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SOLID LI PI D M CROCAPSULES CONTAI NI NG GROMH HORMONE | N
THE I NNER SOLI D CORE The present invention relates to

w@e@osnikor none (GH) fornul ati ons havi ng PCT/EP2008/009849

sust ai ned-rel ease propertiek, in particular human
growt h hornone (hGH) and D nethods for their
preparation. The grow h hornone fornul ati ons can be
manuf act ured w t hout denaturi ng of the protein and can

conveniently be ag&:[# b%ﬁ n |n need
h f b '
rechdrPMTAINING BRQWIH queyﬁl “gé NER $P4Ip,CORE

needl e having a snmall dianmeter. Current treatnment
regi mens for hGH deficiency in humans are, for

TreftesentihivaRtion velarsad drowlihbiedne/ EGM) Byrmulations having
subcut aneous injection. hGH plays a critical role in

shetainaghreleass purpasties. inmariuaimunangiowttuhemmone (hGH) and

RSBb g Rl el RS, Hile e haAEng B s hns con by

@ﬁam&ttumhﬁtaoundgn@@nhgmhmpmuh@@c@mdoa%maﬁwby
in adul ts, whereas under-production | eads to dwarfism

iBdminisieded o thpeEsonein nged thereof di usingAdeuNERBPBaKSYringe,

0
574 LAl D TS50 0P E IS
eiamaéter. J Cin. Endocrinology and Metabolism 83(10),
LRt s enﬁ%?damﬁéﬁr@é%@% %&e&w"c&?o HRaRR SRR,
g PRRe G e Bl Spding s ietion. JnGhthlays 2
Eritical roledhdhe regdlahbn@lﬁoell any otd4r6 yrovethlams i piEcIpgical

S it s ool W h oA
UQéfHP@@u&ldncff e peRsERs il glg&ﬂtlsrila B 3hlld@Padd abfdmegaly in

adul'ts, hGH deficiency can affect netabolic processing
adults, whereas under-production leads to dwarfism in children [Mauras et

al., J . 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), 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 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, 2(2), 162-
165 (1998)]. Other hGH deficiency-related disorders characterized by growth
failure or problems include AIDS wasting syndrome [Hirschfeld, Hormone
Research, 46, 215-221 (1996); Tritos et al., Am. J . Medicine, 105(1), 44-57
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of proteins, carbohydrates, lipids, mnerals and
connective tissue and can result in nuscle, bone or

W@ Rim/0stisophy [ Mehl s and Haas, G owt h Hor none BCT/@&F2008/009849

Research, Suppl enment B, S312S37 (2000); Fine et al., J
. Pediatrics, 136(3), 376-382 (2000); Mdtoyama et al.,
din. Exp. Nephrology, 2(2), 162- 165 (1998)]. O her
hGH deficiency-rel ated di sorders characterized by

gw)thuﬂi aRred A0 JPPakdrftaFalianel Elﬁ@ra‘hlmﬁnmti!:!(ﬁ) 8202 S209
rome [Hirschfeld, Hornone Research, 46, 215 (
a@ Tawres esdd&iadiman, RiaDrags, @), dHa] (zﬁ@Q)i)and Prader-WI"!

bl e orine8 gt oo Ses 9! 20b 3o Bhatzeratal
Eﬁdrl]ﬂnPeEilaﬂfé(sU957(51)436813783(1@98§]2000)] and

Prader-WI|1li syndrone [Ritzen, none Resea
Barwnigr, ofpredudisdigve @%pgwloggd éﬂ an attempt, to Jaddress the

ﬁggg%lr Héﬁahéﬁaﬁ{eﬂnca 2@% sé&&l%% Iop@ JBffﬁBeJndJQ}?t therefore,

ucts opea 1n an a 10 a
bble beatslivered byd ledsfrepaaht mednbatscaedum abl e and

| ong-acting and that, therefore, can be deliver a
Weggak@redqwaﬁpusrqreeﬁeame@ctﬁeaa@'egl%svmaséwe'rogﬁjﬁ %@kam

ét 40 ﬁ%gﬁ?&%&r@&@? Oggeﬁﬁlzazs’g 963&%)‘%&0&?& Pabkaf diolled

ntr ol 21-26 (1997);
Riefe g 8DAT-B), 68- 7@(62002))]Ilq1bslaeiesa{w§ein90@na8)4 Baarm. Sci .,

3 3 :
HA(S,; S22 5750308 Boab FnuigbnS Driet pomd RIS, 85(4), 396-
Efbﬁ” (TO9FE Zhaof’ei(a‘il) J. 9%% st91 76%91?%122'3@90@19912 )]-and

|ry Sci . (11), 3122-31 3 é
bnqml@gga@ahi@lpelymmrymmroaptmres ndestelet[al o £ilisl. Esdogrinol. (Oxf), 62

) B EER R YL o oo g T 2088, 03 15

et qdy. if
gm) i%%%@ls?]lotﬁ@}or? rgté a?"VDRV%t Qel\z/jédy 12?2%(1%% %;gnson .

eLoviat Meth A(2): B@@ﬂf%n@gawdham@e@emmweca eblaviaves, the
F%ﬁﬂf Siﬁgﬁ{%r?\ rt@)gtsgcéheq{ 3@%@9 ﬁyﬁ%ﬁf‘ébﬂ%%%twbﬁge of the

deugbaniayriss dllﬁTUuItemem‘ah&facNuér opi n Depot (r), is an

IFr(])Jr g%%%llee l\?tﬁ?oppelrrl] Sdeop%t(gfls ra?ﬁ% jré?;ltanb?g t:suspensmn of recombinant
human growth hormone (r-hGH)-containing polylactide-co-glycolide (PLG)
microspheres (see http://www.gene.com). Significant manufacturing costs
have led to withdrawal of that product from the market. Moreover, studies
involving the administration of Nutropin Depot® in pediatric patients lead to
adverse injection-site reactions, resulting in nodules, erythema, pain,
bruising, itching, lipoatrophy and puffiness.

Another product currently in development by LG Pharmaceuticals Inc. (South
Korea), is a microparticle suspension formulation containing hGH,
hyaluronate, lecithin, and triglyceride. Drawbacks of this product include
unfavorable delivery means, specifically, a delivery fluid that must be injected
by means of a 26 gauge needle [Kim et al,, J. Controlled Release, 104: 323-

335 (2005); U.S. Application No. 2005/0100605; EP 0918535 B1].



10

15

20

25

30

human growt h hornone (r-hGH)-containing
pol yl acti de-co-gl ycolide (PLG m crospheres (see

wheaoposoremw. gene. com . Signi fi cant manuf act ur i PGI/ERPRDE009849

have led to withdrawal of that product fromthe

mar ket . Moreover, studies involving the adm nistration
of Nutropin Depot(r) in pediatric patients lead to
adverse injection-site reactions, resulting in

PR B Ao R okt dapeEhaiuapoz plpr o

hGHR/RURRBH ifYudify theddesmptisingl Fydtars of IFBHE domplexed
Korea), is a mcroparticle suspension fornul ation

wdhtp&lyalegrwﬂqs (healpolynatioss).| Sdch spmpogitipns are stable and

ke B8 bl el DT FeiRask o oSty BEHEY ot e, Vi the

b bﬁ'tldr’fl@bM”ﬁJ'é)ied?ﬁGll-m: stz dompomeatsSrerden tRéseoimpositions
frﬁe’gdl eo«gKl m et al @Cont rg?pl ed Rel ease, 104: lg‘g?,-

steblq 200 Nng-acNg, Abpre isdhe possibilite /o sopBpBatignts, the

ARt BT O PR Q4L 99T racton

hidhudtihdeshaiie redraysi Aidgwelling taatise dfjedtidn s]tmpl exed
with polyelectrolytes (i. ol ycati ons)
Hdﬁﬁ’@s?@lﬁéﬁ@f tePresant '@vawepra:&partﬂved%a Sé‘&&%"&ﬁ"?ré%'eﬁﬁf—l

AR SRid o8 ARGl ge it g
de&&@tmmrmmrt avbarsttedfiects, annteldcsngtamed mgleasaq@reperies and
t he possi bi that jn sone patients, the.ch d
WGl Qe Moheorta s wdlATisS SIS ad1e3ECAEISTORHT 85 a
E\é@'ec"tr%ﬂﬁéé ORuriABr Ghelststdises ré’ﬂaéé’e FSRaforR8Rould be easily
ing at the injection site. It is the object of

aumurpstealalmthraugina i20n- 28 gawugei (o neesiies byiusing a eopuertional
formul at i

h | ds. th t f
sings R Fio ks Bt br Bledolic Brbh R o0 °©
Sufprishtly|§ ishad Peeh FRlmpEAt BuSRarfbirREIadiBe oahi s oBRfsed by
not contain auxiliaries causi ng adver se reactl ons such

aoviding enigeagapisylass Which ceraprise [aé leass oaeriaaer eolicheere
Egﬁ%@é 'Sggﬁ}ogﬁt? é)oﬂﬂggsegﬁ'ullk*@g%mag@g %\t/gﬁatcg]rgrgnd An outer
shell surrounding such inner solid core comprising at least one lipid.
Accordingly, the present invention is directed to a particulate formulation
comprising (1) at least one inner solid core containing at least a growth
hormone, a bulking agent and a surfactant and (2) an outer shell comprising
at least one lipid. The inner solid core is made of at least one microparticle
containing a growth hormone. Microcapsules with solid multi-cores, i.e.
containing more than one growth hormone microparticles surrounded by the
outer shell, are also part of the invention.

Growth hormone that can be formulated in accordance with the present
invention may be from animal origin, such as bovine or porcine growth
hormone. Preferably, it is from human origin. One preferred embodiment of the
invention is directed to microcapsules, wherein the growth hormone is human
growth hormone (hGH) or a functional derivative, fragment, variant, analogue,

or a salt thereof which retains the biological activity of human growth hormone.
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syringe, or through a nechanical or electronic
injection device. Surprisingly it has been found that

W@ eab/oso16or mul ati on can be obtai ned by provi di PGI/EP2008/009849

m crocapsul es, which conprise at |east one inner solid
core containing a growh hornone, a bul ki ng agent and
a surfactant, and an outer shell surroundi ng such

i nner solid core conprising at |east one |ipid.
Accordingly, the present invention is directed to a
particul ate formul ation conprising (1) at |east one

ThE & Nurflaf YréwBPRbANONEY oRthGPRSAs Bs@d avniHe pessemtiavention,
a bul ki ng agent and a_ surfactant and (2) an outer

pIeéeTablyoPRINPESeR) aatam@@sac%ﬁeqwrmeﬂas Urbicteth#y FigolSi dThe term

}%ﬁ%@hﬁgw&?ﬁr ?ﬁ?ggnaﬁs' %Rgﬁerrﬁ 'iecelgo‘mt'eh%a'tg nclude

1el AdtuenlyaScculrring aﬁﬁrﬁy@thétmgjémbﬂvéﬁaa”s potedoabpveh including,
hor mone m croparticles surrounded t he outer shell,
witeout lspitation, beth thee20ddband éhe Zé@rﬂwaer%w@ Phrepone, GH-V,

&ﬂfb)?cﬁze@ EHHloaeLe%Q|fjbfe&Foqmsdcﬁr§ﬁ %8 Iatﬁeﬁﬂgh%%‘?gbf the growth

I nventi on n, such as bovi ne

ﬁ@rfnmmgen@\md“u&ornone Pr eferabl y, it is from human
ori referred embodi nent of the invention. is

20 KDChGH as Beatt Bpasas BOCCHAEY e PR ASONEhaR? fishe
braoagr@érngrewshemr o8RO, 953%&93%?9)1 Aewis et al, Biochem.

derrvativ meht, variant, analogue, or a sa
Blophgsf Reki 6bmre192 54 1t(h880). oTth icoaipoaotj which la¢kshtheskd amino

diipsalSs fBRECHSR IS G dBenres AR Brivsrling of the

ﬁ%@@éh@&%lb’ﬁ?\u@@ld"ﬁcracwémé?ﬁc Nu@%r@ﬁ@id@l@% '9‘137"_1'99(1981)) 20-
The term "human growth hormone” or "hGH' as used

K'eh@rlms made indhe piteitary@ndeaoreied ddothe blood. It makes up about 5%

R, A O 3 Ay AL A oo
2RlIdtéh anthakhRe 28y fovAR Prametdabii tVQisQZ KibHgvowth hormone,

sul foxi di zed and deam dated forns of and ot her

argrbas begh reperted thaverequd)ie oggrﬁ:,atrﬁrotbaa the @maning eHipolytic
?%R’t'tﬁ (;%%r{he WUD fifind. Ort B to ' Fromden Rhridtlel RL¥pfts Wh eI affinity
as the 22 kD growth hormone, and has one tenth the lactogenic (prolactin-like)
bioactivity as the 22 kD hormone. Unlike 22 kD, the 20-k-hGH has weak anti-
insulin activity.

GH-V is a variant of growth hormone found in the placenta. Further known
derivatives of GH include deamidated and sulfoxidized forms of hGH.

Asparagine and glutamine residues in proteins are susceptible to deamidation
reactions under appropriate conditions. Pituitary hGH has been shown to undergo
this type of reaction, resulting in conversion of Asn-152 to aspartic acid and also,
to a lesser extent, conversion of GIn-137 to glutamic acid (Lewis et al,
Endocrinology 104:1256 (1979). Deamidated hGH has been shown to have an
altered susceptibility to proteolysis with the enzyme subtilisin, suggesting that
deamidation may have physiological significance in directing proteolytic cleavage
of hGH. Biosynthetic hGH is known to degrade under certain storage conditions,
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bl oodstream (Lew s et al, J. Biol. Chem 253:2679 (
1978); Lewis et al, Biochem Biophys. Res. Comm 92:51

wa2q2e80%4 Thi s conpound, which |acks the 15 aPCTiBPR08/0D9849

residues fromQdu-32 to @46, arises from an
alternative splicing of the nessenger ribonucleic acid
(DeNoto et al, Nucleic Acids Res. 9:3719 (1981)). 20-
K-hGH is made in the pituitary and secreted into the
bl ood. It makes up about 5% of growth hornone_outp

sFsulting] msdeaawdaa@bat a diffarent agpevaging (herid9b uT*waﬂs tﬂe primary
%Qé g&%]‘g v(\iahoﬂaﬁu Jbearﬁlaﬁgorg )Q%ll? 182348 sons%gﬂc(ﬁeékéﬁ’etaa? 1988).

eenreporte

B@Uﬁbltm@r@ﬁeﬁve@hﬁd wdn@jmﬁém HGE whdefdo sulfoxid4tions at Met-14 and
activit the 22 kD form_ It binds to growth hornone
Metdghd cb'\ﬁert ¢f &lg1288)aPxidatioy aéMetthH 02’168@59 PR eported in

h the |
Eﬁ @g%{"t ﬁBme?;?ntﬁlgﬁ%h H/I t§/ Zs ?ﬁéoggmk% hor none.
Both Hesé’rﬁldgih(ll-h@nﬂOMet-M}skdﬁa?ldﬁeb@Hahﬁwe beehlffound to exhibit full
activit a varj.ant owt h. ho
iaogieas setivin (Barkenel ak Bupetnal Theth Gioshem. arazcdae).
grﬁg&(ﬂagﬁge Hih ! %’@ééﬁiﬂ ihGenidH, The AGH 4 @éﬂgftgﬁgﬁtggcurring

gl'utam ne resi'dues in protéins are susceptl
tdaarandgrowin hosaonepeg. lpludﬁedarmnm the pmmléarycgiw]d oohlkod or serum,

bbrORE Peumbiian HGH o SRt ertmnEHARaY PeepfBSsed in any

§§ﬁ’§6lé 'h%s@célﬂ"ne@%dpr%'kéﬂﬁotlbooﬂa |e%§§ﬂfot|@>ﬁcﬁ.'ﬂt E. €8I ¥4 Hosh
37 to glutam ¢ acid (Lew s et

Eadwlartycﬁm@bla_fm Mesquqmthl-Defamr@mlm Hexaferadiy, &t

WPWSF%‘g lré%\zlf %gﬁfltérfslegga]rﬁgéi ﬁgé%l tﬁlté%pﬁp q\%lil'%ﬁ%l yv?n H respect

¢y KlahhAsdienbsy sudhiSHosdss shlled MRitIGI arvest,nsect, or
directing proteolytic cleavage of hGH Bi osynt het'i ¢

ramnmalian 6ffls @se feihelcuitahletor expregsiprnsebiesgmbinant growth
RORALAS OFhe! %H' :{fgg%e é}??q(??égod?& H&ﬂaﬁtor%n%élf @éll%”b g. in

aspar agi ne (

Weséaﬂamtemt/anye(m@)at:elm Btefémbi;ﬂ,?nzamsnay be a@eessed in
(Becker et al, 1988). Both Eltwtary derived and
B?%Wrﬁq{'e'tne@ﬂ@hﬁﬁﬁeg e &URT 621 PR ons at Met- 14 and

MRk tdem "él%%tm{or (?r@' » ad 8889 hefih daikbGhciadedMRIrnclibRahas

al so been reporte
derivatives, fragments, variants, or analogs of hGH having an amino acid

sequence as depicted in Fig. 5, provided that the functional derivative,
fragment, variant or analog retains the biological activity of growth hormone,
i.e., acting as agonists to the growth hormone receptor. In other words, they
are capable of binding to the growth hormone receptor to initiate the signaling
activity of the receptor.

