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ol {57) Abstract: A process for the co-precipitation of a substance with a stabiliser therefor, by a gas anti solvenl process compris-
ing introducing into a particle formation vessel a supercritical fluid pure or mixed with a modifier; and a solution comprising said

= substance and said stabiliser dissolved in 2 solvent; so as said solvent is extracted from the solution by said supercritical fluid and
co-precipitation of the substance and stabiliser occurs, The process may be carried out using an apparatus comprising a particle
formation vessel (22) and a nozzle (27) having a central orifice (39) serving to introduce a solution of the substance and a plurality
of outer orifices {41} serving to carry a flow of supercritical fluid into the particle formation vessel (22), such that the solvent is
extracted from the solution by the supercritical fluid and precipitation of micron sjzed particles of the substance/stabilizer occurs.
The substance is preferably a protein of pharmaceutical interest, which is highly stabilized for storage by this process.
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SUPERCRI TI CAL FLUI DS PROCESSI NG PREPARATI ON OF PROTEI N leggﬁﬁﬁﬁkCLES AND
THEI R STABI LI SATION 5 Field of invention The present invent refates to a
met hod for protein and pol ypeptide precipitation by supercritical fluid
processing and their protection and stabilisation 10 agai nst denaturation.
Background of the invention The need for stable proteins and pol ypeptides
for many applications is continuously increasing. This is 15 particularly
pronounced for ther apeut ypop0sAgaseT3 ™1 helll KIHAWIEAMRINGN For t he
often the _preferred form of adninistratjgn;”chbr ogerrtpig.Ls their common
nat ural FONGEPRARSCAET 20 bdrat . TIFEE SERT A St ox
formation. tehhi S conformation i S generaabbybcih@postetds deet ary structure
and its integrity is of vital inportance for nmaintaining the biological
activity of proteins. The irreversible loss of tertiary structure of
proteins is 25 referred as denaturation and causes inactivation. Because
proteins and pol ypeptides in solution are exposed to many stresses which
can cause physical (denaturation) and chem cal (i.e. reactions such as
hydrol ysis, deami dation etc...) degradation, very often 30 the devel opnent
of liquid formulations is precluded. Presently, the nbst conmon way to
achieve protein stability is the renoval 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 ger Anerican Chem cal Society, Washington, DC 1994) can i nduce
protein unfolding. In particular with regard to CONFI RVATI ON COPY 7 Apri
2006 WD 03/035673 PCT/ EPO2/ 11761




- 2 lyophilisation protein unfolding can occur either durlz%l 4 B6od nitial
freezing step or during acute dehydration by sublinmation ﬁ%ernlng spr ay
dryi ng, e&ﬂﬁ67 egradation, low 5 efficiency, Iow1y|eld and hl?h | evel s
of resid 12t ure are the main linitations of the tedfrh Rhot her
problemis the difference in long term stability of anal ogous fornul ations
obtained by different drying processes. Ln fact, depending on the 10
dehydration nethod, the protein nay assunme different three-dinensional
structures with the sanme initial biological activity but different shelf
life. The stabilising effect of carbohydrates and in particular of

trehal ose on proteins during freezing and 15 dehydration is well
docunented (" For MugBbiRARPRUCRS| FYBTNS ObREERESTNG: aﬂﬂm PERRATESR o8 L.
Cleland and R Lan oer Anerlcan Chenlcal SOC|etE |no.on DC 1994 and
"Freeze -Drying/ LyoBR? CROPAREICLES ol RaSTHBLLISALION o (ot o
L. Rey amd J. C My, Nhrcel Dekker 20 Inc New Yor k 1999) Al t hough many
sugars can pr otein danage during dehydration, the products often
have a short gﬁéﬁﬁﬂégefﬁﬁ SRt t erperature due to the Maillard reaction.
Stability at room tEwperatasre: candnt idnmpredveesusiong mtﬁthtneidtfcdrng sugars

such as sucro ri t A@BI ol 09198

di scl oses %ﬁﬁﬂ%géagggazﬁpgh%%ﬁﬁﬁgt 3239- ta§gacch H%ﬁ? fﬁ} alose

GB 2126588 d| Wisk Prde sstigig |argﬂatt1h@ﬂroﬁ>r0tt@m0m@éﬂo§t§blfla@taérlo(ﬁrNF) to

| yophi | hgat i on33¢h«30 JiRBZix ik 1 ncl uding either a non-ionic surfactant

or trehal ose (or another sugar); and Japanese Patent Application J

58074696 di scl oses the freeze-drying of ATP in presence of trehal ose.

Preparations @&gﬁdﬁaﬂﬂ@ecghq&gha@a@@tgaﬂtaining 35 trehal ose are reported
. . , : 5

to maintain their gotlviin Hdeleabhe®re o and 9 Miayall qhgut 70%

many applications is continuocusly 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 wvital importance for
maintaining the biologibal 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 chewmical (i.e. reactions such as
hydrolysis, deamidation etc...)} degradatiom, 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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activity after 84 days/storage at 45C (AW Ford et 7 April@a%%g
03/ 035673PCT/ EP02/ 11761 - 3- Al .,J.Pharm Pharnmacol. 1993, 45: 86- % . Al t hough -
| yophi | | SE@PYMFS still the main process used for drying HSTGtRAY 1sever al
precautions nust be taken in order to avoid the damage that severe
stressing phases such as 5 freeze-thaw ng gd drying can cause. In fact,
during the first step in freeze-dried prot®ein fornulation, a correct

choi ce of conditions .(.pll.. ionic .strengt resence. o tabji]ise :

ctor ) guar anteeoridpkie TG o e fE S refndl Bot 5 s

i nactivation. theMdmiterdi firewsirngctaens aughnsinamewte i dehy doryhensby
surfactants '.sp%%fliiqnaltiig)gﬂds (substrates, co-factors, allosteric nodifiers
etc...) are known to stabi'lise proteins during freeze-drying and have been '

named "l yopr ot ect aflostcermidsy SEY Earigshy diEeahrdegradatbert i taVar
di sacchar ikdes %‘f@i_c%%n%?c,r Q%fr Ak d el asRyn Bvee Deepr W-deiqust udi ed. The
0

stabilising nmechani sm t hese conpaunds as, well as other stabilisers has

not been conpMEESEPTE AFf itHE Mok Ml taTIam2 % Vele | Yoprt®it ant nust
maintain stability ducithgrbeHdA rieezthd ey figrance diyi bong Stewe t he
protein environnent .i S aqueous during muc f. the f.reezin rocess,
sol ut es t hat s?&%ﬁﬂh&&yiﬁ ﬁﬂ%iﬂ?%ﬁﬁﬁé?ﬁ% i OW?]%&ﬁﬁﬁﬁggggfutions are
very often eff diffifecrens prytigion prraesyEest ectianta@ar bityendins andtisome
arm noaci dg ar & 25 AATHLES n MAANE lordil, PIAS 1 ine 1966 fon285- 29

1) reported that such solutes terd to be excl from the surface of
protei n whil e thraguddmensdiomsilostrpasunase wWiddy idit cawnstgilelte of such

phenomenon is {hg7oskalhl bSalivaR i eligiferealt haonforFation. 30
Stability during drying and storage is best explained by both the water

substitution and t h&heyptapiildatingh sffisstthefe LaRM¥IFRLeR (3L R hat
stabi |l isers inpgragiudhi-hoffhereretieise as wWitleidoesibying freezing and

is dehydration is well documented ("Formulation and
| Delivery of Proteins and Peptides" J.L. Cleland and R.
Lan ger American Chemical Society, Washingtom, DC 1994
‘and "Freeze-Drying/Lyophilization of Pharmaceutical and
Biological Products" L. Rey and J.C.May, Marcel Dekker,
20 Inc. New York 1999)} Althoﬁgh many sugars can prevent
' protein damage during dehydration, the products often
_have a short shelf life at room temperature due to the
‘; Maillard reaction. Stability at room temperature can be
improved using non reducing sugars such as sucrose and
25 trehalose.

British Patent Application GB 2009198 discloses
lybphilisation of meningococcal polysaccharide and
trehalose; GB 2126588 discloses the stabilisation of
'Eumour necrosis :factor (INF) to lyophilisation and

30 freezing by including either a non-ionic stirfactant or

| trehaloge (ox another sugar); and Japanese Patent
Application J 58074696 discloses the freeze—drying of
ATP in presence of trehalose. | .

