1 Inhalable Drug Technical Field The present invention relates to a drug in an inhalable form and to a
process for making the drug in an inhalable form. Background of the Invention Control of particle size
is an important consideration in production of drugs. This is particularly important when the drug is
intended for delivery by inhalation, as particle size has a significant effect on the delivery of particles
of the drug to the lungs, and on the degree of irritation to the respiratory tract caused by inhalation of
the drug. Inhalation type drug therapy commonly ulilizes a drug together with a suitable carrier. These
carriers may be fluorinated materials, such as HFCS (hydrofluorocarbons) and HFAs
(hydrofiuoroalkanes), which have benefits of low toxicity, inertness, stability and suitable physical
properties. However these carriers are well known to be harmful to the environment. Indeed
environmental considerations have been respBix#le Rikghe phasing out of CFCs
(chlorofluorocarbons) which have been usedlechuitfaldigtications in the past. An alternative to
inhalation therapy using a carrier is the use of inhalers which deliver the drug as fine particles without

the need for a carrier.fhefe s ihersfore aaed 16 aroseRRdRLRIBANCINGS Augdo the form of
suitably fine particles, ar;gij( for a sul%%%gﬁthod for using such a drug in treatment of disease. Object

of the Invention TS B 8588 B PIHE Thivention to overcome or substantially ameliorate at least
one of the above disadvantages. It is a Ratheroumtef thednveasdiopartially satisfy at least one of the
above needs Summargoofrtief paréeikticizd s arfirmpartre chrtidatisnonowiatiedtiarpsbdegs. foipreparation of
particles of an ighslablRelriepermPuaEIG oM iNtehdiss ibiauih an bR Reaess liauiddiia region of
high shear, Wh%ffebﬁ(a%ﬁﬁ gqﬁﬁ%ﬁ‘@#&@gé% ﬁ&%‘}doi'{S’éHQEéQtc?f@%d?ﬁg}[?{}@e}%d@:?&%'ﬁﬁ {f the drug, and

whereby where one o 1ds comgﬂrlses aé)recur he other of the first” and second liquids

sQr, t |
comprises a reag@htwhick R WRRRIRLC PR &R sﬁagé?W@ﬁt'gﬂgéwec%@itions to form particles of
the drug. In one emboan#ieien tnedus heFRURTaPIY EEigssis dpiparhsonbRSHiaeR®HRaN inhalable
drug comprisingroesabiniizgsarfis blidluictisatedarssedtis HoehchinHE Cegioniofiinglragieay ,anhereby the first
liquid and the segoud liguidiipayiatesachiriardheRadistaswioiheydingireie eidhe tirat and second
liquids may CO”MS‘S&B%QEH%PJ;:%&?J?9%‘6&8&9%5@8 fcarriers are well known to be harmful to the
environment. Indeed environmental considerations have been responsible for the
phasing out of CFCs (chlorofluorocarbons) which have been used in such applications in
the past. An alternative to inhalation therapy using a carrier is the use of inhalers which
deliver the drug as fine particles without the need for a carrier.
There is therefore a need for a process for producing a drug in the form of suitably
fine particles, and for a suitable method for using such a drug in treatment of disease.
Object of the Invention
It is an object of the present invention to overcome or substantially ameliorate at
ieast one of the above disadvantages. It is a further object to af least partially satisfy at
least one of the above needs
Summary of the Invention
In a first aspect, there is provided a process for preparation of particles of an
inhalable drug comprising combining a first liquid and a second liquid in a region of high
shear, whereby the first liquid and the second liquid interact to form the particles of the
drug, and whereby where one of the liguids comprises a precursor, the other of the first
and second liquids comprises a reagent which reacts with the precursor under high shear
conditions to form particles of the drug.
in one embodiment, there is provided a process for preparation of particles of an
inhalable drug comprising combining a first liguid and a second liguid in & region of high
shear, whereby the first liquid and the second liquid may interact to form the particles of
the drug. One of the first and second liquids may comprise the drug or a precursor thereof
and, in the case where one of the liquids comprises the precursor, the other of the first and
second fiquids may comprise a reagent which reacts with the precursor under high shear
conditions to form particles of



and, in the case where one,of the liquids comprises the precursor, the other of the first4ntf St Bi{000302
liquids may comprise a reagent which reacts with the preédrsor under high shear cahersiied & il 2007
particles of PCT/AU2006/000302 Received 27 April 2067 Is the drug, and, in the case where one of

the liquids comprises the drug, the other of the first and second liquids may comprise a liquid which,
when mixed under high shear with the liquid containing the drug, forms particles of the drug (i.e.

causes particles of the drug to form). Amended Sheet'lPEAJAU WO 2006/096906

PCTIAU2006/000302 2 The process may also comprise the step of isolating the particles of the drug.
The combining mal; Eemplisetinjecting:the-birsanc secandl gy ids 0, AMPRS.ZANELQMPrising a
she_a_r deV|c_e Whlchld;ﬂzya_aﬁ@ mgﬁhm%gg mﬁﬂ'ﬁeﬂ%??&%@r%éﬂul% quhefgsgignmql msl%gor&lg I|qU|_ds may
be injected into th m%on]gaug%]%ctleo%g the shear s device. %’ e shear devics may-beé rotating in

the mixing zone in order to impart high shear 10 the'firstBhe BB liGhides affemiy Hewotating at
between about 100 and 15000 rpm, or between about 1,000 rpm or less and about 10,000 rpm or
more than about 10,000, or more than about 15,000rpm. The first liquid may be miscible with the
second liquid. The ratio of the first liquid to the second liquid may be between about 1:200 and about
200:1 to on a w/w or v/v basis. The shear device may be substantially cylindrical and may comprise at
least one layer of mesh. The shear device may comprise a plurality of ‘overlapping layers of mesh,
The mesh may have a mesh size of about 0.05 to about 3mm or about 0.1 to 0.5mm or about 0.5mm
or less to 3.0 nun or more. It may have a porosity of greater than about 75%, or greater than about
90%. The shear device may be a rotating is packed bed reactor (RPB). The first and second liquids
may be injected into the mixing zone through a plurality of inlets. Each inlet for the first liquid may be
located within the mixing region no further than about 15 degree of arc from an inlet for the second
liquid:-The injection velocity of the first and second liquids may be greater than about | m/s, or may be
20 between about | and about 120 mis. The particles of the drug may be of a size and/or shape
suitable for administration by inhalation. The particles may be of a size and/or shape such that, when
administered to ' :
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a patient by inhalation for the treatment of a condition of said patient, the particles are absorbed by
the patient at a rate appropriate for treatment of said condition. The particles 25 may be less than
about 10 microns in diameter, and may be between about 0.5 and about 10 microns in diameter. The
proportion of particles less than about 10 microns in diameter, or between 0.5 and about 10 microns

in dia_lr_neter may % G%%%%r than about 50% on a we?ght or number baSiSpng;% g%((}—:'ﬁ%gfstorllze _particles
specified herein may be considered to be mean particle sizes. The drug may be an inhalation-type

drug. It may be 30 an antibiotic, a (3-agonist, a bronchodilator, a steroid, a cyclosporin or some other
type of drug. It may e {asesampledebramysin sareep of(flutinagone profibnate)héotmette
beclomethazone, hytazamide or salbutamo].sulfate or som Q(%{dd .40 ane empadiment, the first
liquid comprise%og1 Siifton of the Bﬁf’a ilrﬁljgcél&%e%f, %ﬁ% %ﬁf s%cond#i%%ﬁid comprises a%]on-s?olvent for

the drug. The nempchieme rephievies wiielbiawts Mehstivent Safirrhysksesbliaeftaliiing the
drug to precipitglg; OnfosR.RATIGHES WhsNbRixgebwihniaetso lutivhg Sdneadinthiy enbabinstatrthe first
liquid comprises a, precursor of the drug, pptionally . dissolved in a first salvent t egond liquid
comprises & refgeRt: OPTiSHER %ﬁ%cseolfl\)%/ gl)ﬁoéasgggé%g% g(_) Vent %voﬁgrlgb&%tﬁrgt S entﬁ;ls%tgapable of
reacting with thte pre Suvsordeckonm linsddrand Ty beagtinmahbeevsapabnutdOardind Ot Frie

pr:ecurﬁm to fO(;&? gﬁ&ﬁ%&?%&ﬂh@@%@@g&@@g@r@bmayd?@;o@r?@ab& ﬁfokeaﬁi'ﬁ;]@wmmeopr%ugsor
through an acid- base reaction {0 form t rug, .-The ratio of the precursor.to the reagent e
between aboul™¥f H}%%‘?%“&ﬁ&%‘??mﬁg’%ﬁfg@é%’hdr% g%énéflssg,{{gﬁgv %%%%%%%ﬁv%%ﬁ%ﬁ% 3:1 and
about 1:3 on a miesitbsifisT igufiidolihaisenad lpidiseibles hithvese sewsddi§uied abratf:dolvent, if

present, maybe,the sampe,as”r difsrentdatae seaand selvert dibaraseny: apehthrdwangolents, if
present, may be miscible. The drugi‘nay beas It,&tpﬁe recursar ma b%()a frgg bgs u%} e{%rug and
the reagent ma§PBWEF ideaEh PR AR HIe RS a§£5%r. SHibatamol SUFAE the Precurbor may be

salbutamol andotelsppige ttyenayfesdul Mirkoesit ninyd ivrthanestn biodieh ebethe- Prde asgomitises:

providing a mixjng,zone ¢QRWERING.R SR 8heak deYice eomnkising moplutalifyyofQverlgnping layers of
mesh, each of said layers of mesh having a mesh si%e b%t l{eiﬂ%ﬁgt %OSmm ar;g aboytu%mm;
rotating said higH %‘WééF thapiakent bt SR EHGUITHESHY §¥ o BrpRTprOVding 10 the fnixing

pm, pro
zone a firstdiquithciad Bedecand ([RDR).iN a ratio between about 1:200 and about 200:1 on a v/v basis,

whereby one of The first and second liquids may be injected into the mixing zone through a

plurality of inlets. Each inlet for the first liquid may be located within the mixing region
no further than about 15 degree of arc from an inlet for the second liquid--The injection
velocity of the first and second liquids may be greater than about 1 m/s, or may be
20  between about 1 and about 120 m/s.
The particles of the drug may be of a size and/or shape suitable for adminisiration
by inhalation. The particles may be of a size and/or shape such that, when administered to
a patient by inhalation for the treatment of a condition of said patient, the particles are
absorbed by the patient at a rate appropriate for treatment of said condition. The particles
25 may be less than about 10 microns in diameter, and may be beiween about 0.5 and about
10 microns in diameter. The proportion of particles less than about 10 microns in
diameter, or between 0.5 and about 10 microns in diameter may be gre‘ater'than about
50% on a weight or number basis. The sizes of the particles specified herein may be
considered to be mean particle sizes, The drug may be an inhalation-type drug. It may be
30 an antibiotic, a B-agonist, a bronchodilator, a steroid, a cyclosporin or some other type of
drug. It may be for example tobramycin salmetrol (fluticasone propionate), formofrol,
beclomethazone, butazamide or salbutamol sulfate or some other drug.
In one embodiment, the first liquid comprises a solution of the drug in a solvent,
and the second liquid comprises a non-solvent. for the drug. The non—sqlvent may be
35 miscible with the solvent, and may be capable of causing the drug to precipitate or form

particles when mixed with the solution.



the first and second liquids comprises the drug or a precursor thereof and the other of said first and
second liquids, in the case where one of the liquids comprises the precursor, a reagent which reacts
with the precursor under high shear conditions to form particles of the drug, and in the case where
one of the liquids comprises the drug, the other liquid comprises a liquid which, when mixed with the
liquid containing the drug under high shear, forms particles of the drug, thereby forming the particles
of the drug having a particle size between about 0.5 and about 10 microns; and isolating the particles
of the drug. In a second aspect, there is provided &an inhalable drug when made by the process of the
first aspect. In one embodiment, there is provided an inhalable drug in the form of particles having a

diameter less inafaRPul AQMISIOnS. dciaitalRmRY e aBrUiaR. diagielibhgueen about 0.5

and about 10 microns. The proportion %f partlcclﬁ,s 0 églr% ginggéa},bélae eq] u Iggéltr&?go%bgut 10 microns in
diameter, or BATIRER ARSI PRSIt T 0 MitioRe 1h ramet _m'a‘%toe greater than about 50%, or
greater than db8 eSS WherehyHtaraesentinherpais beastta ¢ TR ARE TIPS have a narrow
particle size distrioptithe Fagepropy torersbirasticiasivel Wi frhbietrsad tadormavitcgsrirticle size within
about 10%, orwithin. alpeutakin. ehihe mReahparteitigjzainay begreaterdhansabeit 20%, or greater

than about 50%5.0n.a AUMPEFPHYSINLRRSkE. TheaEGes Mak heglrsize-and(eeshape such that,
when administered t_9 a R]atlent mhqlgltlop for the lreatment fa %o%d tion of %ggogp?atlent, the
OOE) p%/ t or may be M

B
particles are & 35}69 We'pa S?H atara (Seséjﬂpr?géiﬁa?%' of freatment of ggiec‘ibcondltlon. The

particles may 8t S8R&ricAPrefoRgateaTT ARRIRL B BearehR YT RERELIHEy be some other
shape. The pditizles swebeiaggieneneds. (Thsaparatiesdfiepdophepmeth§irrMoibeess of the first
aspect of the irwesicihdlhavaihenembpdisent, thgte ivigroridee armethhpdder dstatiag a condition in a

patient comprising proyiding to;the,patisnkaa-ghalpbie-dryghinthadonmel natislaspraid particles
being preparegl?bg the process of th flrhsat“ﬁpect. The dlscl%%urqbrl\j(tarelq %ﬁ§ a method for
|

treating a con ﬁugnmaypa%i%an uct%rrrﬁopﬁ%mg pr%@fglcrlfés% The pat?gnt %ﬂ%n%laag%%gg g in the form of
particles, said’ﬁﬂﬁé’%ﬁ‘l’g%ﬁ.ﬁj’iﬂeing according to the second aspect. The inhalable drug may be
provided in an inhalen afwititheestepdofigntobidinrehecaiitsts the patient may comprise providing the
inhaler having particles of thestaig theseiny torbedpatient I highnineablevdeugmaigitiessuitable, or
indicated, for treatment of ﬂﬁ)%rality of overlapping layers of mesh, each of said layers of mesh
having a mesh size between about 0.05mm and about 3mm,;
- rotating said high shear device at between about 100 and about 15000rpm;
- providing to the mixing zone a first liquid and a second liquid in a ratio
between about 1:200 and about 200:1 on a v/v basis, whereby one of
the first and second liquids comprises the drug or a precursor thereof
and the other of said first and second liquids, in the case where one of
the liquids comprises the precursor, a reagent which reacts with the
precursor under high shear conditions to form particles of the drug, and
in the case where one of the liquids comprises the drug, the other
liquid comprises a liguid which, when mixed with the liquid containing
the drug under high shear, forms particles of the drug, thereby forming
the particies of the drug having a particle size between about 0.5 and
about 10 microns; and
isolating the particles of the drug.
In a second aspect, there is provided an inhalable drug when made by the
process of the first aspect.
In one embodiment, there is provided an inhalable drug in the form of particies
having a diameter less than about 10 microns. The particles may have a particle
diameter between about 0.5 and about 10 microns. The proportion of pariicles of the
inhalable drug iess than about 10 microns in diameter, or between about 0.5 and about 10
microns in diameter may be greater than about 50%, or greater than about 80%, on a



condition, and may be suitable, or indicated, for treatment of the condition by inhalation. The condition
may be for example asthma, cancer, an infection such as a lung infection, or it may be some other
condition that is treatable by inhalation of a drug. There is also provided the use of an inhalable drug
disclosed herein for the treatment of a condition selected from the group consisting of asthma, cancer
and an infection. The inhalable drug may be in the form of particles as described above. In a third
aspect, there is provided an inhaler for treating a condition in a patient with particles of an inhalable
drug according to the second aspect therein, said drug being suitable, or indicated, for the condition,
and said particles having a particle diameter less than 10 microns. The particles may have a particle
diameter between about 0.5 and 10 microns. The particles may be prepared by the process of the first
aspect. The inhalable drug may be an inhalable drug according to the second aspect. The invention
also provides tN&'#¥et8Fian iihaeiiceeadiie ehardifods dapedelsr aawmay thetisknaiton in the
patient. The useliatrébytooniigecprdiddicigptnisieshetl e tothebratiepthand allpaicy sxre patient to inhale
from the inhaleratbhe1patientitia kit epnoatianbatta ipekhasegalthais isBroyiged an inhalable

drug made by the pracesseLuag: fst %E%B&%%\a%/ﬁ?%&é%@%@?&%&%}? Hiony %%ggted from the
group con5|st|n%o aS%tQma, nd ggﬂhrilsftectlon. 2006/%9 906 PCT/AU2006/000302 Brief
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Description of the .!r".awﬂ?qs _ .
example with réfEfRES BRIhRAERoRRBATAISS FPAbRMEMPetamatisgiacaTale ammswrigaferof the

experiments dedesitedtiof 4zs eradiipte TSdiguice? isp scheracshelnpgtati erreactimoofisalbutamol
base with sulfurie acidetfuipeagcs: Salstesmelmdiataps g epiabows ddhpiearanbs offihe original
precipitate formegiiepKOSfimEeds ks s 4 annolagiph ol iaegrecivitate of Fig. 3 after

allowing to stand for 2,5 houls. 0,b4duLs 152 schemalc diagram ol hie procees of beaker synthesis
described in the example: FiguTe 6 1s & schermatic d‘l’agLram 0 BRSSP HASE Bed reacton):;
Figure 7 is a scRBYRHRODRISRIAeYdng S ¢rAiEot BIyR RANE fivvgifgem iy ateastiskevidid graph of
concentration v§agibes qstinpfeparath byaimobegstebtiadtisaspbcs olbtahsalb@#E marziRiglspe 9 shows a
graph of reactioprdines esmealstamier rreiigna pardicte mizepklieibeomprising providing to the patient
an inhalable drug in the form of particles, said inhalable drug being according to the second
aspect. The inhalable drug may be provided in an inhaler, and the step of providing the
drug to the patient may comprise providing the inhaler having particles of the drug therein
to the patient. The inhalable drug may be suifable, or indicated, for treatment of the
condition, and may be suitable, or indicated, for freatment of the condition by inhalation.
The condition may be for example asthma, cancer, an infection such as a jung infection, or
it may be some other condition that is treatable by inhalation of a drug. '
There is also provided the use of an inhalable drug disclosed herein for the
treatment of a condition selected from the group consisting of asthma, cancer and an
infection. The inhalable drug may be in the form of particles as described above.
in a third aspect, there is provided an inhaler for treating a condition in a patient with
particles of an inhalable drug according to the second aspect therein, said drug being
suitable, or indicated, for the condition, and said particles having a particle diameter jess
than 10 microns. The particles may have a particle diameter between about 0.5 and 10
microns. The particles may be prepared by the process of the first aspect. The inhalable
drug may be an inhalable drug according fo the second aspect. The invention also provides
the use of an inhaler according to the fourth aspect for treating the condition in the
patient. The use may comprise providing the inhaler to the patient, and allowing the patient
to inhale from the inhaler. The patient may be a human patient.
In a fourth aspect, there is provided an inhalable drug made by the process of the
first aspect for use in the treatment of a condition seiected from the group consisting of
asthma, cancer and an infection.