The term "functional derivatives", or "chemical derivatives", as used herein
covers derivatives which may be prepared from the functional groups which
occur as side chains on the residues of the N- or C-terminal groups, by means
known in the art, and are included in the invention as long as they remain
pharmaceutically acceptable, and do not significantly reduce the biological
activity of hGH as described herein, i.e., the ability to bind the hGH receptor and

initiate receptor signaling, and do not confer toxic properties on compositions
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pituitary but not biosynthetic hGH Both desam de hGH
and Met-14 sul foxi de hGH have been found to exhibit

WO 2000/081164 ogi cal activity (Becker et al, Bi ot eR¢FBP2008/009849

Appl . Biochem 10:326 (1988). In accordance with the

present invention, the hGH may be naturally-occurring

human growt h hornone, e.g. purified fromthe pituitary

gl and or blood or serum or it may be reconbi nant hGH.
Restairing itntDedivativgs ieay hpve sbennidat rrmigetiss;istw;bl as mbohyd rate or

ith k K t h | j
BhibSiatd BERIER Loy ke fudh £ dERIRE SuldBhalirefinp the
Bwlog@élta'mww oPhe‘Hebaelrémah%wmeauwa&eaabne
conprises an additional N-term nal methionine with

Fes pxemple; defiyativemmaydnaludedalipbatit:eptars iof the sarbexyll graups,

TSB! (e by BEbs kY TREIRMSR Aol Ryl Hith Hrssiy o
E@@omw HRYInBS, N duyeaeAdativeshiiTrie lerwf;fﬁﬂ psCsfltheé amino acid
i n° Chinese Hanster Ovary (CHO cel Preferably,

@dmf%@e@wmggﬁmmetﬁﬁr(ma alkanoyl o sarkepyslia arayl groups)

hER:not Bsfatvs Phtre Mok b i R3B! of Ao

fésa@m)tfssmwwlmrmsyl nedietidsi| 8Qgsh dénhé}ﬂ/dsamawlmmmdeo for
aci d sequence as depicted in Fig provi ded that  the

BXAEPIG AV Iy D8 ) e ghne WhiShirRAY MASkARIGegIc sies and
E%e‘ﬁ'dr}ﬁe rgﬁldgheé%g'tl'?@ ogl‘é? dl¥'rLBo%; QIH%\M h hor none,

as agoni s hor none
ﬁegmwtlm hormnnettlhmr hambelen dehegtizedeorcagrabinedatittba momgexing
or,none $)tor to inj

A
SBBHLTAN G olono R ThSHET e Bp ELOTEN, BF J invention relates
td PEe Ié{%'véﬁﬁbw ?f hvftan gdfwth HBeAbRE! %Hyl“é@y\é%d versions of

as us herein covers derTvatives which
puemrgmvsmn bermboefarac.g cﬂ&ecrlged ip¥VRGS/Gt446. aGrowth
Epde chains on ,the resid t.er.m.n

BlinteS e e il Sndifeeren B sShitiIEng Tastinoca i il boay, are
blt® dxanenbs 96r RSH @sYivativet Rathird 8i8ddbpe of the present invention.

hGH that is acetylated at the N-terminus has been isolated and identified (Lewis
et al, 1979). Itis not clear if acylation serves a regulatory role or is simply an
artifact of the purification. However, it is expected that this molecule exhibits
GH activity in a similar fashion to other hGH derivatives. Therefore, in an
embodiment, the invention relates to a derivative of human growth hormone
which is acetlyated at its N-terminus. One embodiment of the formulation
according to the invention comprises a dimer of human growth hormone
selected from the group consisting of a disulfide dimer connected through
interchain disulfide bonds, a covalent irreversible non-disulfide dimer, a non-
covalent dimer, and mixtures thereof.

As used herein the term "muteins" refers to analogs of an GH, in which one or
more of the amino acid residues of a natural GH are replaced by different amino
acid residues, or are deleted, or one or more amino acid residues are added to
the natural sequence of an GH, without reducing considerably the activity of the

resulting products as compared with the wild type GH. These muteins are
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pharmaceutically acceptable, and do not significantly
reduce the biological activity of hGH as descri bed

WHaeogios0164 . e., the ability to bind the hGH r ecRBEI/BP2048/009I849

initiate receptor signaling, and do not confer toxic
properties on conpositionscontaining it. Derivatives
may have chem cal npieties, such as carbohydrate or
phosphat e residues, provided such a derivative

'r'%::érréatﬂya*ﬂ r'i § RSl égglpf BY Qb ‘Eﬁ’r%c?bf th:'téQér@cs@ﬁ@g‘hmques

enal ns ceuti y acceptab For® exa
cd:elanyalthe/relmamy teo’mﬂqmbesuaitamedanerefcnst ers of the

AR AhcPiineont s brasit ety sl de Biptalhs enooded by a
ff‘lmclé‘?éacﬂ‘ 3G ad TINXIRIGA, thld‘hrr%r@rﬂééoto%ﬂﬂﬂﬁ RMAL Wdich

amno acid residues formed wth acyl noieties (e.g.,
@lnlcadegla GH wsdeas@d‘wgerd candifiongr & podynusleatidecgnicoding hGH is a

SEMLRlotER oyirs a raleEt Kor B Tl aiof asid Foiushoe dspicted i
¢y derivatives may al so include, for exanple,

pol yet hyI ene gl ycol side-chains, which may mask .
dei tgemistrisigeat canditiens eiefiernstie hybsiizetiea apd sulsequent washing

SRS, LAk Y foe R I e BB R o s

ﬂ@t‘r‘ln@éni"OS@eM&ﬁub@get Eh%@ﬁr@n@rowbcﬂﬁhﬂMMachlotd@ supra,
i nvention rel ates | at ed versions of huma

dnteraaienes: MbNe. §%3, ranﬂéi3§}|(3.9%a 1862 Bhthout '"Wdﬁﬁ@ﬂ examples of
4
AT e i

ITas OF thee Ayhbrid/ uhgen stutihén bogy 2 a68Caand 0e5ARD8Sof Sminutes, 2 x
S 200 104, S0 a3 Bkl AN Granch bR ST 3L C for 30-60
'?ﬁﬁu@%eéhd ﬁféjnatae(ﬁﬁ(@st)dﬁﬁﬁ bigsE i arb8e @tf?ra:ﬁ() 6@)%%@3 Those

I's not ear 1f ‘acylation serves a regul atory rol e
@rf ord;nalryrmnunrathmattltfmierstahd ttinat gdtimgenayatarahitiortdoalee elepend on

the lehofR BT i< DAt Soaidiicts: RiSotaipalid migbes deudt a¢ 4o bases)
B'f'@ﬁlﬁé@bﬁgohtﬁbl@@h@@?%ﬂe@ammlxbaebrbﬁé@at'é QQedl qt Btgefdrable to
a derivative of human grovvt hormone which i's

asetteiyamethyammenivne ehlerided TMA(e) ivstaad aehbCobeetfusubel,
s%[;FEHl ation

Identity reflects a relationship between two or more polypeptide sequences or
two or more polynucleotide sequences, determined by comparing the
sequences. In general, identity refers to an exact nucleotide to nucleotide or
amino acid to amino acid correspondence of the two polynucleotides or two
polypeptide sequences, respectively, over the length of the sequences being
compared.

For sequences where there is not an exact correspondence, a "% identity" may
be determined. In general, the two sequences to be compared are aligned to
give a maximum correlation between the sequences. This may include inserting
"gaps" in either one or both sequences, to enhance the degree of alignment. A
% identity may be determined over the whole length of each of the sequences

being compared (so-called global alignment), that is particularly suitable for
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according to the invention conprises a diner of human
growm h hornone selected fromthe group consisting of a

wale@alosilee di mer connected through interchai n BCEEPI0SI@9I849

bonds, a covalent irreversi®l e non-disulfide diner, a
noncoval ent diner, and m xtures thereof. As used

herein the term "nuteins" refers to anal ogs of an CH,

in which one or nore of the am no acid resi dues of a
natural GH are replaced by different am npo ac

seguenees ofdhesaangier é?’é/os'"‘tﬂﬁr lemgthy oraves Sﬁﬁ*ﬁﬁb (B?zﬁnﬁd lengths

(68 R e QLB P Al R ooy v
emgnﬂ\tlng products as conpared with the wild type GH
These nuteins ar (a£repared by known synthesis and/or b

Mathods frQasaP3An tj@#ésngtyt%mraewill ArWRrRy rppHepequences are
GRAWRA 89\%?3%8:@ s Bk ﬁmsﬁé}?{eef ?clﬁﬂraMét §veﬂ|% in the Wlsconsm

accordance w the present on e prote
Seqgadade mnadysnmé'beka:gamedsloa L9:h Iaev@NAonremANuwma:Amds Res,

Jtrsh a8 b oé’éam“*“aar“e‘"ﬁqé'éraﬁﬂf BES Tt ind GARemabe used

fo BeleYRG GRS %d.eeﬁtggo&lmeﬁ oY Ui émtr@w.eenmy and

acl d sequence depi In Fig. 5.7 The term"stringent
tenti homnbgyrlmétmegnttwormjyp@ptm sequemessaliﬁdﬁlﬁmses the "local

FRERIA RO B s 4t RS SRR High wot sl
A4z ulosl1gt, 81, A@&éh@@é nPAabmédJM%thémHm:@czﬂwz-489 1981)and
Bi ol ogy, supra I nterscience, N .3 and 6.4 (1

fiodeshe bestainglelregionaef &mlla@tvahqﬁvvegn dwomquﬁa@@ﬂs Other

PRIt ablihiARar B RyBRIFil B Hin SpatEngls are aiso

Rndwﬁfﬁﬁitmdrtofcﬁ%ﬁaﬁcé ﬂlie BLmS’lUFaerﬁl, 65f ?nggﬁ\?mﬂtébhhl BF etal,
% a
d(M@(B'ﬁi r%]t5e§0§rﬂi|0t H&QO é'tédlu'ﬁ 'é@@:abrMU@e@OA@%ReﬁS '25:380-

88521 95) Sy PRITAIBEF ol WAl LA Y PHId Nal Rcddisi Usa,

stringency c depen
66 24h4a4-|264§t19&80 t he DNA sequences, oligonucl eoti de
qr oR\ny S Crp\utae?n %Pefgroab?)‘? ﬁgg)a sequence of amino acids sufficiently
duplicative of that of an GH (e.g. the amino acid sequence depicted in Fig. 5),
such as to have substantially similar activity to GH. One activity of GH is its
capability of binding the GH receptor. As long as the mutein has substantial
binding activity to the GH receptor (GHR), it can be considered to have
substantially similar activity to GH. Thus, it can be determined whether any
given mutein has substantially the same activity as GH by means of routine
experimentation comprising subjecting such a mutein, e.g., to a simple
sandwich competition assay to determine whether or not it binds to an
appropriately labeled GHR or cells expression GHR, such as
radioimmunoassay or ELISA assay.
2. In a preferred embodiment, any such mutein has at least 60% or 70 % or 80
% or 90 % or 95 % or 98 % or 99 % identity or homology with the amino acid or

DNA sequence of a GH. The amino acid sequence of hGH is shown in Fig. 5.
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or m xed oligonucleotide probes. If mxed probes are
used, it is preferable to use tetranethyl anmoni um

W@ pogtsdes (TMAC) i nstead of SSC. See Ausubel , BUPEB2008/009849

Identity reflects a relati cdhship between two or nore
pol ypepti de sequences or two or nore pol ynucl eoti de
sequences, determ ned by conparing the sequences. In
general, identity refers to an exact nucleotide to

DY SN B RPN B Gl B A R O FaRPDRART Bt
seguenhestiaretsgleco7gel y, over the length of the

sequences bei ng cgonpared. For sequences ere there is.
Aot Peatedqd ohapges dippntaing i agcorg@pa%mtihme q;%er&teunventlon are

ARLELE n a4 "98H§écﬁhtivé'h§.15§%tfo‘?&9 eRneentative®mino acid
ned to g I

conpared are alig ive a maxi mum correl ation
bebstitetiorishef Gﬁmm;apeptide'm insayimg|uidecs ey measr amirg acids within
"gaps" in ejther e hot,h sequences,. to enhance,t he

adup e whvcihaye, sulciently il PhySiCoghereahioperica that
SUSEL A P AN SRy EyBRBNET BT

pﬁthe: raolezuley (Guantladone 1964 s dije @lrarshat insedionarancddeletipps of
simlar. |en

. h i . .
Biihe aFicsdndb alse be At Rre dhoye Skl se-DRCES withop attering
IRGHURRAEASN, AbartiBeRARYif thenaidrioNs bR adfetions ordmakblveda fée amino

identity and honol ogy of two or nore sequences are
weids, e:govunder thinky, ander 28uand preferalinHader ieng gngreo not remove

ilable in the W in_Se i
FLAsPRecrhagar Ao At ok R BTy EeT sanf@EAgs: ..
3PdtettIresiizd) Proeineandpl teindrpdogsdiby sBES Helidtiansoand/or
GAP, may be used to determine the %identity between

ineertigIsyearepeythinde RHBVIeWOT ¢ REFRANLIVERYODhe %

FomTh i AR RSP £ S Ea BERTEH or o muti
\safragment ¢tfevieof fased Withearmathe JprdiéinBivbich, 47, has-ab3xtended
%ggégﬁ%ﬁégp\{\%r}ﬁeb%dlyr}luﬁgfheedfuhs/?otnhreng?/tgecai’re&’or%ﬁaz éﬁl%?(’er, such as
e.g. a peptide linker of 5 to 10 amino acids. GH may thus be fused to another
protein, polypeptide or the like, e.g., an immunoglobulin or a fragment thereof.
Fc portions of IgGs, such as IgG1, 19G2, IgG3 or IgG4 are suitable for
preparation of immunoglobulin-fusion proteins. Ig fusion proteins are described
for example in EP 314 317 A1 (Genentech) or EP 0 325 224 A2 (Zymogenetics
Inc.).

5. As "active fractions" of a GH, or muteins and fused proteins, the present
invention covers any fragment or precursors of the polypeptide chain of the
protein molecule alone or together with associated molecules or residues linked
thereto, e.g., sugar or phosphate residues, or aggregates of the protein
molecule or the sugar residues by themselves, provided said fraction has
substantially similar activity to GH.

6. GH to be formulated in accordance with the present invention may be used
for treatment and/or prevention of a number of diseases or disorders, either

alone or in combination with other active components. Such diseases or



finds the best single region of simlarity between two
sequences. Other prograns for determning identity

W AWPHO80164 mi | arity between sequences are al so REHEP200$009849
the art, for instance the BLAST fam |y of prograns
(Altschul S Fet al, J Ml Biol, 215, 403-41 0, 1990,
Altschul S F et al, Nucleic Acids Res., 25:389- 3402,
19) and FASTA (Pearson WR and Lipman D J, Proc Nat
Acad Sci USA, 85, 2444-2448,1988). 1. Any such nutein
gisordersare materablyaglated to srsulfiient endageneusGinsadustion.

