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TRANSPULMONARY ADM NI STRATI ON 5 The present
i nhal ati on system suitable for transpul nonary adni ni stration.

More specifically, the present 10 invention relates to a m mﬂ M
freeze-dried conposition provided housed in a vessel ca M mﬂ‘ L

dry powder

I nhal ati on system for transpul nonary adm ni stration acc
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i nvention relates to a novel

ch a

into a

formsuitable for transpul nonary adm njstration by being mati®i¥hto fine

particles at the 15 time of use,

and adm ni stered by inhalation as is.

Furthernmore, the present invention enconpasses the foll omﬂﬁﬁmmmmmmnmrs
related to the dry powder inhalation systemfor transpu

adm ni stration. Specific exanpl eBEECRIREEONnventi ons i ncl ude*aaoco2*
freeze-dried 20 conposition which can be nade into fine particle powder
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DRY POWDER INHALATION SYSTEM FOR TRANSPULMONARY

ADMINISTRATION

TECHNICAL FIELD

The present invention relates to a novel dry powder
inhalation system sultable for transpulmonary
administration. More speclifically, the present
invention relates to a'dry powder inhalation system for
transpulmonary administration according to which a
freeze-drled composltion provided housed in a vessel can
be prepared into a form suitable for transpulmonary
administration by being made into fine particles at the
time of use, and administered by inhalation as 1is.

Furthermore, the present inventlion encompasses the
following inventions related to the dry powder inhalatilon
system for transpulmonary administration. Specific

freeze-dried

o

examples of these l1nventions include
composition which can be made into fine particle powder
suitable for transpulmonary administration (dry powdered
preparation for transpulmonary administration) at the
time of use, a device (apparatus/implement) used in
preparation and inhalation of the dry powdered

preparation for transpulmonary administration, a method



suitable for transpul nonary adm ni stration (dry powdered preparation for
transpul nonary adm nistration) at the tinme of use, a device

(apparatus/inpl enent) used in preparation and inhalation of the dry
powdered 25 preparation for transpul nonary adm ni stration, a nethod 2 for
produci ng the dry powdered preparation for transpul nonary adm nistration, a
nmet hod for transpul nonary adm ni stration by inhalation using the
freeze-dried conposition and use of a freeze-dried 5 conposition for
preparing a dry powdered preparation for transpul nonary adm ni stration at
the tinme of use. Hereinafter, in this specification, the term"fine
particles" includes pul verized powder (particle powder). 10 BACKGROUND ART
| n gener 8PF REQdpedardl thet AnE ppPWeeed apmerata hitioon, £¢r is known that
the active ingredient contained in a nmedicine can be delivered into the

| ungs ef FFENERPIMPV AEKi AGMTEL seBAtIAn i cReNgitdhedefodf the 15 active
ingredient be 10 mcrons or. less, preferably 5 mcrons or |ess. The current
si t uat i OhTRHTP R SRCERAT HnaAMIHLS BEASACR 0P ¥t Adhphe fd Q& Y1 8dRSniteat i on

i th hat, t ke. th di ci h ticl i t i t.abl f
{r anspul hOASEP SAREAG TAPPOR 4 1 QB ANk U8B Pinet phT ERASIELE Dy epar od by
i hod et mlli t hod the lik d L bl
furi oy Bl lEy 38 e ok pEefRt s h BB ERCRoMAS T F A P PEPAEA BLSR EOFY ovi ded
filled i i I i fi I J i d Pat ent
25 Publ | EEANEPRInBRERY | bEBG e L BREEAA PAL Yne NERRE> 04 JeK@T Ned Paten
Hereinafter, in this specification, the term "fine

particles” includes pulverized powder (particle powder).

10 BACKGROUND ART
In general, with regard to transpulmonary
administration, it is known that the active ingredient
contained in a medicine can be delivered into the lungs
efficiently by making the mean particle diameter of the
15 active ingredient be 10 microns or less, preferably 5
microns or less. The current situation with conventional
inhalations for transpulmonary administration 1is thus
that, to make the medicine have a particle diameter
suitable for transpulmonary administration in advance,
20 fine particles are prepared by a spray drying method, a
jet milling method or the like, and possibly further
processing 1ls carried out, and then the fine particles
are provlided filled into a dry powder i1inhaler.
Speclfically, Japanese Unexamined Patent

25 Publication No. 1999-171760 discloses three types of



powder ed inhal ation, nanely (1) a preparation conprising a powder-form
conposition conprising only nedicinal fine particles filled into a suitable
vessel, (2) a preparation conprising a powder-form conposition in 5 which
medi cinal fine particles have been granul ated gently to forma relatively

| arge particle dianeter filled into a suitable vessel, and (3) a
preparation conprising a powder-form conposition conprising mxed particles
in which nedicinal fine particles and wehicle 10 particles (lactose etc.)
having a particle dianeter |larger than the nmedicinal fine particles are

m xed together uniformy filled into a suitable vessel. Mreover, it is

di sclosed that if these powdered inhalations are adm nistered into the
respi rat ®A¥4esed iphalrhipRe BaMAABr( khawkhepanat iwn kqmprigdng
medicinal fine particles in-the conposition reach the |ower respiratory

tract, f&r POYARTFIOFd COMRALIIAPT FOMRBHHEARI aRd Yale HepbBrde§ 1R e,

ith 2 t h d di ci into fi ticl in flight
I the s8akbhr ettt ied ThEn" ene DLRABLRAIvS FAE Tparts &l s produced |
reach Fhe | ower %§§ iratory tract for ﬁxaqgge t he trachfgiand I he _ _
bronchi , PP afé <§h5?9@3%ﬁ§ "afld RRYR®E "3 GTEnEOTER 2T 649 dePosited in

the ofal ARGV o SDERNINOX 804 1ol A ngRd (diafiRA I8! (ine 29

particle €71 ower respiratory trac exa

trachea ?r%g]{i;gmgfoor!@@irm DS 8RO 40 Datlaie Mendddd 2

conventi ered 1 nhal ation _ anspt ary admnistration, the
i ngredi ety TP §€ 1713 ad 1itSa HREE vidY Pe HESigrAD! fsfw Re PREPhTASL A
advance, and then these fine particles, or else these fine particles

further powgessednly sopewimihoforalr &@dmpbed 149 aotipr POVEY mivkakler, and
transpul nonary adm nistration is carried out using this. 10 To nake a

| ow nol epw =t + eieghti dmigl cht mediei palt fihes paar speay sdapidgreribad (f or
exanpl e, .a method di scl osed in Japanese Unexam ned Pat ent Publication No.
19991071 p@rYicles eflacitiisty erbchdd Hdvingxanpartd ciet hddlatiestsd Dsed i n
Japanese Unexam ned Patent Publication No. 15 2001-151673) or the like is
usual |y dé@gerThéhan whel mefdheinad cohpei Par tppleisnpree Blxedpact

having an air flowrate of at |east 1000 L/mn and an air speed not |ess

than thetOSRER&FedP 1 HOAMIGN bl de@ akDhRi GhtS W tPd® Mek&SeHe drug into

barci o eMoRESYETw AT 1 Andihe CIBERA YR dd cip P RATAEEERG such as a
tid iy N, f | t i i.ch

PPy corntibte Erbnddsd Sl i) s t8heq i & AIR L SpIR IR LT HILE", @
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particles having a mean S particle dianeter of mcrons or less in one
step, anditfenphhesecféseiparingl eomyesithbed tddona tiey pewdss inhaler

(spray drying nethod: WD 95/31479) ( and a nethod in which a peptide or
protei n redpreaeody etirakang fvthexample the trachea and the
bronchi, and are deposited here, with (2) the granulated
medicine separates into fine particles in f£light in the
20 respiratory tract, and the medicinal fine particles
produced reach the lower resplratory tract, for example
thé trachea and the bronchi, and are deposited here, and
with (3) the vehicle is deposited in the oral cavity, on

the pharynx or on the larynx, and the medicinal fine

25 particles only reach the lower respiratory tract, for



5 additives, and then the freeze-dried conposition is nade into fine
particles by jet mlling or the like, and these fine particles are filled
into a dry powder inhaler (freeze drying-jet mlling nethod: WO 91/16038)
are known. 10 However, conventional powdered inhalations for transpul nonary
adm ni stration prepared by the abovenentioned spray drying nethod or freeze
drying-jet mlling nmethod are not necessarily ideal preparations for

hi gh- nol ecul ar - wei ght drugs such as peptides and 15 proteins in particular.
For exanple, as shown by the disclosure in WO 95/31479 that about 25%
deactivation of interferon occurs during the spray drying process, it is
anticipated that if the spray drying nethod is used, then proteins and the
li ke w | expapfeactheattatpeheghamd HagubPonshhg précasseafgnaet Setivity
of the drug will thus decrease. No nmethod is known which nmakes a

hi gh- ol Bé&ear wei ght drug into fine particles by a low air inpact, the same

oo S et ELARK. g RS kb R S
ryi ng aBBa SR epABOT T A asbes B REarh [ e iEhBRLEFRE T PREY o
vessal S 1hhdred S mh a8 E8RES 1 BAL1 FIBAUNE I U & 100Ul d RBe,

as the yield of the pr

probl ens™wW ari'se suc eparati on decreasing due to

col lecti gRaOref k! itRG 4 9SE 13 JAL+QAed | SHRI L1086 CERUWE NFhve and the

preparation being contam nated With inpurities . Mreover, in general it is
di fficul batQ 101 84bF M fife 2N rid ddsEBA RAWIESmENmeEH ¢ a ey £ 1B agood

accuracy. |If the spray drying nethod or the freeze drying- jet mlling
met hod, 1§ @R gVhd CArsUGibwakei vighateand 4ndl ke@mipsimonampunts in powder
formis essential, is used, then it is thus necessary to establish a nmethod

of 15 fi hldmih Wethratnipdh dsowHdsraed gootl asdwantlisf. powder. I n actual
fact, details of a system apparatus and nethod for filing with a fine
powdr are di sStboseké naUlew Mmoo deicN@r5veigies3drag BisteosdRe OF THE
INVENTION It is an object of the present invention to sqolve the various
probl enspefr thelakova MEEavndgYdae e tBRdl (§QTA%AMPHEY & itRERPS

e oS e ahee Trevirithak sreits FoBhe pep o5
Veasel s L SSLAdd Sbaid ady M bt EB BT Bhgsh ot o SHATRES, nantaFERA o be
T2 o Ao B SRRy SRR BER S oSt B b o
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method comprises applying an air iinpact having an air £low

rate of at least 1000 L/min and an air speed not less than

the sonic speed to a low-molecular-weight drug to make

the drug into fine particles. No method is known which

20 makes the drug into fine particles by a low air impact.

For a high-molecular-weight drug such as a peptide

or protein, on the other hand, for example a method in

which a spray solution of a medicinal stock liguid
containing additives is subjected to spray drying, thus

25 making the stock liquid into fine particles having a mean



The present inventors carried out assiduous studies to attain the above
object, and as a result discovered 10 that if a pharnacologically active
substance is filled as a liquid into vessels subdivided into required
anounts and then freeze-dried, then the non-powder-formfreeze-dried
conposition thus prepared can unexpectedly be made into fine particles by a
relatively lowair inpact 15 while still housed in the vessel. Based on
this know edge, the present inventors garried out further studies, and as a
result discovered that by using a freeze-dried conposition, a single dose
of which has been housed in a non-powder formin a vessel, conbined with a
devi ce 20 conprising neans for_ introducing air at a prescrihed speedq and
fl.ow ratEaﬁﬁtW¥ﬁedgé§§é¢e§o°§s5tB‘itfbr%’&ﬁaﬁlrel@fs%pjp‘l?y?ﬂﬁ 8 WiRsctPBed air

i npact to the conposition, and neans for djscharging fromthe vessel the
powder edt B&§@pdd? € F 6n frliie Hﬁ§t&£ﬂﬁﬁaﬁgq:ﬁ%%??ﬁeﬁé%?iﬁlg§?tﬂﬁﬁﬁﬁg t he
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according to the above-nentioned ‘transpul nonary adm ni stration system of

the presgithd YePtiQedt are NOL1NeGCSSREY hO Augf | pewddie DhAaIRaeut i cal
preparation in a powder formand then fill it into vessels, but rather

prepar at { % d &z € aliriyeith @4t e X6 hy1adty aletiolli:l IWMgoasgds ¥a@83elameth |iquid
and then carrying out freeze drying, and hence the transpul nonary

adm ni st xatiwan, system can be used for transpul nonary adm nistration wth an
extrenely high accurancy and hi gh preparation yield, and w thout the
prodltem of 20 Howearsmat comvebtional pevdedied iphaHlatbeps ¥ i oned
adm ni stration system active ingredients such as proteins or peptides are
not expotzdnsphlmenanpepdminl 6§ rafd oRnBrefar e dgPer ddkesa®OVY% -t he case

with the spray drying nethod and the |ike, and hence t erﬁ 25 s no problem
of the ph& neg ERTray: AE¥ind, Belitrd °§ Edée%eeﬁ&dé PE-d& i gh

tenperature.. Therefore, the administration.s m,0 i ntion
i sm;n exi“n’-i?e‘r?gd%%?:hf’dﬁaee anﬁgleﬁsca(ﬁg}yﬁé%a&héfc%g%oﬁp%gliggh gg\gti ve
subst anc uc pti.d 5 spr i h i rugs, since
he manuRasiLrnag SRR A SR I s AR Bk s AR R KA Ty
powigy isg%@éme Dt SRR dEa P eFIY bRUAPION, adN snSwRMBlY theh fine

particle fraction (the anmount of the drug reaching the
disclosure in WO 95/31479 that about 25% deactivation of
interferon occurs during the spray drying process, it is
anticipated that if the spray drying method is used, then
proteins and the like willl be deactivated in the
20 manufacturing process and the activity of the drug will
thus decrease.
No method is known which makes a high-molecularj
weight drug into fine particles by a low air impact, th

same as a low-molecular-weight drug.

25 Moreover, with both the spray drying method and the



10 lungs : fine particle fraction, respirable fraction ) is obtained, and
hence the drug can be delivered into the lungs efficiently. The dry powder

i nhal ati on system of the invention is characterized by using a freeze-dried
conposition in 15 a non-powder cake-like formas a preparation for

manuf acturi ng a powdered preparation for transpul nonary adm ni stration. The
dry powder inhalation systemof the invention in which the freeze-dried
conposition in a cake-like formis applied to a dry powder inhaler is 20
capabl e of achieving a significantly higher fine particle fraction conpared
to the case where a preparation nmade into fine particle powder having a
size suitable for transpul nonary adm ni stration using a nethod enpl oyed for
powder ifihaeaet Angisgofbet mddningumetdxod., | an P erRLLQP nkfhod or a

spray drying nethod, is applied to 10 a dry powder inhal er_of the
i nvent i gfeardresichn rehdeds thacf Hpe pOMART iPRaPaLSHh L§seehlec i ad

present invention can be ranked as a highperformance tyanspul nonar
adni ni stf¥BPMoRhhey §PHAY AATReNGr é@é’rﬁr?ﬁgénPFoﬂe\ﬁag'ige]v:g’i‘gpgﬁpﬁfsae%gﬁn this

know edge. I T i i i | ud h [ 1 i d wd
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devi ce capable applying the ove-nmentioned air inpact to the

freeze- dfé £ eGPPREL higARy | %ﬁ{i%ﬂ@;g@bﬁ@f@tﬁoﬁeﬁieqmg?aﬁﬁbf amafn i sahar gi ng

the thus obtained fine particles. The foll ow ng can be put forward as
speci f i gy £ghodinpRIY St 0k st.hiMo ¥ yvpeWden igefiad palobtsyst @éinfffdrcult to

transpul nonary adm nistration. - A dry powder inhal ation system for

t r andpul smbddy jadiei andt fatlilothaeigogdaercénbsmal bramduns (with gogdssel

housi ng a freeze-dried conposition that 11 contains a single dose of an

active iagcudiamy ., I&ndthasspinay doyipawee tbade-orkéheorfreegei) a

di sintegration index of 0.015 or nore, and
drying-jet milling method, for which such subdividing and
f11lling of small amounts in powder form is essentilal, 1s
used, then it is thus necessary to establish a method of

15 filling with small amounts and good accurancy of powder.

In actual fact, details of a system, apparatus and method
for filing with a fine powder are disclosed in U.S.Patent

NO. 5,826,633.

20 DISCLOSURE OF THE INVENTION

It is an object of the present invention to solve
the various problems of the above-mentioned conventional
powdered inhalations for transpulmonary administration.
Specifically, it is an object of the present invention

25 to provide a novel preparation system and administration



5 (iii) a property of becomng fine particles having a nean particle
di aneter of 10 microns or less or a fine particle fraction of 10% or nore
upon receiving an air inpact having an air speed of at |east 1nfsec and an
air flowrate of at least 17ml/sec; and 10 ( 2 ) a device having neans
capabl e of applying said air inpact to the freeze-dried conposition in said
vessel and neans for discharging the powder-formfreeze-dried conposition
that has been nmade into fine particlesy (I11) Furthernore, the present
i nvention includes 15 the follow ng freeze-dried conpositions pulverized
into fine particles having a particle size suitable for transpul nonary
adm ni stration usin% an air inpact. - A freeze-dried cggfosition

|

t r anspul AFSTSMabhedi €MaR1686 Baf T8 2hedF et HEP B dTeraR Lh el Ll%(ris 20 (
i) Crhe SR AT 15l A1 R L P e
of 10% ofORS S ABAFTLLE SP G Shent tPrBactaAR hdeh e Bekehtde sy "
the. presBRP Y et RAEEAG THelfafeted i SRRkt B S Crabbphafiuhaiy Tl &

in the da&m@gg@g@gg;‘ hog,in jfﬁﬁéﬂ‘tfﬁfntiﬂ”%ﬁ‘é wggma@m‘ nigs! dlin@n. The

i nhal'ers are us stering the fine particles obtained by applying

an air iBEstéae%féﬁﬁz%qgﬂeQeC%@Eﬁifbﬂnﬁﬂﬁﬁsbaidsﬁﬁm?ousedirla 10

non- powder formin a vessel to a user by inhalation. Speciftic exanples of

such i nhglgaifn §8W¥d 8Loh FANBscapabl e of applying an air inpact having an
air speed of at least 1nisec and an air flowrate of at |east 17ml/sec to

the freeze-dri ete pHeSéh t On 78 nithter ¥ @ahet i edndutbasedniudos sitsdiargi ng
the powder-form freeze-dried conposition that has been pul verized into fine
particlego dbteispertidi ablolwe dbgeicthaland escanpassulét diygeodeyegbwder
inhalers as in (a) below and self-inhaling type dry powder inhalers as in
(b) Hel owha?0 {#) aJg@thaypecdrhopbedddyt rietdve Aubsbapoders i fkdlad A
device used in making a freeze-dried conposition that has been housed in a
non- powders ot kaiud & hnskeare s aed st FN® dlar L Aeded nEY TAH IF e HAPRY YR

obtained fine 25 particles to a_user qx ighalation,
and then freeze-dried, then the non-powder-form

freeze-dried composition thus prepared can unexpectedly
be made into fine particles by a relatively low air impact
15 while still housed in the vessel. Based on this knowledge,
the present inventors carriled out further studies, and
as a result discovered that by using a freeze-dried
composition, a single dose of which has been housed in
a non-powder form in a vessel, combined with a device
20 comprising means for introducing air at a prescribed
speed and flow rate into the vessel so as to be capable
of applying a prescribed air impact to the composition,
and means for dlscharging from the vessel the powdered
composition that has been made into fine particles, then

25 the freeze-drled preparation can be prepared into a fine




13 conprising a needle part having an air jet flow path, a needle part
havi ng a discharge flow path, air pressure-feeding neans for feeding air
into the air jet f Iow path of the needle part , and an inhal ation port
that 6 communicates with the discharge flow path, and being constituted
such that a stopper that seals up the vessel is pierced by the needle
parts, thus comrunicating the air jet flow path and the discharge flow path
with the inside of the vessel, and airgis jetted into 10 the vessel from
the air jet flow path using the air pressure-feedi ng neans, thus breaking
down the freeze-dried conposition into fine particles by the inpact of the
jetted air, and discharging the fine particles obtaineqtfron1the I nhal ation
port vi aPRAEL1G1gi RIEAGE %Qﬁ@pﬁ?ﬁt?QﬁeSaqni?ﬁﬁpﬁﬁf BPRAERY powder

i nhal er: Passive powder inhaler A device used.n Ki a freeze-dried
comxwitP&?%%éﬁtmﬁﬁ%ﬁﬁr9?ﬁ%§¥dbM1%1ﬁﬁﬁﬁxﬁﬁe?ggoﬁﬁh% va&ﬁﬁﬂ into 20

| nhal ot 1 SAPLOAERCA Y AeodPE prteran na e kaEEeRY ¢ iR B, O
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5 Moreover, it was verified that, according to this
transpulmonary administration system, all of the
previously mentioned problems of conventional powdered
inhalations for transpulmonary administration can be
solved.

10 That is, according to the above-mentioned
transpulmonary administration system of the present
invention, 1t is not necessary to collect the
pharmaceutical preparation in a powder form and then £ill
it into vessels, but rather preparation 1s carried out

15 by accurately filling each vessel with ligquid and then
carrying out freeze drying, and hence the transpulmonary
administration system can be used for transpulmonary
administration with an extremely high accurancy and high
prcparation yield, and without the problem of

20 contamination. Moreover, according to the above-
mentioned administration system, active ingredients such
as proteins or peptides are not exposed to high
temperature in the manufacturing process as 1s the case

with the spray drying method and the like, and hence there

25 is no problem of the pharmacological activity dropping



14 and being constituted such that, in a state in which a stopper that
seal s up the vessel has been pierced by the needle parts, through the
i nhal ati on pressure of a user, air in the vessel is inhaled fromthe
i nhal ation 5 port, and at the sanme tine outside air flows into the vessel,
which is now at a negative pressure, through the air introduction flow
path, and as a result the freeze-dried conposition is pulverized into fine
particles by the inpact of the air flagung in, and the 10 fine particles
obt ai ned are discharged fromthe inhalation port through the suction flow
path. (1V) Furthernore, the present invention includes the follow ng
nmet hods of manufacturing a powdered preparation for transpul nonar

F@ﬁﬁﬁﬁg a'l%%aration

admi ni sth@@i §8. ersPOsALRet hodhdghehemRemARECa d F& ph

for transpul mpnary adm ni stration, _ copprising: introduci aif into a
vessel t ‘%Bliftt’t”)aEiPr“ee%%SHPF“ed’%oFﬁ&sipﬁ%geﬁﬁ é'il}v‘?ﬂﬁg'g’tn hi[ﬁi A¢ an air
20 d t | t 1 ir fl f I t 17ml/ '
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conposition_in t l...th ' | = dr] | &1
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I ' i ¢l ' %, ; f -dried
compbsi trant B3 khRy” ALETERIMRLYE n Rt Tedndd, Hilont “and having the
fol Iow igs RL#RRI4s £3ndl IdoBES Ar1ofle PRRARIcEake- T ke Torm 5 (i1) has a

di sintegration I ndex O
Moreover, according to the dry powder inhalatilon
system of the present invention, an extremely high fine
particle fraction (the amount of the drug reaching the
10 lungs: fine particle fraction, respirable fraction) is
obtained, and hence the drug can be delivered into the
lungs efficilently.
The dry powder inhalation system of the invention
is chafacterized by using a freeze-dried composition in
15 a non-powder cake-like form as a preparation for
manufacturing a powdered preparation for transpulmonary
administration. The dry powder inhalation system of the
invention in which the freeze-dried composition in a
cake-1like form is applied to a dry powder inhaler 1is
20 capable of achieving a significantly higher fine particle
fraction cbmpared to the case where a preparation made
into fine particle powder having a size suitable for
transpulmonary administration using a method employed

for powder inhalants heretofore known, such as a Jjet

25 milling method or a spray drying method, is applied to



nore, and (iii) becones fine particles having a mean particle dianeter of
10 mcrons or less or a fine particle fraction of 10% or nobre upon recei pt
of the air inpact . 10 ( V) Furthernore, the present invention includes
the follow ng transpul nonary adm nistrati on nethods characterized by using
a dry powder inhalation systemfor transpul nobnary adm ni stration as

descri bed above. According to the transpul nonary adm ni strati on nethod, 15
a freeze-dried conposition that has bggn housed in a non-powder formin a
vessel is pulverized into a fine particle powder suitable for

transpul nonary adm nistration at the time of use so that a user ( patient )
can adm ni ster the fine-particle-formpowdered 20 preparation by

i nhal at i andrmhep 9Bk hahaksddi dEntdearknVaBtd®Y: i n t he adnini stration

met hod. - A transpul nonary adm ni stration nethod conprjsing: mnaki a
freeze-dried conPBsFUFONIERSPREnctDS BRNY P&’Iwé’selﬁa?\ﬂrﬂn)% thrg);fh SB’a?FgE'I e

di t f 10 m 16 I fi ticle f ' f 10%
Tor o by ABpIEHGPER ANt | KRAER HEORNG U BPr TEBOLH 0P Sard | BASR 101 sec and
ir fl t f at | t l7m/ to.t f ;Ao iti t
The t§ meP BF ScuRaRRe o SRRy PG D B EE PRe BFPPRLS houder to
by inhalation; the.f -dried LL kil gl e d
of ‘R active | RGPeRta Shha RNTHELPRC T TAS Ry ShET R RRBL oD T8 50

non-pomdgh 9&5?& gke form ( 11 ) has a disintegration index of 0 . 015 or
nore, an Fill econes fine particles having a nean particle dianeter of

10 nmicrons or |eysrRb grékRAanidn €14 {haaudus ¢hd §¥Iownng apgn
receipt of the air inpact. (VI) Furthernore, the present invention includes
powder inhalation system for transpulmonary
administration.

10 The dry powder inhalation system for transpulmonary
administration comprises a combination of a freeze-dried
composition that exists in a non-powder form in a vessel
and is capable of being made into fine particles having
a mean particle diameter of 10 microns or less within the

15 vessel after applying a prescribed air impact to the
freeze-dried composition in the vessel, a device capable
of applying the above-mentioned air impact to the
freeze-dried composition in the vessel, and a device
capable of discharging the thus obtained fine particles.

20 The following can be put forward as specilfic
embodiments of this dry powder inhalation system for
transpulmonary adminlistration.

- A dry powder inhalation system for

transpulmonary administration, using a combination of:

25 (1) a vessel housing a freeze-dried composition that



the follow ng uses of a freeze-dried conposition for transpul nonary
admnistration. - Use of a freeze-dried conposition_ for 20 transpul nonary
adm ni stration by inhalation, the freeze-dried conposition containing a
singl e dose of an active ingredient and having the follow ng properties:
(i) has a non-powder cake-like form 25 ( ii) has a disintegration index of
0 . 015 or nore, 17 and (iii1) beconmes fine particles having a nean
particle dianmeter of 10 microns or legg or a fine particle fraction of 10%
or nore upon receipt of an air inpact 5 having an air speed of at |east

lm sec and an air flowrate of at |east 17nl/sec, and being used by
pul verizing into fine particles having said nean particle dia er or said
fine parepdrtairaceivhnode BosRIhRPR et LWee 1PEToMAG trs &1 OM3S 10
freeze-dried conposition for manufacture of owdered preparation for

d
t ranspul nonary adm'(r4i)st"F‘af‘P@n‘%?Edieﬁcl‘iﬂéﬂ’ilﬁkte{w)éfgﬂ'%nt invention. - Use
f f -dried iti f f.act f ti
For 1 anspal monary (15 Safi LS s SR AR B0 £ (4. DR Pe B hypt £ 21! O

conpositiog having the followi ng properties: (i) has a non-powder cake-Iike
form ( 3%% has a disintegration index of 0 . 01 5 or nore , 20 and (iii)

becorges fine parti a\éi tlg?lg%?r}l tfa%b%ﬂr?émﬁf%é)fpéi?tmcqr@é‘s or

| ess "or a fine part'ic e?fra 0% or nore upon receipt of an air

i ”paCtl ?ﬂ‘#}z&%@"a %é%éf’ﬁﬁQﬁcf& heasle d¥ SOE POUMRB s fd VL @dsrake of at

| east sec, and g used by pul veri zing 18

a fine particle fraction of 10% or more upon recelving
an air impact having an air speed of_at least 1lm/sec and
an alr flow rate of at least 17ml/sec; and
10 (2) a device having means capable of applying said
airimpact1x>thefreeze-driedcomposition:n1saidvessel
and means for discharging the powder-form freeze-dried
composition that has been made into fine particles.
(II) Furthermore, the present invention includes
15 the following freeze-dried compositions pulverized into
fine particles having a particle size suitable £for
transpulmonary administration using an air lmpact.
- A freeze-dried composition for transpulmonary
administration having the following properties (1) to
20 (1id1):
(1) has a non-powder cake-like form,
(1ii) has a disintegration index of 0.015 or more,
and
(1ii) becomes fine particles having a mean

25 particle diameter of 10 microns or less or a fine particle



into fine particles having said nean particle dianeter or said fine
particle fraction at the time of use. 5 Fig. 1 is a sectional view show ng
a dry powder inhaler ( bet type 1 ) of the present invention disclosed as
Enbodi ment 1. Note that, in the drawing, the arrows indicate the flow of
external air (likewise in Figs. 2 and 3 below). 10 Moreover, the neanings
of the various reference nunerals are as follows: 1. vessel, la. stopper,

2. freeze-dried conposition, 3. air begt, flow path, 4. dlscharge fl ow pat h,
5 . needle part , 6 . inhalation port 7. air intake nenber, 8. tubular
safety cover, 9. air 16 pressure- feedlng means, 10. bell ows body, 11.

i ntake valve, 12. intake port, 13. discharge valve 14. discharge port, 15.
connect i Bgagsrkon | piEei @ oF FMQEe 2DQN 11epeliq . Oﬁl@n:?i§ dmpaetonal

vi ew showi ng a dry powder 20 .i nhal er sel f-inhaling H¥pe 1 of the

pr esent ?ﬁViﬂgcﬁpdﬁéé(ﬁ%ﬂeQSQQﬂﬁﬂl As 2 1mHEesy&nd 3B ﬁéﬁnﬁ&ﬁwof t he
various reference nunerals are as follows: 16. suction flow path, 17. alr

i_ntro_duc’f_?&ﬁ TQ%V\PBatlI%aTB. 1i7 $€Fon port , 19 . air intake menber
é:ogélve“gze '15; 'Eﬁaigﬁ ?:l%ﬁﬁvﬁmﬁ? Eg%sﬁg'r%sz%?%h&”%i éﬁYviShi*—éHf?Sn
pondlr | ARG EPLA AT axy oy L iR SRR YE T Phe by B PaCEY

B o s HOOUATY b g BRI gy e pcatc rrera

mout hpi ece, 32?11(3”9.‘1'{[@189% GAPe d8ed COOPCRlMid1stKSWISP tReFifdne 5 tO
13 below). 10 Fig. 5 is a sectional view of the above-nentioned dry powder

inhal er gaselifci@babibiaiiea by aphKANVET ant ke freanpags ofot Be reference
nunerals are as follows: 20. housing chanber, 21A. hinge, 23. guide part,

24.iKﬂderemxﬁadrmgdxﬁémpa&ifmuﬁlmmamunabowﬁeQQhouudmdnntan115 port,
30. check valve, 31. suction port, 33. partition part, 35. renover, 36.

| evap, 3IMonrpohadesmzarm, 189.a coansetlorto 48 usemgey 4hhahahden. |i kew se
in Figs . 6 to 13 below). Fig . 6( a) is a sectional view of part of the 20
abovermﬁpb@mﬁﬂdrgmawmbesiMﬁﬂsuchsdﬂhahhabimpmppé&k)<D fremnsis a
side view of the needle part of this dry powder inhal er. Moreover, the

meani ngsC8Pafke ref c2RRdY HiGe? Bl 318 RGO HIVANI16 Wﬁﬁ)%ﬁﬁ% n9Eof
S 'zg”p%%t."%”ﬁé%éa“ i 7farpd 35 B33 ahe T M baULE Oh LarRt 41 /498
por | pher &P i PEFe e a5sed HoRihs ironChy GhE kAR <1 ?éﬁuﬁf. 2 path
1 e st s g i s sseneniciee. )
expl ai ni 8gmplfs PPELA! t AR tOhalsBe@RPYA 1R 1 28801 HEY PEWdepairtNal BEs .

More specifically, the inhalers encompass jet type dry

powder inhalers as in (a) below and self-inhaling type

dry powder inhalers as in (b) below.

20 (a) Jet type dry powder inhaler: Active powder
inhaler
A device used in making a freeze-dried composition
that has been housed in a non-powder form in a vessel into

fine particles and administering the obtained fine

25 particles to a user by inhalation,



( self-inhaling type 3 ) . Reference nuneral 25 indicates a

renoval /insertion port. 10 Fig. 11 is a perspective view of a dry powder

i nhal er (self-inhaling type 4), which is another enbodi nent of the present

i nvention. Reference nuneral 48 indicates an operator. Figs . 12 and 13 are
perspective views of a dry powder 15 inhaler ( self-inhaling type 5 ) of
anot her enbodi nent of the present invention. Reference nuneral 49 indicates
an operator. Fig. 14 is a graph showi ng the particle size distribution of
fine particle5 jetted out fromthe dry 20 powder inhaler in Exanple 1. Fig.
15 is a graph showing the particle size distribution of fine particles
jetted out fromthe dry powder inhaler in Exa

h
sEovvldng t he pafeP@rlsing ?@qﬁg%ﬁ%FFJhaBi’-ngjﬁB ?)'HFt ‘%?eé‘?‘!étspt%a (rbﬁlto from
the dry

h 17 h
particie? spﬁgﬁﬁgtﬁﬁln aﬁﬁWﬁﬂb|ﬁeH&%%q%F%§Jﬁﬁﬁ%hSS Tr%ﬁ#fhgmgpg ;gﬁder
' nhal er | Q‘egxsau e feeéir'f'ggme%snsl. Sfc?rgfaegi%hé)vgfg _ILH%op%rhte! Céfrs_]] 6%

flow path of the needle part, and an inhalation port that
5 communicates with the discharge flow path,
and being constituted such that a stopper that seals
up the vessel 1s pierced by the needle parts, thus
communicating the air jet flow path and the discharge flow
path with the inside of the vessel, and ailr is jetted into
10 the vessel from the air jet flow path using the air
pressure-feeding means, thus breaking down the
freeze-dried composition into fine particles by the
impact of the jetted air, and discharging the fine
particles obtained from the inhalation port via the
15 discharge flow path.
(b) Self-inhaling type dry powder inhaler: Passive
powder inhaler
A device used in making a freeze-dried composition
that has been housed in a non-powder form in a vessel into
20 fine particles and administering the obtained fine
particles to a user, by inhalation,
comprising a needle pai‘t having a suction flow path,
a needle part having an air introduction flow path, and
an inhalation port that communicates with the suction

25 flow path,




di stribution of fine particles jetted out fromthe dry powder inhaler in
Exanple 5. Fig. 19 is a graph showng the particle size distribution of
fine particles jetted out fromthe dry 10 powder inhaler in Exanple 6. (1)
Dry powder inhaler The dry powder inhaler used in the present invention 16
is a device used for breaking down a freeze-dried preparation (freeze-dried
conposition) that has been housed in a non-powder formin a vessel into
fine particles in the vessel, and alloygng a user to inhale the dry
powder ed preparation 20 By conprising 1 neans capable of applying an air

i npact to the non-powder formfreeze-dried conposition in a degree such
that the freeze-dried conposition can be ﬁulverized into fine particles,
and 2 neans caf&s @k IdrPRELddtgdiughusBAthyiPnfaf BRESNIRHER1Ch

owder-form 25 freeze-dried conposition that has been made ,into fine 22
Barticle§ %Wﬁpagﬁ(ﬁ?ﬁﬁns&ﬂ4§p58tt&ﬁry%?ﬁﬁﬁi%f%kﬁﬁeafﬁﬁﬁF??ge%¥ckied

COmPOS b AL RS 5 AR FHEE R S DISAIEE St o
as 6 meaps Lor LW ogyicLng 3ide eyl g Uik, abgue IR pned aa ] JR3ely | Nt
e vessel olsi ng t'he Feeze-dri1 ed conposi tion. reover, neans can al so

appr egi a#)%q_.tas @Saﬁorth@' %Qﬁégit'lg?é’uéu%itd@ éffi*?‘i‘lc?]»l?é E?x“t(iﬁrffﬁe i a

preparation that has been made Into fine particles in the 10 vesse

dry powdgied 88l alinare1syVss o R athe Pegatilvd Peaskate ATHOHEgRS thie
devi ce conprises these neans, either a conventional publicly-known device

or a devig@er Wheérodbéthodevebapep@ath, thad Warg eazwisothe used.
Specifically, the neans 1 can be realized by 16 introducing air capabl e of

appl yi ngfae ez e -idmbed eongpoyetiomo 1depudssetihedsiingtd heiheceze-dri ed

conposition. Note that the neans 1 can be altered into neans capabl e of

appl yi ngpartalcliespdey hhe dgnpacii ofspdeel afiratf lavasngl im sexndndhen air

flowrate of at least 17m/sec to the 20 freeze-dried conposition in the

vessH] . fine particles obtained are discharged from the
inhalation port through the suction f£low path.

(IV) Furthermore, the present invention includes
the following methods of manufacturing a powdered
preparation for transpulmonary administration.

15 - A method of manufacturing a dry powdered
preparation for transpulmonary administration,
comprising:

introducing air into a vessel to apply to a
freeze-dried composition an air impact having an air

20 speed of at least lm/sec and an alr flow rate of at least
17ml/sec using a device capable of applying said air
impact to the freeze-drled composition in the vessel,

thereby making sald freeze-dried composition into

fine particles having a mean particle diameter of 10

25 microns or less or a fine particle fraction of 10% or more;




By using the neans 2 or via this neans, the dry powdered preparation, which
has been prepared into a formsuitable for transpul nonary adm ni strati on,
can be adm nistered by inhalation to the user such as patient . 25 Note
that, for exanple a chanber or a flow path such that 23 the conposition
is made into fine particles or scattered may be further provided in the
nmeans The device in guestion enconpasses jet type dry powder inhalers as in
(a) below and self-inhaling type 6 dry;powder inhalers as in (b) below (a)
Jet type dry powder inhaler: Active powder inhaler ( a-1 ) A dry powder

i nhal er used in the making into fine particles and inhalation of a
freeze-dried 10 conposition that has been housed in a non-powder formin a

vessel , conpri §hfy Braeed wiphed wonpgsifionr feptmigdpdt & Simeddl e part

havi ng a di scharge flow path, air pressure-feeding neans for feedjng air
into thedqsejef AP raeklya hiﬁﬂrﬁﬁé-%EdP@dpalﬁ‘,’gﬁﬁd e ﬁ%l—ﬁ"f%ﬂgport
that communi cates with the discharge flow path, and being constituted such
that a sPIFRETERRS Seals up the vessel is pierced by the needle parts,
thus comunicating jhe air.jet flow path and t di r ow 20 path
with the inside of {ﬁ vesgﬁﬁ %m%ogi%Q%g?gtfg}%rfgﬂ?hg?éééa fromthe
air jet flow path ugj th ir,p, re- L qgg@ b, Kiggg down
t he féraeeze-dri ed coﬁ%‘)ggi ti gr?qJ’l n o&f'?;gltgeagflggpggl by %}e{ F’%Z"ctég tohe
jetted ajfor@nddigcharging the. fine 25 particles obtained out fromthe

i nhal ation poft Vvia the 24 di scharge flow path. (a-2) The dry powder

i nhal er described ipj§3-)1) palkdifesbeiihs cpastivldites BHGIdfaa marmir
pressurefeeding neans is manual |y operated and conprises a 5 bell ows body

havi ng ampdt ake epantantsitie PPe Mo infl @Rohist kel ¥ 8kverand in dipsahan gd epor t
equi pped with a discharge valve, and by contracting the bell ows body and

t hus opetfiract he ndicsk Had §eovraimvare mpont abedipwho £hthiee aidnt akmpagltve i s
closed, air in the bellows body is pressure-fed into the 10 vessel through
the Hir jet fldW piurhermoneedhe pareseontchnvembilme dingludes tihe

di scharge port, and by expanding the bell ows body through an el astic
remxnin@qkﬁéﬁﬁngz#@@aﬁ@ulmQﬁaQYt#@mépéﬁﬁ#@£i9ﬂ\N??Boé%wed and the
intake valve is open, air is introduced into the 16 bell ows bo%&hﬁ a-3)

The dry [ovReRciteid 2pddR¥ctshRg XY RAVHeS 1 pRaDALHBRS YA t he
air Jet 1o pauh Andathe ReRes JLQPAD BLECLIWES LByl ngle needie
According to the transpulmonary administration method,

15 a freeze—dried composition that has been housed in a
non-powder form in a vessel 1s pulverized into a fine
particle powder suitable for transpulmonary
administration at the time of use so that a user (patient)
can administer the fine-particle-form powdered

20 preparation by inhalation. The following embodiments are
included in the administration method.

- A transpulmonary administration method
comprising:

making a freeze-dried composition into fine

25 particles having a mean particle diameter of 10 microns



(b) Self-inhaling type dry powder inhal er: Passive 20 powder inhaler (b-1)
A dry powder inhaler used for inhaling fine particles obtained by breaking
down a freeze-dried conposition that has been housed in a non-powder form
in a vessel, 25 conprising a needle part having a suction flow path, 25 a
needl e part having an air introduction flow path, and an inhal ati on port
that communi cates with the suction f | ow path, and being constituted such
that, in a state in which 5 a stopper jghat seals up the vessel has been

pi erced by the needle parts, through the inhalation pressure of a user, air
in the vessel is inhaled fromthe inhalation port, and at the sanme tine

outside air flows into the vessel, which is now at_a nggative pressyre,
t hr ough @Rele® %i oTi @t rotuet PAT 1 ehepdiTRC AN O 183119F (A8TA R¥e-dri ed

iti is brok d into fi ticl by the j t . of t

1 ovi mo AP L4TkRd hBn! AG PHFPAGIed BB APNER F4F UPRERS 0Ll PFomEt |

i nhal at i t th h th ti fl th 15 - d [oTelle

nnal or UB4BAhART S 0Lt oK, 2BE G s T 8BS 1IHH PRSL oo bar t of
the f -dried it [ ipnt [ i i sch d
From t he FRRAS A SRort O RPBIIH Ghenridt et F Smeoo% naSBear 80" b '3 )
The gry pouder |ahahdrs (eSEhiPRhd d sl thng %148 gardbnyee bowdbeh the

a and t In

suction flow p e al roduction flow path are forned in a single

needl e papt .1E§§rggﬁpsiﬁﬂglgﬁ&f@@yping air into the vessel (neans

menti oned above be neans for introducing air from 25 the outside at

normal pressurepel trje RBL dIAEESBbMP s 1t 26 nUso wbaphdssedaasinfgben a | et
mll or the like. There are no limtations on the nmeans for introducing air

from t heggylesigie. ahoraexaypl andrefientasendhbawithe tboe tfpkldwilndwder
i nhal er (active powder inhaler) described above 5 is used, neans for

artificiprbpdmtieduci ng external air into the vessel by jetting can be
enpl oyed. In the case where the self-inhaling type dry powder inhaler
(padsi ve powder i nHalerhaiss auseen - poaite¥ oﬁa?ﬁ@t'drjalliﬁyfi%‘? oduci ng out si de
air into the vessel by suction through n formed in the

egative 10 pressur
vessel when the usdrifhipa ‘é&Fii@é:%fiGg@d‘. 1%@@69&9'5&% RE ¥BFfer case,

i.e. inthe jet type dry powder inhaler (active powder inhaler) , the
met hod o®Ridnt roduci ng external air into the vessel by jetting artificially

Tt e e Ukt FRRIRR DA PRAELRY PRI b Ve
"nhal or | PRE kbl G B e g P e G £ e ¥ e e
beeq5 fraction of 10% or more upon receipt of the air impact.
(VI) Furthermore, the present invention includes
the followling uses of a freeze-dried composition for
transpulmonary administration.
= Jse of a freeze-dried composition for
20 transpulmonary administration by inhalation,
the freeze-dried composition containlng a single
dose of an active ingredient and having the following
properties:

(1) has a non-powder cake-like form,

25 (ii) has a disintegration index of O. 015 or more,



20 stored in non-powder formin the vessel into fine particles using an

i npact (jet pressure) of external air introduced into (flowng into) the
vessel by the air introduction neans. For exanple, a vessel, used for
freeze-drying can 25 be used here, with no |imtations on the material,
shape 27 etc. As the material, a plastic mainly including a polyolefin
such as pol yet hyl ene, pol ypropyl ene or polystyrene, glass, alum num and the
|ike can be given as exanples . Mreover, as the shape, a circular
cylinder, 5 a cup shape, and a polygonal prism (polygonal pyram d) such as
a triangular prism( triangular pyramd ) , a square prism (square

pyram d), a hexagonal prism (hexagonal pyram d) or an octagonal prism

(oct agon@PR9pyram d) can be given as exanples. 10 To obtain the effects

efficiently, the volupe of the vessel housin%{thggfrqueidried congosition
is in a range of 0.133)s5RRACOPLS of 2B1Sy BAZ WL L&FHL BA¥IRG eFpBFBPabl y 1

15ml. Mo , .1t is desi | b h di h
vossol BAF GAF SOt pmS A L) BLT TERAT 15 T0AF B SRR B b e50mn
Mo th t he f -dried iti i |
ocovery e gl olo ] teste i o coman! an g nipecyesncl
of d%ses}'x??)&ﬁféfhﬁalaliyr Zsuége% dasesy Qfeaté'i?.flﬁybg% éﬁg?gegg.ére)gp?wme

pref erab i S an "ano containing a unit dose of the

active igqrteéﬂil tar ML gQYCH 7niiNes SRSChhC TR athy pueoea-1king

conposition w vary according to the type and content of the active

i ngredi ent, tPNE fheeddrt { Beels eRELL Al 8d IPMIOSN pakt Bollel didmeseeected as
appropriate from andbunts that can be inhal ed, 28 with there being no

particul g Id4idalFiigie paveridibé efgadtoaoount is generally 30ng or |ess,
preferably 20mg or less, nore preferable 1O or less, particularly
preferably 5ng(VII)ssFulrtWtexooee, theheair fiolpheviggnerased by ff heaout si de
air introduced into the vessel is stipulated through the air flow rate at
whi ci¥ ai £ rfdems - dntied hecompoaithopughioat meafaasugte a ¢f ural i eyYof

i nhal ati ons of a person or the air speed thus generated. There is. no

parti cul RevwKeFefd PaERAT 8 Lion femict Agnsneknanragyr agrhnds tE3t+PBw rate
or air speed freater than this, except of course that the durability of the

vessel i8T® |1RPLAASh. 1Rttt PHOEFE L +PYPOE M e for one inhalation of a
h the case of ~al%ar D EpBvRRReFma B ca:cnBpose thRAreo folhRur e FRER' e’
gg‘e)?g agﬁfl ;ad} 5@%%@n§pa°gvg%ggg%c; rJESee ggt]?tqzqrsgnuchptfﬁgter?%%?%Biuggna%?%gner at ed
through aRipids SReamkt Pondby eAShal@hSRsn]s applied to the surface
the freeze-dried composition having the following
properties:
(1) has a non-powder cake-like form,
(11) has adisintegration index ocf 0.015 or more,
20 and
(1ii) becomes fine particles having a mean
particle diameter of 10 microns or less or a fine particle
fraction of 10% or more upon receilpt of an air impact

having an air speed of at least Im/sec and an air flow

25 rate of at least 17ml/sec, and being used by pulverizing




20 of the freeze-dried conposition filled in the vessel. A nore preferable
air inpact is an inpact generated by an air speed of at |east 2m sec, a yet
nore preferable one is an inpact generated by an air speed of at |east
5msec, and a still nore preferable one is an inpact generated 25 by an air
speed of at |east 10nmisec. Here, there is no 29 particular limtation on
the upper Iimt of the air inpact , but an inpact generated by an air speed
of 300m sec can be given as an exanpl% The upper Iimt is preferably an

i npact generated through an air speed 550n1 sec, nore 5 preferably an inpact
generated through an air speed 200nf sec, yet nore preferably an inpact
generated through an air speed 150n sec. There is no particular limtation
on the alntiomfcie apalrdrige hesi havingneaidetaan aparfddlry dhameteheed 10
arbitrarily selected fromthe range extending froma lower_limt to an
upper |ioft sadptcEline d@npledarerampdens yensha lpar 8fgH SR air speed
in arange of 1 to 300nfsec, 1 to 250nfsec, 2 to 250nfsec, 5 to 250nfsec, 5
to 200nm sec, 10 to 200m sec or 10 to 150m sec. 15 Here, the speed of the
air applied to the freeze-dried conpasition ca p ed as foll ows.
That is, with the j &RISBPASLRLRAION Hat-tHls as Enbodi nent 1,
a nechanismis_adopted in which air stored in,a_b o] Y, i.s. forcibly
i ntr8duced ont%fghe boi?raefeq%?fgaaé‘oﬁgoes‘?’tﬁ r?w(jgllé e-gllsid@f}?éggg%dri ed
conposi tjon: herejnatter al refe d - f i ' t has
been fi I+5§ailh'ﬁ) Hgtvgé'?g? S]?} o%a%ﬁgi Pkﬁgfeﬁ}ifo%vﬁg%ﬁ?%&t%géeggpél%ng an
air inp , i i Ng . ti I i S FrHwshar ge
25 flomﬁ%%tﬁﬂﬁgag%ag ﬁég%hsggqg%e #%h/?gtghgft?ﬁébgﬁ#f?lgaggg 30 t hrough
the air §ghif p d gy df Vi fieR@ d deiampunts of 2ai r
stored iir'lﬁth%é!%‘\é\%l g\%}% %o%?wlg%bﬁ%tﬁih%e over(v\,hi ch the air i;gtfed into
the vessghga Nexpe1lbw)di viding this air flowrate by the cross 5 sectiona
area of a path to introduce air into the vessel such as the air jet flow
pat ho3, the aiMoseeattrni whieccméaainymsmoifi shepptaeiions tteférese dri ed
conposition (freeze-dried cake) can be calculated. 10 Air speed (cnfisec) -
air flovwnnateerdhs-an®y ses) £foldkwgs:sdot ivaasedrned df EtPHRR¥oddetion flow
path (cnR) Specifically, in the case for exanple of_a jet type 15 dry
powder i fihglege dérilgfedcenplr akktonne 3poralvf Jetfe &l PV @ta’?li/ow‘lpath 3is

|.2nmm the bore of the discharge flow.path is |.8 an e amopunt of air
stored | Alsichaegpohid oFoMR Y. | -db%%g?oﬁﬁ,‘—"ﬁ'n q.ﬂgr&ggaﬁ. a0 tpr?er]térmunt of

i f about 20ml st d in_.the bell dv 10 4s,f iLhly 20 intyroduced
ot o t he! 1 @er. BPTak S RBBBIT ot n LT Pats BRAS S PRYE t et 1w pat h
3 bout 0.5 d h i | t t 40mL r D Vi di
Dhi 40 BE R RE ARt ACdnt | el e PEEWES b SRR T AR
(the ai rvlaﬁ’v#]' OWzQatif}itéﬂao%?:rQ;O(iaX. Jidcndr e $413@12)14.9i ves
u

3540cn sec. e air speed is thus about
discharge port, 15. connecting port (likewise in Figs.

