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whi ch have sufficiently simlar physicochem cal properties that

b b L he. .
bi o ogi cal PaHEN ShaeRmidrioRstadereashrate (hadol Thisisdhe gmary
that insertdins deaehidslicH, 'tﬁﬁﬁlegﬁnl@dﬂoﬂ%t%nd%mm% §Qerb?é@@? et 81, 4588).
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initiate receptor signaling, and do not confer toxic properties on compositions



gal act os e and sorbose; exanpl es of disaccharides that
be rrentl OE"?@(@ crose, |actose, maltose and trehal os&CT &%t’a%éf?ﬁ%)@
exanpl e of a WO 2009/ 080164PCT/ EP200§/ 009849 11 trisaccharide that
may be nentioned is raffinose. Preference is given to sucrose,

| act ose, nmaltose and trehal ose, particularly preferred is sucrose.
Sugar al cohal are Ige&nt to be no osacq_ﬁarl des ose reactiv

car bonyl ngt?u FrvaiNES ey avrEhanigaldnoktiss psudlas Cagmftyarate or
exanpl e, hetidsp h§te'5fers.|d1ﬁ5;15I ??&lv@ed SHUERR @ér%h% %ubﬁ%@é@%‘r&ﬁm@%ﬁg as

bul ki ng agents pref erably conprises hexitols, suc or exanpl e,
manni t ol , dwelbgtcal actikitywfthdbH and rarminerpharmaceﬂrtrcanaracceptmfe

o A ke LR e0 e e R sl bbbt
as bulki ng AGRBIGE th@ 8T PRAHRMY %’i:tréﬁ%?th%ﬁﬂﬂﬁ@b?wﬁthﬂiﬂrﬁﬁ‘yhr

secondary or tertiary am no group ‘or an acyl ated am no group
(- NH CO- R) segsendaty amn’@shphaoydﬁergabm oFfree am;nplgrqnmsfﬂne arhimo acid

et yl o udBaaheS oM Wi AR e esle @ kRRY LSO SHTE 1oy groups)
m croparti ‘Hr@-a@?@émﬁdﬁbeg%f‘fr@% 19RITERy | Yrotlip e B1, G ACHEEH/BST thAdd

contai n 15one bul king agent or a m xture of different bulKking agents
If a m xturreSIriyea)sf@meéuwth atyitmpistiean Sushtderivativek may algemndude,dor

sane group sugar al cohols or a

tgar J0; P BRRIE YERIee LA L8 ThEms; W Ded TP alfiadtik SRes and
exanpl e, sugtdrad thegeisincel dfithe waslecalede bollg fluddsThe bul ki ng agents
are present in the mcroparticles constituting the cores of the

ni croc ap?ur“esr%t\ﬁtbdmm?@afbat has beeanrieryatized ar pemptned with 8fcamplexing
99% Q
tpgrt i cuIOar I pr e ong?l'.ragt;rnr‘?ﬁ%%eré;é%“a "t‘r}‘ﬁc’??ﬂ?%ﬁg fttl%%l rﬁbﬁ%‘? ges

whi ch can tbel’eﬁﬁylateeﬂversmnaldf b gtanthsharmone, ySlultSl'EEEGylated versions of
i rably the surfactants ar

25pharnmaceyti cal preparati ons. Pref

hon-1 0ft o QWAL gEaWIE hasmionecies- GpRRsdibgsl ) WO /a7 AgAenE awHyi t an
fatt id

bl ook aopolormehes eReHEAl e diboRoRANIAKISHL T AEa BRI i YR BB a8
m cr ocapsulaisn examplestfar hGéhdedvativesavithin thae sempe of fHeepresehbiovantiorr

port o f RISl RN o S e e
0. 5% of t otegly} WaI7ON! It iTROE cREPiRsAM R PR Hds Q-ré rato %eor\f@'sﬂﬂb

U]
2009/ 080164PCT/ EP2208/ 009849 12 Lglpellyox et hyl eng sorrgl tan fatty
est er 20ar e aglifget Qfdbﬁrptalilca’bmwsbtﬁwmveraha epgeted that ttfmaateolaaule exhlb:ts

T I t

par 1 cul ar OREPYUR B SR FYuPR SRRl O lelaliydt o Tn8RSHET e '
pol yoxyet hensinalifnafl, theimidraibnieriestdrhdiioatis oPRIMAKNYEHIIN ROANORE)
5sorbitan nonostearate. Preference is 2@ en to pol yoxyet hyl ene (20)

sorbitan miuthuisranetlvaled abits Mxigaminuse Mne embodimentiafihederowiatiar,

Ponoot ear e R REMLidH KERptSeod i B i BRCarsath HBREBLES"
al so Rgown seleded from thergrolploconsisting of apdistlfide ldihky conrdaed estough

pol yoxyet hyl e % 10 olfy >%/propyl ene bl gck copol yner i s _Pol oxaner 188,
commer ci al feEhgiydisuifide handse aneﬂveia_nttlrr%‘rqrsablqceen disiéfide ginger, a non-
enpl oyed i on according to the invention
can be purgogé]sgfgﬁdér %dwﬁlﬂégi’ﬂ@%ﬁbr , fatty acid esters and/or

pol yol est ésussiddiariein thectepal' ‘yrmtemv réfers;twm[ogs Of an Gid] nwewiigh @me or
glycol. In a Eartl cul ar 15nqp &gj t he i nvent | i pi ds are chosen
anong t he GIUEPfde gRULY RS esRfnatugl }drﬁietfﬁplagﬁg@é/rq'ﬁ%@"éﬁ“mo

- Q2patty %@g&uefsa%éfrf&é@t&?to? e drdhbee é’rln?r%‘%[a r\el\:grdérﬁa are added o

glycoglycero aun contaln one
the natural sequence of an GH, without reducing con5|derably the activity of the

resulting products as compared with the wild type GH. These muteins are



phosphat i dvl rol, diphosphatidylglycerol,

di pal mi to\% Zgﬂ%%sﬁlrﬁdtl dyl chol i ne, di ol eyl phosphat i dyl et hZGEERR§I§009849
di ol eyl phosphati dyl chol i n, d|nyrlstol5hosphat|dylglycerol and their
bl ends. Esters of glycerol and fatty acids can be nonoesters,

di esters and/or triesters 300f glycerol and medi um and/or |ong chain
(G to C22) fatty acids and/or mxtures thereof In a preferred node

of the i nveprepared bjndmown(sy,nt}deas ahdlcglbycsitl’el-di@:t@d enethge s tathidues,
group of nono-, tri-qglycerides_of

2009/ 08016495@@@G®§F9W9 Qghﬁ'QU@?@'tﬁBﬁtﬁe@fpﬁs particul arly anong
the group %F@ﬁ@ in alordahté \nﬁ’ﬂhcy}ﬁg gn%Q%ﬁg]t%vérﬁf%' lgcluﬁgﬂfré“e'lﬁs eh@Hd by a

myristic, tic, stearic aci
triglyceri damlezsm:ﬁd asichlas DNésocRNwe mthich hgleridizes ¢ DNFeot R wisick

IS8 S SRR b A S S5
I
T 00Ul iy A BRSO Ot PSS RaEA LBl i

hydr ogenat ddgveget abl e oils of type |, such as pal moil, soybean oil

e R Al R S U ACER St

10t radenar kodadRfsal Whicttrife. fdindhy Xkt thesh Bohvahtordn) fefito s ©f
fatty acids and a nono- or dival ent a coho atty aC| ters hat
can bel@ised'sirimgent’. Sreeshusubieledat. | 6urranéPpcvtete[sarbIMDIeudaeBlo‘lmg),msupra
esters of Cl ids d aliphatic
al cohol s aﬁagerrﬁ%’?m?n tﬁr%&gﬁﬁsésgégﬁ S@r H’?‘i 9F exam ples of
15nyri st at estrmgémrcsmdmdﬁénhémab@masﬁﬁg boﬁa;ﬁaﬁ@H 92(9@ h{élowttﬁafc%i&uét@a
their mxtures. The fatty al cohols that can be used in resent

i nvention aT'E qfé"r*@ hylkEd wnden studgin) e.gt .cdKESC and @.b% $D$| fm: manutes; @hx

i conol, benenyoTioh SO AT (RRMuRF R IS CoyR i SR BT Y C for s0-60
gl ycogwcerminumsdana ittadn, cR0. 10e SSTand 0.5 NS DS A BB°Ci for 801600RIAItes. Those
nonogal act osyl di acyl gllycero and di gal act osyl diacyl g\%merol

