduepbRatlaint B€ssolution
drug remaihs rn the serumfor |onger. The T90% 30

bufifesy|langd ¢Hst Araedse nraRER D Witddr np SrbRFEARLet pEOtein was
me L}&seto?l il ql_@,] Eﬁgg&ﬁg@é&lﬂ;s in elevated hGH | evel s for
si gni

i cant nger than the soluble form WD
[oqma/ oe@ggmtrpaﬁusmo’@mhqsitalls@traé@l &hg. sabepbihi bl

gRc ok FESHILE i 9] uBlkechieh a-
b R Rt R, cy ShASY PGPS (it PR ERLESOOY £ Jit! o
AcssErtan (&?g/RﬁG)-60m045000rnI@mi):mt$eﬁ G35 PEE76068/836mP3CacCl,,
o 5 7.9 14 16$383 0 .Téﬁ 66 4 6
% G0 /05 Bh6n BOCTAR PR THEe, Ap PEC-MIE2S000/ 125
mM pher xeEaaidanalsi @ Stindyiorsof tisidieorin ariystakl.i zadHEh@Hssolution
85 mM Ca- Acet at e/ 2% PEG 600 g
was measured as .a cumu atlve 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% DEG- 6% DEG- 6% DEG- 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) (Ex. 11) (Ex. 12) sulfate Acetate

(Ex. 13) (Ex. 14)
° 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

o3fbendhi24 1 159.19 69.50 13-16 2 236.64 7
?@- %80 z?g"é'&. 08 63.86 21-24 6 302.69 73.09 Feifbsonsonsss
----------- 13-16 8 193.22 23, 10 17-20 12 6.50 6.39

21-24 24 2.69 0.74 Total = 1386.379 WO 2004/ 060310
PCT/ US2003/ 041545 - 56 Tahle 6. Pharmacokinetic

paraméer s |baseg on|dat a7d.Bs | Tabl7esesd| and 5eSeb Ubl e 82.70
PSSR R N D B R
334 Y (hr) 0e4al AUCY-Q51) 28PA5PU72  (HgPRn/ md 195-70
éﬁg?%ﬁlgr g?gﬁ.g:}_s’ng ]Sb‘tr.)364 13 osEXAMPLE 1¥8.53[|0143)s.18
Char a"Ef)scri S 63720'#8?.” Gu: c?{é?c ina. I"é.sg‘lu Jtcl 2[/]' ?Qu'isgct T aigegsso
the anount!| of MGE2dryst 89-$8nrepnHPef0 ccor dihd8tlg 100.00
Efanpled 10 (85 gdvlx3dal ci pancadet ate, 02% (v/ vds REG 6000 . 00
o SO T T TS (PP B b, SLaeahted kit Momo.o
addi n§"a given a9mzaAnt oftop@tlani W0 -8l f at e Bhr27He ppYd-00
225 AfL 92.90 100.00 100.00 53.38 100.00
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
330 100.00 100.00 100.00 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
fo141] 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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exi sting cal cium hGH crystal solution. The ratios of

hGH to protamne (ng:ny) ratios are indicated in
MW@emeoch310 The graph illustrates that protanmpagus2003/041545
significantly affects dissolution of hGH crystals. 15
EXAVPLE 18 [0144] Crystalld zati-on of hGHd with sodi um
acetate. Fbre a frozen bul k feed sol ution of sol uble

r ecorrbl nant r oduc hGH obt ai ned, from
ratbao STEHREIY RIS FRONE. LI Bu20r (R meLant

at %ﬁgeéhépé?éf\ﬁieci r&nﬂé’%ﬁ.tnt@—%@éﬁlﬁoladh:h Sepestat € Due to the
anal yses of rhGH derived fromE.. coli andr%least stock
limdspdt pBpnt reSiieaf iablndA RavPREYPhBTsangtven time point,

a 1%5%55%%%'&@&[ @QQ Slbi gt Yer%E‘aEBCﬂ\ﬁﬁ.hﬁéiIQ%nlmal
irrespective of Its source. A%proxwrately 3.3 WO
stazs@@zlmcsos@@swmfsmmm in gyoups yPeve dpledy/aR noted

heH, b f inear
t:m{@egalgé SuDQé}:Srg ééhﬁ%%]e Ll{fhe%r ):O%GE.QQV\ESI fcgz!:hG'é 11

sol uti on was Gsi ng a1 desal ting
proekesshve stuppél ke by BigRkedd Eevdattionsanwpre d@%ﬂrmﬂgled by

th | t d t {
they R SBPE TP T CERRIN (RO TN 6 CpETB O p e e AE e P Ao e
poMAs f&banthéaﬂedna@ﬂ amémvmﬂastem .entsere Ttabéeso&uﬁm by
o, A S e L L s
an:L 2.% %gdgq rgée%v@ii efvihe desad tlﬁﬁ-l raQGé Wageebit §@|o nug each

|l ecte ConcentTation by centrifugation was
anidrae‘ln perforrred using a 10 M1 Ilipore concentrator (MACO

000) 00 _r - 1 N, h entrati
offeites) iR T T PR el RBgeu BLL60 2o o
fustsivrbafceiak 28@ hht0s8lB)d amy rdry=®adlA28ed=hCig8]13The

s EECRIEE 4B Ll SLYEL S G M 300 s chan

t hia-Gc A 1le0 hkmal The tﬁme:eﬂt r\aticﬁnsna)flnﬂ.ﬁOhGN/l appeared in

g S9N PRl BEBES) OROREBIT T T bh LA La TP O prours for

£h8 Ok AU Mg .t h@'iv@hxeﬂale@fcblypﬁmhd neutaaited oft r38€ were
for 12-16 hours.. Needl e- or rod-1jke crystals wer

tropted el fP Ll ubkeg BFRWPERCTERF I ST alBR aﬁﬁ’&’cfé%fatﬂ’ﬂ’é of

5.6/ ¥§hd S d&!&%@{da‘l 20 henghy/ koM repeXivahRlsy 2ik0ed below
e

25 m After c ugi ng and elleting the cr¥LstaIs
int Babbeifer rﬁi’tca‘htth%sh%%t P"Héﬂeﬁegﬁtﬂer‘ed 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 Tges
indicate that the drug remains in the serum for longer. The Tgps
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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13-16 2 236. 64 75.70

17-20 4 334.08 63.86

21-24 6 302.69 73.09
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17-20 12 6.50 6.39

21-24 24 2.69 0.74

Total = | 1386.379
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i oni c polymer additive (polyarginine). Here, a frozen
bul k feed solution of soluble reconbinantly-produced
hGH (rhGH) was obtained fromtwo stocks 15 one
derived fromE. coli (NO‘E&AMPS-E amd t he ot her from

t Lucky Gol d
ol et n A o7 Dosahrh e Eberd G Rarnit I e

chéPLH]EéPPsHPc% RIH hired YskRds. a ﬁg&éielsmlmm@t&atuanthe
supplied by Biorad. Prior to sanple |oadi

|
amgehtnet VW CBNEERLENBICBF AR SAFFRFIIE ¢ Lﬁﬁ%“w&?hlﬂo (85 mt
ca?g d;[ecf?a'z‘gl ((;JIQ) MVkcPEb 80 Odnd o rnbﬁiﬁ%rmb@ WBE 8.6)

nd allowed to enter the colum o
dlgsawegt aﬂtrecrerl hmugcamphgtr-ﬁ@ iRrdissareean b&fffer at 37°C

Luanks; a0og fo the- Hileditd & chaSpre-
afgﬁgn égldn%l %61'3’ ?ﬁ %"{‘&n}% g?}t:aéﬁd[ "R was el uted &
ex&Bdlngl tattiadn rmn@acmsrcath anlbylevent rTReigaating wiEs hCH to
~_then.25 perforyed U.SI N t ( h
oT0e030F K0 S50 TR o 0 R e i ot fog 5o
11thh€HtHﬁSthattﬂnbuamnme @fignificantly affects dissolution of

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
resulted in rhGH having the same crystallization and solubility

characteristics irrespective of its source. Approximately 3.3
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30- nmg/ M as neasured by absorbance at 280 nm 0. 813(|
mg/ M hGH A280 = 0.813 absorbance units). Crystals

WP 200d40epatD by addi ng 1M Tris-HCL (pH 8.6), 50%CT/US2003/041545
PEG 6000 and 1M Ca-acetate to the rhGH4, 30 30 ng/mn
stock preparation so that a $7nal concentration of 15
nmg/m rhGH, 100 mM Tris-HCL(pH 8.6), 2% v/v) PEG 6000

a 5 tate 0bt ai_n I
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coﬁ&ﬂlﬁird}ﬁidalﬁﬁr andheagt £hé ugbNgnand cipeld ahl ag trbes-nCcl (10 mM,
crystals, stallization yield was neasured_as