%Wé& %H\ﬁ? pfg?t%%?iné)& %ﬁ] tr%gﬁgﬂgﬁng%?lp?éqj Ié)?lcéﬁ deficiency,

sequénce de

DS twarsting, lipodystidphy @ddd valled HARSH HMesgotiated y of
GHis its capability of binding the GH receptor.

ﬂwwow'@msmﬁt@bwlwdggm rshart bowel sipcaemey in 9arft@ular
BRI AR e B n ol APy AISh FE RSOty ry be

dﬁin@‘ted rnmadudm ev«bneclrraoynsg adel gmwm ?eﬂtasncw ttierottierdsis,

t he sang activi means of rou

Sxpap 5 s %ﬂfs i’ Al %"%kﬁ%@?@rﬁ@%@ﬁr%(aﬁ&@ehw'a

goﬂ esth@ Be Vﬁr‘t BiGre Q:'?\‘f'&‘f‘uﬁr?eﬁ%'m%f'ﬂ&feﬂ@ aSied dett. recorlms)}ltutlon or

rm ne her or not nds appropri
Inaﬂnlizmaﬂlo@l—maiﬂ |rtfeﬁll|b/ eh)emaispoelhc@tﬂn celichobitization, multiple

LI SA I f d
Attt Mt Siew ATRRY o cpodel Book or 70 %
qheﬁ@rn%‘ﬁn" crgga%&ésgés tesd hgﬁeﬁ(“a‘i’é nAerof- 'a‘i‘)@l@dﬂrﬁlc%n scale

hormol ogy with the am no acid or DNA sequence of
Padicles, ndriele th%@cﬁlm@reotﬁOmGPBlhl at heaat one iFhgr s@ndije and an

%g%&%ﬁ%@ arﬁjﬁf1 801?@3%9%4nf9éﬁqr3 ssef,pl'gqartlc%?is%e g’agflcles Plferred to

B ARoEagsuIbegRRhiae paHicben iHe ausAIHeNecam fahgkMaving the
pr esent invention are what are known as "conservati ve'

samersttuaturerrs definrd raradlearlyencrimprssedshih Snicracapsies” as

gg CFG]BFI ypepti des, may include synonynmous anino acids
WEhi R A group whi ch have sufficiently simlar

Wm&aﬂmdheIwen@lht-@\verpgetdlmetdft&if the microcapsules of the invention

ranges from approximately 100 nm to approximately 500 um. More preferably,
the average particle diameter is between about 1 pm about 100 ym. In another
embodiment, the average diameter of the microspheres is between about 10
pum and about 80 um, which is a very useful size range to be applied via a
syringe equipped with a needle having a small diameter. The microcapsules of
the present invention are very useful to achieve local tissue retention after
intramuscular or subcutaneous injection so that a depot can be built up
providing sustained release of the growth hormone incorporated into the
particles.

The bulking agent employed in the particles according to the invention is
preferably a sugar alcohol, a sugar, a sugar alcohol and/or an amino sugar.

If the bulking agent is a sugar, it is preferably a mono-, di- or trisaccharide.
Examples of monosaccharides that may be mentioned are glucose, mannose,
gélactose, fructose and sorbose; examples of disaccharides that may be

mentioned are sucrose, lactose, maltose and trehalose, and an example of a
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substitution between nmenbers of the group wll
preserve the biological function of the nol ecul e

W@ thoanghisdn 1974). It is clear that inserti onsSPEIEP2008/009849

del etions of ami no acids nay al so be made in the
above-defined sequences wthout altering their
function, particularly if the insertions or deletions
only involve a few am no acids, e.g., under thirty,
twger 20, anpd preferably under ten, and do not renove

pcdiaridednahingy ke mestiped s eaflnese.t Peefpranseds given to
SRR B R npLTR <00 s, PROEURLPETR RS Yerigpe

i Siuggar tailcotwols ane medritito bbh?opo%ado‘hwﬂd_és Wﬁ)sferr@@@?iie carbonyl
invention. 4 . The term"fused protein" refers to a _
b&gwblﬁ?ib@@%f&ﬁwﬁéitﬂéh%ﬁlcow arovp: sbeh @s, for gyaemle, hexitols
: ; ; . . ,

Pl U8Br HchoRatan B s BUEHY afieMis B ffevy
reeynprisedi hesdtolsy sueh asa fori edaenple soannits|, otbitah, daeipitoldeylitol or
linker.of. 5 to 11() am no aci d?. GH may thus be fused to
S0 P aniclasiReTassN G peeR 1 e Resenee of arannitol andior
ISBTBIER 0Ny WaliciRlri? phdrRAZRNL nidiffige! - Fc portions of

lgGs, such'as 1gd”, 1g&x, 1gG3 or g4 are suitable
fAsRinpresigarsit Woish sfan beruaed bs hullking fagsntsn ape atariosaccharides

AR EQRERL Bl nd 6oy 53 s Manh 3RENG Spattiyehan Acyiated
laRging gr@udp ANH-BOIREINE et 6f@ﬁ¥dr_%§<ylagr§b|p. FortHe ?u‘ﬂéoses of

and fused proteins, the present invention covers any
theiventiony Paitistlar Pseferemce iscgiyen hpeptd gducesamineN-t he

i , i t.h i d
b PlfucBRafiit o dalietping AHEBE LN € ag R °cgar or
[dhespicadeartickeiscoestititingaberodsed ofthef midiecdsilés Ban contain

I l.e or the sugar residues by thenmselves, provided
ggﬁj’m'%@ig&ﬁt AR3 '%l%ﬁéf?é-‘rftd'fgmeyt éwiﬂngaag%mﬁ Vi @ ynitoire is

GHl S TR RURECAR LIRS FGEET201 St e o
prawpie, ifoom sligars) wuigar atfohdissemamiomsugtirs @ desan contain
%quktﬂnegr agents of different groups as, for example, sugars together with sugar
alcohols.

The bulking agents are present in the microparticles constituting the cores of
the microcapsules according to the invention in a proportion of from 20 to
99% of total weight, preferably from 30 to 90% of total weight, particularly
preferably from 35 to 75% of total weight.

Surfactants which can be employed are all surfactants usually used in
pharmaceutical preparations. Preferably the surfactants are non-ionic
surfactants, particular preferably polyoxyethylene sorbitan fatty acid esters
(polysorbates) and polyoxyethylene-polyoxypropylene block copolymers.

The microparticles constituting the cores of the microcapsules can contain
one or more surfactants. The surfactant or mixture of surfactants is present
in such microparticles in a portion of from 0.01 to 2% of total weight,
preferably from 0.05 to 0.5% of total weight, more preferable about 0.1% of
total weight.
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al one or in conbination wth other active conponents.
Such di seases ordisorders are preferably related to

w0 p@afsiled ent endogenous GH production. Puri fi BOT/GPRo0&§09849

be used e.g. for treatnent 1and/or prevention GH
deficiency, AIDS wasting, |ipodystrophy (also called
HARS - HI V-associ ated dysnor phi a/ dysnet abol i c
syndrorre) or short bowel syndrorre in particular

S)e ?Xﬂ £ a&’ aﬁﬁ %tgr %Mﬂqflacgaeqqnn}o\\?\éf;sr %olly%grk?;te and
‘EJ'nHél“ﬂﬁé fadé e wm%ﬁ qﬁflﬂaﬁleeﬂ&l oxyHtAFeAE JorbitsH fitty acid
It1s,

Crohn's di sease and U cerative _
@§t&i§@|f¢ hiniparticulag mdilyaxyeduhene &O)wmgm monokaante,

PRlysY By RS oflen mAaepalafa b pREPHYethYigne (20)
B@I‘Biia‘hﬂﬂbﬁbét%a%t@m rrekdrefeliid Rah 't@ﬁo btfiéhe (20) sorbitan
sclerosis, stroke, Miltiple System Atrophy, "or c

nmql@w@ie ahd mbecp@etraéen@m)mblm mqmoaiaaten panunular

BRstaRft o0 NP BRkbiverBRendtef) soBlBn aoasleker
Plos) dxyetiylerpblyoky P py Iy Blo8k chél%rr%?Q Qré %?l’slo Rt under
Particles referred to as nanocapsul es, which are

the pamedRolpxames. &\ paitisk iaily suafesradprfsoxyathylgnehe same
f)h]f}}é%g ‘gg@\edﬁlt)bﬁ%g o rr?ercié%rl&?y o?ﬁr%gpél alized under

s” as u hér
mghdeammagetrd@m er of the m crocapsul es of the

on r sfroma proxumtely 100 nmto
2(55%@6* ?%ygeédo thenshel iof the Brepasdlin aesrrdmngstodhe invention

B IRt of RS BBy B iy Bsters

mh@rmsﬂhelpeiyql snd;ebwg@ceabmrta polyethysarce glyool 188G pamtlcular

M el TP 20 A o0 bl
FHoH®E! 8 and 16- g'I?d’eH@l%@Rﬁ@ SC&ffan? Ac<C Bt} ad:lﬂ‘é%@rbofétty

are very useful” to achleve [Ocal “tissue retention
afcogpls, glycaglysemlipidsr(whiticcompeonds coftait ooa os two lsagars

RSB BB X st PG % 058 SRLE3R6 Rbi
blends. The lipid employed preferably has a melting point of above the
temperature of the human or animal body to be applied to in order to avoid
fast delivery of the protein due to melting of the lipid. Preferably the lipid
employed has a melting point of at least about 40°C, preferably in the range
from 45°C to 80°C, and more preferably in the range from 48 °C to 75°C.

In a preferred mode of the invention, the phospholipids used to form the shell
are chosen among the group composed of phosphatidylcholin,
phosphatidyliglycerol, diphosphatidylglycerol, dipalmitoyl-phosphatidylcholine,
dioleylphosphatidylethanolamine, dioleylphosphatidylcholin, dimyristol-
phosphatidylglycerol, and their blends.

Esters of glycerol and fatty acids can be monoesters, diesters and/or triesters
of glycerol and medium and/or long chain (Cg to C,,) fatty acids and/or
mixtures thereof. In a preferred mode of the invention, the mono-, di-, tri-

glycerides are chosen among the group of mono-, di-, tri-glycerides of Cg —
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particles. The bul king agent enployed in the particles
according to the invention is preferably a sugar

w@b@ologlis4 a sugar, a sugar al cohol and/ or an aPCTBP2008/009849

sugar. |If the bul king agentt3is a sugar, it is
preferably a nono-, di- or trisaccharide. Exanples of
nmonosacchari des that nay be nentioned are gl ucose,
mannose, gal actose, fructose and saorbose; exanpl es of
Gesfatiyranidsi eartielaryramang therdrrap &l meno-sdir isglycerides of

L e P

fighjcerigeeesiich gé s ohes suameialisad ungler thmtrade enavkd

trehal gse, particularly preferred is sucrose.®8u%ar, .

Ryaasan s far @skanes Dynasan nbibgHvAstindbyn@gage 118 (tristearin)
Y, u . t

E#E 81l 5% 5860 W omPiHe SnqlFer BETCT SRl Bvdhbgenated

pegdtablel sils Grpalsodiecpanicaldriyasuitable focbeipart afthdlipid steel,

oiinsrl KraiatohySSSksatal bl s SH5Peudths paim .
b oil 8?56&&#4&%' &l & paRRGfrkprdjetfdy hgdrbagnated
presence o manni t o and/ or sorbito , ver

pegetabld ait isyhyrregenated padmnaihsutblas cammerdalipadsynder the
bul ki ng agents, are

i,ch cap be us
%ﬂ%@é‘&l&ﬂ)ﬂf‘?%@@ h contain a primary, secondary or

ﬁ’ﬁétfé%)_ﬁc@"@é’t@r&ér%%ﬁoﬁb-é‘?er%%'fé‘ﬁ)egciaﬁ"d?\@ SHRHD- or divalent
("RE COR) f

I nstead of a hydroxyl group. For the

pleopok esatty acidesstersdhat oan bparseddoithe ppessrdirvandionsare
iven, here to glucosam n N hyl.al ucpsam ne, .
JiafeeiCatoseh BRti SRR i Cor BB IR e Fopiarinear gt
BeirEhed Wiiphatit %ﬁ;&@lﬁén@ihéihmiifhﬁé&)@a@ﬁ lab@_h lasaimitate, ethyl
contai n one bul ki ng agent or a m xture of different

pwyrigiate, isgeraryl myristate; qthyt stepsatgseety! stearatriandtheircan
&qﬂh‘gégﬂ bul ki ng agents from same group as, for

exampleé, from sugars, sugar al cohols or am no sugars

Phe ifattg altoboly thiab chnl bkl g daigethé prederdiihyeattiont argriong€hain
as, far exanple, sugars together wth suqar | cohol s.

(C42 — C32) alcohols and their mixtures, such as cetyl alcohol, myristy
alcohol, cetearyl alcohol , stearyl alcohol, behenyl alcohol and their mixtures.
Examples of the glycoglycerolipids that can be used in the present invention
are monogalactosyl diacylglycerol (MGDG) and digalactosyl diacylglycerol
(DGDG), their mixtures and their acylated and sulfonated derivatives.

An example usable in the present invention is an ester of glycerol with
behenic acid (C5,) (INCI: tribehenin, USP: glyceryl behenate), which is also
marketed under the trademark Compritol® 888. It consists of mono- (12 —
18%), di- (62%) and tri-glycerides (28 — 32%) and, beside behenic acid
(>85%), further contains C4g — Cy fatty acids. Glyceryl behenate has a
melting point between 69 and 74°C.

A further example for an ester of glycerol and fatty acids usable in the
present invention is a lipid marketed under the trademark Precirol® ATO 5
(Precirol), which is a mixture of esters of glycerol with palmitic acid and

stearic acid (glyceryl palmitostearate) and consists of mono- (8 - 17%), di-
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The bul ki ng agents are present in the mcroparticles
constituting the cores of the m crocapsul es according

WO eoovlogoissavention in a proportion of from 20 tBCERP200$/009849

total weight, preferably frném 30 to 90% of total

wei ght, particularly preferably from35 to 75% of

total weight Surfactants which can be enpl oyed are all
surfactants usually used in pharnmaceuti cal
mﬁéhaaaditd@ycé?i’da‘sdﬂabl%%hwitb tpxalraatiaacisl and steanici anmd.c

Bipoo A Qb s e iag P b, SHAnEEg o ae 3L value

ReLY8yYst hyl ene- pol yoxypropyl ene bl ock copol ymers. The

m croparticles constituting the cores of the

rEsmerecrﬁppmlyeebyleae giynud aind fattye acids rals @ ksowh sast polyglycalined
xture of surfactants i '

f . .
Sk TeE Abgran BF bierared BiAIESaRgs erdidtbotimbed Risayit
Rly@khyiehd Blycoly B EG b*l'lrie% ra?é‘hﬁxtg%é of ﬁoﬁ%@feré odigbters

wei‘ght’, nore erabl e about 0.1 % of total
md@ntn@sﬂeymgglyn?n@moémnm ahaimn letztt9 Gue) tatysacids andePEG

R T T T

FeetPEBt ers are, in particular, polyoxyethylene (20)
sor bi tan nonol aurate, pol yoxyet hyl ene (20) sorbitan

Msiygiveatyses glysptdesriaigeexdmelee ceqmr)e@@ﬂmvaﬁable from
%fe%é%%ﬁ%cz ﬁeqpfée"?ﬂg& Gélugh(\-,(@n UsBa Wlatrﬁé ds‘:é'?@d under

nonol aur at e"and pol yoxye ene

Bulbtirefirate ot kds mrtmrspecmearbww eomeajuge noghkgryen
t o _pol yoxyet hyl ene (20) sorhitan mnool e

W%igemﬂ f@ﬁg”‘@oq’%&%ﬁ’ 6%3& ‘@A!ée bI B@km%aa RAfRLis expeessed

pr e ﬁ%\é@ p%’lgoé&aet ﬁeﬁoae pr o ﬁ%‘gegla@?ﬁﬂé 4
coupwncatscale emémxhagélronis)&p apqummateiinzOediowaﬂéiLB halues
kR BRTE AU B RSt sebeiReS A Heet Pah
g?{ﬁggfngirr:%mEFoﬂﬂll?d‘Qﬁd ﬁ%gé@é&&‘ sabsahets. Th@témmgﬁbﬂa
compound for water or for oily substances is determined and its HLB value is
assigned experimentally. Examples of polyglycolysed glycerides, which are
present in the shell of the microcapsules are Gelucire® 50/13, Gelucire®
53/10 and preferably Gelucire® 50/02.

