PROCESS The present invention relates to a process for preparing a
conposition conprising a biologically active material. Mre particularly,

t he i nverwoDanmwmehmres to a process for produci ng m crop&ctriGHes®/onpri Si ng
a biologically active material and a polyner. The mcroparticles produced
using the process of the present inMghEEg8 can be used to deliver the
biologically active material to a human or aninal. The process of the

i nvention uses a supercritical fluid in the preparation of the
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super cractive flatdriatiodshinPsdor drfimgpnf er porosity during processing of the
pol ymer. US5, 340,61 4 descri bes a met hod conprising dissolution of additive

in acarrier solvent (liquid e.g. water or ethanol). A supercritical fluid
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carri efsofh\@Ble bislogREW d&le hutéligsol ve the bioactive and to inpregnate.
US4, 598, 006 describes a nethod for inpregnating a thernoplastic polyner

with an inpregnation material in a volatile swelling agent at or near
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m xed \WwhdtBridlhve aRMdedeidadle ddMher using supercritical fluids (SCF) to confer porosity during
processing of the polymer.

US5,340,614 describes a method comprising dissolution of additive in a carrier solvent (liquid
e.g. water or ethanol). A supercritical fluid (SCF) is then used to allow penetration of the

carrier liquid/additive solution into the polymer.

WO91/09079 describes the use of SCF to introduce porosity into biodegradable polymers. If
a bioactive material is present, a carrier solvent is required to dissolve the bioactive and to

impregna‘te.

US4,598,006 describes a method for impregnating a thermoplastic polymer with an
impregnation material in a volatile swelling agent at or near supercritical conditions, swelling
the polymer and reducing the conditions so that the swelling agent diffuses out.

WQ 98/51347 describes a method for the encapsulation of a biologically active material
within a biodegradable polymer matrix, without the use of solvenis or high temperatures. A
supercritical fluid is used to depress the melting or glass transition temperature of the
polymer so that the biologically active material can be mixed with the polymer at low
temperatures and in the absence of organic or aqueous solvents. This document does not -

describe ways of optimising the processing of the materials.



tenperatures and in the absence of organic or aqueous solvents. This

docunent does not describe ways of optim sing the processing of the
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substance in an interpolyner conplex using supercritical fluids. Mthods

are descri bed involving the di ssolution of an interpolyner conplex, or
fluid, or the dissolution of a
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It is an obj ect of the present invention to provide a process that
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resulting in low yields and the use and/or the further processing of the product difficult.

It is an object of the present invention o provide a process that addresses one or more of
these problems and/or other drawbacks that may be associated with the processes of the

prior art.

It has surprisingly been found that the use of certain processing aids in a process for the
incorporation of a biologically active material into a polymer using a supercritical fluid can

addresses one or more of these problems.

The present invention provides a process for preparing micropatticles comprising a

biologically active material and a polymer and having a mean patrticle size expressed as the

volume mean diameter (VMD) of from 10 to 500 ym, wherein the biologically active material
is substantially insoluble in the polymer, which process comprises:

a. contacting a mixture of the biologically active material or a precursor thereof , the

polymer or a precursor thereof and a processing aid with a supercritical fluid

which is capable of swélling the polymer under temperature and pressure

conditions necessary to maintain the fluid in a supercritical state;



pol ymer or a precursor thereof and a processing aid with a supercritical
fluid which is capable of swelling the polyner under tenperature and
pressur e wordiogogss necessary to maintain the fluid i n &C3gB2revdotilcal
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fluid wiohvieatgt di ssolving) at a tenperature below its nelting point. Thus,
it is inportant that the polyner and the supercriticial fluid are sel ected
so that the fluid swells but does not dissolve the polynmer. References such
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in step b of the process of the invention the polymer swells. This means that the supercritical
fluid dissolves in or permeates the polymer, leading to a depression of the polymer’s melting
point. This depressions of the polymer's melting point allows it to liquiefy (ie become fluid
without dissolving) at a temperature below its meliting point. Thus, it is important that the
polymer and the supercriticial fluid are selected so that the fluid swells but does not dissolve
the polymer. References such as Shine, Chapter 18: Polymers and Supercritical Fluids in
Physical Properties of polymers Handbook, 249-256 (passim) (James E Mark ed. 1993),
which is incorporated herein by reference, can be used to determine suitable combinations of

polymer and supercritical fluid.

In step b the mixture may be blended or mixed, although this is not essential. This may be
achieved using methods well known in the art, for example by agitation with associated shear
thinning, for example with aeration or fluidising gas flow, stirring or the like, more preferably
according to the process of US5,548,004 (Ferro Corp) the contents of which are incorporated

herein by reference.
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Step ¢ can be carried out using techniques for removing a gas, which are similar to spray
drying techniques. Apparatus suitable for these techniques and the techniques themselves,

are well known.

Step ¢ can be used to facilitate control of the size of the microparticles. Typically the blended
mixture is removed from the mixing chamber (which is under supercritical conditions) into a
separate container (which is not under supercritical conditions and may for example be under
atmospheric conditions) through a nozzle or like orifice. The size of the aperture of the
nozzle or orifice can optionally be controlled to control the size of the microparticles. Altering
the conditions under which the blended material is removed from the supercritical fluid or the

rate of removal can also affect that particle size.

In step ¢, the pressure can be released over a time period of fractions of a second to several
days. lItis currently preferred to release the pressure rapidly. By rapidly we mean over a
period of 5 minutes or less, more preferably 1 minute or less, more preferably a second or

less, for example half a second or less.



nozzle or orifice can optionally be controlled to control the size of the
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Synthetic biodegradable polymers such as polyesters including poly(lactic acid) (PLA),
poly(glycolic acid) (PGA), copolymers of lactic and glycolic acid (PLGA), copolymers of lactic
and glycolic acid with poly(ethyleneglycol), poly(e-caprolactone) (PCL), poly(3-
hydroxybutyrate) (PHB), poly(p-dioxanone), poly(propyléne fumarate); modified polyesters
such as poly(ether ester) multiblock copolymers such as those based on poly(ethylene
glycol) and poly(butylenes terephthalate); poly(ortho esters) including Polyol/diketene acetals
addition polymers as described by Heller in: ACS Symposium Series 567, 292-305, 1994
(incorporated herein by reference); Polyanhydrides including poly(sebacic anhydride) (PSA),
poly(carboxybiscarboxy phenoxyphenoxyhexane) (PCPP), poly[bis(p-carboxyphenoxy)
methane] (PCPM), copolymers of SA, CPP and CPM, as described by Tamada and Langer
in Journal of Biomaterials Science- Polymer Edition, 3, 315-353,1992 and by Domb in
Chapter 8 of the Handbook of Biodegradable Polymers, ed. Domb A.J. and Wiseman R.M,,
Harwood Academic Publishers (both of which are incorporated herein by reference),
Poly(amino acids); Poly(pseudo amino acids) including those described by James and Kohn
in pages 389-403 of Controlled Drug Delivery Chailenges and Strategies, American
Chemical Society, Washington DC. (incorporated herein by reference); Polyphosphazenes
including derivatives of poly[(dichloro) phosphazene], poly[(organo) phosphazenes], 3
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Preferred polymers include non-biodegradable polymers such as ester urethanes or epoxy,
bis-maleimides, methacrylates such as methyl or glycidyl methacrylate, tri-methylene
carbonate, di-methylene tri-methylene carbonate; biodegradable synthetic polymers such as
poly(glycolic acid), polyglycolide, poly(lactic acid), polylactide, poly(p-dioxanone),
polydioxepanone, poly(alkylene oxalates), modified polyesters such as poly(ether ester)
multiblock copolymers such as those based on poly(ethylene glycol) and poly(butylenes
terephthalate); and poly(caprolactones) such as poly(gamma-caprolactone).