(DGDG), t hafordinRpyple raHuSﬁﬁfémdeaééndttéat stHageney eprditensialspyianensson

An exanpl e vel Qr e

i th behen e a1 dLshs BrPARRACEnd R B Ak A S it BrAEER O pases)
which is alommzédm"hgehadleuhderprmbus tlfrmdemaxrbbéﬁmbeluseﬂ(lt )s @&%rabte to
consi sts of non (1é - 189, (52% an i -glycerides (28 - 32%
and, bes d@sséﬁﬁﬁmt RSB ST A AGH ISt 9 YA 850 E26 Adsish

aci ds Ya behenate has a nelting point between 69 and 74C. A
further ex l'e for an ester of glycerol and fatty acids usable in

t he 30pres ddentltweﬂmtera neduatwrishm bletnmdnetwcbmndee pblypeplidel sequénces or
Precirol (r), ATO 5 0I?3 n} f esters q

ol ycerol - witR e %?8 g%ss%%meé sEldimilegy By cpimparing the

pal mi t ost e%g Rttty RAErs tﬁ%neﬂc%nuc@ohde ucleotide or
2009/ 080164P /EP2008/ 009849 14 ('549% and tri-glycerid {' %

wi t h pal mat@neingécid mwamceacﬁdd:cutﬁamonpee@ oﬁtr(erDNOAFFOJyﬁud:!aetniaesrer twang

d d
Do o e SRR SR Ak 5t gl Boh Shbriba peie
Sglyceri des‘compbrg@n be prepared by al coholysis reaction of natural

oils with poI yet hyl enewgl ycol s PEG% They are m xtures of _
nonoest er s, Fadisegtepsesntiess thereds net an exagl sareespdagieote) iy idaality” may

(121l i gRR s RS AEHE B € bR L i o

10Pol ygl yc@jines e thaitivresi conelaainos, bdtwee S HREBEGUe SEEITEHY Mial ¥nd@laé ifddreng
from Gattefosse under the trademark Gelucire(r). Usually the |ipid

mar ket¥Y ungeRs'ds aiber epeorioli seauencess to gnbaree Hredegreedf Bignment. 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



different lipids. If a mxture is used, such m xture can contain

| i pi ds fr¥M2¥B0Ydoup as, for exanple, fromesters of FCFEIRYIS/0835d9
fatty acids or 25pol ygl ycol ysed gl ycefides or it can contain |ipids
of different groups as, for exanple, esters of glycerol and fatty
aci ds together with polyglycolysed glycerides. According to a
preferred enbodi nent of the invention the lipid being present in the

hell of m I i | yal 1 d.gl i d d/
Loy oo ARERREH o Tt S ARG e SVar i Sk ot
addi tives sdglrafiedMbEAHlighrRhS), thdtiis md@%ustm@%?séamg?é%éﬂm%@{éauw

ability of the lipid. Plastici'zers are substances, o
2009/ 080164exythP2008/ 009849 15 di ssolve within the lipid and thereby

[ t | ast.icit d fluidity of the |ipid d | 1

| aui d at PaeteEspEratarane o i fes hamaipdi et Bt ef Sifs sboleless are
the fog mat il Riowh WS ted bt TPhETBH iRStahBe [ fiBgRAAS VG lANE ih FRIPAScAiEn
porosity of the (lipid) coating material. ACcordingly, one preferred

enmbodi ment Srefuense AnalyeiatPaokagar versians9.di(Deveralit 4 ebriak Nurdgis faids Res,

wherein th r lso contains a plastigi Th i pid or
mxtare of 1 e Taasadd Bhekimbl My SebraRhEiSTEY Saf GAR heY be used
Wi thin the tskRtémfihethe WderIBABEMERM BUEPoRfutibafdés hAgthe 30 Hentity and
di spersing agents, are referred within the present application to ‘as

"1ipi d phadte % homaiegy beeaen twoe palypeptide spauercas. BES Tl T ugsisdhphlesa!

comparh ¢ deRYBay 2Bl oY ShuEaid S0bsHBRR S CARE Waichhgf Aol biol,
medi um chai a7 19531 97 e S8 AGVIREEsAR APpiiBH NMthbmadiceck, 482-489, 1981) and

pol yoxyet hy| ene- pol ypr opyl ene gl ycol_copol yners (Poioxaners), such as
Lutrol (r) Hndethapest sivglecasienel similarbhbegescdiva sequrnaes: Bthelkei ght

f h | i i i i . . 0 -
O e 1L Pl MRS dgohln e G i el SR o
di sper si ng kagemt ia thaairt, if?l?ihstalyl_cehgetﬂliﬁ(g:&;ir‘ Emﬂyq of p?gfarfﬂ;\(s:théﬁrdgfs rrEt al,

t t 1 d. I , |
erbod Tient 3 otBRLE B -1 i AEET ShfalaNErels Agtia Fpme 2o 256

constituti mmzbquaﬁew?@mgpé%bﬁinfR%néiL%@@éﬁiwgéggggiwaft S%a?%i USA,

i nner core. 20According to particul ar preterred I ment
di sper si ng Shgedddi2448, pholipid or a derivative thereof, for

caarong e ot fon AL BB PERIRET Pakar SBTRE SF e sl Slfrienty
shel | - f or mMidiglitaiedoPihas 6f b GM éé.ﬁfge tHeABBhd é@ﬂ}&mpate‘?gﬁi&téa N £RY. ),

inthe range from0.1 to 1 % 25The m crocapsul es’ o e present -
i nventdlon &ahIRS tadraveasuhstantially similapactivily teiGid e@ueactivity oh&H Isrits

or ovi ded,  APERIT G s A PERRtersAL Rt iR R e P
Pref er abl y Hif#ing iactivitpteethel GHtleee pRMYGHR )Y teadf bt ensidaRs o favies
performed by 30using spray-drying technique and the second step is

perforned EybEaNYglnsiRibractivily fo CH-nthus, fticand e Aetestingdwhathes any
pressure C@@éeﬁ\ @ﬁtéiﬁ%a%réws@tiaﬂwﬁé gﬁﬁ\e(fcft?\litg%@e%%)w FrEn@bf rbl i

pressuri ze pressure close to Its critic
2009/ @%0164RpefimRNEMIRNOSN8AAsihG subisgtingesuch'a drtéipnalgestoaa binvple
pressurized at, a pressure conprised between 0.4 Pc and 3 Pc.

Accor di ngl $angWGiy fapetignassay to drteppinseshethry orNPb bidsioratted to
the processpbiindiiehdaboRd' BRRLARIBINES P GRS RPSENt [nventi on,

wherein th er core 1I's prepare y using a spray-drylng technique
and t he Souadininsineinbassaypoepht®A abgaysi ng a pressurized fl ui d- based

A di f d enbodi t,.th ' ted
B Super or 2t 1 KR Fretgrrest STBaRENS ANk RHFB SN Pa o (Poat SRl o E155PEL0
desi grt e of o boio) G T61 88% BF 99 RIS Br RoMtAEeS AR thi SrihblRPbr

DNA sequence of a GH. The amino acid sequence of hGH is shown in Fig. 5.



25an exhaust tube to a solvent trap. Suitable spray-dryi n% t echni ques
whi ch canReWE&QI%or preparation of the particles are I'EI’I%PR%)H‘) hd
descri bed, for exanple, by K Mast ers?in "Spray-dryi ng Handbook"

John Wley & Sons, New York, 1984. In a preferred enbodi nent,

atom zation of the liquid is performed by using a nozzle. Exanples
300f suitable spray-driers include |ab scale spray- dryers from Buchi ,
such as t hNhReqIBhEYs Bh6dingBH. ar@kndwMiR!thE aH, MmDeRofdhet 4TR
Spray Dryer Phar rraS De fromNi ro. WO 2009/ 080164PCT/ EP2008/ 009849 17
The spray- ddgilmy Mariigl ef shs1%éke a naj or inpact on product

D OPEr L € T Sk PRI e AORBRTRE Lo G Bt Peibon ae

i mportant RYRSFS kRehA®s Yonseivel BAbSHOASHS. CCHMisehvAivel amin®abidgh
tenperature coul d cause degradation. For 5 the spray-dryer, two

t enperfat ur ssbatiuEons oh&H pAlyPsPidas, may écluderspraenyifeus AMiBE ackts within

can be- sot Aol RVEETave s Ak AERRIET Py BRERERIGR RO B TR o

feed rate, @b@tlt@h@ﬁlb@tWGeﬁlmembbmﬂhecgrbh?\wm@t&erﬁélﬂ'léibidldﬂ@cal function
volunetric flow rate, and obvi ousl yd1)t he inlet tenperat ure chosen.