The shell of the particulate formulation can contain one lipid or a mixture of
different lipids. If a mixture is used, such mixture can contain lipids from
same group as, for example, from esters of glycerol and fatty acids or
polyglycolysed glycerides or it can contain lipids of different groups as, for
example, esters of glycerol and fatty acids together with polyglycolysed
glycerides.

According to a preferred embodiment of the invention the lipid being present
in the shell of microcapsules is a polyglycolyzed glyceride and/or an ester of
glycerol and fatty acids.

Beside the lipid the shell can contain additives such as plasticizers, which may

improve the film-forming ability of the lipid. Plasticizers are substances, which
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wherein the polyol may be glycerol or a polyethyl ene
glycol. In a particular node of the invention, lipids

w@e@onsasen anong t he group of phosphol i pi ds, PGRBP2008/009849

di, and tri-glycerides of @ - C22 fatty acids, fatty
acid esters, fatty al cohols, glycoglycerolipids,
(whi ch conpounds contain one or two sugars |inked
glycosidically to glycerol or diacylglycerol), sucrose
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lpawestyemmerfén;eolypmylerw glyctbl ddpo@ymé@r(lmah@rsq h@@@ﬂas
%the group of nono-, ¥er|des

Lebor {47 H6ra eonpamesian with jeshsi o hrlageougioo Fthe lipid

| I 0, 0
FSﬂQQe is the rBHr:;e Wdﬁglﬁ r%b?lf@)zk é %f%?%%? 5ncﬁ%p|ra¥\l9§°f{%m 1 t0 6 %.
Fherstell rﬁ’aly alstorm@tameadejesmowdisp@ssmgagentsfacvhtatmg the

AROEETIcR Cbyiacart 1M Eropadicipn she MENEe TG AACERdingly. a
%értﬂréfietn%'éf ér‘?xbo@fﬁ?erﬁ' i8 YirBtedSBtmicPod4stids) ‘i‘rvh°é?§|ﬂ theflipid

the m'crocapsul es. Hydrogenated vegetable oils can
ahase bengtituting theapliter shietl fohtain® alskspeasingaigearit ot thei idner core.

ekl P IeL Faphbal AT ThR LA APRR bR 5 s o
phospholipid or a derlvatlve thereof, for example soybean lecithins, preferably
soybean lecithin. Their concentration with respect to the total weight of the
whole shell-forming lipid phase is in the range from 0 to 2 %, preferably in the
range from 0.1 to 1 %.

The microcapsules of the present invention can be manufactured by a two-step
procedure. In the first step particles constituting the inner cores of the
micracapsules are provided, which, in the second step are provided with an
outer shell.

Preferably the first step in the manufacture of microcapsules is performed by
using spray-drying technigue and the second step is performed by using a
process utilizing a fluid pressurized at a pressure close to its critical pressure

(Pc). The expression “fluid pressurized at a pressure close to its critical
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soybean oil or cottonseed oil. A particularly
preferred hydrogenated vegetable oil is hydrogenated

w@alomiogilb4 such as commercial i zed under the trBOEER20KS/009849

Dynasan (r) P 60. The fattyé6acid esters are
nono-esters of fatty acids and a nono- or dival ent

al cohol. Fatty acid esters that can be used in the
present invention are preferably chosen fromesters of

gr'e?ssuré:ﬁz’ Cgﬁaf@sté"'fl@d pre$surked AeRpreysubé éﬁﬁ'fbf?l@edlbetween

hati1 & al cohol's and their m xtures, such as ethy
pad Fh,- tamtde3 Pgt bp,dcon:;mgbrt atferthesolpechyf thﬁwresemleve@ttqwls

BrckaiS e Brdtest BEPhYAMA B ARHES Bl bR gnBh{ tvention.
WpReeif tRe ﬂwr{éch%re |§B?§paﬁ‘é6 ‘b'?QJs%@‘B%pWﬁ\FUFylﬁg Xécbl’frﬁ@ue and the

such as cetyl alcohol, nyristyl ‘alcohol, ceteary
alitestsbiell js ptaparet byl using R, prossusiagd fandtm@pdamcwm According

e AR e e B EL P el 5

reayrd| THeeeRbrelsManGHluRngt SCqrbesires vesidinated gflvrep@ssurized
DGDG), their mxtures and their acyl ated and

stipfrsessuse highenthaniisscritisal presanres(Risaphatevar itséemperature. It

griqeaé\%qégizgﬂ\éet%hﬁé}a Lﬁﬁgféﬁgo;él ﬁﬁo%iéb%k/\)’qq‘%rrq{i%ﬁ@rtthﬁn ‘Tﬁ? leﬁcal
Mrhpggié@ref(tﬂ'%p ey ;krtefadefdl fritele ¢ﬂthetm‘$eiﬁ|mr la rGmmPendapsulation
consi sts 0

(r)

RRrassi utfrpgcar Pypsrenical %%(Séﬁa is Hé%ﬁi d@h!&bﬁeéﬁ'@%@t&’om
ér%s;%g'?/ Fﬁgrtﬁll?\zjrer%%g\‘ g'% ﬁ%tglmﬁllé%gf ﬂiﬁé%tg?@gﬁe’ﬁa%d T, rgspectlvely,
at @asAirf ome part aftheprecdsst an ester of glycerol and

] SontE Ak P e kSR P MRt Bl
@Bhﬁﬁthflﬁ’%‘%he WM botes é‘aﬁrbétﬁérrﬁ)rﬁfed%} §§|ﬁgQJpr§)} YBEA@technique.

tic acid and stearic acid
ﬁ@lrawqemgeaar, an eylnamte cam@lvemtseﬁraqt@nmropess Ibr%constltuents of

Thd Broduct Bt IaerSp¥a S Wesolvelaiséided th i TY' then fed, for

example by using a peristaltic pump, to an atomiser of a spray-dryer. A suitable
atomizer, which can be used for atomization of the liquid, include nozzles or
rotary discs. With nozzles, atomization occurs due to the action of the
compressed gas, while in case of using rotary discs atomization occurs due to
the rapid rotation of the disc. In both cases, atomization leads to disruption of
the liquid into small droplets into the drying chamber, wherein the solvent is
extracted from the aerosol droplets and is discharged out, for example through
an exhaust tube to a solvent trap.

Suitable spray-drying techniques which can be used for preparation of the
particles are well known and described, for example, by K. Masters in "Spray-
drying Handbook", John Wiley & Sons, New York, 1984. In a preferred
embodiment, atomization of the liquid is performed by using a nozzle. Examples
of suitable spray-driers include lab scale spray-dryers from Buchi, such as the
Mini Spray Dryer 290 , or a MOBILE MINOR™, or a Pharma Spray Dryer

PharmaSD® from Niro.
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Precirol (r) ATOS5 has a nelting point between 50 and
6Q0C and a HLB val ue of about 2 . Esters of

wpoiogmestigd ene gl ycol and fatty acids al so knowCEHEP2008/009849

pol ygl ycol i zed gl yceri des and can be prepared by

al cohol ysis reaction of natural oils wth polyethylene
glycols (PEG. They are m xtures of nonoesters,

di esters and/or triesters of glycerides of |ong chain
(1REZsgraty -@rlYW)w f&)trfd}‘tuﬁfé' Kve & nthjEEm A48 o Sraduet p@ge}’ues
esters of chain (G 2 to CG15s) fatty aci ds

dagisiune, mclbrﬁee FFEGrledd)gqgapd the sEtdng lof peateheaggregation and

I bl Gattefo
RacRR. TermBRE B Db mporBol BRI R P, since
e bﬁﬁ@%rér&?ﬁo%yf‘d high(temnpleradee BBUK dauseldddi8Bation. For
specified by two doubl e-di gl t nunbers indicating their

iRe SPiRY-GyEhtwariempesatuies dava tie beetantieledointet temperature

BRO RS ferhBe (et ef'éecﬁys'%“{3%%ﬂqe5%§#§}t-pég?esssc%?@meter

axtieneambe fseo By Qhé @lpéﬁéIbﬁRhgﬂ’étférMs dpeh8¥Rf ok Nauid Gféed
denote nore |ipophilic and hydrophobic substances, and

ﬁafght:he @tgmué@gowhmlemﬁin@ ﬂﬁw,aﬁ,ﬁhe ey ingdrolimotstodhav rate,
?HB R uBhL{‘f?nélftEHBe"r ?g Rogampound for water or

ances ermned and its HLB value is

@&eommgitceap@ppmmablembﬁmmmﬂ@stm invehygh Ye®inised
g@ycerl des, which are present in the shell of the

'BP@E?&W@U%@ the éaraq frem @09G fo $60°C. prefasablyi atdrqm)95°C to

Ge clr of The shell of
qﬁég‘ga%géﬁ%’ re? er ‘ané ct(‘?nfé\ ‘one lipid or a
M stetrdanée Wiff %ﬂﬁ&er’rt‘iﬁ Qﬁe ph.f»teﬁh MbekitgCadentUaRE surfactant-
such m xture can contain |ipids from safme group as,

P@ﬂtaé’)da@ﬁpbltloﬂsmeﬁlsfpé the prangfgaterecf thadcaras pf/ttm:baslculate

ﬂ#mﬁ_ﬁ# éfeﬁa\ééﬁgnpgbéﬁls?gﬁsse%%érg| %?rlrr@ IB?fromp 6991 to

gy be delglﬂn prdfatdbly frohtl§. (50@et Nedy weight BadYHiie@hg ed
preferably from 0.1% to 0.2 % by weight. The solutions/dispersions used for

spray-drying contain all ingredients being present in the inner core of the
microcapsules, i.e. a growth hormone, a bulking agent and a surfactant. The
solution/dispersion may contain further auxiliaries, for example for improving
the stability of the growth hormone within such solution/dispersion or for
improvement of its processability. For example the solution/dispersion can
contain a buffer, as, for example, a phosphate buffer, citrate buffer, acetate
buffer and/or succinate buffer. Such buffers can be present in a
concentration from 1 mM to 100 mM, preferably from 5 mM to 50 mM, more
preferably from 10 mM to 20 mM.

Preferably the solution/dispersion has a pH in the range from pH 5.0 to pH
8.5, preferably from pH 5.5 to pH 7.5, more preferably from pH 5.85 to pH
7.4. Specific duty preferred pH values are pH 5.85 and pH 7.4.

According to an appropriate embodiment of the growth hormone is present in

a concentration from about 1 mg/ml to about 10 mg/ml.
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gl ycerides. According to a preferred enbodi nent of the
invention the lipid being present in the shell of

worR@pogEpsul es is a pol ygl ycol yzed gl yceri de apdy/BP208$1009849

ester of glycerol and fatty8acids. Beside the lipid
the shell can contain additives such as plasticizers,
which may inprove the filmformng ability of the
lipid. Plasticizers are substances, whichdi ssolve

i Li o by | _ . g .
BckOldid B'a o Bhe, ARohTEC Iy BELERTSSReEs B3 4 arving,
EORpricesmRs Bulkigy addst iddH comsuntitionl fRsrhi tmganhbto 20 mgr{ml,
limtatess the formati on of crystalline domains in the
peaferably Ham 2 sagleddotifemglnb snere piefarably(d ma/an).

. Lal e .
SRS DB 89U O Yan Pl B mrgqyionde

BoRISANAPSIng esprogess evhiertltke eotemiciophtticks arecputtinicontact

pl.asticizer. The lipid or mxture of |ipids together

Withip Heidirreseyrizeghatch PreSsURR Poflese i Pai atrd ieroprratyre glose to

gfﬁ ddpafiiGe %ﬂeoﬁbué\ﬁéll ﬁ%:g‘l?é?m@'t 1! q-!héei% 88on “temperature
spersing agents, are referred wthin the present

alogkito dt.T designates 4 Flujd at pleamperatitieab in Kekvar K)vdumprised

BebrRn BT oxpressmd in KERNAY B dndermrestrndt ROFRr hstance,
ron T et

SRR 0chOSp LB {RAS S BT S Sz (e

Sopedhi 1989 I1WS 0,368,522 (ehCaeet pbl §989)p pndradsgmarel

EosmauN o s RORfIR7 B Ak : Bl Blecdt it ndSse . =

bid¥sdripEasi8id, $n ik higtedalpiE chhtMifg tive disp¥rsdy &drer abl y
In the range from1l to 6 % The shell may al so contain

grieropartiales lepdipgiteiangp-agled gassaturated surpension that is further

HpRgted fifoBin WA o M PR RATILGKEPs) BsifeRtaining the
Frdleleﬁedéd icorek.r €hé prlessurizedrfntd psprieésrabh ehesen imthe

i pid phase constituting the outer shell contains a
QT%GWHQS%QHFWW fide preeane cptBanganst ‘éﬁrhen dipxde (CO2)

Pgé% LidHeRSr IRTEELRES oPEDRUNWERRL. ERS, idS@ Pretbngd 396X urized
fluid used in the invention. Co-solvents can be used to favor the dissolution
of the pressurized fluid in the lipid phase and reduce the viscosity of the
dispersion. Co-solvents used in the invention can be ketones, alcohols,
esters, and light hydrocarbons bearing 3 to 8 carbon atoms, and preferably
acetone, ethanol, n-propanol, isopropanol or ethyl acetate. They are used in
a small concentration, lower than 10 %, and preferably close to about 1 %.
The co-solvent is eliminated from the final microcapsules during the final
depressurization/expansion phase of the process. Contrary to the process
described in EP 0784 506 B, the lipid phase used in the present invention
does not need to be solubilized in a supercritical fluid to implement the
process. This is a key advantage of the present invention compared to EP
0784 506 B, which considerably widens the range of solid lipids usable to
form the shell, leads to a much higher production yield, and guarantees a
well-defined solid lipid shell of the same composition as the one of the
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phosphol i pid or a derivative thereof, for exanple
soybean | ecithins, preferably soybean |ecithin. Their

w@emgesitisat i on with respect to the total wei gheCDEP10h&009849

whol e shell-formng lipid phase is in the range fromO
to 2 % preferably in the range from0.1 to 1 % The
m crocapsul es of the present invention can be

manuf actured by a two-step procedure. In the first

T
ng‘é\h't ﬂ%n‘f?bhhtr%r\/é?Hé%? tﬁé‘ﬁunh r&&fr@rﬁ"% h th@‘?aﬁ?rez(bm

ste int MRnUE act ure of M ot od: e€s I's perfor
pousD17$ ngtoaabamtyll bt dahing qnmdmpdrsudnepbasenﬂtrm bGH sore

B ecpaoen e Bl - SCeosiioly e Breferied ofject of the
HVehtiBhes (aP;%cessT e rEBRARS hﬂé‘rocfabgu@sp\ﬁ/ﬁéﬁéiﬁ RS hrdlr cBre is

pressure close to its critical pressure Pc" designates
arépared Wtesegrspzagddaungitegmmm an@mqaoutee@hbﬁns/\/gapared by

ethat O ErvEnerired 8 @ pbolie SmPliedEhebikdrb of. hE2 .

PiGB3refttablyan The g Froheabsit 0.18 M6t HB/POLP Mbing the
wherein the’inner core is prepared by using a

§th|©@4 ‘regsuig afdbefiuigie and the outer shell is prepared

LR ALl PR BE 07 S SRR olone

SotRidCedrel Rdro ﬁﬁ%le@faiﬁﬁﬂfeellpld' Bgepkaeasstattediith Predsurized
SC ressure" designates _a fluid pressurized at _a

Surh asi qaiben ditide (SOp) leading top suspensiepef the protein
\lﬁgf’t c‘?é@ n Heﬁe&hag§ Egtdﬂéféd |,ﬁ| Qg@ﬂﬁs* h‘?bdzh@ used %sethe

era ure ca osen gher th
@ressmabdtfnnmethetpnessL(r§a)sed during tprse;bieaseers pretterably dhosen

' ”Ve'he'f FAaelr o SR GO M3 (el rabi LA e 1.0 MPa.

