1 ~ HUMAN GROMH HORMONE CRYSTALS AND METHODS FOR PREPARI NG THEM

TECHNI CAL FI ELD OF THE | NVENTI ON [ 0001] The present invention relates to
crystals of human 5 grow h hornmone or a human growt h hornone derivative
and conpositions or fornulations conprising them In addition, the

i nvention provides nethods for producing crystals of human —grow it hormone

or a human ‘growt h hornone derivative. The crystals of the
invention are particularly useful in 10 methods for treatlnﬁm@mmmmmummmn
havi ng di sorders associated with human grow h hornone deficieng  which

are aneliorated by treatnment with human growt h hornone. BACK OF THE

| NVENTI ON 15 [0002] Sormatotropin or growth hornmone ("GH') is a nama

protein conprising a class of tropic hornones synthesized 1m@wmmm

the brain by the major gland of the endocrine system the mww SIS.
The secretion of GH and other tropic hornones by the adenohypoghy

regul ates the activity of 20 cells in other endocrine glands and tlssues

t hroughout the body. 2 Specifically, GHis secreted by somatotrophs of the
anterior pituitary gland and functions to stinulate the liver and other
tissues to synthesize and secrete 1G~1, a protein that controls cel
division, regul ates netabolic processes and exists in a 5 free state or
binds to one of six other proteins designhated as |1G-BP-1 through 6. The
secretion process itself is nodul ated by opposing actions of somatoliberin
(pronmoting GH rel ease) and somatostatin (inhibiting GH rel ease). [0003]
Human growt h hornmone ("hGH') is of particular interest 10 because it
serves as a critical horppne.in the re ulation of cell and organ growh
and in physi ol ogi cal fuﬁgﬁpﬁt E gﬁ%ﬁﬁﬁ? ANBgi ng. For exanpl e,
over producti on of hGH resul ¥& S ren and acronmegaly in
adul ts, whereas under- production leads to dwarfismin children [Mauras et
al ., J.

TECHNICAL FIELD OF THE INVENTION

[0001] The present invention relates to crystals of human
5 growth hormone or a human growth hormone derivative and |

compositions or formulations comprising them. 1In addition, the
invention piovides methods for producing crystals of human
growth hormone or a human growth hormone derivative. The
crystals of the present invention are particularly useful in

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

treatment with human growth hormone.

BACKGROUND OF THE INVENTION

15 [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 adenchypophysis regulates the activity of

20 cells in other endocrine glands and tissues throughout the body.



15 din. Endocrinology and Metabolism 85(10), 3653-3660 (2000); Frindik
et al., Hornone Research, 51(1), 15-19 (1999); Leger et al., J. din
Endocri nol ogy and Metabolism 83(10), 3512-3516 (1998)], Turner's Syndrone
(femal es only) [Bramswi g, Endocrine, 15(1), 5-13 (2001) ; Pasquino et al.,
Hor nrone Research, 46(6), 20 269-272 (1996)] and chronic renal insufficiency
[Carroll et al., Trends in Endocrinology and Metabolism 11(6), 231-238
(2000); Ueland et al., J. din. Endocrinology and Metabolism 87(6),

2760- 2763 (2002); Sinpson et al., G owth Hornone & | GF Research, 12, 1-33
(2002)]. In adults, hGH deficiency can affect 25 metabolic processing of
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production leads to dwarfism in children [Mauras et al., J.
15 Clin. Endocrinology and Metabolism, 85(10), 3653-3660 (2000);
'Frindik et al., Hormone Research, 51(1), 15-19 (1999); Leger
et al., J. Clin. Endocrinology and Metabolism, 83(10), 3512-3516
(1998) ], Turner's Syndrome (females only) [Bramswig, Endocrine,
15(1), 5-13 (2001); Pasquino et al., Hormone Research, 46(6),
20 269-272 (1996)] and chronic renal insufficiency [Carroll et al.,
Trends in Endocrinology and Metabolism, 11(6), 231-238 (2000);
Ueland et al., J. Clin. Endocrinology and Metabolism, 87 (6),
- 2760-2763 (2002); Simpson et al., Growth Hormone & IGF Research,
12, 1-33 (2002)]. In adults, hGH deficiency can affect
25 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-S37 (2000); Fine et al., J. Pediatrics,
136(3), 376-382 (2000); Motoyama et al., Clin. Exp. Nephrology,
3¢ 2(2), 162-165 (1998)]1. 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.,



instability of the protein in solution. That instability: results from
cl eavage of critical intranolecular crosslinks at specific positions
within the am no acid sequence of the protein, which in turn disrupts the
essential three-dinmensional 20 structure recognized by and associated with
cellular surfaces in the patient. The nechanismfor hGH cl eavage or
degradation is orchestrated primarily by oxidation of nethionine residues
or deam dation of aspartic acid residues upon dissolution, thereby
rendering the protein inactive. Due toe 3his fragility, a need 25 in the art
exi sts for hGH conpositions or fornulations that are stable and
| ong- acti;ng paRdyEana Peafls! LD REb-08L Yy, SYDEU! ARSI 0BUY: BYs 1 her
convent i onal "dosage routes, such as oral,’derndl’ and’i nfravenous foutes.
[ 0006] ATeumser anfl Cadmas ciBddBrugwai LAKR B, h&3H P¥ oRIX03 Thand PBadereen
devel opegshR;ai t r LS or |l e N I n
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sodi um cﬁ'fai)a%rgg ﬁﬁﬁgﬂ%ﬁé I(l)t Ti's téﬁg‘ﬁ%%%’%h, '\%P‘u%%rgesr%ygﬁ X%orrpri sed of
pol yer , paskagstinast et gtk esclutinnc énnanédtyradge dregquiliephal Pdedqauge
needl e for in;ection..Due to thetskze of, the m crospheres ﬁﬂd t he vi scous
nat ure ofP PRETpF AT IR RAGESCIERFALR Bh- B5F S &S 37S - cafBccur
resuld i nfrequeadyl e, idfearidrhennricpadapehdithsidiy, the Qiiisafgsel bebad r ophy and
uf fines ee http://ww. genentech. co e/ product s/i,nf ormati o
gpport un?’gfalggfﬁu?flé&: = e ﬁcﬁr&g ¥ 5'579191?&8%6%0% %&mﬁeﬁgﬁ odut?¥in
devel opnmextmblt, sawsefientisy trédiasednbyndeilly ssudditarpuaTihjactdog &€t i ng
geneticallé ‘t%i)oducedlii fusion protein of human al bum n and human growth .
(se8 /

hor mone hlagiie . hgsi . com products/ al butropin.html). This product
S [0005] The use of subcutaneous administration as a rapid '

15 delivery route for hGH is necessitated by the inherent
instability of the protein in solution. That instability .
results from cleavage of critical intramolecular crosslinks at
specific positions within the amino acid sequence of the
protein, which in turn disrupts ﬁhe essential three-dimensional

20 gtructure recognized by and associated with cellular surfaces in
the patient. The mechanism for hGH cleavage or degradation is
orchestrated primarily by oxidation of methionine residues or
deamidation of aspartic acid residues upon dissolution, thereby
rendering the protein inactive. Due to this fragility, a need

25 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

30 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



said to exhibit prolonged half-life in circulation, roughly a fifty
percent increase over that of soluble native hGH Al butropinTMis
typically delivered by injection on a weekly 20 basis and is said to
stimulate 1G--1 levels long after clearance fromthe body. The bi ol ogi cal
effect of this product is simlar to that of currently avail able growth
hor none t herapi es. [0008] Anot her product developed was Infitropin CR", a
fornmul ation of hGH conprised of polyethylene glycol-conjugated 25 hGH

nol ecul es. This conjugated hGH requi redd a once a week injection and was
said to be released at a continuous rate, wthout significant burst effect
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6, 448, 22%imst earbonateueenpeteRtAul afrdnas ob ddpdnilsfirasiensatie neelid

require I St Lty e il by -daily_injection.
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Bi oact | vepidetreunibsic At ARG BIEpbLItIexGapet al ., Intl. J.
Pharnace%5%%§q 229£%6éﬁér:HEQ'%%%d&%go%h]development but subsequently
discontinued is Albutropin™, a long acting genetically produced
15 fusion protein of human albumin and human growth hormone (see
http://www.hgsi.com/products/ albutropin.html). This product is
said to exhibit prolonged half-life in circulation, roughly a
fifty percent increase over that of soluble native hGH.
Albutropin™ is typically delivered by injection on a weekly
20 basis and is said to stimulate IGF-1 levels long after clearance
from the body. The biological effect of this product is similar
to that of currently available growth hormone therapies.
{0008] Another product developed was Infitropin CR™, a
formulation of hGH comprised of polyethylene glycol-conjugated
25 hGH molecules. This conjugated hGH required a once a week
injection and was said to be released at a continuous rate,
without significant burst effect [Ross et al., J. Biol. Chem.,
271(36), 21696-21977 (1996)]. However, this product was
discontinued. '
30 [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



[ 0011] Sone of the above-described preparations require hGH to be stored
in a lyophilized state, which can be a tinme 20 consunm ng and expensive
process. United States patents 5,780,599 and 6,117,984 refer to dival ent
cation crystals of hGH and nethods of producing divalent cation crystals
of hGH, w thout the need for a |lyophilization step. [0012] Despite the
efforts to address drawbacks of 25 conventional hGH products, including
instability upon storage and injection, short in vivo half-life, burst.
effects, lack of oral bioavailability,5and difficulty and frequency of

adm nistration, the need for inproved hGH preparations renmains. To address

this nee S ' [19R, adv 3QRvides grystal s of
human grgsvl\i é%&%ngﬂéh%éw%%% Y4t gbﬁggegﬁg%%dti ng Glflde'GOES MVARY OF THE
| NVENTI Opfed@r3fative.present invention is directed to stable, long- acting,

conveni en§oﬂ_rbq pat bﬁ?%é&éig}?év%%ﬁéﬁvg Al porfone or a

human growt h hor none derrv nventlon ur ther "provi des
conposi t inwdrageler [Eahhkamfethidtan dro@Phtrabledielgasg, hdfdh) grdWw3f hor none

derivati vg,od-nGl udi. h . i gal iLi h f.
The 1 hvertian IrurtReroBrs: | Bs whiAste 5 S H AN E0IRTY, bhobied ' €0
wel | as wicmpepheress baverbesmasededn Fheenptssttal pravddeospssainahs of 10

this inventipnaee.aduaniageoypl ised bl IELbAds J oo hi.catiag, an
i ndi vi dual” aving a di sorder assoclated W fiuta gro hor fone
defi ci endiaplaghiacburst aneleameatodd thy tregaf nmese Harsht ceatitentonsi darid human

growth horgmne., | 0844}, Lved Al b BURD: G Ol NAITRAG 0L . f HUTRQ, YO N
15 hornone derivat T ve, ~of conpositions or fornulations conpr|3§| g them
havelGeverGH fadwadtadess baddidnn@L-Lhettapadiditgoldic ardd (PBEAMeEK

pur i Ty, ST LS BECERRr v o AR oS T L T eEy TBBFOREER TS per od
of tine. nGdmsphejrest sends Xb terplioyv ephddujonsncduct =g elpravedent s of hCH
crystals égkéeratures, surfactant, organic solvents and aqueous/organic
solvent interface, all of which cause protein denaturation
15 {Herberger et al., Proc. Intl. Symp. Controlled Release of
Bioactive Materials, 23, 835-836 (1996); Kim et al., Intl.:J.
Pharmaceutics, 229(1-2), 107-116 (2001)].
[0011] Some of the above-described preparations require hGH
to be stored in a lyophilized state, which can be a time
20 consuming and expensive process. United States patents
5,780,599 and 6,117,984 refe} 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
25 conventional hGH products, including instability upon storage
and injection, short in vivo half-life, burst effects, lack of
oral biocavailability, and difficulty and frequency of
administration, the need for improved hGH preparations remains.
To address this need, the present invention advantageously
30 provides crystals of human growth hormone that yield stable,
long-acting hGH.



conpositions or formulations conprising them as conpared with

conventional hGH preparations, will be appreciated 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 crystals grown in the presence of 860 mM
ammoni um phosphate (pH 8.9), as inmaged. by optical mcroscopy. See Exanple
1. [0016] FIG 2 illustrates hGH crystals grown in the presence of 390 WM
sodiumcitrate, as inaged by optical mcroscopy. See 30 Exanple 2'. 7
[0017] FIG 3 illustrates hGH crystals grown in the presence of 600 mM

di basi ¢ sodi um phosphate and 100 mM Tris-HC1L (pH 8.6), as inmaged by

optical m croscopy. See Exan%ﬁ;% !E%) ety | ustrates hGH crystal s
grown in the presence 5 of X % ; Iénhnd 100 mM Tris-HC1 (pH
8.6) and co- crystallized with Protamne sulfate (1 ng/m ), as inaged by
optical ni%addcopyThacereseanipliaventignl1by Hxgcrrdionsteblabi 190y~ of hGH

crystal s ARAGAL 8nbe0IUnd IR HAT:BHES PRALEI P AHYURLA ! B2t fumgh PARd P Od! UM

phosphate and™ . 10 cal ci um ace Protam ne "preci pitants as a function of
ti me and harmeineopsda ahugsn grawtdeboEranp| deBiviozry] Hhe. igventierrates hGH

]
tal ' ‘ 09 | , | ci
ccotate o iBE RrPYrads SRR Tong St LU LR MORRL SOy S oy See
Exanpl e éort®ne00213 r@n Zrdwtis hogmese hd@+ivatsitvd,s igiedwding t he presence
f 5% (vl | l.Ci | i S H
5. 6, no BRahaQRLOPaIly e d iR sUb @ OloRs HELAE CHhd) blpedlipd P
i |1 ustratfastihgr provideés ngiheds forhprepasing esuddf cktalby)astwabhblas 10%
/ PE Ak 0] Tr4.S- ' ( . |

I or oscomy EasS e Eamr R (R B oy S l? A BBIRBLL RIS ¢ a1
growkd adddmdilnyenbicx e esivergagenisby edsed 28Gnethces dokunceatimef tine
N M Nt a5, £Sa0 ERALP Sating WMhoERG: 0a441 4504 USH MFLET Yebaly orown i

t he presenceé
hormone deficiency or which is ameliorated by treatment by

treatment with human growth hormone.
[0014] Crystals of human growth hormone or a human growth

15 hormone derivative, or compositions or formulétions comprising
them, have several advantages, including: the capability 6f once
per week dosing, ready to use crystalline suspension form,
safety, efficacy, purity, stability, resuspendability and
s?ringeability over a short period of time. Other objects of

20 the invention, including improvements of hGH crystals and
compositions or formulations comprising them, as compared with
conventional hGH preparations, will be appreciated by those

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

BRIEF DESCRIPTION OF THE DRAWINGS

25 [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

30 Example 2.



25 of 85 nM cal ci um acetate, 2% (v/v) PEG 6000 and 100 mM Tris-HC1L (pH
8.6), as inmaged by optical mcroscopy. See Exanple 10. [0025] FIG 11
illustrates hGH crystals grown in the presence of 500 nM sodi um acet at e,
6% (v/v) PEG 6000 and 100 mM Tris-HC1L (pH 8.6), as inaged by optical

m croscopy. See Exanple 11. 30 [0026] FIG 12 illustrates hGH crystals
grown in the presence of 85 nM calciumchloride, 6% (v/v) PEG 6000 and 100
mM Tris-HCL (pH 8.6) as inmaged by optical mcroscopy. See Exanple 12. 8
[0027] FIG 13 illustrates hGH crystalsygrown in the presence of 85 mM

cal cium acetate, 6% (v/v) PEG 6000 100 mM Tris-HC1 (pH 8.6) and

CO- Cryst alylghz¢d Wi Prt (1 / nag b otlcal

m croscop ge Ex%afn%l e:Pl ‘%%[t%‘g %F(fryr% rﬂﬁ) &g Fnélt é% ﬁ%{%reysg ai's gr own
in the prcésénOenModlliﬁﬁlcm\éqdaJum prmaplewé ea,ncB%o(oth) TPES-IME- 661038 .a)d 100
MM Tris-HC ) IJmaged b ti cro y See Exanple 14.

[ 0029] |:|"“E &Téggﬁ%vg %%'flcba% chFXﬂ%% %s‘?zrigl "10 according to
Exanpl es (00183, noRIGorédildus2datem hGH&:Jf}tH‘IIEﬂIS)grOWh thnehe rpfésaﬂces See
Exampl e 1 0030 G. 16 shows s s, ( m,)_of comercial
(hG—lnIgsoI &1 & % Eﬁdl?a%% aers‘t Feasbtr g%ﬁ?%?aﬁ‘gw/l ‘%H En%ah a ‘R&‘im i ne)
in femal e:rSpltagMzéhvirﬁ;h rmmﬁﬁl edlowves Q4 Qw3 , lasaihaged B ngl e
subcut aneo% m nistration %f 2 ﬁgékg dose of sol uble or crystalline
hGH per Eical, THTRRESRY ne enEé@ at t=0, 0.5, 1, 2, 4, 6, 8, 12 and

24 hours. loﬁee]Exanpi@ 1s5. shc{wa)azb]luﬁiﬁt}woﬁ |HGlBtdr9tsealtheﬁéﬁ51£&dltﬂ1Q:;m
characteristics of orned in e .presence of 85 nM cal ci um
acet at e, 229° ?@“Tv?@?sgéﬁ%oﬁ?%léﬁﬂ BB HF 'Trc}’ébal%f ERALBMeRRoRRRATS 1ARd
addi1d on caficianyadet @Rt Mfinkr prasipir Hidd dlLa FRAGEiI¥AI6PUSime and

formul ati ons. o crystals were_t hen, added to dissolution buffer and
al | oned t97dF Pr’F‘gG_Ll %%erm‘bef 58 BK@RYfcentration of soluble hGH in the

super nat g00204s memscslr egl {1l USRrHPEE hdH efystad® SeewhXafptke Ipredddd2] FI G
18A illu%%rg%gs Cr é%égﬁgn H?mgsléht£2101um acetate and 100 mM Tris-
HC1 (pH B8.6), as imaged by optical microscopy. See Example 6.
15 [0021] FIG. 7 illustrates hGH crystals grown in the presence
of 5% (v/v) isopropanol, 85 mM calcium chloride and 100 mM Tris-
" HC1l (pH B8.6), as imaged by optical microscopy. See Example 7.
[0022] FIG. 8 illustrates hGH crystals grown in the presence
of 10% (v/v) ethanol, 10% (v/v) PEG-6000 and 100 wM Tris-HCl (pH
20 8.6), as imaged by optical microscopy. See Example 8.
[0023] FIG. 9 shows solubility of hGH crystals grown
~according to Examples 6-8 monitored at 280 nm as a function of
time in minutes. See Example 9.
[0024] FIG. 10 illustrates hGH crystals grown in the presence
25 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-HC1l
(pH 8.6), as imaged by optical microscopy. See Example 11.
30 [0026] " FIG. 12 illustrates hGH crystals grown in the presence
of 85 mM calcium chloride, 6% (v/v) PEG-6000 and 100 mM Tris-HC1l
(pH 8.6) as imaged by optical microscopy. See Example 12.



presence of 500 nM sodi um acetate, 6% v/v PEG 6000 and 100 mm Tris-HCL (pH
8.6), as imaged | engthw se by TEM See Exanple 18. (0033] FIG 18B
illustrates hGH crystals grown in the 30 presence of 500 mM sodi um acet at e,
6% v/ v PEG 6000 and 100 MM Tris-HCL (pH 8.6), as inaged cross-sectionally
by TEM See Exanple 18. - 9 [0034] FIG 19A shows serum|levels (ng/m) of
hGH in Goups 3-5 and 9 of fenal e Sprague-Dawl ey rats sanpl ed over 168
hours (0-72 hours shown) after either daily subcutaneous adm nistration
over 7 days or a single subcutaneous 5 @dm nistration over 7 days of 6.7
ng/ kg dose of hGH per rat. See Exanple 22 and Tables 7-12. [0035] FIG 19B

shows wei ain f f. I -~ Dawl rats._of .sel.ected
f or mul at i[gE??G oulf)%%‘z,q'% lgggsgf§gé§?ﬂ§{ %%Psteaé'fst %rrogflt ﬁ%rha%ilﬁlesence
subcut anefu8s auti calktiat isaetave;, &%déysvilPECEDWO,2)100r mM BirigHHCl (pH

subcut anego i nistrati .0n .da f 7 days ( ups.4 and 9)_ of 6.7
ng/ kg dogéng gﬁ %e?qsgtaarléggd E%%lr%rp ]éc"ﬁméi’% %?Fgelz.l T%G%JG)] Hc 20A
shows t hémagedeny regt ioralofmikkstoppl ooses aExamplas 13 .f unction of tinme for
femal.e | Lle cy l.0gQ nkeys subcut aneousl y,adm ni stered daily
sol uBl e Eéﬁ-ﬁ%t‘f ouplp]%r'? 1s4od‘|liﬁﬁ'hggf?§¥3|1%&%fc é&%@nﬁf@%dl '%e po1 S ne
(G oup 2pfands swdi ¢ui cintny sicakateaf Gm(@pﬁplm@mm'-rsboprahﬁnim ;‘ﬂﬂoup 3)
according_to b 6. See Example 23. [0037] FIG 20B shows the
concentrgfi"‘ﬁﬁﬂ-é-fl %@:?Erﬁ)n Bllsobﬁ‘ggﬁg l%%r?éﬁ’af'sa]amflﬁﬁ&sﬁﬁyof PeHEF WP e nal e
j uveni | etaynonol ogous nonkeys subcutaneously adm ni stered daily sol uble
hGH (G o sodj rystals of conpl exed with | yargi nine (G oup 2)
and sodilfgf#%]r yst%@oﬁ%éﬁ%’ﬁnﬁ?é&%ﬁﬁ’f W%ﬁ%ﬂétg&oﬁﬁgﬁ accor di ng
t o Tabl ead8orSbrg RXAMHAnpd3s 20-1903Wnfldzedl bh SMoWamt B8 §opeRidicH | on of
hGH in blgood,serum as a function of fime for female juvenile cynonol ogous

monkeys CSubtlt atR U S APSt B¥2BP &I 13- sol ubl e hGH (Group 1), sodium
crystal s[00361GH carm exed shiotvB peptmaniéve)s3: (hg/aili) 008f commercial hGH

(hGH soluble) and hGH prepared according to Example 10 (hGH
crystalline) in female Sprague—Dawley rats sampled over 24 hours
15 after a singlé subcutaneous administration of 2.5 mg/kg dose of
soluble or crystalline hGH per rat. Serum levels were measured
at t=0, 0.5, 1, 2, 4, 6, 8, 12 and 24 hours. See Example 16.
[0031] -FIG. 17 illustrates the dissolution characteristics of
hGH crystals (fofmed in the presence of 85 mM calcium acetate,
20 2% (v/v) PEG-6000 and 100 mM Tris-HCl (pH 8.6)) upon the
addition of varying amounts of Protamine sulfate. These various
formulations of hGH crystals were then added to dissclution
buffer and allowed to sit for 1 hour before the concentration of
gsoluble hGH in the supernatant was measured.by RP-HPLC (Area).
25 See Example 17.
[9032] 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
30 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.



hGH: protam ne) (G oup 2) and sodiumcrystals of hGH conplexed 30 with
protamine (2:1 ratio of hGH protam ne) (Goup 3) according to Table 20.
See Exanple 24. [0039] FIG 21B shows the concentration of 1G-1 in blood
serumas a function of tine for fenmale juvenile cynonol ogous 10 nonkeys
subcut aneously adm ni stered daily soluble hGH (G oup 1), sodiumcrystals
of hGH conplexed with protamne (3:1 ratio of hGH protamne) (G oup 2) and
sodiumcrystals of hGH conplexed wth protamne (2:1 ratio of

"hGH: protamine) (Goup 3) according 5-t® -Table 22. See Exanple 24. [0040]
"FIG 22 illustrates the seven-day growth of male Wstar rats that had been

subcut an l,y adm,nistere tr ( 1 i over en days),
sol ubl e ﬁ@g%f%r ougigfﬁ' alflgdA c%‘%g%ng% A %‘p%%ercn L!\?ngﬁ ggyis'1 Hah %’?@L\{ 2l line
hGH (G odp$ @nd79 40 Bewmice HpragmeeDaviey seaten sdapd pdaocverdilag houdabl e 25.
See Exanpl_e.,2 0 Rl G P r t he dai ly induced wei ght gain
(grams) ?&e?zaﬁgg%gné&a%v)pﬁqtég F(])'%Hrgr}'ﬁl @éﬁ%tsa crugta?gf)ﬁlgt had been

subcut anedoding stidat hostered cdaysobr( & sigpglle satemtdacbysl5 over seven

Gaols, PSR LG S & WieoetRYF SN B cogian gl o
Tab! e ZQSeSeExEmp]:@I 22 Znd IEBAIebED—DESCRI PTI ON OF THE I N\/ENTI O\I
Celt L tiagd (004, IGESheflnSLohe, SELA RS Y B Bchetular A0
the meaniDagdeyhattaref celented Endensabbohdy(ddeups af 4oaddngy yoedd g in
e, o1t o etk 2, SR heguloed s b context e shogul sttt m
Genertal | (Groopent| at u esindded subeuetanaeas i ddmisiildtragidnt eahaaguesopf,
phar macol AEYPc (CERAY sk ad S1onB: fan BN ARADAS, PRBPPACTaRd PR ei n
chem st r Bxamplachei endic¥gbleham.stry and nol ecul ar bi ol ogy
[0036] FIG. 20A shows the concentration of hGH in blood serum
as a function of time for female juvenile cynomologous monkeys
15 subcutaneously administered daily soluble hGH (Group 1), sodium
crystals of hGH complexed with polyarginine (Group 2) aﬁd=sodium
drystals of hGH complexed with protamine (Group 3) according to
Table 16. See Example 23.
[0037] FIG. 20B shows the concentration of IGF-1 in blood
20 gserum as a function of time for female juvenile cymomologous
monkeys subcutanéously administered dally 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.
25 [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
30 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



30 described herein are those well known and commonly used in the art. -
11 [0043] The follow ng terns, unless otherw se indicated, shall be
understood to have the foll owi ng neanings: (0044] The term "growt h hornone
(GH)." refers generally to growth hornones secreted by the pituitary gland
in mmmals. 5 Although not an exhaustive list, exanples of mammal s include
human, apes, nonkey, rat, pig, dog, rabbit, cat, cow, horse, nouse, rat
and goat. According to a preferred enbodiment of this invention, the
mammal is a human. [0045] "Human grow hohernone (hGH)" denotes a protein
having 10 an am no acid sequence, structure and function cEar act erl(rs]td_sz of
native hl{.ﬁ%ﬂi ' kN wt ne

al so inclu es%sﬁwgo?%%&g?lﬁ:ﬁﬁ%qﬁg%ﬁag?%%%%%ngfmi ﬁ%ﬁu g ‘but
not |im teefium crystaiasofi hEH muimpdeked wils spoteimife 13,:12ﬁat12<§,80_f24, TﬁG
and 45 k ] : ) I p 720, =47 . us,
fhe tormRBITanarags {GEoyd P AR AR Rt S R Garired

sonmat ot r opith ravdamhae 192: hnraioiacifd hEBgpeoteniowm)t dcrong ah %é%cb%jrzﬁgqag
met hi @ni t-h mat rrem_[United States patents 4, 342, an

5, 633,935%( errag;zj)' bggg f%far\r?&ebf[‘lzo isolation and purification froma

bi ol ogi caloGflr ce BEGby22 rErlmdtinazets Ehid setdwdiny IfroweteobymdBeonbi nant

DNA et I i s . denated as,reconbi nant man _growt h_haor mane
(rhcy - NErened Tt € 5 S, Bher SR A et boy. 25
[ 0046] . Ti&rdugr i, " bucandat ytdveroserae dayshatdoleiblieehens (towps pr@t:ﬁll I n
havi ng an. am_ng Ld sequence- that 1 s copparable to that ,of naturally
occur?i ng%'hl?rlr'%r? ggég\%hoﬁ%lfrﬁ) e %ﬁé’s?e?‘?ﬁﬁ)%’afﬁ) ng BEfr LPEOYRE Ay dmino
aci dtGequered fRat onse betewese2ih dagd) 18686ihdimy agousbie the 18de amino acid
sequence famh?é‘ cﬁ;g the 30 192 am no acid sequence of Met-hGH |In various

S t he’

enbodi nmen e’ present invention, human growth hornone derivatives
conpri se [0d¢gani ¢ EXGi @3 idflusGhtagesMehe hidd 116 Uhstucedt ivefightleg£in on and

(grams) over a seven day period for.male Wistar rats that had

been subcutaneously administered control (Group 1, once daily
15 over seven days), soluble hGH (Groups 4 and 5, once daily over

seven days) and crystalline hGH (Groups 6, 7, 9 and 10, once

over seven days) according to Table 26. See Example 25.

DETAILED DESCRIPTION OF THE INVENTION

Definitions

20 [0042] Unless otherwise defiﬁed hereiﬁ, 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

25 terms shall include the singular. Generally, nomenclatures used
in connection with, and techniques of, column chromatography,
optical microscopy, UV-VIS spectroscopy, pharmacokinetic
analyses, recombinant DNA methods, peptide and protein
chemistries, nucleiec acid chemistry and molecular biology

30 described herein are those well known and commonly used in the

art.



I nsertion variants of biologically synthesized hGH or Met-hGH - 12
proteins, post-translationally nodified hGH and Met-hGH proteins,

i ncl udi ng deami dati on, phosphorylation, glycoslylation, acetylation,
aggregation and enzymatic cl eavage reactions [Haro et al., J.

Chr omat ogr aphy B, 720, 39-47 (1998)], 5 chemcally nodified hGH or Met-hGH
proteins derived from biological sources, polypeptide anal ogs and .

chem cally synthesized peptides containing am no acid sequences anal ogous
to those of hGH or Met-hGH [0047] Methads used to prepare hGH or Met-hGH

I nclude 10 isolation froma biological source, reconbi nant DNA net hodol ogy,

het i  cal ' : . ; _ "
cncode 1 GOt or crReFRELAIE TRERS, | BREe e S iR SRAEeac BE VTR o o
al., J. @iﬁ@MEthap@ytcB,haW&O,th©9f¢Ilovi®@8)eamni - Bai t| et al.,

Gonom cs (a1 547 802 {3950l [004BL. Thex | TIDELA GEN-a) 8y el T ned as

an el enen abilit 0 combine wt enents a I S dictated
by the mnowsh bbredres regmsratred by bheepibsitatheldlaotl tihematwal snd

expresse f. at 0 dr n.{or ot her. .standard

uni v?en?‘lgf%gkgﬁt ﬁggg%%b%ao Q;L{'ré{let ﬁ%gyw %%E?T%lﬁeszfafp}e‘lﬁf“én& ﬁg}‘n? sg%t ons
(Webst er 'humisiew Wpebd @mbmiteyonarar,opi8eci éoge, rabbingl ept,Deoandhdbaee T. H.
Eds., Macm |l an w York, New York. 1998]. The terns »mgnoval ent cation”
and "di varge"lr?F 'CE?F‘gﬁng I&t%r 5 cf’%ﬁ%‘n%a‘?? ya.il ncgregt%ﬁgsﬁdt F&‘nghﬁ?gé ?%at have
ei ther athial énvensianpe tie onzenmad tiwoa hemsgxectively. Cations having 25

di fferent lkence states can.be.organic,oL. Jporganic in_nature.. _Exanples
of rmnovallo\ebﬁé ?i norg%lrlﬁl%nc%]ﬁw&%s hlgé il e(%énl#loni : .a) Prg 81@%%‘51?9
el enent s aof ameopaciddsequieatdes EHrnucture Mad, fusictildnt chafadtenhst £ 9Ff and

0 v21 e UL SIS, WISk, UL SO BulReZ ol G
" Cal ci umhoryehal (bEHhuakeb girmiudeboaAPNEsof orn fufimarat igeowaiah o Hewich
der i Val| Yo mESher 2aL0. DUIBT, 41 M N, BOT 0% o 01y e ISl VAL Vot DSLPSL - that
has been “CFJEPar | 128t TH'Y Fekehtd -

masses of 5, 17, 20, 22, 24, 36 and 45 kDa [Haro et al., J.

15 Chromatography B, 720, 39-47 (1998)]. Thus, the term hGH
includes the 191 amino acid sequence of native hGH,
somatotropin, and the 192 amino acid sequence containing an N-
terminal methionine (Met-hGH) and somatrem [United States
patents 4,342,832 and 5,633,352]. hGH may be obtained by

20 isolation and purification from a biological source or by
recombinant DNA methods. If made by recombinant DNA
methodology, hGH is denoted as recombinant human growth hormone
(rhGH). Met-hGH is typically prepared by recombinant DNA
methodology.