ApHg{?é)c‘?t er Tt}'ﬁ‘a rh8HosarRee YIS tiHIen 1Qided arcoahéorsdnkr enter

thé@lcSLdBRES @&%@% bet yeedr IBaAHVEIRC UMt rhedli £Rfee ml of

i ncreased stallization tinme and reduced yield.

eluw&erar@t;k@fra OzEdi 8A 19i®f dTuiks et &FhiPnédWpgethen added.
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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
liguor (250 mM 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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G oup # Sanple' Sanple Dose Regi nen or Test
Descr t|on # of Dose Level Rats (ng/rat/week
B&Buffer in Water 100 | once 1 sol ubl %CPH?NO?’/O“S"S

InJectlon 3 -- daily over 7_Vehicle (WI)b days WO

2004/ 060310 PCTI US2003/ 041548 61 Commercially 100 |

once 2 Daily available hGHin 9 1.05 daily over 7
wasSgbnbé«eeaAFl ']d’ﬂé/?pro(t]ai& g/ aﬁ@iiseee Exatid efo0 ThGHOGOl

once , on da
PTogaftre %Hlk ?ﬁfﬁé‘% R}&gﬁi éori] 8‘@‘9 ’@qﬁ“gﬂ?& ity rher €0
pol%l]rginiﬁe %&% etii Ofing :7RY .Exanpke 13ti68 ér@mmlcx(lzd:ed to be

, on 1 djlut d Ca- Ace
ro161 xRRboR h MBETRITALEIS 14 -PES, FRE. ERGioTPinp and
app%'b!x‘i&xﬁel i Dj @Cééﬁrfoxf Ha Q)flyﬁalir?ﬂnﬂhét antine abovﬁe hGH

100 once on day
peldieftst wgneahqm%gqmpwét die sg@meméeﬁa *Pnghs ipﬁy%oprlate mother

liquor 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 ﬁpon

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 xrpm 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 liguor containing
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Mot her Liquor 2e 1:1 prior to injection) Mother
Li quors 100 | once 7 Vehicle from Goups 3, 4, 3 -- on

dodf 2d04/0603Rf Mot her Liquor 100 it once 8 Vehi
Goup 9 3 on day 1 See Exanple 21 100 | once%?yfﬁda%‘us“s

mg/m, on day 1 dilution and,gentle m xing
Ca- Acetate, with Mother 9 P Liquor Id 9 1.05
Pol yarginine 1:1 prior to injection, ratio of
deidrGHgsb Wpdegi nBRel mM 1iaHPOa ANRHSRpPEs6 wer 0 st med mat Zinc-

4 C an rLmed room.t erat I EN :
acdhat R ARk h 0T FOR AT ot BBl T oMb propetn
indi0 iiM NegHPOSMNamRd, | (BRE.I10N I mhe tbhtutnodncededhen mixed
ge%ﬁﬁ%%%pf&gyﬁ%%%ﬁg/ﬁ#fig%;gggPngi% Ebgrgg/nﬁexagon—like
crySamenginl loptadackakhaghdl Dhtaidwd frcaimaBesakenately 2 to

Ltd., Australia. db5nM CaOA¢c, 4% PEG 6000, 0.025.M .

25 g¥ci e {GFH O8I T YSLRY/ AR PSR A ER60 SryPRALS the
suPeEROSEt WA R&taetalieandaHER¥ {10H Atlbn BiBaRokasf A

single formulation vehicle defined in d was used as a

megapred T ULy 85%al | of these groups. 10 [0150]
Upon arrival, 80 fenmal e Sprague-Dawl ey rats, wei ghing
approxi mately 150 grans 25 g and bei ng approxi mately
4-6 weeks old, were indiBXPYEAEl $lhoused under

[oiggyo' | &g, condi £10n%,\02H04/ 9%9131&? SR/ Q41045
- (approximate tenperature 21 3C, relative
compiregtatyornQof 209hcilén Hesuws thi ghtiarmebl2ndowdsiitive

ARG ST 0L REh B 5 S el onnns
recombinantly-produced hGH (rhGH) was obtained from two stocks -
one derived from E. coli (Novartis) and the other from yeast
(Lucky Gold). Approximately 3.5 ml (12 mg/ml rhGH in Tris-HC1l
(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-HCl1 (10 mM, pH 8.0). 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
Tris-HCl 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
A280 = 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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to Table 7. The test conpourgls were administered once
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WeTe, (TE 15S l%eifer%}wa%d’e&tw&e 35 mYgC 3%0161800 i

rrioWE f QP @wighg IsI%J epti@romon LBay 4.2 Bloped panphesihied) so
rats in _groups 2, 3, 4 and 9 (each having 9 rats per
thafy qufinedr €omerkepticumf \Addw /it ¢33 C@rlsabl@ sheH Perystals

0 GRl 1,86t LophERe
wad S S R ProERh o R R, T ok Satone

po¥yargithass ewen G :dudsgt mal . 4 Tigxe g@tam@ P68 Ralrslaped to be

moié attlos ‘tc!H a% %Qa%gtgiﬁay:q%%{lee TS Wérog.gggélnlne. The

Ctl on on

abdquandam pdddta:meohomugmlwtﬁmsmenﬁeﬂl @ﬁ. the
anesthetized rats through the.orbital smuEl R
2PREPREEI R THFIBD NIGHET afARr IRTRATSH (I G tsat 2-8°C before

bew%at@fﬁfugwmoe%b\aa&ﬁ L hesnaaiddd fylaadat The
approxi matel’y 4C and serumrecovered and stored

SUPSERTFALEHIRPE LPYOUPIpRnerthe pa&%ﬁﬁn% &% -§isRepded in
th@ngarhg: AL hEY Qllﬁquo\éow?tggéﬁg(s.{)gﬂ-pc Pﬁdfﬁ%@%n@“%@é@ed at 4°c.

0153] Serum sanples were then conpiled and in the
case of groups 2, 3, 4. and 9, a linear progressive

tinmeline was forned. St%gggEEEdg yi ations were

determ ned by the varian l evels within
[03&bbet s Bhammapolsingtire apdi phatmaapdywamie s tofdys ofhat
su.%cu%aneous_‘?yTgl lle J.s%er%daﬂgHFngyﬁS Q’Béigl§§rm1e§y§]asts 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

a .
Groxsz #: Sample Dessca:flteion # of Dose Level Dose Regimen
or les P Rats (mg/rat/week)
Compound
Buffer in Water 100 pl once
1 SOll_"ble for Injection 3 - daily over 7
Vehicle (WFI)®

days
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parti
accor

cul ar
ding to the

rhGH are shown when adm ni stered
crystalline formul ation.
st udy pr ot ocol

in a

Ani mal s were bl ed
at specific tine

@ Rbsodosoat i ve to dosing. The results cl earl ycr/us2003/041545

indicate that a difference exists between the 10
absorption of conplexed crys¢alline material (e.g.,
protam ne and pol y-argini ne) and non-conpl exed
Pr\]/gta_]_l__j_n,e_f_g_[_r feléél:;l g- CaQAC—anrd—ZnQAC n -
Tabl @ 8. _hGH ani|f8 L okinetic $t udy resul s once
@ ouq ZSoﬁ Ly @F ﬁ mal's| Bleed Avetdge Staniar Thye 7
Ti me |hGH 1 n Devi atll,gmg/lﬁhr) serum (ng/m) Al 00O
TI-3'] 126062 18 -daeélExﬁﬁéledeo +4-0 8 2 1-3 24 1:’1800 pul once
258 |[4-6 32 3 1| 1904810 0 1-B 72 1098 40 4-6{96 @ day 1
0 7-19 120 1355 |3dputignjanggg 0 D L Total = 5174|15 WO
2004/ |06T3EL-AET/ |9S b%?sl“g&lf@% - &4 |Table.® hGH
: Mot A
ani mgl  ph&Ffracokif érC study rksultd for G oup 3
Ca- Aclet ate, PEG ng Bl eed Average Standard Tine
hGH ijn Devi ati on m@b&aloﬁerum (ng/m) | All 0 0.0010.00
I-3 0.5 192/ 771 see Example 13 100 pl once
(21 mg/ml, on day 1
dilution and
gentle mixing
4 ca_p;cEec::,ate' with Mother 9 1.05
Protamine quuorll
1:1 prior to
injection, ratio
of rhGH:protamine
= 5:1)
See Example 20 100 pl once
(21 mg/ml, on day 1
dilution and
5 zn-Acetate | gentle mixing 3 1.05
: Mother Liquor 2°
1:1 prior to
injection)
Mother Liquors 100 pl once
7 Vehicle froT Groups 3, 4, 3 -- on day 1
& 5
. Mother Liguor 100 ul once
8 Vehicle from Group 9 3 o onlgay 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.