Preparations of alkaline phosphatase containing

35 trehalose are reported to maintain their activity after
freeze-drying and to maintain about 70% of the imitial
activity after 84 days/storage at 45°C (A.W. Ford et




repl acing the renoved water and accounts for the 35 t her nodynars nt r ol
of drying process. The latter states that stabilisers are zg%%hg?ﬁﬁs

- forners apg o3 i n anor phous during and after drying so Bﬁh 7 Apri
2006 WO Ogl P, ot/ EP02/ 11761 nochani cal l'y i mmobil i sef’pr oFEéiu)ﬁﬁ‘“i nsi de a

glassy matrix. This is a purely kinetic argunent that applies equally
well to both drying and storage stability..._("Freeze-
Drying/ Lyophilization of Pharmaceutical and Biological 5 Products” L. Rey

and J.C. My, Marcelr. Pakkar phbBgachew 1¥oBk 1899%q._blence,Afeghsnghng to the
above stabili s;t | OH. hggot hesi s of F_Tgrl ed proteins, 1t can be postul ated
that vitrifici¥PBREL53RLOBf 1PhE kit nthEsHBN BFOreRy weeth 10T sERBingt v,

The use of ZprpyedeyhngfseverabtpkecadeﬁbﬁsaﬁPQﬂ bastdeen i%s§r%er EQ

i nvest i gat ed. u Lne_ a ous.partigcles can he produced, this
process. requi$%é§§agﬁ$a??m%%eggégyiﬁﬁv 5?c§g¥ﬁ%?1%%dgh%ééﬁt%PC%r%?ein

t her mal degr adartene-tbaeonerand odregifhgccancyauds. | am yiadtd, abarhigh | evel s
of residual noigiu e e oLt at i . t echpni que for
drying proteins |§Jé sﬁg%ﬁgd{%v%#%é%%a%??%%tﬁ%%%@ a‘f%ﬁ%é@ ogln at

room t enper at UFRTT S Gloiaa gobf copdi bers BlpH esberie sstatkengith ( UK)

di scl oses the presenvatdOns0ipSEVEsas, REOL 8l s gl el vmenul ecul es at
37-40C by dryégg i n resence of trehal ose at é%nnsphenlc pressure. The use
of supercriti dafCTFIH PR RIMITg P RS H SPLRENT et tigd st vkt ul

net hod flor obtidmy nex@imiits swdh ags dygdidle diiGicdiald,| PYRSmehie, Main

rotel i a VOSBRI st 1O DRy A5 AR ¢ at i on
in order to nalklnsedenatadidticon and. thHe greodessm argtdhaiiilchsd s shorter
Lhan freeze S0Aind i Aek-:25 S LIRNUMAng it FILERE ried I+ PhATM
’ ' "lyoprotectants". Among them, carbohydrates and in
i5 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 aminocacids are
25  examples. Arakawa et Al. (J.Pharm.Res. 1991, 8, 285-29
' 1} reported that such solutez tand to be excluded from
the surface of protein while in aqueous solution. The
thermodynamic consequence of such phenomenon is the
- stabilisation of protein native conformation.
30 Stability during drying and storage is best
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 amorphous during and after drying so that they




797) report a dehydration nmethod for protein powler produc ioglg@ﬁgd on
supercritical C02-assisted nebulization. This technique ca Aﬁe assimlated
to 35 sppﬂ§gﬁ¢?fﬁg; in fact supercritical CO2 is used forPCEﬁWB%EWﬁb

sol ution nebulization and not as an anti- solvent for solute precipitation.
The GAS (Gas Anti 7 April 2006 WO 03/035673 PCT/ EP02/11761 - 5 Sol vent
recrystallization) process to formprotein® mcroparticles is reported by
Debenedetti (US_ 6,063 0). In thiis _case, the_pt i ol Yyt ' ayed

t hrough a IaséTe%???f%%f% a%WWﬁﬁ%E%? Rf?ﬁeéﬁg égégg%eé'éﬁkigg%#éﬁﬁf%y'

| engt h of 240 Thi#nssde pheelpakinetéci arguneoh vhstebppld@soesupliy | ed by
supercritical { d Lchy i §.-, AL L0 e dj : I nl @t '

t echni que has %%%% B%Q%S?%_?5?%%%agﬁﬁc95§¥a§? %g%g?gggyénd(L%gﬁF%ﬁﬁ 0.01% '
w v) from et habeying{eroppildzatypry) ofoPhareaseusifglic arsbRigilegidélas t he
supercritiscal pisgderd® Lhiﬁe?raﬁass,. -themgypematibicakkidhyi dnicnl &lew s not |
optim zed: the solution injection occurs in an alnost static atnosphere of
supercritical YPF&i 42°% th | ow turbul ence. Hanna M and York P. 15

(W96/ 00610) pr oposegnee nexrefethoflgand shaesbapparabbilicatdbbai n very

smal | particles by a specifig .supercritical.fluid techni DS
(Sol uti on EnBRY s %e?éi(gﬁl%g %ﬁﬁé?%?’?ti%é| 4l b8 B’ﬁ)s%?}ﬁ‘g%gf gélggts is
based on a newztoakfitanbzzl Bs the ofOtkel mainniegpasdforhAeonghtereapill ary
inlet, - sAperctiti | ui dset It : et a Lal  pat hway
with a 6@%?caJé%é%éEiF%hd.ﬂ%%égﬁgxéﬁgg%g%gggﬁﬁ%gg g%%r#fﬁggﬁhfluid and

sol ution occmw@ﬁ$lﬁ¢¢ﬁi@ﬂwﬁ%%]be@@nbesﬂhbvv%$§bgﬁgéﬁoseAﬂﬁB°H§B 6108 t hree

way nozzle: 25,@,hid §harelicPest 88niPe 05 HCHUESA] MBRO¥epicbeeREXi Ng.  They:
applied the SEDS t'echnology to precipitation_of snall Bart cl es _of water:
sol ubl e conpouFRAEUIERR WS 3LHars RLAEYHRS, IREFROLEBAETFERAl6EE LRd

Sucrose) and protein thermal degradation. Moreover, low efficiency,

15 low yvield and high levels of residual moisture are othexr
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 préservation of geveral proteins

and other macromolecules at 37-40°C by drying in

_presence of trehalose at atmospheric pressure.
The use of supercritical fluid technology has also
been reported -as- a useful method for obtaining proteins
25 as dry fine micr6~paiticles. 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 drying and less expénsive. ) _ H
s.p. Sellers et Al. (J. Pharm. Sci., 2001, 90, 785- .
797) report a dehydration method for protein powder v
production based on supercritical'Coz—assisted
nebulization. This tedhnique can be assimiléted to
35  spray-drying; in fact supercritical CO, is used for
enhancing solution nebulization and not as an anti-

solvent for solute precipitation. The GAS (Gas Anti-



proteins (R-TEM beta-| actamase). Co-precipitation of 30 prf)h%hp? (%nd
stabilisers is not nentioned nor exenplified therein. Mreover, %e sane

i nvent or gyé YORLA3821) describe an inproved precipitati sing the
sane apé%r at uséﬁut feeding to the particle formation veg&ﬁ%&glg?a

supercritical fluid and two imm scible solvents. This .nethod all ows
co-precipitation of two or nore sol utes } ssolved in the two i nm scible

solvents. The fluids 7 April 2006 WO 03/035673 PCT/EP02/11761 - 6 inlet

is formed by agonph@l r8OZFE€a INELA! TLSP PAsde s DOl YR -th NOrs0; §OI vent s
occurs shortly before theit dispersion_by the supercritical anti-solvent,
avoi di ng t he PIEPRRT A FHAS sHF ﬂ%?%&@ftqﬁbﬁbg‘%‘?@l Ho¥®ver 5 this

met hodI Ioer i tfss,ltdrem%)‘mmt i orkr%hf@rw:e@_ agnis ffp@t@x@cﬁ@iﬁﬁ@s;iét bi S
general ly usefu en two sal ut Wit i rent, polarity nust. be
processed. Mrddrs itfhr?lﬁgog .Eilgfatfsee]a $’6‘r%]a‘:‘\rf¥a‘%e1{}étoﬁ§m%o¢{%? ot B2 second
sol vent %ust dimmdtdrast Pparph yarsdlablength welf €74 & quit hiatside lithal | ows t he

water to disp Y| ﬂmre it T tep is
necessary to g%érr%%&m%aﬁ? -SO {JC%F e‘;égsfge}lu?éeyé&lecg?gplﬁfaﬁllloln& -precipitation
of proteins arglpstcniticrt stlwidothiddscrd et radudsd ocurdrifengiker

(W001/15664) digicdi0sesriy dretdiath {fle G0rs badiPBE AN E M 38 iVEc1es
(preferably a pharmaceutically active) substance and an oligojyeric or
"polyneric ex&@hiaahassuinth Jé?ﬁ”alri‘ﬁhngo St Y )s & zaw eltéﬁ%cglf}‘r’fe T active
- substange i s i {p:amrAnousoBS RRROSEA HP caabett Aild#ikid eramttean these
(onmi s o0 UG SRS S TR OoR e e Sl e mRSRIA S
co-for rryl at i o_rflgmfida ipﬂwnatseutdtca:lptdmtjjz\e@: mmtsa:ﬂm:umrt rinajreaﬁjjcgo_rreri c or
oL YT ekl |3, 4 SRR A Sl B b osialy 25
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 technigue named SEDS (Solution
Enhanced Dispersion by Supercritical Solution).
The process is based on a new coaxial nozzle: the
20 ‘golution expands through a cabiilary inlet,
. supercritical fluid expands through an external coaxial
~ pathway with a conical shaped end. The mixiﬁg bhetween
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 Sucroge)} 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 allows cé—precipitation of two or more solutes

diséblved in the two immiscible solvents. The fluids




is therefore achieved in the art through freeze-dryi ng and E’ siying.
The co-precipitation of proteins with stabilisers using CFI?IC
f1uids ha¥0 ﬁ%f) 3%&tn  described before and it is the obj ectpcg'qu“Wé”ﬁFesent
30 invention. W have now found a method of producing stable dry protein
m croparticles by co-precipitation with a _stabiliser using supercritical
fluids. Preferred stabilisers are carbohyﬁrates am noaci ds, surfactants

35 and pol f t he st b I

et orapl y {1 e Sere ChERTRd Bt 1 &0 FoR ARl oRBEF e WAPES Lt EPREREEns 7 Apri
2006 WD 03/ OSWM/EPGZtWQ?@leeﬁtsbecwea tsherpl vt befibseabheizer

ol ecul es and cffb :%EB# y‘etsllggtcée&%%h.&%h? gﬁt%téoi%nﬁacﬁvﬁ%%

proteln/stabllls ere”I's no freeze-thawn ere I's
need for cryopi ceTeaHP1MEEOR 7Ol arenoiBALdRCEhAROT LB “However

protein/ sf abi lises m@&ﬁéa%éﬁﬂﬁtga@héofeﬁmaé%h%fch@mééﬁgousncbhe present
case the stabiliser . plays the essential _role of inprovin orag
+gtear yi ng.

