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PCT/ SE99/ 00583 ~ | NCORPCRATI ON OF ACTI VE SUBSTANCES | N CARRI ER
MATRI XES wo 995288 ELD OF | NVENTI ON 5 The present inventi POT/SEPSB0S83 t O
a process for the preparation of a formnulation which conprises an

active substance associated with a carrier by formng an emul sion of the
conponents and precipitating the systemby using a fluid gas technique. The
i nvention al so relates to the fornul ati on obtai ned by this process.

oo ENeCKP IR AL TIVE SUBSTANGESIN ChrgiiEr MAYRIGED °/,

obtain particle systens have been suggested. Such systens can be utilized
in, for FIELD OFAINCENTIONI ate rel ease formul ations, nodified rel ease
formul ati ons, extended release 15 fornulations, pulsed rel ease

formul ations, etcetera. Some exanpl es of such techni ques are: -
hot nelt ML oene suI tion (S e et .al, Life Sci 2,975 17,1877)
interfatia 58fe>§ lflg‘?ﬂ o&{e)(agft Ve nid g‘?foth%BEqu’éPm? 2 fprmuiatien which7e 65

20 1763, Tl%:ﬁ%nsés%@&%&@ kaRedics a@og%fcmvftﬁ la c-gﬁ'ﬁ:é? lgxmgapor 1y 158 o ofthe .

Kirk-O hmer, 1996, 16, - sol 1 on

(C el and, bmyamntmmdpscxpnanﬂ'glmessymm by asinl (ﬂuid/ {technique. ThamWeﬁﬁsﬂi]also
Eds: Powel | _and wran Pl enum Press, New Yor 199 439) - sol vent
ext ract i onTqieFRiothg formulgtion ehtained by dhis progess,ubuni t  and adj uvant appr oach,
Eds: 25 Powel | and Newran Pl enum Press, New York 1995, 439). -
spray drying (WO 94/ 15636) An inportant step in the preparation of
such syst e BACKGROUND OPYHR INVENEIONf the active subst ance. The

choice of preparation nethod for the rel ease system depends on the kind of
30 active substance that is going to be incorporated and the desired

rel ease pr ertle f th act esubs.tanef,ro t he delive system

Al teo hﬁl Sg%ega q tiops e &;eprﬂ ﬁgf:?rporanon active mbstances?n camre¥ ma¥nxes in
order to obtain particle systems have been suggested. Such systems can be utilized in, for
instance, immediate release formulations, modified release formulations, extended release

15 formulations, pulsed release formulations, etcetera.

Some examples of such techniques are: ) _
- hot melt microencapsulation (Schwope et al Life Sci. 1975, 17,1877)
- interfacial polymerisation (Birrenbach and Speiser, J. Pharm.Sci. 1976, 65,
20 1763, Thies, In Encyclopedia of Chemical Technology, 4 ed. Ed. Kirk-Othmer, 1996, 16, p.
632)
- solvent evaporation methods (Cleland, /n Vaccine Design. The subunit and adjuvant
approach, Eds: Powell and Newman Plenum Press, New York, 1995, 439)
- solvent extraction (Cleland, In Vaccine Design. The subunit and adjuvant approach, Eds:
25 Powell and Newman Plenum Press, New York, 1995, 439)

- - spray drying (WO 94/15636)

An important step in the preparation of such systems is the incorporation step of the active
substance. The choice of preparation method for the release system depends on the kind of
30 active substance that is going to be incorporated and the desired release properties of the

_active substance from the delivery system. All techniques listed above have their



2 advant ages and di sadvant ages. Thus, the hot nelt m croencapsul ation

met hod i s unsuitable for thernbsensitive active substances. A drawback
with the i nWer¥94258| pol ynerisation met hod i s that the hiBFEI/HEILATBI ve
nononmers in the water inmm scible sol vent ,can react both’ "with the core

material and with the encapsul ated activée substance. A drawback with the 5
sol vent evaporation process nethod is that the nethod is tine consum ng and
that it onl can,be, perforpged batch wise.. As in the sol yent, . '
evapor at | of PEIRRT iLdisidyantages. Thus. ffe ot mef giigogncapsulation method g wsriablg as -
It can onl g ReerhRkLa 3t GhbspirRes. Aatbibesih'hd Mhterfacial bb rying
nmethod is tﬁat It 1s dif cigchl'Ebsto psF oduce parﬂﬁgl esﬁll %ﬁafchaetpn norrgf?%?ﬂjsi ze
range. Thi methetlliothat thecHighly veactivt atdroniers inf the mater dmsiisdible sslvbst canaes:t both
oxi dative sensjtive 10  active substances because of the exposure, of heat
and air i n"ithdhe,¢ore gaaterial and withdhp speapseiated achyg substages Ao fagpaskwithdhanced

in the rec | ef L Fe ko 4 e fluid ¢ fined as
1 e f SO S9brn i bk U IBE o is il 8ot B8 G AT

si mul t aneogs be petfmel batchaeie M cial the EslPertidvasorafiorb tepRiiqud, the-@dtrablion ds are
flexible with 15 tenperature and pressure and could be selected to suit a

gi ven appl methodds alsPlimecensaming as i§ eaeprly beprrfosnehbajche wisgs Adirawback withhe i s
known as rapid expansi on, of . supercri.ti cal sol yt | ons . ( RESS nd. anot her
o Known aliésREd AP REZARYER i HRGR AR am preducs Partcl 3 e Tanofas@P i quc
a subst ance,ngt T feRdd fs 31s8iuh At for th@nfbeehsiiVel sOBSthnce bY Sxidativk SHBiEve
critical flurd such as carbon dioxide is introduced into the sol ution,

| eadi nge t oactivespbstaiiks because of the exposiire ofhéatiand aif in the pradess.i on. As a

result, the solvent power decreases dramatically over a short period
of time, triggering the precipitation of particles. C . Tom and

J. W
P. G Debe <ds Jy By g CJ < -aP. edetti
i ol - Saptc ol b BIOTRRY hallavancrd ih ik sbbens yRuty Welofyya peciRRIT 0
in ACS SynmplufdtanhkAlefined aé 4 29 atdbi@baveits &ritichBpreddute andiritiva) temmpbrdthie322 687
(Schwarz Pharma). A nodification 25 of the GAS system has recently been

devel oped fmltaseasin Thephysicrdwmicd pogperties afsupercritieal fluids ar Hexiplogvith

| uti h d di ' b Ltical.fluid . i
i1 sdl s SRR SRR PE i Gecd B Ruisa 4 w5
Protein Ca@e&%?gﬂdéﬁﬂ@&ﬁﬁ%\ie@%séd‘tddﬁ?, &ii'i§ k86wl 8s fapiEexpahsibi® opblpRfcritichl Ve
subst ances, using the 3 encapsul ati on nethods |isted above. The protein

i s di ssol vedutions(RESSIrang ansther isikapwmasgas anti-solventiprecipitationi(GfS)vlnthe n t he

hase contajning,the carrier. A.disadvantage,with proLeins
P %1{% te%hmque a substance o mterestdis %.lnSSO Ved n a coxg/en&onaT solvent, a super-

critical fluid such as carbon dioxide is introduced into the solution, leading to a rapid

20  expansion of the volume of the solution. As a result, the solvent power decreases
dramatically over a short period of time, triggering the precipitation of particles. C£J. W.
Tom and P. G. Debenedetti in J. Aerosol Sci., 22 (1991), 555-584; P. G. Debenedetti et al
in J. Controlled Release, 24 (1993), 27-44 and J. W. Tom et al in ACS Symp Ser 514
(1993) 238-257; EP 437 451 (Upjohn) and EP 322 687 (Scﬁwaxz Pharma). A modification

25 of the GAS system has recently been developed (WO 95/01221 and WO 96/00610). It is
called the SEDS (solution enhanced dispersion by supercritical fluid) process, which

utilises supercritical fluid technologies for particle formation.