L
U VYV

2 to 11 below).

~

Fig. 2 is a sectional view showing a dry powder
20 inhaler (self-inhaling type 1) of the present invention
disclosed as Embodiment 2. Moreover, the meanings of the
various reference numerals are as follows: 16. suction
flow path, 17. air introduction flow path, 18. inhalation
port, 19. alr intake member (likewise in Fig. 3 below).

25 Fig. 3 is a sectional view showing a dry powder



31 35m sec. Moreover, with the self-inhaling type dry powder inhalers shown
| ater as Enbodinents 2 , 3 and 4 ( a nechanismis adopted in which air
flowwng in froman air introduction 5 flow path 17 applies an inpact to the
freeze-dried cake, and then the resulting fine particles are discharged
froma suction flow path 16; the bores of the air introduction flow path 17
and the suction flow path 16 thus stipulate the f lowrate of the air
flow ng through the paths . The 10 air ;peed applied to the freeze-dried
conposition in the vessel can thus be %al cul ated by nmeasuring the flow rate
of the air flow ng through the air introduction flow path 17 and di vi di ng
this by the cross-sectional area of the air introduction flow path 17. 1s
Air speedr(talsec) sekf rihhail ingetype=@ngpofedharmugssadt iagnhteR of air
introduction flow path 17 ( cnR2 ) 20 Specifically, the flowrate of the air
fl owi ng drscgbsted asr Emitgdimenitor3 £ | ow path 17 can be neasured by
installing the dry powder inhaler including the vessel in the sloa part of
apparatus A (aFidn ﬂn'éisn@erpeﬁﬁﬂéct?}‘t%p‘rgw’ SRC LR fe At Ot P P K AeHfe

Eur opean Phar macopoeia 25 (Third Edition Supplenent 2001, R113-115), and
using a i@aipéw(rﬁeﬁ-\ef'é-ﬂé]fﬂﬁ?ﬁpwgﬁ 3I30P£>2§h$|%’feﬁnet“ﬁ g‘%"e‘??%iﬁhnal i ng
type dry powder inhal er_ desi_gned such _jhat the bqre if kN uction
f1 ow Pat ji?°ﬂ§sﬁ‘§91ﬁn%°9ﬂ@edbfr o chFl%ogeEUC%Ib%?'\f‘%%@va tsholEEsrtT 99mm

inth that the air fl te flopi t Lk Nt ti

o ot ase fandd cabiienaly ol dd wEbid i AR Lo ds Lnght [OA0) on

e 2950l pagy el T gPeath §ansRe qRiAdaRY By dinédtagdue, vabup, by the
ona re

Cross-secti a of “the air introduction flow path 17 ( 0 . 0995 x O

0995 x n?’out&éi%@é%&ﬁ?) 3094865 HS66or (2410501 §6Cin MagROVE tatl 3 east

17ml/ sec can glven as an exanple of the flowrate of the air applied to
the freezgsfpygd conmposition filled in the vessel. The air 15 flowrate is
preferably at |least 20nml/sec, nore preferably at |east 25ml/sec. Here there
is ngoparticul ar1§inbt atd en pecthensiperiéwnotf dfhée hebaive -Mewtianedbut an
exanple of 900L/mn can be given. This upper limt is preferably 15L/sec,
nore pref@rabpywiely dexhayer (reed £20lpheldnabity s /Sec MaxepVefor &he
preferably 4L/sec, particularly preferably 3L/sec. Specifically, the flow
rate shoulelabdrigs aof ahiye conEeremcsad HeBATaLovRFe| P tfoalnbo‘éﬁ fugder Limit

sel ected as appropriate fromthe above, with there bei payti,cul ar
li nitatigrOURdRG tHReBRBET 232 Yy mRiBgeto 451 /SR IS BRAT egf ¢ 061}81}%3]%%

20ml/ sec to 33 5L/sec, 2 /sec to 4L/ sec, ,20n1 /s t
’ . tansh
25n / sec IBeIASRY RAF e véholéggggafﬁ?l%& bo?g%hesrgang'enﬁégﬁc
15 port, 30. check valve, 31. suction port, 33. partition
part, 35. remover, 36. lever, 37. mechanism part, 39.

connector, 40. hinge, 41. hinge (likewise in Figs. 6 to

13 below).

Fig. 6{(a) is a sectional view of part of the
20 above-mentioned dry powder inhaler (self-inhaling type
3). (b) is aside view of the needle part of this dry powder
inhaler. Moreover, the meanings of the reference numerals
are as follows: 16a. tip opening of suction flow path 16,
17a. tip opening of air introduction flow path 17, 34.

25 peripheral wall part, 42. second introduction path, 42a.



Moreover, as neans for raising the inpact pressure of the air introduced
fromthe outside, the dry powder 6 inhaler used in the present invention
can have nmeans for discharging air froma discharge port, as explained in
detail below, preferably with a small bore, of a flow path close to the
freeze-dried conposition housed at the bottom of the vessel, for exanple a
needl e part having 10 an air introduction flow path or an air jet flow path
as described later in the enbodinents.CFEQarding t he bore of the discharge
port of the flow path, the preferablezrange vari es according to the size of
the vessel and so on, with there being no particular Iimtations; 15
neverthel ess, the bore can be in a range of 0.3 to |Omm preferably 0.5 to
5mm nor é nrsd @ueahliyo®. §riomvveminnpalr bt topr gfartbBy .1 42 4mm  The
freeze-dried conposition housed in a non-powder formin the vessel can be
made i nt dnfimedpertilian eprbpve2dn perddice nglavpliinPa i thed Yeskdt . IfBre, the
extent of making into fine particles should be such that the particle

di amet er 4ids. ome #Neé dHrseeandplniFindycidemnPathtdon;d X d%l‘l”g?é'l endi anet er

of 10.mor less) preferably Sumor |ess, can be given as an exanple. 25 As
used her 6ifn seeenfedn tiep detd of BetRr 44 Ai%re ‘ge%ﬁ BSiﬁ’cl"ei' in‘ﬁﬂﬁ&at es a
mean particle dianmeter usually_adopted .in ths industry relating to

|

i nhalant § 1ideevisiecat B yFigfe nkahOpdrt iReE¥i)ameter is not a geometric

e odynan ¢ ) Eidr 7 foRd ot s BhtkARA R LB, EBaT AL FinGTER® T0C) A7
0 ant o CRATBELAMERT ol hi, R0 98 et FSRER, ry (F QR [RHNAN 6T T ©
amher st Iins SRR EAET By di 8 £ R e Gk e S a Fvor t h

and D. G Wsd iB%@19Mh s ér tAg poar macol ., 39, 966-972 (1987), U. S. Patent
No. 6153224), a multi-stage liquid inpinger, 15 a Marple-M Il er inpactor,

an Apgler sen caggafle 1iIMRaChOpe 0Epidtet ivkeridhrededrBpodidsoiehadler have
reported that delivery of the particles into the lungs increases at the
proporti dsef £fpamnti£l eaghawpe 4) mawhivddi hs ascddhemnenbdidieert f S5um or
| ess increases (B. AOsson et al . 20 Respiratory Drug Delivery V,

273-281( 1986)preFhe tf imyveatipol.eRefanenae pime ek t4& 11N ¢bsatEes Afe | ke
as neasured by a twin inpinger, a nulti-stage liquid inpinger, a

Mar pl e- MOR&@Fatggact or, an Andersen cascade inpactor or the like acts as a
nmet hod of estimating the 25 anount that

be deli i nt | o
the 35 i nvenfilds - the airddot Firﬁpﬁ‘frsec-fq?%gf"iv\%ev z‘flrw\[/ﬁerﬁ)lef(ejgl %F?’n}tég%adretlipglse "
f i i t | t. 109 | | t 9 5%
ver Hor o IR LPELIF ST T ahele Gop Puber B & i theF s FLAERE L£01 ¢
The d i | f i j t} { fi
Enbodi e i ¢ REA S Loien PEBp D REHe L GHER, AR UL IPASRE bt el T C

operator.

Fig. 14 is a graph showing the particle size

distribution of fine particles jetted out from the dry
20 powder inhaler in Example 1.

Fig. 15 1s a graph showing the particle size
distribution of fine particles jetted out from the dry
powder inhaler in Example 2.

Fig. 16 is a graph showing the particle size

25 distribution of fine particles jetted out from the dry



100. A dry powder inhaler for transpul nonary adm nistration used for making
a freeze-dried 10 conposition that has been housed in non-powder formin a
vessel into fine particles by an air inpact, and adm nistering the
resulting fine particles to a user by inhalation. 101. The dry powder

i nhal er for transpul nonary 15 adm nistration according to item 100, being a
devi ce used for nmaking a freeze-dried conposition that has been housed in
non- powder formin a vessel into finegarticles, and adm nistering the
resulting fine particles to a user by inhalation, 20 conprising a needle
part having an air jet flow path, a needle part having a discharge flow

path, air pressure-feedi ng neans fﬁr feeding air into the air jet flow path
of said Resierpidnhaled AR iB¥aPRLor® port that communicates with the

di sch fl h of id dle 2 , 36 jzed b

bei ng. const i LuF® subh LAai® a5 SeBp AR RED s S BATCAT baldde | < i br cea
b id dl t th | cati h kr 4 I t

) sahar gB A bl BGTOR 1 ET RO ThardE Cor e o Etkd Bub PECRthEMEyTE,

into said ve %gi r&wg? §§ch§%&gr§_jjom1pathLming said air
Y

pressurepfgﬁ ans, "t hus pu fizing said freeze-dried conposition into

fine particlesely thegl qRAct oLab® diRbieslgAitne apdrdsnsiiar s the fi ne

particles obta romthe i ation port via 10 said discharge fl ow

path. 108 Jhes gk Romdse el paten digdspukmemiouadiomstymsi dry -
according to item 100, being a device used for pulverizing a freeze-dried

conposi t b@wd 82t 1hasa been ihpusedmplench: powder formin a vessel into fine
particles, 16 and admi nistering the resulting fine particles to a user by

i nhal ati on, coFpii.si n® ainced egmagh hahogiagsuthieonpiirdvi pheh, sd zfeedl e
part having an air introduction flow path, and an inhalation. port that
comuni catlest milblutskon efictfiiore 2pafitdwe Jp2s h e&ie & hew hcE&ony s By IF& ng
constituted such that, in a state in which a stopper sealing up said vessel
has beenpsiwderd inhabeyd daedivapadis, 6t hrough the inhal ati on pressure of
the user, air in said vessel is inhaled from25 said inhalation port, and
at the sane tinme outside air 37 :

BEST MODE FOR CARRYING OUT THE INVENTION
(1) Dry powder inhaler
The dry powder inhaler used in the present invention

15 is a device used for breaking down a freeze-dried
preparation (freeze-dried composition) that has been
housed in a non-powder formin a vessel into fine particles
in the vessel, and allowing a user to inhale the dry
powdered preparation.

20 By comprising(D means capable of applying an air
impact to the non-powder form freeze-dried composition
in a degree such that the freeze-dried composition can
be pulverized into fine particles, and @ means capable
of administering to a user by inhalation the powder-form

25 freeze-dried composition that has been made into fine



flows into said vessel, at a negative pressure, through said air
introduction flow path, and as a result said freeze-dried conposition is
pul verized into fine particles by the inpact of the air flowing in, and the
6 fine particles obtained are discharged fromthe inhalation port through
said suction flow path. 103. The dry powder inhaler for transpul nonary

adm ni stration according to item 101, characterized by being constituted
such that said freeze-dried 10 conposif4on is pulverized into fine
particles and di scharged fromsaid inhalation port through jetting air into
sai d vessel once. 104. The dry powder inhaler for transpul nonary

adm ni stration according to item 101, characterized by 15 being constituted
such t haawt licflegezetliei 46 Vst odani SRTLY pAlFeliotdy Pﬁ?éh#?& #2%0 cl es,
such that the nean particle diameter is 10 microns, or |less or_the fine

parti cl e o ddr¢ ohr P& zE09d Bl eRoFOMRAEIL Jtotharded $18f/ BarF 1 h&FalPsh port
t hr ough jetting air into said. 20 vegsel .. 105. Th qr powder inhakg for
transpul ALY §&ﬁ4ﬁ%PPaP#oﬁ@ﬁxRﬁ%éﬁ§qg)qQQﬁ?ﬁgf,%bmﬁ%i% YEPE A jet
flow path and_said discharge fl ow path formed in a sinq}e eedl e part.
25 106. W@F?tﬂﬁwerNPﬁﬁaI'é‘?aFoF‘etar%:@ﬁlmaF SO FPREM r‘?i%??§t i25h

| ohedn b el Lggd ' | haty sai d
Froont! AhednE £BE PRt YUEERAl AF E nBY 1 Kh UMV L Unth PGB 58 €
f | A | t hahahad i f . 107. Th
o oo anpRgL o PRbe WU OLAD W ShBI Y | PReREd el - 10T ThE

char act erd 26l BY 14 Q9 H8%ldYeY einBdell Dakadhldh 46 CEpBxWd LA oA L] On

is pulveriz into Trne particles, suc at 10 the nean particle dianeter
is 10 M {odSsOF dresg18knideginge ot to €l ehly acds 981 LHOYpowdmred and

di scharged fromsaid inhalation port through inhalation of the user. 108.
The dry pavelparathicdertiat haarispahmadrey iadm filste gta obigdes dmgheo item
102, wherein said 15 suction flow path and said air introduction flow path
are 10r mark $ sed .silmglae dvaedlovdpart inhad.atthendsysgemef itival rFesent
transpul nonary adm ni stration according to item 108 conprising: a hol der
part for lrovehitden vezgelongans $hfdevige goma%hsassitdHed BAGNouses a
freeze-dried conposition in a non-powder cake-likgeforn1that Ll | _.be nade

into finebbhercresonitantdedas RpRLLISLY 5paEp, device or a device

which will be developed in the future can also be used.
Speclfically, the means @® can be realized by
15 introducing alr capable of applying an air impact as above
into the vessel housing the freeze-dried composition.
Note that the means @ can be altered into means capable
of applying an air impact having an air speed of at least
1 m/sec and an air flow rate of at least 17 ml/sec to the
20 freeze-drled composition in the vessel.

By using the means ® or via this means, the dry
powdered preparation, which has been prepared into a form
suitable for transpulmonary administration, can be
administered by inhalation to the user such as patient.

25 Note that, for example a chamber or a flow path such that



means for applying an air inpact to said freezedried conposition in said
vessel, and sucking said 25 freeze-dried conposition in a powler-formthat
has been 39 nade into fine particles by the air inpact out fromsaid
vessel , a needle part having a suction flow path for sucking said
freeze-dried conposition out fromsaid vessel, and 6 an air introduction
flow path for introducing outside air into said vessel, a suction port that
comuni cates with said suction flom/pggh of said needle part, a guide part
for guiding said holder part in the 10 axial direction of said needle part,
a hol der operating part that has a nmechanismpart for, when said vessel is
hel d by said hol der part, advancing the vessel towards a needg% tip, of said
needl e pzhe compiosykelonelst Bpfe 1ovtq HlRRRIFLACPS AT $8 |8r1€§dti P,
and retreating the vessel fromsaid needle tip to, separate the stopper of

t he vesseayf bemfarthesed roviigehntin afhepdh@@BF that operates the

mechani smpart , and is constituted such that said operati can be
operat ed w t h Theofey iGm LBr RILFHELRD fed}%%mﬁggégsessarsego 1{Sgﬁgg}taﬁtel%rnechani sm

art to pierce the stopper of 6 the vesse i i eqd| , a
E\outsi ng Rlo?ngfi%dﬁp‘b‘??i:g% oa%eéﬂl Eadaﬁsejaﬁﬁm %rs}'dfsgéréi%)??ggzgngﬂgg d Ssiij_cti ;)nd
ort _, sai ui art .and_sai o] der, art, and constitute
guch5t hatT¥ E’r?"égﬁgatié‘qaﬂf%ﬁfc%ssaihg (bigegsﬁ')%ggrphas been pierced by said

needie part o ¢pruy B et AP U5 LR | 0 RREIE ANl £ Al Fokvabroduct | on

flow path of s need art the 1 nside of said vessel and position
the tip fﬁh%ﬂ%ﬁ?ir introduction 5 flow path at said freeze-dried
conposi t1on, rough the inhalation pressure of a user, air in said vessel

i's inhaled fromsaiydasyaty Gow@el iahbéf usedndm tthéd Imaking into
fine particles and inhalation of a freeze-dried
10 compositioh that has been housed in a non-powder form in
a vessel,
comprising a needle part having an air jet flow path,
a needle part having a discharge flow path, air
pressure-feeding means for feeding air ipto the air jet
15 flow path of the needle part, and an inhalation port that
communicates with the discharge flow path,
and being constituted such that a stopper that seals
up the vessel is plerced by the needle parts, thus
communicating the air jet flow path and the discharge flow
20 path with the insilde of the vessel, and air is jetted into
the vessel from the alr jet flow path using the alr
pressure-feeding means, thus breaking down the
freeze-dried composition into fine particles by the

impact of the jetted air, and discharging the fine

25 particles obtained out from the inhalation port via the



into said vessel through the air introduction flow path. thus applying an
air inpact to the freeze-dried 10 conposition in said vessel. 110. The dry
powder inhaler for transpul nonary adm ni stration according to item 109,
characterized in that said housing is forned in a tubular shape, said
suction port is fornmed at a tip part of the housing, a 16 housing chanber
for housing said vessel via said holder is fornmed in said housing, said
needl e part is disposed in said housing such that said needle tip points
towar ds sai d housi ng chanber, and an introduction port for introducing
outside air that communicates with the air 20 introduction flow path of
said needle part is provided in a wall of said housing, and the dry powder
i nhal er A4 sYw3rYeEUt YuPRthat said holder part is advanced and retreated

<1 d ol der opbPatd holfr Y BEVAEE HBAF SRACF I BR 100

t | inistrati di to,lt , i in that

ai 0 houSHRF s PEARS FROMG FOGSInG Jol neBady TSI A SERBANT T hsor Li on
t f ' |_f d th [ ' j tl [ j igd hold

bart 15 FRASiganaat n e ATopaddv; EeBolEH (408, R EReRT 1ol O

connect eg 410y $3kdhBaYSh 00177 BrPRAY AR Bollit18%u e ip1 dhyaRottigaidanal er

is constitu Suc said r operati ng par as sai d nmechani sm part

whi ch 10 i t | i é ke |
I C v%;f%ﬁ%%ﬁgigﬂﬁée%ft Y| o eld@ 1 Reed| @1 s ERaGig reedl e

part when s ed"down to close said renoval /insertion port, and

retreats o584 by set rady i1 RYeynbr BB wk NEedy eahip tien cgpéniihigdthe |ift ed
up to open said renoval/insertion port, and said lid is used 15 as the

oper at i ng NPehar g el deMEahanistaparin (AL dH dize- initek e onpdyet ilen The
freeze-dried conposition of the present invention is a conposition that is
pr epar ed do sieQnaA rpduddrh elrbe I bomsbpofdy i@ s aurer fodt inkenghe singl e
effective dose or a plurality of effective doses of a drug into a vesse

and 1envieseed- d¢hyiowghsthe. air jkeprEievamath ¢fcbhe #GeYLeoRAFS tion
containing a single effective dose of the drug. The non-powdes-form 25
freeze- dWlsbichomeauner b6 adas belknlihe  1EFNAT IRe PO aﬁ? by

expanding the bellows body through an elastic restoring
force in a state in which the discharge valve 1s closed
and the intake valve 1s open, air is introduced into the
15 bellows body.
(a-3) The dry powder inhaler described in (a-1) or
(a-2) above, in which the air jet flow path and the
discharge flow path are formed in a single needle part.
(b) Self-inhaling type dry powder inhaler: Passive
20 powder inhaler
(b-1) A dry powder inhaler used for inhaling fine
particles obtained by breaking down a freeze-dried
composition that has been housed in a non-powder form in
a vessel,

256 comprising a needle part having a suction flow path,



met hod as a conventional manufacturing nmethod used for a freeze-dried
preparation (freeze-dried conposition) such as an injection that is

di ssolved at the tine of use, in which aliquidis filled in subdivided
amounts into 5 vessels; by selecting a suitable conposition (types and
anounts of active ingredient and carrier used together with the active
ingredient ) such that the disintegration index of the freeze-dried
conposition prepared is 0.015 or hore,, he freeze-dried conposition can be
made into 10 fine particles dowmn to aparticle diameter suitable for
transpul nonary adm nistration in an instant by receiving an inpact of
external air (air inpact, jet pressure) introduced into (flowng into) the
vessel . dbheedik¢ partdhsivitegrani edd ddesroductd pprefdaW PREByvedddon is a
val ue characteristic of the freeze-dried conposition that can be obtai ned
by nmeasuanngd rflvaLedilap t he rindér atnciogieen heak@E Wbty filgyr §ucdt $Rdex>
0.2 to 0.5m of a mxture containing target 20 conponents that w |
constitufdovhePffBeze-dried conposition is filled into a vessel having a
trunk di ameter of | 8mm or 23nnl and freeze- ed, out.. xt

1.0ml of n-hex8RE P&lingkGansh ﬁé‘ﬁﬁ‘%lsd’cﬁlﬁlttr {:g\gﬂlls%fcs%[#éevjegs@iff o the
- powder - f f -dried.25 iti t Qi i t.qti i i ed
our for SbatiobPas” o abcBRad s BObBEpNe et had tredth hESRR B 1o
WV cel |_, of ti.cal th | t ' i d th
Furbi di ¢ 770 TRa8iPed i) Srag el Sun AR AT AUl A b L o
Using 2 ReARECAPRNGLOTELET ¢ L f U1 B! dhiie B4 AE0GM | n gl Xhierd i bhe Lot al
anount (Wwei ght) o] he” conponents constituting the freeze-dried

composi  p@ibe ANdnle ¥athe AUfenedre Sptiaad as1ihe 1dwd nLagiating index.
Here, an exanple of the lTower Iimt of the 10 disintegration index of the

freeze- diieat £OMPREHIION Hindweaa t Y o8 16@ pree gsuee ,atHieugh the
above-nentioned 0.015, preferably 0.02, nore preferably 0.03, yet nore

prefry abhyi0 in@4odwdtibnmBropr phatabl gn@ as05a . rEspect athe, 0.1 is
preferable. Mreover, there is no particular 15 limtation on the upper

| inmit of firdese ziesdrtisyd acoopd sitbkonf khebfpkere-devad idvuposiiti®on of the
i nvention, but an exanple can be given as 1 . 5, preferably 1 nor e

pref er abpRIk Delest biorehpr dmnaefyod dhestair #3wbRef dlabidn®. Fherne

freeze-dried conposition of the present invention 20 preferably has a

di si nt egEdmi®nPaxdC} asaobdRkregn &L S u?%ﬁcfhra(ﬁﬁeolgl &liﬁé)rml fL'ﬁPt and an upper

limt selected as appropriate fromthe above, with.the iso that the

di si nt eg@hdhatAQd PQ 5t%Q§8?ggT£hf §$8%%QQ g%&%ﬂé%9§Ftrm range of

the di sintegration | ndex e 0 t . , 044 4., 0793 to

0.9,1%.04 to o&?,'%j. o'gﬁ oy pgudey, Paharel ragaciiredos }‘ o Pl

pr ef er ablg, 4.9, Pr 8RANS FESn;sftef%gt@rdi et SRMRES I REs gdetpoesatei nvention
Wdef cake-1ike form t he

in a non-po y freeze-drying. In
freeze-dried composition is made into fine particles and
discharged from the inhalation port through one
inhalation of the user.

20 (b-3) The dry powder inhaler described in ({b-1) or
(b-2) above, in which the suction flow path and the air
introduction flow path are formed in a single needle part.

The means for introducing air into the vessel (means

@D mentioned above) may be means for introducing air from

25 the outside at normal pressure. It is not necessary to



5 present invention, 'non-powder-formfreeze-dried conposition' means a dry
solid obtained by freeze-drying a solution, and is generally called a
freeze-dried cake' . However, even if cracks appear in the cake, the cake
breaks into a plurality of large lunps , or part of the cake breaks 10 into
a powder during the freeze-drying process or during subsequent handling,
this cake is still included as a non-powder-form freeze-dried conposition
that is the subject of the present inwgntion, provided the effects of the
present invention are not inpaired. 15 As described above, the freeze-dried
conposition of the .invention has a disintegration index of 0. 015 or nore
and a non-powder cake-like formand becones fine particles having a nean
particl cugpafeMRressed aild Femm 1Jak milh ernkhpatikel e THe%e i ®3RCof 10%
or nore upon 20 receipt of an air iggact having an air speed of at | east

1n sec aR8 AAMiTatLiens oM tdre AearasFor7ARAIRAUAI RGP R ER - dri ed
Darty ol cORRaRAST BREoREEMIbL Ry chBnEns: CRES HIRE By ERE: d6G WTB8 SF¥ ons or
o e, rop QR CPBBAT Tl 8F LR Pt BrE oA £ 9 e ARG SBEE 26T ang
bt Ped 15 UBER PHEANG Y dp Tet DE AR €11 401 TR 8K 2rld1 Sak P!

gener at ey Ao NS 10Dy oPEEY Bhnabdl eipiLdgLace, A il Ugstl oW

rate of at least 1 sec. citicexanples of anair inpact include an

| mpact  ogReRA %ebxé@ilfauhﬂwmg €y pBEES yOb ol S G i a MBHe ( pHE PLpber ably
2m sec or nore, nore preferably 5ni'sec or nore and a still nore preferably
| O sec Pbwidld€ 1 e e ri)N@rL uis® A0 nld 4t & af 6 Nn Ak uidHE] LPpen tirioddc Dhgt he air
speed, but it is generally 300m sec, preferably 250n sec, nore preferably
200mM secoand iwbé abrelprtef crtadl ye 45l dac.sdubtldd dihrcpghdniegativei mted
as long as it is arbitrary selected fromthe range extending froma | ower

| i ml0 t opmesHpee fommed hometbe, velss e hrngeenothe tusSD0hhbacles ¢an

250m sec, 2 to 250m sec, 5 to 250nmsec, 5 to 200m sec, 10 to 200m sec or 10
to 150m beeemmhopedgi MIr agvetanptksthepd ExmaE| 6855 t he®ai i npRet

i ncl ude those generated by air having an air flow rate ofggg;eLaILé

17ml/ secIBt {ybe GHEMRLWBPY 30RE Retdve R ASF el phatsabr yEB8nt/ sec

._Th [ l.i m [ h i m f, th ir fl ;
however MERGCH OF| o tER BUSE L “HEEAT S BIGLA TS SRS ST eBry Qe cec.

nor e 4 refe | se t r b 4 : L al 3L/ sec
'S very pPEtariarE Ve re LT maR o MR b NS o PO ¢ Hat P 00
longgas ik ich e eat &fl{ " QWi £ 2888 18Xt e88hR0 4 rpatasmwer 5 linmt to an
upper limt; however, exanples of such™a range include 17ml/sec to 15L/sec,

20/ sec to | Ghfgegry2PBWEEr iithdiegess 2HBLLa0e i dh/ Spegadilésec to
3L/sec and 25nl/sec to 3L/sec. In principle, there is no particular

limtati @ ®PRelOybleodr ubeusathdIei hewpeeher iitnientnoac tirnoyipdsddetr is a
drug that can be used as a powdered inhal ati on (powdered inhal ation for

t ranspul imharle adornisstpasisdvie pevdetthelebs legynt het capable of

| ow nol ecul ar-wei ght drugs and high-nnlecular-mei%ht drugs can be given as
speci f i cb1® adscomp| @swnHEhle- Foieeas af rdeidieenp @8 tilen dda bhasdregincal |y
acti ve substances such as proteins, peptides or polipeptides, ant i bodi es,

gendd, na&r&ed atRdRORTROHEST HEP FBndd ahdet Fe S5 Re. 1Mot dre regar di ng
t he di sease targeted 3y the dru %0 90 h_whol e boqy rea%nqpﬁaingi&pcal
t r eat menPa&dnt pEEENYPIAF R GFngI6h PRETINES) oF exte
introduced into (flowing into) the vessel by the air
introduction means.

For example, a vessel, used for freeze-drying can

25 be used here, with no limitations on the material, shape



Exanpl es of synthetic | ow nol ecul ar-wei ght drugs include, for exanple,

hydr ocorti sone, prednisolone, triantinolone, dexanethasone, betanethasone,
25 becl onet asone, fluticasone, nometasone, budesoni de, 47 sal but anvol ,

sal neterol, procaterol, buprenorphine hydrochl oride, aponorphine, taxol,
and antibiotics such as tobrarnycin. Exanples of bio-drugs (physiologically
active 5 substances) such as proteins, peptides or polypeptides,

anti bodi es, genes, nucleic acids, enz s and hornones include, for
exanple, interferons (a, (3, y) , interleukins (for exanple, interleukin-1,
2, 3, 4, 5, 6, 7, 8 9, 10, 11, 12, 13, 14, 15, 16, 17, 18 etc. ),
anti-interleukin-1a 10 anti body, interleukin-1 receptor, interleukin

recept or eaict.aghsi $he imaberduki n-a Pdaptde, Makn 1y nd&d 8@ iRg &hti body,
anti-interleukin-6 receptor antibody, interleukin-4 antagonist,

i nt er | euppd-y® hafdgorsaeh am ipehvethatkenes HRIPBIPPYIRRBKCFe recept or
15 antagoni st, anti-interleukin-7 receptor, anbi i.nterleukin-7 antibody,
anti-int BOIAUKEHTS hi | BB S 4 A LANIBEH.ANALB6: FrikgnfRn R%Gerﬁ’ge]‘dﬁi“n- 9

"t er | cuRFNSXGMRbERt MO ZAN ST nidh KRR TR AR art| BHRTY 120 AP LEEim- 1a
ot ot Ukl P FBEBR o3 dnt; PAYSTRAM FUEE ANt PoadPe BT RhAtamLa),
L
Mhsul | 1 GEA e Foudte pyRARLEDR o OhaalfeT | prafie (RExRgcmant i

i nsul i nt ?ﬁg%}g%mswf Nahi Kt AL, PRIt Obb&agsn a s 0oPRiraal 24 ) n cand

anal ogs vasopressin and 5 anal ogs thereof, anylin, human growth
hor none, plditel Pl s hekamisLé €l easi ng horrmone, follicle stinulating

hor mone, growt h hornone releasing factor, parathyroid hornone, endothelial
cel l1@rowt h fagtobp e i alles efefeves gfddididmtior) ther upilwars of Fhednt h 10
factor, epidermal growth factor, fibroblast growh factor, brain-derived
neur ot r opte s 6 Achong 0§ itdvey firee verdatlied farpe s iR Iedmb&i E3R8R or

(TNF), TNF receptor, TNF inhibitor, transforn ng growmh facto T
hepat ocyto §r-Gwttie B8stlor RUEFerakdi¥ @ -of i R 5Tt Pg"& W?N@'—’i‘?éﬁfggg?%t em

cell growth factor, platelet growth sjnulataqr aturiuretic p%' bl ood
coagul at ilod o ATt ; Mo 580 hat bEyt ® é;?ﬁavtrﬁ‘ Jé%&)? u‘(%—‘tﬁ%ﬁl, tE%T Erﬁl:?mglcsind,
ant | - pl at.gl er%e%%%:r g%a%h%nvleggleq ble"d tngrl%érgﬂglpggklet}wlyti 9 5mm,
pl asm noderP!

15 more preferably 2 to 50mm.

Moreover, the amount of the freeze-dried
composition housed in the vessel 1is preferably an amount
containing a unit dose (single dose) or a plurality of
doses,specifi*ally21x>3doses,oftheactiveingredient=

20 More preferably, it is an amount containing a unit dose
(single dose) of the active ingredient. Moreover, the
specific amount of the freeze-dried composition will vary
according to the type and content of the active ingredient

contained in the freeze-dried composition, and is

25 selected as appropriate from amounts that can be inhaled,



20 activator and derivativesthereof, superoxide disnutase, antisense drugs,
i mmunosuppressi on agents (for exanple, cyclosporin, tacrolinus hydrate,
etc.) cancer repressor gene p53, cystic fibrosis transnernbrane conductance
regul ator (CFTR) gene, a-1 antitrypsin, thronbopoietin 25

(TPO), net ast ati n, deoxyri bonucl ease (Dnase), prolactin, 49 oxytocin,
thyrot opin rel easi ng hornone (TRH), bactericidal perneability increasing
(BPI') protein, and vaccine preparati OEg, for exanple influenza vaccines,

Al DS vacci nes, rotavirus vaccines, nal"dria vaccines and 5 tubercul osis
vacci nes such as Mb72f. One of these active ingredients can be used al one,
or two or nore can be used in conbination. Note that the various peptides
above engoepasheras Wealngal g pent t tlesl ggedd mbtatdiotennejod YHoSHieRes,

chem cally synthesized 10 pol ypeptides and so on. The freeze-dried

conposi tths afmothet pt esganeraldhy i DIMgagrcdmss s@neteFabile 4 Hpgetfent

al one, as long as the end products satisfy the above-nent.i oned

di si nt egt atisgn modex pwef arsbilteabl @mgaqy eteffy RAREAEQUBLY . In the
case of using a carrier in addition to the active ingredient, there are no
particul prelfiegablyodm®dnornd&SHe and anount of the carrier used, so |ong

the fi | f -dried iti db ] Xi ith t ti
o el e i o Como | n RieRaLed B I 0, el B T ve
ffect f th t ] ti Ki i, nt fi i ttapned.
orTect = oL L8 P S3etd SN URKLAS 4388 e Y LhSl6n'Labned.
valine, |euci g&w;fngﬁghgagg%gé%WV£fea§; 3?rtc@%ég+é§s@&d tHE € §h25

t her eof ; @ fde such as cine, prollne, 50 al ani ne,

ar gi ni “e?ggjiege'h%ka%% At da BAG.SALL Eyard AMasakhonesl o cdel ipakbues of

am no ac drpeptides, “fripeptides or the like having two or nore of

the same,ongy é’i%f Sg%’étd YESs Of o h2E 2HOHS- MBRITONES 8o1 paracicslars and
salts and am des Ther&of. One of these can be used al one ( or two or nore

can e u$qchita €90R RAl 1PProdiing exsepimsl ciisawtshofan felanfhovaci d or
peptide include salts with an alkali nmetal such as sodium or potassi um or

an al kal rae £t A iFkpesdigreasteal tham this addiaeph db armrsent bR tan
i norgani ¢ acid such as phosphoric acid or hydrochloric acid or an_qrganic
aci d suchhas dutébnild taeiof thel vesamdbl b8 af Limidastiag uGenereddivne
am de hydrochl oride. Mreover, an am no acid other_ than an a- im' [%o %ci d 15
can be usde ialmsthowameite £ o PPeed ndrakyE OB, Ofnith 5 Q1 k& Jdd
(3-al anine, 'y-am nobutyric acid, honpserine a rine. | es of
carrier s3i0r%ILJbéiﬁnn6‘§&t%tfaPP8é§jﬁR:ﬂEXs 18 3@0%&6 g‘iﬁjlsrg%gﬁag eésog)égﬂ’pas
saccharose) naltose, |actose and i.rehaio5e; sugar cahl §eSUGR @S
nmannit ol ?%F%%ﬁ&fﬂé ds‘i?(:t?"a‘@%%?% ea?ter?h?gp?o yéggcﬁa‘rﬁl ggs such as
dextran 40 an ul 1yl an, hygrd AP o2 tamd Al 8t Byl e06mal ycol ;
and fatty &@%ﬁ,%ﬁ?ﬁ'}‘?ghﬁu%g %gr:#)%?ltl}m cgpr ate. One of these carriers
may be used Along) PribWR Ll FRie PrdBYra® upLdalil e nal ickm Dbe
carried out such that an air impact generated through an
alr speed of at least lm/sec is applied to the surface
20 of the freeze-dried composition f£illed in the vessel. A
more preferable air impact is an impact generated by an
alr speed of at least 2m/sec, a yet more preferable one
is an impact generated by an air speed of at least 5m/sec,

and a still more preferable one 1s an impact generated

25 by an air speed of at least 10m/sec. Here, there is no



51 O the above carriers ) specific exanples of carriers that are
preferable for delivering the active ingredient efficiently into the |ungs
i ncl ude hydrophobi ¢ ami no aci ds such as isol eucine, valine, |eucine and 6
phenyl al ani ne, and salts and am des thereof ; hydrophobic dipeptides such
as | eucyl -valine, |eucyl-phenylal ani ne and phenyl al anyl -i sol euci ne; and
hydr ophobi ¢ tri peptides such as |eucyl-Ieucyl-1eucine and

| eucyl | eucyl -val i ne. Again, one of thgﬁp may be used al one, or 10 two or
nore may be used in conbination. Theré&~are no particular l[imtations on the
proportion of the active ingredients) (drug(s)) mxed into the freeze-dried
conposition; neverthel ess, exanples of the content are 20ng or |ess,

pref er abbgritGmulbrol linéta t hon e ptdfenpper Srnmict ditthe adtr hmpact,
preferably 2ng or less, particularly preferably 1ng or | ess. Moreover,

t here arkeufio aparkmpacdr gengratedndyoran helni gpeg hrohod 0Pmy ofctean
carrier( s ) , provided the final freeze-dried conposition satisfies the
above- nebe| gAFE R @S ah e vghdtlicoon Thelexpprayddimhet cks Prafer il HefPne, per
100wt % of the freeze-dried conposition, the range_is _generally fromO0.1 to
| ess t hahMPO®# ogepeaiatad) Fhmypgh AR |&5s Fﬁ’é’r?d_Loéﬁﬁ%/ $RFe POdierably

from10 to | ess than 100w % particularl¥ prﬁfera ly from20 to | ess than
25 100w DFeferpbiy: an nhppact Jererdted theo e2ReiHnERe onent s,

the f -drj ed ition that is the subject of th t_inyenti

oy have? FORUF ¢ fieres h NaF P RESRAGAN vEar Aaoass rdsFat & dadg¥Rg e
ti 5_1 i ent ' ti bef drying, f tabilizi th

Aetive 1Dy adientBpe y130BIAE Ui g of for priventing the active |

| ngredi ents) THRELY 4ckn0pke {180 Y85S Sim Pt SY1G3I ol ¥ d A OGS BRI | ONEd

disintegration index is satisfied and the effects of the present invention

are 10 ngk ipyr ge- 1ROr1 8XgERlSratla fﬁfeéﬁrdfﬂaﬁﬂiﬁgmi&i@nsli%/eﬁont ain
human serum al bum n, inorganic salts, surfactants , buffering agents and so

on .10A Wa e irargeioly weieetad sfeom haelsedngecgaxtbasidi mj $renhes t hey
are anionic surfactants, cationic surfactants or nonionic 15 surfactants,
provi dedlbolwair thémiar e suahacppes fliatltare §preddily exadp he sedins nes.
Pref erabl e exanpl es are nonionic surfactants such as sorbitan triol eate and
pol yoxy el mplagies sgebietat € dt thzawdhegmersl X f speedarin caThadge ypé 1
sur f act ant s%. 20 The freeze-dried conmposition for use _in the invention
enconpas§es3PR& 5HRei f 1 ct @nbdAMAERS, defih@P §h/ ERE 1 6l EOWRRPM4BRE 201 to

220: 201. A freeze-dried cqgnposition for tran%pul mnistration

havi ng t e %1% OMH§ 557 opePt it_é’s:‘z%gm(/i%e‘ﬁagra r?ontn%g%émacﬁ;ﬁg-'l i ke form
53 (1!5| ) has a lﬂ'g%'gmng rgltolg%%é#gg%i %fh O.QJI_%f r I q:rbd éhiel ) becones fine

parti‘cl es havi c anet er mcrons or less or a fine
parti cl eeLacld oG o cLABSL 1 Hhish UAN'bEAHERRL Ha &b Hd118WaCiTAAY Ng an
air speed of at least ec and an air flow rate of at
is, with the jet type dry powder inhaler shown later as
Embodiment 1, a mechanism is adopted in which air stored
in a bellows body 10 is forcibly introduced onfo the
20 freeze-dried composition (cake-llike freeze-dried
composition: hereinafter also referred to as 'freeze-
dried cake') that has been filled into the vessel from
an air jet flow path 3, thus applying an air impact, and
discharging the resulting fine particles froma discharge

25 flow path 4. In this case, the flow rate of the air flowing




| east 17ml/sec. 202. The freeze-dried conposition according to item 201,
wherein the disintegration index is 0.02 or 10 nore . 203. The freeze-dried
conposition according to item 201, wherein the disintegration index is
0.015 to 1.5. 204. The freeze-dried conposition according to 15 item 201,
becom ng fine particles having a nmean particle dianeter of 10 mi crons or

|l ess or a fine particle fraction of 10% or nore upon receipt of an air

i mpact having an air speed of at |eastzgmsec and an air flow rate of at

| east | 7m /sec. 20 205. The freeze-dried conposition according to item 201,
becom ng fine particles having a nmean particle dianeter of 10 mi crons or

| ess or fine particle fraction_of 10% or nore upon receiving an air

i mpact h%@irﬁﬁ‘l% &t spe&d Jat af tewgep ath 13t ¢ Boohese@ bealaked rbyl ow rat e
25 of at Ieais(i) 17n%/sec. 54 206. . The freeze-dried conposition according
to item 3¢VIOLRENERE AMRUDE, PECRAT BhATRA i Rehhephedilkowsdbadat 40 of 10

m crons l.ess or_a fine patticle fraction of 10% or nore upon receipt of
an air i B act %agliﬁlge a%V%raf”ﬁ‘is’fCJl%eBLSf adr Ije%sfefn(i)is%?:oaﬁﬁ%ﬁ’%ﬁ?efll-ow rate

f at | 0 : T -dried jti di to it
201" becharig fHe AT RERgs YPng L nebiogAT Tl Yot GFOE 10 i or ons
| g t1chés Hivl ar 1 .
Tmpacs  hasi heA Al o BRleP g iy daied TR AR RSarn®h, "

range of s4tmllepcehl Al e 298y Pieehr $o7ernd ol cgBAN 1 O RERRr 0 no

to item 201, becom ng fine particle avi ng a nean par anet er of

5 M Cronshel impaces i fapp1aadi £be tHACt el Al @06l dBHhBouAaly §CeI Vi ng
an air inpact. 209. The freeze-dried conposition according to item 201,

cont ai ni (fre eyatAetiiend | oakeD) ecahabera ghEudiattdas an active ingredient
20 210. The freeze-dried conposition according to item 201, containing a

hi gh- nol ecul ar-wei ght drug such as a protein, a peptide or the |ike as an
active ingredient. 211. The freeze-dried conposition according to 25 item
209,10cond dirnispe adsymmhes ec )|l ow abredllaw - netght(ml=cm®/sec) +

cross-sectional area of air introduction flow path

(cm?)

Specifically, in the case for example of a jet type
15 dry powder inhaler designed such that the bore of the air
Jet flow path 3 is 1.2mm, the bore of the discharge flow
path is 1.8mm, and the amount of air stored in the bellows
body 10 is about 20ml, in the case that the amount of air
of about 20ml stored in the bellows body 10 is forcibly

20 introduced onto the freeze-dried composition in the
vessel from the air jet flow path 3 1in about 0.5 seconds,
the air flow rate becomes about 40ml/sec. Dividing this
value by the cross-sectional area of the air introduction
flow path (the air jet flow path) (0.06 x 0.06 x 3.14 =

25 0.0113cm?), gives 3540cm/sec. The air speed 1s thus about



55 drug as the active ingredient, and at |east one selected fromthe group
consisting of am no acids, dipeptides, tripeptides, and saccharides as a
carrier. 212. The freeze-dried conposition according to 6 item 210,
cont ai ni ng a hi gh-nol ecul ar-wei ght drug such as a protein, a peptide or the
li ke as the active ingredient, and at | east one selected fromthe group
consisting of am no acids, dipeptides, tripeptides, and saccharides as a
carrier. 10 213. The freeze-dried conppsition according to item 211,
containing a synthetic | ow nol ecul ar-wei ght drug as the active ingredient,
and at | east one selected fromthe group consisting of hydrophobic am no
aci ds, hgg%ﬁphobic di pepti des, and hydrophobic tripeptides as 15 the
carrier. S%fie freeze-dried conposition according to item 212,

S*‘;L‘Sf? §;‘ é?ftﬁér%%?%%‘rz‘s%@“éﬁ%”&ﬁfé?&&%ﬁz%ﬁ&% Moo Pofade ™
e e sRh ] S o BEYR AN SE kB Al HEEPT PR LR MEnBd i tom,
The f reei%-gagg%ﬁcg@gﬁgﬁ;a@ aalcfgrl% g% 69t ok ggt%ovzﬁw{%g?d ubl e

conposi tion. reeze-dri ed conposition according to Item

201, o : DITPO: : >
§°nk§..'o§} B%n%é?f??%ﬁpqq's@s gén ampakitved ‘E@{eegli'f@éze Hrid@ccake

freeze-drie according to item 201, béing a freeze-dried
conposi t e ke tHAREWL TPANY FAHE Plaxit il B2 A4 slditafgbdoprdth
properties: (i) has a non-powder cake-like form (11) has a disintegration
i ndex i naastiendo®if DoRlpatd 165 tdwlbldrdsiof tivcoars inmeqiudttbes
having a nean particle dianeter of 10 mcrons or less or a fine particle
fracti onfdfovi@ath bdrendpdhe ecectving &lcw rpatipat® hhuisng talpwalatepeed in
a range of 1 to 300msec and an air flowrate in a range of 17ml/sec to
15L/ sec. thie F1BowThetier exethiei ad rcFipuel pootharrwg i hiet Patleon 2The,
wherein the disintegration index is 0. 02 to 1 . 0 . 219. The freeze-dried
conpdsi t pdF SRR YiFpPldad &p Xive FFpeeser dpkedi FoRpastitior 18 $HG sec.
220. Tha fr~~zs-dried conmposition according to 20 iten1%%7, @herein the air
flow rat ¥eSS©bA2RetPHS PR ARLCULyt ey )P‘%G‘/ﬁ:l%?um'ﬁ’aﬁ FADrE 59¥t Ethteor

I i ni ' Th wd [ | at i nf
tr anapul Hngne 34 Edman Lopabra i 1ES L AR O PRl bRH LS attin ¢ hat
o7 combi 9es AJ Prg1aNEY ERTROBY! ik NG RY -2 £OUPBA Ak SHCDe! Rile DY
applying an air 1npact e fréezée-dried conpositiron which exists In a

non-powdg&;cggkgggdgkpggngigﬁzsh@ﬂeﬁhln a vessel and not subjected to
processing 5 such as pul verization, the freeze-dried conposition can be

madeg nto fine particles having a nean particle dianeter of 10 m crons or
|l ess or a fine particle fraction of 10~ or nore in the vessel, and a

i nhal i ngadevi€gee@MdR) B& ¥ escaiiked T@RNEat ACChLdiohd /tsed i s dry powder
cross-sectional area of alr introduction flow path

17 (cm?)