In a further embodiment, the polymer component comprises PCL, PHB, poly(ether ester)
multiblock copolymers, PLGA, PLA, or a combination thereof, for example PLGA, PLA, or a
combination of PLA and PLGA.

PLGA is poly(lactic-co-glycolic acid). The amount of lactic acid and glycolic acid
comonomers present in the PLGA which may be used may vary over a wide range. The
PLGA may have a molar ratio of lactic acid:glycalic acid of from about 90:10 to about 10:90,
such as from about 75:25 to about 25:75, for example about 50:50.
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Without being bound by theory, it is believed that the polymer component may help to reduce
the “burst release” of the composition produced by the process of the invention when it is
injected into the body. By “burst release”, we mean the amount of somatotrophic hormone,
as a percentage of the total amount of biologically active material in the composition, that is
released immediately or substantially immediately (e.g. within about 1 hour) following
administration in vivo or dissolution in vitro using standard dissolution tests (e.g. as described

in the European pharmacopoeia, which is incorporated hersin by reference).

Typically, the burst release of the compositions made by the process of the invention is less
than about 80%, preferably, less than 70, 60, 50, 40, 30, 20 or 10 %.

It is also believed that the polymer component helps to control/sustain/delay the release of
the biologically active material following “burst”. In fact, it is thought that the release of
biologically active material following burst in some cases may be too slow using a polymer
alone. ltis believed that the processing aid in the compositions made by the process of the

invention helps to increase the rate of release of the protein following burst.



from about 25 to about 96.5% or from about 45 to about 93% or from about
60 to about 85% W thout being bound by theory, it is believed that the
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produced by the process of the invention when it is injected into the body.
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Suitable fatty acid derivatives (e.g. esters) include those that can be derived from the fatty
acids and hydroxyl fatty acids defined above. Preferred fatty acid esters are mono-esters
and di-esters of fatty acids, and derivatives thereof, such aspolyethylene glycol (PEG) mono-
esters and di-esters of fatty acids. Suitable PEG’s include those having from 2 to 200
monomer units, preferably 4 to 100 monomer units, for example 10 to 15 monomer units.
Examples include PEG stearate and PEG distearate, each available with varying PEG chain
lengths e.g. polyoxyl 40 stearate (Crodet S40, Croda) and PEG-8 distearate (Lipopeg 4-DS,
Adina).

A particularly preferred fatty acid ester for use in the process of the invention is Solutol® HS
15, which is available from BASF. Solutol® consists of polyglycol mono- and di-esters of 12-
hydroxystearic acid and of about 30% free polyethylene glycol and is an amphiphilic material
having a hydrophilic-lipophilic balance of from about 14 to about 16.

Further examples of fatty acid derivatives include fatty acids esterified with polyoxyethylene
sorbitan compounds, such as the “Tween” compounds (e.g. polyoxyethylene (20) sorbitan



fatty acids may be in the cis- or trans- configurations or mxtures of both
configurations may be used. Exanples of preferred fatty acids include
stearic awOdp1oaiogisc acid, nyristic acid, caprylic acid aou/GEpivoiAe d.

G |s containing these and any of the foregoing fatty acids may also be used
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Oezlglgt in the r)ange 7680 to 9510 and poloxamer 407 which structurally contains 101 “a” units
and 56 “b” units, and has a molecular weight in the range 9840 to 14600 (Handbook of
Pharmaceutical Excipients, editor A. H. Kippe, third edition, Pharmaceutical Press, London,

UK, 2000, which is incorporated herein by reference).

Suitable triglycerides include saturated and unsaturated medium and long chain mono-, di-

and tri-glycerides.

Typically, medium chain mono-, di- and tri-glycerides have a formula
(CH,OR,)(CH,0R,)(CH,OR3) wherein Ry, Ry and Rj are independently H or —C(O)(CH2),CHa
(where n = 6 to 8), provided that at not all Ry, R, and Ry = H. Preferable medium chain
mono-, di- and tri-glycerides consist of a mixture of esters of saturated fatty acids mainly of
capryilic acid and capric acid e.g. Crodamol GTC/C (Croda), Miglyol 810, Miglyol 812,
Neobee M5.

Typically, long chain mono-, di- and tri-glycerides have a formula
(CH,OR,)(CH,0R,)(CH,0R3) wherein Ry, Ry and R are independently H or —C(O)(CH,)CHs
(where m =7 to 17), provided that at not all Ry, Ry and Rz = H. A preferred long chain mono-,

di- and tri-glycerida is Witepsol.



(C2H40) 3H wherein a is typically from2 to 130 and b is typically from 15
to 67. Several different types of poloxaner are available comrercially,

from suppvOerm/®uxsh as BASF, and vary with respect to nmpCecH200908me11ght and
the proportions of ethylene oxide "a" units and propyl ene oxide "b" units.
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pol oxamer 188, which structurally contains 80 "a" units and 27 "b" units,
and has_a nol ecul ar weight in the range 7680 to 9510 and pol oxamer 407
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R3 ar ejjvedegendently H or-C(O (CH 2) nCH3 (vvhere m= 7 to 17), provided that

at not all Rl, R2 and R3 = H. A preferred | ong chain nono-, di- and
tri-glycerido is Wtepsol.A particularly preferred processing aid that nmay

be usedhkprddeesipg @fRNistddribend Rl besusdalaldne! drin cdifbidtidnavai | abl e from BASF) .
The preferred processing agents for use in the invention are anphiphilic.

Sui t abl e anphi philic conpounds typically have a hydrophilic-1lipophilic

ba:jancer hé Hbﬁ)f aﬂfouﬁf @Fb&i@@él%ngl atooué’éiphﬂ ‘(h’é()proﬁésﬁ‘ﬂc ef mbl iyvéritom iahgsitaly fram 30
an m)sa ot?trC()a'l‘%rt% about r98 A;a p(r)e gra%?y rom a 8‘} O%é}o to about 30% and most preferably
from about 0.5% to 5% of the total weight of the biologically active material, the polymer and

the processing aid.

Without wishing to be bound by theory, it is believed that the processing aid may act as a
“molecular lubricant”, reducing the interaction between polymer chains and the volume
between chains, increasing the flowability between chains. This is thought to have the effect
of reducing effects such as aggregation of the polymer, which may allow better mixing of the
biologically active material within the polymer and the production of smaller and/or more

regularly sized microparticles.

It has surprisingly been found that by the use of one or more of these processing aids in the
process of the invention one or more of the following can be achieved: an increase in yield,

reduction in particle size, narrower particle distribution, more spherical particle morphology.