Protein can be incorporated in the carrier matrixes, like other active substances, using the
30  encapsulation methods listed above. The protein is dissolved in a water phase, suspended

or directly dissolved in the phase containing the carrier. A disadvantage with proteins

s
r



3 di ssolved in organic solvents is the low solubility of proteins in

organi ¢ solvents and supercritical fluids/nodified supercritical flows
(Stahl et avoo¥Exsnse Gas Results", Fluid Phase Equi |l i br a, PGD/SB99/00583
269) . Anot her disadvantage with the prot %i n directly dissol ved or

suspended in the organic solvent is that "the organic solvent may unfold or
denature the s protein. (DIl and Shortle Ann. Rev. Biochem, 1991, 60,
795-825). This may lead to a | ¢s of .therapeutic effect, e.qg.

i munol ogi Siggolwsd Bqrganic solvents gs éleé@v &piupility of praseigs pberf&%@ek‘cengsw@d

D ot i n_ psErepRRl ISR e wpRirtitel Aoud BRlIY o, cpenBl CRERANIET A °
Phar m Res. prdsBguiltbra, 1989)10376)). Ahother §i8advaffige v the Praveindifetly @dsolvelit h

bot h, the pol ymer and t_he protein, dissolved in O (V\0962¥998 and
Bert ucco eor susperided i the organic pelyentiis thatthedrgatic Bolyentamay nnfold 00denapirg tiro2) .

prot e 1t andtOaRyflana Spouobre st B i 990 Aot SE2) T By 66t 2 s
Supercri ti gfhefabeitk m"ﬁ%mﬁﬂ“ﬁ%ﬁﬁ%@ffe&@ Synposi um Series, 1993, 514,

238-257). 15 Pr ot el articles ve been prepared fromwater solution
I n the SEDS techni que using a t hr ee- conponent nozzle, where the
protein solution jn water is_first co-introduced with et hanolsgnd t hen

m xed wi t hinssypercaitical uid techpiaugs.dhe proteing beysornss dassolvied dirscthy 1y PMSO for

Even if th . ' . 2QuS, S | a h |- 1sS
very short prepRakgl s bbb el Biteles PR RSHRRY R SEPA P S 100k s, 36630

Low nohgcupPagrmRes 199103} BB T0e ssﬁs?wei:@éospreb@aa_ ti@@wmmqﬁ'éﬁhé@mﬂl bith,the
polyners with supercritical tluid techniques. In EP322687 is presented

the pr epar polymer and thechratgirr, dissolved in IMIQ (WOQH29988 and Bermeoaetabfaiilighe and
CAU 1 W ) RO SR U Y SESE (1ol ter
Nt SYM. 98k hishived foFh rdtein ARMIRImMIARAAS E2PG542394 andiTom efdl, I

anti - sol vent chni que, the active substance and carrier are ssol ved
or di sper sSaparoritited BaidcEngingerikg ScienceptiUS\ Sympokinn Serias A 9981 5V 4 p&L267).t i cal
fluid. Exanples include in these docunents only refer to incorporation
of hydrdphobi ¢ conpounds in L-PLA spheres. Nothing about the 30 conpounds

pea 1" BRAER RalRl TR uRRE frepia eyl b Bh IS P B el 1

et al. In thredcothpeisent Bozzle, where the protein solution in water is first co-introduced with

ethanol and then mixed with supercritic;al carbon dioxide (WO9600610) in the nozzle. _
Even if the contact time between the aqueous solution and the ethanol is very short, it may

20  cause destruction of the protein conformation. ,

Low molecular weight substances have also been co-precipitated with polymers with
supercritical fluid techniques. In EP322687 is presented t-1_1e preparation of a drug form
which comprises an active substance and carrier with anti-solvent technique and with

25 RESS (Kim et al. Biotechnol. Prog 1996, 12, 650-661, Chou and Tomasko, The 4th
Int.Symp. on Supercritical Fluids, Sendai, Japan, 1997, 55). Here, in the anti-solvent
technique, the active substance and carrier are dissolved or dispersed in the same liquid
medium and combined with supercritical fluid. Examples include in these documents only
refer to incorporation of hydrophobic compounds in L-PLA spheres. Nothing about the

30 cdmpounds in aqueous phase was mentioned, as well as, in other studies reported on PCA

_ (Bodmeier et al., Pharm.Res., 1995, 12, 1211-1217), SAS (Bertucco et al. In High Pressure



4 Chem cal Engi neering, 1996, 217-222), GAS (Chou and Tomasko, The
4th I nt. Synp. on Supercritical Fluids, Sendai, Japan, 1997, 55) or
ASES (Bl ei chwaxed/spoarr] |l er, J. M croencapsul ati on, 1996,PQBSE9/00583
131-139). 5 DI SCLOSURE OF THE | NVENTI ON It has now been found that
It is possible to associate an active sub8t ance or substances with a
carrier systemby form ng an enul sion of the conponents and precipitating
the systemb using a fluid gas technlg The active sulstance or

active substafeieg! Enginpering. 689%{@ -228), GAB KChow s} Temaskey Fle ¢oing Symp.can
wh
Stbst ance ov e PH e Nenr B 1587 R o A S B THIAH B MENSE Zor epar | ng

active subspgaaeen L BkiBh D962 3,i181-139pt ens i s based on the use of
emul sions. The enulsion is a mxture of two non-niscible l'i quids, or
phases, 15 where one liquid is finely dispersed in another |iquid. One of
t he I|qU|ds nal ar., I I nst ance wat er or aqueous phase, in
conpari sbn ngpﬂ;gi%(t’ 9,8?|5‘3£W*‘ﬂ tance an organic solvent or a
m xture of solvents (oil phase, here called the non-aqueous phase). The
enul sion can be either kinetically stable (macroenul si on) or a '
t her modynanjsqak hywHegh |f@und that if ¥ oS SbREY la?s'o@irﬁe aPicti9R SRRAHcE OF sﬁﬁsﬂn%ei with]

order to stabilise the enul sion n emul sifie el t her a one or
conbi nat i onawarrier system bgrfmrrmng aeemulsorcof the cbmpommits indpreeigitating the system by

surfactants oly | an be used. The enulsifiers are dissolved-in
ei ther the umgg aéﬁﬁésa%teﬂﬁgw 8 ACH Ve HastARRS. O RGH YR SubsRCES arg reomaratpd
subst an 0 b, / nd
2as0c, atd ViBHPEHAG SO e Eftrier syseds P LS bk Bie i QMG Mhrdlind
sol ubi | i zedtHeractine swulsitiaies or aitive ubstiaResar rier material is either dissol ved

in 25 the non-aqueous phase or the aqueous phase. The agueous phase is
enul sified in an non- aqueous phase, or vice versa. The

cor bi £ an- sty IEFOveR o fos ool B bk Ebds o ipB Bt Htets f ased
pol yoxyet hybg figs weloflenfldiisS The BinhRidh i€ 8 inSikfuré BFitwo ﬁkﬁi—ﬁﬁscxﬁ@ hqmds or phases,
b, D gl ycopyran05| de (n-0QG.

where one liquid is finely dispersed in another liquid. One of the hqmds is more polar, for

instance water or aqueous phase, in comparison to the other liquid, for mstance an organic
solvent or a mixture of solvents (oil phase, here called the non-aqueous phase). The
emulsion can be either kinetically stable (mac;oeinulsion) or a thermodynamically stable
(microemulsion), or combination thereof . In order to stabilise the emulsion an emulsifier,
20 either alone or in combination with other emulsifiers, such as but not limited to,
surfactants, polymers, iipids can be used. The emulsifiers are dissolved in either the
aqueous phase and/or the non-aqueous phase. The active substance or substances, which
is/are going to be incorporated or/and associated to the carrier system, are dissolved,
suspended or solubilized in the aqueous phase. The carrier material is either dissolved in
25 the non-aqueous phase or the aqueous phase. The aqueous phase is emulsified in an non-

aqueous phase, or vice versa.