st

stability reuﬂﬁﬁc%?%ﬁPFﬁ%i b¥ %%t%?%?ﬁ@lbYoF%?Fu%CVh%PtEQHU??
In fact, precmm&ﬁﬂdIEEéWbﬁtS@ﬁmﬁﬁitylmabt béUpflocabkeds byotrésebi, prigtein
particle prodyction, wi thout_ denaturation dui gg t he drylgﬁggaocefs.
Statenent of tHET n2ntFon e TeraMusSoper EP+YFEQN { FUF o° s*RYPHFd at
or above |tsmm3u|h@]a@rbsamuep&mmﬁytsobublecam waeapesat tih@t The term
solvent" nea ﬂghﬁ S o. 1.o0n: wi{ h _
protein and t%%’gfé%qﬁﬁser rt%é?ﬁgﬁs % }ﬁséﬁéa%%géyé£9@l¥ﬁi ahtg

phar maceut i calsolesetpi erffhivhi Sep siabtecessarubie | Rerniprwakeppreluble
proteins, whi %1&&%@&@1&&:@&:] solyvent ML YA Choh Sor SHRStatbabhy -

|nsoluble in the supercritical
stabilisers is not descrlbed in this document.

Walker (W001/15664) discloses a method for co-

15 formulating an active (preferably a pharmaceutically
active) substance and an oligbmeric 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 crystalllne
' " forms when stored at temperature between 0 and 10°C.
r:Only 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 ueing 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 cb—precipitation with a
stabiliser using supercritical fluids. Preferred
B stabilisers are carbohydrateé, aminoacids, surfactants
'_35 and polymers. More preferably the stabilizer is a
'-sugar, most preferably trehalose. ‘
Co-precipitation allows intimate interactions




The term"nodifier"” is a substance, preferably a solvent, ic@ ﬁﬂpances
the solubility of the "solvent" in the supercritical fluid. 8 € aspect

of the p invention, there is provided a process for
co-preciéﬁ§§¥&ﬁﬁﬂbf a protein or polypeptide with a st abifl PZ?H%}efor,

by a gas anti solvent process conprising introducing into a particle
formati on vessel a supercritical fluid purg or mxed wth a nodifier; and
a solution conprising said protein or polypeptide and said stabiliser

~dissolved in %ég&gs tWépaéétgi‘hzsﬁ%ﬁ%ek:sm%iEaEflite%daﬁ{@@é %ﬁ)‘tﬁmalit'on
by said supercritica Ui d and co-precipitation of the "substarce and
stabi | i ser occueighwheedoht saptiiot abibtsefori saghsggapler April 2006 - 7a
I 'n anot her .aspeebi&inyheapiesgnt invention, there is provided a
coprecipitate 'of protein or- pol ypeptide,6 and stabiliser qbtained by a
process as defined %%o@%?tTﬁ%nﬁ?e§EﬁFeihﬁeﬁ?igﬁeﬁéﬁ"BPGVPEQ‘éhﬁF@téék f or

the co-preci phé aheof Pbracspbptencecibhh amskabikirzenlehdRi®f @he by a gas

anti solvent process c risin [nfroducing into a.particle formation
Vessel a Supdriie ot BToR B B(PEARE LhPRBd IRFEROGCHBUF PER. CEnioa sol uti on
conpri si ng sailsetstdust@hwel fibekdsaid tBeéabrksent daseothedsitabadldelevent; so
as said solve ' sQlut | sal e bt fluid
and co-precipﬁ%%#ﬁ%ﬁﬁ%%%%%%gné%%glgﬁgg §%di§§ggyﬁ¥ge$tgg§g%s%%EF%Pg?gbly,

t he sol ution izatihey ddwwedhat of heeaiping PooteinROBig36g7during

- PCT/ EP02/ 117614y g Parid cé Lo Or9BLEPH: VEESEH B?Xéds%éﬁcﬁi@éhﬁj ehuidhe
process includes the introduction intfo a particle formtion, vessel of a
sol ution or s&@ﬂ&%ﬁ(ﬁY(ﬁt%@ki protein particle production without

denaturation during the drying process.

Statement of the invention

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

The term "solvent" means a liguid, 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
provided 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 supercritidal fluid pure or mixed
with a modifier; and

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

s0 as saild 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.




substance and the stabiliser and a supercritical fluid. 5 lﬁ thxg E ticle
formation vessel, mxing of the supercritical fluid with t @pgg on and
extraction of the solvent by the supercritical fluid occurs so that the
sol utes (substance and stabiliser) co-precipitate as fine particles. If
the solvent is not miscible with the 10 gupercritical fluid, the use of a
nodi fier is needed. The nodifier is a conpound which is soluble both in
the solvent and in the supercritical fluid. More preferably, the apparatus
in figure 1 is used. in this case, the solution of substance and
stabiliser, 15 thes@¥ST idSHeqy lﬂfdti}?dﬂrﬁeserﬁ?dilﬂvér{tjiofn'n%& are
separatel y i ntisogitesd dait @ tdwpRatitdiclat d imrca ivesselpolivibega-i@d r ent
flow by the n%azglse 27...S9uch a nozzle W02/ 68107, which is ezﬂmgg) in figures
2 and 3, provi S & WL GD P Fp&OGaTTAS Hafitdeth@PSdicuti on. 20
In fact, this is afiesloréddhtan iidfdice dan preARicela pHEdA0 Iy e
orifices at the sane .distance fromthe .center, and evenly ,spaced al ong a

ci r cunf er ence COAPFSHE L TG O&F CoMAntERCE Wi ehSTaRidriZst of the
particle foredefbvessiela ddie St UtdSvést | PrSOEWS edomplosing 25
particle formgti oré%ﬁ/es,sgi@e.t hcr%-ua?h t he, cl%n)gé al %%j fice, A\:% | e the
supercritical ¥HWPUG RS Bitnd PRHelc Rt YR®P$Buued t hrough the
outer orificesupEemindiddlerfland theres upentizdd caith | aidodi fiel xeandbef ore
of the process the aSET (i Rt T h D as 10 PP e fon

. vessel in paristabifihsehe dedanlived dmd a egplarentwi th the supercritical fluid
or with the sol uti ap apl oo HNGGUAANGE &S MAIES Ao A RE QUS1 R, Bn 35

pol ypepti de conpoun pharmaceutlcal | agnostic Interest, soluble in
the sol vent ah¥ isgitheusnanidieyl Vidhidromd -k Sebsabhen 0f ythe

i nsol ubl e i.n e st AR 1an2006 M3 034 03%6731rs 9

- Preferably, the solution is introduced into the




- et hanol , 20 net hanol DVBO, i sopropanol acet one

PCT/ EPO2/ 11761 supercritical fluid. The stabiliser is prEfEZQRHﬂzﬁbﬁ
pharnaceutlcal eXC|p|ent which is able to stabilise the su ance'1n th
co- preci pVOPESHt oduct. The stabiliser is soluble 5 in t REIEERNEHSIand in
the m xture solvent/nodifier and substantially insoluble in the
supercritical fluid. Preferably, the stabilizer is a sugar and nore
preferably is trehalose A nixture of stabPlizers may al so be enpl oyed. 10
The solvent is g g sel ect ed frog1mater .2 hanold t hano DVSO,

i sopropanol , aBetoh Tﬁ rmaliop YegEEd, MRS MY G B gﬁﬁ§éth egl yco
and N, N dinethptaqebsnenchéEspthéemabkyduhelsuliaMb BSpaatdcle The
supercritical bhihfleisnPLeLerabby seLeshedohr ap sha eanten geoyide. ethane

et hyl ene, propane,
chlorotrufluor@ﬁbshanée aﬁénﬁhﬁu@ﬁ@h@ﬁh&ﬁ@ aﬂdn@nsapér?ﬁétﬁCﬁﬂxﬁ&meﬁ nost

preferably carfﬁntﬁé%ailemiaefa?%a% L8sBESf, e&a&&ﬁgseggggqlég ; (r:?(rjn ,

et hyl enegl ycol Su%r%ﬁﬁypéﬁegww waF.B kbR seilHsiap anfl PRETBECAPR Gfes

thereof. Mst prefgpabbit b?etn@dsﬁpefcritebaan@hulah@caaegfb@rtﬁﬂd sol vent
must of coursge be dif Descri ramnn S. Flgﬁge 1 shows

l Lere?t.b gt ﬁ
a schematie floW sfiBLECEP (HEPSHPPSTatl ﬁE@Bl 6585? 9OOBF EhBLHPLEES
according to SBDnéhpsrthebasionifFhearesl?eandid sbdowniheibhbeziwéthhahel s

dt h : ' 4, 5
and 6 shight e pbERL LRt B R REE LG Rl o "B R O et
co- preC|pltatéHWSSM©¢sﬁzynei$r@h@@@@@up@mmblshaLStﬁ@lub%ﬁrh@tbslm tbe 1: 2

and 1:0 respe%d)y@éﬂt EhQUIE ¢nh&NeUSe+BLi L hERTOEI 4T, obtai ned by
More preferably, the apparatus in figure 1 is used.
In this case, 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 filuid and solution.