25 [0046]1 . 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

30 192 amino acid sequence of Met-hGH. In various embodiments of
the present invention, human growth hormone derivatives comprise
organic cations of hGH or Met-hGH, substitution, deletion and

insertion variants of biologically synthesized hGH or Met-hGH



- 13 of a divalent calciumion. The divalent calciumion is introduced
into the crystallization solution as a calciumsalt. 1In a preferred
enbodi ment, a cal ciumcrystal of human growth hornone or a hunan growth
hor none derivative conprises fromb5 about 1 to about 500 cal ci um nol ecul es
per nmononer or nononer chain of ' human growth hornone or human growth
hornone derivative. In a nore preferred enbodi nent, a calciumcrystal of
human growt h hornone or a human growth hornone derivative conprises from
about 1 to 140 cal ci um nol ecul es per -noposer or 10 nononer chain of human.
growt h hornone or human growth hornone derivative. [00501 The term

"cal ci um "_LNnc e oth_LE ic and. or [ oynt erions or
nol ecul e §tg%f'n%bré#%n&|1%ﬁsgagg§ég€m& hm%&%é‘ael c%%% %8%( ?Fslgfgnpl es of
di f f er enpro&kdnam sadwgliinge dedeidst tah ciphnspbetrgiet hydy at e, cal ci um acetat e

g}’ﬂ;’g?’g[ gﬁgggg?giang{%n acetyl acetopate hydrate, gahclum Loasconbate o
bi (6, 6, Ze@r8i6ns- [atmidtualo, 2,72- ChretaydgrRohyo 8, anedj odeiss) , (1%e@)di,um

bis(2, 2,6,6-tetranet hyl-.3,5:hepta i C e calciym . bronide, cal cium
car bc?)snat g?legléf:%:ig% ™ lofrﬁe&e}lega% Plggnt 3@%#@«5 ©28%d ﬁ?ﬁ?%‘?gg,rﬁl ci um
chl ori debielabydaht soumsds;i polgheptide arduidgat angicaheMﬂdslarilt rate
t et rahydr at al céum di.h droggnghos&hat.e, cal.gi um 2- et hyl hexanoat e,

© A AU

c
cal ci um FREBPFEEZSS BRRY PGP REERAY £ dPEPERCSY A L gHous
hypochl otbt ehoseabf i hGH icadatee-heBIl ci um i odi de, cal ci um i odi de hydrat e,

cal ci um |, gnophore .1, . cal ci,um npl ybdat alcpu Lirate al ci um
oxal at e, %ggflgﬁ]um EHHGE EHat8, PR %’f%%G&P(’feyeg]éﬂ%u’rﬁc% ot henat e,
cal dioum peephebhehefraflLibilpyl ophosplitdes, arRdombahaht NDNAI detiddlvay,

preferred enpodiment of this invention, ,the calciumsalt is selected from
t he grouﬁyﬁlgﬁggéfi%@erﬁfcaéoreﬁ}:ﬁ?u?ﬁa%cé'?}%i‘tnétlé’éllsc’r'bﬁ?‘éﬂ ori T, 9& 8 ci um
sul fate aedesathRatinendddec @oat 6iffarentioNn pecjuented efbRCH midludedhe cal cium
Al S BT ARSY Cuatd oEO0PY) 5O AN B3 LR, CEY S, o YT
(1998) ; Bennani-Baiti et al., Genomics, 29, 647-652 (1995)].
15 [0048] The term "valency" is defined as an element's ability
to combine with other elements and which is dictated by the
number of electrons in the outermost shell of the atom and
expressed as the number of atoms of hydrogen (or any other
standard univalent element) capable of uniting with (or
20 replacing) its atoms [Webster's New World Dictionary of Science,
Lindley, D. and Moore T.H., Eds., Macmillan, New York, New York,
1998]. The terms "monovalent cation" and "divalent cation®
refer to ions carrying a positive charge that have either a
valence state of one or two, fespectively. Cations having
25 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?*

30 4%, Mo?* and Ra?').

14

foo49] "Calcium crystal of human growth hormone or a human
growth hormone derivative'" refers to human growth hormone, or a

derivative theréof, that has been crystallized in the presence



human growt h hornone derivative" refers to human growth hornone that has
been crystallized in the presence of an organic cation. The term "organic
cation" refers to a positively charged atomor 5 group of atons that
contai n carbon. Exanples of organic cations include quaternary anmoni um
cations, tetraethylamonium (TEA); tributyl methyl anmoni um ( TBuMpb),

procai nam de et hobrom de (PAEB), azi doprocai nam de net hoi odi de (APM,
d-tubocurarine, netocurine vecuronium rocuronium

1- net hyl - 4- phenyl pyri di ni um choline-apd 10

N- (4, 4- axo-n-pentyl)-21-deoxyaj mal i ni um (APDA). [0052] hGH is-commercially

avail able.in ophil.ized f.orm.and [is typically ced by, reconbi nant DNA
met hods. ° c%oclrl%Y%erfto < qﬁilélmi Avent i&'ol}f? éc/lr‘@agfglkl Fgg??%ﬁ ofiH i s general ly
acconpl i shedodbyedriapar ithg arpatédlzhisidrutdscdmtdbnhéi, a peaildiumepadnd/ or 15

desalting, dialyzin nd.cancentrating the solution _and addin

nonoval egP 8rpﬁ¥€eaﬁ%§ & (’Sﬂ‘e{)l%' -1 collf"hgrgg:;tﬁ?i 8%19%:1 Q%fvf%ehr step
resul ts horihtre far nathumanorawthr fannend rddrivagdrec comptioes fnoad t o hGH.
005 On eferred e iment of this invention relates to 20 nonoval ent
Catton orbebhi s ThaftoRthnchue R Rothg e FsTamoRaRE ook e

enbodi neshaihhef Mm@ lgridvthahbdiohs &ellagiatd groweh hem@ti®up consi sting
of : lithiu sodi um _pot assi um an a nium, In_a nost_preferre

orbodi roAEELTREL OV GnTioes: PORL=TEoS FRATRITERt AoghLit & drpiral

enbodi mesE, htivamngpwatd hokmpaaner2& Mimsh YHthg hewinbnbodabixeatdisrd vat i ve
conprises from abo#t 1§TL°O about i&)g n%m_val ent, cation_nol ecul es per
mononer GPTRBRBRR T Th&PRYST thiRah® §r Rt H-Hb MoRE o P nBFR R INEh HFor mone
der invat i menoh€P5datheft @umanngpoweh cidriciid @1 hakmhh ghewtiasohwdde 30

I nor gani S and organic counterions or nolecules that froman 1ionic bond
with the®fBhB3EtENt ion. In a preferred enbodi nent, the nonoval ent cation

salt is qoe80j um SeHd term acanecumps£ler riatledeedboeht inbhgasingiatyd salt is
selected fromthe of sodiumcitrate, sodi

phosphat 8XERAT S o%‘?‘g{ﬁ%ulpalé’-é?;gé : g‘gﬂg‘lé&iéé &rﬁ'teff&rr‘“e&ne ABBYHF nfARd dv;fjfL’IFg] Sodi um
salt IS calcium ion(s). Examples of different calcium salts include
15 calcium acetate hydrate, calcium acetate monohydrate, calcium
acetylacetonate hydrate, célcium L-ascorbate dihydrate, calcium
bis(6,6,7,7,8,8,8—heptafluoro-2,2-dimethy1—3,5;octanedionate),
calcium bis(2,2,6,6-tetramethyl-3,5-heptanedionate), calcium
bromide, calcium carbonate, calcium chloride, calcium chloride
20 dihydrate, calcium chloride hexahydrate, calcium chloride
hydrate, calcium citrate tetrahydrate, calcium
dihydrogenphosphate, calcium 2-ethylhexancate, calcium fluoride,
calcium gluconate, calcium hydroxide, calcium hypochlorite,
calcium iodate, calcium lodide, calcium iodide hydrate, calcium
25 Ionophore ‘I, calcium molybdate, calcium nitrate, calcium
oxalate, calcium oxalate hydrate, caléium oxide, calcium
pantothenate, calcium propionate, calcium pyrophosphate and
calcium sulfate. In a preferred embodiment of this invention,
the calcium salt is gelected from the group consisting of
30 calcium acetate, calcium chloride, calcium sulfate and calcium
gluconate. In a more preferred embodiment, the calcium salt is

calcium acetate.



sodi um acetate. [0055] Another preferred enbodi nent of this invention
relates 5 to a protam ne crystal of hGH or an hGH derivative. Likew se,

in yet another preferred enbodinent, this invention relates to a

pol yar gi ni ne crystal of hGH or an hGH derivative. [0056] A further
preferred enbodi nent of this invention includes nonoval ent or dival.ent
crystals of hGH or an hGH 10 derivative conplexed or co-crystallized with
protam ne or polyarginine. Mre preferably, the crystals are sodi um
crystals conpl exed or co-crystallized wath protam ne or polyarginine.

[ 0057] The soluble formof hGH may be characterized by a variety of

nmet hods, | di ng, S e hj e C lquid chr t ogr aphy
(RP- 1L 0 058 7 " T AF R 1BR e BB a e BRACErpuch hlona oY

chr omat odwaphy gESHECh Hib@jorendlerhiydt bpdb brefanst doabiunen ghowrhatiegmemey (H C)

[Wi et al J ogr.a 00 95- 606 990).; ."Hormone Druygs", FDA:
publ i cat itgr? t Fi@%‘%?pé&ﬁ%agqﬁfz ﬁgr lﬁaﬁl&‘? e e(g:'l :cﬁlasto)gl PP e 9 BN f(#gf’nﬁm may
be char adher ceed hyrgpiicaationr osebpys arl aX-pomyl tidelr andtged dtomgerer al ,

t he ndi tions of crystallization will determne the_shape of a.protein
crys?‘gl , GEO8P. °§ %?1%%% % PRG 2 Pr SRT R g%ﬁﬂ‘@&ﬁsf’ﬁt?ﬁ%ﬂb‘rc sc;?eréQé’f,

needl es, ihedsde plrassridsX agmoat amacsat S e&)txaehhymaﬁﬁﬁnimbm) ,

bi pyram ds_.an 25 prisns. ,[00 stals of . h or _an, hGH der) ive
accordi n rtlgugﬁlltget 'M‘T"&Lﬂ"\‘ 3%%%' IR P AT 8Pﬁ?]RE°'Frb eph{ﬂ%)és when
i mged \wizidoppdeabhanidy amtbpyodlde o(EPMTDatitibdcuraFyaié Al etBcur@rer  an
200 m | n \PEREOR T SO Faa L RBEAN e RS pYEA R RO R S
derinmati we (EOEFrak@dls-pﬁnﬁj&ed-lzasdbbﬁ?ajrﬁﬁrﬁﬁﬁr\NE(WPDiﬁb)OU]E ﬁ and abouth 100 m
in length. a r preferred,enbodi nent,. .crystals of . hGH or an

or i vati VOOREH m 166H R SeE e RLLY  HeRL LAt Srda bbb Eed O oA HMbut 25
min | enigt Bypfi 6850} phruatued eybedesmbingit ONAS metneakl onaced iy te

this invention, crystallization of hGH is generally accomplished

by preparing a buffered solution of hGH,'purifying and/or

15 desalting, dialyzing and concentrating the solution and adding a
monovalent or divalent cation or salt to the solution. The
latter step results in the formation of an organic or inorganic
cation bound to hGH.
[0053] One preferred embodiment of this invention relates to

20 monovalent cation crystals of hGH or an hGH derivative. 1In a

. more preferred embodiment, the monovalent cation 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

25 or a human growth hormone derivative comprises from about 1 to
about 500 monovalent cation molecules per monomer oOr monomer
chain of human growth hormone or human growth hormone
derivative.
[0054] The term “mcnovalent cation salt” includes both

30 inorganic and organic counterions or molecules that from an
ionic bond with the monovalent ion. In a preferred embodiment,
the monovalent cation =alt is a sodium salt. In a more

preferred embodiment, the sodium salt is selected from the group



conpositions conprising calcium nonoval ent cation, protamne or 5

pol yargi nine crystals of hGH or an hGH derivative and a pharmaceutically
acceptabl e excipient. In yet another preferred enbodinent, crystals of hGH
or an hGH derivative and the excipient are present in such conpositions in
a nolar ratio of hGH excipient of about 1:250 to about 1:20. In an
alternate 10 preferred enbodi nent,, the crystals of hGH or an hCH
derivative and the excipient are present in a nolar ratio of hGH exci pi ent
of about 3:1 to about 1:10."' In yet anosher preferred enbodinent, the
crystals of hGH or an hGH derivative and the excipient are present in a

nol ar rat| | eXC t ut u In a
preferr egoﬂﬁg%%%}%{n& dccgiysr;ha gf%g?g d—% él&%é% gg}qgggt %13/% %rdél%grr own with
sodi um aeeehatet haln naynde: peiefheredremtedinensd whehsodiwoaadd wet h
polyarglgkgﬁug égégan1ne [0060] Crystals of human growth hornone or a

human gr ornone derivative can be conbined with any
phar nacedoPsal |y AmsEpiaiprefexcedi enbodidmour difnghis ihvent ivremeletesa

"phar mac utlcall accept abl e 18X nt" is o ng _that. as a
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variety of methods, including reversed phase high performance
is liquid chromatography (RP-HPLC), size exclusion chromatography -
high performance liquid chromatography (SEC-HPLC) and
hydrophobic interaction chromatography (HIC) [Wu et al., J.
Chromatography, 500, 595-606 (1990); “"Hormone Drugs", FDA
publication, (1982)]. On the other hand, the crystalline form
20 of hGH may be characterized by optical microscopy and X-ray
diffraction. In general, the conditions of crystallization will
determine the shape of a protein crystal, i.e., a shape selected
from the group consisting of spheres, needles, rods, plates
(hexagonals and squares), rhomboids, cubes, bipyramids énd
25 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
30 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 gm in length. In a more

preferred embodiment, crystals of hGH or an hGHE derivative form



5 citrate, ascorbate, lactate; 10) enulsifying or solubilizing/stabilizing
agents |i ke acacia, diethanolamne, glyceryl nonostearate, lecithin,

nonoet hanol am ne, oleic acid, oleyl alcohol, poloxamer, polysorbates,
sodium |l auryl sulfate, stearic acid, sorbitan nonol aurate, sorbitan

nonost earate, and 10 other sorbitan derivatives, polyoxyl derivatives, wax,
pol yoxyet hyl ene derivatives, sorbitan derivatives; and 11) viscosity

i ncreasing reagents |ike, agar, alginic acid and its salts,.guar gum
pectin, polyvinyl alcohol, polyethyl eneéoxide, cellulose and its
derivatives propyl ene carbonat e, polyethylene 15 egcoI hexylene gl ycol,
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excipient are present in a molar ratio of hGH:excipient of about
15 1:10 to about 1:0.125. In a preferred embodiment, crystals of
hGH or hGH derivative are grown with sodium acetate that may be
either crystallized with or coétéd with polyarginine or
protamine.
[0060] Crystals of human growth hormone or a human growth
20 hormone derivative can be combined with any pharmaceutically
| acceptable excipient. According to this invention, a
"pharmaceutically acceptable excipient" is an excipient that
acts as a filler or a combination of fillers used in
pharmaceutical compositions. Preferred-excipients included in
25 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 asg lactose, trehalose, maltose,
30 gucrose; 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-gB-



Line Medical Dictionary, http://cancerweb.ncl.ac.uk/ond/ index.htm].
Exanpl es of carriers or excipients include, for exanple, buffer
subst ances, such as phosphates, glycine, sorbic 10 acid, potassium sorbate,
partial glyceride m xtures of saturated vegetable fatty acids, waters,
salts or electrolytes, such as Protam ne sulfate, disodi um hydrogen
phosphate, sodiumchloride, zinc slats, colloidal silica, magnesium
trisilicate, cellul ose- based substances and pol yethyl ene glycol. Carriers
or 15 excipients for gel base fornms may7i acl ude, for exanple, sodium
arboxynethylcellulose polyacrylates pol yoxyet hyl ene-

polyoxypr lock opQ thyl e wood
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5.1 and alanublmzinéwm)blmﬁdngihagantmheﬁfaeamﬁh ai, n’ﬂﬁ]éth&ﬁ@lanrt]i’rﬂ% 6 o01is
about 5:1 | n anot her aspect o e Lnhvention, the
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consi sti rdegfl abtynMI ,nCpoEl.(‘d;di&erl npoLgsstbatsy,| wodiam 1galyRr4iridie,and
polyglutanate In a enboglnent of t.his invention, the e C|p|ent
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enbodi nent, the stals of hGH or an hGH derivativye and | ysine are
present |HY8ﬁYﬁE¥V% %%flﬂétﬁgﬁﬁo BPrRHAR dsrivas 1¥BButaS% g Yww. 5

That rat msaaylaysmdﬁmzige&wganabmkelo algatxq abgihidOadid (aMdaV)itdVbst
pr ef er abl that ratio ranges between about 12:1 to _about_15:1 (W w).
Accordln&ggﬁsangﬁ?fé?ﬂht§ 8di RRLYVigphalcohol, polyethylene oxide,

cellulose and its derivatives propylene carbonate, polyethylene

15 glycol, hexylene glycol, tyloxapol. Salts of such compounds may
also be used. A further preferred group of excipients includes
sucfose, trehalose, lactose, sorbitol, lactitol, mannitol,
inositol, salts of sodium and potassium, such as acetate,
phosphates, citrates and borate, glycine, arginine, polyethylene

20 oxide, polyvinyl alcchol, polyethylene glycol, hexylene glycol,
methoxy polyethylene glycol, gelatin, hydroxyﬁropyl—ﬁ-
cyclodextrin, polylysine and polyarginine.

[0061] In one embodiment of this invention, the excipient is
seleéted from the group consisting of: amino acids, salts,

25 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,

30 polylysine and polyglutamate, polyethylene glycol, dendrimers,
polyorthinine, polyethyleneimine, chitosan and mixtures thereof.

In a more preferred embodiment, the excipient is selected from



ratio is about 5:1 to about 1:50 (ww). And, in a further enbodinent, that
ratio is about 5:1 (ww. 10 [0065] In yet another preferred enbodi ment of
this invention, the excipient is polyarginine. In a nore preferred

enbodi ment, polyargi nine has a nol ecul ar wei ght between about 15,000 and
about 60,000 kD. In another enbodinent, the crystals of hGH or an hGH
derivative and pol yarginine are present in an 15 hGH pol yarginine ratio of
about 5:1 to about 40:1 (ww). That ratio nay al so range between about
10:1 to about 20:1 (ww). Mst preferaply, that rati o ranges between about
12':1 to about 3:1 (ww). According to an alternate enbodi nent, that ratio
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derivative whjch.is characterized as having,20 .. del ayed. di ssol uti on
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di ssol uti on of %;taJs of. hGH or an h derkéitive L%Fcharac erized by
e

cr
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a percentage of total _.qr ng_of total hGH or, hGH_derixative cr%§ al s

ori gi nal F{Rprekadit) sileined pétigsy, magnesium, trisilicate, ce; ulose-

based substances and polyethylene glycol. Carriers or

1s excipients for gel base forms may include,.for example, sodium
carboxymethylcellulose, polyacrylates, polyoxyethylene- :
polyoxypropylene-block copolymers, polyethylene glycol and wood
wax alcohols. '
[0063] In yet a more preferred embodiment, the excipient is

20 protamine. Furthermore, crystals of hGH or an hGH derivative
and protamine are present in an hGH:protamine ratio of about 5:1
to about 1:10 (w/w). That ratio may also range between about
10:1 to about 20:1 (w/w). Most preferably, that ratio ranges
between about 12:1 to about 15:1 (w/w). According to an

25 alternate embodiment, that ratio is between about 3:1 and about
1:10 (w/w). In another embodiment, that ratio is between about
5:1 and about 40:1 (w/w). And, in a further embodiment, that
ratio is about 5:1 (w/w). |
[0064] In another aspect of the invention, the

30 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. 1In a more.



m nutes or per wash step in a sequential dissolution process 10 (see
Exanple 5). In one enbodiment of this invention, crystals of.hGH or an hGH
derivative are characterized by an in vitro dissolution rate of between
about 2 and about 16% of said crystal per wash step upon exposure to a

di ssolution buffer (50 mM HEPES (pH 7.2), 140 mM NaCl, 10 mM KCl1 and 0. 02%
(v/v) NaN3) 15 at a tenperature of 37C, wherein the concentration of hGH or
an hGH derivative is present in solution at a concentration of about 2
ng/ M . In another enbodi nent, crystatsi®sf-hGH or an hGH derivative are
characterized by an in vitro dissolution rate of between about 0.04 to
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an hGH derivative and polyarginine are present in an :
15 hGH:polyarginine ratio of about 5:1 to about 40:1 (w/w). That
ratio may also range between about 10:1 to about 20:1 (w/w).
Most preferably, that ratio ranges between about 12:1 to about
3:1 (w/w). According to an alternate embodiment, that ratio is
about 5:1 to about 1:50 (w/w). In another embodiment, that
20 ratio is between about 12:1 and about 15:1 (w/w). And, in a
further embodiment, that ratio is about 5:1 (w/w).
[00686] One embodiment according to the present invention
includes an injectable crystailine suspension comprising about
20 mg/ml of crystals of hGH or an hGH derivative. That .
25 suspension is characterized by easy resuspendability, slow
gedimentation and a time action profile of about 7 days. It ﬁay
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%
30 related proteins (RP-HPLC). This purity is maintained for at
least about 4 months under refrigerated condiﬁions.
[0067] One embodiment of this invention relates to a crystal

of hGH or an hGH derivative which is characterized as having



10 0.3 ng/ kg/ week after several weeks or nonths of treatnent, with the
dose being further increased to about 0.7 ng/kg/week around puberty. As
will be appreciated by those of skill in the art, the |level of such
exogenously delivered hGH dosed to adults or children requiring hGH
delivery is al so dependent upon the 15 existing physiological |evel or
concentrations of hGH [0070] Dosage reginens for hGH in adults or
children are often expressed in terns of ng/kg or International Units

(U kg). Such reginens are generally -sebedul ed for either a day or a week,
i .e., ng/kg/day or ng/kg/week. Wth such 20 considerations in m nd,

accordin o.one .enbodi nent .of this _jinventio a .si.ngl e_adm ni sty ation of
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15 at a temperature of 37°C, wherein the concentration of hGH or an
hGH derivative is present in solution at a concentration of
about 2 mg/ml. 1In anéther embodiment, crystals of hGH or an hGH
derivative are characterized by an in vitro dissolution rate of
between about 0.04 to about 0.32 mg of said crystal per wash

20 step in a sequentlal dissolution process (see Example 5). On
the other hand, in vivo dissolution is described by serum levels
of hGH in a mammal over time after a single injection of hGH
into the maﬁmal.

[0068] In mammals, GH stimulates tissues to synthesize and

25 secrete IGF-1, a protein that, in turn, plays a role in cell
division and metabolic processes. As will be appreciated by
those of skill in the art, serum hGH and IGF-1 levels are
dependent on many factors, including physiological and
treatment-related factors. Such factors include, but are not

30 limited to:.physiological factors, such as: birth age and bone
age, sex, body weight, developmental stage (e.g., increased
level at puberty) and treatment-related factors, such as dose,

rate (kinetics) of dosing and route of administration. Also,



derivative, or a conposition conprising such crystals, provides an in vivo
serum concentration of greater than about 0.3 ng/m hCH for between about
0.5 hours and about 40 days in a mamual, preferably for any one period of
any one of about 10, 7 or 1 15 days post-adm nistration. According to one
enbodi nent of this invention, a single weekly adm nistration of crystals
of hGH or an hCGH derivative, or a conposition conprising such crystals,
provides an in vivo hGH serum concentration of greater than about 10 ng/n
hGH on days 1 and 2 post-adm nistrati-orgl greater 20 than about 5 ng/m hGH
on days 3 and 4 post-adm nistration and above about 0.3 ng/m hGH on day 5

to day 7 &fosée %‘}msilhﬁrat : He 2 @”Gﬂ(np”aﬁp%%# deél% ‘le&'é&ené‘ RGHIL &
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ng/ M, fafthildren requiring hGH delivery is also dependent upon the

15 existing physiological level or concentrations of hGH.

[0070] - Dosage regimens for hGH in adults or children are
often expressed in terms of mg/kg or International Units

(IU/kg) . Such regimens are generally scheduled for either a day
or a week, i.e., mg/kg/day or mg/kg/week. With such '

20 considerations in mind, according to one embodiment of this
invention, a single administration of crystals of hGH or an hGH
derivative, or a composition comprising such crystals, for
example, a single weekly administration of about 9 mg per 30 kg
child, provides an in vivo hGH serum concentration of greater

25 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

30. 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 hoursg and about 40 days post-administration in said



about 0.5 hours to about 40 days post-adm nistration, preferably about 7
days post-adm ni stration. According to one enbodinment of this invention, a
single adm nistration of crystals of hGH or 15 an hGH derivative, or a
conposition conprising such crystals, provides an in vivo |IG-1 serum

el evation over baseline 1G--1 level prior to said adm nistration of
greater than about 50 ng/m fromabout 10 hours to about 72 hours

post-adm nistration and between about 0.5 ng/m to about 50 ng/m from
about 20 72 hours to about 15 days pestgadm nistration or 72 hours to

about 10 days post-adm nistration. [0072] According to this invention,
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preferably for any one period of any one of about 10, 7 or 1

15 days post-administration. According to one embodiment of this
invention, a single weekly administration of crystals of hGH or
an hGH derivative, or a composition comprising such crystals,
provides an in vivo hGH serum concentration of greéter than
about 10 ng/ml hGH on days 1 and 2 post-administration, greater

20 than about 5 ng/ml hGH on days 3 and 4 post-administration and
above about 0.3 ng/ml hGH on day 5 to day 7 post-administration.
And, in a further embodiment, a single administration of
crystals of hGH or an hGH derivative, or a composition
comprising such crystals, provides an in vivo serum

25 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

30 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

tc about 50 ng/ml from about 72 hours to about 15 days post-



and said crystal. Crystals of hGH or an hGH derivative are thus
characterized by an advantageous in vivo dissolution rate. 15 [0074] The
present invention further provides nethods of adm nistering crystals of
hGH or an hGH derivative to a mammal having a di sorder associated with
human growt h hornone deficiency or which is aneliorated by treatnment with
hGH. The nmethod conprises the step of adm nistering to the mamal a 20
therapeutically effective amount of a crystal of hGH or an hGH derivative.
Al ternatively, the nethod conprises thesstep of admnistering to the
mammal an effective amount of a conposition conprising crystals of hGH or
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of this invention, a single administration of crystals of hGH or
15 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 about 50
ng/ml from about 10 hours to about 72_h6urs post-administration
and between about 0.5 ng/ml to about 50 ng/ml from about
20 72 hours to about 15 days post-administration or 72 hours to
about 10 days post-administration.
[0072] According to this invention, a single administration
is defined as between about 0.01 mg/kg/week to about 100
- mg/kg/week hGH crYstals or hGH derivative crystals, or a
25 ' 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 30 kg child. Turner syndrome may be dosed with hGH crystals or
hGH derivative crystals, or a composition comprising such
crystals, at about 0.375 mg/kg/week, e.g., about 11.25 mg for a
30 kg child. Additionally, adult growth hormone deficiency may



[0077] The present invention also provides nmethods for 15 induci ng wei ght
gain in a mammal , conprising the step of admnistering to said mammal a
therapeutically effective amount of crystals of hGH or an hCGH derivati ve.
Al ternatively, such nethods conprise the step of adm nistering to said
manmal a therapeutically effective anobunt of a conposition conprising 20
crystals of hGH or an hGH derivative and an excipient. In one enbodi nent
of such nethods, the weight gain induced in a hypophysectom zed rat is
bet ween about 5% and about 40% after - @dni-ni stration of said crystals by

i njection once a week. [0078] Crystals of hGH, crystals of an hCGH

mmy be  Soriered PEEROR S SHERIPE S koI K aur el T AR O o
prophyl aet 89 pgepdndt i orAIDmWSMygbélaelansmlm}erb@d dbgednyi tir oSt et cﬁhal

adm ni st QQ rauie '{Eﬂ for exanple, parenteral, oral, pul nonary,
4:1 O g : .
nasal , anal 7 der'ma ocu ‘ar, 30 intravenous, intramuscul ar,

int raarte’.t0|0al3;l i nt Ilap:eeu tamaaller embodsmént Sn,ﬁ)ltilﬁ@uahveﬂtlbcml amgmisls

t | | t | 0079], |
erhod medt BFR e Eha it vafy bl &2 Crodr L Bt e, or

conposi t |cmystamsprd$splgay haemelwttheobloaw&iﬂnﬁllmtyenﬁztnmeﬁtto akat of
rout e, ed enbodi nent,

o % S BEALE 2 el POEED BN el gLl BT oo

with or iwnivehtdbnahaexd predpitiver biasvahl st driag, lf aubmuaﬁﬂm o

I ntramuscul ar route,. n.a ref rred odj nent, e crystals or

conposi t PORECSF Fﬁ?@a#%cgq:r# O/t SE :ﬁ? sﬁ%ﬁeg{e’gsvgﬁﬁé&%n USA0 rout e,

usi n@ a meedbe(haglngsubqytayEOgeeareintf&muguuya&uahjbetian)Jrwm&xéln

eribodi ool kiisal fueni 490 ! he.cedh Groauge dTey bs eauel Loy The

or a netafdesealninsvivo HEMRerdht eoncéntiedtiod ey eaydbgonaieitgder ed by

needl e- fre%l aldlg eCtlf”] Crystals of hGH or an hGH derivative are thus
characterized by an advantageous in vivo dissolution rate.

15 [0074] The present invention further provides methods of
administering crystals of hGH or an hGH derivative to a ﬁammal
having a disorder associated with human growth hormone
deficiency or which is ameliorated by treatment with hGH. The
method comprises the step of administering to the mammal a

20 therapeutically effective amount of a crystai of hGH or an hGH
derivative. Alternatively, the method comprises the step of '
administering to the mammal 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

25  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

30 weeks or about once every month.

[00751] 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



[ 0081] This invention advantageously permts sustained release of hGHinto
a manmmal . I n one enbodi nent, the crystals or conpositions according to
this invention are adm ni stered about once a week. In another enbodi nent,
the crystals or 20 conpositions according to this invention are

adm ni stered about once every two weeks. In yet another enbodi nent, the
crystals or conpositions according to this invention are adm ni stered
about once every nmonth. It will be appreciated by those of skill in the
art that the specific treatnent regi nerpsm-I | depend 25 upon factors such as
the disease to be treated, the age and weight of the patient to be
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conposi t i pywrAcCcor @hBgpt&séit Sinvertilbn0al86€Eprovides methods for

15 inducing weight gain in a mammal, comprising the step of
administering to said mammal a therapeutically effective amount
of crystals of hGH or an hGH derivative. Alternatively, such
methods comprise the step of administering to said mammal a
therapeutically effective amount of a composition comprising

20 crystéls of hGH or an hGH derivative and an excipient. 1In one
embodiment of such methods, the weight gain induced in a
hypophysectomized rat is between about 5% and about 40% after
administration of said crystals by injection once a week.