experiment of the example; Figure 10 shows a graph of concentration of sulfuric acid vs. volume
medium particle size using different concentration of Salbutamol for the experiment of the example;
20 Figure 11 shows a graph of reactive temperature vs. volume medium particle size for the
experiment of the example; Figure 12 shows a graph of stirring speed vs, volume medium particle size

for the expefwoentoldasexample; Figure 13 is a schematic diagram of Salbutamelskifate suspension
samples; 25 Figure 14 shows a graph illustrating tke effect of sonication on volume medium particle

size at different stirring speeds for the experiment of the example; Figure 15 shows a graph illustrating
the effect of sonication on volume medif&{ Patree e ol Sfrr) Bitteridatsconcentration of sulfuric acid
for the experiment of A Zxasmniein TIoHES, 8% RBAI09 R L8fA s mallatirser head as used in the
example; 30 Fi%lVth 17f IS aephoéhograph nge% bigger stirrer head as use %ﬁ%}%ggg)%%&e?)ﬁfaﬁree 18
shows a graph of partiaie St HiSRisIRBRLYERE IRt iAH 6TsEf%e precipitated using different reaction

times, as measuigdresiing ddathernofdrt clpairede ieerbigliretiOeshops;a graph of volume medium

particle size; of sadhutamQl sulfate us.nisaciondime.as Measiied using a Malvern particle size device;
35 Figure 20 shows a %ré h iIIustratisng a rglationsheip betwggﬁJ %u é)? tem%e“?ﬁ‘u?g,ﬁgﬁ:ﬁﬁa& and
FPF(emitted) (ﬁ-"‘l‘—&i‘é"aﬁ %ﬁ?ﬁlﬂbsﬂ’é?:tﬁbn) for the experiment of the example; WO 2006/096906

PCT/AU2006/0803023 6HeigureRitezinaphiso fithandsaphptuspiatiorasdiis okSajeutame! sulfate.
commercial proggighionfigure é@g%ﬁ 3pL granhillustrating gispersion results with different
Salbutamol sulfate spray dry pcl)ﬁv%ders; S Figure%gﬁﬁ%ﬁsoﬁlg? éjrzz?g 1 %&Wgﬁga i e?%'ic?réresults as
a function of st 1&% time; Figure 24 shows a bar graph illustrating dispersion results as a function of

different inhaleFigausce;ifigurb@mehaipahasonap pribist ding:iher aff etk lenging withylactose on
the dispersion ggéggﬁ;;to Figure 26 shows a graph illustrating particle size distribution arising from

different reactign temperatures; Figure 27 shows a graph illustrating particle size distribution arising
from different t%‘gl}ffo iifhEthematic diagram of an RPB (rotating packed bed reactor);

Figure 7 is a schematic diagram of a MSLI (multi-stage liquid impinger);
Figure § shows a graph of concentration vs. absorption for salbutamol sulfate aqueous

15 solution at 276nm;
Figure 9 shows a graph of reaction time vs. volmne medium particle size for the
experiment of the example;
Figure 10 shows a graph of concentration of sulfuric acid vs. volume mediui particle size
using different concentration of Salbutamo! for the experiment of the example;

20 Figure 11 shows a graph of reactive temperature vs. volume medium particle size for the
experiment of the example;
Figure 12 shows a graph of stirring speed vs. volume medium particle size for the
experiment of the example;
Figure 13 is a schematic diagram of Salbutamol sulfate suspension samples;

25 Figure 14 shows a graph illustrating the effect of sonication on volume medium particle
size at different stirring speeds for the experiment of the example;
Figure 15 shows a graph Hllustrating the effect of sonication on volume medium particle
size using different concentration of sulfuric acid for the experiment of the example;
Figure 16 is a photograph of a small stirrer head as used in the example;

3  Figure 17 is a photograph of a bigger stirrer head as used in the example;
Figure 18 shows a graph of particle size distributions of salbutamol sulfate precipitated
using different reaction times, as measured using a Malvern particle size device;
Figare 19 shows a graph of volume medium particle size of salbutamol sulfate vs,
reaction time, as measured using a Malvern particle size device;

35 Figure 20 shows a graph illustrating a relationship between outlet temperature, FPF(total),
and FPF(emitted) (FPF is fine particle fraction) for the experiment of the example;



Figure 28 shows a bar graph illustrating the effect of different inhaler devices on the 1s dispersion
results; Figure 29 shows an electron micrograph of the Sept. 7 sample of the example, taken at
20.0kV 4,000x; Figure 30 shows an electron micrograph of the Sept. 7 sample of the example, taken
at 20.0kV 16,000x; 20 Figure 31 shows an electron micrograph of the Sept. 8 sample of the example,

taken at 20.QY 408650k igure 32 shows an electron micrograph of the $ept, 8.5amRis £f the
example, taken at 20.0kV 32,000x; Figure 33 shoyvs an electron micrograph of the Sept. 13 sample of
the example, taken at 25 5kV 30,000x; Figure 34 shows an electron micrograph of the Sept. 13
sample of the @gimple] takensat Bky SEH0TKEigire 35dhons Sallalearbrividrographeatithe Sept.

30 sample of t?@o%g@agle, taken at 20.0kV 4,000x; 30 Figure 36 shows an electron micrograph of the

Sept. 30 sample of the example, taken at 20.0kV. 16,000x; Figure 37 shows electron micrographs
showing differdfig&itapes ¥réam feinssidl |ﬂ?éf’a#§}‘%>§m%?‘8ﬂé?%“§ﬁay’ H%Pé&%g‘,}& %ﬁllge?ltnaénn‘%solve nt

method: (A) logsEpevyder denpoiBlerspherical powder; 35 Figure 38 shows a bar graph illustrating
dispersion fesyla,of s3lameb aulfals (NRKAR ameleb MedawsictheaasalyaR mhod; WO

2006/096906 _T/AU200G/000 Figure 39 shows a bar graﬁr illustr tin(g.dis Ef{'{%% results of
salbutamol sulfE& D¢ shoesmhia) e liLigting ABRCOREFEHSHS S %}@ 12048 HEREH bar graph
illustrating dispeisin degalts of two Salbutamol sulfate dry powder samples described in the example;
5 Figure 41 shows a granh ilysirafing Rarficle sizR lisibuinns of padinds.af Saleamphisulfate dry
powder sample%s.1 éggiéc’goiﬁ%thae eégg%gle; Figure% shows an eIectronﬂr%icrograph of the Sep.13
sample describlgprising ’@)‘i‘é#ﬁble; and Figure 43 shows an electron micrograph of the Oct.29 sample

described i thgigxamyeshéo-Deataigh Ditsariptioneifor RisfedigdEmimimodimeptdrom different
reaction temperatures;
Figure 27 shows a graph illustrating particle size distribution arising from different
reaction times;
Pigure 28 shows a bar graph illustrating the effect of different inhaler devices on the
15 dispersion results;
Figure 29 shows an electron micrograph of the Sept. 7 sample of the example, taken at
20.0kV 4,000x%;
Figure 30 shows an electron micrograph of the Sept. 7 sample of the example, taken at
20.0kV 16,000x%;
20 Figure 31 shows an electron micrograph of the Sept. 8 sample of the example, taken at
20.0kV 4,000x;
~ Figure 32 shows an eleciron micrograph of the Sept 8§ sample of the example, taken at
20.0kV 32,000%;
Figure 33 shows an electron micrograph of the Sept. 13 sample of the example, taken at
25 5KV 30,000%;
Figure 34 shows an electron micrograph of the Sept. 13 sample of the example, taken at
- 5kV 50,000%;
Figure 35 shows an electron micrograph of the Sept. 30 sample of the example, taken at
20.0kV 4,000%;
30 Figure 36 shows an electron micrograph of the Sept. 30 sample of the example, taken at
20.0kV 16,000x; '
Figure 37 shows electron micrographs showing different shapes of salbutamol sulfate dry
powder after spray drying using the non-solvent method: (A) loose powder, and (B)
spherical powder;
35 Figure 38 shows a bar graph illustrating dispersion results of salbutamol sulfate (Nov.23

sample) made using the non-solvent method;



A convenient process for producing particles with well controlled particle size is described in
WO002/089970, the contents of which are incorporated herein by cross- reference. W002/089970 also
describes a suitable shear device for performing the process. The shear device may be a rotating
packed bed reactor (RPB). 15 One process for producing particles of a substance with a well

controlled patiigleogi@geemprises combining a solution of the substance %% g%\é%@og%uqrst liquid) with
a non-solvent (or anti-solvent) for the substance (a second liquid) in a region of high shear, thereby

causing formation of particles of the substance. This general process may be used in the present
invention for progREme PRSIt srrihiblagitetidedispdteimatiselys ohebh2ehtheirst-amdsegond

liquids may commﬂpﬁmmﬁﬁgﬁwﬂbg,gﬁugn@%mgher of said first and second liquids may
comprise a reagent w, ic react%with tg}leigrecursor under. high shear conditions to form particles of
Y

the drug. In the present INVenton the Sonveri AiLs Ansien dsesinue sebusmeicwiale domprise

water, acetonePéﬂ‘f?ﬁé@Fm@ﬁr@ﬁ@ibﬁémbpmhp}esome other solvent or some mixture of solvents.
The non-salverttigaay heskbsiseilg Withthe - ; -solyent capahle, of forming
particles of the Sﬁ‘aﬁﬁt&”c% élg{sés%%afsin?%ghegr?gﬁgfg& té_oEl ?(\)'{?r%?) l\?tvn(}érg: Erggixtwec‘d}é’l V\r/%ﬁ ?E%alréltuﬁaﬁ d under
conditions of h@’h Shear, ISd ShiTedm grreaioad e HtfifeBIP e nature of the solvent and the
_ substance, watégtsttfthdioseew riscisapr pagoir sbimeihes bauisl Oladmbeuis 0f iguigse The
combining maysg@mprise injecting the first and second liquids into a mixing so zone comprisihg a
shear device \Aﬁl;ticr}ér&?agts hirgah hear to the first and second liquids. The first and second liquids may
be injected into the mixing 2oA8 AFSER BHISHRAELr Qelidsarmme deauitediickamagieleotating in the
mixing zon& in order to impafdififedididariotkve firtrend-efneed bmbegihbgshear device maybe

rotating at between gbout 1 nd_ about 15000 rpm, or.between about 1,000 rpm and about 10,000
A %%’?’9 §8%parﬁ%e§3%?ﬁ°, 5 816D, " ot reaiteleb parele aifel 10,000 or

rpm, or between abou

2,000 and 5,088iBTHch QY HESSEingatcantsnts] 00 v26¢) 360 iMAOH&ARI 15088k bEUHR,000, WO
2006/096906 RETHALL00GI0D0802/(B 250863209, 3500400045005 &%%t%%%@%@’ 6,500,
7,0091 7,500, %%9955.8“%00 egarO(POic%,Sg)lO,bloOOO,,11000, 12000, 13000, 14000 or pm, or_me_lybe
rotating faster “than 15, %g%p . The's arergtr@tﬁ%gﬂg B@?}@Hd’?ﬂ‘ R8O ne first and second liquids.
The first liiuid may Beciseste itbredecies ondidigaidf T ebraimofitite dirstiiquistiaitae,arserond liquid
may be betwegﬁﬁ@ﬂpﬂéeﬁ@qﬁwﬁoﬂmﬂﬂﬂ?w&@ sl%l%gf‘é‘_ﬁ@@ zﬂbfkg}Qfggg% %pig 1}%161]) 11‘?l~r{d 200:1,
1100 and 1004 L0 40020 LE0 g 0L 120 and O, 10 nd 0L LIS b0 and
1:5, 1:20 and 1:10, 1.10-and 20-1 1151t B up1a0gh fp second liquid) in a region of high shear,
thereby causing formation of particles of the substance, This general process may be used
in the present invention for producing particles of an inhalable drug. Alternatively, one of
20 the first and second lquids may comprise a precursor of the drug and the other of said
first and second lignids may comprise a reagent which reacts with the precursor under
high shear conditions to form particles of the drug. In the present invention the solvent
may be aqueous or non-aqueous, and may comprise water, acetone, ethanol, methanol,
isopropanol or some other solvent or some mixture of solvents. The non-solvent may be
25 miscible with the solvent. It may be any non-solvent capable of forming particles of the
substance (i.e. of causing the particles to form) when mixed with the first liquid undér
conditions of high shear, and may comprise, depending on the nature of the solvent and
the substance, water, ethanol, acetone, isopropanol or some other liquid or a mixture of
liquids. The combining may comprise injecting the first and second liquids into a mixing
3 Zene comprising a shear device which imparts high shear to the first and second. liquids,
The first and second liquids may be injected info the mixing zone directly onto the shear
device. The shear device may be rotating in the mixing zone in order to ixﬁpaﬂ high shear
to the first and second liquids. The shear device may be rotating at between about 100 and
about 15000 rpm, or between about 1,000 rpm and about 10,000 rpm, or between about
35 1,000 and 5,000, 1,000 and 2,000, 2,000 and 10,000, 5,000 and 10,000 or 2,000 and

5,000rpm, and wmay be rotating at about 100, 200, 300, 400, 500, 1,000, 1,500, 2,000,



20:1, 1:1 and 20:1, 2:1 and 20:1, 5:1 and 20:1, 10:1 and 20:1, 1:10 and 10:1, 1:5 and 5:1, 1:3 and 3:1,
1:2and 2:1,2:3and 3:2,1: 10and 1: 1, 1: 1 and 10: 1, or 1:2 and 2: 1, and may to be about 1:20,
1:15, 1:10, 1:9, 1:8, 1:7, 1:6, 1:5, 1:4, 1:3, 1:2, 2:3, 1:1, 3:2, 2:1, 3:1, 4:1, 5:1, 6:1, 7:1, 8:1, 9:1, 10:1,
15:1 or 20:1, or it maybe some other ratio. If the formation of the particles is caused by a

solvent/non-sglyeniReesipitation (i.e. if one of the first and second liquidsegmprsss.ths,drug), then

the ratio of the first and second liquids, and/or thegconcentration of the drug in one or other thereof,
may be such is that the combination of the first and second liquids is a sufficiently poor solvent for the
drug that the pariglesee fosoted,dbthe, formation, 6f10@ pAGEIESROCAN8d I8, BRI Ifeaction

(i.e. one of thefi e ligu %i f Hrug andihesathereamprises a
reagent), then %Ihﬁe8 [33 i’goc?f &Bg'ﬁ?’s?gériﬁc? ’secona%l?élg%’g%fr?g ?ﬂg %ﬁc%%n’tgi&?ﬁi%{)f the nl%ecur or and of
i

the reagent, mébé s iBheliser cainpatedencos Aeicdatiprids SEERBHPSEFsor to form
particles of thegiugrCaqumenty toashtiblewiith eheelativelyiguiie Mhiveatombinetirts inuiddagent.

Consequently it may be advantageous to S Of 16k telativede thegyrecursor.
The molar Sexcséaé’%“rﬁwg;‘} 1%e oaﬁg%q%plgeé'c%lﬂ,’%%rt%? 81@3%(5%%3%& 40, §o 60, 70, 80, 90 orgé 0%, or

may be more theth 11004, edt0lé. U8 Srd PRt iR a3tk 20 ans WalidABaes 23 brdls 1o a
ratio between the reggentand thg RprECuRIOT:§) wWhichnthereoisi i exdexsioficithed 204t dehandt react.

