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PREPARATI NICRCPARTICLES AND THEI R STABI LI SATION 5 Field of
i nvention The pngggnt invention relates to a method for protein and

pol ypeptide precipitation by supercritical fluid processing and their

protection ation 10 againstydenaturation. Background of the
i nvention ﬂmwmw&m‘mmu ‘mst abl e proteins and pol ypeptides for nmany
applications Ia?ﬁ ptinuously increasing. This is 15 particularly
pronounced for erapeutic proteins in the pharmaceutical field. For the
ease of both nanufacturers and frnal users aqueous protern squtrons are

often the prefer$ comon

nat ural formthatpﬁb?ﬁ N ﬁﬂcﬁbﬁhﬁ&-?@nmbh?j‘@ RS | n‘fﬂ!zﬁ% onpl ex
formation This conformation 1S gene structure
and it8 integrity is of vital inportance for naintarnlng the bi ol ogi cal

activity of mireQteids. - inNEntidkeversible loss of tertiary structure of
proteins is 25 referred as denaturation and causes inactivation. Because

proteins and pol HERECR WA N Felaksposed®t BekBAG §PFesses which
can cause p@wuaaln a(rderlﬂiw;aéptome q:ﬂde@mﬂt&@ioﬁlb? sﬁ@éﬁ&t@ﬁicémCh as
hydrolysis datron et %ﬁ ﬂﬁﬂe dation VEry ofé b he developnent
of liquid f& kRl Srss”t?r LT et e 1 3 ndE P bimid to
achi eve proagannsuxdmﬂauuxacndﬂmerenoval of water by suitable processes
such as freeze-drying or spray-drying. However, both of these techniques

(ref. "Formul ation and Delivery of 35 Proteins and Peptides” J. L. deland
and R Lan Beckground of the invention

The need for stable proteins and polypeptides for

many applications is continuously increasing. This is
15 particularly pronounced for therapeutic proteins in the
pharmaceutical field. For the ease of both
manufacturers and final users aqueous protein solutions
are often the preferred form of administration.
Moreover this is their common natural form that allows
20 hydrated, three-dimensional folded complex formation.
" This conformation is generally reported as tertiary
_ structure and its integrity is of vital importance for
maintaining the biologioal activity of proteins. The
irreversible loss of tertiary structure of proteins is
25 referred as denaturation 'and causes inactivation.
Because proteins and polypeptides in solution are
exposed to many stresses which can cause physical
(denaturation) and chemical (i.e. reactions such as
hydrolysis, deamidation etc...) degradation, very often
30 the development of liquid formulations is precluded.
Presently, the most common way to achieve protein
stability is the removal of water by suitable processes
~such as freeze-drying or spray-drying. However, both of
these techniques (ref. “Formulation and Delivery of
35 Proteins and Peptides" J. L. Cleland and R. Lan ger
American Chemical Society, Washington, DC 1994) can

induce protein unfolding. In particular with regard to
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Anmeri can Chem cal Society, Washington, DC 1994) can induce protein
unfolding. In particular with regard to CONFI RVATI ON COPY 1B?Nﬁ9‘@@67 2

| yophilisation protein unfolding can occur either during the initial
freezing step or during acute dehydration by sublimation. Concerning spray
drying, thermal degradation, low 5 efficgency, lowyield and high |evels
of residual noisture are the main |imtations of the techni que. Another
problemis thyoﬂhﬁtlesendeni rp:}cmr@irt aifokdi g | cay otcamaledgbes Burmitagt i ons
obt ai ned by i ffer

processes, | fac en
dehydrati on ?h%ﬂl?’%ﬁe pro etel n%sq;eapssu é]‘ﬂir%?éreﬁ?g % d&?r?tér?gllcl?al
structures wstuhltiinatsenms initi al blologlcal activity but different shelf
life. The stabili at [ ar
trehal ose on prot gbﬁg gt%lfrl?l%t %’éaééll 3 rg% eﬁﬂﬁl ?ggfg%ﬁ%:tcsig\%\lél Ilgfw
docunented (e ﬁamrzatw@nlmm@ id; eand chlghol%m%Saﬂﬁ pepidgad” J. L.

A eland and fistabed8FeAMRId GRIAHCNGMIGA £ 054 65F  t ¥8SPeRAhFueDC 1994 and
"Freeze-Dryi ng/ Lyophi]ization _of Pharmaceutical and  Biological Products”

L. Rey and J.C. Ma§RoMBREPTONAER 1906 d1NSF SBFR i@Qé?ngAFFHB‘ugh rmany
sugars can péealemhtprafeanad@mﬁg cthtnﬁa&etm@éaéb@ambhebpr oducts often
have a shortdsgg § room t enperatur d eto ard_reaction
Stability at9t ﬁf?%hp FXPESEF5§W’ &S npr %§1d%ePﬁ8 P@dﬁglﬁ& sugar s
such as0 sucrasleydndtidhb meehaidosetheBrpnotshrPan&;ntaéspxpﬂnecdtfﬁer@ﬁt:2009198

a8 2126560 diieresaunehetErdy, FRAMMANT Uy A MRETEARE REML o (T Lo

IyophiIisatﬂwnOhmglG@lfaeéanGYb@WUMduﬁﬁanpnﬂt$h§lé.hDﬁeLonlc surf act ant:
or trehal ose (orpaRoLPghigieanty FHLJARACSHEMFBates and in

particular of trehalose on proteins during freezing and
15 dehydration is well documented ("Formulation and
| Delivery of Proteins and Peptides" J.L. Cleland and R.
Lan ger American Chemical Society, Washington, DC 1994
and "Freeze-Drying/Lyophilization of Pharmaeeutical and
Biological Products" L. Rey and J.C.May, Mascel Dekker,
20 Inc. New York 1999). Although many sugars can prevent
' proteih damage during dehydration, the products often
_ have a short shelf life at room temperature due to the
Maillaid reaction. Stability at room temperature can be
improved using non reducing sugars such as sucrose and
25 trehalose.

British Patent Application GB 2009198 .digcloses
lyophilisation of meningococcal polysaccharide and
trehalose; GB 2126588 discloses the stabilissation of
tumour necrosis :factor (TNF) to lyophilisation and

30 freezing by including either a non-ionic siirfactant or
trehalose (or another sugar); and Japanese Patent
Application J 58074696 discloses the freeze-drying of
ATP in presence of trehalose.
Preparations of alkallne phosphatase contalnlng '
35 trehalose are reported to maintain their activity after
freeze-drying and to maintain about 70% of the initial
activity after 84 days/storage at 45°C (A.W. Ford et



Application J 58074696 di scl oses the freeze-drying of ATP inyf)resence of
trehal ose. Preparations of al kaline phosphatase containi ng 18Mlay2803| ose
are reported to nmaintain their activity after freeze-drying and to

mai ntai n about 700 of the initial activity after 84 days/storage at 45C
(AW Ford et 16 May 2007 3 Al., J.Pharm Pharmacol. 1993, 45: 86-93).

Al t hough Iyophilisation is still the saBn-process used for drying
proteins, several precautions nust be taken in order to avoid the damage
that sever e 2dtresdiippneBbargachl asl 898 edse- Bha®idhg anpdtHoyghg can cause.
|n fact, duliighinisdeish £bedeinm!ERezfath! SEoBEELCL0AOREY AL, 2
correct choice, of. conditions, (pH, ionjc strengtﬁ, presence of 'S aB’}rgI | sers,
etc...) guaPARt&dshSpLetal d?’c’)?%%‘l‘?’d?iﬂ%g'ﬁ‘ilﬁ%tbﬁrbﬁbeﬂ inf erdengtend

i nactivati orvold Mirey dumads effist SSEFeRS StHEsSingHRLSES dSucROoL)Mers,

surfackants ¢ %czié‘_it(c;‘ I igg?nds substrates, co-factors, allosteric nodifiers
etc. % ar e "Known t o0 orapt 198 Sof iR TR (RYSE- f rERzERGkE yi H¢TERE have been

nanmed "l yophet édtratt sStepAnomof tdrere - daidd hysted £ BoemuTatdfoRar &i cul ar

di sacchari dgg sueh ; g irehal o have. been W dely studied. The
stabi | i sing _m]a:c%aﬁi gﬁlmc'csilfl&ilr ?ﬁfgse colnt{)lc?tfﬁsds(spg%’ vﬂe?rlucéss%lf‘?fé?oﬁ%'t abi | i sers has
not been cBRBFEReLy ofl batiidd semneedrc. .an efdacntees |Yloprisdect ant  nust

Mai ntain st gPbkbby 1B i23g Bk Jéi%e%%cﬂwhag{}friq{géﬂ%atﬁ%g? the

pr ot eig@ enyi ronment_i.s aqueous during m _ Treezing ess,
sol ut®3 t hat®BY afXFilPd efiie RAGHy @sc GHBemPat iagH naaristfue el yswdur i ons ar e
very often shffati¥atas sPeotigiR 1GHAARIOt @GNS Y boly.dr nd_some

ininoacidsdgiﬁ 2p exan&lgaF.A&akawa.e{ Al (J.Pharm'Res. 1991, 8, 285-29
) reportedthat -Shdh T0FAtEE et o -Pe &R KM fhopmtatidise face of
prot ei n whiprotaingudani ngolfteieer - dFpengt AedTedeabeent R%RAIeENce of such
phenonmenon 4§, 508 ectants". Among them, carbohydrates and in
15 particular disaccharides such as sucrose and trehalose
have been widely studied. The stabilising mechanism of
_these compounds as well as other stabilisers has not
been completely clarified. However, an effective
lyoprotectant must maintain stability during both
20 freeze-thawing and drying. Since the protein
' environment is aqueous during much of the freezing
. Process, solutes that stabilise the native conformation
in aqueous solutions are very often effective as protein
cryoprotectants.. Carbohydrates and some aminoacids are
25 examples. Arakawa et Al. (J.Pharm.Res. 1991, 8, 285-29
' 1) reported that such solutes tend to be excluded from
the surface of protein while in aqueous solution. The
thermodynamic consequence of such phenomenon is the
N stabilisation of protein native conformation.
30 Stability during drying and storage is bést
explained by both the water substitution and the
vitrification hypotheses. The first states that
stabilisers interact with the protéin as water does by
replacing the removed water and accounts for the
35 thermodynamic control of drying process. The latter
states that stabilisers are good glass formers and
remain amoxphous during and after drying so that they



stabilisation of protein native conformation. 30 Stability rin gryi ng
and storage is best explained by both the water substituti N@ﬁgo he
vitrification hypotheses. The first states that stabilisers interact with
the protein as water does by replacing the renoved water and accounts for
the 35 thernmodynam c control of drying-pgocess. The |latter states that
stabilisers are good glass fornmers and remain anorphous during and after
dryi ng so t hatcHareicalA WhimB0bY1lide mectahinsalingidenebidlisssypmsterhs.i nsi de

| i, . This,i ki net i ¢ ) ! 3
el o, bot Rty 18 ST oY dput A 1 oy oA ERL, Al AR Bfual Y
Dryi ng/ Lyophidlilzdta drowt drminacendi skerage Brobddiléa- 5 PFReAs” L. Rey .

