| nhal abl e Drug Technical Field The present invention relates to a drug in
an inhalable formand to a process for nmaking the drug in an inhal abl e
form Backgnowms®t t he I nvention Control of particle siPze/ARo@wVOOIBPOrt ant
consideration in production of drugs. 1This is particularly inportant when
the drug is intended for delivery by inhalation, as particle size has a
significant effect on the delivery lnfhalable @®mrey of the drug to the |ungs,
and on the degree of irritation to the respiratory tract caused by
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for the phasing.oyt of. CECs (chl orofl uorocarhons) which have been used in
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wi thout the need for a carrier. There is therefore a’nee or a process for
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conprising canbini.ng,a.first |jiqujd and second liquid in a region of "high
shear, V\heraé“g)f“itgtée %PY%?M I ‘(‘Rﬁﬁé‘%ahﬁwﬁﬁ%r tg%??cﬁ%ﬁ“@? a1 well keesymia b barpdilibot he
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drug or a precursor thereof and, in e case ere one o qui ds
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| i qui ds 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.

20 Object of the Invention

It is an object of the present invention to overcome or substantially ameliorate at
least one of the above disadvantages. It is a further object to at least partially satisfy at

least one of the above needs.

Summary of the Invention

25 In a first aspect of the reaction 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. One of the first and second liquids comprises the drug or a precursor
thereof and, in the case where one of the liquids comprises the precursor, the other of the

30 first and second liquids comprises 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 dfug, the other of the first and second liquids comprises 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).



conprises the drug, the other of the first and second liquids conprises a
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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

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 diameter may be greater 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 p-agonist, a bronchodilator, a steroid, a cyclosporin or some other type of

drug. It may be for example tobramycin salmetrol (fluticasone propionate), formotrol,
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-solvent may be

55 miscible with the solvent, and may be capable of causing the drug to precipitate or form

particles when mixed with the solution.



an antibiotic, a b-agonist, a bronchodilator, a steroid, a cyclosporin or
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sal butamol sulfate or some other drug3 In one enbodiment, the first liquid
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20 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
25 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.
30 The invention also provides particles of an inhalable drug when prepared by the
process of the first aspect of the invention.

In a second aspect of the invention there is provided an inhalable drug in the form
of particles 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 particles of
35 the inhalable drug less 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
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i nhal er Ing particles of the drag erein t he I ent abl
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| ung i nfectihdinatedyrfoi treatngntoel th@ renditi¢reby tbalation.gFhe 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 according to the invention for
the treatment of a condition selected from the group consisting of asthma, cancer and an
25 infection. The inhalable drug may be in the form of particles as described above.
In a fourth aspect of the invention there is provided an inhaler for treating a
condition in a patient with particles of an inhalable drug 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.
30 The particles may be prepared by the process of the first aspect of the invention. The
inhalable drug may be an inhalable drug according to the second aspect of the invention.
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

35 patient.



that is treatable by inhalation of a drag. There is also provided the use
of an inhalable drag according to the invention for the treatnent of a
condi t i orweeb@onedsf rom t he group consi sting of asthm, pcamarnocannesoan 25

i nfection. The inhalable drag may be isn the form of particles as described
above. In a fourth aspect of the invention there is provided an inhaler for
treating a condition in a paBrefiDesctiptipardfi thecBravings i nhal abl e drag
therein, said drag bein? suitable, or indicated, for the condition, and
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allowing t atjent to.iphale fromthe inhaler. The patient nmay be a human
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t he acconpanyi ng draw ngs erein: Figure 1 is a flow chart "of the

experi ment s?¥&8cribed in the exanple; Figure 2 is a schene showi ng the

react | on ofFigalebyiauoLerbAR, Whd b Wi HE' odl e RaRLOMNGR Sl
sul fate; Fi glglreijg 31shov\$s a p%ot g? a:){ﬁf%{g Iﬁﬂéﬁg%%fgﬁ%ﬁg% rg}%lsigi #%glté&gglrnrrglg in
t he experi n@8mpPE;gure 4 shows a photograph of the precipitate of Fig. 3

after all ow Iy pablgure 5 is chemati c di agram of
the pr oces\gjﬁg{?-]r etggg%tes?ipeg%%@ﬁéérgmggéé%ng@&ia{%ngRaec gagﬁfeg?tggi’gure 6is a
schemat i ¢ dfiggredhis efsclramdRieBli{gran af a S Pia@kdd-staged ligeddipinger)Fi gure 7 is a
schemati c di.agr of a NBL |ti-stage liquid. inpinger); Figure 8 shows a
graph of cgﬁlﬁg%ﬁt 92 \%a}pll'ﬁéggqnﬁg?t Ofi oS- 8250RRft Sg@p%agtcg sHHefe Agqueous

sol uti on atsoRifoanat XFogmt e 9 shows a graph of reaction time vs. volune

medi um parti.cle gsize for the experinment of the exanple;, Figure 10 shows a
graph of ¢ ﬁ&‘éfﬁt$ PUR Dl pfirpactig | time ovs. welumee masiinu rastiele i sizee fasi the

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
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 illustrating 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;

30  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;
Figure 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;



using different concentration of Sal butanol for the experinent of the
exanpl e; Figure 11 shows a graph of reactive tenperature vs. vol une nedi um
particl e wo2eodmsoshe experiment of the exanpl e; FigureprtZ/aAahomoasogr aph of
stirring speed vs. volunme nedi um partiecl e size for the experinent of the
exanple; Figure 13 is a schematic di agram of Sal butanol sul fate suspension
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Figure 19 shows a.graph of volune medium particle size of sal butanol
sul fate vs! P@éé?‘flg‘h tinme, as measured using a Malvern particle size

device; Fipighf 29 $aawsa dafl {[lustestingathiengffect redl biending hvith Bateseeon gl | et
tenperature,” FPF(total), and FPF(emtted) (FPF is fine particle fraction)
for the exé’épﬂﬁi@ﬁtfesyftsk he exanpl e; Figure 2 1 shows a bar graph illustrating

resul t g of syl -2 [IRRTIBAE batticRy eey cdittabutid gHsiRg Aok hiiffereat bar
gr aph iq?l ug{a?‘gét)?tgﬁhgper%?%nlresul tgs:IPWi th different Sal butanol sulfate
spray dry poetier empeiajues 23 shows a bar graph illustrating di spersion