20 In fact, this is a disk with an orifice at its center

- and two oxr more orifices at the same distance from the

 center 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 thrbugh the central orifice,
while the supercritical fluid, pure or with the
modifier, is introduced through the outer orifices.
- The modifier and the supercritical fluid are mixed
'before'the introduction into the particle formation
30 ° wvessel. In another version of the process the modifier
ig introduced into the particle formation vessel in part
with the solution and in part w1th the supercritical
fluid or with the solutlon only.
The substance is preferably a protein or
35 polypeptide compound of pharmaceutical or diagnostic
interest, solublé in the solvent-andrin the mixture
solvent/modifier and substantially insoluble in the



7 April 2006 WO 03/035673 PCT/EP02/11761 - 10 differentiaz SC '&g
ca&grlnetry EDSC) of supercritical CO2 co-precipitated |lys fVﬁ@?P¢ehalose
powders vs e_respective pure products. 5 Detailed description of the
i nventi oworéi’émi"ﬁéenti on will be described further with pH f’F’é‘lﬁ”d?JI
reference to the substance being a protein. It has been found that it is
possi ble to produce stable 10 dry protelnésgabilizer m cro-particles
througB th use of supercritical fluids, “using various stabilisers such
as carbohydra } cihd nd surfactant polynmers. Surprisingly, it has
been found Fh%fs%%ég%€2g|g[?%??gﬁ: usin% sugercritical fluids allows 15
particul ar intinatBhenserhélions bet peeheprblyi @ RAGTNSCEBFLF8er nol ecul es
and that for gach,pestejRicnStabhbigetocaunbe1iber enks saBsephanlinvei ght
ratio. If the anount of stabiliser exceeds %he 0 %L | ampunt, .t excess
does not di r ee®yCOTREPELPIIALRI RECPHE el nT ﬁts§8 Fi?ﬁ@? Fgrﬁglﬁgﬁﬁicles
E:ffure ?FaFl%?S@ﬁg dblsenbehayi odr thasmbgenrevidenead /mpdifiewsengy and by
erentia anni ng, or i net DSC al ysi.s. e . C .f.or the
co- pr eci pi t at PO BRI ¥téﬂ§8i¥Ré?hlé gﬁ%b%PP%EFIgglgggﬁgigﬁgéess
cogp¥!5|ng éhﬂr@@@fmﬁlyZSthesapebilﬁzéraﬁsfhusdgpurendrmﬁtﬁed with a
nodi fier an tQn; Lnta i cl LOA £V s 0 e rried
out by the ad%a?%%%%g%gp%%t%geﬁﬁfﬁ%éﬁreg R%%ggg%aﬁfagg§§?lgﬁgrgpgg?atus in
figure 1 is abjatke eovpifpedont act” between supercritical fluid and 30

sol uti ofy si nce thigpdakesBhaces OpLyrbPably Balbibeba fhommahtes,vessel.
Hence any powder precipitation cannot ,occur insjde thggnozzﬁﬁFand cause

bl ockage. | np¥fitanety mehkasaperBVFPr cAPOPFEPE AL s2ES“8R®antT= sol vent but
?LSO p{?”Ptaéc&@ﬂdQééi@ﬂ ethihensgliyitbdn polgedhiilaneghyaylasndSNiN-enters
the particl e fornalion yessel. N5 1 de0s.pihe. 58! Ub0RAENE dekye

The supercritical fluid is preferably selected from

15 carbon dioxide, ethane, ethylene, propane, sulfur
hexafluoride, nitrous oxide, chlorotrifluoromethane,

monofluoromethane, xenon and their mixtures, most

The modifier is preferably selected from ethanol,

preferably carbon dioxide.

20 methanol, DMSO, isopropandl,'acetoﬁe, THF, acetic acid,
' ethyleneglycol, polyethyleneglycol and N,N-
~dimethylaniline or mixtures thereof. Most preferably

the modifier is ethanol. The médifier 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 | 1ysozyme/trehaiose powders at the w/w ratios 1:10, 1:2
and 1:0 respectively. |
Figure 7 shows the thermograms obtained by




rapid m xing of the two phases and hence a rapid protein 7,ﬁ§%Ll(ﬁ106 WO
03/ 035673 PCT/EP02111761 - 11 precipitation wthout any de t % on. In
addi t i onWQ es03s&@dhancenment of mass transfer rate between BOTEPIBI7&Nd
supercritical fluid allows operation at mld tenperature and pressure
conditions which contribute to the 5 avoi dance of any possible protein
denaturation. The apparatus of Figure 1 }%hctudes a particle formation

vessel 22. This is a standard reaction vessel of, an. appropri ate v.ol une.
The tenper at uPdEERTERE 1fds SRS NGt OILAES T¢o Ot Oﬁ’? SHRSRETO W eat i ng

jacket 21. 10CBhecprpessvipitateébelyessghe)srehalose! pdwligreeansthé a mcro

netering val ve 25. Eheétegﬁerat%gfcﬁpd pressure in the particle formation
vessel are nmea§ored 67‘n€ S SFOFY é?nncouple 29 and a pressure
transducer 30. 15 The particles forned are retained by filter 23. This is

a stainlgss s . Kk 0 IS . 3% a sintered stainless
st eel digk (Obgﬁéf&gi ?%gg%ggﬁ?f?%EF?%%E(égggﬁ)1is put at the vesse
outlet. The supercritical fluid is withdrawmm fromcylinder 20 3, it is

condensed by cool efnd 3RdepeARed WY 1MBRN Y8y PP f&rihdNeiRarticl e
formati on vessel through Iine 34. Prior to entry |g}Q the particle

formation vesBBrtifHdarsgpépgencecir g ubstRESCe LS Re PIOSHS Sy
tenperature Iy ABRanbeeh @Ebenbedher i4 asdpbeastielelfTo Pheduce keabde 25 14

“also acts as Rpul satipn.danmper. . The supercritical - fluid is,al filtered by
means oiafilt FY18r?8?%”2%Ea5+&&6&FaF3FEOaﬁarﬁPS&S&r%5%P“€Wet§%bé?%%itica|
fluid. prior efitsypentoitheapr €dupideat ueingevaetioase streddiiesgrshypumbans of
t her nocoupl e tr . 130, 43 MY modi fi er.
o i ¢ hr awn £8ooRpaBRe3RdEEs, (ARTHUAR ] and Huk EAREREY ot ympe T LG
it is mixed with t8erpsigénglyyi d&l hesubgepr Forndot8atr $omnto the particle

precipitation. using supercritical fluids 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 particles of pure stabiliser. This
behaviour has been evidenced by Microscopy and by
_.Differential Scanning Calorimetry (DSC) analysis.
The process for the co-precipitation of a substance
with a2 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 6n1y in the particle
formation vessel. Hence any powder precipitation cannot
occur inside the nozzle and cause blockage. Impoxtantly
- the superciitical fluid acts as an anti-solvent but also
~ promotes conversion of the solutioh 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. The nodifier is also filtered by 35 ms*ans7 llzlobgr 12
(0.5 m. Line 34 is equipped with a relief valve 16. The sol'u BN

wi t hdra nk 1, it is punped 7 April 2006 WO 03/0

PCT/ EP02 és}g@sﬁ‘% by neans of punp 10 to the particle fpiﬁi@gﬁl]@@ssel
through line 36. The solution is also filtered by neans of filter 13 (0.5
pm. In another version of the process, thg modifier may 5 be introduced
into the particle formation vessel in part wth the solution and in part
with the superpréztipﬁtatibui dltﬁbﬁtsuﬁ?fﬁéhétﬁﬁhtibﬂi dinpHAGi BiofA] XEHeW t h
the nodifier, e g O%I on ar fed_into e}&g rticle. lformatlo vessel
by means of t hE nozzT’ v 0"EBRnst %ﬁﬁ??hﬁaﬁﬁ ET"?SPl BRIPESSRI 3BS { he
mxture of supapereritatall fididmetiiéweropadasbbueat aikd tehper&dubg

means of the fj 4 . t.ay t cles t are
eventual | y not Ilr“%te}‘gugn‘sédlgug ?:81%1{90:5% %%Ch Q‘?’t“g?%i’%ggsﬁ%egg‘%. tical fluid,
modi fi er %nd 15V iR <P deyreesatbtednytabandenituret bonet efhmg val ve

25, the supercapﬁaﬁaﬂ&ué%feﬁigmﬁesspﬁ&@i@&eér@%ahhfcﬂgdf&fﬁétf&@ t he
solvent in the se?a}:ator Its flowrate_is neasured by nmeans of nass

f1 ow meter 2% s dTl%fﬁa%%eﬂ SN R F el i BRSPSl sHovd i n figure

2 and 3 all om&ppﬁgﬁthﬁlﬁﬂlmﬁetherﬁé|%§ﬂ11@élrﬁlﬂr? hﬂ;su@@rﬁégéépaislfl uid,

~ pure or m xed difier, into the rticle formati vessel in
co-current flon)(vvé!Ii I.J’}ﬁ—"lne ?W?%W%r%ywsbrcfﬂ%ﬂe?ﬂﬁ% :{/%‘?]6%7 t9es at the

25 nozzIl@ out IHte aneegsml eih tithe heeswmsk fd avontatel bandl by médres dbfanet er  of

orifices. Mreavely jidedS d;dz that the energy pressure of both
solution and supercritica are converted into kinetic energy wth a

m ni mum ener gy | os§heTH@mT24'@H€ﬁ Ny prsss U dlis e eartigld act
desi gned for tHySnAYRPSRsH® are measured by means of a thermocouple

29 and a pressure 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 gecond
filter 24 (0.5 pm) is put at the vessel outlet.