10Accor di n@ftiee mol%@ﬂeéﬁra@th@nb i Clear the inserions aRd deletiomsaf
to 300 - g tidd b WSS pe' kg iR e M SqiAo w6 diRfing

with tfge i rthemfumnmnt bartmztar@l ifithe imbhlomg agiétiormnehly involve a few amino
sur f act ant - cont ai ni ng sol yuti ons used f tF?r('ai manuf acturel_EcIJ t he cores
¢ e d

of the partacds . ¥ %&mﬁ%tqmr@eﬁaﬁ a%‘wwﬁ%@,@ ¢ Kot mipove
° %
by wei ght _ adSsERPatfito peids At i $Rlicallbr A RRoMa b ndtior 2.0

The sol uti mysfms;mldmmfmmds tod mptems urroﬁmgdcbqrmmhrd@letlons and/or
i ngredients be resen t he inner_core crocapsules
e e or ORI AR W e rugBT ER PTeSehl TR The

20sol ufg on/gi mrtéhﬁn'fme SAGIAT Fefbry H’@Eo%ébhd@'bbﬁﬁ)nsfriﬁ G T Mutein
for inproving the stabil tyof the grow h hornone w thin
us

sol uti on/ diaspeagshent tbere‘ai,r ﬁﬂwﬂeammebprotem pﬂmgsgblhastqn efended

exanpl o, - TEROEpha R T g B fEhT by ug Blaflon R b Rar sy o
succi nat e bau@f@Be ps inkai 65 fo aRMIAC RICRREIBH inflayath2B e fesidrtatdrther

froml mMto 10 preferably from5 mMto 50 nore_ preferably
from 10 mvRreteim mpemid@f@'rtaﬁllsket B s urlmnpa@%n Qf@hffﬁﬁ@eé]t Hereef.

th f 5,
more Bt el SnyPrERY [ i 45 I E GORIGH R TG e SR ol
val ues are mbbéraﬁEn&iﬂﬂnp’tdlrbﬂobLﬂWimwrdpm@m@ lgrfusipprypteing @re described

enbodi ment of the growth hormne is present in a conc on fro
about 1 ng/ﬁ{e’E%“E%dUtEFi@mg?lH Al (%nﬁotﬁfﬂ*@@@f&%ﬂ?ﬁ@é}%ﬁ% gpgnegcs

Accor di ng 4R 31 further enbodi nent, the solution/dispersion for
spray-dryi ng, conprises the bulking agent in a concentration from1l
ng/ M to 2. rrgﬂ(srﬁa,ctme érfaetlabs‘yoﬂ‘ac&hlmmgmmnst andmsagi’mﬂotelnarme present
preferably . The sh cont ai ni ng_at ne i can

Dol L t 5 Yo oS pONaRagTae aTgsisers o Bepairstidh Shans e
core mi Croﬁﬁpfehr?hf‘o?eéﬁlé At bPtdRMAECitNaE é}atféd%eteenfé%waeéﬁmétunﬁed
pressure P'close to Pc, at ate raturecoseto Tc, so that it is
abl e t o swehéretdee.ghaluigamar phosphatéhresigups cesaggreyataspefrthepretein ose
to Tc" deS| nat e luid at a te ture T in Vi n oMy sed
bet ween O. qlgcy(ll%ae%)t}ugs%@@rlr?]s@yegﬁat ergsql(yefewav@ege%plﬁﬁqémn
i-nstance, %Qtﬁt%ﬂ@spﬁlleﬁ%&ﬁﬁgﬁé Hition process as described in US
5,057,342 (H F. Bok ., 19 US 5, 066,522 (T.A. Cole et al.
1989) ,3@nd Gl $3Hiobe foroulatey in acmdaooezmnamsmewent isvRyHiqeY peyhe 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



WO 2009/ 080164PCT/ EP2008/ 009849 19 original material introduced in
the for muVROBHY4 a preferred enbodi ment of the preseRCTERAISOOLH?
the value of the fluid pressure Pis 1% the range from about 0.75 Pc
to about 1.5 Pc, during the dispersion phase of the hGH core
mcroparticles in the lipid nmelt. Accordingly, one preferred object
of the 5 invention is a process for prepar| ng m crocapsul es, wherein

outer shel 1 Shardste BE BAMEGNN rel3ledto b dtniebl elfogSin Gif Band clive
conpri sed beinmencH ﬁ%@lb"é“ds@d B&C fﬂr@aﬁﬁﬁ%@éﬂpﬂe@eﬁﬁ@n R gefi éléﬂ@'

about 0.75 Pc to about critical pressure o
fluid. 10l rﬂmwéﬁbag,slmw;blstmpby c()alees:adiédHMSr-éskWﬂasscrmaiﬂﬂl on, the

O oS o bR 5Bl SRR o 2] o S e

| eadi ng to pechaiBeREHRBY @fsebgés F?’(@hﬁih”ad%ﬁrrﬁétf?étﬁﬁl 6f"grBWtF| fidmone  nay be
gas-saturated |ipid agent(s). CO2 is used as the pressurized

fluid, the ipdiestag @Ch@@divﬁﬂﬁifﬁgbaiw@wgwth sieﬁcleﬁey aﬂlthgrmﬂmdmeals

15" RS LSO AT S PR AP e e ©

general |y idthgeetive KMeiapi Pailureé \ehionRIfehdll iisigicéndy, bﬂiﬂ%?ééﬂ HcdnStition or
bel ow (-10 to 50C) its nelting/glass transition terrperature

produci ng dngbilizatiarednaelinfesilit, hemetonsigtisistens eelbmopilizatien, multiple

e 1 Sl b RO ks R gBbady e e 200 om

di sper si on Tife teh® ‘picictiapslieatiad usedehdrely seanhidréh-eand BubffcrBRlstark
lipid swollen by the pressurized fluid, depressurization of the

sat ur at ed ﬂ%.%hlogmadﬁgaﬁﬁuw@f% Fempsising aideast engyingsisafié core and an
St 1 ar oprcatd el 408 SRS Binbls o0scafBucn " S Bdba o

t enper at ur esdenceapsuless ahicht ack pmrlt;bletsha tlﬁda sublmierparsiatn rdrigechaifhg the
so-cal ] ed Joul e- Thonson ef f ect,) ‘ge fluid di SSO@&) on.in the lipid,
the di'sher SR aﬁﬁﬁcf#%aa@&fageu?fez enty epspmPeseed byr migierarswas| #s

order to gqREHHHel Crocapsules with a quasi spherical norphol ogy, a
| ow por osi 1y and high cohesion, leading to a | ow burst 30rel ease. The

pressure atTwaftadly, meeNﬁlghbgeemgasdlanew of the m&rmtayselmoi mednwemtron

f bl f to
D000 0g015Apas o BbRes kIS0 0 Pin B Epaiims e o ¥ns MetE peeteraply
MPa, and nisé apéed @émbfleadiaﬁ@éﬁls?oéwgen%%i qi|18 2bBul 100 ¢ine’ Ir?Qnother

enbodi nent the mcrocapsul es of the present invention are prepared by
a pro@éss EamAdigient thﬁ@vgfmd@mgteppémwrgoaphefqae@bgtween about 10

agent and 4TEang R BRI WARNTS 279 st Pt hogRB R ap et Vit

sol uti on/ disgfirgs iequippeepaitied rigedi¢ 6Aving)a bmalidisiersr. The mlcrocapsules of
protein-containing mcroparticles; ( % collecting the mcroparticles

