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FI NELY M LL m\m\\ SUBSTANCES The present invention relates to a
process for m on of finely mlled medicinal substances intended
far use as i nhal.gkis®n nedi caments. Inhal ation nedicaments nust have a fine

particle S|ze in order to penetrate deep into the |lungs where they can be
absor bed. ically particles |ess than 10 um é)m crons) in size are

required. NG RROECESS ROR I HE BRONUETIONOR EINEL YIVILLED MEDIEENARt er i al
to be inhaled. It is well known t nsive mlling required to
produce these fine particle si zes@%étgglgﬁsg prof ound changes in the
crystal structure of the material being mlled. The exact changes are
governed by the nature of the starting material but commonly freshly mlled

powder s hEhifeprgsent daientjon mirtenicd precrseder B ripduosine s fneks slillephimedicmal j al | y
fornms on n constitute a | arge proportion
of the to#gﬁascé%g ?’gafforh&eﬂs%\?{&i‘hﬁ%}ﬁﬁﬁ%&c@% crystal structure, including

i ncrease i n anorphous content, can cause a nunber of problens. The

particles nd to stick toge her) ma the freshly mlled powder
ext r enel yl"égﬂ@é‘l 1camepts ’@‘%H&av“'@fﬂ'\?d‘ £ Z‘et‘ﬂé’r‘ie fo progtiae SFCPa‘H‘IS’itEh{ungS

nDi st ur e)y, {PteEa (ﬂ.g&e al
phase. Th|fs'éil%glﬁ'ygauseb’fp pg?? :a %ﬁeﬁ a&%%&\h]g‘rs\t}\he%“ (J'Erﬁ gg%% sfirn%% l?rﬂoérae t he
crystal fSwnfok ]mrlpﬂharmaauhalb'abrcpmhkb}amﬂmeahe hwezahtcslbgnnlfaﬂedarutnsemmct on
its pote as dis ssedb N ls i rma cuti Pr ef ornul ati on:
The Phy ol KRB rReCHE SRR TGRS féap | Saisrss e Fi Uik 255 ERBrics o

Yor k {1 98@hfoulchraye in@ drpddicirhftade dme.cxameﬁulbeﬁ@nhmedi The &3t tHahgdshee

conditions used we can achieve the required partjcle size for an Inhal ation
medi canergovemedh by thegraiee of mgsw @mml by semmoply frashlygnitled pawders have a
powder . 7 i e |

whi ch 90- LQ @él%f%h Le&;@g? |c?gﬂs)| %ng@sfg’m?j* %pé{um&t)?/&mﬂg{:ag%l ?I ng | n a
flui d enegragclesibut canldShEHRS 2 Jargepopartios ofthatstd oxkighn of the pdwdemg finely nill ed
hi-ghly crystalline nedicinal substances intended for use as inhalation

Jredi canents by drying the mlled nedicanent, treating with a non aqueous

sol vent amhnkddaR cEYistal RelicteS inélddiRZ ﬂlcﬂﬁﬁbgm&ndirﬁlfoﬁé edtedtpdan @dusetafiniBel bed

nmedi canent i s conditioned under controll ed conditions of 1 JULY 2003 2

t enper at ureblems AheParielss foddp sidctogether meking\ipe Hssiy melsdpondsy extemely
process V\éb‘h@{\é SWRY ind, Bﬁemsﬁdir nﬁmﬁ,@e BRahbiht Ihbleﬁré HRALPREM Shasd [knds f 1 Ui d
energy. m | t he materla is entrai ned |n an air stream and
the part |tolre$rtdauts @apre etabiolohgmel phiasd Bnemmhe barticles tubcewelded !ng«tther a| r

stream qr nal n _care |sta se
medi um ég'mr%oa{g tﬁe Wgtﬁfsg) % ém%cfﬂlllcﬁbs %f Q’B%fg?r% %ﬁf%a%acsr&acc{
steam i s issiedrag,cds eibcassed hpr.r.avuwmd’mandmmnmwn mghysioduemimve