The supercritical fluid is withdrawn from cylinder

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

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

' Temperature and pressure of the supercritical fluid
prior entry into the precipitation vessel are measured
by means of thermocouple 29 and pregsure 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 pm).
' Line 34 is equipped with a relief valve 16.
‘The solution is withdrawn from tank 1, it is pumped




peculiarity of this nozzle is that the expansion of sol utiqr}ﬁjaqq 6
supercritical fluid occurs through orifices. An orifice is'C ara89eri zed
by a | eng?R B8@®35Baneter ratio ranging from5 to 10. It haBRCI/RR023B761

advant age over the capillary of mnimzing the pressure energy |loss and of
efficiently converting the pressure energy into kinetic energy. The nozzle
has orifices 7 April 2006 WD 03/035673 PETAEBPO2/ 11761 - 13 with dianmeters

ranging fromO0.02 to 0.04 nmand |ength ranging fromO0.1 to 0.2 nm Such
di mensi ons al | &% V3RS 1R IPWE o thesthe PReLHrle | ERrBREI¥R YRFSH6tL h

sol ult i on apd HHrenedh tiioed Fd Ui Chd Jcﬁ[Fuiﬂj_lD_cﬁ@ﬂs r@li/s@efimlﬁ@rd @c& ﬁyafﬁ@hﬁgs
steel, or o ot . r i mat.eri al . e nozzle is a disk wth an
orifice 39 at ng%gégﬁg?gB%n@}t I'Hr'm)re orifices 41 drilled at the sane
di stance fromthe cdnt remctiteeventgigpacedlad grepa@edd, diheunddi Bhee. mdhe
orifices gomugjc ' i pt.ari : ' f i on_ V. | .
The sol ut |§on :yée ?Lﬁrfg%%}lc}:eéﬁ ?'Lr%'fﬂéj1 t‘ﬁgé 3%3}1?%%2&%%%1?%%19&%%1t%rrxoﬁéﬁﬁ t he
central orificéitthehupalatiiarand lin dapureltdr the tsuperecnied ¢br, is

i ntroduced int g1thiey Partye | Sipkh-dHoNRLd PIEMESS Sl il QO iNGs O €h the

orifices. The solution 37 cPasses t.hrough a passage of dianeter D3. Its
end has a coni 8%idHgse and Ahe wolafdbonrateded it Pamtifkte is a
laser drilled @oirhiaadcidveBirl gngldadd of 4w meniral2orifice is 5 to 10

times its, 20 dianmeter D1. The dianmeter .D1 cgn be chosen . in suych a_way to
obt ai n aﬁ%} desired gjéjlw&ﬁtﬁ?a:& e PG TR en tvr?eg%’f"ﬁi fA%e I"élt’?t“\%‘:é
supercritical blfuisthpedgeasseslt flodgh paskiages =0fd dicdrnedrar d34% - Each

passage end, nag,auaegl ol oS iR Al e 8 e ebaalignd 2,
10 tines its dtheepertdzlephéhditamgieeevBhiowml lhe 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 medifier 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
-:introduction of the solution and the supercritical
~ fluid, pﬁre oxr 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. Moreover, it is preferred
that the energy pressure 6f both solution and
supercritical fluid are converted into kinetic energy
with a minimum energy loss. The nozzle of figures 2 and
30 3 was, in fact, designed for this-purpose.' The
peculiarity of this nozzle is that the expansion of
solution and supercritical fluid occurs through
orifices. BAn orifice is characterized by a length to
‘diameter ratio ranging from 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




chosen in such a way to obtain any desired velocity of the7s%§,ﬂr2§§)étical

fluid at the orifice outlet. 30 The ratio between | ength (Li and

di anet er ' D2) of the orifices 39 and 41 are chosen set to
W Pkl eefisPigna,

a mni num energy |l oss and to obtain higher velocitie ting
energy pressure into kinetic energy. 35 The solution energes fromthe
central orifice 39 at high velocity and itg i.s broken in fine droplets
comng in contact with the supercritical fluid. The dispersion 7 April
2006 WO 03/ 035648 PGt 1idding fro@f 0l 62 66! 0l dONmh i &6é dLé@bth S
enhanced by the super riti(ga.\[/ qu%')d errergigfg fromorifices 41, provided
that the super? T ERITFTTi U vetBcPt$ 8- ve ‘30]?‘“ ERF OB 2 0r Yo rVOEY
magni t ude of thiglyetalmid it Dés saundhatothii e wonklely fenpesith uel @ntbn
pressure. The : ktical fluid in enhancing the .

di spersi on of %Li%o%%%%?%gﬁd%%t I's crucial and determ nes the shape,
size andSyield of tThe prashks nay ilp¢ ceade apf betatinl ¢eel skedl dicamerfers down

to 0.02 .10 myrhEhe HRatddsidddtndaye; been used for carrying out the tests
have orifices of diaméter ranging from0.02 to 0.04 mm _ In anot her

enbodi ment of the iTRfeMaZFLe okt drdistprelldl amepikire ot fatte<sare drill ed
in such a way cdritate thel rtwix e GRS @8 Pitdher Bxdsi Dfed he: o ratmel 5
orifice. The @%Ie fornmed by .the axis of the outer oric{)i es Wth the axis
of the central 6 €Dt SEP T RRPAEVARY FRAHCHAIDI 7 the process
for finéOdry prigiceimfersnern- paittd cdrel figramtcommuirsl ddte: miximg:lef t he
solution 20 w : riti.cal of]uwd: [ api I nt.l. nat 1, %1 N
causes preci pmntgfg%%%o?}fgght | Efa{éis%alvﬁ]t%%fq%mnagﬁﬁpa%a%%ér an esgjélb t)egfLsorg hi gh
powder yi el d. iEnistdeducechdwd ca thgo gaaihdleg f ot tsigin tiesmsesh dlimbudie

di spersed int @nEh@es¥RaNCHAiIfGHe [ il ¥y Plical £fiuid, pure or

with the modifier, is introduced into the particle

15 formation wvessel 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 L1l of the central orificé is 5 to 10 times its

20 diameter D1. The diametef;Di can be chosen in such a

. way to obtain any desired velocity of the golution 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 (Li 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
o high velocity and ‘it is broken in fine droplets coming
in contact with‘the sﬁpercritical fluid. The dispersion




25 smal |l droplets, thus providing high interfacial area for7A’$ﬁ§06§ ansf er
.and a short path for the diffusion of supercritical fluid i'n g€ solution
dr opl ets“éfhﬁﬁ?ﬁ@ﬁeby preventing the growh of sol ute par tiCA/EP82/1196F eover a
high ratio between flow rate of supercritical fluid and 30 flow rate of

sol ution causes a large excess of the supercritical fluid to solution at
the nonment of their contact, enhancing the driving force for nmass transfer

of the supercriti€gd i LAt 93 S tign t into
supercritical fluid. %%m\}ﬁéﬁﬂt Eé&ggfiv%? %%I ubi %n%%c%%‘_{)t \t%‘%super critical
fluid is |ow, FTHRETCELIBECAlnbiiidermarosng Groet osifiges g bormvdded

sol ution and stiet Cehéi Sapetbyi dicdl ABLita2008-M0934035673 BETLEPQR/ 11761

- 15 Wen a difier is pysed, the.ratio of nodifier flow “raté and of
sol uti on floww‘?lé eo’ﬁ‘i T3 b‘@f&‘@r’d‘fg‘éﬂ“—‘s%}jIE thhe valarihyi pEr 89484 atsébebility

of sol ver in wiekisgpeeapétacatref dnddpissohtal netheThe FaRdi birekhean be 5
I ntroduced wt Itical fluid or with the, . soluti,on or. in part
with the super%&é%f%%#gf%%idE%%adi%n ?éh?nﬁﬁ?% the doFREFSHOTTRE ﬁg? of
i ntroduction cdohheiompbidqiitd jeeats yerwtlakbnmesd daeeenxtinast the ehaphe
sol vent and the; s raied W04 &érﬁﬂg{}gﬁo&&@ are formed: 10 For the

s _solu

preci pitation of powders from aqueous, tion using carbon dioxide as
supercritical sol vEMifHGRE ctdanks dEikmil fvih thiamatessbdowreho 0.02

super criitd cal mi) uithd lyesaie @ thedosidd alsdd %f%&rﬁ%ﬂ%%&ﬁab' y
e

hodi 11 er 11 ow i SR THY SOt TGP I et TrestRabtyom EhiA the
range 15-25 ard Ofomen.pr efreraaiityheld . endodioiaite bOWhaboy@entiohs HeEessary
}[(r)l gf\égr at Oglggr%#h%ﬁ;té{egpgﬁ fex;['jPoe 'ng.ltcusetslof%q:el rgroiflged Sflgeégéllltécv?altyzo fluid
that their axes converge on the axis of the central
- 15 orifice. The angle formed by the axis of the ocuter
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 pfeéipitétion of particles with a small
_diameter and enables a high powder yield.
In order to have a good mixing, the solution should
o 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
supe:critical fluid in the solution droplets and thereby
 preventing the growth of solute particles. Moreover a
high ratio between flow rate of supercritical'fluid and
BQ .flow”rate of solution causes a large excess of the
ISupercritical 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 supercritical
fluid is low, the use of a modifier allows a better
mixing between solution and supercritical fluid.