Hﬂ@&@ ﬁiﬁoeﬂlﬂa%simﬂﬂrh% e éﬁ iOft ééﬁérQIIWHducQ§ excipient

Pc and Tc, respectiv ' east i n one
pwellhr@meltmgmtca:mpeMw@I maahijoelww(w‘tﬂ@dS@Ké) ifs melting/glass
?rangitlon temptet}gturrrgn%];gﬁcl‘ulﬁg aosfatflrg?eé) me tI v(s:/{tl%esa decreased
viscosity. The temperature of the saturated melt is preferably in the range
from 30 °C to 70 °C, more preferably from 35 °C to 65 °C.

After homogeneous dispersion of the protein-loaded core microparticles in
the melted lipid swollen by the pressurized fluid, depressurization of the
saturated suspension through a nozzle leads to a large volume expansion of
the fluid dissolved in the drops, breaking them up in small droplets that
rapidly solidify because of the strong temperature decrease associated with
the fluid expansion (i.e. the so-called Joule-Thomson effect). The fiuid
dissolution in the lipid, the dispersion and the depressurization conditions are
adjusted in order to generate microcapsules with a quasi spherical
morphology, a low porosity and high cohesion, leading to a low burst
release. The pressure at which the homogeneous dispersion is

depressurized is preferably in the range from ambient pressure to 5.5 MPa,
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constituting the inner cores can be perfornmed by using
spray-drying technique. Spray-drying is, in principle,

w@2@olosiEamnt extraction process. The constit uent BCOEP10h&009849

product to be obtained are28li ssol ved/ di spersed in a
liquid and then fed, for exanple by using a
peristaltic punp, to an atom ser of a spray-dryer. A
sui tabl e atom zer, which can be used for atom zation

Rose peaterails oss M s » Wibe. vt P RiEledibly bt 3

ressed gas, while in case of using rotary discs
atoni zation occurs due to the rapid rotation of the
Acesardingitoba prefesredssmbodimerd the mitregdpstles if dhe pressmt

EHEHHE arGRERATRO BN BiTSsaR o Bl e 88%Pr o (e

gt%ﬁ F Belarifb U 84 SedidsbibitidhRNspRr<I6R cBiprising aEasphgrowth

rough an exhaust tube to a solvent trap. Suitable
spr hgroone, raybulkinghagenrtsavha shrfagiante used for

o SriagarymetheatfieBits sy Afe il ol Hiten (a) to
HangrRRice profin-cohtANing miRepartiees,Yor k, 1984. In a

&Le erred enbodi nent, atom zation of the liquid is

r olfantingishe micrepaitieies Abtaines inpleesbds suitabl e
&l RrestinBi nbRfoleBpLS il R8sy Memid8Rpgicies

'l\\l/! N%(T@lri]ri@d inostep éehandirméngidy'n Brpressimyd G undénm pressure
i ro. The spray-drying conditigons have a [ Or .1 npact .
on an@&mpegﬁtapﬁep@mﬁ?nwf@(w@ pﬁ%ﬁqr@ﬁ%% dI8SGlved in
norméog@g%hgg%the extent of protein aggregati on and
degraddtion. Ténperature is the nost inportant process

@ deptessurizingdhe tdispersjposprepared ipradegi(dsthreudh gimozzle and
tenperature coul d cause deqgrada io?. For the
§BG%§'—"&H5%F‘?'°(%?HS€%&?%? NPISR(&)o be control | ed:

!Ir%‘?ﬁo&ﬁffgférﬁi&éﬁ\b%ﬁnéﬁ bfthe li/ERiIbAL tHeeprebBarizéd fBid used
I's an I ndependent process paraneter and It can be set

by innplemené thae procesids IGD1; dhe peessupfafdivid dissohwioniand d
gfs;h%ﬁ%% %If Ukﬂ—? ﬁ%Pﬁaﬁ{@%ﬁs@b&?'&Wé&% 6(5 WJ, %8’ the
temperature is in the range from about 60 °C to about 70 °C, and the post-
expansion pressure (that is the pressure in the depressurisation vessel) is in
the range from about 3.0 MPa to about 5.0 MPa.

The microcapsules of the present invention can be administrated to a person
in need thereof after suspension in a suitable pharmaceutically acceptable,
injectable medium, for example via a needle having a small diameter and
using a conventional syringe (25 — 30 Gauge). Preferably the suspension
medium is an aqueous medium, which may further contain a suitable
surfactant and/or a bulking agent. The term ,aqueous” as used herein is
understood as water or mixtures of water with other solvents, especially
organic solvents. Aqueous solutions/suspensions are present if one or more
component is dissolved or suspended in water or mixtures of a water with
other solvents. If the aqueous solution/suspension contains one or more

pharmacological active ingredient and such solution/suspension is suitable
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and obviously the inlet tenperature chosen. According
to an appropriate enbodi nent of the invention the

w0 pdoepstienperature is in the range from 90C t opABOBIGNS/009849

preferably at from95C to 2B0C , and nore preferably

‘at from 1000C to 1200C. In accordance with the

i nvention, the protein-, bulking agent- and
surfactantcontaining solutions used for the
nuf acture of the cores articul ate
R theiaeith of eappliusts fedmen SeB e o PlcAnimali se,
§H@g85/sﬁ§ @hgoﬁ%aﬁfh rﬁ?@!uﬁ@éliﬂ?& par@fi6h €'1edeh ¥r drﬁé‘kolvent is
t P

y welg articularly preferably from
bresﬂ?ﬁ tmtr@e aql%(ms Wéutybn/sumsam at poarsnageiicak peparation,

ety sich loaTis sPReBRuad: PrefentEhEls 8o~ Tl garepteral
gﬂﬁﬁﬁlgtré‘ﬁﬁﬁr@{i@h a8 dimkityrgureant (BIL®), bt basterdBly alddfols

sol ution/di spersion nmay contain furt her auxi liaries,
such egdomexarnple ethpnolilidypropansdigl; glvwobqulv@hgm@tgiycols
hor%e w t hin such sol ution/dispersion or for

" of its processability. For exanple the

&obt&erwmréa@é Heotols@bilitP ot parenterabddministastiorf, ahe osmolality
exanpl e, a phosphate buffer, citrate buffer, acetate

bl thecsuspesin isrrefesably indhe @toméwgﬁjf'ﬁeﬁé apasmyality of

BoRF EPhu TIPS ARETEVES ThE Brepd bR caidnflee o, 1o

aMﬁ|ms%@e@NﬁreBt|¢freraa/bhxouslyewﬁdanttelnany dind raekms s«nhmdtaaewsly
in the range frompH 5.0 to pH 8.5, preferably from
ﬁPP%taBt'@lly‘ﬁlih?Uﬁspa'ﬁore preferably frompH 5.85 to pH

Yri_lésdei%%'cﬁl ddgrﬁoiafl fRE pa‘?{éu eBs YRLHES tﬁra? o‘?)'ﬁtaﬁn%'?\ and

ccor |ngto na opri ate enbod of the
g:rowmmtywmamﬁmr peefpm;eatphymodoglmityetpteratedﬁalf rsoeh as, for

SaBRIe s cer Bl edlRSTERb PUPGE 0 Bpi o Raidilg
wawtééﬁégbhesmlé@ gge %gw @%‘?S%Q?Q%W" ﬁﬂafcbﬁﬁéﬁtratlon
ngbmsammresptogﬁcefyabpglflsahgm nin a preferred embodlment of the
present invention the aqueous dispersion medium for the microcapsules is
physiologic saline.

The dispersion medium may contain further auxiliaries such as suitable
surfactants (Poloxamer 188 and 407, Solutol® HS 15, Tween® 20) and/or
suitable sugar alcohols as, for example, mannitol and/or sorbitol.
Alternatively, the suspension medium for administration of the microcapsules
can be a non aqueous, injectable liquid of low viscosity, such as mixtures of
medium chain triglycerides (fatty acid esters of glycerol). Preferred medium
chain triglycerides are Mygliol® 812 (from Dynamit Nobel company),
Labrafac® WL1349 (caprylic acid triglyceride from Gattefossé company,
France), or Lipoid MCT (from Lipoid company, Germany).

In order to make the microcapsules suitable for parenteral administration
available for application they are advantageously presented in the form,
wherein they are hermetically closed in a sterile condition within a container

suited for storage before use. Accordingly, a advantageous object of the
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The shell containing at |east one |ipid can be applied
to the protein-|loaded cores by using a process where

W@ b@908r1e4 i croparticles are put in contact w PET/EP2008/009849

fluid pressurized at a presg8ure P close to Pc, at a
tenperature close to Tc, so that it is able to swell
the shell material. The expression "tenperature close
to Tc" designates a fluid at a tenperature T in Kelvin

(Pesearstipvertinh iBed #RRTolhrésdfitatioR oI tee ARErdcApKliledHbrihetically
Tc (expressed in K). For instance, this can be an

iDI1xstesite perdiber vwathiniasontajner $uitadsfop staga4®féne. use.

e Elned bt A s5Be AS0a s it cBrBoux spitabe

Socparenterabadeaistration tan ddsamayebdsiy Y BSSBHEARS in a kit.
flurd, in the nelted lipid containing the diSpersed

Ascerdingly o dvither ekject eidbemjesentanyention iseaikit comprising a

: ' i.s furth ded
ER I SRR R Btad o, B mpiteig 1) BEE Eare
conpaisiigg grivetiphotreome | DbdiRthoCaget; a BuefaRth awd @§@n outer

flujd i referably chosen in the group conprised of
rﬁ'ht%l‘ 88@‘35%%?‘ '6?6%%'?1%!@'&%@ cantAIRel With dispsxsige medium.

(feilg HeRGufl) BBScrbled RisPHESAREE il B SOPRLERISY pPhi skiled in

the preferr pressuri ze ['urd "use . e inve
toe st Yleatt ther avante aame thet peffamoed twithinli @ swidet ragedfof equivalent

PRErBPEES oarsefiraliths’ and fonitoi® wighaid) drnsring, i fhe spirt and
tsh6pe BVm@tih@éht%rbﬁbewhﬁélﬁqﬁﬂutegi)@%ﬁm atfoif €rs, and

| i ght hydrocarbons bearing 3 carbon atons, and
Wletecthishinyention basebeen Heseribedrnin goopectiin witls specifieeaibodiments

: . . d i Lo .
BiorBbt i BB Rrntgp thelis 53650 ms Rt apagigatianss dhis
applidativh isl irftenddiPtoccbvep hig Rariaor, UBESBF 8daptafithd Bethe
final, m crocapsul es during the final

enEen [lioydng, dmoererahdhe prippipies afithe inveption esd.including such
FRBAFAH gty o REREIR BRI S8 Uit RS B ublomy
pexatice ovithin $hel arbtd whietl the irvesitior pefthinsGld 44 Hiaj BePapplied to the
ieggén?g"a%tatlﬁrgg hereinbefore set forth as follows in the scope of the appended
claims.

All references cited herein, including journal articles or abstracts, published or
unpublished U.S. or foreign patent application, issued U.S. or foreign patents or
any other references, are entirely incorporated by reference herein, including all
data, tables, figures and text presented in the cited references; Additionally, the
entire contents of the references cited within the references cited herein are also
entirely incorporated by reference.

Reference to known method steps, conventional methods steps, known methods
or conventional methods is not any way an admission that any aspect, description
or embodiment of the present invention is disclosed, taught or suggested in the
relevant art.

The foregoing description of the specific embodiments will so fully reveal the

general nature of the invention that others can, by applying knowledge within the
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process. This is a key advantage of the present
i nvention conpared to EP 0784 506 B, which

we@emsiosiasabl y wi dens the range of solid |ipi dsPUEEPRL088/009849

to formthe shell, |eads t@3a nmuch higher production
yield, and guarantees a well-defined solid Iipid shel
of the sanme conposition as the one of theorigina
material introduced in the formulation. In a preferred

] i f th t th f
BRHR8 tE 8% (Do B Cpritenss B ik searentas ited Bermpistaly modity
ahardr aha'é,t Ry vQHéué‘%p‘phé‘atiBnSQ@érﬁ bBBcrﬁ@%‘iﬁb@érgfér?]‘\%r hfdthout undue

core mcroparticles inthe liprd nelt. Accor
enpermnemfetloed wrtt]oerttdenartm@ fromettte cgenuesalacpmmmsef ftoe present

wh the i
BB Tbhar el ra S dgralg g d meRicqla e At e g o be within
sheeahmgPa® P&Fgedofbé{q&&ﬁéléﬁtsaoffthe"dﬁ%cﬁs%%sérhbééﬁeﬂts &ased on the
pressure conprlsed bet ween 5Pc and 2 Pc, nore

teachingatang iguidanser @r@@rﬂe@merb@ut Ib. i85 tecbe cundssstood that the

PhaskBlogicab KM hy Biea%"gi o R PPt o fossuRfidt,and not of
limitatioro Wuehhb ahiheclepaitasio Ema@é@@gytdfqhe?)lrégehtts!becnrcanon is

| i pi d agent are contacte ressurized , such

i beaintinretrd xbyiéhg chlied é'é'éahgntltﬂhé of uieetesichingsf ang guidance
t t Ligi

Bl et dp ool tRERAOAELGE S onlr dt napy il n the
prtessur e used during this phase is preferably chosen
g&ggrthe,ra& ge from5 MPa to preferably

nfessraxpiigtt fteteﬂpfahew'éemﬂd%%@ntz@@ § i fodpsduin fhippatent
PRl ticR erehfeRited1BThaan kel R BT SUEHRt Btli)-y o ¢
Joe@orking exdrnpleg/eyipdasin the imveintion nwithemb deaigirestricted thereto.
produci ng a saturated nelt with a decreased viscosity.
The tenperature of the saturated nelt is preferably in
the range from30 Cto 70 OC, nore preferably from 35

OC to 65 0C. After honpbgeneous di spersion of the
protein-1oaded core mcroparticles in the nelted lipid
swol  en by the pressurized fluid, depressurization of
t he
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saturated suspension through a nozzle leads to a | arge
vol ume expansion of the fluid dissolved in the drops,

whe@aksnieg t hemup in small droplets that rapi dPGI/EP2008/009849

solidify because of the stréng tenperature decrease
associated with the fluid expansion (i.e. the

so-cal l ed Joul e-Thonson effect). The fluid dissolution
in the lipid, the dispersion and the depressurization
conditions are adjusted in order to generate
Sipcap«hping es with a quasi spheri cal norphol ogy, a | ow

rosity and. hi qQhesi on adi n o a |l ow,burs
i0d Soray éf@ﬁf@gﬁ% Raiefl 1 HE eb 985 B dehurhidified air or
gitﬁ%%r TR nq &%&%'réﬁgedi $roRt 8b66ER0 YC'tB abBat n80ve.
anbi e pressure to 575 MPa, nore preferably from
ParticlecSize Blsirlbﬁupnahdalyms preferably at about 3

i S5 LR b 8 i 5% TR e B pucsirying mgthod

Wa@@f-‘a‘?ﬁ&eﬁ?@iﬂ’b‘yid&r@ﬁraﬂn@ﬁ%fs@émﬂwﬁ%@éﬂswrQOOO Malvern
aqueous sol ution/di spersion conprising at |east a

grsmmnte} apddy rariclelmageaanaiyset{apbalphclaMalvgm)

TR P 20tD AL LN, R s st
AisthQRD d_)ﬁh@%pré@-hn@@' dcﬁﬁ‘dérﬂﬁ d IRgiidris 05 pORdidh Gbirgy
obtained in step prepari ng a honogeneous .
iRoppepanal @ScQﬂ’rYﬁﬁts i l%@cn ﬁ@snﬁr@mpwaﬁ isonicat @cgf%afb@aﬂ 2rimin,
%%J oqsfpfe)énilb%dtemn d sérﬂ e%r"essurl zed fluid, under

errpera Sure tions where the
De@@’u fiohe thik |gan@ral3.?rdbedmievr§£d'ticie dize of baich rpfeaerceg BMS,

ressur|2|n t he d|s ersi ared in ste

S BoRsanthDH 1'\§a8 raReEERAlE FheSAenSSTAN adleous

A & §péRd ¢
SHAGTE TP 20 BT PSR
iwmhlamenex hhmerp(ﬁ@:saaaadlss)n@{azed foraalmpud Ssmnireutésr 1 ui d
(}\ I.ssol ut dd

lternative y, pow er was examined by optical microspcopy using Morphologi

G2 (Malvern) to determine particle morphology and particle size distribution
using the circular equivalent diameter. Particle size results are expressed in
micrometers as number average distribution and parameters (D(n 0.9), D(n,
0.5) and D(n, 0.1), meaning that 90, 50 and 10% of the particle sample
number is below the corresponding D value) and as Volume Distribution and
parameters (D(v, 0.9), D(v, 0.5) and D(v, 0.1), meaning that 90, 50 and 10%

of the particle sample volume is below the corresponding D value).