obt ai ned | A& PESENbNvention)argvepakselyl to ﬁ@ﬁ#ﬁg@ﬂf&%ﬁ%ﬁ%p@ﬁ@ iemafter
conpri si ”géﬁﬁ?ﬂﬂé IQP@fédﬁéLﬁén@msafnh to'n%ostth% arepoggg tdée?lgl't din a

pressuri ze under pressure a nper at u N9 ere

t he pQéssurpra\adﬁnglsusthmed deleaeé\oétthe grd\iﬂm Harmahephasgiorated intd ik
depressur|2|n t he dispersion prepared in step (d) through a nozzle
and 15col | 88ft ‘the m crocapsul es obtai ned |n step (e). In a nost
preferred t ' dto
. QﬁJuEiﬁ Bt b@b@éﬁm t‘h% arEaE‘lSs Or ?ﬁﬁ é;ngef fnU}thi&?E

i npl enent t he proc e pr ssure I'ssol'ution and

di sper si on podfetadiy mmlgapailictaimll es sugar hosugas aldehod andQW aviPamirichsugar.
is.i and t he

t t .th f b t 60 t bout .70 C,
post- " 20ex BahSinufling Boell & UG feS preremtlk anenon i tisacchands:
depregguri g3bhfley 6F8@hbshechdtiddi&nafRRy B¢ ABMBAYY ate GIMERe! MaARBYE,

gélactose, fructose and sorbose; examples of disaccharides that may be

mentioned are sucrose, lactose, maltose and trehalose, and an example of a



WO 2009/ 080164PCT/ EP2008/ 009849 21 for therapeutic or prophylactic

t r eat ment WEX2089/488t64or an ani mal, such sol uti on/ suspensi ACIYEP2608/009849
phar maceutical preparation. If an orglnic solvent is present in the
aqueous sol ution/suspension or pharmaceutical preparation, preferably
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Esters of glycerol and fatty acids can be monoesters, diesters and/or triesters
30  of glycerol and medium and/or long chain (Cg to Cy,) 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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In Table 1, are Sumari sed t e resu ecovery an I ntegri
hGH by SECaHI@Ih@] meemmm@anm@zm maééweﬁénﬂ' abéwrtich are

(Set) TG obfsEta NEhERPadPERIeTE b ar y (g BES WikL 6105 FiEy O8e.
HPLC % % mpirgiidHeR! AifpHENCBIcSEs 3R their mixtures, such as ethyl paimitate, ethyl
15 myristate, isopropyl myristate, ethyl stearate, octyl stearate and their

mixtures,
The fatty alcohols that can be used in the present invention are long chain
(Ci2 — C22) alcohols and their mixtures, such as cety! alcohol, myristy!
alcohol, cetearyl alcohol , stearyl alcohol, behenyl aicohol and their mixtures.
20 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 (C22) (INCI: tribehenin, USP: glyceryl behenate), which is also
25  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 C1g — Cyp fatty acids. Glyceryl behenate has a
melting point between 69 and 74°C.
A further example for an ester of glycerol and fafty acids usable in the
30  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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(54%) and tri-glycerides (29 - 38%) with palmatic acid and stearic acid.
Precirol® ATO 5 has a melting point between 50 and 60°C and a HLB value
of about 2.

Esters of polyethylene glycol and fafty acids also known as polyglycolized
glycerides and can be prepared by alcoholysis reaction of natural oils with
polyethylene glycols (PEG). They are mixtures of monoesters, diesters
and/or triesters of glycerides of long chain (C, to C;sg) fatty acids, and PEG
(mono-and/or di-) esters of long chain (C2to Cyg) fatty acids and can include
free PEG.

Polyglycolysed glycerides are, for example, commercially available from
Gattefosse under the trademark Gelucire®. Usually the lipid marketed under
Gelucire® trade mark is further specified by two double-digit numbers
indicating their melting point and HLB value. The melting point is expressed
in degrees Celsius and the HLB (Hydrophile-Lipophile Balance) is a
numerical scale extending from 0 to approximately 20. l.ower HLB values
denote more lipophilic and hydrophobic substances, and higher values
denote more hydrophilic and lipophobic substances. The affinity of a
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 faity 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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Pol oxarrer %%%éé“?’x \I’éc%?ﬂn. 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 %.

25  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
microcapsules 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

30  using spray-drying technique 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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pressure P.” designates a fluid pressurized at a pressure comprised between
0.4 P; and 3 P.. Accordingly, a further object of the present invention is
directed to the process for preparing the microcapsules of the present invention,
wherein the inner core is prepared by using a spray-drying technigue and the
outer shell is prepared by using a pressurized fluid-based process. According
to a preferred embodiment, the process is operated at supercritical (SC)
pressure. The expression “fluid at SC pressure” designates a fluid pressurized
at a pressure higher than its critical pressure (P.), whatever its temperature. it
means that the temperature can be chosen lower or higher than the critical
temperature (T.). In a preferred mode of the invention, a microencapsulation
process utilizing a SuperCritical Fluid (SCF) is used, which means that both
pressure and temperature of the fluid will be higher than P and T, respectively,
at least in one part of the process.

As already mentioned the first step, i.e. the manufacture of the particles
constituting'the inner cores can be performed by using spray-drying technique.
Spray-drying is, in principle, a solvent extraction process. The constituents of
the product to be obtained are dissolved/dispersed in a liquid and 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 liguid 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 280 , or a MOBILE MINOR™, or a Pharma Spray Dryer
PharmaSD® from Niro.
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The spray-drying conditions have a major impact on product properties,
moisture, particle size, morphology and the extent of protein aggregation and
degradation. Temperature is the most important process parameter, since
the exposure of proteins to high temperature could cause degradation. For
the spray-dryer, two temperatures have to be controlled: inlet temperature
and outlet temperature. The former is an independent process parameter
and it can be set by the operator, the latter is dependent on the liquid feed
rate, the atomizing air volumetric flow rate, the drying volumetric flow rate,
and obviously the inlet temperature chosen.

According to an appropriate embodiment of the invention the inlet
temperature is in the range from 90°C to 150°C, preferably at from 95°C to
130°C , and more preferably at from 100°C to 120°C.

In accordance with the invention, the protein-, bulking agent- and surfactant-
containing solutions used for the manufacture of the cores of the particulate
formulation preparation comprises a surfactant in an amount from 0.001 to
2% by weight, preferably from 0.05 to 1% by weight and particularly
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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showed t hatTHdghdfESHRBhiY hifez&H 0RB%pid can be applied to the protein-loaded

5 cores by using a process where the core microparticles are put in contact
with a fluid pressurized at a pressure P close to P, at a temperature close to
Te, so that it is able to swell the shell material. The expression “temperature
close to T." designates a fluid at a temperature T in Kelvin (K) comprised
between 0.8 T; ( expressed in K) and 1.5 T, (expressed in K). For instance,

10  this can be an encapsulation process as described in US 5,057,342 (H.F.
Bok et al., 1989), US 5,066,522 (T.A. Cole et al., 1988), and also more
recently in US 2003/0157183 A1. Such process consists in dissolving a
pressurized fluid, in the melted lipid containing the dispersed core
microparticles, leading to a so-called gas-saturated suspension that is further

15  expanded through a nozzle to form solid lipid microcapsules containing the
protein-loaded cores. The pressurized fluid is preferably chosen in the
group comprised of nitrous oxide, propane, ethane and carbon dioxide (COy)
used alone or in presence of co-solvents. CO; is the preferred pressurized
fluid used in the invention. Co-solvents can be used to favor the dissolution

20 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 %.

25  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

30 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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prepared by using spray-drying technique and the outer shell is prepared by
using a fluid pressurized at a pressure comprised between 0.5P; and 2 P,
more preferably in the range from about 0.75 P, to about 1.5 P, P, being the
critical pressure of the fluid.