solution. The size of the formed solution droplets is dete %19 the

fl ui dodynam c conditions in the mxing zone and by the phyS|g properties
of soluti 3 03 6%@ supercritical solvent, such as viscosit surface

t ensi on, denS| y.” These properties are greatly influenceEXB@PW%@ﬂ“
tenperature and pressure of the supercritical fluid. The supercritical
fluid inlets are positioned 30 around thesalution inlet and at a very
short distance therefrom (about 3 mM: this configuration allows the
solution to be enem%bhEQ,hbdh&ﬁe&uﬁ%rahbﬁiC&hefkutdotb&SHmﬂﬂﬁaﬁmiﬁ@xﬂhe

di spersion of _the solutl My o ver fine pI ts ng higl

i nterfaci al FF&C@ngrg ét RY RS h%Segoé% asﬁ%éX%ractlon of

sol vent into ashﬂghcumbmeabefhmt@olﬁbeéetgh@ﬁo@@&&eame1pa¢bﬁcularIy
efficient whe rGrF g filgui ity )/ 16 7
April 2006 P%?%%%ﬁ%ﬁ%??%% ori |ce o&%Féghggachgghobgﬁgwgfggfggﬁ?%gn t he
speed of 5 souddteadsiced wiviickhe supeseriticaladdudd or BEthdtsSer sion as

very fine dro@b@h%lg%hbﬁoﬁn Wt %Hkhoﬂhé subemc@&%&&&@nfﬁula anpamith it.
D., "Rapid expansion of supercritical fluid %hgtlongél solute f natlon

of powders, PRER WPFFEthﬁnﬁoﬂuﬁéP§' | Rite BRY. otnhdptrrebctiongef
2298- 2306) . dThedgﬁeee gﬁe%ﬁuﬁdlhﬁlﬁehbébdfh& e?ttaﬁghmndemenﬂent on )
pressure an te er at ur mnli nmum v ue e n ar non
R ot e’ oMo SRRl BhE chte s TakTET P8 BEsRiirlRar ys a0dn foifka® D

take adwant age of Fbe ahev@reenpueaedopheﬁogewders fyromcaquenént to mork
around the val f r han h critical
Egiu%f_t gf_té@ a%egt g@%&@% ansdb sttt e&es@egteatt Sol YRR

regi on, a~an uction of fine
powder s frontaqde@ubangél@El@@élﬁﬂﬁﬁ the EﬁslﬁrE@§§§GGSEHQEE§FBGHCGﬂOX|de

as fluid flow rate and the modifier flow rate is preferably
within the range 4-8, more preferably 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 obtain very small droplets of
' solution.

. The size of the formed golution droplets is
determined by the fluidodynamic conditions in the mixing
zone and by the physical properties of solution and

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

The supercritical fluid inlets are positioned

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, p;oviding high interfacial surface are between

35 .ithe two phaees and fast extraction of solvent into

| supercrltlcal fluid. These phenomena are particularly
efficient when the supercritical fluid velocity at the




supercritical solvent and ethanol as nodifier, it was founq thqb &ptlnal

operative conditions are 8-12 Mpa and 35- 50C In the experlné% P

appar at usW@SB@333# 20 carryi ng out the experinental tests,PGFEPI2/11761

supercritical fluid nmass flowrate was 30 g/mn, the solution flow rate
2 g/mn, and the nodifier mass fIOM/rqt?64_g/nin, having set the ratio

of supercritical fluid to nodifier mass flowrate at 7 and the ratio of

nodi fier to 25 so utio t r C Elhuiog

vel ocity at t he T % e” ou %é éé$¥h%§u§rg%%%§¥éQQE§ueﬁéﬁ EF? §%§ératus we

carried out trﬁpmm®0@@ESi@9p¢dﬂ®@b disabfermrtlen cRBdpaPLPELE. of a

subst ance and dADL bh SEE Ry GBI A6~ BF wtéamgasoﬂrptm pSFalebnas .- 30
Al kal i ne Phosp aﬁgse and Lysofrne wer e J?gd as f{, bstance and Trehalose

as stabiliser.bCo-RreerprRRed - poBeR Bt Riffe %ﬁ% pPBPERRASEAT i ser
ratio ng@ pr%é@@rlEb@aylﬁiﬂlﬂf sﬁlﬂﬂtﬁ@hbectselﬂupevmfemwasoﬁogbf Thﬁ
retai ned enzymati¢ actiy er the .progcess, 35 un thin 95% '
and 100t, conpaP%de f%'tﬁ%lguﬁhiﬁﬁesggg Ebﬁﬁﬁ?c?@?drea gntghgghe%bgﬁtlcle
si ze dlstrlbu19@msz@f 2 hesez podHer sThaospeed hat aguedthanaQ@QMldAaﬁil 2006
WD 031035673 P 1176 f u | ent

(S92 e naedd o pbOSPRL LAk Ce By PaR R R LYR

di aneter |ess % a narr W Si ze strl Furthernore, the
physi co- chem(ﬂdnxmumatabm¢s@£|%me@ﬁoﬂéds@%%@ Eor prERrRi fdcrdAal-Pouns

ntlmare g nteragd |l eP@H‘@f&bﬁ Pé%i@ﬁnlénﬂo@ttﬁ%laﬁes mpheautiesoand for
each protein/ I ser ratio.

ere Is an o t/mel
Fi nal |y, stab|T¢t§ab¢u@@%%n%#ﬁﬁwﬂftﬁ%? %bﬁyelﬂlﬁﬁ+ﬂ%e%ﬁ835ﬁﬁpﬁg /ﬁFeﬁglose

co- preci pi tat e&b&@éﬂiéﬁ@%&\ﬂd&@rlﬂ%@oﬁﬁ@b&@etm@ h@feqpeadl efit sbuedze- dri ed
10 product. Ex erlnental oce ure e supercrit cal% %go S feg %O%he

-

preci pi tation a5 GRER %% %slﬂf nPpBST wht %Ca 6 Sé
n/s at 8 MPa and 40°C.
15 ‘ For the production of fine powders from aqueous

solutions with the GAS process uging 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
' raﬁe 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 ratlo of modifier to
25 "golution mass flow rate at 20 and supercritical fluld
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
gtabiliser 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 ﬁrocess was
35:‘ found to be within 95% and 100%, compared to ‘the
j-unprocessed commercial reagent. The partlcle size
. distributions of these powders showed that more than 90%




supercritical fluidflow rate. The tenperature of the supergg%ﬁh?ﬁb6fluid
inline 35 is set by neans of heater 17 to a higher value than e

tenperatﬁg &?@i# the particle formation vessel, to tak%ﬁgﬁ§ﬁa&§%$unt t he

20 tenpe ring due to the expansion through the fices.
The nodifier is then added at a predetermined flowrate to the
supercritical fluid by neans of punp 9- ¥We-solution of protein and
stabiliser is punped by neans of punp 10 into the particle 25 formation
vessel when stofadyhes et icohal thare st equintadisrdd dignetex hkess eeeRain

amount of sol Ylg ofy kS thed IHG-o NG RATEH G188 ity | ONmYeSs&tmoRETPERS and
10 are stopped and only the supercritical fluid.is nfd to the 30 particle

formation vesM%Q"&WWaﬁ]hérﬁf’@ﬁﬁﬁmﬁaéﬂo%me 3Rt sol vent and
nmodi fier. The paydiighle fieiradl vy eisteindte déepfastviaed béthweeponwder is

recovered and_sealed in 10 Mials under dr nijrogen. 35 The .
Co-pr ec! i ¢ at BFHAOEITS SR M Tde Astiar A S oR B S he
fol | owi ng conditiibdis se3s CourbilotRidrs33E arb wintRinald 0 tgliSfedtdhiEach 7
April 2006 1 0356,..3. _RGT/ EP 1761 - . | d for
bi ol ogi cal ac F\%ﬁtoy a%ﬁ%glg,y’l-,%ﬁ%ﬁ%ng%%%g%?hw;O%%@i:o%p‘grﬁ%n; a
paral | el st udplias incomhesrdwtasalitordial gsce Spinxaidibpsubaarit¢kes

fluids as is, ,eR-anpR0UsHILeR IR SfA¥alehia -y 340183 Unpr ocessed
commerci al product, all stored under dry " nitrogen. Exanple 1 Preparation

of al kaltPne pR&epR&tase (ALP)/trehal ose co- 10 precipitate particles In
this exanple, the nethod of/ the invention is used to co-precipitate

m xtures of alkaline %ho phat as %ALP) and trehal ose.
erime al procedur

The supercritical fluid is fed to the precipitation
15 vessel by means of pump B, 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 weans 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 wmodifier.

The particle formation vessel is depressurised, the
powder is recovered and sealed in 10 mL 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




15 Sol utions containing ALP (SI GVA Chem cal s) at concent ra%i@}ﬂgog%)w/w
and trehal ose (SIGVA Chemi cals) at concentration within the range 0-2% w w
in dei oniYOPHRIEF were used. The ALP/ Trehal ose rati os of RUTERBHEIGhed
powders 20 were as follow 1:10, 1:2 and 1:0. Carbon dioxi de as
supercritical fluid and ethanol as nodifi were used. The solution was fed
into the particle formation vessel 22 by ans of punp 10 at a flowrate
of 0.2 g/ mn. sSHR8IC kil 0 I Q% f .rean f 25 punp 8
at a flowrate (%?‘E)BC?CEMIIEL% %:ﬂa& h%ﬁo?o\%a?i gg?\gggln%%r@)ér&%p&s&p%g t%d Ii'ne 34
at a flow rate?of34 on MPRE RS-t RS ceMpad irorh superedilelc sltudar e

di oxi de prior bondeeteq oAl grbeinapibelip: tatERl kon \gasehicing:
supercritical %#ULgﬁmas i,nj ect ed Ii o the_ 30 parficle formation vessel
through the four“&%tefial® oPPf PEBSCEPUEhETREZZ-Eriedc RTROLRLE apdneter of
0.04 nm JFhe sbhet inpreassisefecbrneiroialt peogaeti chglf QEBREHONNAYES gk, .
t hrough the CGH#FEE Q ifice of the nozzle, having a dianeter of 0.04 nm
The length of a Prfices was 35 0.2 mm Tenperature and pressure inside
the particle formation vessel were maintained at a constant 40C, by 7
April 2006 WO R34Q39678 PCT/EP02/11761 - 19 nmeans of the heating jacket
21, and 1001 bar by neans of the micro nmetering regul ation valve 25,
respectively. PEPRRrpriaretfpatkatine porerkotpaset 68LBh/ thehdldserc@s at

t he bot tiom of .m&ipieaégr,[ggﬂ;p@l,ygssel , While 5 supercritical fluid,

nodi fier and water were coll,ected into the cylinder 26 at atnospheric
pressure. The process was conducted as long as a sufficient anount of

powder was obtai nedin Afhes ékemshd Uttlen mevhodos figs {oeds: vk ej stopped |
and only pure dioxide 10.was fed into particles, formati on vessel in’
order to ext rlg%&%?/ "Jf‘? Jée%quls%%/eeﬂ?l}é%&:%o‘? i 2t%31 e (pwsphatase
(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/Trehaloge ratios of the obtained powders
20 were as follow: 1:10, 1:2 and 1:0. Carbon dioxide as
l‘supercrit;cal fluid and ethanol as modifier were used.