and J.-C. %ﬂ}@ﬁs}oﬁﬁﬁagiaﬁ-oﬂ%amakﬁe&%%%)a-l_ HeRE B3 JIRIHEANg to the

above stabili sation tgpot hesis of dried proteins, it can be postul ated
that & tri PAregucde’ £ okesfanfiel mefn Ma¥ueldarsel] BekkedmIns stNeviity. -

The use of spy@y-1rgd)ng for protein desiccation has been |ess

i nvestigated. Although fiqg apor phous, particles, can.he pr.oduced, this
process requi r eISRTn ATTEEEEUr §P ngF of 8VFh§Fa§&&H%§%}q%) protein
thermal deghgghaithiziMoakeied| proeding] ebeycahSbleowoptelldtad thath | evel s
of residual Lsture are ot her_ |imtations. Another repqgried.t ni que for
dryi ng prot &t 51%‘3‘&110%0]&? LAV d tfkh%cr{‘?%/gt FBRTS glor gé%l drtaetelﬁlgn at
room énper stabd.1itis4, SThS 1sefoluspiranmtdBydngs forcpro2@int d ( UK)

di scl oses t e NLesgryal iall FeEVRLal MALEEDSacBR] OhiEhdRH Flecul es at

37-40C by drying 1n~ .presence of trehalose a mospheric pressure. The
use of superderpheals Hantdckehreandie Harcdnsed, bEBA ST PFOCESE- - as. a usef u

met hod for Qhbali el Wil &l adS asrfig FEHBCE EnatPREN Akl tBre main
advant ages %Eotein thermal degradation. Moreover, low efficiency,
15 low yield and high levels of residual moisture are otherx
limitations.
~Another reported technique for drying proteins
which should avoid inactivation is air dehydration at
room temperature. US4,891,319 of Quadrant Bioresources
20 Ltd (UK) discloses the preservation of several proteins
" and other macromolecules at 37-40°C by drying in
_preéehée of trehalose at atmospheric pressure.
The use of supercfitical fluid technology has also
been reported -as-a useful method for obtaining proteins
25 as dry fine micro—patticles. The main advantages of
this technique are the possibility of maintaining the
protein in a favourable aqueous environment before a
rapid precipitation in order to minimise denaturation
and the process length which is shorter than freeze-
30 dfying and less expénsive. ’
S.p. Sellers et Al. (J. Pharm. Sci., 2001, 90, 785-
797) report a dehydration method for protein powder .
production based on supercritical CO,-assisted
nebulization. This tedhnique can be assimilated to
35 'spray—drying; in fact superdritical Co, is used for
enhancing solution nebulization and not as an anti-
solvent for solute precipitation. The GAS (Gas Anti-



this technique are the possibility of maintaining the protein in
favour abl e aqueous environnent before a rapid preC|p|tat|oH5WHy899@r to

m nim se denaturation and the process length which is shorter than freeze-
30 drying and | ess expensive. S.P. Sellers et Al. (J. Pharm Sci., 2001,
90, 785- 797) report a dehydration nmethod for protein powder production
based on supercritical C02-assisted nebsl+zation. This technique can be
assimlated to 35 spray-drying; in fact supercritical CO2 is used for
enhancing:uﬁQkVQntrnﬁmﬂYa@@lbhzahﬂonbtpascaasanbifosmlpmmtémH sol ute

precipitati %cm%i@slén}é pd! C%/g folggbeéedgg%ymsr ecrystal lization)

process to formprotein mcrop S reporte benedetti (US
6, 063, 910) . 41P&Hi ¥ Vase ¥Ihet]%¥%t‘é?$lesblll%|tp?é<ht¢%n seiuydent Hsough a | aser

drilled pl atslplui?éii &Qlﬁ%ﬁéhaa5léjéé\ffe&§{1péd 21915rtﬁﬁémadh§egwit@ﬂ‘ 240 m

I nsi de _t article rmation v sse revio sI ed hy supercritical
fluid \ﬁm ch lsa"ferﬁ%d?tfge%o R 2 "é’gﬁ TM‘F‘slPééﬁlﬁl &B& has been
used to forlpanantdlcé GfSJJ_;mﬁtna’a a}w@ehr;dr¢«|5¢th$ry(ﬁlﬂléld\é\by) frﬁm

et hanol / wat lv ti.ons using car I oxi de t he
supercriti ca p]e% é:lci %woré]e% cg Y E tP¥af dﬁ%&eﬁeﬂjﬂ et is
not opt|n1ze®le¢he §Mnﬁ|Uﬂchnmquﬂ|hns h&&nuusem tan Bbmospastdtiles

at nosphere RSt | { th o ur n and York
P. 15 V‘DQG%O%%%)%I% opgggid lJér#eiv%%rre dc]l qu‘é) n%vj\(}lg 82?3{5‘899% %Ae(]):bt ain

very 3Ral| pérdi g/l pplatspms fsing geeron diatide uaa thehni que named
SEDS ( Sol ut iseperErigacad @ﬁﬁ%r Si o hshl%urgﬁfc?éééé C%héOég%éQE}ltIﬁslpf ocess

i's based on ﬁ new coaxi al nozzle: the 20 solution expan rou
capil lary i f8td i8dgér & MiataloRyigreasdipdies & léh’g?f‘ahnbﬁt?éitﬁal coaxi al
pat hway wi t beaugenieakns haprEdtertatite dinddphdi®t W Nsupercritical

fluid, with low turbulence. Hanna M. and York P.

15 (WO96/00610) proposed a new method and a new apparatus
to obtain very small parficles by a specific
supercritical fluid technique named SEDS (Solution
Enhanced Dispersion by Supercritical Solution).

The process is based on a new coaxial nozzle: the

20 solution expands through a capillary inlet,

' supercritical fluid expands through an external coaxial
. pathway with a conical shaped end. The mixing between
supercritical fluid and solution occurs in the conical
zone. They also propose the use of a three way nozzle:

25 a modifier can be fed in order to improve the mixing.
They applied the SEDS technology to precipitation of
small particles of water soluble compounds, such as
sugars (Lactose, Maltose, Trehalose and Sucrose) and
proteins (R-TEM beta-lactamase). Co-precipitation of

30 proteins and stabilisers is not mentibned nor
exemplified therein.

Moreover, the same inventors (W001/03821) describe
an improved precipitation method using the same
_ apparatus but feéding to the particle formation vessel a
35 supercritical fluid and two immiscible solvents. This
.method a;lows cé—precipitation of two or more solutes

dissolved in the two immiscible solvents. The fluids



supercritical fluid and solution occurs in the conical zone, They also
propose the use of a three way nozzle: 25 a nodifier can be 9 MpyiZR04r der to
i nprove the mxing. They applied the SEDS technol ogy to precipitation of
smal | particles of water sol uble conmpounds, such as sugars (Lactose,
Mal t ose, Trehal ose and Sucrose) and progeins (R-TEM beta-| act anase).
Co-precipitation of 30 proteins and stabilisers is not nentioned nor

exenpl i fi edieneiis ﬂ\&ﬁwe@y dheosrieli Av¥erter sheWedl Qﬁﬁﬂ;b)ctﬂescri be an

I mproved pr itati the sane ,a but eedlng to the
byt cle fofrimas ot dvd St 8fle PREREaT shPRraYaRF RS (ARG bl ¢
sol vents. Tmrspenaﬂdnxbxﬂﬁhmwsnpepcemtmcahtanuleéoﬂw&n¢n mmaadmﬂgues

di ss0l ved 1 Ry, 10 J P sel bl & polyent 8o Jhechlupds 16 M inlet

is formed by a coaxi nozz erern contact en the vents
occur s5shor tini shafedhod meymi s stpbesfonmeywneofup@m@getne@ais m-l sol vent,

avoi ding tphepr gﬁ'tl%ittéié J o SPé ESe 881 Jeub8fuNOghbh VR tRd Ni S

met hod permtst ormatlono onbgeneous Cco- preC|p|tates It Is
general |y u¥éft digdensm: Qﬂlﬂ’é’styvﬁ"tlﬁtdﬁ??fﬁ%‘@ﬁ?sﬁ@fiarl Mprieg¥iethe i £

processed. Whreovey ,usefd fid¥ San Sadis€Sus 0o Bt 2EHEOHReS gleldbndn sdiRerecond

sol vent nust be at ﬂ@ ar2%¥ folugl in water so that it 1 alloms t he

water to dl@BEFSE%I?q %#hxﬁ 1Y Spluble . 1RVIERT. SPhithal;

necessary talmewwlttwaMamenﬂuﬁﬂdnspé&séelmrenepsﬁpéremltﬁeapramtﬁhtation

of proteins tab sers s not described in this do l.ker

(ucb1/ 15664508 eeRsaod ti st 1 neSShet o bbeind 5 FRLEEr Foa e

(preferablysalpbarpm@aupunﬂdgpnzuﬂ@o%premipiemtﬁoandfaprotegnseand(ﬂ

pol yneri c Séabﬁiﬁ%fs Wil Qﬂasaé% ‘”@&t‘? geEQO% of the active
ose 0 rys a?llne

substance i s I n anorphous as orm In these
formul ati ons theWgékpﬁe(WOOI/ 5664) dlscloses a method for co-

15 formulating an active (preferably a pharmaceutically
active) substance and an oligomeric or polymeric
excipient in which an amount between 80 and 100% of the
active substance is in amorphous as opposed to
crystalline form. In these formulations the -active

20 substances are more stable compared to the crystalline

" forms when stored at temperature between 0 and 10°C.
:Ohly the co-formulation of a pharmaceutical active
substance with an oligomeric or polymeric excipient is
. disclosed and there is no mention of protein
25 stabilisation in this document. Protein stabilisation
is therefore achieved in the art through freeze-drying
- and spray-drying. The co-precipitation of proteins with
stabilisers using supercritical fluids has not been
‘described before and it is the object of the present
30 invention.
We have now found a method of producing stable dry
protein microparticles by co-precipitation with a
stabiliser using supercritical flﬁids. Preferred
. stabilisérs are carbohydrateé, aminoacids, surfactants ’

35 and polymers. More preferably the stabilizer is a

sugar, most preferably trehalose. |

Co-precipitation allows intimate interactions



20 substances are nore stable conpared to the crystalline forns when
stored at tenperature between 0 and 100C. Only the co-fornif May@R0sf a
pharmaceutical active substance with an oligomeric or polymeric excipient
is disclosed and there is no nmention of protein 25 stabilisation in this
docunent. Protein stabilisation is therefore achieved in thhe .art through
freeze-drying and spray-drying. The ce-precipitation of proteins with
stabilisers using supercritical fluids has not been described before and
it is the objetoteef tthHe prasein/g0abinléaeiromol¥euiase angiy Hrowdt ianaet hod of

pr oduci ng Shégﬁ%éyaéﬁéﬂén£3€%81%%?%egtEgkeéagﬁ ggugﬂgglpltatlon with a

stabiliser usi It referred Ilisers are
carbohydrat@?ohﬁﬂ hisliseirf actants 35 and pol yners. More preferably the
stabilizer is a ﬁpq%t DSicdr eherably hbebakase. tﬁ%wﬁrrfgc'tﬂiéx%t'@ al | ows
intimate interactions 16 May 2007 - 7 between the Rroteln/stablllser

nol ecul es aR® QﬁQQnﬁQﬁﬂchRHEﬁﬁ?ﬁk¥@ﬂt r YPrBo¥RYrst 8 1EHO upl e

prot ei n/ st abiluser of @ﬁo&:félrs/éll@&)iilﬂéérl snberhteesast haw ne Weere is no

need for cr rotec ion eover al t hough t he
proteln/sta§FE|§§} HﬁF' 'oﬁgnﬁgge %F%%gnﬁeF?ﬁ? ghgrﬁFﬁkﬂllﬁﬁrihe present
case the stphilyissehe mgmﬁnuﬂuﬂexn&ﬁnmﬁjlmptevbﬁglHpommgegsmahmmmty

stability £§Eﬂ%%ékﬂ%% E%%%‘gfrf%éﬂ{ﬁﬂggPﬁf§€égna8%kib&% ! %ﬁfdrying

In fact, preci by @ supercri protein
partlcle prdUMGDan Wmtﬁ@mt (nwﬁﬂlpkﬂaQWDMUbyn@ shpeucyuﬁQCQﬂoééysd

Statement ol1iBfe! BYeakLN o b SRIIM PEI 14 [hfabnbLubd WTRABRLA Tl Ul d at
or above its critica ressure an S criti t enper at ure.
denaturatlon during the drylng process.