"Buffer comprises 7.5 mg/ml D-mannitol,

12 mg/ml sucrose.

‘Commercially-available hGH obtained from BesaGen Ltd., Australia.

4smM CaOAc,

4% PEG-6000,

°Zinc-acetate, NaH,PO, (pH 6.1), Ethanol.
‘A single formulation vehicle defined in d was used as a vehicle control for all of these groups.

[0150]

Upon arrival,

0.025 M glycine (pH 8.6), 15 mg/wml D-mannitol,

60 mg/ml sucrose.

80 female Sprague-Dawley rats, weighing

approximately 150 grams x 25 g and being approximately 4-6 weeks

0ld, were individually housed under controlled conditions
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4-6 4 5204 1040 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

W Hdodoceflo 7-9 120 0.00 0.00 Al 168 0.00 O.

= 8542 Tabl e 10. hGH ani mal pharmacoki netic S?gg;}gﬂbﬁéuscxs

results for Goup 4. Ca-Aceiqate, PEG Protam ne

Ani mal s Bl eed Average Standard Tine hGH in Deviation

(hr) serum(ng/m) Al 0 0.00 0.00 1-3 0.5 0.00 0.00
(apprexjmgge 27empepaigugs 21385 3°¢C, 3related BB ALY 592+ 20%, 12

od3P2f8y e T APl Bock S0y i, 2005

alPCHald§2808£04164b) HAd Jialdre abbesisGHoapumafied water and
RIS g T B RO LA e
allowed to acclimate to the enviromment for one week prior to
testing.

[0151] 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 suspension
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 inté 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 CO,/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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(ng/m) Al 00.00 0.001 4 2417 767 2 32 1 1 3 96
OO0 Al 168 0 0 Total = 2418 Table 12. hGH ani nal
85? macoki netic study results for Goup 9:

RELPAP8, Pol yarginine r Aninals Bl eed Aver BgEUS2003/041543
Standard Tinme hGH in Deviation (hr) serum (ng/m)
All 00.00 0.00 1-3 1 502°753 2-6 4 846 102 7-9 8
1036 448 1-3 24 634 462 4-6 32 543 168 7-9 48 407

[OJ].@.‘QI 1- Behtind Rmpies 6. tQLQerQ Enpil-<fd b2d @n0Bh8. 88se of
168 0.00 0.0 Total = 3980 5 Table 13.

9r<mpm rRacoki fetid Sar ambLBeaT HRERHCIES it £ 1Me1$8E| was formed.

St&é&@%%t%@g%eggr dez,t&:miﬁ‘&ﬁ gy the v(a'iﬁ)anc@abﬁﬁ serum
2:Daily soluble 7 mg/ kg 1262.70°1 3:Ca-Acetate, 6.7

lengl & gv 8203 %mﬁetlBE@Ma(ElSﬂ@@t%&%e B intg/ey thegnan got
th@géu%egcg Z{neééee %%ﬂeécgt ff[‘% 3%1(?% F@ﬂ@ %416 Blrfm levels
(ng/ml) of rhGH 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




WD 2004/ 060310 PCT/ US2003/ 041545 66 Pol yargi ni ne
[ 01543 The wei ght of each rat was neasured and

wo'66RIc6ieg prior

agal n on each subsequent

subtracting the wei ght of Da
from eabdbles fhsed@Enandnsl (phagracekingtda

to injection on Day 1 of thﬁ;ﬁ{]m(y;,/gams

nor ni ng of the study prior
to bleed tine. Accordinglygsweight 5 gain or |oss of
each rat wi thin each group was cal cul ated by

1 (prior to injection)

iSEEY Wi ght

aver ages fxgswllts foat é"wwg@al cul at ed

for each day._These results are provi dpd In Tabl e 14.
10 Tabl e 14] MERghl GMH qr AT, epI N

Sprague-Daw ey rat$ (gEang) 'g'l%;p Dy ~1-33 2 Day 3
Day 4 Day 5|Day 6 DPay 7/ Dgy m10-331100-0.02
-4.78-6.82-9A1q4-74@ 6.82 3.53 5.07 7.06
7.86 12.69 309397412 08°L.°5': 2 07%133 2.02 4
0 6.10 9.25 5 J86 1]15°F o4 5 0198, P05 1010. 09 1. 40
-0.48 0.01 {1.4% -2.224-0.195 £,k 3.96;00062 1.39 1.70
2.09 1.24 213781 -4815 -0.27 - 11 42°0.851-0.82 -1.16
0.61 9 0 417 848 g8 81 8. 09 84%%hi 7 31 83100 [0155]
Tabl e 14 and Figuré 198 il|l ustratwel t he saedn- day
effect of adm fiesteri i@ a |Si nglheogdpse (Pay |1) of
crystals 15 agmprgingsto fhi s i nventi on as conpared
with that of—adpi-Hi c*m' ag—a—dal H—dosd-%8

commerci al | y- a%/al | abl € hGH. For.o®exanpl .90Hi gure 19B
denonstrateg the& dal c3%um crystabs| of hgHo |conpl exed
W th pol yar gimkTye gchiigyes| a wei gnf gai n conparable to
that of the |daily—dolyble Hose W h—orty-Gne dosage
over the 20 saﬁ%e tilme "peribd. lonoeonpar PP t he wei ght
gai ned and tijhe regpetetve|rel gase|profilesf of rhGH in
serum it is evident that the fonger-releasing

pol yargi nine fornmul ation correlates with a
sustabned vel qmd ardmadepbhhimgadkhindd @ A6 @EEQLl s

nore

PCT/ US20086 04y 4-: @4-AEXANPEE PBG, Protamine

Animals Bleed Average Standard
Time hGH in Deviation

(hx) serum

(ng/ml)
ALl 0 0.00 0.00
1-3 0.5 0.00 0.00
4-6 ¢ 38 27
7-9 8 961 385
1-3 24 1468 357
4-6 32 192 73
79 48 190 266
1-3 72 o 0
4-6 96 0 o
7-9 120 0 0
All 168 0 0

Total = 2849




[ 0156] Conparative pharmacodynanmi c studies in female
juvenil e cynonol ogous nonkeys. The goal of this study
woOMdB/d60318SSess the 5 in vivo pharnacoki netigcmpgbislogisss
of crystal-line reconbi nant human growth hornone
(rhGH) when adm ni stered ggbcutaneously to female
cynonol ogous nonkeys. These data were generated in

order to_establjsh a | for control l, ed el ease of
cryst P2 HLNACEA wWeEght gai n
as a functi t Y £ ase. Table
15. Study signf{or—Prinat 8 Stuehes—E—Adm ni strati on
Dose Level | BB bosdy froelr &?rag JUQ,SG anp| e of Dose
(nmg/ kg) Concentrati ogydol upe s # (hour) (my/m)
(m/kg) (Female) |Daily O, 2(4lg/na.B 72, 0.8/ 3.2 0.25 4
Sol ubl ea 9¢, AAC, 144 oNa- Acet atoeoo) 0.25# 2 PEG 5.6
22. 4 pol yargraineb—Ng=—Acetate; D254 PEG 5.6
22. 4 protamne "Comerciglly %gﬁ@_l_am_éﬂlw (sol ubl e,
uncrystal | ijzec® folm) Was opt ai ned1{rom Nowprtis and
diafiltered 1 WI[. (eeup [l (posieive comrol)

recei ved sql ublle HGH ¥8 eath of the admgistration
days. 15 ' $eeExanpkesils and L9 1 or preparation.