10 In the encapsulation process of the present invention, the growth hormone-
loaded core microparticles and the lipid agent are contacted with pressurized
fluid, such as carbon dioxide (CO,) leading to a suspension of the protein
particles in melted, gas-saturated lipid agent(s). if CO; is used as the
pressurized fluid, the pressure used during this phase is preferably chosen

15 from the range from 5 MPa to 15 MPa, preferably from 5.8 MPa to 11.0 MPa.
The pressurized fluid dissolution in the excipient generally induces excipient
swelling/melting at a temperature much below (~10 to 50°C) its melting/glass
transition temperature , producing a saturated meit with a decreased
viscosity. The temperature of the saturated melt is preferably in the range

20 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 nozzie leads to a large volume expansion of
the fluid dissolved in the drops, breaking them up in small droplets that

25 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 fow burst

30 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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used: Thempxture particle/coating agent(s) (2) was placed in the
m xing cell (1) and contacted with pressurized CO2 pun“ﬁed froma CO2
tank (4) athasording teerpieferesdembadigentthemisieaapsules ofthe pieseilr e was
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agitation was stopped and pul veri zation through the nozzle (6) was
started by tuhermgnenatngkinapgent apd assfastantofr pul veri zation, the

col I'ecting }es3fly-4hindBe S5Q¥Ys solution/dispersion prepared in step (a) to

produce protein-containing microparticles;
(¢) collecting the microparticies obtained in step (b);

10  (d) preparing a homogeneous dispersion comprising the microparticles
obtained in step (¢) and the lipid 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

15  collecting the microcapsules obtained in step (e).

In a most preferred embodiment of the invention, the pressurized fluid used
to implement the process is CO;y; the pressure for fluid dissolution and
dispersion of hGH microparticles is about 6.MPa or 100 MPa, the
temperature is in the range from about 60 °C to about 70 °C, and the post-

20  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

25  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

30 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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Soybean | edhiohder t6Gnbreasele 36lehsyilith 3% patenteral administration, the osmolality
of the suspension is preferably in the isotonic range, i.e. at an osmoiality of

10  from about 250 to 350 mOsmol/kg. The preparation can then be
administered directly intravenously, intraarterially and also subcutaneously
substantially without pain.

In order to achieve osmolality the aqueous medium may contain an
isotonicity modifier, preferably a physiologically tolerated salt, such as, for

15  example, sodium chloride or potassium chloride, or a physiologically
tolerated polyol, such as, for example, glucose or glycerol, in a concentration
necessary for isotonicity modification. In a preferred embodiment of the
present invention the aqueous dispersion medium for the microcapsules is
physiologic saline.

20  The dispersion medium may confain further auxiliaries such as suitable
surfactants (Poloxamer 188 and 407, Solutoi® 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

25  medium chain triglycerides (fatty acid esters of glycerol). Preferred medium
chain triglycerides are Mygliol® 812 (from Dynamit Nobel company),
Labrafac® WL 1349 (caprylic acid triglyceride from Gattefossé company,
France), or Lipoid MCT (from Lipoid company, Germany).

In order to make the microcapsules suitable for parenteral administration

30  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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l'eci thin 10present BOENEON ima fAGrof presentation of the microcapsules hermetically

closed in a sterile condition within a container suited for storage before use.
The elements used for providing a suspension of the microcapsules suitable
for parenteral administration can advantageously be put together in a kit.
5 Accordingly, a further object of the present invention is a kit comprising a
container containing the microcapsules 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.
Having now fully described this invention, it will be appreciated by those skilled in
10 the art that the same can be performed within a wide range of equivalent
parameters, concentrations and conditions without departing from the spirit and
scope of the invention and without undue experimentation.
While this invention has been described in connection with specific embodiments
thereof, it will be understood that it is capable of further modifications. This
15 application is intended to cover any variations, uses or adaptations of the
invention following, in general, the principles of the invention and including such
departures from the present disclosure as come within known or customary
practice within the art to which the invention pertains and as may be applied to the
essential features hereinbefore set forth as follows in the scope of the appended
20 claims.
All references cited herein, including journal articies 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
25  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
30 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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bar! 60C 50 bar DMb 5 % Dynasan P60OF 235% MCT 0. 5% Soybean | ecithin
110 bar / 70 C 30 bar GP5 b 5 % CGelucire 50/02/ Precirol Ato 5 50/50
0. 5% Soybean |l ecithin 70 bar / 60 C 30 bar WO

2009/ 080164 PCT/ EP2008/ 009849 32 05 5 % Dynasan P6OF 0. 5% Soybean

lecithin 105151%\‘ tﬁg %rt%r?’c(?ucp ing the cgnt%a% 19/%“ éaférences cited herein), readily modify
and/or adapt for various application such specific embodiments, without undue

experimentation, without departing from the general concept of the present
invention. Therefore, such adaptations and modifications are intended to be within
5 the meaning an range of equivalents of the disclosed embodiments, based on the
teaching and guidance presented herein. It is to be understood that the
phraseology or terminology herein is for the purpose of description and not of
limitation, such that the terminology or phraseology of the present specification is
fo be interpreted by the skilled artisan in fight of the teachings and guidance
10 presented herein, in combination with the knowledge of one of ordinary skill in the
art.
Unless explicitly stated otherwise all percent (%) data disclosed in this patent
application are intended to mean percent by weight (% (w/w))..
The working examples explain the invention without being restricted thereto.
15

20

25

30
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resul ts aWwe 28evisdidiized in Table 6. hGH | oaded |ipid m cPOTAPWBEE9849
produced using this process showed a 2ery high protein recovery (> 98
% and al nost no protein degradation induced by the process, since
the increase in related protein degradation products (by 10RP-HPLC)
remains | ower than 6 % Table 6: hGH Il oaded |ipid mcrocapsul es;

Anal ytical data Conposition Theoretical hGH content ww (% SEC PLC
RP HPLC* RSpatayeldmyinngei ns Moi sture content (% Total hGH Cont ent

\SI/9YV43(3% Pu rA Wni%gyagr%rieﬂ%mvgi%h(i %as ushe(gf| 'mecl'rlc(J)tlogaarst \:vgls %ﬁu%?diﬁgd 5air or
nitrogen. The gas temperature ranged from about 80 °C to about 150° C.
Particle Size Distribution Analysis

5 Particle size distribution of powders prepared using the spray-drying method
was characterized by Laser Diffraction System (Mastersizer 2000, Malvern
Instruments) and by particle image analyser (Morphologi G2, Malvern
Instruments). Mastersizer 2000 was used to measure the particle size
distribution of the spray-dried powder in a liquid suspension using

10  isopropanol as solvent. Each suspension was sonicated for about 2 min,
before being loaded into the sample cell.

Deviant from this general procedure particie size of batch references DM5,
GP5 b, D5 and DM10 was measured after resuspension in an agueous
solution containing Tween 20, whereby each suspension had been mixed

15  with a vortex mixer (10s) and sonicated for about 5 minutes.

Alternatively, powder 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 disfribution and parameters (D(n 0.9), D(n,

20  0.5) and D(n, 0.1), meaning that 90, 50 and 10% of the particle sample
number is below the corresponding D vaiue) 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).

25
Protein physico chemical characterisation - Size exclusion and reverse
phase chromatography
Samples of GH core microparticles obtained by spray-drying were analysed
by size exclusion chromatography (SEC) (for the determination of protein

30  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
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degradation products (oxidised and deamidated forms) were separated from
the native form using a C4 column held at 45°C. Protein peaks were
monitored at 220 nm. Protein was eluted from the column by isocratic elution
with a solvent composed of 71% 50 mM Tris buffer and 28% isopropanol.
The SEC analysis was conducted with a TSK gel G2000 SWXL column held
at room temperature. Protein peaks were monitored at 214 nm. Protein was
eluted from the column by isocratic elution with a solvent composed of 87%

viv 63 mM Phosphate buffer and 3% v/v isopropanol.

Example 1: Screening and selection of suitable operating conditions for
atomization

Inlet Temperature (°C})

Thermal stresses and mechanical stresses to which the protein is exposed to
during spray-drying are well known to cause protein degradation. Operating
conditions applied during spray-drying were optimised to refain protein
stability during the spray-drying process. The inlet temperature and protein
concentration in the feed material were varied to assess the effect on
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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Table 1: SEC-HPLC results obtained from spray-dried powders

hGH bulk | Tinlet T°C outlet hGH HMWS %
(Set) (Measured) | recovery | by SE- | moisture
by SE- | HPLC
HPLC % %
5
20 mg/mL 80°C 35°C nt nt nt
20 mg/mL 90°C 45°C 32 0.68 2.2
20 mg/mL 120°C 65°C 36 0.59 1.5
20 mg/mL 150°C 100°C 30 1.14 0.5
10
10 mg/mL 90°C 45°C 29 0.80 2.2
10 mg/mL 120°C 65°C 36 0.80 1.1
10 mg/mL 150°C 100°C 27 1.50 0.6

15  According to results shown in Table 1, spray-drying of the pure protein can
have a deep impact on protein stability if protective agents are not utilised.
Less than 40% hGH is recovered after spray-drying, regardless of the hGH
concentration in the feed and the inlet temperature used. This low recovery
can be related to the formation of large insoluble aggregates, that are visible

o0  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

25  moisture content (Table 1). However, a moisture content up to 7 — 10 %
obtained for these core microparticles with a lower inlet temperature is

acceptable, and consistent with a good stability of the protein.