The nature of the biologically active material used in the process of the invention is not
particularly limited. However, the biological active material should not be soluble in the
supercritical fluid. The biologically active material may be soluble or insoluble in the polymer

or the processing aid. The biologically active material may be a pharmaceutical or veterinary

10



HLB val ues can be cal cul ated using the method of Giffin published in
Giffin WC., 1954, Calcul ation of HLB values of non-ionic surfactants, J.
Soc. Cosme0.200mems75, 249-256 and Giffin WC., 1955, CacCeudroénoiai HLB
val ues of non-ionic surfactants, Am Perf. Essent. Ol Rev., 26-29 (both of
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t he ai difgfdrdergaéming, pihgdetdchpgierot urdirtigromycihi gasrepgziyr efhvirgnosigpgsartan,

e o SRR b B LS RS TP ARl i Rsthinge! voe
fenofibrate, fentanyl, fexofenadine, finasteride, flucanazole, flurbiprofen, fluvastatin,
fosphenytion, frovatriptan, furazolidone, gabapentin, gemfibrozil, glibenclamide, glipizide,
glyburide, glymepride, griseofulvin, halofantrine, ibuprofen, irbesartan, irinotecan, isosorbide
dinitrate, isofreinoin, itraconazole, ivermectin, ketoconazole, ketorolac, lamotrigine,
lanosprazole, leflunomide, lisinopril, loperamide, loratadine, lovastatin, L-thryroxine, lutein,
lycopene, medroxyprogesterone, mefepristone, mefloquine, megesterol ac_;etate, methadone,
methoxsalen, metronidazole, metronidazole, miconazole, midazolam, miglitol, minoxidil,
mitoxantrone, montelukast, nabumetone, nalbuphine, naratiptan, nelfinavir, nifedipine,
nilsolidipine, nilutanide, nitrofurantoin, nizatidine, omeprazole, oprevelkin; osteradiol,
oxaprozin, paclitaxel, paricalcitol, paroxetine, pentazocine, pioglitazone, pizofetin, pravastatin,
prednisolone, probucol, progesterone, pseudo-ephedring, pyridostigmine, rabeprazole,
raloxifene, refocoxib, repaglinide, rifabutine, rifapentine, rimexolone, risperidone, ritanovir,
rizatriptan, rosigiltazone, saquinavir, sertraline, sibutramine, sildenafil citrate, simvastatin,
sirolimus, spironolactone, sumatriptan, tacrine, tacrolimus, tamoxifen, tamsulosin, targretin,
tazarotene, telmisartan, teniposide, terbinafine, terzosin, tetrahydrocannabinol, tiagabine,
ticlidopine, tirofibran, tizanidine, topiramate, topotecan, toremifene, tramadol, tretinoin,
troglitazone, trovafloxacin, ubidecarenone, valsartan, venlafaxine, vertoporfin, vigabatrin,
vitamin A, vitamin D, vitamin E, vitamin K, zafirlukast, zileuton, zolmitriptan, zolpidem, and

zopiclone acarbose; acyclovir; acetyl cysteine; acetylcholine chloride; alatrofloxacin;
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pact i t SeapRll: Bafbh: SRe, ORRIRD: R S U S s e B Pet  .
pravas tflaﬂanabmpr Banietind; dneoarmtodmdwm,, geuicipet graaniecytp selohy- ﬂlphwmg rfactor;
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t er bi nakreieg; Hepatits Anvirus efacahy drastieated; Htepaltifis Bi \agabiareine inactivated; heparin
sodium; indinavir sulifate; influenza virus vaccine; interleukin-2; interleukin-3; insulin-human;
insulin lispro; insulin procine; insulin NPH; insulin aspart; insulin glargine; insulin detemir;
interferon alpha; interferon beta; ipratropium bromide; isofosfamide; japanese encephalitis
virus vaccine; lamivudine; leucovorin calcium; leuprolide acetate; levofloxacin; lincomycin
and lincomycin derivatives; lobucavir; lomefloxacin; loracarbef;, mannitol; measles virus
vaccine; meningococcal vaccine; menotropins; mephenzolate bromide; mesalmine;
methanamine; methotrexate; methscopolamine; metformin hydrochloride; metroprolol;
mezocillin  sodium; mivacurium chloride; mumps viral vaccine; nedocromil sodium;
neostigmine bromide; neostigmine methyl sulfate; neutontin; norfloxacin; octreotide acetate;
ofloxacin; olpadronate; oxytocin; pamidronate disodium; pancuronium bromide; paroxetine;
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sodium; platelet derived growth factor-human; pneumococcal vaccine polyvalent; poliovirus
vaccine inactivated; poliovirus vaccine live (OPV); polymixin B sulfate; pralidoxine chloride;
pramiintide; pregabalin; propofenone; propenthaline bromide; pyridostigmine bromide; rabies

vaccine; residronate; ribavarin; rimantadine hydrochloride; rotavirus vaccine; salmetrol
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ticlidopine, tirofibran, tizanidine, topiramate, topotecan, toremfene,
tramadol, tretinoin, troglitazone, trovafl oxacin, ubidecarenone, valsartan,
venl af axiwe,2owaogmpor fin, vigabatrin, vitamn Al vitam RCDGB20a%200iTI1E,
vitam n K, zafirlukast, zileuton, zolmlriptan, Zol pidem and zopiclone
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deni l eyki.n difti X i diatri uani n nd, di.atrj-zoat e
Sodi un P fplaehom SEGINPECRE! iy M4 bR Blerao TR AR 1 3 phcth BoKofe
dor nas Exahples; of geptides andprokdime ihdé magdoeowashli incluge, dodi &reomeit lienitbidsto dinswiin,
el anapr| X L0; ci.n: i i hedri ne:
epi neg l{(%vgté;ho?%ﬁ??%hgfSﬁgﬁmﬁf‘fﬁygﬂokvgﬁngﬁﬁ\%%gﬁ%ﬁﬂh@g%aoc%ﬁﬁbfeluggofﬁd?,agpgvrthI X
f am ci bbovoneg, fRardtiyedid né@prmdneox etsiaiteninf osesaufest ewidihaefiumgagowtt ovaator,

I . Log. f - ! - ' ti
O R B BRSSP SC PR PG, Shl bt o
gent ampormongy lfolicg slimugtivyg apymaieatieyteigsmgduirmope nvasebessinn gn bt oesepressimd

t het | t f.: - Lin: | in: ' B
o re b ogRE gathee GBS IRUME Din BERRL LIRS B SRR B
vacci nwrhg:moteicméeﬁaptohep@iamnya)slirgmtaﬁrigwmmwm:er glscﬂg‘omlik_e piepﬁc_ﬂejénglacagomus
vacci ngyo :p@&{?éé-f,uféétgéﬁ%éin' %&yﬁ%&lnﬂc—?z é%%e%pétgkiﬁhﬁm%’?i ek%\%hﬂk! B Pin-

i nsulin procine; rnsulin crnsul i naspart; 1TnsulTnglhardgine, rnsulin
det em relatedtpeptide, dnsuihpika proteine lFueinerenbeplalini mettiordms-amrdpheiin, deymorphin,

I sof Oskgmogﬁﬁlsir‘?,apc%ggatﬁme'ﬂg&%gggﬁjiotei SY, neuropeptide AF, PACAP-related peptide,
pancreatic hormone, peptide YY, urotensin, intestinal peptide, adrenocorticotropic peptide,
epidermal growth factor, prolactin, luteinising hormone releasing hormone (LHRH), LHRH
agonists, growth hormone releasing factor, somatostatin, géstrin, tetragastrin, pentagastrin,
endorphins, angiotensins. Thyrotropin releasing hormone, tumour necrosis factor,
granulocyte-colony stimulating factor, granulocyte-macrophage-colony stimulating factor,
macrophage-colony stimulating factor, heparinase, vascular endothelial growth factor,
enzymes, and glycoproteins.