“All doses L iveredaftert 288ty —bleed. [0157]

Twel ve femal e juvenil e cynonol ogous nonkeys were
di

b0t " R NGl PS8Rk DRYL n&%&e@;;ﬂ@l for
rhGH (GOUp—ﬁg—Rst > bm FreryStat h PEG and

pol yar gi pae—{a-o4p 1ee@,b MG BBeget U SEaUAALES| 18 and
19) or sodium crystalgqnef rihGawhh |Phésiatgbn prot ami ne
(G oup 3, according terkExanpl eerdB and 19). The
nonkeys, {rangi ng flrom 2-6 Kg (/%] 7 years
of age at| 25a%lhe gnset9of tireat ngndo | Wer eol dj vi dual | y
housed i st@INTEJS Sieel [cages equ pped wWih an
aut omat i ¢—wat-er--pg—systemer—watet otttes—{The
ani mal rdom énVvirdnment was, contrétded (apPtoxi mately
213C, 30-70%humidity, 812 hours hbghl and i2s

1-3 24 634 462

4-6 32 543 168

7-9 48 407 169

1-3 72 9 0

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/ml1) Tpax {(BT)
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




WO 2004/ 060310 PCTI US2003/ 041545 - 68 hours darkness
in each 24-hour period, and 12-20 air changes per
woup4/oa0sdo t wi ce daily, the nonkeys were fed apGl/eswdesod1545
certified comercial primte chow (Harlan Tekl ad _
Certified Primate Diet #2066Cr. 5 [0158] This primate
study was conducted in order to neasure and conpare

AR n- et —sotubte—rheHCGroup—D —sodirum
crystals of rhGH with PEG and pol yargi ni ne (G oup 2) '
[01541d sodihenweriyhtabs efchrh@H wis meEERAY apdorgrpnded prior
(G oup 3). Body weigh were.10 rec ed for I :
to hﬁ‘?@f&o % P sflePgahgep? %?yt%mgo%z%‘gl Sh glh Frpggauent

morhigly Cot athd st eridbrabevele8iopimsami@®rdingly, weight
(approximately 1 m) were collected fron1ea&h ﬁghnglb

gainjartIrsT @fore@ch BrkcHEPin P2l pRERRIS AR TG EiES BY

LOE e dRYSHE2L8, Dad20, (Bridr #o iMjedbicH), £24m each
Subgg, 7%%596f5120%'144,.16g, 19 216, 240, 264, 288 15
subaaduel?. dBf oMt igxs teoLnaeekdonht o Yeigl wufpsagssHdor all

u i t s 8ARER at B £ 5O e 30k 4Rl NURS ! @esults
rattgl gt\?vh%:%lg%tgﬁog%p 3%3:@ centrifuged at e2 8C fc})crn 10
arenpaotvidedt i3 b Yeprh4 -Each serum sanple was split into

a 100 | aliquot and remai ning aliquot, both of which
were stored at -70 10C prior to analysis. 20..

Typi cal | ygphhe; smal 810G d il dukissvperugad f6r rhGH
determn a -pagf ey’ SHBRENAGFaMES USE or
| G~-1 determ natTom. WET € SOMe exceptions, due

Grbdp VOLETE Of 02y 8P GAYES Parged. | [BEy58] | Gyl ec{ethy 7 | Day 8

for L
:prlnwganp!eg wer-a-t+ hep—ankRalvzedtfo

al vz Lo ¥
T oy ZCUui Ul LI y4xe)

tondentoatilon3(see Talfloe 1630.-9Appr ohBat e-@i8R Ut i ohd2 | -7-45

nerg magle |to, rAGH cepnizent ratidns tshat 1ellooulsides 12.69

e [standarjd val ue[ range} Al val yes. wer eql to
abiain Bn i didunt>pds e TS B Mool Mo | 200

—pef—afttren avetrage—oackKygnoumna

fevel ob prinate GH oM s p&r8@ani mil:-Taver 3gd5  \had-01 6.20

Subt racted fromshe sequm | avaks | measir ¢d-aluieachza td2ng -0.95
SgTop Thal fegt suplgcl, heg cpriected valugs | 5.1,

per—tme—potrt—rere—tHenravetrageoa—to optarT a

8orrlct ed nbare-88 | hemi27n| sek b | S-Bhddr dOd2r dr st 0.61
Phen| calycul pt edh-by| usi g $t andar d devp atji eniooff thex 10.00

torrected nean and divided by the square root of N=4.
[Oyg%FOO4G233%1?4PSIEU§§88§Aof%g4galustrate 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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69 - Tabl e
sol ubl e),
rhC}V

WA

Err.

(ng/m)
43 -5

16.
2 (sodium

Wgt g,

rhGH [ evel s for groups 1 (daily

. rhGH pol yargi ni ne) and 3 (sodi um

rotam ne) Tine Group 1 -

St

in Average daily Err.
Average sodi um Err.
r hGH pol yar gi ni ne,

hrs sol

r hGH profdnine,
-216 4 7 -4 7 -

21

d. Goup 2 -
Aver ag eP%UH$2l9?1’/°41545
uble rhGH

(ng/m) (ng/nl) -

-120 8 9 7 5 7 9 0 343 65
9 2372 48 -6 6 1 13 4 262 37 11 9 20 12 6

205 45 85 45 94 35 8 132 29 186_93 159 57 10 18 37
409 202 381 189 24 -14

3333 37 48

[01336216c6

ardtive
6 13 2 11 144 -

ahasdd

13 -6

-7 8 178

ah8c 9b6udfed 2 fdnalle lidvenile
10 3 13 168 10 11

cynomod ogug 1monkegys .11 The Foplpof thig syuly wap o gsgess the
da ]:.I']:.I'l ne8& = élfl§) i$aht4 human

240

in ¥79p 9

1

ot dbehdd, B0

value is th

e .

grtharagemnaeuermmmmnwhenuaﬂmlglshareﬁa%um@%#amﬁﬁuﬁlwu§o female
dradN&o

st ed
eyl g

monfene Stedt Wi Reg

Ogg?]%ﬁ%ég%i %gu;r S.

esta3186h Ei gudel 20dr i ddnistaldteets refeabevef ofystrd ine rhGH in

serum aftS basel j ne adj.ust nent .
blaqdre ST ah sf‘PBrwe r1?:){_11 i ay gngugét%altng% Sfiglllne
rhdPAs el pharnacokinetic parameters based on data

in Table 16

Table 15. Study Design for Primate Studies I
Gro Administration Dose Level Dose " Dose Number of
#up Sample of Dose® (mg/Xkg) Concentration | Volume Animals
(hour) g/%9 (mg /ml) (ml/kg) | (Female)
Daily 0, 24, 48, 72, 0.25 4
1 Soluble® 96, 120, 144 0.8 3.2
Na-Acetate, 0 ) 0.25 4
2 PEG, 5.6 22.4
polyarginineb
Na-Acetate, 0 0.25 4
3 PEG, 5.6 22.4
protamlneb

‘Commerclally available hGH (soluble, uncrystallized form) was obtained from Novartis and

diafiltered in WFI.

administration days.
bgee Examples 18 and 19 for preparation.
°A11 doses were delivered after daily bleed.

[0157]

Group 1 (poaitive control) received soluble hGH on each of the

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.

(approximately 21:3°C,

30-70% humidity,

The animal room environment was controlled

12 hours light and 12
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Goup 1' Goup 2 Goup 3 Dose Anount (ng) 3.2 22.4

22.4 Dosage (ng/kg) 0.8 5.6 5.6 C,,,ax (ng/m) 372
WOR0GBK031T, , ,a. (hr) 2 10 10 AUC (0-t) 4570 BESOBSBdEnR1545
(ng.hr.kg/m .nmg) T901 (hr) 20 74 77

"Commerci al | y-avai |l abl e h@HeBsel ubl e, uncrystallized
forrr) was diafiltered in WRl. Group 1 (positive

oo QbS5 Gl Rl UL 0 080 S sl changes per
houd&nﬁméttmicﬁs dahaly t et mnfﬁkairs wherd fedxa mlmriuﬁh:‘d certified
appeared in the seru T O0.hours, for_the
comIBPa S b BT o o Bl E R AP BT S G a4 Fidee Diet
#2of_=,gt: the protam ne conpl exed sodi umcrystal hGH and 2

s for, the WO 2004/ 060310 PCT/ US2003/ 041545 -
101331 Lo cPhid PEVRES (ESGH VRS COPABTLoRa Gkhag (o, ARaguTe

andaboaabzw sdhen dase it bheogEY sEahcardghal stral i Mer the
Chrax values listed above in Table 17 show that hGH
admimdatdetiorreld solwilehahGlf (BreuPcdhpl eR@HIE repststalisnet

rhé@%%h%ﬁ@'éﬁ&?ﬁ%a %l:l.ch t(&?ohﬁ'ﬁ agné S&A MR crystals of

concentration dition, a T90% val ue has
rhG¥eon thcBEG uhd erdrcmﬂmltme §@bubl é) angogdy ywe idhthewere

o Fe T B, B heek S S0bLE (e cn cho

tlmmhdxedtedyism dtdbIee fsoraeyewer Bldddandmples htapmsoximately
ective se results _cl.ea sh at Q .
e et SETER O R SFeGatt ViR BBy PR g rachial