results as.a functi.on o e L UES o 24 si5iB0N6h arifiab ©6a i fferent
illustrati ﬁbguﬁﬁ gge%héﬁgvéng r%é‘ﬁ{ ?gﬁgéhgpﬁﬁiggjoneofsdi rfer elﬁlt ?nhal er devi ce;
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Figure 30 shows an electron micrograph of the Sept. 7 sample of the example, taken at
20.0kV 16,000%;
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 electron 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 4,000x;
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 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;
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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 particle
size comprises combining a solution of the substance in a solvent (a first 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 producing particles of an inhalable drug. Alternatively, one of
20  the first and second liquids may comprise a precursor of the drug and the other of said
first and second liquids 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 under
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
30  zone comprising a shear device which imparts high shear to the first and second liquids.
The first and second liquids may be injected into the mixing zone directly onto the shear
device. The shear device may be rotating in the mixing zone in order to impart 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 may be rotating at about 100, 200, 300, 400, 500, 1,000, 1,500, 2,000,



A conveni ent process for producing particles with well controlled particle
size is described in W002/089970, the contents of which are incorporated
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second 1 U 8,0, et 800U 1, 200,51 200y, KKl Beieh
and 10:1, Lg2sthiandudiolusela 2blar 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
30 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 1000, 5 and 500, 10 and 100, 10 and 50, 5 and 50, 50 and 500 or 50 and 100 layers,
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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
s 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 fluid.

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
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andyJIBY 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 rpm, preferably
500 to 12000 rpm, 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 confinuous 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 liquid. 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 a high shear device
in the unit breaks the solution into discrete particles of the two liquids leading to high
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D Lhe centdgndls b %Pﬁetw $h Bk B 84 9,0 Parlt0). 1WA, IRA sDY ahilS, § @10 681

shear neans érred tha ds is inj ect ed t hrough a
pl ur al i 4oy mthIfuﬁnumld&lrxsatermubniah@elabqun 8, hdvia Qb 3nB¥ed éﬁd5i¢1e7 saftarcl es

pr oduced t m i gﬂﬁ‘B}’?Ié%sB?"gl %F fqrg@edﬁr# Hgﬁltclr}ffaﬂé(foe&e& Vi nhilfghRpiohCl es

i sol at ed.
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 liquid. The

25 injection 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 5m/s, and may be about 1, 1.5,2,2.5,3,3.5, 4,

3 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, 1and 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 filtration, microfiltration, ultrafiltration, centrifugation,

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



a continuous process which is preferred the addressed |iquids are
constantly being withdrawn fromthe m xing zone and the solid isolated. The
parti cl eswoagodnmedosol at ed by filtration, centrifugati onprom/aanyossobsee net hod
of isolation of a solid froma liquidi2lt is preferred that the solid is
isolated by filtration. s Wilst not wishing to be bound by theory it is
felt that {bB@Ro8$e separatit. Fallshary the tsolatiag) the pheiclesiniaytiresdrics], fdn@xsmpl@th}’on

into discrete particles of the two |1 |dsri dlf}]}g}to hlﬂhsur&ga
contact bevaseem SR | Bede gy SREYr d9ing L ot Hie HESURE % § %?l on of t he
desired pa(é{,fn%d?ﬁy I&rF/ sf ROk 6 BRorRBE hheidleR! Tite @bt neiyels forf extatnpld wio,

r n

liquids a I njected 0 the m xing zone via separate fluid inlets.
Accor di ngl lyltrog@retalbabldwmdﬁeal‘rmn@ém@@ othexgasPr ddyixiee ALgAsEY | east one fluid

i nl et for flui %1 a?)er aﬁﬁggfftoﬁEtﬁQ p?éseﬁthﬁ"nlvfaﬁﬁo?f iRAfeSRaNable! driipd. dPhey may be

respect vely. urality of inlets for each |iquid.
These | i quiuitablel et sindieytebe far reatopent th asthmantsencesf andpteciestel 7§ fbrlt‘ll"tf‘:’he

structural t he .m xer The I

di stribut o}n??ﬁ?ﬂPghOpr%F%Pm ¥ P@tlf)%catgelg[g}%ﬂg c{rﬁ%%%'l F@}Sné’ a!t%%%ﬁ §§ n';d%e?a shear
nmeans. Therddiigld 4 preb@komnehelérfuis Rethoa b gl Theyprecfura;mlaad shefrengestiniay b sudle
first and second quids. I n an enbodjnent the li nlets t

the distri Bl@’é (t)hey Qfe|“1@1@86|°tf|r8"1"f’tm§ﬁ8$%h%rht8u’inakeogl {Ilmﬁegb? ghé’? %{gﬁe o £ et
means for rﬁ% f?%e‘@h@te tcﬁﬁh‘aﬁ& HeAdruf ki &t ahe @¥hdifioy pdiRining 1rat]dea"eg1bm ofdhighr
cont i nuous he shear device may have a gas in| et aﬁ)%l a gas outl et

for enabl i Bi@at, Her @qagmé@&lepgnijgowf&%p@awr%a@ PSTPFCRATRRg W58 here, for
exanpl e an anoxj ¢ Précﬁf’élop A Qirt?é of B@tﬁtmé’y IS@ﬁPMﬁtﬁm AGE Q4tfH HOhY prddigsopidCess

My conprise pass as, for”exanple 'nitrogen, s helium_ argon, carbon
di oxi de or {imaesgent hray bsﬂmetved@hebgGSS 1 phmorgynd uf bgios hessf ang; 19y BnReMeERT or e

d/ d f f d.
The first i goab piotn BEehap ban ity ekabyechUR PTkd T8, @R SEL

pluralijty of1 dndl 2 %n aEﬁ@lhr bazischndmyy be abepgendend:l y2: l,bIeStiet\iheed Sbsut: 2095
and 10mmin di aneter, bet ween a

and 5, 2 af# 15} oy %ﬁ’ﬂo% bajis, 1or0mgﬁgne3§ﬂppq ﬁt}%’?]gﬁlg? fhe %H)dlrtéy %e ‘%‘o %)’t% 5,