The non-ionic surfactants can be, but are not limited to: polyoxyethylene sorbitan fatty_aci&
esters, sorbitan fatty acid esters, polyoxyethylene alkyl ethers, sucrose esters and n-octyl-
3  b,D-glycopyranoside (n-OG).



5 The anionic surfactants can be, but are not limted to: sodium

dodecyl sul phate, sodium 1, 4-bi s(2-et hyl hexyl) sul phosucci nate (AOT)
and sal ts ofyg ewda¥0mcCi ds. The cationic surfactants can bePCH(SEINISSHOot
limted to: alkyltrinmethylamoniumsalts and di al kyl di met hyl anmoni um
salts. s The zwitterionic surfactants cah be, but are not linited to:
3((3- chol am dopr opyl ) di net hyl ammoni o) - | - pr opane sul phonat e,

dodecyl - N- bet ai ne. The polyneric enul sifiers can be, but are not

li mited t oTheahiphid supfactantsrcah bechs are not limited gk sedium|dodesy) sulphate) sadiwm
| i | | C. [ d bl | h ppid | sifi be,
A N T

phosphat i dyj,el-hangal %ﬁéﬁhﬁﬁﬂ%ﬁé}%ﬂhﬁ% gt Gl fo: alkyltrimethylamBichitm S8R ddan,

t he agueous phase Is be aqueous solutions (non-mscible with
t he non- aqdibiddiniabyamaromiun saltdier sol uti ons which are non-miscible with
t he non- aqueous phase and nore pol ar_ t han thg«gon-aqueous phase. 15

The non$ aq?@é@@%‘?ﬂé@ﬁc swfastantscan bey pug are ﬁeﬂ_llp{tﬁ# tedfo, conventi onal
or it ur oShE R doprbi ety RbANASS 1. fropfle inofisle BT RlaRE. PCC1 512

not |im t edtheQolyiRérid@hlsifferd dadite, bkl £k AbLEMRSd fo: pbiyeiaypyrailidoe), ubi | ity
enhancers and ot'her excipients, and conbi nati ons thereof. The

pol yner s nmpplyglycepoitpolsricinaleate;fpoty(vinyh ricoholy prd bippk popalymess. bi odegr adabl e
or not, e. . . ol ystyrene. oups. of .pqlyners that .ca ed as
carriers ardelipid e’l%b‘l‘@‘?’%f’%%’ Pg are not P‘B’dﬁ%@é@ﬁc@ﬂ Eﬂe]ﬁg’s?h%ﬁ]i‘%@@’r%og,ne’

pol yet hers h9G&HiR ids8d. 25 Exanpl es of

pol ysagghath%sh\ég?g?é aj&tg not |(€n&% ed to, celluloses, '

hydr oxypr opyl net hyl cel | ul ose (HPMC), ethyl cellul ose (EC), pectin,

al gi nates, chitosan, ar, hydroxyethylcellul ose (HEC), xanth

ﬁf) Py: |h¥n d r g%y éhiﬁmsiérirml: tb? ét%{qeema.se is definer,ip bp RgucyF S?J!BP.?%%@.@P-S@&F@?*;‘E?E i
These ( PLot orBRtskes BhisiF ardib el iauifint St e eofiliscible with B¥H

aqueous phase and more polar than the non-aqueous phase.

15
The non-aqueous phase comprises, but is not limited to, conventional organic solvents, like

methylene chloride, chloroform, ethylacetate, or mixtures of organic solvents.

The carrier material can be, but is not limited to, polymers, fillers, disintegrants, binders,

20 solubility enhancers and other excipients, and combinations thereof.

The polymers may be synthetic or of natural origin. They may be biodegradable or not, e.g.
polystyrene. Groups of polymers that can be used as carriers are, but not limited to,
polysaccharides, polyesters, polyethers, polyanhydrides and polypeptides.

25 '
Examples of polysaccharides are, but not limited to, celluloses,
hydroxypropylmethylcellulose (BIPMC), ethylcellulose (EC), pectin, alginates, chitosan,
agar, hydroxyethylcellulose (HEC), xanthan, ethylhydroxyethylcellulose (EHEC).

30 Eicamples of polyesters are, but not limited to, polylactide (PLA), polyglycolide (PGA),
_ copolymers of these (PLG), polyhydroxybutyrate (PHB) and polycaprolactone.



6 Exanpl es of polyethers are, but not limted thereto,

pol yet hyl eneoxi de and pol ypr opyl eneoxi de. 5 Exanpl es of

pol yanhydr i desp eg/esebut not limted to, poly(sebacic acid), PCT/SE99/00583
pol y(car bophenoxypropane), poly(fumaric acid) or copolynmers of these.
Exanpl es of active substance are nedicinal6agents, toxins, insecticides,
vi ruses, diagnostic aids, agricultural chem cals, comrerci al

chem cals, fine chemcals, food itens, dyes, 10 explosives, paints,

pol yners, or cosnetics etc. The active substances may have a high

nol ecul ar ﬁxggple(sdo%fl Ped herein as nore than 5.000 Dalton) such as, but

not limte pehysthersare, bytmog imiteddhgratos golyethylenepxide@ad anti gen,
pol ypepti de i ¢ acids, pol ysacchari des or a | ow nol ecul ar
wei ght (def i’ogﬁg r%{féﬁﬁg’(sé' 5.000 Dalton or less) such as, but not

limted to, Bodipy[err]. The enzyne activity and the inmunogenic activity
of the 15 &L;rotei ns can be maintained by using the process according to
the inve#ti .amplesofpomnbydmtesm,ibmmtdmuwdmpow(ggscmncilda)sdes material in

its supercritical,and near-supercritical. . state as || as conpressed
gases. The &0 PE?%P?&CE%WPEH“%%@&’W @é‘fm% peidyer ‘quﬁﬁ‘f"éﬂs \tgg,theéﬁr bon :
di oxi de, nitrous oxide, sul phur hexafluoride, xenon, ethylene,
chlorotrifluoromethane, 20 ethane and trifluoronmethane. Near-supercritical
state i s herixamplesfofrretivesubstance atmedibiaakagents, toxires, prsectivides, sirdées| diagnostic
tenperature are bel ow the critical values. For instance, the |ower |imt

for the neariSupEilturale EOTRECERR; % e ghepricals, feodiiteras, dyes.r |

(critic t 8 f : . .

emul si o?osystgmggg% ri %30%%?’%:1’0% al {}]&gﬁgel(’)l% a:r%gygg‘ggcfé%qcﬁes?hs%g%hé? but
not | imoleeudart weight (defined Betéincisimore than3106P Dalten) sikhRe Witeiot limited to,

tri s(hydroxynet hyl ) am nonmet hane_ (TRI.S) etc.: - substances for

i ncreasi ng tPHeteinscantigsns, sueh @ a Helicobagter sntigen, pelypeptidesipolymunicigacids, e g
trehal ose a%%lﬁ%éﬁ%}'iggsl c?rnael%w 1%81&&%9& ght (d_feﬁned herein as 5.000 Dalton or less) such as,

but not limited to, Bodipy®. The enzyme activity and the immunogenic activity of the

15  proteins can be maintained by using the process according to the invention.