_or | seypelesiofliar ve 5hooh ftiganidnnine@oer thges-bhap tiwmd, af, 2, 4,

the soluble form In addition to determ nati on

BBt onTh at Ym0t Tkt 16he RSl TLE) 1440y 28k, 268

and"@'iZal S@818BaSWEL8U-EB1 & ddiNGhitdN sefrunt bggargyiﬁ@alﬁlﬁé@g left
the production of IG~1, the efficacy of 15 rhGH was

at FQA8Y CATREFALTAD| £°1 83 bed oW 6R £9{ péLpireforting, and

cerPONGRIYHaLE0DBSg4@ f ANIIFR IS nliBe & QPS040 3rpif) glﬂa%hZQErum
I'lTustrates that follow ng baseline subtraction of

sampidogeospl it GEntol aev:E(bGs , L1c eiplomodd a@ldys"Emhanmg aliquot,
fornul ati ons have nstrated _the abijlit

both j4fy "HiEh HETe FE‘PE% fcorifartati®eC2BT L8  d ‘?I%Pasléﬁs&k?l e
Tyfpéglriﬁt rt?lte' Qﬁéuﬁleﬁo rﬁ Lgltﬁ;udtn WA RUEBRor rheH

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.
Standard 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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15

pri mates,
i nvention

WY} 39P4/Qep318f f | cacy i n

for G oup,

humans.
Dai |y sol ubl e,

Tabl e 18.

indicate that formul ations according to this
may be advant ageously used to achieve

| GF- PCT/8328034041545

sodi-um 25 rhGH pol yar gi ni ne

and Sodi um rhGH protanine $nme Goup 1 - Std. Goup 2

- Std. Goup 3 -

Std..

in Average daily Err.

Qdijm EE:BGH’“\Y&G@E& %d ,

Aver age

Erl (&Hfﬁ %bngfejc;ﬁj-sodlum

-120
Time U.[0O dﬁm%.é4 16 stidl D 0] 4&nﬁﬁiﬁlb8 188 - 7490 3 2 3 std.
in _ Ly . Err- Erx.
32 1‘61@}; v 56 165 4 2:%2322 - AT 191 P20 Torn o637
45 |- 28 4ndel - 19 96 8 122 AbA 170 -66 119 d@10
-2163 |- 491 219 4496 24 130 130 -106 278 2281214 A8 446 1
_lzp'r\ A0 A DA a4 B lapsa \A‘\g:\:f\‘;T:f\ﬂ::: :7 .:_.: \::,Iﬂ‘ﬁu‘:ﬁrﬁ 9
o0 1164244195 1164 Ws 20047 060310 EBGTIHUS20037 041545: 5
271 | 77 414 OB872448 2248340 207 96 AR5 1141402 67 41 13
49492 19N E9A 262 oA 1334 non a1p AWl ARp99 4 o 1a0&0 i2
il 1TZ U 9oZ53(s FOF LigY OIJZ Z1I0 Lt UOUs PO \.)I‘-i- J.O@.; 35
839/ 137 16818306 872 ZbH 191 240 T Ak | 1923438 /1 3569 57
10134l 227 1653  Dlg 2898 37 1655 109 119 146202040 210 63§ 189
24, o r 2 alb oo o A T T oabaf it U T P33 37
—aglIT7 5793 1445126416367 88§ 78l 3& 2 11236 43
72243 085 207 208 1 312 1128 175 79 1207’86 1249 (Note: | (GBS 18
8, biae Ara rAaF ol o e 12 14 1 1 o 2L 13
T A CS—ar T 1T G CU ag r1c—avcl aytT yaluqn Cdl CUT aUTdl 11
143 Ofn 4 ani nal Ss ff hat fidve been based | ne 1adj ust ed 3 13
168 o 4\4_&' o e l’\ﬂel&' Lnp RBacpol i Al 1o AU~ Avar nnr\‘lt\F 11
192 T I\.; T oo l:iil ? Uuutol LA Y] .uuq\.,l T II3.¢‘I E=J |2llb AV U1 uyC(’\Jl 7
2yvdl ges_dt [ =13 210, - kAU and U NOURs|] o iI=EXAVPLE Z4 o 6
240 1 5 18 14 31 12
264 8 3 20 5 | 17 11
288 -15 8 1 4 17 11
"312 4 7 1 5 8 17

Note: rhGH value is the average value from 4 animals that has been baseline adjusted,

i.e., value minus baseline.

hours.
[0160]
after baseline adjustment,
Groups 1, 2 and 3.
Table 17.

Baseline is the average of values at t =

-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

-120 and 0

Group 1° Group 2 Group 3
Dose Amount (mg) 3.2 22.4 22.4
Dosage (mg/kg) 0.8 5.6 5.6
Crax (ng/ml) 372 409 381
Tmax (BT) 2 10 10
AUC (0-t) 4570 3503 3455
(ng.hr.kg/ml.mg)
Toor (hT) 20 74 77
“Commercially-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 (Tmax) 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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[0163] Conparative pharmacodynanmic studies in female
juvenil e cynonol ogous nonkeys with different

P @b3dsREsi@t | 0S.- The goal of this study was II(,OI"/US2003/041545
assess the 1 n vivo pharmacoki netic profile

crystal l'i ne reconbi nant hunan, growt h hor none (rhGH)

when 10 adm ni stered subcutaneously to fenale

inonnlogous nonke These data were generat.ed
5@

S.
dlelte theit uweﬁhég@f%éthet peduble hEHt d?elééf&r'fﬁﬁw at 1/7th

thGhb0e REOLAM Re Q@§1 %ﬁlhgsct%tt&ehbedtmelag,gerames Listed
crystalline rh G}y serum and for weight gain
ahoveumtmiteofncsy@vratphlaﬁqél%@h%ﬁség‘éera% ThsHERes. %ot the

%%fékggnéﬂ}stglli%{ef Pértﬁé | SRS FSlddk 8§ i‘éd@@bﬂhe initial
ni stration Dose Level Dose Dose Nunber of
sganpl ecntemusd iongsrFe Contemddtiion vl Tre m‘w‘fmhés been

) Feonal lhy 28up &8, Th, Toos
%H%g&étéggfscg% l}é’ll%ggé:!fgi)lé 2%:5@1 &%ll n@ Rla A%g;t atTe '6‘ for
CEFoRB 4. PG, sA yplet AatTe B 2D, hPur(sa Y?Br%SA'&ﬁ Few, for
CQ:(ngl rCI a% EPE(E‘he cggﬁge%e@rMﬂQJ_n(aZféms, were 74 and 77

-avai | e hGH (sol ubl e uncrgstalllzed
rfomms) msp@@twaie'd f FbasRiovadud s aﬁ@aréhfaﬁ PY et ithe

comple ? %%éﬁqsig | 8 -HONLESh)E ﬁp%l‘é%gtéel ek e dfdls for

on *éac m ni stration days Exanpl es 18

‘i iFA chot 1pr byregeat itames20ham| thatoses t\n@r goyuble ez -

fgfﬁ%{}edal &X Q&(%%jlon[ Q%6é]5tgﬁnfﬂé%r? c:rit lé@f‘ulnl coﬁ&@ntratlons

femal e j'uveni I'e cynonol ogous nonkeys descri bed
¢ Here , mithe - Bevely df iSFe 1dives dedlso imgasuredeasgpofigrction of

h hay lca o]
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|un1crystals of

PEGusinchtes that following baseline subtract:.on 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 Exrxr. Average sodium Exr. 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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out si de the standard val ue range.

Note t hat
rhGH WO 2004/ 060310

concent ratl ons that fell

Al l

val

ues were

t hen uSakig d%aht Ememqerrtrﬁlvs&uéy maf Biiinekle Shydiegell

9 % f ration Dose Number of
SRPEF 0C YaSeSUD] A ildet O} Rt 19wy r&k&mﬁaﬁ a6 " animals
at”™ each (hour) g/%g {mg/ml) (ml/kg) (Female)

Daily 0, 24, 48, 72, 0.25 4
1 Soluble® 96, 120, 144 0.8 3.2
Na-Acetate, 0 0.25 4
2 PEG, 5.6 22.4
protamine
(3:1)°
Na-Acetate, 0 0.25 4
3 PEG, 5.6 22.4
protamine
{2:1)°

“Commercially-available hGH (soluble, uncrystallized form) was cbtained from Novartis and

diafiltered in WFI.
administration days.

Psee Examples 18 and 19 for preparation.
‘a1l doses were delivered after daily bleed.

[0164]

In Primate Study II,

Group 1 (positive control) received soluble hGH on each of the

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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5 tinme point for that test subject. The corrected
values per tinme point were then averaged to obtain a
coMOP403ean of rhGH in serum Standard err BEBUSREON41545
then cal cul ated by using standard deviation of the
corrected mean and divided by7ghe square root of N=4.
10 Table 20. rhGH |l evels for Goups 1°(daily soluble),
a?dn(l%q@lrtg%ﬁ]rﬁgﬂ@f O%O?mbm@ £§Gﬁ) fmg; ?nczgeaya% cgystals of
GH p up :

e whthupES an tmroqarmlnver(&gb Jﬂﬁﬂypratlam?\@éré@’éoup 2)

£ o, AX8T RGP SOULHILE! Lryaliss 30 uhl (DG »
Fhe3 preot am ne r%%—l/ pr ot am ne, r%s , rﬁ%
protemingg @k} rhaE: prpztaeun@?a 6Gm11223) -Ezgmplassw gl 19) .

