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be sufficiently high to remain above the tenperatures to which the

conposition wll be subj ected during storage. The choice of a
suitable glass former will greatly depend on 25 the nature of the
active drug. Preferable glass formers will have glass transition
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. ensure that the highest tenperature for the | abel ed storage conditions for

the conposition 5 Is essentially below the glass transition
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preferably have higher T. values to better maintain dispersibility over

ti me under adverse condi ti ons such as hi gher tenperatures and
greater relative humdity (RH). Preferably, 20 processi ng techni ques
provi de a powder conposition having particles with a materi al
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conditions are adjusted as descri bed above for both scal es of
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. Particle size can be neasured by any one of various nethods known to those

of ordinary skill in the art. For exanple, particle size

di stribution of the bulk powder is measured by liquid centrifugal
sedinmentation_in a particle size analyzer. Particle size ca 9714284 SO be
characteri zed "f?&ﬁ scanni ng el ectron m-croscope (SEM. By using M the

surface norphol ogy can al so be exam ned. I—b\lﬁver, only a few particles can
be exam ned by SEM requiring other thods to be used to
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The particle si ion o the aer osol t ai usi stage
(16, 8, 4, 10 usedjheneinm tg mean,an,ingreassd \é%s'@g% %péd‘(BFo’I‘a??ﬁ’rﬁ
Measurements, StRer arbédtion CAlisttillation zane8-svege €8al, &f8.a4. mres 3

2.1,-1.1, 0.7, gﬁéﬂm}%‘ f Ws 181 aﬁféﬁé’t?eté @Wmﬁgﬁésfﬁ 4uid phase.

Ander sen, Srryr n &ach meas H}_st er g g{(s I I ed
Wwith 5 afbeophasec|systeny af PERAgRDIt iR EI'i‘%pE?%% 0 ofigh
(5 to 15 t ot anéO%erx\aAl:{esmally for gkbthCal iThdiani s Mehe uresadts afrmztm or

and 15 to 25rrgto al ka S

aerosol was dr ampf’Foﬁf?‘ﬁ% Jf%éﬂpe&:g%ﬁ‘al er m( ﬂhds cascj:';'a;ga 1fi°thé Fbne.

i npactor, with ai rAhokhext ewayet afo Miewingi nthEs orisg Bhay yj dpy gnormal
res petct i vel Y hf Oﬁxhhﬂlation thde@"ﬂ Iifsohnvapbkaﬁwrelﬁmﬁdar[dn&mebé:m)sen
i npactors., The e _size di i 0 y

wei ghi ng t1I9e po k% "? he ? i%’ gf'at ggean peval uat | nébﬁ%gsggsu the

on a | og- probaprtQ}thovhemm xmethm%rmtaﬁ'f&&”ﬂﬂ?naﬁi’ﬁ ERNERS ‘éﬁﬂ?'frass

flractl on 20 156%&@&@:1? ﬁgrfﬂfam & deiiidl phesér 681 theateotipe ofwdtit i t y
pl ot. '

PCT/ US97/ 18901 ©F foam. EXANPLES
Exanpl e 1 Hence imhiessengeplthegdeenefits oD he distilkakian Aren

1; 8{ WhI % h 1%6 dbi:fiilleaﬁﬁaiﬁed, i hel \Wesepadtatiiny ahe Wm%bw eohponemtmrby
err is resu r i_Qn t

~stable, did not tﬁ&veé’sﬁqgl}lqg%&ogpghs?b I t%veré%%gg%tgsﬁgaighgloﬁmﬁg e o

t he pr og¢optagt withdkhel catadyeindenreyes fhe syntbes ﬁrﬁe?ﬁ l?‘])

testing conditionsgeolite beta is aAkHd¥m rﬁylidthataeresyht&mm ad 1 amiwas

obt ai ned by pre%raLFII gga so%#%‘ln%iri}f Qgé*@p bed gidc E;ﬁ%%ln 3rr§161§u6ég

sodiumcitrate iC aC| rmno dafe
Ccrystalli® hurmhlz—'hncsi rhaxehy, mmmtﬁﬂorhmweﬁﬂqqnfearﬁ?mcﬂﬂ%ﬁls of

I ndi anapolis, |Nnis zeolr@é‘,d Ui €sP. pgopeetdssi panat spreparatsish. The In -

sol ution cont ai ned |nsuI|n 46 04,10
citrate buffer ﬁfaﬁ{lﬁ?ggtrr'at anaim rl%@gg )ispermﬁh I |]iee‘ri oé deliotn? zed
water for a tot &Ihagepteglebifee&rreméhfﬁraqtizpnrg?#ﬂ:e&?‘ phigh; isy 8% oRbder
was Pr eRgy efh¥le szpr %)f- dne Nghdéve REBEPeICED| UL S Opatenitn g3 a3 68006

Labor at ory, pra yer I e 4f n ns:
Tonperat ey pattert; p tAHAE of FiditiNioaht®d O AUk" (afgRELbe,
t enper at ur e radiation:X alpha dguhlet | ©f copper, Geigey)|gpunter
tenperature spectrometer), is reprbduced] tn Pible I below. Feed rate.

5.3 nL/mn Jacket ed cycl efperature 30[err]C
After all the aqueous sol S Lﬂ?@& Iilﬂezgg e 08 the outl et
gatagg%? ? vxfy decre

t enper at urfy was nai nt ai ne m nut es by s asing the
inlet 25 tenperature to provi de ajjeqogdery drying. WO
98/ 16205 7.4 £ 0.2

PCT/ US97/ 18901 The resulétdqnt Qs powder aerosol formnul ation
contained the follow ng solids 4.2804t8nt: 20.0 %Winsulin, 66.2 %

mannitol, 3.1 % sodiumcitrate, O. 7‘Vu3(:Pt7rI'-'-c°a%
Characterization and Stability: 5 I nsulin powders were
packaged in foil pouch barrier packagl ﬁg wr-tﬂ desi ccant . The
pouches were stgre tee!h%' 3y a CRRes At &l

condi tions of 29{'! ©.2. :iﬁ[ ?é eeer%'e %dﬁglijtr:és St ab?lalteigésfg%ﬁsil\l/\ere
eval uat ed 4&r i id® as-esyntbesizadi @s follows: ,5jng reversed phase
HPLC, noisture confi@mNa(1aereseli peX)TEAIAtobaseEiny deM #Hgoed

dose of insulin, and glass transition tenperature using differenti al
scanning calorinmetry. 10 Rever sed phase HPLC anal ysis using a
stability-indicating nethod for insulin showed no changes in the
insulin content or purity at any of the storage conditions tested.

After storage, the insulin content accounted for 99% of the expected

i nsulin. For one : batch of the citrate/ mannitol powder stored for
22 nonths at anbi ent room t enperature, the insulin purity was 99%
|n| tial Wlth trace anmounts of degradatl on products appear| ng |n 15 t he

T A o, o, " o



Dry* powders were prepared by spray-drying the aqueous solution using a

Buchi Laboratory Spray Dryer under the follow ng conditions:
WD 98/ 16205

PCT/ US97/ 18901 Tenper ature of aqueous sol ution
2-8[err]C WO98/09929 Inlet tenperature PCT/US7/14256
128-130[err] C Qutl et tenperature

85-88[err]C- Flow feed rate 10

m/mn 5 cketed cyclone te tur 0-3 r
After all the HHBEBEE Soiift | PtcthaTibodbEh mﬁa S8 3R 0 [ﬁe]’g?ﬁr et
tenperature vvaxepteaentnetletaraﬁaiﬁraﬂnﬁmum Somi, niit ds Qgyeatew yhamwcs cand ng
the inlet RS A0y ° dria W 04k gip? £3° GRRAR 14 (T adflhain) on the

0 y

Larger batches org 0 er ‘were prepare spra ing.a solution
cont ai ni ng 2. 5condition,pf; dehyfpationgand ﬁh?o%e g 3gatiorpreaent,
citrate, G 007The patent alsd, taschés Bﬂxa'lg the sodium )naynbepreplrabédlbyer

of ~dei oni zed vg gpehag 8¢ Pl aln SRl4 a.@fizaneﬁeﬁa%%dar o/ . at

pH 7.3. ANro ra yer was use repare er usrngthe
fol | owi ng Su ﬁ&i‘i‘ﬁ% P‘!L‘El’-cati"ns such Téﬁpe m@%ﬂ
sol ution Applécations Nos. 95,304; Ab69pBda6r 180 /84MandréH, 939uhmve

2-6[err]C etq T
143-147[ err] C broadened 'Lﬁ' %f%errp eoq zeolite beta to include

79-81[ er JOC 2@aterials prepawrd cusing frcsmplating agents other: thgngcfnm
at / 41-47 psig tetraethylammoniumW mdroxide and dmatenals having 8is/ab0

nmL/ mn t | ry er I

cont ai ned t he ratﬂn(’)'ﬁn n ‘}Q Jﬁe&é@ tﬂgﬂ Ni()& Mzoié‘(”% ?Qﬁ}tes

2. 6% gl yci ne, esssré@sgd#ammrtqp&pe Pseez% Aeﬁﬂnl%tiom Hogei 55 @46 2Nu

WO 98/ 16205 2") and 64,328 and British Patent Application No.