Statement of the invention

The term "supercritical fluid" means a fluid at or
above its critical pressure and its critical
temperature.

The term "solvent" means a liquid, which is able to
form a solution with the protein and the stabiliser.

The term "stabiliser" means a solid pharmaceutical
excipient which is able to stabilise, for example,
proteins, which is soluble in the solvent and which is
substantially insoluble in the supercritical fluid.

The term "modifier" is a substance, preferably a
solvent, which enhances the solubility of the "solvent™
in the supercritical fluid.

In one aspect of the present invention, there is
prov1ded a process for the co-precipitation of a protein
or polypeptide with a stabiliser therefor, by a gas anti
solvent process comprising introducing into a particle
formation vessel a supercritiéal fluid pure or mixed
with a modifier; and

a solution comprising said protein or polypeptide
and said stabiliser dissolved in a solvent;

so as said solvent is extracted from the solution
by said supercritical fluid and co—précipitation of the
substance and stabiliser occurs, wherein said stabiliser

is a sugar.



The term "solvent” neans a liquid, which is able to forma solution with
the protein and the stabiliser. The term"stabiliser" nmeans!@May2087
pharmaceutical excipient which is able to stabilise, for exanple,
proteins, which is soluble in the solvent and which is substantially
insoluble in the supercritical fluid.-7Tehe term"nodifier" is a substance,
preferably a solvent, which enhances the solubility of the "solvent” in
the supercritical fluid. In one aspect of the present invention, there is
provided a process habthBe 68pRLeCiol ttald Yrfert AMRIRItI o dIRyPEPti de
with a stabjliser therefor, by a gas anti_ sol vent process conprising

i nt r oduci ngt ¥ nPEO¥1HSFt RcFEPTRGiRALASS Wis ROt idypar AalyiraRt ¥d«i d pure or

m xed W t hagdnBdhbi 85 se@NEbas Akl bYN € YMIdeH NG S W iR S,
pol ypeptide and said stabiliser disSolved in a solvent; so as said sol vent
i's extracted froffi€hBre8POEi dRVEPYien ¢adupaorids @aPrdasss divr the

CO- preci pi t@d+opeipl betiSHLSFARCEURRE aH{cRDIWiItICH QEGWiS:1 2djer ei n said
stabiliser s a _sugar. 16 May 2007 -7a In another aspect of the present
inventiop,_@h@?@forg prodi 98§ éﬂﬁﬂnﬁ?ﬁYﬁﬂ%ﬁEﬁQﬁeﬁﬁcﬁ@WErbﬁlﬁglypeptide
and st abi | i sgEr88haingdilrodaPRGASTRS fASkhdetbrbAYSseThe present

i nvention can provide a cesS for the co- replpltatlgn of a sulstance

Vvl g pr
with a stadFPPSEFTiFRERds S UlR), PRTE, o1 fiixed | Widht 3rrdss1eBbipfRdi ng
i ntroduci ng i nt caagspdutiohecbapididiony RESE|substeies candi€aidf | uid pure or
ri.sing said substance and said

m xed with difier:; ,and sql ution c

stabiliser'%h%%%*%%ﬁriﬂlgsggyﬁgnﬁ?'§b’%éygéﬂ§f solvent is extracted fromthe

sol ution by saisdosapesaidt sodlvehituiics axtreeteddypi athensolutben

substance %ﬂ? 3598'£b88£a9§€95%1 fluid and co-precipitation of the
substance and stabiliser occurs.

Preferably, the solution is introduced into the



Preferably, the solution is introduced into the 16 May 2007 8 partlcle
formation vessel mxed with a nodifier. The process i ncl udsMaye0
introduction into a particle formation vessel of a solution or suspension
of the substance and the stabiliser and a supercritical fluid. 5 In the
particle formati on vessel, m xing of theg supercritical fluid with the
solution and extraction of the solvent gy the supercritical fluid occurs

so that thgsalides féﬂﬁ’éﬁ%ﬁevéggeit RBRkls G EnC - RioGifidat € Ase fine
particles. I'f the solvent is not mscihle wth the 10 supercritical fluid,

the use of ®UARETT etNFLUdRBde 1RhEORYGALS 1P§°aac@rﬂ¥§&rﬂ%l chis

sol ubl e bot ifdmnatthﬁm Sed yeal c&ﬂdalQolﬁ@:.&ﬂp@"rCEUEpéaﬂsﬁﬂrﬂidf d\rbée .
pref erabl vy, aratqi |§ fi ggé IS %? in this cas hgﬁiolution
of substanc? i 118 ﬁlgﬁﬁe?B fi BYPSFFERE S the ithi fi er

i f nee8ed, ane Sepgraticigle nffcpndmtednl weesele paxtingl eff emheati on vessel in

co-current L) gu By 4 1E.0022) & &1 HICPr3. BBTEL S0V R GRGLDLeN o shown

in figures Z. provi separa ats Por SUpercri uid and
sol ution. 2@hen salkxent By the aswgkcmthcaﬂu flufifdcecgunst sacdtar and two

or nore orifhgesAtudde Afasqe@aﬁé@ngﬁdfgegbmsewn&s %@@1%&%1% spaced

al ong a ‘Ci rcunf er ence. orifices conmuni cate e interior of
the particl &inepmakticiesesstl . thhesgbrantoas Bobnhisgibde wittd thhe 25

partlmbetfons, fleﬂ:i\rtﬁséﬂ ﬂlhfﬂﬂ,?hftlg@h%:ﬁénbfah bl Ecer 1\éfﬂhle%d & "t
supercritica ui ure, or W e e roug e
outer orifid i%e "‘F’r‘fglfrﬁﬁﬁ i aﬁﬂ“l?%‘én@u‘gg il %?cﬁ‘Pf\"i’E g‘ ik &d*e bef or e
t he introdu&bhmenﬂnandfnnrnnélsupefémﬂﬁitam Bhuyveassel . In anot her version

f th t difi duced ipto the_particle.formt]
Vessel In part IR SRS SEg o G TROBERE R 1R ERGVEGpdr dF HER 11 ui ¢

or with theIsoltitiisorcasd,y.the solution of substance and stabiliser,
15 the supercritical fluid and the modifier, if needed, are
separately introduced into the particle formation vessel
in co-current flow by the nozzle 27. Such a nozzle
W002/68107, which is shown in figures 2 and 3, provides
separate inlets for supercritical fluid and solution.
20 In fact, this is a disk with an orifice at its center
" and two or more orifices at the same distance from the
Lcenter and evenly spaced along a circumference. All the
orifices communicate with the interior of the particle
formation vessel. The solution is introduced into the
25 particle formation vessel through the central orifice,
while the supercritical fluid, pure or with the
modifier, is introduced through the outer brifices.
_ The modifier and the supercritical fluid are mixed
before'the introduction into the particle formation
30 vessel. In another version of the process the modifier
is introduced into the particle formation vessel in part
with the solution and in part with the supercritical
fluid or with the solution only.
The substance is preferably a protein or
'35 polypeptide compound of pharmaceutical or diagnostic
interest, soluble in the solvent and in the mixture
solvent/modifier and substantially insoluble in the



The substance is preferably a protein or 35 pol ypeptide conpound of
pharmaceutical or diagnostic interest, soluble in the solv tMay907n t he
m xture solvent/nodifier and substantially i nsoluble in the 16 May 2007 9
supercritical fluid The stabiliser is preferably a pharnaceutical

exci pient which is able to stabilise the substance in the co-precipitated
product. The stabiliser is soluble 5 ine¢the solvent and in the m xture

sol vent/nodifier and substantially insoluble in the supercritical fluid.
Pf6f6f6b|Y@dﬁétéﬁﬁﬁibazefluSda sugar and more preferably is trehal ose. A

m xture of sta | zer so b UEORN f bl
sel ect ed from\MiQ§ SéagaiﬁSFr ﬁ§t§§% 3%5%?%%%%&?ﬂ55%2tgag e;aF Y
acetic am(hxdﬂjméEMeghychl;spab&ethplsmayghmﬂezﬂh£r$¢b$ﬁaﬁ§%yhanlI|ne
Mbst pref er %b' X% c% e'}g::% ié?%gé ﬁ%%ﬁhgltolrgh%u%ecra%llt '§@:’: id Wdhisie

preferably el et hane | ene, propane
sul furs hexaﬁiuﬁn:d%olﬁentoagdo%ndéhecﬁP@K@Fﬁ'ﬁ Wﬁﬁ%ﬁler and

monof | uor ongy ﬂl?%ﬂ'ltf&f‘?ﬂ} Aol liBhE HihX ket Sup@sirithie{erailyd car bon

di oxi de. The fier i's preferably selected from et hanol 20 net hanol ,
DVBO, i soprisisdest ab]a)éet BH@ stppllizeti dSad Fugagk W}Cgﬁwdilcol
pol yet hyl enga peced dlél E\b:éhﬁEbB}él anpl kiectairaioft Wieshi hirend . mawst

preferably the nDd g é et hanol . The nodifier and sol vent nust of
course be @ RRMtS™DE¥RScription of the drawings Figure 1 shows a
schematic flow sheetselvehe iappaeftuablyedeleatad yfm watenr ocess

accordi ng 19y, 30 1 hi 5. AXEDY OBusE, YEER2pa013 ShkAS, nege e that is
acetic acid, ethyleneglycol, polyethyleneglycol and N,N-
dimethylaniline. Most preferably the solvent is water.
The supercritical fluid is preferably selected from
15 carbon dioxide, ethane, ethylene, propane, sulfur
hexafluoride, nitrous oxide, chlorotrifluoromethane,
monofluoromethane, xenon and their mixtures, most
preferably carbon dioxide. .
The modifier is preferably selected from ethanol,
20 methanol, DMSO, isobropanol,'acetone, THF, acetic acid,
ethyleneglycol, polyéthyléneglycol and N,N-
.dimethylaniline or mixtures thereof. Most preferably
the modifier is ethanol. The modifier and solvent must
of course be different.
25
Description of the drawings