Protein physico chemical characterisation - Size exclusion and reverse
phase chromatography

Samples of GH core micropatticles obtained by spray-drying were analysed
by size exclusion chromatography (SEC) (for the determination of protein
content and of percentage aggregation) and by Reversed Phase High
Performance Liquid Chromatography (RP-HPLC) (for the determination of %
oxidized and deamidated forms). For RP-HPLC, the main GH chemical



10

15

20

25

30

di spersion of hGH microparticles is about 6. MPa or 100
MPa, the tenperature is in the range from about 60 0C

wo o00alognib4 70 0Cland the postexpansi on pressur ePCT/ERL008/609849

the pressure in the depresgdrisation vessel) is in the
range from about 3.0 MPa to about 5.0 MPa. The

m crocapsul es of the present invention can be

adm nistrated to a person in need thereof after

?#g@gﬁ%rﬁgr%hﬁ %&i?@éh%mmmﬁd fithls) vsreasipabated from

cta or exanple via a needle having a
theidtivei farmatusingia C4isolugnrahelshatet i Co iRaptedy peale Weze -

ST L LS el W SRR B T Bl stor
WA faas%l@{]ﬂt HHhSePoldPH 3 5N Tils- bufes dnelr 70%., iS6popHAS!.

as used herein is understood as water or m xtures of
Ve SEQvanblysisheas sonduaeted, widhs pels610eY Ga0§8n$\WXL column held

sol vents. Agueous,sol.utions/ nsi r S i:
SSET o TR T AR RTBRR D AL A8 ot ves
YRS frofn hexdolien B isacraiceslutidr Withtaheslvent sempesed bf 97%

t he agueous sol uti on/ suspensi on contai ns one or nore

phHImdd Phgisphatedeuffaraancthgedvdsaprananglich

sol ution/suspension is suitablefor therapeutic or
prophylactic treatnent of a man or an animal, such
sol uti on/ suspension is a pharmaceutical preparation.

If an organic solvent is present in the aqueous .
Exampled: %senmgaﬁnarsq!ﬁﬁvﬂﬁc%ﬁq'%t'e ap@&gt-aamd-twns for

Q{og{]%w such organic solvents are present which are
Sras e ¥ or parent eral adm nistration such as

iHletTépiperatirex(’G (DVSO), but preferably al cohols
JhSBRACHISeR R PEREn R e Ses B T oB S Piiein i exposed o
ggﬁnﬁ% isEPay-Bﬁfiﬁgaéf"e WBf kheley t@k&dds%)brgfeiﬁ@bgfﬁdﬁtiﬁn. Operating

trati'on, the osnolality of the suspension is.
porditond applied dheng sprayrdtyingimgee optimises togigtain protein

OBt e LA b T TAEERRA o 6 protin
LOhESMBIRRIASIthe f8éd ARitbRal wéleyvaTtd @ sssesshngiefieedos| y
recovery of GH and level of degradation products in the microparticles
produced. Several powders were obtained starting from two concentrations
(20 mg/mL and 10 mg/mL) and setting different inlet temperatures (80°C,
90°C, 120°C and 150°C ). For analysis, the powders were dissolved in
phosphate buffered saline (PBS) pH 7.4 (to a theoretical concentration of 1
mg/mL) and analysed by SE-HPLC to assay the amount of hGH and the
presence of high molecular weight substances (HMWS) in the powder.

In Table 1, are summarised the results for recovery and integrity of hGH by
SEC-HPLC.
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substantially without pain. In order to achieve
osnolality the aqueous nedium may contain an

w0 s@vosiiei ty nodifier, preferably a physi ol ogi PEI/ER2008/009849

tolerated salt, such as, f@f exanple, sodiumchloride
or potassiumchloride, or a physiologically tolerated
pol yol, such as, for exanple, glucose or glycerol, in
a concentration necessary for isotonicity

e T

rr;cr nr\anel | es | S h\lol gl nml fal CﬁlJ ne- The rll cpnr Slron
rredGHrbumy Cloimteéti N fl'ectdmlbtauxmlemrl eHVRUSh as %

spi t abl e gur {setj ant (Mddsaretyavecolérly |aby SE 7, moisture
Splutol (r) HS 15 ,| Tween(r) [2Qy Sid/|oHPLG t|abl e suggar
al cohol s as, for ¢xanple, nmanAPLGI%ANd/®r slorbitol.
Alternatively—thea -suspensi-gn—nedi-um-for

appo migehL at i orseC t he m 3g°gcapsul egt ican bgt ja non nt
apgueous—hnj-estabHe-H-gui-d—af low viiscesityi,—such-as

m Z@HfgﬁﬁL(f megfegnh chai i8°Ciigl ycerzades Ofmtty acpe
egters—of rghyecerol)—RPRreferred mediym chalt
tr2@hgeeridesizoce Mygl i adg°C)| 812 (3Brjom Pysganmi t  Nolze|

Cc prpany)y—rtabratagtr - W1 349 (caprylic—achd

t [ 2@hgnaLijde {3 (Gatt efeseg conpaoy, Frnaade), 00.5
LpodMoF{from-Li-poidconpany—GCermany)—Ht-h—-order to
rrak@;ﬁghﬁx_m cr ampsiul es s4gecabl e f @9 |paremsoeral 2.2
agm-n-strati-on—avat-ablefor—appticationtHey—are
afvanigageous| j2q@Cesent edss°g |t he f @M wb@ogi n they fare
herweti-calhy—el-esed—+nA—a—stgrite—conditionwthi-n—a
cpnd mignaL |sui t30dcflor st woGege bef or2g juse1.58ccor di 0@l |y,
al-advant-ageous—oblect—of—thepresent—i-rventton—ts—a
formof presentation of the m crocapsules hernetically

cesRfhd b AesthitdrdHoRyEpNEAsIE AN s\ﬁ’réff&gnﬂg SN I8 protel tein can

suited Tor storage before usé | ements ‘use
bave adieep mpactpenpiotein stahility ihprotertvpsagends aw nabUtﬁlsed

|86 DRERRE AT RO ER R AN R0 p iR nom
ebnédrftratiopsiantheifedd BhtQRe ifeftekhpera RIFEUsEUNIHs low recovery
can be related to the formation of large insoluble aggregates, that are visible
as residual white particles after reconstitution.

A greater percentage of hGH HMWS was determined for powders produced
at a higher inlet temperature , confirming the risk of heat-induced degradation
caused by the exposure of the protein to high temperatures. Use of higher
inlet temperatures might also favour production of microparticles with a lower
moisture content (Table 1). However, a moisture content upto 7 - 10 %
obtained for these core microparticles with a lower inlet temperature is

acceptable, and consistent with a good stability of the protein.
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contai ner containing the m crocapsules conprising (1)
an i nner core conprising a growh hornone, a bul ki ng

w@g®ansoled surfactant and (2) an outer shell coP@I/EB1008/009849

at least one lipid and a céhtainer with dispersion
medi um Having now fully described this invention, it
w Il be appreciated by those skilled in the art that
the sane can be perfornmed within a w de range of
eqw val ent paraneters, concentrations and conditions
Xtanmle Zjépaﬁﬁtlagtlpﬂqu the effects obhulking pgests and
and W t hout undue experinentation. Wile
| S | nventl on has been described in connection with
$r|D©fdé°rltG irevextigateethiescdpadilitpbf ektipisntd tdprevededegaaition of
that it is capable of further nodi fications. This
A7 deERng éﬁrassdmmarﬁmrq Soidinns Ww& %Hgaéﬁétrefw%e

gggﬂgeph@aw eﬁapj Hpgnugwmmtm ﬁwapa J|dngo%{:}ﬁc@ént

F1nc Pl es o vent i on an I NC
@Eol&sbnblaes 2t)ra:mj Polexames 88 aii()stt%)srwe patepamdefowsprayndrying

e NG cancantLen whs el i S4B0lRL. She SoBitionts wey pigpared by
SRRBAElnd SHUEARL IR) B BEKALRa gl il PHDRpAS SR pH 7.4

int cope o e appende erences

theredddieg ethe hGH bluikdumder] gentleamixing.i the sobiticabsrerecatemized
publ i shed or unpubl U. S, _or forej tent

aban.'ra,lst (empePUIaR! G0EC i ok SPw i BLESRLL Breolytion flow

tlf%ecff g r‘?lfl_ fSAS asﬁﬁﬁoﬁgf)béﬁ loy 383‘@5 p?ﬁé‘@%@l/d*éy fsam les were

erence erein, ng al | data res
alsslaye&j(tor [b’lGiH eecm.\céry rndpuriy (e SEefiEL E) aas. characterlzed as

Addi t ti. ts. of
coqutt RS s s EukeR (BE Melchidte 2DBR) L F TR EyRs

%Bhtaﬁrﬁhy suFfaefpiis derél als éﬁél?é@d‘ﬁﬁ % eErBBEa e okidiASHOAY
net hod Steps, conventional nethods steps, known

weanidated forns (anRPoHEL Cyecomperddstornan apraywdijechreference
g&ﬂ%sskop Fhat any aspect, description or enbodi nent
sent invention is disclosed, taught or

JHaaRmsskifiond Geed fdreyp?ay-dafihg and the analytical data (recovery and
% HMWS (by SE-HPLC)) of the formulations obtained are summarized in
Table 2. For analysis, the powders were dissolved in PBS pH 7.4 (to a
theoretical concentration of 1 mg/mL) and assayed by SE-HPLC for hGH
recovery and integrity.



The foregoi ng description of the specific enbodi nents
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within th

the references cited herein),

eski ||

adapt for various application such specific

enbodi nent s,

departin

bl Bh _ _
Bitaiietby SPFadidiyinl &5 4 finchortotb

fromthe general

wi t hout undue experinentati on,

wi t hout

r concept of the present .
ysigr-cbeprigal %@%‘ﬁ‘cé%lﬁﬁ en &fhGHdnicroparticles

iflg 2t

ment s,

of the art 28i ncludi ng the contents of
readi ly nodi fy and/ or

nqgani ng an

l{esdbhyirates ) icawenteation apdi darfaetantetypet &l Beneentration.

It

Is to be understood that the phraseol ogy or

term nol ogy herein is for the purpose of description

and not of

limtation,

such that the term nol ogy or

phraseology of the present specification is to be _
| Rukinget EGoRg.  HBolsprhatel Beloxamer | ProtejRt| siMWSe | Increase in
t eARMhgs| BHIKIRG | | RHMEW SRk s ent188 he{Respvery, % oxidized
conbi nati pn3@PPh |t he know pdy¥Wok) ope ofe ordi nary and
skill in ttag/gd) | Unl ess ekplicitly|stated ot herw #fedeamldated
al| perceht (% data disclpsed in this patepnt forms by RP-
ipplicatipn are ilnt ended nean petcent byl wei ght | (J4PLC (%)
(MAMdse: [The wor ki ng exanp| es gxpl aln tdye i nvenyi on 2

wi thout being redtricted eretq Spray-dryiing A M ni
SPéYoder | Br fsomiBchi _was lsed.. The| hoty7gas| wasgp
dehumdifled air lor nitrogen The gas tenperature

resyagskef r pm afgput] 80 QC to| about 150 CysParftiglgs Size
Distribut{on Anallysis Particle sizeldistribution o

PeMRiESse P epafed |usi ngqt he| spray-dryi ngyzmet hods was 0
haracter|zed by llaser Diffraction Bystem (Mastersizer

20K hiosMBl ver md ndtrunent s) | andghy partigyd e (| mage 0

analyser [Morphollogi G2, Milvern lnstrunentis)

Neshaidse!l zer 240 iwas used fo neasur E@th@, par tigcde $ize .
distributlon of tihe spray.- dried powder L IJJgrui d

eRRASI oh uspng |i sogy ppanpl as sol Yentgy Each 3.3 0
suspensiof.-w Inicated for about mn, fore being
\gp@ked info the sanple cel 0.1 98.3 1.7 0
Sucose 10 - - 20 0.03

Sucose 10 0.1 - 90 10.7 0
Sucrose 10 - 0.1 98 2.8 0
Mannito! 10 0.1 - 94 9 3.22
Mannitol 10 - 0.1 97 5.8

Mannitol 10 - - 44 0.64 0

When hGH is formulated with carbohydrates only, a low recovery (from 20%

to 44%) is measured, regardless of the carbohydrate concentration. This

can be related to the formation of large insoluble aggregates that are visible

as white particles after reconstitution, and that are not present when a
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Deviant fromthis general procedure particle size of
batch references DVb, GP5 b, D5 and DMLO was neasured

wW@baoensriesuspensi on i n an aqueous sol uti on conPEI/AP29G8/009849

Tween 20, whereby each suspensi on had been m xed with
a vortex mxer ( 10s) and sonicated for about 5

m nutes. Alternatively, powder was exam ned by optical
m crospcopy using Mrphologi G (Ml vern) to determ ne

icle. nd icl ' di i buti
e T Al R b S e T 0.1
S e R By A Bl O e ufregicnes
Presuroably, bynkniting gntetntaiciad @ xpasuraraf the Wroteir, fendoaliaws: & dotal
R LA
BGH feRsLIREG wih EarbdRAIPAteS dndadurffétars iaWadQYeed alderas

particle sanple volunme is below the corresponding D
vegardp . % rdidized apH dsiamnidateshorab byrRBPddPEEL Rowders-were

SRR BRSSP BRI BRaPT b 2marmt. 1
pRF e Hor-8prayedieREH BEI Was Risted 8¥ @ référehce.

chromat ography (SEC) (for the determ nation of protein
content and of percentage aggregation) and by Reversed

R doRned AT IE T able®y, oIR8 PRt Brjeedand
idearmdateddorr®oHRGE didheotintreassl fohte atehtleed adaipledas
product s (oxidi sed and deam dated forns) were

Sepwased o ArrelarenRes ﬁﬂf"rS\PéaY'inﬁﬁ_ijéi"hg a C4 colum held
gxame ﬁr,sg,sqc@e eﬁaiéﬁﬁbﬁﬂ%m tored at 220 nm

Protein was el ute romthe colum by isocratic
dhetpaoticleidize af thel pandersodgsesibdd aff Tabt 20s shbvniis the Table 4:

uffer and 29%i sopropangl. The SEC anal ysi s s

Ui e A xS oRS B hoap 0 olitRe BanbLioR ang apumber
HRMhbktRAeer ature. Protein peaks were nonitored at 214
nm Protein was eluted fromthe colum by isocratic

dihetrmean wiarheter ©6 the sprayetnesparticfesdg dess than 5 um when
expressed as a number distribution indicating the atomized powder has a fine
texture. The volume distribution showed a larger mean diameter, indicating

large agglomerates are present in a very low percentage.
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v/v 63 mM Phosphate buffer and 3% v/v isopropanol.
Exanpl e 1: Screening and sel ection of suitable

woep@pasiing conditions for atomi zation Inlet TeP@EER100$/@9849

(0C) Thernal stresses and Bechanical stresses to which

the protein is exposed to during spray-drying are well

known to cause protein degradation. Qperating

condi tions applied during spray-drying were optinised

to retaln rotein stablllty during the spra ng
arﬁelq sizedistributiap @f spray-dried epwcyer containing hGH

concentratlon in the feed naterial were varied to

assess the effect on 'W@é’ﬁblgfnﬁoﬁnd I\I%Ylﬁjne?istrigution

3 adat| on products il mcra es pr

concent r at| ocra];s(\gce)r re}gt)%nge q);ug:;zl P{&?“ D%. ?et WS) D;(;?ﬁg)

|Lterent inlet tenpefatures C and

1e,al ine (H to a
heor el l concentration of m.) and anallysed Ry

E,ﬁ%%{;% ?e@éw s/ 1ldee ran‘sﬂe qsgx%;e '09150' ¥8%4 1 66.69
S

e a nt | afecnGH d re e
TS e, 1o oS o e

are summafised the results ftor regovery

Ib ECH T e 15 o3ECH
?E’Mi mq%?o'g t%fﬁgo rq;g}n gpsrgay gi%l-?gd g?\?@le g ccqplrégillﬁﬁg t4c§)'95

b 1, spray-dfying thelpure

ee agt-con| prat e t abi i 4
mmgggg;@gag% R e R

LS recovere fter spray-drying egardless of the NGH

GO SH fnﬁmn@é}arhtel ihe 1ee@ and fhe| bpet | yempen atdy e | 12,01

AL+ PdiySol 55\% bGEOMEI Y can|be related to the
ormatiod of large insolublé¢ aggregates]| that lare

YGH Bhgmasni&sidia Wil paptdec! e57af tPies 670 | 15.62

rr@q;,g@ didkakin 188 ofegat er percent hge of | hGH H was
d

erm ned tor powders praoduced

Coating of microparticles using a pressurized fluid process
A SCF equipment as schematically represented in Figure 1 was used. In all

experiments, the following procedure was used:

The mixture particle/coating agent(s) (2) was placed in the mixing cell (1)
and contacted with pressurized CO,, pumped from a CO; tank (4) at
mixing conditions during ten minutes.