Thus for example e proguyson wefo  b% o leaite fid g eA0qiousia o be.g psglunciiona

acid, then molar'eq ce'wou WO mo eagent per mole of diamine. The drug ma
E g may

be insoluble, of Spargly 3labik2ih 8k @skirintiéred the frdt2a9d &b 6 dondftii<hd Hdratio in
which theyareynixgss The shear deyiceomay, comprése i8¢ Bapsmntiallg:aylindrical 2ok, iBhay e some
other shape, for example cqnical, hiconical, ellipsoidal or ovoi prise at least one layer of
mesh. The shegﬂldéé\‘;;%gnga@’gb%b%éé?é? Sﬁ%ﬁfﬁé’f‘ ﬁvﬁﬁfgg% é)%ﬁ% gf&{nglésh. There may be
between about 2 anif #800tagkes of Wrerertislen & rRBRdBOr s W oS vsRt aRer et ondiE 50, 2 and

10, 5 and 10001 26O 00t 50 Bk IR00HA9 @neh QIR Afu gy dhtA @R atodS0E, fibtamd 100, 10
and 50, 5 and 50, 50 ?nd 00 qr 50,and 100 layers \Qéo &520061/_0(?6399@ &%Tﬁé%pqgé?qgs%hg and
may be about 2°%4, 5‘!‘%‘,?57,&%, B “f’é‘f’?ﬁf%ﬂ*‘s‘& B4 45,50, 60, 70, 80, 90, 200, 150, 200,
250, 300, 350, BEO{HSONBOM:RAC DG, BEoNGoTdoTDIAy it S STHECHRER PARRYHYTR RBEh size of

about 0.05 to 35 Ak ARRWLRILL0 LXGHAAr BIRMERRAIDA 6 pafichlaas Ao bY Hcllmiand 1.0, 1.0
and 3.0, 2.0 angeac't?og r(i:!'épogg %fz th%’ 1%29 agc]ia ec%%d liguids comprises a precursor for the drug and the
other comprises a reagent), then the ratio of the first and second liquids, and the
concentrations of the precursor and of the reagent, may be such as to cause complete, or
20  near complete, reaction of the precursor to form particles of the drug. Commonly the drug
will be relatively expensive compared to the reagent. Consequently it may be
advantageous to use a molar excess of the reagent relative to the precursor. The molar
excess may be for example 5%, or 10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90 or 100%, or
may be more than 100%. It will be understood that in this context, molar equivalence
25 refers to a ratio between the reagent and the precursor in which there is no excess of either
that can not react. Thus for example, if the precursor were to be a diamine and the reagent
were to be a monofunctional acid, then molar equivalence would require two moles of
reagent per mole of diamine. ‘
The drug may be insoluble, or sparingly soluble, in the combination of the first and
10 second liquids in the ratio in which they are mixed.

The shear device may comprise be substantially cylindrical, or it may be some other
shape, for example conical, biconical, ellipsoidal or ovoid. It may comprise at least one
layer of mesh. The shear device may comprise a plurality of overlapping layers of mesh.
There may be between about 2 and 1000 layers of mesh, or between about 2 and 500, 2

35 and 100, 2 and 50, 2 and 10, 5 and 1000, 10 and 1000, 50 and 1000, 100 and 1000, 500
and IOOO, 5 and 500, 10 and 100, 10 and 50, 5 and 50, 50 and 500 or 50 and 10? layers,



s about 0.5, 0.6, 0.7, 0.8, 0.9, 1.0, 1.5, 2.0, 2.5 or 3.0mm. It may have a porosity of greater than about
75%, or greater than about 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98 or 99%, and may have a porosity
of about 75, 80, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98 or 99%. The process of

combined the liquids in a region of high shear may be achieved by to injecting the liquids into a mixing

zone comprigig.a:akeaE means. Preferably the injection is carried out af ghigh,nigstign velocity of>
about Im/s more preferably > 3m/s most preferally > 5m/s. It is also preferred that the high shear is

provided by rapid rotation of the shear means in the mixing zone leading to shearing of liquids in said
mixing zone. Inemhebe pbaytt prévitled Hydntedls Bf, &Mmakciilad mddndSudl i8kdMmpisite: (a) an

outer body defipingsg miking #ons, §3hadeasITaRS06, BIRigE0SHeeb: saitynikingsmeg (C) at least
one fluid inlet means for the first liquid : (d)ant least one fluid inlet meOans for thg s?gﬁogc? Ii§1 id; and (e)
a fluid outlet BTy Meshs&erdabey 'Qﬁtf?ﬁ&’ﬁec&&?fﬁﬂﬁﬂ'gt@p MEPHY R otted a% the unit

allows controlahihe sep: ofs adding Giseasedofd loaid Boy 2XempdQadadendationaadery kethe first

iquid ( for,20 gxample semprising e divg) s0.Lomrolihe asleation andapisisigrenghadde partile
size can be controlled in €ither micron or nano size region by adjusting the ro'ﬁég) | s %%1 of the
shear means thethabaTikig ez SR er eaitharerhodt 6Ru i ?ga?ﬁe%zoﬁhgiﬁéaﬁé e %85% ihfecting
-shear of first and sRetRMigpidssiie b ZiHiBask &, dfeB8nsor B P bi R Etidh. The®mGer body of
the molecular i{))(ri%g(%nit may be made of a number 25 of materials. A suitable material is stainless
steel. The body IS designed such that it defines a mixing zone. The mixing zone may iné eory be any

of a number of sizeBhamioess eeorriRehhaiawde fu bIaHeT QBRI JRRL LSS BReE R out and
the amougpt ofinjealapadiie hguprodassed mikiagnixing zangrisipgovidbebwitieanshBamferdbdndhocated
within said mixing.zone to impart hi Iy iquids inje int IXIAg.Zone.4n,S0
principal, the éwggt}c’rrﬁésa%asmrﬁig%ég agnl%)’/1 §\%§éﬁﬁﬁiﬁg%§?¥§h§%ﬁ£§%§% In gﬂ embodiment of

the process ot iPreErteR theBkeal ifedlse RIsHERh (O the Pkirgerbrie By ¢t PRi%d said
second liquidsargdnjected diteathnanio heneotating; sheareadiapsto Tihedigds tgyidseiingetted
simultaneously thy Ou%gn%.epgétates Ly ﬁw?&%i‘ B% INiesied¥'a qRiNENY qlinlgisydibe inlets
can be located 8ither aroun eléqgrouts?&e of'the mixing zone or may be located so_ as to deliver the
liquids to the cemPEBRIVE 2006160BIBEIPETIA B ITRBBERY AL D RITHLATS ForaviFReHRids may
be injected thrgug aelistlbuter [y atechin dhe fsatislafnibmatbe g regidiysidrqunelsdasy dtire rotating
shear means. fluid inlet means for the second liquid; and (e) a fluid outlet means. By the use of such a
unit, the precipitation step may be controlled, as the unit allows control of the step of
adding the second liquid (for example a coacervation agent) to the first liquid ( for
2  example comprising the drug) to control the nucleation and particle growth. The particle
size can be controlled in either micron or nano size region by adjusting the rotational
speed of the shear means in the mixing zone, by different structural features of the shear
means and injecting shear of first and second liquids into the mixing zone at different
rates of injection. The outer body of the molecular mixing unit may be made of a number
a5 of materials. A suitable material is stainless steel. The body is designed such that it
defines a mixing zone. The mixing zone may in theory be any of a number of sizes and
the size chosen will depend of the rate of the process to be carried out and the amount of
material to be processed. The mixing zone is provided with a shear means located within
said mixing zone to impart high shear to the liquids injected into the mixing zone. In
30-  principal, the shear means may be any device which imparts high shear on flaid.

In an embodiment of the process of the invention the shear means is rotating in the
mixing zone and said first and said second liquids are injected directly onto the rotating
shear means. The liquids may be injected simultaneously through separate inlets, and may
each be injected via a plurality of inlets. The inlets can be located either around the

35 outside of the mixing zone or may be located so as to deliver the liquids to the centre of




The process involves the use of a shear means to impart high shear to the two liquids in the mixing
zone. This has the advantage that the two liquids are adequately s mixed to form an intimate mixture
leading to the formation of a precipitate of the desired size. The shear means preferably comprises a
packing with a surface area of about 200- 3000m2/m3, or about 200-1000, 200-500, 500-300,
1000-3000, 5Q0-260@+@$d200-1000 m2/m3, or about 200, 300, 400, 500, 6948883300, 10000,
1500, 2000, 2500 or 3000 m2/m3, The packing may be such that it is structured packing or random
packing. A to packing that may be used is a packing of the wire mesh type packing that may be made
from stainless steerpisinRtal Bnbgvitamarbrisietiod Prsih erdgriteoterseitablec materisl. The
shear means may hé-fiogmed dysteliogdaashite fornm sylindticalshear means wherein the cylindrical
section has sides formed b lurality of overlapping mesh layers. If it is used, the mesh may have a
mesh size of about Ol%lg t‘géilf%gml?‘rﬁg%%sié%rg Srg%ﬁ/g%*l%ﬁt“b‘?ifyfofa.%?ﬁ lﬂl*ﬁg HEh R tfiterred
mesh porosity Jfetifs-8t BB sutxingoens: dibksdutsdbe wloavsgorifer dislytwmobethiam@sadedihelshear

means maysbe mixedi@dopn anshafhitethe NN ARREANE MIALHALE ILIBe MiXNG A G he shear
means may be S%é:y' drSi ggrsrrﬁ% e an mﬂg define.a hollow to accommodate the inlets for'the liquids.

SR ORR . BRBRRIE Y W PSRBT Gl RO B85

It will be appreciate nﬁ wever, EV RS
combined can al880Be/a5e @ttt PSHOER GRS NGURDS-30IE Jadesedihsinietheas0naans rotates

in said mixing zefeal edliein, Seeesbo s0pLdII uBNERS, Sosaiddss idsdnsaisl 200ps. I rotation
speed is typicall z/of:th %rder af 100 to 1500Q rpm, preferably 500 to 12000 rpm, even most
preferably 500010 8OO0 TpRa- THE R Besti 3h Fgféft%%‘i‘?%f’ﬁ‘f@%é’érrﬁﬁ’éﬁﬁs@‘i%sﬁhat the

two liquids!fn theaekixsgizomesabe vesidetedRbing sfidrgishearcinimpeipdelingpha Mjgchiomad:the
process of the igyaniQmitds peeieprch thabinmiguids.ams inasied R%&Q%Mééﬁ‘@tﬁ lon, py,yyay of a
y

liquid distributor I'gt%%%?d in the centre of the gﬂ;}mg region in a hollow defined he rotating shear
means. It is' préfarre that each oF R8s omR Sy trbingnaeshurftyn rucelindsies ot the
liquids have be&amixgereaial Hivecpantivies yroidodes tesniixture by sehdidithatedfwppdhassixing zone
and the particlemjsalated: itsaranesadsCaifief.ot A5, AEAINYPUBRICEFISYICH IS preferred the
addressed, liquids reqyongtan%f)em% withdrawn from the mixing zone and the sollgj%’olréltea. The
particles may bR eBEIE BT bt Bt aBeH Brshpsirarhimtrbacsrsipiafisiwesbabend from a
liquid. Itis prefébedotritiehs sotiet ROMotatderdbyfitatiohardSsWhilse siatavisbingriapeehasngeay theory
itis felt that theousespl@ihigh shealdRuicedhie-ualL BeaKs, e, soltion it discrete partigles of the
two liquids leading,to high WO 20061096906 P R I T Diggone T e thcans iy be
a cylindri¢al shape and may define a hollow to accommodate the injets forthe liquids. It
will be appreciated, however, that the shape of the container in which the two liguids are
20 combined can also be used to impart shear to the liquids. It is preferred that the shear
means rotates in said mixing zone at a sufficient speed to input high shear to said liquids _
in said zones. The rotation speed is typically of the order of 100 to 15000 Tpm, preferably
500 to 12000 1pm, even most preferably 5000 to 8000 rpm. The use of such a strong
rotation of the shear means ensures that the two liquids in the mixing zone are subjected
25 to strong shear immediately upon injection. In the process of the invention it is preferred
that the liquids are injected into the mixing region by way of a liquid distributor located in
the centre of the mixing region in a hollow defined by the rotating shear means, It is
- preferred that each of the liquids is injected through a plurality of the inlets.
Once the liquids have been mixed and the particles produced the mixture is
30  discharged from the mixing zone and the particles isolated. If the process is carried out as
a continnous process which is preferred the addressed liquids are constantly being
withdrawn from the mixing zone and the solid isolated, The particles may be isolated by
filtration, centrifugation or any other method of isolation of a solid from a Hquid. It is
preferred that the solid is isolated by filtration.
35 Whilst not wishing to be bound by theory it is felt that the use of ahigh shear device
in the unit breaks the solution into discrete particles of the two liquids leading to high



11 surface area contact between them leading to the fast precipitation and formation of the desired
particles. It is found to be particularly efficient if the two liquids are injected into the mixing zone via
separate fluid inlets. Accordingly, preferably the molecular mixing device has at least one fluid inlet for
fluid inflow of each of the first and second liquids s respectively. Preferably there is a plurality of inlets

for each liquigoThgsgliguid inlets may be arranged in a number of ways#qumgﬁgo#he structural
design of the mixer. The liquid inlets may be locgted in a distributor which preterably is located in the

hollow defined by said shear means. The distributor may define a plurality of inlets for each of the first
and second liguidscd aran embedierentihbdioliddnigte dite fmatereriptieidistrb tormatom eddition, there

should be at eqs) ope gl VLGRS DR ARG L sSeue MNRdS s giber 2

batchwise or continuous fashion. The shear device may have a gas inlet and a ?as outlet for enabling
the process tothe nesig e it aparicuii hiflesphera debx RTEEal HoReBUFoRYEs or inert
atmosphere. Arsaseingly: tbepsacessdnaytdormilddriassiofcachast, ter Soshamdlecnitnddimjds helium,

argon, carbon dioxide or ther suitable gas,.tor | Bighrrgheas hefere.and/or
during thessteﬁeg?%%%q?’h?ﬁ%gb Trll}r’sghl%iﬁ%%bg d thleﬁgegfogr%{%;ﬁ%?ﬁeﬂérsltganﬁ secgnd liguids may be

injected into tHaaniRI2EEE! i SUBRRRCHRIrAE SErRi e i R it ALET R between
about 0.5 and TR igiameterbeldeiean dbotbdd anhith piefrably & lhand L0tht beitb®, 2 and 5,
5and 10 or 1 20.and 3mm in diameter, apd 2 h , Rt et v er 6. 7,89
or 10mm in di%a(ﬁf}%Fegrgﬁg%é Fr‘ﬁ%a{f‘&f ?ﬁ%ﬁ@[ rfg@llluu?%h%y%b% %(%aﬁjzglsv%ﬁ he mixingo_ree ion no further
than about 15 thedrestastarstmdhicitmisrprahodasshindgriddrris slirmateandhe fstaoptan 12 11,
10, 9, 8, 7,46 of;Pdegres plarchamnd may: heatoeateqahb utiBet4nbens fof, Gabid® fHElmdRclBy 14 or 15
degree of are from an, inlet for the second liguid. The 25 injection velocity of the first and second liquids
may be greatefnfﬁglﬁ%%v&ﬁ gftlirﬁelr_sl,no&rebr?‘1(%:?%}v"vl%)% 8?33%? t %ﬁ%ﬁ%ﬁ?z, 3,4,5,6,7,8,9, 10, 15, 20, 25, 30,
35, 40, 45, 50, 60, 7hEbCBTievioONRY Basie PARSIRCHIh AP BothoE AabiRE PePRoeshioPand 100, 1
and 50, 1 and g9 ficradid 20 phRianer 1atdsphang 1R0caprd ADAnGxen A&, &asa 28, iand 50, 1

00 P Il g
injection flow rhtdivmayisenherbendialiseco Hapathersmahle etetivensdbsiraes abligh sbesrand 2, 1
- and 10, 1 and By anddeiamnek:10Gtds anehRlbikTHp (RN k-RYREab ek &l 1idusi2,2.5,3, 3.5,4,4.5,
3. 6.7, 8,2or10L1mip, The ProGess. SR SIPIRe Hfe.RERR0 RPHng e par iR gl the drug.
plurality of inlets. Bach inlet may, independently, be between about 0.5 and 10mm in
diameter, or between about 0.5 and 5, 0.5 and 2, 1 and 10,1 and 5,2 and 5, S-and 10 or 1
20 and 3mm in diameter, and may be about 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 45,5,6,7,8,9 or
10mm in diameter. Each inlet for the first liquid may be located within the mixing region
no further than about 15 degree of arc from an inlet for the second liquid, or less than
about 15, 14, 13, 12, 11, 10,9, 8, 7, 6 or 5 degree of arc, and may be located about 3, 4, 5,
6,7, 8,9,10, 11, 12, 13, 14 or 15 degree of arc from an inlet for the second liguid. The -
25 in‘jectidn velocity of the first and second liquids may be greater than about 1 m/s, or may
be greater than about 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90,
100, 110 or 120m/s, or may be between about 1 and 120, 1 and 100, 1 and 50, 1 and 20, 5
and 120, 10 and 120, 50 and 120, 50 and 100, 5 and 50, 5 and 20, 10 and 50, 1 and 10, 1
and 5, 1 and 2, 2 and 10, 5 and 10 or 2 and Sm/s, and may be about 1, 1.5, 2, 2.5,3,3.5,4,
1 4.5,5,6,7,8,9,10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100, 110 or 120m/s. The
injection flow rate may be between about 0.5 and 10L/min or between about 0.5 and 5,
0.5and 2, 1 and 10,1 and 5,2 and 5, 5 and 10 or 1 and 3L/min, and may be about 0.5, 1,
1.5,2,2.5,3,3.5,4,4.5,5,6,7, 8,9 or 10L/min.
The process may also comprise the step of isolating the particles of the drug. The
35 isolating may comprise filiration, microfiltration, ultrafiltration, centrifugation,

ultracentrifugation, seftling or a combination of these, or may comprise some other



35 isolating may comprise filtration, nricrofiltration, ultrafiltration, centrifugation, ultracentrifugation,
settling or a combination of these, or may comprise some other WO 2006/096906
PCT/AU2006/000302 12 method for separating. Following the isolating, the particles may be dried, for
example by vacuum drying,, freeze drying, spray drying, flash drying, passing a stream of gas
(commonly a dxy gaspdbya@ugh or over the particles. The gas may be for exampl@aitodisooen, carbon
dioxide, argon or some other gas or a mixture of gases. 5 Suitable drugs for the present invention
include inhalable drugs. They may be suitable, or indicated, for treatment of asthma, cancer, an

infection such aeetiodrigr hensediing SelewiasoireiselsHamide petinlerenhsgifedy Bedatldtmay be
made by reactinguareesor tedhe dingeishrayrengap!. Thn nrecusouantthesaagentngay be such
that they are cgpable of reacting together.to make the drug, They may he le of i ing
together to make fﬂ%’?ﬁlriﬁ’gaugnrge%aﬂﬁg%gﬁgﬁi%gﬁ%r&g?n?ﬁggﬁ%ﬁeeg%é of i%%a% g%arr,gpcgfg%gémple the
conditions of tenipeatsatardlrddereperaining aberd THapidEgiotsthe drug or both may be in

solution. The ratio oktiheiEeaisOrdP tHhepreaaenhvealdacihaiueanmabely Gidger mese aag Bbout 1.5 or
less, and may be _befween, about 3:1 and 1:3 op a.malar basis, and maybe.between about 3:1 and
1:1, 1:1 and 1:§uéﬁa$s{e2:5?raﬁ%‘ﬁ%%n%3rrgﬁ% eﬁsiéif aha maybe about s’%be%%‘:‘l,s‘é‘?ﬁ,afﬁ: }Jf“ig.l, 1:1.5,