Figure 1 shows a schematic flow sheet of the
apparatus used to carry out the process according to
30 this invention.
Figures 2 and 3 show the nozzle that is used to
carry out the process according to this invention.
Figures 4, 5 and 6 show the particle size
distributions of supercritical CO, co-precipitated
35 | lysozyme/trehaiose powders at the w/w ratios 1:10, 1:2
and 1:0 respectively.
Figure 7 shows the thermograms obtained by



carry out the process according to this invention. Figures 4. 5 and 6 show
the particle size distributions of supercritical CO2 co-preé@b@ﬁé“@a 35

| ysozyme/ trehal ose powders at the wwratios 1:10, 1:2 and 1:0
respectively. Figure 7 shows the thernograns obtained by 16 May 2007 10
differential scanning calorinmetry (DSC),gf _supercritical CQ2
co-precipitated |ysozyne/trehal ose pomders vs the respective pure

products. 53Pefairked idasddh Oiy Q«_faick&eméwlept I(ggcTh%fl AR tWiddl be

described further with, particular reference to the substance being a
protein. | FOnROPRERCEBERA et VRO 2B bshi s RYddeEs ¥FabPe 10 dry
protei n/ st abekpéek iRieC anargtred@std hrough the use of supercritical -
fluids, using various stabilisers such as carbohydrates, am noacids and
surfactant polyners. Surprisingly, it has been found that co- precipitation
usi ng SuperbDetbited dedadsipticowofl Zhgrinvehtiionnti mate i nteractions
between protein and stabiliser nol'ecules and that for each protein/
stabiliser couple there is an optinmal weight ratio. If the amunt of

st abi | i ser excee®bet Hiavemtiimg widiolre deduriledefurtiber wothdirectly

i nteract V“ﬁ@%ﬁ@@u@%QIQE&éygnég)ﬂ&ﬂéﬁg J&HgﬁhnEQrEéEhQSaOErBHEan

stabiliser. behavi our has been evi denced by croscopy

Di f f er ent i aft Seagnbegncdiosmdrethar [dbsds angsihie ‘TﬁePEPééﬁgsSFBPléhe

Co- pregi pi t@ﬂ/Oﬁréf:ein?lél&%ﬂ}:ﬁrlci&erv\ﬂrﬂﬂbx%%aakﬁid:ﬁ@é @Mr@u@ﬂstﬁéoﬁgés

conprising the use of ercrltlcal fluid pure wth a
modi fi er %P %VESFGFFEﬁQ%l istGt (USRS of rQE&?@ﬁ §E§ééﬁhﬁﬁ§sb§u8§rrled

out by the @@p@&ﬁbbhyﬂ&ﬁ@@sﬂiamidaamﬂds ardh aaveategetopolimeapparatus in

figure 1 is rel ted to.the conta t ical fluid and 30
sol ution since t PEPFARANY Wﬁcét gf Iﬁit?% % co”

precipitation. using supercrltlcal flulds allows
15 particular intimate interactions between protein and
stabiliser molecules and that for each protein/
stabiliser couple there is an optimal weight ratio. If
the amount of stabiliser exceeds the optimal amount, the
excess does not directly interact with the protein but
20 rather forms. partlcles of pure stabiliser. This
behaviour has been ev1denced by Microscopy and by
.leferentlal Scanning Calorimetry (DSC) analysis.
The process for the co-precipitation of a substance
with a- stabiliser by a GAS process comprising the use of
25 ~a supercritical fluid pure or mixed with a modifier and
a solution into a particle formation vessel may be
carried out by the apparatus reported in Figure.
An advantage of the apparatus in figure 1 is
related to the contact between supercritical fluid and
30 solution since this takes place dnly in the particle
formation vessel. Hence any powder precipitation cannot
occur inside the nozzle and cause blockage. Importantly
the supercfitical fluid acts as an anti-solvent but also
promotes conversion of the solution into a fine spray as
35 it enters the particle formation vessel. This widens
the solution/anti—solveht interface and permits a more
rapid mixing of the two phaseé and hence a rapid protein



formati on vessel. Hence any powder precipitation cannot occur inside the
nozzl e and cause bl ockage. Inportantly the supercritical flauMeY280% as an
anti-solvent but also pronotes conversion of the solution into a fine
spray as 35 it enters the particle formation vessel. This widens the
solution/anti-solvent interface and permts "a nore rapid mxing of the
two phases and hence a rapid protein-laivy 2007 - 11 precipitation

wi t hout any denaturation. In addition, the enhancenent of nass transfer
rate bet wearreoipitapniandwithpetcrinyi denathgiad i .o gektidtian dtheri | d

tenper at Ur ik gese Lo 28d! LEARS AU GhCLOMIULP dA 16 APl dance of

any possi bl e proteln denaturation. appar at us Figure i ncl udes a
particle f&URATOR t1@aLefln2d FhlewEsORespEAQRYy @Y demRRIRIULSE  an
appropri at Nl pir@ssdRe ¢6ARSE AbHECwhRchheoy@$S®utleS td @i ai ned const ant

by neans of a heating packet 21. 10 The pressure in the vessel is
contral | ed adiplréa&?%e ocF‘L- a®1¥i E?ﬁsﬁﬁgﬁrPHSB§&PV58?§‘.tufﬁé:JPé‘rrpe%re and

pressure i mppgweratald i of eridrarenli oncyadsel aapartéaldw Ebdmativans of a

t her rmcouplve Z%Eaig a,ﬁ%_ﬁssure trans ucgr 30. .15 The parltiﬁ%l es fornmed are
retai ned by i1t er*23. T s1F 52255t AP AT EsEC8CEA P HISREE, Vo SE bottomi s
made . by aagpiprtagneichtst aroless. st Teé démpetr8tbre) inAthecoredsefli litser 24 (0.5
m is put . MESPE ) ereritj g lutd Lt hdrawn from
cyl i nder %lgﬁ%llt 'S éc%rg%%%lgéedbggrﬁ%%gge{)g45ahc8]gltﬁ%%eégg§/é%r%§ of punp 8
to t R parilhe exesgnne on vidksevessebuyh ¢pRbredledpbyomepnsenmir @ i nto the

particle fqredd qewdsisRy vihge sypercritical fluid is heated to the
desired tenperature by maans--of%(gre- heater 14 and heater _17. The

pre-heater 25 14hg JEURIRHI D ARAPEPSTaRBei Fhe PapEicletical fluid is
al so filteregnltitRaRfedte] idf&Imddsirfed By meah8MBEr at UherABEocRpRasUr e of

the superc&Btgﬁg Jlﬁgéésure transducer 30.

15 The particles formed are retained by filter 23.
This is a stainless steel basket, whose bottom is made
by a sintered stainless steel disk (0.5 um). A second
filter 24 (0.5 pum) is put at the vessel outlet.

The supercritical fluid is withdrawn from cylinder

20 3, it is condensed by cooler 4 and pumped by means of
pump 8 to the particle formation vessel through line 34.
Prior to entry into the particle formation vessel, the
supercritical fluid is heated to the desired temperature
by means-of pre-heater 14 and heatexr 17. The pre-heater

25 14 also acts as pulsation damper. The supercritical
fluid is also filtered by means of filter 15 (0.5 pm).

' Temperature and pressure of the supercritical fluid
prior entry into the precipitation vessel are measured
by means of thermocouple 29 and pressure transducer 30,
30 respectively. |
The modifier is withdrawn from tank 2, it is pumped
by means of pump 9 to line 34 and it is mixed with the
supercritical fluid prior to entry into the particle
- formation vessel. The modifier is also filtered by
35  means of filter 12 (0.5 pum).
Line 34 is equipped with a relief valve 16.

‘The solution is withdrawn from tank 1, it is pumped



prior entry into the precipitation vessel are neasured by neans of

t her nocoupl e 29 and pressure transducer 30, 30 respectivel 6 May@ORpdifi er
is withdrawmm fromtank 2, it is punped by nmeans of punp 9 to line 34 and
it is mxed with the supercritical fluid prior to entry into the particle
formati on vessel. The nodifier is also filtered by 35 neans of filter 12
(0.5 pm. Line 34 is eqU|pped with a reliéf valve 16 The solution is

wi t hdrawn fromtank 1 is * RU e 6 Va 07 neans of punp 10
8 TR i o dntle

to the partid e"Forfabt ﬁumgésel Pu¥ P8R s al so

filtered by h@ameghollhelﬁér 13h§)ﬁbh@tﬂqnemuﬁdﬂgo\iﬂbtemedfbyhmepnscess,

the nodifier i1Lepeqhntpodu into the particle formation vessel in
part wth t%e S6 u??on ang 8 %ﬁgrt with the supercritical fluid. The
supercritical quI@ a@QFBeerVﬁFﬁa9anﬂ1qnﬂePHﬂﬂﬁSSfﬂth%Nmp@hﬁlselm@ybn are

fed inte thenhwarhicbuckar mtboeh\é%%eltlbﬂéwqeﬁsn&flérbev@@ééielﬁ7pa1-€-1
Domnstrean1thelgreC|p ti on vessel 22, the m xture supercritical

fluid, modif¥¥r %‘Pi@ﬁ'}o&r and iny pagd i thedie o‘?ruE?FéC’FJrH%?IM (0.5 m
to retain tfna;mrtmhesStlbaﬁ:caﬁelemntfuale RRird Qixanﬁlﬁela@ywithtehe 23.