or oduce PSPV Subiech tobe Volki st Sain ey Yok oki), S b B tonb aco

area as CREMS Halc@il bonid! OF @1d Ml &h&iﬁ%é&ﬁs‘é& welthn GHiRVel (hé RYuirsdsat#dM sigd | y no
am)rphous content. Another surprising advantage is that build up of scale

in the m rauunlmglovrmdwawgmt avithputhganenatiog @morpboys phasee op shejspdast wEdhand

t he scal fh is deposited is less hard and easier to renove. Therefore,
accor di n}qto ‘he present invention there is provided a nethod for producing
fine, highly crystalline material consisting of fluid energy m'IIing of

crystalline material at relative humdity of between 3%1 and 909% .
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suitable are nitrogen and air. The m I'1ing process may be applied to any
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hel p control product particle size distribution can also be used in
conjunction with the 1 JULY 2003 clainmed nethod. The reduced tendency to
formscale is particularly advantageous when a classifier is W’ﬁﬂ,ﬂﬂm
conjunction with the mll. The anount of anorphous material ili m’mumﬁ
mlled powder can be assessed in a nunber of ways. Differential S¢aiglng

Calorimetry (DSC) will show the heat of crystallisation In a sanple
cont a| n| ng anor phous mat er| aI Al ternati veI y the change |n wel ght of a
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1 JULY 2003 5 has expandc, ~ uut of the venturi orifice. LiduigUwepes3is
punped using a netered punp through a vaporiser operating at a tenperature
greater than 100C and the water vapour passed to the ~~enturi outlet. The
rTate of water addition required is cal cul ated using standard physi cal
principles and is adjusted during mllifyg to reflect changes in mlling
conditions. The table bel ow gives results obtained when mlling

trianti nol ehpeatnt aid Hemidifdefond beaLBHERT WG have InBWadi®oR&Edh Prddssstwhit e
present invention. The sane batch of feed was used for each conpound. Far
each conpoisfmpveside seedstos figh pewt ailling meatmentsedi an particle size (d50) as
treasured by Malvern particle size analyser of arauncJ 25 lun (mcron). The
gas used was nitrogen in all cxperincnts. SurFacc area was measured using

t he Sl ai nclnad fluip erergyumill the marerial focsd. mibe iseonGaingd manwits@Gesh aiditle paficlegei ng
trials the sargl es_were kept in a 64%relative humdity atrnosphcrc at 25C
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milling condigi RS i 1]
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and Run 9 show that a relative humdity of 30%is effective in preventing

t he devel opnent of anorphous phase tn the TAA product. Run 10 acid Run ( i
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gener at es 32% ihf@ﬁi ‘E'?'if%]ﬁ?e @ﬁ'ﬁ?ﬂtft?ﬂi‘s%rﬂr}&v‘\r‘?‘? °W@'r'@§é“3ﬁr}l orystafing '{“Hgl?ﬁl #t ogen

W tlz a 7044tk BlnidRy bOBatdLin3086 8] §%6d no det ect abl e anor phous nateri al
(Run 11 ). TAAfromRun ~1 was tested in an Utrahaler9 device arid the
results conpared with TAA cuilled i11 the conventional way. The U trahal er0O
is adry ppyge i & hii { = i [ i 407
026" A ompoireruty, (¥ RIERe hinm3 s BN 1 sad Mok ok iRy bofieet 30, %9 Lo,
| act ose wi T0Fea Avestigesqoysafivid ovhicks idoes it re@t nyitly watet ¥apour Thag bsowsedias ths

| oaded i nt Q.. i nh r 1.om J a blade. Up to 200
doses can g’ghg%{ﬂé@'nZg&kaﬁén%dgggﬁﬁgtg\%%%u?&ﬁlﬁyﬁr%é’oéefl gﬁ% gar aneters are dose
uniformty and the percentage respirahle fraction of TAA produced in each