1, 1.5 2, ﬁco% g’é’or%nsr?ure‘ﬂ:omfﬁ&e céhvefsion/of t8e pecOfsod (e idnugl il Edhetpeecurdeach
i nlet fort Flrst 't quid be | ocat ed V\nthlnthe m Xin

further "t e dmoer ba® wen aan, SR oA 0L 1SRG ey JeAGRASTOPE  or

| th dand
ng;ze | §2a€%§ %9ut1(f11 Eﬁégoﬁw/x%%r Wk, an% m§y b% t)et?_vf@ﬁ %goaﬁr e %55 et @?ggnof

arc from anoj Olleindfi)ro 1 hmad ﬂ;e@@rmidl(] i @nd ﬁ(heS angf 3Qt100andy 30, dcamd 2 er { 38
than about 197 57t Vg Ty Taghelyr0 2 0300 A 8] 04 730 806 3TN B2 GREL e
70, 80, 903, 35, 4, 4.5, 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 solution of the precursor 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 steroid, an inhalable



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 amo=x006/cb6wad 10, 1 and 5, 1 and 2, 2 and 10, 5 aqa/AlQowvoo@3oand
5m's, and may be about 1, 1.5, 2, 2.5133, 3.5, 4, 04.5, 5 6, 7, 8 9, 10,
15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100, 110 or 120nis. The

i nj ection fdyolusparire, rmyinhdabletaneientimrodiug) ah iahdatle lWrohdhoilatbE taeRRa@bRUt
0.5 and 5, Og nd 2, ]]gln 10, .1 and 5,2 .and 5, 5 and 10 or 1 and 3L/ mi n,
and may be 4¥ l??icoé.‘ns‘,nhi? ¢ Pagogist or somexthey ighalgbledrug. 5 6 7, 8 9 or

| OL/min. The priacessitéramival S pREWEDS halye $1s8R s iR abl @garfq![s!@ Pkkg! es
of the drug. The_ s isolating nay conpriSe filtration, mcrofiltration,

ul traf i | t rabideehlasidearispg athes salt)uind iheciengant magyeiadiase Hor exanmge o hydroxide

conbi natd o ] =Sty gﬁn@ i [ tin

Fol | owi nsg t nga[nimglg’le%?mgl,a)’@gerp rt ;éc &ﬁ(r)rcaﬂg ﬂ%g?;g%%tm% 5%0%5%?3'?%?}{%%6?563%]8 uum

drying, frebug maybeg, baspr dyegdsyéngs aﬁLansihe (fmydtllmgal ﬁ?ﬁs Thg reageht g&t}? o6 agas
comonl y ough or over the particles. e gas may be for

(exarrpl e ai ?nghg?rg’%g%t}llfagghaer of di oxi de, ar gon or some other gas or a mxture

of gases. Sui teIhIaeﬁﬂfhegaltématitd;&h@rdaf%eﬁiayim:vanaﬁaﬁ ?ﬂug,l ﬂﬁee)daﬂﬁl,@é aldagbtiyugs.

They may be, syitapl.e, qr jndicated, for treatnment of asthm, cancer, an

i nf )e/cti )(;n ?ﬂ’&ﬁloé@b rqguﬂ@ thisGags it pregprsei may obha rsali pidthe; dime (Rorsewempls @

drug may beoafuen, tftssitBy Denbmem BY i ARALMABNANP SEBURA" tht Gedddft HyTdMat h a
reagent. Thg_ pr ecﬁtﬁor and the reagentﬁﬁrray be sucﬁ@jhat t he éaére capabl e of

reacting t dB@erbracidy fpnRsample wiiugc apihyhyidegchinsicc agid mrephsisp (emr:]wid,goy an f
toget her t Q. opkEadi ,&bgﬂﬂ : ptions pertaining in the region o
hi gh shear fbrzfor aeégl’g‘gfjéé t e@gﬁfﬁugﬁ;hfégﬁés)&g#. tenperature and pressure _
pertai ni ng t herdeardurtiraltpmetive Berdreg mapbe drsaly oben badie pregyrdoe, dnd thoteapémn.
The ratio %t‘@;];ueea [gcursor to the reagent may be between about 5:1 or nore
and about 1: ess, and may be between about 3:1 and 1:3 on a nol ar

basi s, mnd may Ihellbmbaesedre @basudf Be teagat dndlpredurdorashdulll: B Qich2hdk rodioh:0of ON

I basj b bout 3:1,.2.5:1, 2:1, 1.5:1, 1:1, 1:1.5, 1:2,
i: r2m 5a(r)r ii%g%?ﬁg%‘qﬂﬁn?é’fecﬁrégﬁ @téaP?i’l‘?T‘égprB&“é‘%ﬁréetlﬁ‘f%r ratio. The ratio may be

such as to encomiagfettior BBY R0 GASPLE ithalBY 83l ANhE okl & YRS RIvidP ot he
drug. If the precursor or the drug or both are’in solution, the
concent r at iGN dpecxamnls p oreapdpridndiepeicaciesy apn Bboﬁé&/mmrﬁboutesmhangng
50% w w or ,9agd b et . 0 . ,
0.1 and 1, BOF God G B S a0 e T gARRE BB e St o ModEtg dnibr
10% w woor caiynondydreveippibes ibthe n@uth agd Zhrodt $hed.idhaléd, 5and0arg, thereforendd,
0.9, 1, 1. : . w4, 4.5 .10, 8, 9 .15, 20, 2 30, 35,
40, 45 or %g@ftwe:% O%Fh\\?&rstf tg rtherré‘f/n%é Paélcles be?dw about O.:ISO icrohs ‘appear E{b havé
reduced 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 and 5,0.5and 1, 1 and 10, 5 and 10 or 1 and 5 microns, and may have a particle diameter
of about 0.5, 1, 1.5, 2, 2.5, 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% (or 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, 40, 45, 50,
35 55, 60, 65, 70, 75, 80, 85, 90, 95, 96, 97, 98 or 99% on a nur_nber or weight basis. The