The solution was fed into the particle formation
‘vessel.zz by means of pump 10 at a flow rate of 0.2
‘g/min. Superqritical carbon dioxide was fed by means of
'125 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_sﬁpercritical fluid was. injected intd 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



precipitated powders.. Typically, the particle formation 2se 2@@65 washed
with two volunes of carbon dioxide in order to obtain dry é 15

After de ation, the particle formation vessel nd t he
powder s We@?@éﬁ%ver ed and stored in 10 nL vials under%ﬁ‘ﬁ’ﬁﬁﬁ%& . The
yield of the collected powder was 90% The residual enzymatic activity of
ALP was within 20 95% and 100% conparedlo-the unprocessed comerci al
reagent. The powder optical m croscopy analysis shows that at high
trehal ose cont®AnfasCE ofhe reat bpg| peekett2d, 1216 ihe+pohder bysmeanged by
two different opopu &ﬁi@fb%e@@fiﬁﬁ'ﬁégquE‘@lth{rﬁf'vészgheré@?%@lﬁvéi}f 4
0 oun

frequent, is f@gmed bé' %ngl e shaped particles

shaped parti cl He 1 RAS %F Wareiepblegredqont shej Filhert 83t hose
obt ai ned by tatehmtoIsotasonm m@rmm¢m|mt§@@eﬁééséw%h% The | ower
t rehal ose-. cont er h wt ero shape articles ul ation
only. ThESs t h%p <fci\zgdtosc{i:a C%O%Jrjg]c‘?lﬁ El%é‘g ’Ehwﬁ‘f’-’ ‘59fggﬁﬁ?‘éri tical
C2 to give orveltdutﬁ‘da oiylpaxdezclih’s mlqtmspllmri@vpre&geh@l ose contents

(protein/trehal ose #ali VA IR Vi was_ -fou
| ysozyme/ t r ehal ose co- recci]e% a“t’aesss see Cg%a 0# §19)%" na?%‘gg glﬁ%duct s
wer e prepar ed 3PUHe hgiasg e ’qﬁlsnetﬁhse Rfﬁelfdtjmj seku e amiynat iC

activity of AwRases oM tﬁéﬁ@@éﬁéﬁ% 44 crmpaled, o, tde. (%9)?
03/ 03562@ PCT/ EPO 761 - 20 unprocéssed com*rrr;@kl al reagz"“elﬁé%)fE c%
t

vial s cont ai ni"%f FEEGs BRIt iTATIRER oy (Ve fe o gou LTI A0 dr ed
products, all extaeictdany eyt seTvend Rl ehditady | #ddm Stnkly Several

als o cachosaani e slated ngae of e ollonn sonditons;
3, 6 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 'ﬁrequent, is formed by needle shaped particles, while

‘the 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). BAnalogous products were prepared by freeze-

 drying. 1In this case the found residual enzymatic
activity of ALP was within 95% and 104%, compared to the




nonths, the contents of the vials were assayed for ALP actb I%ﬂzo&pe
stablllty studies results are summari sed in-Table 1. Pure

preci pi t Wed3m3p6Bupercritical COR (sanple 15 F6) shows a R{SERP2/01761
enzymatic activity at all the conditions. The residual activity after 6
months at 40C - 75% RH (npst extrene cong%6|ons), Is 57% of the t=0
value. On the contrary, no significant of activity at 20 al

conditions up f ALP/ trehal ose co-precipitated by
supercritical %%Eﬁ Q%Qa W%ﬁl%g {%l Jez 9E#§y. At 40C - 75% RH, pure
freeze-dried ALP (sﬁﬁwnéar8yladﬁdcgngwanmmgﬂynpnmcqaaﬁﬂumommenrahnmna
decays and 25 ggl xnéidgaﬁg %%é)e%fe-m%e'dn (ta‘lu ARy %ggc(fjéf \Hﬁé;vSl & .

retained after 6 nonthsS. At the other t1ons, Inst
product shows %lEFBHEPrawﬁrﬁuP§€@@§§dao than the pure the following 95%
vs 83% ats 65% RH. Finally, ALP/trehalose initial rapid freeze-dried ALP

In fact after nt b si.dual enzymatic activity were detected: 25C -
60% RH, and 86€§€§ %%gga%g§6§ the freeze dried powder having the ratio of

1: 10 (sanple FT10) showed an |oss of activity, then a slower, one up to 35
si x months which s be. L Hdepend to.the_storage con |t|ons
fact the retained e%g§ ég%cséé?gvpﬁleggh FAbBHE 0 YERR, P %%Weﬁﬁ
40C - 75% ar e @Do%he l¢w20960vud¢3ﬁ0856735PCT#EQQQ/Enzeaooczi 65%
| 10 RH; 40°C - 75% RH for 6 months. At £t =0, 1, 2, 3, &

months, the contents of the #ials were assayed for ALP

activity. The stability studies results are summarised
in.Table 1.
-Pure ALP precipitated by supercritical €0, (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 supercrltlcal CO, at
ratio 1:10 (sample FT8).
At 40°C - 75% RH, pure freeze- dried ALP (sample F8)
and SIGMA commer01a1 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 proauct 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% wvs 83% at 25°C - 60% RH, and 86% vs 76% at 30°C -
| 65% RH. . |
7 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 wonths which seams to be 1ndependent to the storage
 cond1t1ons In fact the retained enzymatic activities
at 250°C - 60% RH, 30°C - 65% RH and 40°C - 75% are 90%,




88% and 90% respectively of the initial value. Exanple 2 Prgg@kﬁbh&g of
| ysozyne/trehal ose co-precipitate 5 particles In this exanpléf the nmet hod
of the invention is used to prepare co-precipitate powders using |ysozyne
and treha¥89¢93564% uti ons containing | ysozyme (S| GVA Cheni F&ITEPOH1761 0
concentration within 0.2 - 1% ww and trehal ose (SI GVA Chem cal s) :
at,concentration within the range 0 - 2% w-w_ in deionized water were used.
The |ysozyne /trehalose ratios of the obtained powders were as follows:
1:10, 1:5, 1l:@gslada 304, réspedPihvd1P LFabhe 2hiciaiCenban.di oxide was
used as supercritical fluid and ethanol as nodifier. The aqueous sol ution
containing the enzyne and the stabiliser was fed into the particle
formati on vessekamiple by neans of punp 10 at a flowrate of 0.2 g/mn. 20
Supercritical carbon dioxid s fed ans of pu 8..a flowrate of
2070/ mi . et nEETPREREN BE hednerte’ tpthaeefocPrHeegipdkader | ow rate o
4 g/mn and itpawsichexed with supercritical carbon dioxide before entering
- into the particl o, [ el 5 super cfiti fLyid;was
injected into the Qggrégg%e8£%¥§%§io%héggggﬁoéhggughét%%@%EU%BEX%g?naI
orifices of tHsedA coredehe WetPredinhbabe poOwleDd WRINFhEYSOEUTRFON was
i njected into ihe paghitbseformation vessel through the central orifice of
the nozzle, having 30 a, dianeter of, 0.04 mm Len?th of all oriiifes is 0.2
mm Tenperat ure andPrelstond FIREYEIPR purerere (FPOPMRL FBR™ERLE! @bre
mai nt ai med at oo si @t i 40Griflyin neans- of st hpw head i bgehat&es 2%rcEad 1001
bar by neans 35 of. t mcro_netering reqgul ation valve 25 espgetively.
Prec i tatod RHTHIEE hett RN SLradE LR Woth iR R Safde Dhar i vt of
particle fornatn cleikeseatd whide werpride@006The 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 agqueous 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 diaméter of 0.04 wm. Length of all orifices ig 0.2
mm.