PCTI USOTB901 1, 024, 799 AFASERTEELC" 359 S0t | Hekucrurps  ana.

I nsulin povvders were’ S esl cca ative ée un?%'ss
not ed) AL LTBCELPD CPABDRERS | terlSOf%‘PHQ}' ¥Rl that cAperaPlitecherang
condi tions of ando &vd edhtfudsdr withihowke scope ofSiths | téym sazpbmstwer e

eval uated for m?ﬁ;.ugg ﬁgg&% e rosol per f or mance based on 5 ..
del i vered dose of i nsul In, glass transition tenperature using

differential scanfhggforms of #Z&oditepefa which are mosthupgfpl aﬁal 9’3?5
usi ng di fder enppralsentarinveptionhoar@terysthlTinandlaminoeslilicates - hdeinyered -

dose testing V\%} %&EEEQ&;P%O%&GSC“ bed previously. The aerosol particle

si ze ron was neasured using a cascade inpactor (CaI i fornia
Measur enent s INPAQXKP)Mlo (1.@ahribck et W@ hdl8zyi cE $AQxcr"i Hed2Por
del i vered dosewhereingx is less than 1, $rdfdrablyddiessathanuounsi zedisn

Tabl e I bel ow f 8%E¥_.eri:ﬁgnpgv\g &Slgést%%h 100, W & rgilqu:?l Ehggtprepﬁrgg on

bot h t he Buchi I 'r0 Spray r ers

neasur emedft s, tﬂwén%i'@rlosiﬂn-peﬁf éﬁnﬁhee viadenrge #Tudbh AR R ubsnashyAxgaen

Fit gz(r;[% 2 1C at ion, S@ﬁsaﬂu&ﬁﬁzﬁ hﬁbﬁDgﬁramnOfoderﬁd redtioch,f Odsﬂw_arahtmauﬁéored
a err a we Oi aki r
89[err]C. The sﬁ%gfggﬁdotgerir%l lE,\ecﬁeec#"“ﬁ h%Q q: %ﬁ 5 qu}draa]hé %I%ﬁgﬁ
appeared in al labowsr B8gr aBRus | hﬂeﬁil#%ef’t GW@%@F’D@WW l‘\ﬁé'—ti@r ipr the
de_naiurl ng OI appvel Itordmuat 1ef rasuérntn?t s'mtah{a Aleass tum.saoo/-\mlt ahaof
nmoi sture gonte 0 i perature is
chown | n £ gur desteraply, gffafer  Higd, B0 and 188s LR dnqlk ST
that the powder cd# dis ahdsep contsmpdatedr Shatt [dner @Jﬂﬁntszo such 588050l
perfp; _manced allium, boron aRe ﬂér?,tha(ﬁf b@ogﬁbgegt@ﬂedr [f0rF ]alhxixxi’i&heliha|
specific an no Qr der eve_a good aerqso
roduct . Buen e FRFEAPINR- oS THIRELYy shelBbE) Sufndgs odEhaRRim
for crystallizandphesphgraus ean hevasniabdyt Hubmbbetsd fer slildeobases
:thht Ih _ncr?as' ng suitamerrlaﬁjauﬁe: Cost fotis Ihg gwaewaarais pd\%lfax daggr am
or is fornmul ation rjze an owder s
prepared by t gd\’\g.n T?uﬁﬁﬂﬁsiﬁhﬁ‘ﬁ m %rae@hylzamﬂ)rﬁum ide
98/ 16205 or hydroxide, dibenzyl-l 4-diazabicyclo[2.2.2]octane

PCT/ US97/ 18901 chioriadlM dimklh @qalseagyil Oaﬁmmnz) dRdlEel, i 0n,qk (1~
powders at different nol st ure cont ents altering secondary drying

conditions. The results of DSC and noi sture analysis are shown in
the T[err]-noisture profile of Figure 3, showi ng that the Tg should be
above 40[err]C at noisture contents up to about 4.5 to 5% The

ef fect of noisture on the powder was 5 further tested by noisture
sorption analysis over a range of 10 to 90%H at 25 [err]C (Figure

4). Al the wat er t hat |s adsorbed can al so be desorbed |nd| cati ng that t he

o L, o . oy o



. Example 3 5 This exanple sets forth a 60% I nsulin conmposition
that nmaintai ned protein Integrity and aerosol stability after
storage at 30[err]C, 40[err]C, 50[err]C, and tenperature cycling at
2 to 37[err]C._ . A 60%insulin aerosol fornulatizn t ai ned
by preparing WO on of human zinc insulin, mannitol, sodium
citrate dihydrate, and citric acid nonohydrate. Bulk 10 crystalline
human zinc insulin, obtained fromEli Lill ylélmd Conpany, Indianapolis, IN,
and U.S. P. grade_excipients were Lised. WUk £98t 2igf-dm 2deU o
insulin, 1.27 nﬁz°ni‘Pm *’riﬁﬁ'ﬁ]o?ﬁ&%g%cé% Hﬂm mf’?ate 0. 026. g, sodi um
hydroxi de, and @iBparexifleciand the like.  These qnganic,ralipps;ary HRauh
for a total sol jfS tHeNCEPET ahOraxd ddsériled)l Sbrpldxample, in European A
condi ¢ ong: * Pat8fe " Kept GARGERT Sph ' 159/ 48" Cgha 1161%da%; AhaciglEL 15
PCT/ US97/ 18901 Pat.No. 4,508,832spertheir Breferyaht o axdanic cakion is the

2-8[err] C tetraethyld¥nUHiA/ iehll|ing water return 2-6[err]C
Inl et tenperature

J43-147 C _: .
Qut | et terrperatureu is typically a sodium wé’oé%% or:.gi::nal s%\lt‘%l?ﬁsz]ésr
air flow but may also be &2 metqiatll.m- /pdesy gby ion exchange gy
ra;tNg (1-016) technigues. s?itl:ahle_ métadll / ic?ﬂ% intclu;ie thoseof;oﬂ' herslips
powder - cont alne e OW Ng SO0/, nt ent ; ,
2.6% gl ycit9e, 2¥A1 3F8edrEffcP rlé’f‘%,P%l.%%‘iMﬂteon 8. gg/?gsg%ﬁf%% Lom
sodi um. 10 hgsanmples of such iomhadncludeziensnofndithive;pgtassium,
I nsul in powders t oregdesiacat gdratms 109%¢dri,ve cavi) t yn{adBSS
not ed) cﬂfigg lg'rr]%q; 40[err],C, EO[gfr] C and at tenperature cycling

condi tions of 2Ppdlagdiwpsjand Wkenours. 15 Stability sanples were
eval uated for noi sPorehight eatalykiosadtiitivor rivec2zepdite bata should be

del i vered ydo feliBithiRe1 7 NIn 01855 RydFsddn Ofoh CXBLRAL Ur€endrdldy, the

se
diff il g I h '
u!si.-ngrzgin;:‘-gr'e?\tc Fgg‘lgganrﬁ%gceaﬁgﬁ%‘ét r)(/Bgﬁ) rﬁ’rﬂf"g?f'osg?rg By PemAOR ' .