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



sonme ot her concentration, depending on the solubility of the solute (i.e
the precursor or the drug) in the solvent. The precursor or the solution of
t he precuweanoamysobe ni scible with the precursor or theprsolaab@moefo2zt he
precursor. The solvent may be aqueousior non aqueous, and the solvent for
the precursor may be the sane as or different to the solvent to the

reagent. Theelesd\ierm tieogrotyh eoristing lo$ atsplestel aanﬂh]isbﬁl A e&Q&])an BRYid, a modified
i ndependent(lé sﬁonprl se wa nmet h |sopro;iJanoI acet one or

t hanol
sone ot her e BCOREy? E’qu%sgong Aridemmsy l%le%ﬁt‘"s}’ e 2dPuifl fadedbe a
sal t, the prydiadesacapile SRpa, 4 eatethagn @fﬁﬁst&oﬁlrcwgslﬁﬁéi a &lgc IBRERNG tiBae

an acid. Th pKas of the reagent, and of the precursor ‘may be such that they
are capabl € Shépeg é‘h afigular shppe @Fl@u@ pobhedenni (eiberpegdar eroirrsgular)

t her ef or e,f ium
salt. Sut ;%F%Qﬁfﬁ‘é“s% AR :{;?W% 1 YRGTERYpRA%, Sy RIRE )

ot her salt sbexggowhpmm bOldmr edianevith hetweby # lahd 60 oonmr@faees; o may

terbutali
yel ospor § s e Cipbithond, 2 el wERECONE SR M aiifhRE WbdicasgTomratds,
i nhal abl ecwmﬂosq:gobe a@lomeratas MlpaﬂicEsam/ingmymmh&dihb@c shiipds R phARI having

bronchodi | at or nhal a t| biotic, an i abl b agoni st or sone
ot her i nhal*3B} eﬂbfir bapel’ ﬂr%grp %Srhr?é(fr}g\/aevar’ceﬂéogcpgj&’i?% Pfay be a salt of a
drug (for exanpd @ne mfaﬁg to ﬁiédyiﬁr%éhlt MyicHBo® maGBEIRRY ah} Yo aMtibAsn

reagent may be a base (for, exa hydr oxi de”an am ne, ammobni a), whereby
t he drug |s°r ‘P’TetoftFeéEat?ﬁg itign nﬁﬁ@ mt@@hr%rdmg mayhbes delieeed: orellyir foy enampplse a

basi ¢ drug,ysfisCdh ﬁﬁal@r“ I@ﬁbﬂ) %efdéﬁ%rfa@ pab gy ggwdél; fnd ﬁﬁg%@tdeﬂ@&eg %wﬁloﬁ{ {h%nger

base than the "drug. further alternati he dr

drug, for é&@&ﬁﬁﬁbqwd@aﬂmxy functional drug. In this case the pr ecur sor may
be a salt gf,thqedrug (for exanple a sodium potassium anmonium or

trial kylammonium salt), and the reagent may be a mineral acid, for exanple
sul furioe adles, méwgdalschl ori c acid or phosphoric acid, or an organic acid,

for exanpl %etartlfluoiloalcetlc acid. In a further alternative the drug may be

a salt of ecursor, and the reagent nmay be a base. In all cases,

the pKas ofSolite Saitagansl lﬁt@él(m:{mté@dls $E&Mbﬂ>g§)?t§l¥5€dﬂ $#ghpdreaction of the
reagent angg rec rsor i s c r oduci ng t he drug. 'I%e i nvention al so

provi des a Sa‘lﬂr%pyélPl‘f@ﬁ‘i)lr{nf‘%eARogmfe‘FBpéP%tWéﬂabs having a di ameter (for
exanpl e a H&@&aﬂtashlf@ﬁ@aéw@ﬁﬁ}Fﬁéne'P%%ﬁsnE,h&ﬁbtﬁﬂngt 10 mcrons, or |ess than

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, 500ml, 1000ml)
Pipettes (5000ul, Eppendorf, 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 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)



about 9, 8, 7, 6, 5 4, 3, 2 or 1 micron. Particles of greater than about
10 mcrons comonly are trapped in the nouth and throat when inhal ed, and
are t her evoneoamtoef f ecti vely delivered to the |ungs. Pacriaal2zes/doedoow about
0.5 mcrons appear to have reduced deposition in the lungs, and are
therefore not effectively absorbed by a patient. The particles according to
t he pr esentMionesenpd Phympys CGHG@ Japgarticl e di ameter between about 0.5 and
about 10 mgrons n% . have ticle diameter of between about 0.5 and
5 0.5 and ?nllln%ﬁ’gec 61,%%10 Ef’pfgsgg/bl and 5 nmicrons, and nay have a
particle diMokteigediquidimdinferIMSLI, Gofley Beiextiffo, Nbitinkham, ¥K)4- 5, 5, 5.5, 6,
6.5 7, 7.5 or 10 mcrons. The proportion of particles of

8.5 9, 9.5
t he inhal aﬁ?séﬁhjﬁﬁf@’el(@%lelﬁt%%@mcrons (or less than 9, 8, 7, 6, 5, 4, 3,

2 or 1m cr@q&])p}y]p%gg@}igﬁM&hmlg@ Warp) 0.5 and 10 microns in dianeter may
be greater than about 50% or greater t%an about 60, 70, 80, 90 or 95% on

a wei ght ba¥EGlagmkiltpmBanse (7opuutPALL (BhnareBcics®s, U8A) 75, 80, 85, 90, 95,
96, 97, 98 }%Clg'%é)ﬂ?;ﬁ(@%&’%@%m t he i nhal abl e drug nay have a narrow

particle size distr tron. roportion of particles of the inhalable
drug havi ndflew pdetes @15¢ 460¢ erib t BiBA) 10% (or 15, 20, 25, 30, 35, 40, 45 or

50% of th rti.cl.e.size be greater than about 20% or greater

t han about %,ﬁ%ﬁgga\gg{mpéﬁﬁp?ﬁ?d%g%befm oon a wei ght basis, and may be
about 2@, 30iraBblet 4kl viddhle &Borphion spétiropotorfiiers/@IV, 8UTAASHI 8R00955ap8H. 97,
98 or 99%(@ a, nunher r]ﬁﬁeiﬁght basis. The particles may be any suitable
shape. For B5hpe “E‘%@@’r % Ygfzedeadinl e have a shapesel ected from the group
consi sti ng BilarRe ERAIE ToRAo A G3433 Auttraj@) t Oroi d, an ovoid, a nodified oval
shape, a cone, a truncated cone, a done, a hem sphere, a cylinder, a round

ended cyl i Hﬂ@WPfExMWFe shape, a caplet shape, a frustoconical shape, a
di sc, discand, ' At 1 cular shape and a
nge%;ﬁeer?ﬁaﬂé lere ed ﬁlcR{dFlg?Eﬂseﬁ 8§&§&§ns (?{h) Zf

pol yhedr on regular or rrregu as a a rectangul ar
prism ia rdbecipgatiom parall el epi ped, a triangular prism a hexagonal prism

r honboi d OrRatR/%erquéon wi th between 4 and 60 or nore faces, or may be

sone ot her exanpl e an irregul ar shape. The particles may be

aggl omer at es, ahererery sbeerdl gohte T s Aithesiofor Salbutehd Sulfay) Mg 1 iind fstdpher atpove
shapes of pafticles ﬂ%\é] ng.sonme ot her shagg, or of particles havin
M