[0078] Crystals of hGH, crystals of an hGH derivative or

25 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,

30 intravenous, intramuscular, intraarterial, intraperitoneal,
mucosal, sublingual, subcutaneous, transdermal, topical, buccal

or intracranial routes.



characterized by 80% effective | oading. [0083] A preferred formnulation
vehicl e according to the present invention conprises about 100 mM sodi um
acetate, about 20 5% PEG 6000 MW and about 25 nM Tris.HCl, pH 7.5. An hCH
conposition prepared using such a vehicle may conprise: about 9.35 ng/m
crystalline hGH and about 1.81 ng/m polyarginine (or about 3.12 ng/nm
protamne). As will be appreciated by those of skill in the art, given
that conpositions according to this 25 invention may conprise about 1 ng/m
to about 100 nmg/m hGH concentration, gshe pol yarginine (or protamne) .
concentration should be adjusted accordingly, so that it is sufficient to

mai nt ai n o} 'hCGH pol yarginj.ne (w ratjo or..a 3:1 hGd protam w W)
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crystal | iviahicns afl ékéDiherini Grer wahahi sZetéd by Fubcdu®Ane6Q8PsE Si Ng a salt
and an ionic pol r; and (b) incubating said solution for greater than
about 12 W u3¥3§a¥éﬁﬂ€?%nure bet ween about 4C and about 37C, until
crystal s ofogiognman g oavtpre fuyrEd enbbd méniANE K @dyisthaoenere derivative are
formed. In 10 anot her enhodi nent, the nethod conprises the steps of: (a)
m xi ng a SSHPREREHOBF Plneh- S rSWeR SR moRES AW HRHET g S¥t AUPFIdr3RfFRMS
derimat i %dv&iet,hu@iﬁé)/&'[z@éécilze’ﬂﬂaﬁ)ﬂnéohué&?b it erCrahabll ggldPresol ution
conprising a salt and a precipitant; and (b) incubating_said solution for
greater t4fan &PBofRe1 menfs oft thigcpErntiny FAeWEesIaBogRUAT BHH about
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derivative are fornped. In another_enbodi pent, the sol ution at_step (b) of
administered from a pre-filled syringe or a meta dose infusion

pump. Alternatively, they may be administered by needle-free

15 injection. '
[o081] This invention advantageously permits sustained
release of hGH into a mammal. In one embodiment, the crystals
or_compositions according to this invention are administered
about once a week. In another embodiment, the crystals or

20 compositions according to this invention are administered about
once every two weeks. In yet another embodiment, the crystals
or compositions according to this invention are administered
about once every month. It will be appreciated by those of
skill in the art that the specific treatment regimen will deéend

25 . upon factors such as the disease to be treated, the age and
weight of the patient to be treated, general physical condition
of the patient and judgment of the treating physician.
[0082] According to one embodiment, compositions comprising
crystals of hGH or an hGH derivative according to the present

30 invention are characterized by an hGH concentration greater than
about 0.1 mg/ml. For example, that concentration may be between
abocut 0.1 mg/ml and about 100 mg/ml. Alternatively, those

compositions may be characterized by an hGH concentration



ei ther met hod descri bed above can be incubated for greater than about a
week at a tenperature of about 15C. In a preferred 20 enbodi nent, the
crystals of hGH or hGH derivative are calcium crystals, nonoval ent cation
crystals, Protamine crystals or polyarginine crystals and the ionic
polynmer is Protam ne or polyarginine. In another enbodi ment, the ionic
polymer is polylysine or polyorthinine. In yet another enbodi nent, the 25
ionic polymer is a mxture of any two or nore of protam ne, polyarginine
and pol yl ysine. [0085] The salt in step7(a) of the above-described nethods
may be either nonoval ent or dival ent and i norganic or organic. A preferred
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salt i s aOSOdMuanaiEoutl s .® tlasoaeo@teémrqsteﬁzrm@weabouthe S Whaalt is
sel ect ed f %Eg rou consistin sodiumcitrate, sodlu dﬁﬂuﬁfhate
t

and sodi L? Qa &P Oﬁmrggf)?%"?aet?]ryec??’er’ﬁboépﬁﬁnt salt is
sodi um agetat aboﬂ.ﬂ i@@ﬁ?drduanﬁhe POy B FESIGF labad 1ehBed, oﬂ\/nere the salt is

cal ci salttor a nnnovaljy catjon salt I s present . e
crystalll ¢ POREABIRE T ARDPLYEFItRINGt BY ¥r 3t POR B%¥H% about 0.01
mM arnd abeHt pdl Mardnindr efstﬁ:hedoﬁﬁ@Qﬂti&{H matwo@tl@aawpté@ﬁpﬂmés bet ween
about 25 and about 205, M re the 15 salt is a calciumsalt, it

pr esent Hcfﬁﬁecry%t‘&?'f“iﬂzéﬂ ouk o} 00 i B W amEEo( aride éec%ncentratlon
bet ween &quhlﬁeQQndW§1y5ﬂ$5335 oMugJRD8E dubut Bloehgl ey srbeshi-riNtved he

CryStallugg%ig?croblal phenol, metacrescol, benzyl alcohol,

parabenzoate (paraben)) - 0% to about 5% (preferably 0% to about

15 0.9%); and polysorbate - 0 mg/ml to about 10 mg/ml. According
to one embodiment, compositions according to this invention are
characterized by 80% effective loading.
[0083] A preferred formulation vehicle according to the
present invention comprises about 100 mM sodium acetate, about

20 5% PEG 6000 MW and about 25 mM TriS.HCl, PH 7.5. An hGH
composition prepared using such a vehicle may comprise: about
9.35 mg/ml crystallihe hGH and about 1.81 mg/ml polyarginine (or
about 3.12 mg/ml protamime). As will be appreciated by those of
skill in the art, given that compositions according to this

25 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

30 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.



solution of step (a) further conprises a pH buffer. In a nore 20 preferred
enbodi nent, the pH buffer has a pH between 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 10. In a nore preferred enbodi nent, the pH of the buffer is

bet ween about pH 7.0 and about pH 10. In yet a nore preferred enbodi nent,
the pH 25 of the buffer is between about pH 6 and about pH 9. In yet a
~nore preferred enbodi nent, the pH of the buffer is between about pH 7.8
and about pH 8.9. [0089] In another aspect of the above-described nethods,
~the pHbuffer in step (a) is selected fromthe group consisting of: 30
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and (b) incubating said soclution for greater than about 16 hours
15 at a temperature between about 4°C and about 37°C, until crystals
of human growth hormone or a human growth hormone derivative are
formed. In another embodiment, the solution at step (b) of
either method described above can be incubated for greater than
about a week at a temperature of about 15°C. In a preferred
20 embodiment, the crystals of hGH or hGH derivative are calcium
crystals, monovalent cation crystals, Protamine crystals or
polyarginine crystals and the ionic polymer is Protamine or
polYarginine. In another embodiment, the ionic polymer is
polylysine or polyorthinine. In yet another embodiment, the
25 ionic polymer is a mixture of any two or more of protamine,
polyarginine and polylysine.
[0085] The salt in step (a) of the above-described methods
may be either monovalent or divalent and inorganic or organic.
A preferred embodiment of a divalent salt is a calcium salt. In
30 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



20 [0091] In another enbodi nent of one of the above-described nethods, the
precipitant in step (a) is an ionic polyner. In a preferred-enbodi nent,
the ionic polymer is selected fromthe group consisting of: protam ne,

pol yar gi ni ne, polyornithine and polylysine. 25 [0092] The m xing step (a)
of the above-described nethod conprises mxing a solution of hGH or an hGH
derivative with a crystallization solution. In one enbodi nent of that

nmet hod, the resulting concentration of hGH or hGH derivative in said

- crystallization solution is between abast -1 ng/m and about 30 1,000 ng/m .
In a preferred enbodi nent, the hGH or hGH derivative in said solution is
pr esent e | b . d . o/ m. In
a furt he?&ré}%ﬁﬁ%ﬁ%é&%ﬁh%& \(%Ireﬁ%&%ggg%ﬁl%a |vlreg g %%sglgggg% g i%rn&?s 31
present dthe grompencnal stvindhafivddthibout sddiwmy/ Hotass iamoahd 2&mmenyiun ..

[ 0093] | r r [ .0f the oye- ribed, .met hod_f or

prepari ngrgragg}t%fg%sgggf§%0%r an%ﬁ&ﬁn _értl:@%t[?{‘%%o%atﬁ%gt gagégﬁt_f%ns%:%ryp%'i si ng
hGH or anl@f@4lderi ¥ntancaldarnate preseatéed zanbaiimeptubifohhis i ncubated in
step {b) f e ., Q- ay .and out twQ s at t epper at ure of
aboutg SSan;e,&ll%tq%\rp(ﬁapP\a/?py, ta%éat%ét gzr‘_’r%‘é;sl%tﬁ?e ey abesogg%‘ﬂ‘t 5311% IfrTrPaanot her
enbodi nremore Iperefekued cempahimendi, nghkCsbdiummrediEH ide selatte@ £iwh tthd he

crystalli | 0 . Ut | [S. | ted _for between about.0Q, 25 a nd about
two days ggrtaoﬂg ?J 8%%%?9%{'%5% %b%gi% SEEFAT R UL & 3?%%0?1?‘?@%?&‘{“%

sol ut i on agwgatiesi nfnh&tyely mmoreh Ghie fdered aémived janechtt, heher gatialihi gt ars

sol ution siosdii ncungegefor bet ween about 0.25 day and about two days at a

t enper at ure &fn T5°45bout 15C. [ 0094] The present invention further provides
an dla er nAX0871net htd vtifie Elepar-degcripet anstiodd h@ierer yhkabalofiam hGH
derivative.or co I tions copprisin uch crystals,and _an exgipi,.ent. This
net hod cocr%:)lrclls’tlg‘sgggg <t eapénoﬁogpa(lgfltnigﬁﬁhﬁnas%'s&%ﬁisoﬁrSFeﬂ@—F%rt% hGH
derivat i werysitbilazet yoh addliwtdiononf step (a) at a concentration between

about 0.01 mM and about 1 M. In a preferred embodiment, this
concentration is between about 25 and about 205 mM. Where the
15 salt is a calcium salt, it is present in the crystallization
solution of step (a) at a concentration between about 0.01 mM
and 235 mM.
[0088] - In a preferred embodiment, tﬁe crystallization
solution of step (a) further comprises a pH buffer. In a more
20 preferred embodiment, the pH buffer has a pH between about pH 6
and about pH 10. In a more preferred embodiment, the pH of the
buffer 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. In yet a more preferred embodiment, the PH
25 of the buffer is between about pH 6 and about pH 9. In vet a
more preferred embodiment, the pH of the buffer is between about
PH 7.8 and about pH 8.9.
[0089] In another aspect of the above-described methods, the
pH buffer in step (a) is selected from the group consisting of:
30 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

conslisting of: bicarbonate, imidazole-malate, glycine, 2,2-



buffer to produce a crystallization solution; (b) adding deionized water
to the crystallization solution; (c) adding an ionic small nol ecule or
ionic polymer to said crystallization solution; (d) adding a salt to said
crystallization solution; 25 and (e) incubating the crystallization
solution for between about 2 and about 168" hours at a tenperature between
about 10C and about 40C, until crystals of hGH or an hGH derivative are
formed. In a further enbodi ment of this invention, that incubation is
carried out for between about 4 and abag 48 30 hours. In another
preferred enbodi nent, the crystallization solution at step (e) of the

above- des .P§QSQ%§F LS, cypated .. for bet oMk, 4 and_about 48 hour s
at a tenp%r:% re %ggki)agb%t%cqlalﬁglalﬁgﬁ gﬁﬁ%‘ﬁan{*hlscr gtgaPs of hCGH or
an hGH 32caxhnnanﬂgiNé(aFecébamtdb)+&mmumdﬁagetbcaacidxeﬂqumﬁaoeabmdtﬁaﬂﬁ,

the above:describ hod.i s carried out. wth an optional ep, after step
(by. That LobT ST CSEEs SoRpITeLk dctdetyaal prafinreains suinghie” o
crystal liaatdon solution. In a further 5 enbodi ment of the above-described
met hod, s c) 1s_optional, et her. or _not .those optional steps are

enpl oged, hﬁ\)g@ prefer fggﬁ °gn%13%liv%e°rﬁe,"dteﬁ‘grt$?/§t%?€?% i esBFﬁF?'git%rft st ep
(e) is iunsebaticepreparbetwestabd hmeo&ndnahmtdéwﬁrdi&w% abk -?

t emrper at ure between about ,15C a bout 37C._In another 10 preferre

embodi mentYPIGR é’r%’?WFFiﬁt i ’o’héf‘b“fﬁi’tgi Rwa'f‘°%?%‘bfﬁ)"’e’19§“ﬁ BeLBaLeee

bet ween ahoditprtardnd . abbut ahethelnwmbadiaent esperiad Ulrgretivaentadout 4Cand

b 37C._[ 009 . f d enbodi di to.this inventjon
" step (B5SUPhHREtai8, BERReLT infi e Ao Ehe HEbeYs OGRS ket BRFSR s 1 o

a nonoval @morcdidme palimetn arpreipefedreabodbo®itiedtor ttrl abdmisnyst al s,
the calciumsalt ,is si%ectgd fromthe grou consj sting of: cal cium

acet ate, REISFImiEhPELrEESI EF QN (e gr BBng?ﬁﬁ%ﬁﬁFQQH utSGhPABe. In yet a
nore prefgsXygthyaehedghpodl (PEG)C N BOLFR byl SaTabidUBraeehahsl . | NTR
preferred 20 enmbodi_nent, al cium acetate is in the form of _an aqueous

t
sol ution ?nﬂﬁﬁﬁ;gieﬁﬁrﬁg?mﬁgﬁ? L3t RRIPEBOIR I RRF. 45 igopgrRyl

alcohol or ethanol. 1In yet a more preferred embodiment, the PEG

15 has a molecular weight between about 200 and about 8000. The
PEG may have a molecular weight of 3350, 4000, 6000 or 8000. 1In
a more preferred embodiment, the PEG has a molecular weight of
about 6000. In yet another preferred embodiment, the PEG is
present at a concentration between about 0.5% and about 12% w/v.

20 [0091] In another embodiment of one of the above-described
methods, the precipitant in step (a) is an ionic polymer. 1In a
preferred embodiment, the ionic polymer is selected from the
group consisting of: protamine, polyarginine, polyornithine and
polylysine. | _

25 [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

30 1,000 mg/ml. In a preferred embodiment, the hGH or hGH
derivative in said solution is present at a concentration
between about 2 mg/ml and about 50 wg/ml. In a further

embodiment, the hGH or hGH derivative in said solution is



preferred enbodi nent, the aqueous solution of calciumacetate has a pH
bet ween about 7.0 and about 8.6. In another enbodi nent, the cal cium acetate
in the crystallization solution 25 at step (e) is present at a
concentration between about 0.1 nM and about 205 mM In a nore preferred
enbodi ment, the calcium acetate in the crystallization solution at step
(e) is present at a concentration between about 85 nM and about 100 nmM
[0096] In a nore preferred enbodi ment, the nonoval ent cation 30 salt is
selected fromthe group consisting of- I3iit ki um sodium  potassi um and
amonium |In yet a nore preferred enbodi nent, the nonoval ent cation salt
in step ( t b él_g%car d thod |mIarI iJL a nore
pr ef erreap‘)enb'(;)-l i ﬁgnfg &%ﬁﬁ er%g%ova a'%‘?%‘?lol;aaw/m§ g8 %%t f“;r.gom t he
group comsi/sdi.ng of: sodiumcitrate, SOdI um phosphat e and SOdI um acet at e.

In yet a e preggr the Ien cati.on s is sodi um
acet ate. lidrgj@aﬁ}pref gﬁr%%%&nﬁﬁgbg I(ralerslo m zfce é’f’g fissfﬁa}%e? he form of
an aqueoueethobdufponpheparing qrvsthalneef h@ébu&r JmitH deatitadive, Hhe a nore

preferre he a us sal sodi um.acet at e has a pH
betwggén %t?gg?gghgg%%r{a%%nﬂ %gﬁgor AT §§i3t§%’? R GAERG r?'élﬁltggﬁhe sodi um acet at e
in the sanystehlatasiep sc(]e.)tucm presadtbated iroratept r(d) i Gor bieétvessn about
referretg enbodi nent . the socgagm
t

0.5 nMa out ,10

acet at e :l% O%? hg 8rgyc51%g aatbo(‘)'lﬁ‘ §5’Pu§?§ﬂ A BEFREFREE e PE AR R
concent raptht@wnbeivcebn atimn tEdfpentard wdp e HEOUEM37T0Al I it hlerat | on
may al so b etwe bout .85 .mM and _about [ 0097 ef anot
preferre(f"%ng |mahtt ef'hs’eo%%ioélr ﬁ&glrigl’a%lrl‘%tcﬁ@ni% heE’r RS i |on
sol utd on tate s:lrgpté.lal).lzﬂtidfre soalnmiendescm@mlatrai fet betpeeseisbodd @ 25
concentr |on aboyt and about . I n _anot her
pref er r ed*¥YeftB d?ﬁﬁ t‘f%eéjaﬁ’@a& B%?%/’?ﬁ \Fégia%"ggezér%téqq Y&t i on
sol uti on aa:tothéepe(h@odirﬁemr e et s@uualeﬁn@@tﬁtﬁfﬁnir@l hiast Weean aemt 20 14.5
ng/ m. and, about .15. 5 Ina&urthre odi nent,, the . hCGH_ or
derivati VERAERES 3 Gfl EtanLirhi o uL'51‘t°é’p i é)"c]'l?a?ﬁ‘%s%?ﬁ at a
concent r deit@nehehbeeh Gﬂﬁﬂﬂdd& apdTkbeltl two days at a temperature of

15 about 15°C.

[0094] The present invention further provides an altéfnate
method of preparing crystals of hGH, crystals of an hGH
derivative or compositions comprising such crystals and an
excipient. This method comprises the steps of: (a) mixing a

20 golution of hGH or an hGH derivative with a crystallization
buffer to produce a crystallization solution; (b) adding
deionized water to the crystallization solution; (c) adding an
ionic small molecule or ionic polymer to said crystallization
solution; (d) adding a salt to said crystallization solution;

25 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

30 hours. 1In 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



about 100 ng/m . [0098] In a preferred enbodi nent, the crystallization
buffer 25 at'step (a) of the above-described nethod is selected fromthe
group consisting of Tris-HCL, HEPES, acetate, phosphate, citrate, borate,
i m dazol e and glycine. Alternatively, the crystallization buffer is
selected fromthe group consisting of: Tris-HCL, glycine, HEPES, .

I m dazole, Bis-Tris, AWP (2-am no-2 30 nethyl propanol), AWPD

(2-am no-2-net hyl -1, 3- propanedi ol ), AMPSO

(3-([1, 1-di met hyl - 2- hydr oxyet hyl ] am roB22-hydr oxypr opane sul fonic acid),
bi ci ne, ethanol am ne, . glyclglycine, TAPS, Taurin, Triane, and m xtures

t her eof . 4.0 - her - ' ot rystalli on buffer
i n sol ut idgﬁlgta eg?gpafég&ﬁie%gr els%%'? rggggd%ﬁ%gerﬁlﬁ%% %ﬁgb‘ée?&méaé%ﬂ%%%’ut 10 mM
and aboutth@0ebowerd¢go0iied meghothés eabotedenit ofithhenabpuionat cstdmrd

met hod, e, S Iizﬁg i!o | t ).J.S_pr.esent at a pH

bet ween éa%(t)%? geé%dt@bbut .%P%Hékgge?g? e(g&éér%os |sm§ilﬁf1,ln9h% _

crystal | prgciphtautfee the pmyssallizanioh QI?IL}/EM .?_baint aGf?g‘r:h?abogt sght ! gt
yet ot ] r | en ryst.allizatio uf | S

a pH bet \%&%ﬁ%@%ﬁ% ‘s‘gg an%“%of(? %igg%?f_bﬂ? ‘f(‘fﬁ}tﬂﬁ%’ Is%_egngfﬁg??p?%’f’e?‘f% i
enbodi newhethhe pH nét ttteosec opstiahhl zat éps &bmef fmphdygaol ihi a)rll%ﬁéflstmﬁ (e)
of the a 33 ripbed method,i.s_betwee out and about,10. In a nore
pref er re%mé%gcl) ?lﬁr\ght%ﬁf hceryﬁgagfhtzﬁel%?yss&alf :?ozrhtai%oﬁtﬁﬁf ?8 th 15 solution

i s bet weémcabatéed6fan bathv@men abbutl| ongednd aboe tpioceHaysedt egbodi ment, the

T S I e (T
the Ipt i prafested émbddiners:,stap Cbysodlhithtipra sdlupieni att avépt el he
oryStel Ao LY T L PLEELD LA S i IO O Rl Tolecul e
i s sel ectedpératutd coetgrarup abonsi 8¢ rchdfabpaltystrfy) ene gl ycol (PEG,
polyvinyuoabg?hol In a preferred embodiment according to this invention,
in step (d) of the above-described method, the salt is calcium
15 salt or a monovalent cation salt. 1In a preferred embodiment for
calcium crystals, the calcium salt is selected from the gfoup
congisting of: calcium acetate, calcium chloride, calcium
gluconate and calcium sulfate. In yet a more preferred
embodiment, the calcium salt is calcium acetate. In a preferréd
20 embodiment, the calcium acetate is in the form of an aqueous
solution having a pH between about 3 and about 9.0. In a more
preferred embodiment, the aqueous solution of calcium acetaté
has a pH between about 7.0 and about 8.6. In another
embodiment, the calcium acetate in the crystallization solution
25 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
30 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



and m xtures thereof. In another preferred enbodi nent, the PEG 25 has a

nol ecul ar wei ght selected fromthe group consisting of between about 200
and about 8000, about 6000, about 4000 and about 3350. In yet another
preferred enbodi nent, PEGis present in the crystallization solution at a
concentration between about 0.5% and about 20% (w v). In another preferred
enbodi nent of 30 the above-described nethod, the precipitant is selected
fromthe group consisting of: am no acids, peptides, polyam no acids and
m xtures thereof. 35 [0102] In anothemnspreferred enbodinent, in step (c)
of the above-described nethod, the ionic polymer is selected fromthe

group conS|st| f:._protam.ne, pol I Si ne ornlt i ne
and oct afgiM Egnﬁ CAMTh 2 LSy dPePPaS gﬁ%o’gﬁ%%%ey#f’}‘}ps?%% J)n%fo ‘he
above-demﬁuluadcmerhmel gudiymr phospBatée aukdlegbdiium aceakte. OfIn yet a

hGH: pol yar n|ne ween_ 5: out 1:25, The esultln
cryslto al I>/i E%?g?ﬁ?g%{"l?@%ﬁé’gba? m%?o‘éa]][eé#pé:rag‘ﬂﬁfles? g’r%gscb%lt °
anut 15@c@tdtabou1cn%@féﬂe;r&oambaaalﬂnm,S ﬁkmhm:lumacbwts 1s10Lr{ 010|3] f
The present invention provides anot 0 re in a o)
nural? o+ Slien EBhean CRgAacHR SHE U5 SRR ERY LA B REEMBRE. SRPrea |

conposi t iaGdwutCcONPL i smgaswﬁfe pereyerraéa St @it i phenhqu&'daus m&umbn
conpri ses the steps (ﬁ% a sol ution of hu romﬂh $orgpne or a
human gr &% £° ii%uﬂo?ﬂ%ﬁ%t%i S\/e?t ﬁH’ﬁe% WP 10 2 O‘bﬁfqe ™hr oduce
a cryst anodtaeki embseim&n@,n ,tt(eb)aoaddmnecelemsml:zrecimabenuwoﬁaazd step
crystalligetlon sol ution; g reC| Itant to said X t%;Iization
sol uti on: (& d)5aBYLRG G %l'ala( °t°61c§&FH tb?gs?%ﬁ S EPOHES 81 at TR ‘feﬁ out

I ncubnat i BYot her. cr Y&t &l thdZetd 1 ¥F e2@e80bbb@Imd R, ReleV@el1aRosteRattdIdimbout

168 hours_at a ni)erature between about 10C and about 40C unt|I crystals |
of  humarFhgr Sﬂ’ﬁtﬁ?) MRl SPINGARR §F oSk FP hb)ndife PIEFEYEL fhePare  forned:;

and (f) adeiceataationi BeflaHbole $000mered altoudf sobusRn great h hor none
or a human growt h hornone derivatjve. 25 Accordi n%Mto qone, enbodi nent of the
above-de§€FFS€HrﬁE%?RmPa¥nQ%§° be between about 85 and about 100 mM.

[0097] In yet another preferred embodiment, the hGH or hGH
15 derivative in the crystallization solution at step (e) of the
above-described method is present at a concentration between
about 2 mg/ml and about 17.5 mg/ml. In another preferred
embodiment, the hGH or hGH derivative in the crystallization
solution at step (e) is present at a concentration between about
20 14.5 mg/ml and about 15.5 mg/ml. In a further embodiment, the
hGH or hGH derivative in the crystallization solution at step
(e) is present at a concentration between about 2 mg/ml and
about 100 mg/ml.
[0698j In a preferred embodiment, the crystallization buffer
25 at step (a) of the above-described methed is selected from the
group consisting of Tris-HCl, HEPES, acetate, phosphate,
citrate, borate, imidazole and glycine. Alternatively, the
cryetallization buffer is selected from the group consisting of:
Tris-HCl, glycine, HEPES, imidazole, Bis-Tris, AMP (2-amino-2-
30 methylpropanol), AMPD (2-amino-2-methyl-1,3-propanediol), AMPSO
(3-([1,1-dimethyl-2-hydroxyethyl]amino) -2-hydroxypropane
sulfonic acid), bicine, ethanclamine, glyclglycine, TAPS,

Taurin, Triane, and mixtures thereof. In another preferred



(f) is optional. In a preferred enbodi nent, the crystallization solution
at step (e) is incubated for between about one and about two days at a

t enperature between about 15C and about 37C. In a another preferred

enbodi ment, the crystallization 30 solution at step (e) is incubated for
bet ween about one and about two days at a tenperature between about 4C and
about 37C. In a further enbodinent of this invention, that incubation is
carried out for between about 2 and about 48 hours. In another 36

preferred enbodi nent, the crystallizatia@an-solution at step (e) of the
above-described nmethod is incubated for between about 4 and about 48 hours

at a temeha et a ' isl..CLYS hGH or
an hGH deri vtggfn\%gpérae\ﬁfg?ﬁg%g%ﬂ%ﬁg%f Pﬁﬁgerpflgfesr#e% llg#b(%)éi %rgérﬁ g%:)cordi ng
to this iivewesent atna steapegnbradiionhbetivesr -zt ilfedMrantodborhe8&hlt is
calcium salt or a nonovalent cation salt. In a nore preferred enbodinment,

the calciumsalt is selected fromthe group consisting of: calcium
acet at e, 98lum chhornekher dmtiadhnedtgbfictivatabevat desicriibedsoethed. I n yet

a nore prsferr i t | ¢l tyd ium.acefate. In a
pref efr edﬁieeﬁorg’gitﬁgg??g%@cba %#%m%glc%t% e%‘?Js j|'énspt1f1%le lgr %o% % aqueous
sol ut i on Hedowieeg. abptt b2tawbralabhoutl 03 afid aboptfexrned lembadiwernt, prlet erred

enbodi e ol Mt ian, of i t has a.p ween
about 7. 85 Ia’r%gg%gggggﬁ.g?%yearnoﬂ%%rreggh%ogpn%?ﬁ% Eifeﬁ:g]e %a 8?’8%11: a'?e%%%e in the
- crystal | iazatato” .sollnt yen amitistrepriedpriredpereisatimentit .a thencentrati on bet ween
about 0.1 _nom d_abo nv, In.a e_preferred. enbodi nept h al ci um
Rcetate GHBEITSRPArT et e rBelRt o of i et RER HLERE 7 S ohd 7,
concenmt r athcmt bot.ween about 85 mM and about 100 mM [0105] In a nore

preferred di meng, nonoval ent .catjon. is select f.r the group
consi st n[gcﬁowa it h?%n’?ﬁ%ghlejrﬁre &)rtrggsfeﬂdﬁqoah rztrﬁ"n;etrﬁeuﬂ%df’r% gg? a nore
pr ef er r edcrymtadildeation Heuf fendvalseiutdahi st steso@)umt Shei basty; in a

nore pr ef&rsrcg__qbég e occ,i#rresnéjett t}aee m)§ovgl gnt c(E;jatkg on I.t iIs selected from
t he group consi tlre'l o) JSO IUI% Cln[la Pg, O%]i1 rﬁpchosg‘%ate ﬁnﬁ rg%ﬂ?um

preferred embodiment, the pH of the crystallization buffer in

15 sclution is between about 6 and about 9.5. In yet a more
preferred embodiment, the pH of the crystallization buffer in
solution is between about 7.5 and about 9.5.
[0101] In a preferred embodiment of those methods which
include the optional step following step (b) of adding a

20 precipitant to the crystallization solution, that precipitant is
a non-ionic small molecule or a non-ionic polymer. 1In a
preferred embodiment, the non-ionic polymer is selected from the
group consisting of polyethylene glycol (PEG), polyvinyl alcohol
and mixtures thereof. In another preferred embodiment, the PEG

25 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). 1In another preferred embodiment of

30 the above-described method, the precipitant is selected from the
group consisting of: amino acids, peptides, polyamino acids and

mixtures thereof.



acetate. In yet a nore preferred enbodi nent, the nonovalent cation salt is
sodium acetate. In a preferred enbodi nent, the sodiumacetate is in the
form of an aqueous solution having a pH 30 between about 3 and about 9.0.
In a nore preferred enbodi nent, the aqueous sol ution of sodium acetate has
a pH between about 7.0 and about 8.6. In another enbodi nent, the sodium
acetate in the solution at step (e) is present at a concentration between
37 about 0.5 nM and about 800 MM In a nore preferred enbodi nent, the
calciumacetate in the crystallizatien3solution at step (e) is present at
a concentration between about 100 nM and about 500 mM Alternatively, that

concentr agq may S u d ut .10 [ 0106]
In yet aﬂ%dt (veir] pre?%r?%ﬁ%%%ﬁ??&%@%Wh%a sgg}rgi E/%)gi%e t:ﬂr\lél t he
cryst al | igheviegdesorib¢d meithast, efpheelonic thwl ymsyoiie- desectdd dErmm tde i s

pr esent C | one b ._abo / angd ut. 17.5 ng/m. In
anot her rg?l gr ?ggg?%{égﬁrﬁ)o&c‘ﬁ n&?ﬁgﬁgﬂ figghéfﬁ; l&% %ﬂqb&’ i ggw&é&lﬁe_’t he

cryst al | ipdtiosnithohetanh oitagigépife) | predder preferved embatimemthet ween
about. 14. m,.an t 5 . f urt pbodi ment , _t hGH
or h déirnls\?gtg ?véc'?ngjtf f\%?éé raybgot%éal Flggéﬂ%ené g%ﬁqzu o|Léidng §;L Ygf%%)nlrtee)lﬁ & Jéreeélsent

at a condentr xetdn dEth@ERpdyeuogifing/ (g oyl Yanghogt bdOdesrny/sdl dr@07] |In

a preferr odLne t.he gar allizatiQ ffer _-at.step (&) . of .the
above- desa%% %reTE '?réf hgfdbelJ s&ssel‘} é:)ci?l dLW%trﬁ‘Jﬁlenzat%roguﬁocl:B%‘é?%tjro%gl%?u?’aﬁe’l%s- HCL,
HEPES, acét at semphpapimeg esangiingr beewednradmit iUs°daznd eatand gh7§ci frer | n

anot her pr reed odi.nent .. .the crystallization buffer in solution at
step (a) %b%fé‘l%p?gsleln r%'zg)oada(;)(?r?geﬁ ratron between about 10 mM and about 800

mM 1010801031 anot Bee mﬁﬂnjitnﬁment_ibﬂnq:md\thsdqecr hhetheetimtthod tdfe _
and about EB - AP ey B BB HERIEE ARy o aY PFOLY | Oh DOHER 15
present a&rowthbHhbetowe dehioutiFeantd cadimeitd onsn cpabrasbhdesudgit ef erred
enbOdine%&YBEQ?s and an excipient. This method comprises the steps of:
(a) mixing a solution of human growth hormone or a human growth

15 hormone derivative with a crystallization buffer to produce a
crystallization solution; (b) adding deionized water toISaid
crystallization solution; (c¢) adding a precipitant to said
crystallization solution; (d) adding a salt to said
crystallization solution; (e) incubating the crystallization

20 solution for between about 2 and about 168 hours at a
temperature between about 10°C and about 40°C, until crystals of
human growth hormone or a human growth hormone derivative are
formed; and (f) adding an ionic polymer to said crystals of
human growth hormone or a human growth hormone derivative.

25 According to one embodiment of the above-described method, step
(£) is optional. In a preferred embodiment, the crystallization
solution at step (e) is incubated for between about one and
about two days at a temperature between about 15°C and about
37°C. 1In a another preferred embodiment, the crystallization

30 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 inﬁention, that incubation is

carried out for between about 2 and about 48 hours. In another



crystallization buffer is present at a pH between about 7.5 and about
30 [0109] In another preferred enbodinent, the pH of the <crystallizati
buffer in solution at step (e) of the above- described nethod is between
about 3 and about 10. In a nore preferred enbodi ment, the pH of the

crystallization buffer in 38 solution is between about 6 and about 9.5.

yet a nore preferred enbodi nent, the pH of the crystallization buffer

sol uti on

i s between about 7.5 and about 9.5. [0110] In a preferred

10.
on

In
in

enbodi nent, in step (c) of the above-- Bedescri bed net hod, the precipitant

isS a non-
enbodi ne
of :  pol

lonic small nDIecuIe or a non-ionic polyner I'n a preferred

U 1 OBl Ao 00 Tk 804 RELELLL QIS 000UB ENRLRT1 N0

Aene g ures t her eof .

Vi ny

In

anot her prfeftérer eboeﬁbddscmxbed tmaé:HéEGibasnauh@tﬂ:rblm&mtwnenghbmsbl %cted

fromthe

s}, o abou oyb : t
6000, aboaq{é)%%gglg g ? 5355?)% “ﬁ’%@a gn% % gergr g?ogllr%r édc %%g I ment,
i s presero°cn ttheil co::y;aﬁtz;d]]s ot hGH enl an | CH aterd vagdvenarat formesbt Ween

Step T0) RRHe Soodnitbidiy S RIReiE SIS LR BiPene iy

e above? precipi

the gr oup.rcmpst(dmgoﬁf thamme&deds:;npept metlsod, m:\-lg/aara\llt'co iaccdiciaun

m Xt ur es

PEG

ecfe from

tar}%r eof 011111%l Int an 1ho%r B ferred enbro ge LR step (f) of
the aboVifesEr PoTFRERhTE THE ol c pol yHe? TS E&=Promthe 20
group coresiidimgnaf,: theotam:tmn qad]tyalsgsaileeteqbaf@dtg/s:hmegrpubyorni t hi ne and

octargi ni ne. .In.anot ijeferred ernbod
above- deSTHBEY 17 R d g
hGH: pol ya;]gidajme( Hgdrrgalcﬁngmgﬂa&te\memnapeutaandre arkfehraet 1: 25.

of. the

P9 FncRrers cantsin il guafiah

G poty BT ey hE) ARt tBe AALant: 4 b, dBoft PESETTHe

resul ti ngerisddilment , i nhat epléfum iretateuliat €6 Bhe afdsmmfﬂ ainlaeueangi ng
bet ween abqut ,1.5C and abou 37C for abgug 16_h urs ooabo%1 éBmQ{?g” S.

ef f ect - offqHFion having a betwéen abou

15

20

25

30

and a out

preferred embodiment, 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 sélution
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.