del.i vered dose esehangewefel kxawed ebyoucabsindsiomi-bed Pfevthmisizgolike is.
aerosol particl ' : s48bi SLTi | og h T3at46elos!S| AoffEESgéen -
i npactor (Cali f%yﬁfégﬁ/é%%br ewr%etglt igl &?%61'1%& 1 connec;:ggat; thgedgvi ce.
descri bed for dERFdeReliodgeditRsipRy calcination alone may,pf; pYLfiriedy
summar i zeddoel owti hsTpbéfeited dthadny afkerpcatieiation hiss major portion of . ...
composi Lion. W iHeh chbfoft! koted! aklCodBistes By 1iydrogRnaebABORRApEE OFTICE

r emai ne unchanged upon, stora ry _conditi gns i .
formul ati on was A&ty REPPe | ﬁ&t He feoﬁﬁe%ﬁfg&y #ﬁ%ﬁrfﬁé gﬁ%e??cgﬁ?sdtt% Y uwp
to 4.6% noi St ur efwitheowdatd drossites smresotcypiddrbynbydrogen ions and/ox\p
98/ 16205

PCT/ US97/ 18901 T2%° ®ARERIMB1 of moisture oo Ter K BLese ed in___
Figure 7 ®%owing t A8t thee PREpr |Pqwder ,8pEn, the zeoclite pgta), oko0
moi st ur e. compact &0VEEI S andr ewhlbr piwius flupckicny adéduakslyonin a

anal ysis. POWICls 35t 36€5h apince theFeASH Cf Ribry LAY SHEHR Oarop
ranged from7 to err a?;or these p vvder§ Thef g gﬂ;tlﬁies haye a
convol uted "rai &hrough; fhe ked and the (Eres FlowcPL; fakerndfFepflux an
spherical surfaadsing vapor is \fip@8éd520Feolite beta in the shape of

PCT/ US97/ 01 truct Zdbhe Ak rings,
Lot No. Sgag'? age conveéf%jf%%ael 0/9 b%F.mmz\%‘ Vo oree 6 (g

Ti me Dose ( ERAALeR. anﬁaﬁ¢ ke mays bs; gé)etlcj.n th 1;;::'Oe]a'se>:'tt: I:elggn‘{:g n.

mass., The particulate zeolite beta may be employed<by poclpsing
|2n15| z€ 89 5 2a’ in 3 porous coﬁf'éiﬁ% s@éx[gérlz%gth,z-écreen wﬁ%e or
90 - polymeric mesh. >cThg mwia\é)r “%ez‘é td makg the container
89 35 must4Obe inert | ot i the YeacBans4 and cBhditions 4dnl the
ﬁgt 10 reaction system. 1211%( cIbth ﬁlay gezany matéiial which shelts
done this requirement suchyasggoktonp fiber glassg polyester,
88 ' nyld?0 and the IDNikéal THe [scrde wird may b&laluminum?. 1
89 12 wk 94 7 2.2 85

84 25 wk 87 + 6 2.8 74

87 95322 30 Initial 93 + 8 2.7 76 1.4

95 after 15 vacuum drying 12
w 96 6 2.3 83 1.6 94

25 wk 94 6 2.8 73 1.6 82 20 40
Initial 93 8 2.7 76 1.4 95



delivered dose of insulin, and glass transition tenperature using
differential scanning calorinetry. Thermal anal ysi s
using differential scanning calorinmetry (DSC) and aerosol del i vered
dose testing were carried out as described previously. The aerosol particle
size 20  WQP8®%uti on was neasured using a cascade i npBEVERMEIPi forni a
Measur enent s | MPAQ 6) connected to the device described for

del i vered dose testing. Stab2lity data are summari zed bel ow
for several powders of this conposition Wt hin_the error of t he
measurenent s, strekhemtadnlesss staehcand dhe dd¥euncRBfiycRPLRAF mesh may
storage. 25 pe nylon, tefloHQ:Q&Eﬂ@ZﬁOﬂ:e The mesh or threads per inch

PCT/ US97/ 1?,233%1; the fn&tgréaé. usegréo Vﬁfe mr %Qg:\‘.ﬁlm_‘r Xié% | T HAC ehen

anal ysi s. ¥ nitrogen a sor t| an,
ranged from 7 catalyst kg |rekaimed: W@@é‘eﬁﬁ\/@éﬂs‘u henot pass Fhuqughothe, o 5
convol Ut eg * r abgéhingd " VA! eherhSEMsR1db13! S)Past futies! o abmonms nm

Os/opherl cal surfagze/ or powdeqT ﬁq be us.adS #@%%Stml?tso%g% aP 1/4 MVAD
Dose ([ err]ihch diamsteri may be employed ir( [téqe(}:g;\tainers.

[rass] The container employed to hold the catalyst partl.c!:‘l.d_s
errjm.

si ze may1have any configurati'cm,t iSych as the 5po%;kﬂ:s disclf’fedn

1.0 1054 in the ddiucinly assigned patentsg ajjove or the centainer may 75 -
}_i . Sg 61Qe a single cylinder, sphere, @oﬂ&hvr\;(ut, cm% ;i:ub% éf: the 73
72 0. 5like. 53 20 wk 92 + 4
2.3 : - 85 Bach @oftainer cohtaining a solid catalytic matenialpntn

Iszi G 2| 2. 9 cgmpgl%gs a cat_ﬂ.yggcomponenéz Hach catalyst compdffent is
3 WK 15 86 iptimately associsted with R 88pacing ggmponent which is

6wk - - 89 ‘compriséd of at 1gast 70 volumd % open space up to about 95°
%(2) WK lzotluﬁf % gpen éia%ce. Thik 5component4811na§ be rigid2lor
nitia

(Niro) - - resilientor a iggatifn ghereof. The’ cc:sml::inat:%%n7 of

43 20 - - catalyst component and ‘spacing cogonent form the catalytic
0.9 20 49 distillagion structure.  The totd¥ vdlume 0$2opén spade for

82 1.2 25 wk &} -
3.0 74the catalytjc distillation structure should 41B8e at lea 10 Y aI
05 + 4 2.8 voluméS% and preferably at 188st520 volume & up to about 55

g x 9 4 vgiume $. Thus desirably thelspacing c06 nent or material

12 wk 91 ghould comprise about 30 vlolume 3 68f the catalytic

2- 37 1 nidiistlillat 96n +s¥ructre, prefédably about 302volume ¥5go 70
cycl ed '-12vWiume . gﬁ;ﬁsﬁzeﬂt terials are prefeé!reh One stftable

Exanpl e 5 'S exarrp a Y01 NS gsition
that nai nt ai ne@ushomatarial ci jqnen Ws 5‘“3{&8"’ S%éqe(;stsaﬂ’ ﬁﬁ%
storage at 30[ gene®aldf[ asr HEmiaber t wiperex Lare expandeds némznum-wpbheyc

POT/ USo7/ 19001 Tesilient componente, mey |?1 as inilar ope) meSh s el
obt ai ned 3 pr &dvmegis Silaments cﬂf eflon 4\%'? §?§8f.ng

sodiumcitrate i tygiale asuichit aisc a-::ighhpnohyelnat strnmﬁnres foamed
crystalline hu s Lngul i 3’“7?@ ﬂ{ﬂ' Y i i

| ndi anapol i s, r%’];e@ﬁ‘i e a 8ra ?8 %Plé#lllt'és wer e %?ﬁa‘g g;r
sol ution cont ainesildentiy N%ul’? nfoyme pjace o, ARRY 189 (areun e
citric acidy ansh#aPPsty gbipoienReIn Iﬂné i tcearse:)f alfi onazgelrwauartalyst

for a tot SOléoqn%o%%Qﬁgmé}?éﬂ OQSOferQ\ }Swt{n-lfi RiHch %o Di)/z pMQEﬁsmre

pr epar ed pray yeous_so ut|on u5| n Buchi
Laboratory Spr sphanes, ®id the 1 ke 8pFR\FREP nent,may