) Spr0rien it BP0 g e Sy 0T o pt e

- O LIET onge8 of UBEAUEIR9 Qgrelmqmmlzl%hgeaeqwn Fainless

2 24. ;
Tebndetns Soapet il amodCafe o o ifE{e, 1o 050 o vacer
Bot22e2p 1Zhel4Ain®l @ BRAvii@nidnt Med on8ralied2l 13
92 2 7 -4 2 16,11 .9 .6 14 29 240 7, 14
Gron ginst e Y12 €532 10 1871 214 5Pife it sha 22
BdZrs Baa&kngst0if e@dh 1B -hour perlod, and 12-20 air changes per
hour) and twice daily, the 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
rhGH 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, B, 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
remainiﬁg aliquot, both of which were stored at -70x210°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



Note: rhGH val ues are reported as the average val ues
from4 animal s that have been baseline adjusted,

i e mnus baseline. Baseline is the ave
valozobBleto -144, -120, -96, -72, -48, -24 X Goioarses
hours. 15 [0167] Figure 21A il I ustrat es the level of

rhGH in serum after baseli né? adj ustnent, as a

function of time in hours for G oups 1, 2 and 3. WO
2HPENBEES16nPEHAISHR]3/ O4LE48e the statdbird PdlusSurangey

£y RRALTRCRKLDULS, RALBIELELS; A PRsE 00, 03ha1 LA e

a?\?&r!hgeDtbaaggrc()ﬂ@d Kigdvel. &fSpﬁlﬁaﬁe G1GH .aXThhg/ péy aélﬁ.’hlal

456 380 Tte 24 . AUC t)..4432 3669

?Y]egra}%e walﬁ nFu.Héxjfagltﬁj:}% c:mrr) tEﬁ ot uuyz‘?eveﬁs measure each

*'cﬁmemmfmtatﬁby anat |taddte suBhle¢sol uthe cdmter:yeﬂa{rélmzm per time
diafilt d i it trol .

PRE VR obrtD| B AT Babh LBl ™t e o SRR BEFA oA RoE 1

gadism. 5 S[tﬁi:ﬁB}:dTéte&&s:ia\te‘a:edel’mnstaihhelatthﬂt biyhesthgrestaindard

whi ch d t 0 h

LA B BHErEo T b0 CORRI BRRc LTy ELalInEE et Toot

Bewrss for the protamine (2:1) conplexed cryst aI 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

admiLshpati ong, 1LR816 FoX MAUES 1l i(§hed, aROMS IR, 2 (sodlum
Ig”'ﬁi’:‘gggﬂ‘é’mlhgdb G WEs. ng]@ Yim %dH?PQBEQrﬁIne 1))

eI OTIT SREMETE COTTCETEEL. atT ON.Grohbh@ - 19090 stdl | T GEHdp 1 - std.
tlheissol ubtee Sleériﬂigl hees= 20 h QZFQ'" & ofiier gadmt he g0 fhre | B
15 thOJpS ]?f t he gqonmpl ﬂxeag/myst al li we( O Hy/m1)
24119 and 72-14 espégtively Thn&b resflts rleﬁgl% 22
i lhgiRate—that—tFa ot > , Jo 6
MOl arc—orat tlligg U‘Irwzt)\cu C1 ybl ahgl I TS 2 YT 1T 1 BDUI bs 43
inetevated hGH Felvel ssflor signifl f*sainLI yél onger thare 2
t.ej%o!ub!c foran_Oleg] In—add tluﬂ t-0—¢ tcrnlnalluh 10
ol _3€ruim concentkall ons -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 8l 30 23
96 -2 5 42 15 13 21
120 14 3 22 22 22 14
144 16 16 8 12 -13 1l
168 14 8 7 6 -21 13
192 2 7 -4 7 3 22
216 11 S 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 El 10 6 -21 18

Note: rhGH 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.

[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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20 of hGH, the level of 1G-1 was al so neasured as a
function of tine. By neasuring the production of

| EOPOM4PHI%S fj cacy of rhGH was ascertai ned. PEIBIS2009/941545
beI ow reports the 1G--1 concentrations for animals in
Groups 1-3. Figure 21B illustfates that follow ng

basel i ne subtraction of endogenous 25 |IGF-1 |evel,
conpl exedble ysi al | duinaleer Hﬂ|ﬁﬁéﬁﬁhﬁccﬂ{i&e&apab£ﬁaﬁters

stinul ating TG--1 pekedsen ApRarablreble zkmi [y sol uble
.adm ni strations. These non-human primte results

i ndicate that | forngtsei ¥ns adcordi empub® t hi S Group 3
vaeﬁmweh gy be advahﬂaneouslv used2+4a elicit 22.4
. {m, P - < A 2004/ 36310 5.6
| pcteusEuEl ggabas S Tapid 0o 1 &85 | ovels for 220

<
=4

H o o~
A

Tmx VALY 4. 1] 4 f i“'A.' 10 .
{0kt ] V—S.O'l—trw, z—(Soarum 3gébcrv PTot T 1€ 5593
Q%_Lg)kgagﬂ_“g) (sodi um rhGH protlanmi ne (2:1)) Time G oup

T - Thtdhrﬁ oup[2Z2 - Stdo Goup [3 - Staisin Average 72

Pyl B el Ave G EOSE] BRI e a gt SbUf Y 1 o 1 (Borieive
A rs"lsoel‘:'ﬁPS‘Td “°1“FJG§% ? R pFStati e FhicH piot ani ne

(ng/m) (3:0), 1GE1 (2:0), (n/m) 1GE1 (ng/nt) -144
#3682 123T16©sa;_311atﬁe4iemomat)ram trtgghep time o8t wiggh maximum

g FrPLabad b Ui e it P b 2 s e e )
cbhpl@&edoerﬁétax)hcmz 235hFdrs 6FP9 ke §Fotamite 96 45 42

it 0,000 28 ) fAed 9 HA IR, e

Tgﬁit85068b3é2h®l’7 wak? ds05veeed 190 U5BIPT&el@6se 96 328 crystal
m2]'.n3165 ra@}oz%g ,9 t'gll'gez Cmg'ngra§a§s 2:?:‘."st.2e9(f' a%%v%G}nlégble 22 show
that hGH, when delivered in either complexed crystalline form
significantly reduced the maximum serum concentration. The Toos
for Group 1, the soluble form, was 20 hours, whereas the Ts 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.
[01689] 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
rhGH was ascertained. Table 22 below reports the IGF-1
concentrations for animals 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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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 €.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
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®All samples were prepared using WFI under sterile conditions.
samples were filtered with 0.22 pm filter after bringing the solutions to their respective final

The vehicle and soluble hGH

Table 24. Study Design - Administration

Group # Dose Level Dose Conc. Dose Number of
or Test (mg/kg) (mg/ml) Volume Dose Regimen Animals
Compound ’ (p1) (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 daily 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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12 0 0 30 Day 1 11 WO 2004/ 060310 PCTI US2003/ 041545
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to dosm and, thereafter eqwredto 15.fagil{dale

Fg RIC6H! rﬁé@?eﬁ"%’é’%&&ﬁd‘@, el Ao histe ere iuihlt g The
Be S0 -@ApGanss Swahe nekdlrd sabirad henk ¢ oo B0 Hasyyi fge.seven
Test comnpounds were caref ul % |nverte in ar

SRRRR e GRS BERE) B 1 CE PERC DT HAAS? WP ROHT eously in
@ﬁélsc'ﬂd&ufrroaﬂ‘bag Prhersiteo ofi Lhjleanstdn Ivniso smlasfeéyammgmarked up

and_again prior to_20 adm rati [0173
Bai h ¥ REASEr EY %%%l%éﬁ@dgfi %éer Bk u&iurfgng
veekSirat eandjedtand. daitly tesontdaysunds twereughmidisiated

wei ghts were approxi mately 100 gﬁ 10% at dosi ng. The,
Resny tx 30oHapeecEnt ThARSEG egPERRANEE Pries@ft By FHrings.