Here the definition of fluid gas includes miaterial in its supercritical and near-supercritical
state as well as compressed gases. The mpercﬁﬁcal fluid can be, but not limited to, carbon
dioxide, nitrous oxide, sulphur hexafluoride, xenon, ethylene, chlorotriflucromethane,

20  ethane and trifluoromethane. Near-supercritica‘ll state is herein defined as the state where

the pressure and/or temperature are below the critical values. For instance, the lower limit

for the near-supercritical state regarding carbon dioxide is 0.65 T, (critical temperature)

and for propane 0.30 T,.

25 The emuision system described might contain one or more additives, such as, but not
limited to:
- buffers, e g phosphate, carbonate, tris(thydroxymethyl)aminomethane (TRIS) etc.
- substances for increasing the chemical and/or physical stability for the substance, e g

trehalose and polyethyleneglycol (PEG);



7 - adjuvants to further enhance the effect of the active substance,
e g i mmunol ogi cal response stinmulators like lipid A and its

deri vati veswoolisksra toxin (CT), or absorption enhancer s ®C¥/SEDNSSDr
diglyceriders, fatty acids, bile salts or_enzyne inhibitors e g

aprotonin, ethylenedi am netetraacetic acia, pol yacryl acid, or adjuvants
for active 5 substance targeting e g anti bodi es; - solubilisation
agents, like n-octyl-bD-glycopyranoside (n-0G). The present invention
can bri ef | y agisvaunssde fursherenhanss the effectiof thea arkivp selssancei o8 immunological

formul ation which co I S n. active substance ,or acti.v bst ances
associ at ed " #P ﬁsea""twnigé%s ﬁ‘gﬁpbﬁg‘ra& t‘?r‘#?g%ﬁ‘ﬁ%’ £hok ra?oxm?(_ﬁ‘ﬂé)ﬁa FRPEPBN i s
prepar ed byyRanceRde 8 rhoritH ot digHAebriIGHS Py JNERS Bil@EtsPorlehSminh RMSAOLI

phase, the aqueous phase conprising the active substancé or active

subst ances aprafonihgethylenediaminetetraacetinagid, godyacrylacid, of edigvarusn forattivde
phases, - the enul sion .Ls contacted with a fluid gas using an

ant i - sof ve SEPSIANCK1REEEENE £ & antibodisss s freed of |iquid phase are obtained.

an . - Ler | lified b
the Fol | ow foibunanp gl ABRLUEAPE I o B e SRR, | e P secton

bel ow. 20 In general, these procedures are based on the formation of the
carrier systemin the foll ow ng st e_gs; - reparing an agueous
phase cont dib§iPAeSenhinvaption eans brodesgribed 25 praeess for the prepargtioa®fgi ng a

non- aqueou h on-mscibhle with.,the agueou has 25 . - .
i ssol'vi mg TPRRBGET beidhhredies B St fipbaoddKIRBYE PR bte aBrialr it o
non- aqu@ousaRit®Sharacterizzd G4 Maraqueous phase - formation of the
emul si on conposed of at |east an aqueous phase and a non-aqueous

phase; - - -apsmmysiohds prepartddrysmiximga liqufilﬂ, nen-aqueous phaseand iadiquisl; aqesousi t h
t he active iubstance. 30 : .. . .

phase, the aqueous phase comprising the active substance or active substances and the

carrier being present in at least one of the phéaées,

- the emulsion is contacted with a fluid gas using an anti-solvent technique,

15 - units freed of liquid phase are obtained.

The process chosen for manufacturing the carrier system is exemplified by the following

general description, and in the Experimental Section below.

20 In general, these procedures are based on the formation of the carrier system in the

following steps:

-  preparing an aqueous phase containing the active substance or substances,
-  preparing a non-aqueous phase(s) (non-miscible with the aqueous phase),
25 - dissolving the carrier material, emulsifier and/or additives in the non-aqueous phase
and/or aqueous phase
- formation of the emulsion composed of at least an aqueous phase and 2 non-agueous
phase;
- using the fluid gas technique to form the carrier system with the active substance.

30



The first step can be carried out by dissolving, dispersing and/or
solubilising the active subst ance or substances in an aqueous phase.
The fourth WOHR¥587 be carried out using different techni quesPEHPEI00583
emul sification like e g 5 honngenisaiicw% ultra sonic and high pressure
honogeni sation. The m croenul sion or the macr oenmul si on can al so be a
so-cal | ed doubl e enul si on where the non-aqueous phase is di spersed in

t he aqueou se (containing, the agtiye supstance(s i,ch.i s _dispersed
e 20U TR dRSete G ueBimet e By reolfins. S ieEs el hing Henstrne
active subgirRaREDEkubs i '&@ﬁgﬁ; dsp. the non-aqueous phase which is
di spersed |§n anot heruaq%nggﬁlsn%‘ha e. 1gh In the fifth step fluid gas
techni ques used for formation of the carrier systens with the active
substance are anti-sol vent techni ques such as, but not limted to, SEDS,

ASES, SAS Thle fourtingsep san peparried wh}és%éé&a@tpw?amg fgrmt@sjﬁeatmshk;m&sg in
i xeq. wP ¢ PRR Eaap e P AR pP s B shERigh 2Bh il SRR e L

bef ore contpgeroethilBiohtan blsbibe addsScalitdidsuble @nfuldén Whertithe non-aiddab pRaseqs vent
such as but not Iimted to ethanol and acetone. The carrier system

cont ai ni ng dispersad in the aubeusphasg Epntaining dieastive sebstanicedsPrvhicn isodispepsed in
used for pharpgaceutical purposes like, but. not |inited,to,.therapeutic.,

or ophy| act PRBRKRStadieal B O el be dueots (contipisy tohBvh U R T er s
to. pharmac Fs_%hiﬁ‘ﬁge'ﬂ d3quiethes lﬂﬁe%&ﬁdhvi@d?dg&@&%&ﬂ?ﬁidtﬂ&%gﬂe%usgha@r“ er
system can given by difterent admnistration routes, such as, but not

li mtedoto, by the oral, the rectal, the tonsillar, the buccal, the
nasal, the_vaginpal, the parenteral, the 25 intranuscular, the

subcut aneods the A8h stepfhid gastechniguesyised rfpymationofithe parres systems with the

I npl ant at e, ' v.eno LOL 8L ratd t,
phgr maceut iagg ¢ d‘(t)bgg%gé %xge r%ﬁb#zggrt geg W%?%n%lhsag ,[ﬂeug ﬁﬁf uletg%goég Er]r)asy ‘Ai’)ggsa SAS,
solid, GAS &h8 PG AL I te dquéislishhAsS3ahé b6t PRAKRGN e mMactoehulefinl orknown -

pharmaceutical techniques, 30 such as bl ehding, granulation, conpression,
coating, etmicrqemulsion, a miediffes mighthe nogdedripbegpixed with the fluid gas or to be co-

15 introduced with the emulsion just before contact with the fluid gas. This modifier is an

OOt)

organic solvent such as but not limited to ethanol and acetone.

The carrier system containing the active substénce(s) according to the invention can be

used for pharmaceutical purposes like, but not limited to, therapeutic, prophylactic and
20  diagnostic purposes. i

When the invention refers to pharmaceutical applications the active substance-loaded

carrier system can be given by different administration routes, such as, but not limited to,

by the oral, the rectal, the tonsillar, the buccal, the nasal, the v#ginal, the parenteral, the
25 intramuscular, the subcutaneous, the intraocular, the pulmonary, the transdermal, the

inplantate, or the intravenous etc. administration route.

- The pharmaceutical dosage form prepared with this technique used may be a solid, '
semisolid, or liquid dispersion prepared by use of well known pharmaceutical techniques,

10 suchas blending, granulation, compression, coating, etc. Further, the formulations may be



9 nmonolithic, such as tablets, or capsules, or in the form of

mul tiple fornul ati ons adm nistered in a tablet, capsule or sachet.