Tenmperature of wmﬁiaahnyomtimat&ys [aeysro]c@ated with or surrovnded by
tenperature the spacing compon%%?’qﬁe r rJchribed above . O:LQJt 3! not

t emperat ure ate

5.2 nb/mn Jacket ed cycl one tenperature 30-31 [err]C
15 After all the aqueous solution was punped into the spray
dryer, the outlet tenperature was nmaintained at 80[err]C for 1

m nute by slowly decreasing the inlet tenperature to provide a
secondary drying. Larger batches of powder were prepared by

spray- drying a sol utlon cont a| n| ng 2.5 20 ~nmg insulin, 9.663 ny sodium

. ~N NA N ~N NS



. WD 98/ 16205

PCT/ US97/ 18901 After all the aqueous solution was punped into
the spray dryer, the outlet tenperature was nuintained at 78[err]C

for 5 mnutes by slowy decreasing the inlet - _tenper gLyt rovi de
a secondary y’ﬂﬁ”’ Dry powders (1 007) cont al neg9 ;19159

following solids content: 5 60.0 %insulin, 2.6%glycine, 37. 1 %
sodiumcitrate, 0.3% SOdI umion from sodi unt3 hydroxi de

Characteri zati on an ahj I-i ty; e¢hbored
desi ccated at LSRR t t hthe ﬁ??"’at‘%ﬁ ?m]'%pé S&PP% err E ﬁg at
tenperat ure cyctatajystndiomponenti 2Itois7paiy|UeeRssary Ahatys F’ﬁty
sanpl es were eV@Aﬂiﬁirﬂﬁtf QhtiRAEeLY Cagsbtiitited WEtASthe p@uﬁa:ttymamnimmedton

Gelveret iy S0 58 pbReH bl VUG Sack' P0E Eoalo| S0 U 2058 0

analys SI ng
di fferentisl sametl rapatdieay | st r degosibedndabeyesol Thus, thee| 89dose

testing vere ﬁgf‘di\e%t pi'ﬁvﬂﬂéEriﬁ’eélfﬁ&/ 20ualt¥ix ToE ms&(ﬂtmrlty @benSI ze
15 distri but| was misur%3| ascadeﬂ%ct or (Cal if mi But
Measur ement s | \§BRSS)in wh R FABIIRIY,

del i vered dose duisdtiantially evenly d:.strisna:ladl ity data are sunmmari zed bel ow
}‘\Ior a po"‘ﬂe& of tmv\rtﬁﬁﬂf?f 4 %cﬂi@ﬂ&&e%@hnation Mehttﬂe Bﬂ&iﬂl uaad
iro spray dryers I N e enme aero
perforrraniﬁ r emRFRAN B Bﬁ ’g't%rﬁﬁe %é??fﬁ?eg c%es
X-ray 20 dirito aat i pluralditysi of apdcketar iin ny iclgth r#&irt'ochbWhPéﬁders

hi bi t h »Pos
gl ass for et ' Hpdded in tne qide1riddien Lolunkl rellbbols by opEnclesh

PCT/ US97/ 18901 knitted stainlegs steel, été@v’e by &wisking $heetve hodsthey,
% T[errin a helicalNfiormor Teip albows CtheTinequisbbec flows] and] m)

particle ;gni sﬁ%%%ntg e{62&) of catalysBEClthe cloth may be an material

mass

PNERENEDN

[err]m .~ -~ Which is inert in the reaction. Cotton or 1inen| ﬁrg
5 L usefifl: but fibéni tghass S)odily | oF "Te:lon" cloth arg 1
11; (RI% erred. 4 V‘k 80 4_ . .
. n t)e?dgaléowxngm ﬁ%mp]ﬁ 3the catalyst packing.
1 20115 consisted of bags i7Ales rf@m >fva fiker class cloth belt.
? 115 approximat8ly six ifiiéd! :53& 3w1th narrow pockets ,
.8 ExaPpyQximately 3/4 inch fide eﬁ%\'fﬁ')l €°§8f§ f%‘&gt P00 iTREul i n

conmposition of pétlkets vt ispaced aboutall4 inch apargl asthesepaodkats axe

crystalline powgpf)yq Wi gh %ﬂg%;qaggta%%qmgaw ok o AR C

and 50[err]C sul i'n aerosol for atlon yas obt ai ned

by preparhg a evtindwheadi eemkainers, and;hhej Qpgn; (£M RFRet Bdﬁﬁ‘ﬁn
citrate di hydr aérosed Yt ranfdne &hdi particles dahiBubkelt2fs then yistizitledne

humen zinc i nsubpe g3 gdh EGR ELY EiL! indfith GHWLun0l ARAR in N

and U. S.P. grade eXC| |en?s wer e used te SQ utlon cont al ned

insulin, 4. 74 ngith the halt oig alsgy 3y SEEIPuRLiT aPREN MG gﬁ’%ed
glycine per m| kthiﬁnéseof steeDnwied, walhdichf serves to aeportl:e sthedsmole
concentratj,on o Op o] Efbyd Wy,
spray- drylshg th%iégﬂeoggé%lﬁ?@:gu%%ﬁggx i ﬁ@ﬁf&gor atory %ray Dryaepror
under the 25 f£1€@t]|ow ng conditions: Terrperature of
aqueous sol uti on2-fier wlite mesh provides| thet suppoatatfor the catalyst

\1,\12)5[925 r1]6§0 5 (belt) and OPtbbiabEROMA! Weree of vapor passage tinbdidh C

PCT/ US97/ 18901 the catalyst partigdgsy vhich otherwise form a very compact
5.2 nl/mns bed which has)achighdpesssare dromer ghuse the down ﬁ[bvﬁihg

{ h
601 er. bt s o s3pk! BoqPRUEYRIP S OO ORE L Ntk o

5 m nutes by sl eetymBlecreasing the inlet tenperature to provi de a
secondary drying. In commercial-scallé déyepstibars,(| 1829)iscocontemplaten,
foll owi ng solids content: 20.0 %insulin, 2.6%glycine, 30.0 %
sodiumcitrate, 47.2 sucrose, 0.2% sodiumion : from sodi um

hydr oxi de. 10 Characterization and Stability:

I nsulin powders were stored desiccated at < 10%relative humdity (unless
not ed) at 30[err]C, 40[err]C, 50[err]C and at tenperature cycling
conditions of 2 to 37[err]C every 24 hours. Stability sanples were

evaluated for nnlsture content aerosol perfornance based on 15

o Y - o L ) e



. del rvered dose and cascade inpaction particle size distribution, and gl ass
transition tenperature using differential scanning calorinetry.
Thermal anal ysis using differential scanning calorinmetry (DSC) and aerosol
delivered dose testing were carried out as described previously. The
aerosol part WQWB08NYe 15 di stribution was neasured usiMFESIHEde

I npactor (California Measurenents | MPAQ 6) connected to the device
descri bed for delivered dose testing and sﬁbl/ved a stabl e aerosol

per f or mance. ora Storage % De %, 2 TenP

Ti e psasalyst (paFkiny voul e crade i 9%, @ tazatipg) Layers o
([err] O mole sheile filled cloth beltsasimilar to the ones described
<9 bove, and aci aterial whi k6hid mlﬂég of any

si ze 38 + 8ndL% APeciny LB s b, . 71
3 no 60 +15on¥epient, suitaple substange, such as a corrugatedwire g1
5 3.2 s gbreen orliHre cloth or a knittdd wire mégh.t 7The2ldyedd
0.9

PCT) Usa7) 18001 OuLd OB, dffahged  vertically gr horizeptally.  For,

5.0% I nterl eukFﬁ-mB]-RE%}’)t <9|f daRrdsation ang oK n?%??@él diStribufa’é?fbs%f

Ist ?bl : l ti af t1 ekapber &aewatparssla@ebeWﬁfrxgﬁwleaﬁororseﬁieathag is preferred.