Alternatively, the biologically active material may be an absorbent for poisons, toxins and the
like and may be defined as any natural or synthetic products capable of immobilising by
absorption, interaction, reaction or otherwise naturally occurring or artificially introduced

poisons or toxins.

The biologically active material used in the present invention may be in any suitable form.

For example, it may be in a form suited for the function to be performed, for example in solid,
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el or | fihrd 3F T BANERG AL dRacchal i ld PRerdibl! bceor L 8RRl active

tlcarC| t1nmo t1ssue | asm nogen activator; TNFR
. Fc; lertaPATymedmdm sqiidiparticiasi hawe Az & fpnualondtieym tmtmé&@@ Hewmyci n;
trovafl oxaci n; tubocurarine chloride; tunor necrosis factor; typhoid
vaccine |ive; urea; urokinase; vancomycin; valaciciovir; val sartan;

vari celrha Mblbg@afgﬂ%%w& nhat¥fl WMap Y esistibleadd imMasRble SEihn treberpo\&mervg@d
vecor oni um br om vi nbl astin; vincristine; vinorelbine; vitam n B12;

war f ar FVP%@H!“@W“'@/@W ig pspibierin ecguraEcrticalifdid abi ne: zanamavir :
zol andronat e; zi dovudi ne The pepti des and proteins which may be used in t he
i nvention typi ave a nol ecul a . fromabaout 1 to 00
Do rBRE SGHEG P 1S, DPIGIFRp SETSIB s Bb ST oo BaCosteT e RYEHEBS P orm
g()out | éaﬁl@télé@,@hﬂﬁﬁ%d arﬁuiamtskmé@fp@rs@hlmn bp@@b@twmé C?hduﬂ’lt @fgamt/e DhtddR will
a es o eptl es rqQ e used inclu are not
7 eBoed A dFIRY GroHieR Hrenbe bR Adirgie G GHEn HroRIRGHED CRer)
o] UC&P%Snteh@éﬂﬁG?édgdefornﬂé@d\&Hé lﬂ@hdw@osaaﬁrr@@xh&hoﬂ'@ptb@lfyrmebroldmdaﬂlyfaemm
vascul ar  endot i u act or yt hr opoi et|i arin, cycl osporine,
byt OGRSy oSt SRS R PA etdjl oGP T Rap Ghiei iy Povner, the oS h
aid and the bxologlcally active material, preferably at least about 0. ‘l%, more preferably at
least about 1%, more preferably at least about 5%. The amount of the biologically active
material typically does not exceed about 95% by weight of the total amount of the polymer,
the processing aid and the biologically active material and is preferably 50 % or less, for
example from about 1 to about 50 % or from about 2 to about 40%, such as from about 5 to
about 30% or from about 10 to about 20% by weight.

The supercritical fluid used in the invention can be any fluid which may be brought into a
supercritical state. As is known in the art, such fluids may be subjected to conditions of
temperature and pressure up to a critical point at which the equilibrium line between liquid
and vapour regions disappears. Supercritical fluids are characterised by properties which
are both gas like and liquid like. In particular, the fluid density and solubility properties
resemble those of liquids, whilst the viscosity, surface tension and fluid diffusion rate in any
medium resemble those of a gas, giving gas like penetration of the medium
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My be @wtioaliso feedibefddificA FLRIONSY cdrigises aneblidit stk as aslom@myr Aealgsidined as
any natural or synthetic products capable of immobilising by absorption,

interaction, reaction or otherwi se naturally occurring or artificially

intr odmty@@anspth%@@ﬂu@e rh@X b8 Droudhe i eLipgrtetial Monﬁilﬁdﬂé%t@te@rﬁpe@étutés@idfrcbrﬁ t he
n any suitable form For

present invention na ex e, y be,in a
f or m sAPPEHO ﬁ%ﬁb?%ét%uﬂgm%pf SWE Yerrbrred, / KdP m?rﬁ) @bt ' TBY N,

sol i d, sRaferabf) frém et a8 » MXQk2oBenRlt & 1d7aNM? (BaDo bhHi HeRFably miz@oauch
as paste of I'iquid form Wiile it is preferred that the biologically active

mat er i d18does not under go physical change during the process of the
invention it is possible that the biologically active material may undergo
physi cal change during the process. In this case the biologically active
mat er i dt wﬂlduelm;pm@ed thett ftiee phaiceestiiad wilhdspiendenta sarietanf fstorninghginguheabl e

formpr0|de t h r e Lavention
resul { 93 R M P SR RIS e G ER Y, sty AE RIS g pRpiBics
i nt endmdarttwrapjpsmpomntl is theedcedzatiod dfhthe stuherchiicdl dgiccalThg fadd inwest restedirthal i s
in the f Lid, r.ticl r 1 hze Of
e he RS B L SR s BRAAEIF 48 P WRleesDi bl
Wl” occupy the overwhelming majority of the total volume of the mixture (typically greater
than 90% of the total volume). In practical terms, this means that the fluid should have an
appropriate combination of high density (ie much greater than the density at atmospheric

temperature and pressure) and high solubility in the polymer.

The amount of supercritical fluid used in the process of the invention can vary within wide
limits and may depend on factors such as the nature of the polymer and the nature of the

reaction vessel.

As used herein, the term “supercritical fluid” should be understood to encompass near
supercritical fluids. That is highly compressed fluids that are below the critical temperature
point but exhibit many of the same properties as true supercritical fluids. Correspondingly,
the term “supercritical state” is considered to encompass near-supercritical state.

Additional components which may be used in the process of the invention include, but are

not limited to, initiators, accelerators, hardeners, stabilisers, antioxidants, adhesion

promoters, fillers and the like may be incorporated within the polymer. Markers and tags and
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nature of the biologically active material and the intended use of the
biologically active material. Typically the solid particles have a size of
from abouwoOX2orwoszs7about 100 nm The bi ol ogically acti veCraBoidioray be
m scible or inmscible with the polynmer and supercritical fluid but is
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super c et $atationf sontagtagswith he binlegicalieactivermaiarial Rartisisp aa mr@lr\nﬁf%dﬁwdbe