The dropl etweiss2sian be affected by the enul sifiers because tRECTSEAIODIer s
may be 5 di ssolved in the continuous phase to sone extent. Normally the

enul sifiers decrease the surface enePgy, which contributes to a
decrease in the droplet size. The enul sifiers can affect the
aggl oneration of carrier systenms because they may be | ocated in the

dr opl et / supzonotithit.cach as tabldta,mz captides, ohin thedpine of maltiple frtodatiahst 0 a
carrier 10 ,system, .the enmulsifiers still be located on the surface of
the carri etadgkf\??ﬁd‘?ﬁe‘?@ﬁycapsule°‘E??gg¥'0cation of the emulsifier on the
surface or the carrier system my decrease the degree of aggl oneration
of the carrier systemforned, as has been previously described for

pol ymer parTheairepiet sitesambeciffatted byviierenmulbifiets besaust We’'emaRifiefd inay bel 5
Furthernore, the enmulsifiers for the enmulsion, that are incorporated in the
carri er Ssyslissaivad in the coptinpoysphase ta;same extent. Normally theiemulsifiers daerense the

but ot | 1 APABE sk Y SorkdbaR b p 0T e aroB RS oY o e 0

penetration in the carrier system
10 EXPERI MENTAL SECTI ON MATERI ALS AND METHODS - - _
: The emulsifiers can affect the agglomeration of carrier systems because they may be

located in the droplet/supercritical interface. When the droplet is transformed to a carrier

10 system, the emulsifiers may still be located on the surface of the carrier system. Thereby,
the location of the emulsifier on the surface of the carﬁer system may decrease the degree
of agglomeration of the carrier system formed, as has been previously described for

polymer particles (Mawson et al., Macromolecules, 1997, 30, 71).

1s  Furthermore, the emulsifiers for the emulsion, that are incorporated in the carrier system as
well as the substance or the substances, might improve the characteristics release from the
carrier system by e.g., but not limited to, solubilisation of the substance and faster water

penetration in the carrier system.



5 In this section, the materials, analytical nethods and preparation
techni ques used in the foll ow ng exanpl es are descri bed.

Pol y( 3- hydr o bus2s0mt e) (PHB, Astra Tech, Sweden, nol ecul ar WBCHSEIYVINYS 63
500 g/ nol) or poly(DL-lactic-co-glycgplic acid) 50:50 (PLG RG 502 H,
Boehringer Ingelheim 10 Germany, MN 60 g/ nol) were used as carrier
materials. n-Cctyl-[err]-D glucopyranosi de (n-0OG, Sigma, MO USA),

pol y(vi nyl pyrrolidone) (PVP, Aldrich, Germany, MN 10 000 g/ nol) and
sodi um 1, 4- Py pERIVABNTAGX hosucci nate (AOT, Sigma, MO USA) were
used as sta iIiEsers. Met %Fle:r’lr‘eiwgﬁl oride (99.5 %9 was used as a solvent and
carbon di oxi de as a supercritical fluid. Ethanol (99.5% was used as a
nodi fier in supercritical processing. 15 Two different proteins were
used: hi ghl At REAES! ANNDAVIESHEPISC anhydrase (CA, Signm, MO, USA) and
a lipidated, water i1nsoluble Helicobacter pylori adhesion protein Ain

st ock solution (HpaA, CSL, Australia). A fluorescent substance used as
a | ow nol ecul ar wei ght nodel substance was Bodi py (D3238, Ml ecul ar
Probes Bur ophistse¢tic) the materials, anala%ﬁc&lh_ﬁetﬁb&st &idprapidhtictl Schdi§uesised ﬁ?ﬁ@ !
reagent solution was prepared by diluting to one fourth fromthe

st ock sol utfollowingwiastplesprofestriBéd.nl TRIS HCL 2 M (pH 6.8) buffer

solution, 5.05 g glycerol (99%, 0.8 g sodi um dodecyl sul phate (SDS), 1 m

2- mer capt oet hanol 1 [err]| bronophenol blue and 10 M water. 25
ANALYSI S . OR : ' ' f

R e e R e SO RO
11 DEZ/EiRY d¥pbiFASI Olacté-Eb-glycaliBadiaiNstzs 6 LG MG 502 H, BodhriRgdr ThgdiBsim,

a) Total protein content: 5 Particles (3-10 ng) were dissolved in 300
[err]| ohl obGefmany, MBS0 g/mol) wetdasefas carrier materialsen-Octyl-pddighicapyratbside

ol c5 wor 6-ORa A MBOP Sy Rl SR HRionN BV Rn At ot MBALRE0Q o
95[err] C 1 0k Mdkodium 1,4-bis(2-ethylhexyl) sulphosuccinate (AOT, Sigma, MO, USA) were
used as stabilisers. Methylene chloride (99.5 %) was used as a solvent and carbon dioxide
as a supercritical fluid. Ethanol (99.5%) was used as a modifier in supercritical processing.
15 |
Two different proteins were used: highly water soluble carbonic anhydrase (CA, Sigma,

- MO, USA) and a lipidated, water insoluble Helicobacter pylori adhesion protein A in stock
solution (HpaA, CSL, Australia). A fluorescent substance used as a low molecular weight
model substance was Bodipy® (D3238, Molecular Probes Europe, Holland).

20
In the protein analysis the SDS laemmli reagent solution was prepared by diluting to one
fourth from the stock solution consisting of 1.25 ml TRIS HC12 M (pH 6.8) buffer
solution, 5.05 g glycerol (99%), 0.8 g sodium dodecylsulphate (SDS), 1 ml 2- '
mercaptoethanol, 1 pl bromophenol blue and 10 ml water. '

25

ANALYSIS OF PARTICLES

The particle size, form and morphology were studied with scanning electron microscopy.



and the protein content anal ysed by pol yacryl am de gel el ectrophoresi s

( SDS- PAGE) . b) Bodi py content: 10 Water (5 m) was added to 2

particl es W&2%2M7g Bodi py[err] (particles not dissolved). PCT/SE3Hp05§3

[err] was released fromthe particles and the concentrati on was determ ned
spectroscopi cally (absorptivity 97 000 errjcnferr] GBC W/ VIS 920,
Australia). PLG particles 15 a) Total protein content: To the
PLG particles (3-10 ng), 1 m of acetone was added. The pol yner dissol ved,

wher eas t g mmb?@om@mdssﬁmsﬁ IOADENCPi tate was centrifuged
for 15 m nutes at 17 530xg, and about 2/3 of the supernatant was

renmoved with a Hamlton syringe. Pure acetone (1 nml) was added in
order to wash the precipitate twice. The remaining acetone 20 was
evapor at ed’@?ﬂ&‘eﬂm centrifugation. SDS-Laenmi (200 [err]l) was added and

t he was.heated to 95[err]C for 15 mnutes. The analysis of the
protein ng?éfﬁ?pmgmcone jer f or med by SDS- PAGE. b) Anal ysis of t he

anmount ;0f PahgisUBlAFR g?mwdnhqmlm chloroforfi"SD3IhémMi (406 uBW g P
protei n associ at ed to the surface was performed according to 2 Raf at| et

al . (Jour nddedindihetproteincrasadtraated fidk® theRgari® phi@k@)to theowatefpinyedThe he PLG
particles 2 m of 2 %(vv/v% SDS in water was added. The samples were shaken

for 4 hoursamples wergghaken 3hpQL %ﬁ@%ﬁhwﬁwmﬁjé@saheamwé € for ¥ mimut es

Vacuum cortbR s parn SO dhalyied by pofabtintitf Bet dofrobBhihistSDBABH 0] Y
wat er phaq,g J)@gé,ggy,tto 95[err]C for 15 mn and the protein 30 am)unt
anal ysed 2 PAGE.

ataRE:‘mlwvmdd@;t teARTg of geaticles contairpng Bodipys (mettislesmopdisealved). a
SEDS eqw t QBradf rticle pPes Bradford,. U fromthe
oSt o Ry Ve TeeSed o o Gastitian S the sOnsediuation Mas CRREBIRE 251 and
WD9600610)ypectroscopically (absorptivity 97 000 Mr'em® GBC UV/VIS 920, Australia).

