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.THE PRODUCTI ON OF FI NELY M LLED MEDI Cl NAL SUBSTANCES The presen@ i'nvention
relates to a process for mm\ﬂmn of fine ]l ed medicinal 5
subst ances i nt ended for u;\ mm\m “ i on medic Mﬂ” I mmmm ation
nmedi caments must have a fine papki.cle size in o rate deep into
the I ungs wyeresisieey can be absorbed. Typical |y partissbesrgesovddeqai LO
mcrons in size are required. Such fine particles are nornmal'ly prepared by
mlling the material to be 10 inhaled. It is well known that the intensive
mlling required to produce these fine particle sizes can produce profound
changes in the crystal structure of the nmaterial being mlled. The exact
changes are governed by the nature of the starting naterial but comonly
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freshly mlled pM/‘HH@ HARRCK %Fggt inPﬁ{Q & EWEBY%MT%OUS phase.

This initially fornms on the sumippeCNALL YEBRRANICESES but can constitute a
| arge 15 proportion of the total weight of the powder. Changes in crystal

structure, including increase in anorphous content. can cause a numnber of
probl ens. The j.cl. . i i - . illed
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nmoi sture, 20 tubstarsey inkodedghasse as mhalstidnongdgoamentst 0 its nore stabl e ori gi nal
phase. This can cause the particles to be wel ded together. Furthernore, the
crystal formof a pharmaceutical substance can have a significant effect on
its potency, mfalgtichGhigisanteity mhsdhaVieh fifie pantidRhareinoader toqthetPitedeap kg @ki on:

The Physi ochem cal Properties of Dru[g Subst ances) John Wl ey & Sons, New
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stream Hdhevpportipieofdbpigl weightipf thePoWde: powder surface tends to produce a
phase change to an anorphous state. One possible solution to this problem
would be to mll at a reduced tenperature. The material to be mlled is
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according _to the .present.invention there | s provided a nmethod .f.,or .producing
Fne. ni'gnty b pullag R RionR SR uf S atBiels I R el ey inPladh o
crystal li ne nmk@Ednitnt WRhdu@gdeRitihg hrag@phdudipHaseOdhé Sirfage bahd puwdewher ei n t he
tenperature of the mlling fluid is -30C and -120C. 25 Pure helium can be
used or a m xture of heliumand another gas. Thus) fox exanple, nitrogen
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particul arly advant ageous when applied to soft powders which are difficult

tomll to a fine uniformparticle size.




The particle size of the product is controlled in the conventggaabodganner
by adjusting 5 pressure and flow rate of the mlling fluid and f'eed rate of
the material to be mlled. Any equi pnent conventionally used in conbination
with a fluid energy mll to help control product particle size distribution
can al so be used in conjunction with the clained nethod The reduced
tendency t ¥Ge¥333cale is particul arly advantageous when BCHFBYOM or g
used in conjunction with the mll. 10 W have also found that it is

possi bl e to produce extra fine powder by’ the nmethod described above. M| ed
powders with a nmedian particle size as low as 1 mcron can be produced. The
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Resul ts gi veH here relate to the |atter nethod which is described in the
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no P 15-442 March 1987. Wi ght change under controlled relative humdity is
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powder to be mlled is blown in through a venturi orifice also entering
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entrained in the mlling fluid, exits through a central outlet. The
tenperature of the mlling gas and/or the feed gas can be controlled. The
tabl e bel ow gores results obtained when mlling triantinol one acetonide
(TAA) according to the present invention. The same feed was used in all
cases and the starting |0 material had a nedian particle size (d50) as




Surface area was neasured using the Blaine air permeability nejfy % 8y\here
-sanpl es were stored for ageing trials the sanples were kept in a 8
relative humdity atnosphere at 25C. 15 Run 1 end Run 2 conpare the effects
of roomtenperature heliumand nitrogen as mlling gas. Heliumgives a
finer, higher surface area product but both products have a relatively high
annrphous coai®i3ti3Run 3 used nitrogen at -7C as milling GEECBRI a
relatively high anorphous content 20 was produced. Run 4 and Run 5 used
cold heliumas the mlling and carrier gas. The product had no detectabl e
anor phous content and was also significantly finer than woul d be expected
given the mlling conditions 9 May 2003 WO 001 32313 PCTI G399/ 04047 6