1:2, 1:2.5 or lidfertiammotatobusigher enagitiensdnaitbler duformhdeagis ey Barshengdady ,
encourage or eRsLIR LOMMBISFRMRIHAR PitENEBIRGHI TBE b BruadIilibRpfetHepbekubie drug or

both are in solution, the concentration of the solution may (jndependently) be between apout 0.1 and
50% w/w or W/&%‘ﬁnt&%%eb‘éa%ﬁf/é’é?{%aﬁ%% d‘.’fe;iﬁ% ﬁ%,gf)%ca%% élﬁlﬁ'o%%{ and é o¥and i% 0.1 and
0.5, 1 and 180, Feariing0y 4@henéb50akk dhel d2Bzovtiemidie TONGNions pewaininh dLilgyresoabyiughl, 0.2,

or 50% w/w or w/v, or may be some other concentratiqn, de ?ndlngggn the s |d1b|I|t eg}‘rggretgolute (i.e.
the precursor or the GUEFRTHE YollRSTF 08 ?&W&%H%%‘%‘?&

neorfaﬂ?eopre&?rsor may be
miscible 25 witththegpatuspbobtheesolaltion Hfl themrecenrdahoThé Soiess prdyitse bebedigsor non-
aqueous, and the,splvent fof g IeUSEMax-Re eI AN as abdlifferentda the solwgntsterthe

ethanol, mithadt) TR BAAGE T BPOBHE BATI LR tr iy Samp sk N bt sovents.
30 The drug may bes aosait, tiedapiesissor may be sofneedfaseratiahdlerugtanvhaticbresigfnesntay be an
acid. The pKasgf 16, 1eagentand oh iU EAUSRIBAND S SUGRHNR! HREHAISIE the precursor or
| the drug or both are in solution, the concentration of the solution may (independently) be
between about 0.1 and 50% w/w or wfv, and may be between about 0.1 and 25, 0.1 and

20 10,0.1 and 5, 0.1 and 1, 0.1 and 0.5, 1 and 50, 5 and 50, 10 and 50, 1 and 25 or 1 and
10% w/w or w/v, and may be about 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8', 0.9,1,1.5 2,23,
3,3.5,4,45,5,6,7,8,9, 10, 15, 20, 25, 30, 35, 40, 45 or 50% w/w or w/v, or may be
some other concentration, depending on the solubility of the solute (i.e. the precursor or
the drug) in the solvent. The precursor or the solufion of the precussor may be miscible

25 with the precursor or the solution of the precursor. The solvent may be aqueous or non-
aqueous, and the solvent for the precursor may be the same as or different to the solvent
to the reagent. The solvent for the precursor and for the reagent may, independently,
comprise water, ethanol, methanol, isopropanol, acetone or some other solvent or may
comprise a mixture of solvents.

30 - The drug may be a salt, the precursor may be a free base of the drug and the reagent
may be an acid. The pKas of the reagent and of the precursor may be such that they are
capable of reacting to generate the drug. Convenient precursors therefore may be amine
functional precursors, whereby the drug is ammonium salt. Suitable drugs may be salts
(for example sulfates, hydrochlorides or other salts} of salbutamol, aminophylline,

35 theophylline, orciprenalin, terbutaline, salmetrol, formotrol, beclomethazone, butazamide,

mannitol, cyclosporine or tobramycin. The drug may be an inhalable s‘;eroid, an inhalable



capable of reacting to generate the drug. Convenient precursors therefore may be amine functional
precursors, whereby the drug is ammonium salt. Suitable drugs may be salts (for example sulfates,
hydrochlorides or other salts) of salbutamol, aminophylline, 35 theophylline, orciprenalin, terbutaline,
salmetrol, formotrol, beclomethazone, butazamide, mannitol, cyclosporine or tobramycin. The drug
may be an inpalafje@ierid, an inhalable WO 2006/096906 PC'r/AUZoonggqggoa;o%ogxglosporine, an
inhalable anti-asthma drug, an inhalable bronchodgator, an inhalable antibiotic, an inhalable 0-agonist
or some other inhalable drug. In an alternative, the precursor may be a salt of a drug (for example a
sulfate, hydrochieligersreotieiditbieblsatt)tanditne tbagemt rivhyliis atbasadblexamplaiahydroxide s

an amine, ammﬁﬁ);tw@mmém%ﬂdgoﬁgh&fg&gc%ﬁg%{Qﬁ@g%@%sor. In this case the drug may be

a basic drug, such as an amine functional drug. The reagent may be a stronger base than the drug. In
B 5 % 0"

UG A e SnPRAIEarTigY BF Skt & dardyr Riembnal aifisn this

a further alternative, thé' drug may‘/'ebe
case the precufsi¥orblgrire arsuimefother dalfy (idriax emgriet audplsotase, (RtasGiR, APIGHHYM OF
tialkylammoniufm:sai, andidiade AaeR B 262 DIRSRLBSIEL0F BXAIRIE sulfhrig acid, fydrochloric
acid or phosphgrlc acid pr ar%o%gaé{%{ﬂc acid, for example trifluoroacetic acid. Th a FUrther altarnative the
drug may be a Saft of' RN 2 A¥e §OF,“51P1CF“Eh%‘r@'§§E’nf‘1Pﬁ§9% HesasEha sepgeat measebethe pKas of

the reagent andtjsvessatsse dreoule: deiguch that reaction of the reagent and precursor is capable of

Ciameror (for SXapIE & Moo oot Do e e ey A L0y SReEAFTOLE OO o, 6, 7

diameter (for e amgleaz %Leé%n {i)eaétgle diameter)

6,5, 4, 3, 2 or, LicrSh. P¥il fA¥a e PEAEEURE0 BicraAl ob tendmerifparsarapiped in the
mouth and’thréetivheriritalen, andrerduhecefoielyinetesiivelyty ivereddadhgtungs, Baricles
below about O.Qilﬁgpc{pgg@pﬁga&@gﬂﬁ aveuipduced ition in the lungs, and are therefore not
effectively absorbed b%/ % patient. T epgrticles aégqr m%:]c%ot e %crléls(éﬁp ik %(ﬁrol?] ?ﬁ'ég A58 a particle
diameter betwSEHF AhTHT0'E FHIRIOTHGRACFERESENnd may have a particle diameter of between

about 0.5 as and 5, 1.5 futhd, dltanatitOfts dne; bingbt areBoMiarNGcPEhImAY. hayena ﬂa%@ﬁle
diameter of ahgslt e Hasd-S, 2, 2.5, 3,3.5,4,4.5,5,55,6,6.5,7,7.5, 8,85, 9, 9.5 or 10 microns.
The proportion of particles of the inhalable drug less than 10 microns (or less than 9, 8, 7, 6,5, 4, 3, 2

or 1 microfis) in diaffeter°sPhdlf@sr0s disdresmiashenrenmmeerfby weh that reaction of

the reagent and precursor is capable of producing the drug,

The invention also provides an inhalable drug in the form of particles having a
diameter (for example a mean particle diameter) less than about 10 microns, or less than
about 9, 8, 7, 6, 5, 4, 3, 2 or 1 micron. Pasticles of greater than about 10 microns

20 commonly are trapped in the mouth and throat when inhaled, and are therefore not
effectively delivered to the lungs. Particles below about 0.5 microns appear to have
redaced deposition in the lungs, and are therefore not effectively absorbed by a patient.
The particles according to the present invention may have a particle diameter between
about 0.5 and about 10 microns, and may have a particle diameter of between about 0.5

25 and5,05and 1, 1and 10,5and 10 or 1 and 5 microns, and may have a particle diameter
of about 0.5, 1, 1.5,2,25,3,3.5,4, 4.5, 5, 5.5, 6, 6.5, 7,7.5, 8, 8.5, 9,9.5 or 10 microns.
The proportion of particles of the inhalable drug less than 10 microns (or less than 9, 8, 7,
6, 5, 4, 3, 2 or 1 microns) in diameter, or between 0.5 and 10 microns in diameter may be
greater than about 50%, or greater than about 60, 70, 80, 90 or 95%, on a weight basis,

30 and may be about 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 96, 97, 98 or 99%. The particles
of the inhalable drug may have a narrow particle size distribution. The proportion of
particles of the inhalable drug having a particle size within 10% (o 15, 20, 25, 30, 35, 40,
45 or 50%) of the mean particle size may be greater than about 20%, or greater than about
30, 40, 50, 60, 70, 80 or 90% on a weight basis, and may be about 20, 30, 35, 44, 45, 50,

35 55, 60, 65, 70, 75, 80, 85, 90, 95, 96, 97, 98 or 99% on a number or weight basis, The

particles may be any suitable shape. For example they may for example have a shape



greater than about 50%, or greater than about 60, 70, 80, 90 or 95%, on a weight basis, 30 and may
be about 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 96, 97, 98 or 99%. The particles of the inhalable drug
may have a narrow particle size distribution. The proportion of particles of the inhalable drug having a
particle size within 10% (or 15, 20, 25, 30, 35, 40, 45 or 50%) of the mean patrticle size may be
greater than wloowb@09meer greater than about 30, 40, 50, 60, 70, 80 or 9 e80waight basis, and
may be about 20, 30, 35, 40, 45, 50, 3s 55, 60, 634 70, 75, 80, 85, 90, 95, 96, 97, 98 or 99% on a
number or Wei\%hébas's The particles may be any suitable shape. For example they may for example

have a shape W0" STORIEBDE PR PRI TIb A 0BT 12k sivenid iRl ROG carwgifiRgof a
sphe_re, an eIIipgw,SBalmcﬁokmn, wuridz,catm@ﬂﬁbedl @M&bshamiapﬁefw,aacgnmmtadr@@ufg@dg@me, a
hemisphere, a eylinder, Adound anded, exlinder.A.canRHIS SRS (A.5aPlelshape, ajfrustoconical
shape, a disc, discoid, a tabular shape, a prismatic shape, an acicurar S ape’ancfa poly"ﬁe ron (either
regular or irreg iP5 SHEHRYS bR 2 ARG AP AR RolzhedrL(sitarstelenisdeeauiinngular
prism, a hexagerhl grisryttcimiscichgrlar polythedrammtinletveddpd 69 elamore fages, ar may be
some other sh >ﬁ.§ggl i r - The.particles lomerates, and may be -
agglomerates g%ggtai%f%s havi%lgora}fhgé%?‘%a% a %\%gi{s Kg&’pl(;ﬁéa%? pgﬁﬁm%%z\ﬂ%‘gmgﬁn%g?h%ﬁ%lﬁ)épe, or of
particles havinda \PErRB{I6F shfetelt srapale apimeanlny shasrdihg retiricprearhe irsalomiorriviay be
delivered orally:tel ampgttentgglonrdetcto patiol eondifignait betpatieste Thaeree snavibedelivered

orally, for exan%e%ﬁlggéﬂgpiaQ@Igfr&%&pﬁg}p&%gglg/%g% eﬁg @%Xr?r%w er, and may be delivered

without the use of a liquid carrier. mple Is Tést mat eactive method Solute: Salbutamol
base (NanBMaterial STEEBRSRIGTHEAO the Prsahispeyicsomenba stshivspyd ateblidb (HPpatiam iBIOLAB,
Australia) Reaciati: Sulitiic aoidiiivR i fiengaRatlerie. dustialiph20Rrinaissaais Nongelvent

e oI IeEa H Shie s R e

use of a liquid carrier,
Example

15 Test materials
Reactive method
Solute: Salbutamol base (NanoMaterials Technology Pte. Ltd., Singapore)
Solvent: Isopropyl alcohol (IPA, AR, BIOLAB, Australia)
Reactant: Sulfuric acid (AR, Phone Poulenc, Australia)

20 Deionised water
Non-solvent method
Solute: Salbutamol sulfate (Inter-Chemical Ltd., China)
Solvent: Deionised water
Non-solvent: IPA (AR, BIOLAB, Australia)

25 Acetone (AR, BIOLAB, Australia)
Apparatus:
Beakers (50ml, 250ml, 500mi, 1000ml)
Pipettes (5000p; Eppendorf, Germany)
Syringes (Terumo, USA)

3¢ Hot-plate Magnetic stirrer (IEC, Australia)
High Shear Mixer (Silverson, UK)
Ultrasonic Cleaner (Unisonics, Australia)
Laser diffraction (Malvern Mastersizer, Malvern Instrument, UK)

_ Rotating Packed Bed (Bejing University of Chemical Technology, China)

35 A Biichi Mini Spray Dryer B-191 (Blichi Laboratory-Techniques, Switzerland)

Peristaltic pump (Masterflex C/L, Extech Equipment, Victoria)




Apparatus: Beakers (SOml, 250ml, 500m1, 1000ml) Pipettes (5000l, Eppe_ndorf, _Germany) Syringes
(Terumo, USA) 30 Hot-plate Magnetic stirrer (IEC, Australia) High Shear Mixer (Silverson, UK)
Ultrasonic Cleaner (Unisonics, Australia) Laser diffraction (Malvern Mastersizer, Malvern In;trument,
UK) Rotating Packed Bed (Bejing University of Chemical Technology, China) 35 A Bfchi Mini Spray

Dryer B-191 (f&Ombébabgyatory-Techniques, Switzerland) Peristaltic puny-4MasteElRysg2/L, Extech
Equipment, Victoria) WO 2006/096906 PCT/AU2@96/000302 15 Microscope (Plym_pus_ _CH40, Qapan)
Scanning Electron Microscope (SEMg Multi-stage liquid impinger (MSLI, Copley Scientific, No_ttlngham,
UK) Oscilloscof&tagnentBaapatE 48 itsnaly-Pump (Orion Machinery, Japan) A/E Glass Filter
Paper (76mm, Bébhifzaianoboitaeesopd 8EnEI3CR-A8 Timer (Omron, Japan) Flow Meter (TSI 4000

series, USA if inispIin.. Epc f rman Ulfraviolet and visible absorption -
spectrophotén?eﬁtgﬁgﬁ%g%%ﬁignﬁfﬁeggg 8 a%% nfyglcepg%l‘%ﬁ%c%r%né‘ﬁ%&K)Switzerland) Bal_ance
(Mettler ToledoseiBassopg il H34“0F Experiment The experiments were designed including
6-step operationsi¢kiprhPusiPfetitpticniReAgtyamethod There are several route of synthesis for

Salbutamol sulf, the, final step for all. is the same, wherein Salputamol base is reacted with
A S Pl AL B s R

sulfuric acid to produ albutamo \Y ethod I\!on-solve_nt
recrystalIizatiorﬁi%q{p‘h%ﬁé’aﬁ‘r\ﬁ@msd@monIy used to generate nanomaterials. In this method a
solute is separged duEqIStheso bt ysagding non-

Centrifuge (Minispin, Eppendorf, Germany)
10 Ultraviolet and visible absorption spectrophotometers (UV, HITACHI U-2000, J apan)
Blend machine (Turbula, Switzerland)
Balance (Mettler Toledo AG245, Australia)
Flow of Experiment
The experiments were designed incl‘udiﬁg 6-step operations (Fig, 1):
15 Precipitation

Reactive method

There are several route of synthesis for Salbutamol sulfate, but the final step for all
is the same, wherein Salbutamol base is reacted with sulfuric acid to produce Salbutamol
sulfate (Fig. 2).

20 Non—solvent method

Non-solvent recrystallization is a physical method commonly used to  gencrate
nanomaterials. In this method a solute is separated cut from the solvent by adding non-
solvent (anti-solvent), in which the solute has slight solubility, to change the saturation of
the system. Commonly, the lower the solubility of solute in the non-solvent; the more

25 rapidly the solute will separate out. However, if the rate of crystal growth is too fast, the -
particle size may be big. Therefore, selection of the correct non-solvent is very important
in order to. form fine particles.