The m xture of ercriti.c fl .modi fier. and 15 ent_is
depres)s(ulrjiselﬁD ?Hﬁ%EhSIB? ﬁ#grﬁg PPnéI£V§F?e¥£§ iﬁgg RErEF1¢i cal
solvent is ymmmmmxmhfveaselhbynmdahsebfam&etMEzzﬂeuan in the separ at or
P chi®yon o0 Sfowss AR el IEANT Ak LRSS T el Al 1S

di scharged. 20 The nozzl e whic N are
i nt roduct i orpfofsuprrent bl cah ﬁhuldhemedpéncmlandaBOHﬁeanammre or m xed

wWith the nodifyelyed NP &.@snspef%t Ff‘ §QEERL bgn Yae%s‘;i ) ESG&L gt Tlow
The .-solution and supercritica veIOC|t|es at nh
the particles that are eventually not retained by filter

23. The mixture of supercritical fluid, modifier and
15 solvent is depressurised by means of micro metering
valve 25, the supercritical solvent is separated from
the modifier and the solvent in the separator 26, its
flow rate is measured by means of mass flow meter 31 and
it is discharged.
20 The nozzle which is shown in figure 2 and 3 allows
'_introductioh of the solution and the supercritical
~ fluid, pure or mixed with the modifier, into the
particle formation vessel in co-current flow. The
-solution and supercritical fluid velocities at the
25 nozzle outlet are related to the mass flow rate and to
the diameter of orifices. Morebver, it is preferred
that the energy pressure of both solution and
supercritical fluid are converted into kinetic energy
with a mihimum energy loss. The nozzle of figures 2 and
30 3 was, in fact, designed fbr this'purpose.' The
peculiarity of this nozzle is that the expansion of
solution and supercritical fluid occurs through
orifices. An orifice is characterized by a length to
| diameter ratio ranging frem 5 to 10. It has the
35 advantage over the capillary of minimizing the pressure
energy loss and of efficiently converting the pressure
energy into kinetic energy. The nozzle has orifices



25 nozzle outlet are related to the mass flow rate and to the di aneter of
orifices. Mdreover, it is preferred that the energy pressui@“@%‘%@?h
solution and supercritical. fluid are converted into kinetic energy wth
a mnimmenergy |loss. The nozzle of figures 2 and 30 3 was, in fact,
designed for this purpose. The peculiarity of this nozzle is that the
expansi on of solution and supercritieahbsfl-uid occurs through orifices. An
orifice is characterized by a length to dianmeter ratio ranging from5 to
10. It has whth38iathedmtraye-anging Herampd | 02ar yoob . okt nimmi ahdglehgthr essur e
ener | oss : Icient Ly in e into kinetic
energg. Therﬁgg%ﬁé %%ghgfﬁpigégqggyﬁgﬁ'Zgﬂyggfgiﬁéﬁgﬁgﬁ?a%§§§¥svﬁgxging
from 0. 02 tBigho¥edpcitd 9semdt Hhe Fice roatbett for CbothmsoButhon

di mensi ons ghhowupertritighivelqgidies at the orifice outlet for both-
solution and supercritical fluid. 5 The nozzle may be made of stainless

steel ,%or of ot hBf BEFAS e hfatwrdeof Heaimbofe skealdiek @fth an

orifice 39 @thétSappedprdated darer@anore orifices 41 drilled at the sane

di stance fromthg, centre_and even].y .spaced al ong, a, 10 circunference. The
orifices connunigg?enﬁﬁﬁﬁetﬁf 4 %ﬁ%(ﬁlé§ ?9m9#h§%?%l%?f?ﬁnhﬁ?on vessel
The sol uti orentsei ahdodiwoedr nicoret loeriffardesc| 41 fdr1Eledmtvedsel sahe ough  t he

hiroduced THEoePhe SRURC RS Petne i eI, ol e Biner -
ori fildes. Thbrcywferenge’l7 Fhsseyificemycampusiteaiee ofitth arteter D3, Its
end has a cpnigal oshgperf@. trttibﬂea%%nf%titcﬁ? v&scal AOddese 1s a
|l aser drilled orifice 39. The length L1 of the central orifice is to 10
times its O trbhedered| intre thicapardd alle darmatidts@ssel dikpughway to
obtain any @esiceg-¥glosiri¥iek,t kBeSaipdr@tidlical fluid, pure or
with the modifier, is introduced into the particle
15 formation vessel through the outer orifices. The
solution 37 passes through a passage of diameter D3.
Its end has a conical shape 40. At the apex of the
conical end 40 there is a laser drilled orifice 39. The
length L1 of the central orifice is 5 to 10 times its
20 diameter D1. The diameter D1 can be chosen in such a
. way to obtain any desired velocity of the solution at
_the orifice outlet.
The supercritical fluid 38 passes through passages
of diameter D4. Each passage end has a conical shape
25 42. At the apex of the conical end 42 there is a laser
drilled orifice 41. The length 21 of the orifice is 5
to 10 times its diameter D2. The diameter D2 can be
chosen in such a way to obtain any désired velocity of
the supercritical fluid at the orifice outlet.
30 . " The ratio between length (L.1 or L2) and diameter
(D1 or D2) of the orifices 39 and 41 are chosen so as to
set to a minimum the energy loss and to obtain higher
velocities by converting energy pressure into kinetic
' energy.
35 The solution emerges from the central orifice 39 at
high velocity and it is broken in fine droplets coming

in contact with the supercritical fluid. The dispersion



the orifice outlet. The supercritical fluid 38 passes throu&?wfassages of
di -aneter D4. Each passage end has a conical shape 25 42. ALO9%ex of
the conical end 42 there is a laser drilled orifice 41. The length 21 of
the orifice is 5 to 10 tinmes its dianmeter D2. The dianeter D2 can be
chosen in such a way to obtain any desingd velocity of the supercritical
fluid at the orifice outlet. 30 The ratio between length (L1 or L2) and

Tl mum { b anatah | 96 B Lo oBia n hLdRa e SIS A onverting
a mni mum ; i : .

ener gy presrs'}'ﬁ1 (;%rkleé;\ otlkcfoazlztl lfl%n%lp%ﬁgl’é% #ﬁ@f“sBFﬁ?F&ﬁ%#@T'g ¥ E he
central orifihed 3thetsugsgirielol t§labd vélo_eiby_(la_ﬁenazgerryf |mg}d,rqgf§/}as 2007
com n in it rigi _ e di spersi_gn hy

14 019 t he cstgfléfjs)i&:)dn i(%:ui e% !s&eél%a%‘l“éd@%ybgﬁgy ggpg_rog‘ﬂdtsia%a!tjlﬁ uid
ener gi Ag f r ¥OXKANG demReratyieg iad pressurde sTber efifeictaloff lhied vel ocity |

i hi 1 d f 'ﬁﬁgﬁé t valk agi . t the 5
hzrﬁfaé tegagﬁg%ﬁ?ghgﬁgﬂhggggﬁ%g?g$%e el g@? gﬁetﬁggﬁgkﬁé?%#?$$3%r§fluid in
enhanci ng t F@LHEL 8y 311(%116# Jate 1AM | rdi deferminesr tbiealshanre,

det er mi nes kheesbage yiedidz @ Anthe/ iptshiét L he product. Orifices can be
.S down t nozzl es that have been used

1(‘:I(r)|rI I(:a(jil(rjr\;lmi Lg ghﬁg%zi%réctegstc§%%?g; ré%#%o%émﬁqg%rh‘g}%‘ﬁ%l;%?:srgﬁypnﬁof 9. 02 to
0.04 ¥n | nmanot Fke echkeadiesenthan! Have ibu@ntiasd D6E GArryBhE @httth geagtﬂs eg f
the contr al C26 SEFFPcBRvPhELAta Ty Sttt P it Harai08 ERaMAr 87 T 11 ces
with the axPs06f mmhe danenetheri eimbedisdrd! weerthd aAmdelbioA, conel dr poi nt
in the procgsgel 8F thReolE¥rPHi®iRes are drilled in such a way
that their axes converge on the axis of the central
15 orifice. The angle formed by the axis of the outer
orifices with the axis of the central orifice is between
1 and 30°.
- A crucial point in the process for fine dry protein
micro-particle formation is the mixing of the solution
20 with the supercritical fluid: a rapid and intimate
. mixing causes preéipitétion of particles with a small
. diameter and enables a high powder yield.
In order to have a good mixing, the solution should
be dispersed into the supercritical fluid in form of
25 small droplets, thus providing high interfacial area for
mass transfer and a short path for the diffusion of
supércritical fluid in the solution droplets and thereby
prevéhting the growth of solute particles. Moreover a
high ratio between flow rate of supercritical.fluid and
30 - flow rate of solution causes a large excess of the
Supercritical fluid to solution at the moment of their
'contact, enhancing the driving force for mass transfer
of the supercritical fluid into the solution and of
solvent into supercritical fluid.
35 When the solvent solubility in the superéritical
fluid is low, the use of a modifier allows a better

mixing between solution and supercritical fluid.



mcro-particle formation is the mxing of the solution 20 with the
supercritical fluid: a rapid and intinmate m xi ng causes pre&?b@ygppan of
particles with a snall dianeter and enabl es a high powder yield. In order
to have a good m xing, the solution should be dispersed into the
supercritical fluid in formof 25 small droplets, thus providing high
interfacial area for mass transfer ands short path for the diffusion of
supercritical fluid in the solution droplets and thereby preventing the
growt h of soIutewmemtacmeélfhbremsensad htbe ratio bét weekifilegy Flaw of
supercr i U1 Galed 18 3RdsSPuEION ERLG PLe8OhUL! 08 ERUSER SR APTifucess of
t he supercrl f 3 ution at nonent of their contact,
enhanci ng tamhxﬂhvim@F¢@$%elnosoﬁﬁbél%FKn@feﬁOlﬁﬁnﬁhénBGﬁ@?cr|t|caI f1uid
into the S%ﬁé%f@ﬁc&i £5iyenk bBEQlﬁHBer Crhbl ﬁ\@ﬁlff|1'élrdca35 pehen the

sol vent sol i1ty 1nth ercritical | ow, e of a

nodi f i%r aIlWV@OCHJCE%@t‘é%t ﬁﬁ?nﬁuﬁéfﬁééﬁlgﬁﬁ gP‘Hﬂr daRg é"&ﬁzlr E%et ical fluid.
16t May 300]?soh|1t111§>n V&'hfelnlﬁl padtf Kﬂthl ﬁhﬁSQd_ﬁekbelt&bbﬂ @l utadiafideridf | ow

rate and of solu n flowrate.has t e chosen .2 _hi crease in
sol ubi | i t y RATsdThttha ?ﬂg Ehﬁ@rcr???cﬂ?nyg 3o ggogﬁfglﬁgﬂcgﬁhépnndlfler
can be _5|1deﬁﬂgxmbﬂmatﬂyhénﬁMpenceStthalektuadt@pnwpﬁhtbhe sol ution or
in part withthe su C [ d n. The
way of i nt r'o uc%an 0 %%é §€£HE#?£§ 89 gg?glgﬁ%%ugﬁégs%?%e%g&?%%gt|on of

t he 190l vent andﬂxhethﬁrmm@glplbatpantbﬁlE@Wﬁﬁﬁﬁ drews gAMEOUS10 For the

precipi tati ROEE! 5 fé%éﬂ“&%ildéolagt EQPeveirig icanberidiant de as
supercrltl so vent and ethanol as nodifier the ratio between

supercriti caend gthanrpk | 2% redefany the mebiei E?WP@W ?&P@W% ably

within the sapge v rF¥e 2neEf ehabhyairivki Eeolheatat i brefeinsmary

nodifier flowrate and the solution flow rate, i .
within the range 4-8, more pre%ergbi§ 7, while the ratio

15 between modifier flow rate and the solution flow rate is
preferably within the range 15-25 and more preferably
20.

As pointed out above, it is necessary to have a

good dispersion of the solution into the supercritical
20 fluid in order to obtainm very small droplets of
- solution.