20 Specifically, the flow rate of the air flowing
through the ailr introduction flow path 17 can be measured
by installing the dry powder inhaler including the vessel
in the slot part of apparatus A (a twin impinger: made
by Copley, UK) as mentlioned in the European Pharmacopoeia

25 (Third Edition Supplement 2001, pll1l3-115), and using a



10 i nhal ati on system for transpul nonary adm ni stration, a user hinl herself
can prepare the freeze-dried conposition which has been provided in a

non- powder forminto a powdered preparation conprising fine particles
having a nmean particle dianeter of 10 mcrons or less or 16 a fine particle
fraction of 10~ or nore, which is a preparation suitable for transpul nonary
admnistration, at the tinme of use ( the time of inhalation ) ( and
adm ni ster (take) the powdered preparqg%on. To obtain. the effPats of the
dry powder inhalation 20 system for trdhspul nonary adm nistration
effectively, it is inmportant to select the conposition of the freezedried
conposition, the inhaling device, the vessel and so on appropriately. As
the inhafilgr degtea, (KOFEOW eédPMabl)e to adopt a device conprising ~ neans
for 25 applying an air inpact (or nmeans for introducing air) and 58 ~2
means for di schargiexpmphe ,parithl assedf nbahs lfiorg ativbei Sirsf ipQWEe T

i nhal ation), in which, by neans for introducing air %ggfns ~ ) ar is

i ntroductdhater( deslgnpda seechelthati chh@obedze t A pdhler - f orm
freeze-dried 5 conposition and the freeze-dried conposition is Eu erized
into findngareducsd amihorn®atipatl tfel - 90%8wR2BA) the BRrei Pt kA has
been introduced into ( flowed irﬂ;&mthe vessel, and thgn usin% #ge means 0O
for di scRECHhenffhevpaaititissl (dmy, iRy iawe?seothadi Fhnat & into

fi ticl b ~ | ' df t | «-Th fg

par 1 1 82 B PG SAFPMGH oFBA BT ULEF 0P CRaprat RaR ddice i <
the d wd i nhal f . the | t ' i | , the 15
1 coze, dRPAF CERNoSI 1/ DA O | bREH di 1o By (ROEEQG PaM &8 L MAPCV et o

freeze- die@F thifost 18R | HTer i Cabl .

i ough T af b/ WARzcrt (] e 0P Bed R el) HecftETRROLN bdd e AU AR,

f1owi ng | i i _isdd €1 ¥asachriaa oe-emear. s
9 P@t ai)visdifl? Eﬁ}éjvaan:%lgé*@izéttr%é drdd$-isdd € ¥agachrin oE-

for arpll'"~rg a.. - or introducing air) of the

abovgy m%%f’“ﬁ?'t%%}ﬂtf&tﬂiﬁe £01 Yw PRYESR! 117Nl abbos Sy t.com 8B kabl.a 4 of
transpul nonary adm ni stration accordi ngtothe invention includes a vessel
housi ng bhep31eead)dr(iesis semyasédion.ef. themy/mean) i on and a dry powder

i nhal er of the invention 25 used in conbination at the tine of inhalation.
I n ot her 59 montsovelre daty peader 1hmdl/steoncapstam 9LveRe aHiveRti on, at
| east when used for inhalation, conprises the vessel housing the
freeze-dﬂxamybﬂp@ﬁttbn(ﬁlQWerﬁﬁﬁnﬁfoﬁm%uﬁ%ﬁea®ﬂ}¥%QU§%i?ﬁ%ler(ﬁ t he

invention. 5 According to the system of_the invention, by jntroduci air
into thefwraeap -@&H gy tﬁ@“tﬂ‘ysbé\?od’é’r fhhieer bt ﬁpVﬁisr%ejah QBF At

havi ng an air speed of at |east_l.nisec and an ajr .f/) ra at | east

17\r/r|il} ec ftld;‘t’ hEFa)ftl’eeejz%- PR E8Rdsidt o elar?qi h%b%Lgssce)%l\% ‘ al;“grr;/élc 10 powder ed
reparation havi a partj i ifa n S

gdmpni st P& ﬁrgﬁl‘%eaq;ol%teaééngoféég/t%%eér'rri?llregfét hééis-?/sfgkﬁ al'l ov\gicular

transpul rjﬁr}ﬂ)faq:q_rglgi Shl fhiomPhetheiplttaigede Heyapendered pagRar aiudn

directlyto a user by i1nhalation. Therefore, the dry powder 15 inhal ation
system f ofy t{f?&'ﬁBWé“UP@’o efl7mistdat ik givehe iMvestippeirs ldmsystiesn f or
produci ng a dry powdered preparationsuitabl efortranspul nonary

adni ni st raté paraNth y al stfes éane rid e, p aefyeataini forl Al Aaspul omtr by e
admr.i~tering the dry powder preparation to a user. 20 The dry powder

i nha¢@t | greyeirady bLIEsHa| nertaryl adoirel trafeaakyt AR /isR@nt i on
enconpasses the specific enbodi ments defined in the follomﬁn% itens 301 to
322: 301partipuiowdty prefarpbd w3k éaefor Specifically, the flow

rate should be in a range constituted from a lower limit
and an upper 1limit selected as appropriate from the above,
with there being no particular limitation; nevertheless,

25 17ml/sec to 15L/sec, 20ml/sec to 10L/sec, 20ml/sec to



25 transpul nonary admini stration, using a conbination of: 60 ( 1) a
vessel housing a freeze-dried conposition that contains a single dose of an
active ingredient , and has (i) a non-powder cake-like form (ii) a

di sintegration index of 0.015 or nore, 5 and (iii) a property of becom ng
fine particles having a nean particle dianeter of 10 mcrons or less or a
fine particle fraction of 10~ or nore upon receiving an air inpact having
an air speed of at least Imsec and 10;pn air flow rate of at |east

17ml/ sec; and (2) a device conprising neans capable of applying said air
inpact to the freeze-dried conposition in said vessel, and nmeans for

di schargi ng the powder-form freeze-dried conposition that has been nade
into finBLYB eyt ROML/ seg2. torhéLdse powdBrnLi/ifRe atPod lsfseem fagrd
transpulnnnary adm ni stration according to item 301, wherein the vessel and
the devi é8Mdr/S &SckOi B 605 nEAHRI1VaR as pFamRLep-9EIthe i BANIS20 303.
The dry powder_inhal ati on systemfor transpul nonary adm nistration
according to i¥@ﬁQ£M3rmhéFemﬁqqﬁaQﬁ%iﬁ?é&ﬁﬁgcﬁpth@RaS¢1ﬂﬁ§??3§fé-dried

iti i ) ) .. Th i nh i f
(T 82 ol B e e R N D
(R Bl 5 R TRTE T RIRIRH I AR
o 11 5153 AL PEGSIG! 20! 2chFT) s cR AL HRIE T ekEREh L1 )

rate of gk l£Ablhd Y8l SeteR0PanIewdith ROVHSN 11 PBRlAL Ufnasfibﬁ’”%?a%

transpul nonary adm nistration according to item 301, 10 wherei he air

inpact 0g16dditd ithdepeed A @yiadld IGMpos WU &hl hoRassldi ata yeege of 1
to 300m sec and an air flowrate of at least |7m/sec. 307. The dry powder
i nhal at i BB tXysh esFf @hd raaspWInpneoy ackdnp bér at n@e dreopairtg haviingm 301,
15 wherein the air inpact of ( iii ) is generated by air having an air
spedd of aat alieasin imbdes: hdnafilaiw pfd tthy oat @nodiat jledasil@@npasdc as308.
The dry powder inhalation systemfor transpul nonary adm nistration

accordi ndesserieadidiaten dmertdie embogiimenpset RFgaraing tkegbp&eat ed by

air having an air speed of at least |msec and an air flowrate in_a range
of Inmjggcqulnggggrge port of the flow path, the preferable

range varies according to the size of the vessel and so
on, with there being no particular limitations;

15 nevertheless, the bore can be in a range of 0.3 to 10mm,
preferably 0.5 to 5mm, more preferably 0.8 to 5mm, much
more preferably 1 to 4mm.

The freeze-dried composition housed in a non-powder
form in the vessel can be made into fine particles bhy

20 introducing air into the vessel. Here, the extent of
making into fine particles should be such that the

particle dliameter is suitable for transpulmonary
administration; a particle diameter of 10um or less,

preferably 5um or less, can be given as an example.

25 As used herein, the mean particle diameter of fine



309. The dry powder inhalation systemfor transpul nonary adm ni stration
according to item 301, 25 wherein the freeze-dried conposition has a
property of 62 beconming fine particles having a nean particle dianeter of
5 mcrons or less or a fine particle fraction of 20~ or nore upon receipt
of an air inpact. 310. The dry powder inhalation systemfor 5

transpul nonary adm ni stration according to item 30l, wherein the
freeze-dried conposition contains a sxg&hetic | ow nol ecul ar-wei ght drug as
the active ingredient. 311. The dry powder inhal ation systemfor 10
transpul nonary adm ni stration according to item 301, wherein the
freeze-dried conposition contains a highnol ecul ar-wei ght drug such as a
protein, paydeptldes dindheatise asmelan spariddigrédpmeteninsupeldry
powder inhal ation systemfor 15 transpul nonary adm nistration according to
i tem 310adwretefln ithetheedzdug t 8y, neohpbing die cbRb&LA BSsynt hetic

| ow- nol ecul ar-wei ght drug as the active ingredient , and at | east one

sel ect edSPestH £ headrblip g&ﬁﬁ%@@ﬁg&ﬁr%ﬁFﬁézﬁﬁa@§t?§ﬂi%Pﬁpq &. 7es |,
tripeptides , and 20 saccharides as a carrier. 31

3. The d wd
i nhal at | 98 AWMREEHS RarEdrdifil dbRRAF Sfini Rivdt 38 | Gﬁré’gﬁﬁ?%%ﬁg’ot"bgh‘em 311,
wh in the f -dried iti t ai i ghmol L ar-wei ght d
SUch s BagGLGiR, L pBptAde P Efle M PRe ARE R RET AN ot ANIR £t , “and
t | t I d 63 .f h i St ] [
i pept; B Fr o chhE) ae Paqy R RN T E i e 1 AR TeBR Be ey
i nhal ati on sg/é#g@ fb f délrggﬁp‘p RPE%WafdxmarEih%td.ati on according to item 312,

5 wherei n tHe Treez conposSition contains a synthetic

| ow ol ecul ar - e 925 ¢ RaklsYfd 98RJRH0dpREmAl: |EpsheRer
sel ected fron1?ﬁggg%%%%ﬂconbisting of hydrophobic(zR?no aci ds, hydrophobic

di pepti deggn ahd RRHAPPORI @i peat HEgs pertheleargies. diQ tdbbuthenry
powder inhal ation system for transpul nonary adm nistration according to

i t em@Bl3meher e Dt ted iedr andhead koeptdidn owichehdisssmartificial

hi ghnol ecul ar-wei ght drug such as a protein, a peptide or the like as the
active i agmegli mpde hintimadd dupt Anhe et cBrotass f Lomimemgpdup EBAsI St i ng
of hydrophobi c am no aci ds, hydrophobi c di peptides, and hydrophobic
tripepti U&A hs sh&whnrilsvpimaer Tie WryHIIRRTERhARR i BnGsyst em f or

transpuliimiury ad~i~iil1ll1l5 tratior~ according to i m 3 erein
the freeWesfknesedd®dsi fi-oRhadm. \RRIFIMEAUbt e %8npé§QT%%% §l§g7iw;dry

o 3010 ehoF BRAThaN tovt L3 Db #)RA LAy TohAe: - M S B R e, 1
t | 6 i ni st : bei . f .
e S R R P T b e e L o N

nto fing,bRid 4195 . MUY S DG4 SR SE%H ik d iFepaiddiarato a
y I nhal at1 on,
delivery of the particles into the lungs increases at the
proportion of particles having a mass median aerodynamic
diameter of 5pm or less increases (B. Clsson et al.

20 Respiratory Drug Delivery V, 273-281(1996)). The fine
particle fraction, fine particle dose or the like as
measured by a twin impinger, a multi-stage liquid
impinger, a Marple-Miller impactor, an Andersen cascade

impactor or the like acts as a method of estimating the

25 amount that can be delivered into the lungs. In the



conprising a needle part having an air jet flow path, a needle part having
a discharge flow path, air pressure-feeding neans for feeding air into the
air bet flow path of said needle part, and an inhalation port that 10
comuni cates with the discharge flow path of said needle part, and
characterized by being constituted such that a stopper that seals up said
vessel is pierced by said needle parts, thus communicating the air bet flow
path and the 15 discharge flow path wi,th the inside of said vessel, and air
is betted into said vessel through sai"d air bet flow path using said air
pressure-feedi ng nmeans, thus pulverizing said freeze-dried conposition into
fine particles by the inpact of the betted air, and discharging 20 the fine
parti cl esneoleirst hed ,f rtdre tpheopohd tononfpefifechive @®akttndege ¢fbdepat h,

or 11) a dry powder inhaler for transpul nonary adm nistration, being a

devi ce qgadﬂmnlaafrmytiénéeie-dm<ib¢%hpb§%bi@WQﬂﬁEahé§lﬁ%ﬁi%@ﬁged in
non 25 powder formin a vessel into fine particles) and 65 adm ni stering
the resu®fng rféne paefietrablyo 25 Yseyely mamal Brederabiyr odi nke askeed e
part having a suction flow path, a needle part having an air introduction
f1 ow pat B0 %andd ST &d duhardyi dreberatidy asmhedtht %g%with sai d suction

fl ow path, and characterized by bei ng constituted gucga}-haii L. 1n g state in
whi cB a st oppeFheedlT¥g PRV dard WRLPThaChed i thcdd by 108 ha8l e

parts, through the inhalation 10 essur f. the use L.r. 4 n,sai essel
i s inhal %Bcﬂ%&?ﬁ§§|e i %hﬁ a?P&?jpgiF, %’Hﬁogti"{%tgar%é¥?h§dou le dgh\gi r
flows inLo.said, vessel , at egat i pressure, through said air

i nt roduc%f’&ﬁ‘?‘ﬁ)ﬁ/gp}etn‘?mgn&%adg ggr é\s'llu t said freeze-dried conposition is

pul verized int QPfOi _ngﬁggfi%gjt ﬁeﬁgegy tithq.lafir?gct £0fr t_t}_ergﬁrsg,fullqm,ﬂgriyn, and

the fine particles Irscharged fromthe inhal ati on port through

said supghmﬁigg/r%qltirbnm%syae drijo pOVOga xiiHpl atd on syse@Bdf@Fied
transpui nonary ad~i:luls tration according to item31? ; as 20 the device,

usi Ng t hgotipo POVAYn i tHakEehatO P bai Aoufedol dehamvpovdethaf dimgia vessel
that is sealed up wth a stopper and houses a freeze-dried conposition in a

non- powdgr ¢akedi ke nftas metihed whirt be leedebiynt anf iankrpadmpakcds upod
receiving an air inpact, 25 means for applying an air inpact to said freeze
66 dri edadovipvtstieoning thedresssetingnd inglRagtigile s ree2-AFp&dPY
conposition in a powder-formthat has been made into fine particles by the
air inpatnbatatiemn said vessel, 5 a needle part having a suction flow path

i roduct | on' 119w pafher ot POHGE hg 1SREFBE o 9F; roebary vaehdEy” @

15 administration according to item 100, being a device used
for making a freeze-dried composition that has been
housed in non-powder form in a vessel into fine particles,
and administering the resulting fine particles to a user
by inhalation,

20 comprising a needle part having an air jet flow path,
a needle part having a discharge flow path, air
pressure-feeding means for feeding alr into the alr Jet
flow path of said needle part, and an inhalation port that

communicates with the discharge flow path of said needle

25 part,



a suction port that communicates wth said suction 10 flow path of said
needl e part, a guide part for guiding said holder part in the axial
direction of said needle part, a holder operating part that has a nmechani sm
part for, when said vessel is held by said holder part, 15 advancing the
vessel towards a needle tip of said needle part to pierce the stopper of
the vessel with said needle tip, and retreating the vessel from said needle
tip to separate the stopper of the vesggl fromsaid needle tip, and an
nrPratn_r that operates the mechanismpart , and is 20 constituted such
that said operating nenber can be operated with a force smaller than the
force necessary for the nmechanismpart to pierce the stopper of the vessel
with said needid$fRraracterhaasd by trekngppbetd takadnsughe that and is
25 for providing said suction port, said guide Eart and said 67 hol der

oper at i n§ PRAPPeLhlatoRetiiuBuS addhveRge L L8 Riersed by §ALhne8d &t opper
ond Che BATES: nERAR CEPBRON SR BAFY G S BE ndShl & L5 OAEPnaBre S, de. of
o Vool B a0 VISP, LIS Yol 41 SO0 I avpat B S
“ato Lo o incte TOREN PR ogrl o et PRk opRE, Sl q' &1 AL dBE By Ao

ar irPaglaiR A2/ @eZ8add oG £ATPRSIdd LD R ¥§ SHeartd ). ThudY

powder i ation.system for transpGinonary adm nistFation actording to

item 301 pulbyEsing Mg CHPL Al PReHe -drieh ac¥apId1iPPBY NInad d reazRs dried
conposition that contains a single dose of an active ingredient, and has:

(i) a nopzhowden ex ks thieei@aBt of-the/jed td aix, and dischargting - ...
; ,., i nv; naranrt canf fl . 1) 1511 ~ Q 111.71111.D~r41.1V11
~.aauv sthe .fineiparticles.obtained £rodOthe inhalantlibni port &ia operty
of becomng fine particles having a nean particle dianmeter of 10 m crons or
| essl@r saAidedpsahargef fakewopadfh 10% or nore upon receipt of an air

i npact having an air speed in a range of 1 to 300m sec 25 and an air flow
rate in a rangd & - 17 s€F¥ oPP3ideEc:inhggezndfpy) Bra@sRRElBEMRL%I ng

means capabl e of applying said air inpact to the freeze-dried conposition
'n said PERRLPLsERARLGASa PEOTH LRALF G HECPR) foRRinpievice Used

for pulverlzing a freeze-dried composition that has been
housed in non-powder form 1n a vessel into £flne particles,
15 and administering the resulting fine particles to a user
by inhalation,
comprising a needle part having a suction £flow path,
a needle part having an air introduction flow path, and
an inhalatiocon port that communicates with said suctioen
20 flow path,
and characterized by belng constituted such that,
in a state in which a stopper sealing up said vessel has
been plerced by said needle parts, through the inhalation
pressure of the user, air in sald vessel is inhaled from

25 saild inhalation port, and at the same time outside air



5 freeze-dried conposition that has been nade into fine particles. 320. The
dry powder inhalation systemfor transpul nonary adm nistration according to
item 319. wherein the disintegration index is 0.02 to 1.0. 10 321. The dry
powder inhal ation system for transpul nonary adm nistration according to
item 319, wherein the air speed is 1 to 250m sec. 322. The dry powder

i nhal ati on system for transpul nonary adm ni stration according to item 319,
15 wherein the air flowrate is 20nl/ggc to 10L/sec. (4) Method of

manuf acturing a dry powdered preparation Mreover, the present invention
relates to a mMathOi O ma_n_pfar!tprinfl a c3r'y DOMered preparation J 20
conprising fine particles with a particle dianeter
suitabléﬁgPﬁﬁh&ﬂiﬁnﬁﬁ&@y%ﬁﬁﬁﬂ?stPétPomﬁﬂ%ﬁ%ﬁﬁdBﬁﬁfiﬁéﬁar§ﬂFﬂP$Br
transpul nonary adm nistration) by _inhal ation, by_making a freeze-dried
Composi (5 B BT 48 HRAAUREIQR Fho¥ RALBonddtd  8Fmd F eS¥dediaift o i ne

25 tigles. Th facturing, pet hod be .i npl t ed 69 in th

22 Do e R THT SEANEII FEICY £20 B L RLPIEN S0 Idhe
det i jr i f.. S i_fi.,cal th t f f i the d

o et R AL B R EbEY prbl S PR AEIHL oS Mg e Oy

I mpa tlﬁ#gg aé‘af‘tricslp%@ %fbﬁih‘é"&“ afkseq eaér@?gg%%'d F oy, atﬁan at

| eas sec 10 the above-nent1oned non-po freeze-drie

COMpOSi 14 A afa ¢ Nl A | R HIGheBKa d NuBRIIONEIEE W abyf [ ceze-dried

conposition can be ma Iinto a dry 10 powdered preparation having a nmean

particle dianmejgs ofrig rﬁfgorﬁoﬁaelxe%nhﬁrl@ler&tw IrEREPAINMUnALHS O a
fine particle fraction of 10% or nore, preferably 20% or nore, nore

pr ef er abd §ma 2% £t ra®Hi®ON aAdcolridingote preferbbly 30%rdcbBid z ddebyet hod
of applying the air inpact to the 16 freeze-dried conposition is not
limted;badneyer ,cdhetdtave dent sardd drthgpbwlesaiihal efireézehlheirhednti on
is preferably used. It is preferable that the manufacturing nethod be inpl
enoidfed dgmpas itheinpnilsnn pulverizadhlEntp afding ngpahéicleo and
above-described air inpact to afreeze-dried conposition into the vessel

housi ng &1 Aehangadr fregesaid iidthadabdan POt Har algkod edrt td @ 4Et uri ng

the dry powdered Ere aratjon of the invention is characterized in that a
patient HFOnigEdi ¥§ 83 dAPFowder ed 25 preparation can prepare by

hi m hersel f th oqu%ed 70 preparati t the tJ é&gﬁl tion)
by maki ng the f?géze- ?ié%r¥od%%§ﬁﬁfbni8ﬁ8§§%d %ﬁ”%n35%%%€5§% 0 ?%2
par ti cl eéd{ﬁ‘ﬂf@t?a@qréﬂ CLEHAELE 8V alH @1 69 LhaNsRULERIF dd by
adm ni stration.

15 being constilituted such that sald freeze-drled
composition 1s pulverized into fine particles, such that
the mean particle diameter is 10 microns or less or the
fine particle fraction is 10% or more, and discharged from

aid 4inhalation port threocugh Jjetting air into said
20 vessel.

105. The dry powder inhaler for transpulmonary

administration according to item 101, wherein said air

jet flow path and said discharge flow path are formed in

a single needle part.

25 106. The dry powder inhaler for transpulmonary




5 The nethod of manufacturing a dry powdered preparation of the invention
enconpasses the specific enbodinents defined in the followng itens 401 to
424: 401. A nethod of manufactu ring a dry powdered preparation for
transpul nonary adm ni stration, 10 conprising: introducing air into a vessel
to apply to a freeze-dried conposition an air inpact having an air speed of
at least Infsec and an air flowrate of at least | 7m/sec using a device
capabl e of applying said air 15 i npact éc>the freeze-dried conposition in
the vessel, thereby nmaking said freeze-dried conposition into fine
particles having a nean particle dianeter of 10 mcrons or less or a fine
particle fraction of 10~ or nore; ~r,AfrAA~Ar~r-t P~ n~nr,~~i ti_,on

cont ai ni agma. sl sgr@tion. according to item 102, charactexmizRdePd an
active ingredient and having the follow ng properties: éi) has gﬁgog powder
cake- | i kbefigrgn (consititeteddi siswalyrattBati nd&@it o0 £TBeFHT9RbPE | and
25 (iii) becones fine particles having a nean 71 particle dianmeter, of 10
m crons epnMpesisdon fihe pRRdVvERLFedct L8t Df %kﬂ@orpﬁﬁﬁéqékﬁ 888 pt of
the air inpact. 402. The method of panufacturing a dry wder

pr epar at Hdaharegss puf BBRar \F Bk ni"-EIhraa?ﬁBﬁoﬁccé’rQﬁ g gﬁtréj“}qergm 28t
wherein the fine particles prepared have a nean particle dianeter of 5
nicréns dnhakatdony ¢fn&Ne¥$eFe fraction of 20% or nmore. 403. The net hod

of manufacturing _a df owder ed pr.epar ati.o t S I

admi ni strati onl&cor 8¥&ﬁ3 \%%Yt opf)?’@efﬁoﬁoﬁ',m\l/%jég%i nf??qe |§?%?73ﬁgr%ct)?grfyi ndex
of the freeze-dried conposition.is 0. o 4 Jhe vt h9daob

manuf act G%i"hjgngs&ﬁfnﬁg%eraec %’?%%glgaﬁ on O?H?Flgnzs'pu rr%nary admi ni st ryati on
according tq ite el the&hsi ntagrat i hiddexseleddw-deied
freeze-d%ﬁg' %onS%é?%T%%@?s In arange of 0.015 to 1.5. 405. The nethod of

manuf act Wyjmiso 8 141 i Vsl 85 @8l Biranss @ti 0pé Of 1 heapapdinabesy sdehnkb@rtat i on

according to 1tem 401, wherein the freeze-dried conpositioni ~ ~1,. ~J 17
~1 afg_r i mékh ¢drticae difdmet¥rilis 10 mildrGhsd or Mégslorithe 1. 1
itl1Vw-1lilvl~ca.i.a.wav... ~a

fineparticlefractionislﬁ%cn:more,anddischargedfrom
said inhalation port through inhalation of the user.
108. The dry powder inhaler for transpulmonary
administration according to item 102, wherein sald
15 suction flow path and said air introduction flow path are
formed in a single needle part.
109. The dry powder inhaler for transpulmonary
administration according to item 108 comprising:
a holder part for holding a vessel that 1s sealed
20 up with a stopper and houses a freeze-dried composition
in a non-powder cake-like form that will be made into fine
particles upon receiving an alr impact,
means for applying an air impact to sald freeze-
dried composition in said vessel, and sucking said

25 freeze-dried composition in a powder-form that has been



20 active ingredient. 406. The nethod of manufacturing a dry powdered
preparationfor transpul nonary adm nistration according to item 401, wherein
the freeze-dried conposition contains a high-nol ecul ar-wei ght drug such as
a protein, 25 a peptide or the like as the active ingredient. 72 407. The
met hod of manufacturing a dry powdered preparationfor transpul nonary

adm ni stration according to item 405, wherein the freeze-dried conposition
contains a synthetic | ow nol ecul ar-weight drug as the 5 active ingredient,
and at | east one selected fromthe group consistingof

am noaci ds, di peptides, tripeptides, and saccharides as a carrier. 408. The
nmet hod of manufacturing a dry powdered preparationfor transpul nonary,

adni ni st matdeont mtoofdinrey pldr t beileemba0 g havtek Bi hMpRE i Pé’e%ef?’a??‘eﬁaid
conposition contains a high-nol ecul ar-wei ght drug such as a protein, a
pepti de oreddelli ke as the active ingredient, and at | east one selected
fromthe group consisting of amno acids, dipeptides, tripeptide %pd
sacchari des asaane®dbe mart Wavintha sBEkdP HE IRMBE L#)?]Egs‘éc}g?'?
powder ed preparationfor transpul mnonary adm njsiration cordi tq.idem
407, Mes@kgtﬁéeﬁﬂ@z@raﬁi%@%%%fcﬂiodh OrHJEaft’éWeF iv-e-%égg"l 8&& n_m-l

e~nm ey. e.m- nhi- ~rmm aw the vvam y~.La= = ~ A

w~. VBrui @n ﬁ\#héd\FQ@d&&q:\/%niﬁ?g?@cﬁ’%ﬁp,‘Jf%ﬁof%?r%@?s% oﬂ:még é'((:iteeg ' om t he
group consi sting ,of hédro hobi ¢ am no aci ds, hydrophobi c di peptides, and
hydr ophoBitt @ r £ i WESS& the carrier. 410. The method of manufacturing a

dry powdered preparation faor tr u I bRl Sl i ace@edileth 25 to
item 408, wher & r?“l%éif)flegzoer-%rt?g%\?c%gn%@gr%&l%%%?giﬁlt%s a

hi gh- nmol ecul ar - wei,ghf -dr, u ein, a peptide or the like as the
active iﬁg#% iggﬁ#ga%g é#g}%agge?ﬁggsgéggfed fromthe group consisting of
hydr ophobi ¢ amnoya¢iads p ¥ Er Wb%ﬁidiiﬂ@tidﬂ:ﬂ, reowdsrhypdrmphbbi d¢he
tripeptides as the carrier. 411. The nethod of manufacturing a dry powdered
prepggat ippy £ar dipespYloNaEY sadnd metdatd graatcording to item 401,
wherein the freeze-dried conposition is a water-sol uble conposition., 10
412. The met hodh Ofio e asperangd.reg dpyrpotdieredhpepaPfGianl g part
transpul nonary adm ni stration according to item 401, beLnﬁ a nethodtof

maki ng t ot ecabedr | ediconpesiad bn st BeditheP¥ar £ PdGesPPH A8 e €881 © havi ng

a volunme of 0.2 to 50ml.
advancing the vessel towards a needle tip of sald needle

part to pierce the stopper of the vessel with sald needle
15 tip, and retreating the vessel from salid needle tip to
separate the stopper of the vessel from said needle tip,
and an operator that operates the mechanism part, and 1s

constituted such that said operating member can be

th

orc

(17

operated with a force smaller than the necessary

20 for the mechanism part to pierce the stopper of the vessel

with said needle part,

and a housing that supports saild needle part and is
for providing said suction port, said guide part and said

holder operating part,
25 and constituted such that, in a state in which said



15 413. The nethod of manufacturing a dry powdered preparation for
transpul nonary adm ni stration according to item 401, carried out by using a
devi ce havi ng neans capabl e of applying an air inpact having an air speed

of .~i-1n.-. .1-~m/ r. ~~a,moroar F| ~~~r w- nnf a
f'* ~PS Q'f' ~7T1'l ~~CP. f'! al icao 1. L. ul/ avv aasa aas aii
a. r.vin i W.ovvr., w r.vwa .. . ......., 20 to the freeze-dried

conposition in the vessel, and introdg ing air having the air inpact into
t he vessel housing the freeze-dried c ﬁpositi on. 414. The met hod of

manuf acturing a dry powdered preparation for transpul nonary adm ni stration
according 25 to item 401, carried out by using a device having neans 74
capabl e otoppdyi rigaan digen npptericad ndwrn saddspeskedhea paffe ofC1 to
300m sec and an air flowrate of at |least 17ml/sec to the freeze-dried
conposi t¢ommun thateessthe ansuchtosducEAgvai roadd ngaRBe afRei npdk¥ into
the vessel 6 housing the freeze-dried conposition. 415. The net hod_of
manuf actimtrg duelt § opofidened ajtepsr aaildhnped e Badpumddihthedmst<®r ati on
according to item 401, carried out by using a device, havi ng r&rear%ecapabl e
of appl P ahdayespedacn dhnosdd Ian dite SdafobheP Lt 4EEP UGSt and an
air flowrate of at |east 20nl/sec to . th freeze-cgried Cﬁg%ositiopwian t he
vess@l . Bhav patdurtngadd fRRe Y- Ard ed (COMPASL H49%  t RETOMIR T RBusi ng

the f -dri ed ition. 416. Th t hod, of facturi d
poﬁlde; gg%gg#i‘b%ﬁggwlgﬁ%ﬁl'rs%tq:reanggulannﬁﬁgs 'ag'?r?'%i 31%?2 Fg;a g{’:%grgt?ﬁ'ngi%o item

ot neORAG S o PHE sk of SR B 18, (R RETE: Prln TR Y Doy

i npact hab nair owrate 1n a

range of I -S&Cq < oty . b 4 G- roductidn flowpa®h,.. -~ T
~r .. aih,wﬁt%?l‘?."%%/ehf nangh thy 415 LIS PG ®
LiVITT pVe gL 1.

é{%%l%r]ﬂ'n& 146 VaGr7afdhpadd angoi Ntheduct ngeaier- dwvedg t he
air inpact into e vessel housing the freeze-dried conposition. 417. The

met hed ofofyud BEL B Non asal)d peseeedd preparation for transpul nonary
adm ni stration according to item 401, characterized by naking the

freeze-dri ed 2b10anpDhkt i dnyi npowlliene pahtadlodres it nd ndRsPLMNREY 75
i nhal er of item 101 or 102 shown in the section of (1) Dry powder i nhaler
as the dadindeidt8atihenneticeddingatof ddtemi hg9a edepgrigrrd al Ponf or
transpul nonary adm ni strati on accordi ngOS to item 417, characteri zgayby

maki ng thbafty eeadddrhedsdavgodFt ifEPALL ¥3 né JHRTLRES IRARE -t nB2
PR A G N S LTI, PN ORI
poi 14 8 RBEIoH 8 chaith St LPEngos 8 Shad cFh ey Sl g MR/
nnal o BEceat: &7 EREGIBYRINY T PARG BT, Batp pa e sencmondel
in said housing such that said needle tip points towards
said housing chamber, and an introduction port for
introducing outside air that communlcates with the air
20 introduction flow path of sald needle part is provided
in a wall of said housing,
and the dry powder inhaler is constituted such that
said holder part is advanced and retreated in the axilal

direction of said housing in said housing chamber using

25 said holder operating part.



15 powder inhaler, wherein the anmount of air jetted into said vessel each
time using the dry powder inhaler is 5 to 100mil. 420 The net hod of

manuf acturing a powdered .1...1 .~ ..... +. ~. . "r"~. ~l m~o~"
Anmrman' | QGtrati~n arnnrl ~i nrt pr Qoar Gl1. 1vi1l. 1Vt L i . uaao~ui . awaaas. vl
uva.Wi .~... ~- w20 to item4l7 , being a nethod of manufacturing a dry

powdered preparation in which the freeze-dried conposition is made into
fine particles using the dry powder ingpler of item 102 shown in the
section of ( 1) Dry powder inhaler, wherein the flowrate of air

i nhal ation fromthe inhalation port 25 using the dry powder inhaler is 5 to

300 L/ mn. 76 421. The nethod of manufacturing a dry govvdered reparation
for transpul noRdrly adkieni dr¥at PON A& oddiiRL 88 % 4@1 NEHHTS fa:

i et ol bl Bhes A b L SRAFSEL SRR 1 o
said ai r%ihrﬁ)a%%tajt%ht%s?‘f’gejzﬁ fcﬁ’r"gaa ‘gﬁﬂgs?giodﬁ 'ﬁgtrﬁ%f 3% é? ham I%e)r/ebg
R TR N A e

partlcle dira s or~a fine par ron of 10%

h eeze i quls 4 !_&pfa a I of active
i ngredl en%‘ 2 Ibhaw%ght lflﬂ ?H V\/lstr?g%il proper Iggg i% ?th-séjﬁéﬁgn Sgla
cake-1i kg ﬁqrd”féf'.)sallﬁs st $hAYAH AL £ 0B ol PR ¢ ntﬁaﬁ;amgec@moesééato 1.5,

and s W. ri-i [1a ~ri n~ G7

. L1116 t@g séyaV\ﬁO@Qiﬁgl’tn{é:iﬁ gb@ri;et@f gf h]_=|_Q1 crons or Iess or a fine
partlcle fraction of 10% or nore upon receipt o the air i npact. 422. The

met hod of manubad WHeE Py ¢ ywhewdehech 18 £pos aidwstiiau e anspohnoharty

adm ni stration according to item 421, wherein the disintegration index is
0.02 to 2aild holdé23opEnea tithigodaaft Merrifsect dmeghandrsm mmrjtar\ehich
preparationfor transpul nonary adm nistration according to item 421, wherein
the ¥l r sdsrancesl sl @Sonldes: pat Thwargishddhof nagddfeactipi g ah@ry
powdered 5 preparationfor transpul nonary adm ni stration according tq item
421, wheP&aflaePant (Voanr Hacld sliOndysRusBefodoier . tPS)’l‘ﬂsd‘?ls%EIlﬁonary

d trat thod 10 Th t t th
T anspul FOAY® Jrii SF P40 b REEROE RANEA S st A o PLtsse. BRF

t f f
Cr anspul ASHEY Sf%a%"%a@ﬁ“ﬁ%sg AP vhel” R EL S 13 64 B and
admi ni 5“8 ?Ldlﬁréxﬁgy%tlﬁgéfﬂi{oq{' S'r't“ ARPVELE of Qg W § hyblele
partlcles y i hhalat’i o ranspu ary adm ni stration nethod can be

carrjgd gt usbngJdiea ahave nq@lﬁﬁé‘rb@f déxiaomfi@éhaﬂmlnatg,@ﬂtsyst em f or
transpulm)nary adm ni stration of ... . ..+tvanni.r.mri of ran 1-f"f!~

~TPRRP~ ~! 1n11R1 T1Q thE Laic tat v caW Ivaa vvaulrr..i.r....~ ......
,., 20 freeze-dried conposition of the |nvent|on and
the dry powaar H‘nhalzer @f 1tlde compotiidiion

The freeze-dried composition of the present
invention is a composition that is prepared in a non-
20 powder dry form by filling solution containing a single
effective dose or a plurality of effective doses of a drug
into a vessel and then freeze-drying as 1s. It 1s
preferably a freeze-dried composition containing a
single effective dose of the drug. The non-powder-form

25 freeze-dried composition can be manufactured by the same



The transpul nonary adm ni strati on nethod of the invention enconpasses the
specific enbodi nents defined in the following itens 501 to 522: 25 501. A
transpul nonary adm ni strati on net hod 78 conprising: making a freeze-dried
conposition into fine particles having a nean particle dianeter of 10
mcrons or less or a fine particle fraction of 10% or nore by 5 applying an
air inpact having an air speed of at |east 1lmsec and an air flow rate of

at least 17ml/sec to the freeze-dried4 onposition at the time of use, and
adm nistering the resulting fine parti¢le powder to a user by inhal ation;

10 the freeze-dried conposition containing a single dose of an active
i ngredi ent and having the follow ng properties: (i) has a _non-powder
cake- | i kmeftdrodl &4&1p lasnweditdionalrmanys dgkexiso meusogdr WhRed £25 and (
iii ) beconmes fine particles having a nmean particle dianmeter of /10 m crons
or |ess ar frdéne-garied| prioparasios (HUe6EemtelafofAReFAtIA Lt he air
inpact. , i ~r7 a"i n+,.o0+tinn meth~ri 5UG . "1'11C Lid'IaYi%.~~iVVuciry
c:a-. a~Thucinasoam injection thatdsaddssp et F e sotMewREreFfi‘t he
freeze-dried conposition is housed in _a vessel, . a the fine parji be
powder aild mdvbchsind iawddi dé dohbied Ag mihdly ea‘BPué‘p% Iﬁé the air
i npact to the freeze-dried conposition in.the vessg% ng o]
di sctar gVeF 3 PES25PFe 8RS ALIRAME SAFRPEepERIBC T F%o rg&?’@%%i égd 79
conposition out of the vessel. 503..The trans Yy 248 Hd & fhb@n
met hod aé‘é‘l?r‘ﬂ'i’fﬂﬁ pd iat%ﬁfgﬁz j(n%%ﬁi%ieﬁ’ect h%r?lgig#% eg%ffat?@én@l ndex of the
freeze-dri qb ositikon i ) A d1 S0sRY JPHELY D
adninistwaﬁi ﬁaﬂgfﬁ%éiggbéiﬁﬁﬁggfgﬁfﬁ?%ﬁgggféa%erg?ﬁ the disintegration
i ndex of ;the freezendrisgd £90PASI1d P dRpbB1& FENISrebadddois 0.015
or more, the freeze-dried composition can be made into
10 fine particles down to a particle diameter suitable for
transpulmonary administration in an instant by receiving
an impact of external air (air impact, jet pressure)
introduced into (flowing into) the vessel.
Note that the disintegration index in the present
15 invention is a value characteristic of the freeze-driled
composition that can be obtained by measuring following
the undermentioned method.
<Disintegration index>
0.2 to 0.5m1l of a mixture containing target
20 components that will constitute the freeze-dried
composition 1s filled into a vessel having a trunk
diameter of 18mm or 23mm, and freeze-drying is carried
out. Next, 1.0ml of n-hexane is instilled gently down the

wall of the vessel onto the non-powder-form freeze-dried

25 composition obtained. Agitation is carried out for about



to 1.5. 505. The transpul nonary adm ni stration nmethod 10 according to item
502, wherein the air inpact of (iii) is generated by air having an air
speed of at |east 2m sec and an air flowrate of at |east 17ml/sec. 506.
The transpul nonary adm ni stration nmethod according to item 502, wherein the
air inpact of (iii) 15 is generated by air having an air speed in a range
of 1 to 300msec and an air flowrate of at |east 17nl/sec. 507. The
transpul monary administration method 48cording to item 502, wherein the air
impact of (iii) i5 c~ ~IWi'ctWC i)y aiL~ildviirg du dii SpcGU VI Ct
lGSt ILII/ 5vG 20 and an air flowrate of at |east 20ml/sec. 508. The
transw'ymgg APEE nh 3t Ratd PFpMAEt Bed aafad dihe haxthenre 508, puttedgitothe air
i npact (|i?é) I's generated by air having an air speed of at |east |nisec
and an aj iyl 1 &€ ot Bcaangetef 1dRgtseant anfibep seca R 509 w ikhieh
transpul nonary adm ni strati on net hod 80 according to item 502, wherein
the freeggmel,i esngommrsi tu@bichNtpi 1s meysthed cdrneddsltecly aptwed ght drug
as the active ingredient. 510. The transpul nonary adm ni strati on nethod 6
accor di ngeb@utemend?, wakeleiny theofr &mnir ied nnposi ti on contains a

hi gh- nol ecul ar-wei ght drug such as a protein, a peptide or. the |like as the
actiwe i speedirzophoibime Tae .t Mives puimbhdly vaokita shedt Lon ddstidd 18y
according to item 509, wherein the freeze-dried conposition (i ntajns a

synt het i thleowors leamcrn heivpi gty 8 the enpea§hpP KHPRAT; %é’n'iii%? | east
one selected fromthe group consisting of aning acid di peptd des,
tripeptitbe farezacdniedcdon®os alpperanfst _val-f'get Pgﬁs%jlﬂ?r%njarsy

adm ni strati on nmethod according to item 51%tl wherein the freeze-dried

conposi t 16f ieearss hai §h-sidteedratien ghPd6 g such as a protein, a

peptide or the like as the actjve Y- SR N i, ¥ - £RWN nol nwhorl
fromthe gr 178SFEiSayr20 .eﬁaéu.’#euﬁ% KF9. L8MEA .l.ilg}%lécv <ﬂl§/ EP%va. vu 20

consi sti of am.no i ds i j i Ligdese { bgesfas a
car flioer.Hgf&n%grtartgﬁésgﬁrr}gr?g{regtfaﬁiﬁniéftég??on net%g%gg??ﬁag?ng to item

511, wheg gl siife & 8R2E o ok IRPORT 45 0P 60ADBIES e YNONRIA © . 015,
| ow- nol ecul ar-wei ght 25 drug as the active ingredient , and at | east one

sel ect edp e £ BN NE. GRQUMELSS bl FWr &b Ly dr aphpbiye tamoveaci ds,
hydrophogic di peptides, and hydrophobic tripeptides as the carrier.
preferably 0.04, still more preferably 0.05. Especlally,
0.1 is preferable. Moreover, there 1s no particular
15 limitation on the upper limit of the disintegration index
of the freeze-dried composition of the invention, but an
example can be givenas 1.5, preferably 1, more preferably
0.9, yet more preferably 0.8, still more preferably 0.7.
The freeze-dried compositlion of the present invention
20 preferably has a disintegration index in a range
constituted froma lower limit and an upper limit selected
as appropriate from the above, with the proviso that the
disintegration index is at least 0.015. Specific examples

| of the range of the disintegration index are 0.015to 1.5,

25 0.02 to 1.0, 0.03 to 0.9, 0.04 to 0.8, 0.05 to 0.7 and



514. The transpul nonary adm nistration nethod 6 according to item 512,
wherein the freeze-dried conposition contains a high-nol ecul ar-wei ght drug
such as a protein, a peptide or the |ike as the active ingredient, and at

| east one selected fromthe group consisting of hydrophobic am no aci ds,
hydr ophobi ¢ 10 di pepti des ( and hydrophobic tripeptides as the carrier.
515. The transpul nonary adm ni stration nethod according to item 502,
wherein the freeze-dried conposition i, a water-sol uble conposition. 516.
The transpul nonary adm ni stration netﬁgd 15 according to item 502, being a
met hod of maeking into fine particles and adm nistering such that the fine
particles have a nean particle dianeter of 5 mcrons or less or a fine
particl egfnaaigd om.gf, 20% or nore. C1 ~l rt1l. d. ... .. .~1r7 ma W ~..
ai-a~r mcf- 1r7J1/ . 111e |.1d 11 pullllViidry uui.~ia.a.S ~. i W
.ivaa auva.aaworadvexpr ditng ¢ opredmrsi2]l eusionPrepagey Pogwder inhal er of
item 101 or 102 shown in the section of (1) Dry powder inhaler as the

devi ce. Bi8e zihedriansponpoart bemi afs the ipRe AeRfod BEeBEdidy 1B Rtem
517, using the dry powder inhaler of 25 item 109 shown in the _section of (
1) Dry pomdarowdbal erakes82 ike tfermeWk el reege Ay { Rns it nﬁﬁ&ry

adm ni stration method according to item 502 _ wherein theﬁ{r eze-dried
conpdsi t Poe SRt t havientbaPng OPePowder gty hfg’éeﬁzﬁo' rpﬁ er cake-like

f i h di si nt ti i ndex .i f 5 , d

|71 ) beeomRosha o MEARE hAAhe &L HANO AT B S et 8P PR orons.
I fi ticle f t 10 A | Vi [

“mpact  nvERRUE af f AHLdE BRYETARE Bi TR o sge R SA T U Bl

[ f_17ml/ 1 | ti [

iy powdBP A are Tt £ e R R BB P R e e %o

15 the f eodp} siEiof-58 fhRpyessel papd seanse ik dimsdakgi ng t he
resultiné%ﬁﬁ%g'%%ﬁ?ﬁ%ﬁngd%%é§£¥%rn1frgeze-dr?ed conposition out of the

VESSH] - dv @BsPELANAY L 1968 Fé S kealdopingt Ppdcess oxr rquriag +om 51
g ~%$LArE%ﬁH%E?%h R ~31_si_2?%aration i ndex uccv.Llba.a.aa~ ..... ....... 20

is 0.02 LQpsdqudak HAgALHAEPULAAAryakdniis stthllodnmthéedac®draing to
item 519, wherein the air speed is 1 to 250m sec. 522. The transpul nonary
admi ni st hatr Opowatchodt @5madans elz ng dumi ¢ d eaeBER s Whdpdi ER3E &St ¥18w rate
IS 83 20nl/sec to 10L/sec.
subject of the present invention, provided the effects
of the present invention are not impaired.
15 Asdescribedabove,thefreeze-driedcompositionof
the invention has a disintegration index of 0. 015 or more
and a non-powder cake-like form and becomes fine
particles having a mean particle diameter of 10 microns
or less or a fine particle fraction of 10% or morc upon
20 receipt of an air impact having an alr speed of at least
im/sec and an air flow rate of at least 17ml/sec.
.Apreferablefreeze-driedcompositionis such that,
upon receiving the above air impact, the mean particle

diameter becomes 10 microns or less and preferably 5

25 microns or less or a fine particle fraction of 10% or more,



( 6) Use of a freeze-dried conposition for transpul nonary adm ni stration
by inhalation 5 The present invention also provides use of a freeze-dried
conposition in a non-powder formfor the transpul nonary adm nistration by

i nhal ati on. The use enconpasses the specific enbodi nents defined in the
following itens 601 to 622: 10 601. Use of a freeze-dried conposition for
transpul nonary adm ni stration by inhalation, the freeze-dried conposition
containing a single dose of an active jéggredient and having the follow ng
properties: 15 (i) has a non-powder cake-like form ( ii) has a

di sintegration index of 0.015 or nore, and (iii) beconmes fine particles
having a nean m, .aa .,+.~n~F 1 nm Cnna nr_1 gc nrr'~f 1lne

particl ePFgferably a0# pwy mprgr. pere H.r\?fﬁrablYZ% FreaEmoReorSiddslor nore
upon recei pt of an air_ inpact having an air speed of at. |east | msec and an
alr f | oNIER cPEPLATRRAT SOk EeAOLM B@Pnf%%ﬂiﬂa']%rrﬁ‘i’ﬁ& into fine
particles hayin aid an particle dianeter or said fine particle fraction
. 25 602P¥ eﬁggﬁéf 3 ré@génﬁFPed conposition for 84 transpul nonary

adm ni stration_ according,.to.,item 601, wherein [he_freeze-dgi osition
i s housed in aA§%§@3??r thgPWﬁ@'bgPFigﬁ' %?gaﬁgﬂééﬁgggﬁﬁg'ﬁgcgce
conpry i B4 JEADS (GANAR! &G, APPLYLAT NG AL T 11 ANAM A L 0al e dTEEZG I i ed
conposition in the Vessel &id eans for i sc arging the resulting fine

parti ol ¢ JPUSIs £QRIS ESPAT RS FPIPSIL Uhalls OF diia diepecin/ 803 The

use of a ze-drie ositron rtranspul™nonary adm nistration

accor ding @ 4hemi602 1% WEel Bt e 0 §bBkew Ahi 9B ndex of the

freeze-dried conposition is 0.02 or nore. 604. The use of a freeze-dried
conposi tion foglyanspykbneramp 1§0E i’ aiiroNmpeaot dimgl t@ei 4RMBPActwher ei n
the disintegration index of the freeze-dried | b conposition is in a range
of 0.015gtemdrate@ShyTha uskr ohawifigeaespieiesti eBnmasidse onofromore,
transpul nonary adm ni stration according to item 602, wherein the
f r eel®- dpizsif evajpdsy Rinohs 8ccomesofenanore prefenably 5m/secgorimore -
~",otor n~F 7f1 mrrnnc ~fll~1.11ilC~.S-." 1101V 1111J. d lileGia put
|..i.vJ.and a @11l mpne preferably l0m/sec oy Bpreesdieffea thpee
particle fraction of 10% or nore upon receiving an_air j|npact ?av%n an air
S

speed of 1@ NedskmbrpddOmRP P ai4PPeEW taE O &P e &dst SERtFsel " 606.
e B R B A P O AR S T
preferably 200m/sec and yet more preferably 150m/sec. The

15 alr speed is not limited as long as 1t is arbitrary
selected from the range extending from a lower limit to
an upper limit; however, the ranges of 1 to 300m/sec, 1
to 250m/sec, 2 to 250m/sec, 5 to 250m/sec, 5 to 200m/sec,

10 to 200m/sec or 10 tc 150m/sec can be glven as examples.

20 Examples of the air impact include those generated
by alr having an air flow rate of generally 17ml/sec or
more, preferably 20ml/sec or more and more preferably
25ml/sec or more. There is no limitation on the upper

1imit of the air flow rate; however, the alr flow rate

25 is generally 900L/min, preferably 15L/sec, more



85 particles having a nean particle dianmeter of 10 mcrons or less or a
fine particle fraction of 10~ or nore upon receiving an air inpact having
an air speed in arange of 1 to 300msec and an air flow rate of at |east
17ml/sec. 5 607. The use of a freeze-dried conposition for transpul nonary
adm ni stration according to item 602, wherein the freeze-dried conposition
beconmes fine particles having a nean particle dianmeter of 10 microns or

| ess or a fine particle fraction of 1%3 or nore upon 10 receiving an air

i npact having an air speed of at |least™1lmsec and an air flow rate of at

| east 20ml/sec. 608. The use of a freeze-dried conposition for

transpul nonary adm ni stration according to item 602, wherein the

freeze- dpired ewapay tibnsbecones mome ISreferiadles Ahvis®F a nean particle
di aneter of 10 microns or less or a fine particle fraction of 10~ or nore
upon recEspewiahlyr 3hpsec Hovi ngran prefepadd &f MOoréast 1m sec and an
air flowrate in a range of 17nml/sec to , 15L/ ~CC3. 20 6Q9. The use of a
freeze- dspedt thirpasity onther aimnEbavmsdry h8nPRitsthdt1 bR4a&DH PR to
item 602, wherein the freeze-dried conposition bec s fine paﬁéicles

havi ng aasedt pes tselech efefEpMotthe Hapgfsetanding, foM & 1V bicle
fraction of 20~ or nore upaon 25 receiving an air ; ac%. uchaq;Qn Lhe use
of a & reddaik it adbHPRS ¥ ittt by ??ﬂﬁé’pﬁ%ﬁﬁﬁ%ﬁ@p 8F RFsTPS0 B 2cdor di ng

to item 602, wherein the freeze-g ied conBBSit'o cont Qﬂ§/ §Mnthetic
| | eBGHIRR] drmbif 8§ nbohERR SiPRAVSR SNt S arr 16 f
f?\é\;gg-gri eﬂ ?o I(;&Hlitti EIf g? trapsR! Isng)(gailg gciméléegtrqtdnpp/ggzolrjgng tg
iten1602? %gﬁ tHe ?ﬂéé?%zﬁrleg gbnp05|tion contfains a

highnnleégbﬁiéﬁgﬁﬁgitggﬂ%iiﬂ%ﬁ 28 ngfgggin, a peptide or the 10 li ke as

the acti e Usé of a freeze-dried conposition for
transpul nonary rad 'ﬂééiﬁtlieo,n BfEPE Al 89nbOophatrtam ddlarwiemditathen on

freeze-dried conpdsition contalins a synthetic | ow nol ecul ar-wei ght drug as
the ﬁ?ti%%e drug used in the present invention, provided it 1s
a drug that can be used as a powdered inhalation (powdered
inhalation for transpulmonary administration);
nevertheless, synthetic low-molecular-weight drugs and
high-molecular-welight drugs can be given as specific
15 examples. High-molecular-weight drugs include
physiologically active substances such as proteilns,
peptides or polypeptides, antibodiles, genes, nuclelc
acids, enzymes, hormones and the like.
Moreover, regarding the disease targeted by the drug,
20 both whole body treatment and local treatment can be
envisaged, depending on the case.
Examples of synthetic low-molecular-weight drugs
include, for example, hydrocortisone, prednisolone,

triamcinolone, dexamethasone, betamethasone,

25 beclometasone, flutilcasone, mometasone, budesonide,



15 ingredient , and at |east one selected fromthe group consisting of
am no acids, dipeptides, tripeptides, and saccharides as a carrier. 613.