?EgyrSggﬁgﬁnﬁgdw%%eaggréghfﬂﬁwgﬁbéiﬁgd|ﬂn1&¥Hé¥3ta5eﬁ@ﬁEe

e 25 "hi dose represents 5.6
SYLRENIEBTK orThelusan | BHAEAERS T REORS s i8gn 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 controi
(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
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of the weight gain of rats having a single injection
of rhGH polyarginine (Goup 7, Exanples 18 and 19) or
r REBlasaRtam ne (Goups 9 and 10, Exanples 18
cryst al4s 3? over a seven day period versus a ?gﬁ([g/s%osmmﬁ
injection of control (Goup.y no hGH) or soluble
hGH. sanpl es (Goups 4 and 5) over the sane seven day
period. Group 1, Sham Mhysectow rats, shows the
haroi p@l beproadmisierered Ry YpEFLBine Mfineower) hadsa
9406031 EX2O0RD4L 25 ondBin et iGER d

y%gg%tere qﬁéggpol yar gi ni ne c)noquJn ) hlad a |Sﬁg?n aye
thencenese narcedhgtovehe ﬁdmmerﬁﬁeﬁ@l@i%m déyenp 5)
%%HS aghﬂs}t Q%% habs. thﬂ{ea@err%sagghniﬂ@g&%t%oltﬂgkeheﬂ

% oup each” day for seven da These results
crybtsts cand tﬂm:tmuﬁ@w@n@ray@q%ndgnan dof bhmm%ﬁqerms invention are

: agcgg {:5‘815 Rt r%gleé‘%lﬁﬂl‘ée%'@%”aéﬁlfmé@eﬂé 'o%?c' BHE week.

y SO ni stered over one week

Tabl e 25. 8 Day | nduced Weight Gain in
Eypophysectom zed Rats . Goup # Sanpl e Description Day

aler2st | BgbrrdndssedoliRagier @ip ip Eypgphysectomized Rats
hypophysec om, 2205 7 DC\J\IQV‘ agini-na r‘r)]_LCf" IS 219  hi gh
dose 5 Dai| {"SELIl e HPOR W03 20064 Ddi | yoZpluiblle
| ow dose 1{18&mpdéhaHr ot am ne crystal s - hijghgedétndoge 6
Dai | y sol uple Si ngl € Beidsyphnyddcghnydosd 9 Bret anine
crystals -|low 2%| dbggargiableecid6taisarly | nduged
Wei ght Gai p(grans) in Hyséshd’sect oni zed Rats — Day

Goup 0 1 3 5 g |g Beily Bojubleqinighdope 4g o20%7 o714 1
15 18 19 2; 14 Daily soluble Jow dose 1%’
i L;p Protamine crystals - high 5%
dose
e Daily soluble single bolus 2%
high dose
9 Protamine crystals - low 2%
dose
Table 26. Daily Induced Weight Gain (grams)
in Hypophysectomized Rats
Day
Group 0 1 2 3 4 5 6 7
1 0 3 7 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
EXAMPLE 26
[0174] Crystallization of hGH with sodium acetate and

protamine sulfate. 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
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EXnoRuEo@310 0174] Crystal lization of hG—lVVIthPS,‘O‘d]SlZ.[lM/041545
acetate and protanm ne sulfate. Here, a frozen bulk

feed sol ution of soluble 15 T®conbi nantly-produced

hGH (rhGH) was obtained fromtwo stocks - one derived

fro ) Novartis) and t eoth

vo08 BTSSR LeStb e o a1 vsth08E A diRivea from =
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ﬂ}p@ded an%@lﬁhme@ah@lenwsg tHdre loakdednahy gflamedy to enter
After _di scardi n the first three nd, of 10 gl uant,

o CREPTE BY HEDR Y0 nff TPT SIHSEISHTE. Bﬁﬁa’glﬁfg:dé:&rei. gl of
dllu=gi ,t BRotiesald ed mihoH ?.\ﬂSmM|TﬁJ@-}HEdeOBl@Q¥@ .added. 4.5
Concent rati on ntrifugatio t hen or .
oty SHeNAP AL ~He B Rt PO (LSO I6o608 ol BeggLration
HjﬂﬂéhﬁklzﬁgéﬁhdﬁTWaéThﬁenCpéﬁfﬁﬁméﬂIu@ingfahﬁ}ingbﬂGW

range of 30 ng/m as e sured bsorbance at 2
RIS TateT @7 set—?%o% 5SS BAnte ™ ¢ t%e

@ﬁt@rﬁlr&tmsﬁeogrmn wals aeldtﬂﬁg@l%pmoze@/mt €& ,measured by
Tris-HCL g PEG 4000, Protani ne sulfate a%
NeRraeraeeet o280 i/ O BgAc AL P o T A2 880" iy SpgEosorbance

lﬁr\./ft\é‘)),. 28 a1 s angl-<5 Qf3-oivl by 8&@Rd Ia8loyi zeA drdee Otmalis-HCol
solution with a final praotei nﬁfg%conce tration of 15f 1
R A - 6)FhEESot 00 o P RRES -RENS Ny-agpgate to fina

tdesthated iahs 38E {00 whd- k& houvs, zl\le.eﬁ/lua- khkesco e, al S

were obtai ned rangi gEl n len th flrorpr apr%r,oxlllrmteté/
TosRar e K t &P Ehertd aﬂu&Pﬁ@ Ay BELT & iAgAt perotein
soxSérdSttibe sEpes nagAfll. Wake 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
[o175] 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 game
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extracted and, crystallization yield was neasured as
greater 25 than 90% EXAMPLE 27 [0175]

Cws2083/06038t | on of hGH wi t h sodi um acet at e aneCT/US2003/041545
pol yargi nine HC1l. Here, a frozen bulk feed solution of
sol ubl e 30 reconbi nant!ly-prauced hGH (rhGH) was

obt ai ned fromtvvo stocks - one derived fromE. coli

R kB e PR RS, e Esbapageave of

i sea‘sctulsieockAsptummtseJrES?uBtmd i(h0 r 2GHdVvaMli )@ £t hbasedrerhGH
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pEagpd e. | i mgGHt bempd was mﬁlomﬁddtamwlbwed to enter
hi ng t lum with.30 g, of Tris-HC1 (.10 H
B80T Mo R UiRs o ek Risrsdind T Sionetel M of
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byh€ehvest &attied and thdd geirddrmednosiing ad |mrILJ_‘|1®obyé
trif t f d
BBRERH S0 PHRHOL 16560 0" a5 Be8B Y FT ray 2048 m Fne
cHSheenethﬁiﬁd : b&tb heR was h{d :mf_:;ZS Od Er angﬁ%prﬁll s n@/a@hraa by
asure ahsor e a
P5gbeice o 0o OPLAnts: Iyl B oR2pe T gy daorbance
uby tafdi ogysieilenivaed Beb®f byl lHEHNGldéboh Pred Wikter, Tris-HC1

PEG 4000 l;r)ol yargi ni ne HCL and_Na-acetate to final
(B8nBeht r REDHLO8F g@éymlrg%e( V) 208 Ny #fete se0final

coMcent €sPES1d W& Yool AmM} h@%tm/ah SQ| mgr;r/]ﬁn whd s fivnal

roteln concent ation e I ONn wWas
Rk el et v kel b i chae Porel s et
eudenrriepst & ilkemgyst al Theveisd u2@oabwas neer afigeAdgently
in Ieng%h from approxi mat el y 0 25 um

Af
BBt PPREGH ) Hnd 3561 181 |17y SengoLFper AlESHie Like crystals vere

chtpehBat fihg MRS ineléhgﬁheﬂrc&iﬂChp;ﬁfo}ks.fnatéll.?8(2 €3 26 @hd  After
was neasured as ﬁater t han 90% %0176] Al t hough t he
FeHEESS ALY rﬁf&wﬁe& ShABIpbH Gt BeREnSuRSr t was

SetrackeByan@y fydthhustaaté®n aNd exanpbeshesd Y pES8Ser
éﬁgn 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 sgkill 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.
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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 andLLOYD WISE

nodi ficati ons may be nade thereto w thout departing
fromthe spirit or scope of Bie-30 di scl osure herein,
i ncl udi ng the appended enbodi nents. LLOYD WSE - 81
AQdaipes We claim 5 1. A polyargi ni ne containing
crystal of human growth hornone or a polyarginine
contai ning crystal of a human growh hornone
werivative. 2. The polyarginine containing crystal
according to 10 claim1l1l, wherein a single
adninlstratlon of said crystal to a manmal provides
nin vi omrlhmwmn