[0105] In a more preférred embodiment, the monovalent cation
is selected from the group consisting of lithium, sodium,
potassium and ammonium. In yet a more preferred embodiment, the
monovalen; cation is sodium. Similarly, in a more preferred
embodiment, the monovalent cation salt is selected f£rom 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

In an

The

sodium acetate is in the form of an aqueocus solution having a pH

between about 3 and about 9.0. In a more preferred embodiment,
the agqueous 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



pol ynmer on the rate of dissolution of the crystals of hGH or an 30 hGH
derivative is reflected by the nunber of washes required for conplete

di ssolution. A control crystal requires about 7 to about 13 washes for
conpl ete' dissolution, while a crystal prepared with polyarginine requires
bet ween about 30 to 90 39 identical washes of dissolution buffer for

conpl ete dissolution. Wshes are wash steps in a sequential dissolution
process (see Exanple.5). [0112] In alternate enbodi ments of any of the
above-described 5 nethods, the cal ci-um7salt or the nonoval ent cation salt
may be present in the crystallization solution at a concentration between

about 0. and u n about a about . 205 I n
al t er nat %})eo%o i rsrea’%sé% a{a%r?gf to? %P\A@ﬁébog%-a e%:é:}\ﬂreeggrﬁg?hgﬂg?gftﬁ%ﬁ\é’
cryst al | ithat cedcsuvhuacarates imchbacegstallifataidn molandoa aenpeept (ke

sel ected fr he, grou onsisting of. _between abqut 0. 25 day, and ut
t wo “days % %a@e%gﬁ}%e%gt%rcgorbcfenig 58‘ 839&?“’%%? eorﬁa (L)élf?t my Qggd O%%agtg‘gout
two days mt. aAltempetirely athaxbconc@htratiomaiaye e sabbet batkeef aybaund

about_. t days_at te rature of about 15C. 15 [0113] The present
invensti o\#%almgloaflﬁc %&%%qr:‘gc{ ﬁ'&'ﬂs for screening crystals of hGH or an hGH

derivati Vi®@loéd uselnnyet druherepireetpeduembodimenthe theehSHOSr SEH net hods
i nclude: (1) shin ai d crystal,s_of hGH.or_an h erivativ ith a

di ssol ut id(()eﬁ)lgﬁ}égg? é‘? t:lm?e @%Ségﬁéagf’oﬁb% UGAR @t 8 Si?ar‘ﬁﬁ e‘?th ng of
cryst al s adosretdebepibel seiHtid ds bubbeny amndch (Hno@aTAting beébeeém Vitro

di ssol utign rate of said,crystal f h or an hGH. derivative_per wash in
sai d di s?g? i%n“‘%é#e?r,‘dﬁ%“%i r]r'slsgi B H -viff} FRELET BEPERTFSEe of said
crystol s emboliginenen €ho HGH bramdH deoivadbde ofn Sied caishal szhoiowet ween
about 10 nir:l%es agd 25 apegut_ 1500 m putes, with about, 2 m nutes gnd 32

e Wiash 25t 8% n

mnutes P JEqREREPRF A AWM FrIoBsberveen Bttt e 5).

The in \i4t. 5omgy®sohnd i afoutatls .af mgand. crystal furiheralkm®olembat eewe about
4% and alP1 t 10(V?;§f sajd crystals over about, 15 m nutes Qr between. about

0.04 and Ho0F BB HEWSE 47 Ehst SFEetRbtizafdmn solution at step

(e) is present at a concentration between about 2 mg/ml and

15 about 100 mg/ml.
[0107] In a preferred embodimenf, 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. 1In another preferred

20 embodiment, the crystallization buffer in soclution at step (a)
is preéent at a concentration between about 10 mM and about 800
. . :
[0108] In another embodiment of the above-described method,
the crystallization buffer in step (a) is present at a pH

25 between about 3 and about 10. In a preferred embodiment, the
crystallization buffer is present at a pH between about 6 and
about 9. 1In yet another preferred embodiment, the
crystallization buffer is present at a pH between about 7.5 and
about 10.

30 [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



30 15 mnutes. [0114] In order that this invention may be better
understood, the follow ng exanples are set forth. These exanples are for
40 the purpose of illustration only and are not to be construed as
limting the scope of the invention in any manner. EXAMPLES 5 (0115] The
following materials were used in the exanples set forth below Mterials
[0116] Conmerci al I'y--avai | abl e reconbi nant human. growth. 10 hornone (rhGH)
was from BresaGen Ltd. (Thebarton, Australia), polyethylene glycol with
aver age nol ecul ar wei ght of 4000 or _6900_ (PEG 4000 or PEG 6000) was from
Hanpt on Research (Laguna N guel, California) and protam ne sul fate was
purchased through Fisher fromICN Bionedicals Inc. (Pittsburgh, PA). '
Ammoni unfabulpkeis gifabetweensabpyt &andimbouts dt8; dihadstc a8aFEm phosphat e,

cal ci um | BEEL Al fed (“ealb% Hﬁleﬁle' ofh&epy deﬂcch%C%t_»?sealrEPaﬁéorﬁ%ﬂab ghl ori de,

pot assi ori de, | um azi de, i sopropano I PA et hanol and
pol yet hy$@h‘ét3g¢fy@cﬂ bm!msmat h?@u‘étﬁe'i anst @bentEh ebt ai ned from Fi.sher

(PittsbupgiyofA - pragggg/g? Iﬁﬁécﬁr&@?{te 1805 a(@)e(%j{]q:(g@ Chaybes River

Laboratories (Wrce rom Bi ofredi cal Research Laboratori es,
| nc. 5( Wdesstidred mEthoRel $he gpmmwmtobtsaaneﬁnﬂmﬂ@l%l( splecuies) .

ol VL eak JeRnNs Bagnoy eod O LE BuerserbRase i GhcPpehar mnce

Li quid verse ase | gh pertornafdce Iiquid
chr omat oberi® KRRmMeR. s seieeted giiomedhen ganungebrsits g0 oferi es HPLC (Pal o

élelt et ?ﬁ%ﬂ?%ﬁp%wl&@ﬁ‘ PGP ) Sy nghggoﬁfl%q[gm?tﬁggel(gg M HEPES
pH 7.. 2, thdfeofM NID and@hei KOiferced PYdinen}, Nal3)PEED hasd af | | tered (0.2
o)A kol Sl Ry SEURGER e % et EBOMLALED e Agesadzat
delOnlzedbmmnekddlaﬁﬁ)EEAut 8000, about 6000, about 4000 and about 3350.
In yet another preferred embodiment, PEG is present in the
crystallization solutidn'af a concentration between about 0.5%
and.about 20_% (w/v). In another preferred embodiment, in
15 step (c¢) of the above-described method, the precipitant is
selected from the group consisting of: amino acids, peptides,
polyamino acids and mixtures thereof. . '
[0111] In another preferred embodiment, in step (f) of the
-above—described method, the ionic polymer is selected from the
26 group consisting of: protamine, polyarginine, polyly51ne,_
polyornithine and octarginine. In another preferred embodiment
in step (f) of the above-described method, polyarginine is added
in a ratio of hGH:polyarginine (mg:mg) ranging between aSout 5:1
- and about 1:25. In an alternate embodimenf, polyarginine is
25 added in a ratio of hGH:polyarginine (mg:mg) ranging between
about 1:5 and about 1:25. The ;esultiﬁg solution in step (f) is
incubated at a temperature ranging between about 15°C and about
37°C for about 16 hours to about 48 hours. The effect. of the
polymer on the rate of dissolution of the crystals of hGH or an
30 hGH derivative is reflected by the number of washes ;equired-for
complete dissolution. A control crystal requires about 7 to
about 13 washes for complete-dissolution, while a.crystal

prepared with polyarginine requires between about 30 to 90



Sol vent B consisted of 99.9% Acetonitrile/0.1% TFA. Al chem cals were
HPLC grade obtai ned from Fisher. Elutions were perforned over 15 mn.,
using a gradient design of 0-2 min 40 5 50%B, 2-12 mn 50-60% B, and 12-15
60-85%B. Aflowrate of 1 m/mn and a colum tenperature of 35C was

mai nt ai ned t hroughout the run. Data was anal yzed using Agilent Chenstation
software (Palo Alto, CA). [0118] The concentration of either protam ne or
pol yarginine 10 in sanple preparations was determ ned using a gradi ent

met hod of solvents A (99.9% dei oni zed3swater/ 0. 1% TFA) and B (99. 9%
acetonitrile/0.1% TFA). Eluti ons were perfornmed over 20 mnutes at a flow

i 65 sborA LY #4Rd BePUaENe iRt Or, Bor ol laro s Bhony) T

17-17. 1 Washo$ oo AaBh. stepscah aetequantisd énlﬁﬁ@lummmms(sr (see

pol yar gi g{(gﬁ y@%)obt ained at 6.2 mn with intact hGH eluting at 14 mn.
AUC cal cu ons were determined at 213 nm Content of Protam ne and/or
pol yar gi i0%®2] ( ng/%w )alé;@dmiai:eesnbsa@umuﬁulﬁt eyt pEnthal dpoeg-idgpcadbeds 20
genegat eg, éﬁﬁ&ﬁ@ easfL ‘Haltc*l%m EQPEC%}V& aq nov §ntT85§i§£f‘ E'?E%gg gy be
used to analyze exci pi ent eased from conpl exes. soci at ed
degradedph&émﬁasxmeﬂer mxwedamnhaialcscepm:rlaxteonbat 8i qohaentrm@osled phase
met hod. he .a o] scovery
Bi o Wde ore O%t 5%&mﬁa£¥§ %‘ngént v&g% %1%%%%% e %?%ts%g nm p?re si ze)
with a thbomrbszm nﬂVtemiexr aﬂueen@teaﬁnhbd;mem};smlfnaayneﬂ the alglveat t he run.

The el ug] of i re nj S|

mobi | o pheseri othally. B bSR3 UL E0h I DRuBRe B0, \on
809%4.2- pr ap’aimda ariill .2 otEmperathee gsatiecrdd s@zsixrerthecgaqudcémmtz@% od:45% B
over .0 tg m4 % t.,0 55°/B over, 15 min,  fr 2%t 0% over
15to 15. WQ:B é)gFXt P u?ﬁ}??‘ft 1t?’° Y8nd i%%”é%%yu o%fgvm ng
this st eaboaﬂ%BC vvbetweensa}adnhu shexs dayi end0about wewo rdzyehed. a[ 0120] Si ze

EXC|USIOQe£%g£5 ur g%o ggcperf Q%gnseggut 0.25 day and about

two days at a temperature of about 15°C.

15 [0113] The present invention also includes methods for
screening crystals of hGH or an hGH derivative for use in a
therapeutic formulation. The steps of such methods include: (1)
washing said crystals of hGH or an hGH derivative with a
dissolution buffer at a temperature of about 37°C (for example, 2

20 mg of crystals and 1 ml of dissolution buffer) and (2) measuring
the in vitro dissolution rate of said crystals of hGH or an hGH
derivative per wash in said dissolution buffer, wherein said in
vitro dissolution rate of sgaid crystals is between about 2% and
about 16% of said crystals for between about 10 minutes and

25 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

30 15 minutes.

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

the following examples are set forth. These examples are for



excl usi on chromat ograns( SEC-HPLC) were acquired on an ‘Agilent 5 1100 series
HPLC (Palo Alto, CA) equipped with a TSK-Gel G&000SWKL col umm (part#
08450, Tosoh Biosep LLC, Montgoneryville, PA) (7.8 mmx 30 cm 5 m and an
Agilent 1100 series MAD (WV). Sanples were dissolved in 0.2 m of

di ssolution buffer and 0.2 mfiltered prior to injection into 10 Agil ent
1100 series tenperature controlled Autosanpler. Elution profiles were
nonitored at 214 and 280 nm w th a nobile phase of 50 mM Tris-HCL, 150 niM
Nacl, 0.05% NaN3, pH 7.5. Columm tenp&fature was naintai ned at 25C,

sol vents were degassed using an Agilent 1100 series degasser. 15 [0121]

W- VIS akser plikg8sénse Pliiverh-abh 64086 0PYand érd SotSPEChE Ophiiaaiead s wer e
obt ai ned on a Beckman DU 7400 spectrophotoneter, Becknman Coulter Inc.,

Ful | er t oRimEAingpEhe s#cons @fogh8phlVeRk O it AR¥d™BPTBE ght fi el d i nagi ng
using an dynpus BX-51 m croscope and captured by a Sony DXC-970MD 3CCD 20
color digital video canera using |Inage-Pro software, Media Cybernetics
L.P., Silver Springs, Maryland, under the rmagnifications of 40x to 400x.
[0122] Transmission Electron M crosESRYPEREN) ° TEM analysis was carri ed
out as follows. Suspensions of hGH crystals in 25 nother |iquor were washed
tw ces wi tllo1as] er tThe efEMewixgensterbiherwdrequaedant thenexmgslidsy alet

st ai ned gjth ObS% uranyl acetate for 1 hour. The stained hGH crystal
suspensi 6RE*P1P81°% ) were transferred onto copper TEM grids. Excess |iquid
was w cked away and the sanple grid briefly air-dried. The TEM grid 30 was
transferred tq the sanple stage of a JEOL 1210 transm ssion el ectron

ni cr oscof@t8hdatflages were coll ected using an 80 KV el ectron beam A very
wel | orggeinaed | attommersdidldiuaeaidable dcaseavnedhunah dgréitth cryst al s,

(0124 - BEpePa; (FISR| rib(ETE PP ERCS it Uk gRSeEhaPe. MeCCE et ol 1y
avai | abl @ohGBthplen®)gWesolf iWith diesedy atblidtularmveight of 4000 or
| 6000 (PEG-4000 or PEG-6000) was from Hampton Research (Laguna
Niguel, California) and protamine sulfate was purchased through
Fisher from ICN Biomedicals Inc. (Pittsburgh, PA). Ammonium
15  phosphate, Tris-HCl, sodium citrate, dibasic sodium phospﬁate,
calcium acetate, calcium chloride, zinc acetate, HEPES, sodium
chloride, potassium chloride, sodium azide, isopropanol (IPA),
ethanol and polyethylene glycol monomethyl ether were each '
obtained from Fisher (Pittsburgh, PA). Sprague-Dawley rats were
20 ~ obtained from Charles River Laboratories (Worcester, MA) or from
Biomedical Research Laboratories, Inc. (Worcester, MA). '

Polyarginine was obtained from Sigma (St. Louis).

Analytical Techniques and Assays _

[0117] Reversed Phase High Performance Liquid Chromafography.
25 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 pgm column (Supelco,

Bellefonte, PA). Samples were dissolved in dissolution buffer

(50 mM HEPES pH 7.2, 140 mM NaCl, 10 mM KCl and 0.02% (v/v) NaNj)
30 and filtered (0.2 pm) prior to injection. Elution profiles were

monitored at 214 and 280 nm using gradient method of solvents A



Tris-HC1 (10 mM pH 8.0) and di al yzed against 2 x 4000 m Tris- HC1 (10 nM
pH 8.0) using a Pierce Dialyzer cartridge having a nolecular weight cutoff
(MACO) of 10,000. Protein concentration was adjusted by centrifugation
using a MIIlipore concentrator 10 ( MACO 10, 000) at 4000 rpm for 20-30

m nutes. The concentration of hGH was found in a range of 30-45 ng/m, as
nmeasured by absorbance at 280 nm .0.813 (1 ng/m hGH A280= 0. 813
absorbance units) Deionized water was added to the solution to yield a
final protein concentration of 10-20-nghAnt. Crystals of hGH 15 were grown
by addi ng ammoni um phosphate (NFHAH2ZPO4) (2.5 M pH 8.9) to the sol ution,

so t hat af al ratiQ §6 rrB/% ﬂ% %aég sogtal ﬂt}:
sol ution vvé:fs%t he%glfﬁ%u%zgc(fngl%:f gﬁ §” at zlvﬁ%eHF eF( g crystals were
obt ai ned mi&emcaaedohgs.smd |crml99rn9&rhse’oqmy1tﬂ1ﬂea/dr31§ta'b'a obakl ned were
foundtoTJg‘e r‘%%ﬁ,; 8 to nlen . stal | zation
yield o gep‘ég gr éiéleFPég?e %ItﬂLBEef [OFL'ZHF r§/svf a7 i zati on
of hGH vvigelrfmdbdnoverrm euin.Comgengi al g:yadai/emﬂ aids&gthfmasz putn f4ed and
conc trgt ig desc bc;;h % (PEELSQ g[ ter a){iedto
t he gsgncn gt’ea Iun%délo B‘Itang HJIE"L6 3 g& Jé%\ﬁ‘:éenratlon of
17.5 ng/ mMl./o@hyahdl &8 o1 umipergtum oF 35ﬁd3d|wag mﬂnwﬁmd rreughout
( Na- Otr&xgéjﬁf%tothe Iutldong uéhﬁte 6}:\@? gncentrtlon of 390
mvl Na- Gi t bR R 2750 YRE Y p B 50T AT st TEERGEPRASCERS from
hGH al rea(daallonAleomm:A)Tri S- HCl The sol uti on was then i ncubated for 16
hour s at Eﬁ? ellke tas re_obtain andl gﬂ)’%é{#?tlcal
m cr oscopy *+fle ¢ ?a‘f’%mfﬂﬂ é&n\/\g S 53’6’ P& 8Tt K3 ¥ | engt h
withoea. Cihy%h&btlbzﬁi-eﬁlrayﬁﬁirfb @hsgaeaéemﬁéwmé’ﬁ% §Qﬁd|féﬁtlr@etﬂ'xoc£)6“ﬂVPLE 3
5 [0125] 4 |ongé hGH wi.t h sodi 0 go |aIIy
avai | abl (?Cﬂéﬁ“%ﬁs pg%?f?% ed'r?d“&&ﬁc@ﬁ??‘é(édlg FSPQ i Bed® arrpl e 1.
Dei oni zeGcsgbai twite p0idesl TEA).NeElutions were performed over 20 minutes
at a flow rate of 1 ml/min, using a gradient design of 0-2.5 min
95:5 (A:B), 2.5-7.5 min 65:35 (A:B), 7.5-15.5 min 25:75 (A:B),
15 15.5-17.0 min 25:75 (A:B), 17-17.1 min 95:5 (A:B). Typical
elution of either Protamine or polyarginine was obtained at 6.2
min with intact hGH eluting at 14 min. AUC calculations were
determined at 213 nm. Content of Protamine and/or polyarginine
(mg/ml) additives was calculated from calibration curves
20 generated from each of the respective additives. This same
method may be used to analyze excipient released from the
complexes.
[01l19] Associated degraded hGH was determined with a separate
but similar reversed-phase method. For example, the analysis
25 was performed on C5 Supelco Discovery Bio Wide Pore Column (5 cm
X 4.6 mm, 3 um particle size, 30 nm pore size) with a thermostat
temperature of 37 °C being maintained throughout the run. The
elution profiles were monitored using a gradient method having a
mobile phase A (20% ACN, 80% H;O, 0.1% TFA) and mobile phase B
30 (20% ACN, 80% 2-propanol, 0l.% 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% tc S0% over 15 to 15.1 min, 90% B



concentrated hGH solution to yield a final. protein concentration- of
12.5-17.5 ng/mM . Tris-HCL (1 M pH 8.6) was added to a final 10
concentration of 100 nM Crystals of hGH were grown by adding dibasic
sodi um phosphate (Na2HPO4)(1 M to the solution so that a final
concentration of 600 mM Na2HPO4 was obtai ned. The solution was then
I ncubated for 16 hours at 25C. Needle-like crystals were obtained and
i maged by optical mcroscopy. The crystals 15 obtai ned were found to be
between 5 and 25 min length with a -cAgstallization yield of greater than
75% See Figure 3. EXAMPLE 4 [01261 Crystallization of hGH with cal cium
acetate  Rr ' | - LAl val.l : S ified and
20 conce%gggdggg%gﬁ;cﬂﬁbﬁe ?nlgE@an%%gé% %)el?iocﬁ}il?gglt%épggté:g’s %e% to the
concent r a3ed recpistablishod uatjiileRP@ mifiwe$ pmastheids concentration of 15
I, Trg 1 (1gM, ) ad finalac ' 100
% To thqog:zswgl u'g i g%%e E%)%é%lr?\gp&gﬁ "gtg?agﬁa/a%}ﬁadd;ﬁg' gth 08% %ggﬁg%%%;br]ﬁeat I on
of 1 ny/ wxcles}snatbrofa izt (RECeHPLOWWERe aitinigedabri am Agtlent
(Ca- Acet at t h | 4hiQn t ..a final,congent ion of 85 nM
Ca- Af:ggt a?'g%wg%r%%tsa%\%%. Slg’ g%:tgt'i%%) v\é/a}glJt‘ﬁjeer‘f1 i“ﬁ&lj’bgt g'ng %‘?{8 hour s at
37C. Nee@2800BRELcegturml s(paartd 6B#5PneToawhl Bismped LB, opt i cal  ni cr oscopy.

The crystals ' réf qun b ss. t 0.3 i ith a
crystallizat ?gﬁgmfgl%\? IS\Ar)eg;'}érg mang%@)én’sre% | g&?‘g g}’ %ggf%&E 5
[0127] SelegidieBi MYDpfEV) | e Seimpi€d weysetdlssgiregshried by sal bf i nduced
crystallizati ALt i bati crystallization, solutions in
Exanpl es dé%%loepﬁéé%r%%%{}g av{l/er&(rzg g pgﬁl g{le%g]’gerﬁj qzﬁ.é)rr g'r?al‘lﬁ?ﬁagjsﬁrbelrrhta ant
renmcved. Aflidepty3ilad sguldsttenpbrdtnge omnteroldsids pendedmphed. 2081 ud icof

di ssol ut i ! f 5 M HERES, ( 7.2),,140 mM 10, M KC1 and 0. 02%
(v/iv)' Nah%&fﬁggéi'?%}ﬁé r%?ngﬂgtotﬁer?gggrgy%r i B’é?’oﬁg%geﬁngobgyﬁi?ﬁ%t ed for
appr oxi n@felcy 08 ’ﬂrmﬁlﬁﬁ Atls37@M Fhael sadpdsss NEN;\wepE v hen cenimr f uged at
10, 000 Xt%mLQLa@uPLV%§§*55¥L a&ggd at 25°C, solvents were degassed using

an Agilent 1100 series degasser.

is [0121] UV-VIS absorption and Optical Microscopy. UV-VIS

\J

spectrophotographs were obtained on a Beckman DU 7400
spectrophotometer, Beckman Coulter Inc., Fullerton, CA. Optical
micrographs were obtained by bright field imaging using an
Olymbus BX-51 microscope and captured by a Sony DXC-970MD 3CCD

20 color digital video camera using Image-Pro software, Media
Cybernétics L.P., Silver Springs, Maryland, under the
magnifications of 40x to 400x.
[0122] Transmission Electron Microscopy (TEM). TEM analysis
was carried out as follows. Suspensions of hGH crystals in

25 mother liquor were washed twice with water to remove excess
mother liquor and then negatively stained with 0.5% uranyl
acetate for 1 hour. The stained hGH crystal suspensions (1-5
kL) were transferred onto copper TEM grids. Excess liquid was
wicked away and the sample grid briefly air-dried. The TEM grid

30 was transferred to the sample stage of a JEOL 1210 transmisgion
electron microscope and images were collected using an 80 KV

electron beam. A very well organized lattice structure was



supernat ant was conpl etely renoved for determ nation of protein
concentration neasured at 280 nm by RP-HPLC, SEC-HPLC or UV-VIS. The
crystalline pellets were further resuspended in 0.200 mM of dissolution
buffer and the process repeated until no detectable 15 protein was
measured in the supernatant. This process is referred to as sequenti al

di ssolution.. (0128] Figure 5 shows the solubility behavior of various hCH
crystals prepared with nonoval ent (Na or NH4) or divalent (Ca) salts in
Exanpl es 1-4 above as a function of t4®8 Fn mnutes. 20 hGH di ssol uti on was
plotted as a cumul ative percent release derived from RP-HPLC, wherein AUC

val ues f | %ﬁﬁgl as | : I '
spectrop%{?ts%%gr ?n e ‘%g? aé%liﬁ%&s t‘a?féggt%%’t r%[éﬂ%gg%tgglgn:)%ieiyﬁeegtby t he
addi ti on wdfth 306 akyskalliprisme axie.conpl etely dissolved after 60 m nutes.

In 25 addition, hGH crystals prepared by the addition of 600 nM Na2HPO4 or
860 mM NHAH2PO4 are conpl etely di ssghygsk@fster 60 or 75 m nutes,
respectively. On the other hand, hGictrystals prepared by the addition of
85 nM Ca-IRd@Bdt e. aftypral hivatel aulofaheH Wi 8 ampsdisanphesehgtet ter 390

m nutes b%%&%g%ﬁ# el b1e4§}G}I;1r%%bem&) .éf&tﬁ%itahig'??ﬁ%aﬂirp&st qat
measur ed at nmTor salts o i n"di ssolution buffer - protein
concent r fbignHChadlexpMepie®d & padcdhalyted @odinsg @axed0q9 mel Jod-smV Na-

600 nM 8 5 Ca (45 Nt Lt a2 ate .+ (EX.
2) (Ex. 3%1?&% Wﬁt%ﬁﬂng}g .aS)PE%@%?oo SRt gl AL L LSS
93.77 8. 5®1e3uleg. BELiGlL SEUILEl GMNGOR00E 45 JNMY PFOoYSinIcEIeas: BEt1ios0

R
10 (MWCO 10,000) at 4000 rpm for 20-30 minuteas. The concentration
of hGH was found in a range of 30-45 mg/ml, as measured by

absorbance at 280 nm/ 0.813 (1 mg/ml hGH Azz= 0.813 absorbance
units) Deionized water was added to the solution to yield a
final protein concentration of 10-20 mg/ml. Crystals of hGH

15 were grown by adding ammonium phosphate (NH.HPO4) (2.5 M;
pH 8.9) to the solution, so that a final concentration of 860 mM
NH,H,PO, was obtained. The solution was then incubated for 16
hours at 25°C. Needle-like crystalé were obtained and imaged by
optical microscopy. The crystals obtained were found to be

20 ‘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

25 described in Example 1. Deilonized 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.

30 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



120 100. 00 100.00 100.00 49.62

100. 00
100. 00
67.57

100. 00
100. 00
100. 00
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100. 00

100. 00 55.08 165 100. 00
59.65 195 100. 00 100. 00
225 100. 00 100. 00 100.00
100. 00 100.00 74.35 270
100. 00 78.39 300 100.00
83.97 330 100. 00 100. 00
360 100. 00 100.00 100.00

cal ci um geetateomnd 190 d

purified and 47
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concent rggéolgi&}relisz mg/ m .
0

concentratli on

concentr alﬁjgggggagg

addet in i¢rgtdonidit raatcwshaﬂsmtutqmnmeddypél araatqmaiham &5&i-n
Tris-HC1 (1 M pH 8.6) was added to -
1000 MM Crystals of hGH were grown by 5 adding Ca-Acetate
concentration of 85 mM Ca-Acetate was

135 100. 00 100. 00 100.00 52.73

100. 00
100. 00
69. 17

100. 00
100. 00
100. 00

100. 00 57.20 180 100.00
63.95 210 100.00 100.00
240 100.00 100.00 100.00
100. 00 100.00 76.85 285
100. 00 81.06 315 100.00
87.97 345 100. 00 100. 00

94. 26 4875 100.00 100.00 100.00
100. 00 100.00 100.00 5 EXAMPLE 6 [0129] Crystallization

e %Lﬁdat’é“ b0l &N Bt

ai

(1 M to the solution so that a final

obtained. To this

sol uti on,

10% (\EXAMBLEnGr opanol

SCri

I N Exanp

150 100. 00
100. 00
100. 00
71. 63
100. 00
100. 00
100. 00
98.28 390
of hGH wi th

255

Dei oni zed wat er

a final

(1 PA) was added. The

sol uii on [o¥85) thert:hp&&ﬁn&%t&% 48 hei'i ¥ GumRBHobpkEEET yStal s were

obt ai ned and |na
f ound toC9@m3¥@b§

ptical

m croscopy. The crys

greater ybaprPpda SESEnPl 18- pEXAMIdL Wwater was added to the

concentrated hGH solution to yield a final protein concentration

10

15

20

25

30

of 12.5-17.5 mg/ml.

concentration of 100 mM.

als 10 obtai ned were
Ytaﬁﬂilah;enhﬁﬁ vesurifiied andcepseentratrd @f yiel d of

Tris-HCl (1 M, pH 8.6) was added to a final

Crystals of hGH were grown by adding

dibasic sodium phosphate (Na,HPO;) (1 M) to the solution so that a

final concentration of 600 mM Na,HPO, was obtained.
was then incubated for 16 hours at 25°C.

were obtained and imaged by optical microscopy.

The solution
Needle-like crystals
The crystals

obtained were found to be between 5 and 25 um in length with a

crystallization yield of greater than 75%.

[0126]

Protamine sulfate.

concentrated as described in Example 1.

See Figure 3.

EXAMPLE 4

Crystallization of hGH with calcium acetate and

Commercially available hGH was purified and

Deionized water was

added to the concentrated hGH solution to yield a final protein

concentration of 15 mg/ml.

a final concentration of 100 mM.

To this solution,

Tris-HCL (1 M, pH 8.6) was added to

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.
37°C.

microscopy.

The solution was then incubated for 8 hours at
Needle-like crystals were obtained and imaged by optical
The crystals obtained were found to be less than 20

pm in length with a crystallization yield of greater than 70%.

See Figure 4,



[0130] Crystallization of hGH with cal ciumchloride and 5% i sopropanol.
Comrercially avail able hGH was purified and 15 concentrated as described in
Exanpl e 1. Deionized water was added to the concentrated hGH solution to
yield a final protein concentration of 15 ng/m . Tris-HCL (1 M pH 8.6)
was added to a final concentration of 100 MM Crystals of hGH were grown
by adding calciumchloride (CaCl2) (1 M to the solution. so that a 20
final concentration of 85 mM CaCl2 was obtained. To this solution, 5% (v/v)
| PA was added. The sol ution was then - i48cubated for 16 hours at 25C.

Rod-1i ke needl es were obtained and inmaged by optical mcroscopy. The
crystals obtained were found to be r than 200 min length with a
crystallization 25 yield of greater%@ See Figure 7. EXAWVPLE 8
[0131] Crigx2q]l i zaSrdubdlibGPnatiid e1 0% REE- ¢aostalfl preparedhbyobalt

Commer ci i A, PukistLed d; n GBI r ate s described in
Exanpl e iiﬂ%lecfé(;cﬁl zz?(%lt\%\é{ﬂ%é was '30%5552&?% the co%ﬁ'_g)en'?’trfaggg hGH sol ution to
yi el d a farpdtadddizethoncerlwians ionEsampbesgl M, the crp€tals wereH 8. 6)

was de fi,ngl rati. | s f e grown
by ac o s heh RS, e RS RyBh e o) R S aBe AVRERI D,

sol ut i on.peleetsol (0t. komghagetcheresiuspebdeddinh o . 2@ hdus diis83utidd- | i ke
crystals i d%ﬁ%i y i cal I Cr.QS The.cry S
obt ai ned g\/\%%r?g(taﬁd oH e 6@9%52,22% @i%a e’ng]t%h%\&/a\nlp%ﬁlaa%?yétg%%i zation
yi el d of @reat ®laNshaby #i%herSpépftgime @ ViOXARRIBgIbEOABE | bSmaqibi ity
profile of hGH.crystals prepared w | cohal . Afterohe iL.ncubati,on of the
crystall igz 5 &r}i)rsaoégt flfto)ﬁsap T?xﬁfng\gaepgdllgnﬁt}%n%ﬁ &t 23-78{:‘ th h%rilas“fpéess wer e
pel | 20 ed vk tthenr eentnifggesiiper nat, 400 xegofierd. 2 Timutepstald peel ets were

e g g Sl BT L AfEORILR B Boreld T

m nut es atorFEntraitd opamphmsreskbra: RIBONnm by RP-HPLC, SEC-HPLC or UV-VIS.
The crystalline pelleﬁs were further resuspénded in 0.200 ml of
dissolution.buffér and the process repeated until no detectable

15 protein was measured in the supernatant. This process is
referred to as sequential dissolution.. |
[0128] Figure 5 shows the solubility behavior of wvarious hGH
crystals prepared with monovalent (Na or NH,;) or divalent (Ca)
salts in Examples 1-4 above as a function of time in minutes.

20 hGH dissolution was plotted as a cumulative percent release
derived from RP-HPLC, wherein AUC values for protein samples
were measured in mg/ml using a UV-VIS spectrophotometer. The
data illustrates that hGH crystals prepared by the addition of
390 mM Na-Citfate are completely dissolved after 60 minutes. 1In

25 addition, hGH crystals prepared by the addition of 600 mM NajHPO,
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).



15 centri fuged at 10,000 x g for 2 mnutes and the supernatant was

for'

pellets were
repeat ed unt

20 further
il

determ nation of protein concentration neasured at
SEC- HPLC or WVIS. hGH di ssol uti on was
and derived from AUC val ues

280 nm by

r enmoved
RP- HPLC,

measured as a cumnul ati ve percent age

or WVIS ng/mMl neasurenents. The crystalline

resuspended in dissolution buffer and the process

no detectable protein was neasured in the

super nat ant .

[0133] Figure 9 and Table 2 illustrate the solubility behavior of hGH

crystals prepared with 10% | PA/ 85 nM-Ca6Acet at e,

10% Et OH 10% PEG- 6000 as a function of tinme in mnutes.