The use of a freeze-dried conposition for ~~J ~J - L ~-1J~~alJdw
.4 w transpuilnonai~y 'CLAI111112:i t,t'~x |,IVil G:iiut u.tug w.i. wW
v J. J. , 20 wherein the freeze-dried conposition contains a

hi ghnol ecul ar-wei ght drug such as a protein, a peptide or the like as the
active ingredient, and at |east one sejgcted fromthe group consisting of
am no acids) dipeptides, tripeptides, and saccharides as a carrier. 26 614.
The use of a freeze-dried conposition for 87 transpul nonary

adm ni stration according to item 612, wherein the freeze-dries conposi tion
cont ai ns Sakputead k. | 5ALMA LRTPAn- I YRE LELRYL as RRRTEAARRELAG edi ent
and at | east one selected fromthe group 5 consi si%i n 3_&) _hg/dioghobi am no
aci ds, hPH&HAEHIIC T Bept PROMOLRILRGHr 5Fthl ¢ 37 p%%f:' FLCLECEREY A rier.
615. The use of a freeze-dried conposition for transpul nonary

admi ni st @4 i BAPEAT¥ 1Ry to item 613, wherein the freeze-dried conposition

tai hi gh10 | ar -wei ght_d h teln, i d th
PP Re ho t he noBRARPASRod b b LoanT Uas T (VRS BaRL ELT, aRarpe! C0 B0 1
as the actiWPniPediont, “ahf il e sérecteds
Py ar OonoB ST FRBGIY ot &n AeoBrard B Heplas SLreB R8s, |
composi ti.gn. { B o ANSPULIRIAT Vo GOTRN S S1 887 @5500Ab Bk IHEFMEALs

wherei n the Treéze-df | conposition 1s a water-soluble conposition. , _r
I A I W o | A7 AR G 1§ flevind BN A f / ~13C 1361 @ukhi &G ui .
iv..a vv~.rgéf‘:rLugj% 2 otf; a%é%“&?%%ha%@%f#nf%?a% ?(’)Flliag:%ordi ng to item 602,

using theg g5y gRWeRI1é Nhaheerafedk €M-101 20 31024 sheoywne | n7t he,sect il@n, of
(1) Dry powder inhaler as the device. 618. The use of a freeze-dried
conposi tijon, fps, t1gnspyl mpBaryeadoyni $8ratican ,aeear i pgterlideki@ta o 25
using the dry powder inhaler of item 109 shown in the 88 section of
(1) D1y pawietbords) etnaertlemakieni-de regiop toite doet oF lgukidde e gepdPr
conposition for transpul nonary adm nistration according to item 602,
wher ei n taTet Agesdes ti | da teonbeukiinord has CEeRE 951 | BRIty bR he&iet s

2 antibody, anti-interleukin-6 receptor antibody,
interleukin-4 antagonist, interleukin-6 antagonist,
anti-interleukin-8 antibody, chemokine receptor
15 antagonist, anti-interleukin-7 receptor, anti-
interleukin-7 antibody, anti-interleukin-5 antibody,
interleukin-5 receptor, anti-interleukin-9 antibody,
interleukin-9 receptor, anti—inferleukin-lo antibody,
interleukin-10 receptor, anti-interleukin-14 antibody,
20 interleukin-14 receptor, anti-interleukin-15 antibody,
interleukin-15 receptor, interleukin-18 receptor,
anti-interleukin-18 antibody, erithropoietin (EPO),
erithropoietin derivatives, granulocyte colony

stimulating factor (G-CSF), granulocyte macrophage

25 colony stimulating factor (GM-CSF), macrophage colony



(i) has a non-powder cake-like form ( ii ) has a disintegration index in a
range of 0 . 015 to 1.5, and (iii) becones fine particles having a nean 10
particle dianmeter of 10 mcrons or less or a fine particle fraction of 10~
or nore upon receipt of an air inpact having an air speed in a range of 1
to 300nm sec and an air flowrate in a range of 17ml/sec to 15L/sec, and the
fine particles are nade using a device conprising 15 neans capabl e of
applying the air inpact to the freezeyéﬁﬂ ed conposition in the vessel and
means for discharging the resulting fitie particle powder-formfreeze-dried
conposition out of the vessel. 620 , uhe use of a freeze-dried cvnpositi~m
i.i1 20 transpul nonary adm nistration according to item 619, wherein the

di si nt egsatiinoml atderg ifadk @2 (M- ASH) ,6@alcitomts ,ofinauflrdeezd-suddn
conposition in transpul nonary adm ni stration according to item 619, wherein
the air deeddvatives (hDaPgec, NGvER2pithe HQE6fl .a NN edfd-.dreted. ) .
conposition in 89 transpul nonary adm nistration according to item 619,
wherei n LRs Wl introw ¥ai elnswbhnrddka IrowtdefackPrusg bRCAIAReze- dr i ed
conposition for manufacture 5 of a dry powdered preparation for

t ranspul FofR Yo adMtHnst 2B @ dYePRhdRRFORTFUMIRPRELS St hedPesent

i nvention provides use of a freeze-dried co ositiogoin a non- powder form

for PanufBALRESotReRYLpo iYL pr {IHRER| §F YR 18OEMARDul monary
adm ni stratio i nhal ati on. The. use encoppasses th ecific enbodi ments
defi ned :Htt%:gng%lhncﬂmﬁﬁﬁrf“%‘& TBleas 3. Do PORRe %Piﬁ‘f‘?i%ze-dri ed
Cranspul Aoyt abing SEoRBRAE opof A T kAL TELEReTha chabionei 1 on
VL g | BRI EEAGHNR PRORRLH S, ohltb (1Y Sl RARYTEEAAE EER A ) S
utiiia ~prfldVek ht¥ea grAPtAN¢®actor, keratinocyte growth
10 factor, epidermal growth factor, fibroblast growth
factor, brain-derived neurotrophic factor, ciliary
neurotrophic factor, tumor necrosis factor (TNF), TNF
receptor, TNF inhibitor, transforming growth factor
(TGF), hepatocyte growth factor (HGF), nerve growth
15 factor (NGF), blood stem cell growth factor, platelet
growth simulator, naturiuretic peptide, blood
coagulation factor, blood hepatocyte growth factor
(S-CSF), FLT3 ligand, anti-platelet aggregation
inhibiting monoclonal antibody, tilissue plasminogen
20 activator and derivatives thereof, superoxide dismutase,
antisense drugs, immunosuppression agents (for example,
cyclosporin, tacrolimus hydrate, etc.) cancer repressor
gene p53, cystic fibrosis transmembrane conductance
regulator (CFTR) gene, a-1 antitrypsin, thrombopoletin

256 (TPO), metastatin, deoxyribonuclease (Dnase), prolactin,



(iii) beconmes fine particles having a nean particle dianeter of 10 m crons
or less or a fine particle fraction of 10% or nore upon receipt of an air

i npact having an air speed of at |east 1nisec and an air flow 25 rate of at
| east 17ml/ sec, 90 and being used by formng into fine particles having
said nean particle dianmeter or said fine particle fraction at the tine of
use. 702. The use of a freeze-dried conposition for 5 manufacture of a dry
powder ed preparation for transpul nonarygadm nistration according to item
701, wherein the disintegration index of the freeze-dried conposition is
0.02 or nore. 703. The use of a freeze-dried conposition for 10 manufacture

of a dry powdered preparation for transpul npnary adm,nj ation according
to item'ﬂﬂ!tﬁﬁéﬂdr¢?¥€°&Qﬁ%?e§ﬁ%qQﬁ£Pﬁg&P oPﬁeqﬂé&ie-dried

iti i i f Q.015 1.5, 704. T -dri ed
R CRERNYE IR A N o L MR TR
t | dm ni strat,i di it i
NP et {0 LSS O 00l Rl AR L R e
o amet e G dOq BB (phFavirds gohines, defarte yacedE gifa

5- Tub&Bchaey Ph 9%65&?-% isTRACt gBayidiy 20, @i r speed of at |east

éﬁiéec and an air owrate o t least 17nl/sec. 705. The use of a

freeze-dried COROSI{ i OReERN AN ECI HER ed 1 H5Y cRAMBRY &k $d epabale on for
transpul nonary adm nistration according to item 701, 25 wherein the

freeze- diged ¢ONPESnbr@N Rt B@sufbfein Sbmariachiesn .hao g Bhakathmmrticle
di aneter of 10 microns or less or a fine particle fraction of 10% or nore
upon receigtiehisapeptitiBRacibdagi agcampas sspachral ap pdyge pt idetso

300m sec and an air flowrate of at |east 17ml/sec. 6 706. The use of a

fr eeze- drgeatle c masn b L nanftorp ohgpfeact Ld esof chemycpdider ednghepat a€idon f or
transpul nonary adm ni stration according to item 701, wherein the

freetk@- drecetypempidsie soanskcoPednf.i ne particles having a nean particle

di aneter of 10 microns 10 or less or a fine particle fraction of 10% or
nore upon receilfe of T88 %8 1AT ABSCICHBRPAG %ijséiﬁiBF%iquast 1m sec

d ir fl t f at | t 20/ 707., Th -dried
Composi { AN SBEAh MAEL APIIR Bebr hAEH K AL IEaY (o oRES EE ¢
composi et 8 DAELES preper at i
{1 ooze- driBATL BRpottb; B hORBRAL G et REFETE o Raviosn & RERTLomed, o

di anet er i ryl . O i tyi i RAvOb el Q%0 @ nor e
upon 1 ecd br B UEEEToR 133k Ol f & 4161 BABLLLIL B! ARvOb el M,

1m sgg and, an fithd LAY d 8ieubing hadgereb lInldsas tiord 3ld sae ac@dvdhe use
of a freeze-dried conposition for manufacture of a dry powdered preparation

for transpugredren agnihiextd adennac el hgutlar teimIGat Ponahemeithe he
freeze-dried conposition becones fine 92 particles having a nmean particle
di amet er tofp6& ahdrameowrt IeBstlve @afirdemparsedl esérkergondsoth2ofigrahore

upon receipt of an air inpact. .
freeze-dried composition prepared by mixing with the

active ingredient satisfies the above-mentioned
20 disintegration index, and the effects of the present
invention (making into a fine particle) attained.
Specific examples of the carrier include
hydrophobic amino acids such as valine, leucine,
isoleucine and phenylalanine, and salts and amides

25 thereof;hydrophilicaminoacids:nnﬂlasglycine,proline,



709. The use of a freeze-dried conposition for 5 manufacture of a dry
powder ed preparation for transpul nonary adm nistration according to item
701, wherein the freeze-dried conposition contains a synthetic

| ow- nol ecul ar-wei ght drug as an active ingredient. 10 710. The use of a
freeze-dried conposition for manufacture of a dry powdered preparation for
transpul nonary adm nistration according to item 701, wherein the
freeze-dried conposition contains a hiﬂhnolecular-meight drug such as a
protein, a peptide or the 15 |ike as aN active ingredient. 711. The use of
a freeze-dried conposition for manufacture of a dry powdered preparation
for transpul nonary adm nistration according to item 709, whG | ~rin thv
freeze- ~gn A LRENNTH oA morind g wt am2e apidheansd sad-twlagvdiamldeEght
drug as the active ingredient, and at | east one selected fromthe group
consi sti ggedfe @t Nadecacivat idigepofdesing i pepdisdesandndinerhddefes as a
carrier. 712. The use of a freeze-dried conposition for 25 manufacture of a
dry powderdcphepepdest ion the 1196 thavdmd nowar 9 radA i@ sPEattitth 38B6r di ng
to item 710, wherein the freeze-dried conposition contains a ,

hi ghnol eonleaprwdilgiftetient enels af thprabevs-mepedendd 412 4%85as the
active ingredient, and at | east one selected 5 fr t he grou consi.sting of
ani nd achosl Qﬁbéﬁﬂdﬁ%,am#ﬂ&ﬁnﬂ%@§?°§ndQ%ﬁcﬂgagﬁ%sas 2% ?i%?9%713

The use of a freeze-dried conposition for nuf act ur.e y ered
prepar at BHPT®F PFafHSuIND P Y CaldMthila r‘bﬁggngﬁcggﬂm%'ggggoﬂ{ 'er#g%,' 10
wherein the freeze-dried, conpasition_cqntai i

| ow nol e€XERPhesgRt FaYtEs C’tﬁ?letlé%t F{?g‘r’iongérg:(‘ilae%%é?%tggel eians?lgr?g

selected fromth roup consi.stin phobi 10, &ACH by diaphobi c
di pepti déﬁl%ﬁdwﬁ§%‘r c?p'ﬁo%i?gatlrji p%p?lgge?ﬁgfsr?t g %g’rdﬁrﬂe[?.o%gp%%f The use of

a freeze dricd corposild am .o ABRUAASLULE Af caléYuBgWdsieh gl epaial i on

for tran?&h@ﬁbnary admnistration according to item 712, wherein the

freegg-dy 0 | td IS @did. suich ds iphospharicaaetdnor ~~n, | ~
3~ ,g(f ’\‘F'aﬁl?%lg_ﬂﬁg%r §a{{r)@tr?|89trg%3 aatgii-i W. LCVU. ~p. ur='aiG~..J.asv u...u~ a
t..r . hydrobhlorfc@dcid®d akcoaganic actiid suatyasdsBAf omhd &¢lfieast
one sel ected fromthe group consisting of hydrophobic am no acids,

hydr ophokiires Te pepiamtieSe sard haxl delsobime L nideedi 1 Hewcdqne hamd&rq i er. 715

The use of a freeze-dried conposition for 25 manufacture of a dry powdered
pr epar at ingndfochlddideanspul nonary adm ni stration according to item 701,
wherein the freeze-dried conposition is a water-soluble co fsitio .. 716.
The use of a f Meazeeodeired asoryobh e éﬁiﬁopﬁl%nﬁhé&tﬁrﬂe"o‘faﬁg BPyafngjer ed

reparation for transpul monary adm nistration_according.tq i
\R/nelrolﬁ n t4fn nB&n usH4 P?:Pea(ﬁ ‘f%’rfrg'ﬁrt‘he ??W@ipeasrt?:f:l gémg-f %ﬁghélgv]r\b%red

reparation for transpul nopary adm ni styati j L.Gr{0N t he
P e par 108 L pCris | hras At { abLp it e ShE hdhobeIaR L]

or epar at IURT SR T HEE Uy AR e e M 5 Tem 701,
wherein the freezq; dri ad LUPLRI hisOylichodsedlisa@charides such as
saccharose, maltose, lactose and trehalose; sugar
20 alcohols such as mannitol; oligosaccharides such as
cyclodextrin; polysaccharides such as dextran 40 and
pullulan; polyhydric alcohols such as polyethylene

glycol;andfattyacidsodiumsaltssuchassodiumcaprate.

One of these carriers may be used alone, oOr two or more

25 may be used in combination.



16 vessel, and the fine particles are prepared by using a device conprising
nmeans for applying a prescribed air inpact to the freeze-dried conposition

housed in the vessel and nmeans for discharging the resulting fine +.., ~ a
I F~ ..~ .,~~_.a,-~iyi nn)mngi ti nn nyh of thg pc~r v..~.v~.cC
pv'vvucr i.viwii vva.v ~~. . ~.~t. ~ ~ ..- r 20 vessel. 718. The use

of a freeze-dried conp05|t|on for manuf acture of a dry powdered preparation
for transpul nonary admnistration of igem 717 , using the dry powder

i nhal er according to item 101 or 102 shown in the 25 section of (1) Dry
powder inhal er as the device. 95 719. The use of a freeze-dried
conposition for manufacture of a dry powdered epargtlon

t r anspul nonar yO&dthei abpxte 64 rader 8 Pe6Lf %Fn‘b’ggﬁrﬁ?ﬁr&V\Uer

i nhal er of item 109 shown in the 5 section of‘él% % %pmﬁgr |n e%r as the
devi ce. Imtﬁﬂéeﬁéegﬁréq#%e%%ro‘??égv itROEe b VAT O &R a dry

wd d t f t d t
oL et M T HeLPRéaE. ﬁﬁ.t@{ja@a%pig.n?qa%ﬁi ?uﬁagetlﬁihﬁq%fg%ﬁ%rg BB er i es:
h k h t d

§$)ngea3f e 5N 188 Tand Fupthl, teddabe L E e R O e
Dot © e fp AT RE, Anf SR2R Qhd 8RR d¥s 314 PEORA hidfobhaslion o

10~ o P Virng"an" & T fipact having an air spéed in a range of

1to 300'8’ 59688%&%%‘ Shbn! bR Sy L0V ANge SbubhllpReriyL dBhbse 0

00 ~ ~F a art nnmnal T1 nn fni™ ... ... ~~ . ..., . ......

-------- 20 "PYyhauid fe 9 ot davFi@EOB I IBPar ation for
transpulnnnare nlstratlon according to item 720, wherein the

di si nt egrati g8 s § U102 k01buby V22euBel Ubeuefie f andzc-aucpd -
conposi tion or manuf acture of a powdered preparation for transpul nonary 25

adm ni st naih 8912691 ghag AgdiemoR8, ofheheisre ey die us©8 spede i LU to
250m sec. 723. The use of a freeze-dried conposition for manufacture of a
powdeg ed tieparatmane f mayt raaspsledontn ycadbiinatiani-on according to item
720, wherein the air 5 flowrate is 20nl/sec to 10L/sec. Followng is a
detai | ed descriTiténa ofre Heoppagdikcudarnierlbatiqns n@n Xl es; however,

ML SNSRI R R oy IR L T G
Conpomtlfwtgfgﬁzefggu¥éc EE dﬁcé$fogr% 6“ 'H%@Ef?ﬂefﬁggthe
examples of the content are 20mg or less, preferably 10mg
15 or less, more preferably 5mg or less, yet more preferably
2mg or less, particularly preferably lmg or less.
Moreover, there are no particular limitations on the
mixing proportion of the carrier(s), provided the final
freeze-dried composition satisfies the above-mentioned
20 disintegration index; nevertheless, as a guideline, per
100wt% of the freeze-dried compositilon, the range is
generally from 0.1 to less than 100wt%, preferably from
1 to less than 100wt%, more preferably from 10 to less

than 100wt#%, particularly'preferably'fron120 to less than

25 lo0wt%.



15 fine particle fraction (~), which is an indicator for evaluating the
delivery into the lungs of the dry powdered preparation produced, were
calculated in accordance with the following nmethods. i/'~7 7 .1. J F r7i |
fnn,~~i-a nn inr~ovl y.a.Li:u.i.cmvia of u.i.~iaw-.LU. ..~vaa aa...... ~ 20
1.0mL of n-hexane is instilled gently down the wall of the vessel into the
prepared non-powder-formfreeze-dried conposition (freeze-dried cake), and
agitation is carried out for about 10 conds at 3000rpm using an Automatic
Lab-M xer NS-8 (made by Pasolina) . THe 25 mixture obtained is put into a
W cell (made by Shimadzu 97 GLC Center) of optical path length | nm and
optical path width Omm and then the turbidity of the mxture is neasured
i medi at el y at Na teeashaenentn waddlidrigpm 60 3dohnabeovier BeBbd@m&phot onet er
(UV-240, nmade by Shinmadzu 5 Corporation). The val ue obtai ned by dividing

t he turbictintyonbhdismedtbe tire ¢ sealdrigdurampss hkdom 1'(h?ﬁe1r‘5>c/>t“al‘llearmunt
(weight) of the active ingredient and the carrieé% IS tg@fn ﬂaithe
di si nt egsath bacitnadx thacpeasanitod roreREAomaay Aaver Bdfigh-tA9r R fessel

filled with the prepared non-powder-formifreeze-drie onppsi ti N

i nst al | evamt oushadddyt ijmBlert 9 RIf¥K aPP L1enfogss ﬁagtj‘r?efjﬁgf}lgcgﬁs ?)?g%é’fel bed

Thus Br odiuastend & Sk ar tBc e REGAT, NI SETREb RS AOTASCE T o 2 nger -
us Ppro r | a twni nger:

made by Copley, UK) as nentjon in _the Eu P i i

i 1 on SapIAkEHY o280 Ga8nEls) AtieE ATRERY (Y BNRIRFeRtS

and stage . 2 of e apparatus, are ,res i vely. b LGCHCA, +Hisa uvti'vce

i isgrvdi \fdm?/vﬁcrttfly,qi S\Pgrie_ii_egi,(_sf): pg)g&go%vtein(%/]ylur}%t kﬁs?ggewléﬂféét age 2

i s assayed_ usi ropri t i ogdancet Bigira € hént Y pa it

active ?ﬁﬁﬁ% %§%¥?ﬂﬂg¥gegpfbg§§?g§iEﬁgggﬂ%ggﬁtﬁgh, fggbexanplg ghbioassay

met hod ory HR 6, d Y1 te 10f e bHGAS £EE hal pre¥at MnRent,1olb awg
562- 569 €f§§§§§£§§3§¥%e report of 25 lida et al. (Yakugaku Zasshi, 119 ( 10

) f§2'§ﬁ?t(1$?%%:)ed.-For%x’éh@ﬁéacthenfrb@tz@adrhecbmpeaimm
delivered into the lungs is that in stage 2 (the aerodynam c di aneter of

pmﬁicleﬁéycewmfﬁhhnhHMémfBamumnnlbu&inAAhngrg&EtG)SF%W@rpromNtion
of the active ingredient that reaches 5 stage 2 and is recovered herE is
gener al | \swaFbed diest,i baffmtingeapeacdts Ndt$R Aouht WiAS AT DL
expected to reach the lungs), and is taken as a é%rd tick for evahgg%ing
the suitabirfarctants camab® iwsedor reGRRPLE ANty ¥ ReL FRE%R 90 1n

the EX&nﬁfio??Lcggg%ggégﬁtgfmgggfogwgﬂgég gy%ants or nonionic

15 surfactants, provided that they are surfactants that are
generally used in medicines. Preferable examples are
nonionic surfactants such as sorbitan trioleate and
polyoxyethylene sorbitan fatty acid esters (for example
Tween type surfactants).

20 The freeze-dried composition for use in the
invention encompasses the specific embodiments defined
in the following items 201 to 220:

201..Afreeze-driedcompositionfor“transpulmonary
administration having the followlng propertiles:

25 (i) has a non-powder cake-like form,



the active ingredients contained in stage 1 and stage 2 were quantitated,
and the wei ght anmount of the active ingredient in stage 2 was divided by
the total weight amount of the active ingredients jetted out (the total 16
wei ght anmount of the active ingredients contained in stage 1 and stage 2:
hereinafter also referred to as "Stage 1 + Stage 2") to calculate fine
particles fraction. Mreover, as a rule in the European Pharnmacopoei a, when

u~iiic~~1.1ic3 ~v~7iii ini~iiycL~ ( Eiddc uy C-~picy , uiv ) , i t ia 20
stipulated that suction is carried out“at an air suction f lowrate of 60
L/'mn, i.e. 1 L/sec, and hence in the exanpl es and conparative exanpl es

below this was foll owed. Enbodinent 1 Dry powder inhaler (jet type 1) 25 A
description of (an)etlendiaredi sah tdgrattonypgendeyx oD pdhlepri MRFer used
in the present invention will now be given using Fig. 1. The dry powder

i nhal er amdan air jet type apparatus for breaking down into fine particles
and delivering into the lungs a unit or a plurality of doses 5 of a

non- powder - f or (il Lidebechmed £hnpoRAritdeendiaedng ai ne WoPeHhbF18 vessel
1) and conprises a needle 5 that has an air jet flow path 3 _and a, di scharge
fl ow pat@iametreniof i1 A HRREPT7L@AEIORA TP ¢ ARTBAC 65AC%L8Rd i s
attached to a base end of the needle part 5, a,tuhular 10 safet% gquer 8

t hat BsureBudds® (PE ROXR A1PaRt TP CREP L OF it i_1Fhe MRAS | BRViG aP
ressure-feeding neans 9. The air essur e-f eedin j ughl

gper at edaa&d ScRﬁgr?)?i ods &t tJLFoﬁF"’gr 1@%%%a88d9%& F?ﬁ?’a%é%%r 1§lt d

equi pped_wi th an_i ntake valve 11, and a 15 di scharge port 14 equipped with

a discha?&ésﬁélS%mgﬁa%?%'provided in the bellows body 10. The discharge
ort 14 is att ed a i t dtef the

A 300 5 Be" FRUNEL B9 ' bR G TR Y Wepotaengniy NS

air j et flow needl e %art Y, . oo

-l a Rz a0l Wi % ation! inddx!l bkl dJodloxr V CL
L e 2 iOgbah thE Ripfatobratin wrdex K dJ02jok VO
] 20/ C@gggp§sive force to the bellows body 10 and thus contracting the
bel l'ows body 10 in a state in which the intake valve 11 is closed, the

di scharge val ve ¢h3 i ghepefed e pdddailed n cldwep bl kdwn bedycaodiadi $&har ged
into the vessel 1 fromthe discharge port 14 via the air jet flow 25 path
3. Wien fthemozplessiherébncelies diébdasapratiome 1nded dishdt- AhRd .t he
bel |l ows body 10 expands due to the elastic restoring force of the bell ows
body 10, larkd. in a state in which the discharge valve 13 is closed, the

ntake valve 13 oPeNS e 8T Lol A 1Ed “BERTo TR S SELLRL PN SC -

15 item 201, becoming £ine particles having a mean particle
diameter of 10 microns or less or a fine particle fraction
of 10% or more upon receipt of an air impact having an
air speed of at least 2m/sec and an alr flow rate of at
least 17ml/sec.

20 205. The freeze-dried composition according to
item 201, becoming fine particles having a mean particle
diameter of 10 microns or less or a fine particle fraction
of 10% or more upon receiving an air impact having an air

speed in a range of 1 to 300m/sec and an alr flow rate

25 of at least 17ml/sec.



5 When using the dry powder inhaler, as shown in Fig. 1, the vessel 1 is
inserted into the tubular safety cover 8 , and a stopper |la of the vessel 1
is pierced by the needle part 5, thus conmunicating the air jet flow path 3
and the discharge flow path 4 with the inside of the vessel 10 1. In this
state, if the bellows body 10 of the air pressure-feeding neans 9 is
contracted to discharge air fromthe discharge port 14, then this air
passes through the air jet flow path 354and is jetted out fromthe tip of
the needle part 5 towards the freeze-dried conposition 15 2 in the vessel,
and due to the resulting air inpact the freeze-dried conposition 2 becones
fine particles , which then pass through the dii%gghge flow Rpath 4tof t he
needl e part 5 29f ar 8@ sEFGER ArdAeE h& IPRAF A p&qc%rgﬂq% LS

| L111 N 4047 ngepniing eing phmrtotes MAvidd e Hartiere |
Larti ol cdine Be pens b nir R ot DR B F LR ar i FUNa LRI 10
the Povest Shofook md g HRiH LRbc 8 n o £ ARSI BRSNS IEVLRG! atPe N
T boeAt ) SBBE Y Sk oR8Gat M/ padl At M Ge B0 EIDPIrAREDAGL SuCh
vosael 5 e B ol BB 1S Se L oy o (e a1 et O o bat b

about |.2mm ang{heriye friapetan)ied tdemposatarge faosopdimg abmut
| .8mm Note, however, that there is no limtation to this . The preferable

range forit#dye PoLesbelcdmengi £ihet phlri dDepahbvA regch eanlipahidgd € | ow
path 4 varies according to the size of the vessel and so on. These bores
can be sdliohedeasodppoopiicaten $ ramle gsrge aof 10.e3pas i Dede Hracddany 0.3
to 7mm nore preferably 0.5 to 5mm
10 of 10% or more upon receiving an air impact having an air
speed of at least lm/sec and an air flow rate in a range
of 17ml/sec to 1l5L/sec.

208. The freeze-drlied composition according to

item 201, becoming fine particles having a mean particle
15 diameter of 5 microns or less or a fine particle fraction
of 20% or more upon receiving an ailr impact.

209. The freeze-dried composition according to
item 201, containing a synthetic low-molecular-welght
drug as an active ingredilent.

20 210. The freeze-dried composition according to
item 201, containing a high-molecular-weight drug such
as a protein, a peptide or the like as an active
ingredient.

211. The freeze-dried composition according to

25 item 209, containing a synthetic low-molecular-weight




Mor eover, regarding the air pressure-feeding neans 15 9, the discharge
anount of fine particles required for adm nistration by inhalation can be
adj usted by adjusting the speed of conpression of the bell ows body 10.

Adj ustnent can al so be carried out by 'such air jet such .~ L Lr_r .~ LT
~) .. .i .... .C.7ai-a,~7ar. 1~r ~lrcnd~~~T 1. 11CL1.
IT1TV.S. " 1. V1 1.11C 11CGCre-1111GLi irVilt~IV~lInlVIi La iG/ N VWvaa 20
into fine particles. ]~nbodinent2Dry er inhaler (self-inhaling type 1)

A description of an enbodi nent (first enbodinment) of the self-inhaling type
dry powder inhaler used in the 25 present invention will now be given using
Fig. 2. The dry 102 powder inhaler shown in Fig. 2 conprises a needle
part 5 hdwiug as sihe i antiveviggredbeatd andiatikeasguenicosgleatpskh 17,
a tubular safety cover 8, and an air intake nmenber 19 that has an

i nhal at i §¥qsor thes areuBowans tatda s of t PR saedidsy fedreREhde6. The
air intake nenber 19 is connected tqQ the base end of the suction flow path
16 of th&TiRPEifes. sandh&ReRRAG LIRS dR§ FoiRFTLAKal er, as shown in

Fig. 2, h | 1 . q i o bo f show |
Sltgpper Itaeo:‘/etgﬁ?@ 've'EIE‘EI | %ii%getﬁeﬁéégég%y%%%%g%ﬁi%g%q?gﬁag g, and an

rla & Ereeifett Gt | i

17 w Lci%'feer}ﬁR%?ﬁes?ﬁ%triﬁ%ie&?ée%atf?i%ﬁ-?ﬁ."lé%?é?éf*%#%ﬁ%ﬁ%@é’i RS Ton
. i i 80 |

Phe: i nnaPt i Bn BOPE ool i ( RERGHEeot GHE NS 'Eng WO ESEAYS (T

out si de %rgr’;%‘?] r(I)Iia_nt 0 tie %[@sgeela# i leLhg b eRAVE @t f%tcﬂﬁg?;lhieveg,lg-E>§1§)-3t1-rei

fromtheai Uctron f1ow pat At this tine, er ~ .. t

.a a ~ @ons{sfind o® amifo aBildd faip&plildes, 'tripeptides,Pafid 1 GC
co. a comslsting I Ao a8 iel Jadp oD e, B Soah the air

i npact aglHddwhopildess fageae-diredeeqnposition 2, and the fine particles
produced are delivered into the user's (patient's) lungs fromthe

i nhal@ti on por 2118, virhe h€ reecté odrilledy pampd$ltNomeowsrgondtimg hito dry

powder inhaler) setting is 25 carried out such that nost of the

freeze- dditesn 2103 cooptiltnbmg2ai symthettd 1pWeMmkeFuled wwaigibschar ged

fromthe inhalation port 18 through one inhalation of the user é gati ent )
It is dond s cthehactdive dingreddendt e Mok 1ARETaOMGh A1 eRE atker

(patient) is 5to 300 L/mn, 5 preferably 10 to ﬁo% L/m'nEL nor e %rsleferably

10 to 10619Wi khep HTPRE & FhSbA heL LePYITRRPPRS G DRGSR, PFhES

i nhal er of the present_jnvention is di.f | oplkate. cqrgance

wth tneBAETPBEBE bt PRES 170t nooDoer Y BhrPRsHF PRy Bt falRCA TR

the ng F%(f-lllvt\éjetl;arrier.

214. The freeze-dried composition according to
item 212, characterlzed by containing a high-
molecular-weight drug such as a protein, a peptide or the
like as the active ingredient, and at least one sclccted

20 from the group consisting of hydrophobic amino acids,
hydrophobic dipeptides, and hydrophobic tripeptides as
the carrier.

215. The freeze-dried composition according to

item 201, being a water-soluble composition.

256 216. The freeze-drlied composition according to




10 inhaler shown in Fig. 2, in accordance with the respiratory ability of
the user (patient) in question, the volunme of the vessel has been set to
about 10nl, and the bores of the air introduction flow path 17 and the
suction flow path 16 to about |I.5mm As a result, the 16 settings are such
that the freeze-dried conposition 2 is nade into fine particles and

di scharged fromthe inhalation port 18 with virtually none | eft behind
through one inhal ation of the user (pggient). ns. .a.e.a_o0r~....
.a..~.. alal ~.. [/ ~a~f_i nhal T nn tTTII A /JI1lUV~11111G11L J LI~
pVWL1GL iiaiaaivi \uvii ~~ jt' 20 2 ) A description of an enbodi ment (
second enbodi nent ) of the self-inhaling type dry povxdfer i nhal er_.used in
the presepémi ngértj orconthimir@e ai vEANGBE9g #PFE 30TheP Br y2FSAET

i nhal er shown in Fig. 3 is the same as the bet type 25 dry powder i nhaler
shown iniikggediesth the bel | ows body 104 10 used for pressure-feeding

air renoved fromthe connecting port 15. The di,sscharge 4, of the
jet type dry powlier ']Th#lalfe‘Fe%F%Fiddfi‘i&co??'ggﬁ(?r‘?tsltsf$8 aaéég iﬁﬂgl oi\:/vgpath

16, the air jet flow path 3 to_an air _intr i o 17 nd the
ai r intakeelenbePl7 haRPAF S heli ntéf%??&ﬁdglgirjg% {boé%ébgﬁrtp?él?akefongnber 19

havi ng an inhal ati on port 18. e i th ol Nhald Nor b YRS wH Y gpowder
i nhaPer tRagg@t}iBARATE Y Iﬂi\é\g‘ism%g{érmgrﬁ hglésgir'régas with the dry 10 powder
inhal er shown in Fig. 2. Through the inhalation pressure of the user
(patient3TORET5HeFRe vessel 1 is sucked in fromthe inhalation port 18 via
the suction w,pat h. 18, angl, plietthe SREE 1K ot de air flows into the
vessel 1, vvh{JcE h;%aéno%v gtonartgoegaﬁEve pressure, fromthe 15 air introduction
flow path 17, Jhe {Jeezeadpion sopRead omeks immde sagef bife Gadifol es
through the air “i npact produced acconpanying this inf lowof air . The fine
particl eﬁoprlchj’cegnzare then delivered into the user I .y-.~+ ~\ ~ "r,nn
~ ~,mthn i nhal ati nnnnrt 1 RAS ~pc:a~ .acisa o/ i aas ~V
J. iV as b [iYily becomes €ine pariEmiieschayding & WeaRaPARFYbG Pate for
one i1 nhal ation of the user (patient) is generally in a range of éito 300
L/ ni nut eq 1 aewever, ofi 1 nherdng powkies s aFad GirARGTEACHGIractipg
accordance with the respiratory ability of the user tient) i tion,
the vol uoE a0 % e wexe | up@B 126°§é{Vjt%9a%’6LR1§n#‘f‘pFﬁ(etD§bq"éf’()éi éﬁegg‘r of
the air 105 introduction fl ow path to about J.2mm,ang the Pare
(di anet espesd the gudanger Pdwlpat iéz’f'tfosa%%ufu‘hld. hm %\g glr esul't, the
settings are such that t of the.fr +diged conposition 2 is nade into
fine part&fcl%®esF3R&f ?ﬁggﬁgﬂjesdeprgr% ?ﬁ%ﬁ(%%al ation port 18 through one
i nha] ation of us (pati = akfi ddre e o 5 kald g dyPer day gpovicter
i nha]iir i's coné[li%['ut géel ng ﬁf‘é}%\ay, then by I:;:Iet achably installing air
pressur e;feedi ”%’? 15UERea81 8 108l d ¥a thedy 1h@ el limDa @hé&adniect i ng
port 15, 1tthe§952re}lgz"-i n aflgng tyge dry powder inhaler can be changed into a
jet type. A singlg, dipygowdele i dhakraledarcdimpioshe igred asceroidid a to
selfinhaling type or a jet type as desired.

item 217, wherein the air speed 1s 1 to 250m/sec.

220 The freeze-dried composition according to

20 item 217, wherein the air flow rate is 20ml/sec to 10L/sec.

(3) Dry powder inhalation system for transpulmonary

administration

The dry powder inhalation system for transpulmonary

25 administration of the present invention is a system that



Each of the above dry powder inhalers of the present 15 invention,

regardl ess of whether it is a self-inhaling type or a jet type, can be
constituted such that it is possible to select and set the size of the air
i npact such that the freeze-dried conposition beconmes fine particles .F n
rw~r.i-ar.l nri~ Inoter 7f1 m ~r~Tlc !1r 1 cages n_rgfaraYl ~ V vi
lilpuia truw. .LVWyv u~.a.a...v - nr 20 5 mcrons or less, and flies out
with al nost none |eft behind. Enbodi ngat 4 Dry powder inhaler
(self-inhaling type 3) A description of an enbodi nent (third enbodi nent) 25
of the self-inhaling type dry powder inhaler used in the 106 present
invention wll now be given using Figs . . 4.to 10 .., Fig, 4] ective
vi ew showdmbimes @ § nesger dF é’ro,“?%ﬂﬁilgiié’.n al"éi%gs%cct?l{'oﬁgfi}'i\%?{e(\%vﬁshom ng
the dry powder inhaler. Mreqgver, Fig. 6(a)_i parti i e §i €W 6
showi ng suAbetbd thakY PRAGYA AR @%‘f)oﬁ'g’éf%ogot %gléd?yr%g\%ger i'hhal er,
and (b) is a side view of .the needl art 5. e enakiO8qg vedéfn 10 are
sect | ona‘FOWPé’\ﬁsiF%Pne%ﬁ'gi%Fﬁd'ste%% igrb%r éioino J’;‘?&%E.efgrgy pgmdergi nhal er. The
dry powder inhaler,c rise Nee Subfi e &Hi €8 pf8cfemdEga

sucti on EFB\‘/‘VZ&T‘ﬁrig(&aﬂﬁﬁl gn%gi%r i n?alrrg%%atslionuppow pat h 1713, a hol der part

22 far holding a.v , usj hardes - 40 1fedl dJwwpbed tihenveanel 1
Vi a 3he ﬁBFh‘e%spz?r‘{ef\gg%i;zagﬁgdg'pggtg ‘53 provi ded in theﬁhousi ng chanber 20

for guiding the h iPitheslhavialy ¢ meebnopattibdeneedl e part
5, and gbﬁof“a%feogg&giﬁgﬁ%a%% 24 for advancing and retreating the hol der

part 22 glang the OHidS PREEoRS: obhE68sabe @kl heysedticle tfutad i onousi ng
21. Moreover, a nouthpiece 32 that has .~. .t s. "1 ~.7 .1d- ai 1.. i-

1. d- .ioF 43 6% MdrdVih pWé . véss@l) | anki W [1nhplLiing t dp@lcsy' 7 wi!. 11
1.11c sl A~-rl.tvia L1VYV 20 path 16 of the needle part 5 is provided at a
tip of themanssne2presshbed neahisy. Aecardiipgate thbSHOUEIRYVILH s
formed froma housing main body 26 in which is forned a rem)va{_/insertion
por t1®5 Amhapeatibnosysten Eon Hee2BspRdeenpsy; asninisdmabial: fhg a
lid 27 that opens and 107 cl oses the reppval /insertion qrt 25. The lid
27 is consext calimd hewes adfisiGRP nBE R PSIR ‘Zﬁebf%e?fﬁgéiorzjl% and a wi ndow 28

for verifying whether the vessel_ 1 has been.l qaded_i r QVi i lid
27, & AnclmoRkiican ol ehoaaRop SE BRI A8 CotisPioR e aar Bk

into a powdered preparation comprising fine particles
having a mean particle diameter of 10 microns or less or
16 a fine particle fraction of 10% or more, which 1is a
preparation suitable for transpulmonary administration,
at the time of use (the time of inhalation), and administer
(take) the powdered preparation.
To ocbtaln the effects of the d4dry powder inhalation
20 systmnfortranspulmonaryadministrationeffectively,it
is important to select the composition of the freeze-
dried composition, the inhaling device, the vessel and
so on appropriately. As the inhaling device, it is
preferable to adopt a device comprising(D means for

25 applying an air impact (or means for introducing air) and



is provided in a wall of the housing 21 , and a check valve 30 is installed
at the introduction port 29. Mreover, the nouthpiece 32 is provided at the
tip of the housing 21. The suction port 31 of the nouthpiece 32 is covered
10 by a cap 32a when the dry powder inhaler is not being used. A

fl ange-shaped partition part 33 is forned at the base end of the needle
part 5, and an end of the air introduction flow path 17 passes through the
partition part 33 and opens out in an guter peri pheral direction 15 of the
partition part 33. Mdyreover, a peripheral wall part 34 extends from an
outer rimpart of the partition part 33 towards the suction port 31 of the
nout hpi ece 32. The needle part 5 is installed into the housing 21 by
fitting @ Iisandt fidriditcpetgifd ifline perti¢pepailronfmeams HEPTi si ug 20
21. Through this installation, the axial direction of the housi 21 and
the axi ddrindcteniol the hsd@lapien)s ardd MhifRd WY H“%‘Fl@saﬁfgiﬂer. A
remover 35 for lifting the vessel 1 up fromthe base of the gol er part 22
and r enovi bgotdhes Yegselri(meaps A ) adied 8 dnitRo fBresd 1p4a (33£ %‘ﬁg a

lever 36 for lifting 108 the vessel 1 up is forped on.the rel 35. The
hol der opevasisfyl paRich hppessédhey mhﬁﬁﬁﬁﬁ’baﬁ%rﬁ?gﬁ&{aﬁfﬁﬁe |
hol der part 22 back and forth ong the axial di i _ e housing 21,
and &n @@W&ﬂ%tgope\?é}éfg%‘eo;a)gé?%gizﬁgaﬁéﬁgﬁg{ﬁé;%]iggﬂq{ S%E The mechani sm
part 37 copprisges onnector 39 of. e i nnect ed
to the %ngﬁerpia??azglﬁloa%ginnegepigeggﬁl hlésg't e?%ﬁdqﬁ?ﬁg é?rﬂgct or 39

I's connected fo.the Lid 27 ' fiFrdadedd 1356 (Frswaa the 10
above- neﬂfﬁgﬁe‘ﬁr%ge?éttﬂ}é %e@% E%Apg)rjﬁen%tland closing the lid 27, the

hol der p E%Pth{éﬁ?aqrve%n%gg’a%qhd e{:ﬁgzﬁt’eq]ﬁjégpg de fdiages @rtecd3. The point

of actio orce Tor "pushi ng down t d 27 is showmn by the arrow C

in Fig {ysidrgingl?ite pdsst foeesl,r efd ae il agowdért comipe bt honof
action is made t0o lr))e | onger than the distance fromthe hinge 21A to the

hi nge 4lu)ad/és #ht6Sthhe d;i@f@ﬂ&*lé@ﬂ)irem@ﬁnw Mcilpl elisthadgeld (Hpemat i ng
| ever) 27 can be operated by a force Siuvaiiei~ Li1C111 tlIIC 1V1.'liC

11 i CS. $h'e Gréysew .~JICkhi,Githe ef ineVipart2cles oprehd1%88SELYL with t he
needl e part 5. Moreover, as shown in Fig. 6, second introduction paths 42
for supphdameim isyened otac ars@®F-air are forned in the dry powder inhaler.

When sucking the freeze-dried conposition that, hag_been de J owder
fromthe 25 noubRpeBaapPe Oty ¢ %?Yiﬁésiéslcpﬁ‘r aaahppﬁé@%Esie%%é%rp109

e B gt b e Ta L R D5 ok oLl R o ece 52

even15by %rlilaseezre(-gartiiee&tc)onrllsxisrlQ J SHYUEST ¢ RULER @ £8B&CE EYa Wu £t 8 b1l
example of a freeze-dried composition that can easlly be

made intb fine particles through an alr impact (jet
pressure) of external air introduced into (flowing into)
the vessel by the means for applying an ailr impact (means

20 for introducing air) of the above-mentioned device.
The dry powder inhalation system suiltable for
transpulmonary administration according to the invention
includes a vessel housing the freeze-dried composition

of the invention and a dry powder inhaler of the invention

25 used in combination at the time of inhalation. In other



b patient. Note that the second introduction paths 42 may be omtted.

I ntroduction grooves 42a are provided in the partition part 33 of the
needl e part 5 and introduction grooves 42b are provided in the peripheral
wal | part 34. 10 By fitting the nouthpiece 32 into the peripheral wall part
34 of the needle part 5, the second introduction paths 42 are thus forned
fromthe nouthpiece 32 and the introduction grooves 42a and 42b. A slight
gap 43 is forned between the nout hpieag) 32 16 and the housing 21, and one
end 44 of the second introduction paths 42 opens out to the outside via the
gap 43, while the other end 45 of the second introduction paths 42 opens
out into the suction port 31 of the tnouLirpiece 32. 20 Myreover, as shown

in Fig. 8ordswithedRaRoyiesninhalatien sYsten o&itie Ry atiPBn port

31 . Consequently, even in the case_that {he air_ i ct applied to the
freeze- difted d@PFPoH%?ésF%ﬁaipqﬂkPY OB"I§¥N“q?g§&ﬁ§£§9f%ﬁ%§egT t he
i ke, an art of the freeze-drjied 25 co sitio i i a
powder , gﬁglsr#hgptole\ﬂeﬁreeffddgﬁ*? ARMBeS opnél%ztaﬂ%g‘vq\}cj{}e?%v\ggr? %g;&si ng

t hr ough e vent holes 46,0f t I V. as shown in Fig. 6 ( a)
L atip %E‘@ni‘ﬁﬁyl?é)% efh%ng}arflgﬁ\tlvr%c#dutc Poh ?lleeglwg%gpﬁ 17 of the needle part
5 5 is nmade to Lot henld eeass dehed, gOMpRsl LhoR &nt 18R 2 b
openﬁig 16a ongﬁgféﬁéﬁponQPIo%hﬁgth 1éeé§s %Eresult, dropp?ng of tﬁg flow
speed of ' L onsy §Bb0 {he vessb1l g Omyt hhd i Brepepénaekia of
the air %h&ﬁagggf?gﬁif%om/path 17 can be suppfgggg% as nuchgggﬂlo_possible,
and hencengfy Efeeldea@p i yiiACAn Can ha mpabtethdi i e af eeze- sipeed
conposition 2. Moreover, bécause the tip opening 16a of the suction flow
path 16 gff e 8aed empddc arid ahualrer1bwonatiecofreedealst ddinbppesi tion 2
than the tip opening 17a of the air introduction flow path 17, 15 maki ng of
the freeze dehed foapasitdohed csompesrddieon o imt bhe freespdwdea Axryt he
vessel 1 as much as possible before being sucked into the air introduction
fl owl@at po@exfed hprepediat panthgvimg a~particle size suifable fpfC |j|y
~VWICl' 11111CL1d." 1$ I.LuCl Ci:i LVIIWS . r 1.L'51.%%, 20 the lid 27
is |iftetnanspubpename redSWHINE REERALAOR por €285 of PBhe MARERAZSHM as in

Fig. 7, whereby the holder part 22 is ﬁulled ackmardz to reaEh th%
renoval / FREGREBROESEHt 25 t8¥e t he HBEEFHg 2131 KE¥S t n&TARTRE-TOPETY

installed _in the holder papt 22 w.t he .stopper | a _facq 25
INext ot hé‘di"ljonﬁ%tf:gt s“ng?jédﬁgﬁ }t,gob%?%ggdt ﬁlerp aﬁﬁgFg%gdv%%}gég%tﬁ%nn port
25 of the_ housj as i {0, reb er r 201 hed
t owar ds H‘er ence%jf}?etz%fr sgr}bg&%hneﬁ%(l)ﬁ\r%ggndr *E%t}e%ﬁgkg h'etgt% oggérpggdﬁist he

vesspl 1y4ing, P18kGeFh DyyLhen 80 Pf tEha nethenBdy HamiAUstration of

the invention i1s a system for producing a dry powdered

preparationsuitablefortranspulmonaryadministrationand,
at the same time, a system for transpulmonarily
administering the dry powder preparation to a user.
20
The dry powder inhalation system for transpulmonary
administration of the invention encompasses the specific
embodiments defined in the following items 301 to 322:
301. A dry powder inhalation system for

25 transpulmonary administration, using a combination of:



5 comuni cating the suction flow path 16 and the air introduction flow path
17 of the needle part 5 with the inside of the vessel 1. Next, air in the
vessel 1 is sucked fromthe suction port 31 of the nouthpiece 32 through
the suction flow path 16 of the needle part 5 by the inhalation 10 pressure
of the user (patient) . At this tine, the inside of the vessel 1 becones a
negati ve pressure and the check valve 30 opens, and outside air flows into
the vessel 1 through the air introducééon flow path 17 of the needle part
5. As a result, an air inpact is generated in the 15 vessel 1 and the
freeze-dried conposition 2 is broken down into fine particles, and the fine
particles prepared are delivered into the user's (patient' %) Iure%s 1g‘romthe
suction port 31 VaavebselbownlhgowiFaezesdriqecoprositignhat o
Arrai o ~rr.. .. .aa .. ~~.,-y. .. 1 ... 1 .a._. Lot~ =honlL
1.11G Jddnt&ihsl a7 siTdl sdage vE-an aqtiye| ipggedianty 2pd PRS: "¢ ¢
vuvJl 20 up to the renoval/insertion port 2? of %he housi ng 21, and then
the renmover 35 is(Hii)tadngp1Be¥aer &a%e 34 &% 1REM™vessel 1 is renoved
fromthe holder part 22. Even if air .is conversely.bl,o in essel 1
fromthe suction fdrk) 32 éfiscjﬁétﬁﬂﬁlatﬁ%%eiﬁ‘%,e’ﬁiés/‘(c':hgr'\g;lﬂ%&?o}n[&ﬁreé/butsi de
of the freeze-dried conposition 2 nade into 112 fine particles is

prevént @h@y the check valve 30. As nentioned before, the air flow rate of

one inhal ati on of the user i ' IfR rfe rpage if1ést o 300
L/'mn, but with tt{e”d:“k/J Boﬁ(%?%% Iedrésﬁg\%ﬁngil:l% Fi gs. 1Zato 10, in

accordance with the respi i Li seictpals @ )lesshervol une
of the RRY¥EPH ahgke%%e‘ggégﬁ‘%y%a%%%ﬁthxgm%ﬁ?h% bor & (di amet eer§ of the air

Nt roduct! §8ald WLPRUBIN EBaRRAn of Ok 39l mbeebarok drammirynar e
a

suction &1 to about 2.5 10 mm As a result, the settings are such

that nost_of ,th Zendhii18ty CONPOSEt Epe el icE nadel easd fimsarané es and
di schar géela %?‘I]):mq'tn{%&gucti onerg%rt 31 through one inhalation of the user

(patpent), Quhersephodaest o ofat heedist pbWnldr/ sehal 8ndL5 (sel f-inhaling
typé) are shown in Figs. 11 to 13. Wth the dry powder inhaler

sel f-inhal i ng {gpe 4 dewhoen dampiysibh meadpecARIR! fefbePPRLY ™S ovi ded

so as to be freely rotatable in the circunferential 111.itC(ifi
|.11f: igNuA idid(impadit dso shhenfogaafe- @FA6H C9MPRS G%Pe%h}a}ﬁ?%!?niﬁlfart of

t he hol der operating part , which is not sho int dr gl dk r CEBRIN Ses a
spiral gressehnd anfdo| MKERSt hﬁf—’ren&ég%%h?ﬁ\tagrf e tshlg?re; BWnen The operating

menber 48 is rotated, this rotation is con e | I {FVeMeAnef the
hol der pﬁrte%ei'ﬁrtirﬁéia?Pg!P%ﬁftéPinontslb? Zéea{%egﬁrggldldégggrt 5. Note that

the angle of rotation of the 113
15~ particles.