— The mixture was then agitated during one hour with a stirrer (3). During
this step, pulverization conditions were settied in the collecting vessel (7)
equipped with a back-pressure regulator (8).

— After one hour, agitation was stopped and pulverization through the
nozzle (6) was started by turning on the valve.

— At the end of pulverization, the coliecting vessel (7) was slowly
depressurized; the sample was collected and sieved (500 um).

Eight formulations of hGH-loaded lipid microparticles with a 5 % w/w payload

of microparticles in the lipid microcapsules were prepared by using this
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w@e@besries o hi gh t enperat ures.

at a higher inlet tenperature , confirmng the risk of
heat - i nduced degradati on caused by the exposure of the
Use of hi gher iPCEEP2008/009849
tenperatures m ght al so favbur production of

m croparticles wwth a | ower noisture content (Table
1). However, a npbisture content up to 7 - 10 %

obtained for these core mcroparticles with a | ower

oAbt SEREERALR: bediSERLanb eaRSRoRARR BlY Hlaffigfrizec
(M9 griyBicet étsrhicaPEhAidckd rivhtinBie i witra MG 9 Wefeagk rbfile).Nin

order to investigate the cap ability of excipients to
pdditions a d8grtad @taiymdofbrm@latmmrwa@ alsgrpr@pared fag preliminary
sever al sol ut,i ons ' .
SRl SESA BT SRS o 1 3 ot

adei Afesurfifnasizelias ttamle 6Pol ysorbate 20 and Pol oxarrer
188 at 0.1 %9 were prepared for spray-drying. The

Sempdes peadusednsith ach Wit payleashare Fpeenia '@t'f‘éﬁ@“%v@f Bamcle

BTt AR S DG Pl ey pinar

Rsrmuratidn witder 1gentd paylosd WOWEHBaSpﬁdmcmgspamues with such a
atom zed at an inlet tenperature of 1200C an a|r f
highep@fioad,avhich i Patanikallg mecessany dp achievs the tardet doge.

hGH recovery and purity (by SE-HPLC) and

ggg,tn %g#lb%oeed of 38 nmB/ h. The powder sanples were
Saye
Cl‘lablaSt RGH:kdhdasl lipid)aridoocapstles| Bradess apiesating paiasneters and

Mast er si zer . 200 8b For mul ati ons cont ai ni ng
g‘?.l'm doheempesition (48 bara | msbe@ha r %i ncrease in
OoX1 di zeo ang deam dated fgrns (by RP- HPLC) ared
tBatebn| BaYay-dried reference hGH materi al . pansion| ~ Post-
ctafpos| laaghs GoatingAgesd, dy- dr VM%) t he gﬁ%\‘l fﬁtE[ﬂ’ expansion
o&hee (r ecovery and % HWAS (by SE- HPLC) ) of t hgressure | Pressure
formurpti ons optai ned are [sumari zed 1 n 2. For
anl&Pys| $%t he Fpedit A Qner ¢ Q# é’&ﬂﬂ?@%“ |eﬁ't'F-‘B< g@-lb?r./ﬁo Erq 30bar
a theoretical _concéentrati dn ssa b
sSRPApPLE §%r | h@ecirol ATO 5 0.5% Soyggan Iecitl'?in O bz%fe% Y 30 bar
5% . 0.5% Soybean lecithin o
3P5 Precirol ATO 5 5% MCT (Miglyol) 60 bar/60°C 30 bar
5% . 0.5% Soybean lecithin o
4P5 Precirol ATO 5 2 5% Lutrol F127 60 bar/60°C 30 bar
. 0.5% Soybean Lecithin o
5P5 5% Precirol ATO 5 2 5% Lutrol F127 60 bar/60°C 30 bar
1G5 5% Gelucire 50/02 0.5% Soybean lecithin | 100 bar/60°C 50 bar
2G5 5% Gelucire 50/02 0.5% Soybean lecithin | 100 bar/60°C 30 bar
3G5 5% Gelucire 50/02 0.5% Soybean lecithin | 100 bar/60°C 30 bar
5% |50% Gelucire 50/02 - o
1GP5 50% Precirol ATO 5 0.5% Soybean lecithin {100 bar /60°C| 50 bar
1G10 | 10% Gelucire 50/02 0.5% Soybean lecithin {100 bar /60°C| 50 bar
5% 5% MCT 0
DM5 Dynasan P60F 0.5% Soybean lecithin 110 bar/70°C| 30bar
Gelucire 50/02/
GP5b | 5% Precirol Ato 5 0.5% Soybean lecithin |70 bar /60 °C | 30 bar
50/50
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recovery and integrity. Table 2: Physico-chem ca

characterisation of hGH mcroparticles obtained by
wa@proawsdsyi ng as a function of bul ki ng agent s PCT/EP2008/009849

(car bohydrat es) concentratid3dn and surfactant type and
When hGH is fornulated with

concentration.
car bohydr at es
i's neasured,
concentrati

only,

_This can bhe

a low recovery (from20%to 44%

regardl ess of the carbohydrate
related to the formtion of

| apge | rsql Lbl

particles

ter

yn2eH PEGE €S d

reconstit

Lhe
(S R SGRGail EtAn:

18%aphirh ec
e not

30 bar

present whe
FaMy @ o 1atee

consj der abl i

h asurfactant i

2(DmsmP6QFénﬁ

nproves th

S use@o

r0.38% @b

[ECOVE[V regar

en i'eé?tfcfjf

addi t

i on of
10 bar/70°C

ss of type

30 bar

of surfactant,

exposure of the pr ot ein,

dIS tio

i3l

o

non
Res

presumabl y by I|n1t|ng interfacia

and all ows a total

Ll Gle A e sA R S

as hﬂ@@céfas[’/oe%r@ua@éh aamgotﬁ%r@@besi shewad abVerBFPn@E’lp%tem

Powders were di ssol ved i n PBS
t he S@eECR > O8néd andA/IMest be pm@ﬁmqegrﬁdpaeallm@Jced by the

4 to obtain a

per RMHRLA diereaingtslvelethandaved fornms of hGH did not
increase for the atom zed sanples as conpared to a

ref erence non-spray-dried bul k.

Exanpl e 3: Particle

size distribution The particle size of the powders
dabte Phb&H-paresl kpid misrocaganleshAnalytivalplatas.

di aneters are expressed both as a vol une distribution

t he

ATAER, PR B e i PabERp Bt R R R PBfucts oy

and a gunbgr 'f?tofﬁi@u ionl. The nean di arrewtqer qsf Rhe’S | Moisture
e U I U g R
powder has a {ivwev @exture. The vol une distri bybrdins (%)
AR A G N
percent age. Tabl e 4: Pani/vbg AR TR st W EED o of
hERM¥%bHRLsPPWISS CONt 8415 NG| Nglyg 0.52 6.3 7-10
hGH microparticles** 38 32.34 99.44 0.56 6.5 n.d.
micm;;'?clesm 38 3521 | 9944 | 056 666 | 7.42
1P5 1.75 1.55 99.05 0.95 8.04 0.78
2P5 1.7 1.59 98.89 1.1 8.76 0.79
3P5 1.75 1.22 98.52 1.48 10.69 1.0
4P5 1.75 1.5 99.05 0.95 10.70 1.14
5P5 1.75 1.48 99.15 0.85 11.3 0.97
1G5 1.88 1.63 99.17 0.83 7.35 1.0
2G5 1.75 1.52 98.45 1.55 7.00 0.7
3G5 1.7 1.79 98.83 1.17 8.25 0.93
1GP5 1.7 1.72 99.04 0.96 8.12 0.62
1G10 34 3.26 99.35 0.65 7.43 1.3
DM5 1.7 1.40 99.52 0.48 5.89 1.19
GP5 b 1.7 1.54 99.14 0.86 8.30 1.37
D5 1.7 1.46 99.56 0.54 6.93 1.18
DM10 3.4 2.85 99.14 0.86 5.69 0.6




Coating of mcroparticles using a pressurized fluid
process A SCF equi pnent as schematically represented

WO pooBjoguse 1 was used. In all experinments, thePCT/EP2008/009849
foll owi ng procedure was uséd: - The m xture
particle/coating agent(s) (2) was placed in the m xing
cell (1) and contacted with pressurized COQ2, punped
froma co2 tank (4) at m xing conditions during ten

xfure was then agitated during one
ﬁ&fﬁr%qel{oabgtqhqseTG?e &%MEH@ this step,

tled in the
colel\|f béégb'\?gg&ﬂﬁg 1%50%5"%?&3&5th a back-pressure
regofaatnce fd)batehdd &S5, 865, 1580, agi tati on was st opped
and pul veri zation through the nozzle (6) was started
by turning on the valve. - At the end of
pul veri zation, the collecting vessel (7) was slowy
depressuri zed; the sanple was coll ected and sieved
rable TmProdtiatibh VieldraridaPadicte size d@Etibatiatedf hGhi loaded
m.cro artlcl es wth a 5 % w w payl oad of
m'E"PGEBW F€les in the lipid nicrocapsul es were
prepar ?m?)ﬁsﬁn%’nng thispresggmzed Tlul gm§eT
enca I on progess and g@ éytically characteri zpd
(hGH phyS| co-chenilcal charatterization|(Yh vitro h

r el ease—profter—tn ""diti""‘. ﬁﬁayload
formul ati on was al sgfﬁf @dg’)f or-yr m nary process

and anglytical asges . ceés aneterrg and
f or mull qyon dat a rtjh naé; dyiﬁoﬁghﬁ 5 7%Qanml b

producmbvmth ab vvt%g)ayl B4 alfl e 8@ ept abl g9 n tef ns

gf elpd éj&ﬁjlrtbﬁh:r?rgﬁrel 5%3;?;9 p“ U”$n nafﬁfhodprsl grUgTrJl_Cgv: tﬂ a
SUCh Bt g paytodd. St ah e pt ai ey racessary o
achi ev&4 he t ar get dﬁsfc‘e Iséng 1e88ib ¢. Tablde 5 :
B%Lol g 1alngl d T CLOransu£s; Prpspss opergfing

2G5 2.9 319 | 101.8 79

3G5 2.5 14.1 117.4 81

1GP5 2.8 27.8 | 1616 82

1G10 1. 4.5 14.6 63

DM5 6.3 62.2 167.8 N.A.

GP5b 3.6 34.7 1001 N.A.

D5 5.0 49.7 129.7 N.A.

DM10 5.6 65.7 184.9 N.A.

In addition, the in vitro release characteristics of these formulations were also
quantified. Resuits are presented for Gelucire®-based formulations in Figures
2a & 2b, Precirol®-based formulations in Figure 3, and Precirol®/Gelucire®-
based formulations in Figure 4. Results for a further Precirol®Gelucire®-
based formulation as well as from Dynasan®-based formulations are

presented in Figure 6.
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wor@pogEpsul es produced using thi

formul ati on conmposition (10 bar = 1.0 MPa) Anal yti ca
results are sumarized in Table 6 . hGH1loaded lipid

S process shomedEPR2008/009849
very high protein recovery3¢> 98 % and al nost no
protein degradation induced by the process, since the
increase in related protein degradation products (by
RP-HPLC) renains | ower than 6 % Table 6: hGH 1 oaded
lipid g;croca sul es; Analy | data* reference

Geluie -haged p@aylat@eﬁ@xmt% Vi e HEe st isledshe fﬁwad 20-

32 iy o088 S RISRRINE IPUHEASD i o ifren
tatthes witGelocies® E(HGZI foadalttwnsr(b@ﬁrm‘nd 36$5) arensidiitar oand
the in vitro rel ease charg}ﬂterlst (oFS

th .
fakeut BesTRlE thesanchidsotngt i Pracess SuBhiv ERsgducible. Low
LﬁswksgewS @@bw&uﬁdfwlt tHéﬁf@% gfnéﬂlb%d&{é‘a With 10 wt%
|gures Preciro formulations in
fEBEIUBﬁ dih@ﬂdm@rcl?amcd%r)/Gel u|C| re (r)- based
qr nul ati iqure 4. ts far, a. furth
Bis et it es 6 arie hoa acing Fizeltisbly Yot s
ffdrﬂi@r%&éé@d‘ﬁfﬂweh@?r%&é‘n@%ﬁﬁeﬁ foPRBIatibAs RIneSat sdch dbw burst
Figure 6 .Gelucire(r)-based fornul ati ons exhibit a | ow
imcambinedbwiths an impeeissl sustained repass@pfignd a

BEP b S S8R b "t et BG R Shiviteo o
hhsr bardtopst thbRta slote? Foleage atel. W Vo, rewai:enwomestof two

possi bl e to concl ude dhat the process is

differerfueatehes othcbrgﬂ iorwﬂai@@é (ABS %%@P@bm%e\u Rgssible to
%‘ugﬁ?'gaért [ Cbb??o?%s% gqﬁgw}{?gg%ge%eﬁ p?glr O?geogarreg_lhaﬂ

itoaal ﬂmt(s’i%enhctmttated! thatpstantireg from $prayizied mitroeided nGH

t he nasan -b d f I dtht
BARIAEs, DK PAGRA MG GRS 31 S B SGRpSIRe SXh itk low in

BB 0 RSN PR 88 prglcan e prouced
using the pressurized fluid process. It was shown that these formulations
can be produced without any hGH denaturation (low level of HMWS and
increase in related protein- degradation products).

A study was conducted to assess the storage stability of hGH-loaded
injectable lipid microcapsules, filled in 3 mL glass vials under nitrogen, at 2-8
°C and 25 °C. The samples were analysed by SEC for determination of the
protein content and the aggregation level of the protein and RP-HPLC
analysis was carried out for the determination of the oxidized and
deamidated forms. For the analysis, hGH was extracted from the lipid
microparticles using dichloromethane. The solvent dissolves the lipid in the
microparticles and precipitates the protein. The protein precipitate is washed
with the solvent, dried, and then reconstituted with an aqueous phase prior to
HPLC analysis. The chromatographic analyses were conducted as
described above. The samples were also analysed for the moisture content
by coulometric determination. Samples were extracted and analysed at initial,

time 2 weeks, 1 month and 2 months. The results in Tables 8 and 9 show
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hi gher burst,

but then a

sl ower

rel ease rate.
rel ease profiles of two different batches of

In vit

possi bl e to conclude that 8Bhe process is highly

consi stent.