nt er | euki n- e erqso atipn ain eparin

sol uti ons of é‘%% Qﬁqﬁgg reconb%?né% on n?€ @é\% ﬁa‘%p’r%e%] &qyd( %‘ﬁ ?{ 3%5

t r onet hafithehy gos¥rndentc dimgnsion, fromyg )feﬁrmmntmese‘ﬁta feel.
raf f mose pent alppg ahSe b NI N insthiiltion, the pakidl do{xlenbe

| mmunex Cor por n,; seat S. g .
grade tromnet ha%ﬁgﬁg hy roc%%‘gfr:}%ﬁ, grfid tlé?P é%gf?r w?‘%ﬁ% aﬁ%se "’fﬂaﬁ?/‘ati’ate
(Pfanstiehl, section\fastensd tagethere withJcirpumipxesntial bandspof tie
fornul ati on wasyizeBi agpending i itig'Gizk0and Shapd. rru\rdampllh LRaagémQ L
dei oni zeqlg/vater 1Wl th (fmz‘ %?:% raf f zseagnd Ofé. p 1y

buf fer attBH 7.958 &0 ufa G8RbLRE°FE Aty sﬁcetptarsa BPEB9eg. T yi ng
the aqueous soRayez#,uswith a FRmstibly the arientationp Pf ayther yeatakyst the

fol |l ow ng condifingea: beltd Sturned at right"afgdés n Cgum% 16&&.:’5{%31[90 ]C
err

2-8[err]C et er at

Qutl et tenper atiﬂlpgove liq&{'ch anc{% or ﬂgY Fgﬁfﬁ:ution. Feed rate
4.9 nL/mn- The drawingkdiddystyetese ongpspecies of the pregehtrr|C
20 . 20 inveAti6h, aile.thecww@cwbat bﬁremséﬂm bt a1kpfa§4oray

dryer, the outl er ined at 90C for. 15 mn tes
by slowy decr 2‘% rPge'{zr?é'e n g@' QEHyfen? eﬁﬁg && &' dgv?% e
dryi ng. The dr ¥hpéwRRecias.ai Retexring oteotihey drawing §b¢| désséhlehion

5.0 %rhu IL-| Bol@fin3%éaéterosks ®ivided” inté DEHrieéd - sedtions. -  The
WD 98/ 16205

PCT/ US97/ 18901 atalyst packing (qarglytic,gistillitiqn structures) 12 apg,
| L-1 R povdfers wosdtdoned! dbsi ctheedmiddiel 0®eadiimn ve hubheli t gatalytic

30[err]C. distPhgltion Ys@ﬁf&ﬂtﬁ%él\@o%tﬁim &ﬁ:ﬁé&r fRdo1 S bdtq €£OH P -

aer osol perfor%nce based on%*r °§1j| ver? dos“gogand cascade mg ctlon

particle size dP%PribBFi ot &4 a2eAALRsi % efpeFAMBRELSRR ng

differential s@anngsnge@almr ithet rBockets of fiber glasscbeltm yndsfoxhed

fll errent ial sgaral ggnetﬁfrwmi rst&g%?@hsaaéeasrm as descrifiell vsrefl dose

esting e carr ou i bed,_previ aer icle size

di stribution was 535?88%5 ﬁé} i\ cﬁsE ’?Fbcib "'(e%% giﬂk gfﬂ’/é rtfent s

| MPAQ- 6) feetotaldlt with B30 HEeealcwifc dhdecatalyst fpacking \diar euedose

testing. 10 idﬁtlﬂr%tlgrprag‘i'he/o%er B(zlf& /‘bf the c-or?@n islig®
Um

Do
RS?)e ([err] onveﬁ,gégngl distfllat{on uéoel co! f:l.guration (equivalent in

si ze 3@5 trays)lniBenzene4{is]l@ontehiently 8dded as hakeup via 714

3 no %5+ 7 jnto° reflux ZZ:cumulat?r thelSbenzéridMat f1s0 be a dded
Thi s exanpl e seé‘sfot 9 euki n-1 Receptor conposltion

a t
nai nt ai ned rough, gs Separake, i t‘?eaf(t“BF §P8W§be atbeos Y%ﬂ%r%ﬁuf%df or
2.5 years at 3@jccthpCcoldmi/¥iat8 at about the mid mo@ﬂtebtl thé- catabyst

aerosol formnul eaab dg f{ﬁ; ('ﬁtdt
r econbi nant ?tac?t :Ngalorge%%%tagr ?rhu 1%]% onet ham nzhygrobﬁrorlde

(TRES 20 HCl ), tronethamne (TRI'S), and raf f| nose pentahydrate. Human
reconbi nant |L-1R obt ai ned from I munex Corporation, Seattle, WA
U S. P. grade tronetham ne, A C S grade tronet ham ne

hydrochl ori de, and GWP-qualified raffinose pentahydrate (Pfanstiehl,
Waukegan, IL) were used. The 1.0%rhu IL-1 R formulation was achi eved by
conbl n| ng 0 375 ng rhu IL 1R per 1 0 nL dei on| zed vvater with 6.77

Y Y o ~ SN A T  r r



. Laboratory Spray Dryer under the foll ow ng conditions: 25

Tenper at ure of aqueous sol ution 2-8[err]C WO 98/ 16205
PCT/ US97/ 18901 I nl et tenperature

142[err]C Qutl et tenperature

91-92[err] C WO98/09929 Feed rate PCT/USIT425G; 5
mL/ mn Jacketed cyclone tenp 30[err]C 5

After all the aqueous solution was punped i % the spray dryer, the outl et

tenperature was nmui ntai ned at . 90-92[err] C.for e

decreasi ng the Pixipg. The et %‘P%t’%ﬂ’ qlt?°p|b5vlfm §Ir‘ gggéﬁé ¥?/1|:'°r'1 £ The
dry powder cont aredadet h*EhéoId:merg:ratJ.on atolanyy cne eocati 08 ol r

| L-1R  87. 3% r aphgRi§st 2bre,’ "ehius S x@&v.xfc@.h éﬂigomerizat@libw o&d el zgiden

and ‘Stability: ovvder or.e at
appr oxi mat el y 4¥6pEELaD; ve EHf dﬁi‘f'tli 8 et‘ﬂ?‘%%"‘g hgﬁb ;%?Tﬁct;el%tmeg%
sat ur at ed ol ut icontattpngastheimtaio oxgactantsit i30[ the] (gatalyst packing.
Stabi lity sarrpl %ng ebgﬁggﬂgt eglnéordf@tﬁlurq,%@t ,azi_xenggl peiheiparnce
based on ivere ose and cascade I npacti on gg #cl e _Si g
di'stributlon akgagtiden (prafiiatisyn, Both of (%ﬂﬁ% Stg aFe 1 Bigher o
scanni ng cal ori peitingr tHanl Béhtéﬁel’@h@.X@th}dl‘Ettd’]Mht'e recoveredavyai 38
(DER) . pot e Phradys! S gl e gi-r ASLAPEENP! L §hﬁd?ti§t£& a

dielectric ther rral ana yzer (Therma

nstrurrent set
in adry Bé at such %P%?at‘i"\ﬁ?%uﬁ?dl“!qulﬁ‘ﬁur%x%e $oof benzeng o?‘t“h g"
scan fromO[err ]reamoabo@mhocx{mﬁ |€heat odéxrhiedd”/ 20 nist pximanily ubenrente
formul ation aft gy g2 étﬂﬁ%ﬁe 'i’f‘a[\ﬁggasb%ﬂh d1¥fost h%tDEP%ar?éa@&% thexn

onset is used. was sugercool ed to

e
scanned and dat adddtient: &@ &?nFﬁEesaﬁﬁl sone ethyleﬂﬁs“ﬁﬁfkebl&%’é?og‘a EE
del i vered dose lo%girhegavas Ther bvethead s phsmed [l qondenser| 22 which is

The aerosql. part zg. d | US¢ the? peRseadCwhich
I npactor ( Ilfok’%k'gtgéS&’ éé‘k#’%&r eerr%ntsﬁtEE%\QGﬁonne ed t thewde$/| ce
described for dPRSee¥igodt tRAGGHpUlator 16 and he'm-9§=7¥ - 26
PCT/ US97/ 18901 to columhhaidi 5 mrbsﬁmﬂgmwsuinstherrdabtﬂm edndloiestvere
bercent of the Sie $he"giifts "Ahich exte cBfaditer 27V Y’ 4 dae up
sl'ightly or nor &\ ﬂces;: mgzanﬁrefaﬁq the variability-of this powder's
performancgg i n theThe bottowl byntaini Gh afixthee dof cethgkd Hemzenest and.