302. The dry powder inhalation system for

transpulmonary administration according to item 301,

wherein the vessel and the device are used in combination

tion.

£

at the time of inhal
20 303. The dry powder inhalation system for

transpulmonary administration according to item 301,

wherein the disintegration index of the freeze-dried

composition is 0.02 or more.
304. The dry powder inhalation system for

25 transpulmonary administration according to item 301,



operator 48 is about 180Q Wth the dry powder inhaler ( self-inhaling type
5) shown in Fig. 12 and Fig. 13, an annul ar operating nenber 49 is
installed so as to be freely rotatable in the housing 5 21 . The mechani sm
part of the hol der operating part ) which is not shown in the draw ng,
conprises a feed screw, when the operating nenber 49 is rotated, this
rotation is converted to |linear novenent of the holder part 22 in the axial
direction of the needle part 5. The hghder part 22 10 can be wi thdrawn from
t he back of the housing 21. F-xanples 1 to 13. Conparative Exanples 1 to 4
An interferon-a (IFN-a) stock liquid (potency: 2x10'I1U m ) was desalinated

using an ultrafilter nmenbrane 16 (Utrafree 15, by, L 0. 25mL
of the deseliedat e@melzl\ﬂésé‘{fb%%gFP%GiQP oM%doﬁgggﬁg fo%%r%% %Ie%/g‘rii ous
carriers as shown in Table 1 were fill\ﬁfénbgqufge%ss(trunk di anet er

| 8rnn), denpg skEbodp 4§ t hndidstF3PE& "PU® ¢1” 1117¢C Li0l'1 (injeCtiOn

distiiiect 20 water) such that the_ volunme er &h apdr
freeze-drying 88 -cafRPed éﬁ? uspﬁé’d%%helj}liﬁ??/SSQ%ergze-s ryer (Lyovac GT-4,

made by Leybol d), The disinfegrati i X - peywwd florso 1,
(cake-?/ikﬁ)f(‘nfsrié SBORATY gg??it%rnh#(??gezé;é%lé?g&%kg)% ofl;ltﬁgi ned 25 was

cal cul at ed. NeEt ’Q}E?Yﬁﬁeﬁﬁ%ttab [ Pgétil*,e 0fen ckldt @Qveigraipaving

freede- d¥PEF €eze-drl ed cake) “obtained was installed in a
jet type dry nowder inhal el (Pawighd i Peblown dasy d@rcapaiw eratesodpl yi ng
an arr[)un"[1r10¥‘:|‘a]1T rsﬁ?egbgjﬁﬂt E5‘()% £i'g.” 1) desi gned such that 5 the bore of
the air et pat < l.2mmand the byre of the discharge flow path 4
was I.Sn#ln% I%é%\lg \?‘e-;r}??/g% that, by introducing an anount of air of about
20mL from the gy powdey i@k} er povdethe vehadlayignvi igyvaked r E@fact
arising through an air speed 10 of about 35m sec and an air flow_rate of
about 40FL/a566pul ridiea AN-Pamten-«or at Losezaceoindi rakd 9 nititd véddel was
made into fine particles, and the fine particles were 'etteg out _fromthe
vessg] Vijadheidi sheaage Lhpaghiaf 41ii his ganeratefBYralE BaVditd es
were collected using 15 a particle size di stribzltion net er (AﬁﬁcO%il : made
by Anher atn Rricespeledkstinneranpgc of Usko B YWMKSEH 2 HhF helelt i ca

Technol ogy; 72-78 (1993)) fitted with an Aerobreather (nade by Anmherst
Process Imsteundntat|heastr ¥7eF/F#€%1 7.7 77 .1 ~~T L. .. .. .LJ ...
1T~ ... ~ ...'1.. 211" OWtI, Y, bYl V&b stem for
cliCLriilaliaBR7LlT8e. |"<§1¥111P1‘2)ﬁ‘.i?/%v ,iﬁhé‘-l%tbbzo (1333)), which i's an
artificial lun del _capapl f. di Llon MK +8dnighet pariii €he 0 e

di stri butti%nﬁgut °B§F§Pc?g§'j]%ejt%“ééggut Fromt he vetsgsel (measur ement
condjtions: hreath,rats: Strnoehrepily velgenrerhted accealier hewingl9 ) ;
t he L%rtiwi}%ggﬁglete&egtta% &ﬁﬂén of tﬁe 25 fine particles that had been made
was thus jpasyredp S8 of at least lm/sec and an air flow rate of

at least 20ml/sec.
308. The dry powder inhalation system for

transpulmonary administration according to item 301,

20 wherein the air impact of (1ii1) is generated by air having
an air speed of at least lm/sec and an air flow rate 1n

a range of 17ml/sec to 15L/sec.
309. The dry powder inhalation system for

transpulmonary administration according to item 301,

25 wherein the freeze-dried composition has a property of




115 the mass nedi an aerodynam c di aneter (Eun SD) was cal culated fromthe
particle size distribution. The disintegration index, and the mass nedi an
aerodynam c dianmeter ( ~,mt SD ) of the fine particles betted out from5
the inhaler are shown in Table 1 for each of the freeze-dried conpositions.
<Tabl e 1>Freeze-driedDi sintegrati onMass nedi anconposi ti oni ndexaer odynam c

di aneter10( Eun f SD, MVAD ) Exanplesl.|FN-a +isoleucine0 . 2 2 51 . 614t 1
. 5902 .IFN-a +valineO . 17 31 . 083t 1. 3 9 03 .IFN-a +leucine0 . 2
211 . 12 0t 1 . 4164 .IFN-a +phenylalanine0 . 26 41 . 053t 1. 40
5155 .IFN-a +alanine0O . 16 81 . 456t 1. 40 36 .IFN-a +glycine0 . 1711

. 951t 1. 4197 .IFN-a +(3-alanined0 . 10 92 . 4 2 t . | FN- a
+y- ani ndirecomiigexifine. p@@@@%éiohe‘&lfig.aé“%aégpﬁF&r&%fit%graﬁ‘r?gge? 13 62
. 132t 1. 52 62010 .IENa +D-manni,tol Q . 2 . 1

511. | FN-GE +p aBieqans or7less qrgagiing .P%réﬁ??'f .fl’%fgigr’(‘g_"cfyc%%ﬁext rino
.1763.7%0t1.5626i1%€}.|0F a+§ﬁ%0ggggf%6ll2.759~l.57
7Conpar R F vBoBanpPesL e ¢ & Lhelr 00. dn't scatter at all, 2.

| FN-a + dextran 70 0,002 3, |FN-a + ndr,Qiy 1 Pa YAt € s H0dm30 forl FN-a +
pul I ul an 0.0013 }r@asu?]%ﬁentdFXposg?B’ldg% drﬁtﬁésggt fer at Sgrl |, measur enent

i npossible Didn'f scatter M HcbPRASY bt D demt Scatter at
a11)gnea%ﬁ?&r?é’nqi?lﬂﬂgsﬁjbf\m}gﬁ o; tﬁe ex%rrpl essgand conparative

exanpl es 116 th eeze:-dL L ed JGONPesi td Sfp6enitidm Ng ddwt aEsa amd t he
carrier ‘%S\fﬁjji% Tg:blfée 1@\%@%&%@”0”_ powder-folr)m cake-li ke mass (freeze-dried

cake) at ?H?}{é cOf 1fdiPeR 814 TWr - h® it bedgern famm Theel e dgtite
non- powder-form 6 freeze-dried cakes having a disintegration index of O.

002 or Ifﬁgl(e@:[rgﬁrtqti ve Exanples 1 to 4) were not disintegrated by the air
i npact ari1S8ing through an air speed of. about 35m sec and an air flowrate
of about 40mil/seq,. amgehenaeyit pewdet passhbalatiemake¥$hemo A%t icl es.
On the other hand, the non-powder-formfreeze-dried cakes show n

di sipnt egt etirdp @ Dten afy 0.207T1i nd storat L eranpF e T 150 wkFeMi gpﬁt'egr at ed
by the air inpact arising through an air speed of aboggS gSrﬂ sech%‘gg_an air
fi ow r at ehefr eboutt MOnIrees e HAEHRiG £ ABPPISHE bRt CATSA HP Smbbs i an
aerodynam c dianmeter less than 5 mcrons, i.e. bfcorr._:i1 }%’ti e or the

fi ne- parmpdlect b RHeREd 5 h Sah &F A PEie Por® Y spgl nonary

adm nistration. , ~ ~ ~ 5 and J_—I th%d{,ar%.i_mzl Psize 1 V1. L1 AQd i i
11 ~ J. &ike as_the active Ingrs@ifRErifutions of the fine particles

e ok ST LA B BExs SRR ieysiin 1S0n 0
25 %Bl %Eéwsbﬂwﬁéfggyvé@mﬁhkﬁ@9a§&@ﬂ<hbﬁﬁﬁhing to item 310,
wherein the freeze-dried composition contains a
synthetilc low-molecular-weight drug as the active
ingredient, and at least one selected from the group
consisting of amino acids, dipeptides, tripeptides, and

20 saccharides as a carriler.

313. The dry powder inhalation system for
transpulmonary administration according to item 311,
wherein the freeze-dried composition contains a high-

molecular-weight drug such as a protein, a peptide or the

25 1ike as the active ingredient, and at least one selected



117 (potency: 1x108U/ m ) and 2ng of any of various carriers as shown in
Table 2 were filled into vessels {trunk dianeter | 8mm), being nade up with
injection distilled water such that the volunme was 0.5nml per vessel, and 5
freeze-drying was carried out using a shelf-type freeze-dryer (Lyovac GI-4,
made by Leybold). The disintegration index of the non-powder-form (

cake-li ke ) freeze-dried conposition (freeze-dried cake) obtained was

cal cul ated. Next, a vessel filled vvitg the non 10 powder-form freeze-dried
conposition (freeze-dried cake) obtai 8d. was installed in a jet type dry
powder inhaler (having a bellows body 10 capable of supplying an amount of
air of about 20nml; Fig. 1) designed such that the bore of the air jet flow
path 3 wesom. e agtouye bone it bhgt kef damdnar gecifiow phiped ke s, 8nm As
in Exanples 1 to 13, this inhaler was attached to an Aerosizer (nade by
Amher st Hsbpes:sti@etsr.uraand saecharyga)s faﬁtédc\ﬁltlhi‘aﬁ Aer obr eat her whi ch
is an artificial a, ~~ .C.1 .RIl-w " i- ml ;

CLITIITd. ~ 1113 4LC TheGL14TY alpowdey VU|i{nhal<&tat°rn vt Séﬂs‘%%{a ??GU i 20
|ntroduced into the vessel fromthe inhaler, thu agf 1\_/ gjrgn al:{ &rrpact
ari si ng thaosgi bpoaar s padmis i gt Bahy ?é'cc%\ﬁa 109 aFP f L26f about

40ml/sec to the freeze-dried cake. a result i.r_ was ed fromthe
air Pet wheweddt h éﬂ'tﬂ t FFgererPftefy &%@?gig:jl%al %g %he éessel

1, and it was observed Thatﬁééhﬁﬂu"’e%}%fa omgg [gforargfrgﬁée %rdﬁ..‘.ive

corrpomtﬁﬁﬁ ﬂf’ﬂ'l‘é v e parti cl'es by the air I npact.
The partjcle s istrifutjon,qf flane, [ SepRs MeR|UN gl ng the
Aer osi z # Flrtet ew t'h ?ﬂg eér)o rgea(-fttﬁ Srr%%é&ﬁ?n‘%ntﬂe%ondl ti ongs390 b?eat h
rate: at iy gvol C%ﬁiﬁbi o1k, aFRFh GBdican

aer odynam c btPflg ?fv hﬂ%o\ﬂfﬁlgbt en cal cul at gd from tge particle size

di stribu fi '}Fd drebdotett edipep 1@t A8 thlkakarribe.
di si nt egé%?%ﬁ ng aand he Eass medi angaeprodynamc dianeter ( ~,m SD)

are jghowni n Taghg Zf@ﬁeeacarqf t pewdeeze-gihallacdqosi tsymtemTabfer
2>Freeze-dri edDi si ntegrati onMass nedi anconposi ti oni ndexaer odynam ¢

di amet er ¢pa NP almbn M. B Jrickampltasddiofl-daceirddireacitive0i temp1313539 t 1
. 52715. IL-1a +valine0O . 1951 . 337 t 1 . 44016. IL-la +l eucine0 . 2201 .
115 ~ 1 whéredd thd-faeegeendtdkdnicenposidtsion gogtalns a ighgig,

I L-1a +al ani ne0. 1292. 070t 1. 64719 . IL-la +glycine0 . 1101 . 9 . 4
07A TT. mb\lee-ular" welght drug Rugh &fmianprotein, a peptide 9r7(§nef _

_7.'.04t1.50921. IL-la +y-am nqghut rlcac 16,62 4
222. 71 L-1dka AR ithe active yifrﬂz’t'sefﬁ “y éz%‘g teapt fﬂem]asnnlf?%ltéd 1241

. 765t 1 . 46024. IL-la +l 03 8 abkal
+( 3-1c’3y3:| 5808 r FA6 .9"1‘?‘133%"61%%5%91 ng ¢ I I‘é’é?’g‘}phf’%ifa é’é%&i’o o%%d.sallaz .

494t 1 a5 47 eEaup! e brbBnbusleat£ A0 pAA0: 08AB dit ¢
scatter é?daﬁﬂpﬁgggtrﬁ)géngﬁ%\bl ITpOSSI b?%gis h* f B dextran 002D dn' t
scatter a2l f)peasyyement inpossible

316. The dry powder inhalation system for

2

ct

transpulmonary administration according to item 301,

20 wherein the freeze-dried composition is a water-soluble

composition.

317. The dry powder inhalation system for
transpulmonary administration according to i1tem 301,

wherein the device is:

256 i) a dry powder inhaler for transpulmonary



119 7. IL-la + chondroitin sulfate 0.001 Didn't scatter at all, measurenent
i npossible 8 IL-la + pullulan 0.00 1 Didn't scatter at all, neasurenent

i npossi ble 5 Each of the freeze-dried conpositions containing the IL-1a and
the carrier shown in Table 2 was a nonpowder-form cake-I|ike mass
(freeze-dried cake) at the tinme of freeze-drying. As can be seen from Tabl e
2, the 10 non-powder-form freeze-dried cakes having a disintegration index
of 0.002 or |ess (Conparative Exanpleg45 to 8 ) were not disintegrated by
the air inpact arising through an air speed of about 35m sec and an air
flow rate of about 40nﬂ/sec and hence it was not possible 15 to nmake fine

| e h h f d k
Phow ng & %9@#&%@?%{13 fexhgr & odF b Chor BBd aires W‘ﬁ 6§a§were
di t ted by d
35m sec TG AR A PO %P"§a§ ot ?'%d-l AFH7Bh PhOGBEEL A SN s
of mass CP:ea adynamc gi a%ts%reiesi.sn'l:ganf?g@ CPCH}.Stic*.Les a .gfpgcom ng

a fine- orm powder ed preparatlon suita or transpul nDnary

admi ni st cﬁmas@érfg@ %}ﬁ £dshd i Qe  HECHRNL 1 ¥ s( LUFY ubes g

liquid (potency: 1x1 inated using an ultrafilter nenbrane
120 §Ul tyr¥h 8@ tlfon Mede by Mlllpore) 0. 01nl of the desalinated | FN-y
stock liquid obtai ned and any of various carriers as shown in Table 3 were

filled into vassepgidingla died®l€mdBtHavihg anlaie jets flrde peptvi th 5
injection distilled water to 0.5ml per vessel, and freeze-drying was
carried putndeidle a paekf - hepei hgeeae- dri;earhétgeva(fl@'w4 padide byalrybol d).
The disintegration index of the non-powder-form (cake-like) freeze-dried
conposi tpvas clumezEedidiotg caken solficar neele ddngaa ical tut at §de meba  Jetvessel
filled wth the non powder-formfreeze-dried conposition (freeze drled
cake) obihowepatdsoifnsadld ageidile ottt yprdRy ipd%\ﬂélatlifﬂfalpé-}rY

bel | ows body 10 capabl e of supplying an amount of air of abqut 2%{% Flg 1
) dé8i grremEByaHeake s1¥itte the dbFohagas L IRW PREBWHaFR1E RELY19m and
the bore of the discharge flow path 4 was |.8mm As in Exanples 1to 13,
this i nRREFwas attached to an Aerosizer (made by Anherst Process

artifivial 20 AngiAsAs to bt o Brdint 19 S8R LFEABER SR et & O
| nt oduced gg E%%e'%%%eisgf&?a N v £11s bl QORI Bk Al il da 1 gpact

ari sing an air spee sec and an air flow rate of about
40mt/ Secpéetftshe ﬁﬂ@§zéoﬁwlﬁ¢16§lﬁQngﬁ5tﬁer§§H| He i1 RSphky edieehads from

the air Jet fl'ow path 3 of the jet e dry powder

15 discharge flow path with the inside of said vessel, and
alr is jetted into said vessel through salid air jet flow
path using said air pressure-feeding means, thus
pulverizing said freeze-dried composition into fine
particles by the impact of the jetted air, and discharging
20 the fine particles obtained from the inhalation port via

said discharge flow path, or
11) a dry powder inhaler for transpulmonary
administration, being a device used for making a

freeze-dried composition that has been housed in non-

25 powder form in a vessel 1into fine particles, and



121 inhaler into the vessel 1 , and it was observed that the

non- powder -form freeze-dried conposition in the vessel was nmade into fine
particles by the air inpact. The particle size distribution of the fine
particles was 5 neasured using the Aerosizer fitted with the Aerobreather
(measurenent conditions: breath rate: 60 L/mn, breath volunme: 1 L,

accel eration: 19). The nmass nedi an aerodynam c dianeter ( ~.m SD ) was
then cal culated fromthe particle sizg distribution of the fine particles
10 jetted out fromthe inhaler. Mreovér, to calculate the fine particle
fraction (~) of the fine particles for each freeze-dried conposition and
thus evaluate the efficiency of delivery into the lungs , an air inpact

ari si ng 4dmonds terang deedrdésudft iabdut 1Benpesd pbeints A SR ¥ e of
about 40nl/sec was applied to the freeze-dried cake filled into a vessel
usi ng thenhay gdoleer, i nhal er, and the resulting powdered fine-particle-form
freeze-dried conposition was di5C;i 7at %GU ciiie@ ig ]r’;{iiou tvnin 'l'&Ti pi nger
(vTiaue b'y' GupmprnisboguxpeediecparhiBaviRg 8oFfyE I?%lsqvéé)ea and

stage 2 were collected, the IFNy in the stage and e ol v, S were
assayed c'usilﬂgdalGbimls§a§1aﬁ’e1tlh%d"?‘nTﬁérv&l“tfer%&lgi%ﬂ‘eoan b@iggvpét}g' t%gaarmunt

(weight) of IFN-7 obtained in ,stage 2 by _the a Wt i gnof | FN-
roj egt eeBudnilatign Parsy &%@%%)cﬁﬂ@%f‘ﬂ'ecna%%%c&ligc{ﬂe);g%%@tl\%e fine 122
particle fraction ( %) . The disintegration index, the mass nedian
aerodynaﬁ’?‘ewdi%’é?er (~.m SD) of the fine particles betted out fromthe

device, and the_fiin articl OB (%R A EnghaWu t 8aTaklch XHat ,each of
5 the freeze- d*P&d c&%%é}t%rﬁiﬂ%é&ﬁegblﬁeeisg Fr erelze- dried Disintegration Mass

medi an Fi{ne_parti.cle jf i ' agedyitagi 6pf sadld ee(fgellinaster 1 O
( (amt 3B aw%ﬁﬁ‘fé ﬁ%ﬁ'ﬁ @%(ﬂzéﬁ%fosrfgnﬁg% 8.53872. 028, 1 F\-y+

Val (2.5 - atbl- 4818003891 Natits, through the inhalation
Il e(2. 5%%%’%3’?13%2% 1.%7953. 030. 1 FN-y+ Phe(2. 5nyg) 0. 2151. 322t 1. 44374. 015

31. I\ Y rlet Qr 8B ¥ald AW 0. 499110040t A6lds4321FAmhaled from
Leu(0. 48Rg) +Val (1. 92mg) + Arg- HC1( 0. 2ng) 0. 1591. 500 t1.46452.0 33. IFN-y +
Phe(l . 2mgl4 d-ethRadrap ionApe Gl 40d2mt) O:He1sapeittime3ertopbigsaifEN y +
Phe(l.2nmg) + Val (0. 3ng) + Arg- HC1(0. 2ng) 0. 1901. 350 t1.45664.035.. |FN-y +
Phe(l . 2ngli-ows e{ AL dnmlad drge BELI0. &) NBIALIY® PLeBEHFE D3 PTRNS? +

Phe(l . 25 + Arg- H .2 .2691.280 A .47 Z o i jql
rrrﬁ|(.4%g)hf115a alimgtﬂrfjtégdunc?.:!(-)0n6?fl°‘?op?.tb- ana gk TaF'\t‘gS‘Jlt_ Togi! "1

........... e s
D-manni tol (1. Ong) 0. 191 1. 545t 1. 40545. 4, Leu:. .| euci Lo Vahinne, | e:
i sol euci Axeene-AFHRG| SOMR (S EAOR HS.: p&ﬂ'éﬁen]ip%ggﬁy}%% |orin3§
15 particles by the impact of the air flowing in, and the
fine particles obtained are discharged from the

inhalation port through said suction flow path.

318. The dry powder inhalation system for
transpulmonary admlnistration according tc item 317, as
20 the device, using the dry powder inhaler comprising:

a holder part for holding a vessel that 1s sealed
up with a stopper and houses a freeze-dried composition

in a non-powder cake-like form that will be made into fine

particles upon receiving an air impact,

25 means for applying an air impact to said freeze-




30 Each of the freeze-dried conpositions containing the IFN-'y and the
carrier shown in Table 3 was a non powder-form cake-li ke mass (freeze-dried
cake) at the tinme of freeze-drying. As can be seen from Table 3, the 123
non- powder-form freeze-dried cakes showi ng a disintegration index of 0.159
or nore (Exanples 27 to 37) were disintegrated by the air inpact arising
through an air speed of about 35nfsec and an air flow rate of about 5

40ml/ sec, becoming fine particles of ggss nedi an aerodynam c di aneter |ess
than 5 microns , i . a . beconming a fine-particle-formpowlered preparation
sui table for transpul nonary adm ni stration. Mreover, a good fine particle

fracti bt ai ned f 11 of the, 10 it LENS vy + o)
Ecam- PoiBgadh SPRBABAtAITe Bkat bl T IBESd 5-Ghdt | Frodad ore aib®r)

hydrochl ori de (nmade by O suka ,Pharmagceuti cal J . any of
vari ous E’a'faﬁze?Edﬁg'es%cﬁfﬁf“Pﬂsfa g Uve?epﬂ'gggorupf%%ﬂo.kg%ﬂr{dtl){ya%?%Ilgésol Vi ng
ininfectiqn distilled water,.,this il i ssel i amet er
| 8mm) , BAGS Sﬁb&%-%??ﬁn&%‘giggﬁﬁ g@sg&e l??%gﬂgﬁg\hﬁg:l ?ﬁtflpf(eréf-r?e@eéé-édryer
(Lyovac GI-4 fade by Leybold). The disintegration index of the .
nG tp' v WIS $VF W (Coke-1i ko) fr~~z-dried .A.~: ::pO~iti_nn 20 (freeze-dried
cake, obtal nedavag ot & W EhadleRly a S uEEI S ELidipaliRTE Lsd AoThof i1 ed
er-fo

wi t h "t he nonpo rmfreeze-dri éd cake obtained was installed in a

sel f-i nhalbijng 4Y98 78/ Ya PPYEEL oY ts £ 16@Sogred somhs ahdl vieles &by eanfd t he
air introduction flow path 17 was 25 1 . 99nm and the bore of the suction

fl ow pat §pl814was nk ro&96Wion ¥ W @ £vrlfmt el heodeld eg youbs bdehsirungs of
the freeze-dried conposition obtained, the above-nentioned self-inhaling
type dryipawslesaidhalesseds, attached to a twin i npinger (nmade by Copl ey,

UK) (applying an air inpact 5 arising through an air speed of about 95m sec
and an air flow satcet bénapoutt 296 /cemmud Lt ¢ evishgsiaddl Skef10n he
solvents in stage 1 and stage 2 were respectively collected, and each of

t he 18 oc &tlerw| paydr ozhl 68 .%éﬁﬂd-i%WFErthe stage 1 or stage 2 sol vent

was assayed 10 by an HPLC net hod. The_val ue obtajned, by di_vi.di anount
of procaterol By@wkAromaet obPd Bl A4S a?ﬁfé t\?%tqﬁi(t Be&t afrr%utrt{'t%eeof

procat erol hydrochl oride betted t (s e 1l + stage 2 ) was then
cal cul at 8F a1t Ad 78 TbipLy t‘?}cl %ﬁ@&?%ﬁi?%"%‘éf proportion that can be
Particle ract Por i ehr ek Lny et € bR Wi e PEBhAMRIBTT,
conposi tif%q_'s,' %ﬁmeﬂ_atggié> vessel is held by said holder part,
15 advancing the vessel towards a needle tip of said needle
part to plerce the stopper of the vessel with said needle
tip, and retreating the vessel from sald needle tip to
separate the stopper of the vessel from said needle tip,
and an operator that operates the mechanism part, and is
20 constituted such that said operating member can be
operated with a force smaller than the force necessary
for the mechanism part to pierce the stopper of the vessel
with salid needle part,
and a housing that supports said needle part and 1is

26 for providing said suction port, sald guide part and said



Freeze-dried conposition DisintegrationFine particleindexfraction

~Exanpl es38. Procat er ol - HC1+i sol euci ne0. 19961. 125

39. Procat erol - HCl+val i ne0. 27071. 940. Pr ocat er ol - HC +| euci ne0. 26074. 041. Proca
t erol - HCl+phenyl al ani ne0. 24570. 842. Pr ocat er ol - HC1+al ani ne0. 04861. 643. Pr ocat
erol - HO +gl yci ne0. 13960. 630 4 4 . Procaterol -HCl+taurineO . 1106 3 . 3 125
5 45. Procaterol-HCL + D-mannitol 46. Procaterol-HCL + (3-cyclodextrin 47.
Procaterol -HO + PEGI000 48. Procatergh-HCL + sodi um caprate Conparative
Exanples 9. Procaterol -HC1L + pullulan 10. Procaterol-HC1 + dextran 40
0.14460. 70. 13869. 10. 10263. 60. 22273.4 0.001 0.0 0.003 0.0 Procaterol -HC1:
Procaterol hydrochloride As shown in Table 4 , the non-powder-form

freeze- dvd kdetro dipe 2@ tdongpopiatitons (freeze-dried cakes) having a

di sintegration index of 0.003 or |ess (Conparative Exangl eﬁ 9 andaoiflg) wer e
not disintegr &ad e9nstd trtednpach dhak ngl® 1t sightantdi YRdFded BF about
95m sec and an air flow rate of, about, 295nil/ se

.. Wh h
non- powdsk OPBEH f r@se- BeiedH RIBESES o (f?%gge- &%regﬁf%;kgg)rthaﬁ%g a

di sintegration jindex of 0.048 or nore e _easily,mde_i.nt L ne ticles
in the WREBMUIACERE apbl8- netiFbheR a},\fif’%ac??)évl?ﬁthgﬁi nglfrl\% poagzgllgbl e to

L ! ! P e
ety po B LEE LB Ed PR PITIESE SRed 4eay 4Rt M CAFTaR Speati on
hydrochl oride, (npde by gﬁ,"ﬁg‘%ﬁfli?‘@rtw‘ﬁ‘i?ﬁ@' t &8 -a1ftith 4 r 884 AWo RS

various carriers as shown were rmade up to 0.5nl by dissolving in

infectl ngwgiaﬂﬂl?%%{"aésid tf*iie?eﬂ@sdﬁ:i1|éc?d:éxﬂf>es\1&%§cleﬁ$ t hireigdi emet er

| 8nm), and eze-drying was carried out using a shelf-type freeze-dryer

(Lyovac GIr4i1 d@fdsnbpreybolrd ofThe @isicnt egiat iian sadex wésted is
non- powder-form 126 cake-like freeze-dried conposition (freeze-dried

cake) obfghaaddesreal ¢Wiad esuchaddn Psrw t Andx @it eks 38ate 48 faleessel
(trggk into said vessel through the air introduction flow path,
thus applying an air impact to the freeze-dried
composition in sald vessel.
319. The dry powder inhalation .system for
transpulmonary administration according to item 301,
15 using a combination of:
(1) a vessel housing a freeze-dried composition that

contalns a single dose of an active ingredient, and has:

(i) a non-powder cake-like form,

\ - Al adembamiratdAan indavy in a ra
’ A QASAIILoyLraiLdiUil dLuuva Lid & 4k ~

ge of 0.015
ge o

—
[
|.I-

20 to 1.5, and
(1ii) a property of becoming fine particles having
a mean particle diameter of 10 microns or less or a fine
particle fraction of 10% or more upon receipt of an air
impact having an air speed in a range of 1 to 300m/sec

25 and an air flow rate in a range of 17ml/sec to 15L/sec;



dianeter 18m) filled with the non-powder-formfreeze 6 dried conposition
obtained was installed in a self-inhaling type dry powder inhal er designed
such that the bore of the air introduction flow path 17 was 1.99mm and t he,
bore of the suction flow path 16 was 1.99mm Using this, the fine particle
fraction ( %) was calculated with a twin inpinger 10 (rmade by Copl ey, UK
(applying an air inpact arising through an air speed of about 95nf sec and
an air flow rate of about 295nl/sec tgg he freeze-dried cake). The

di sintegration index and the fine particle fraction ( %) are shown in
Table 5 for each of the freeze-dried conpositions. 15 <Table 5>
Freeze-dried conpositionD sintegrationFine particleindexfraction

~99 Exanp?B849. Proocat er ol - HO +4. 5nyi sol euci ne0. 17057. 220

Ta74 035, b ocal 8o NN S8 HoRIA han s 166 b8 sSRRGTA ¢, §F - AEPH Sidval | ned
5. P ocat 818 S HTBRGREGAO00 15585 a0t BF Gtat GPN PR HP T R 48
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shown in Table 5, the non-powder-formfreeze-dried 5 conpositions

(freeze-dried gakes)Thavi ngrg di pomidar at iinthahded caf 0.s00iBemr | £ox
(Conparative Exanples 11 to 14) were not disintegrated by the air inpact

ari sing thagughuamodidrgpesindh istadt H5m seccarnding aito fibem a3 &96f about
295nl/ sec, whereas the non-powder-formfreeze-dried 10

conposi t whex(dinetdalrdibddakesysabiiony tndexi rteg? aPRortd nHeR -of 0 . 018 or
nore (Exanples 49 to 58 ) were easily made into fine particles in_the
vesddl by the 3Bdve- fbeti oday ai POM%%\Et , Apkalation ng 563EPB e £8%produce
a powdered preparation suitable for transpul nonar adninis%&atio§1915 Fxano
1 es 59 t&agusBUMENFFHcRERSNLIEFGREhPSr i 2CP Dy t& stkg™ '

Phar maceuti cal . Co., Ltd.% and a&y of vagioggcfa riers as shown in Table 6
vere mad¥h@Fedbnothim BV TdisRFYI A§ it TR) 0™ Psti 11 ed water, this was

filled into ve S tryunk di | 8 freezes I arried
o:Jt usi Ing a \s/héiifezl‘t yéglef(re Fd- dlﬁgﬁf{f/ov@%i%ﬁ:in%@ezgsfigs gl \g?érf:l'he |

di sinte (] i t r 34 r£e e isdo,
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Exanp esy, 8@ L1018 th£5adrVasSs® thienki di aorilefsé8mip fidl gdewth the non
128 powder-form freeze-dried conposition obtained was installed in a

self-inhaling type dry powder inhal er designed such that the bore of the
air introduction flow path 17 was 1.99nm and the bore of the suction flow
path 6 1¢4ajasM4taomnofisnaguflicturhad imedpir pomderedcpreparation

Moreover, the present invention relates to a
method of manufacturing a dry powdered preparatlon
20 comprising fine particles with a particle diameter

suitablefortranspulmonaryadministration(drypowdered
preparation for transpulmonary administration) by
inhalation, by making a freeze-dried composition that has

been housed in a non-powder form in a vessel into fine

26 particles. The manufacturing method can be implemented



was cal culated with a twin inpinger (nade by Copley, UK) ( applying an air
i npact arising through an air speed of about 95msec and an air flow rate
of about 295nil/sec to the freeze-dried cake) The disintegration index and
the fine 10 particle fraction ( %) are shown in Table 6 for each of the
freeze-dried conpositions. <Table 6> Freeze-dried conposition
Disintegration Fine particle index fraction ~% 15 59. Procat erol - HC1+0. 5ny
Leu-Val 0. 10474. 560. Pr ocat er ol - HC1+| . 5gg

Leu-Val 0. 07363. 061. Procat erol - HC1+4. 5ng Leu- Val 0. 03953. 16 2

. Procaterol -HC +0. 375ng Leu-PheO . 16 881 . 963. Procaterol - HC +0. 5ng

Leu- Phe0. 22276. 120 64.Procatero|-HC1+0.75n%v§fu-Rpe0.l 79.1 RN éanI-Hrl
Prnc: at ekn| tiedroenfedi dougingviibe |ReRyPAMThet OLB P2~ CL

I | - ph | al i As sh in Tabl 6 , - - f -dried
eyl phendl el BnLne A8 Shoun ULTEbLe €1 e SRT RO IaI ! U seze 0 ¢
0. 039 il i.ntq fi i i t th
0,099 koot MetS £y PR Lo LURGANELELES b By iiloBy e
t 129 of abput 295ni/ . W it i i bl wd d
2 p LA TEb R P, IhVarey B8 Nuposs) Ml dey proyge smgouder

nspul nonary admnistration. Exanple 65 5 5~. g

of p%ocaésgag.:xfmgrQﬁhlaoffdfmggt?%eolp%vg@“@\ Phagmaeidd c3F @@ ledéd. ) and

1 .0m o ne“were nmade u mL By dissolving in injection distilled

water, this W8S fhkl 8 idNP ¥EsRekat(d rakadi agRlsdy RANTY sedtto the
freeze-drying was carried out using a shelf-type 10 freeze-dryer (Lyovac

GT-4, mageoiye lR¥ReiDnedhe digbatpowaiéon i ndexrmef thef meazpowideteflor m
freeze-dried conposition (freeze-dried cake) obtai ned was cal cul ated. Next,

a vessel coipikidiareter 2 1fivenad owt h Thieer elon- pdhdernpor-mdW@eze- dri ed
conposition obtained was 15 installed in a self-inhaling tyge dry powder

i nhal er fesingnedesimd- dhdied heompros LE1ohe can bet rvaidet iloht e G BEYh 17
was 4.01mm and the bore of the suction flow path 16 was 4. A nm This was
di r dét | yppetdededuprieptarahiser dsvbng(annaarhpagty tele §lametepcpli s
l11.7-" t1 utll@Gl t , iitir ., WA ) f I t tvd vi i th 20 an gﬁiﬁgreather
(made bylAnmdcstoms REske $Ast PEREMAT aPHY 5 MIQAT ORE,8 8, eftEft °&o ons:
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30% or more. The method of applying the air impact to the
15 freeze-dried composition is not limited: howéver, the
above-mentioned dry powder inhaler of the invention 1s
preferably used.
It 1s preferable that the manufacturing method be
implemented by introducing air capable of applying the
20 above-described alr impact to a freeze-dried composition
into the vessel housing a non-powder freeze-dried
composition. The method of manufacturing the dry
powdered preparation of the invention is characterized

in that a patient administering the dry powdered

25 preparation can prepare by him/herself the powdered



130 of about 17ml/sec to the freeze-dried cake), and the particle size
distribution of the fine particles jetted out was neasured. The mass nedi an
aerodynam c diameter (Nm SD) of the fine particles was cal culated fromthe
particle 5 size distribution. The disintegration index, and the nmass nedi an
aerodynam c dianeter of the fine particles jetted out fromthe inhaler are
shown in Table 7 for the freeze-dried conposition. <Table 7> 10
Freeze-dried conposition D sintegratieg Mass nmedi an i ndex aerodynami c
dianeter ( WitSD, MVAD) 6 5 . Procaterol-HC + valine 0. 27 3 1. 582t
1. 55 2 Procaterol-HC : Procaterol hydrochloride 15 As shown in Table 7,
t he non-powder-formfreeze-dried conposition (freeze-dried a4<e&|, whi ch
showed aP¥eEdaxaflem 8t theekige ebse \X/&?%%?Fgoﬁa)dé’yf DAt RGr ticles

in the vessel by_the bove-rren,tigned air "1ln

rya ~rnntFeezg-dried compesit 9“0%%%&?3%\?\7 $S§%&vql¥'f8uiféﬂnpeil -

l..iViV\_aida. ' d h it i b d

oy e B SOOI e
su [ [ s : [ S, zil;

relati velcﬁc?t('\%/?‘tl%_o ’&130/ #gg%q(ri%gkfﬁgj)gyor insulin a%d any of various

carrigers as shapn i fABYE o lrﬁ%n%’fé’@@ﬂ?ﬁfg Rderyp pldvPe 288 by di ssol ving

in injection distilTed water, I's was ed Into vessels (trunk dianeter

| 8mm) o Yo POt¥RS LATERRD St eHELRD £ 588! frtie/ Pepbieagzre dryer
(Lyovac %r%f&ﬁgggog{/ dI)_?aygol d) . The 5 di%i nt E%r ation index gf t he

non- powdgfmfdd Minbhaey a1 éf L ad £ APoshbi @d (fsweng drianscaba) whtased was
cal cul ated. Next, as in Exanples 38 to 48, a vessel (trunk dianmeter |8m
filled with theonon- powdarhé@r oiff meezefdcitadr tngpaesidrpnpobidamed was
installed in a self-inhaling type dry powder 10 inhal er designed such that

t he bor epafepgdeasiion nfoodaatamepfilowpaty admdasistgahihemd t he bore of
the suction flow path 16 was 1.99mm Using this, the fine particle fraction
(% Mas compiisdadgvth a twin inpinger (made by Copley, UK) (applying an
air inpact arising through an air speed 15 of about 95nf sec_and ,an air flow
rate of about lrotmodweing air into a vessel to apply to a

freeze-dried composition an ailr impact having an air
speed of at least 1lm/sec and an air flow rate of at least
17ml/sec using a device capable of applying said air

15 impact to the freeze-dried composition in the vessel,
thereby making said freeze-dried composition into

fine particles having a mean particle diameter of 10
microns or less or a fine particle fraction of 10% or more;

the freeze-dried composition containing a single

20 dose of an active ingredient and having the following
properties:
(1) has a non-powder cake-like form,
(1i) has a disintegration index of 0.015 or more,

and

25 (11i) becomes fine particles having a mean



to the freeze-dried cake) . The disintegration index and the fine particle
fraction (% are shown in Table 8 for each of the freeze-dried
conpositions. ~~T~ai ~ie 8> 20 Freeze-dried conpositionDi sintegrationFi ne
particleindexfraction (96 6 .InginsulinO . 15 97 5. 06 7 .Ilngins ulin +
1. 4ng leucine0O . 14 58 0 . 76 8 .Ingins ulin + 1. Org valineO0 . 1107 9 .
425 6 9 .2nginsulin0O . 17 74 2 . 47 0 .2ngins ulin + 1. 4ng leucine0d . 13
76 5. 1 132 As can be seen from TaQlke 8, regardl ess of whether or not a
carrier was present, the non-powder-formfreeze-dried conpositions
(freeze-dried cakes), which showed a disintegration index of 0. 110 or
nore, were easily made into 5 fine particles in the vessel by the

above- nemardded e@idiampsetr; ofi LR micpeingyogod st et 8 HinauRdriisthier ed
preparation suitable for transpul nonary adm nistration. Exanples 71 to 75
1mg of ifEakitdqneefnbPiamr MeBA VRO PP IBLaPT I Sreribt by™BAGH as,

Brazil; relative activity: 26.4U ng) and any of various carriers (l.5ng) as
shown in Tabl é@zmr'@‘ﬁaﬁ@ﬁbofioqrg ‘Sﬁﬁ.’uﬁf‘%‘ﬁzggﬁp\ﬁ ny |%r’r'yi nP a¥Eed e

distilled , . thi filled ] k. .dj d

1 acze. PyPRGRAGIEE: FPEItoanaRY HIog AbAt b o ta 4t b8 hgatTilg Uac

GlI-4 d L d)..Th i sjnt t ' - -

(1 ceBo df bedEemARl 11 BReEa b bha, P <30 CRELSt AT VRECET A & et
| (t k_ di t L] ed wi ~powder - f -dried

Compos: tTBRTHF Hed Abed 2aMasE) PEq A hioFBRNEPREDS CECR apeee ort e

havi n [l bl u . sLotype fry powder 1nal el om
(having g belove Body: £aBRbIE of o §UBR! Wiawes )

desi gne ore of e air jet flow path was |I.2nmm and the bore

of the di schar ggaf | opp, gatelb ¥8Sal -HFMhanvi¥cearih Fxamdoes powdeiiedhi s was
directly jetted out into 25 an Aerosizer (made by Amherst Process

| nstr Uﬂe?keﬂéﬁat1on1§%xUS&e)arfs'pt1mowatmy ardrien dlsrtesd tikon( aade ddd wgher st
Process Tnstrunment, Inc., USA; neasurenent conditions: breath rate : 60

L/ mizp, bteatitaml wEl; whedefnapigi dd sambeegriatdaen dniddxgofhrbygh an
air speed of about 35nmisec and an air 5 flow rate of about 40nil/sec to the
freeze- df re® zakdxied heoppots Lt £obi 48 i sPRi o® iAMLBF the fine particles
jetted out was neasured, and the nass nedi an aerodynam ¢ di aneter ~.mt
SD) was cal cul 40dd. Thet e bbed of MAMIERPEBTINT (8 AFY ROVEAREPI( trunk

10 diameter 18mm filled with the_non-powder-formfreezedried co ition
obt ai nedPH&P 3 PR E &Ione§ ot téas‘HP‘-lilﬂ‘t?é}EF’Fﬁj Qéfﬂin&ﬁf’iﬁ‘)ﬁé(gp Pﬁﬁﬁcrer lgési gned

h that the b the air.introduct,i t 9 th
Such Uhe (he bore o1 (b it v on Loy et Ko v 990 ot 08
fr aé}s’ O”agsgne %@?d%ﬁ'e@'@é%ﬁo‘@fﬁﬁ?t YNy MR RQYGT g & "BEEQhY 1GPRE &Y . BK)

(applyin i npact arfrsing ough an air speed of about 95nf sec and

an air flowrayg RO.f %Eéwﬂrééfe&ofao $Penfaezgcduirah gake)dryspowaered n
tcnrati ~n i n~l'Ar thP. ma_g~ ma~71_an aerodynam c yaav uiu.w v~.. ..~

- 20 di apRtesafditlo rSBo 0% Fdies bultipd 7 CA @m 1 bdis terla pibrf nemdtdibat type
dry powder inhaler, and the fine particle fraction (~) of the fine

particl egcobtiaiéwd by1t,he vasd felinhaltiey tfmeedey duoveidr can@lagitienshown
in Table 9 for each of the freeze-dried conpositions.‘?S <Table 9

>
contains a synthetic low-molecular-weigh drug as the

20 active ingredient.

406. The method of manufacturing a dry powdered
preparation for transpulmonary administration according
to item 401, wherein the freeze-dried composition
contains a high-molecular-weight drug such as a protein,

25 a peptide or the like as the active ingredient.



134 Freeze-dried conpositionD sintegration i ndexMass nedi an aer odynam c
~dianeter ( dunt SD) MVAD )Fine particle fraction ()5 71 . Insulin
+isoleucine0 . 12 41 . 759t 1. 42571 . 17 2 . Insulin +leucine0 . 2 5
01l. 954~1. 4547 4. 17 3 . Insulin +valineO . 12 42 . 007t 1. 4
387 2. 17 4 . Insulin +phenylalanine 0 . 2 041 . 87 2 ~1. 47 76 2 .
07 5. Insulin +D-mannitol0 . 16 02 . 2 3 9t 1. 4 3 561 . 210 As shown in
Table 9, the non-pomder-forn1freeze-dr}fd conpositions (freeze-dried
cakes), which showed a disintegration i'hdex of 0. 124 or nore, were easily
made into fine particles in the vessel by the air inpact arising 15 through
an air speed of about 35m sec and an air flow rate of about 40nil/sec or the
air inpact ari 40y t Bheugheghod rofpamnwf agbsningnmascdrin®oardereds | ow
rate of 295ml/sec. Moreover, the nean particle dianmeter of the fine
parti cl ePnfRRRTBY Lidfe £0¥ tnpRepudmaenagyt adBdgH shratdofpassHdaBout 20
95m sec and an air flow rate of 295nl/sec_was |less than 5 m crons, and
hence it tWas ijoRBi bA85t.0 priRGedna fdierieprepsdniedn campaiLtign
transpulnDnar%.adninistration. 500, 000_1U qf interf rona¥ % IFN—¥§ (rmade
by 25 HafQdhiBirs @ oBKBHRSE 1 EadWiBr 1S hak- We i ghhn, FBPatdS e Bt i vity:
10, 000, 000 J U nmg), and the carrier, sho iLn.Table 10 \wer 0 . 5n
by d?ESSOP\ﬂ%V?n jinrﬁre?téf"&ﬁ‘%‘l sEPG ea}m?aﬁ,t tH & \ﬁ/&sl%cff?gg%%nqqg \'L'/gsesel S
(trunk §F§hpconsisting<ﬂfaminoacids,dipeptides,tripeptides,
and saccharides as a carrier.
408. The method of manufacturing a dry powdered
preparation for transpulmonary administration according
10 to i1tem 406, wherein the freeze-dried composition
contains a high-molecular-weight drug such as a protein,
a peptide or the like as the active ingredient, and at
least one selected from the group consisting of amino
acids, dipeptides, tripeptides, and saccharides as a
15 carrier.
409. The method of manufacturing a dry powdered
preparation for transpulmonary administration according

to item 407, wherein the freeze-dried composition

+ 4~ 1Tovwr- ArnnTar_wadoht+ Arng as the
ains a S}'nuh tic low-moclccular wCifiadl Giuwy 4o Lac

[0}

20 active ingredient, and at least one selected from the
group consisting of hydrophobic amino acids, hydrophobic
dipeptides, and hydrophobic tripeptides as the carrier.