It was further
fromspray-dried mcronized hGH particles,

denonstrated that,
hGH | oaded

starti

ro

wee@eioswab{r) fornulations ( 1P5 and 5P5) make PCT/EP2008/009849

ng

injectable solid |ipid mcrocapsules exhibiting a |ow

in vitro burst

release and a in vitro

dhathlpHdn Jipid wicrapaitisias ebtainedily hedegeass ags ftpblat 2-8°C

It was shown that these

g f%q“@ 46ab Ut PHRN

atrons can be pro ticed wi t hout any hGH
dénse wkileddn thé an \lvm\rebogxﬁlzéiw&aadlel tocaszestain nsmg no more

rel ated, protein- de
AR (Rt Q’S’%@é’éﬁé%%e’"é%ﬁa va

PREREo desErisEY

ass vi al s under

oy

nit

radati on

rog

§péélﬁé§| ’Hecréfhc

A stu

&rg% ,tr% m%,SQﬁCIP X embodlments

Jéb{as%grg iftehded

T@beﬁlmlrmsasseden diinmbgzsmlobmeSEﬂb\fvmg «:iaines.m nati on of
the protein content and the aggregation |evel
protein and RP-HPLC anal ysis was carried out for the

of the

dabfs B SUDLIRY AhEHApRIn8eshsics deam dated forns.

For the anam?sns GEI was e%ts’practed fromthe lipid

m croparticles using dichloronetS8&HPLCThe sol eri.\;P

di ssol ves thqe Thebeketical t heTBtakr oparti cles and PL- Moisture

fr eSAMPEEes |t h@Hmooitentn| M P OP&Hy PHIWWS | éiflif %f content

washed with the wiv (%ent, | dohft | WM (%) BRIV %N aeﬁnsed (%)

Wi th an aquequs phase pr w]wt(%) HiPLC anal ysi s. R4

nromatogr apht ¢_anal ySes We q_ nducted as described

dbove. The sanples were al so &8 ysed for the noisture

dont eRgsby cqul omgt¥i c det ef & nat |g:gn1 banphes | Wag ¢s5 13

tract-ed-and—anabysed—ab—At g2 weeks— & '

nont h28Ad 2 nont hg.7 The Lesﬂjlﬁt s |i rP8T@blies1.8 and B5 1.0

ghowt in Ti,ppd mcropartijclg talLned| by, Ehe

r nc‘e&%&%r e gt ahlﬁp}at 2- Oj?:?a 2@5 afl_| ngst eg 08

nmnt hﬁ(;mrhosq( Skl I3|4ed inlthgoart vggl(b qeco,gni re,gor be 11

ﬁ Iv U aslrtl I. d.l ' UDI "y U 1MTuT' © I. Ild.ﬂ I Uutl I'nc

experimentation, many equidM@eks§t’s8{® the specific

bodi RNt s 1.7 14 | 989 | 11 | 116 1.0
2P5 1.7 1.5 08.6 1.4 9.5 1.3
1GP5 1.7 1.6 98.8 1.3 9.5 1.2
1G10 34 3.1 98.8 1.2 8.0 2.8

1 Month 2-8 °C
3G5 1.7 15 99.0 1.0 9.9 0.8
2P5 1.7 1.8 98.8 1.2 9.2 1.0
1GP5 1.7 1.7 99.0 1.0 9.7 0.9
1G10 3.4 3.2 99.0 1.0 7.7 1.2
2 Months 2-8 °C

3G5 1.7 1.6 99.0 1.0 9.5 0.8
2P5 1.7 1.8 98.8 1.2 8.0 0.9
1GP5 1.7 1.8 98.9 1.1 9.0 0.9
1G10 3.4 3.3 98.9 1.1 7.4 1.9
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of the invention described specifically herein.

Such

equi valents are intended to be enconpassed in the
waeecapmsabs t he followi ng clains. Table 8: StabiPdt/EPmNg/ 009849

hGH |i pid mcrocapsul es at 32-8 0CTable 9 :

St

ability

of hGH Iipid mcrocapsules at 25 OCPatent Clains 1)

M crocapsul es conprising (1) at
| east a growt h hornone,
a surfactant and (2) an outer shell
| east one lipid. 2) Mcrocapsul es according to

core cont
agent,
at

ai ni ng at

a

| east one inner solid

bul ki ng

conpri sing

claim1, wherein the growmh hornone is human grow h

Tablo9eS{aiit) of hGH fipidahicooedpsited ateds e,

fragnent,

vari ant, anal ogue, or a salt thereof which retains the
brolrogical actrvity of human ggpydp) d1or none. [3)
Mcr opapsul ?(g“?%&ﬁgﬂl To ctapm I anf/or cirdigB-ApPic| Moisture
an /oIrEnaL h%&?ﬁ:;ar:t:ﬁ;?a&i%pln 5 lgtﬁ‘% I‘df,l%(%fﬁgr content
; - i %
claim 3, whereln/%5 e sugtw (o A ND } Q%g (%)
trsacchari-de—5—Mecrocapsules acce**'“g to—‘etatm4-L
wherein the sugar i S sucroskzerbact ose, maltose or
TT I705e], apl yTSUCJ QS€. [0). M CTocapsutes
ac@ggdinq to cﬂgr whet-&in {hd%dri ho ICgar| is™ 1.3
gl ps®sam ne, hhmethylglucpganiwegggalict¢§an1ne ®B 09
noLlLye ’IJ’Y; L\_i ﬁf\J l‘l k nnnnnnnn faV¥al laVa¥al Al nol L AFaY f\l ’1; m
rmeuranrT Tn aciu. l} IAA BAYAI U\/GPOU CJO [Zava vy I \“ 1} Ily LW\ T O 11t
31GR%erein thelsugar al cohBl i$ ®8éhitol ). 1sor|bi t1617, 0.8
dulgcistol , [ xyl1tol or ribiggl, pr ably nni t 8)
Mulrr acapsiul es t‘asi‘drnr di ng t%gnnp nr%gr?rin ?raa o}? t 11
7 , wher ei n the surfact aatwééksawol ysorbate or a
pU{ nyCLHylcnc OT YO yplupylcTc btoc uupunyncl.g\
M 3¢dcapsiul es écfcjor di hg tb4cl ai m98;9 wher &i'n the11-7’_ 1.1
su ctant is pol/oxy_éhyl=n%8§pr3|t | fatty&§C|c 15
esfer pnI/nyyethylpnp (?ﬂl sorbitan hnool eatle or
palGpsxyet hyl ena. 7 20) sor bi.ban nowelsaur at ¢.2 11.0 1.2
1G10 3.4 3.2 98.8 1.3 9.2 1.8
1 Month 25°C
3G5 1.7 1.5 98.9 1.2 12.3 0.9
2P5 1.7 1.5 98.9 1.1 10.1 1.0
1GP5 1.7 1.7 98.5 1.5 10.5 0.9
1G10 3.4 3.3 98.8 1.2 8.7 1.3
2 Months 25°C
3G5 1.7 1.5 98.8 1.2 12.7 0.7
2P5 1.7 1.8 98.5 1.5 10.7 0.9
1GP5 1.7 1.7 98.7 1.3 12.2 1.0
1G10 3.4 3.4 98.7 1.3 9.3 1.3
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10) M crocapsul es according to one or nore of clainms 1
to 9, wherein the lipid has a nelting point of at
wo eass@about 40C, preferably in the range fronrdBEP1008/009849
800C, and nore preferably i3n the range from48 0C to
75C. 11)M crocapsul es according to one or nore of
clains 1 to 10, wherein the lipid is a fatty al cohol,
a fatty acid ester, a polyol ester, or an ester of at
| east one fatty acid an a sf _one pol yol .
12) M crocapsul es accor di é¥%%ﬂﬁgnﬁr nmore of clains 1
to 11, wherein the I|p|d is a polyglycolyzed glyceride
and/ or an ester of glycerol and fatty acids.
11 JYlidrecapsarss Cempaisngr (di) @ l¢ast one inmemsnl'td mrecctcmitaising at least

;F@éé‘?"}’tﬁg‘e@i%n’}ﬁt I%:bﬂiﬁggﬁéwtggu ?é%t% 8 (%an outer shell
gl drRpHiding @t Bdstnedlpie) . or a blend of them 14)

M crocapsul es according to one or nore of clains 1 to
13, wherein the phase constituting the outer shell

2R LB IRPESEN 1 Gt AR s rumar

di grio@ntis heemaaethGH) ¢t Pharbesl dbrilative afréglﬁ'ieh@t\)a‘v‘@nt analogue,
t hereof, preferably soybean |ecithin.

16)
M @frasalb Hiareel whichr r@itzwgsﬂbe bisdogieahantivityfof bumansgrowth
1Ehormee| n the outer shell also contains a
pl'asticizer. 17) M crocapsul es according to claim 16,
wherein the pI asticizer is a mediumchain triglyceride
of a Pol ox QR{)QA phar maceut i cal for mul ati on

% ‘P?ﬂﬁ%’ 28 eceRrae Il d nsekclatn gnwhereifghe bulking agent
b di
A oq:]a Acotol] 5'3[] aP4RaRe ﬁd%ﬁ”nf?\fo Lﬂﬁ.}pery on medi um

pr esen atl on o0 ation according
to any of cI aims 1 to 17 hernetically closed in a
4it@”|e condition wt | 0.2 gon ai ner, suited. for
Icé%‘éaﬂfé‘l’%sréc?&’g'”gz CIR™ ScWREFTIEithg SHIBbIR A MARe-, di- or
cankatdHdrdet he m crocapsul es according to one or nore
of clainse 1 to 17 conprising (1) an inner core
conprising a growth

5) Microcapsules according to claim 4, wherein the sugar is sucrose, lactose,

maltose or trehalose, preferably sucrose.

6) Microcapsules according to claim 3, wherein the amino sugar is glucosamine,

N-methylglucosamine, galactosamine or neuraminic acid.

7) Microcapsules according to claim 3, wherein the sugar alcohol is mannitol,

sorbitol, dulcitol, xylitol or ribitol, preferably mannitol.

8) Microcapsules according to one or more of claims 1 to 7, wherein the
surfactant is a polysorbate or a polyoxyethylene-polyoxypropylene block

copolymer.
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hor rone, a bul ki ng agent, a surfactant and (2) an

outer shell conprising at |least one lipid and a
wa@oeowasries W th di spersion nedium 21) A pr oceBGI/EP1008/009849

preparing a formul ati on acédrding to any of clains 1

to 17 wherein the inner core of is prepared by using

spray-drying techni que and the outer shell is prepared

by using pressurized fluid-based process. 22) A

" 3oEa Q!Ie@%%@@ﬁdnﬁ’%td‘bl‘éfrﬁ‘%amréﬁu R QIR Qi @i m

rising t preparing an agueous
sopmlyowdthylepersnrbltamtaﬂyracd mtmpdlmqetlwlgmen‘(\zm) sorbitan
hor none bul ki n and . a su fact an
spWWPBRﬁ?%QFPﬁb/ g‘éﬁﬁ&ﬁ[@%&%ﬁoﬁ 0 @B@Pg%%tepr epar ed
in step (a) to produce protein-containing
m croparticles; (c) collecting the mcroparticles
1@b>Mmrn@ap$u1esaepor(dm)g tq diye pr epereiof glaimsohtm@neberein the lipid has

RIS Relit R 2t el abei &b el i eandi o s to

a PUESBHd #Rfe fdréredablymdﬁ{e RIrRESYorA 4 tepecat ure
conditions where the pressurized fluid is dissolved in

the |ipid phase; (e) depressurizing the dlsper5|on

RRIL SRS ERotfla BPHRED PSR Gt m o

( ea fatBBalcéhpr, ecfatty alif esteeNRpbIYS| B4ter AsraHIBESIRF of at least one
according to any of claims 2 1 to 22 wherein the inner

coally gci §"E*§bé?§6°%%9gyphg spray-dryi ng techni que
and theouter shell is prepared by using a fluid
pressuri zed whose pressure during the dissolution and

1QDMP}w&mHuI%$ apcorsjutga’rmasmaeg mgt wiemifsH tBC]1c anﬁgi&e‘m the lipid is
prefe et ween 5Pc and 2 Pc, nore prefera

bed R@@HW%%Q'&%@P angyor apestes eilyerrokand fatly Ycids.
pressure of the fluid. 24)A process for preparing

m crocapsul es according to any of clainms 2 1 to 23
¥hMicsdcapswdep aesardingztedorie or thdre of aldime 1dicok2, deherein the lipid is

the polyglycolyzed glyceride Gelucire® 50/02, a glyceryl(palmitostearate), or a
blend of them.

14) Microcapsules according to one or more of claims 1 to 13, wherein the phase

constituting the outer shell contains a dispersing agent for the inner core.

15) Microcapsules according to claim 14, wherein the dispersing agent is a

phospholipid or a derivative thereof, preferably soybean lecithin.

16) Microcapsules according to one or more of claims 1 to 15, wherein the outer

shell also contains a plasticizer.

17) Microcapsules according to claim 16, wherein the plasticizer is a medium

chain triglyceride of a Poloxamer.
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25) A process according to claim 23 and/or 24, wherein
the carbon dioxide swells the lipid to forma

wa@adognostied nmelt during the dissolution and di SPET/BPINS/009849

step (d). 26)A process accé?ding to any of clains 24

and 25, wherein the tenperature during the dissolution

and di spersion step (d) is in the range from30 0C to

70 0C, preferably from35 0Cto 65 0C, and nore

preferably at about 60 OC. 27) A process according to

8 ndrarmiagertical forpulRéon desinsising microcapsuiee agoeiding to one or

- agie BT8O Ly B EhSsheded T Bt dieprL st
about 6 MPa or ‘10 MPa, and the post-expansi on pressure

isin the range from1.0 MPa to 5.5 MPa, preferably in
nA fern 9é presshtation phthe terpultivpaccerdingde @nyraf iciaiats 1to 17

| nhémetfc%ﬂg%lcfsre%?’a gteW@cBr?diﬁOr? V\Mﬁﬂ‘i a container suited for storage

before use.

20)Kit comprising a container containing the microcapsules according to one or
more of claims 1 to 17 comprising (1) an inner core comprising a growth
hormone, a bulking agent, a surfactant and (2) an outer shell comprising at

least one lipid and a container with dispersion medium.

21) A process for preparing a formulation according to any of claims 1 to 17
wherein the inner core of is prepared by using spray-drying technique and the
outer shell is prepared by using pressurized fluid-based process.

22) A process for preparing microcapsules according to claim 21, comprising the
steps

(a) preparing an aqueous solution/dispersion comprising at least a growth
hormone, a bulking agent and a surfactant;

(b) spray-drying the aqueous solution/dispersion prepared in step (a) to
produce protein-containing microparticles;

(c) collecting the microparticles obtained in step (b);

(d) preparing a homogeneous dispersion comprising the microparticles
obtained in step (c) and the phase constituting the outer shell in a
pressurized fluid, under pressure and temperature conditions where
the pressurized fluid is dissolved in the lipid phase;

(e) depressurizing the dispersion prepared in step (d) through a nozzle

and collecting the encapsulated protein particles obtained in step (e).

23) A process for preparing microcapsules according to any of claims 21 to 22
wherein the inner core of is prepared by using spray-drying technique and the
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outer shell is prepared by using a fluid pressurized whose pressure during the
dissolution and dispersion step is comprised between 0.4 P. and 3 P,
preferably between 0.5P; and 2 P, more preferably between 0.75 P and 1.5
P., P being the critical pressure of the fluid.

24)A process for preparing microcapsules according to any of claims 21 to 23

wherein the pressurized fluid is carbon dioxide.

25) A process according to claim 23 and/or 24, wherein the carbon dioxide swells

the lipid to form a saturated melt during the dissolution and dispersion step

(d).

26)A process according to any of claims 24 and 25, wherein the temperature
during the dissolution and dispersion step (d) is in the range from 30 °C to 70
°C, preferably from 35 °C to 65 °C, and more preferably at about 60 °C.

27) A process according to any of claims 24 to 26, wherein the pressure during
the dissolution and dispersion step (d) is in the range from 6.0 MPa to 11.0
MPa, preferably close to about 6 MPa or 10 MPa, and the post-expansion
pressure is in the range from 1.0 MPa to 5.5 MPa,preferably in the range from
1.5 MPa to 3.5 MPa, and more preferably in the range from 3.0 MPa to 5.0
MPa.