! . par, g a
vari ety of ‘dierameny butamal base icieastad Mathisyitbrie apid é2 prrdupe valbbiaamw! my
be deliver ggifgedkiky2t 0 a patient in order to treat a condition in the
patient. The drug nay be delivered orally, for exanple using an inhaler. It
may be ¥el Nedrsobvepsmigthody powder, and may be delivered without the use of a

liquid carrier NdRXRMRLE recrystallization is a physical method commonly used to generate
nanomaterials. In this method a solute is separated out 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.
Choice of solvent and non-solvent

Selection of the solvent in the reactive process

30 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 sulfate is freely soluble in

35 water, slightly soluble in alcohol and in ether and very slightly soluble in methylene

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



Test materials Reactive nethod Sol ute: Sal butanol base (NanoMaterials
Technol ogy Pte. Ltd., Singapore) Solvent: Isopropyl alcohol (IPASAR

Bl OLAB, Awetn@li9edos React ant: Sul furic acid (AR, Phone PeagiranepocAnaioeal i a)
Dei oni sed wat er Non-sol vent nethod Soldite: Sal butanol sul fate
(I'nter-Chemcal Ltd., China) Solvent: Deionised water Non-solvent: |PA (AR

Bl OLAB, Austhe a;hfe@) oAttlm pmierAR;lvBitﬂ_'Plfb sahulsilityebf @)soA A8 afurstionBeA KR! Solid
(50m , 250m om ttes (5000nm , Eppendorf, Germany) Syringes
(Ter uno, US%}J“ f’lzf)la%"toé 5‘%@ 0Qtll rrer (IEC, Australia) H gh Shear M xer
(Silverson, UK) Utrasonic C eB 1{1_£Un26§on| cs, Australia) Laseé:g%l {1” ct | on
(Mal vern Mastersizer, Mlvern st ryneRy UK) Rotating Packed

U t Technol o ina) A Bchi Mni ray Dryer B—191
(Beni i;bﬁr\a}m%e{?et@ﬁ SE ST {iecASaNe eperadtral £ioed Suks {eseret IésgeC/ ’

Ext ech Bquigamg %ﬂw‘l@s%@ rof %Mcfers %QQB%nfaﬁl rxgﬁgk'? r&Fﬁ lveﬂ/aﬁgf?\% X ﬁHﬁT 1% the

El ectron M croscope (SEM lti-stage |1 qui ger
Sci enti fi c,MN§ewlan greaght, EleaCQB"@NlDl@)s@mbéel(lsﬁb’l Dérihe 54BQIrA9peCkwe(by1 IDrW}IPl]DIG‘p

(Sg gggeg/ac hi féc{ée(%ﬁggp#q'% Fth%@? Ssoﬁib ﬁtga rf)o 9@?11d re%:)s'%éarl‘s tgg dg%é%? sizg.

USA) Centr |deg@@se(sMI" hﬂ;rsfn)m theEmdeblﬁty 6f a Gae ISarbja)anldiltsuHMb(plr@tuca(ud prodiceld &y
absorption i %%creé)so Eh%nlﬁgseéarﬁ i %Jr\l/flon) in a?_"hopwzl?%e some%%ae enhanced relative to
10 commercial product of larger particle size. Consequently, when one considers the yield of
the process, alcohol no longer appears suitable. Isopropyl alcohol (IPA) was therefore
chosen to replace alcohol as the solvent in the process, as the solubility of Salbutamol
sulfate in IPA is somewhat lower than in alcohol, and the solubility of Salbutamol base in

IPA is similar to that in alcohol. Further, IPA is a commonly used organic solvent.

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

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 volume ratios: 100:0, 80:20, 60:40,40:60, 20:80, and 0:100.
1ml of each of the mixture organic solvent was placed as non-solvent into separate 2ml

20  vials. Then 0.0Iml 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
(0.01ml: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 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 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

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

Beaker synthesis
A 10mg/ml 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
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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 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 via the
action of centrifugal force, whereby mass transfer and micro-mixing may be intensified.
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 magnitude 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 100ml Salbutamol base/IPA solution via the top inlet into RPB after ensuring
the whole system is clean. Then plug with a rubber stopper tightly. Turn 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
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o 20 Instrument port: 2
Analysis model: Polydisperse
Data channels: low-0, high-0
Presentation: 3_SALB_3 (1 salbutamol sutfate= 1.5530, imagine refractive index =0.1000,
N wpa= 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 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 dispersion 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 diameter (D(v, 0.5)), such that the size quoted is at 50% of the entire
volume distribution. The distribution width, or span is calculated according to Equation 2,
where D(v,0.9) and D(v,0.1) are the respective diameters at 90 and 10% cumulative

volume.
D(v,0.9) - D(v,0.1 ]
35 Span = ( D()V 0. 5() ) (Equation 2)
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after ensur!PRFTPINE eXRENIEBBst em i s clean. Then plug with a rubber stopper

tightly. Turn qmetihigasGRMnPSf BRAIINGiZEY Bt ¢/ RlIARE §SIRAPNstic estimation of the
20  aerodynamic particle size distribution. This process utilizes cascade or impactor devices
such as the multi-stage liquid impinger (MSLI) (Figure 7) to provide a breakdown of the
particle size distribution through separation and collection of powder of different D,.
The MSLI consists of 5stages which have been calibrated at 60L/min to collect
powder of a certain D, , known as the cut-off D,:
25 - Stage 1:  13.0pum
- Stage 2:  6.8um
- Stage 3:  3.1um
- 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 (Q;), Equation 3 was used to find D, the new cut-off
aerodynamic diameter,
D, =D, (—Q'Lj (Equation 3)
O,
At flow rates of 60-100L/min, the particles which have a D, of less than 5pm are
expected to be able to surpass oropharangeal deposition and the filter of the MSLI from
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15 (Equation 6)

total mass of powder measured into capsules

Recovery =

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:

20 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
5000ul Eppendorf pipette. The MSLI was shaken to permit the bottom of each
stage to completely wet, 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-AS 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 sulfate were loaded and dispersed for 4 seconds

each.
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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 time was varied, and the concentration of
Salbutamol sulfate/IPA solution, the concentration of sulfuric acid and the stirring speed
25  were maintained constant, as shown in Table 1.