The size of the formed solution droplets is
determined by the fluidbdynamic'cdnditions in the mixing
zone and by the physical properties of solution and

25 superéfitical solvent, such as viscosity, surface 
tension, density. These properties are greatly
influenced by the temperature and pressure of the
supercritical fluid

The supercrltlcal fluid inlets are p031t10ned

30 around the solution inlet and at a very short distance
therefrom (about 3 mm): this configuration allows the
solution to be energized by the supercritical fluid thus
enhancing the dispersion of the solution into very fine
droplets, providing high interfacial surface are between

35 'the two phases and fast extractioh of solvent into
supercritical fluid. These phenomena are particularly
efficient when the supercritical fluid velocity at the



preferably wi thin the range 15-25 and nore preferably 20. As pointed out
above, it is necessary to have a good dispersion of the sol@MagR0Pht o t he
supercritical 20 fluid in order to obtain very small droplets of

solution. The size of the formed solution droplets is determned by the
flui dodynanm ¢ conditions in the mxing ;gone and by the physical properties
of solution and 25 supercritical solvent, such as viscosity, surface.
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ef ficient V\Hé’f‘(%féﬁ 'SLFd’eI%ah%Jti £ ‘??%P‘gﬁ%éf%ci ?{/Iaét E?lﬁé %’eﬁ%wagjb‘ 16
ori fice outleB7reaches am-IX0 G eatBhe tdpeed hef spevndofin Sodd@icadsing a

Mech di sc foppat| i | SPALS Laged
D, “Ful 1 o JEPaLY, peflchls Bn 5 sm%%né‘%?f‘éﬁf’ég%F“?&ng;éﬁ oS
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and fygers” chads.bRec:GigBalRdegion 9 268 @788ae380KPaThadSREEE Of Sound
in a uid 1's strongly dependent on pressure and tgn‘gﬁrature: . M ni num
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| ﬁ 208 n's abpfeiRemnd AQrk Hrdwuke wivarabge of bbeedbofe swemid oned
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m/s at 8 MPa and 40°C.
15 For the production of fine powders from aqueous

solutions with the GAS process using carbon dioxide as
supercritical solvent and ethanol as modifier, it was
found that optimal operative conditions are 8-12 Mpa and
35-50°C. In the experimental apparatus used for
20 carrying out the experimental tests, the supercritical
fluid mass flow rate was 30 g/min, the solution flow
rate 0.2 g/min, and the modifier mass flow rate 4 g/min,
having set the ratio of supercritical fluid to modifier
mass flow rate at 7 and the ratio of modifier to N
25 solution mass flow rate at 20 and supercritical fluid
velocity at the nozzle outlet at about 300 m/s. Using
this apparatus we carried out the process to produce
stable dry micro-particles of a substance and a
_stabiliser by GAS co-precipitation. Proteins such as
- 30 Alkaline Phosphatase and Lysozyme were used as the
substance and Trehalose as stabiliser. Co-precipitated
powders at different prbtein/stabiliser ratio were ,
produced. The yield of the collected powder was 90%.
The retained enzymatic activity after the process was
35 found to be within 95% and 100%, compared to the
unprocessed commercial reagent. The particle size
- distributions of these powders showed that more than 90%



for carbon dioxide in the supercritical region, e.g. 208 nls_ at MPa and
40C. 15 For the production of fine powders from aqueous sol@%@@ﬁ@ With the
GAS process using carbon dioxide as supercritical solvent and et hanol as
nodifier, it was found that optinmal operative conditions are 8-12 Mda and
35-50C. In the experinental apparatus used for 20 carrying out the
experinental tests, the supercritical ¥Tutd nmass flow rate was 30 g/ min,
the solution flow rate 0.2 and the nodifjier nass flowrate 4 g/ mn,
havi ng set Qméhﬁtpér(éﬂcéﬁﬁe?’éf"iet pEalequiyad ey bameeer hass ER8H rate at

7 and the rﬁdiﬁn%leﬁdhf bakrrow 39 ze0llsiten biltsiord | oW dt Be Bho2€, aBHe
supercritical fluid velocgty at the nozzl.e outlet at .about 300 nmis. Using

this appar RS HECTGPrMEFabuCharachFEdsalios FvHRE ERRGHFR dry
m cr o- par t iptesipitatsvhshanoesandtd matealntexscthiorid\betoweenrci pi t ati on.

Proteins such as.30_Al.kaline,Pho ph d . t he
cubst dhoe HHAP S ianBte SheBIAARRE I AREIRE an oA Sk A7
different[3&&b&hi$&ﬁbcbupée there ver en wptdumedd welighty/we ot t he

col l ected . wa t [ er the
process was lgﬁ?ounglﬁgi/%g ﬁﬁbﬂggg}oe Sla&ye?érfoc“gérépa%%yt%g%he
unprocessedﬂdﬁﬁhﬁm%lRhoséhgénﬁe/¢ﬁéhﬂépﬁﬁcF@1ﬂﬁﬁ91Rﬂ%ﬂ¢¢@nE¢6ﬁkcbﬁsthese
pouder s shquach t}i8kc TBEEDY BABKAAYAE Mai19A0Ent] Erddzd herigati cles have an
equi val ent dianeter less then 10 mw th a narrow size distribution.

Fur t Rér nor @radiect phy5|co chemi cal characterisation showed that co-
precipitation allows inti'mate interactions between 5 protein and stabiliser
nol ecul es d for each protelg/ stabiliser couple there is ‘an opti nal

wei ght / wei %ﬁpe’Fh‘P‘?’Btah REPF§ERabi lity studies showed that the Alkaline
phosphat ase/ trehal ose co-precipitated particles were nore stable than the

eqUIvalentfﬂéﬁgﬁpgr&egtlcal fluid is fed to the precipitation
15 vessel by means of pump 8, which is used to set the

supercritical fluid flow rate. The temperature of the
supercritical fluid in line 35 is set by means of heater
17 to a higher value than the temperature inside the
particle formation vessel, to take into account the
20 temperature lowering due to the expansion through the
' nozzle orifices. The modifier is then added at a
predetermined flow rate to the supercritical fluid by
means of pump 9. The solution of protein and stabiliser
is pumped by means of pump 10 into the particle
25 formation vessel when steady state conditions are
attained.

After that a certain amount of solution is fed into
the particle formation vessel, pumps 9 and 10 are
stopped and only the supercritical fluid is fed to the

30 particle formation vessel as long as the precipitated
powder is free of solvent and modifier.

The particle formation vessel is depressurised, the
powder is recovered and sealed in 10 mlL vials under dry
nitrogen. '

35 The co-precipitated proteins stability was tested
by storing vials at the following conditions:
25°C - 60% RH; 30°C - 65% RH; 40°C - 75% RH. Each



10 product. Experinmental procedure The supercritical fluid is fed to the
precipitation 15 vessel by neans of punp 8, which is used 1&May200e
supercritical fluid. flowrate. The tenperature of the supercritical fluid
inline 35 is set by neans of heater 17 to a higher value than the
tenperature inside the particle formatigp vessel, to take into account the
20 tenperature |owering due to the expansion through the nozzle orifices.

The nodi fi ersar@leh%s@ld&lﬁ&llﬁéea fBEeB%% ipaq Falc‘&‘i’vfl% O g
supercrltlc fluid gy nmeans e sol ution pr o e d ad
stabiliser 4's 4p s o%spﬁﬁﬁpﬁﬁlﬁﬁf’-@ ﬁhé’ap‘&ﬂtlledl SR ovamt i on

vessel whencnnﬁnnmeﬂiﬁmapxwmbim ﬁe@iﬁltatéal ?dsuﬁEE%&ﬂﬂyyéficerta'n
amount of sqg Qﬂ? is fed into % $ icle formation vessel, punps 9 and '
10 are stopped‘ hd oS 7R WHEPIPTE ELPerrufyird PEQOUStENETD Gurticl e
f or mat Pon vé‘élsaelurastdcm&;ﬁ@rt ¢dremgretapi pad@det poaller stesredeanders dyMent and
nodi fier. # £le formation vessel is depressurised, the powder is
recovered and sealed in 10 nL vials under dry nitrogen. 35 The
co-precipitated proteins stability was tested by storing vials at the
follow ng cemdimpieny: 25C - 60% RH, 30C - 65% RH, 40C - 75% RH. Each 16 My

2007 18 Zgnple was anal ysed for biological activity at t=0, 1, 2, 3 and
6 nont hs. TEBRF O ot addading E#QRBthESecbﬁ@%bléuebﬂlpsetepﬁ

precipdt at epreyipipares ipairddlclfddli ds as is, on anal ogous freeze-dried
products and on 5 the unprocessed connercial product, all stored under dry

nitrogen. Exanple 1 Preparation of alkaline phosphatase (ALP)/trehal ose co-
In this example, the method of the invention is

used to co-precipitate mixtures of alkaline phosphatase
(ALP) and trehalose.

15 Solutions containing ALP (SIGMA Chemicals) at
concentration 0.2% w/w and trehalose (SIGMA Chemicals)
at concentration within the range 0-2% w/w in deionized
water were used.

The ALP/Trehalose ratios of the obtained powdexrs

20 were as follow: 1:10, 1:2 and 1:0. Carbon dioxide as
supercritical fluid and ethanol as modifier were used.

The solution was fed into the particle formation
~vessel 22 by means of pump 10 at a flow rate of 0.2
/mln Supercritical carbon dioxide was fed by means of
.25 pump 8 at a flow rate of 30 g/min, ethanol was fed by
means of pump 9 to line 34 at a flow rate of 4 g/min and
it was mixed with supercritical carbon dioxide prior to
entry into the particle formation vessel.
The supercritical fluid was injected into the

30 particle formation vessel through the four external
orifices of the nozzle, each with a diameter of 0.04 mm.
The solution was injected into the particle formation !
vessel through the central orifice of the nozzle, having
a diameter of 0.04 mm. The length of all orifices was

35 0.2 mm.

Temperature and pressure inside the particle

formation vessel were maintained at a- constant 40°C, by



10 precipitate particles In this exanple, the nethod of the invention is

useg to Eo-prec?pitate m xtures of al kal i ne phosphat ase (Aﬁb Y4407

trehal ose. 15 Sol utions containing ALP (SI GVA Chenicals) at concentration

0.2%w. /w and trehal ose (SIGVA Chemicals) at concentration within the

range 0-2% w w in deionized water were used. The ALP/ Trehal ose ratios of

t he obtai ned powders 20 were as foll owl2:-10, 1:2 and 1:0. Carbon di oxi de
et hanol as nodifier were used. The sol ution was

itical fluyi.d gnd-
fed Tnbo. SR (24 d i HRATHRS J9ekek 22 Bpdnigtelobasiy TEanS a 11 on
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vessel was washed with two volumes of carbon dioxide in
order to obtain dry powders.

15 After depressurisation, the particle formation
vessel was opened and the powders were recovered and
stored in 10 mL vials under dry nitrogen.