30
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Example 2: Investigation into the effects of bulking agents and
surfactants

In order to investigate the capability of excipients to prevent degradation of
hGH during spray-drying, several solutions containing sugars (trehalose,
sucrose, mannitol at 10 mg/mL) with or without the addition of surfactant
(Polysorbate 20 and Poloxamer 188 at 0.1%) were prepared for spray-drying.
The hGH concentration was set at 2 mg/mL. The solutions were prepared by
dissolving the surfactant and the bulking agent in Phosphate buffer at pH 7.4
then adding the hGH bulk under gentle mixing. The solutions were atomized
at an inlet temperature of 120°C an air flow rate of 538 L/h a solution flow
rate of 5 mL/min and aspirator speed of 38 m*h. The powder samples were
assayed for hGH recovery and purity (by SE-HPLC) and characterized as
regards particle size distribution (by Mastersizer 2000). Formulations
containing surfactants were also analysed for % increase in oxidized and
deamidated forms (by RP-HPLC), compared to non spray-dried reference
hGH material.

The compositions used for spray-drying 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.



WD 2009/ 080164PCT/ EP2008/ 009849 33 * reference for batches 1G5,
1GP5, 10190 2009/¢8816dr ence for batches 1P5, 2P5, 3P5, 4P5PCT/EP2008/009849
reference for batches 205, 305, 5P5. ZBable 7: Production yield and
Particle size distribution of hGH | oaded m crocapsul es Conposition
PSD (urn) Yield (% d(0.1) d(0.5) d(0.9) 1P5 7.6 38.4 100.0 78 2P5
3.9 34.4 86.8 79 3P5 6.8 39.6 111.1 81 4P5 3.1 19.8 71.6 76 5P5 6.6

31.9
Table 2: Physico-chemical characterisation of hGH microparticles
obtained by spray-drying as a function of bulking agents

(carbohydrates) concentration and surfactant type and concentration.

5
Bulking | Conc. |Polysorbate|Poloxamer| Protein | HMWS Increase in
agent Bulking | 20 (wiw %) 188 Recovery % oxidized
agent (wiw %) % and
{mg/mL) deamidated
forms by RP-
HPLC (%)*

10 Trehalose 2 - 0.1 97 2.7 2
Trehalose 5 - - 47 0.80
Trehalose 10 - - 43 1.26
Trehalose 10 0.1 - 97 4.7 0

15 Trehalose 10 - 0.1 a7 3 0
Trehalose 20 - - 43 0.36 -
Sucrose 2 0.1 - 97 3.3 0
Sucrose 2 - 0.1 98.3 17 0
Sucose 10 - - 20 0.03

20
Sucose 10 0.1 - a0 10.7 0
Sucrose 10 - 0.1 98 2.8 0
Mannitol 10 0.1 - 94 9 3.22
Mannitol 10 - 0.1 97 58

25
Mannitol 10 - - 44 0.64 0
When hGH is formulated with carbohydrates only, a low recovery (from 20%

30 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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surfactant is used. The addition of Polysorbate 20 or Poloxamer 188 at 0.1%
wt considerably improves the recovery regardless of type of surfactant,
presumably by limiting interfacial exposure of the protein, and allows a total
dissolution of powder before analysis.

hGH formulated with carbohydrates and surfactants was analysed also as
regards % oxidized and deamidated forms by RP-HPLC. Powders were
dissolved in PBS pH 7.4 to obtain a theoretical concentration of 2mg/mL. In

parallel, non-spray-dried hGH bulk was tested as a reference.

Results obtained, shown in Table 2, showed that the percent oxidized and
deamidated forms of hGH did not increase for the atomized samples as
compared to a reference non-spray-dried buik.

Example 3: Particle size distribution

The particle size of the powders described in Table 2 is shown in the Table 4:
the diameters are expressed both as a volume distribution and a number
distribution.

The mean diameter of the spray-dried particles is less 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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possi bl e tihGRRGhyMe HTRatalddeeiDocess [iB3hi gy os cInsest 6 551 t| X855
f urt heg, dejmagmiLap aigsdrbatt 2090. #96t|i ng friom sprjay-drited m ¢roni zed hGH
15particl es,—hG+l-0aded-injectalll e sollid |ipid mgrocapgules
exhi bi ti ng HGH QWhg/MmLWTHHaIdRer B [febease and (& d0) Vid1® | 4922 | 160.74
sust ai ned-rghmaserasaimdrersganifag prodyced uging the pregsurized fluid

process. |(__\“@_54.hg.wq_(_ha_(_(_hg;é‘pj ormil ations canlhe prdduced Wit hout
any- hGH dgrrﬂ}rulamgysﬂnﬂ(nhmmdl eyel |@7édM\G 2nd |iomly edsiesd n [regat edys oq

protein- daggmaiatPaysdpbadeotsiy [20A stiudy wds conducted [to assess the
st orage stlabiH-ity of hGH1oaded injectlable lli pid m crocapsules)
filled jin {haw 26lgass+Mbaitol ypder 064 r dess Aty 72 8 |G gnd (2576 (Thesy
sanpl eg werfig/anal paexhnwt 188©@.1%!1 deterjm natifon of |t he prjotein [cont ent
and the adgregationtevel-—of the protein and RP-HPLC andlysis lwas
carried out for the determ nation of the oxidized and 25deam dat ed
fornms. For the analysis, hGH was extracted fromthe |ipid

m cropar ti Gt ating o gnr@rsgsﬁmngHggsﬂ{{sgigiz\éwum ﬁgkgﬁé the lipid

in the mcropar es and precipita rotein. rotein
preci pi t at éA BERagtipthent s sdivensaticadnrepréseatbd iaftgtieet wacosest. i ihuled

i th h ior to HPLC analysis. The chromat hi
anal ysel wer@SBIIebH ‘AloWPIEEFPUE YBOYESIThe sanpl s vere al so

anal ysed for ' i ] '
Sl o6 were on A Sl R g B CRICIRPT Wb PSSP RRRA cell (1)
and 2 nont hs. andecardactiedsvitmpedsudged Gy pinsgresihfromCa CO;, tank (4) at

2009/ 080164PCT/ EP2008/ t09848 35 ihat .h inlipid mcroparticles
obt ai ned by t NE*|{5Es 'Y PROURRG [ YNYERC and 25C at | east over 2

mont hs. Those THe hix@bre Was BserRbbitdfell durftiPoME ABur Pith ResiPS3). During

ascertain using no nore than roUtine experimentation, nany
equi vdl&ent s t dhisiséep qadvenizatiomntiditortsswersf settled imthentolbectidgsessbled)

specifically herein. ch equival ents are .intended to be enconpassed
in the scope GAUHR dr‘gﬁ'ﬂév@%"eﬁeéﬂ@ rSERtET ). St abi | i ty of hGH |ipid
m crocapsul s AHergn@ Hour, agitation was stopped and pulverization through the

nozzle (8) was started by turning on the valve.

— At the end of pulverization, the collecting vessel (7) was slowly

30 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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T zero 3G5 1.711.5 99.1 0.9 10.15 1.3 2P5 1.7
1GP5

pressurized fluid-based encapsulation process and analytically characterized
(hGH physico-chemical characterization, in vifro hGH release profile). In
addition, a 10 wt% payload formulation was also prepared for preliminary
process and analytical assessment. Process parameters and formulation
data are summarized in Table 5.

Samples produced with a 5 wit% payload are acceptable in terms of particle
size distribution, aspect and production yield. Furthermore, the preliminary
formulation with a 10 wi% payload shows that producing particles with such a
high payload, which is potentially necessary to achieve the target dose,
seems feasible.