Terper at ur e (e fo afryat ey RaraRrbR L s s ER gy iRt s g)
after one weelo sBr@duwadrs Siich aﬁaldghcafnbexmntw\@ﬁue@kﬁmﬁlpﬁxdbnetsizewo (pm Anor phous
content (%9 n.d. = not detected Run | Run 2Run 3Run 4Run
50. 11 0. 111 4575557977Hel i unNi t r ogenNi t r ogenHel i untel i umMRoom TRoom T- 7- 65-
50242443. 21 . S%hezg‘arggle Sizé oPth® produd: |§ cortrblled- irthe anv%ﬁmﬁxgl ﬂaﬂtepby EJJQQngt f r om
Run 5 was tested in an U trahal er device and the results conparéd with
product mi bl epressuretdnd t@@nm@mﬂtbmmhmﬁmm fesck ratehef] the miaterial tdrbyg nbledder
e e AR P aB B0 By 80 A B a0 T SRR Bp v
with a nedi ancgaot pﬁidectspane.-la)fsnzé(alsmhnnmmealso Tulaeuse@mpasﬁjumao:h @atledle i nt o
the o inhaler and dosea &F"c'@gﬁ frﬁm it usin Up to 200 doses can
e

be obtai ned ffBeERNO uepd fenflepsy iq Lopp s ‘éﬁ‘é‘f‘%‘ﬁ%’lyﬁdé%‘é‘sdﬂ‘ie?orm ty
and the perceptiagficr 8aRd itlbGuddias WitRhehilinedi cament produced in each dose.
For product produced by conventional neans the mean respirable fraction
produced WAs is 44% and 83% of the doses cut were wit hin 20% of their
nom nal wei gh t he mean
respirable fl‘:S;INCetLIElgél a\%éggﬁﬁ%hﬁu@%uﬁegiﬁgﬁgg‘ﬁ?%g eg g %O(\%r;% t&]%@}o&
nom nal wei ghtesraizd ab@/eg(b%led p@%wlmew potirdSsize 48 16V ai hpidR@TdaGBOO| 04047
1. A nmethod for  produgi hi ghl stalllne material co i ng of
fluid energy Ri° F{l)l gguﬁf c?vﬁrs rnI“I ?flngowc}éferl Sl lﬂuasﬂilcrlle SEm h 'Sgpr? uc?dsg
conpri si ng hetdnventionkidlugd dheigh enitli@ppetraindrao 8fmitoe. m I I ing fluid is between
-30C and -120C. 2. A nethod according to claim1 wherein the mlling fluid
consists df helium 3. A method according to claim1 or claim2 wherein the
t enper at ure ofrhd otk bf Adidpioul Intbkefial B PRAMPREIT miRQCHANRr cafOfe. asébssed th AL hod
-according to any one of clains |-3 wherein the crystalline materi al
conprises a newnkearmrvaypovigiélerential Scgnnigg r@etonwtrad§§€bu“n@ sheyv dheahept #fwher ei n
the crystalli E‘x?tm%&a‘?mh%l V@—gﬁcr&ﬁ ifPhA %?]?é?fa[jeAltc@nat 1§ﬂ?ﬁehc‘i’1£‘n Ggording
to any one of Tains 1- rei n € pro uct as an anor phous con ent of
| ess t han 50%veigbt X amplk qupbdeddo ametmdpm:ge Qfocootr@liqmtenwmureland himeidpy oduct
has an a phous content o e than 2% od according to claim?7
whor ot n-t e procRits i 3 o Pt HEmagRout o L RERCASM Grie et hod
according to angahb@e:dofsmgl Ainkes Jofammerceysﬁalmrh:ecqmaﬂduﬁd tieofkinsWis sahpla
medi canment powder | rlﬁa formsuitabl e for inhalation. % A met hod accordi ng
to clai m9 whBERFdbEoPPEIEche Megniidroftisrmepapement dosthp anlglownadth B¢t han
10 mcrons. . MhdWviAaBRsAY. A . Al"nY& +78G
st p| ~ytoj e [ UU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca
U] ca] ca] ca] ca] ca]ca] ca] ca] caU] cal] ca]ca]ca! J(+ [ *RN9

a) cal o8] caf oal'ch) ap P TRERLETIARCANER] 4 éﬁﬁéﬁ,%ﬁ@] MRt B ST

--.4/ 7?13/ L/ vwmincmé(kcfoa’emdxﬂtg:a:}ﬁm]lm] a&)]sxaﬂ}eca]m]; cavhanag apavalkece afithakll ca) cal c

N ho L el ek GoheR SR G et SR, ey e Wsnes) o cal

ca] ca] ca] caj Cg&»@&} ifﬁ«ld&@éd] 152 }:&ﬂ]eﬁﬁ’(]nﬁp-}rﬁlﬁhga'}lﬂ\al Gajsealifadreapiiodt eadterlisal caj ca
] caU] ca] caXm 28! $10%B H H& ()-!I11 10%HH&™ (

stored in contact with the atmosphere the amorphous material tends to crystallise over a

30 period of time. Within a few days, or weeks at most, surface area falls to a substantially

stable value.
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controlled relative humidity or DSC is less than 5%, more preferably less than 2% and

10 most preferably less than 1%.