PLG particles

15 a) Total protein content:
To the PLG particles (3-10 mg), 1 ml of acetone was added. The polymer dissolved,
whereas the protein precipitated. The protein precipitate was centrifuged for 15 minutes at
17 530xg, and about 2/3 of the supernatant was removed with 2 Hamilton syringe. Pure
acetone (1 ml) was added in order to wash the precipitate twice. The remaining acetone

20  was evaporated by vacuum centrifugation. SDSj-LaemmH (200 pl) was added and the
sample was heated to 95°C for 15 minutes. The analysis of the protein content was
performed by SDS-PAGE.
b) Analysis of the amount of the surface associated protein:
Analysis of the amount of protein associated to the surface was performed according to

25 Rafati et al. (Journal of Controlled Release 1997 43, 89-102). To 5-6 mg of the PLG
particles 2 ml of 2 % (w/v) SDS in water was added. The samples were shaken for 4 hours.
The samples were then centrifuged at 2700xg for 3 minutes and the supernatant removed to
a new tube. The water was evaporated by vacuum centrifugation and 1 ml Laemmli
(without SDS) was added. The water phase was heated to 95°C for 15 min and the protein

J  amount analysed by SDS-PAGE.



The emul sion and the antisolvent (CJerr]) were introduced into a coaxi al
nozzl e, which was | ocated inside a pressure vessel which was | ocated
in an oven. YO0 ¥ontrol I ed pressure 10 and tenperature condGTYS98/0038Be
anti sol vent extracts the solvent fromthe,f orned emul sion dropl et s.
The concentration of the carrier in the Fbplets I's thereby increased,

| eading to rapid particle formation. The particles were collected in a
vessel, while the antisolvent and t he extracted sol vent energed

t hrough a back pressure regul ator. 15 The nozzle used was a three
conponent nozzle connected, either in a sandwi ch node or in a

t wo- sol ut | BREPASATIGN QF BARIFEBESg of 0.2 nmin dianmeter. In the sandwi ch
node, the supercritical fluid passes through the inner-nbst and the
out er-nost passage, while the enul si on passes through the internediate
passage. In the two solution node, the enulsion and the nodifier like
e.g. et hanBartigles warg preppredtin B SEDS equipmant (Bradford RartisledResign, Bradford, UKy, 20

The supercgitical fluid sses through the outer passage. the nodifier

t hr ough’ t hélom the'e sé?%‘g?%%}?@ %g%@‘& %‘&?&ta{l%ﬂé{w@%?‘@ﬁr {WQe39422 hand nner
passage. w09500@fgjjrple 1. HpaA in PHB, water content of the emulsion: 20%
(v/v) PHB was™ di ssolved in nethylene chloride at 2 bar, 90[err]C
Equal volunes of 2% (ww PVP 25 (aq) and HpaA stock solution [1.11 ng/m
HpaA in TRL.S-HA buffer, (10 M pH 8) and 2% (W w n-OF were m xed.
Thi's ni xt ukBe pEulsion 3nd the anisobvans (COHwera dntrestusge inte atcoarial nozzle WHCHO®Ss

7 T e b e b B

honogeny saindRnipefRuré@dnditions, the antisolvent extracts i
13 m nutes. The hormgjen?zersouvsegdewaas? athsg?lytexgtofﬁo%%e Eoﬁgtedls&ucl)ﬁmn

PT- DA 3012d@plets. Thewbhomtration ofithe camidrin theadrdpletsAk thepetncindtensst, Wdte to
i ent conditions, runs were nade fromthis

performed undgr an@ } Two | | .
enul si on \/\faPHfEﬂIPF rfemaqqyniﬁhﬁea@squraﬁelqutpd wuwsb while theqatipolwemt antthe
run 1 was ganguldted So98nt eaferb i t?x?étfg%’?@a%ﬁ%es@%zrleguﬁ%nt he two solution

15 The nozzle used was a three component nozzle connected, either in a sandwich mode or in
a two-solutions mode, with an opening of 0.2 mm in diameter. In the sandwich mode, the
supertxifical fluid passes through the innér-most and the outer-most passage, while the
emulsion passes through the intermediate passage. In the two solution mode, the emulsion
and the modifier like e.g. ethanol are mixed just before contact with the supercritical fluid.

20  The supercritical fluid passes through the outer passage, the modifier through the

intermediate passage and the emulsion through the inner passage.

Example 1. Hpad in PHB, water content of the emilsion: 20% (v/v)

PHB was dissolved in methylene chloride at 2 bar, 90°C. Equal volumes of 2% (w/w) PVP
25 (ag) and HpaA stock solution [1.11 mg/ml HpaA in TRIS-HCI buffer; (10 mM, pH 8) and
2% (wiw) n-OG] were mixed. This mixture (3.8 ml) was injected (during homogenisation
at 20000 rpm) to 15.2 ml methylene chloride containing of 1% (w/w) PHB and 0.4% (wiw)
AOT in a 25 ml Kinematica dispersion vessel. The total homogenisation time was 3



node with ethanol (flowrate 0.5 m/mn) as a nodifier. In run 2 the

sandwi ch node was used (Table 1). Table 1. SEDS processing of
emul si on i NWORST 1 10 Run Modi fier PCT/SE99/00583
Flowrate Flowrate - (bar) ([err] O
co2 emul si on 13 (m / min)
(m/mn) I et hanol 180 50 26 0.1
2 240 Accordi ng

run 2). 0 e B RFoRE oSt &%.%#‘W%%ﬂ@& ok W02 Ry
PHE, 33 SUMHSR BN B dcedis O Yol ERRA A RkNGS o (he

total anmount of HpaA i'n the particles gave a resu 0. 4% HpaA for
both run 1 and run 2. Exanpl e 2. Bodipy[err] in PHB, water content
of the errul si on: 3%(v/%€n? The purpose was to _associate a | ow

nol ecul ar WEPEWES Wetednadedrom thisemulsion ewitydiffarent gunning co_r@hmnsemh%ssasw th

oo BT By 1 oo SRR Bk B GRS g ¥ B
/m B d _
ggl uti og '(ﬂ&Sde Ym\?/;éh?lr?}-gl:ﬁg&% g%@ni&%ﬁggﬁwﬁ%n%?@g% rgggéw pm to

the 4 m ofsed€Thledhe chl oride containing 1% (W w) PHB and O. 4%(W/vv)
AOT in a 25 ml Kinematica dispersion vessel. The total

Table 1. SEDS processing of emulsioh in example 1

" 10

Run Modifier P T Flm.w rate | Flow rate
(bar) °C) co, emulsion
’ (mVmin) |} (ml/min)

1 ethanol 180 50 26 0.1

2 - 240 35 26 0.1

According to SEM graphs, th¢ particle size was 1-3 pm for both trials (run 1 and run 2).

Theoretical composition of particles should be 55.8% (w/w) PHB, 43.5% (w/w) surfactants
15 0.6% (w/w) HpaA. The analysis of the total amount of HpaA in the particles gave a result
of 0.4% HpaA for bothrun 1 and run 2.