Bgogggk&%r{ﬁég %%Hé)'a:%}%éléd h}o?ér‘%gy bé‘%tf'o?iugélp\%b 1h8 duRsoifle durﬁlﬁ‘%ﬁe Hl)’dhéjs may

t1ons erature and pressure up t critical
poi nt and/whpelhmsh%e’t@qm‘tﬂ:n wher@ﬁvuﬁ aftaches {oclbA hqu@ﬁmilyamve/a}?&na' pagiclgRdn
d|sappgg&ﬁMr§gﬁﬁﬁcrltlcal fluids are characterised by properties which are
bot h gas ke and liquid like. In particular, the fluid density and
solublllty properties resenbl e those of liquids, whilst the viscosity,

surfacet nsiagn and . fluid diffusjion rate in,an m resenhl.e of a
gas, gil¢Pmplgsalyigeive ?q,aétr?qynb%]ireﬁﬁg W&l%ﬁ%ﬂﬂ%r?%ﬁ] E”E%rpoﬁt'a?ﬁl V\ﬁl

mlay Ee ursyﬁférl\mml awgesmwbhmmaiemm dzeaptéﬂ tolénhegeeﬂ tfm(pdgarnmcbm nhesmelrmalde
al i phatic C2- ssuc as .et hane, a ut ane,__pen e
hexane Pr&eHHfSe %reog 3’5“ BB’QWQP%C?CH&?NU% a?hg(?re%a@al bg ?r %%Qe grr]rpl e
car bon cb@rbb@ér‘ltsl@ﬁd:rdes bendéli’é Qaasted aasl@r@mastbcmmnoadmltm Ipdt:yrrterr,l cﬂlbpmsarde to and
fluoroformor chlaro omati cs such as benz

xy| eneNEeAss HFRESHGN §hr§ﬁ§¢f’%§§hw %Iar‘gn%fe}é? aargglregag% H’I?F“’ﬁa ﬁgrs?gg%ch as
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biofunctional effect in situ and the like. Preferably a biologically active material comprising
hydroxapatite may be treated with binding species such as silanes and the like to increase

adhesion of particles to the polymer.

Preferred adhesion promoters are soluble in the fluid as hereinbefore defined. This means
that any residual promoter that does not bind to the biologically active material or to the

polymer is removed when the microparticles are removed from the supercritical fluid.

The morphology of the microparticles of the invention is not particularly limited. For example
the biologically active material may be distributed throughout the polymer substrate
resembling a (co-)continuous morphology. The transition from coated or encapsulated
particles to distributed mixtures may be merely a gradation of order of magnitude, whereby
the microparticles may effectively comprise a plurality of biologically active material particles
independently coated with or encapsulated by a continuous phase of polymer. This is

conveniently termed particulate morphology.
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fluid is carbon dioxide alone or in conbination with one or nore of the
fluids listed above. Optionally, the supercritical fluid may conprise a
co- sol verwo=ootnoazs7acet one or an al cohol . Typically theseTidB@monHy be
brought into supercritical conditions at a tenperature of fromabout 0 to
about BMOEE iApdrtantpieetsel be thaf inkertonaihatitictopariifies Mivaativelyatriftirmlsixe 268 Nm
2, preferab% fromabout 12 x 105 Nm2 to about 8 x 107 Nm2 (7-1 000 bar,
prefer 800 bar). It will be appreciated .that the choice of fluid
wil | depend on a variety of factors including the nature of t he

bi ol ogi.cal I plve
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pol ynewell ihevraimthatrtchicls ap eiser diffiactidn.f | ui d used in the process of the
invention can vary within wide limts and may depend on factors such as the

nature of the polyner and the nature of the reaction vessel. As used
her ei nTynittﬂlytr@rrrmr‘estb@eﬂ&% of thalmi¢iopadicles thaué @ dimmeiatdhst)dess then dreclowpass

near SHRELEEAUL Akt diacctied nbl ORoGRERTFS SR bt UhdB of B pdigebe! oW

the cr bAper ature e sane propert|es as
true shiper ardiameter (Pbou) dEat dOes rred posee iey upmfehmliepfneasmpéﬂm isiZecrgnges at e"

is con Ss near-supercritical state. Additional conponents
whi ch %&8@%9@&3@@?&&@%2 process of the invention include, but are not

Iimtedto initiators, accelerators, hardeners, stabilisers, antioxidants,

adhesi R0 QURLET i ind Fkérﬁﬁ@% ABM! R & Ideks ar@afcég@mg HPLOGL xSQd Bb4MY A thére

pol ymef". e i ncor porat e trace or
det ect pradasnokhe mweommSIgmﬁMmqreﬁse@ﬁhQ bieloces m@@pﬂﬁ@ﬁsad_@eﬁdﬁhﬁ ®resenknown

techni gl'dgrﬁlonl rolnheé ?het ﬁ&a‘ Bieéj (%begg\hg%ﬁjct@? d8 drf’?a@ﬁ%%b%‘ tcPHEFg%:ts%ror' é?\thgn&é"e

pol yme conpos e use regnate or coat
parti cthesyuefd bf m:@gp@acmy cacmnelegn@ttmlpgipalb‘yr pgjivet paterial and a polymer in a

process as described above wherein the increase in yield is relative fo the yield obtained
using the same process in the absence of a processing aid. Typically the use of a
processing aid as defined above can increase the yield by a’p least 20%, preferably at least

50%, more preferably at least 100% or at least 200%.

The microparticles obtained using the process of the invention polymer may be characterised

by their morphology, which may be determined by analysis of a cross section thereof.

The microparticles produced by the process of the invention have a relatively smooth surface
and a surface area that is typically lower that that of microparticles produced by supercritical

fluid processes of the prior art.

An ideal average surface area (IASA) for the particles of the invention can be calculated on
the basis of the volume mean diameter (VMD) using the following equation.

IASA = 4(pi)?
Wherein r is the volume mean radius (ie half the VMD)
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introduction into the polymer conposition, by neans of sinple mxing,
sprayi ng or other known coating techniques, in the presence or absence of a
fluid as wenreimiefsor e defi ned. Preferably coating is pePCoGR200%001711
conjunction with mxing with fluid as herei nbefore defined. For exanple,

t he adhesi on pronoter may be dissolved in quid as herei nbefore defined and
t he soh%tlon coBtacte with the biolo @lcall tive material rtlcles as

her ei nBEfBHESdPSneCUR I ARMTSRINA! PReTI A5 FronprerEsm %aél
i nt r odpesbdridies tphmu@ud a6 | thy eprelisss ng thdélen\mnmrmg'wmmé/ themﬂ yﬂ‘ﬁjweyat i ibris st ep

wh b t he bi ol [ 1 |
deglr (rae 'Wﬁlﬁ{né‘ﬁ‘?a@ OWJCS?Q:E{QOCf'?C}QBEO[ M %d (?Fl %ﬁwbg (lzth&? 'ttl-gedeﬁxay oto or
duri ngsmﬂs@nnamosmwmal)ondumbmamyhatmogymﬂnfacb oarthe mwrmminlrc&emprbducea:l by

adapt e to enhance the er.f or mance or [ t.h

bi ol og LQ{TJ tg’Pi‘ ﬁ'pﬁ‘ﬁl ,S'?%?th‘gif;%gtﬁ gpt Cfeg:‘}[ é%f tq){ep(gg\%%SI nts
such assebj mdﬂhbss mau eﬂthteCpartrdmmmaha@Hmpenﬁecﬂysmobm qpofageer, di spersants to
i ncrease di spersion throughout the polynmer and prevent aggregate formation,
to increase dispersion as a suspension throughout a supercritical fluid,

act i varhis sméansate| 4piat s ainy idwest poesiblorairfaes fazea fomtrel micrepadttitiéme of ithe.