The pa'rt'i cle si %2& BQHEH;Q hﬁiéﬂ%%{\l%% errt]clzlsgﬁ ‘Et% 35hewh§bﬁ' ak

ti mepoi nt, and Figur 47 0
shows stable di #p&enventiopad, distiliation co “msr%’-& ed 0511‘59&5 onate,
Del. MVAD % ethyl benzene %nd diethyl| &enzepeerr ]'n)e ethyl Benzexné¢cis] O

-IR;ISBE Dose z{e[c%é‘gh as ovePRbLECSS afl® &d''Siethyl benzene recovered

in size 1®@5 ag0,a bottonms| product. Inithig spreferred; embodiment rthe

71 47% Hiethyl benzene is returned via 34 to the lower portion of
(DSC) 55, + 14 1bg
6 43 16:1192 chi):alyst p%king 12 isn é&)z\m% 30 alti:gu&é 1§ sou

4.5 59 recovered as such. However, in t xs preferred empggpguent
Exanpl e 12 it is desirbd &:oehaﬁﬂhtzﬁeéﬁhfbrﬁéh&rwmmwtdbnt hatthere

mai nt ai ne er 0sQ a h :
30[err] C d:’@ sié §,§ th'kr#élbfirrru?egé%enn V\gés'?% ali ne% %y pr pa??ﬁ%ene m
sol utions of the catmdysthass nehydrochloride (TRIS HCl), tronethani ne-
(TRIS), and raffinose psahahudr-ﬁtmetnyl Ben&BﬁansMntuyl\&ﬂmm IL). The
ot {1 mose and 0. 95 KR gn LAHEE BEPRENR pP HiS Wt packing’thirglid'a
powder was prepdraagerywalnme -of ybenzene aﬁmwxw GPFOM§Fﬁ§naPB’99HFtS
Labor at or y3&5pr ayardd yeneum?clae fadleltd ogmngaéiﬁaﬂet,l Qtérice, the reversible
g

Tenperature of aguegus sqlufio the, pi¢ 6[;2{,{?}% ethyl benzenev\ogbgl}lldﬁS

t enperature
PCT/ US97/ 18901 being continuousgly | xemaued fropythe catalytic zone.

8llerr] C Such cEﬁQanﬁ&ﬁhl items as valves, reboilers,5. 8lip
nmL/ mn The dry powder contained the follow ng solids
content: 95.3%raffinose, and 5 4. 7% Tris buffer.

Characterization and Stability: The raffinose/ Tris powder
was stored desiccated at 30[err]C. Stability sanples were eval uat ed
for noisture content, aerosol performance based on delivered dose and
cascade 10 i mpaction particle size distribution, and glass transition

tenperature u5| ng d| fferent i aI scannl ng cal or| metry. Thermal

_________ S I M o



.integrity by size exclusion and reversed phase chromat ography, SDS-PAGE

el ectrophoresis, and trpsyin chronogeni c bi oassay. No protein degradation
was det ect ed by any net hod. Powder stability sanples were eval uated
for noisture content, aerosol 10 performance based on delivered dose of
insulin, andMQ%8%92ansition tenperature using di RCTESIVE256er mal
anal ysi s. Thermal anal ysis and aerosol delivered dose
testing were carried out as descri bed 16 previously. A single T[err]
at 40[err]C followed by a softening or denaturation endofhermat _,

Sbout - 160] or r | EETEAIR ARSI Be, RPE] ShOYR( Grat IKOULA, P, PRYAGHE (R¥RegEents

anal ysis. At tte thabefsetting upt smyh édneipmentanal ysis was carried out by
DER. DER showed a small change in exampfi€! ectric constant at 39[err]C
and anot her T[er r)ﬂ w th pronounced change In dielectric nmobility

at 93[err]C. The RelGRRaEdshscofasthechiarify areaditionsniand sixasndss

WO 98/ 16285 utilizing the two different zeolites in ethyl benzene

PCT/ US97/ 1890 : ibit - (i zed bel ow for
sever al pomde;l?sub‘?m%ilss 5%58??:??0# 'YA% a-na Iﬁ’o?’gﬁgﬁa' St or age St or age %

Del. MVA % % T[ er rTARLE: 1] O ' Tenp

Ti me Dose D ([err]m particle rgREpsIre ' (O

RSD mass - - :

in size EXROEL  Anbient Initia Y"TEHENTION | 2-COMPARISON 5 g
40 10 RUN 64005 ' 1016

3 nonth 67 Rdh time, hours 7004200t h  7g.1 300 7, 86, 90
2.8 . | 1.3 .

6 nmonth 7[erBrﬁNZENEB FEED, 1b/hx =16 13 66y 13

2.8 2 ‘Benzene purity, ¥ pnth 992.8-99.95 99.97-99.99

2.6 - (DERLights, ppm Exanple 14 s00-1000 THee-20aml e sets

forth a 5z % Huna m n conposi tign shaw ng aer ogol

stabili tgsf or 6 n%ndéﬁeg’@d&%[ err]C, 40[ erﬁbc,iqgnd terrper_ifﬁroe cycled from2
to 37[err] C. ETHYLENE FEED A 59 hunman serum al bunin aerosol formilation =
Wiaz obt ai ned by lFFﬁmrr!altG;a_lbiﬁhr. d'sﬁl gt-i on gof- (rjeconbi nant gunan s.ga(r-jum :

al bumi n, mannito . t eg di hydr e, cjtric . acid.
monohydr at e. Bul f%%h‘ggggﬁn&gf bhmi n sol%hgt’ioo%g\hés obt a?%‘e{i'#r'%rﬁ Ml es

Inc., Kankakee, Hthament&« Fr Vv, Low Endot®@@:3Fatty ARiQF0.fe). R
A:C. S. /6. P. Propan@,age excipients were wsed. The solpdhedn cont ained.

1. 25 ng human ser, n 20. 30 manni tol, 3.28 ng sodi um
citrate, 0.17 ny ]C‘I lt‘ﬂlg“gléi § per milliliter r;%]ne 15 dei®M%ed water for a
total solids concentration of 25.0 ng/TABI®& IIM 6. 6. ANro

Spray bryer was used to prepare the dsonpyqydas using the foll owi ng

condi ti ons: Tenper at ur e of sol utj 2-8[err]C
20 LR chilli ng water ret N‘%H‘igaﬁZ 6[%7‘#%“150"2

Inl et te?Peratur RUN 123{085r ] C 1016 WO

98/ 16205 Run time, hours 700-4200 0-1,400

PCT/ US97/ 1890 . tlet tenperatuge

60.5-62. 8[ err | Cver Diameter, %Atorri zer air fPow 3

11-12 “scf m at CpF.pHajght, in. Sol ution3Peed rate 30

50 nL/mn ¢at Weight, 1bdhe dry powder wasaprgpared t.0 contxgin the

fol |l ow sol i ent . 5.0 % hu serum al bury 1.1%

manni toln:,90 and ‘%}%%I ?’&gfe buffer. gggﬂar acteri zalﬂi&ﬁs nd
Stability: Cat. designatignan serum al burmi n1gd6fler was stonlgdé®esi ccat ed
at < 10%relative humdity 10 at 30[err] CP@n@expf{err]| C. PYaFer
stability san%&sj 1:\éﬁ\re ﬁval uated for noisture _content, aerosol

per f or mance b C1ePPYEPed dose, pol ariz’AG~#28%t ni cr of53p#and gl ass
transitidm Mid refdwmger pbghe usi ng DER 130 < Thermslo anal ysi s
and aerosol deddi@in®Préess pES4i N Were carriedy9gt as descriled -
previously. T aeroi,gld artic g size distribution was nmeasured using a
cascade i npactd™s #M8er sEn nodel) connect®d to the devi 8% escri bed
for delivered Stdestdydtiyag. The powder contai ned a significant
amount . of cryst alggy izing light mcgQ y _tosti mat ed
to be at |east halg gtfw?gjeeyggﬁ??cl e nmass). Ther?ra?fgir;l)al ysi s shgmg’zit hat the
anor phous phase had a glass transition tenperature of 73[err]C (see Figure

10). Aerosol performance was consistent over the 6 nonths storage.
20 Stability data are summari zed bel ow for a powder of this
conposition.
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. characteristic of a glassy anorphous nmaterial . As a
material is plasticized by increasing noisture content, the T[err]

decreases (as 25 well as T[err]-T[err]) and the potential for
crystallization increases. This is denonstrated by the WO
98/ 16205 98/09929 PCTUSY7/14256
PCT/ US97/ 18901 noi sture sorption i sloit herm at 25[err] C shown in