Chuoice of solvent-and non-solvent

Selection of the solvent in the reactive process

3 The aim of this experiment was to achieve a suspension containing fine Salbutamol
sulfate precipitate. Therefore, a solvent in which Salbutamol base is soluble and in which
Salbutamol sulfate is slightly soluble is the correct solvent for the reaction. As is
described in British Pharmacopoeia, Salbutamol base is sparingly soluble in water,
soluble in alcohol and slightly soluble in ether. Salbutamol sulfite is freely soluble in

35 - water, slightly soluble in alcohol and in ether and very shightly solu_ble in methylenc

chloride. Alcohol (ethanol) therefore was considered to be the best choice, considering



solvent (anti-solvent), in which the solute has slight solubility, to change the saturation of the system.
Commonly, the lower the solubility of solute in the non-solvent, the more 25 rapidly the solute will
separate out. However, if the rate of crystal growth is too fast, the particle size may be big. Therefore,
selection of the correct non-solvent is very important in order to form fine particles. Choice of solvent
and non-solveph SRIgEIaN;of the solvent in the reactive process 30 The aim-f s &xpeiient was to
achieve a suspension containing fine Salbutamol gulfate precipitate. Therefore, a solvent in which
Salbutamol base is soluble and in which Salbutamol sulfate is slightly soluble is the correct solvent for
the reaction. As e qaistrisédin Brbie PhbienacdposicluBibibutdracibidss is Spatinglyfsokibigiin water,
soluble in alcoh%ame@ngb@my@lg}ig(ﬁm@q §albutamo| sulfate is freely soluble in 35 water, slightly
soluble in alcohol and in ether and very sj{ghtlygsol%e in methylene chloride. Alcohol (ethanol)
therefore was considered to be the best cfjo erlng WO 2006/096906 PCTHaw21©06/000302
16 the safety of the passible solvents. The solu%mty of a solid is a function of the solid particle size

according to EqUAEh B e consiaibgl i APEywe Sorepdinbie R ianthS-ghe sshhstinitofiates
absolute temperafidereSiclas L4 hepsaitlod it ahipsgen saulis PREeRS apdanl RArticles Raying.small

radius 1 respectielleate Wih @A BT rISP P surags (ension, and genpiyof the

solid respectively. It will be appreciated fom E that |ty € the

particle size de@PBERLed feyprdie, 1 h@@d%ﬁ%bﬂ%lﬁ’é B aithidrariibliserfase prdblegrtidpriguced by
the process of tecpresenTievehtignidraleohe! il Hﬁﬁ@ﬂ@%ﬁ&iﬁ%ﬂﬂﬁl@?@&@@ el da.camynercial
product of large i en one .cqnsiders the yield of the process, alcohol no
longer appears gﬁ?‘é&%&iﬁ?g@ %})P?éu %Bﬂslvxfgsa %}Fgfore oS ?EBMCSFLBﬂBﬁI‘é%%e
solvent in tHe prRABEE ! pradusi |Wﬂ@§l@lﬂé¥%l%9ﬁﬁié@ﬁﬂbpmhsrsmematdm\ﬂwmahaﬁ alcohol,
and the solubilitthefpEaltilamohbiase iondB i eirilaninhatipal h&lchﬁHfttl@A)' Radsicgspmonly
used organic so clio h lvent.in the non-so process About | g Salbutamol
sulfate (commer%ﬂlg%ﬁr(t)%aﬁ%g3 V\t/éaé"{,i fsléorg]% jmef V\I/%tehr S8 HERe agnaéepf)%@ﬁh%@

aqueous Salbut%lﬂf%‘l%ﬂlfgfé §cﬂ%§ﬂ%ﬂh¢lﬁvéﬁid@éétbﬁéolwérm &edmhﬁwgﬂmmummlos
100:0, 80:20, 60r#0id il 8k a0 HAFurther, IPA is a commonly used organic solvent.

15 Selection of the non-solvent in the non-solvent nrocess

About 1g Salbutamol sulfate (commercial product) was dissolved in 4ml water to
make an approximately saturated aqueous Salbutamol sulfate solution. IPA and acetone
were mixed in the following vohume ratios: 100:0, 80:20, 60:40,40:60, 20:36, and ¢:100.
Iml of each of the mixture organic solvent was placed as non-solvent into separate 2ml

20 vials. Then 0.01m! of the Salbutamol sulfate solution was. added to each of the vials
containing the non-solvents as rapidly as possible. The vials were then covered and
shaken as vigorously as possible by hand. The ratio of solution to non-solvent was 1:100
(0.0Iml:1ml). The white precipitate began to appear as the solution was added and
increased progressively with time. The vials were then allowed to stand, and the

25 precipitate in each vial was observed in order to determine the best Qoi‘ume ratio of IPA to
acetone.

Based on the speed of precipitation, IPA fo acetone ratios of 80:20, 60:40, and
0:100 appear to be similar and to be better than other three. When the precipitates from
these three samples were examined under a microscope, the particle size of the 80:20

s  sample appeared to have the smallest and best dispersed particles. Consequently, the
solvent mixture with [PA:acetone=80:20 v/v was determined to be the non-solvent of
choice.

Beaker synthesis

A 10mg/m! solution was prepared by dissolving Salbutamol base in IPA at about

35 70° and then cooling the solution to room temperature (around 21°C). 20ml-of this



Iml of each of the mixture organic solvent was placed as non-solvent into separate 2m1 20 vials. Then
0O.0Iml of the Salbutamol sulfate solution was added to each of the vials containing the non-solvents
as rapidly as possible. The vials were then covered and shaken as vigorously as possible by hand.
The ratio of solution to non-solvent was 1:100 (O.O1ml:1ml). The white precipitate began to appear as

the solution was-asidagsand increased progressively with time. The vials yyere then allowed to stand,
and the 25 precipitate in each vial was observed i3 order to determine the best volume ratio of IPA to
acetone. Based on the speed of precipitation, IPA to acetone ratios of 80:20, 60:40, and 0:100 appear

to be similar an¥éibe Wattelagedinotinhbeekayehnthe pracifiitantt:fomidiesentbrerisaraples were

examined undepadhisreseaRt:RRRTICYE Bleaabiie.R9; fed to have the smallest
and best dispertged &&rticlegs,@@gon%eﬁ%%%é the sqh%ﬁt %ﬁ%&am@#%‘%gg‘gggﬁ%g%% \l}l}}/owas

determined to Bethe HoA-Laffent PESHRAPSYRScYEAY Brighiiabhsinmanaseshepdred by

dissolving Salb#itamiorbasddqnmnoarabpeio8 7D aithen corbingatisiaa) womiRigeputemperature
(around 210). 2OmEaidisWRAA08 IRARBFETILZANN90302, 47 Salion was plgced i & Somi
e |

beaker. 0.2ml of 2m0!3/([_‘. .Squr%g)rii c}i%ﬁ(écalculat.ed in order to achieve complete reaction o
Salbutamol bas® RREGUfUHE S %‘) J PSSt thib bRkl E dhe delrticarr Ebpbwemd! pipstie tip while
stirring the solufién Bigifug carsvierydachdstidresise Bap 20RO pipedvear, a period of 2 minutes to cause

\ [Pip

precipitate formalion 65iguEe RIS (R & 21RRRRRYS 2.comprises overhead stirrer 4 attached to
blade 5 by shaft 6 a%%i{r? ersed{in %%llgn% beaker 7. §‘8F35g?1y§£|}ﬁe%%aker 7 is the solution of

Salbutamol base in TRRAE RcldeminREE d88eameiivgapskedisrappdfievthitthis prgstisd of RPB
(rotating packeddhde stetictary shrthégisilithteferencee:figr GeRRAB RRneampriaesnagkes rotator
10, which is instaladiie; insidgisiati ng:rotates at a speed of several hundreds to
thousands of revcgélgti nsBpe?ﬁrﬁ%tggﬁgﬁg}?ihﬁ?%ﬁ%é@rﬁ%etﬁ%eesﬁgcfpgéof?f%?a({og% HSm the

liquid inlet 14 AFESOSEH D TReTRd g dicitridoteder ob winteighOtHuasiehtdrldolind digtidutor 16,
“The liquid in thésebkfiovs.iff thdigasliah dirsbtomdamdhie insite adgedn 10s osideiedas.ugder

centrifugal forage finallycollects ad.8aYes R BRB.108. via liquid is outlet 18. is introduced through
gas inlet 20 and llows inwa%countercurre%n% %cet"hgﬂ ﬁic?ﬂig)llirileﬁkgcﬁﬂégeﬂeﬁ) o 6%k ithally flows
out from gl 2s oMt 3- St bgrpduced through gas inlet 20 and flows inward countercurrently to the

liquid in packing 22 of rotator 10 and finally flows out from gas outlet 24. Shaft 26 is

connected to rotator 10 in order to provide rotational energy from a motor (not shown),

Seal 28 is provided to prevent leakage of the liquid in the bed. Water 1% injected, if

required, through water inlet 30, in order to provided cooling or heating to reactor 100 by
20 means of water jacket 32, and exits jacket 32 through water outlet 34.

The basic principle of the RPB is the creation of a high-gravity environment via the.
action of centrifugal force, whereby mass transfer and micro-mixing may be infensified.
Liquid passing through the packing is spread or split into micro- or nano-droplets, threads
or thin films under the high gravity environment in the RPB, which may be of the order of

25 several hundred or even several thousand times greater than the gravitational acceleration -
of the earth. The rate of mass transfer between gas and liquid or liquid and liquid in an
RPB may therefore be 1 to 3 orders of magnitade larger than that in a conventional
packed bed, leading to a dramatic reduction of the reaction time required.
Mode of the RPB operation

30 Step 1: Switch on all the power.
Step 2: Add 100m! Salbutamol base/IPA solution via the top inlet into RPB after ensuring
the whole system is clean. Then plug with a rubber stopper tightly. Tum on the
cooling/heating system if necessary. '
Step 3: Connect a recycling tube fitted to a peristaltic pump .for recycling the output from

35 the RPB back through the RPB. (It should be noted that the RPB used in this -example has
an inlet for admitting the Salbutamol base /IPA solution and an injection port for injecting



connected to rotator 10 in order to provide rotational energy from a motor (not shown), Seal 28 is
provided to prevent leakage of the liquid in the bed. Water is injected, if required, through water inlet
30, in order to provided cooling or heating to reactor 100 by 20 means of water jacket 32, and exits
jacket 32 through water outlet 34. The basic principle of the RPB is the creation of a high-gravity
environment visdheo@ekars of centrifugal force, whereby mass transfer anggiarersndngonay be
intensified. Liquid passing through the packing is sgread or split into micro- or nano-droplets, threads
or thin films under the high gravity environment in the RPB, which maybe of the order of zs several

I

hundred or even'88 &1 TGS A fricling reatdp irhishie gesvriine faicaeew|braytonesedheodhith. The
rate of mass trartsfeniptnviean GaRaBdiiguid eelicud) and liquid in an RPB may therefore be 1 to 3

orders of magnitygs, larger thamthat in, g.conventional pac leadin a dramatic reduction of
the reaction time %%uired,. Mode ogétrél% ﬁsg%ﬁ&égﬁgﬁe%oﬁgp : V\}Rbﬁngnh%eﬁ %31 ﬁ&m%‘arsg p 2: Add
100m! Salbutam® BEBAPRIE fRGeH e 98P AMet into RPB after ensuring the whole system is
clean. Then plugStthsa Fetaberl Atappeidtig R PRI @M. the i GRoinaNeAtngns¥sIan Hhoegessaty. Step

3: Connect are ingt i (o] ristaltic pump for recycling the output from 35 the RPB back
through the Rpg&ﬁ%ﬂgﬁgﬁg%ggﬁ%‘%éﬁ%gt%g%%?ﬁé ‘.Eh“rrﬁgsns&ag%ﬁ%yh%%ﬁ‘im@f %P%?H’ﬁﬁﬁing the
R A TR Sy N
- Thdhiguedits edishao PRk 16} Rl SEUHIOIHOCARSY]
connected, so t%ﬁcﬁ%%%@‘ﬁ %ﬂ;géﬁ I%I%ER be re yctleEQ1 ?E%:h‘t Turn on thé pe 1;sérﬁaltitc pump at
i trn ¢ %gééh{gl % 3 u nsB h 6{{)

a speed of 2000m1/min, and then turn on the ] e maxim RO oS Step 5:
Feed sulfuri® acRPREGFIRESIT sdlastrdabarpisineyeigaltalie e, P Baap!realfbul tedet.speed.

Since the voluma'id$ dsiddsigeaess!yivennssmal, ikenasausually Hei addethimmesdiptelVale wWthin
several seconds, %ﬁgﬁsﬁ:n@e ”&ﬁai Is,recycled through the reactor for the required reaction time. After
the

S g .
the reaction time has e aps%lg, B is turned off, and then the pump is turned off. The to

suspension is thEArisidgeanersuesmenher of suitable size, for example a 250m1 beaker. This is
achieved by disconmestingminesneties jabernialinwiog oy iR drain the.susaehsipndiomdhe RPB.
Particle S'Z?smeggyaglelgﬁex%mediately after precipitation were measured By laser diffraction (Malvern
Mastersizer) using a 2.4 mm active beam length, having calibrated and warmed up the
laser for half an hour. The following settings were used:
Set-up range: 300RF (0.05 ~ 900 pm)
Sample vnit: MS17
20 Instrument port: 2
Analysis model: Polydisperse
Data channels: low-0, high-0
Presentation: 3_SALB_3 (0 satbutamot suiesee™ 1.5530, imagine refractive index =0, 1600,
7 pa= 1.378).
25 For measuring the particle siz¢ as a precipitate, the small volume sample dispersion
unit was filled with 70 to 100 mL of blank solution — isopropy! alcohol (propan-2-ol,
IPA) and the dispersion unit controller was set to mix at 2000 rpm to first calibrate by
measuring the background. The suspension was then introduced into the disperéion unit
until the obscuration was between about 10 and 30%. This enabled the measurement of
30 the size of the dry particles. Particle size distributions were expressed in terms of volume
{or mass) median diametér (D(v, 0.5)), such that the size quoted is at 50% of the entire
volume distribution. The distribution width, or span is caloulated according to Equation 2,
where D(v,0.9) and D(v,0.1) are the respective diameters at 90 and 10% cumulative

volume.

35 Span = D(v,0.9) - D{v,0.1)

D(v,0.5) (quation 2)




The volume median particle size D(V,0.5) and particle size distribution of the samples is obtained
immediately after precipitation were measured by laser diffraction (Malvern Mastersizer) using a 2.4
mm active beam length, having calibrated and warmed up the laser for half an hour. The following
settings were used: Set-up range: 300RF (0.05 - 900 m) Sample unit: MS 17 20 Instrument port: 2
Analysis mogel Baixdisgerse Data channels: low-0, high-0 Presentation, 3. SALR. 2 (H .samutamol
s,iate 1.5530, imagine refractive index =0.1000, T4 pA= 1.378). 25 For measuring the particle size as
a precipitate, the small volume sample dispersion unit was filled with 70 to 100 mL of blank solution -
isopropyl alcohdPYpYaPaing-ol, IPA) and the dispersion unit controller was set to mix at 2000 rpm to

first calibrate by measptielg tmbagkgrasve: Bhgsusnension Masitheasniadicadniadhg dispersion
unit until the obscuration w\gg b%t(\)/\l/leﬁq about 10.an3 30%. This enabled the measurement of 30 the

size of the dry particless Particie siz HIREBEREROW FVB3 SrsbBetsh R R e VB IeHEPRER WASS)
median diametef 1BNC cabynizerch 80AEtheasid 4 Wiorsdiistamns0ymoletse ¥ntitauieslainedisidbgtion. The
distributionswiddhuar san faeea iaiad aeetlingde EAIN ARG RAR R B QY are the
respective diameters at 90.and 1,%% cumulative volume. D(v,0.9) - D(v,0.1) 35 Span = D(v,0.5)
(Equation 2) V\Fgl%ﬁél/ﬁ%@b%% ‘1‘%‘5{] 166855178 V&5rind oigibReshertahinirSpEIER O ryer
B-191 with 7mirvwza S wkishiose hastamiethoozele rddbeesirgy pioyedeT ihoughetsiesuspansaion. It was

first heated to apARsRY Alef IRTPAINR L 30 G PUOMVAEA! S0 A A0 ASRIign for o s
30 minutes after h?gskin%g hat a %ea filter bag was assempled and the air d
on.

| ] humidifier (Sc%ompAir
SAM35) was SWHEREH"ERC TiE & SIELfr IR SR ReIoR (bl high aifei o Siioaperistaltic

pump at S¥h1/rand iprbatieatonside T ho zelelofahths spay diyer. Wisecsns pethsidieakes dhe bleatemized, and
the IPA evaporgigdderaay g wiﬁ@éﬁ%%@ﬁagb?#'f@@M%@!%Tﬁéﬁoﬁﬁéﬁ s weka then
effi

collected usingda vacuumﬁunlép in the srPaII hi ciency cyclone 10 and collection vessel. The
nozzle of the sPr Aer VihS LEhEFARRY A& XY areEragifon and moisture adsorption during

storage.

Scanning Electron Microscope (SEM)

s An SEM was used to examine the morphology of the particles produced, and to
confirm the physical size as a means of checking the reliability of the Malvern. Samples
were mounted onto copper plates and platinum coated prior to analysis.