Preferably. a biol | i t. b
tr oat clVeRIR- br T PoRREbeE o e VRARE PRl BAY e e R e R Al iE B °°
adhesi apowfa(pint td abms H0COA0he 4(Oty pesferaBly difoen abmtammeré itoRbautci®d0er 4(pdr'e

soluble in t 1d as_he ef f [ dual
pr onot BPrq RE era%lg?ro%taggtlt} zgs'l)r@l?? ﬁg l%l o)!g:ﬂ@gle ?/hzfc %genﬁo'%’reb?) i%gf”hg?ﬁﬁét he
pol ymeabdut 10emipidd, wieraintrfiehalf tedfdidti cl es are renoved fromthe
supercritical fluid. The norphol ogy of the mcroparticles of the invention

is not particularly limted. For exanple the biologically active materi al
may bePrhfetblybtitsecbrhpusitiogh quoduche bydhe meacess o theaingentioneard|“irvey biends”™ as

(50, SRR aRORLANY plipa. Lohl SRobohonslan ot (RIS REIAS,

mer el radat
magni t osreposiioes ety weh élamded opasingiel mjvemafreefstwctDiﬁ%ytls@%]nl&CdOWaﬂhl ity
f bi | | t I I i
oncapatiT ey Sah peaiad o TRIGIR wBBhEL & e ERPERICEhace SBHERIMbP |

parti cubiahedrfmupisoém@médmlmraldetambemant feat ur e of the invention that
m croparticles of relatively uniformsize are

The or each polymer present in the compositions produced by the process of the invention
will have a glass transition temperature (Tg), a melting temperature (Tr) or both @ Tg and T.
The or each component that makes up the processing aid will have a glass transition

temperature (Tg) or a melting temperature (Ty) if it is a solid.

In a true-blended composition, the or each T4 of the polymer component will tend to merge
with the T, of the or each processing aid (to exhibit one T,) as shown by DSC. In contrast, in
a phase-separated blend typical of the prior art, the T of the or each polymer component will

tend to remain distinct from the or each Ty of the processing aid as shown by DSC.
In the attached figures:
Figure 1 shows: Figure 1 ~ SEM images of particles produced in the absence of processing

aid (upper), using Solutol HS15 as the processing aid (middle) and using Kolidon as the
processing aid (Iowér). All images are taken at x 90 magnification.
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produced. The m croparticles produced using the process of the invention
have a nean particle size expressed as the volune nean di aneter (VM) of
from abouwoO20100@4mPout 500 nm preferably from about 20PCwe/GHroe00200 or 250
mm nore preferably from about 30 to about 150 mm even nore preferably

from apgwe 40sHowsl BEVMMIMdgRE @maémé@nfaﬁom @eticiés PoodumedbinutheS8bsamce Toke

el || KHBGRPEIE TRGARRD) L SR SER(o €8 P P tns S nade! 9o eRakan 10

% of t&ethBiptdeBahg ekl @swdrpve a di aneter (D10% less than the [ower Timt of
each of the size ranges quoted above respectively and at |east 90 % of the
particles have a dianeter (DO0% that does not exceed the upper |imt of
each ofigtilees siowe: BENUE®RIGE Of Rpredeniative particles preluged s Exsmpleldistrated in the
Exanpl es bel ow, the use of a processing aid as descri bed above in the
process of the invention significantly increases the yield of

M cr opiid inobrt®n idiustratédby fecfokowing nuedititiop Exeopledes t he use of a
processing aid as described above to increase or enhance the yield of

m croparticles conprising a biologically active material and a polyner in a
pr oc esReRSetRSEXANGE 1abBracasisareintht absemss ebsBrogesping Aid s rel ative to the
yi el d obtai ned using the sanme process in the absence of a processing aid.
Typically the use of a processing aid as defined above can increase the

yi el d pyGAt(M,erkDa2 0%aspreef mr'aleyelativé @aR6 Gdi¥ardmnr0 ) efasr piel pixad Withast

LRARE S e e e R

|nvent rph
deter mntted\ebewparcmltxysil fmlchGcSS: pmsseg: trigo nTrteheye&Iﬁ w%eeah}d: ao@@reasutiw

roduce rocess of the inv v ace
gnd a ‘é’ﬁ'? %@eh@lﬁggmpﬁr Ta dy%?%%irgwe:r %ttﬁa%%picﬁl '?gfe}w#%lc?%ﬂ g?? P(ézl%f
pr oducestdbyngsthp el @y & SUpex’cnﬁdaMflmideWmles Enemta)thlng teesgrdopditians theAELG@é@ISA
average surface. ar I t f

cat cor A By RE odahs DFe rilh MERa S s ¥ R, LokeF finG
f ol | ownkyriprecarat ¢adinctet! A@Ading 4( Riuds2free flowing powder. Three replicate batches were

prepared.
Example 1 - Processing with Solutol HS15

PLGA (My 11 kDa, measured in THF relative to PS standards, 2.0 g) was pre mixed with
Solutol HS15 (0.2 g , 10.0 w.t. %, from BASF) and Bovine Serum Albumin (0.2 g, 10 w.t. %).
This mixture was loaded in to the supercritical fluid PGSS processing rig. The system was
sealed and pressurised with CO,  The temperature and pressure were raised fto
approximately 40 °C and 2000 psi rendering the CO; a supercritical fluid. Whilst maintaining
these conditions the PLGA / Solutol HS15 / BSA were mixed for 60 min. The mixture was
then expanded into a collection vessel using a cyclone and collected as a fine, free flowing

white powder. Three replicate batches were prepared.

Example 2 — Processing with Kolidon 12

PLGA (My 11 kDa, measured in THF relative to PS standards, 2.00 g) was pre mixed with
Kollidon 12 (0.03 g , 2 w.t. %, from BASF) and Bovine Serum Albumin (0.2 g, 10 w.t. %).
This mixture was loaded in to the superctritical fluid PGSS processing rig. The system was
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VWherein r is the volunme nean radius (ie half the VIVID O course, this
cal cul ation assunes that the mcroparticles are spheres. ldeally, the
m cr opar twol2en/gusduced i n the process of the inventi onParldB2b@/®pher es.
However, it is unlikely that all of the mcroparticles produced will be

Slohﬁr 's‘éﬁiedg] %lntjhﬁa;&Buﬁééay wiy OmB. subisd a@ﬁnpallawez pher pregdyre Adel traisaal ifoy, )
al t hou the surface of nm cr opart S produc: ocess. o t he
i nventaIF’(E’rﬁoﬁ'@aWb‘i‘%eﬁ ppd gh@%?ﬁé?n tb‘f‘l&?) &Slﬁﬁﬁ”&?'glédpr@]ﬁ & QpTRRinng
Previ QHEse cotbnEBiIPUSA /rmundah h20BgAweRanikee I‘cﬁﬁOVmMI Theveixargens manl y
srmoot h surface. This neans 2 is the