Table 5: hGH-loaded lipid microcapsules; Process operating parameters and

formulation composition (10 bar = 1.0 MPa)

Batch | Pay- Pre-expansion| Post-
refe- | load Coating agent Additives Temperature / {expansion
rence Pressure Pressure
1P5 5% Precirol ATO 5 | 0.5% Soybean lecithin | 60 bar/60°C 30 bar
2P5 5% Precirol ATO 5 | 0.5% Soybean lecithin | 60 bar/60° 30 bar
5% . 0.5% Soybean lecithin °
3P5 Precirol ATO 5 5% MCT (Miglyol) 60 bar/60°C 30 bar
5% . 0.5% Soybean lecithin 0
4P5 Precirol ATO 5 2 5% Lutrol F127 60 bar/60°C 30 bar
, 0.5% Soybean Lecithin
0, Q
5P5 5% Precirol ATO 5 2 5% Lutrol F127 80 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
0, o 1
1Gps | % |30% Geluoire 5021 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 °
DMS Dynasan P60F 0.5% Soybean lecithin 110 bar/70°C| 30 bar
Gelucire 50/02/
GP5b | 5% Precirol Ato 5 0.5% Soybean lecithin |70 bar/ 60 °C | 30 bar
50/50




10

15

20

25

30

.8 1G10 3.4 3.2 99.0 1.0 8.0 1.1 2 weeks 2-8 C

99.1 0.9 9.5 0
1WO0g80908¢16¢ 11.6 1.0 2P5 1.7 1.5 98.6 1.4 9.5 1PSTIEERPESMDHIMB49
1.3 9.5 1.2 1010 3.4 3.1 98.8
D5 5% Dynasan P60F | 0.5% Soybean lecithin |[10bar/70°C | 30 bar
5% MCT o
DM10 |10 % Dynasan P60F 0.5% Soybean lecithin 10bar/70°C | 30 bar
- Analytical results are summarized in Table 6. hGH-loaded lipid
microcapsules produced using this process showed a very high protein
recovery (> 98 %) and almost no protein degradation induced by the
process, since the increase in related protein degradation products (by
RP-HPLC) remains fower than 6 %.

Table 6: hGH-loaded lipid microcapsules; Analytical data

ThehoGr?_t'ica! HIELPC* Moisture
Composition content SEC HPLC Related corgtent
wiw (%) proteins (%)
Tgfr:tgﬁtH burity | HMWS
wiw (%) wiw (%) | wiw (%)
hGH microparticles* 38 37.5 99.48 0.52 6.3 7-10
hGH microparticles** 38 32.34 99.44 0.56 6.5 n.d.
micm}!’_a(f'i'llesm 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 1.11 8.76 0.79
3PS5 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 1.756 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
GPS5 b 1.7 1.54 99.14 0.88 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 06
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* reference for batches 1G5, 1GP5, 1G10.
** reference for batches 1P5, 2P5, 3P5, 4P5.

*** reference for batches 2G5, 3G5, 5P5.

Table 7: Production yield and Particle size distribution of hGH loaded

microcapsules

.9 0.82P5 1.7 1.8

010 3. 4PGT/EPG®SHOIB4Y

Composition PSD Yield
(pm) (%)
d(0.1) | d(0.5) | d(0.9)

1P5 7.6 384 | 100.0 78
2P5 3.9 34.4 86.8 79
3P5 6.8 396 | 1111 81
AP5 3.1 19.8 71.6 76
5P5 6.6 31.9 98.7 75
1G5 3.0 77.3 | 2420 69
2G5 2.9 31.9 | 101.8 79
3G5 2.5 14.1 117.4 81
1GP5 2.8 278 | 1616 82
1G10 1. 4.5 14.6 63
DM5 6.3 62.2 167.8 N.A.
GP5Db 3.6 34.7 100.1 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. Resuits for a further Precirol®/Gelucire®-

based formulation as well as from Dynasan®-based formulations are

presented in Figure 6.
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Gelucire®-based formulations exhibit a low in vitro burst release (around 20-
30%) and a sustained-release profile. in vitro release profiles of two different
batches of Gelucire® 50/02 formulations (1G5 and 3G5) are similar, and
make it possible to conclude that the process is highly reproducible. Low

5 burst release was also found with the formulation produced with 10 wt%
payload of hGH micropatticles.

It is remarkable that for the same hGH loading (5%) the in vitro burst is
further reduced in the Dynasan®-based formulations and that such low burst
is combined with an improved sustained release profile.

10 For the same hGH loading (5%), the Precirol®-based formulations exhibited a
higher burst, but then a slower release rate. In vitro release profiles of two
different batches of Precirol® formulations (1P5 and 5P5) make it possible to
conclude that the process is highly consistent.

It was further demonstrated that, starting from spray-dried micronized hGH

15  particles, hGH-loaded injectable solid lipid microcapsules exhibiting a low in
vitro b'urst release and a in vitro sustained-release profile can be produced
using the pressurized fluid process. [t was shown that these formulations
can be produced without any hGH denaturation (low level of HMWS and
increase in related protein- degradation products).

20 A study was conducted to assess the storage stability of hGH-loaded
injectable lipid microcapsules, filled in 3 mi 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

25  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

30 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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T zero 305
1.7 1.4 990Codw@ords 1.3 2P5 1.7 1.8 98.8 1.2 9.8 0.9 1GPETEPF00R/0060849
08.9 1.1 10.7 0.8 1010 3.4 3.2 99.0 1350 7.7 1.1 2 weeks 25C

that hGH in lipid microparticles obtained by the process are stable at 2-8°C

and 25°C at least over 2 months.

Those skilled in the art will recognize, or be able to ascertain using no more

than routine experimentation, many equivalents to the specific embodiments

of the invention described specifically herein. Such equivalents are intended

to be encompassed in the scope of the following claims.

Table 8: Stability of hGH lipid microcapsules at 2-8 °C

B _ SE-HPLC RP. -
Theoretical Total HPLC Moisture
SAMPLE hGH content hGH Purity | HMWS Related content
wiw (%) content |wiw (%) | wiw (%) proteins (%)
wiw (%)
T zero
3G5 1.7 1.5 99.1 0.9 10.15 1.3
2P5 1.7 1.6 98.9 1.1 8.5 1.0
1GP5 1.7 1.7 991 0.9 9.5 0.8
1G10 34 32 99.0 1.0 8.0 1.1
2 weeks 2-8 °C
3G5 1.7 1.4 98.9 1.1 11.6 1.0
2P5 1.7 1.5 98.6 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 1.5 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 89.0 1.0 9.7 0.9
1G10 34 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 9.0 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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Table 9: Stability of hGH lipid microcapsules at 25 °C
SE-HPLC
Theoretical RP-HPLC| Moisture
SAMPLE hGH content Tg‘t::‘l tgl?tH Purity | HMWS Relat.ed content
wiw (%) wiw (%) wiw (%) | wiw (%) | proteins | (%)
T zero
3G5 1.7 1.4 99.0 1.0 nt 1.3
2P5 1.7 1.8 98.8 1.2 9.8 0.9
1GP5 1.7 1.6 98.9 1.1 10.7 0.8
1G10 3.4 3.2 99.0 1.0 7.7 1.1
2 weeks 25°C
3G5 1.7 1.4 98.9 1.1 11.7 1.1
2P5 1.7 1.6 98.6 1.4 8.8 1.5
1GP5 1.7 1.5 98.8 1.2 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 08.8 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 17 1.7 98.7 1.3 12.2 1.0
1G10 3.4 34 98.7 1.3 9.3 1.3

30
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1)

2)

4)

6)

7

8)

Patent Claims

Microcapsules comprising (1) at least one inner solid core containing at least
a growth hormone, a bulking agent, which is a sugar alcohol, a sugar and/for
an amino sugar, a surfactant, which is a polysorbate or a polyoxyethylene-
polyoxypropylene block copolymer, and (2) an outer shell comprising at least
one lipid.

Microcapsules according to claim 1, wherein the sugar is a mono-, di- or
trisaccharide.

Microcapsules according to claim 2, wherein the sugar is sucrose, lactose,
maltose or trehalose, preferably sucrose.

Microcapsules according to claim 1, wherein the amino sugaris
glucosamine, N-methylglucosamine, galactosamine or neuraminic acid.