The yield of the collected powder was 90%. _
The residual enzymatic activity of ALP was within

20 95% and 100%, compared to the unprocessed commercial

reagent. The powder optical microscopy analysis shows
~that at high trehalose content as for ALP/trehalose
ratio 1:10 the powder is formed by two different
population of particles: one, which is the largely

25 frequent, is formed by needle shaped particles, while
Ehe other by round shaped particles. The needle shaped
particles are quite similar to those obtained by
trehalose as is precipitation by supercritical CO,. The
lower trehalose content powders show the round shaped

30 particles population only. Thus, the trehalose can be
co-precipitated with ALP by supercritical €O, to give one
kind of particles only at the lower trehalose contents
(protein/trehaloée ratios 1:2).. Similar behaviour was
found for lysozyme/trehalose co-precipitates (see

35 example 2). Analogous products were prepared by freeze-
drying. In this case the found residual enzymatic
activity of ALP was within 95% and 104%, compared to the



anount of powder was obtained. After the solution and nodifier feeds were
st opped and only pure carbon dioxide 10 was fed into parti cleMay 204t i on
vessel in order to extract any trace of solvent and nodifier fromthe
precipitated powders.. Typically, the particle formation vessel was washed
with two volunmes of carbon dioxide in _ogger to obtain dry powders. 15
After depressurisation, the particle formation vessel was opened and the

powder s wer eifesves 63 afdmme-ehad aal@q . vials under dry nitrogen. The
yield of the coll c[tggfglgomder was 90% “The residual enzymatic activity of

ALP was Wit hin nt136§0COREAPEAEE LEDIRSARARD RYURRK Erdreh kP al
reagent . Thempeuwikelogpis CAtesi6r 8368y produytiss $NAsinddatdaf hi gh .
trehal ose C?{Tte."rnot as for_  ALP/trehal,ose ratio 1:10 the powder is formed by
two different —posulatfore HTHBRF8res: one, which is the largely 25
frequeht, is forned by needl e shaped particles, while the other by round

shaped partiggd .1-@9% e shaped particles are quite simlar to those
obtained by trehalose as 1s precipitation by supercritical CO2. The |ower

trehal ose content powders show the round shaped 30 particles popul ation

only. Thus, the tghalpse £als ~Rr 85} pi ed. it sypencritical
CO2 to give gne. kind _of parti g(ﬁgségﬁ?yggttg?ﬁg&l g\(/?/ew';a ?)rléhlcgdg)séé: clé(%rf{l}ants
(prot ei n/ t r Shalt&&e fodiiaysing gondif henar BEREVI06PSWREL: BOIRd -f G15%

| ysozyoe/ tr egl ave cco- pro=c iRy t 83256 (REELRE . eXappte-2)., Anahogaus goroducts
wer e prepared freeze- drying. In this case the found resi dual enzymatic
activity of mﬂﬁgﬁﬁas%&ﬁ m%‘éﬁﬁ%rﬂplﬁa%%%ﬁawgaet 8SER¥eds frry A3307° 20
unpr ocessedacoiwgityi.al Theagaidbi Nty | sttudias sresil 8sNhRe BORKMATE LD
comer ci al Py earial ogous freeze-dried products, all under dry

ni trogen, Wwere prepared.
-Pure ALP precipitated by supercritical CO, (sample

15 F6) shows a decay of enzymatic activity at all the
conditions. The residual activity after 6 months at
40°C - 75% RH (most extreme conditions), is 57% of the
t=0 value.

On the contrary, no significant loss of activity at

20 all conditions up to 6 months was found for

. ALP/trehalose co-precipitated by supercritical CO, at
ratio 1:10 (sample FTB). _ '
. At 40°C - 75% RH, pure freeze-dried ALP (sample F8)
and SIGMA commercial product show similar decays and

25 only 43% and 42% of the initial enzymatic activity was
retained after 6 months. At the other conditions,
instead, the SIGMA product shows a slower activity loss
than the pure freeze-dried ALP. In fact after 6 months
the following residual enzymatic activity were detected:

30 95% vs 83% at 25°C - 60% RH, and 86% vs 76% at 30°C -
65% RH.

_ Finally, the freeze dried powder having the .
ALP/trehalose ratio of 1:10 (sample FT10) showed an
' initial rapid loss of activity, then a slower one up to
35 six months which seams to be indepéndent to the storage
conditions. In fact'the retained enzymatic activities
at 250°C - 60% RH, 30°C - 65% RH and 40°C - 75% are 90%,



5 Stability Study Several vials of each category were placed at each of
the foll owing conditions: 25C - 60% RH, 30C - 65% 10 RH, 4bTMay2907RH for
6 nonths. At t =0, 1, 2, 3, 6 nonths, the contents of the vials were
assayed for ALP activity. The stability studies results are summari sed
in-Table 1. .Pure ALP precipitated by supercritical CO2 (sanple 15 F6)
shows a decay of enzymatic activity at ajl the conditions. The residual
activity after 6 nonths at 40C - 75% RH (nost extrene conditions), is 57%
of the t=088&l aed Q0% hegardviarel ynofsitpai ihdankll oaluef activity at 20
all conditions up to 6 nonths was found for ALP/trehal ose co-precipitated
by supercritical CO2 at ratio 1:10 (sanple FT8). At 40C - 75% RH, pure
freeze-dri e8xamPles@mpl e F8) and SI GVA conmerci al product show sinmlar

decays and 8300l 436 Uil 26 And PerLilbibal EQZXIBLEGRGkYI Ly was

retained after 6 nonths. € 0t Her conditTons, = T ns the SI GVA
produc? shoR8rkisil@mer activity loss than the pure freeze-dried ALP. In

fact after 6 nonths cHike é‘:@rdgl\@,ng:ﬁésrhéﬂﬁbdGBEYHﬁéiEn@éﬁi:!b'hy jwere
detected: 30 95% vs 83% at 25C - 60% RH, and 86% vs 76% ainOC - 65% RH.

Final ly, thB5fPekPe PIEPAF S SRIETE SR hg2t RePORERT £ rRRANGs eYPRGYTSf 1: 10
(sanpl e FTlandsheekdlase.initial rapid loss of activity, then a slower one

condi i one. 1 n 1 B08 LRGP L aThed ") T gt | (P TPdh CBeR3868% b
30C -1®5% Rebaadnd@EtiorSMuidha n9@%2 16 MaywA@0and - t 2dha B8se an{& IH0%0
reSpeCtiVeléhgkiEQESBn5%1%5n%%5%%atd§§?mpi@hgn the range 0 - 2% w/w
in deionized water were used. The lysozyme /trehalose
ratios of the obtained powders were as follows: 1:10,
1:5, 1:2, 1:1, 2:1, 4:1 and 1:0 (Table 2).
15 Carbon dioxide was used as supercritical fluid and
ethanol as modifier.

The aqueous solution containing the enzyme and the
stabiliser was fed into the particle formation vessel 22
by means of pump 10 at a flow rate of 0.2 g/min.

20 Supercritical carbon dioxide was fed by means of pump 8
at a flow rate of 30 g/min, ethanol was fed by means of

.pump'é to line 34 at a flow rate of 4 g/min and it was
mixed with supercritical carbon dioxide before entering
..into the particle formation vessel.

25 The supercritical fluid was injected into the
particle formation vessel through the four external
orifices of the nozzle, each with a diameter of 0.04 mm;
The solution was injected into the particle formation

_ vessel through the central orifice of the nozzle, having

30 a diameter of 0.04 mm. Length of all orifices is 0.2
mm. ’

Temperature and pressure inside the particle
formation vessel were maintained at ‘a constant 40°C, by
means of the heating jacket 21, and 100+l bar by means

35 of the micro metérihg regulation valve 25, respectively.

Precipitated partiCIes were collected on the filter

23 at the bottom of particle formation vessel, while



Preparation of |ysozyne/trehal ose co-precipitate 5 particles In this

exanpl e, the nethod of the invention is wused to prepare col Wdi@p?ate
powders using | ysozyne and trehal ose. Solutions containing | ysozyne (SIGVA
Chemicals) at 10 concentration within 0.2 - 1% w w and trehal ose (SI GVA
Chem cal s) at.'concentration wthin the2earge O - 20 ww in deionized

wat er were used. The |ysozyne /trehal ose ratios of the obtained powlers
were as fols$eperciritlcall:Huild 2 mddilfier ], watdr aand1s01l@Tebl e 2). 15

Car bon di ox{ DT i 14 cal i hano s nodifier.
The aqueouéégo.{g?(?%l%%gglrﬁi ningt ee#e%ywrré;%n%o?ﬁ%dg{iag?l ik:g%r was fed into
the particlevibpfgti 8% wssdmosphayi rearsereunp 10 at a flow rate of 0.2

g/mn. 20 Super chlrtiegaltHad!,ben (Hrbd 48 aeent 68f byoIBeaSwak BeRP iSitAt a
flow rate of. 30 g/m.n, ethanol was fed hy neans of 9toline 34 at a
flow rate ofhe BAREAASd fiotnﬂﬁésw%‘i?éiﬁ%it W@E@%r%r?g‘gggp ¥&TBon di oxi de
bef ore ent estdfped. B0 dll§ RRIPdrahE tHidamt D d essel fedSimbe supercritical
fluid was injecte article for naé%%g)g'f%e sel t%hrough t he four

into the
external dPI¥FEE eogotrﬁlé"tr’ré?fiz)lv&ssee&cﬁ%‘?]ﬁ ter=9% 0.04 nm The
sol uti on wgsreajpdtadeidnpowdes spartyipdlealloy mait areqwiesssl| abbubugwot he
central or i {]ge;OfpbhS Aozl & R N0 -0 Pl ATBLEL Of, 0c08cHTyolength of
all orifices 15 0. nm- lTenpéer at ur € and pressure 1nside Fre particle
f or neitQ on vasteinwdry pewdeaisned at a constant 40C, by neans of the

heating jacket ZAESEHqslg%n?ea}r e FRANS SR Hodthie: 18.57 P BBLET {/AS

regul ation val ve , respectively. "Precipitated particles were collected
on the fil t@Pr?%SHFlﬁﬁérb@Pﬁ@ﬁ%ﬁ%ﬁthl%’W@ﬁ%tQW%‘é’%@‘éf, while 16 May

2007 - 22 The yield of recovered powders was 90%.
The found residual enzymatic activity of lysozyme
15 was within 96% and 100%, compared to the unprocessed
commercial reagent.

Table 2 reports for each sample the lysozyme/
trehélose ratio, the retained enzymatic activity, the
protein content which is related to homogeneity of

20 precipitation, the number of particles populations and
the particle sizes. As can be noted, for all the
sémples, both enzymatic activity and protein content are
very close to theoretical values. Thus the experimental
conditions we used allowed a similar precipitation for

25 both protein and sugar and guaranteed an almost complete
biological activity recovery.