4(Pi)1 ssi bl ce
area fXPANRRA HtR b pallectial é‘@sﬁil “F‘Wé 2 veR?s GRd elaﬁgy r?P@er%‘%glats i%lcglérgéc:f %
i nventfiofind WRitE pblwderh aveectreplivdi@batchssaerstprepares. from about 4(Pi)l -2 to
about 10,000 x 4(PiJr2, preferably from about 4(PiJr2 to about 1000 x
4(PiJdr2, nore preferably fromabout 4(POr2 to about 100 x 4(PiJr2, for
exanEamplenPonater FBRWT 2 [tRrogbssihg IOnaredéd YNMD |witer edB0r| 40 hal f t he
V\D. Preferably, the conpogididons prédua’wdby t he |process of the invention
are "true bljends" as opposed to phase-eparated bllends| By ["true bl ends" we
i ncl g 1t he [mean ng| BBAtot e conposi tji-ons ar ¢1gel || ddigendéd | 27 a | Avegas,
sol vent free1ake®. Divfferential scanning cal orinetry (PSC) |can be used to
det erm ne whet her aj true bllend or a phase sepd8at §d7l end i s1bbt Stdddy Thi s
i s expraineqHiGATOr ERdatal [| fwliew. Thedar eachzpol\arer | psesedt i Aviehage
conposi ti ong 1pkpducegt ay t heigpwocess |of the inventlion will have|a gl ass
transition tenperature (T )|, a nmelting tenperagure I3TM 1dr ot h | Stddemd Tm
The g each @EONENBSANGL [ekdenup t|fee procedednd zuid| 8ol 1] 2 e Avegdgss
transition teqppesat ey T9Jorz. 2 ggel tijng tenperaturle (T ifj it ils a solid.
In a true-bliended cpnpositijon, the or, each T920f tilgs polgners constdeley wil |
tend to nerge with the T g of the or each processing aid (to exhibit one

pr ) or Eellp W%verggwatéﬂw‘é%i‘ér{giéﬁf P FERE B pETRP AT L] o oy

di sti n@{,3 @SIQW Eng b 1eREXEMME 2t he processing aid as shown by DSC. In the
attache I gures: |gure 1 shows Figure 1 - SEMimges of particles

produced in the absence of processing aid (upper), using Solutol HS15 as
t he prggﬁﬁgié}g aid (mddle) and using Kolidon as the

PLGA (M, 11 kDa, measured in THF relative to PS standards, 2.0 g) was pre mixed with
Solutol HS15 (0.06 g, 3.0 w.t. %) and Bovine Serum Albumin (0.2 g, 10 w.t. %). This mixture
was loaded in to the supercritical fluid PGSS processing rig. The system was sealed and
pressurised with CO,. The temperature and pressure were raised to approximately 40 °C
and 2000 psi rendering the CO; a supercritical fluid. Whilst maintaining these conditions the
PLGA /Solutol HS15/BSA were mixed for 60 min. The product was easily collected as a fine,

free flowing white powder.

Table 2 — Soluto] HS15 Reduces Particle Size and Improves Morphology

D10 D50 D20 Vmd
Formulation (um) (um) (um) (um)
90% wiw RG502H
A 10% BSA 27+18 110x19 248%27 126+18
(mean = 18D)
87%wiw RG502H
B 3%w/w Solutol HS15 11 42 145 63
10%w/w BSA
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processing aid (lower). Al inmages are taken at x 90 magnification. Figure 2
shows: SEM i mag]qes of representative particles produced in the absence of
processi YO WHFPer ), using Sol utol HSL5 as the proce$STHPE2899PIHilddI e)
and using Kolidon as the processing aid (lower). Figure 3 shows: SEM i mages
of representative particles produced in Exanple 3. The invention is

illustr 1 f I3 imting Exanples. Reference Exanple 1 -
Pr ocessaﬁ‘lr?g&llgﬁt hg'eoacggéir@\éw'g?sggﬁpgcessi ng Ald PLGA (Mv HkDa, neasured in
THF relative to PS standards, 2.0 g) was pre m xed with Bovine Serum

Al bum , W. o0 A ' i xS\ : .paded
into thrpé%ug\ggclﬁ%aégﬁ east?ﬁddhg&%%éﬁg/ggggféné%dg%Tﬁg%?g %émH \F%?rg&%cgg)lltgd and
pr essurSpseBOMOL B @CR8 with, frempBigatan red atispenidens (0-84 gefe w.lai%gle dTheomixture

appr oxi,nhat i i e.gozT SYSRGH ! fLHi d.
Wi | st W%i ﬁ% g?%l?nggqpﬁggg@@g%h}ﬂgnpoﬁgggﬁﬁeﬂog%ék@/ " SA'H\%er e st ﬁ'{r}érse%&%%? abg m n.
The m regserisrs WitheOex pamiriobdratuse and préssyte wareviadssdl toapipraximaielyc4®ne and

col l ec hel.di : f i ¥ole) ! ' : es
ver e prog2nRg FELRAB TP, £ Bhar bl AE WARE: AR RS ERR TR BBk,
measur é-GAISTaF 8pRisnaridena werSMied ionf§in.2The §)ixtueeswips ehaii sxpandgd mtssl ut ol
HS15 ( 9 j in (0.2 g, 10
Wt o orefon vies ubinh e bt 8 SRS L FRMIRLTFIIER I & pass
processing rig. The system was seal ed and pressurised with CQ2. The

t enper gtu[d g@%@ﬁgg%glp\gﬁ%%g@ g,%%iﬁr%xg@w@éi mately 40 OC and 2000 psi

rendering t a supercritica Il st maintaining these

conditions the PLGA / Solutol HS15 / BSA were nmixed for 60 min. The m xture
vas t e SX BBt TTERcassia | Fpehdlne Y 8aate! [ B0 NY D80 CY[ChsYTe &b ot rected as
a fing, free|flow ng ghlte gowder . rrgg riepl i cate bat cheswere prepareEd.

Exanplle 2 - Brocessi Al with [KEFAUR)13%PLGA (Mv| 11 kDa, neasured in THE

rel atiive to BS standapaspt 2./00 g) wag pre |m xed|{with [Koilidon 12 (0.03|g ,
2 wt., % from BASF] %WHI)BO\”I’IG SeruanIbum’n (0.2 g 10 \jv.L % This
m xt ure_was lloaded gtot » supercrilticall fluid PGSS processing rig The

syst emwassedlPéGAant SPA¥s Hri48ed wi t 4602, | 37H@ { d0ber|atldr e |dA®% gressure
were rai sed t{g1kDa | 25%

Ref 1 PLGA |0 40 9 27 88 258 | 118 | Average
11kDA 29 |+88 |x221 |+ + Std Dev
171.8 | 541 | (n=6)

I+
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approximately 40 OC and 2000 psi rendering the CO2 a supercritical fluid.
Wi | st maintaining these conditions the PLGA / Kollidon 12 / BSA were m xed
for 60 mwoO 20toeomistt ure was then expanded into a col | ecPCoGBze®a®i71IMSI Ng a
cyclone and easily collected as a course free flow ng white powder. Three
repl i cataiMsit ches were prepared. Table 1 - Average batch yield and particle
size data for three replicates of each of Reference Exanple 1, Exanple 1

and Ex I i S ol r i PS
ot andarde, e Bebahd h%ﬁ%%#@ﬁ”ﬁ%é@@'{%%%e By £nd & e
Bovi ne SeplymeAbba fraving @.raeay) pdriclevsize expresTafl @s iiextollnee mesn disaerier (VVRb t he
supercri ty fA i g b : el i

ot essur i S000 1By I WAL REERS Hibdcaly ot U SRR Rt i

appr oxi mitteepglymer, @Bichrrog@sEopwiisesenderi ng the CO2 a supercritical fluid.