dose. for 4 A A.produced by conventi onal ns_the, nean respirahl raction
or oduced ik SHRE BFSinsy by PPN aR B ye R RE el i Poveh Wb B ekt

noni nal weadyahtagdou® whenAiséd o il eeslidaRdar pdwiders; plcidllp nfiedifanidinpdwddfe mean
respirabl e fractjon, was al,sob4,4 '0,but the percentas~e of doses within 20%
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|,3,5) these was a build up of a ver~~ hard scale on the instde of the
mll- This nmust be renoved periodically by shutting do-n the ml| and
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OLLL L11.. cLa. daa ~Q~2Q 1 JULY 2003 s dsins 1. A method

for producing f|ne highly crystalline material consisting of fluid energy

rnillinb of crystalline nmaterial at relative hum di tél of between 30' % a~~d
90i 0) 2. A HetRdacdedutlisitedcedendenrniorfopmqals in paeulicy advprfagchE Ui ty i s

bet ween 30% J;ggmép%ouséi inA Ji Uﬁ‘ctu l(pq”tﬁg%q Lifli ng to claim1 or claim2 wherein
themlllng I's alr according to claim1 or claim?2

wherein the mIIU|gfIU|d |s mtrogen 5. A net hod accordlngto any one of
clainms 1- mat er ri canent powder .
6. A net hoolWhe “é‘&O“Pd rft"é"ri’%’“él‘ }‘W@“ ere nOft'Hﬂég) ] ‘Feéf‘f”i %ee‘“'ss f"é‘r‘f‘& i s
trianci nol angniRe ot aniysle. Dl?feleﬁudl'ﬁﬁchmdnaaﬁﬁlbhdie&g (Dscqt lvaif rshdw vhe heathoft he
crystalline material is sal butanpl sul phate. 8. A nethod according to any

one of cl alW“"ibf‘?‘“%@r%?%‘Pﬂ%‘"é’“ﬁflb'éﬂj%’t‘orﬁ’é@sé‘ﬁ“%ﬁbrffb‘rﬁ‘ifl}f’é‘vélésﬁb"eﬂta“%ﬁ N ess t han

5% 9. A meffod o@%cs@ﬁgler&p&qd%%gen%s%m%@ﬂ&n&mdnmﬁ@a&tﬂehﬁa hifhidyor phous
content of |esSs than 1 JULY 2003 10. A nethod according to &laim 9

wher ei n t hecaprzogwoneasars ofi the ghanep moarsorplos eerttenef Il mgls methods the apparatus

is calibrated using samples of known crystalline content and the unknown sample
measured by comparing the magnitude of the measurement for the unknown with the

known samples.

Also. amorphous substances usually have a substantially higher specific surface area
than the corresponding crystalline substance. Thus, when a powder with an appreciable
amorphous content crystallises the specific surface area falls. When a powder produced
by conventional milling with a substantial amorphous content 1s stored in contact with
the atmosphere the amorphous material tends to crystallise over a period of time.

Withm a few days, or weeks at most, surface area falls to a substantially stable value.

Accordingly. in the context of the present invention a powder may be considered to
have substantially no amorphous content if its specific surface area does not change
substantially when stored in a container open to the atmosphere for a week or more.
The change i surface area should preferably be no more than 20% of the initial value,
more preferably no more than 10% and most preferably no more than 5%.
Alternatively a powder would be considered to have substantially no amorphous
content if the level immediately after miiling as measwed by weight change under
controlled relative humidity or DSC is less than 5%, more preferably less than 2% and

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



than 1 /a. 11. A nethod according to any one of clains 1.0 mfginepood he
product consists of a nedi canent powder in a Form suitable fc~r inhalat.ion.
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the exact design of mill used and lhe iollowmg method is not to be considered limiting.