Dispersion experiments
The measurement of particle sizes in vitro allows a simplistic estimation of the
20 aerodynamic particle size distribution. This process utilizes cascade or impactor devices
such as the multi-stage liquid impinger (MSLY) (Figure 7) to provide a breakdown of the
particle size distribution through separation and collection of powder of different D,.
The MSLI consists of Sstages which have been calibrated at 60L/min to collect
powder of a certain Dy, known as the cut-off D,
5 -Stage 1:  13.0um
- Stage 2:  6.8um
- Stage 3: 3.lpm
- Stage4: 1.7um
a greater D, are collected on the higher stages. To convert the calibrated D, (D}) for each
30  stage at different flow rates (Qz), Equation 3 was used to find Dy, the new cut-off

aerodynamic diameter., _
{ &

D, =D, (——L (Equation 3)
Y\G

At flow rates of 60-100L/min, the particles which have a D, of less than 5um are
expected to be able to surpass oropharangeal deposition and the filter of the MSLI from



with distilled water to prevent blockage by the dry powder. The powder was stored in a desiccator
over silica gel until used, to avoid aggregation and moisture adsorption during storage. Scanning
Electron Microscope (SEM) is An SEM was used to examine the morphology of the particles.
produced, and to confirm the physical size as a means of checking the reliability of the Malvern.
Samples we‘r‘aorg&%g%gognto copper plates and platinum coated prior to anal;s!{s DIS ersion
experiments The measurement of particle sizes in,yitro allows a simplistic PEAMRABA B tRe 20
aerodynamic particle size distribution. This process utilizes cascade or impactor devices such as the
multi-stage liquidiaiping®r (K81 Eh¢Figaries 7y tatpravigiera heegrgoumef theicRamisigsiye disgibution
through separatign,andcolleclion Qb powder fidifferent Da. The MSLI consists of Sstages which have
been calibrated at 6011min t&ggg%aggwg% Q) apg( thraﬁlggown as the cut-off Da: 25 - Stage 1:
13.01tm - Stag%P;Fw@IST'qO DAGE BF Fodbr o S Piednd T AHIEAIELD. are collected ofEthethigher
stages. To convert the calibrated D. (Di for each so stage at |fferent flow rates (Q2), Equation 3 was

used to find D2RHrg nE-C Gastage, hataeeyd iefilienion 3) F(2 At flgw rates, of
60-1001Jmin, the particles AT VB Bt SPilsslethabimaval in eansulosst devirelable t 23?%%%39
oropharangeal the filter of the MSLI fro WO 20061096906 PCT/AU2006/000302 20
equation SQFrO?aﬁ%)hq?r%%ﬁlts Fthe Rﬁ%‘*ﬁ% E‘ S FPRHInG p%%’é’l%f f?é?:‘ﬁgrf)g HnaBeC R 8t faind
expressed as M@H@F@ﬁﬁ&%ﬂwﬁ@t@&tﬁﬁmgﬁhmmh@pgeﬁrmevéaﬂdfﬂtaﬁréﬁemmlon 4)
total mass of powesiaraieetae ﬂﬁﬁ%ﬁﬁﬁ@@ﬁ%ﬁﬁ%@gﬁﬂrﬂﬁpw@%ﬁﬁmﬁ 4 3}%%?563 i§tage 4+
filter total mass QIIlEOWdeﬁ'l%ocllie(s:ltl e% % ountl gapsules + fSVIce quationb) $T Priota: value
€0t 4n OBraTERE ?’Bﬁ?ﬁﬁfﬁ‘&?%@fféﬁ%ﬁ’fﬁ%r&non to

represents the amount of powder whi
the total amourtt¥sf pivatiepwiidhisvbatdftne dhetiomity quoted result of the two. Nevertheless, the

10 FPFanueq is calenlated as another descriptor of asrosol delivery, which does not take inio

account the powder which remains uridisPersed.
The recovery was also calculated for each dispersion which represents the mass of

powder which was accounted for compared with the mass which was loaded into the

capsules (Equation 6). '
sum of mass of powder recovered after dispersion
total mass of powder measured into capsules

15 Recovery = (Equation 6)

Mode of dispersion

The equipment used to perform the dispersion experiments was the MSLI, which
has been described earlier. The usual mode of operation for Salbutamol sulfate is as
following;:

w  Step 1. 3 capsules (vegetable capsule) filled with 10.00+£0.50mg Salbutamol sulfate
powder were accurately weighed by balance.

Step 2: A known volume (20ml) of pure water was put into each of the four stages via
5000p] Eppendorf pipette. The MSLI was shaken to permit the bottom of each
stage to completely wct; especially the sintered glass impaction plate.

25 Step 3: A piece of Type A/E Glass (76mm) filter paper was placed at stage 5.

Step 4: The MSLI was assembled with an Orion Dry-Pump, which generates inspiratory
flow, and an H3CR-AS8 timer, which controls the air flow time.

Step 5: The air flow pattern was checked by oscilloscope to ensure there was no upward
spike in the oscilloscope pattern, which would signify a blockage restricting flow

30 ~ through the impinger.

Step 6: The air flow rate was adjusted to 60L/min using the flow meter through inhaler
which contained an empty capsule and MSLI with filter paper inside.

Step 7: The capsules filled in Salbutamol sulfaie were loaded and dispersed for 4 seconds

each.



be inhaled by the patient. This takes into account the powder which does not disperse and remains in
the capsules and device. This represents the most practical predictor of the in vivo situation, and is
therefore the more quoted result of the two. Nevertheless, the to FPFem;get is calculated as another
descriptor of aerosol delivery, which does not take into account the powder which remains
undispersedy D5, 5e60MgEY was also calculated for each dispersion whict},é%{ﬁ%& }&5% mass of
powder which was accounted for compared with the mass which was loaded into the capsules
(Equation 6). sum of mass of powder recovered after dispersion is Recovery = total mass of powder
measured into ¥apstilesHE dusations) tdcdgapbdispearsionldh eemuipment disedvioipe iopartiie
dispersion experimegwm M@&h%iqﬁd%%qﬁdescribed earlier. The usual mode of operation

for Salbutamol sulfate is as following: zo Step 1: 3 capsules (v;%etable capsule) filled with
10.000.50mg SifButatiy Bnakdbpdniies ndndisedimtdnpineignt dpyaaereesidpidatiown
volume (20m1) of putiesadtethAsnpptinteaach of the four stages via 5000pl Eppendorf pipette. The

MSLI was ghakeg, tqd?efgéitfm& %gmg gggqiést%g% Ietelywvg%tl, %ggqﬁiap%sme sinfered glass

impaction plate. 2$ Step 3: A piece of Type A/E Glass m%f;% &r papér was %Iacelagafvg gbe 5. Step

4: The MSLI was as®Fisida ivihisiiesism spyort b Aietreafer @ svingtssalds stpsmnatand an
H3CR-A8 timer, whiclucdrireldithedir flow time. Step 5: The air flow pattern was checked by
oscilloscope togy sy{em?%%%,% QRMP pike in the oscill pe pattern, which wouyld signify a
blockage restric%i!rgl)g fI_'ow. so thr ugr?t gg%%ﬁ%ggg?ogf Sr t:aﬁghieagaé?r%.ﬁoél?v&}%a’lt‘él'ali a%naéﬁ%{g% 13601 1min
using the flow meter ¥ dtureitisiale fovipiimissits reteer E sygnprationuatisidwasld modnfitten paper
inside. Step 7: The capstiesdileddinizalbwiameisuliatiessare loaded and dispersed for 4 seconds

each. WO 2006, P T{AH 2 21 %t 8: After dispersion, the 4 stages were swirled
L a D £ 1T (UV)
thoroughly to dissoive the i Vpsc cd powaer '. o ff ’-‘o and side walls. Step 9: The throat, the

device includintfesospmicselsyifale sisadaats wlraawdiciugenkyatimsorewithepareilapd tbavater.

absorbance of each standard were measured at 276 nm with pure water as background. A
standard calibration curve for Salbutamol sulfate aqueous solutions (Figure 8) was
15 derived from the absorbance and concentration data.
Results and Discussion
Several reaction conditions were varied in order to investigate which factors of the
reaction process influenced the particle size of the product. The five factors-investigated
were: 1) the stirring speed of the overhead stirrer; 2) reaction temperature; 3) reaction
20 time; 4) concentration of Salbutamol base/IPA solution; and 5) concentration of sulfuric
acid,

Effect of reaction'time

In this experiment, the reaction tirme was varied, and the concentration of
Salbutamol sulfate/IPA solution, the concentration of sulfuric acid and the stirring speed
25 were maintai_ned constant, as shown in Table 1.

Table 1: Effect of varying reaction time

Constant conditions _ § Varied condition

1} Comutamor, 10mg/mi(IPA) reaction 1 1 0.5min

2 Crsos 2mol/L time 2 Imin

3 Stirring S000rpm 3 ]15min
speed '

4 Reaction 20°C 4 | Zmin
femperature

As shown in Figure 9, reaction time has a marked effect on D{v,0.5) especially at

the short reaction times. The volume medium particle size decreased rapidly from



5 Step 10: The filter paper was also rinsed with 20m1 pure water, and the rinsing water placed in a
centrifuge and spun at 13.4xI000rpm for 20 minutes. The supernatant was then collected. Step 11: All
rinsings were collected into separately labeled glass vials and analyzed by W immediately to minimize
the effect of evaporation, which would produce an to overestimation of the concentration collected.
Ultraviolet anqvgi%%%%gﬁgrption speetrophotometrvfCTV1 Aqueous salbtggwgbg&lg%%s%tzandards of
known concentrations were prepared and the absgrbance of each standard were measured at 276 nm
with pure water as background. A standard calibration curve for Salbutamol sulfate aqueous solutions
(Figure 8) was isrterixiethiccif thetalisarbante sind entelftiationedata tRSHIEE AACRISIHSSIEN
Several reactio iti jed: | j tigate which factors of the, reaction process
influenced the r:ggrfpig}? %?zﬂe%égff%t%d@gg&g? %%?%iéga #gé({:r(t? rljgf%%/%%ttl}é%ﬁse?vv?fé% c Bafﬂgi%sﬁﬁﬁ noé(geﬁeed of
the overhead stiWéﬁvﬁ)UFE%t@[i%"f@p?ﬁﬁ@Pa‘Efﬁ‘é}rBﬁ‘%@ﬁ&ﬁ@H SO BIReUS concentration of Salbutamol
base/IPA solutidiifandSeoontenisationsaffetitfiucia aaidhifeaiabragiantmeln this experiment, the
reaction time was varied, C ion of ;Salbutamol sulfate/IP tion, the copcentration
of sulfuric a?:id and th@gticr%ﬁ%}g%ge%p 82%%%‘2%%%%%&%%8?%?% 2 té%“sﬁ%?%%ﬁﬁtﬂ%% fe%ﬁe 1;
Effect of varying BRI Thife woridesrt dsbitionstiestidhecomiltion] exdtatnhoTieroltwig reaction
10.5min 2 Cnz&@é:ametd virel Mm&xﬁwrmgosemﬁﬂma%iaéminwﬁ%@i%‘*ﬁ@&?@ﬂ%%@ng 2min
tern erature As in.Fi eactigntime has a marked, effect on D(y,0.5) especially at the
short reaction tim\{%%%g@g%ﬁe?%ﬁé E}fﬁtfr;%g?ut% e ?s?)flgergeﬁé}ésg?é%@?asﬁw}%gm%‘%@@@%@06
PCT/AU2006/086R05085528] 8 okimiissoiras e temagtine firss R finute flandttheperddweed
smoothly tao abs0o@pm Chitgeguently, it appears that long reaction times favor fine particles. In order

Table 2: The effect of concentration of sulfuric acid and Salbutamol base/IPA

solution cenditions

Constant conditions Varied ooﬁditions

1 Stirspeed | 5000pm | 1 | Coputamer, | 1| 10mg/ml
1 5mg/mi
0.5M
1M
1.5M
2M

3M

4M

SM

2 Time 2min

3 temperature | 20°C 2 1 Cinsos

=X [ Wt W S = (b

Higher concentrations of sulfuric acid and Salbutamol base both appear to favour
15 production of fine particles (Figure 10). The inventors consider that this may be due to
higher concentrations giving rise to higher super-saturation of the reaction system. In
view of the cotrosive nature of more concentrated acid, and the consequent effect on the -
equipment, 2mol/L. was considered to be an appropriate concentration for the reaction.
Further, when the concentration of Salbutamol base/TPA. solution was increased, the
20 floidity of the Salbutamoirsulfate suspension is reduced. This had an adverse effect on the
subsequent step of spray drying to isolate the dry powder, Acdordingly, 10mg/ml
Salbutamol base/IPA solution was considered to be better than 15mg/ml.
Effect of reaction temperature
Using the constant reaction conditions shown in Table 3, only reaction temperature
25 was varied, from 5°C to 35°C.

Table 3: The effect of reactive temperature conditions



to save time, 2 minutes was used in subsequent experiments. Effect of concentrations of sulfuric acid
and Salbutamol base/IPA solution s The concentration of sulfuric acid and the concentration of
Salbutamol base/IPA solutions were considered likely to affect the results of experiment. The
following experiments varied the concentration of sulfuric acid from 0.5mol/L to 5mol/L, reacting with

10mg/ml andylsmgdpleaalbutamol base/IPA solution separately. Reactii-4ifRg-WinekgRt constant at
2 minutes, reactive temperature was 20 C and the;stir speed was to 5000rpm (Table 2). Table 2: The

effect of conc
conditions Variggng

HvaAianstir speed 5000 m |

ot-baseftPA-solution-—cenditions-Censtant
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2Time 2min 2 15m ml 3
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10mg/ml Salbutamol base/IPA solution was

considered to be better than 15mg/ml. Effect of reaction temperature Using the constant reaction
conditions shown in Table 3, only reaction temperature 25 was varied, from 5C to 35C. Table 3: The

effect of reactive terigtfathteidsiaiss tiaidwwos Ridbo 0P T AUTCoEI00080R(8.5). The

10

20

D(v,0.5) of Salbutamol sulfate was sharply increased when the temperature was above
room temperature {around 20°C), but only slightly increased when the temperature was
increased from the low temperature to room temperature. A possible explanation is that
the solubility of Salbutamol sulfate in IPA is lower at low temperature than at high
temperature. Therefore, a high degree of super-saturated solution may readily be achieved
at low temperature, this being one of the key factors required to produce fine particles.
Although the particle size was. somewhat smaller at 5°C reaction temperature than at
20°C, the inconvenience of reducing the reaction temperature was considered to outweigh
the slight benefit obtained, and reactions were consequently frequently perforined at room
tetaperature,

Effect of stirring speed

To investigate the effect of stirring speed, stir speed was the only varied parameter,
and the other four parameters were kept constant, as shown in Table 4.
Table 4; The effect of stir speed of overhead stirrer

Constant conditions Varied condition

1 Csatbutamot. 10mg/mi(IPA) Stirring 1 1000rpm

2 Crzsoq 2mol/L. speed P 2000rpm

3 Temperature | 5°C 3 [ 3000rpm

4 Time Zmin 4 1 4000rpm
| 5 1.5000rpm

The volume medium partible size (D(V,O.S)) decreased with increasing stirring speed of
the overhead stirrer (Figure 12). This was likely due to faster speed leading to better
micro-mixing (i.e. mixing on the'molecular scale) to control nucleation and crystallization
of the particles. Consequently, the maximum speed which the machine could reach was
chosen to achieve finer particles.

Effect of sonication




Constant conditions Varied condition 1 Csalbutmi,. | Om mi(IPA reaction 1 5C ice and water) 2
Ce2s04 2mol/L temperature 2 20C (room temperature) 3 Stirring 5000rpm 3 35C (hot water) speed 4
Time 2min Figure 11 illustrates the influence of the reaction temperature on D(v,0.5). The D(v,0.5) of
Salbutamol sulfate was sharply increased when the temperature was above room temperature

(around 20C)yRissephsalightly increased when the temperature was s incigaseefipmatg.low
temperature to room temperature. A possible explgnation is that the solubility of Salbutamol sulfate in

IPA is lower at low temperature than at high temperature. Therefore, a high degree of super-saturated
solution may readily Béhaehievell wnipls weanpéialare thisbbingaineaoithe: kel fastersirecafited to

produce fine partiglgien A¥haMEH thesnarsicissizaas, semenhabspRlenal S Jepationdemperature
than at io 20C, the incgp\t/edﬂeé]lceg%fﬁreducin%t e rea éion temperature was considered to outweigh
the slight benefit S IAIREH AR 7o RafioIRA0TE CEsE Jdbntly frequently performed at room

temperature. Effect of stiseirijesplond Tosidvastidate trevetisot ohstivingpspidd sttir speadedas the only

varied paragetayligangdhe other Jp UL ABHARRIeIRINe R AEBE GORSIANE ASSHOVR,ID Jalle 4 Table 4:
The effect of stir %%e d ofg erhead stl%%rléionstant conditions Vlaried C%?ﬁg%ﬁhé&éﬁ%%;éﬁt [Om mi

A) Stirring 1 1068 “ﬁﬁE‘FX%So‘ﬁeﬁ?rP&%n&"p B BHIHIN seriath Dratlmiseios e mesride 2min 4
4000 m 5 .5000ths Aol sine Ivedasmddadticlthsizeh B(vodi)) theceanredwitbiinaredaing stitking
speed of the oveiiRaMsUGREAEALAR) Thiswae kel e IR sPeathleadiog o beter 20
micro-mixing (i.e, m%(‘%r?a{%n the molecular scale) to control nucleation and crystalliza l0h o fhe

1y,

particles. Consétfife iamekisiatcs prs el akeshoxanie awa idagrdnisuindseAfistachieve
finer particles. EffeicetdschicBion. ¥y @-:2006/096006ICIahk 20061 003K des after sonication are

more consistent with the single particle sizes measured under the microscope, Thus it
appears that most of individual particles were separated from the agglomerates by
sonication. It is thus clear that agglomerates do exist and the drying technique (spray
drying) does not completely break down the agglomerates. Consequently the size of the

15 agglomerates is more relevant than fhe size of the individual particles that compose the
agglomerate until a new technique becomes available which can break agglomerates in
the process.

Exveriment Factorial design

Optimal reactive conditions, such as concentration, temperature were selected from
0 the above experiments. A partial 3* factorial design was employed to investigate which
factors concerned with the reaction process influenced the particle size to the greatest
extent. The four factors investigated were: concentration of Salbutamol base/IPA
solution, concentration of sulfuric acid, stirring speed, and reaction time. The levels
investigated for each factor are given in Table 5. Reaction temperature was kept constant

25 at room temperature.

Table 5: Factors and the levels used in the experiment factorial design

netation | Factor Levels

_ _ 1 2 3
1A | Coattutamot mg/ml(IPA) 10 15 20

B Crusos | moliL 1 2 3

C ' stir speed  lipm 13000 5000 8000

D reaction time min | 0.5 i 2

Table 6: Results from the factorjal design analysis, using volume medium particle
size data _
No. A B C D D{v,0.5).




24 When a small sample was withdrawn from the Salbutamol sulfate suspension after reaction to
make a microscope sample, it was observed that the particles were agglomerated rather than
separated (Figure 13). It was therefore considered that the volume medium particle size measured by
s Malvern may be that of agglomerates rather than of individual particles. In order to test this, the

samples wergRudEaswhrasonic bath to sonicate for 30 minutes before megsupeg Hhe particles size.
Ice was added to the bath to control the temperatyye of water in the bath during the sonication

process, in or
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6: Results

R; is the value which reveals which factor affects the results to the greatest degree:

the larger the value, the more sensitive, the greater the sensitivity to that factor. As
caloulated in Table 6, the values for R; are in the order D>A>C>B, highlighting that

reaction time is the most important of the four factors. Concentration of sulfiric acid from

1 mol/L to 3mol/L produced the least effect on D(v,0.5).