Figure 13. For the 2% al buterol /| actose formul ation, the noisture
uptake increases with humdity until 6QpRg@d &%/ ve humdity is
reached, where there is a sharp decrease 1n weight gain as the | actose

nonohydr at e cryst al is forned. RESUKIS poi nt, the powder converted
from anor phous gxametgst al | i ne, whi ch was 1-FNVENTION i r 2eCOMPARDSON | zi ng

| i ght m croscopy ore and after the nnistyagssorption o16EXperiment.
The changes in so state for this powder ocCcurred at relative humdities
that are € gnific®snl pinegHrounshan t he de2PT42@R storage coRutt$4®® for the
powder . EB Produc®!piiityy gdat a ar egsLevesd zmd bel ow f op.8-paveer . of
this conpositi%g.htslo Lot No. St or age ogﬁ&prage Y%bg! - MVAD %
% T[ err] “197cS, Wppm Tenp ([err]’(‘% I'me  Dos@ Séerr]n)
particle noi sffgluepe;ryppm 100 400-600 Rsp
mass e Xylene, wppm . 40-120

in size A8924 30 Intlalo 55 [err] 6 2 _503.6, 3.0
62, 74 103 Efhyl toluene, wppm 3wk 51 295°%3 5 3.56
63, 63 Cumene, wppm 6WK 5% 12 3.7, 3.080084500Q

cycled 2- Inigd pyloBerzéne 3-6. 3.0 fdt néasured 20-100

40[err] C

A 3. 4.4 4
6 wk 55 8 3. 1%&p0§%?1,1m86r1§ies of @ge genzene 46eed are. tak?’hi %xla%? 55
6 3.6, 3.0 @zcount the3only substantial by-product made by theizeolibe :
4.6,3.9 P, 6Qeta is the cumene. Both catalyst ekhibitedSthelfong. Vifel. 2

62, 58 Exanpl e 1 hi,s _ex for 5%
al but erol conp8$i ti%n rﬁﬂ?%rtﬁg af e s‘f’a’?ﬂim fgggﬁlig’f‘m véée]ié art"ﬂ'
30[err] C, 40[ eopeataan.tenperature cycled from2 to 40[err]C for: 12 hour
cycle intervals A5 7 %Al buterol sulfate (5 % al buterol)
formul ati on was -obt ai ned by preparing a sol uti on of al buterol
sulfate and | actose. Bul k al buterol sulfate was obtained from

Profarmaco (Mlano, Italy). U S P. grade | actose was used. The sol ution

cont ai ned 1.50 _ ng al buterol sulfate and 24.74 ny | act ose per
mlliliter of deionized water for a total 20 solids concentration of
26.24 ng/nL at a pH of 4.7. WO 98/ 16205

PCT/ US97/ 18901 A Niro Spray Dryer was used to prepare the
dry powder using the follow ng condi tions:

Tenper at ure of aqueous sol ution 2-8[err]C 5 ' At om zer
chilling water return 2-6[err]C Inlet tenperature
115[err] C Qutl et tenperature 62C

At om zer air flow 12 scfmat 43 psig

Solution feed rate 55 mb/mn 10 The
dry powder was prepared to contain the follow ng solids content: 5.7 %
al buterol sulfate and 94. 3% | act ose. The powder was sifted through a 35
mesh sieve after spray drying and before filling into blister
packs at 5 ng per pack. 15 Characterization of stability

Al but erol powder was stored desiccated at < 10%rel ative humdity at
30[err] C, 40[err] C, and tenperature cycling from2 to 40[err]C at
12 hour cycle intervals. Powder stability sanples were eval uated
for noisture content, aerosol performance based on del i vered dose,
pol ari zing |light mcroscopy, noisture isothermanalysis and glass 20
transition tenperature using DSC. Thermal anal ysis and

aerosol delivered dose testing were carried out as descri bed
previously. The aerosol particle size distribution was neasured using a

cascade i npact or (California Measurenents) connected to the device
descri bed for delivered dose testing. The powder was anor phous by
pol ari zing Iight mcroscopy . Thermal analysis showed a 25 T[err] of

95[err] C. Aerosol performance was consi stent over 12 weeks storage.
WD 98/ 16205

PCT/ US97/ 18901 Stability data are summari zed bel ow for
several powders of this conposition. Lot No. Storage St or age
%Del. MVA % - % Tlerr] Tenp Ti me

Dose + D([err]n)y particle noisture ([err]Q ([err] O

TN TN o



~stable after 8 hours at 80[err]C. Reverse phase HPLC showed no changes in

purity of the drug while physical stability was nore sensitive to
the difference in storage tenperature and Tg. 5 St or age

St or age % Del . % Tlerr] Tepra_ﬁ&ger r;C)

Ti me WO 5199929 noi st ure ([err] O UHESRT
Initial 63 5 0.9 68 14 wks
60 5 0.8 71 38 4 wks 59
6 1.2 10 8 wks 58 6 1.0
68 40 The invention gjaimed is: 56 8 1.6

8 wks 57114 A processlfor the alkylation of or@ihic aromatic 4
hour s 59 + . 8 hours 28 + 3 15

Exanpl e 18 gompgunds co%]fiss““enférrpl e sets forth 0.34% el catonin

conposi tions. Thr é2)f PREREXERKLY of el catonin were prepared by
spray drying. (i) coltactitiy N arpwicessr Noifat organier capbhatied by

i n¢ | uti t_.oni 0 s addi 14 .
Dl ehtoni s vas. SEFRERER ?bé?na/‘isr&”itégmcéﬁgf%%ﬁéﬁr§°ﬁ?§‘é§1ﬂé§rﬂ‘ga‘a§ﬂﬁd.
(Tokyo, Japan) reactop. cgn¥adnjngi dorfixed/oed 16f f 28pd ity beta catalytic

Technol ogi es, m;gaglla&iogncgmﬁu&lfeci inate Wistilietiokedidaction reogent

gr ade i . . The Q..34% el _gat oni % PQY| 30%
citrate sol uti %ﬁﬁ%}?yac h‘f%’f/%hy5§ca]2%y reacor%%'l n(i) %a§§5. g%rzrgﬁq g?éﬂ?ﬁ% n i
per 1.0 nL dei compoundzand said defimgonforyrax-akkylation pregyct and
sodiumcitrate buffer aijpHePactiocHitifgdthectésintuny ANKynaticanpridict

citrate solution achi eve y conbi,ni ng_25 [ C nj 0 L
dei oni zed wat er’“dm%e uqﬁe[aﬁ:qg_%gr%pr’srﬁ ﬁ%ﬂ"ﬁﬁ%,géwé]ﬂ‘g/%eg%i#m
citrate buffer saddpiiiged. bexy powders were prepared by spray-drying

the aqueous sol utiggy UgieHaPaPiRdg s2Pr Al ation proguey Deyemn usdea the
fol |l ow ng condit,i
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PCT/ US07/ 18901 distillation colpmp, xe oz gt a%u@é’&%‘ts helev, gald tixed
2-8[err]C bed; Inl et tenmperature - 140[err]C

Qutl et tenperaturqec) withdrawing a smal@S[stfrehft of unreacted akemdtiete
5.0 nL/mn 5 t ed, cyclpone tenp 30[err]C

Jack
After all the SETPSYRdSBF PYSRRTRY ed into the spray dryer, the outl et
t enper ature was neid)t acondensidgC said 5 aromatic bgompawld, @verbgalngande
i nl et YRRENdhY CshbsPaVida @ 2230Nder ysdlid | romatic compound The .
0. 34% el cat oni n/ 50% pgvi donel50% citrate solution was achi eved by .
conbi ni ng 25. 5?&’&6 ePBaFBAT ™ per 1.0 ni deionized water with 3.75 ng/ni
pectin, and 2. 3. T rpronessodianerdingate Bipimr lowhpreinstirem 2y to
powder was prepdyosthdlesS B Yorganic ardiatied cohpoffidcpes molat ognoleriy a
Buchi Laboratory Spra yer under the follow ng conditions: 15
Tenperat ure of a§‘d*ué’ &éeg Pution 2-8[err]C | nl et
tenperature 3. The process ack@ixdisgrte claim 2 whereinCfromt2 to
tenperature 5o moles of organic /&k8hitfc compound per mbéE&dofablefin
5,0 M/mn 20 Jagzeted cycl one tenp 30[err]C
Char act eri zat i fiFe Ppresent. El catoni n powders were anal yzed by aer osol
testing, dielectrid tEhempreosrss siccordihy to gidimpdswhereinnfran gsto
ngig'zggd Pr evifyshyles £ POYEEh ic Rk Smat TP et per mole of oleféh
PCT/ USQ7/ 18901 @re Presghtsc sed in a hexane mixture (Sedisperse,
M cromeritics) and.anal Phed procems macgording topaeXain e lsivhexein r sBadi on
by centrifugal o?dﬂr{@ra%%gﬁgias SHpSind HAPF B3I bbCeLrON atoms.