Table 1: Effect of varying reaction time

Constant conditions Varied condition

1 Csalbutamol. 10mg/ml(IPA) reaction 1 0.5min

2 CH2s04 2mol/L time 2 1min

3 Stirring 5000rpm 3 1.5min
speed

4 Reaction 20°C 4 | 2min
temperature

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
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i nt o capsules (Equat 1on 6) Wode dirspersromTheequiprent—used—to
performt heCafistapbeanidgivnex per | rrend‘éfamé combtidBL |, whi ch has been descri bed
;aglr: 1)\(/3\/ir ng:I'hle upgﬁ}sprggge Ao0BRE! er af |lonCIa](b)urtam§aI1but qg&lg/rgfjl fate is as
2 Time 2min 2 15mg/ml
3 temperature | 20°C 2 | Cuosos 1 0.5M
2 {IM
3 1.5M
4 | 2M
5 |3M
6 [4M
7 |5SM

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 corrosive 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/IPA solution was increased, the

20 fluidity of the Salbutamol sulfate suspension is reduced. This had an adverse effect on the
subsequent step of spray drying to isolate the dry powder. Accordingly, 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



20 Step 1: 3 capsules (vegetable capsule) filled wth 10.000. 50ng
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to dissol ! , i : 9:
The throat, the device including the adaptor, and the capsul es were
individually rinsed with 20m pure water. Step 10: The filter_paper was
al so rinsed wi Figupodl iBusteatesatherinflyenset ofethei ieastiog Raperatyse el (v.8.5% The
centrifuge 4 0 Q. nuyt t
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data. Results and D scussion Several reaction conditions were varied in
order to i MNbevghytheerahirlersitan ey semephenenaller at 5°C reaction temperature than at

10 20°C, the inconvenience of reducing the reaction temperature was considered to outweigh

the slight benefit obtained, and reactions were consequently frequently performed at room
temperature.

Effect of stirring speed

To investigate the effect of stirring speed, stir speed was the only varied parameter,
15 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 Cesalbutamol. 10mg/mi(TPA) Stirring 1 1000rpm

2 Croso4 2mol/L speed 2 | 2000rpm

3 Temperature | 5°C 3 3000rpm

4 Time 2min 4 ] 4000rpm
5 | 5000rpm

The volume medium particle size (D(v,0.5)) decreased with increasing stirring speed of
the overhead stirrer (Figure 12). This was likely due to faster speed leading to better

20  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




reaction process influenced the particle size of the product. The five
factors investigated were: 1) the stirring speed of the overhead stirrer;
2) react iwo2b@meegoat ure; 3) reaction time; 4) concentrarcomwbochadbioat anol
base/ | PA solution; and 5) concentratisn of sulfuric acid. Effect of
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2 Tabl :
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adverse ef ftlea:lbrooéssl he subsequent step of spray drying to isolate the dry

powder. Accordi ngl 10,rTP/rr1 Sal but anol base/ | PA sol ution was considered to
be better éﬁ%&ﬁﬂﬁgﬁ@%@—de—m@

Optimal reactive conditions, such as concentration, temperature were selected from

20 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

_ Levels
notation | Factor
1 2 3
A Csalbutamol. mg/ml(IPA) 10 15 20
B Cmso4 mol/L 1 2 3
C stir speed rpm 3000 5000 8000
D reaction time min 0.5 1 2

Table 6: Results from the factorial design analysis, using volume medium particle

size data
No. A B C D D(v,0.5)
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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
calculated 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 sulfuric acid from
1 mol/L to 3mol/L produced the least effect on D(v,0.5).

The minimum value of k,.j is the value which reveals which level of each factor is

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

Table 5, these are:

Caalbutamot 15mg/ml, Casos 2mol/L, stirring speed 8000rpm, and

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

earlier.

Synthesis scale up




size of Sal butanol sulfate. The results are shown in Figure 14 and Figure
15. After sonication, the D(v,0.5) was reduced for each sanple, and the
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effect on D(v, eveal s whi ch
level of each Ctﬁ%’ Tﬂ-g%o e opmi t"18+é’lee?&ganmjg§ %?S \fﬁféf p%{c’fég "C3, and D3
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scal ed up T n ofder to gai n enough powder tnroulgn Spray drying tor tuarther
experi nent.2 Sulfuric acid 2mol/L, Im

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 solvent (in the present example IPA)
due to the high temperature. Consequently the solids which are suspended in the

25 suspension system are left as a dry powder which may be collected. Therefore, the inlet
and outlet temperature should be high enough to ensure complete evaporation of the
solvent. The outlet temperature of spray drying is related to the inlet temperature and can
not be preset or controlled 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 FPF(emitted).



1) 100m of Sal butanol base/lPA solution in a 250m beaker replaced the
20m in a 50mM beaker as described earlier. s 2) Alarger stirrer head was
used. Companrnowtdee two stirrer heads, not only the sizecrsuersge3o2but
also the type is different (Figure 162717). The larger head is nore
efficient for achieving the fine particles. 3) Fromthe factorial design
experinment, it Amashomuncﬁgmarzo,t\lmerrtaa@uﬂartempemtwms under 6056} therfoordeaiiay
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from 3. éomb&aﬁrﬁgﬂqﬁaﬁ%%yg&w@rnut es reaction. This confirmed that |ong
reaction time favors smaller particle size. s In conclusion, the reaction
condi t i ons Lifpassionresibs up were as shown in Table 7. Table 7 : The scale up

reactive cqﬂgi j but anol base/ | PA sol ution 10ng/ m (I PA), 100m 2
Sul furic aci ’%é’n%{&?f}oa? 3 Reaction Tenperature 200C 4 Reaction Tine 20m n
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out | et terrperature shoul d C«? bove, t hi s, val ue. Fi gure 20 illustrates the
fider same reactive conditions and spray drying conditio
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: C=10mg/ml,V=100ml, 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 89°C 92°C 90°C 86°C
3. aspirator 100%
4. air flow rate 800L/hr
5. feed flow rate Sml/min
6. sonication no
Results
1. yield ratio 60.2% 52.3% 67.4% 58.4%