The minimum value of k; is the value which reveals which level of each factor is

the optimal. Table 6 shows that A2, B2, C3, ax}d D3 are the best conditions. Referring to

Table 5, these are:

Csatbutamot 15mg/ml, Cmsos 2mol/L, stirring speed 8000rpm, and

reaction time 2 minutes. These conditions are consistent with the experiments described

earlier.

Synthesis scale up

10



No. IA IB C ID JD v,0.5). WO 2006/096906 PCT/AU2006/000302 25 (micron) 111111541 2122
2542 3)1333281 42123571 522314.13 (6)23125.30 (7)31327.09 (8)32139.14
9332120.24 ki1 23.64 2811 29.85 39.78 75.25 k21 15.14 18.69 31.37 17.81 k3. 36.47 28.35 14.03
17.66 k1J 7.88 9.4 9.95 13.26 k2; (k;1/3) 10.46 5.94 k3; 12.16 9.45 R' DAC> (max k. - mink. 7.11

3.225.78 7.3y, e B2<B1<B C3<C1<C D3<D2<D 3321 min SO|§C?/\A%§6%%%9§6§I9’
OPTIMAL B23 }II))%&I);@ %Eetbhe value which reveals whjich factor affects the results to the greatest degree:

the larger the value, the more sensitive, the greater the sensitivity to that factor. As calcul_ated in Table
6, the values foBRilaresimiirsioraief dbwien@dBylfighlightingltdatpréactidsn timexis teugpgoimipertant of

the four factors.-onaewraian plsyliura,acid ffamemsl mol/L to 3mol/L produced the least effect on

D(v,0.5). The minimum value of K,, is the value which reveals which level of each factor is the optimal.
Table 6 shows tHat R27B%! e3uame Pttt vt gitohOmdierkigreslora &s 2k ate: C~lba
i 15mg/ml, Ca250452midiHakstinsidgsspeatc-8010rpm, and reaction time 2 minutes. These conditions are

consistent with fhe expeiments 4eseNedised, Comparing the two stirrer heads, not only the size is
larger, but also the type is different (Figure 16, 17). The larger head is more efﬁcient
for achieving the fine particles.
3) From the factorial design experiment, it was found that the reaction time was the
most important facter in determining the particle size. Thus the reaction time was
10 extended from 2 minutes to 20 minutes, measuring the particle size every 5 minutes
(Figure 18, 19). As the reaction progressed, the particle size distribution curve became
bimodal, i.e. a small peak appeared after about 5 minutes, and become progressively
larger. Accordingly, D(v,0.5) decreased from 3.50pum to 1.97pum after 20 minutes
reaction. This confirmed that long reaction time favors smaller particle size.
15 Inconclusion, the reaction conditions after scale up were as shown in Table 7.

Table 7: The scale up reactive conditions

1 Salbutamol base/IPA solution 10mg/mI(IPA), 100ml
2 Sulfuric acid 2mol/L, Tml

3 Reaction Temperature 20°C

4 Reaction Time 20min

5 Stirring speed 8000rpm

Conditions of spray drying

Two values, volume medium particle size (measured by Malvern) and FPF (fine
20  particle fraction) value of the dispersion experiment, were used to indicate the quality of
dry powder after spray drying.
' The principle of spray drying is that atomizing the suspension through a nozzle, in
combination with hot air, causes evaporation of the soiv.ent (in the present example IPA)
~ due to the high temperature. Consequently the solids which are suspended in the

25 suspension system are lefl as a dry powder which may be collected. Therefore, the inlet

and outlet temperature should be high enough to ensure complete evaporatioﬂ of the

solvent. The outlet temperature of spray drying is related to the inlet temperature and can

not be preset or conirolled independently. The boiling point of IPA is 73°C, so both of the

_ inlet and outlet temperature should be above this value. Figure 20 illustrates the
30 relationships between outlet temperature, FPF(total) and FP¥(emitted).



10 earlier. Synthesis scale up WO 2006/096906 PCT/AU2006/000302 26 Beaker synthesis of
Salbutamol sulfate was scaled up in order to gain enough powder through spray drying for further
experiments. 1) 100ml of Salbutamol base/IPA solution in a 250m1 beaker replaced the 20m1 in a
50m1 beaker as described earlier. s 2) A larger stirrer head was used. Comparing the two stirrer
heads, not o%%%é%fﬁb% larger, but also the type is different (Figure 161%9[& The Iar(%er head is more

efficient for achieving the fine particles. 3) From the factorial design experlmen[{,mlg%'gs f8und that the

reaction time was the most important factor in determining the particle size. Thus the reaction time
was 10 extended froms shonintitei gor2 Q0nilisieshaoedsurngdheuparticleisizoeyeny fomiepies (Figure
16, 10). As the repaionpiagiasssh he RANGIRS G AbIoN eI Decame ibmocal, 82 small
peak appeared after'about 5 minutes, and become progressively farger. RCCOF mngy, v,ff%)
decreased fron?4isbhesr 1hey if hrdrcotemprisdure dabid k. Thisertinteettivatiomgrroaetion time
favors smaller pedticlgppizeimisdn @BUGLgitat the eauiRmepRdlians AWRRSAISVHUNES sighown in
Table 7. T?bletZ:oEQ nshq%quﬁ)ﬁ{g%ctiv%g erllditions 1 Salbutamol base/IPA solution | Om ml(IPA ,
100ml 2 Sulfuric acid 2mol/L, In 'Reaction Temperature 20C 4 Reaction Time 20min 5 Stirring
speed 8000 m Rigpsasirineeslispray dryi Two values, volume medium particle size (measured by
Malvern) and FeE+{iaaridQ-patiigle fraction) value of the dispersion experiment, were used to indicate

the quality of dry powd(gg after shray %{XQ@thehQ%nci le.of spray drying i§ that atomizing the
Inat

iR com On with ot BP 98B & PR ERso bt DR EMERR i the

suspension through a nozzle, in com o ‘
present examplEetPROlogH Pl #Hd. Higinerarsdr Eheedicnsrsion raptiyitivetsolid cendictiedréduspended in
the zs suspensifscapsteBadies. [RGB REUABEMNER MRYshewrPie gt ThEEiPIe e jnlet and
outlet temperatyre § ugg r%gagighd%not?{g ¢ vensTer o lete ev§§) ration of the solvent. The outlet
temperature of s%r’ay ying Is re atél 1o the ihiet eamsi)esraﬁﬁ’réfV Ah i, which was Jarger than
the cut-off of stage 1 of the MSLL Neither of the FPF values was above 20%, which

means that less than 20% of the current Salbutamol sulfate commercial product is capable

of depositing in deep tung area. This result is very unsatisfactory.
15 Comparison with different Salbutarol sulfate spray dried powders synthesized in beaker

under same reactive conditions and spray drying conditions |

Table 8: Reaction conditions and spray drying conditions of Salbutamol sulfate

synthesized in a beaker

_July 5 July 6 July 7 July 8

Reaction conditions

1. Salbutamol IPA solution: e Orng/nﬂ,YﬁlOOHﬂ, m=1000me,
n=4.179mmol
2. sulfuric acid C=2mol/L, V=1.0ml, n=2mol
3. stirring speed 8000rpm
4. reaction temperature Room temperature
© 5. reaction time 20 mins.
6. sonication 1o
Spray drying conditions _
1. inlet preset 150°C
2. outlet temperature -1 89°C 92°C 90°C 86°C
3. aspirator : 100%
4. air flow rate 800L/hr
5. feed flow rate Smlfmin
6. sonication 10
Results

L yieldratio . 60.2% 32.3% 67.4% 58.4%..



not be preset or controlled independently. The boiling point of IPA is 73C, so both of the inlet and
outlet temperature should be above this value. Figure 20 illustrates the 30 relationships between
outlet temperature, FPF(total) and FPF(emitted). WO 2006/096906 PCT/AU2006/000302 27 As
shown in Figure 20, when the outlet temperature is under 60C, the powder may not dry completely,
and thus botl,5RfM@lkes are low. Experiments have been conducted whjch shayt gk the inlet
temperature is 150C, corresponding outlet tempeggture may reach approximate 100C and that this is
the maximum value that should be used in order s;to obtain high quality dry powder. Dispersion
results Commercial produé¥R Gessorteiall SalbutantdlMdate $roduUct wasjmvidad.byelNanoMaterial
Technology Pte Ltd. (Singapge).@he dispessigrexperiment was conducted twice as to described
earlier. Results of these gxéariments are shown in |[RguiER1 an2Bigureds2l P{v,08)4a% measured by
the Malvern size r-which-was-hraer than-the cut-off of stage | of the MSLL Neither

of the FPF values was above 20%, which means that less than 20% of the current Salbutamol sulfate

commercial product jg&3pablgefdePgsiting %&ggg&wg’%@%ﬁ[ Q?aﬁ:‘?%:%?sv?f% unsafisfactory. 15

Comparison with different Salbutamol sulfate spray dried powders synthesized In egﬁg?wuﬁder same
reactive conditiohs Afd Sy EHAEHERHNGNS FPEHIR &0 FibRaRgAac spkioN S BRI ayithrythey
conditions of Sattyenzmidlsprteitet synthdStFediina béakerphnyd Julyifeduly Tptdly &yReaqtion
conditions 1. Sglbulam Aslytion: C= 1L Y=100ml, m=51000mg,n=4.179mmol . 2. sulfuric acid
C=2mollL, V:1.0rnl,_n£!2prlxn%ol 3, ls&tfr%%hl%bdge%a%g%gﬁeﬂ ﬂ%g%%]gh %gn"%g%u‘}%%‘rh%a% tfg‘Fn rature 5.
reaction time 257 HhE %{%B)ﬂfﬁﬁéﬁfﬁge SYRY dsisdinender isvaderduat ridch 3 sndlerttmptature 89C

92C 90C 86C cut-off of stage 3 (3.1jum). Therefore most of powder can pass through stages 3 and 4 and
collect on the filter paper in Stage 5. The recovery of the powder was more than 90%. It

S e ¥ C e G

should be noted that while D(v, 0.5) is the physical size of 2 particle in suspension,
10 acrodynamically a particle may behave like a smaller particle.
Effect of storage

The powder, after spray drying, was collected in glass vials and stored in
desiccators in order to minimize the influence of humidity on the dry powder.
Comparison of the dispersion results measured immediately and measured 4 months later

15 for the same sample (Figure 23) show that afler 4 months storage the powder depositing
distribution changed somewhat. After 4 months, more powder deposited in stage 3 while
less stuck on the filter paper in stage 5, relative to the results measured before storage,
Thus the proportion of particles under 1.7uum was decreased while: the propoition over
3.1pm increased. The particles became a little larger on storage for 4 months. Although

20  the FPF(total) and FPF(emitted) reduced by about 11% and 6% respectively, the values
are still high compared with commercial products, and powder still can be considered to
be high-performance for inhalation. 7
Effect of different inhalation device

Rotahaler® is a low-efficiency inhalation device. Due to the excellent performance of the

25 powder, as demonstrated earlier, it was considered that the powder might be of a
sufficient quality to perform reasonably well, even in a low-cfficiency inhalation device

such as the Rotahaler® compared to the higher efficiency Aeroliser®, which was used in

the earlier experiments. The powder was dispersed, using identical conditions (60L/min

air flow rate, 4 seconds each time, and same amount of the Salbutamol sulfate), but using

3 two different inhaler devices (Figure 24). As expected, the performance of Rotahaler®
- was not as good as Aeroliser®. Approximate 20% and 30% reduction in FPF was
observed for FPF(total) and FPF(emitted) respectively, However, these values are still
about twice to three times those of the commercial product using Aeroliser®. Thus it may



3. aspirator 100% 4. air flow rate 8001/hr 5. feed flow rate 5m1/min 6. sonication no Results 1. yield
ratio 60.2% 52.3% 67.4% 58.4%., WO 2006/096906 PCT/AU20061000302 28 2. FPF (base on total)
82.90% 87.23% 86.79% 79.95% 3. FPF (base on emitted dose 87.75% 96.20% 96.18% 85.47%
Figure 22 illustrates that the method used to generate Salbutamol sulfate dry powder has very good
repeatability with,§&gpiddo dispersion results. Compared with the commegcial pradieisioth FPF
values of the powder obtained by spray drying shgw s marked improvement, achieving values rarely
obtained hitherto. The main cause for this result is that D(v,0.5) of the spray dried powder is under
2m, which is steallendidadtheatclirofbotisteagblqhigmpcThensiore avost wfippwdercaliBar® through
stages 3 and 4 ggtigglh%%(%n the filter paper in Stage 5. The recovery of the powder was more than
90%. It should be noted 0.5) is the physical size of a particle in suspension, to
aerodynamicalijfecheibl Sy'Hah#ve ke a smaller particle. Effect of storage The powder, after
spray drying, wasteel|Bciashimglagsusialsarier storéyy ipowdsidohabrisom Srdfaramehisitfaesthiayinfluence
of humidity, on fhe Ay pewdels ampAysaNRidte disarisian inslismasswed nudiately and
measured 4 months later is for the same sample (Figure 23) show that after 4 months storage the
powder deposﬁﬁﬁgﬁm%%@ﬁfﬂ#%wmc@’@?ﬁﬁwhat. After 4 months, more powder deposited in stage 3
while less stuck on thrdilter papeninsiagess inelativaltoithe Tesukddiéasiy Sdlbetorelstafatge. Thus

the proportion of particles undeg 1./m was %‘é@ﬂﬁﬁﬁ'ﬂ‘éﬂ- e e POPRIICRAY S 8-hiRdicreased. The
particles became a little Ia%rgyéﬂesigr%ﬁeéfor 4 monthls. Although 20 the FPF(totaI% %2% EPF(emitted)
i f

reduced by about 115¥ang evidd88meilpstyseHatodhrebleats ki wish (Bendurad i rithércial

products, and powder still gafuke considered to be high-performance for inhalation. Effect of different

inhalation device Rotahaley(r, W"‘?f‘é@see”a% nbglation glevice. Due to the excellent performance of
the 25 powder, as d?ﬁ%’gt%‘g(?%%‘ﬁeﬁ l|tt was considered that the powder might be of a
Step 4: Add 200mg lactose and blend as above.

1000mg blended powder was obtained, which contained 100mg Salbutamol sulfate

spray dried powder and 900mg lactose.
15 The resulis shown in F'igure' 25 show that, when blended with the lactose, the
performance of the blend was not as good as the pure powder. It is known that the
function of lactose as a carrier is to improve the inhalation performance. However in the
present experiments both FPF values were reduced. The fine salbutamol- sulfate may
absorb onto the surface of the large lactose particles and may become trapped, such that it
20 is delivered along with the lactose particles mainly to the throat and stage 1 due to the size
of iactoée particles.
Reaction conditions of RPB synthesis
On account of the differences between beaker synthesis and RPB synthesis, only
two of the five reaction parameters could be used unchanged: concentration of
25 Salbutamo! base/IPA solution and concentration of sulfuric acid. The stirring speed, as
described earlier, translated to the maximum speed that RPB can reach. Reaction
temperature and time were investigated separately,
The effect of reaction temperature
Iced water w.as used to cool the system, and hot water to heat (Table 9).
30 Table 9: D(v,0.5) under different reaction temperature ,
Media 1 Suspension - D(v,0.5)

temperature (°C) | temperature (°C) | (pm)
Cooling 7 17 0.84

Room. 20 25 , 1.62
temperature. ‘ _ _ ;
Heating 40 30 3.40




sufficient quality to perform reasonably well, even in a low-efficiency inhalation device such as the
Rotahaler(r) compared to the higher efficiency Aeroliser(r), which was used in the earlier experiments.
The powder was dispersed, using identical conditions (601/min air flow rate, 4 seconds each time, and
same amount of the Salbutamol sulfate), but using 30 two different inhaler devices (Figure 24). As
expected, th of Rotahaler(r) was not as good as Aeroliser(r). Approximate 20% and
30% reductic(?\r’:gi?lEfléalgfllzi%QV\%(P(:%e observed for FPF(tota)), and FPF(emitted) re558€{£§%99ﬁ4‘8%%%/er, these
values are still about twice to three times those of the commercial product using Aeroliser(r). Thus it
may WO 2006/096906 PCT/AU2006/000302 29 be concluded that fine particles have

high-performan i -gffici r? lation,device, Effect of blending with lactose
Lactose is a com}ﬁgh lﬁ%gl;%)rlﬁg %9%%%%1\?\[} e?%%lé%%%?r U al%?ss?&%gt%’ SBPAY % tifed
powder was bleﬁﬁgﬁl‘?ﬁﬂﬂ? @Elll‘fsaée(rcﬁ’l‘i‘fﬁ‘r’é’l%ial product) at a ratio of 10:90. The experimental details
were as followsItetdet Bfted@ratidactose in a small vial, Then add 100mg Salbutamol sulfate spray
dried powder. lendi ine.to blepd them for | minute. Step,2; Add 200mg lactose into the
blended po‘\?vdeurf %%r? glgdg%)%}e%t%ger cfirl fgig %n‘t]lﬁ% lé‘.‘%fgp Ae RRENGOHsY Raystes Fidhs above.
ctose-and.blend as abhove. 1000mg blended powder was obtained, which
contained 100mg Salbytamol stlfate spray dried pavyges, gndi900mg lactpse. is The results shown in
A iewiﬂen blended with ghﬁépctosa-g?(%eperfc riv@nheé of the blend was not ag good as
r. Itis knoempthatithe fu nction of lactose as a AL shi 4P improve & Thhalatipn
performance. H&W&verlin the gdresent exXp@Aments bstly FPF Vajues were fedaided. (Ehetfide
salbutamol suffate may| absorh onto the surface of theilarge la particles and may become

trapped, such tl:}_ it zo ii livered along with the |[actose pariicles mainiy 1o the throat and-stage 1
due to the size Sléfl;g.bt ac%‘grtix:igésjmﬁe %%&r conj@&%ﬁéﬁ}a\m@ek P dcea it Bthe

differences be#=en hdaldesyntmis ai%d’RPB synftissis, only20o of the fivelreacionsgrameters
could be used| ynchandegreonceptratidryeic25 Sa{llat_ggmol basefyyA soldtion,gnd congegiration of

sulfuric acid. The stirring Speed, as

From table 10, it can be seen that particle size decreased and FPF increased with an
increase in reaction time, however there was not a large difference between 20 minutes
10 and 30 minutes.