Temperature and pressure inside the particle
formation vessel were maintained at 'a constant 40°C, by

. - means of the heatiﬁg jacket 21, and 100:+1 bar by means

35  of the micro metérihg regulation valve 25, respectively.
| Precipitétéd pértidles-were collected on the filter
23 at the bottom of particle formation vessel, while



WO 03/ 035673 PCT/EP02/11761 - 22 supercritical fluid, nodifigr, weser and
solute eventually not precipitated were collected in the cf* n& 26 at
at nospherW@ 0&$&re. After that, a certain anount of soldﬂﬁﬂﬁﬁgﬂﬂﬁﬂ into

5 the particle formati on vessel, punps 9 and 10 were stopped and only
"supercritical fluid was fed into the parghcle formation vessel in order to
dry the precipitated powders: typically, it requires about two tines the
vol une 01;1 t he mé.r’@fﬂslcf:a)l nEd & D, VIﬁtSéi_efié@, 1Qaobtaanddsylpowders. At this
poi nt, the partlc mat i on_vesse s. depressurised, opeped and the
Powder s col | eceitunly ar b RIS Rebvered Hehherelhedten.2RThES: oung
residual . enzynstlindet | ¥ tyt odthysphzynic gbesasrai t hin 96% and 100x,
conpared to the un r f ach
sanpl e the I'ysozyme e§§E$$éﬁg?ose ra.gtgithe re alneg“'%fmge ?% gé?l@%F?, t he
protein éonterﬁhm@?ti%Mele@nh'm@@%helpwm ?Oalﬁfieépp‘i\?@ﬁ?l on, the
nunber of parts!t%;&?ec@%&th%ﬁﬂpssli’g[ﬁ&cif'@l@ﬂtf]?lhfdsdraﬁsfeé\slﬁ@@ Qgenot ed,

for all the sanples both enzymatic activity_and protein content are very
close to t heoRATTCHFLS of FYTRAE HISVEFRE bxorPHEFE a0 TohdFifons we used

al | oned ad5| mﬁxfgrc;@fﬁﬁtmd a@m&uef@lr ﬂ?&mﬂar Oi_iﬁlf\e@litdréslg@]boﬁﬂdtwo |
guaranteed an_al nost_.conpl.e 0 o |ca Vi recover article
size distributidKE ﬁhﬁigékﬁ@? Si ?méé%@ﬁ&ﬂ?% eHFe gEﬁ?

m crogrdaphs sldiedn tdeyt govdeatd. the pomders obt ai ned by supercritical CO2
30 precipitation, ’@{)E‘tﬂ{@’gcﬁ%e Oftﬁ@%a&%f&fé ﬁf;?ﬁﬁab&&{‘ +vEQUL Y &, £nt

di aneter less then a 'narrow Size uti1on. gures 4, 5, 6
show t he partﬁﬁpgaﬂﬁu¥1&ﬂ%¢rdﬂﬂnednﬁndﬁthﬁunﬂwﬁ¢ﬁs(ﬁﬂllﬁmt%@~preC|pltated

wth |ysozyme/ trehglose &t 15 Kok Aifadkd) i rEpecti vel y. The

L3

ot her co- preC|p|tates yi simlar
he “found re81dual enzymatic activity of lysozyme
15 was within 96% and 100%, compared to the unprocessed

commercial reagent.
Table 2 reports for each sample the lysozyme/
trehalose 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

samples, 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 i
biclogical activity recovery.
The particle gize distributions of powders 7
calculated by image analysis of SEM micrographs showed
| that for all the powders obtained by supercritical CO,
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/trehalogse 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



distributions. Mreover, the powders observation by opticazﬁggﬁf%@opy
anal ysis showed that at high 7 April 2006 WO 03/ 035673 PCT/ 61 -

trehal osqygpiiaehss as for both |ysozyme/trehal ose ratios pdrdBoAidsil: S the
powders were conposed of two particle populations: the one, V\?‘ll ch largely
was the nost frequent, was formed by needl e shaped particles, the 5 other
was formed by round shaped particl es. The2Heedl e shaped partlcl es were

it iml t t bt b h ted b
duper cri 11 cal SEEBA1ERG RO A% 95 R R et Con e oS
(lysozyne/ t rlel’ial asel rlatﬁ,o the? pdwikeyrowetetes coimpweekd et rioem doasthiaipeice 10

i cl . d Wth
particles pop g,hi%% | Cal t%z%dé’s%%&% %%’%g}%ﬁgc%as%gfé par% € t

trehal ose by eFerit form on cle at the

| ower trehal of&equanént waEhifgharedydot @aﬂlﬁema@@d patgg)les Hadee an
optimal sval ugrher Wa%t %‘d}/rrferde %ﬁmrdatsh% | CArgyanay eesrddg dexihest

i nteraction between the two kin nol eculfes “exi sts. This behavi our has
been conf.rneahayeéseanaﬁa¥ﬁ§:¥en@ Giride7 sdRddeIDEe thas i d W i ous

Co- precipitatedhhlsezyse @ﬁ‘é@ﬂlpita%‘édr @;&e@ap@&craum@alprc&gi pi bat ede
| ysozyme and tre aI ose are 9 ortt e(EI1 5‘%6’(‘% ﬂg’t at hi gher
trehal ose conF8Rt*EFgti & f%% ﬁpl && E&HF% T hdd& S5%M5 ose whi ch

recovers thetrehaﬂalsbl metd ti: (Zlexdr&ﬂeepnswdemsalshQWeﬂiQ‘tﬁ)e anciricheshapeel t s at
214C i nqhe s f I_pi:.t.at eh e e yherml
| 1 of ?ggt%xegt BBPE(;@Eerlh%?llg’; %58 Lybb? e 5-521 fbfeeren_t The

behaV|our OWer con es*Is
sanpl es w th Pracipstatedt gighl tmlpﬁengsa@@rgmtll@lah &% hkeoohernf

l'ysozyne as 'énlfhéng‘)ﬁ&naeb%VEQEt@LUlEeéEnEﬁe' Solh® 3Rk QWL dhever

tenperatures of . the characterisStic_ transition of_|ysozynme at T=204C. The
hi gher the 30(higharoBECEEARERFePReOEEWERELAE) tenﬁ@ﬂﬁ?uﬁé-SPtlFPénS|t|on
Thus, we havevslt@ngoevpeeneenybakthe@ospr e6tpbt *hieh Burasupeees theal

f|UidS %Elowsbagtlntkerggtion 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 lysczyme 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.




I nteraction between protein and trehalose. In fact up to a7%§rﬂ}2§@6 anount
of sugar (1:2 ratio) we obtained a 35 honpgeneous solid phasé. I's ratio
is abl e tWOWPEICE  the best protein/sugar interaction andPGHEPBEET61| ong
termstability of protein. WD 03/035673 - 24 TABLE 1 5 10 20 7 April 2006
PCT/ EPO2/ 11761 Sanmpl e/ ALP/ Enz. Enz. Enz 2,tlf*nz_. drying Trehal ose Storage
Activity at Activity at Activity at Activity at nethodRatioconditionl nonth

2 months 3 nonths 6 nonths (% of t=0)(%gkrE=9) (% of t=0)(% of t=0)

ALP1: 0-20C------ 96 Si gma25C 60%RH10110010195 Freeze-30C 70%:H103. 1039486
dryi ng40C/ 759%0:H94857542 ALP F61: 0- 20C---- - SCF25C/ 60%RHO1726967
Sample/ ALP/ Storage Enz. - Enz. Enz, Enz.
drying ‘Trehalose condition Activity at Activity at | Activity at Activity at
5 method Ratio lmonth | 2moenths | 3months | 6 months
% oft=0) | (%oft=0) | (% of t=0) | (% of t=0)
ALP 1:0 - -20°C — —_ — 96
Sigma | 25°C/60%RH 101 100 101 95
Freeze- 30°C/70%RH 103 . 103 94 86
drying ' '
¢ | 40°CI7T5%RH 94 .85 N 42
10 ALP F6 1:0 20°C — —_— —_— —
SCF 25°C/60%RH 9] 72 69 67
30°C/70%RH 101 71 59 59
40°C/TS%RH 64 69 58 57
ALPF8 1:0 20°C — — —_ —
Freeze- : 25°C/60%RH 88 89 89 83
drying 30°C/70%RY 83 87 87 7%
40°C/T5%RH 75 75 62 43
15 ALPFT8 1:10 -20°C — — — 101
scr 25°CI60%RH 111 99 113 99
30°C/70%RH 104 97. 102 99
40°C/75%RH 113 98 101 .99
1:10 . 20°C — — — 95
ALPFTI0 25°CI60%RE 95 95 93 9%
_ | Freeze- 30°C/70%RH 94 96 92 88
20 drying
_ 40°CT5%RH 94 93 .92 90




30C/ 7094H101715959 40C/ 7590:H64695857 ALP F81: 0- 20C------ 120
Freeze- 25G60%:H88898983 dryi ng30C/ 70%:H83878776 40C775%RH75?§3§%§ %iP

FT81: 10- a0l SCE25C/ 60%:H1119911399 30C/ 709RRH10497
2001 750 UB 00 1: 10-200 - 05 ALP FTI 0250 609RLD50503E0MER21176L
Freeze- 30G709%RH94969288 dryi ng40C/ 75%:H94939290 7 April 2006 WD 03/ 035673
25 TABLE 2 5 10 PCT/ EP02/ 11761 Lysozyne ksEnz. Activity Protein content
No. of particles Particles size SAMPLETrehal ose (ng Enz.lIng (% on
nom nal ) popul ati ons(% < 10 jim Rati oPratasLER31: 00. 96102. 6199
L121: 101. 04104. 32-- LT31:10.96100.8198 LT61:50.96104. 0292 LT84:1
1.01103. 2197 LT91:20.98104.0193 LT102:10. 97103. 9197

SAMPLE | Lysozymel | Enz. Activity Protein content | No. of particles | Particles size
Trehalose | (mg Enz.Inig (% on nominal) populations (% <10 jim)
Ratio Prot.) \
L3 1:0 0.96 102.6 1 29
5 T2 1:10 ’ 1.04 104.3 2 —-
' LT3 111 0.96 100.8 B 98
LT6 1:5 0.96 104.0 ‘ 2 92
LT8 41 -« 1.01 103.2 i 97
LT9 1:2 0.98 104.0 1 93
10 LT10 2:1 0.97 103.9 1 97