25 5% | PA/ 85 mM CaCl2 and
The results

demonstrat erdylad NCHsebushal §) MIEAMAY Y LDE AdLLIOD 2%%%14“P
g?yﬁfgf :“ ep%l}rseyf% SH thYgtsgctiitich iﬁatEE - LGPl OH 10%
: as' ExpfeE5ed ent’ of “tlotal fetens s
30 PEG 6000 conpl et efy—t EDU{EVE% at—r20-m IILIL caoaélu TS5t (F:It es,
respectivel yA9Tinkabl €] Zootdi ¥al T0 UdgoSi Ut T OTT dee St 1S Was'mﬁ;m S
prepared w |t h(sinoedl [ Exanpies 6 8)Narmof Ot (LI NNEEFOSNt I atacdutwas asured
at 280 nm and expressed| as(Bxerdent| of(EkoBal fel éised) Ti fre PLO4miRA, 85 MM 5%
| PA, 85 mM 10% Ffﬂ-lJﬂbA\ (minutes) Ca-Acetale CaCl2 PFE(: 6086 4y Fx| 6) (Ex.
7) (Ex. 8) 00. 00°0.00 D. 00 15.6b9. 39 70.0l6076. 12 3005B. 88 82.484086.50 45
74.59 92.33 92. 3315 60 84. 13 96,Q3 [94. 62 ,,73,90. 64 98. 43{94. 87 9Q,$5. 47
99. 91 9.6. 28 1059832 99794 96. 3 : 9-6-8——1:3%%* 9. 51
100. 00 100. 150-100-P0—10078C %100 00-22-85 92.18 19.39
99.99 99.99 99.50 26.81
60 100.00 100.00 99.50 34.92
73 100.00 -100.00 1100.00 38.31
90 100.00 100.00 100.00 42.22
108 100.00 100.00 100.00 46.26
120 100.00 100.00 1.00.00 49.62
135 100.00 100.00 100.00 52.73
150 100.00 100.00 100.00 55.08
165 100.00 100.00 100.00 57.20
180 100.00 100.00 100.00 59.65
195 100.00 100.00 100.00 63.95
210 100.00 100.00 1.00.00 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
318 100.00 100.00 100.00 83.97
330 100.00 100.00 100.00 87.97
345 100.00 100.00 100.00 90.57
360 100.00 100.00 100.00 94.20
375 100.00 100.00 100.00 98.28
390 100.00 100.00 100.00 100.00
5 EXAMPLE 6
[0129] Crystallization of hGH with calcium acetate and 10%
isopropanol. Commercially available hGH was purified and



165 100.00 100.00 100.00 180 100.00 100.00 100.00 EXAMPLE 10 5 [0134]
Crystallization of hGH with calciumacetate and 2% PEG 6000. Conmercially
avai l abl e hGH was purified and concentrated as described in Exanple 1.

Dei oni zed water was added to the concentrated hGH solution to yield a
final protein concentration of 15 nmg/m . Tris-HCL (1 M pH 8.6) was added
to 10 a final concentration of 100 MM To this solution, 2% (v/v) PEG 6000
was added. Crystals of hGH were grown by adding Ca- Acetate (1 M to the
solution so that a final concentratiommof- 85 mM Ca-Acetate was obtai ned.
The sol ution was then I ncubated for 16 hours at 25C Needl e-li ke crystals

wer e obt ai ned an pti The taI bt ai ned
wer e fouﬁ‘anc?nt F vveng 55]6%%?8 %ﬁcamg% n?rlllnz wét% ?%
cryst al | adé¢d dro >trnel donf:egtfat@d hc#}arsoaﬁ%xoﬁeeO Fygarrda al@inad prEﬁ@:MPLE 11

[ 0135] st al tlon o a % PEG: 0. -
Comrer ci 3¥?§le%tvraztl (IR /tmpUrl ﬂg]rlid(zg e‘?ﬁr at dwagsagg_%gr’f%ed I n
Exanpl e &. fﬂealoruoménm‘aeiommf arb:beduvto thysSatmmemetueﬁtehgl-bmlmi on to
ylel a fi otei n_con ti Tris- 1 M pH 8.6)
gddeﬁd %ai éﬁFtaESngg%{ :ﬁ? 0 }b‘g Fo-hith & d‘ ion, 6% (v/v)
PEG 6000concentatktddn OFy8b a4 @i-mﬁﬁa\uer Qagrﬁhﬂahyech.ddlm thadi um acet at e
(Na- Acetate), (2 tg_th qutlon o] a fin tralon of 10 500
i N A B s Thit AvAES SRR G PR Fe R eR s R SOHBFLTR. hour o
at 25C. Weedired idteubayetatsr s enaatrisaiatedsend ndaﬁga@tebyrp@tarsalwere
m crosco The, cryst.al s qgbt ai ned, re.found to bet ween_.about 25 and
Thout  vobHERITEG G RARER BY Qo MREOPORPY: ol RO REALar i han 850k
See1bi guwt:é,ﬂnedl&eEM&#BhEdleo[Bél.?dfdea@reyesn:ahhl zablmﬁl o leddew whthahci um

chl ori de and 6000. rC|aI alla | e urlfled and
ot raf st L gae TP et PR Aoy thePoRsey ShR dame 6
EXAMPLE 7
[0130] Crystallization of hGH with calcium chloride and 5%

isopropancl. Commercially available hGH was purified and

15 concentrated as described in Example 1. Deionized water was
added to the cgncentrated hGH solution ﬁo yield a final pfotein
concentration of 15 mg/ml. Tris-HCl (1 M, pH 8.6) was added to
a final concentration of 100 mM. Crystals of hGH were grown by
adding calcium chloride (CaCl;) (1 M) to the solution so that a

20 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 greatef than 200 pum in length with a crystallization

25 yield of greater ﬁhan 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
30 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



added to the concentrated hGH solution to yield a final protein 20
concentration of 15 ng/m . Tris-HCL (1 M pH 8.6) was added to a final
concentration of 100 nM To this solution, 6% (v/v) PEG 6000 was added.
Crystals of hGH were grown by adding CaCl2 (1 M to the solution, so that
a final concentration of 85 mM CaCl2 was obtained. The solution was then
i ncubated for 16 hours 25 at 25C. Needle-like crystals were obtai ned and

i mmged by optical mcroscopy. The crystals obtained were found' to be

bet ween greater than 100 min length-wigh a crystallization vyield of
greater than 90% See Figure 12. EXAVPLE 13 30 [0137] Crystallization of

avai | abl B VR U001 PEA 5SS @toant: At el ROl TREGR] Tep BITFCC, 7 1Y

Dei oni zesbtutiion watitre waduatedvdso trhlam ctnnubaltecatfeﬂr Pl@—l@utatabrﬁf@ yield a

final t f 15 T H 8.6 added
t:)n: fi ng %ﬁégpﬁ:&% 0 ﬁl ggrgoﬁb]trﬁ\}l Oapﬁ'l y“%%?‘%'gl?}én prlgt am %e \évﬁisf:t ee(l

ng/ M) amtfI6dIE.60ake( \tﬁ:yé!tm ahdddtedSwery sSfalrsd ofo heHLees et]gazm)v% by

55, b CabACHt AR “LbH 3 FEEC T RSP, SHeba-ot IR RE BAFRa! (b 16

hours atsed Grigu¥eed.e-1ike crystals were obt ai ned and i naged by opti cal
m croscopy. The crystals obtained were found to be less than 25 10 Amin

|l ength with a crystallization yiel g{x_g&&%é:gter than 70% See Figure 13.
EXAMPLE 14 (0138] Crystallization th cal cium acetate and 60

PEG ME- 500032 Cometcdliuilly tavpirbaibl @ dfGHGHasTpatals es!rem@d’edlﬂiébncent rat ed
oS LS SheD, CHUTLe e DRLANGSH W S n AERE LR hepepp Rl Lol
(1 W pl—pﬁelﬁaramgradﬁmmes a-ej rtaie ccmytseatlsawqam pzﬁllils(lt@dnwndTbhe hi s
o RSt BRI SRRl o IR A DI S EC
Ca- Acet aresfdpdiddd in 0.200 ml of dlssolutlon buffer (see Example 5) by
either pipetting or vortexing before being equilibrated for
approximately 15 minutes at 37°C. The samples were then
15 centrifuged at 10,000 x g for 2 minutes and the supernatant.was
removed for ‘determination of protein concentration measuréd at
280 nm by RP-HPLC, SEC-HPLC or UV-VIS. hGH dissolution was
measured as a cumulative percentage and derived from AUC values
or UV-VIS mg/ml measurements. The crystalline pellets were
20 further resuspended in dissolution buffer and the process
repeated until 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,
25 5% IPA/85 mM CaClz 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%
30 PEG-6000 completely dissolved at 120 minutes and 135 minutes,

respectively.



the solution so that a final
obt ai ned. The sol ution was then i ncubated for
crystals were obtai ned and i maged by opti cal

16 hours at
m croscopy. The crystals

25C.

obt ai ned were found to be less than 25 50 min length with a
crystallization yield of greater than
[0139] Solubility profile of hGH crystals prepared with polyethyl ene
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After the incubation of the 30 crystallization solutions prepared
crystals were 4pel-l eted and t he remai ning
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EXAMPLE 10

Commercially available hGH was purified and

Crystallization of hGH with calcium acetate and 2%

Deionized water was

added to the concentrated hGH solution to yield a final protein

concentration of 15 mg/ml.

10

PEG-6000 was added.
Acetate (1 M)
85 mM Ca-Acetate was obtained.
for 16 hours at 25°C.

15

imaged by optical microscopy.

a final concentration of 100 mM.

Tris-HCl (1 M, pH 8.6) was added to

To this solution, 2% (v/v)

to be between about 25 and about 75 uym in length with a

crystallization yield of greater than 85%.

See Figure 10.

Crystals of hGH werelgrown by adding Ca-
to the solution so that a final concentration of
The solution was then incubated
Needle-like crystals were obtained and

The crystals obtained were found



concentrati on was expressed as percent of total released Tine 2% PEG 6%
PEG 6% PEG 6% PEG 6% PEG (m nutes) 6000/85 6000/500 6000/ 85 6000/85 nmm
MVE- mM Ca- mM Na- mM Ca- Ca- Acetate/ 5000/ 125 Acetate Acetate Chloride
Protam ne mm Ca- (Ex. 10) (Ex. 11) (Ex. 12) sulfate Acetate (Ex. 13) (Ex.
14) 0 0.00 0.00 0.00 0.00 0.00 15 8.41 14.23 6.63 5.66 9.50 30 16.80
23.03 19.50 11.58 28.46 45 27.64 34.74 37.74 17.22 48.04 60 35.57 47.34
54.60 21.25 62.61 75 48.57 65.16 67.67 24.63 73.76 - 53 90 56.18 78.86
77.90 28.15 82.70 105 62.70 88.66 86.826-31.77 91.15 120 66.49 90.36 90.59
34.05 95.70 135 70.07 90.36 95.18 38.83 98.18 150 72.87 90.36 98.04 40.60
. 99.60 165 74.82 90.58 100.00 43. .( 180 90.23 93.06 100.00 45.69
100.00 195 90.23 95.80 100.00 47. . 210 90. 23 100.00 100.00 51.27
100. 00 2@%3%P. 90 CkGta01iz00i00 &3 EH ¥H6h0sodun BEtB(tel @d06¥ 188G 00

36,61 106700 SAEBReRTLiBost B DORvSE Bt ke FH FonStetigs o

%88 08 ?339%&?62)11:2&1 iﬁlﬁg%ﬁﬁ]éﬁgl .1882e8.gnigéd06aiﬁé% (Masu?a@m t836he00. 08

100 80 180PBEP<Oh P, JBL4BE0GC 3381108, DPTDA Ot Lob BTeaI 285190, 0o

390 100. 66 190ndn1l00TRAs8ARCL7(1LQD,. @M 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 sodium acetate (Na-
Acetate) (2 M) to the solution so that a final concentration of
10 500 mM Na-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 11.

15 _ 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

20 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

25 at 25°C. Needle-like crystals were obtained and imaged by
optical microscopy. The crystals obtained were found 'to be
between greater than 100 pm in length with a crystallization
yieid of greater than 90%. See Figure 12. |

EXAMPLE 13
30 [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



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 EXAWMPLE 16

[ 0141] Pharmacokinetic study using Sprague-Daw ey rats. A 2.5 ng/kg dose
of soluble (comercially available) or <crystalline (85 nM Ca-Acetate/ 2%
PEG 6000) hGH, prepared as set 5 forth in Exanple 10, suspension was

adm ni stered subcutaneously into 24-fgnmal e Sprague-Dawl ey rats. The
average wei ght of each rat was 200 grans. The 24 rats were separated into

two groups, ., gli?acsh a%%aptiﬁgeggdg&@er&l%%a%a ﬂ&H?’sQi\?%JE%f tl%ané)lle&ansai ning 4 54

rats. Bl eedings were collectéd via a ar vein ant at three
speci f i efinahepydieins canthnhratidn subgs mgbud . t oTrhe-HAL nflt #d RHD&RE) of

bl ood ab t e;qra | | oi_nt ea r desk gp.vas used.
In or derJ”%% %%(?enq gon\ggrﬁlﬂn%? gogs{(fe%b%ﬁaﬁy, ggb%%?gm%f glr‘é n%%fq'ss' %ﬁ?ﬁ?#‘%f oups
wer e bl egratamigtedulifiatre [(0i mgsnl)Seandnesa@ptes00er éviherwasomddedd to form a

| i near rogr i e . ti el ine, Standar evi atipn [ e, deferm by the
vari nceeﬂggagi?%rﬁfleg’ve IRt BF RS u seat%éiqé’? ggg‘?‘\:/%%g\% nsal %Boitng‘t Eﬁgom t he
mean of babhtiuhset th8teaTébhal dorfcerntratlotabEess 4mb, Caifiaaiasedwasgnat ed

1-12 recejved soluhle h nd. animals 13-2 epve rystal LizedohGH at a
Gosa of “EhEEthed U RSIRAC, SO Wheh SHABALEACEIET E LA hZEPATT M
I N ser unNasdhe-Yikectidrystal st ware fabst diedsandbliragad oy wgitaldailzed hGH. The
15 half-1ife of the stalljzed was, al nost _19.fol hi.gher .t han.,_t hat
of sol ubl"&“HET Pihe fﬂii'%ecﬂ’ s\%\ﬁf%hg%{aﬁnfﬁsﬁlmwﬁ@l gBB%%rté%q?en 1 Sﬁet}éﬁéurlu’f‘nswas 4
houns fopmt v osnpiaMiithed bEbtaalll {4 ilvouydel dr of t eestdtillhanh @Bl . G ven

t hat gr'oggs 1;’;md suq]sjets of rats were treated with soluble hGH or crystal
hGH at a”tBntentrati-on of

EXAMPLE 14

[0138] Crystallization of hGH with calcium acetate and 6%
PEG-MME-5000. Commercially available hGH was purified and

15 ' 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)
polyethylene glycol mono methyl ether-5000 (PEG-MME-5000) was

20 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

25 50 pm in length Qith 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
30 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 -



20 5.5 ng/m, dose equal to 2.2 ng/kg, the C values, |listed below in Table
6, show that hGH when delivered in crystalline form significantly reduced
t he maxi num serum concentrati on conpared to an identical soluble dose.

Al so, the AUC of total serum level for hGH soluble versus hGH crystal was
simlar, indicating 25 that bioavailability was not significantly affected
by crystallization. A T90% val ue was cal cul ated for both the soluble and
crystalline results. This paraneter indicates the tine at which 90% of the
total AUC has occurred. Hi gher values of T90% indicate that the drug
remains in the serum for Ionger The T90% 30 results contained in Table 6

oo SRR Bl MR Bl o TR S Bl vl e I ptel =
pharnacobemaglequilﬂhpatedsﬂbtsatpmoxmﬂaﬂdmy h&HmAnubtas sa Bl ®E¢ . Avehage
5 9 o T I B L0 LSS B B 0,00 800, 58
29.40 9th& BuﬁérﬁﬁtahtBQaslrémBVédJfbr*ddte%mﬁﬁatSeB 32 Hrd¥eih 00 9-12 24
0,000: OBoalth ey PR el slalos? o 0120 T ADEEToG8K LA &, S eoul (5
St andar dThér ¢rpsitalinreepedlled8 wees Ulrther resuspended in dissolution
buffer and the process repeated until no detectable protein was
measured in the supernatant.
[0140] Figure 15 and Table 3 illustrate the solubility
10 behavior of hGH crystals prepared with 2% PEG-6000/85 mM Ca-
Acetate, S%IPEG-GOOO/SOO M NaFAcetate, 6% PEG-6000/85 mM CaClj,
6% PEG-6000/85 mM Ca-Acetate/protamine and 6% PEG-MME-5000/125
mM Ca-Acetate as a function of time in minutes. hGH dissolution
was measured as .a cumulative percentage and derived from AUC
15 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-
20 Acetate crystals or less for the other hGH crystals.

- Table 3. Sequential disgsolution test measured at 280 nm for
PEG and salts of hGH in dissolution buffer - protein
concentration was expressed as percent of total released

Time 2% PEG- | 6% PEG- 6% PEG- 6% PEG- 6% PEG-
{minutes) 6000/85 6000/500 6000/85 6000/85 mM MME-

mM Ca- mM Na- mM Ca- Ca-Acetate/ | 5000/125

Acetate Acetate Chloride Protamine mM Ca-

(Ex. 10) (Bx. 11) (Ex. 12) sulfate Acetate

(Ex. 13) (BEx. 14)
0 0.00 0.00 0.00 0.00 0.00
15 8.41 14.23 6.63 5.66 9.50
30 16.80 23.03 19.50 11.58 28.46
45 27.64 34.74 37.74 17.22 48.04
60 35,57 47.34 54.60 21.25 62.61
75 48.57 65.16 67.67 24.63 73.76




(ng/m) 13-16 0 0.00 0.00 17-20 0.5 151.39 60.30 21-24 1 159.19 69.50
13-16 2 236.64 75.70 17-20 4 334.08 63.86 21-24 6 302.69 73.09 13-16 8
193.22 23.10 17-20 12 6.50 6.39 21-24 24 2.69 0.74 Total = 1386.379 56
Tabl e 6. Pharmacoki netic paranmeters based on data in Tables 4 and 5

Sol uble Crystallized Dose Amount (g) 500 500 Dosage (ng/kg) 2.5 2.5 Half
life (hr) 0.5 9.4 C., (ng/m) 1172 334 TUM (hr) 0.5 4 ATJC (0-t) 2819
2472 (ng/hr/mM) AUC(2) 2819 2508 T90, (hr) 4 10 EXAWPLE 17 5 [0143]

Ef fect of Protam ne sulfate on disseld®i-on characteristics of hGH
crystals. Figure 17 illustrates the anmount of hGH crystals prepared

accordi ng o Exggnpter 1685 mvt——catcrymacetate, ™ 2%_(V/ V). PEG 6000 and 100
MM Tris- HCl(pH 8 6))  df&3Bllved T&-884 1 HAF b neubdBithlin—8f<dql ution
buffer at 37C 1% aftler aelitag a géseen|anpeat2 prot3d3nihe sub% to the
pre.- existiing ead ci um hGl goystal gkt i 0o, shle ratisaseop| hGebizx | protan ne
D1 01 AM ne- J1gmEy cant - o1 ot o Oablui 38 B hetitrsbrars sl (1
72.87 90.36 98.04 40.60 99.60

165 74.82 90.58 100.00 43.28 100.00

180 90.23 93.06 100.00 . 45.69 100.00

195 90.23 95.80 100.00 47.52 100.00

210 90.23 100.00 100.00 51.27 100.00

225 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

343 100.00 100.00 100.00 76.26 100.00

360 100.00 100.00 100.00 79.36 100.00

375 100.00 100.00 100.00 83.20 100.00

390 100.00 100.00 100.00 86.17 100.00

405 100.00 100.00 100.00 89.15 100.00

420 100.00 100.00 100.00 92.25 100.00

435 100.00 100.00 100.00 94.40 100.00

450 100.00 100.00 100.00 95.96 100.00

465 100.00 100.00 100.00 98.07 100.00

480 100.00- 100.00 100.00 99.07 100.00

495 100.00 100.00 100.00 100.00 100.00

EXAMPLE 16
[0141] Pharmacokinetic study using Sprague-Dawley rats. A

2.5 mg/kg dose of soluble (commercially available) or
crystalline (85 mM Ca-Acetate/2% PEG-6000) hGH, prepared as set
5 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 intc two groups.

Each group included a subset of 3 groups, each containing 4



15 EXAMPLE 18 [0144] Crystallization of hGHd with sodium acetate. Here, a
frozen bul k feed solution of soluble reconbinantly-produced hGH (rhGH) was
obtained fromtwo stocks - one derived fromE. coli 20 (Novartis) and the
ot her fromyeast (Lucky CGold). Separate anal yses of rhGH derived fromE
coli and yeast stock solutions resulted in rhGH having the sanme
crystallization and solubility characteristics irrespective of its source.
Approximately 3.3 57 m (10-20 nmg/m rhGH as supplied in unknown buffer)
of thawed rhGH feed solution was pursdied using a 10DG desalting col um
supplied by BioRad. Prior to sanple |oading, the colum was conditioned by

washing_the ¢ with 30 m | $- HGL ( JO: ikheahhCH
sanpl e mgst h(e)énﬂfeoal g Gl eaF?gé\%%E%% Vlein & %Q?Eg@f:g‘f%n%by grla\?i ?y. Af ter
di scar dergthhee fépestifiiledeeime pbinks varthinassrhepulbser ol e @ &RBTri s- HCL

pH 8.0 was.then added. - 4.5 t.he .de d,eh :‘."@e’ﬁ-i@'%e and,
col | ectﬁm%ﬁﬁcae'ﬁ?“}na iognbt}fo?eﬁ?i?f%%adel (?%Jamhgsa%hge;r;b per orl"rredgl?si ng a 10
M || i poseleapCErdg adamignVMEe 16eQ00)Imtor3®E30 teopnarintay-8oimaln. The

concentratjon, of hGd was in range, of ny/ S or bance
at 280 ﬁﬁf"g?g’l@’( PYRFFHS r?%na%@ﬁl% vél%%fgp dggggrgbg%%%%#sit.b*a% %?t al's were
grown by iaddpogntiei ordertth sambkes Weis-tiEh (Corpsléd, tPEPBOEG0 ldngar
Na-acetate to final_15 concentrati.on f .l %, ( v

r espect PFEETEERAIVE el W riae 'so%g?f‘gﬁr%i c?%waa |°Hg§} wg]r{%t%étyngxgtgigggﬁg ation of
15 ny/ ihe VhAeisnteltdDaamm Leeslai wichigeubpesindat ng ubttesd tdme33C  for

12-16 hours, edle- or rod-Jike crystals re Lhed. an I maged with
TEM (FI @.mESgg%'ﬂd&i%B?‘?anr o 5%& 5@5 ata'ng\é%el r?gggg%e%g?h 191 Fom
approxi meteky 2-8p AbinAlAdemigaadedi fiap npaEidedpeblebleh@hangd ystal s the

supernatant was extracted and, crystallization vyi Sl d wa n&gsured S
gr eat er aniaalesys - Thereegipadgcsyesal at 288 B Gtméd 8Fet‘égrp% tHH §&Det ween

33C and JJ3Ga1but require increased crystallization tinme and possibly result
25 inre uceé yi el d. _

[0142] Figure 16 i1llustrates the level of hGH in serum as a
function of time for the soluble and crystalliZed hGH. The

15 half-life of the crystallized hGH was almost 19 fold higher than
that of soluble hGH. The time at which maximum hGH appeared in
the serum was 4 hours for the crystallized hGH and 0.5 hours for
the soluble hGH. Given that groups and subsets of rats were
treated with soluble hGH or crystal hGH at a concentration of

20 5.5 mg/ml, dose équal to 2.2 mg/kg, the Cpx values, listed below
in Table 6, show that hGH when delivered'in crystalline form
significantly reduced the maximum serum' concentration compared
to an identical soluble dose. Also, the AUC of total serum
level for hGH soluble versus hGH crystal was similar, indicating

25 that bicavailability 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. ﬁigher values of Tgos
indicate that the drug remains in the serum for longer. The Tsos

30 results contained in Table 6 clearly show that the crystalline
form results in elevated hGH levels for significantly longer
than the soluble form.



EXAMPLE 19 [0145] Conpl exati on of sodium hGH crystals with ionic polyner
additive. After crystallization yield was determ ned (see 30 Exanple 18),
sodiumrhGH crystals were re-suspended in nother |iquor (250 nM NaQOAc, 25
mM Tris-HCL (pH 8.6), 6% PEG 6000, and either 7 ng/m protam ne sulfate or
4.2 mg/mM polyarginine) so that a final concentration of 21 ng/m of
sodiumrhCGH crystals 58 was achieved. The protein to additive ratio for
rhGH to protam ne sulfate was approximately 3:1 (ng:ng) and for rhGH to
pol yargi nine was 5:1 (ng:ng). These-r8%ios are calculated to be nole

rati os of approximately 1:1.715 for rhGH protam ne and 5 approximately

1:0.587 for rhGH:ngggrgiEi&%H LgﬁmQQQEEAE$§33kﬂ%%kﬁﬁt§t&§§e honogenousl y
pl

re-suspended in th { TPt aEr L UYEr n@gd T ncubat ed overni ght at

2-8C before being centrifug sed pellet. The
supernatants were renov, spended in the sane
not her |iquor (w thout stored at 4C. [0146]
Addi tional rhGHionic pplyner it obt ai ned by varyi ng
the additive concentrat|on (ngf nfBr)of| t4&Wmnpt her |iquor while stil
resuspending to 21 ng/m -of rh (efampl e, i ncreased concentrations of
protam ne sul fate (10. 58— ggi 5 the—rnot trguor can be used to
obtain a ratio upon reguspensjon of ¥hG3-88ditiv8- 2: 1. EXAMPLE 20
[0147] Crystallization bf Sh&H Wi t°*h®zi na1mces at e.1280030 ystal | i zati on of rhGH
W th Zinc-acetate and afevexee.| Approki gpfeby 3. 37Mo K 10-20 ng/ nl) of

t hawed rhGH feed sol uti pmyoyas|puer fTEO_USINg a LOX> desal ting col um
supplied by Bi oRad. Prijor—to-sanpte cﬂﬁ?ﬁé, t+He—eoHum was condi ti oned by
washing with 30 m of NaZPPOMl NaFPPCh eamsall pHseeat). The rhGH sanpl e 25
was then | oaded and al | pw@clZ o| entfer |hei£@bymm by . g pvity.. After

di scarding the first threg-gt pf elua1é,#ﬁqgfger QZQLW1 of 10 mM

. 1

Na2HPO4/ NaH2PO4 pH 6. 1 Dgygddud.l“ 4 attoquot—otr|{the desalted rhGH
was el uted-and collected. Concentrati on hf-90 0.00

9-12 24 0.00 0.00

Total = | 3047.50

Table 5. hGH animal pharmacokinetic study results for
" crystallized hGH (85 mM Ca-Acetate/2% PEG-6000)

Animals Time Average Standard
' (hx) hGH in | Deviation
serum
(ng/ml)
13-16 0 0.00 0.00
17-20 0.5 151.39 60.30
21-24 1 159.19 69.50
13-16 2 236.64 75.70
17-20 4 334,08 63.86
21-24 6 302.69 73.09 |
13-16 8 193.22 23.10
17-20 12 6.50 6.39
21-24 24 2.69 | 0.74
Total = | 1386.379




centrifugation was then perforned using a MIIlipore concentrator 30 (MACO
10, 000) at 3500 rpmfor 5-10 mn. The concentration of hGH was in range of
15 nmg/ M as neasured by absorbance at 280 nm 0.813 (1 ng/m hGH A280 =

0. 813 absorbance units). Cystals were grown by adding 400 Al of nother

|l i quor containing - 59 deionized water, 8.91 nM Na2HPO4/ NaH2PO4 pH 6. 1,
0.88 ng/m Zinc- acetate, 9.89% Acetone, to 100 pl of prepared 15 ng/mn
protein in 10 mM Na2HPO4/ NaH2PO4 (pH 6.1). The solution was then m xed
gently and incubated at 15C for 24-485kodrs. Hexagon-like 5 crystals were
obtained ranging in width fromapproximately 2 to 25 m After centrifuging

and pel I etingrlie, & yStal gL B SUPEL A Ale 8RS BXLERCEE AR in
crystallizati 1 P S 0 1 [0148]
Crystallization of hGH with cal ctumacetate—and conpl exation of cal ci um

hGH with ionic pgrymer——addirtTve T(POEyERIE T N¢) - chyeraiized  ¢zen bul k feed
sol ution of solulle reconbinantly-produced h@H (rhGH) was gbtai ned from

two stocks 15 on@cskepirgwd fHgdbm E. col $00( Novarti s) &0 the qther from yeast
(Lucky Gold). Apfq ] —rZ,orm e T fris-H¢l - (10 M pH

8.0)) of thawed nhGHdfee /$gluti1n4mn< puri )G desal ti ng
col um supplied hyaH 8. (BPrjor [to samdl e | padi ng,2-fhe collum was

condi ti oned by WIF[LN@gfdl¢ COl UM W tR;20 30 rFT of hrhs-HCI|(10 mM pH
8.0). The rhCH sauple was then loaded-and-altowedto—entert he col um by
gravity. After di"=eaPdlng the fiirst thrfee nl |of eludnt, andther 5.0 ni of
10 MM Tris-HC) pAve. @-was then @dded.aeds5 ml |of thesdesaltgd rhGH was

el uted and col | eqteg/brdWHcent ratilon by centriflugation-was—tHen 25 perfornmed
using a M11ipord?6fentrator (MACO PB1900) at.35085%& pm fdr 20-30 min.
The concentrati o (BB was i n §he range of |30 ng/ g3 as neasured. by
absorbance at 280—Am-0-813(1l ngtM—hGH—A280—=—0-—813—abserbance units).
Crystals were grown by adding 1M Tris-HCl1 (pH 8.6), 50% PEG 6000 and 1M
Ca-acetate to the rhGHd 30 30 ng/m stock preparation so that a final

concent‘ratl on of EXAMPLE 17

5 [0143] -Effect of Protamine sulfate on dissolution

11

characteristics of hGH crystals. Figure 17 illustrates the
amount of hGH crystals prepared according to Example 10 (85 mM - |
calcium acetate, 2% (v/v) PEG-6000 and 100 mM Tris-HCl (pH 8.6))
dissolﬁed after 1 hour incubation in dissolution buffer at 37°C
10 after adding a given amount of protamine sulfate to ;he pre-
existing calecium hGH crystal solution. The ratios of hGH to
protamine (mg:mg) ratios are indicated in Figure 17. The graph
illustrates that protamine significantly affects dissolution of
hGH crystals.
15
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
20 (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



15 mg/ M rhGH, 100 mM Tris-HCL(pH 8.6), 2% v/v) PEG 6000 and 85 nM

Ca- acetate was obtai ned. The solution was then m xed gently and incubated
at 33C for 12-16 hours. Needle-like - 60 crystals were obtained ranging in
| ength fromapproximately 2 to 25 m After extracting the supernatant and
centrifuging and pelleting the crystals, crystallization yield was
neasured as greater than 85% The crystals, could also be forned at 5
_tenperatures between 33C and 15C but required increased crystallization
time and reduced yield. 'After cryst-ablzi zation vyield was determ ned (see
Exanple 18), calciumrhCGH crystals were re-suspended in fornulation

vehicl e (5 _ Tl S ( 6 000, bt 2 no/ mi
pol yar gi“&lll n(rei‘)%I sgg%%/lg%gltonc{ﬁwfalsngkﬁgg%%n?‘lrl_'altﬁlﬂ%%cwgf %2'1%%%?”?90? calcgi um rhGH
cryst al ssh@kageadhselettio hesprurdifaedoustily td \I@DGatdiegafl bing hapt wen

pol yar gi nj ne .was, 5: . NY),...The | .cal c t ed nol e

rati os oefupfgﬁ\ggx?ﬁa%jéé%@dt O.Pgéy}f g?’ %%@—f%o ya:drlggdi %(531% ?%%EH%B%/% rhGH

pel | et s awerddithomedebhpusdshirgy shependuun i witine ol snlawdr Gpdsatiel nbthem™.l i quor

and i ncubated,ovegni t 2- fo | ti tp.o in a
condéens 3{3 peé?al)ét : &'{T]’ﬁgrrﬁ%lgpsearmﬁ;it% a%% S \%\g?rébféé%vcg?ﬁangfl;i %grggeF?e%@mgre
I e- suspegigedolomnt bg grae tpot hef tlerqddscardimyttieofiies&ddhreeenhnef st or ed

at 4C. 20 EXAVPLE 0149] Ph coki [ C r d | Ca844dy of
SUbcut artaSiely SAREATS (2 oahah 00 ) EEtbGiar bR RARCHAB Sty |
cati on or)stml efothhGlesdheed)odiGHoWwashesusedidgndvalilectadsess t he

gai ned U B AL AR BUs THE CRTION TBF FEh Yo S8ehgi Bns in o
hy ppphy secildiicred cCpeagtieatizam @WCOr a0$00TheatstiBN0 dewi Forwas-2as hbk| ows:
120,k MRCRREL 0 5L o8P cn S SRRl dr oo Lo pRRgBR TN,
| once by absorbance at 280 nm/0.813 (1 mg/ml hGH A280 = 0.813
absorbance units). Crystals were grown by adding deionized
water, Tris-HCl (pH 8.6), PEG-6000 and Na-acetate to final
15' concentrations of 100 mM, 6% (v/v) and 500 mM, respectively in
the total solution with a final protein concentration of 15
mg/ml. The solution was then mixed gently and incubated at 33°C
for 12-16 hours. Needle- or rod-like crystals were obtained and

imaged with TEM (FIGS. 18A and 18B). The crystals ranged in

20 length from approximately 2 to 25 pm. After centrifuging and
pelletiﬁg the crystals the supernatant was extracted and,
crystallization yield was measured as greater than 85%. The
crystals can also be formed at temperatures between 33°C and 15°C
but require increased crystallization time and possibly result

- 25 in reduced yield. -

EXAMPLE 19
[0145] Complexation of sodium hGH crystals with ionic polymer
additive. After crystallization yield was determined (see
30 Example 18), sodium rhGH crystals were re-suspended in mother
ligquor (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



1 Vehicle for Injection 3 -- daily over 7 (W) days 61 Comercially 100
.il once Daily available hGHin 9 1 daily over 7 2 Soluble WFl .05 days
(1.5 ng/m) See Exanple 10 - 100 | once (21 ng/m, on day 1 dilution and
Ca-Acetate, gentle mixing 3 PEGwith Mother 9 1.058 Liquor la 1:1 prior to
I njection See Exanple 13 100 | once (21 ng/m, on day 1 dilution and
gentle mxing Ca-Acetate, with Mther 4 PEG Liquor id 9 1.05 Protam ne
1:1 prior to injection, ratio of rhGH protanmine 5:1) See Exanple 20 100 |
once (21 ng/m, on day 1 dilution-agd 5 Zn-Acetate gentle mxing 3 1.05
Mot her Liquor 2e 1:1 prior to injection) Mther Liquors 100 | once 7

Vehi cl e fromgiopps. 3 ik photeifiNtd@adit ¥ Fatio for rheH to

protamine sulfate was approximately 3:1 (mg:mg) and for rhGH to
polyarginine was 5:1 (mg:mg). These ratios are calculated to be
mole ratiocs of approximately 1:1.715 for rhGH:protamine and

5 approximately 1:0.587 for rhGH:polyarginine. The above rhGH
pellets'were homogenously re-suspended in the appropriate 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

10 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

15 mg/ml) in the mother liguor can be used to obtain a ratio upon

resuspension of rhGH:additive of 2:1.