It was shown that at different reaction times the sample had a different particle size
distribution. The main peak of the curve was shifted and decreased in area, and a small
peak appeared from about 5 minutes, which progressively increased. D{v,0.5) decreased
over time. In conclusion, finer particles could be obtained by employing a longer reaction

15 time.
Effect of different inhalation device

In order to examine the performance of Salbutamol sulfate spray dry powder
- synthesed wsing RPB, Rotahaler® was used to compare with Aeroliser® as before. As
observed earlier, the performance of Rotahaler® was worse than Aeroliser®,
20 Approximate 30% reductions in both FPF(total) and FPF(emitted) were observed.
- However, these values are still above 50%, which is regarded as moderate performance.
Thus it has been shown that the Salbutamol sulfate spray dried powder synthesised using
" RPB has approximately equivalent performance to that synthesized in a beaker. |
'SEM photos ' '
25 _Sep.7 sample (Figs, 29 and 30)

: D(V,0.5) | D(v.
sample . outlet (V05 (V:0.5) FPF1 FPF
Temp. | time before after spray '

name temp. total i
coray dry | dey (total) | (emitted)

7-Sep | 25°C | 10min | 98°C 1.45 5.95 56.52% | 64.66%




described earlier, translated to the maximum speed that RPB can reach. Reaction temperature and
time were investigated separately. The effect of reaction temperature Iced water was used to cool the
system, and hot water to heat (Table 9). so Table 9: D (v,0.5 under different reaction temperature
Media Suspension D(v,0.5) tem erature G) temperature C) (m Cooling 7 17 0.84 Room 20 25 1.62
temperature Heing 390 3.40 WQ_2006/0_96906 PC_‘I’IAU_2006100(_)302 9%9 /F{%l]élg% %93(‘","2”0' Tab_le 9
illustrate that at lower temperature it is possible tosgchieve finer particles, as onr eaker synthesis. The
effect of reactive time s Table 10 Comparison with the Salbutamol sulfate spray dried powder
synthesis in RPB D(V,0.5) D(V,0.5) sample Temp, time outlet before after spray FPF! FPF name

temp. spray (to@&,@g&i{@ﬂl) @?fEs.d:inQQdEie 25C 10min 98C 1.45 5.95 56.52% 64.66% 8-Se 25C
20min 80C 0.982.10°7T7.01% 89.13% ~13-Se25C30min-89C-§:93-1-:96-78-39%-8+97%From table

10, it can be spgp thyat particle gize decjeased and AP ifdeas Wit )an| increase in reaction time,

however therejwas not altaige difieeence between Plemiautes | 1gand,30 mi tes.{ifhfs shofn that
at different regctiftimes the sample hadca®lifferent arti&le size distribufidtetathe naintfpadk jof the
curve was shifted-and-decreased-in-areg;and-asn aﬁ?r‘%?fea?aﬁ peared-fror-about-5-minutes, which
progressively 25{¢,0.6pmineh8EC over tif8 In conclubion, findrgantildsseaats be jobtained
by employing a longer reaction is time. Effect of different inhalation device

Sep.13 sample (Figs. 33 and 34)

B(V,0.5) | DV,0.5
sample . ontlet : ( > (V:0:2) FPE1 | FPF
name Temp. {time ’ before after spray | y
emp. tot: itted)
| spraydry | dry (total) | (emitted)
13-Sep | 25°C 30min | 89°C (.93 1.90 78.39% | 87.91%

Sep.30 sample (Figs. 35 and 36)

: D{V.,0.5 D(V,0.5
sample i outlet (V,03) . (V:0.3) FPF1 FPF
Temp. | time before after spray
name temp. | {total) | (emitted)
spray dry | dry
30-Sep | 17°C | 30min | 85°C - | 0.84 1.98 63.83% | 78.87%

The morphology of the samples from Sep. 8, 13 and 30 all appear similar under the
scanning electron microscope, where individual bar shaped particles form spherical
1o agglomerates. The length of the individual particle was under 2pm, the width and
thickness were around 100~200nm. The agglomerates of the Sep.7 sample were larger
than those of the other samples. The individual particles of this sample were more like a
needle shape of about 10pm in length and 1pm in the other two dimensions. This accords
with the fact that the FPFs of Sep.7 sample were the lowest of the four samples, since
15 smaller particle size correlates with higher FPF values. |
Non-solvent method

The spray drying parameters were the same as those used previously. An interesting
phenomenon was obsewgd regarding the dry powder in the spray dryer collected vial,
The powder separated into two portions, one spherical and the other loose, which stuck on
20 the side wall of the vial. On measuring the mass and volume of these two portions of
powder, it was found that the density of the spherical powdér was the twice that of the
loose powder. The particle size distribution was meagured using Malvern Mastersizer.
It was apparent that the different shapes of dry powder had different morphology
under SEM. As discussed above, short bar shape particles provide better performance |



In order to examine the performance of Salbutamol sulfate spray dry powder synthesed using RPB,
Rotahaler(r) was used to compare with Aeroliser(r) as before. As observed earlier, the performance of
Rotahaler(r) was worse than Aeroliser(r). 20 Approximate 30% reductions in both FPF(total) and
FPF(emitted) were observed. However, these values are still above 50%, which is regarded as

moderate periimahessocknus it has been shown that the Salbutamol sulfgig,spiay,eiisdgpowder
synthesised using RPB has approximately equivaient performance to that synthesized in a beaker.
SEM photos 25 Se .7 samtois. 29 and 30 D(V,0.5) D(V,0.5) sample outlet FPFI FPF Temp, time
before after spriipnding teedls. Sencarmati Wentitad)ry r8g WBEI 1Beih 38 Gvh. 45TaaH H61ER% 64.66%

WO 2006/096996wR1eT p300E/00030% 3L 4 SRS SHp I8 b3l @3 A RN OB L V0P sample
outlet FPFI FPE, '_I},egnfg.t%g(—:i bef?rre.af er spray hame temp. (total) (emitted) s ra d d 8-Se 25C 20min
80C 10.98 2.10%78 PSP IGEEEI™5(v,0.5) D(V,0.5) before after spray FPF1 FPF p. s ra dr d

(total) (emitted)ispasionaeraliRo% 87.91% s Se .30 sam le +i s. 35 and 3 D(V,0.5) D(V,0.5) sample
outlet FPFI £PF Temptigehefnafier spiamhame 850 p5iaid G amiteherical powder
Trom the spray dryer were prepared for dispersion experiments. The results are shown in
Figure 37. |

These results matched the postulated dispersion resulted discussed above. Due to

the different sizes of the particles, different FPF values and powder distributions in MSLI

10 were obiained. Because of the relatively large particle sizes, these two samples both
exhibited low FPF values. The spherical powder had approximately the same value as the
commercial product.

A set of experiments was conducted to confirm the above results using the sample
prepared (synthesized and spray-dried) on the 23rd of November 2004. Three separate

15 ‘capsules were made containing loose powder, spherical powder, and crushed spherical
powder. These were dispersed individually, and the results are shown in Figure 38.

The loose powder and crushed spherical powder exhibited the same performance,
however the values for the spherical powder were quite low. This suggests that there was
not a great difference between the unagglomerated forms of these two powders, It appears

20 ‘that the reason that the spherical powder left a substantial amount of material in stage one
is that the agglomerates were too tight to be broken up by the air at a speed of 60L/min,
and although the holes in the capsule made by the Acroliser® inhaler help break the
agglomerates enough fo escape the capsule; it is not enough to perform as well as the
others. Those agglomerates which did not break enough remained trapped within the

25 capsule, more than if it was just loose or crushed powder.

Comparison of powder generated by two methods
Parameters |

- Table 11-shows the parameters used in precipitating and spray drying processes .

Table 11 Parameters
| Sep.13 reactive method sample Oct29 non-solvent method

sample

Concentration | 10mg(Salbutamol | Concentration | Ig
and volume of | base) /mi(IPA); | and volume of | (Salbutamol
1 Precipitating | solution 100ml solution sulfate)/4ml
deionised

water




ry dry 30-Se 17C 30min 85C 0.84 1.98 63.83% 78.87% The morphology of the samples from Sep. 8,
13 and 30 all appear similar under the scanning electron microscope, where individual bar shaped
particles form spherical io agglomerates. The length of the individual particle was under 2m, the width
and thickness were around 100-200nm. The agglomerates of the Sep.7 sample were larger than

those of the qthan&aRRIRS. The individual particles of this sample were rpp#e,lik@ R oheagsle shape of
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As shown in Table 11, the parameters used in the two methods to generate the Salbutamol
sulfate dry powder were very similar. The dry powder made using the non-solvent
method showed significantly poorer performance compared to the sample produced using
the reactive method. The majority 01_’ the powder (non-solvent method) was deposited in
the inhaler instead of in stages 3, 4, and filter paper. It appears likely that there were some
particles larger than 15um in the Oct.29 sample. Relative to the FPF(total), there was only
about 6% difference between FPF(emitted) of the two samples, This indicates that the
powder emitted into the MSLI did have good performance, i.e. there were still fine
particles in the dry powder, and/or the air flow is strong enough to break and disperse the
agglomerates emitted from the inhaler.

Particle size distribution

Although, as indicated by the results above, the two samples had approximately the
same volume medium diameter, however the shapes of distribution curves (Fig. 41) of
each were very different. The Sep.13 sample showed two peaks, and the peak width of
each was narrow. However, the Oct.29 sample had a comparatively broad distribution
with a gingle peak. As the figure showed, all particles of Sep.13 sample were below
10pm, but the largest partiéie size of the Oct.29 sample was about 30um, which is 3 times
larger than the maximum size in the Sep.13 sample. This provides an explanation for the
low performance of Oct,29 sample.

SEM photos _

The SEM photos explained. the dispersion results finther. As discussed above,

particle size and paiticle shape are expected to influence FPF values. For the Oct.29



is capsules were made containing loose powder, spherical powder, and crushed spherical powder.
These were dispersed individually, and the results are shown in Figure 38. The loose powder and
crushed spherical powder exhibited the same performance, however the values for the spherical
powder were quite low. This suggests that there was not a great difference between the
unagglomeraied faransseddhese two powders, It appears 20 that the reasosi-that e sphgsical powder
left a substantial amount of material in stage one 3s that the agglomerates were too tight to be broken
up by the air at a speed of 60L/min, and although the holes in the capsule made by the Aeroliser(r)

inhaler help bresiEtHg: Higdrairdrateleemst haocabeapdemucsa peeisd iBofor anagihgdhodFdim as well
as the others. Fhopiagglomprntes whish didnet brealeepaughremainediapRadvithindhe 25

capsule, more than. if j .j:lijétl 9 r Grush wder. Comparison of powder generated by two
methods Parameters T %I% 11s ogveggth(gmbeg‘rlg&’n;e@g?sstﬁ%lgPr?ré)‘r%%sipﬁlgffnél%ﬁrsﬁ%a'gedR?fﬁ@fe

processes . TaBlEPRIePhpa e tEisiiunstmpleacadevamitstosindplie Sered, oardoflentimmhod sample
Concentration TSI SEibUtapeopispsicentcalianie snekvellme ahbasa) k! R 8ns yeluineof
(Salbutamol Pregci 'g;g i 'solution 100m1 solution sulfate)/4ml deionised water WO 2006/096906
PCT/AU2006/000302 Concentration 2mol/L; Volume of 80ml (IPA) and volume of Iml non-solvent
+20m1 sulfuric acid (acetone) Temperature 25C Temperature 25 OC Time 30 minutes Time 30
minutes Stir speed 50Hz Stir speed 50Hz Inlet 150 C Inlet 150 C temperature temperature Spray
Outlet 89 C Outlet 85 C drying temperature tern erature As irator 100% As irator 100%



Feed flow rate Sml/min Feed flow rate Sml/min Air flow rate 800L/hr Air flow rate 800L/hr Dispersion
results As shown in Table 11, the parameters used in the two methods to generate the Salbutamol
sulfate dry powder were very similar. The dry powder made using the non-solvent method showed
significantly poorer performance compared to the sample produced using s the reactive method. The
majority of the powder (non-solvent method) was deposited in the inhaler instead of in stages 3, 4,
and filter paper. It appears likely that there were some particles larger than 15m in the Oct.29 sample.
Relative to the FPF(total), there was only about 6% difference between FPF(emitted) of the two
samples. This indicates that the powder emitted into the MSLI did have good performance, i.e. there
were still fine to particles in the dry powder, @nd/or the air flow is strong enough to break and disperse
the agglomerates emitted from the inhaler. Particle size distribution Although, as indicated by the
results above, the two samples had approximately the same volume medium diameter, however the
shapes Mrlbutlon curves (Fig. 41) of 1s each were very different. The Sep.13 sample showed two
peaks, and theipeakossd for pepaetvmad sanaieovi atHoveisvienrtged@otia® sanpledwdsh comparatively
broad digétibuten suithdaigiame Rk Aadherdgurasbawedirallqparticies-cb&ap ikdsample were below

10m, but e laigient st slip il g, O A mamplevias @ﬁﬁéﬂqéfagbowssyé 3 times larger than the

maximum smgolrnt eﬁ?eg ¥h3 {2 nis, ﬂ%\élcgs %Sneéaxglgna ol 1g19;[et§cs % w performance of
Oct.29 sﬁﬁ%ﬁ é?:ﬁ\ﬂ Eﬁo{os ﬁ' l.h sex Rined %fspersmn fo5UIts Tarther. As discussed

above, ﬁﬁ‘iﬁ@réﬂ@r&mﬂ] Wr&%“gﬁ%(ﬁéoé? of ’eifiHBence FPF values. For the Oct.29 WO
2006/096906 PCTg2686/ 38060 2h84is tprdiciiseiposespewudetiakitedpiiesiciiopowder were
separates) betpseopreparing the SEM sample. Consequently, in the electron micrograph of Fig. 43, two

different shapes And, Sizes A RABIGIRSMAY heiobssives: dhe-smalbnadicies were similar to the

sample Qr%pzfred by the reaction sample, and were deposited in stage 3, 4 and filter paper in s MSLI.

The Iarge par iCles were those stuck on the side of inhaler due to of the large surface area. 35
Claims: 4, The process of any one of claims 1 to 3 wherein (he particles are between about 0.5

and about 10 microns in diameter.
5. The process of any one of claims 1 to 4 wherein the reagent is capable of reacting
with the precursor through an acid-base reaction {o form the drug.
6. The process of any one of claims 1 to 5 wherein the ratio of the precursor to the
reagent is between about 3:1 and about 1:3 on a mole basis.
7. The process of any one of claims 1 10 6 wherein drug is a salt, the precursor is a free
base of the drag and the reagent is an acid.
8. The process of any one of claims 1 to 7 wherein the drug is salbutamot sulfate, the
precursor is salbutamol and the reagent is sulfuric acid.
9. The process of any one of claims 1 to 8 wherein the high shear is provided by a shear
device rotating in a mixing zone.
10. The process of claim 9 wherein the shear device is rotating in the mixing zone at
between about 1,000 and about 10,000rpm.
11. An inhalable drug when made by the process of any one of ciaims 1 to 10.
12. The inhalabie drug of claim 11 having & narrow particle size distribution.
13. The inhalable drug of claim 11 or claim 12 wherein said drug is selected from the
group consisting of an inhalable steroid, an inhalable cyclosporine, an inhaiable anti-asthma
drug, an inhalable bronchodilator, an inhalable antibiotic and an inhalable P-agonist.



1. A process for preparation of particles of an inhalable drag comprising combining a first liquid and a
second liquid in a region of high shear, whereby the first liquid and the second liquid interact to form
the particles of the drug, and whereby where one of the liquids comprises a precursor, the other of the
first and second liquids comprises a reagent which reacts with the precursor under high shear
conditions to form particles of the drug. 2. The process of claim 1 wherein the patrticles are of a size
suitable for administration by inhalation. 3. The process of claim 2 wherein the particles are less than
about 10 microns in diameter. 4. The process of any one of claims 1 to 3 wherein (he particles are
between about 0.5 and about 10 microns in diametgy. 5. The process of any one of claims 1 to 4
wherein the reagent is capable of reacting with the precursor through an acid-base reaction to form
the drug. 6. The process of any one of claims 1 to 5 wherein the ratio of the precursor to the reagent
is between about 3:1 &#hdhaimbeibdii teatagaotadiasiv. ahaldn ywiopetdes btaninbaleblf dkgims 1 to 6
wherein drug is Rsalhd ReaRyRRE ek irRe shrseroidnedsagiand the- erpaniia, i weid. 8. The

process of any gnepf claims,4 19 ZWhelsI0he Allg R sl ulamRLEYIfate facsRlepHrsor is salbutamol
and the reagent Is suﬁfurlc acid. 9. The process of any one of claims 1 to 8 wherein the high shear is
provided by a sAEAP Gevice rotating in a mixing zone. 10. The process of claim 9 wherein the shear
device is rotating in the mixing zone at between about 1,000 and about 10,000rpm. 11. An inhalable
drug when made by the. pxeerszs oy rane 6§ blagmesdstel AAm 1 &r ke treatedaesdrofe of claim 11
having a narrow,pagicle size diskinion.sBndbindanaiable ding.of-alaimddier claim 12 wherein said
drug is selected from the group consisting of an inhalable steroid, an inhalable cyclosporine, an
inhalable anti-asthma drug, an inhalable bronchodilator, an inhalable antibiotic and an inhalable
P-agonist. 36 14. An inhaler for treating a condition in a patient with particles of an inhalable drag
according to any one of claims 11 to 13 therein, said drug being suitable, or indicated, for the
condition, and said particles having a particle diameter between about 0.5 and about 10 microns. 15.
An inhalable drug made by the process of claim 1 for use in the treatment of a condition selected from

the group consisting of asthma, cancer and an infection.