@bncent aﬁf ??9 %FnﬁﬁﬁﬁﬁlgéFQGQ§Y$$%ﬁr%ﬁeQﬁWﬂﬂ)grOWth

leofsdrsd | BE Od | podlybgiivaer adewta On Bndg/ldry stt@1abg8t a2 human

2, 500 15 ng/m hGH, (b) between about 0.5 ng/m to

HEh hogteneder i ¥ Vand (c) between about 1 ng/n

to about 100 ng/m hGH, for a tine period selected

fromthe group consisting 20 of: (i) between about

0.5 hours Bmel pbdvergdfidaysoptstinady mirststatli cagcdrding to
and  about

%%%%ﬁegnsﬁgg%?%?l%nSlﬁ%l?l??Wl%%?ﬁﬁ%ﬁl%%oﬁf 2 Ednppystal to

anchaaleUut p7odayssposh- agi ¢i ob I #un@l  8RBwthV) hormone (hGH)
bet ween about 0.5 hours and about 1 day

TRAHT 2ER FFBEFAELOR. 150591 3TRETPSy Fegiaqting cBrami Hingaroup

SoysidliAgcoFding to claim1, wherein a single
adm nistration of said crystal to a mamual provides

an in vive)l G- 1 ksdwgarel ebatiton0 o¥erngAndYD tW SEbout 2,500
ng/ml hGH;
(b) between about 0.5 ng/ml to about 1,000
ng/ml hGH; and
(c) between about 1 ng/ml to about 100 ng/ml
hGH, for a time period selected from the group consisting
of:
(1) between about 0.5 hours and about
40 days post-administration;
(ii) between about 0.5 hours and about
10 days post-administration;
(iii) between about 0.5 hours and about
7 days post-administration; and
(iv) between about 0.5 hours and about

1 day post-administration.

3. The polyarginine containing crystal according to
claim 1, wherein a single administration of said crystal to

a mammal provides an in vivo IGF-1 serum elevation over
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- 82 baseline IG-1 level in said manmal prior to

said admnistration selected fromthe group

consi sting of: (a) between about 5 ng/nm to about LLOYD WISE
2,500 ng/m; and 5 (b) between about 100 ng/m to

about 1,000 ng/m, (c) for-82i4me period sel ected

fromthe group consisting of: (i) between about 0.5
besesiand abeutl LR days pestdadamingll’ atdOiby angds  said
(ii) between about 0.5 hours and about 7 days

poBinhERTAF sPRabPOACtEd TREMpBNgaggPAPnECRBABALADNGE:
crystal or di 1 i ' aracteri zed,b .
bi vavai | a6 1 tyggagge?hgtbglg% 3 r]?&@naa‘?nocn?e% §€ 2 pp08; na/ml;
gafld crystal has a relative bioavailability of at

| east 50%0Qr nore, as conpared t hat_of an
identicaﬁ%gose %?t§8?ﬁblg ﬁﬂﬁanﬁgpomPﬂ/ﬂgrngﬁe apReg) 1,000
del i ver eélgvima ,t he sane admi nistrative route, wherein

20 said bhioavailability is neasured by area under

curve (AUE) offesta %/hmﬁ—‘/i PeTREH st lesehcdnomatim group
tOhssat dn§obeble hGH and said crystal. 5. A

conmposition conprising crystals of human growh 25

hornone or crystals bétaechonaabguowt 9 .1%or romers and  about
derivati and an _excipi.ent, wherein _said crystals

ar e polyéﬁgﬁﬁﬁﬁepog ntal ﬁﬁ5t5F§§P§Vsa8% human growt h
hornone or pol yaig) nbeewesANt abBuRg @ ¥St HSu®f aand  about
human growt h hornone derivative. 30 6. The conposition
accordi nd £8Y8l Rostsadfiedsitiagdioa - crystal s and said

exci pient are present in said conposition LLOYD W SE

- 83 at a nolar ratio of hGH excipient of about 1:10

o0 about The: OpdPparginihe compesintiingn acgstdingdaprding to
claim5, wherein_said .5 excipient is selected from
FREME dup CERErSEFRY 60 Hih no Bima e 1By sueh that a
sl eghel sadeanibobydt abes, opr ok&ias, ckyptds, has a relative

biocavailability of at least 50% or more, as compared to
that of an identical dose of soluble human growth hormone
(hGH) delivered via the same administrative route, wherein
said bioavailability is measured by area under curve (AUC)
of total in vivo hGH serum concentration for said soluble

hGH and said crystal.

5. A composition comprising crystals of human growth
hormone or crystals of a human growth hormone derivative
and an excipient, wherein said crystals are polyarginine
containing crystals of human growth hormone or polyarginine

containing crystals of a human growth hormone derivative.

6. The composition according to claim 5, wherein said

crystals and said excipient are present in said composition
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surfactants, polyners, polyam no acids and m xtures
thereof. 10 8. The conposition according to cIaim7LLOYDW|SE
wherein said excipient is selected fromthe group
consi sting of: protam ne, polyvinylal cohol,
cycl odextrins, dextrans, calséd wm gluconate, polyam no
aci ds, polyethylene glycol, dendriners,
PO| Yoridlia¥ neat POl et Mdwersidiigientchbt 0§8BuaNd : 1%5 to about
m xtures thereof. 9. The conposition according to
EIQih?B; wherein said excipient is selected fromthe
group consisting of: protam ne, polyarginine,
pol yet hyl ene gl ycol and m xtures 20 thereof. 10. The
‘tonposi ffhen couorsi tigpnt cactarding wherdiadnt He wherein said
Q%gqgﬁtnggfhﬂgg rowt h,_hornone or hmmngrm%h ,
FOrhohe ter PvEENTE TS s A" cbpodiFPPBn ST ddie P amino
d¢Di3 t hesalds ,gr alposonsi stédbMydiae Pt W AU 1ipids,
0.1 and about 100 ny/m ; (b% bet ween about 1 and .
ShotR CHPOE Fy/ niPOAMEr(c) BELXABANGboWRCH®S andngboumixtures
400 o0mfé M . 30 11. The pol yargi ni ne containing crysta
according to claiml1, wherein the polyarginine is
co-crystallized with LLOYD WSE - 84 the hunan

row h rmone (hGH). or the human growt h horjone , ,
%'eri vat it}\?/]ee. Cﬁl}égl‘%e@lpod} y%?%?ﬁ‘i&lﬁrég cgﬂt &Rty ﬁ?y%ke%ﬁeln said
ecchptemg tOs Ssellacied, Wiehnei tHNe PAYRAr GkHhHEsE Sng  of:
conpl exed to crystals  of the human growth hornone
RAGHHIE cr ysPal ¥V HRY E AkC AN g?b@fﬁdﬁéFﬁbﬁér dextrans,

L vat i . e Al cont ai.nj;n I I
LA g PN POLERARD, OSBRI svcon,
perdiceslr by polyorybtialihezi peplyetinydengrimitnie  hathbinesan and

or_a hu rowth hornone derivative with
%b¥§%§%$ﬁ€%%Fe%ﬁ: The pol yar gi ni ne cont ai ni ng cryst al
according to 15 claim1l1l, wherein the crystal is
ﬁroduced by: (a) crystallizing athe human grow h

or mone L8 Fomposition according to claim 8, wherein said
excipient is selected from the group consisting of:
protamine, polyarginine, polyethylene glycol and mixtures

thereof.

10. The composition according to claim 5, wherein the
concentration 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
(c) between about 10 and about 100 mg/ml.
11. The polyarginine containing crystal according to

claim 1, wherein the polyarginine is co-crystallized with
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human growt h hornone derivative, and (b) conpl exing

pol yarginine to the crystallized human growth hornone

or human growt h hornone derivative 20 crystals. 180YDWISE
The pol yargi nine contai ning crystal according to any

one of clains 1 and 11 to .84 uwther conprising a

cation. 25 16. A pharmaceutical conposition conprising

the norhyageonitRe neARicdiaN (MBI Yt ad hOf hiaRNg gbw%hhormone
hormone or the pol yargi ni ne conti nai ng crystal of

Aephv2 v h  hornone derivative of clains 1, 13, 14
or 15.

12. The polyarginine containing crystal according to
claim 1, wherein the polyarginine is complexed to crystals
of the human growth hormone (hGH) or crystals of the human

growth hormone derivative.

13. The polyarginine containing crystal according to
claim 1, wherein the <crystal is produced by co-
crystallizing a human growth hormone or a human growth

hormone derivative with polyarginine.

14. The polyarginine containing crystal according to
claim 1, wherein the crystal is produced by:

(a) crystallizing athe human growth hormone or a
human growth hormone derivative, and

(b) complexing polyarginine to the crystallized
human growth hormone or human growth hormone derivative

crystals.

15. The polyarginine containing crystal according to
any one of claims 1 and 11 to 14, further comprising a

cation.

16. A pharmaceutical composition comprising the
polyarginine containing crystal of human growth hormone or
the polyarginine continaing crystal of a human growth

hormone derivative of claims 1, 13, 14 or 15.