_ EXAMPLE 20
[0147] Crystallization of hGH with zinc acetate.

20 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

25 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
degsalted rhGH was.eluted and collected. Concentration by
centrifugation was then performed using a Millipore concentrator

30 (MWCO 10,000) at 3500 rpm for 5-10 min. The concentration of
hGH was in range of 15 mg/ml as measured by absorbance at
280 nm/0.813 (1 mg/ml hGH A280 = 0.813 absorbance units).
Crystals were grown by adding 400 ul of'mother liquor containing



Mot her Liquor 100 | once 8 Vehicle fromGoup 9 3 on day 1 See Exanple 21
100 it once (21 ng/nl, on day 1 dilution and gentle mxing Ca-Acetate,
with Mother 9 PEG Liquor Id 9 1.05 Polyarginine 1:1 prior to injection,
ratio of rhGH polyarginine 12:1) "All sanples were stored at 4 C and
warnmed to roomtenperature for 30 mnutes prior to dilution wth

formul ation vehicle defined in d, if required, and injection into the

i ndi cat ed nunber of rats. bBuffer conprises 7.5 ng/m D-mannitol, 12 ng/m
sucrose. 5 'Commerci al l y-avail abl e hGgsobt ai ned from BesaGen Ltd.,
Australia d5mV CaQAc, 4%)PSG-6000 0.025 M glycine (pH 8.6), 15 nmg/m

D- manni t suct ose. . "A
single f ﬁﬂllﬁfeggﬁg%/%ﬂl c ﬁdé‘ﬁ ﬁ?ﬁ@gﬁ%ﬁ gggzg% (é)fn% i‘hcgrgl%lrggrofor
aIIt of thwesatgoapsos AfefdiehOltolpon alrof airer8Grededtl wgHpk aprrtawl ey
rats, wej ghi.n ns 5 tely 4-6
meeks rgqo eﬁgﬁgﬁéfggg%k§ &Bgsgdfhhdé?%E8% o??ggw%%lér?rgﬁé_ 2e Y
l(apE{ omgdag;eyt aﬁﬁeigtui&té’dl dt 3@°CLﬁd>ﬁt24/-e8hhwmtBty Boxag@¥qlik® hours

i g an ours _darknes n_each 24-hg d, -

hour3 achFY@t\?gﬁ Hgﬁﬁsgbif%”b?fi |rﬁn§dn\%ai‘3rwuétgpﬁ a?nor i’%ﬁ’g}é @é{%\? |etS ulroner
t hroughaagf e alfudy cdherifiginee madSpal L evedy ttmeambristraﬁ.a thet he
envi ronnent for pe week

wer e adrﬁ‘fﬁ%@'& htRf %’tﬁgﬁ%"htsﬂdtor?? tgstﬁa?%lgi ]e%)logti?.?ETﬁggt ggt rgt)frpoﬁﬁds

were adidd¥uried ad eo6GghDy 3E#. one or once dai I y for seven consecutive

10 - : | EXAMPLE 21
[0148] Crystallization of hGH with calcium acetate and
complexation of calcium hGH with ionic polymer additive
@wlYarginine). Here, a frozen bulk feed solutioﬁ'of soluble
'recombinantly-produced hGH (rhGH) was obtained from two stocks -
15 one derived from E. coli (Novartis) and the other from yeaét
(Lucky Gold). Approximately 3.5 ml (12 mg/ml rhGH in Tris-HCl
(10 mM, pH 8.0)) of thawed rhGH feed solution was purified using
a 10DG-desalting column supplied by Biorad. Prior to sample
loading, the column was conditioned by washing the column with
20 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
25 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 30 mg/ml stock preparation so that a final concentration of
15 mg/ml rhGH, 100 mM Tris-HC1l(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



10 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
adm ni stered using a 30- gauge x 8 mm needl e attached to a 300 | syringe.
Test 15 conpounds were carefully inverted in order to ensure suspension or
solution uniformty wthout causing foamng prior to wthdrawal into the
"syringe and again prior to adm nistration. The injection volunme was
approximately 0.1 m per rat. [0152]- Blooed sanples fromrats in groups 1,
5, 7 and 8 (each 20 having 3 rats per group) were collected at 4, 32, 96
and 168 r.S f i j d I n, | ggh ratg i n
aroups. £2V3tete, Aerg b BtaL e Bl gl e eeit B, SRR Py ' H

subdi vi k& umt o AZtgroepsradt g &he. Subcepam@ocﬁfggmgi\ﬁéﬁéng cd ect ed

Second Rl PR oRhat Al FrAediyfaclin AL RRRe S 48 s

second SUbBsE ours an romthe t subset at 8,
48, 120 carehtkdS theor 85%0l | Dé myysitalleccpohd onl dmbel foBimeddRhgs were

typical ly collect n het sz : S | rats through
t he %r bi %@ersaﬁ%ﬁggagatgg%?ec Edgila&rl\ E%Cﬁkggtg %%le?&t?u Aé‘i‘tévﬁzs{% % serum 30
separ at arystediilzas inar eitdemd ereduckdgpiedd. dfffued matysttplitzatpon ser um
recovered, and stored froze I - 80 pr i i r. i on of hCGH
nd | G f o eBE e ogES (@ einmn 88D Lol o ERERRRRLEN, T {2
case of wepreups shispandddaiml Bgrmullaitiear vephbgltests v [daddlc, né0asMf or med.

St andar d,devi.af.i on re d ] | by e,Vvar | f : vels within
subsets &t~ ]Ve(l?%t ?Br‘rg?po%l?g% %ﬁ)]%toheanéa%'%fﬁsg/ﬁﬁ%lg%%gg}négeg ables -
8- 1do0andcidtgur efitdA. cSatanttaviedrs of( 29/ m) mbfof @ inen shéincuiiehals
admnistered i.n a particular . crystalli.ne.for af i j S were bl ed
accor di ¥ FTHEVS 'ud?ﬁﬁrgf%%eoll tho sabigélgf‘yg %Tiy%rjéé p%gl}ntxlsﬁ re: éti ve to

dosi ng. ddkyarssiildes wakeak Ly (mandiqat e Theae zadidd eamncmlexilgtedbboveen t he
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above rhGH pellets were homogenously re-suspended in the '
15 appropriate mother liguor 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 additive and stored at 4°C.

20 EXAMPLE 22

| [0149] Pharmacokinetic and pharmacodynamic study of
subcutaneously administered hGH using Sprague-Dawley rats and
divalent cation crystals of hGH. The goal of Ehis study was to
assess the controlled release of hGH from hGH crystal

25 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
GQroup # Sample 5 sca:nipl:ion # of Dose Level Dose Regimen
or Test escrip Rats | (mg/rat/week)
Compound
Buffer in Water 100 yl once
1 \Slolli?bie for Injection 3 -- daily over 7
enicle (WFI)® days




(e.g.,

Devi ati on
B2 2
7-9 120 1355 337 A

phar macoki neti c study

CaOAC and ZnQAC) .
for Goup 2: Daily Soluble
(hr) serer

168 0 O Tot al
results for

Table 8. hGH ani mal

phar macoki netic study

Ani mal s Bl eed Average Standard Tinme hGH in

Average Standard Tine hGH in Deviation

0.00 0.00 7-9 48 0.00 0.00

(hr) serum (ng/m)

1-3 0.5 1927 771 4-6 4 5204 1040 7-%1B-1409 881 1-3

(ng/m) Al 00O 1-3 1 1262 18 4-6 4 234 45 7-9
1-3 24 1218 258 4-6 32 31 7-9 48 00 1-3 72 1098 40 4-6 96 0 O
= 5174 15 64 Table 9. hGH ani mal

G oup 3: Ca-Acetate, PEG Aninmals Bl eed
All 0 0.00 0.00

24 1 0.49 4-6 32

Daily
Soluble_

Commercially
available hGH® in
WFL -

(1.5 mg/ml)

1.05

100 ul once
daily over 7
days

Ca-Acetate,
PEG

See Example 10 -
(21 mg/ml,
dilution and
gentle mixing
with Mother
Liquor 1°¢

1:1 prior to
injection

1.05

100 pl once
~on day 1

Ca-Acetate,
PEG,
Protamine

See Example 13
(21 mg/ml,
dilution and
gentle mixing
with Mother
Liquor 1¢

1:1 prior to
injection, ratio
of rhGH:protamine
= 5:1)

1.08

100 pl once
on day 1

Zn-Acetate

See Example 20
(21 mg/ml,
dilution and
gentle mixing
Mother Liguor 2¢
1:1 prior to
injection)

1.05

100 ul once
on day 1

Vehicle

Mother Liquors
from Groups 3, 4,
& 5°

100 pl once
on day 1

Vehicle

Mother Liquor
from Group 9

100 ul once
on day 1

Ca-Acetate,
PEG,
Polyarginine

See Example 21
(21 mg/ml,
dilution and
gentle mixing
with Mother
Liquor 1¢

1:1 prior to
injection,
ratio of
rh@H:polyarginine
= 12:1)

100 pl once
cn day 1

results

A1l samples were stored at 4 °C and warmed to room temperature for 30 minutes prior to dilution
with formulation vehicle defined in d, if required, and injection into the indicated number of
rats.
bpuffer comprises 7.5 wg/ml D-mannitol, 12 mg/ml sucrose.

5 “Cemmercially-available hGH obtained from BesaGen Ltd., Australia.
%smM CaOAc, 4% PEG-6000, 0.025 M glycine (pH 6.6), 15 mg/ml D-mannitol, 60 mg/ml sucrose.
°zinc-acetate, NaH;P0, (pH 6.1), Ethanol.
‘A single formulation vehicle defined in d was used as a vehicle control for all of these groups.

10 .
[0150] Upon arrival, 80 female Sprague-Dawley rats, weighing

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

old, were individually housed under controlled conditions



1-3 72 0.00 0.00 4-6 96 0.00 0.00 7-9 120 0.00 0.00 Al 168 0.00 0.00
Total = 8542 Table 10. hGH ani mal pharnacoki netic study results for G oup
4. Ca-Acetate, PEG Protamne Aninmals Bleed Average Standard Tinme hGH in
Deviation (hr) serum(ng/m) Al 0 0.00 0.00 1-3 0.5 0.00 0.00 4-6 4 38
27 7-9 8 961 385 1-3 24 1468 357 4-6 32 192 73 - 7-9 48 190 266 1-3 72 O
0O 4-696 00 7-91200 0 Al 168 0 0 Total 2849 5 - 65 Table 11. hCH
ani mal pharmacoki netic study results for Goup 5. Zn-Acetate Aninmals

Bl eed Average Std Tinme WE in Dev. (hrg2sernmon (ng/m ) Al 0 0.00 0.00 1
4 2417 767 2 3211 39 00

(approximate temperature 21 & 3°C, relative humidity 50 z 20%, 12
hours light and 12 hours darkness in each 24-hour period, 10-15
air changes per hour) and given access to purified water and
laboratory chow ad libitum throughout the study. The rats were

5 allowed to acclimate to the environment for one week prior to
testing. .
f0151] Cut 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

10 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

15 compounds were carefully inverted in order to ensure suspension
or solution uniformity without causing foaming prior to -
withdrawal into the Byringe 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

20 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

25 houre, 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

30 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.



All 168 0 0 Total = 2418 Table 12. hGH ani mal pharmacoki netic study
results for Goup 9: Ca-Acetate, Polyarginine Aninmals Bl eed Average
Standard Time hGH in Deviation (hr) serum(ng/m) Al 0 0.00 0.00 1-3 1
502 75 4-6 4 846 102 7-9 8 1036 448 1-3 24 634 462 4-6 32 543 168 7-9
48 407 169 1-3 72 9 0 4-6 96 0.00 0.00 7-9 120 0.00 0.00 Al 168 0.00
0.00 Total = 3980 5 Table 13. Pharnacoki netic paraneters based-on data in
Tabl es 8-12 G oups Dosage per 7 C,. (hg/m) T. (hr) Days 2:Daily Sol uble
6.7 ng/ kg 1262.70 1 3:Ca-Acetate, 6- 730/ kg 5203.80 4 PEG 4: Ca- Acet ate,
6.7 ng/ kg 1468.47 8 PEG Protam ne S:Zn-Acetate 6.7 ng/ kg 2416.97 4

cach 1ot G hoad SRR RARPREE b s ColBL BT S Ak 08 5 o1
st udy angragpsrn;am,eachnﬂubseQLEiﬁear progressive timeline was formed.
Standard deviations were determined by the variance of serum
levels within subsets at a.given time point from the mean of
5 that subset. See Tables 8-14 and Figure 19A. Serum 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
10 absorption of complexed crystalline material (e.g., protamine
and poly-arginine) and non-complexed cfystalline 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)
aAll 0 0 0
1-3 1 1262 18
4-6 4 234 ) 45
7-9 B 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

15



norning of the study prior to bleed tinme. Accordingly,
| oss of each rat within each group was cal cul ated by

wei ght of Day 1 (prior to injection) from each
Wi ght averages for al
for each day. These results
| oss per day for

i njection).

gai n or
3 Day 4 Day 5 Day 6 Day

7 Day 8

wei ght 5 gain or

subtracting the

subsequent day (prior to

rats within a group were cal cul ated
are provided in Table 14. 10 Table 14. Wi ght
Sprague-Dawl ey rats (granms) G oup Day 1 Day 2 Day
10-3.311.00-0.02 -4.78 -6.82 -9.02

-7.45 2 0 1.68 6.82 3.55 5.07 7.06 7.86 42.69 3 0 3.09 3.97 2.08 1.55
2.07 0.33 2.02 4 0 6.10 9.25 5.80 1.15 3. 95 5.01 6.20 5 0 -0.09 1.40

-0.48 0.01 -1.41 -2 41£02,89 1.24 2.13 8 0
-2.18 -0.27 -1.42 0=¢ - A3E 8.09 9.10 7.31
10.00 [0155] Table 14 C AR AR Ehven- day effect of
adm nistering a single Wys%dm N¥agsl[Sstakdargtording to this
invention as conpared wjth thal afime adnubhSiner{ivegisidally dose of
commerci al ly-avai l abl e hGH. For @xhnyl esexBrgyre 19B dénonstrates that
cal ciumcrystal s of hCHLcompl éxed wi tth@smblalgi ni ne athi eves a wei ght gain
conparable to that of fhe*dailly sbl uhl e doe [withoonby one dosage over the
20 same tine period. Infcomsaringo+she [wei giy,,dai ned,apd the respective
rel ease profiles of rh@GRfTITgSeruM T[S evidgnt that |t he | onger-rel easi ng
pol yar gi ni ne fornul atio L at-es—witth—a>2%are—sd98% ned vel ocity of
wei ght gain. 67 - EXAMPLE 93 [ 0156 Conpar stasve phamraa¢odynam ¢ studies in
femal e juvenile cynonollogbds nonkeéys. The 0qgl of ¢ hs$ study was to assess
the 5 in vivo pharmacolingis c|prGeiT € &n%stallln [ econbi nant human
growt h hornone (rhGH) wyen d“.ui§§ef'd suucutaneously to femal e
cynonol ogous nonkeys. These datia were |gene®e3dd in ®PBler to

1-3 72 0.00 0.00

-6 °6 0.00 0.00

7-9 120 0.00 0.00

All 168 0.00 0.00

Total = 8542
Table 10. hGH animal pharmacokinetic study results

for Group 4:

PEG, Protamine

Ca-Acetate,

Animals Bleed Average Standard
Time hGH in Deviation

(hr) serum

(ng/ml)
All 0 0.00 0.00
-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
7-9 48 190 266
1-3 72 o o
4-6 96 0 o
7-9 120 o 0
All 168 o 0

Total = 2849




establi sh a nodel

for controlled release of crystalline rhGH in

bl ood

serum and for weight gain as a function of crystalline 10 rhGH rel ease.
Adm ni strati on Dose Level

Tabl e 15..
Dose Dose Nunber of

St udy Design for

Primate Studies |
G oup Sanple of Dose (ng/kg) Concentration Vol une
Aaimals (hour) (mg/m) (m/kg) (Female)
4 Sol uble 96, 120, 144 Na-Acetate,
pol yar gi ni neb Na- Acet at e,

Daily O,
0 0.25 4 2 PEG 5.6 22.4
0 0.25 4 3 PEG 5.6 22.4 rotanineb

24,

48, 72, 0.8 3.2 0.25

" Commerci al | y-avail abl e hGH (sol ubl e, 68nerystallized form was obtained
from Novartia and diafiltered in WI.

sol ubl e hGH on ea

i

G

G oup 1 (positive control)

AU AR%R indPi « SBSEX

recei ved
anples 18 and 19

for preparation.

f o Co
GFEﬁieFﬂl. ﬁéﬁ‘ﬁiﬁ

_ R AT  THETE U 7 hEEcAFe Y pfeed. [0157]
Twel ve fenal e juvenil e ¢&yrrofoi ided into three
groups, each having f oy EIiaH B186d JT A¥dbage 40 o8td wgre admi ni stered
ei ther soluble rhGH (Gjoup 1)| swoiheum |cragati s| ofberhCH Wi th PEG and
pol yargi ni ne (G oup 2, {accordijng(t)o Bxasedums (18 and 19) or sodiumcrystals
of rhGH with PEG and .|protamne %(31‘ aup (%}‘P di pg-to Exarrp| es 18 and
19). The nonkeys, rangi ¥ rom 226 kg in weioght amto4-7 years of age at 25
the onset of treatnent, were |ndi¢idually housed i gtlai nl ess steel cages
equi pped wi th an aut ongtt+ogwater 3g SyStenT or ter _fottles. The ani nal
room envi ronment was cq 1 ¢d >éappr\,xi e ,LQLSC,: 30-70% hum dity, 12
hours Iight and 12 68 S—garkRess—rn—each p4—tour—peri od, and 12-20 air
changes per hour) and|tw Ce dal mnkeys were %led a standard
certified comercial prinate|cH® (Harl an2Tek| ad Certjified Primate Diet
Table 12. hGH animal pharmacokinetic study results for
Group 9: Ca-Acetate, Polyarginine
Animals Bleed ' Average Standaxd
Time hGH in Deviation
(hr) serum
(ng/ml)
all 0 0.00 0.00
1-3 : 502 75
4-6 4 846 102
7-9 8 1036 448
1-3 24 634 462
4-6 32 543 168
7-9 48 407 169
1-3 72 9 R
4-6 96 0.00 0.00
7-9 120 0.00 0.00
All 168 0.00 0.00
Total = 3980
5 Table 13. Pharmacokinetic parameters based on
data in Tables 8-12
Groups Dosage per 7 Cuex (Dg/ml) Teax (hr)
Days )
2:Daily Soluble 6.7 mg/kg 1262.70 1
3:Ca-Acetate, 6.7 mg/kg 5203.80 4
PEG
4 :Ca-Acetate, 6.7 mg/kg 1468.47 8
PEGE, Protamine
5:2Zn-Acetate 6.7 mg/kg 2416.97 4
9:Ca-Acetate, 6.7 ma/kg 1036.63 8




#2055C). 5 (0158] This primate study was conducted in order to nmeasure and
conpare serum concentrations-of hGH and |G~ 1 after the admnistration of
soluble rhGH (G oup 1), sodiumcrystals of rhGH with PEG and pol yargi ni ne
(Goup 2) and sodiumcrystals of rhGH with PEG and protam ne (G oup 3).
Body weights were 10 recorded for all,aninmals at transfer and prior to
dosing on the tines indicated in Table 15 above. Bl ood sanpl es
(approximately 1 m) were collected fromeach animal via the fenoral,
brachial or saphenous vein on the mpgfi Ags of days -216, -120, 0, 2, 4,

6, 8, 10, 24, 48, 72, 96, 120, 144, 168, 192, 216, 240, 264, 288 15 and

VA

312. Bl ood weas ARtLEahet l' mtoSerumrseparatt g _tupbey, feft —at ropm
t enper at ure[v—f-my%éOTt?Tr'rnm €S (0 altow clotting, and centrifuged at 2-8C

for 10 m nutes at 3000 rpm Each serum sanple was split ian(g 1Q0

al i quot 3&4lenai Bhagredghfust, eaSBtﬁaEfW%ﬂnWﬁ?%H§Fé epgdr BTG @*LPFC pri or
to anal ys) in'%%t'l%(pbﬁarbal 1 e tBERkE Ghy 100 Hgadhi 6HOba¥ASsuSSsinet T hGH
det ermi nation and the |a ger remainder was -used for | G=-1 deternination.
Ther e wererrsioge ofxthet study phien: sovbleed ime e prregdésdhte dEIN0159]

Col lect ed ;ser Sl h al ¥ze8 JBu' s 2a16a0sEd NI on (see
Tablsg 1@a‘.lnA§%pg%rglgg%g ki u%agtngq\t/:\g?e made ét(;lﬂshq;ﬁ concentr at irlg};]s t hat

fell outsitgerasdténgt bhelaweliahtl @ Deange (PRior i d&degeien)sEPE Fatt ai n an

i ndi vi dual,. per._ani ng| e Uaf | ayslqref aRergBks £+ i s per

ani mal év%F% *Nas guﬂ@%ﬁ%ﬁ%ﬁ’?&@%??%e gerun1ﬁ%veﬁé nggsured at each tine
poi nt 3Grdtor wilthtint esgroubjwrte cEicudstedcier eaghudayper Thefe FRAMESer e

t hen aver%%eqx%g othinTgbﬁgpﬂfcted mean of rhGH in serum Standard errors
wer e t hetf é1culgfed By usSing standard deviation of the corregted nean and
di vided by the square root of N=4. - 69 Table 16. rhGH |l evels .for groups 1

(daily soluble), 2 (sodium rh and 3. (sodi um
rhGP prot ami ne) Ti fabdeqdf-1 W SRSEEBUEF - Std. in
Average daily Err. Averagesk 238 um Err

Group Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8
1 0 -3.31 1.00 -0.02 -4.78 -6.82 -9.02 -7.45
2 0 1.68 6.82 3.55 5.07 7.06 7.86 12.69
3 0 3.09 3.97 2.08 1.55 2.07 0.33 2.02
4 0 6.10 9.25 5.80 1.15 3.95 5.01 6.20
s 0 -0.09 | 1.40 | -0.48 | o0.01 | -1.41 | -2.22 | -0.95
7 0 -3.96 0.62 1.39 1.70 2.09 | 1.24 2.13
8 0 -2.18 -0.27 -1.42 0.85 -0.82 -1.16 0.61
9 0 4.17 8.45 8.81 8.09 9.10 7.31 10.00

[0155] Table 14 and Figure 19B illustrate the seven-day

effect of administering a single dose (Day 1) of crystals

15 according to this invention as compared with that of
administering a daily dose of commercially—avéilable 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 bnly one dosage over the

20 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.



hrs sol ubl e rhGH rhGH pol yargi ni ne, rbaH protamne, (ng/m) (nm) ( /m)
-216 4 7 -4 7 -2 1 -1208 9 7579 0343 65-43-59 237248 -661
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 7 404 17 333 37 48 -7 8 178 33 216 43 72 -3
10 77 35 86 18 96 -9 9 12 14 21 13 120 -11 6 6 13 2 11 144 -3 13 -6 10 3
13 168 10 11 -2 4 -1 11 192 -11 10 3 2 0 7 216 -13 9 18 12 96 240 1 5
18 14 31 12 264 8 3 205 17 11 288 -158 1 4 17 11 312 47 15 8 17
Note: rhGH value is the average val wesffrem 4 aninals that has been baseline
adjusted, i.e., value mnus baseline. Baseline is the average of val ues at
t - -216, -120 and 0 5 hours. [0160] Figure 20A illustrates the |evel of
rhGH in serum after baseline adjustnent, as a function of time in hours
for Goups 1, 2 and 3. 10 Tabl e EXAMBUBN®BY of pharnacokinetic paraneters

0375 A Al e BB 2B, 5o B )
cynomologous monkeys. The goal of this study was to assess the
5 in vivo pharmacokinetic profile of crystalline recombinant human
growth hormone (rhGH) when administered subcutaneously to female
cynomologous monkeys. These data were generated in order to
eatablish a model for controlled release of crystalline rhGH in
blood serum and for weight gain as a function of crystalline

10 rhGH release.

Table 15. Study Design for Primate Studies I

Adminiatration Dose " Dose Number of

Gr;up Sample of Dosa® Do(s e /I.ev)el Concentration Volume Animals
(hour) ng/kg (mg/ml) (ml/kg) (Femala)
Dail 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
polyarginine® .
Na-Acetate, Q 0.25 4
3 PEG, 5.6 22.4
protamine® '

*Commeroially-available hGH (soluble, uncrystallized form) was obtained from Novartis and
diafiltered in WPI. Group 1 (positive comtrol) received soluble hGH on each of the
administration days.
15 bgea Examples 18 and 19 for preparation.
“All doges were delivered after daily bleed.
[6157] Twelve female juvenile cynomologous monkeys were
divided into three groups, each having four animals per group,
20 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
25 the onset of treatment, were individually housed in stainless
steel cages equipped with an automatic watering system or water
bottles. The animal room environment was controlled

{(approximately 21x3°C, 30-70% humidity, 12 hours light and 12



T..x (hr) 2 10 10 AUC (0-t) 4570 3503 3455 (n .hr.kg/m.nmg) T9ot (hr) 20
74 77 'Commercially-avail able hGH (sol uble, uncrystallized form was
diafiltered in WRl. Group 1 (positive control) received soluble hGH on
each of the 7 adm nistration days. 15 [0161] The data above denonstrates
that the time at which maxi rum hGH appeared in the serum (Tmax) was 10
hours for the polyarginine conplexed sodiumcrystal hGH, 10 hours for the
prot am ne conpl exed sodium crystal hGH and 2 hours for the 70 soluble hGH
Even t hough the soluble hGH was deliveged at 1/ 7th the dose of the crystal
adm ni strations, the C values listed above in Table 17 show t hat hGH when
del i ver | fsath d al f |

reduce t g%n??ﬁgﬁéggs%éu%%%%ﬁ%ﬁagt P%%i/éél kaleﬂd]62L2 an?%?oﬂﬂé%éé{% o val ue
has beerhowal ensdatwiicé odatlye Sdieubbekepd \wy%t@d inetgndaps. quﬁé‘-fm/o for

3 *the SORRRIAICREIT P AU Sl S LR TRRIAEL BN 0S) .

These rdkdass)cl early show that the 10 conpl exed crystalline forns result

B e

erm nation of serum concentrations
of hGH, drie dompalreoéerﬁﬁ donwentalazdomsasfir BGH aandy JTGIhdt pfbhenftheine. By
measurin the %Ia ucti

n S
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of endo eyel s crystall] raulat i ons have
denonst %%n%g "flﬁkxeggl | P ?’6‘5%7 e(t)é ﬁzgi re‘%cj’ecggevjeg rrpgr g% g 20 to daily
sol ubl e wshvmiest fati ahy. aﬂ'heas]es ra&swrhssfén amd - prcinan topdosiheson i g cat e
that fornul ati,o rd to this,invent e LA used
o ach VAR PTRFIERR] CachTe TRRRRTS . Tt S04 o] WBRERRERE I, OTD

Dail y SOdLﬁﬂXLwei@dbbmlected from each animal via the femoral, brachial

or saphenous vein on the mornings of days -216, -120, 0, 2, 4,
6, 8, 10, 24, 48, 72, 96, 120, 144, 168, 192, 216, 240, 264, 288

15 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 aliguot and remaining aliquot,
both of which were stored at -70 : 10°C prior to analysis.

20 Typically, the smaller 100 pl aliquot was used for rhGH
determination and the larger remainder was used for IGF-1
determination. There were some exceptions, due to volume of
replicates needed.

[0159] Collected serum samples were then analyzed for hGH

25 concentration (see Table 16). Appropriate dilutions were méde
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

30 for that test subject. The corrected values per time point were
then averaged to obtain a cbrrected 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.



25 rhGH pol yargi ni ne and Sodi um rhGH protanmne Tine Goup 1 - Std. Goup 2
- Std. Goup 3 - Std. in Average daily Err. Average sodium Err. Average
sodiumErr. hrs soluble IG--1 rhGH pol yargi nine, rhGHd protam ne, (ng/m)
IG--1 ( /m) IG-1 (ng/m) -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
-1191 219 4 86 24 130 130 -106 278 223 214 48 446 59 164 244 191 164 71
72 414 95 248 224 340 207 96 485 114 602 67 416 243 120 524 73 484 126
392 216 144 636 63 574 189 397 187 168 636 82 415 191 240 176 192 438 71

356 136 2 21 55 S 197 79% 4 264
150 430yt L0 el 0T SR 208
Not e: IGFlvaI edfrom4

ani mal s Ldveray:‘t:u basetsene qa] Usdsig,z + . WcaTUIE IBrtEhHS Dasertae.
i 1y . verage 8 -

Basel i n |%3é)t h ﬁ%@ﬁ%@émﬁof visfues rfén/ O‘ilggg ¥20 |a /a@;tmth“s. FTEXAVPLE

24 [ 0163] ar at inyaypharjmacodynam &jﬁ L femall e ani |

cynonol oge2t§ npnkeys wi f s |ffprd t nratan1np-ﬁaf|od Thp nnal-2 f thts

- -320 - L ;8 £3 | i -

study W Lo apSESS Uﬂ:“g|v1vu “IalﬂabURIHCLIw proEre—0o1 blﬁp ar 1 1 eg

reconbi fang_hulan gr oWt R700r 4(Ir NGH) when -e 6 1 13
4 262 37 11 9 20 12
6 205 45 85 45 S4 35
8 132 23 186 93 159 57
10 18 37 409 202 381 189
24 -14 7 404 17 333 37
48 . -7 8 178 33 216 43
72 -3 10 77 35 86 18
96 -9 9 12 14 31 13
120 -1l [3 . 6 13 2 11
144 -3 13 -6 10 3 13
168 10 11 -2 . 4 -1 11
192 -11 10 3 2 0 7
216 -13 9 18 13 9 6
240 1 S 18 14 31 12
264 8 3 20 5 ] 17 1l
288 -15 8 1 4 17 1l
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. Baseline is the average of values at t = -216, -120 and 0
5 hours. :

[0160] Figure 20A illustrates the level of rhGH in serum, -
after baseline adjustment, as a function of time in hours for

Groups 1, 2 and 3.

10 Table 17. Summary of pharmacokinetic parameters based
on data in Table 16
Group 1* Group 2 Group 3
Dose BAmount (mg) 3.2 22.4 22.4
Dosage (mg/kg) 0.8 5.6 5.6
Crax (Dg/m1) 372 409 381
Trax (Br) 2 10 10
AUC (0-t) 4570 3503 3455
{ng.hr.kg/ml.mg)
Toox (b1} 20 74 77
3Commercially-available hGH (soluble, uncrystallized form) was diafiltered in WFI. Group 1

{positive control) received soluble hGH on each of the 7 administration days.