Anal yzer o.ﬁders | ook prom.si,ng. with suitahly high Tg
for powder stabilify Fhe Pﬁ'PFEﬁF ac r&ngaglpo?&Fiﬂe?‘i%?’é%ﬂH&ag‘%r eat er
t han 50% Resuldyanic sromatic tdompoandehas a boiling podmtl ofi @90°C orMass

%<5 Del. . r &nkl Qiti i id dist¥2dia?ion
ferr]M Doless Nghaéiéoﬁ:thenfﬁf%s[%%e conditions in sa ¥on
(Horiba) (9% <celumn mgactor. (Hor i ba) 0.3 %

el cat oni n/ 1.6 7. 89The prdcess lAccOrding to dhaim 1 whébédwVieaiad %
10 citrat - 3041 caigPifation leolumn 128actor 3% *iff thd 1
47 SoRTRAR, 1A gigeiitats 0.3 % el catonin/ = 2.1
95 51 + 10 2.1 57 15—506%pectint50% citrate

Example 19 20 Thi s exa ditional data froma
20% i nsulin conposition identical m”"mﬂ"ilnmmamgresent ed in Exanple 2.
The insulin powder (1-004, |ot 963 wasLpackaged In a foil overwap with
desiccant and stored at 30[err]C, 50[err]C, 70[err]C, and 90[err]C. The
resi dual noisture content, glass transition tenperature and
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PCT/ US97/ 18901 What is clained is: 1. A powder ed,
di spersi bl e conposition having stable dispersibility over tine and having a
glass transition tenperature (Tg), in conbination with labellin
instructions WO9B#9B%ing the 5 conposition at a stor‘?ﬂ'@%f"g’rf‘ﬁ@r ature
(T[err]), wherein the difference between T[err] and T[err] (T[err]-T[err])
is at | east 10[err] C, which conposi%ion conprises a m xture of

a pharmaceutical |l y-acceptabl e gl assy matri x and at | east
one phar macol ogFeRERY AP 72 HR14R AMARPhAEY RSt he gl assy matri x. 10

2. The conposit Bon Dhe (hrocess adverdingt be cbapwsi wherein ktheubempeisage
formand the  aeure is! PROEAE WhdddSdeUgbeNEof 6@ i nclude instructions

for treating pulnonary or system C disease in a _ , manmal | an

subj ect . 9.3, The RYRCRSHAGSOFAIRIFOCPLain 7 pherein,gpdd, t he
di fference bet wpaesshieer isaiv thenfanges offt oL 5atd 2d atmosphezeperr ] C. -

4. The conpositih@n of [ 2, clagh.n t hFhier egc e
T[err] and T[err] :lg'at I@aegt g%cggs aclly _elrn C@ Q;l]_%d_ﬁ 9 Qm%%% %%e
" conposi tion of Gemparatyrelis jnthe, ramgeTgLi 8038[%R I8 o 200[ err] C.-
82 198/ 168R@5 process according to claim 5 wherein said

~PCT/ US97/ 18901 efin is & tJlLe %&@&ﬁi tion of Cdaim1 or 2, wherein the
Ztg[err 2 t0. &7 7

" Tg is greater tﬁ&n : The conposition of Claiml1l

or 2, wherein the ¥-is atR¥oqens scperding to claim 5 ghereim,esaid

conposi ti.on of GhaieihlisraZeg Wi olleginl is 2[err]C to 30[err] C and

"Tl[err] is 22[err]C,to0 err . o T it of Claim
1 or 2, wherein thélsgl 5@@% ?rxé%?%lsxs' ca(?rcr’ﬁrrldg"e‘g %gg?]é%]ém %r‘ﬁn%%m‘% sa2d chosen

fromthe group ©¥g3nic| mEematis heppaeurds g PEBAGER At SHI@NS, ot FQtuene,

car bohydr.at e phenol oPOotyéEss. Organi c carboxylic salts, synthetic

organi ¢ pol yners, Rrotei i_des, i i it

t her eof . R‘: 10&?ie %%%gggrs}po%%gl%ngfc ?alcring l"'or132, eér%{(né%ﬁg

gl ass forner iso¥ganifh arematic gampowdeis benzene. | 5ctose, trehal ose,

_rr:aI totri-ose, Imat' todext rrRe pPdddisEe ,aceiowal aayreawyémqm'mﬁlreinl s(ajid o
gl ucopyr anosyl - i e , sucrose cyclodextrin,

casei n, HSA, hy8f3§9£?h?f'mg{[gf%h‘%o%&oé@ﬁyégeéaégéﬂ ma%nesi um gl uconat e,
. cel | obi ose, or a mit&tureThe BRECEEsRACUinge $or €3aimgl3 wherein saiqg -
. A process for matahnj_ggatdsf fﬁmamia&iihi.ty of a powdered-conpositieon over

tinme, said co SIt] avj ass, t i ti.,gn r at
(TLere]). which prdless ShapRrosssp dchbriiibed o | ERATA' 1] AL 4hfy
sol ution conpri oiefin i8| ethi¥lene.gl ass forner and a pharmacol ogically
.active 20 mager i arhdngiocestdidedvraing’ ftei elaiho 14orvheredinmssyid
mat ri x havi ng t?ﬁ Qﬁrgggg*%}c%u y active material within the
matri x, and sto |ﬁg h I'on at a storage tenperature (T[err]),
wherein the 19. (i ther @racess: waerording | tancFigia r1 whexedp T3aid )

is at least 10Colefin is fed to said distillation column reactor at a

83 MO 9 205 . _

PCT/ US97/'18901 poilt "'%&%.“i"rﬁ"e“‘ﬁ’ogégs of Claim 11, wherein the sol vent
is removed by sprag0dryi Bhe process accorging Tt glaimsd9ofwhareim isaid
wher ei n t][]e ISO! metfihsxaasr@vmt#w maaagapbmtdmamgs;m orGanic ardflatic The
process or cCial er €. ent s
precipitation. rcr&'%bu%' e&%e b%#éélp% oc%é@%% mxfﬁ?g%%%i %nt hseald

sol vent is wat e@distillation colwmn reaeten Alesa poiny aabove thepeint tate

solvent is ethag@lich Baid olefin i fed AtReyEescBy @hePaiiSitire @IND&wid i on
havi ng st abl e di ositi

spersibilit ver_ti whi C co
conpri ses oFganic  aromatic c'{"!égeuhda 7‘?‘?5?,13?%'% pPEEP p(ﬂ/\d%é)g%cted
conponent havi ngiodegl Batior @i prganic aromaticenpempewnd (try) elefish is
conposi tion conphijptaifed ¥y Un8jaStidd the moles of olefin feed to main-

h i cal | y- e gl d .
bt 1 cast one. phiPRRSRey eRHeraaFe, 1 fafl crenparatyre, depressjon. at 2

and predetermined (g9int.a second, nonrespirabl e powdered
conponent conprising a powdered, phar maceuti cal | y-accept abl e
carrier; 20 in conbination with |abelling instructions for
storing the conposition at a Storage Tenperature (T[err]),
wherein the difference betweenp i ] (T[err]-T[err]) is at

| east 10[err]C 18”“|mmmmmllon of Claim17, wherein the
| argest particle size of the firsteconp@nent rs 10 microns, with
the majority of the particles between | mcron
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