O relationshi ps between outlet tenperature, FPF(total) and FPF(em tted). As
shown in Figure 20, when the outlet tenperature is under 6C0C, the powder
may not dw9 0@meb®bel y, and thus both FPF val ues are | oRCTEAReosiooedrs have
been conducted which show that if the28 nlet tenperature is 1500C, _
corresponding outlet tenperature may reach approxi mate 1000C and that this
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earlier. Results of these experinments are snown 1 Frgure 21 —andFigure
22. D(v,0.5), as nmeasured by the Malvern Mastersizer, was 15.12mm which

was | arger thanpbhe ﬁq\f}}{'ﬁf‘aftes%aﬁﬁ@ﬁﬁth%d Afed tlaﬁgﬁ: %Oﬁﬁll\ﬁ#t&xﬁ suﬁgtet oF\SdFer

val ues was above 20% I ch "'ess curr
Sal but anol kasl veryegewhmrepestahility rwilly cegard tmrdaﬂpbmomf rebafins Cbmpgreldnwﬁiﬁeﬂlel ung

. Thi t or n. di fferent
Sl but ot iibbial @Y BIRHIESY AR OF e RARRGL SRl Sy, RGPS sk
reacti ve comaiked ampro&anle:stp adye‘dgg' wmgegmﬂ?iytgbwgﬁdﬂﬂbﬁeﬁoﬁ?é??@ﬁi ctantBeh for thxsoI i
d Ition (0] a ut.ano Su at.e syn esi ze i
honker 3 UPTRARRDE Y bl Gr 58 Shiey eraRcmo RGP oHbIcRs sehlgr e
oom , 10 | t | r
ol 1L Oy oet o st SUEHARD), Thirel-eoiidld T bonliet cch ¥ Riroiieh ek 8lahfl 43T

Room t errper%?h&?téinsthe fiblsE prRss 1 S%G%Thﬁ pecovery o dhe pawd@mmns;@rthgn B0%i Hg
condi tions gyoyuidbEhofRl GBS wﬂlﬁmv, 0.59% s pfxfsq%? seUSEa %%9(%1«? %chju pcellgscl;oé3 60C

10 aerodynamically 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 after 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 1.7pym was decreased while the proportion over
3.1um 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.

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-efficiency 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
30  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
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was used i Bnction 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 lactose 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

s Salbutamol 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 was used to cool the system, and hot water to heat (Table 9).

30  Table 9: D(v,0.5) under different reaction temperature

Media Suspension D(v,0.5)
temperature (°C) | temperature (°C) (um)
Cooling 7 17 0.84

Room 20 25 1.62
temperature ‘
Heating 40 30 3.40
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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 using 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,0.5)
sample ) outlet FPF1 FPF
Temp. | time before after spray
name temp. (total) | (emitted)
spray dry | dry

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




tenperature and tinme were investigated separately. The effect of
tenperature | ced water was used to coo
(Tabl e 9)woQodalob®69: D v 0.5 under different
and Table 9 illustrate that at
as for beaker synthesis.
sul fate spray dried powder synthesis in

finer part

10 Conpari son wth the Sal butanol

agl e 10, ML end 3

RPB Fromt

i cl es,

| ower Benperature it

The e

ffect of

reaction
the system and hot water to heat
reacti on tecTanabesesiogure 26
I s possible to achieve

reactive tine Table

it _can be seen that partlcl e size decreased and FPF

i ncr eased g 3Dactian h()\NPver there was not a large
di fferenceg between 20 nj nutes|and 30 m DEV?SS ltp s§hgwn that at

di fferent r@mpﬂd on_tines the saodte hag a ditferent’ part|irpm sbzp@p_

di stributijon. qTﬁm’n b’@@k of .t he curybefares shj #fteedpmyo decregsed in afea,
and a snal naBE’ak appear ed fronteé‘%ut 5 I RUESS: ch ch pr|diteisi| kemijted)

i ncr eased L)\V O :)) tdecreasediover—i |r T ohRcTuStH6h; her am‘;c!es
coul d be dtﬁ—aemed 15YCenpR@yinng 88°C ongef 0.08act i qre.1o me.  Eff7age, ofgodizbf er pnt

i nhal ati on device In order to exam ne the perfornmance of Sal butanol sulfate

spray dry powder synthesed using RPB, Rotahaler(r) was used to conpare with

Aer ol i ser (r9epa3 sagipflé ErigdS30maEIgyed earl | er,

t he performance of

Rot ahal er (Jr)” was [worse [ han Aquronser(oé Appraximate—39% redugttTons—iN
bot h FPF(t|ot alg gnd FPH(emitt -d%j vwere pBEEORRd. | POWBVEr tkﬁse v%! ues a
still aboJe?B8% w t?mgegﬁ i s npgerate a%{rg}%ag nd@FIThydPFr has
been shown dah@t tlhe Sal put amo _fate spray drli @roB Pt ngéhﬁﬁg) I
RPB has approxi ndtely ejqui val ent per f of spuancdryt g dripat syrtPeS| ze |n3ar
beaker. SE ot 7, sam | s. nd 30Sep. 8 sanpl e |gs. {
33? ?)Ev, o.ru?p%"&', ?ﬁ? i) }g?fex ed9tne 7 n]pL&O tinme sage | 370t <
nane tenp. (total) (emtted) spray dry dry
Sep.30 sample (Figs. 35 and 36)
D(v,0.5) | D(V,0.5)
sample ' outlet 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%
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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

agglomerates. The length of the individual particle was under 2um, 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 10um 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

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 observed 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

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 powder was the twice that of the

loose powder. The particle size distribution was measured 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

re
si ng

nd
ray
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commer ci al prodtetloose 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 Aeroliser® inhaler help break the

agglomerates enough to 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 Oct.29  non-solvent method

sample

Concentration | 10mg(Salbutamol | Concentration | 1g

and volume of | base) /ml(IPA); and volume of | (Salbutamol
Precipitating | solution 100ml solution sulfate)/4ml
deionised

water
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particles larger than 15pm 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 single peak. As the figure showed, all particles of Sep.13 sample were below