15 [0161] The data above demonstrates that the time at which
maximum hGH appeared in the serum (Tpax) was 10 hours for the
polyarginine complexed sodium crystal hGH, 10 hours for the

protamine complexed sodium crystal hGH and 2 hours for the



10 adm ni stered subcutaneously to femal e cynonol ogous nonkeys. These data
were generated in order to study the effect that the ratio of sodi um hCGH
to protam ne has on the controlled release of crystalline rhGH in bl ood
serum and for weight gain as a function of crystalline rhGH rel ease. 15
Tabl e 19. Experinmental Study for Primate Studies Il Adm nistration Dose
Dose Nunmber of G oup ¢ Dose Level # Sanple of Dose ¢ Concentration Vol une
Animals (hour) (ng/m) (m/kg) (Female) Daily 0, 24, 48, 72, 0.25 4 |

Sol ubl ea 96, 120, 144 0.8 3.2 Na-Acetate~ 0 0.25 4 2 PEG 5.6 22.4
protamne (3:1)b Na-Acetate, 0 0.25 4 PEG 3 protamne 5.6 22.4 (2:1)b

" Commer ¢j al L y-avakl ab I e | j~%E Hag mned
from Novéaor dl%iea%%h'di g??{ﬂgej}ée%%i E%’\FFOH@%%?% (dgésgﬁﬁ'ggg%%nt ro?l)b/tﬁégei ved
sol ubl e ti@Hdomsecadhtbe ¢chestald@dmivishrabionihy $hehSas FRAWDP ebigiRdnd 19

for preparatiqn. Q del i - : 164] In -
Pri et o Bty i TP Hhariel ihal? hOBhL FAEE Al 4Ctkn gy ok en 104l I
](cjescri bembr?gidéheidnEWssahtlyraé foeme @ighdEicannty ndduce ghgui;sitbagh havi ng
our_ani mal s per ar . an re 7 } Oj ' hGH

(& otp e emeeero B FE o oA AR B £ e ratiec By he

r hGH: pr ataldulst edGfouptBe s¢tdrpled t8yabal e @roypsi. uniThe yEioal Bo0f r hGH

1oy E R LT PR S LR R (PSR eS8 o0
t he onsetraipd reandent, , thereonpldixedd gal’byahbime ddmsst alemeed4 and 77
hours, respectively. These results clearly show that the
10 complexed crystalline forms result in elevated hGH levels for
‘significantly longer times than that of the soluble form.
[0162] 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
15 rhGH was ascertained. Table 18 below reports the IGF-1
concentrations for animals in Groups 1-3. Figure 20B
illustrates that following baseline subtraction of endogenous
IGF-1 levels, complexed crystalline formulations have
demonstrated the ability to stimulate IGF-1 release comparable
20 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 l

humans.

Table 18. IGF-1 levels for Group, Daily soluble, sodium

25 rhGH/polyarginine and Sodium rhGH/protamine
Time Group 1 - std. Group 2 - std. Group 3 - std.
in Average daily Brr. Average sodium Exr, Average sodium Brr.
brs 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
34 130 130 ~-106 278 323 214

48 ) 446 . 59 164 244 191 164



steel cages equi pped with an automatic watering systemor water bottles.
The ani mal room environnent was control l ed (approxi mately 213C, 30-70%

hum dity, 12 hours light and 12 10 hours darkness in each 24-hour period,
and 12-20 air changes per hour) and twi ce daily, the nonkeys were fed a
standard certified comercial primte chow (Harlan Teklad Certified
Primate Diet #2055C). [0165] This primate study was conducted in order to
measure 15 and conpare serum concentrations of hGH and |1 G--1 after

adm ni stration of soluble rhGH (G oup 4),- sodiumcrystals of rhGH with PEG
and protam ne (3:1 rhGH protam ne) (Group 2) and sodium crystals of rhGH

W t h PEG “T'uinl‘“ tu.llr e \41_4. ‘! lgg\ I |J| UL a1t ‘S I\\J H“'I" 3) . BGG'*:y‘.mWS wer e
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[0166] CHHEENtT At oAts: oF2°HRe Y AYF™M ) in the collected serum sanples were
anal yzed and baseline corrected (see data in Table 20). Note that
appregpriate diluti ons were nmade tOExim@i.E?&4 concentrations that fell
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10 administered subcutaneously to female cynomologous monkeys.
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These data were generated in order to study the effect that the
ratlio of sodium hGH to protamine has on the controlled release
of crystalline rhGH in blood serum and for weight gain as a

function of crystalline rhGH release.

15 Table 19. Experimental Study for Primate Studies II
G Administration Dose Level Dose Dosa Number of
r;up Sample of Doae® (mg/kq) Concentration | Volume Animals
(hour) i {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
PEG,
3 protanine 5.6 22.4
(2:1)®

*Commercially-available hGH (soluble, uncrystallized form) was obtained from Novartis and
diafiltered in WFI. Group 1 (positive control) received soluble hGH on each of the
administration days.
PSee Examples 18 and 19 for preparation.

20 ‘All doses were delivered after daily bleed.

[0164] In Primate Study II, the twelve female juvenile
cynomologous monkeys described in Primate Study I were divided

into three groups, each having four animals per group, and were



devi ation of the corrected nean and divided by the square root

Table 20. rhGH levels for Goups 1 (daily soluble), 2(sodium

of N=4. 10

rhGH protamne (3:1)) and 3 (sodiumrhGH protanine (2:1)) Tinme Goup 1 -
Std. Goup 2 - Std. Goup 3 - Std. in Average daily Err. Average sodi um
Err. Average sodiumErr. bra soluble rhGH rhGH protam ne rhGH prot ani ne,

(ag/n1) (3:1), (n/m) (2:1) (ng/m) -144 -14 6 -13 6 34 22 -
10 6 -96 18 12 48 23 28 43 -72 -15-563 9 -48 -9 5 -2

120 -14 5 -9
514 6 -24

-2 9-147 -3100219-4915 23247 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
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The monkeys, ranging from 2-6 kg in weight and 4-7 years of age
at the onset of treatment, were individually housed in stainless
steel cages equipped with an automatic watering system or water
bottles. The animal room environment was controlled
(approximately 21+3°C, 30-70% humidity, 12 hours light and 12
hours darkness in each 24-hour period, 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
#20550C) .

[0165] This primate study was conducted in order to measure
and compare serum concentrationé 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 Tablé 19 above. Blood samples (approximately 1 ml) were
collected from each animal via the femoral, brachial or
saphenous vein on the mornings of days -144, -120, -96, -72, -
48, -24, 0, 2, 4, 6, 8, 10, 24, 48, 72, 96, 120, 144, 158, 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 aliquot and a
remaining aliquot, both of which were stored at -70:10°C prior
testing. .

[0166] Concentrations of hGH (ng/ml) in the collected serum
samples were analyzed and baseline corrected (see data in Tabile

20)} Note that appropriate dilutions were made to rhGH

el i ne
es at



- -144, -120, -96, -72, -48, -24 and 0 hours. 15 [0167] Figure 21A
illustrates the level of rhGHin serum after baseline adjustnent, as a
function of time in hours for Goups 1, 2 and 3. - 74 Table 21. Summary
of pharmacoki netic paraneters based on data in Table 20 G oup 1' Goup 2
Goup 3 Dose Amount (ng) 3.2 22.4 22.4 Dosage (ng/kg) 0.8 5.6 5.6 Cmax
(ng/m) 401 456 380 T x (hr) 4 10 24 AUC (0-t) 4432 3669 2893

(ng. hr.kg/m.nmg) T90% (hr) 20 119 72 ' Commerci ally-avail abl e hGH (sol ubl e,
uncrystallized form diafiltered in WH3 -Group 1 (positive control)

recei ved sol uble hGH on each of the 7 adm nistration days. 5 [0168] These
data dempnstr e.t X in the serum
was 10 hodts %tg%tg'gggp%g arr#ér?gl ?{i“:t dec8{r‘$| éﬁ%(qja crystagple %&ﬁg34 hours for
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G ven 10_that_s red at 7t e he crystal
admi ni st PRI Ghs %atc%gr&undvg%eefg el agﬁo{}é{li nhrlhar}ﬂ & e%z mai ~that hGH,
when del aversesk |wasesbberac'o@mlmmd t(hleys'eahim bevdly measrugadf a’caaad:ly reduced

was 30" nbiPR Ay E42° ERBE TotRk i3 Bster obpe SRS FRE VBB BT EREe

crystal Ipcnmtf e Whea adSradged b obn:aipeat toetrgctebtheawanr efurhGHcimarl y

dicate that t d t | f | t |
vl o rerti; o At APRARRT S e ot et ke s asTEar £ iyt eleg) BERRER-ECH. |
to det er geviaitiionh of sReusvepectsd malanoaad Afvibied @y tihlee sheaeé obot GF-1 was

al so measg d as a function of time, By neasuring the production of |1G--1,
the effi® 8§

10 Table 20. rhGH levels for Groups 1 (daily soluble), 2 (sodium .

rhGHE/protamine (3:1)) and 3 (sodium rhGH/protamine (2:1))
Time Group 1 - Bstd. Group 2 - std. Group 3 - Std.
in Average daily Ezxr. Average sodium Err. Average sodium Err.
hre poluble rhGH rhGH/protamine rhGH/protamine,

(ng/m1) (3:1), (ng/ml) (2:1) (ng/ml)

-144 ~-14 6 -13 6 34 23
-120 ~14 5 -9 5 10 6
-96 18 12 48 23 28 |. 43
=72 -1 5 -5 6 3 9
~48 -9 5 -2 5 14 6
-24 -2 9 -14 7 -3 10
0 21 9 -4 9 1 S
2 312 47 8 10 -29 16
4 401 57 77 32 13 8
[ 186 16 172 62 89 52
8 157 29 330 104 222 108
10 172 24 456 109 364 142
24 3 4 316 29 372 74
48 8 7 153 47 128 15
72 6 6 116 81 30 23
96 -2 S 42 15 13 21
120 14 3 22 22 23 14
144 16 16 8 12 -13 11
168 14 8 7 6 =21 13
192 2 7 -4 7 3 2
216 11l 9 6 14 -29 19
240 27 19 14 9 -4 8
264 ] -1 -] 35 21 =19'|’ 18
288 -3 9 2 5 -32 18
312 -0.58 9 10 5 -31 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 O hours.

15 '

[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.



rhGH was ascertained. Table 22 below reports the I G- 1 concentrations for
in Goups 1-3. Figure 21B illustrates that foll ow ng baseline

ani mal s
subtrac

formul ations are capable of stimulating IG--1 release conparable to daily
soluble adm nistrations. These non-human primate results indicate that

tion of endogenous 25 IG-1 level, conplexed crystalline

formul ations according to this invention may be advantageously used to
elicit simlar efficacy in humans. - 75 Table 22. 1G=-1 levels for groups
1 (daily soluble), 2 (sodium rhGH protsane (3:1)) and 3 (sodium.
rhGH protamne (2:1)) Time Goup 1 - Std. Goup 2 - Std. Goup 3 - Std. in
Average daily Er Vehage -89 | ) s sol ubl e,
I(';‘Flrh(’;‘l—l/protfabl%‘azl%l R =), (n /n
IGF-1 (a n1) -144 49 92 12 88 42 57 98 -96 -116
27 -178%11+—136—13——=73—SS G'F}%gp'qg 40 -SZW?Ll A7 = 1044 3- 10 6 :
-24 22 AGozomeent Gmg) g U 11o3(d 194 106 82 13bla Z - I5[ /1 -6 269451 95 14 -6
96 45 47 pdEhd84 (mdIkd)0 6 38 @3891 /4 [8 10 1%997 4/ 89 /8 40 38 106] - 37
56 57 75 _24..20@/4B0 20 48 15@0107 48[99 90 856 68 342|197 723%HN5 39
155 278_105_ﬁ&(h;28 2074 363 16% 289 122 120 39 224 204 39 234 136 144
279 282 2 o‘;ﬁr‘ik }3 1035 168 591*%66 424|184 21¥°%P04 2893
' Tyos_(BT) 20 119 72
“Commercially-available hGH (soluble, uncrystallized form) diafiltered in WFI. Group 1 {positive
control) received soluble hGH on each of the 7 administration days.
5
[0168] These data demonstrate that the time at which maximum
hGH appeared in the serum was 10 hours for the protamine (3:1)
complexed crystal hGH, 24 hours for the protamine (2:1)
complexed crystal hGH and 4 hours for the soluble hGH. Given
10 that soluble hCGH was delivered at 1/7th the dose of the crystal
administrations, the Cpax values listed above in Table 22 show
that hGH, when delivered in either complexed crystallinehgorm
significantly reduced the maximum serum concentration. The Toos
for Group 1, the solﬁble form, was 20 hours, whereas the Ty for
15 Groups 2 and 3, the complexed crystalline form, were 119 and 72,
respectively. These results clearly indicate that the complexed
crystalline forms result in elevated hGH levels for
significantly longer than the soluble form.
[0169] In addition to determination of serum concentrations
20 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
rhCGH 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
25 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.



192 259 185 169 163 131 50 216 127 152 55 107 -8 67 240 54 153 -54 141
-64 72 264 4 132 -165 103 -50 49 288 -16 105 -208 122 -43 75 312 11 100
-77 207 30 77 Note: 1G~1 values are reported as the average values from4
ani mal s that have been baseline adjusted, i.e., value mnus baseline.
Baseline is the average of values at t 5 = -144, -120, -96, -72, -48, -24
and 0 hours. EXAMPLE 25 [0170] Pharntocodynam c¢ study of human growh

hor mone adm ni stered by single or daily subcutaneous injection to 10
hypophysect oni zed nmale rats. The goat 78 this study was to conpare the
efficacy of different fornulations of hGHd when adm nistered once or daily

‘; g[ Sse"e”T&Si‘é et 1 vepday ey SHDC f'}ﬁ%ﬂigyljdﬁ’ﬂgﬁsl%‘i %‘? e?’aé@i&hﬁ" Slt gr
: denT Jn&"‘jl 38D ) (sddiudt “ERGH/Brotatmd eu‘ff By mp
Description ; |y
Sol ubl e (g D &feupr 1 ug/ T seBF T dzets, 2 26 7TTTgamT 1 = s
sucrose, 501=n1\/l Nep2RORipH BT 5) ﬁ‘e‘ct bn¥F=-Dqi | ywcs LﬂS‘P-E“ (NpoEraH) 16. 7
sol P-1 ot
ng/mM D manti t ol° “zﬁ/mf m 2 P%WF Ger=1 LOW sucr|o r’r‘f\ﬁrl NaH2PO4 |( pH
6.5) Dose_16 rhllvgsnluh e (na hGHtegtd) 7 md i D-nnnnrﬂn@mwnﬁ no/ i 3
TN PN TS NN T y Ef T Nei L., o113 134
Vehicle - TSt Uat,_sf)f |||V1§Ha'|'E'Pe4_€'p'|'|_léa D Dg St Ty S0 g0 € 55 0.71
ng/ M rh@Ed=ed6] 7 o/ m -1 ranna4o] , 26. 7 Pkl SUdr 0Se, 50 N3 P4 (pH
| b‘%é {E Dailyv @3B iihl A58 10 ol od 6B L 40 7 ol D A |

6- 5) LOW‘ - =ICAT T ] U\ﬂa vawy) \447 E 4 Ilﬂl LELIL _iohl - I, 10'0 0 Ll Ilﬂl LILAL) =7 T_ L) LI T‘é&l ] 26- 7

~-24 22 46 -56 85 -83 78

0 115 71 194 106 82 107

2 =15 71 -6 79 51 95

4 -6 96 45 42 -10 94

6 48 106 38 63 91 74

8 10 119 97 47 88 78

10 38 106 -37 56 57 75

24 200 160 20 48 : 150 |- 107

48 99 S0 - 85 68 342 97

72 505 391 100 155 278 105

96 . 328 202 363 161 289 122

120 329 224 . 294 89 261 136

144 279 282 \ 210 81 86 103

168 591 266 424 184 . 219 104

192 . 259 185 169 163 131 50

216 127 152 S5 107 -8 67

240 54 153 -54 141 -64 72

264 4 132 -165 103 -50 49

288 . -16 105 -208 132 .~43 75

312 11 100 =77 207 30 77

Note: IGF-1 values are reported as the average values from 4 animals that have been
baseline adjusted, i.e., value minus baseline. Baseline is the average of values at t
5 = -144, -120, -96, -72, -48, -24 and 0 hours.

EXAMPLE 25
[0170] Pharmcocodynamic study of human growth hormone
administered by sihgle or dally subcutaneous injection to
10 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:

15 Table 23. Study Design - Sample Description
Group # Sample® Sample Description
or Test
Compound
Daily Soluble {no hGH) 16.7 mg/ml D-mannitol, 26.7 mg/ml
1 Vehicle - Sham sucrose, 50 mM NaH,PO, (pH 6.5)
Hypophysectomy
Daily Soluble (no hGH) 16.7 mg/ml D-mannitol, 26.7 mg/ml
2 Vehicle - Low sucrose, 50 mM NaH,PO, (pH 6.5)

-Dose




Hi gh Dose ng/m sucrose,
rhGH, 16.7 ng/m D-mannitol,

NaH2PO4

(pH 6.5)

6% 7 Crystals -

pol yar gi ni ne HCQ (nol ar

Control -

0.75 ng/mM protam ne sulfate Crystals
r HGH, 250 mM NaQAc,
0.75 ny/m  Dose protam ne sulfate (rml ar

250 nmM

50 mM NaB2PO4 (PH 6.5) 6 Sol uble single 3.5 ng/m

26.7 Bolus H gh Dose ng/m sucrose, 50 niM
Pol yarginine 18.7 ng/m crystalline rHGH, 250 nM NaOAc,

H gh PEG 6000, 25 mM Tris-HClL (pH 8.6), 3.6 ng/m Dose
ratio of rhGHd: of arginine is 1:0.587 Vehicle

6% PEG 6000, 25 nM Tris-HCO (pH 8 Protam ne 8.6),

Protamne 3.3 ng/m crystalline

9 Crystals --LpsvPEG 6000, 25 nM Trio-HCL (pH 8.6),

ratio of rhGH pol yarginine is

NaQAc,

. 6%

1:1.715 : W—t@—
Feai 7t L If‘ éthrii\i’bi‘” )
Crystal s| - H gh P%ﬁ_ﬁg%’%”g V\/ﬁf&rb&g gﬁf 6)(puds.8Y/ /se pr ot am ne
sul fate [(nolar rlatio @Bséh pl yarginine is 1:1.715. Vehicle Control 4 250
mV NaQAc| 6% PEG- 60 fd\/l TrosrlH@ﬂ(m( percH .1 16 Pokyanlgb+vianeit®l6)26-8. 6 ny/ m
pol yar gi hi nex HCI } %17 Mestimd | smcrzast rT ™ Mg PONyPHIS- B manni tol , | 26. 7
ng/ mM sugrose, 50 Sl nal e Bol us mm NaHP?PO4 (pH 6.5) All sanples. were
prepar ed| usidg VrFPaJt}Hd%?luBFerl %Wd!ltlrb@ﬁs 15Thé‘9)0@hpc¢a@nbfm§ s%ﬂ fibl e hGH
sanpl es j 2] B 5
their respeoetive 1;3‘1 g o=
G oup # Posetevet L)Ube o5 o e 1) 2T
Vol ume Dpse Reg| e Oammu ) (ﬁr%M( m:) (bHOB (a;)zaﬂe;?mgjally q
13 20D 20 7 dal F{? oty §gs $o1§afhi8ne Edhi (hglagosdo IE 4 0. 143 0.7] 20 7
daily doses 11 |5 0 8 T 80 7 dqrhqmpmangim;ne is 1:0.587
' Vehicle Control- | 250 mM NaOAc, 6% PEG-6000, 25 mM Tris-HC1l (pH
8 Protamine 8.6), 0.75 mg/ml protamine sulfate
Crystals
3.3 mg/ml crystalline rHGH, 250 mM NaOAc, 6%
Protamine PEG-6000, 2gymm Tris-HC1 (pH 8.6), 0.75 mg/ml
9 Crystals - Low . .
Dose protamine sulfate ‘(molar ratio of
rhGH:polyarginine is 1:1.715
18.7 mg/ml crystalline rEGH, 250 mM NaOAc, 6%
10 -Cryzig'l::mfn;igh PEG-6000, 25 mM Tris-HCl (pH 8.6), 4 mg/ml
Dose protamine suI.Lf?te (molar ratio of
rhGH:polyarginine is 1:1..715.
Vehicle Control- | 250 mM NaOAc, 6% PEG-6000, 25 mM Tris-HCl (pH
11 Polyarginine 8.6), 3.6 mg/ml polyarginine-HCl
Crystals
12 Vehicle Control- | 16.7 mg/ml D-mannitol, 26.7 mg/ml sucrose, 50
Single Bolus mM NaH,PO, (pH 6.5)
*All samples were prepared using WFI under sterile conditions. The vehicle and soluble hGH
samples were filtered with 0.22 ym filter after bringing the solutions to their respective final
volumes.
5 Table 24. Study Design - Administration
Group # Dose Level Dose Conc. Dose Number of
or Test (mg/kg) (mg/m1) Volume Dose Ragimen Animals
Compound (1) (males)
1 0 0 200 7 daily doses 13
2 0 0 20 7 dally 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




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 77 - [0171] Upon arrival, 138 male Wstar rats, weighing approximtely
90- 100 granms and bei ng approxi mately 25-30 days old, were group-housed
under controlled conditions (approxi mate tenperature 233C, relative

hum dity 30-70% 12 hours light and 5 12 hours darkness in each 24-hour
period, 10-15 air changes per hour) and given access to purified water and
| aboratory chow ad |ibitumthroughautyst he study. The rats were allowed to
acclimate to the environnment for two weeks prior to testing. '[0172] The

138 rats admi_ni stered saml.es according to .10 the concentrati on,

vol une amvj\ﬁdgsi ng -F&i FEN Y3 Tab| em?i.e {fh%taq'fe FE o MSFTHAE I ver e

adm ni st gfexbxinaeedyy S0CEOCaydans andsbeeng Lpmsecindted ydags3asdaysi ngl e
bol us i njection subcut neOQ%iy in the dO{fu area. ,The %Ite Of.lW&ECtIOﬂ
was shavetfalfrfaPREUP TP I 3W&Ys CRPFE? SN ENF ¢ ABPESFI R %S

requi r ededpiathiael bhtete ir18etveMudl®i tye o -GorpouBdEcURs €1 AfiY Ringt er ed
using a 30-gauge x 8 mm needl e attached to a 300 | syringe, Test conpounds
ver eScar B3 BIQUFS AREKRRES | Ht Rartr 2tohensuperieds pddhisiomisr cBBraes oprr

uni for m gy M taheugiGaHshbded LAY RAXRELRE wite dAHiNaRIratBr9 ER6wSyEI Nge
and again prior to 20 adm nistration. L0173 Wi ght %?ln was neasured and
r ecor dedl ik g eRRghowhrthry ateds - Thansrte ware filoyedr 5/ days -7

through Jd-1 ffalce W8l GHE Se P! RRMUNLOXLIRERL Ywddits Gori Y0l tdaging. The
results of percent induced growh are presented’in Figures 22 and 23 and

- 25 summaf9%Ed in TS| 238 ommarere adpimaptered samRfietigseordiggrklents 5. 6
o/ kKg/ weeke Jd?ﬁe%&atabhp%ﬁsﬁé e 36 QARG 8 mer?fid RGPMRI gt gBha of rats

having a single injection o : _ .
test compounds were administered once 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

15 facilitate injection. The test compounds were administered

using a 30-gauge x 8 mm needle attached to a 300 pl syringé;
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

20 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

25 gummarized 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

30 over a geven day period versus a daily injection of control
(Group 1, no hGH) or soluble hGH samples (Groups 4 and 5) over
the same seven day period. Group 1, Sham Hypophysectomy rats,

shows the normal growth over a seven day period. Moreover, rats



rhGH pol yarginine (Goup 7, Exanples 18 and 19) or rhGH protam ne (G oups
9 and 10, Exanples 18 and 19) crystals 30 over a seven day period versus a
daily injection of control (Goup 1, no hGH) or soluble hGH sanpl es

(G oups 4 and 5) over the sane seven day period. Goup 1, Sham
Hypophysectony rats, shows the normal growth over a seven day peri od.
Moreover, rats 78 having been adm ni stered rhGH pol yarginine (Goup 7) had
a higher percent induced growh with one injection over seven days than
those rats that were admnistered sol ylasl e hGH (G oup 5) each day for seven
days. These results illustrate that hGH 5 crystals and fornul ati ons

accordi t.0 the present.inventi re...as _efficacious i1y soluble
rhGH ad[}%nvlrls er%ée Bo?é?‘lﬁh%t%eeci(.r%%flgBP%y%gl%nﬁaﬁr r?&gczg &%ilg t Gainin
Hypophy seictheri pedcRatsineath gi-dsdulpivetbests i frijewtibay oeorsdfiest dayduced
Compound .Gowth 1_Sha 0 hysect 22% 7. Polyarai ni.ne , Grys s - 21%
hi gh oA &ﬁsﬁ §8Fﬁg%€a'ﬁi%%redc?g%‘q‘éé@feﬁ%a‘??%%&% BERS G20 115070
Pr ot am neadlr Walyalfer- sbirgh &&gs doThegeDaebyl sol illllustxiangl ehovlhEH 2% hi gh
dose_9 Protani,ne_crystals.-_Jow 2% dqse Tahl.e 26. Daily_ | nduced i ght
Gai r8 Cor e A By ERETEL T 2 oas R Rg. S o deg ot Y S AR 8"y
10 13 1%dl®fFAcadibud 20 ddHilh3 sl uPle?2thGH fdmirbistered d¥eit lone week.

Table 25. 8 Day Induced Weight Gain in Hypophysectomized Rats

Group # | Sample Description Day 8
or Test Induced
Compound ) Growth
1 Sham hypophysectomy 22%
Polyarginine crystals - 21%
7 .
high dose
5 Daily Soluble high dose 20%
4 Daily soluble low dose 11%
10 Protamine crystals - high 5%
dose
Daily soluble single bolus 2%
6 .
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 8 9 7 5 6 6 5
6 0 3. 3 2 -2 2 3 2
9 0 4 4 2 0 2 2 2
10
EXAMPLE 26
[0174] @ Crystallization of hGH with sodium acetate and

. protamine sulfate. Here, a frozen bulk feed solution of soluble
15 recombinantly-produced hGH (rhGH) was obtained from two stocks -

one derived from E. coli (Novartis) and the other from



50361012 151820 1005975665 603322232 904420
2 2 2 10 EXAMPLE 26 [0174] Crystallization of hGH with sodium acetate and
protam ne sulfate. Here, a frozen bulk feed solution of soluble 15

reconbi nant | y- produced hGH (rhGH) was obtained fromtwo stocks - one
derived fromE. coli (Novartis) and the other from- 79 yeast(Lucky Cold).
Separate anal yses of rhGH derived fromE. cola and yeast stock sol utions
resulted in rhGH having the same crystallization and solubility
characteristics irrespective of its.sgurce. Approximately 3.3 m (10-20
ng/mM) of thawed rhGH 5 feed solution was purified using a 10DG desal ting

col um suppl.i gd i d. Prior..to sagple | oadj he cal S
condi t i &ﬁegagetb@‘\ﬁg"g’m 835? he gﬁﬁrrﬁ%%af‘ﬁqgﬁem °§fr*5|$*| éﬁqefe?lg%lvf- pH 8.0).
The r hGtshnEm wessthebotkastelhtanrthsaresu tled ol ntles Hakdngothemsdmye

f.irst three of .10 el,uant ant her.5.0 m

o 10 MTR e, DS Mo CES TR o1 T ARPBECP AL Vs of ut ed
and col | aod esburGencenppabkonatdly Gant mlf Ygat2ommyyat )t len thewédr meeH usi ng a
(I\:Aolnl:%ﬁ?;%‘?%%%%t %E(W%%qgggégﬁg'égy%gﬁ gﬂsglg a-ll)-ggr bance
at 280 redgbldkd Y BEORRANGPALED to GabbleabsadefcahdiRiclayn waystals were
gr o DY S 00 020 g0 22 Bl b, TLNStCh s PE Pl BECLARD. Pk ne
ng/ M ansk H®)M TheegRER! bafdde wab thent dbadesodnt ixlloneldhta éhvet protein
20 concsiiy hen oL S| IR SO LLentes Lher mored, gent Ly opnd
range ng éTudraigtanothes spprekidmtied W T s2BcUnpH A feiwasC @ddedf ugi g and
S?L: St :Mg% tﬁgfgé:&{%ziteglgi@}eg:fég e‘;ansate rL]ltte gn XE:cr> éc?tdecﬁnd’Co%rc %L%L.tlzigr? tion
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 range of 30 mg/ml as measured by
15 absorbance at 280 nm/0.813 (1 mg/ml hGH A280 = 0.813 absorbance
units). Crystals were grown by adding deionized water, Tris-HC1
(pH 8.6), PEG-4000, Protamine sulfate and Na-acetate to final
concentrations of 100 mM, 6% (v/v), 2 mg/ml and 500 mM,
respectively, in the total solution with a final protein
20 concentration of 15 mg/ml. The solution was then mixed gently
and incubated at 33°C for 12-16 hours. Needle-like crYsﬁals 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

25 than 920%.

EXAMPLE 27
[0175] Crystallization of hGH with sodlium acetate and
polyarginine HCl., Here, a frozen bulk feed solution of soluble
30 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



25 than 90% EXAMPLE 27 [0175] Crystallization of hGHd with sodium acetate
and polyarginine HCl. Here, a frozen bulk feed solution of soluble 30
reconbi nant | y- produced hGH (rhGH) was obtained fromtw stocks - one
derived fromE. coli (Novartis) and the other from yeast(Lucky Cold).
Separ ate anal yses of rhGH derived fromE. coli and yeast stock solutions
resulted in rhGH having the sane - 8 0 - crystallization and solubility
characteristics irrespective of its source. Approximately 3.3 m (10-20
mg/ M) of thawed rhGH feed solution-was purified using a 10DG desal ting
col um supplied by BioRad. Prior to sanple |oading, the colum was 5

conditio asf ] L S-4 H 8.0).
The rhG—Iggg'ﬁg%le was %r%etﬁp‘ﬁoggg an%gi}aﬁho%%g tegise'%_{%é ll%eeg’(j?gltg%nﬁ 5
gravi ty. ikt souiescadpprgxtimetély si.3 mled 10t 20f mgbhllarmf tdawederh6HO nl  of

0 ks- KIC 3 h : el uted
indm(\:/lo;rlr gé?gdf}o%o\}nlcdengtr“}g:sts nggﬁge%él%éﬁﬁ fi ;‘1 fﬂggf (lg%%gfvﬁsﬁ%e%eo;l rﬂlpg)-:!l(;lir :‘Ngfrrgduhgi ng

a M| i peunppltedhdsntBiaRad. ( VAEDDE O DERmpde 3689ingpm fler (w8 was. The
concentration_of h was Ln_range of,.30 A S d orhance at
280 mo.cﬁ?rgl'f’f%‘ﬁ%y WashiohOPEE S, R 28ond™ %‘fﬁ‘g)s%ygggl B

grown bypHddi 0y. deTlenirhasd waimple was $Hddl 1b8dégHBd Bl1ldwed 4006nter

pol yar gi pi{ ne 1 and Na-acetate to final once ' f 100 2%
Vi vy othe) ﬁ?@%r}é’o@rﬁi‘\ﬂlgyr ehEesT virar PRGPORL L ciree N 2
final preleant, cansther &t.ioomlodE 150 MM MrisTHELSPH ug | ©rwasasaddedn #i.Sed

OEL 1Y AP TR T3k fad S AR clEplesd) Keuatabe e © 20
centoi f ubyngeandi fejdtdionngashehen yisd e carntelde usiiper adydlitipme extracted and,
CLYStall LERkianei el ot TSENEP e TR cob 90, Yl OLFi A Lhoven
i | 1 ust r atbnbeatthed@Mrife hcar wadr pwsemaef of 30 mg/ml as measured by
absorbance at 280 nm/0.813 (1 mg/ml hGH A280 = 0.813 absorbance
units) . Crystals Qere grown by adding deionized water, Tris-HCl
15 (pH 8.6), PEG-4000, polyarginine HCl and Na-acetate to final
concentrations of 100 mM, 2% (v/v), 2 mg/ml and 500 mM, o
respectively, in the total solution with a.final protein
concentration of 15 mg/ml. The solution was then mixed gently
and incubated at 33°C for 12-16 hours. Needle-like crystals were
26 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%.
[0176] Although the foregoing invention has been described in
25 some detail by way of illustration and example for purposes of
clarity of understanding, it will be readily apparent to those
of ordinary skill in the art in light of the teachings of this
invention that certain changes and modifications may be made
thereto without departing from the spirit or scope of the

30 disclosure herein, including the appended embodiments.



clarity of understanding, it will be readily apparent to those of ordinary
skill in the art in light of the teachings of this 1invention that certain
changes and nodifications my be made thereto without departing fromthe
spirit or scope of the 30 disclosure herein, including the appended

enbodi ments. - 81 - CLAIM5 W claim 1. A calciumcrystal of human growth
hornone or a human grow h hornone derivative. 2. A nonoval ent cation
crystal of human growth hornone or a human growth hornone derivative. 3. A
protami ne crystal of human growth hormane or a human growt h hor none
derivative., 4. A polyarginine crystal of human growth hornone or a human
growt h hornone derivative. 5. The ngﬁgéiignt cation crystal according to
claim 2, wherein said nonoval ent cat selected fromthe group
consistl éi o.1 thium sodium potassium and anmoni um 6. The nonoval ent
cation crys 51 according to claimb5, wherein said nonoval ent cation is
sodium 7. The crystal according to any one of clains 1, 2, 3 or 4,

wherein a single adm nAs¢aBbdi@n difystaldoer Mehan drdwkh HoaaBhe pooVA des an
i n*vivo hGH serun1concentrat|on in.said manmml selected fromthe group

consi st i Y% greHyhpbeTEeRe ARFivaFi¥eng/ ml to about 2,500 ng/m hGH. (b).
bet ween about 0.5 ng/m to about 1,000 ng/m hGH; and (c) between about 1
ng/ M to about 10@.ng/ Al motéhldrar d&t&bﬁEcpﬁs&akidﬁﬂhmmaadgtbwuhthe group

consi sting of: i et ween 0.5 ho rs and. about 40 days
post-adﬁ?%?@??%f%b%;B???? ?ﬁﬁ%éhi??ﬂ&SﬂF nﬂﬁs and about 10 days
post -adm ni stration;

3. A protamine crystal of human growth hormone or a

human growth hormone derivative.:

4. A polyarginine cfystal of human growth hormone or

a human growth hormone derivative.