The particle size distributions of powders
calculated by image analysis of SEM micrographs showed

_ that for all the powders obtained by supetcritical Cco,

30 precipitation, more than 90% of the particles have an
equivalent diameter less then 10 pm with a narrow size
distribution. Figures 4, 5, 6 show the particle size
distributions of supercritical CO, co-precipitated with
lysozyme/trehalose ratios 1:10, 1:2 and 1:0

35 respectively. The other co-precipitates yielded similar
distributions. Moreover, the powders observation by

optical wmicroscopy analysis showed that at high



supercritical fluid, nodifier, water and solute eventually_ not
precipitated were collected in the cylinder 26 at atnnsphe*@@mﬁggggure
After that, a certain amobunt of solute was fed into 5 the particle
formati on vessel, punps 9 and 10 were stopped and only supercritical fluid
was fed into the particle formation vessel in order to dry the

preci pitated powders: typically, it réd%frés about two tines the volune of
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observati orRalyie for protein/trehalose ratio which guarantees the
15 best interaction between the two kind of molecules
exists. This behaviour has been confirmed by DSC
analysis. Figure 7 shows DSC thermograms of various co-
precipitated lysozyme powders. As reference, pure
precipitated lysozyme and trehalose are also reported.
.20 As can be noted, at higher trehalose content (ratio
1:5), samples contain amorphous trehalose which recovers
the crystalline abit (exothermic peak at 197°C) and then
‘melts at 214°C in the same way of precipitated trehalose
itself. The thermal behaviour of lower content
25 trehalose samples is quite different. The samples with
ratios 1:2 to 4:1 show thermograms similar to the one of
lysozyme as is. The most relevant difference.is the
shift towards lower temperatures of the characteristic
transition of lysozyme at T=204°C. The higher the
30 trehalose content the lower the temperature of
transition. Thus, we have strong evidence that co-
precipitation by supercritical fluids allows an intimate
interaction between protein and trehalose. In fact up
to a defined amount of sugar (1:2 ratio) we obtained a
35 homogeneous solid phase. This ratio is able to provide
the best protein/sugar interaction and the best long
term stability of protein.



optical mcroscopy anal ysis showed that at high 16 May 2007 23 trehal ose
contents as for both |ysozyne/trehal ose ratios 1:10 and 1:§§NPH@086mders
wer e conposed of two particle populations: the one, which largely was the
nost frequent, was forned by needl e shaped particles, the 5 other was
formed by round shaped particles. The negdle shaped particles were quite
simlar to those obtained by trehalose as precipitated by supercritical
CX2. On the contrary, at the |ower ttghakose content (lysozynme/ trehal ose
ratio 1:2) the powders showed the round shaped 10 particles popul ation
only. Thus |ysozyne can be co- precipitated Wth trehal ose by supercritical
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di fference ls_the khift to S ower t(gn’per tures th® chdracféristic
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40°C/75%RH 64 69 58 57
ALPFS 1:0 -20°C — — — —_—
Freeze- : 25°C/60%RH 88 89 89 83
drying 30°C/70%RH 83 87 87 76
40°C/75%RH 75 75 62 43
15 ALP FT8 1:10 -20°C — — — 101
SCF 25°C/60%RH 111 99 113 99
30°C/70%RH 104 97. 102 99
40°C/75%RH 113 98 10t 99
1:10 -20°C - —_ — —_— 95
ALPFTI0 25°CI60%RH 95 95 93 90
Freeze- 30°C/70%RH 94 96 92 88
20 drying
40°C/75%RH 94 93 .92 90




to a defined amount of sugar (1:2 ratio) we obtained a 35 honpgeneous solid
phase. This ratio is able to provide the best protei n/sugaF6 @09t i on
and the best long termstability of protein. 16 May 2007 - 24 TABLE 1
Sanpl e! ALP/ Storage Enz. Enz. Enz Enz. drying Trehal ose condition
Activity at Activity at Activity at Activity at 5 nethod Ratio 1 nonth 2
months 3 nonths 6 nonths (% of t--0) ¢%b6f-t=0) (%of t=0) (%of t=0) ALP
1:0 -20C --- --- -- 96 Sigma 25C/ 60%H 101 100 101 95 Freeze- 30C 709:H
103 103 94 86 drying 40C/ 75%H 94 85TABLEI2 10 ALP F6 1:0 -20C - - -- -
SCF 25C/ 609%RH 91 72 69 67 30C/ 70%H 101 71 59 59 40C/ 759%H 64 69 58 57

ALP FS 1:0 -20C - - -  Freeze- 25C/ 60%H 88 89 89 83 drying 30C 70%=H 83
ST 0 TR Dot L s i T ol | v 0ee 3 o
1:10 -20C { - - 95| Alehaops o GuedingdmRy GSongmmygdoph pemulations- [BOELTOHRH| 94 96
92 88 20 qrying 4pC/ RedRH P4 93¢ep2 90 16 May 20p7 - 25 TABLE 2
L3 1:0 0.96 102.6 1 99
5 LT2 1:10 T 1.04 104.3 2 —
LT3 1:1 0.96 100.8 1 98
LT6 1:5 0.96 104.0 _ 2 92
LTS a1 - 1.01 103.2 1 97
LT9 1:2 0.98 104.0 1 93
10 LTI10 2:1 097 103.9 1 97




SAVPLE Lysozynme | Enz. Activity Protein content No. of partlcles Partlcles
size Trehalose (ng Enz.Ing (% on nom nal) popul ations (@6< i Ratio
Prot.) L3 1:0 0.96 102.6 1 99 5 LT2 1:10 1.04 104.3 2 --- L13 1:1 0 96

100.8 1 98 LT6 1:5 0.96 104.0 2 92 LT8 4:1 1.01 103.2 1 97 L19 1:2 0.98

104.0 1 93 10 LTIO 2:1 0.97 103.9 1 97 16 May 2007 26 Cdainms 1. A
process for the-co-precipitation of a protein or 5 polypeptide with a
stabiliser therefor, by a gas anti' sd&ent process conprising introducing
into a particle formation vessel a supercritical fluid pure or m.xed wth
a nodifier; and a solution conprising said protein or polypeptlde .0 and
sai d stabCladms di ssolved in a solvent so as said solvent is extracted from
the solution by said supercritical fluid and co-precipitation of the
subst ance and stabiliser occurs, wherein said stabiliser is a sugar. 5 2
A processlas cﬂapﬁ%GeSﬁ &P mhpvwmﬁpreniﬁmtaeﬂbﬁtamca p&d%éyﬁng%n
pr oggess idé® qkahml i d_sol ution sald

e | id are -n}ants?{)adtpuic]gi |nto sal par Y cPe9P§r A&Gon vessel

super criti
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super cr.i ticakatfiari dre:ssetntaoéu@%&dﬂ&cﬁa'ﬁuﬂ?rédf ox .gi,rzgh' on vessel
inclaim4

via a pl 1) J{ %d[lﬁ ef ngzgl es. . A process as clalne
wher ei n sai NoZZIes @are present on a disk, the solution-inlet nozzle
a solution comprising said protein or polypeptide

0 ‘and said stabiliser dissolved in a solvent; .
so as said solvent is extracted from the solution
by said superéritical fluid and cb—precipitation of the
substance and stabiliser occurs, wherein said stabiliser

is a sugar.

2. A process as claimed in claim 1 wherein the

‘substance is a protein.

3. A process according to claim 1 or claim 2 wherein
) said solution and said supercritical fluid are )
introduced into said particle formation vessel via

separate inlet nozzles.

4. A process according to claim 3 wherein said
supercritical fluid is introduced into- said particle

‘formation vessel via a plurality of inlet nozzles.

5. A process as claimed in claim 4 wherein said

_'nozzles are present on a disk, the solution inlet nozzle
being in the centre of said.disk surrounded.by a
plurality of supercritical fluid inlet nozzles evenly
spaced along the circumference thereof.

6. A_pfocess according to claim 1 to S5, wherein the
solution is introduced into the particle formation

vessel mixed with a modifier.



being in the centre of said. disk surrounded by a plurality of
supercritical fluid inlet nozzles evenly spaced along the X@P@ﬁé@@?ence
thereof. 6. A process according to claiml to 5 wherein the solution
is'"introduced into the particle formation vessel mxed with a nodifier. 16

May 2007 27 7. A process according to claimi to 6 wherein the
supercritical fluid is introduced into the parti-cle formation vessel nixed

with a nodifier. 5 8. A process acc‘o?t?irfgto any of clainms 1 to 7,
di oxi de, et hane,

wherein Sﬁld §Hpe£crgt|cat # S se cfed from carbon
et hyl erie,” propane; CSarPuf FSEHIRrfaecladm t} kR xvherein the
chl or ot r iSupr¥cnet haat, fknmdﬂlswxnuiédumnd>&n&ﬂl@ﬂé ﬁh&tmaxéthereof 9.
A process§AGeA ot fe to wheretn said solvent is

sel ected from wat er, Sﬁano? e(\d%]{% n]aol Oéi%ﬁéb i sopropanol’, acetone,
THF, acetic acid, ethyleneglycol polyethyleneglycol and Nr N

di net hyl gni | i nexﬁmbéggt%@@rm%@e@, aln‘} o g&%%'sssdta?‘fc rgll ng to any of
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clains | g @ferel sai.d ifier, whic ereht fromsaid
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process accorélng to any

N, N-d ! d
'nﬁﬁb&kgﬁ% 5%36@1 dﬂfg*%ﬁ§lfiu8£80 f%ﬁﬂ? fluid is carbon dioxide, the

of clains | erein e supercr
sol vent m@nﬁéieprewgqhm9anx¢n@n asdemﬁah@tes1Qheﬁepmbcess according to
anyy one of clalns 1 to 11, wherein the sugar is trehalose. 13. A process
accor di ny one of clal 1 to 12 wherein the ratio of protein or

polypept de t éfﬁﬁFFFSQF 9 dot AroPL iglaimstd €9 Wow. 16 May 2007

wherein said solvent is selected from water, ethanol,
methanol, - DMSO, isopropanol, acetone, THF, acetic acid,
ethyleneglycol, polyethyleneglycol-and N,N- )

; dimethylaniline and mixtures thereof.

10. A process according.to any of claims 1 to 9,
wherein said modifier, which is different from said
solvent is selected from water, ethanol, methanol, DMSO,
isopropanol, acetone, THF, acetic acid, ethyleneglycol,
polyethyleneglycol and N,N-dimethylaniline and mixtures

thereof.

11. A process according to any of claims 1 to 10,
wherein the supercritical fluid is carbon dioxide, the

solvent is water and the modifier is ethanol.

12. A process according to any one of claims 1 to 11, wherein

the sugar is trehalose.

13. A process according to any one of claims 1 to 12 wherein
the ratio of protein or polypeptide to stabiliser in the solution

is 1:1 to 10 w/w.



28 14. A process according to claim 13 wherein the ratio of rotein or
pol ypeptide to stabiliser in the solutionis 1:2 ww 15, 6bﬁﬁ as
claimed in any one of claims 1 to 14 wherein the supercritical fluid
enters the particle formati on vessel at the speed of sound in the fluid or
greater. 16. A process as clained-in any one of clains 1 to 15 where a

nmodi fier is used and the ratio between s rcritical fluid flow rate and
nodifier flowrate is within the range 4°1 to 8:1 ww. 17. A process as
claimed in any one of clains 1 to 16 where a nodifier is used and the
rati o between nodifier flowrate and solution flom1rate is wthin the

ranges 15 T c8sh Wedbrdthg ACRRRSRI D] Liteth PROLAIN PLepOl ypepti de and
stabiliser obtajned by a process as clained in any one o clains 1 to 17.
protein or polypeptide to stabiliser in the solutlon is 1:2 w/w.

15. A process as claimed in any one of claims 1 to 14 wherein
the supercritical fluid enters the particle formation vessel at

the speed of sound in the fluid or greater.

16. A process as claimed in any one of claims 1 to 15 where a
modifier is used and the ratio between supercritical fluid flow

rate and modifier flow rate is within the range 4:1 to 8:1 w/w.

17. A process as claimed in any one of claims 1 to 16 where a
-modifier is used and the ratio between modifier flow rate and

solution -flow rate is within the range 15:1 to 25:1 w/w.

18. A coprecipitate of protein or polypeptide and stabiliser

obtained by a process as claimed in any one of claims 1 to 17.