410. The method of manufacturing a dry powdered
preparation for transpulmonary administration according

25 to item 408, wherein the freeze-dried composition



dianeter 18m) , and freeze-drying was carried out using a shelf-type
freeze-dryer (Lyovac GT-4, made by Leybold) . The disintegration index of

t he non-powder-form freeze-dried conposition (freeze-dried cake) obtai ned
was cal culated. 5 Next, as in Exanples 1 to 37, a vessel (trunk diameter

| 8mm) filled wth the non-powder-form freeze-dried conposition obtained was
installed in a jet type dry powder inhaler (having a bell ows body capable
of supplying an amount of air of abou 320ml) desi gned such that the bore 10
of the air jet flow path was |.2nm andthe bore of the discharge flow path
was |.8mm. jetting was carried out directly into an Aerosizer (made by
Amher st Process Instrunent, Inc., USA) fitted with an Aerobreat her (nade by
Amher st Ppodaskn s nsthlgbnmo Jeweu lagsae hghsudsmgnsuth esnéi proteimeeat h
rate: 60 L/mn, breath volune: 1 L) ( applying an air inpact arisin

t hr ough anP&Rti@ee@roftR@olitkesscthandcdii veringaRdbedtof apdud

40ml/ sec_to the freeze-dried cake) , the particle size distribution_of the

fine partP&Sds jebeed SRt Gas e Bd, tB8 (HEOHRss GRS LR 3@ SherBbynani ¢
red an RYERARRELA SABLHO (BPHAE sopver ThoPlse papemt tefar (hGouc

CrabPe 1Y AFOSoBIZ, SURNB Rt 1885 naky Y oRAREASERG: an composttion | ndex
0 2 Arg. o 81336 Theo e bngH) qh ARpngafrhidnt "a BhF Bokdbab] S)

argi ni ne?,t}xsg;aqc@t%!nd%o% %%ﬁgpggm%%gﬁwgglﬁﬂ&15heae%wm§r -form

freeze-dried conposition(freeze-drie showed a di sintegration

i ndex of¢8. 33 mW@616asindrade tHd orfbBe dalfiehesdnpdhetuesselsby the
air inpact arising through an air speed of about 35nm sec and an air flow
rate of whewWr-19odQmllseceompus dPL6AEr the nean particle dianmeter was | ess
than 5 mcrons, and hence it was possible to produce a powdered preparation
sui tldbl e for taagspuThenangthddi St manmwhactumliPg 78 aimy 78owsieived 000,
000 U or 2, 500, 000 IU of interferon-y ( IFNy) (madeby Hayashi bara

Bi ocheni palelpsioa blom €911 taauspudmondA ny iadmiplistingtien 866000DL R Y ny)
was nade up to 0.5ml by dissolving in injection distilled water, this was
filled i hpoitemet 81, thehRIdidama thodgnf) makhnos the, &rR9rRg dikedo
carried out using a shelf-type freeze-dryer (Lyovac G4, de hy Leybol d).
The di siﬁPé‘@’rod*Hgﬁoifhd%?t(?f Eh%end’rﬁﬁ'&%\ﬂ .5 ot th & cBSES %ag s%‘ti on

(freeze-ggileuqnecalég) 0obﬁ a;:geqjov\r/r?f cal cul ated. Next, as in Exanples 1 to
137 ) '

15 413. The method of manufacturing a dry powdered
preparation for transpulmonary administration according
to 1tem 401, carried out by using a device having means

capable of applying an ailr impact having an air speed of

ct

TAam~d+ Ve / A annA an ad» F£1 A
ACTUD L Ll Wiy Uil Wi ad Ly
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te of at least 17ml/sec

S /
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20 to the freeze-dried composition in the vessel, and
introducing air having the air impact into the vessel
housing the freeze-dried composition.

414. The method of manufacturing a dry powdered
preparation for transpulmonary administration according

25 to item 401, carried out by using a device having means



37, a vessel (trunk dianeter 18mm) filled with the nonpowder-form
freeze-dried conposition obtained was installed in a jet type dry powder

i nhal er (having a bell ows body capabl e of supplying an anount of air of
about 20nl) 5 designed such that the bore of the air jet flow path was

| . 2mm and the bore of the discharge flow path was |.8mm and jetting was
carried out directly into an Aerosizer (made by Amherst Process Instrunent,
Inc., USA) fitted with an Aerobreather 4nade by Amherst Process |nstrunent,
Inc., 10 USA; neasurenent conditions: bteath rate: 60 L/ mn, breath vol une
1 L) ( applying an air inpact arising through an air speed of about
35nisec and an air flow rate of about 40ml/sec to the freeze-dried cake ) ,
t he part ic@dmabileeodi stpp bytingnaof atifre ifnpwc pahavdings gretaiod speedadn
nmeasured, and the mass 15 nedi an aerodynam c dianeter (gymt SD) was

cal cul at edraprge do €i ht Bgr a000 §ecexndnant At rnfidowhadi ten afratyhanisd
dianeter (~.m SD) of the fine particles jetted out fromthe inhaler are
shown i nl7dbl éser ter R hf Beegiee drbedecampar tohpasin &he VOSSFdbl e 11>
Freeze-dried D sintegration Mass nedi an conposition index aerodynani.c

di anet er 20 EdR ¥ TBUNED 31inhavpngobheodirulep aginiyn o Jdbe 7 &85€1 439
78. 500, 000, LU (;cInIF[f\I-;é 0. 168 2.244t11.514 138 As shown in Table 11 ,
despite REUEHALaiTHhgEECEATTEF IS MBROSIMFLDf or m freeze-dri ed
conpositions (freezegri ed es. ) which_sh d di_si grat.i i_ndex of
0. 160 or nor e,‘ll\;\q‘i‘r eq‘zlaesi'f‘é%ﬁ;&% ?ﬁt S'afl}lhgggg\rﬂl%jtrﬁ%sai n&%ﬁep\a/be"géf:e by the
above- Mepll et adioh FEF to - SREpEARAMYEE ! RETRAL BARELBIP sU AR EH 1S

| ess tha crons, and hence I't ‘'was possI fe™o produce a preparation
sui t abl efor n | Mgk Moy +S T <At a 9 of
pud 9 WRO?ZiG%%%p?B%E{de by¥%l%§ulgamt;h%§?n%§23tg%a{&6?c,g E%igiggg ﬁ?é?\r%gfter
referredcap @51ePbe AWy ihg athhilk Hmpa et asavdnldNan A sp&ea eff any of
various carriers as shown in Table 12 were nade up to 0.5nl by dissol ving
in i ecatolelisti lngdewntaard drhiasi mwasl dwlt&delbfi atolgaste20nl ¥ serk
dianeter 18m) , and freeze-drying was carried out using a shelf-type
freeze- dtyer thleyofare €¥Fd - draided bycdmepbelid)lomhe rdi ilve egrest s ,i ndexd of t he
non- powder -form freeze-dried conposition (freeze-dried cake) obtai ned was
cal cul at datneducing i alexdpvesg7the 20r7gdmpacésdatqt thek e ageter

| 8mm) filled wth the non powder-faormfreeze-dried conposition obtained was
i nst al | eBOUS hnpetthg pErgezeodnéed GrMRPSeiAhg a bel | ows body capabl e

Of SUPPYLI0 2 qrouflh of o4, Aboue UL S ged el LiniaLiig pore o
was 1|5 8”B‘rep£‘§2tion for transpulmonary administration according
to 1tem 401, carried out by using a device having means
capable of applying an air impact having an air speed of
at least lm/sec and an air flow rate in a range of 17ml/sec

to 15L/sec to the freeze-dried composition

20 and introducing air having the air impact into the vessel

housing the freeze-dried composition.

417. The method of manufacturing a dry powdered

preparation for transpulmonary administration according

to item 401, characterized by making the freeze-dried

25 composition into fine particles using the dry powder



and jetting was carried out directly into an Aerosizer (nmade by Anherst
Process Instrunment, Inc., USA) fitted with an Aerobreather (nade by Anmherst
Process Instrunent, Inc., USA, neasurenent conditions: breath rate: 60
L/'mn, breath 5 volune : 1 L ) ( applying an air inpact arising through an
air speed of about 89nisec and an air flow rate of about 100ml/sec to the
freeze-dried cake), the particle size distribution of the fine particles
jetted out was neasured, and the nass di an aer odynam c di aneter (gym SD)
was 10 cal cul ated. The disintegration index, and the nmass nedi an
aerodynam c dianeter of the fine particles jetted out fromthe inhaler are
shown in Table 12 for each of the freeze-dried conpositions. <Table 12> 15
Freeze- dihba I si afedrtamohOlaos Medi?2 aphommpokh t BR iserekiasr &dfynbhkd c
dianeter ( 4un ~ SD, MMAD ) 7 9 . puUC9 DNA + isoleucine 0. 10 3 2 . 16 8
t 1 . 5 Bry geowdpudinipnher Iaeﬁjctgé gevbog-1 . 603t 1 . 580 20 81 .

puCcl 9 DNA + valine 0 . 110 1 . 789t 1 . 486 8 2 . pUC 9 DNA +

phenyl al ani ne $18.14The; methogd { of gagugagggtgrb%@ 9 PNAPLWYSERRi tol O

. 126 1 . 969t 1. . 503 As sh in Table 12, . th - powder - f

fr coze- dPFEPABRBOAN R LHLEBBLAARAF ALY MR LRBUBG o A0 9

di si nt ti [ f 0. 096 : i | j _ fi
par t ol aboi ri-t#R vaskel cBpRaR: o 1 Eadp el MR EhFoine k29 E3ded o
bout 891 A t te 1 th
?regg par?P%\%ZO%¥gﬂr§trﬁe?ir%§§ I()%V%égt a%ggil%ﬁt:érsong,ggy de %ﬁgg‘i{?o\r/\pggygggsi gl e
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adm ni str 100,g of an anti-interleukin-1(3 anti body

(anti -1 L%%é, @@vggygiﬂmg%pyag sHka @i gaceutical Co., Ltd., 10 Japan )
0]

and 2 . any of various carriers as shown in Table 13 were nmade up to
0. 5ml by di ss@hwi .ngThe | nie€chban d&stimbhadfwdteurinly s aaspowdedeidnt o
vessels (trunk dianmeter 18mm) , and freeze-drying was carried out using a
shelifo- t ype dp£eaeddny @oxf ltymamsep GLmbn amyea diylhdysiutaly ionhace®rding

di sintegration index of the non-powder-form cake-like freeze-drjed

conposi t toni temeé1d-,dbedn o akme thbdad fidernaf asci kil Bgct AN ROVEL TELsel
(trunk dianmeter 18nm filled with thenon-powder-fornfreeze-dried

conposi t bore T atdan dasvwhistathedfre ez § erigfecamp It P ARAMRAC havi ng
a 20 bell ows body capabl e of suppluyslinrggantggougtryof air 8fr alionl.ﬁaler

into fine particles powd

according to item 101 shown in the section of (1) Dry
15 powderinhaler,whereintheamouwtofairjettedintosaid

vessel each time using the dry powder inhaler 1is 5 to

100ml.

420. The method of manufacturing a powdered
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20 to item 417, being amethod of manufacturing a dry powdered
preparation in which the freeze-dried composition is made
into fine particles using the dry powder inhaler of item
102 shown in the section of (1) Drfpowderinhaler,wherein
the flow rate of alr inhalation from the inhalation port

25 using the dry powder inhaler is 5 to 300 L/min.




20mL) designed such that the bore of the air jet flow path was 1 .2mm and
the bore of the discharge flow path was |I.8mm and jetting was carried out
directly into an Aerosizer (made by Amherst Process Instrunent, Inc., USA)
fitted wwth an 25 Aerobreather (nade by Anmherst Process Instrunent, Inc.,
141 USA; neasurenent conditions: breath rate: 60 L/mn, breath volunme : 1 L
) ( applying an air inpact arising through an air speed of about 35m sec
and an air flow rate of about 40nl/seg,.to the freeze-dried cake) , the
particle size distribution 5 of the fi'ne particles jetted out was nmeasured,
and the mass nedi an aerodynam c dianeter ( ~m~ SD ) was cal cul ated. The

di sintegration index, and the mass nedi an aerodynam c di aneter é m SD) of
the fine partiékas j @lteednethofld onf t Panufre ERTANG shofR Y Pa%s gyeﬂ% for
each of the 10 freeze-dried conpositions. <Table 13>Freeze-dried

Di si nt egpabipEmat $ ome fioan teanED e L Be Niake adh b sAmat HPEnReePr W9~ sD)
MMVAD )16 84. Anti-IL-1(3 antibody + I1e0.2721.668t1.43485. Anti-IL-1(3

anti bodyte [Hei@m| 998 634eMPAIMRIANt i -1 L-1(3 anti body +

Val 0.2771. 890t 1.39287. Anti-IL-1(3 antibody_ + Phﬁo. 3581. 46 % 39$I I ﬁ:

i sol euci ne, Lebntrafiednayvapin aditie® pife: “FhERGHal af) n@ﬂ)@a h t he
freeze-dri edconpqgsiti ons obt ai was_ anqQn-.po r-f.0r = | i ke S
(fredze- Fie&F eakey f’ﬂ@‘tﬁc’rﬁafggof‘r e rlgi %ﬂsa tocglﬁ(ggii&ggeer??r oﬁ?il'able
13, thenon-po r-formfreeze-driedc , L C h 5fdicst Nk ggeat i on

i ndex of S8 i si'ntegr e alr 1npact arising through

anai 1 spged ,0f About G5 569 ANk A 3 51,748 bakaes ARowy40Eliasabhecom ng

142 fine partic nass I an aerodynam c di anmeter |ess than 5 mcrons,
i.e. becqmEn ‘fﬂegfed i @Pargt ong fuialcAb! exdor thieanspobereardried
adm ni stggi %nﬁpggarrp ess§8 to 91 5 108, g of an anti-interleukin-1la

anti bOdchﬁ-{Bé,gh_ltilﬁl aphi be@y)végada by Ot suka Pharmaceutical Co., Ltd.,
Japan ) and 2 . Ong of any of various carriers as shown in Table 14 were

madegip to 0. bmbriwbdi sariviggandi freed onddied Idawp agtldrior i 3tRas
filled into vessels (trunk dianeter 18m) , 10 and freeze-dryi ng was

carri ed @dineispagta shekf htappengr eemean ypartiyplacdspuetagdf@hyleybol d).
The disintegration index of the non-powder-form cake-|i k(i freeze-dried

conposi t MdrexX 6 neco - 5 80T ak L nspPainicke hasf rartdich 8 1RPT BPYESsel
trunk dianeter |8 filled 15 with the, nqgn-powder-fornfre -dr

((:oml;osi t: on obﬁé‘i%?ﬂﬁrﬁﬁg’rqﬁ%?ﬁ\émﬁqmp%sj‘l'@aqr{/)p%oﬂﬁ? %rglzﬁsn%?gfig( havi ng

a bell ows body capabl e of supplying .an anpunt .o i beut 1235

desi gned dﬁﬁ:?lyf’ﬁafa‘i hachdve gf“éﬁ& G anﬁ c}‘vé‘ﬁgbh \(/q\:f/ar*sé}lle.H i an%‘igt he

bore of the di sg;p_ar e flow path was |.8nini, 20 and as in Exanples 84 to
87, Lh aiprr‘?lﬁﬁﬁ I sing through an air speed of about 35nfsec and an air

flowrate of about C o, A0Pblvab cebkie rmegerdied cake In the
vessel, the parti cl(gqg?ﬁz%gdﬁstri ution of the fine particles produced was

nmeasured, and the pgss) Megdsan N HONAagra 2bodi Amiex {n, m trHDyewsst
cal cul ated. The di sintegration index,

0.015 to 1.5, and

becomes £1in r+icles having a mean

20 particle diameter of 10 microns or less or a £fine particle
fraction of 10% or more upon receipt of the ailr impact.
422. The method of manufacturing a dry powdered
preparation for transpulmonary administration according

to item 421, wherein the disintegration index is 0.02 to

25 1.0.



143 and the mass nedi an aerodynam c dianmeter (~,mt SD) of the fine
particles jetted out fromthe inhaler are shown in Table 14 for each of the
freeze-dried conpositions. <Table 14> 5 Freeze-dried D sintegration Mass
medi an conposition index aerodynam c dianeter ( Eun t SD, MVAD ) 88.
Anti-IL-1a antibody + Ile 0.253 1.515 ~ 1.433 89 . Anti-IL-1a antibody +
Leu 0. 204 1. 787t 1 . 435 10 90. Anti-IL-1a antibody + Val 0.257 1.957
t 1.393 91. Anti-IL-1a antibody + Phe-§.258 1.707t1.426 |le: isoleucine,
Leu: leucine, Val: valine, Phe: phenylal anine Each of the freeze-dried
conpositions obtained was a 1G 20 non- powder-form cake-1i ke mass (

freeze-dried cake ) at the tine of freeze-drgﬁng. As can be see fraanabIe
14, the non- pohd@r- iBre Meddhedddfednaddac WRFER SdwdF B BPYGREY ati on

i ndex of 0.204 or nore, were disintegrated by the air,_jnpact arisjn

t hr ough RREeRaTraHéea SPraBGQH%H§Qg% aéjd‘yja?gsftlrﬂig eaSFOEB%Jtﬁg

40ml/ sec, becom ng _fine particles of ss_nedi.an aer odynam i ter |ess
than 5 nt@rdrfemi 2@.1 hIFTFRd ™ %ﬁdé:{%d HRepdr S oir} g§| ?Zargocﬁg?lﬁgge'

t ranspul nonary m njstratiaon.,  Ex | es . f calci L 05 (made
by Si gma, USA)4§gd gbﬁﬁg%%gdaﬁwa\l)ﬁ%{guggfl egs(&gfshg\kf'\vtnﬂ%lgq‘abl e 15
were made_up to 0.5l _by dissol vi i A ' iStid LRda Watk&faihhi s was
fill éd i%FS%\?egggngn(FrOéngE(?ﬁlaér%‘?ﬁe}&ol #,aﬁl%gms%ﬁ#%éez%%r% ng g\/as
carried oyt 4sipoed ohekhabuns fEREZGd VELoblyWRE EF MosiBgedy Leybol d).
The di sintegration index of the non-powder-form cake-like freeze-dried
conposi tygp Ad&eeze-dried cake) obtained was 5 cal cul ated. Next, a vesse
(trunk dianmeter 18nm filled with thenon-powder-fornfreeze-dried
conposition obtained was installed in a jet type dry powder inhaler (having
a bell ows body capabl e of supplying an anmount of air of about 20ml)

desi gned spsh thedénsbalwoeaely tadmibnilsjtetatfiow patthdd® was |.2nm and the
bore of the discharge flow path was |.8mm and as in Exanples 84 to 87 , an
ai r lionpact ari%heg thmagensn ailmwepebdonf aloEtBEH sePBOW1l48%air &1 ow

rate of about 40nil/sec was applied to the freeze-dried cake in the vessel,
the partttieamspudmeinary badmdm i tras lomanehheid|gprising making

a freeze-dried composition in a non-powder form into fine
particles suitable for transpulmonary administration at
the time of usage (administration), and administering the
15 resultingpréparationinwapowderformwdthfineparticles
by inhalation. The transpulmonary administration method
can be carried out using the above-described dry powder
inhalation system for transpulmonary administration of
the rising the vessel housing the
20 freeze-dried composition of the invention and the dry
powder inhaler of the invention.
The transpulmonary administration method of the
invention encompasses the specific embodiments defined
in the following items 501 to 522:

25 501. A transpulmonary administration method



15 produced was neasured, and the mass nmedi an aerodynam c di ameter (wmt
SD) was cal cul ated. The disintegration index, and the mass nedi an
aerodynam c dianmeter ( ~m SD ) of the fine particles jetted out fromthe
i nhal er are shown in Table 15 for each of the freeze-dried conpositions. 20
<Tabl e 15> Freeze-dried D sintegration Mass nedi an conposition index
aerodynam c dianeter ( dun f SD) MVAD ) 92. Cal citoni n+ isol euci ne0. 2091. 531
t 1.4572 5 9 3 .Calcitonin+ |eucine0 - 2731.699~1. 4314914
.Calcitonin+t valineO . 2 4 81 . 4 21 B a4 6 6 145 9 5 . Calcitonin +
phenylalanine 0 . 150 1. 6 53 ~ 1. 4 0 8 Each of the freeze-dried
conposi tions obtai ned was a non-powder-form cake-like mass ( freeze-dried
cake ) atomprisfmgaf freeze-drying. As can be seen from Table 15, the 5
non- powder -form freeze-dri ed cakes, which showed a disintegration index of
0.150 or nore, mekéng siat efraeed byrihd aiqonppadttian si hgtonhr dubfean air
speed of about 35nisec and an air flow rate of about 40nl/sec, becom ng
fine parpacitdsc bésnhey Inegi ameanopprdi el e arematessef 40 AHCEORBer ons,
i.e. becom ng a powdered preparation suitable for %rgns ul nonar

i et

admi ni st eat ilows s FRam# e£10@ RANbYClEy HFastdoft opdi et ?ﬁa&@%%'VKko Pur e
o olownaPR Ieine 85 bk HBRAGI KEvHAenE iyt ko ERAR doofn Btii e, °
freere: AL RPGeandarn &bt L6Y: FALP SF019L,J 88 Te AL IBRS 0 B T,
Cake- 1 kEERRRS Lamhih ‘L SpSE PR A de qraull OF Mk poure e

cal cul ated. Next 1,3 uessel 1t Unko db aEBhar d STEL G Ikl e (howder

non- powder-formTréeZze-dried conposition obtained was installed in a jet

type dry;po BRhaer 1 AnRaVd o ; bel | ows body capabl e of 146 suppl ying
an anounFBoﬁpgﬁ?bof gﬁout 20mLl) designed such that the bore of the air jet

flowgat h was knhdme padzhaibpea eoniges itiomrgentiadn aghawastngdem and
as in Exanples 84 to 87, an air inpact arising through an air speed of
about 5 APsesrand adchilvel |iavgratid eoft abodt Modngedhaastapgiovwetngo t he
freeze-dried cake in the vessel, the particle size distribution of the fine
particl eprrpelntdéesvas neasured, and the mass nedi an aer odynam c di aneter
(~.mt SD) was cal cul ated. The disintegration _index, and the mass nedi an 10
aer odynani ¢ di 4dot drag ggmnorsrposaemheCakas 13 i EPERjetted out fromthe

nhal e are S s e al s {525t ¥n IRabiCTE ¢ bIS SMRSLE! "

15 and
(iii) becomes fine particles having a mean particle
diameter of 10 microns or less or a fine particle fraction
of 10% or more upon receipt of the air impact.
502. The transpulmonary adminis
20 according to item 501, wherein the freeze-driled
composition is housed in a vessel, and the f£fine particle
powder are made using a device comprising means capable
of applying the air 1mpact to the freeze-dried

composition in the vessel and means for discharging the

25 resulting fine particle powder-form freeze-dried



<Tabl e 16> Freeze-dried D sintegration Mass nedi an 15 conposition index
aerodynam c dianeter ( Eun t SD, MMAD ) 96. Erythropoietin + isoleucine
0.287 1.214 t 1.396 9 7 . Erythropoietin + leucine 0 . 213 1. 833 ~1

4 2 9 20 98. Erythropoietin + valine 0.254 1.670 t 1.444 9 9 .
Erythropoietin + phenylalanine 0. 3091 . 923t 1. 447100 .
Erythropoietin + Dmannitol 0. 1551 . 7951t 1. 412 Each of the
freeze-dried conpositions obtained waz a non-powder -form cake-1i ke mass (
freeze-dried cake ) at the tinme of fr é&e-drying. As can be seen from Tabl e
16, the 25 non-powder-formfreeze-dried cakes, which showed a 147

di sintegration index of 0.155 or nore, were disintegrated by the air inpact
ari sing tbmugdiadoa rospeed dfhabwets 36kl sec and an air flow rate of about
40nil/ sec, becom ng fine particles of nmass medi an aerodynani c dianeter |ess
5 than 5 microf$3. .Bhebedonangpa lpvonieryd wdphpasitarathppabinetbhpd
transpul nonary adm ni stration. Exanple 101 20, g of granul ocyte col ony
stimul at Beg dBding G AR (5hRAdewbe AR bl e 8¢§i,n@19ﬁét)1°dhcﬂ-r2d.ex5ng of
D-mannitol were 10 nade up to 0.5nl by dissolving in injection distilled
wat er, thRifs tee frieege rard adbseemp otk disnel ef 21 SFMOER

f -dryi i ed i hel f - f - L GrT-4,
159559110, 485 St UL el & 21 LRE L sSres e dbiuae T 6
15,7 2GS GaTROF N0, SESRRRUA S REhOL A Ba S oLl o
henon PR, { OpREGE2e U 0 SOIRRLL A8 BLouted vEenst Al Gohe 2 )

type dry po I nhal’er avin capa suppl yi ng an
ani ount @f; g reof about 20 20nl) designed such that the bore of the air jet
fl ow pat h was .2mm and the bore of the discharge flow path was 1 .8mm

and as in Exangloes, 84nle0 SfrandpuliMohdPCt Adh$EhAG tidoleh amaethowpeed of
about 35m sec and an air flow rate of about 40ml/sec was applied to the

freege- daickib faka g ntd hetepssw2, 2phbhe parthel aly zempastr idfit { baidf the
fine particles 148
is generated by air having an alr speed of at least 2m/sec
and an air flow rate of at least 17ml/sec.
506. The transpulmonary administration method
according to item 502, wherein the air impact of (1ii)
15 is generated by alr having an air speed in a range of 1
to 300m/sec and an air flow rate of at least 17ml/sec.
507. The transpulmonary administration method
according to item 502, wherein the ailr impact of (iii)
is generated by air having an air speed of at least lm/ssc
20 and an air flow rate of at least 20ml/sec.
508. The transpulmonary administration method
according to item 502, wherein the air impact of (1ii)
is generated by air having an air speed of at least Im/sec

and an air flow rate in a range of 17ml/sec to 15L/sec.

25 509. The transpulmonary administration method



produced was neasured, and the mass nedi an aerodynam c dianeter ( ~.mt SD)
was cal cul ated. The disintegration index, and the nmass nedi an aerodynam c
dianeter (gymt SD) of the fine particles jetted out fromthe inhaler are
shown in Table 5 17 for the freeze-dried conposition. <Table 17>
Freeze-dried D sintegration Mass nedi an conposition index aerodynanic
dianeter ( dun't SD) MMAD ) 10 101 . GCSF + D-mannitol 0. 0491 . 795
t 1. 412 The freeze-dried conpomij(nbﬁbtained was a nonpowder-form
cake-li ke mass (freeze-dried cake) at the time of freeze-drying. As can be
seen from Table 17, the 16 non-powder-formfreeze-dried cake, which showed
a disintegration index of 0.049, was disintegrated by the air inpact

ari sing @reeyfliag ai tospdde®Bf St IVREIELIRNd tAF ai FreeR@ rafdest about
40ml/ sec, becoming fine particles of mass nedian aerod%nanic dianegfr | ess
than 5 mqg%m§?iﬁiqne90ﬁ&ﬁﬁﬁﬁgaa%ﬁﬁﬂ@@éﬁ%ﬂéBHﬂEQ% cyhanny gleft
transpul nonary admi_ni strat,i on. Exanetgs %02 to 104 100g of growth hornone
(made by WHkY PEr ER$ACEAVS nliBgEEEE Erd. . Japan) and any of various

carriers as 25 own_in Taple 18 re_made u .5 | SS I in

i nj ection distpﬁﬂkd &g¥%r,gfﬁﬂ§Ré£??PFFéh i%?%9€g§§€¥%gxo 491? %bh

di a er |8 and freeze- in S cakri ut | ng f
freggi-dfvggg%E}5vﬁc E§-4%J%% e %fﬂfbybgpgysg%ﬁe é#@%nt£§F§¥ﬁ%nd?ﬁ ex of

t he non- -far ake- L r —&lr i L1 f dgk cake)
6 obt ai neP e AN R AEEn Eahe | & ok EBl e R Bt R i
the non- gy Par-E rorgéz[ﬁgz%dr'eelgtgggpogjrtiQﬁeobigk@edawasthast@bltqd,én a
jet type dry powder I nhal er 6%aving a bell ows body capabl e of supplying an
amount ofy pd¥e@h edfout 20ml) desi gned such that the bore 10 of the air jet
flow path was |.2mm and the bore of the discharge flow path was |I.8mm and
as in Exanpl es 5341 { oThe atranspulmohaary siagmtiimicaighatdcal r mpédd bf
about 35m sec and an air flow rate of about 40ml/sec was applied to the
freek®- daasordded n the Veseml , 5t0fe, pawhiegtelni zé&he dfFeaitAsdesd the
fine particles produced was neasured, and the mass nedi an _aerodynam c

di anet er qonpesddiemsconttalnsed STHRthEed I8 cdPMiRALLRYSET 2R LARL mass
medi an aer odynam c_dianeter (gymt SD) of the particles jetted. out f40n1the

i nhal er &MGHRGnthe Fadivragizgredddnbs aRe 56 LPaS e ORe AL LB ti ons.
<Table 18> F -dried D si ' di it I

et odyna kOB EHA I PURNS PP EDE D PEoe B0 By EETT oag TRt LT
nam“t0|f}£5épQ@H£§%y€%d gaéc%&%idészégtalcaf%fg§.

15 512. The transpulmonary administration method
according to item 510, wherein the freeze-dried
composition contains a high-molecular-weight drug such

as a protein, a peptide or the like as the active

ngredlient, and at t elected from the group

4]

i at least one
20 consisting of amino acids, dipeptides, tripeptides, and
saccharides as a carrler.
513. The transpulmonary administration method
according to item 511, wherein the freeze-dried
composition contains a synthetic low-molecular-weight

25 drug as the active ingredient, and at least one selected



150 10 3. GH+ 1. 5ng Val + Oing mannitol + 0.02ng Gy 0.270 1.675 t

1.461 10 4 . GH+ 1. 5ng Phe + Olng mannitol + 0.02ng Ay 0.362 1.286 t
1.375 GH G owth hornone, Ile: isoleucine, Val: valine, @y: glycine,
mannitol : D-mannitol, Phe: phenylal anine 5 Each of the freeze-dried
conpositions obtained was a non-powder-form cake-like mass ( freeze-dried
cake ) at the tinme of freeze-drying. As can be seen from Table 18, the

non- powder -form freeze-dri ed cakes, j.ch showed a 10 disintegration index
of 0.250 or nore, were disintegrated Dy the air inpact arising through an
air speed of about 35misec and an air flow rate of about 40nil/sec, becom ng
fine particles of mass nedi an aerodynani c dianeter |less than 5 m crons,

i .e. becbmiomy thpowiyed gcogpaistiog 1GE shiydatdphobd a ramipel mehdy .

adm ni stration. Exanples 105 to 107 | ng of deoxyri bonucl ease (Dnase) (nade
by Si gmahydsmphab iznglbpeatyldsds varndubystirephed il thbpeptnldesl @s19 were
made up to 0.5mL by dissolving in infection distilled water, 20 this was
filled i ih® V@BEBAEtrunk dianeter |8mm), and freeze-drying was carried
out using a shelf-tyge freeze-dryer (Lgovac GI- 4, .made bi Leyboldé. The

di si nt egr ati onSlddexThBe t He- FBEPHIRRR2FIr maAdMLnLskF 3t Lede- fpethod
conpasition ( freeze-dried cake bt ai ned s 25, cal cul at ed. Xt ,

Vosod (PRGAE U Blor 40| et 1 Pag s 18RORALR (pihe o EFbeZe EEled

non- powder - f or eze-dried. comosifiQnoht-al 1S, | in et type
dry pomdglpn\%?léﬁ'é °(’ha‘%/?’h§a&“bse|a} }m#ébgog'%fééa%ggp\éaé’fégg%%l ;ﬁﬂbﬁ a%aglrlrlount of
air of apqut_2 { gned t e e LD i e gt th 5
was | . Zangan t e))f):%ﬁ'zd of %t hglégiljts%ﬁ:gr géepf I%\E/)vé pat k%va?? Str%né agn(l("jeggré?n
Exanpl esiﬁguté)aﬁént%“ Ahl 1IPagle ¢ ShAQ LHE 2T LS FiorPPead o%ralacgw
35msec and an air flow rate of about 40ml/sec was applied to the

freeze- debgs £akenig) e MBFSLbphidEL Pardmehe Siazel dls st rhpdraphebitdhe fine
particles 10 produced was neasured, and the nmass nedi an aerodynanic

di anet er di pept 1 d8l9), wASA aRy & vbatrrb 1 dherdipsipt £geat asnthrdeqrahdrt.he nmass
medi an aerodynam ¢ di aneter (wnt SD) of the fine particles jetted out from
t he inhal er ar 81shownhien Tabiesp®lmonaayh cfdmhsifstoszbidn ednethod
conpositions. 16 <Table 19> Freeze-dried Disintegration Mass mnedi an

conposi t aeedmdir daertoelynditieon di &fet.er Yhemein SDtheVAE FeeF & Arpeskse +

isoleucine O . 142 1. 737t 1. 45220106 . Dnase +valine 0. 20
9 2 . plgompoesikipm is a water-soluble composition.

516. The transpulmonary admlinistration method

15 according to item 502, being a method of making into f£ine
particles and administering such that the fine particles
have a mean particle dlameter of 5 microns or less or a

fine particle fraction of 20% or more.
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20 according to item 502, using the dry powder inhaler of

item 101 or 102 shown in the section of (1) Dry powder
inhaler as the device.

518. The transpulmonary administration method

according to item 517, using the dry powder inhaler of

25 item 109 shown in the section of (1) Dry powder inhaler



10 7 . Dnase + phenylalanine 0. 0782 . 425~1. 46 2 Each of the
freeze-dried conpositions obtained was a non-powder-form cake-|i ke nass
(freeze-dried cake) at the tine of freeze-drying. As can be seen from Tabl e
19, the 25 non-powder-formfreeze-dried cakes, which showed a

di sintegration index of 0.078 or nore, were disintegrated 152 by the air
i npact arising through an air speed of about 35msec and an air flow rate
of about 40ni/sec, becoming fine partggles of mass nedian aerodynanic

di aneter |ess than 5 mcrons, i.e. becomng a powdered preparation 5
suitabl e for transpul nonary adninistratlon xaml es 108 and 109 10, g of
parat hyroi d hornmone (PTH) (made by Sigma, USA) and 2ng of any of various
carri er asstbieovkevhcPabl e 20 were nmade up to 0.5nl by dissolving in
injection distilled water, 10 this was filled into vessels g%run di anet er

| 8mm), and frédek®- dr@h%gtm%ﬁlﬁ‘@&w ﬁgfnﬂ'd‘jasgﬁé Cﬂ/p‘@ eSS e- dryer

L GI-4, de by Le I d)... The di t t d
on: powcR CPEAREGKED! HEERr 807, dThEH SohpUReL P PP RIS  cd cake)

bt d 15 I t ed I t | 8 filled
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8mm) , and as i an air i1npact arising through an air
speed ofy gbquty 35g1,gec and an air flow rate of about 40nml/sec was applied
to the freeze- drle cake in the vessel, the particle size distribution of

the fine particieg Zﬁeléfdlﬁj@§eﬂiﬁ@5pﬁe&swws leardinlgeanmeannpdiranicle

aer odynanmi ¢ 153 Jlaneter ~mt SD) was cal cul ated. The disintegration

i ndex, adgatlee SBSSE rI&lihﬂmza@nedqnaIkssdbarmIfeIrneg pamtishe Sradelenne
partlcles jetted out fromthe inhaler are shown in Table 20 for each of the
f r eane- doFetlo@opposioiricong 0B raabile 1703 gt dalze- WP@G’W%%@I‘%{II dhTMass
medi an conposi tion index aerodynam c dianmeter ( dun t MVAD ) 108. PTH +
pheny| al speed 0L.2738 ragoDe 10§48 P 1900MpREec &P fadd t%irroféﬁﬂ =868t 1. 504
Each of the freeze-dried conpositions obtained was a non-powder-form

cake- | i kbnmassrargeenE dt7Bd /&8@) t8t ke $PRe of freeze-drying. As can be

seen fro;nn'gaitz)lhg #ne Barticles are made using a dry powder inhaler

comprising means capable of applying saild ailr impact to

15 the freeze-dried composition in the vessel and means for

discharging the resulting fine particle powder-form
freeze-dried composition out of the vessel.

520. The transpulmonary administration method

+oc item 519, wherein the disintegration index

20 is 0.02 to 1.0.

521. The transpulmonary administration method

according to item 519, wherein the ailr speed is 1 to

250m/sec.

522. The transpulmonary administration method

25 according to item 519, wherein the alr flow rate 1is



non- powder -form freeze-dri ed cakes, which showed a 15 disintegration index
of 0.234 or nore, were disintegrated by the air inpact arising through an
air speed of about 35msec and an air flow rate of about 40nl/sec, beconi ng
fine particles of mass nmedi an aerodynam c di aneter |ess than 5 m crons,

i.e. becomng a powdered preparation 20 suitable for transpul nonary

adm ni stration. 100g of |euprolide (nmade by Sigma, USA) and 2ng of
phenyl al ani ne were nmade up to 0.5nl bygsdi ssolving in injection distilled
water, this was filled into vessels 25 (trunk dianeter |8mm, and
freeze-drying was carried out 154 using a shelf-type freeze-dryer (Lyovac
Gl-4, made by Leybold). The disintegration index of the non-powder-form
cake- | i k20mAdeac dEPed CohB8Si-ti on (freeze-dried cake) obtained was

cal cul ated. Next, a vessel (trunk dianmeter 5 18m) filled with the

non- powder-form freeze-dried conposition obtained was installed in a jet

type dry powder inhal er (havi a bel | ows y C I i an
anount of Péi)ruﬁfa %@tf%?rﬁ?'ﬁgéi*‘g‘ﬁ&&’%%ﬁg&ﬁa n%ﬁoébg(;%r%ﬁ%?'dﬁ?r{eé’%??yj et
flow path was |.2mm and the hare of 10 di scharge flow path was |.8mm
and as i AABLANF BE 34 4 ?,iﬁ?%ﬁ?tﬁgghct ari sing through an air speed of

about, 35m' sec and an isrexfxkowifl@teﬁhgi%ﬁboﬂilsﬁonyls&&i%% apid ek £0 ahe

freef%-dried caR® i RV ésse article size distribution of the fine

particl CE R 5@1‘@ SBATY 16 A bhedwspowetinnsaemodgoanithe

di anet er was cal Cul ated. The disintegration index, and the nass

medi an a %wi foH APt Qanf ikt r3Y16h the Lhhalpetioal.es Thet arsout
fron1the€?%%g er afé shown in Table 21 for the freeze-dried conposition. 20

<Tabl e 213 JYfSZ65@d e hd SisPergi Al coneibosi imein &8 cArpidsiedort » nddxe
aerodynamc dianeter ( umt SD. MVAD ) 110. Leuprolide + Phe 0.358

1. 115t 1. 850 IRhwinpghayémkasiole 85 62255 The freeze-dried conposition
obt ai ned was a nonpowder-form cake-1i ke nass (freeze-dried cake) at the
ti melof freeze6dnyi nyseAnLaa Faenra-firdadrappruprpsithen for

transpulmonary administration by inhalation,
the freeze-dried composition containing a single
dose of an active ingredient and having the following
properties: |
15 (i) has a non-powder cake-like form,

(ii) has a disintegration index of 0.015 or more,

(1ii) becomes £fine particles having a mean

cter of 10 microns or less or a fine particle

+
o amd

par

[

icle &
20 fraction of 10% or more upon receipt of an air impact
having an air speed of at least lm/sec and an ailr flow
rate of at least 17ml/sec,
and being used by forming into fine particles having said
mean particle diameter or said fine particle fractilon.

25 602. The use of a freeze-dried composition for



6 non-powder-form freeze-dried cake, which showed a disintegration index of
0.358, was disintegrated by the air inpact arising through an air speed of
about 35m sec and an air flow rate of about 40ml/sec, beconi ng fine
particles of mass nedi an aerodynam c di aneter less than 5 mcrons, 10 i.e.
becom ng a powdered preparation suitable for transpul nonary adm ni stration.
16 According to the dry powder inhalation systemfor transpul nonary

adm ni stration of the present inventi gg a freeze-dried conposition can be
made into fine particles down to a si necessary for delivery into the

| ungs, and noreover adm nistration of the fine particles into the 20 |ungs
t hrough inhalation is possible. That is, according to the dry powder

i nhal at i tnaswgheimboa ty aadmull mbaira taddm niaste@rfldmn gof tohel peBsem@ 1.,
invention, a freeze-dried conposition that has been prepared in a

non- powdel efrerim cdm ebe foedez € ndo ffddhecomnogisdon dise hpwsest dde fthe
time 25 of adm nistration), and adm ni stered through inhal ation at 156
the sanwvessel ananfefide of specPAT bhel s AT oRafEkitl 2 Hep st S8 on
into fine particles becomes unnecessary. Consequent I%/, fccgrdi ngt o, the dry
powder | PPEPAHh gy B § of 2P uP FoARRBL BHRAFPN LS /15N (";ﬂbe‘%‘érﬁf)i on

t f 5 th t jnvention, there i i sk jof | duripg th
Tanubabt R PR S A L ach ATRR Fa T (4 a7 6F S Pact FRAT BESFhr ough

a filling, operation) or.loss durj sto (Af I d ton of
the dr ug‘gﬁﬁé’?{aor%gpﬁg gp&r eﬁeisr\lia@%’ﬁe %;rﬁ% chﬁtofﬁgpogogg%?ar#ﬁ%{ni on
with 10 fnpuriti i a i C ss@desired fixed anount
can thus#’f) eg(f-'%?:slgel&; e%bg%!i;?f%i gtultlé @uge?li}% ie\‘?lé?)gr tli ‘cul ar with

prepar at i ons h?aybrlg PedN &L Vot nggedi £pbed HedLiakl Y 63RPRE ¥€ion

phar macol ogi cal 'y active substance such as a protein or a peptide. 15 The
pr opor t i@Berr&iéﬁﬁtlim&laQﬁyt bahas s £ rae 10 td et 6 rnagg ito)i émas 0ed by the
dry powder inhalation system for transpul nonary adm nistration of the
invapti ofhesetin | edd dA9¥imtdgeatibeni davdGeEsed ff othe | Erekz200dried east
25% at least 30%or at least 35% U. S. Patent No. 6153224 20 indicates
that , wbhposytabnprioroant2 dry powser i nhalers , the proportion of the
active ingredient (particles) to adhere to the |ower portions of the |ungs
is only about 60%.0fThhe ampent of tke aErpeddndFéadent CPRRATHELRD t her,

Japanese Unexam ned Patent Publication No. 2001-151673 25 states gat t he
amount of o&rt 1 ama P HLine dEYdE AMdmebaE Baitd PR ai%efoF@é‘tf’rﬂrfgotih%eWuﬁé (1 ung

reaching proportion) is generally out ,10~ of the_ _drug_.di schar fyromthe

pr epar at‘?’gﬁ.reﬁﬂ%r et e?%‘?e“ﬁ??r Ame A i°£ Eg&gﬁ&ezt 'eg]?g\?gnti on

is valuable in t it,is,capabl f achi gvi i gher proportion of

effe@ti vEOPRS %Fgé’n(fjr%eiﬁarati% ggﬁ g’c igh?q%hg%gp?i'%r' art powder

| nhal ation prepgEali ong. SEEOTEE NG, t rbhsy dIaededlr beshudaDesin OB oand | et
0 r

type dry powder “i'nhal er the present invention, the eeze-dried

CONposi t't?%n%aﬁu?ﬁofipdjﬁyi Hdm{h D8 thatishesad@omarialy Ry | eteimgsaizr, into
the vessel fromthe air jet flow

wherein the freeze-dried composition becomes fine

e I T e L mand e e = maama wamh A4 amata nf 10 microne
parcicies liavdlilily a ucau pat i GYUad il Lo Ol AV Tl 2l

H

icle
20 or less or a fine particle fraction of 10% or more upon
receiving an alr impact having an air speed of at least
2m/sec and an air flow rate of at least 17ml/sec.
606. The use of a freeze-dried composition for
transpulmonary administration according to item 602,

25 wherein the freeze-dried composition becomes fine



path using the air pressure-feeding neans and thus applying a slight air

i npact to the freeze-dried conposition. The making into fine particles can
thus be carried out at the time of use with an dry powder inhal er having a
sinple 15 structure and noreover with sinple handling. Mreover, because
the dry powder inhaler has a sinple structure , it can be produced with a
| ow manufacturing cost, and hence mass distribution is possible. Mreover,
according to the jet typa dry powder ipnhaler, 20 by adjusting the speed of
conpression of the air pressure-feedi ng nmeans such as a bell ows body, the
anount sucked in of the aerosol (powdered preparation) can be adjusted in
accordance with the respiratory ability of the user. Mreover, by using a
si ngl e i paegriat dsnbediingaat medh par hedat ddramé tpireod i mhkecsoOSper of
the vessel with 158 the needl e part becones sinple. Furthernore,

accor di ngrt dase ol A- fdinsg ipgriysd aerfrpohden imhal 8%, orthadrecipody i ed
conposi tion can be made into an aerosol (made into fine particles) through
an air STP@SEkY1iBEi A @hEr AR QY RR¥ inthad At RdF pTRRSMHr dofa tHaNg&er, and
hence the making into fine particles and adm nistration intq the |ungs of
the free®é- Hr?%% LOMYEST PO @hafgd £doM et Tap b heastnd 1M heSES t he

user Jjnhalin and thus it can e expect ed t hat e dru
admi steredglﬁ 04 staﬁlee ‘éﬁﬁun‘? wid heﬁﬁq%‘%s ri ﬁﬁfe&%‘? omé'%éﬁé‘r a?é’ speci al

f | f |
oo o Ok S ARG R A PBY, b SRR AR T BT, . o
using a éh%@eejfhm R %88‘%%'-% 2Eh nPBeLd |0 Of e RIsH&d NIedn gl he

el astic port s e vesse Wwtht needl e part becones sinple.

Accordin a%#@fe@rhwﬁr al ABaeH @Etieqemaqseﬁmétb&vgrftI1Qﬁ,mioareln@c' ng

t he st opper the vessel "wth the t|p of the needle part having the

suction plrowead ho2nd Ehe LG atk 1id1td oglbsbitand |0 pekhorntbBérubdr he
vessel then being sucked in fromthe suction port by the inhalation

pr esisur erefcd heitigefan pelt ebinpactinaesnghamuader t sptledvdhtat t heasdssel
fromthe air introduction flow path of the needle part, thus applying an
air inpatm/tse¢henfd eezeadm el cwnpadiea | 0fi, adndl@8sthe2 fmbkésecdri ed
conposition that has been made into a 159 powder can be sucked in from
the vessel. Moh&@8verThien eRe cafe dof fiee 2@ ydpdwder CiomRe @1 tdon h& Ot esent
i nvention disclosed as Enbodinent 4 in particular, the follomnng effects
are ednBFPQfPglmmﬂﬁ¥YyﬂﬁF161§ﬁﬂ%¢bﬂna@%EPPﬂi%ﬁrFQméEFWo Pre

freeze-drjed conposition_and su powder-form freeze-dried c osition
that has¥B&&fhRdet Hﬂ()#?ﬁszﬁﬂ$¥iﬁgs ?ﬁg gefﬁy%ﬁos ﬂi&n.onm

ar eal% Ofpar%f fte'sorﬂ pgtxlﬂe%rﬁd tg].r.etfcle 1aqgé'EE'ro'3ffllcﬁanf&Po%éSt
or less or a fine particle fraction of 10% or more upon
receiving an air impact having an air speed of at least
m/sec and an air flow rate 1n a range of 17ml/sec to

5L/secC.

ju

20 609. The use of a freeze-dried composition for
transpulmonary administration according to item 602,
wherein the freeze-dried composition becomes £fine
particles having a mean particle diameter of 5 microns
or less or a fine particle fraction of 20% or more upon

25 receiving an alr impact.




10 be made | arge) and hence the dianeter of the needle part nust be nade

| arge. However, in the case of piercing a needle part having a | arge

di aneter through the stopper, it beconmes necessary to hold the vessel
securely, and in this state nove the 15 vessel towards the needle tip

wi t hout deviating away fromthe axis of the needle part, and push the

st opper against the needle tip with a |large force. As described above, the
dry powder inhaler of the present invgation t hus has a hol der part that

hol ds the 20 vessel, a guide part of e hol der part, and a hol der
operating part having a nmechani sm part and an operating nenber that
operates the nechani smpart. Therefore, by holding the vessel with the

hol der part, redMd ng Tthe wesssebfal anFrtdezexidr bédt ompedlid jpamt Fat | ow ng
the guide part 25 towards the needle tip, and operating the operating
menber, trdBfpiulncnaklys pdmdind stratdioar caectuerdbndl et padit eéthr &g, t he

st opper of the vessel using a relatively low force. In this way, according
to the athepevder thieal ef refe zaeedplesent ciompns L4 on hecomdppbnsof ahe
vessel can be 5 pierced by the needle part easily and reliably. Moreover,
if a comMntheitde i sladoptete ful@ncheligdthoudrag i 85f ort® i ACE 1 \®uUl ar
shape, the suction port is fornmed at a tip part of the housing, a housing
chanber iMgreddanssel is fornmed in the housing, the needle part is 10

di sposed in the housing so that the needle tj ints towards the, housing
chanber, an i ®trbdudftonYFst t Ofor2i F%ﬁﬁ@i'rdg‘p%%gsiwgp\ﬁqt%?ncoﬁﬁﬁni cates
with the air _introduction_fl pat h_of the e rt. s i in a
wal | of %%nﬁgb]é%%?agﬁrd ?ﬁgaﬁ{c;l% Fa%aiﬂ’pi g%g, \%%%g ath()j rie ecr)ﬁe{ate fn 1b

t he axi ' {i o] Qusd [ [Rale) I, USk ng sttye_ hol der
operati ?&%%%?'% tﬁgﬁ %%ﬁ%gl ki?hia%édggg@%p%%%wﬁ n‘ﬁgﬁgrgq'é]aéjn eﬂfioérwrred,

whi ch i § LRSY A M5 e 33% € HMEG SNEHYa R ) £ 1MDT BONBDt ide Id¥ the

constitution is nade to be such that 20 the housing is forned froma

housph Ng 1Bk e BRIVt WaVERE: fvéeapyddpeart.i on port for the vessel in a
position in which the holder part is retreated, and a lid for the

renmoval /i nserté pn. p@He t hiate | ® fcoanatt €dzic ddee Aousompowditnl dodyEdy a

hi nge, the hol der operating part has a 25 nechani sm part which noves the
hol der paran&pniarosanyenadmliad s bealtiiedn sagystedidgwtand téem 610,
renoval /insertion port closed, and noves the hol der part backwards when the
lid is Whesgim atibet hefremAat Ardsdtti 6eMRRE163OTed, cCoAREHBS| | Bis used
as the operating nmenber of the nmechanismpart, then 5 the nechani sm part of

the hol F¥nbBEtEST ngl pUrMhACHE & e L BhddarfE PE t BS et acfGih%e cost .
santS1 | P SESHERY ng AT TopheRosr The VEberthd FERE’ 8 Shdle and
hence usceortl)gg%rﬁsnsag%eémino acids, dipeptides, tripeptides, and
saccharides as a carrier.
613. The use of a freeze-dried composition for

transpulmonary administration accordir t

ct

o item 611,

20 wherein the freeze-dried composition contains a high-
molecular-weight drug such as a protein, a peptide or the
like as the active ingredient, and at least one selected
from the group consisting of amino acids, dipeptides,
tripeptides, and saccharides as a carrler.