Surface area can be measured by gas absorption using the Brunauer-Emmet-Teller
method or by air permeametry using the Blaine method. Results given here relate to the
latter method which is described in the standard method of the 1'Association Francaise

15  de Normalisation (AFNOR) no P 15-442 March 1987.

Weight change under controlled relative humidity is measured using a DVS 1 dynamic
vapour sorption apparatus. A small wetghed sample is placed in a microbalance pan
and held at constant temperature of 25°C and a relative humidity of 75%. Weight
20  change is measured as a function of time over a period of at least 5 hours. The plot of
wetght v time shows a peak which is proportional to the proportion of amorphous
material present. The equipment is calibrated with samples of known amorphous

content produced by mixing fully crystalline and fully amorphous materials.

25  DSC measurements were carried out using a Seiko RDC 220 system. The sample is
weighed into the measuring pan and held at a temperature below the recrystallisation
temperature for 30 minutes under a flow of dry nitrogen to remove any surface
moisture. The sample was then heated at a constant rate of 20°C per minute. The
exothermic peak due to recrystalisation is measured. As above the method is calibrated

30 using samples of known amorphous content.
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Example

A two inch diameter pancake mill was used for the experiments. Helium is introduced

to the circumference of the mill and powder to be miiled is blown in through a venturi

orifice also entering through the circumference of the milling chamber. Milled product,
5 entrained in the milling fluid, exits through a central outlet. The temperature of the

milling gas and/or the feed gas can be controlled.

The table below gives results obtained when milling triamcinolone acetonide (TAA)

according to the present invention. The same feed was used in all cases and the starting
10  material had a median particle size (d50) as measured by Malvern particle size analyser

of around 25 micron The gas used was helium or nitrogen in all cases.

Surface area was measured using the Blaine air permeability method. Where samples

were stored for ageing trials the samples were kept in a 60% relative humidity

atmosphere at 25°C.

15 Run 1 and Run 2 compare the effects of room temperature helium and nitrogen as
milling gas. Helium gives a finer, higher surface area product but both products have a

relatively high amorphous content.

Run 3 used nitrogen at -7°C as milling gas. Again a relatively high amorphous content

20  was produced.

Run 4 and Run 5 used coid helium as the milling and carrier gas. The product had no
detectable amorphous content and was also significantly finer than would be expected

given the milling conditions
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Run 1 Run 2 Run 3 Run 4 Run 5

Feeding rate (kg/h) 0.1 l 0.1 1 1
Milling pressure (bar) 4 5 7 5 5
Feed gas pressure (bar) 5 7 9 7 7
Gas Helium Nitrogen Nitrogen Helium Helium
Temperature (°C) RoomT Room T -7 - 65 - 50
mill size (inches) 2 4 2 4 4
Product Sw (m%g) 32 1.5 1.2 3.0 33
Product Sw (m%g) after one week - - - 29 -
Product Sw (m?g) after two weeks - - - - 33
Product d50 (um) - - - 1.5 1.5
Amorphous content (%) 7.6 3.2 5.8 n.d. nd.

n.d. = not detected

Product from Run 5 was tested in an Ultrahaler® device and the results compared with
product milled in the conventional way. The Ultrahaler® is a dry powder inhaler whose

basic operation is described in EP 407 028.

A compact was produced by compressing a mixture of 5% milled product with 95%
lactose with a median particle size of 50 micrometer. The compact is loaded into the
inhaler and doses cut off from it using a blade. Up to 200 doses can be obtained from
each device. The important parameters are dose uniformity and the percentage

respirable fraction of medicament produced in each dose.

For product produced by conventional means the mean respirable fraction produced was
44% and 83% of the doses cut were within 20% of their nominal weight. For product
produced under the conditions of Run 5 the mean respirable fraction was 40% but the

percentage of doses within 20% of nominal weight rose to 90%.
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5 temperature of the milling fluid is between -30°C and -120°C.

2. A method according to claim 1 wherein the milling fluid consists of helium.

3. A method according to claim I or claim 2 wherein the temperature of the milling
10 fluid is between -50°C and -70°C.

4..A method according to any one of claims 1-3 wherein the crystalline material

comprises a medicament powder.

s 5. A method according to claim 4 wherein the crystalline material is triamcinolone

15
acetonide.
[
6. A method according to any one of claims -5 wherein the product has an amorphous
content of less than 50%.
20
7. A method according to claim 6 wherein the product has an amorphous content of less
than 2%.
8. A method according to claim 7 wherein the product has an amorphous content of less
than 1%.
25
9. A method according to any one of claims [-8 wherein the product consists of a
 medicament powder in a form suitable for inhalation.
10. A method according to claim 9 wherein the product has a median particle size of less
30

than 10 microns.