Wi | st i néc%t}éuﬁﬂg 4 ARG o Biﬁ@@icﬁ{f&?a%@@?ﬁwa’% bratokBShensdieHa xed
for 60 mn. e product was easily~collected as a fine, free flow ng white
powder . TabpayrRer orSpprecersorHbEEeqRedd eaxormssino@id wih 2esupgerrifipg fgigaghich is

Mor phol ogy e 4 awEl [ | - in
T rel at verERlepgt pucliy 398" ol Lok P Nopeltil S P o
w.t. % fromeEseamio maihtandhefvidhrresyeraiicy state; w.t. % . The nixture was

| 0aded 1 f 0, Il B BBt bl il i pBIEHRIOLAG RO thel bllymd D GATHAMGIAY

seal ed and pressurised wt . e tenperature and pressure were raised
t 0 appr oxi niteefonprraioE and ROBEUTEs Fondiipdsr o ghehdhecdpidy is upairtained @
fluid. Wil iy Lni.ng these conditions the PLGA Span 80/ Ri speri done
were m xed %“c?re?%f(sle%r'l%r@b'l'he m xture was then expanded into a collectjon
vessel usi nigleasingche meesae opreeipitala reisrogaticies corpiEing tam Pl g 8Ftiveranl e
3 - Batch yj n‘{iaﬁ@%é)&&%%ﬁ.e size data for Exanple 4.CLAIMS 1. A process
for preparing mcroparticles conprising a biologically active material and
a polymer and having a nean particle size expressed as the vol unme nean

di ameter (VND)oRbsd rRB LGt & MM wHBRHe! the t BRcisHPSBicC 3 | plcrtdd Wiem

material is substantia I?/ i nsoluble in the polyner, i.ch rocess[,

conpr i gligemers or polymers of fatty acids, fatty acid esters, hydroxy fatty acid esters, pyrolidones
or polyethers, medium and long chain triglycerides, poloxamers, phospholipids, derivatives

thereof and mixtures thereof.

3. A process according to claim 1 or 2, wherein the processing aid is an amphiphilic

material having a hydrophilic-lipophilic balance of from about 1 to about 50.
4, A process according to claim 2 or 3, wherein the processing aid is a fatty acid ester.

5. A process according to claim 4, wherein the processing aid comprises polyglycol

mono- and di-esters of 12-hydroxystearic acid.

6. A process according to any one of the preceding claims for the preparation of

microparticles having a volume mean diameter of from about 40 to about 100 pm.
7. A process according to claim 6, wherein no more than 10 % of the microparticles

have a diameter (D1gy,) less than 40 um and at least 90 % of the particles have a diameter

(Dgo%) of 100 pm or less.
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a. contacting a mxture of the biologically active material or a precursor
thereof, the polyner or a precursor thereof and a processing aid with a
supercri twoabiodowisd whi ch is capable of swelling the polPgreEB200vd®I711
tenperature and pressure conditions necessary to maintain the fluid in a
super c8. t i cAl prstasseacdordiag | towamg ohdefsthperressding afairs vbd the ppensesticat ef and

| i quefy.the . i i t i, teur, S

cond 1 stecere HFing &' rBbe T MR, Bt S b RRENE BB 80 BOTACHE,

r el easwheretnhgs palegeWMDt 0 precipitate microparticles conprising the

bi ol ogically active agent and the polyner. 2. A process according to claim
1, wherein the processing aid is selected fromoligoners or polyners of
fatty @ci dsA pretesy aacirdingde eledm Shicdtluxpreparation atinicreparicies hawnob isddaess or
pol yethers,. . i i I i h j pi ds,
derivati 33@' %r@%ggai %@% uijragés%tuh2?@0%%@%2%?%@%6?@%P%@ngﬁﬁ?g@g aim1l
or 2, amitdDmr 4pip’, prreces sinheltihd MMD.an anphi philic material having a
hydrophilic-1i pophilic balance of fromabout 1 to about 50. 4. A process
according to claim2 or 3, wherein the processing aid is a fatty acid
ester. 16, AAmrocasssaceowitalingny oneldiithe preopdivacsiaimshwherabe & perpraitisal
corrprim&iso(ggry ¥5Qke mono- and di-esters of 12-hydroxystearic acid. 6. A
process according to any one of the preceding clainms for the preparation of
m croparticles having a volunme nean dianmeter of from about 40 to about 100
mm 7. pr rg j el ; er e

i crophit [ oris Ragd 4 Mpaibehd, SpRloyssty Trcuieio M o0 dibrReRieN o
of t hecquaprising e biohpically agivenisatarial and@pplyater 108 sheisHtiqad seacion Arsest Bs s
accordj j L TG ; ; '

i or opo et L e e o e R e B e TP P Shout
10, 000in¢ha éPsence ofaerasessingigid. hal f the VMD. 9. A process according to claim
8, for the preparation of mcroparticles having a surface area which is

from about 4(PiJr2 to about 1000 x 4(PiJr2, for exang)l e from about 4(PiJr2
to 12.  The use according to claim 11, wherein the yield is increased by at least 100 %.

13. A use according to claim 11 or 12, wherein the processing aid is selected from
oligomers or polymers of fatty acids, fatty acid esters, hydroxy fatty acid esters, pyrolidones
or polyethers, medium and long chain triglycerides, poloxamers, phospholipids, derivatives

thereof and mixtures thereof.

14. A use according to claim 11, 12 or 13, wherein the processing aid is an amphiphilic

material having a hydrophilic-lipophilic balance of from about 1 to about 50.
15. A use according to claim 13 or 14, wherein the processing aid is a fatty acid ester.

16. A use according to claim 15, wherein the processing aid comprises polyglycol mono-

and di-esters of 12-hydroxystearic acid.
17. A process or use according to any one of the preceding claims, in which the amount
of the processing agent is from 0.2 to 30% by weight of the total weight of the biologically

active material, the polymer and the processing aid.

18.  Microparticles obtainable by a process according to any one of claims 1 to 10.
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about 10 x 4(PiJr2, whereinr is half the VMD, 10. A process according to
any one of the preceding clains, wherein the supercritical fluid is carbon
di oxi de. W0.20ffw4283e of a processing aid to increase or PemGBrO®/WhALYI el d
of mcroparticles conprising a biologically active material and a pol yner
In a sgper g bémﬁ@éitidn&@%piri%gpﬁi%@éﬁi_cte@ debsrtipgseclihe1gi el d of mcroparticles
conpared to a the yield obtained using the sane process in the absence of a
processing aid. 12. The use according to claim1l1l, wherein the yield is

i ncr eaged b%ya"ovbg@@bes%% Héreid desdibege according to claim 1l or 12, wherein
the processing aid is selected fromoligoners or polyners of fatty acids,
fatty acid esters, hydroxy fatty acid esters, pyrolidones or polyethers,
medi um and | ong chain triglycerides, poloxanmers, phospholipids, derivatives
t hereof and m xtures thereof. 14. A use according to claim111l, 12 or 13,
wherein the processing aid is an anphiphilic material having a

hydr ophilic-1ipophilic balance of fromabout 1 to about 50. 15. A use
according to claim13 or 14, wherein the processing aid is a fatty acid
ester. 16. A use according to claim 15, wherein the processing aid
conprises pol yglyco) nonoand di-esters of 12-hydroxystearic acid. 17. A
process or use according to any one of the preceding clains, in which the
anount of the processing agent is fromO0.2 to 30% by wei ght of the total

wei ght of the biologically active material, the polymer and the processing
aid. 18. Mcroparticles obtainable by a process according to any one of
clains 1 to 10.19. A conposition conprising mcroparticles according to
claim18. 20. Any novel process as herein described.
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