26 614. The use of a freeze-dried composition for



162 CLAIMS A dry powder inhal ation systemfor transpul nonary

adm ni stration, using a conbination of: 5 ( 1) a vessel housing a
freeze-dried conposition that contains a single dose of an active

i ngredient, and has: (i) a non-powder cake-like form (11) a disintegration
i ndex of 0.015 or nore, and 10 (iii) a property of becom ng fine particles
havi ng a nean particle dianmeter of 10 mcrons or less or a fine particle
fraction of 10~ or nore upon receivin%jan air inpact having an air speed of
at least Imsec and an air f lowrate of at least 17nml/sec; and 15 ( 2 ) a
devi ce conprising nmeans capable of applying said air inpact to the
freeze-dried conposition in said vessel, and neans for dischargin? t he
powder - f branfepelmodd eyl edimpbsisitarathon Hecpsdd nthd&o ntbem n@l2,
particles. The dry powder inhalation systemfor 20 transpul nonary

adni ni stwheireimccdriteé ng fveekgi-dnledherepRpPerd 8428l GPRteH@HevPce are
used in conbination at the tinme of inhalation. The drg powder ingilation
syst em fsynttheetbgl mdew ymadeian seFaviedIREcofdudy t3°cl &0 1,225 Nffer ei n

the disintegration i ndex of the freeze-dried 163.c osition is 0.02 or
nor e. in&%edient, and at least one selected %@%m Ehe group

5 consisting of hydrophobic amino aclds, hydrophobic
dipeptides, and hydrophobic tripeptides as the carrier.
615. The use of a freeze-dried composition for
transpulmonary administration according to item 613,
wherein the freeze-dried composition contains a high-

10 molecular-weight drug such as a protein, a peptide or the
like as the active ingredient, and at least one selected
from the group consisting of hydrophobic amino aclds,
hydrophobic dipeptides, and hydrophobic tripeptides as
the carriler.

156 616. The use of a freeze-dried composition for
transpulmonary administration according to item 602,
wherein the freeze-dried composition is a water-soluble
composition.

617. The use of a freeze-a

20 transpulmonary administration according to item 602,
using the dry powder inhaler of item 101 or 102 shown in
the section of (1)Dry powder inhaler as the device.

618. The use of a freeze-dried composition for
transpulmonary administration according to item 617,

25 using the dry powder inhaler of item 109 shown in the



The dry powder inhalation systemfor transpul nonary adm nistration
according to claiml1l, wherein the air inpact of ( iii ) is generated by air
having b an air speed of at |east 2nisec and an air flowrate of at |east

| 7m / sec. The dry powder inhal ation system for transpul nonary

adm ni stration according to claim11, wherein the air inpact of ( iii ) is
generated by air having 10 an air speed of at least Infsec and an air flow
rate of at |east 20ml/sec. The powder jnhal ation systenfor transpul nonary
adm ni stration according to claim1, Werein the freeze-dried conposi tion
has a property of becoming fine 16 particles having a nean particle
dianeter of 5 mcrons or less or a fine particle fraction of 20% or nore
upon receeptt odnap fai (1 ) Dpgctpowderdrinipander dshbhat idewv sgat.em f or

transpul nonary adm ni stration according to claim1, 20 wherein the
freeze-dri ed c6idpPasi Then woat aifna af sgstzleetdriedwcomposlari-owei fbotr drug as
the active ingredient. $~ The dry powder inhal ation system for
t r anspul hwaarspadiniom aty atidanl rat s brdi tnigo w o aclcaimd 1p gwhter el hemhe& 02,
freeze-dried conposition contains a hight 26 nol ecul ar-wei ght drug as the
acti ve iwgggﬁtmtthe freeze~dried composltlion has the following
5 properties:
(i) has a non-powder cake-like form,
(1i) has a disintegration index in a range of 0.015
to 1.5, and
(iii1i) becomes fine particles having a mean
10 particle diameter of 10 microns or less or a fine particle
fraction of 10% or more upon receipt of an air impact
having an air speed in a range of 1 to 300m/sec and an
alr flow rate in a range of 17ml/sec to 15L/sec,
and the fine particles are made using a device comprising
15 means capable of applying the ailr 1impact to the
freeze-dried composition in the vessel and means for
discharging the resulting fine particle powder-form
freeze-dried composition out of the vessel.
620. The use of a freeze-dried composition in
20 transpulmonary administration according to item 619,
wherein the disintegration index 1s 0.02 to 1.0.
621. The use of a freeze-dried composition in
transpulmonary administration according to item 619,

wherein the air speed is 1 to 250m/sec.

25 622. The use of a freeze-dried composition in



164 The dry powder inhalation systemfor transpul nonary adm nistration
according to claiml1l, wherein the device is: i) a dry powder inhaler for
transpul nonary 6 adm nistration, being a device used for naking a
freeze-dried conposition that has been housed in nonpowder formin a vessel
into fine particles, and adm nistering the resulting fine particles to a
user by inhalation, 10 conprising a needle part having an air jet flow
path, a needle part having a dischargggfIOM/path, air pressure-feeding
means for feeding air into the air jeft " flow path of said needle part, and
an inhal ation port that communicates with the discharge flow path of said
needl e 16 part , and characterized by being constituted such that a stopper
that sedmanppsdimbresyel admipiistedtpsapeanediadpdiesitaiys619.,
communicating the air jet flow path and the discharge flow path with the

i nsi de ofhenednvedsel alandf2ovaimate pet 2l AB6SsHY YBLIEeE hr ough said
air jet flow path using said air pressure-feeding neans, thus pulveri zing
said freeze-dried conmposition into fine particles by the inpact of the
jetted air, and discharqgi d hal ation

ing the fine particl obt ai.ned fro

port via (b) sHF® dl%c‘?lagﬁégq‘q%\‘/\fiﬁérﬁﬁi, p%‘?mpofggtjlcl? O&r J' POV é?ﬁ‘;l nhal er for
transpul nonary adm ni stration, bein device i a
freede- @f e@ EFHRPVISTS aPQ%ﬁ?%%Eﬁoﬂné%ﬁ %?%h%ﬁ%%%gg rmin a
vessel into, fine particles n inistering the resulting fine
parti cl é’sé‘f'éln&ﬁ}é’g?ghfq ﬁkhgl gﬂq‘oag%gg?ﬁg'ri sing a needle part having a
suction f1ow Rath.na NESLe RAY AVl A28 ndldnt IbROJuGH Alck| awepaish, and

a

an i nhal ati on "por cofminicdates wth salélsuctlon 10 fl ow path, and
charact gf i zfgdegyebﬁﬂgﬁaor@&inwsq%faﬁh iRata , nioh Gpéwdea | Bown clf oar

stopper sealing up sald vessel has been pierced by said needle parts (
t hrough g hguirdtt @bON of a dry powdered preparation for
10 transpulmonary administration by inhalation. The use
encompasses the specific embodiments defined 1n the
following items 701 to 723:
701. Use of a freeze-dried composition for
manufacture of a dry powdered preparation for
15 transpulmonary administration by inhalation,
the freeze-dried composition having the following
properties:
(1) has a non-powder cake-1like form,
(ii) has a disintegration index of 0.015 or more,
20 and
(iii) becomes fine particles having a mean
particle diameter of 10 microns or less or a fine particle
fraction of 10% or more upon receipt of an alr impact

having an alr speed of at least 1lm/sec and an air flow

25 rate of at least 17ml/sec,



pressure of the user, air in said vessel is inhaled fromlb said inhal ation
port, and at the sane tinme outside air flows into said vessel, at a
negative pressure, through said air introduction flow path, and as a result
said freeze-dried conposition is pulverized into fine particles by the

i npact of the air flowng in, and the 20 fine particles obtained are

di scharged fromthe inhalation port through said suction flow path. _10.
The dry powder inhal ation system for bbanspulnonary admi ni stration
according to claim1, using a conbination of: 26 ( 1) a vessel housing a
freeze-dried conposition that 166 contains a single dose of an active
ingredient, and has: (i) a non-powder cake-like form ( ii ) a .

di si nt egred iwelngdes 6 d by fangeing dntoofdneopamtiahesehgviling £t perty
of becom ng fine particles having a nean particle dianeter of 10 nmigrons or
| ess or medhnpapari¢teedipaston of 9adlof 1R @atjokCtecEr@Gis oM &Fr

i npact having an air speed in a range of 1 to 300nisec and an air flow rate
in a rangreoft inveripEedia®. 151/ sec; and 10 (2) a device conprising neans

capabl e of applyin idair i t to the f -dried Ui [ id

vessel , and mobh3-f GFhei StHAr G @ HEXBGRRST AT bR TREFORT £4 cchdBsi t i on

that h b de into fi icles, 16 11 A f -drd iti

For Br am@ORASAFYTadm ALet 811 OV Wavi RGP 91| O BECRTUPEr T oot () Lo
or_Brarspars i ifst 8t | of) ' o (1) to

o 0) 01cHbRRRRELBARARD mATS bR Phne par AL EE, FLEsAOTASLon e

particle diangter .of 1 ] 8 S i ¥aéxf e pakt i£reekleadtoadof 10%
or nore %‘SSﬁerje%eit eogia@&qgﬁgaf%a%ﬁhé\?{%g an air speed of at |east

1m'sec aggm%@i{éfolnowgabe,og &k heast. 17ml/sec. 25 12. The freeze-dried
conposition~according to claim
703. The use of a freeze-dried composition for
10 manufacture of a dry powdered preparation for
transpulmonary administration according to item 701,
wherein the disintegration index of the freeze-dried
composition 1s in a range of 0.015 to 1.5.
704. The use of a freeze-dried composition for
16 manufacture of a dry powdered preparation for
transpulmonary administration according to 1item 701,

wherein the freeze-dried composition becomes fine

particles having a mean particle diameter of 10 microns

.

~ £ 10% nTr Mmore UunNnON
or less or a fine particls cticn ¢of 10% cor re upon

20 receilpt of an air impact having an alr speed of at least
2m/sec and an air flow rate of at least 17ml/sec.
705. The use of a freeze-dried composition for
manufacture of a dry powdered preparation for
transpulmonary administration according to item 701,

95 wherein the freeze-dried composition becomes fine



167 11, wherein the disintegration index is 0.02 or nore. 13.
Thefreeze-dried conposition according to claim 11, Werein the
disintegration index is 0.015 to 1.5. 14. Thefreeze-dried conposition
accordingto claim5 11 , becomng fine particles having a nean particle

di aneter of 10 microns or less or a fine particle fraction of 10%or nore
upon receipt of an air inpact having an air speed of at |east 2n sec and an
air flowrate of at |east 17ml/sec. 13; Thefreeze-dried composition
according to claim 10 11, becomi ng fi @'particles havi ng a nean particle

di aneter of 10 microns or less or a fine particle fraction of 10%or nore
upon receipt of an air inpact having an air speed of at |east |Insec and an
ai r fl owpnattel ol eat hlasesh g28mhesec p aitt 1 Fhef ddeame iered fcdpasicrons
accordingto claim15 11, becom ng fine particles having a nmean particle

di anet erowof 1% 5% coons drinespavt iz lfé nbrpaitticdt o f rhedi ex sFOHEBPMOr e
upon receipt of the air inpact. 17. Thefreeze-dried conposition accordingto
cl ai m 11recent Bt npdg an sy hdémp@ d oV piagulady -akF ghPeddud hs? ah@RdCact i ve

i ngredient. 18. Thefreeze-dried conposition according to claim 11,

cont ai ni A§ & e ghe Omdisaq e a1 g dlQy &8t %Pitvgeraﬁgtr ddimth{se¢g.
Thefreeze-dried conposition accqgrdingto clain1§§(%8, contalginqlaf

hi ght® nol ecul af Yfei ghihedr B§Casfha aéieree-dried compositio or

manufacture of a dry powdered preparation for

transpulmonary administration according to item 701,

wherein the freeze-dried composition becomes fine

particles having a mean particle diameter of 10 microns

10 or less or a fine particle fraction of 10% or more upon

receipt of an ailr impact having an air speed of at least
1m/sec and an air flow rate of at least 20ml/sec.

707. The use of a freeze-dried composition for

manufacture of a dry powdered preparation for

15 transpulmonary admilnistration according to item 701,

wherein the freeze-dried composition becomes fine

particles having a mean particle diameter of 10 mlcrons

or less or a fine particle fraction of 10% or more upon

. - - -

receipt of an air impact having an alr specd cf at least

20 lm/sec and an alr flow rate in_a range of 17ml/sec to
15L/sec.
708. The use of a freeze-dried composition for
manufacture of a dry powdered preparation for
transpulmonary administration according to item 701,

25 wherein the freeze-dried composition becomes fine



168 ingredient, and at | east one selected fromthe group consisting of

am no acids, dipeptides, tripeptides, and saccharides as a carrier. 20.
Thefreeze-dried conposition according to claim6 11, being a freeze-dried
conposition for transpul nonary adm nistration having the foll ow ng
properties (i) to (iii): (i) has a non-powder cake-like form ( ii ) has a
disintegration index in a range of 0 . 015to 10 1 . 5, and (iii) becones
fine particles having a nean particl eodi ameter of 10 microns or less or a
fine particle fraction of 10% or nore upon receipt of an air inpact having
an air speed in a range of 1 to 300m sec and an air flowrate in 16 a range

of 17ml/sec to 15L/sec. 21. A dry powder |nhd£er fgr tngasgul narX
adWImsﬂQ%Flé?%%%dhﬁﬁi%%kPnﬁgéqr%%EElﬁﬁ%a L3MBEET i " Been

housed in non-powder fogrmin a v nto fine t les by an air inpact,
and adm?ﬂfsiérslshgmf h@ gé“@eﬁﬁﬂﬁﬁiﬁ #5%%?5‘9& zodg %Ee?'%fff iHhaltat i on.
22. The drg 51w€ f|nhale far tragspulnnnary adm ni stration according to
cl ai m 215 ©Chedifhy GTd&A c% OsddB¥Y “iaki ng a freeze-dried conposition that

has been hOuse‘?OQ. The use of a freeze-drlied composition for

5 manufacture of a dry powdered preparation for
transpulmonary administration according to item 701,
wherein the freeze-dried composition contains a
synthetic low-molecular-weight drug as an active
Ingredient.

10 710. The use of a freeze-dried composition for
manufacture of a dry powdered preparation for
transpulmonary administration according to item 701,
wherein the freeze-dried composition contains a high-
molecular-weight drug such as a protein, a peptide or the

15 like as an active 1lngredient.

711. The use of a freeze-drlied composition for
manufacture of a dry powdered preparation for

transpulmonary administration according to item 709,

whercin +the freezae-dried composition contains a

20 synthetic low-molecular-weight drug as the active
ingredient, and at least one selected from the group
consisting of amino acids, dipeptides, tripeptides, and
saccharlides as a carriler.

712. The use of a freeze-dried composition for

25 manufacture of a dry powdered preparation for



I n non-powder formin a vessel into fine particles, and 25 adm ni stering
the resulting fine particles to a user by 169 inhal ation, conprising a
needl e part having an air jet flow path, a needle part having a discharge
flow path, air pressure-feeding neans for feeding air into the air jet flow
6 path of said needle part, and an inhal ation port that comrunicates with
the discharge flow path of said needle part, and being constituted such
that a stopper that seals up said vesggl is pierced by said needle parts,
thus 10 conmunicating the air jet flow path and the di scharge fl ow path
with the inside of said vessel, and air is jetted into said vessel through
said air jet flow path using said air pressure-feeding means, thus making
sai d frd&anapuddnepapysi @ And nif bratdeomarerarting 3}&- iRt 7310 4 he
jetted 16 air, and discharging the fine particles fromthe inhalation port

I
via sai FhREERE geh el SW gt - IriedheomRP Hhhder iGMRAFeL%re  PASSHuUl monary
adm ni stration_according to claim?2l, bein devi ce used for pulverizing a
freeze- mje%cb‘d-r?p%'s‘i"ﬁii@&‘tt FRUG R BReAS H%ﬂ?é%gni'nangﬁpga\é%rd% A% in a
vessel into fine particles, and adm ni steri he resulting fin ticle
to a usérikh§ "f‘ﬁhEB&t PG L1 EBnpRPE;] ea'I" eeﬁi‘ggﬁ%rﬁeﬁf\sﬁunogﬁ%g%%%fa?é% Ilow >

path, aneedl¢,parl having, an alfy )t ,eduGhigg Hovgrat vy fldriges,
tripeptides, and saccharides as a carrier.

713. The use of a freeze-dried composition for
manufacture of a dry powdered preparation for
transpulmonary administration according to item 711,

10 wherein the freeze-dried composition contains a
synthetic low-molecular-weight drug as the active
ingredient, and at least one selected from the group
consisting of hydrophobic amino acids, hydrophobic
dipeptides, and hydrophobic tripeptides as the carrier.

156 714. The use of a freeze-dried composition for
manufacture of a dry powdered preparation for
transpulmonary administration according to i1tem 712,

wherein the freeze-dried composition contains a

Tn d el maAaT Ameal -n-nzv.vc'in"\+
i1 HiliTillvaouvudiuas w LYii o

£

rug such ac a protein, a peptide

20 or the like as the active ingredient, and at least one
selected from the group consisting of hydrophobic amino
acids, hydrophobic dipeptides, and hydrophobic
tripeptides as the carrier.

715. The use of a freeze-dried composition for

25 manufacture of a dry powdered preparation for



2b an inhalation port that communi cates with said suction 170 fl ow pat h,
and characterized by being constituted such that, in a state in which a
st opper sealing up said vessel has been pierced by said needle parts,
t hrough the inhalation 5 pressure of the user, air in said vessel is
I nhal ed fromsaid inhalation port, and at the sane tine outside air flows
Into said vessel, at a negative pressure, through said air introduction
flow path, and as a result said freez%mpried conposition is pulverized into
fine 10 particles by the inpact of the air flowng in, and the fine
particles obtained are di scharged fromthe inhalation port through said
suction flow path. 24. The dry powder inhaler for transpul nonary
adni ni st taeinEpatnondny tdirelalstzat iwer @ecerafd ng r tPet148m | TWL pat h and
sai d discharge flow path are forned in a single needle part. 25 The dry
powder iwhegmeincther ﬁﬁgﬂﬂ%ﬂﬁﬂﬁ%@rﬁ%@ﬁ?—é&% 1% M hTr & LR he24
conprising: a holder part for holding a vessel that is sealed 20 up with a
st opper @RBBRYULELOR freeze-dried conmposition in a non-powder cake-like
formthat will be made into fine par%icles upon receivin agiair %ggact,

|

means for appl yit®g ahP& ruffpt to ﬁletfzf‘?'egféediri‘éam@o ost-Pifon P sai d
vessel, 2nd SHSEingsal 425 Lreeagydnl duiPea’ i SRl b PRORCT -EQEM that
transpulmonary administration according to item 701,
wherein the mean particle diameter of the fine particles
of the powdered preparation for transpulmonary
administration is 5 microns or less or the fine particle
10 fraction of the fine particles is 20% or more.

717. The use of a freeze-dried composition for
manufacture of a dry powdered preparation for
transpulmonary administration according to item 701,
wherein the freeze-dried composition is housed in a

15 vessel, and the fine particles are prepared by using a
device comprising means for applying a prescribed air

impact to the freeze-dried composition housed in the

vessel and means for discharging the resulting fine
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P icle powder form frcecze-dried composlition cut ot the
20 vessel.

718. The use of a freeze-dried composiltion for
manufacture of a dry powdered preparation for
transpulmonary administration of item 717, using the dry
powder inhaler according to item 101 or 102 shown in the

25 section of (1) Dry powder inhaler as the device.



171 made into fine particles by the air inmpact out fromsaid vessel, a
needl e part having a suction flow path for sucking said freeze-dried
conposition out fromsaid vessel, and 5 an air introduction flow path for

i ntroduci ng outside air into said vessel, a suction port that conmunicates
with said suction flow path of said needle part, a guide part for guiding
said holder part in the 10 axial direction of said needle part, a hol der
operating part that has a mechanism payg for, when said vessel is held by
sai d hol der part) advancing the vessel towards a needle tip of said needle
part to pierce the stopper of the vessel with said needle 16 tip, and
retreating the vessel fromsaid needle tip to separate the stopper of the
vessel from sald%eelhe tnge pf #h Sp&cAerdrisd oS@F‘é’c%%iFEQ?’neﬁﬂ%i sm
part , and is_constituted such that said operating nenber can be ﬁgerated

with a fBROSERELENEE t h&T thé fofEd nePOXERYS90 fBFePﬁé’anfeﬁﬂﬁni stPfart to

Cuppor ¢ sCEARS BB T T SABLNA SO bT 0 RGOS SuLe ont Rl cf L8aty

gugfgt Palk a”dcﬁﬁiggigﬂrd%wo LAY P o 2% A0 GAPLEALLRY Sichpkhat. in
5 section of (1) Dry powder inhaler as the device.

720. The use of a freeze-dried composition for
manufacture of a dry powdered preparation for
transpulmonary administration according to item 701,
using the freeze-dried composition having the following

10 properties:

(1) has a non-powder cake-like form,

(11) has a disintegration index in a range of 0.015
to 1.5, and

(iii) becomes fine particles having a mean particle

15 diameter of 10 microns or less or a fine particle fraction
of 10% or more upon receiving an air impact having an air

speed in a range of 1 to 300m/sec and an air flow rate

in a range of 17ml/sec to 15L/sec.

721 Mha 11iea nf a fFraarva-dried comnocgcition Ffor
1 € Ju @ £ i Nt sdee B o e N ' e a0

dA A o

20 manufacture of a powdered preparation for transpulmonary
administration according to item 720, wherein the
disintegration index is 0.02 to 1.0.

722. The use of a freeze-dried composition for
manufacture of a powdered preparation for transpulmonary

25 administration according to item 720, wherein the air



172 stopper has been pierced by said needle part to communicate the suction
flow path and the air introduction flow path of said needle part with the

i nside of said vessel and position the tip of the air introduction 5 fl ow
path at said freeze-dried conposition, through the inhal ation pressure of a
user, air in said vessel is inhaled fromsaid suction port, and air is nade
to flowinto said vessel through the air introduction flow path, thus
applying an air inpact to the freeze-dyd ed 10 conposition in said vessel.
26. A nethod of manufacturing a dry powdered preparation for transpul nonary
adm ni stration, conprising: introducing air into a vessel to apply to a 15
freeze-dried conposition an air inpact having an air speed of at | east

1m sec asgeat als fll dwp rabdmofsed .| east 17mil/ sec using a device capabl e of
applying said air inpact to the freeze-dried_conposition in the vessel,

t her eby maki ng7283i-d Theezesar el conpssiezondrhed 28°MPRE bt PRcI £8%havi ng
a nean particle dianmeter of 1Q mcrons or |less or i hjcle fraction

a fine par
of 10~ oRapdtfactya e PéeEePBWﬂ@E%rPﬁﬁPFFéﬁiafhtfaﬁﬁitrﬁa%ggP R HbEe of an
active ingredient and having the follow r ties: 25.(i) . has
mnrpomdéamk&%SFF@§#%?nFCCQﬁgl?ﬁitﬂ ggg%b%ﬁa?nwaﬁﬁﬁ*énhﬂﬁkﬁggf 0.
015 aqr e, and, (i1} C s fipe Lcles having a nean particle
di am%’t ep?ip"ﬁorﬁ%tgrdr% gﬁmﬁg(essse%rgg ﬁﬁ{‘é‘}ﬁgpﬁ cle 5 fraction of 10%or nore
upon receipt of the air inpact. 27. The nethod of manufacturing a dry
powder ed preparationfor transpul nonary adm nistration accordi ngto cl aim 26

, Wherein the fine particles prepqﬁﬁgmgaﬁg%a nmean particle dianmeter of 5
mcrons or less or a fine particle racti on of 20% or nore.

Following is a detailed description of the present
10 invention, citing examples; however, the present
invention is not limited to these examples.

In the following examples, the disintegration index
of the non-powder-form freeze-dried composition
(freeze-dried cake) of the present invention, and the

15 fine particle fraction (%), which is an indicator for
evaluating the delivery into the lungs of the dry powdered
preparationproduced,werecalculated:U1accordancewith

the following methods.

- .a -

P al T o~ T aded ~ ~e Ad ~adrnd
NvaiLvuadiLauvaiuva VL UL or

ntcgration index>

20 1.0ml of n-hexane 1s instilled gently down the wall
of the vessel into the prepared non-powder-form
freeze-dried composition (freeze-dried cake), and
agitation is carried out for about 10 seconds at 3000rpm
using an Automatic Lab-Mixer NS-8 (made by Pasolina). The

95 mixture obtained is put into a UV cell (made by Shimadzu



28. The nethod of manufacturing a dry powdered preparationfor

transpul nonary adm ni stration accordingto claim 26, wherein the

di sintegration index of the freeze-dried conposition is 0.02 or nore. 15
29. The nethod of manufacturing a dry powdered preparationfor

transpul nonary adm ni stration according to claim 26, wherein the
freeze-dried conposition contains a synthetic | ow nol ecul ar-wei ght drug as
the active ingredient. 20 30. The nethpg of manufacturing a dry powdered
preparationfor transpul nonary adm ni stration accordi ngto claim26, wherein
the freeze-dried conposition contains a hight-nol ecul ar-wei ght drug as the
active ingredient. 31. The nethod of manufacturing a dry powdered 25

pr epar at B&& dier taasdp i frordt § cadnind B r hepettaddvn rhg epticak paihm 26,
carried out by using a device having nmeans capable of applying an air

i mpact hél\;'-i%"ggaﬂi o, spBdd tdient theadtuphilddd areif afhg MmikbWTeatESof at

| east 17ml/sec tqo the freeze-dried conposition in the vessel, and

i nt roducleg 2WFed hagedtd heldi #tiHPads PReB e Ry A5 0sPhg P AEM
freeze-dried conposition. 32. The neth of nuf agt uri ng_,a, dry. powder ed

b epar at PSS B SREGE AGRAGE SRR OF o4 CxccBhiPndih SRAMALES Car 11 ed
out usj ng_ a_devi ce, hayi ng neans cgpable 10 .of l,y4,ng. a ir inpact
havi rig aﬁo i 0583&9%} 'aﬁ‘lhiega%? by s°3£t%ﬁ86§n baYragleéﬁirrg?egg at | east
20mL/ sec I - dr | |t hn i g r ing air
havi ng tﬁgﬂg§$ﬁﬁk ag%$?%%g%ghggcggéifeﬁgagiﬁ%qﬁﬂéféﬁgggé% r“gg£cgggggition
15 33 RSB NARAn fROHEAGHY | Ngra ey AVAIGLC] R LPAIBHONNE the
transpul nonary adm nistration accordingto claim26,” characterized by making
the freeggkiFi g )COPOEhkied 461 €nld NEL HRAIeH Ot UERNA ddexdry powder

i nhal er of claim22 or 23 as the device. 20 34. The nethod of manufacturing
a dry powde{EduPaaiesit b@nfforné r pasl dDsaEyaagienst rati on accordingto
claim 26, conprising: introducing air into a vessel to apply to a
freee-dried canwassdebnfan laad wipahcthwm\pngpamesi mapepdwde r nfarmange of

1 to 300m sec and an air flowrate in a range
freeze-dried composition is installed into the dry powder

inhaler, and using the device a prescribed ailr impact 1is
applied on the composition, and the fine powdered
preparation thus produced is discharged directly into
15 apparatus A (a twin impinger: made by Copley, UK) as
mentioned in the European Pharmacopoeia (Third Edition
Supplement 2001, pll13-115). After this, the solvents in

stage 1 and stage 2 of the apparatus are respectively

aarh
lected, and the active ingrecdicnt centained in each

Q
@]
-

20 solvent in the stage 1 or stage 2 is assayed using an
appropriate method in accordance with the type of actilve
ingredient in the freeze-dried composition, for example
a bioassay method or HPLC (see the report of Lucas et al.
(Pharm. Res., 15 (4), 562-569 (1998)) and the report of

25 Iida et al. (Yakugaku Zasshi, 119 (10), 752-762 (1999)).



175 of | 7m /sec to 15L/sec using a device capable of applying said air

I npact to the freeze-dried conposition in the vessel, thereby making said
freeze-dried conposition into 5 fine particles having a nean particle

di aneter of 10 microns or less or a fine particle fraction of 10% or nore;
the freeze-dried conposition containing a single dose of an active

I ngredi ent and having the follow ng properties: 10 (i) has a non-powder
cake-like form ( ii ) has a disintegr&gion index in arange of 0. 015 to
1.5, and ( iii ) becomes fine particles having a nean particle dianeter of
10 microns or less or a fine particle fraction 15 of 10% or nore upon
receipt of the air inpact. 35. A transpul nonary adm nistration nethod
conpri si Afe nékakg o r thad- drardbeoepesictod tot kg idelpaeraed esnklvi ng a
mean particle diameter of 10 microns or 20 less or a fine particle fraction
of 10% othwrkubgsapps ythgtadmistaggad HavengezedinanpeediAmat efeast

| mMsec and an air flowrate of at |least 17nl/sec to the freeze-dried
conposi t bdhpatr t heleisneecowseedahn thihs fizaeting LHeb r 48W @FnkeFFNe

particle powder to
the proportion of the active ingredient that reaches

5 stage 2 and is recovered here is generally called the fine
particle fraction (the amount that can be expected to
reach the lungs), and is taken as a yardstick for
evaluating the suitability as an inhalation for
transpulmonary administration.

10 In the Examples and Comparative Examples given below,
the active ingredients contained in stage 1 and stage 2
were quantitated, and the weight amount of the active
ingredient in stage 2 was divided by the total welght
amount of the active ingredients jetted out (the total

156 weight amount of the active lngredients contained in
stage 1 and stage 2: hereinafter also referred to as "Stage
1 + Stage 2") to calculate fine particles fraction.
Moreover, as a rule in the European Pharmacopoela, when
using the twin impinger (made by Copley, UK), it is

20 stipulated that suction is carried out at an air suction
flow rate of 60 L/min, i.e. 1 L/sec, and hence 1in the
examples and comparative examples below this was
followed.

Embodiment 1 Dry powder inhaler (jet type 1)
25 A description of an embodiment of the jet type dry



25 a user by inhal ation; 176 the freeze-dried conposition containing a
single dose of an active ingredient and having the follow ng properties:

(1) has a non-powder cake-like form 6 ( ii ) has a disintegration index of
O . 015 or nore, and (iii) becomes fine particles having a nean particle

di aneter of 10 microns or less or a fine particle fraction of 10~ or nore
upon receipt of the air inpact. 36. The transpul nonary adm nistration

met hod 10 according to claim 35, whergjgn the freeze-dried conposition is
housed in a vessel, and the fine particle powder are nade using a device
conprising nmeans capabl e of applying the air inpact to the freeze-dried
conposition in the vessel and neans for discharging the resulting fine
particl epe¥dsmderhaden frsedalnrtee pEAFEI Y igiveontion WHel L dx¥ I Pe37. The
transpul nonary adm ni stration method according to claim 36, wherein the

di si nt egBawiedh Usitieg Bighd ¢ rbee QBY| BAVESHONRRLRT 45 A kT mbfE. 38.
The transpul nonary adm ni stration nethqd 20 acco&?jng to %Iai 36 wher ei n
the air F¥pfc@RBATatys fqn Ryskdpdd doyhidd g 1Re s ricsg"leﬁaa%? at

oot RS PR A M RS, Sheuit Y FURERY haarh cne
air igmpagt of {oflbokd e 2PoIf ¥ AL 872, da "SRRG £ £bh PHELSLa
at the bottom of a vessel 1, and comprises a needle 5 that
has an air jet flow path 3 and a discharge flow path 4,
an air intake member 7 that has an inhalation port 6 and
is attached to a base end of the needle part 5, a tubular
10 safety cover 8 that surrounds the needle part 5 and also
holds the vessel 1, and alr pressure-feeding means 9.
The alr pressure-feeding means 9 1s manually
operated and comprises a tubular bellows body 10. An
intake port 12 equipped with an intake valve 11, and a
15 discharge port 14 equipped with a discharge valve 13 are
provided in the bellows body 10. The discharge port 14

is attached to a connecting port 15 formed at the base

end of the air jet flow path 3 of the needle part 5, and

[ R s = £1 X +Hh 7 Ry asamnnlwringag
mmunicates with the air jJet £low path 3. By appLyYing

m

co

20 a compressive force to the bellows body 10 and thus
contracting the bellows body 10 in a state in which the
intake valve 11 is closed, the discharge valve 13 is opened,
and air in the bellows body 10 is discharged into the
vessel 1 from the discharge port 14 via the air jet flow

25 path 3. When the compressive force 1s released, on the



177 an air flowrate of at |east 20ml/sec. 40. The transpul nonary

adm ni stration nethod according to claim36 , wherein the freeze-dried
conposition contains a synthetic | ow nol ecul ar-wei ght drug as the 6 active

i ngredient. 41. The transpul nonary adm ni stration nmethod according to claim
36 , wherein the freeze-dried conposition contains a bight-nol ecul ar-wei ght
drug as the active ingredient. 10 42. The transpul nonary adm ni stration

met hod according to claim36 ( using 16'5" dry powder inhaler of claim?22 or
23 as the device. 43. The transpul nonary adm nistration nmethod according to
claim 36 , wherein the freeze-dried conposition 15 has the foll ow ng
properties: (i) has a non-powder cake-like form ( ii ) has a

di si nt ego &hiean hiatdex tilme e bhgwsobody. 1016xpends dummd q thig el asebfes fine
particles having a nmean particle 20 dianeter of 10 microns or less or a
fine parresitoringtiforet ofuwtdre noedlapen RedEi pO ofa® APr & iRt ehavi ng
an air speed in a range of 1 to 300nm sec and_an air flow rate in range of
| 7l / secipovhichsehe gﬁécthﬁ:rgﬁﬁéaz’p‘é?t]i%lié PR arté‘%&(ﬁ'é:‘?}%?ﬁ'gf‘:gvaevi ce
Ot 1 e e et &' 1 EPPAY 3 e d M B chIPBEL 1164 o b opge O o

5 When using the dry powder inhaler, as shown in Fig.
1, the vessel 1 is inserted into the tubular safety cover
8, and a stopper la of the vessel 1 is plerced by the needle
part 5, thus communicating the air jet flow path 3 and
the discharge flow path 4 with the inside of the vessel

10 1. In this state, if the bellows body 10 of the air
pressure-feeding means 9 is contracted to discharge air
from the discharge port 14, then this air passes through
the air jet flow path 3 and is jetted out from the tip
of the needle part 5 towards the freeze-dried composition

15 2 in the vessel, and due to the resulting air impact the
freeze-dried composition 2 becomes fine particles, which
then pass through the discharge flow path 4 of the needle
part 5 and are discharged from the inhalation port 6 of

-2 - Te - ac thacae
ailr intake member 7. The user {patient) inhales these

ct
o
[¢{]

20 fine particles from the inhalation port 6 of the air intake
member, whereupon the fine particles of the freeze-dried
composition 2 are delivered into the lungs of the user
(patient). The material of the stopper of the vessel for
use in the invention is not limited, and can be selected

25 from materials usually used for a stopper of a vessel for



178 and nmeans for discharging the resulting fine particle powder-form
freeze-dried conposition out of the vessel. 44. Use of a freeze-dried
conposition for transpul nonary adm nistration by inhalation, 6

t hefreeze-dried conposition containinga single dose of an active ingredient
and having the follow ng properties: (i) has a non-powder cake-like form
(11) has a disintegration index of 0.015 or nore, 10 and (iii) becones fine
particles having a nmean particle diaﬁﬁ}er of 10 microns or less or a fine
particle fraction of 10% or nore upon receipt of an air inpact having an
air speed of at least 1nfsec and an air flowrate of at 15 |east 17nil/sec,
and being used by formng into fine particles having said nean particle

di anet etholddaig 4i deusare ckenpawndonsuh Eﬁeﬂkﬁi%ﬁ:apﬁﬁﬁﬁ Cdried
conposition for transpul nonary adm nistration according to claimd44, 20
wher ei n & hemfimanw eo tir itdre cbi@si tion is housed in a vessel, and the fine

particles are made using a device conprising neans capabl e of .app)ying the
air inpact to Whehftbdzedebdt¥BAPOFIVE W‘??Ftﬁ@h\?és"s& tha ﬁé‘&ﬁs}%/ r

di scharging the resulting fine particle pomder-fgrnlfregzgﬁdried 251
conpmﬂtd@ﬂuﬁﬁ is sek teshe about 20ml, the volume o e vesse

5 about 5ml, the bore (diameter) of the alr jet flow path
3 about 1.2mm, and the bore (diameter) of the discharge
flow path 4 about 1.8mm.

Note, however, that there is no limitation to this.
The preferable range for the bores of the air jet flow

10 path 3 and the discharge flow path 4 varies according to
the size of the vessel and so on. These bores can be
selected as appropriate from a range of 0.3 to 10mm,
preferably 0.3 to 7mm, more preferably 0.5 to 5mm,.

Moreover, regarding the alr pressure-feeding means

15 9, the discharge amount of fine particles requlired for
administration by inhalation can be adjusted by adjusting
the speed of compression of the bellows body 10.
Adjustment can also be carried out by such air jet such

t

ANn D
&

4 hrnaltan
-\ 13 Mi Vinsa

Anurn
4 A WA W Y &S

hat most of the freeze-dried composi is
20 into fine particles.
Embodiment 2 Dry powder inhaler (self-inhaling type
1)
A description of an embodiment (first embodiment)
of the self-inhaling type dry powder inhalér used in the

25 present invention will now be given using Fig. 2. The dry



179 46. The use of a freeze-dried conposition for transpul nonary

adm ni stration according to claim45, wherein the disintegration index of
the freeze-dried conposition is 0.02 or nore. 5 47. The use of a
freeze-dried conposition for transpul nonary adm ni stration according to
claim45, wherein the freeze-dried conposition becones fine particles
havi ng a nean particle dianmeter of 10 mcrons or less or a fine particle
fraction of 10% or nore upon receipt gzof an air inpact having an air
speed of at |east 2m sec and an air flow rate of at |east 17ml/sec. 48. The
use of a freeze-dried conmposition for transpul nonary adm ni stration
according to claim45, wherein the freeze-dried conposition becones fine 1b
parti cl epovedéng iahmbarpshawn eldi Bddti-er2 o?oMRTHcednd BLA%Le BATE fine
particle fraction of 10% or nore upon receipt of an air inpagi hﬁ¥in an
air speed &awingeassusiies fdewpatR 1bodnddd AlhtipEZAdvehtPdbe. ag_

The use of a freeze-dried conposition for 20 transpul ppnary, adm pi traiion
accor di n§ v Rath 33, ahEpdularesdfet¥eCqricadd &o ‘gpacr? o%i’f)eg]%ﬁ@z(efi ne

ticl havi ticle di t f 5.m I [
bar | 0 oTieFohS oF hedoAiae Abr SRR T SeB: BORT Lnaary SPRRTL 85538 "The
f f -dried it f 18Q,.t L AL Styrat i
accorti ndf {1 FAPmERS CORBr B 1R TR obfa. AP LnbOCER A ChRCE: i
thetig | I | ar - wej ght t [ [ i : :
of "o Tr ot GHTBACHHBOET FOR Pl oL L8 PG HEc A O pakh I g

to claim4gs, erej e J{£€z8-dried conposition contains a hight
nol ecul arof}:5me1|:igq/%t ngér%%igs I{ie active ingredient. 52. The use of a

freeze-dried CQiROsi {5204 @hd & WREAT YnAANidY Std atdlpowacaar Bidng. t o
claim 45, using 10 the dPy pomdgﬁﬁﬁﬁ%aler of claim22 or 23 as the device.

53. The uyse wafe & & 58026101 isedng@¥POSa tiwtof het t absylld et § tydaomiest rat i on
according to claim45,
10 8, and an stopper la of the vessel 1 1is plerced by the
needle part 5, thus communicating the suction flow path
16 and the air introduction flow path 17 with the inside
of the vessel 1. In this state, through the inhalation
pressure of the user (patient), air in the vessel 1 is
15 sucked in from the inhalation port 18 via the suction flow
path 16, and at the same time outside air flows into the

vessel 1, which is now at a negative pressure, from the

air introduction flow path 17. At this time, the

aa

g made into fine particles

20 through the air impact acting on the freeze-dried
composition 2, and the fine particles produced are
delivered into the user's (patient’'s) lungs from the
inhalation port 18 via the suction flow path 16.

Moreover, with this dry powder inhaler, setting 1is

25 carried out such that most of the freeze-dried



wherein the freeze-dried conposition has the follow ng properties: 15 (i)
has a non-powder cake-like form (ii) has a disintegration index in a range
of 0.015to 1.5, and ( iii ) becomes fine particles having a nean particle
di aneter of 10 microns or less or a fine particle fraction 20 of 10~ or
nore upon receipt of an air inpact having an air speed in a range of 1 to
300msec and an air flowrate in a range of 17nml/sec to 15L/sec, and the
fine particles are nade using a devin %onprising means capabl e of appl ying
the air inpact to the 25 freeze-dried @ nposition in the vessel and neans
for 181 discharging the resulting fine particle powder-formfreeze-dried
conposition out of the vessel. ~4. Use of a freeze-dried conposition for
manuf act apepod s Atdioyn Rowse medleprigpe aiine partdakesspuindhaopharged
adm ni stration by inhalation, the freeze-dried conposition having the
fol | owi n§remopgdre ilgshalb) Leds pavmbri-qo&mueak@npmi@hﬁdmﬁlm 9fhkRea
di sintegration index of 0.015 or nore, 10 and

user (patient). It is considered that the air flow rate

of one inhalation of the user (patient) is 5 to 300 L/min,
5 preferably 10 to 200 L/min, more preferably 10 to 100 L/min,
but the design of the self-inhaling type dry powder
inhaler of the present invention is modified as
appropriate in accordance wlith the resplratory abllity
of the user (patient) using the device. With the dry powder
10 inhaler shown in Fig. 2, in accordance with the
respiratory ability of the user (patient) in question,
the volume of the vessel has been set to about 10ml, and
the bores of the alr introduction flow path 17 and the
suction flow path 16 to about 1.5mm. As a result, the
15 settings are such that the freeze-dried composition 2 is
made into fine particles and discharged from the
inhalation port 18 with virtually none left behind

through one inhalation of the user (patient).

Embodiment 3 Dry powder inhaler {self-inhaling type

A description of an embodiment (second embodiment)
of the self-inhaling type dry powder inhaler used in the
present invention will now be given using Fig. 3. The dry
powder inhaler shown in Fig. 3 is the same as the jet type

25 dry powder inhaler shown in Fig. 1 with the bellows body



( 1ii ) becomes fine particles having a nmean particle dianmeter of 10
mcrons or less or a fine particle fraction of 10% or nore upon receipt of
an air inpact having an air speed of at least Infsec and an air flowrate
of at least 15 17nml/sec, and being used by formng into fine particles
havi ng said nean particle dianmeter or said fine particle fraction at the
time of use. 55. The use of a freeze-dried conposition for 20 nmanufacture
of a dry powdered preparation for trafégulnonary adm ni stration accordi ng
to claimb54, wherein the disintegration index of the freeze-dried
conposition is 0.02 or nore. 56. The use of a freeze-dried conposition for
25 manufacture of a dry powdered preparation for 182 transpul nonary
admrﬂst19Huﬂﬁ@c£@mﬂn@eS§wMQﬂﬁﬁgd}nﬂmﬁbrnrﬂm9V¢€e@¥QﬂiEBecomxwition
beconmes fine particles having a nean particle _dianeter of 10 mcrons or

| ess or GOMNRCHANG PO rkit i BaeoflsoharIaof LopBR the&kidht BorIgh air

i npact having an air speed of at |east 2nisec and an air, flow rate of at
| east 17HEYPSArBpowdRr jehatex Pife‘%%g-'dili"e%lrEGﬁ[?&‘?‘?Fotf'Pfams"lrf%}ﬁ?gcture

f d wder ed ' f dnj ni [ di

Lo ol ai NEREY D6 Cihaol ALEBLF A8 & LOT i LD IS E RO BabHEs TG i L1 ol es
havi icle di t f,10.m j icl
(racth onfSEMOBRBP ot Bion Tiserpt o ahed PETREE: Tnarohd) A ' ey
of al !eanhdlese b Al 8l kd diPraid! Sxllaifl hERteLOMY a8G1dS a8 The

use of a fTreeze-dried conposition for manufacture of a dry powdere

pr epar at Eﬁ@l%f&tib@ln%@&%r.y adm ni stration according to cl ai m54,
the

wher ein e freeze-dried conposition becones fine particles having a nean
particle di anegkPhsd il ¢h@8eQF 20nh833 rY tpfd Aeypbldd e ifieelben of

20% or nore upon receipt of an air inpact.

in question, the main points are the same as with the dry

10 powder inhaler shown in Fig. 2. Through the inhalation
pressure of the user (patient), éir in the vessel 1 is
sucked in from the inhalation port 18 via the suction £low
path 16, and at the same time outside air flows into the
vessel 1, which is now at a negative pressure, from thg

15 air introduction flow path 17. The freeze-dried
composition 2 is made into fine particles through the air
impact produced accompanying this inflow of air. The fine

particles produced are then delivered into the user

(pat

ient's) lungs from the inhalatilon port 18. As
20 mentioned before, the air flow rate for one inhalation
of the user (patient) is generally in a range of 5 to 300
L/minute; however, with the dry powder inhaler shown in
Fig. 3, in accordance with the respiratory ablility of the
user (patient) in question, the volume of the vessel was

25 set to about 5ml, the bore (diameter) of the air



59. The use of a freeze-dried conposition for manufacture of a dry powdered
preparation for transpul nonary adm ni stration according to claimb54, 25
wherei n~t he freeze-dried conposition contains a synthetic 183

| ow nol ecul ar-wei ght drug as an active ingredient. ~0. The use of a
freeze-dried conposition for manufacture of a dry powdered preparation for
transpul nonary adm ni stration according to claimb54, 5 wherein the
freeze-dried conposition contains a hight nol ecul ar-wei ght drug as an
active ingredient. 61. The use of a freeze-dried conposition for

manuf acture of a dry powdered preparation for transpul nonary adm nistration
according to claimb54, 10 wherein the freeze-dried conposition is housed in
a vesselinbtnedumtipne fdavirprsd dle 10 ePRPEF Y- 2BMng e Gethee PUifri si ng

f | yi ibed air i t to. the f -dr] iti
Noused | (ALRBSAEIE! oRnd b aRSCK 4O ISR B (16 FBSAAdth Lridis

Uae of P4rBeretIEy ChmosPEtaP Yo BaanaSe urea AOREy Sonkeed |
o 20 AL FRAEARERS LA L6 oI LR ueino,
tr anBpul biar SRt Roel TR BhEo A TRl o By e e RS e
COﬁpoﬂtigﬂaT@@{@ntQ%féﬂéowg@} (patient).
If the self-inhaling type dry powder inhaler is
constituted in this way, then by detachably installing
alr pressure-feeding means 9 such as a bellows body 10
10 into the connecting port 15, the self-inhaling type d4dry
powder inhaler can be changed into a jet type. A single
dry powder inhaler can thus be used as either a self-
inhaling type or a jet type as desired. |
Each of the above dry powder inhalers of the present
15 invention, regardless of whether it 1s a self-inhaling
type or a jet type, can be constituted such that it is
possible to select and set the size of the air impact such
that the freeze-dried composition becomes fine particles
£
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10 microneg or lessgs, D Y

20 5 microns or less, and flies out with almost
none left behind.
Embodiment 4 Dry powder inhaler (self-inhaling type
3)
A description of an embodiment (third embodiment)

25 of the self-inhaling type dry powder inhaler used in the



25 properties: 184 (i) has a non-powder cake-like form (ii) has a
disintegration index in a range of 0.015 to 1.5, and (iii) becones fine
particles having a nmean 5 particle dianeter of 10 mcrons or less or a fine
particle fraction of 10% or nore upon receiving an air inpact having an air
speed in a range of 1 to 300msec and an air flowrate in a range of
17ml/sec to 15L/sec. .A Aa.A(.A .A A
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A CA(. A Rig A% BsoaApapsp@&tAve xiewisshowing the dry powder inhaler,
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1@M 1 : inhaler. Moreover, Flg. 6(a) 1s a partial sectional view
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a vessel 1, a housing chamber 20 for housing the vessel

1 via the holder part 22, a gulde part 23 provided in the
housing chamber 20 for guiding the holder part 22 in the
156 axial direction of the needle part 5, and a holder
operating part 24 for advancing and retreating the holder
part 22 along the guide part 23; these are all housed i1n

a tubular housing 21. Moreover, a mouthpiece 32 that has
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20 path 16 of the needle part 5 is provided at a tip of the
housing 21.
As shown in Fig. 7, in detall the housing 21 is formed
from a housing main body 26 in which is formed a
removal/insertion port 25 in a position in which the

25 holder part 22 is retreated, and a 1id 27 that opens and
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allc a]C33 towards the suction port 31 of the mouthpiece 32. The
needle part 5 1s installed into the housing 21 by fitting
the partition part 33 into the tip part of the housing
20 21. Through this installation, the axial direction of the
housing 21 and the axial direction of the needle part 5
are aligned with one another.
A remover 35 for lifting the vessel 1 up from the

base of the holder pért 22 and removing the vessel 1 is

256 attached to the holder part 22, and a lever 36 for 1ifting
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the vessel 1 up 1s formed on the remover 35.