Example )

A 10cm (four inch) diameter pancake mill was used for the experiments. Milling air is
introduced to the circumference of the mill and powder to be milled is blown in through a
venturi orifice also entering through the circumference of the milling chamber. Milled
product, entrained in the milling fluid, exits through a central outlet. The lemperature of
the milling gas and/or the teed gas can be controlled. Relative humidity within the milling
chamber is controlled by adding water vapour 1o the feed gas after it
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10%& () passed e Yentur! QBE (The Faté of water addition required is calculated using

standard physical principles and is adjusted during milling to reflect changes in milling

conditions.

The table below gives results obtained when milling wiamcinolone acetanide (TAA) or
salbutamol sulphate according to the present invention. The same batch of feed was used
for each compound. For cach compound the starting material had a median particle size
(d50) as measured by Malvemn particle size analyser of around 25 pm (micron). The gas

used was Nitrogen in all cxperiments.

Surface ares was measured using the Blainc air permeability method. Where samples were
stored for ageing trials the samples were kept in a 60% relative humidity atmosphcre at
25°C.

Run 1 and Run 2 show the effect of high relative humidity under intensive milling
conditions for TAA. Both milling conditions produced similar products in terms of surface
area and median particle siz¢, but the amorphous content, as measured by DSC, was more

than a factor of ten reduced by using high humidity milling gas (Run 2).

Run 3 and Run 4 also used TAA and show that under less intensive milling conditions the

use of humid nitrogen still gives negligible amorphous content whereas dry nitrogen still

gives a significant amorphous content.

Run 5 shows that under the gentlest milling conditions the use of dry gas cun still give a

milled TAA product with low amorphous content.

Run 6 and Run 7 show that the use of high humidity nitrogen gives a significant

improvement in mill performance in that a finer TAA product is obtained.
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Run 8 and Run 9 show that a relative humidity of 30% is effective in preventing the

development ot amorphous phase in the TAA product.

Run 10 and Run {1 show that the same effect 1s obtained when a qute different

compound. salbutamol sulphate, 1s used. Run 10 shows that milling with dry nitrogen
generates a significant amorphous content, whereas milling with nitrogen with a 70%

relative humidity generated no detectable amorphous material (Run i1).

TAA trom Run 4 was tested in an Ultrahaler® device and the results compared with
TAA milled in the conventional way. The Ultrahaler® is a dry powder inhaler whose

basic operauon is desciibed in EP 407 028.

A compact was produced by compressing a mixture of 3% TAA with 95% lactose with
a median particle size of 50 micrometer. The compact was loaded into the inhaler and
doses cut off fiom 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

TAA produced in each dose.

For TAA 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 TAA
produced under the conditions of Run 4 the mean respirable fraction was also 44% but

the percentage of doses within 20% of nominal weight tose to 95%.

[n all experiments using low humidity (Runs 1,3,5) there was a build up of a very hard
scale on the inside of the mill. This must be removed periodically by shutting down the
mill and chipping the scale away. In contrast the experiments using high relative
humidity of 30% and 70% produced less scale. The scale which was produced was
much softer and easter to remove. In no case was any sign of condensation seen in the

mill chamber or in the product.
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- 10%& () 1G4 method for producing fine, highly crystalline material consisting of fluid energy
milling of crystalline material at relative humidity of between 30% and 90%.

2. A method according to claim | wherein the relative humidity is between 30% and 70%.
3. A method according to claim 1 or elaim 2 wherein the milling fluid is air.

4, A method according to claim 1 or claim 2 wherein the milling fluid is nitrogen.

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

a medicament powder.

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

acetonide.
7. A method according to claim 5 wherein the crystalline material is salbutamol sulphate.

8. A method according to any one of claims 1-7 wherein the product has an amorphous

content of less than 5%.

9. A method according to claim 8 wherein the product has an amorphous content of less
than 2%.
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