10pm, but the largest particle 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 further. As discussed above,

particle size and particle shape are expected to influence FPF values. For the Oct.29
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particles of the drug, and, in the case where one of the |liquids conprises
the drug, the other of the first and second liquids conprises a liquid
whi ch, when m xed with the liquid containing the drug under high shear,
forms particles of the drug. 2. The process of claim1 wherein the
particles are of a size suitable for admnistration by inhalation. 3. The
process of claim2 wherein the particles are | ess than about 10 microns in
dianeter. 4. The process of any one of clains 1 to 3 wherein the particles
are between about 0.5 and about 10 mcrons in diameter. 5. The process of
any one of clains 1 to 4 wherein the first |iquid conprises a precursor of
the drug and the second liquid conprises a reagent capable of reacting with
the precursor to formthe drug.



6. The process of any one of clainms 1 to 5 wherein the reagent is capable
of reacting with the precursor through an acid-base reaction to formthe
drug. 7. Wbeomoemwss of any one of clains 1 to 6 wherei RCTha20@toioeoof t he
precursor to the reagent is between about 3:1 and about 1:3 on a nole
basis. 8. The process of any one of clains 1 to 7 wherein drug is a salt,

t he precur dClaims: a free base of the drug and the reagent is an acid. 9. The
process of any Onea{?f cl ai 0 8.wher.ein.the | but anol sy fate,
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the precursor is s

process of mbigng adfirsCli@iid®nd atRcShdHQIE M alrBgioR 08 i gN@RAr, ivvhepdRMhe erstby a
shear devicge rotatfing in_a mxing zone. 11. The process of claim 10 wherein
the shear d¥¥ %mf@’ers%qoé‘fjihﬂb‘“{]ﬁtqr%t?rf@ﬂ“n@ei’éﬁ%leé@fﬂtet%&rﬁnébﬂﬁwbjx gBofand

about 1@, 0 : ' i ' Hawd a
di anet e? b(e%?‘?/ve@iggrf aﬁ‘goﬁf&bd. g&gggggﬁgﬂgéé%é %r%ér]gﬁé%%@? goﬂﬁﬁ%&ﬁgg%a Ilgq yggsemhen
made by t heviprperssfl b liguidseampoiseschaprasursor, ¢hel dtherl of the tfiestiant abant diquidsg of

nnal bl e doa5Sr Srcaaat e el ot Bk Gl Sorntl: Bl b SbhdPoa oo oBB: ca
fromthe gmadelesonSthstdrng anfl, anthierdaad alhkere eeesiihg,liquidsi songlrizbs the drug, the
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treating a conniihg e drilg Gndeahi gBthef ORIk phitiglcdbPMicdirig t 0 the patient an

i nhal abl e drag jn the formof_particles, said inhalable drag bein

[ . ) 19
according to ary orléoProgessi o clasmy b vilprein zthe Tppstieley 9er) obfa cizgi shitablewkar ei n
the drag do@mimekattaVs iBhdlhged. d carrier. 18. The nmethod of claim 16 or 17
wherein the condition’is selected fromthe group consisting of asthms,
cancer and an i3nf edibe@rocesnof dpinm % ndieesin therparticdestdra tpsa thmoradpet dhmianors in
patient w td?an?é’r%n“ cles of an inhalable drag therein, said drag being
suitable, or indicated, for the condition, and said particles having a
particlie di ametder Hdevpwecesalbbuhy @nb cdrdhimbdduto 3 Gvlmdreindhs paidles Tdre betwszher

gLyCLﬁLmO%%QV\‘g}?dngg%b&{z’g‘t ag?na}ér%gé%(ggnalgteli.s an inhal able drag according to
5. The process of any one of claims 1 to 4 wherein the first liquid comprises a
precursor of the drug and the second liquid comprises a reagent capable of reacting with
the precursor to form the drug.
20 6.  The process of any one of claims 1 to 5 wherein the reagent is capable of
reacting with the precursor through an acid-base reaction to form the drug.
7. The process of any one of claims 1 to 6 wherein the ratio of the precursor to
the reagent is between about 3:1 and about 1:3 on a mole basis.
8. The process of any one of claims 1 to 7 wherein drug is a salt, the precursor is
25 afree base of the drug and the reagent is an acid.
9.  The process of any one of claims 1 to 8 wherein the drug is salbutamol
sulfate, the precursor is salbutamol and the reagent is sulfuric acid.
10.  The process of any one of claims 1 to 9 wherein the high shear is provided by
a shear device rotating in a mixing zone.
30 11. The process of claim 10 wherein the shear device is rotating in the mixing
zone at between about 1,000 and about 10,000rpm.
12, An inhalable drug in the form of particles having a diameter between about
0.5 and about 10 microns.
13.  An inhalable drug when made by the process of any one of claims 1 to 11.
35 14.  The inhalable drug of claim 12 or claim 13 having a narrow particle size

distribution.



21. The inhaler of claim119 or 20 when used for the treatnent of a
condition selected fromthe group consisting of asthma, cancer and an
i nf ecti orwo2806/09s®60f an i nhal abl e drag nade by the proeessawbocaioasoen 1 f or
the treatnment of a condition selected3dromthe group consisting of asthna,
cancer and an infection.

15.  The inhalable drug of any one of claims 12 to 14 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 B-
agonist,
5 16. A method for treating a condition in a patient comprising providing to the
patient an inhalable drug in the form of particles, said inhalable drug being according to
any one of claims 12 to 15.
17. The method of claim 16 wherein the drug does not have a liquid carrier.
18.  The method of claim 16 or 17 wherein the condition is selected from the
10  group consisting of asthma, cancer and an infection.

19.  An inhaler for treating a condition in a patient with particles of an inhalable
drug 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.

20. The inhaler of claim 19 wherein the inhalable drug is an inhalable drug

15 according to any one of claims 12 to 15.

21.  The inhaler of claim 19 or 20 when used for the treatment of a condition
selected from the group consisting of asthma, cancer and an infection.

22. Use of an inhalable drug made by the process of claim 1 for the treatment of a
condition selected from the group consisting of asthma, cancer and an infection.
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