Example 2. Bodipy® in PHB, water content of the emulsion: 33% ()

The purpose was to associate a low molecular weight molecule to the carrier matrix using
20 an emulsion with 33% (v/v) water content. PHB was dissolved in methylene chioride at 2
| bar, 90°C. Equal volumes of 2% (w/w) PVP (aq) and 2% (w/w) n-OG, 1.0 mg/ml Bodipy®
in TRIS-HCI buffer (10 mM, pH 8) were mixed. This solution (2 ml) was injected (during
hémogenisation at 20 000 rpm) to the 4 ml of methylene chloride containing 1% (w/w)
- PHB and 0.4% (w/w) AOT in a 25 ml Kinematica dispersion vessel. The total



14 honogeni sation time was 3 minutes. The honogeni zer used was a
Pol ytron PT3 100, Rotor -PT-DA 3012/2 (Kinematica AG Switzerl and).

Al | proceddWepR08 performed under aibi ent condi ti ons. PE/SERGPS83as
used as a nodifier (the three-conponent qozzl e connect ed in a
two-solutions node) with the flowrate O. 4 m/min. The runni ng conditions
are 5 presented in Table 2. Tabl e 2. SEDS processing of emnul sion
in exanmple 2 Run Flowrate Flowrate

P T
(bar) ([ icats ' i :
(i {1 ) e?%%ﬁ%lsanggtﬁﬁé \1%%3 nﬁm#gs ’ﬂ{égbomogeng%used was aPolytron PT3100, &erng
to SEM gr apT<DAB0¢229Kiherth@icaRGES itderlud).| At proceédiies were perfortied ithdeer escent
substance could be traced | eaving the vessel with the carbon dioxide flow.

Thi s neansambignt ganditigrse Etanobwasnesediss emedifier{thectlirdsycompeoent nazilegonfdctsdd

01 SO Vet MRt Bl Wh o aGOSEY. ¢ MUREE TR Elin LGS

s  presented in Table 2.

Table 2. SEDS processing of emulsion in example 2

Run P T Flowrate | Flow rate
| (bar) | (°C) | - CO, emulsion
| (mVmin) | (mlmin)

3 ] 180 50 . 26 0.1

10 According to SEM graphs, the particles were 1-3 pm in size.

No fluorescent substance could be traced leaving the vessel with the carbon dioxide flow.

This means that Bodipy® was not been extracted by sﬁpercritical fluid or solvents used.

1s  Example 3. Bodipy® in PHB, water content of the emulsion: 20% (v/v)

The purpose was to associate a low molecular weight molecule to the carrier matrix (as in
Example 2) using an emulsion with the water content of 20 % (v/v). PHB was dissolved in
methylene chloride at 2 bar, 90°C. Equal volumes of 2% (w/w) PVP (aq) and 2% (w/w) n-
20  OG, 1.0 mg/ml Bodipy® in TRIS-HCI buffer (10 mM, pH 8) were mixed. This solution (2
ml) was injected (during homogenisation at 20000 rpm) to 8 ml of methylene chloride
'containing 1% (w/w) PHB and 0.4% (w/w) AOT in a4 25 m! Kinematica dispersion vessel.
The total homogenisation time was 3 minutes. The homogenizer used was a Polytron
PT3100, Rotor PT-DA 3012/2 (Kinematica AG, Switzerland). All procedures were

2s  performed under ambient conditions.

P



The purpose was to associate a | ow nol ecul ar wei ght nolecule to the carrier
matrix (as in Exanpl e 2) using an enulsion with the water content of
20 % (v/v) wOBsrms di ssolved in nmet hyl ene chl ori de at PcltaE99/00583
90[err] C. Equal volunes of 2% (ww PVP (aq) and 2% (ww) n- 20 OG 1.0
my/ M Bodipy in TRIS-HO buffer (10 mM pH8) were nixed. This solution (2
m) was injected (during honbgenisation at 20000 rpn) to 8 m of nethyl ene
chl ori de containing 1% (ww PHB and 0.4% (ww AOT in a 25 n

K e conlh SR SN B sty B HRIGRAS ISt 25,2
3012/ 2 (Ki gsifibd £RdORith Ui (HERDhte 05 niRARS SIUTESIRES r rn2Bs HRSELALTRC

under anbi ent conditions.

15 fhiode mas uded\@Rabdwd)e i n SEDS equi pnent by using the three-conponent
nozzle in the two solution node with ethanol (flowrate 0.5 nl/mn)
as a nodifier. In run 5 the sandw ch node was used (Table 3). 5
Tabl e 3 [ ssi ng, of _emyl si.on i n_exanple 3. Run Modi fi er
P T ﬁﬁﬁégﬁgvmcﬁ%ﬁw='°mmmvlef- (bar) ([err]Q
CJderr] enmul si on (m/mn)
(m/mn) % et-trerrpt +56 56 25 0.1 5

240 35 Run 26| Modifier P- 1p T Flowrate | Flow rate
@a) | ) | O, | emulsion

4 ethanol | 180 | 50 26 | o1

5 - 240 35 26 - 0.1

Both batches have a particle size between 1-3 um, according to SEM graphs.

10 The theoretical composition of particles was 55.8 % (w/w) PHB, 43.5 % (w/w) surfactants
and 0.6 % (w/w) Bodipy®. The amount of Bodipy® associated to the particles of run 5 was
found to be 0.7 % (w/w) according to the analysis.

Example 4. Carbonic anhydrase in PLG, water content of the emulsion 20% (v/v)

15 Anamount of 200 ul 20 mg/ml carbonic anhydrase (93%) in TRIS-SO, buffer (0.1 M, pH
7.5) was added to 800 ul 8% (w/w) PLG, 0.4% (w/w) Span 85/Tween 80 (80:20 weight
ratio) during homogenisation with an ultrasonic probe (CV26, Sonics & Materials Inc.,
USA), at about 30-50 W for 3 minutes. The emulsion was prepared in a 4 ml glass vial on
ice.

20 _

The running conditions for the preparation of the particles are described in Table 4. The

runs were made with the three-component nozzle in the sandwich mode.



Bot h batches have a particle size between 1-3 [err]m according to SEM

gr aphs. 10 The theoretical conposition of particles was 55.8 % (w w)
PHB, 43.5 %WOWPARISO3urf act ants and 0.6 % (ww) Bodipy. PEI/SEAYO3 of
Bodi py[err] associated to the particles i)g run 5 was found to be 0.7
% (w w) according to the anal ysis. Exanpl e 4. Carboni c anhydrase in
PLG water content of the emul sion 20% (v/v) 15 An anount of 200 [err]l

7.5) “was HRA SEPGODA BB MBI G 0. 4% (w/w) Span 35/ Tween 80

(80: 20 wei ght rati o) during honobgenisation with an ultrasonic probe
(CV26, Sopics & Materials lnc Usp), at about 30-50 Wfor 3 m nutes.
The emul sj on way prefdared {in a 4 {m_ gl assjvial on ice. 20 The
runni ng Cﬁ_na‘f”fi dns ¥ dr Thd Breprlaflod st {the particles are described in
Tabl e 4. [The yn re dgq w he three-conponent nozzle in the
sandwi ch Jnode. (bed) et By Wabiiod ™ 16
Tabl e 4. |SEDS prlocesqi ng df (nimid)di @GRvki) ekanpl e 3 Run P T
Flow ratg Flowfrate (par) (Terr] O Cc2 enul si on

6 240 35 26 0.1

According to SEM graphs, the particles made hada particle size between 10-100 pm.

Theoretical composition of particles was 91.4% (w/w) PLG, 4.6% (w/w) surfactants and
4.0 % (w/w) carbonic anhydrase. The analysis 6;f the amount of protein gave a result of 4%
{(w/w) carbonic anhydrase and no protein was associated to the particle surface.