Microcapsules according to ¢laim 1, wherein the sugar aleohol is mannitol,
sorbitol, duleitol, xylitol or ribitol, preferably mannitol,

Microcapsules according to one orF more of claims 1 to 5, wherein the
surfactant is the polyoxyethylene sorbitan fatly acid ester polyoxyethylene
(20) sorbitan monooleate or polyoxyethylene {20) sorbitan monolaurate,

Microcapsules according to one or mare of claims 1 to 9, wherein the lipid
has a melting point of at least . 40°C, preferably in the range from 45°C
to 80°C, and more preferably in the range from 48 °C te 75°C.

Microcapsules according to one or more of claims 1 to 7, wherein the lipid is
a fafty alcohol, a fatty acid ester, a polyol ester, or an ester of at least one
fatty acid and at least one polyol.
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1.0 1010 3.4 3.4 98.7 1.3 9.3 1.3 Patent Cains 1) Mcrocapsul es
conprising (1) at least one inner solid core containing at |east a
growt h hornone, a bul king agent, whicB¥ s a sugar al cohol, a sugar
and/ or an glm'é@o sugar, a surfactant, which is a polysorbate or a

pol yoxyet h ELo0RBRYieR/ancepling te ot ac knare R CIHNRE 1 gl \&@regﬂhaq{pﬁj is
hel | Y Jipid, 2) M les”
ot m 1. aner el @edEae ofREse Bdior sh SiSiat dlcarabainitcisy

M crocapsul es according to claim2, wherein the sugar is sucrose,
| act ose, %wSe or trehal ose, preferably sucrose. 4) M crocapsul es

6l\llf:(r:nce){ ﬂlylngl uc F"Q_Pﬁ{’:i‘,”ewaé’ﬁ'élidiﬂg_ nerﬁ)mnm:ﬁl g%ﬁﬁf}ﬁggggﬁﬁﬂgr@ﬁthe pid is
M cr ocapsul egéﬁé%ﬁﬁoﬁgdi%&lﬁeg@y%n B{Ng aHBeking poindlof SBYT ansl an
Al Lol 8 Mcrocapeut oo et b EbaRICEIALR of! BEFem o
wherein the surfactant is the polynethylene sorbitan fatty acid ester
Cor bit o nabareiieapBuRS b RGO RS o Ricte il etoctas voverai tostipic

clai ns |to Sphaseecaistitutivgy thewdehs: bl JaTe) 0, | east.40C,
preferably i‘gp t he rangeh;gromm45c tJge"gcodgélgﬁ(%gdr{%?éerg@rgeé%%gfg?@ﬁlaﬁn@?fe

range from4 "®to 75C 8) M crocapsul es according to one or nore of
clainms Ito 7, wherein the lipidis a fatty alcohol, a fatty acid
ester, a polyol ester, or an ester of at |east one fatty acid and at

| east one gbMjerncapg)lesaccodimstal d8in®4qoReE

claims 1 to gge(ﬁ:&n tI%eéH pidis a poligg%%?) ygfggeﬁny{gé%gégnd/or
an ester of Pg'l%? PUICeRiE @R S0vbeas ledithmi cr ocapsul es according to
one or nore of clains Ito 9, wherein the lipid is saturated

pol ygl ycolgzed gl ycerides having a nelting point of 50C and an HLB

val ue equif) Misrocapsules secortiinmaiororeost marabEdaines 1%%}25@&\?@% magggeﬁ

11) Mcroca according to.one or nore of clains

the Iipid p%ﬁgg%iséjn%?rﬁ?\ﬁ‘ﬁiaﬁﬁla{i‘“‘ézﬁfut er shell contains a dispersing
agent for the inner core. 12) M crocapsul es according to claim 11,
wherein t’“ﬁ}gﬂi spersing agent is a phospholipid, preferably soybean
| eci t hin. IoRpEARsEigssateasdiagdoathimg] 3, wieneirothe A S ertd 81dil P
12, wherei ncﬁQ@ t@@@’?f" Qetl f';ll so contains a plasticizer, 14)

M crocapsul €s-ac H‘Z PLafelPXamMe’. wherein the plasticizer is a
medi um chain triglycerids of a Pol oxaner. 15)A pharnmaceuti cal
formul ati gn conpri si ng m crocapsul es according to one or nore of

clai ms | tP)APhrsmageyiier dormedation acutpsipmganionoceapduE® adtBldifg B6 8R8%F
f i 1 : A di f cl 1t
14, Gompr1 ooy LR EREAR Tl Ry BERE ePdcn P b o raaciiom i sper si on

conprising at |east a growh hornone, a bul king agent, which is a
sugar al 3383{,3&02 sugar and/or an am no sugar, and a surfactant, which
e

is a pol 8% 1Qf [WBPaBRy sitpcapsulps lagonyiingtybener Blods sf claims 1

copol ymer; i 7 i aqueous sol ution/di spersion prepared
in step (a) %4'33?0 u%:sgﬁ%p{(;étg%t%ﬁgcont aining mcroparticles; (c)

col | ecting thi)npesaing die hageald soingehiibpsteth boprbi 4ieRd'd N9 a

honogeneous di spersion conprising the mcroparticl n step
(c) and the |ipi 8"PMASOrEvRe: plawking agnst, sdtiel issheligar alcoidlla sugar

pressurized flui r e 0.4 Po .and 3 Po, Po being
the critical pr eggﬁ@gggfarﬁﬁg éqéﬁf’ag%%ﬁ%ﬁﬂ?gﬁﬁérvé}ﬂ’gﬁg ? Rolyserhainge a
from 30 C to 70 polyoxyethylene-polyoxypropylene hlock copolymer;
(b) spray-drying the aqueous solution/dispersion prepared in step (@ to
produce protein-containing microparticles;
(@) collecting the microparticles obtained in step (b);

e P P

(d) preparing a homogeneous dispersion comprising the microparticles
obtained in step (c) and the lipid phase constituting the outer shell in



(e) depressurizing the dispersion prepared in step (d) through a
nozzl e and collecting the encapsul ated protein particles obtained in
step (e). 17) A process for prepari ngacgri crocapsul es according to
claim 16, wherein the inner core of is prepared by using spray-drying
techni que and the BIYBSWIREAITIIG Upkieparessuby betwern Bu4fP Lird 3 P, P,

pressurized whose pgii : [ Lsspl.utio nd di spersion step
i s conprised between gqgéggﬂﬁg}%ﬁg Dm%ﬁ‘ﬂaﬁ@?%?ﬁmw@mwmm Egeo
and 1.5 Pc, Po beifigm3@°Cro 7D, pressure of the fluid. 18)A process

for preparing mcr sul es agcording to any of clainms 16 and 17
wherein the prg‘sgu(ﬁ)é@%aswﬂri‘% edighesinn picparettin step Adpihesestsa nozzle

accordi ng t o apdajomedBng MEES at ur.e during the
di ssol ution and di spergsi on @%&hﬁ?& ﬁ@%%&ﬂ@%ﬁ‘!&@@ﬁlg@d@ stgrde).
preferably at about 60 C. 20) A process according to any of Clains 18

and 191 ek ssure durjng the dissolution and di spersion
step (d) is ) i}%B{%%%S%EBFQ%'W@@r&wsﬂ@sﬁﬁmrﬁﬁgio piaéﬁglsam%yerah the

about 6 MPa nnet@oMafis i S| essure is in the

range from1,0 MPa to 15%5}6%%% '%fr)ﬁlgg)aégféy#%i&c%&%@ Fngine oLensiell

to 3.5 MPa, Hrirepares! by esingaflyidipresheizedngsods Srdasufe dfifhd feb 0 MPa,
dissolution and dispersion step is comprised between 0.5 Pe and 2 P, more

preferably between 0.75 Py and 1.5 P, P, being the critical pressure of the
fluid,

18)A process for preparing microcapsules according to any of claims 16 and 17
wherein the pressurized fluid is carbon dioxide.

19)A process according to claim 18, wherein the temperature during the

dissolution and dispersion step (d) is from 35 °C to 65 °C, and preferably at
about 60 °C.

20) A process according to any of ¢laims 18 and 19, wherein the pressure
during the dissolution and dispersion step (d) is in the range from 8.0 MPa to
11.0 MPa, preferably at about 8 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,