5. The monovalent cation crystal according to
claim 2, wherein said monovalent cation 1s selected from the

group consisting of: lithium, sodium, potassium and ammonium.

6. The monovalent cation crystal according to

claim 5, wherein said monovalent cation is sodium.

7. The crystal-according to any one of claims 1, 2,
5 or 4, wherein a single administration of said crystal to a
mammal provides an in vivo hGH serum concentration in said
mammal selected from the group consisting of:
(a) between about 0.3 ng/ml to about 2,500 ng/ml
hGH;
(b) between about 0.5 ng/ml to about 1,000 ng/ml
hGH; and
(c) between about 1 ng/ml to about 100 ng/ml
hGH, for a time period selected from the group consisting of:
(i) between about 0.5 hours and about
40 days post-administration;
(ii1) between about 0.5 hours and about

10 days post-administration;



- 82 (iii) between about 0.5 hours and about 7 days post-adm nistration,;
and (iv) between about 0.5 hours and about 1 day post-adm nistration. 8.
The crystal according to any one of clainms 1, 2, 3 or 4, wherein a single
adm nistration of said crystal to a mamml provides an in vivo | G-—-1 serum
el evation over baseline I1G~1 level in said manmal prior to said

adm nistration selected fromthe group consisting of: (a) between about 5
ng/m to about 2,500 ng/nl; and (b) between about 100 ng/m to about 1,000
ng/m, for a tinme period selected frosethe group consisting of: (i)

bet ween about 0.5 hours and about 40 days post-adm nistration; and (ii)
bet ween about 0.5 hours and lql}?ug thedRYsSoRASty %dlﬂo%lrgwhﬁal%u@ . The
crystal according to any one o Pal'fE 1, 2, ereln said crysta
has a r €l delyeeprbsbaadmimbatnatjion; and | east 50% or nore, as conpared to
that of an identical dose qf, S h I ¢ i h §ggq

adm ni strative route, V\/nerelﬁn )sal ggglg%a%#ﬁngq ?é:ath?/)%iré %Iralgs%r)e . by %agc of

t ot al |rpoﬂbvedmhﬂ¥ESeaUmmmoncentratlon for said soluble hGH and said
crystal. 10. The crystal according to claim7 or 8, wherein said mamal
s a human. 11. The cfyd dloafes! dbbgrafed! @ Mdy JHCLE Blaghd 1 Crystal
conprises fromabout 1 to about cium nol ecul es pe nononer of hunan
growt h Foravorte wheheimna ggiowale Iadmmpnetr%m¢meaﬂ \P@lGSErYEEalTiF@ &rystal
accor Al Ngat@1CL2LYY deg WL 21 ViR dorClYolAln COIBV IR LM BROM ids Lo aboul

500 nonoval ent “cations per nononer o uman growt h hornone or human growth
hor none IGF-1 level in said mammal prlor to sald administration selected

=

from the group consisting of:
(a) between about 5 ng/ml to about 2,500 ng/ml;
and
(b) Dbetween about 100 ng/ml to about 1,000
ng/ml, '
for a time period selected from the group consisting of:
(i) between about 0.5 hours and about
40 days post-administration; and |
(ii) between about 0.5 hours and about

7 days post-administration.

9. . The crystal according to any one of claims 1, 2,
3 or 4, Qherein said crystal has a relative biocavailability of
at least 50% or more, as compared to that of an identical dose
of soluble hGH delivered via the same administrative route,
wherein said biocavailability is measured by AUC of total in wvivo

hGH serum concentration for said soluble hGH and said crystal.

10. The crystal according to claim 7 or 8, wherein

gsaid mammal is a human.

11. The crystal according to claim 1, wherein said
crystal comprises from about 1 to about 500 calcium molecules
per monomer of human growth hormone or human growth hcrmone

derivative.



derivative. 13. The crystal according to claiml1l, wherein said crystal
conprises a calciumsalt selected fromthe group consisting of: calcium
acetate, calciumchloride, calcium sulfate and cal cium gluconate. 14. The
crystal according to claim 13, wherein said calciumsalt is calcium
acetate. 15. The crystal according to claim®6, wherein said crystal
conprises a sodiumsalt selected fromthe group consisting of: sodium
citrate, sodium phosphate and sodium acetate. 16. The crystal according to
claim 15, wherein said sodiumsalt +s8%odiumacetate. 17. A conposition
conprising crystals of.human growm h hornone or a human growth hornone
derivative and an excipient, wherein said crystals are selected fromthe

group consisting afy, (@heCalghtdd Gl S0t o N B & OB B9 MRAEg0r @
human growt h hornone derivative; (b) nonoval ent cation crystals of human
growt h ®EYFiEHe IRFi8eARATER AR thdr renabark | 927 inanoviad pnpr eabheme

crystal sp@f hiHBHED PMLImBAT SFh HordhoRENBE ROKIPRE- AR K@Hnéfﬁ% and (d)

pol yargi'nine crystals of human growh hornone or a human growth hornone

derivat i 9@civ@:ivEhe conposition according to claim 17, wherein said
crystals and said excipient are present in said conposition 84 at a nolar

rati o of hGH exci pizent et appstall akedr@ialodd cilafh h25wht@eidhBaL@nposition
according to claim 17, wherein , said_exci gl ent is selected fromthe group
consi st i MY ®Fa! HAMFLsgE| ascakatun saditc §RoPSted FIRh FdeaB&SUPpr ot ei ns, .

| ipids, suidadaly Df:PebYBRIR  adMat@]l ta18¢LHScIRIE et asitfer eof . 20,
The conposition according to claim19, wherein said excipient is selected

from t heSgttle csicdicagmogluconate.
14. The crystal according to claim 13, wherein said

calcium salt is calcium acetate.

_ 15. The crystal according to claim 6, wherein said
crystal comprises a sodium salt selected from the group
consisting of: sodium citrate, sodium phosphate and sodium

acetate.

16. The crystal according to claim 15, wherein said

sodium salt is sodium acetate.

. 17. A composition comprising crystals of human growth
hormone or a human growth hormone derivative and an excipient,
wherein said crystals are selected from the group consisting of:

(a) calcium crystals of human growth hormone or
a human growth hormone derivative;

(b) monovalent cation crystals of human growth
hormone or a human growth hormone derivative;

(c) protamine crystals or human growth hormone
or a human hormone derivative; and |

(d) polyarginine crystals of human growth

hormone or a human growth hormone derivative.

18. The composition according to claim 17, wherain

said crystals and said excipient are present in said composition



prot am ne, polyvinylal cohol, cyclodextrins, dextrans, calcium gluconate,
pol yam no aci ds, pol yethylene glycol, dendriners, polyorthinine,

pol yet hyl enei m ne, chitosan and m xtures thereof. 21. The conposition
according to claim 20, wherein said excipient is selected fromthe group
consisting of: protam ne, polyarginine, polyethylene glycol and m xtures-
thereof. 22. The conposition according to claim17, wherein the
concentration of human growth hornone or human growth hornone derivative
in said conposition is selected fromtée - group consisting of: (a) between
about 0.1 and about 100 ng/n1 (b) between about 1 and about 100 mg/ M ;

and (c)_pe yt, £ about 10 neth for treating a
manmal h%glég a sordé? gg%c?a.%ﬁf t 7 hghaﬁg3+o£§kF?m> e defi ci ency

or whichits. 1mmellorated by treat nment mnth human growt h hornnne, conpri sing
the step of adninistering to said mammal a therapeutically effective

t of t dig : . i
oo Lo e SR ey Tl
gal | a 1 i | C | | @m
{her apeulgal | vo 2iviee e BTBUNL . Olod BlXSLal paSCOLd NG i Ay one of

clains 1 ) of 4,” of "a conposi accor di 25. The
net hod asevfaléctrapt= gcdiyme2d, pmkyaailimcsalcddsnanﬂathlxtsummwpxqﬁepﬁectom zed
rat and the weight gain induced in said rat is between 5% and about 40%

fol | owi ng admi ni styAt i %eogoﬁ%ﬁ%e%@l&dw '%?g%%ﬁgrﬁqc%% wegk. 26.

The met hod according to cl n sal I's se ected from
the groupaidrexainientofis aé&ﬁ@tg¢o®KQW ther gvrup dednel stnicyg qfedi atric growt h

hor mone 9%%&&%)’ W‘ﬁ?ns%ﬂ‘“ c@@i{l%ﬁ%xtﬂ!ﬁ erd%%r%mcaﬁ_'&%ﬁ bowel

syndr one ronic icien iopathi c short stature, . dwarfism
gluconate, polyamlno acids, polyethylene glycol, dendrlmers,

polyorthinine, polyethyleneimine, chitosan and mixtures thereof.

21. The composition according to claim 20, wherein
said excipient is selected from the group consisting of:
protamine, polyarginine, polyethylene glycol and mixtures-
thereof.

22. The composition according to claim 17, wherein
the concentration of human growth hormone or human growth
hormone derivative in said composition is selected from the
group consisting of:

(a) Dbetween about 0.1 and about 100 mg/ml;
(b) between about 1 and about 100 mg/ml; and
(c) Dbetween about 10 and about 100 mg/ml.

23. A method for treating a mammal having a disorder
agsociated with human growth hormone deficiency or which is
ameliorated by treatment with human growth hormone, comprising -
the step of administering to said mammal a therapeutically
effective amount of a crystal according to any one of claims 1,

2, 3 or 4, or composition according to claim 17.



hypopituitary dwarfism bone regeneration, fermale infertility,

intrauterine growh retardation, AIDS-rel ated cachexia, Crohn's disease
and burns. 27. The nethod according to claim 26, wherein said disorder is
pedi atric grow h hornone deficiency and said nethod results in annualized
growh velocity in said mammal of between about 7 and about 11 cm 28. The
met hod according to claim23 or 24, wherein said crystal or conposition is
adm nistered to said manmal by oral route, parenteral route, subcutaneous
route or intranmuscul ar route. 29. The g®t-hod according to claim28, wherein
said crystal or conposition is admnistered to said manmmal by '
subcut aneous route using a needle having a gauge greater than or equal to

27. 86 30. The meifiodxagcendi nﬂoéqrﬁa@% e %?/@%aﬂ@efer?ifapmaﬁﬁgﬁ,crystal

023
or conposition is administered to sal %annal __heed| ee I njection or
met a dos€omptigiem themptenlof Tadminiisted ingcbpdeatc tepmiadi m 23 or 24,

wherein AgkEpEty Rl 0breanpess s o%d@'&ﬁé@%fd?écgbﬁ%'n gaTuRl, by a
time reginmen selected”fromthe group consisting of: (a) about once every
t hree dagse of Wlaimsutl . oBce3aonedk o @ campasibher aseondingo tweeks; and
(d) about;gpge;gvery month. 32. The nethod according to claim23 or 24,
wherein sald mammal is a human. 33. A nethod for producing cal ci um
crystals, nonoval ent cation crystals, protamne crystals or polyarginine
crystals of human Zfr-owfhenBerbee ancordiagahogs bath roRreigespidt i ve,

conpri si pemhle £ %%y%t:ﬁhﬂrﬁéc%&ﬂi&i &at0LHbI She Ofe BN OOWLR,BREMPRE OF

a human growth hornone derivative with a crystallization solution, said
cryst al | Paa€i Brt st etyrerohpr ard mpoutc 408 Gallowing administration of

said crystals by injection once a week.

26. The method according to claim 23, wherein said
disorder is selected from the group consisting of: adult growth
hormone deficiency, pediatric growth hormoﬁe deficiency, Prader-
Willi syndrome, Turner syndrome, short bowel syndrome, chronic
renal insufficiency, idiopathic short stature, dwarfism,  '
hypopituitary dwarfism, bone regeneration, female infertility,
intrauterine growth retardation, AIDS-related cachéxia, Crohn's

disease and burns.

- 27. The method according to claim 26, wherein said
disorder is pediatric growth hormone deficiency and said method
results in annualized growth velocity in said mammal of between

about 7 and about 11 cm.

28. The method according to claim 23 or 24, wherein
said crystal or composition is administered to said mammal by
oral route, parenteral route, subcutaneous route or

intramuscular route.

29. The method according to claim 28, wherein said
crystal or composition is administered to said mammal by
subcutaneous route using a needle having a gauge greater than or

equal to 27.



salt or a nonovalent cation salt and an ionic polynmer, wherein said ionic
polymer is protam ne or polyarginine; and (b) incubating said
crystallization solution for greater than about 12 hours at a tenperature
bet ween about 4C and about 37C, until calciumcrystals, nonoval ent cation
crystals, protam ne crystals or polyarginine crystals of human growth

hor none or a hunman growth hornone derivative are produced. 34. The net hod
according to claim 33, wherein said ionic polyner is polylysine. 87 35.
The net hod according to claim33, wherggn-said ionic polymer is a mxture
of any two or nore of protam ne, polyarginine and polylysine. 36. A nethod
for producing calciumcrystals or nonoval ent cation crystals of human

growt h hornone or p humgR @t AWEN. SOy A0S k1atinVgs &P Sinkgelihe steps
of: (a) mxing a solution of human growt T hornone or a hunman growth

hor none daiflvarystaliaqth compegdtaPni ratddmimsgtrEed e pribdeamel by
crystalli i it 1-Qi s () ~adgi | ONiZe 1 Wat 0 said _

crystall ng{i?gﬂféﬁ u%tr%]f)gr%tl%(% ?éaﬂg?ﬂg@%?ﬁpfﬁn?ﬁ?% said crystallization
solution; (d) adding a calciumsalt or_a nonovalent cation salt to said
crystallization sotlti dite MeFhphcaseerdHqs &icd CdayBt 4B 1 9% o34 orfti&dedfi on for

bet ween gRQH! o2y AROWonbB3 1 BOUE S &ila dnilrERARBHUES BLIdERIMmADBY 210C and
about 40C, until calciumcrystals or nonoval ent cation crystals of human

growt h héimBnEeSinen HigkactgdofrAn e prRIRIconFaet$8IaPE: f or med; and (f)

adding an ionic polynerQr apoL,eNbfcs Bdry PRreeUlgyLo said cal cium
crystals or nonoval ent cation crystals of human growt h hornone or a human
growt h hornone derivatiie. 3Poun aeefd WasKiproduci ng cal cium crystals or

(c) about once every two weeks; and

(d) about once every month.

32. The method according to claim 23 or 24, wherein

said mammal is a human.

33. A method for producing calcium crystals,
monovalent cation crystals, protamine crystals or polyarginine
crystals of human growth hormone or a human growth hormone
derivative, comprising the steps of:

(a) mixing a solution of human growth hormone or
a human growth hormone derivativé with a crystallization
solution, said crystallization solution comprising a calcium
salt or a monovalent cation salt and an ionic polymer, wherein
said ionic polymer is protamine or polyarginine; and

(b) incubating said crystallization solution for
greater than about 12 hours at a temperature between about 4°C
and about 37°C, until calcium crystals, monovalent cation
crystals, protamine crystals or polyarginine crystals of human
growth hormone or a human growth hormone derivative are

produced.

34. The method according to claim 33, wherein said

ionic polymer is polylysine.



nonoval ent cation crystals of human growth hornone or a human growth

hor none derivative, conprising the steps of: (a) mxing a solution of human
growt h hornone or a hunman growth hornone derivative with a crystallization
buffer to produce a crystallization solution; (b) adding deionized water
to said crystallization solution; 88 (c) adding an ionic small nol ecul e

or an ionic polyner to said crystallization solution; (d) adding a cal cium
salt or nonovalent cation salt to said crystallization solution; and (e)

i ncubating said crystallization solutign for between about 2 and about 168
hours at a tenperature.between about 10C and about 40C, until cal cium
crystals or nonov nt at i r als _of _hu . ar h .hqor non , @ human
growt h hornone d?rsf'vatl}h\%e&§?§°§o%‘?rééocfdslfg. hg?%% h%%v’t e{”&egre&flngag% claim
37, whergéponjic polymes rig st epxthye avfl fpryi dwot orstepe (af ,prdiathimet, hod

conpri se f: i recipitant to said crystallization

solmati on§°%gi9§ﬁ%ﬁ§ee%ﬁ‘8d%g’gxg%ﬁ% to any one of clainms 33, 36 or 37,
wherein said calciumsalt is selected fromthe group consisting of:

cal ci um acet at e, ¢ .ci dnmebhodi fier rrddiaimg ghlicbwaterystdlsabei um sul f at e.
40. The i { , rej i cal ci um_s 1S cal cium
acet ate. Hﬁ%gg%%?@ng{ahol a%ggrg‘c:i?%géi% h##%%o%g‘é’? ﬂcﬁ%?ﬁn%f% ?6%1;3?1137,

wher ei n gaddt hvrvenenderdvhbive s caimetisdagl b sbepgrafisp consi sting of :

lithium sodium potassiym angd. i 42. Th h cor di to._claim
41, wherein said mnoagplenﬁggjéﬁonrgoslirﬁ]st&g’?’u%-g ﬁgrqg#tézdorr"&(}hgl %@ggr fng to
any one af higham rgrd8h dermone3derisrarisien wishdanonpeta Enitzatdbnobuséiet is
sel ect edtgrlg%éll;ge agrc(}’fz@t(é?ﬁkﬂi&g églﬁt%%gl';um citrate, sodi um phosphate

and sodi um
(b) adding deionized water to said

crystallization solution;

(c) adding a precipitant to said crystallization
solﬁtion;

(d) adding a calcium salt or a monovalent cation
salt to said crystallization solution;

(e) incubating said érystallization solution for
between about 2 and about 168 hours at a temperature between
about 10°C and about 40°C, until calcium crystals or monovalent
cation crystals of human growth hormone or a human growth
hormone derivative are formed; and

_ (f) adding an ionic polymer or an ionic small
molecule to said calcium crystals or monovalent cation crystals

of human growth hormone or a human growth hormone derivative.

37. A method for producing calcium crystals or.
monovalent cation crystals of human growth hormone or a human
growth hormone derivative, comprising the steps of:

(a) mixing a solution of human growth hormone or
a human growth hormone derivative with a crystallization buffer
to produce a crystallization solution;

(b) adding deionized water to gaid

crystallization solution;



acetate. 89 44. The nethod according to claim43, wherein said nonoval ent
cation salt is sodiumacetate. 45. The nethod according to claim 33,
wherein said -crystallization solution further conprises a pH buffer. 46.
The net hod according to claim45, wherein said pH buffer has a pH sel ected
fromthe group consisting of: (a) a pH between about pH 6 and about pH 10;
(b) a pH between about pH 7.0 and about pH 10. (c) a pH between about pH 6
and about pH 9; and (d) a pH between about pH 7.8 and about pH 8.9. 47.
The met hod according to claim45, whergs n said pH buffer is a buffer
selected fromthe group consisting of: Tris, HEPES, acetate, phosphate,

citrate, borate, imda e o glyci.ne. 4 T cordipng: o claim
36 or 38, wherein sai %Eregl&g}?%n&ils%%écngﬁ?%gﬁ?#és%% %%D?'écﬁplgl%r a
non-i oni polywdy riey .sa4@ cThetablirwat iavc @oduhgonp cl ai m 48, wherein said

non-ionic polyner is selgct t u nsistin f. hyl ene
gl ycol, pol yvinyl aIcoﬁgﬁ.aﬁgd%#ig%fggcgkgrg%?e @%.c¥ﬁ%aﬁgpﬁo§gg%§%rding to
cl ai m 49gabbereisnishicdyspel yezdtyl@necdhugdoh; hasda nol ecul ar wei ght sel ect ed

fromthe group consist,ing , . l.ecyl.ar i ght, .bet n.aboug 200 and
about 8000; (b) a nDIeé&?arQégﬁéﬁglé%Igéﬁgu?rgﬁf%ﬁﬁ§%5tﬁfﬁn§ g%ﬁ 3§ é%fght of
about 40bétwesm alalit 2 emtleghdar 1Ed dgloursf ahbaute@3xtat 3@ betweerhe net hod

according to clan1§8, wherejn sai d  pol yet hyl ene |¥CO| is present in said
cryst al | £22¢F oh? SoP i%h°utat4°accoﬂ’8%+&0r ]i"t}h%bé’f%@gﬂ RTTFIRIERE about
20% (W V¢atDén dRsHERNE BGRK LRSI hohRbAe 36r & MfnanMigbitA

hormone derivative are formed.

38. The method according to claim 37, whereiﬁ,
following step (b) and prior to step (c), said method comprises
the step of: adding a precipitant to said crystallization

solution.

39. The method according to any one of claims 33, 36
or 37, wherein said calcium salt is selected from the groﬁp
consisting of: calcium acetate, calcium chloride, calcium

gluconate and calcium sulfate.

40. The method according to qlaim 39, wherein said

calcium salt is calcium acetate.

41. The method according to any one of claims 33, 36
or 37, wherein said monovalent cation is selected from the group

consisting of: lithium, sodium, potassium and ammonium.

42. The method according to claim 41, wherein said

monovalent cation is sodium.

43, The method according to any one of claims 33, 36
or 37, wherein said monovalent cation salt is selected from the
group consisting of: sodium citrate, sodium phosphate and sodium

acetate.



said precipitant is selected fromthe group consisting of: amno acids,
pepti des, polyam no acids and m xtures thereof. 53. The nethod according to
any one of clainms 33, 36 or 37, wherein said human growt h hornone or human
grow h hornone derivative is present in said crystallization solution at a
concentration selected fromthe group consisting of: (a) a concentration
bet ween about 1 ng/m and about 1,000 ng/m; (b) a concentration between
about 2 ng/m and about 50 ng/m; and (c) a concentration between about 10
ng/ M and about 25 ng/m . 54. The nethlgd-according to any one of clains
33, 36 or 37, wherein said calciumsalt or said nonoval ent cation salt 1is
present in said crystallization solution at a concentration selected from

the group consistifyg, Ofpy( %tgeaogggg}%ﬁ;&% laqra\ﬁﬁe@:;a%% %r{r)nj\‘haqad about

1M and (b) a concentra I on between a 25 and abol 55. The
met hod amepeHahent cadiyprowelsf 1el apdtudRce3mtegr 37, wherein said
crystallization solution is incubated for a tine and a tenperature

sel ected for the gfup I@ﬁnﬁm'e§hb39a9$orcﬁﬁ-)g %t\@aarﬂmabgutwﬂegénﬂ%mand about
two days at a_tenperature of about 33 (b) bet ween about 0. 25 day

and aboufrv@babhizatdion éotlélﬁﬁ@ﬂaf-‘a?‘éh%? q{mﬁlsggca BHdbeESehet ween about
0.25 day and about two days at a tenperature of about 15C. 56. The net hod

according to clai me6 @héﬁetﬁharab&r&ﬁi doolaimmak| WRéAsH ealid pal ect ed
fromthe_ group consisting am no acids, peptides andoon}xtures t her eof .

57. The RBfR8A Betd CRH’I@GEIGCGFQI f¥aB Hhe gro €P@Pﬁ5té’&$ oni ¢ polymer is
sel ected fromthe groupgyonsi ptii BdtRéén about pH 6 and about pH 10;

(b) a pH between about pH 7.0 and about pH 10.
(¢) a pH between about pH 6 and about pH 9; and
(d) a pH between about pH 7.8 and about pH 8.9.

47. The method according to claim 45, wherein said pH
buffer is a buffer selected from the group consisting of: Tris,
HEPES, acetate, phosphate, citrate, borate, imidazole and

glycine.

48. The method according to claim 36 or 38, wherein

said precipitant is a non-ionic small molecule or a non-ionic

polymer.

49. The method according to claim 48, wherein said
non-ionic polymer is selected from the group consisting of:

polyethylene glycol, polyvinyl alcohol and mixtures thereof.

50. The method according to claim 49, wherein éaid
polyethylene glycol has a molecular weight selected from the
group consiéting of:

(a) a molecular weight between about 200 and
about 8000;

(b) a molecular weight of about 6000;

(c) a molecular weight of about 4000; and

(d) a molecular weight of about 3350.



prot am ne, pol ysaccharides, polyam no acids, polyarginine, polylysine,

pol ygl utamat e, dendrinmers, polyorthinine, polyethyleneimne, chitosan and
m xtures thereof. 58. The nethod according to claimb57, wherein said ionic
pol ymer is protam ne or polyarginine. 59. The method according to claim 36

or 37, wherein, 1in step (e) of claim36 or step (e) of claim37, said
crystallization solution is incubated for between about 4 and about 48
hours at a tenperature between about 4C and 40C, until calciumcrystals or

nonoval ent cation crystals of human -gmow-h hornone or a hunman growt h
hor none derivative are formed. 60. The method according to claim36 or 37,

wherein, in step (e) of claim36 or step (e) of claim37, said human
growt h hornone or s?umﬂhgr&a%ﬁbd@c%eﬁlaiﬂ&rwaélla\&% 59, PWBELSIn idhicai d
crystallization solution at a concentration between _about 2 /m and

about 10go¥uptylese. gTheokeih@Fassnsr dnngrtd enditalddzarion sohdri@h, in
step (e)agfaf_lcioq{&h%gagioﬁtﬁ?ﬂ&@n %oﬁk:ab%@.?ané;gd%ulﬁgﬁgﬂ (@f#W.h horrmone or

human growt ornone derivative Is present in 9 said crystallization
solution at a concentration between about 14.5 ng/nl and about 15.5 ng/m.
62. The method ac&8rdi BgetBetered ACTOreing7to \FHedt 76 8% d8cryRe%F 4% zati on

buf fer | 'g%%}c% 1 ELAM tBes Pl dutia ¢8R She N dllp BrsSsbCAgbyf { edmirgd yCi ne
buf f er, é%%g uf%gr, inid%zole buf f er, Bigg%rfgchuffgr, %NP, AVPD, AMPSQO

bi cine, agidmndeptides. gpotygning meideapnd wixtyyes Fhexsefand ni xtures
thereof. 63. The nethod according to claim36 or 37, wherein, in step (a)

of claim 36 or step,(arnefmétdbdNattordang t6rysy drd 23t caaikafizy 36
present in said crystallization 'solution at a coqfentratiog%betmeen about

10 nM an@t abbutWiBaB inRrigshumer gRaMrddhaEESRe) My TWReD FFARY3R Berore
wher ei n, gei{yatQR G%)px%QEHtC{ﬂsééﬂdic&@bh@ﬂlbﬂiif&nfﬁﬁiw&ibﬂ ael&cted from

concentration selected from the group consisting of:
(a) a concentration between about 1 mg/ml and
about 1,000 mg/ml; .
(b) a concentration between about 2 mg/ml and
about 50 mg/ml; and '

{(c) a concentration between about 10 mg/ml and

about 25 mg/ml.

54. The method according to any one of claims 33, 36
or 37, wherein said calcium salt or said monovalent cation salt
is present in said crystallization solution at a concentration
selected from the group consisting of:

(a) a concentration between about 0.01 and about
1 M; and
(b) a concentration between about 25 and about

205 mM.

55. The method according to any one of claims 33, 36
or 37, wherein said crystallization solution is incubated for a
time and a temperature selected for the group consisting of:

(a) Dbetween about 0.25 day and about two days at

a temperature of about 33°C;



the group consisting of: (a) a pH between about 3 and about 10 (b) a pH
between 6 and about 9; and (c) a pH between about 7.5 and about 10. 65. The
met hod according to claim36 or 37, wherein, in step (e) of claim36 or
step (e) of claim37, the pH of said crystallization buffer in said
crystallization solution brings said solution to a pH selected fromthe
group consisting of: (a) a pH of between about 3 and about 10. (b) a pH of
bet ween about 6 and about 9.5; and (c) a pH of between about 7.5 and about
9.5. 66. The nethod according to claigh 64 or 65, wherein said buffer is
sel ected fromthe group consisting of Tris HEPES, acetate, phosphate,

citrate, borate, imdazgle gnd4q| 9§5 @g%e foralg%h?ogwgcg&pgiw to

cl ai m 40, wherein said caI Clum ace ate | s int an aqueous
sol utioma Fwéﬂma&umHofehbcﬁECD?Cthh&e group consi sti ng of: (a) a pH

bet ween about 3.0 and 9. b bet 0,and bout 8. 6.
68. The net hod accor di 25 %fr"éef%ﬂﬂg’ “\g'thb gf‘ tacbp?“zzef 8fd 2% 36 or
step (e)0fefd ,1} §a5g01g@|fgo@m acetate is present in said -

crystall T zatl on solution at a concentration selected fromthe group

consisting of: (a) a concentration between about, 0.1 mM and bout 205 nv
and (b) a concent B8t oRPBePRERAA AFERrIGBINRP aFHPITBLHUCTLAE  nFSTBE® The

met hod agens di i d Qrighal ftbﬂécuymrselgasated 806t UPRAGRIREL coasiBtihg form
of an aqueous solution having a pH pH selected fromthe group consisting

of: (a) @f pwwwd&boeepslee%rﬂiﬁawusee thexeot h) a pH between 7.0 and
about 8.6. 70. The nmethod according to claim45, wherein, in
57. The method according to claim 36 or 37, wherein

said ionic polymer is selected from the group consisting of:
protamine, polysaccharides, polyamino acids, polyarginine,
polylysine, polyglutamate, dendrimers, polyorthinine,

bolyethyleneimine, chitosan and mixtures thereof.

58. The method according to claim 57, wherein said

ionic polymer is protamine or polyarginine.

59. The method according to claim 36 or 37, wherein,
in step (e) of claim 36 or step (e) of claim 37, said
crystallization solution is incubated for between about 4 and
about 48 hours at a temperature between about 4°C and 40°C, until
calcium crystals or monovalent.cation crystals of human growth

hormone or a human growth hormone derivative are formed.

60. The method according to claim 36 or 37, wherein,
in step (e) of claim 36 or step (e) of claim 37, said human
growth hormone or human gfowth hormone derivative is present in
said crystallization solution at a concentration between about 2

mg/ml and about 100 mg/ml.

61. The method according to claim 36 or 37, wherein,
in step (e) of claim 36 or step (e) of claim 37, said human

growth hormone or human growth hormone derivative is present in



step (e) of claim36 or step (e) of claim37, said sodium acetate is
present in said solution at a concentration selected fromthe group
consisting of: (a) a concentration between about 0.5 mM and about 800 niV
and (b) a concentration between about 100 mM and about 500 nM 71. The
met hod according to claim36 or 37, wherein, in step (e) of claim36 or
step (e) of claim37, said solution is incubated for between about one day
and about two days at a tenperature between about 4 C and about 37 C.
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said crystallization solution at a concentration between about
14.5 mg/ml and about 15.5 mg/ml.

62. ‘The method according to claim 36 or 37, wherein
said crystallization buffer is selected from the group
consisting of: Tris-HCl buffer, glycine buffer, HEPES buffer,
imidazole buffer, Bis-Tris buffer, AMP, AMPD, AMPSO, bicine,
Ethanolamine, glyclglycine, TAPS, Taurin, Triane and mixtures

thereof.

_ 63. The method according to claim 36 or 37, wherein,
in step (a) of claim 36 orlstep (a) of claim 37, said
crystallization buffer is present in said crystallization
golution at a concentration between about 10 mM and about 800
mM.

64. The method according to claim 36 or 37, wherein,
in step (a), said crystallization buffer has a pH selected from
the group consisting of:

(a) a pH between about 3 and about 10
(b) a pH betweenls and about 9; and
(c) a pH between about 7.5 and about 10.

65. The method according to claim 36 or 37, wherein,
in step (é) of claim 36 or step (e) of claim 37, the pH of said
crystallization buffer in said crystallization solution brings
said solution to'a'pH selected from the group consisting of:

(a) a pH of between about 3 and about 10.
(b) a pH of between about 6 and about 9.5; and
(c) a pH of between about 7.5 and about 9.5.

66. The method according to claim 64 or 65, wherein
said buffer is selected from the group consisting of: Tris,
HEPES, acetate, phosphate, citrate, borate, imidazole and

glycine.
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67. The method according to claim 40, wherein said
calcium acetate is in the form of an agueous solution having a
pH selected from the group consisting of: i
(a) a pH between about 3.0 and about 9.0; and
(b) a pH between 7.0 and about 8.6.

68. The method according to claim 40, wherein, in
step (e) of claim 36 or step (e) of claim 37, said calcium
acetate is present in said crystallization solut%dn at a
concentration selected from the group consisting‘of:

| (a) a concentration between about 0.1 mM and
about 205 mM; and
(b) a concentration between about 85 mM and
about 100 mM. '

'69. The method according to claim 44, wherein said
sodium acetate is in the form of an aqueous solution having a pH
pﬁ selected from the group consisting of: '

(a) a pH between about 3.0 and about 9.0; and
(b)l a pH between 7.0 and about 8.6.

70. The method according to claim 45, wherein, in
step (e) of claim 36 or step (e) of claim 37, said sodium
acetate is present in said solution at a concentration selected
from the group consisting of:

(a) a concentration between about 0.5 mM and
about 800 mM; and

(b) a concentration between about 100 mM and
about 500 mM.

71. The method according to claim 36 or 37, wherein,
in step (e) of claim 36 or step (e) of claim 37, said solution
is incubated for between about one day and about two days at a

temperature between about 4 °C and about 37 °C.