(mM/mn) (mM/mn) 6 240 35 26 0.1 According to
SEM graphs, the particles made had a particle size between 10-100 [err]m
Theoreti cal WONRpS20Ti on of particles was 91.4% (W w) PLG 4. 6%CTEEY9/00583
surfactants and 4.0 % (w w) carbonic anhydrase. The anal ysis of the anpbunt
of protein gave a result of 4% (ww) carbdidic anhydrase and no protein was

associated to the particle surface. WO 99/ 52507

PCT/ SE99/ 00583 17

CLAI M5 Lg‘iMSA process for the preparation of a fornulation which
conpri ses ag ve substance or active substances associated with a
carrier characterized in that 5 - an enulsion is prepared by mxing a

| i qui d, non-aqueous phase and a liquid, aqueous phase, the aqueous
phase conprl.si Agrodess fortthe/preparation o€ & farmulationwhivt ReinprisesSarpadive3@bstance or
carrier being, present in at |east one of the phases, - the emulsion is
cont act ed m%weaubqt%nces gssaciater wjthha camier charaglenized sghat que, and -

units freed of ligui d phase are obtained. 10 2. rocess,, acgording to
claimi ﬁ/her ei ?’IA %’ﬁ‘gisg’&‘?%eséﬁég’tyéﬂ%% §%8Pé58?'?/‘éﬂ“q°ﬁs éhgse and a ligy eous
phase. phasé,-mé\a@feaﬁsﬁﬁasees&?ﬁgﬁg the altivd) siibdtalddrGchive BBty Snd the
substance is dispersed ih the 1 adqueous phase. 4. ,& process
accor di ng teargérhemg prebent @i at ledst one bf the phakest ance is solubilised in the
aqueous phase. 20 5., A process, according to any of the preceding clains
wher ei n t he” acteFadsier issqntacted with a fluid gas'using an anti-solvent technique, and

- units freed of liquid phase are obtained.

10 _ : *
2. A process according to claim 1 wherein the active substance is dissolved in the -

aqueous phase.

3. A process according to claim 1 wherein the active substance is dispersed in the

15 aqueous phase.

4. A process according to claim 1 wherein the active substance is solubilised in the -

aqueous phase.

20 5. Aprocess according to any of the preceding claims wherein the active substance is a

protein.,
6. A process according to claim 5 wherein the active substance is an antigen.
25 7. Aprocess according to claim 6 wherein the active substance is a Helicobacter antigen.

8. Anprocess according to claim 7 wherein the active substance is a lipidated, water

insoluble Helicobacter pylori adhesion protein A.

O L



pr ot ein. 6. A process according to claim5 wherein the active
substance is an antigen. 25 7. A process according to claim®6 wherein
the active swpsd/spage is a Hel i cobacter antigen. 8. A prrcese»9/00583
according to claim7 wherein the active substance is a |lipidated, water

I nsol ubl e Hel i cobacter pylori adhesion prigein A

18 9. A process according to claim8 wherein the active substance is
the specific fully | i pi dated form of Helicobacter pylon adhesion
protein A 10. A process according to clainms 1-4 wherein the active

subst ance Ps & Pofesioracerding tosclaige 8 yrhereinithe agtive substance is the specific deldy
accordi ng t.0.any, of t recedi ng, cl al,nms, wherei n,t he non-aqueous phase
contains a pg‘?' h‘nf?)anDgMﬁ?.acsjerf%l°ri§‘.aheﬁ\mﬂrp58t§§§""accordi ng to any of the
precedi ng cl ai ns wherein the non-aqueous phase contains a m xture of
organi c sol vents. 13. A process according to any of of the preceding
cl ai s wher8i A poeessgcemdimgtbatamisd -4 whereithe gedlvesulistemte (elowmhokgueuS
phase. 15 . 14. A process according to any of the preceding clains

wher ei nst haveightisubsiances a macr oenul si on.

11. A process according to any of the precedi_;ig claims wherein the non-aqueous phase

contains an organic solvent.

10 . 12. A process according to any of the'preceding claims wherein the non-aqueous phase

contains a mixture of organic solvents.

13. A process according to any of of the precéding claims wherein the aqueous phase is
more polar than the non-aqueous phase. |

15 '
14. A process according to any of the preceding claims wherein the emulsion is a

macroemulsion.

15. A process according to any of the preceding claims wherein the emulsion is a

20 microemulsion.

16. A process according to any of the preceding claims wherein the emulsion is a

combination of a macroemulsion and a microemulsion.

2s  17. A process according to any of the preceding claims wherein the emulsion contains an

emulsifier.
18. A process according to claim 17 wherein the emulsifier is a non-ionic surfactant.

30  19. A process according to claim 17 wherein the emulsifier is an anionic surfactant.

N



15. A process according to any of the preceding clains wherein the enul sion
Is a 20 mcroenul sion. 16. A process according to any of the
precedi ng cwaivs2sdrerein the enulsion is a - conbi nati on OPCIVSE99/00583
macr oemul si on and a m croenul sion. 25 17. A process according to any of
the preceding clainms wherein the enul siontf%ontains an enul sifier.

18. A process according to claim 17 wherein the enulsifier is a non-ionic
surfactant. 30 19. A process according to claim17 wherein the

emul sifier is an anionic surfactant.

19 20. A process according to claim 17 wherein the enulsifier is a

cationi ¢ s@0f acprdBéss according tdklaif PT WE&SH tﬁé@ﬁibﬁlﬁ'& 1§Qc§dxcﬁh€kﬂac‘fmr ein the
emul sifier is a zwitterionic surfactant. . A process according to

claim17 wherein the emulsifier is a pol yrrer 23. A process

accordi ng éggﬁlaiml?v\hrein i;‘lhe@nugswl r is. a_lipid. 10, 24. A
process actor gt FIQCEsS AGFQFCHIS Pif )¢ ?rﬁﬁl ¢ smlsifigrds aZyyittegionigsurfastant. s

pol y(3- hydr oxybut yr at e) . 25. A process according to any of the
preceding clains wherein the carrier is poly(DL-

22. A process according to claim 17 wherein the emulsifier is a polymer.
23. A process according to claim 17 wherein the emulsifier is a lipid.

.10~ 24. A process according to any of the precedmg claims wherein the carrier is poly(3-
hydroxybutyrate).

I

25. A process according to any of the precec_iing claims wherein the carrier is poly(DL-
lactic-co-glycolic acid).
15

26.. A process according to any of the preceding claims wherein the emulsion is contacted
with a fluid gas by the use of a fluid gas technique.
27. A process according to claim 26 wherein the employed fluid gas technique is SEDS.
20 )
28. A process according to claim 26 wherein the employed fluid gas technique is ASES.
29. A process according to claim 26 wherein the employed ﬂufd gas technique is SAS.
25 30. A process according to claim 26 wherein the employed fluid gas technique is GAS.

31. A process according to claim 26 wherein the employed fluid gas technique is PCA.

32. A process according to any of the preceding claims where the fluid gas is carbon

O g
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| actic-co-glycolic acid). 15 26.. A process according to any of the
precedi ng clainms wherein the emulsion is contacted with a fluid gas by
t he use of VOPPS2W7 gas t echni que. 27." A process accor dPCIysE®m/ookssi M
26 wherein the enployed fluid gas technig e is SEDS. 20 28. A process
according to claim 26 wherein the enployéd fluid gas technique is ASES.

29. A process according to claim26 wherein the enployed fluid gas

techni que i s SAS. 25 30. A process according to claim26 wherein the

enpl oyed fluid gas technique is GAS. 31. A process according to
claim 26 wherein the enployed fluid gas techni que is PCA. 32. A
process acForAlifogmuletiamprepéretitas dpscribed iim gny btheprasBEing cldi@sf | Ui d gas is
carbon 30 di oxi de. 20

33. A formulation prepared as described in any of the preceding cl ains.
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