The holder operating part 24 comprises a mechanism
part 37 for moving the holder part 22 back and forth along
the axial direction of the housing 21, and an operating

b lever for operating the mechanism part 37. The mechanism
part 37 comprises a connector 39. One end of the connector
39 is connected to the holder part 22 by a hinge 40, and
the other end of the connector 39 1s connected to the 1id
27 by a hinge 41. The 1lid 27 is also used as the

10 above-mentioned operating lever. By opening and closing
the lid'27, the holder part 22 is advanced and retreated
along the guide part 23.

The point of action of the force for pushing down

the 1id 27 is shown by the arrow C in Fig. 7. That 1is,
15 the distance from the hinge 21A to the point of action
is made to be longer than the distance from the hinge 21A
to the hinge 41. As a result, through the lever principle,
the 1id (operating lever) 27 can be operated by a force

smaller than the force necess
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20 la of the vessel 1 with the needle part 5.

Moreover, as shown in Fig. 6, second introduction
paths 42 for supplementary introduction of air are formed
in the dry powder inhaler. When sucking the freeze-dried
composition that has been made into a powder from the

25 mouthpiece 32, outside air passes through these second
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introduction path 42 and flows to the suction port 31 of

the mouthpiece 32. As a result, the dry powder inhaler

can be used without imposing a burden even by a user

(patient) having reduced pulmonary capacity or a child

5 patient; Note that the second i1ntroduction paths 42 may

be omitted.

Introduction grooves 42a are provided in the
partition part 33 of the needle part 5 and introduction
grooves 42b are provided in the peripheral wall part 34.

10 By fitting the mouthpiece 32 into the peripheral wall part
34 of the needle part 5, the second introduction paths
42 are thus formed from the mouthpiece 32 and the
introduction grooves 42a and 42b.

A slight gap 43 is formed between the mouthpilece 32

15 and the housing 21, and one end 44 of the second
introduction paths 42 opens out to the outside via the
gap 43, while the other end 45 of the second introduction
paths 42 opens out into the suction port 31 of the
mouthpiece 32.

20 Moreover, as shown in Fig. 6, a wall 47 having vent
holes 46 is provided in the suctlon port 31. Consequently,
even in the case that the air impact applied to the
freeze-dried composition 2 is small due to a lack of

suction force or the like, and part of the freeze-dried

25 composition 2 is not made into a powder, the non-powder
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Moreover, as shown in Fig. 6(a), a tip opening 17a
of the air introduction flow path 17 of the needle part
) 5 is made to be closer to the freeze-dried composition
2 than a tip opening 16a of the suction flow path 16. As
a result, dropping of the flow speed of the air that flows
into the vessel 1 from the tip opening 17a of the air
introduction flow path 17 can be suppressed as much as
10 possible, and hence an effective air impact can be applied
to the freeze-dried composition 2. Moreover, because the
tip opening 16a of the suction £low path 16 of the needle
pért 5 is further from the freeze-dried composition 2 than
the tip opening 17a of the air introduction flow path 17,
15 making of the freeze-dried compositlion 2 can be made to
into a fine powder in the vessel 1 as much as possible
before being sucked into the air introduction flow path

16 of the needle part 5.

- — — 1 P | — — ] -

powder inhaler 1s used as follows. Firstly,

" o
i

- -
11 UL

20 the 114 27 1is 1ifted up to open the removal/insertion port
25 of the housing 21 as in Fig. 7, whereby the holder part
22 is pulled backwards to reach the removal/insertion
port 25 of the housing 21. Next, the vessel 1 is installed
in the holder part 22 with the stopper 1la facing forwards.

25 Next, the 1id 27 1s pushed down to close the
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removal/insertion port 25 of the housing 21 as in Fig.
8, whereby the holder part 22 is pushed towards the needle
part 5 by the connector 39, and the stopper la of the vessel
1 is pierced by the tip of the needle part 5, thus

b communicating the suction flow path 16 and the air
introduction flow path 17 of the needle part 5 with the
inside of the vessel 1. Next, air in the vessel 1 1s sucked
from the suction port 31 of the mouthpiece 32 through the
suction flow path 16 of the needle part 5 by the inhalation

10 pressure of the user (patient). At this time, the inside
of the vessel 1 becomes a negative pressure and the check
valve 30 opens, and outside ailr flows into the vessel 1
through the air introduction flow path 17 of the needle
part 5. As a result, an alr impact i1s generated in the

15 vessel 1 and the freeze-dried composition 2 1is broken down
into fine particles, and the fine particles prepared are
delivered into the user's (patient’'s) lungs from the
suction port 31 via the suction flow path 16. After use,

£ SN T2 A o Ny J 4 -~ 13 04 A 4+ 11 L W A
the 1id 27 is 1ifted up to pull the holder part 22 back

20 up to .the removal/insertion port 25 of the housing 21,
and then the remover 35 is lifted up by the lever 36 and

the vessel 1 is removed from the holder part 22.
Even if air is conversely blown into the vessel 1
from the suction port 31 of the mouthplece 32, discharge

25 to the outside of the freeze-dried composition 2 made into
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fine particles is prevented by the check valve 30.

As mentioned before, the air flow rate of one
inhalation of the user (patient) is generally in a range
of 5 to 300 L/min, but with the dry powder inhaler shown

5 in Figs. 4 to 10, in accordance with the respiratory
abllity of the user (patient) , the volume of the vessel
1l has been set to about 5 ml, the bore (diameter) of the
alr introduction flow path 17 to about 2.5 mm, and the
bore (dliameter) of the suction flow path 16 to about 2.5

10 mm. As a result, the settings are such that most of the
freeze-dried composition 2 is made into fine particles
and discharged from the suction port 31 through one
inhalation of the user (patient).

Other embodiments of the dry powder inhaler

15 (self-inhaling type) are shown 1in Figs. 11 to 13.

With the dry powder inhaler (self-inhaling type 4)
shown in Fig. 11, an operating member 48 is provided so
as to be freely rotatable in the circumferential
direction of the housing 21 as shown by the arrow. The

20 mechanism part of the holder operating part, which 1s not
shown in the drawing, comprises a spiral groove and a
follower that engages into the same; when the operating
member 48 is rotated, this rotation is converted to linear

movement of the holder part 22 in the axlal direction of

256 the needle part 5. Note that the angle of rotation of the



I'"~xsni d_ZUU] ca] ca] ca] ca] ca] ca] cal] cal] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
Ul ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! ""##' $$% %
&' (((((((H)-):) ***z++, -...... }xsmhbl]Wd_ZUU U c aJc aUc aJc aUc
a] ca] ca] ca] ca] ca] ca] ca] caU] ca] cal] ca] cal] ca] cal] ca] caU] ca] ca] ca] ca] ca] ca] ca
]ca] ca] cal] ca _
........ /1 H /W00012T33354{44556778J889| w mhb] Xi d_ZUU] U] ca] ca] c™a] ca] ca] ca]
ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ’cﬁl;ca] calJcaUc alJc aUc aJjc aUc a]Jc
aUc aJc aUc alc a 9999;;; K<<- =>F>>?777?2?78&?) 20?3?6777 GOAAB
Bzupkfa\Wd_ZUU] ] ca] ca]ca]ca]ca]calJcaUc aJc aUc aJc aUc aJjc aUc a]Jc
operator 48 is about 1809,
With the dry powder inhaler (self-inhaling type 5)
shown in Fig. 12 and Fig. 13, an annular operating member
49 1s installed so as to be freely rotatable in the housing
5 21.Thenmchanimnpartcnftheholderoperatingpart,which
is not shown in the drawing, comprises a feed screw; when
the operating member 49 is rotated, this rotation is
converted to linear movement of the holder part 22 in the
axlial direction of the needle part 5. The holder part 22

10 can be withdrawn from the back of the housing 21.

Examples 1 to 13, Comparative Examples 1 to 4

An interferon-a (IFN-a) stock liquid (potency:
2x10’IU/ml) was desalinated using an ultrafllter membrane
15 (Ultrafree 15, made by Millipore). 0.25ml of the
| desalinated IFN-a stock liquid obtained and 2mg of any
of various carriers as shown in Table 1 were filled into
vessels (trunk diameter 18mm), being made up with

illed water for a injection (injection distilied

19}
ct

4
£

o7

20 water) such that the volume was 0.5ml per vessel, and
freeze-drying was carried out using a shelf-type
freeze-dryer (Lyovac GT-4, made by Leybold). The
disintegration index of the non-powder-form (cake-like)
freeze-dried composition (freeze-dried cake) obtained

25 was calculated. Next, a vessel containing the non-



aUc aJc aUc aJc aUc a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cal]ca

BzBBEE! FFFFGIJJJJKKKKKL NOOOG, P=Pr PPQQQY uni d_ZUi d_ZUU] ca] ca]ca]calca U c
N"aUc a Uc "aUc

a]J ca] ca] ca] ca] ca] ca] cMa] ca] caU] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]c”a]ca
QA RR} SATv TUUKUMUJUUUUUUVVVX! XXXYYZZ[ y\ | \\\ zupkfa[ Vi d_ZUU] ] ca] c*a] ca] ca] ca] ¢
a] ca] ca] ca] ca] ca] ca] cal] cal] ca] cal] ca] cal] ca] cal] ca] cal] ca] cal] ca] ca] c*a] ca
] ca] ca] ca] ca

\]_u e aaa: abPbTb-ci c d7er ef Z'H‘%ggg| wr ngb] XSkf a[ Vi d] ca] ca] ca] cal] ca
] ca] ca] ca] ca] ca] ca] ca] ca]ca] caU ca U cMaU ca U cnalU ca U craUca U cral ca
U c”aU] ca] ca] ca] ca] ca] caghhhhi & *i =1 @) ] ] kkkkkl |

| % 8| RI | powaEmnE aaring b XSedlecad xhe dajccaipas dal]ara] Careaa=taficdEidca] caU] ca] ¢
aU] ca] cal] ca] cal] ca] calU] ca] caU] ca] c”a] caU] ca] cal] ca] ca] ca] ca

nj nsooobPEXErr rab¥pv vasx 8 S R LAyeld Byny py 1@ trhtyvied|@uy | pawstdca] cal ca
] cal] ca] ca] ca] ca] cal] ca] cal] ca] ca] c’\aLc%] caﬂ ca] ca] cal ca] ca] ca] cal] ca] ca] ca]
CAa]Ca]dafggler (having a bellows body 10 capable of supplying

6] 9 ~K~~t (f wXzupke_ [ V A N N
2l Sl st ke N e ke ke 2
i d*Yke' [

a] caPca] gﬁ}%ﬁ?’fiﬁ%&] % A3t al ehEhp¥apatic 3 ¥ag dadmm and) itas RPES] cra] ca
}vgglfﬂg%% S(i]zhﬁegﬁgﬁ%leaf%] ]fclac]"f:a?eg]hca‘ﬁ c‘&?éa]lc‘aﬁr%m dlcaUc aJc aUc a]c

aUl c It was verified that, by introducing an amount of

air of about 20ml from the dry powder inhaler into the

vessel (giving an air impact arising through an air speed

10 of about 35m/sec and an air flow rate of about 40ml/sec),

the non-powder-form freeze-dried cake in the vessel was

made into fine particles, and the fine partlcles were

Jetted out from the vessel via the discharge flow path

4 in an instant. The fine particles were collected using

156 a particle slize distribution meter (Aeroslzer: made by
Amherst Process Instrument, Inc., USA; R.W. Niven:

Pharmaceutical Technology, 72-78 (1993)) fitted with an

Aerobreather (made by Amherst Process Instrument, Inc.,
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20 (1993)), which is an artificial lung model capable of
directly measuring the particle size distribution of the
prarticles jetted out from the vessel (measurement
conditions: breath rate: 60 L/min, breath volume: 1 L,

acceleration: 19); the particle size distribution of the

25 fine particles that had been made was thus measured, and



aljc aUc a]Jcalca]lca]calctalcalcalcalcalcaljcalcaljcalUc ajc alUc a
wWYk59#/ [ hkr u| wgl gb] Wke [ Vc]] c”alcalcalcalcalUc aJc a Uc "aUc a]Jcal]c
a] ca] ca] ca] ca] ca] ca] ca] ca] c*a] ca] ca] ca] ca] cha] ca] c”a] ca] ca]ca]ca]ca
HJi FgMb9#\ uv" quzupkf a[ Vc] ca] c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] caU] ca] cal] ca] ca! ] OAKMJ SLP9t =h' Yzupkf a
\W] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c™a] ca] ca] ca] ca] ca] c*a] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] c™a] ca] ca] ca] ca! Yt R3e
>:\ " @kzupke [ Vc] ca] ca] ca] c”a] ca] ca] ca]lé"a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] c™a] ca] ca] ca] ca] ca] ca] ca] ca] ca] cMa] ca] ca] cal kU$' ) =?ECKOSUWY] 6} wr | ga\ Weupke
[ Vc]] ca] cal] ca] caU] ca] cal] ca] cal] ca] caU] ca] caU] ca] cal] ca] caU] ca] ca] c*a
Ul c*a] c abecajzascalend] an] adrafigahod]cadfdfmeter (um = SD) was
, U?y_m~l Fzupkf a\ W] ] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca
] ca] ca] capdawhd t gldc o cainc 4] pardia e sdpea! s t P18 0n). dTVké a\ W] ] ] ca
] c*aU] ca] ca] ca] ca] ca] c™a] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c*a] ca] ca] ca] ca]
ca]ca]ca égﬁﬂ%@ggﬁﬁﬂ@g 'Aﬂﬁx, the mass median aerodynami
- § FX\ EnBzupkf a[ Vc] ca] c™a] ca] ca] ca] ca] ca] cal ca] ca] ca] qu ca] cal ca] ca]
cra] ca] ca]l@a]%? €a]( WaFcﬁ])daP@a]tdéﬁ] c%Jﬂéa] QQF %lQPRiVZ\t‘ gkrom }

] A A ARG Ll Salga o
B el

#$% 9 186 & | ()***++ 5.}xsnid_Zc]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca ca ca ca calcal cal calcalcal cal calcajcalcal cal calcalca ca!5.//0q01
4234) 5n5Y66i 7nivt 7778@a888899: Ey: ;¥ O
} xsni d_Zc[Frpeaé ckjied]| ca] ca] ca] ca] D&]:txa]egaiitiap]rca]*@a$ o¥ddapca) ca] cal ca] ca] ca]
ca] ca] ca] ca] cape§ttdlopa] ca] ca] ca] dadex aerodynamic diameter
s 108<u<<<<=X===22> >>>>$2a222222( @ @ @AcAl wr nhevh&, Uidtdl)ca] ca] ca] ca] ca]
ca] cMa] caxmpdakca]l ca) ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca
] ca] ca! e AABBABRER GEQEREERSFFGONMGEAHHE2 S | M | | | | U}ewr4rha”¥opU] ca] ca] ca] ca] ¢
a] ca] ca] ca] chca] £ajasahéa] ca] cal cal ca] oaj ca] ca] cr]esd £a).aapca] ca] ca] caj caj
ca] ca] ca] ch! JrkthdtJ Kigabshd L pM N1 NdNhNNNNDGOO Ox OC0) - B PPRQU@BQ-Q xsni d™ Ymhe”
Ye] Ul ca] c”g)] q@kcalp%ea}fa]macal ca] @a;l 6] cal c2a] cod gahciabeal cal cal cnal ca
] caj;ga] calg” aI]quaLca AGahedd cal ca ~QQOR) KSSSSSETJLRETT! LOUdUULVY Y,

VcW~yt 0] ¢ a Cﬁ]g‘i gl gal ca] caj ca] coa a]_ ca] ca] cal £ £3] gghcal ca] cal ca] ca
]ca] ca]c” c al cal c'Y ca]ﬂca] c"al ca]
VBWF\W\) X

“83]‘ Ull[Fa}a o ]|]{Vq| ki] ]Ic ﬁga] ca] ca] ca] ca] ¢

ajJ ca] ca] c”d] ¢ c%] cag‘] '] c ca] cal ¢ ) ca] ca] ca]c™a]ca
]ca% al|]r\1 X5 agrinetpr ettt 4 f’a a0Ob4bnbbh 3 % ql gb] X] c] ca] ca]
ca] @] calt c&] fdi B‘Q_]TE_E]CE'a] ca] ca] c%] 1:3 ca] c*a]j %al z%] cMa] ca]ca]calc
a]ca]calc }ca] taPch!

d@iydddefiﬁf flefo-ﬁhhhalbW1d&€Jﬁ|£kix?| yl} Idlwsmc] X C]@ﬂi@d‘:ﬁh%h@al ca] ca]ca]ca]c
aJca] ca] ca] ca c’\a] ca hca] cal ca] ca] ca] ca]ca] calcalc é /5a7] cal ca] ca] ca] cal
| 1 mvnr nv dnh (Ft‘fl‘1 PBoooospdphpHobEt r FsIsusBt Lx % rfthc] X] c] ] ca] ca] ¢
~al ca] catomjarha)ca|Bxanhpaé¢cal cal c”al cal ca] ca] ca] c”a] ca] ca] ca] c™a] ca] ca]ca] ca
]ca a] cal calca]ca Bt Ftti umuuuuvWyvvyv

Xx8 pxx%(#y}]"-}?&/?y]/ FEREGET ) X] c] ca] caf c(a‘]%a] cRr ey cﬁ o *]ecpgc% 4] ca] ca] c”a]
ca] ca] ca] ca] caJ ca]_ cae]xca]lca]ﬂca] cal ca] ca] ca]ca] zz{ K{t{{|
|11:1h}! 133 JgNz0et dext d_ Yl gb] X]¢19%%a) c \NeaX-iie “a] ca] ca] ca]

batl
o alelioge ol alen %ﬁ%@&@iﬁﬁm cal el ca

] ca]3ba] cal cal ca] ca] c’\a] cal ca] ca] c"a] ca] ca] ca] &

26:  d9(, & xARle® Yk P4l a] ca] ca] ca] aPf*a] c?% Ea%%ag]t "alsﬁlca] cralcal ca

] cha] ca] c”a] ca] ca] ca] ca] ca] ca] c”a] ca] ca] cal ca

For all of the examples and comparative examples,
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disintegrated by the air impact arising through an air
speed of about 35m/sec and an air flow rate of about
40ml/sec, and hence it was not possible to make fine

10 particles. On the other hand, the non-powder-form
freeze-dried cakes showing a disintegration index of
0.077 dr more (Examples 1 to 13) were disintegrated by
the alr impact arising through an alr speed of about
35m/sec and an ailr flow rate of about 40ml/sec, becoming

15 fine particles of mass median aerodynamic diameter less
than 5 microns, i.e. becoming a fine-particle-form
powdered preparation suitable for transpulmonary
administration.

2, 4, 5 and 6, the particle size

20 distributions of the fine particles jetted out from the
dry powder inhaler are shown in Figs. 14, 15, 16, 17, 18

and 19 respectively.

Examples 14 to 26, Comparative Examples 5 to 8

25 5ul of an interleukin-la (IL-1a) stock liquid
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(potency: 1x10°U/ml) and 2mg of any of various carriers

as shown in Table 2 were filled into vessels (trunk

diameter 18mm), being made up with injection distilled

water such that the volume was 0.5ml per vessel, and

5 freeze-drying was carried out using a shelf-type
freeze-dryer (Lyovac GT-4, made by Leybold). The
disintegration index of the non-powder-form (cake-like)
freeze-dried composition (freeze-dried cake) obtained
was calculated. Next, a vessel filled with the non-

10 powder-form freeze-dried composition (freeze-dried
cake) obtained was installed in a jet type dry powder
inhaler (having a bellows body 10 capable of supplying
an amount of air of about 20ml; Fig. 1) designed such that
the bore of the ailr jet flow path 3 was 1.2mm and the bore

15 of the discharge flow path 4 was 1l.8mm.

As in Examples 1 to 13, this inhaler was attached

to an Aerosizer (made by Amherst Process Instrument, Inc.,

USA) fitted with an Aerobreather, which 1s an artificial
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W

lung model, and an amounl ut 20ml was

20 introduced into the vessel from the inhaler, thus
applying an air impact arising through an air speed of
about 35m/sec and an air flow rate of about 40ml/sec to
the freeze-dried cake. As a result, air was introduced

from the air jet flow path 3 of the jet type dry powder

25 inhaler into the vessel 1, and it was observed that the
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non-powder-form freeze-drlied composition in the vessel
was made into fine particles by the air impact. The
particle size distribution of the fine particles was
measured using the Aerosizer fitted with the Aerobreather
5 (measurement conditions: breath rate: 60 L/min, breath
volume: 1 L, acceleration: 19). The mass median
aerodynamic diameter (pum * SD) was then calculated from
the particle size distribution of the fine particles
jetted out from the inhaler. The disintegration index and
10 the mass median aerodynamic diameter (um = SD) are shown

in Table 2 for each of the freeze-dried compositions.

<{Table 2)
Freeze-dried Disintegration Mass median
composition index aerodynamic diameter
15 (um £SD, MMAD)
Examples
14. IL-la + isoleucine 0.172 1.539%t1.527
15. IL-la + valine 0.195 1.337+1.440
16. IL-lo + leucine 0.220 1.115+1.464
17. IL-la + phenylalanine 0.314 1.391%+1.496
20 18. IL-la + alanine 0.129 2.070x1.647
19. IL-la + glycine 0.110 1.978%x1.420
20. IL-lg + B-alanine 0.106 2.204%1.5009
21. IL-la + y-aminobutyric acid 0.166 2.149%1.534
22. IL-la + taurine 0.147 2.026%X1.520
25 23. IL-lo + D-mannitol 0.124 1.765%£1.460
24. IL-la + lactose 0.097 3.681%t1.851
25. IL-la + fB-cyclodextrin 0.178 3.234%+1,515
26. IL-la + PEG4000 0.116 2.494%1.547
Comparative Examples
30 5. IL-la + dextran 40 0.001 Didn't scatter at all,
measurement impossible
6. IL-la + dextran 70 0.002 pDidn't scatter at all,

measurement impossible
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8. IL-la + pullulan 0.001 Didn’'t scatter at all,
measurement impossible

Each of the freeze-dried compositions containing
the IL-1lo and the carrier shown in Table 2 was a non-
powder-form cake-like mass (freeze-dried cake) at the
time of freeze-drying. As can be seen from Table 2, the

10 non-powder-form freeze-dried cakes having a
disintegration index of 0.002 or less (Comparative
Examples 5 to 8) were not disintegrated by the air impact
arising through an air speed of about 35m/sec and an air
flow rate of about 40ml/sec, and hence it was not possible

15 to make fine particles. On the other hand, the non-
powder-form freeze-dried cakes showing a disintegration
index of 0.097 or more (Examples 14 to 26) were
disintegrated by the air impact arising through an air
speed of about 35m/sec and an air flow rate of about

20 40ml/sec, becoming fine particles of mass median
aerodynamic diameter less than 5 microns, i.e. becoming
a fine-particle-form powdered preparation suitable for

transpulmonary administration.

25 Examples 27 to 37
An interferon-y (IFN-y) stock liquid (potency:

1x10’IU/ml) was desalinated using anultrafilter membrane
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desalinated IFN-ystock ligquid obtained and any of various
carriers as shown in Table 3 were filled into vessels
(trunk diameter 18mm), the volume was made up with
5 injection distilled water to 0.5ml per vessel, and
" freeze~drying was carrled out using a shelf-type
freeze-dryer (Lyovac GT-4, made by Leybold). The
disintegration index of the non-powder-form (cake-like)
freeze-dried composition (freeze-dried cake) obtained
10 was calculated. Next, a vessel filled with the non-
powder-form freeze-dried composition (freeze-dried
cake) obtained was installed 1n a jet type dry powder
inhaler (having a bellows body 10 capable of supplying
an amount of alr of about 20ml; Fig. 1) designed such that
15 the bore of the air jet flow path 3 was 1.2mm and the bore
of the discharge flow path 4 was 1.8mm,
As 1n Examples 1 to 13, this i1nhaler was attached

to an Aerosizer (made by Amherst Process Instrument, Inc.,

(—‘

SA) fitted with an Aercbreather

20 lung model, and an amount of air of about 20ml was
introduced into the vessel from the inhaler, thus
applying an air impact arising through an air speed of
about 35m/sec and an air flow rate of about 40ml/sec to

the freeze-dried cake. As a result, air was introduced

25 from the air jet flow path 3 of the jet type dry powder
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P@dE A inhaler into the vessel 1, and it was observed that the
non-powder-form freeze-dried composition in the vessel
was made into fine particles by the air impact. The
particle size distribution of the fine particles was
5 measured using the Aerosizer fitted with the Aerobreather
(measurement conditions: breath rate: 60 L/min, breath
volume: 1 L, acceleratidn: 19). The mass median
aerodynamic diameter (um + SD) was then calculated from
the particle size distribution of the fine particles
10 jetted out from the inhaler.
Moreover, to calculate the fine particle fraction
(%) of the fine particles for each freeze-dried
composition and thus evaluate the efficiency of delivery
into the lungs, an ailr impact arising through an air speed
15 of about 35m/sec and an air flow rate of about 40ml/sec
was applied to the freeze-dried cake filled into a vessel
using the dry powder inhaler, and the resulting powdered
fine-particle-form freeze-dried composition was
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. After this, the solvents in stage 1 and stage 2 were
collected, the IFN-y in the stage 1 and stage 2 solvents
were assayed using a bioassay method. The value obtained
by dividing the amount (weight) of IFN-7 obtained in

stage 2 by the total amount (weight) of IFN-7 jetted out

25 (stage 1 + stage 2) was then calculated as the fine
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particle fraction (%). The disintegration index, the mass

medlian aerodynamic diameter (pm = SD) of the fine
particles jetted out from the device, and the fine
particle fraction (%) are shown in Table 3 for each of

5 the freeze-dried compositions.

<Table 3>
Freeze-dried Disintegration Mass median Fine particle
Composition index aerodynamic fraction(¥%)
diameter
10 (um =SD, MMAD)
27. IFN-y + Leu(2.5mg) 0.197 1.814%1.538 72.0
28, IFN-y + Val(2.5mg) 0.207 1.55311.451 50,2
29, IFN-v + Ile(2.5mg) 0.185 1.652+1.479 53.0
30. IFN-y + Phe(2.5mg) 0.215 1.3221+1.443 74.0
15 31, IFN-y + Leu(0.5mg)+ val(2mg) 0.199 1.504+1.461 51.4
32. IFN-y + Leu(0.48mg)+ Val(l.92mg)
+ Arg-HC1l(0.2mg) 0.159 1.500%x1.464 52.0
33, IFN-y + Phe(l.2mg)+ Leu(0.3mg)
+ Arg-HCl1l (0.2mg) 0.191 1.264%1.383 67.0
20 34, IFN-y + Phe(l.2mg)+ Val(0.3mg)
+ Arg-HC1(0.2mg) 0.190 1.350%1.456 64.0
35. IFN-y + Phe(l.2mg)+ Ile(0.3mg)
+ Arg-HC1(0.2mg) 0.181 1.230%1. 386 67.0
36. IFN-y + Phe(1l.0mg)
25 + Arg-HC1(0.2mg) 0.269 1.280%1.473 59.0
37. IFN-y + Leu{l Smg)+ Val{l_ Omg)}
+ D-mannitol(l.0mg) 0.191 1.545+1.405 45.4

Leu: leucine, Val: valine, Ile: isoleucine, Phe: phenylalanine,
Arg-HCl: arginine hydrochloride
30

Each of the freeze-dried compositions containing

the IFN-y and the carrier shown in Table 3 was a non-
powder-form cake-like mass (freeze-dried cake) at the

time of freeze-drying. As can be seen from Table 3, the
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non-powder-form freeze-dried cakes showing a
disintegration index of 0.159 or more (Examples 27 to 37)
were disintegrated by the air impact arising through an
air speed of about 35m/sec and an air flow rate of about

b 40ml/sec, becoming fine particles of mass median
aerodynamic diameter less than 5 microns, i.e. becoming
a fine-particle-form powdered preparation sultable for
transpulmonary administration. Moreover, a good fine
particle fraction was obtained for all of the

10 compositions (IFN-y + carrier).

Examples 38 to 48, Comparative Examples 9 to 10

5ug of procaterol hydrochloride (made by Otsuka
Pharmaceutical Co., Ltd.) and 1.5mg of any of various
carriers as shown in Table 4 were made up to 0.5ml by
15 dissolving in injection distilled water, this was filled
intovessels(trunkdiameterlem),andfreeze-dryingwas
carriedoutusingiishelf—typefreeze—dryer(LyovacGT-4,

made by Leybold). The disintegration index of the

o]
(«]

10T 3 rm {cake-like) freeze-dried composition

i-powder-£form (cake-

20 (freeze-dried cake) obtailned was calculated. Next, a
vessel (trunk diameter 18mm) filled with the non-
powder-form freeze-dried cake obtained was installed in
a self-inhaling type dry powder inhaler designed such
that the bore of the air introduction flow path 17 was

25 1.99mm and the bore of the suction flow path 16 was 1.99mm.
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freeze-dried composition obtained, the above-mentioned
self-inhaling type dry powder inhaler was attached to a
twin impinger (made by Copley, UK) (applying an air impact

5 arising through an air speed of about 95m/sec and an air
flow rate of about 295ml/sec to the freeze-dried cake),
the solvents in stage 1 and stage 2 were respectively
collected, and each of the procaterol hydrochloride
contained in the stage 1 or stage 2 solvent was assayed

10 by an HPLC method. The value obtained by dividing the
amount of procaterol hydrochloride obtained in stage 2
by the total amount of procaterol hydrochloride Jjetted
out (stage 1 + stage 2) was then calculated as the fine
particle fraction (%, the proportion that can be expected
15 to reach the lungs).
The disintegration index and the fine particle

fraction (%) are shown in Table 4 for each of the

freeze-dried compositions.

20 {Table 4

Freeze-dried composition Disintegration Fine particle

index fraction (%)

Examples
38. Procaterol-HCl + isoleucine 0.199 6l1.1

25 39, Procaterol-HCl + valine 0.270 71.9
40. Procaterol-HCl + leucine 0.260 74.0
41, Procaterol-HCl + phenylalanine 0.245 70.8
42, Procaterol-HCl + alanine 0.048 61.6
43, Procaterol-HCl + glycine 0.139 60.6

30 44, Procaterol-HCl + taurine 0.110 63.3
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Procaterol- HC + sodium caprate
5 Comparatlve Examples
9. Procaterol-HCl + pullulan 0.001
10. Procaterol-HCl + dextran 40 0.003

[« N o
o o

Procaterol-HCl: Procaterol hydrochloride

As shown in Table 4, the non-powder-form freeze-dried
10 compositions (freeze-dried cakes) having a disintegration
index of 0.003 or less (Comparative Examples 9 and 10) were
not disintegrated by the air impact arising through an air
speed of about 95m/sec and an alr flow rate of about
295ml/sec, whereas the non-powder-form freeze-dried
15 compositions (freeze-dried cakes) having a disintegration
index of 0.048 or more were easily made into fine particles
in the vessel by the above-mentioned air impact, with it
being possible to produce a powdered preparation suitable
for transpulmonary administration.
20 Examples 49 to 58, Comparative Examples 11 to 14
5ug of procaterol hydrochloride (made by Otsuka
Pharmaceutical Co., Ltd.) and any of various carriers as
shown in Table 5 were made up to 0.5ml by dissolving in
injection distilled water, this was fllled into vessels
25 (trunk diameter 18mm), and freeze-drying was carried out
using a shelf-type freeze-dryer (Lyovac GT-4, made by

Leybold). The disintegration index of the non-powder-form
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obtained was calculated.
Next, as with Examples 38 to 48, a vessel (trunk
diameter 18mm) filled with the non-powder-form freeze-
5 driedcompositionobtainedwasinstalledelaself-inhaling
type dry powder inhaler designed such that the bore of the
air introduction flow path 17 was 1.99mm and the bore of
the suction flow path 16 was 1.99mm, Using this, the fine
particle fraction (%) was calculated with a twin impinger
10 (made by Copley, UK) (applying an air impact arising through
an air speed of about 95m/sec and an air flow rate of about
295ml/sec to the freeze-dried cake). The disintegration
index and the fine particle fraction (%) are shown in Table

5 for each of the freeze-dried compositions.
15 {Table 5>

Freeze-dried composition ' Disintegration Fine particle
index fraction (%)
Examples
49, Procaterol-HCl + 4.5mg lsoleucine 0.170 57.2
20 50. Procaterol-HCl + 7.5mg isoleucine 0.156 52.8
51, Procaterol-HCl + 4.5mg leucine 0.214 74.0
52. Procaterol-HCl + 7.5mg leucilne 0.191 58.0
53. Procaterol-HCl + 4.5mg valine 0.174 62.0
54 . Procaterol-HCl + 4.5mg phenylalanine 0.237 56.9
25 55. Procaterol-HCl + 4.5mg PEG4000 0.152 52.5
56 . Procaterol-HCl + 4.5mg sodium caprate 0.168 51.4
57. Procaterol-HCl + 4.5mg alanine 0.023 58.5
58. Procaterol-HCl + 7.5mg alanine 0.018 50.7
Comparative Examples
30 11. Procaterol-HCl + 4.5mg pullulan 0.0003 0.0
12. Procaterol-HCl + 7.5mg pullulan 0.0002 0.0
13. Procaterol-HCl + 4.5mg dextran 40 0.0013 0.0
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14. Procaterol-HCl + 7.5mg dextran 40 0.0010 0.0

Procaterol-HCl: Procaterol hydrochloride

As shown in Table 5, the non-powder-form freeze-dried
5 compositions (freeze-dried cakes) having a disintegration
index of 0.0013 or less (Comparative Examples 11 to 14) were
not disintegrated by the air impact arising through an air
speed of about 95m/sec and an alr flow rate of about
295ml/sec, whereas the non-powder-form freeze-dried
10 compositions(freeze-driedcakes)showingeadisintegration
index of 0.018 or more (Examples 49 to 58) were easily made
into fine particles in the vessel by the above-mentioned
air impact, with it being possible to produce a powdered
preparation suitable for transpulmonary administration.
15 Examples 59 to 64
5ug of procaterol hydrochloride (made by Otsuka
Pharmaceutical Co., Ltd.) and any of various carriers as
shown in Table 6 were made up to 0.5ml by dissolving in
injection distilled water, this was filled into vessels
20 (trunk diameter 18mm), and freeze-drying was carried out
using a shelf-type freeze-dryer (Lyovac GT-4, made by
Leybold). The disintegration index of the non-powder-form
cake-like freeze-dried composition (freeze-dried cake)
obtained was calculated. Next, as with Examples 38 to 48,

25 a vessel (trunk diameter 18mm) filled with the non-
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powder-form freeze-dried composition obtained was
installed in a self-inhaling type dry powder inhaler
designed such that the bore of the air introduction flow
path 17 was 1.99mm and the bore of the suction flow path
16 was 1.99mm. Using this, the fine particle fraction (%)
was calculated with a twin impinger (made by Copley, UK)
(applying an air impact arising through an air speed of about
95m/sec and an ailr flow rate of about 295ml/sec to the
freeze-dried cake) The disintegration index and the fine
particle fraction (%) are shown in Table 6 for each of the

freeze-dried compositions.

<Table 6>
Freeze-drlied composition Disintegration Fine particle
index fraction (%)
59. Procaterol-HCl + 0.5mg Leu-Val 0.104 74.5
60. Procaterol-HCl + 1l.5mg Leu-Val 0.073 63.0
61. Procaterol-HCl + 4.5mg Leu-Val 0.039 53.1
62. Procaterol-HCl + 0.375mg Leu-Phe 0.168 81.9
63. Procaterol-HCl + 0.5mg Leu-Phe 0.222 76.1
64. Procaterol-HCl + 0.75mg Leu-Phe 0.181 79.1

Procaterol-HC1l: Procaternl hydrochloride. Leu-Val: leucyl-valine,
Leu-Phe: leucyl-phenylalanine

As shown in Table 6, the non-powder-form freeze-dried
compositions (freeze-dried cakes), which showed a
disintegrationindaxof0.039ornmre,wereeasilymadeinto
fine particles in the vessel by the air impact arising

through an air speed of about 95m/sec and an air flow rate
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of about 295ml/sec, with it being possible to produce a
powdered preparation suitable for transpulmonary
administration.
Example 65

b 5ug of procaterol hydrochloride (made by Otsuka
Pharmaceutical Co., Ltd.) and 1.0mg of valine were made up
to 0.5ml by dissolving in injection distilled water, this
was filled into vessels (trunk dliameter 23mm), and
freeze-drying was carried out using a shelf-type

10 freeze-dryer (Lyovac GT-4, made by Leybold). The
disintegration index of the non-powder-form freeze-dried
composition (freeze-dried cake) obtained was calculated.
Next, a vessel (trunk diameter 23mm) filled with the
non-powder-form freeze-dried composition obtained was

15 installed in a self-inhaling type dry powder inhaler
designed such that the bore of the air introduction flow
path 17 was 4.01lmm and the bore of the suction flow path
16 was 4.01mm. This was directly jetted out into an Aerosizer

{made by Amherst Process Instrument, Inc USA

<., ) ttcd with

20 an Aerobreather (made by Amherst Process Instrument, Inc.,
USA; measurement conditions: breath rate: 1 L/min, breath
volume: 0.1 L), which is an artificial lung model capable
of directly measuring the particle size distribution of the
particles jetted out (applying an air impact arising

25 through an air speed of about lm/sec and an air flow rate
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of about 17ml/sec to the freeze-dried cake), and the
particle size distribution of the fine particles jetted out
was measured. The mass median aerodynamic diameter (uml:
SD) of the fine particles was calculated from the particle

b size distribution. The disintegration index, and the mass

median aerodynamic diameter of the fine particles jetted
out from the inhaler are shown in Table 7 for the

freeze-dried composition.

{Table 7>
10 Freeze-dried composition Disintegration Mass median
index aerodynamic diameter
(um+SD, MMAD)
65. Procaterol-HCl + valine 0.273 1.582*X1.552

Procaterol-HCl: Procaterol hydrochloxride

15
As shown in Table 7, the non-powder-form freeze-dried
composition (freeze-dried cake), which showed a
disintegration index of 0.273, was easily made into fine
particles in the vessel by the above-mentioned air impact,
20 and moreocver the mean particle diameter was less than 5

microns, and hence it was possible to produce a preparation
suitable for transpulmonary administration.
Examples 66 to 70
Insulin (recombinant human insulin crystal, made by
25 Biobras, Brazil; relative activity: 26.4U/mg) (1mg, 2mg),

or insulin and any of various carriers as shown in Table
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8, was/were made up to 0.2ml by dissolving in injection
distilled water, this was filled into vessels (trunk
diameter 18mm), and freeze-drying was carried out using a
shelf-type freeze-dryer (Lyovac GT-4, made by Leybold). The

5 disintegration index of the non-powder-form freeze-dried
composition (freeze-dried cake) obtained was calculated.
Next, as in Examples 38 to 48, a vessel (trunk diameter 18mm)
filled with the non-powder-form freeze-dried composition
obtained was installed in a self-inhaling type dry powder

10 inhaler designed such that the bore of the air introduction
flow path 17 was 1.99mm and the bore of the suction flow
path 16 was 1.99mm. Using this, the fine particle fraction
(%) was calculated with a twin impinger (made by Copley,
UK) (applying an air impact arising through an air speed

15 of about 95m/sec and an air flow rate of about 295ml/sec
tb the freeze-dried.cake). The disintegration index and the
fine particle fraction (%) are shown in Table 8 for each
of the freeze-dried compositions.

{Table &>

20 Freeze-dried composition Disintegration Fine particle
index fraction (%)
66. lmg insulin 0.159 75.0
67. 1lmg insulin + 1l.4mg leucine 0.145 80.7
68. 1lmg insulin + 1,0mg valine 0.110 79.4
26 69. 2mg insulin 0.177 42.4
70. 2mg insulin + 1.4mg leucine 0.137 65.1
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As can be seen from Table 8, regardless of whether or
not a carrier was present, the non-powder-form freeze-dried
compositions (freeze-dried cakes), which showed a
disintegration index of 0.110 or more, were easily made into
fine particles in the vessel by the above-mentioned air
impact, with it being possible to produce a powdered
preparation suitable for transpulmonary administration.
Examples 71 to 75

ilmg of insulin (recombinant human insulin crystal,
made by Biobras, Brazil; relative activity: 26.4U/mg) and
any of various carriers (1.5mg) as shown in Table 9 were
made up to 0.5ml by dissolving in injection distilled water,
this was filled into vessels (trunk diameter 18mm), and
freeze-drying was carried out using a shelf-type
freeze-dryer (Lyovac GT-4, made by Leybold). The
disintegration index of the non-powder-form freeze-dried
composition (freeze-dried cake) obtained was calculated.
Next, a vessel (trunk diameter 18mm) filled with the
non-powder-form freeze-dried composition obtained was
installed in a jet type dry powder inhaler (having a bellows
body capable of supplying an amount of air of about 20ml)
designed such that the bore of the air jet flow path was
1.2mm and the bore of the discharge flow path was 1.8mm),
and as in Examples 1 to 37 this was directly jetted out into

an Aerosizer (made by Amherst Process Instrument, Inc.,
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USA) fitted with an Aerobreather (made by Amherst Process
Instrument, Inc., USA; measurement conditions: breath
rate: 60 L/min, breath volume: 1 L) (applying an air impact
arising through an air speed of about 35m/sec and an air
5 flow rate of about 40ml/sec to the freeze-dried cake), the
particle size distribution of the fine particles jetted out
was measured, and the mass median aerodynamic diameter { pm
= SD) was calculated.
Furthermore, as in Examples 38 to 48, a vessel (trunk
10 diameter 18mm) filled with the non-powder-form freeze-
driedcompositionobtainedwasinstalledjjlaself—inhaling
type dry powder inhaler designed such that the bore of the
air introduction flow path was 1.99mm and the bore of the
suction flow path was 1.99mm. Using this, the fine particle
15 fraction (%) was calculated with a twin impinger (made by
Copley, UK) (applying an air impact arising through an air
speed of about 95m/sec and an air flow rate of 295ml/sec
to the freeze-dried cake).

Mha A
PR SRR 0

integraticn index, the mass median aerodynamic

-

20 diameter (um = SD) of the fine particles Jetted out from
the jet type dry powder inhaler, and the fine particle
fraction (%) of the fine particles obtained by the
self-inhaling type dry powder inhaler are shown in Table
9 for each of the freeze-dried compositions.

25 {Table 9>
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Freeze-dried Disintegration Mass median Fine particle
composition index aerodynamic fraction(%)
diameter
(pm £SD, MMAD)

5 71. Insulin + isoleucine 0.124 1.759%1.425 71.1

72. Insulin + leucine 0.250 1.954%1,454 74.1

73. Insulin + valine 0.124 2.007+1.438 72.1

74. Insulin + phenylalanine 0.204 1.872%+1.477 62.0

75. Insulin + D-mannitol 0.160 2.239+1.435 61.2

10

As shown in Table 9, the non-powder-form freeze-dried
compositions (freeze-dried cakes), which showed a
disintegration index of 0.124 or more, were easily made into
fine particles in the vessel by the air impact arising

15 through an air speed of about 35m/sec and an air flow rate
of about 40ml/sec or the air impact arising through an air
speed of about 95m/sec and an air flow rate of 295ml/sec.
Moreover, the mean particle diameter of the fine particles
made by the air impact arising through an air speed of about

20 95m/sec and an air flow rate of 295ml/sec was less than 5
microns, and hence it was possible to produce a powdered
preparation suitable for transpulmonary administration.
Example 76

500,000 IU of interferon-y (IFN-y) (made by

25 Hayashibara Biochemical Laboratories, Inc., Japan,
relative activity: 10,000,000 IU/mg) and the carrier shown
in Table 10 were made up to 0.5ml by dissolving in injection

distilled water, this was filled into vessels (trunk
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diameter 18mm), and freeze-drying was carried out using a
shelf-type freeze-dryer (Lyovac GT-4, made by Leybold). The
disintegration index of the non-powder-form freeze-dried
composition (freeze-dried cake) obtained was calculated.
5 Next, as in Examples 1 to 37, a vessel (trunk diameter
18mm) filled with the non-powder-form freeze-dried
composition obtained was installed in a jet type dry powder
inhaler (having a bellows body capable of supplying an
amount of air of about 20ml) designed such that the bore
10 of the air jet flow path was l1l.2mm and the bore of the
discharge flow path was 1.8mm), jetting was carried out
directly into an Aerosizer (made by Amherst Process
Instrument, Inc., USA) fitted with an Aerobreather (made
by Amherst Process Instrument, Inc., USA; measurement
15 conditions: breath rate: 60 L/min, breath volume: 1 L)
(applying an air impact arising through an air speed of about
35m/sec and an air flow rate of about 40ml/sec to the
freeze-dried cake), the particle size distribution of the
fine particles jetted out was measured, and the mass median
20 aerodynamic diameter (pm x SD) was calculated. The
disintegration index and the mass median aerodynamic
diameter (pm x SD) of the fine particlés jetted out from
the inhaler are shown in Table 10 for the freeze-dried
composition.

25 <Table 10>
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Freeze-dried Disintegration Mass median
composition index aerodynamic diameter
(pm 8D, MMAD)
76.IFN-y + 1lmg Phe + 0.3mg Leu
+ 0.2mg Arg-HCl 0.336 1.212%+1.384

Phe: Phenylalanine, Leu: leucine, Arg-HCl: arginine hydrochloride

b As can be seen from Table 10, the non-powder-form
freeze-driedcomposition(freeze—driedcake),whichshowed
a disintegration index of 0.336, was easily made into fine
particles in the vessel by the air impact arising through
an air speed of about 35m/sec and an air flow rate of about

10 40ml/sec, and moreover the mean particle diameter was less
than 5 microns, and hence it was possible to produce a
powdered preparation suitable for transpulmonary
administration.
Examples 77 and 78

15 10,000,000 IU or 2,500,000 IU of interferon-y (IFN-¥y)
(madebyHayashibaraBiochemicalLaboratories,Inc.,Japan,
relative activity: 10,000,000 IU/mg) was made up to 0.5ml
by dissolving in injection distilled water, this was filled
into vessels (trunk diameter 18mm), and freeze-drying was

20 carried out using a shelf-type freeze-dryer (Lyovac GT-
4, made by Leybold). The disintegration index of the
non-powder-form freeze-dried composition (freeze-dried

cake) obtained was calculated. Next, as in Examples 1 to
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37, a vessel (trunk diameter 18mm) filled with the non-
powder-form freeze-dried composition obtained was
ihstalled in a jet type dry powder inhaler (having a bellows
body capable of supplying an amount of air of about 20ml)
designed such that the bore of the air jet flow path was
1.2mm and the bore of the discharge flow path was 1.8mm,
and jetting was carried out directly into an Aerosizer (made
by Amherst Process Instrument, Inc., USA) fitted with an
Aerobreather (made by Amherst Process Instrument, Inc.,
USA; measurement conditions: breath rate: 60 L/min, breath
volume: 1 L) (applying an air impact arising through an air
speed of about 35m/sec and an air flow rate of about 40ml/sec
to the freeze-drled cake), the particle size distribution
of the fine particles jetted out was measured, and the mass
median aerodynamic diameter (pm * SD) was calculated. The
disintegration index and the mass median aerodynamic
diameter (pm * SD) qf the fine particles jetted out from
the inhaler are shown in Table 11 for each of the
freeze-dried compositions.

<Table 11>

Freeze-dried Disintegration Mass median
composition index aerodynamic diameter
(um £ SD, MMAD)

77. 10,000,000 IU of IFN-y 0.206 2.355+1.439

78. 2,500,000 IU of IFN-y 0.160 2.244%1.514
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As shown in Table 11, despite not containing a carrier,
the.non-powder-form freeze-dried compositions (freeze-
dried cakes), which showed a disintegration index of 0.160
or more, were easily made into fine particles in the vessel
5 by the above-mentioned air impact, and moreover the mean
particle diameter was less than 5 microns, and hence it was
possible to produce a preparation suitable for
transpulmonary administration.
Examples 79 to 83
10 28ug of pUC19 DNA (2686bp, made by Otsuka

Pharmaceutical Co., Ltd., hereinafter referred to as 'pUC19
DNA'), which is a plasmid DNA, and 2.0mg of any of various
carriers as shown in Table 12 were made up to 0.5ml by
dissolving in injection distilled water, this was filled
16 into vessels (trunk diameter 18mm), and freeze-drying was
carried out using a shelf-type freeze-dryer (Lyovac GT-
4, made by Leybold). The disintegration index of the
non-powder-£form freeze-dried composition (freeze-dried
cake) obtained was calculated. Next, as in Examples 71 to
20 78, a vessel (trunk diameter 18mm) filled with the non-
powder-form freeze-dried composition obtained was
installed in a jet type dry powder inhaler (having a bellows
body capable of supplying an amount of air of about 50ml)
designed such that the bore of the alr jet flow path was

25 1.2mm and the bore of the discharge flow path was 1.8mm,
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and jetting was carried out directly into an Aerosizer (made
by Amherst Process Instrument, Inc., USA) fitted with an
Aerobreather (made by Amherst Process Instrument, Inc.,
USA; measurement conditions: breath rate: 60 L/min, breath

5 volume: 1 L) (applying an air impact arising through an air
speed of about 89m/sec and an air flow rate of about
100ml/sec to the freeze-dried cake), the particle size
distribution of the fine particles jetted out was measured,
and the mass median aerodynamic diameter (um = SD) was

10 calculated. The disinteération index, and the mass median
aerodynamic diameter of the fine particles jetted out from
the inhaler are shown in Table 12 for each of the
freeze-dried compositions.

" <Table 12>

15 Freeze-dried Disintegration Mass median
composition index aerodynamic diameter
(um +-SD, MMAD)

79. pUC1l9 DNA + isoleucine 0.103 2.168x1.586
80. pUCl9 DNA + leucine 0.096 1.603%=1.580
20 81. pUCl1l9 DNA + valine 0.110 1.78911.486
82. pUC1l9 DNA + phenylalanine 0.149 1.375%X1.545
83, pUC19 DNA + D-mannitol 0.126 1.9691+1.503

As shown in Table 12, the non-powder-form freeze-dried
compositions (freeze-dried cakes), which showed a

25 - disintegration index of 0.096 or more, were easily made into
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fine particles in the vessel by the air impact arising
through an air speed of about 89m/sec and an air flow rate
of about 100ml/sec, and moreover the mean particle diameter
was less than 5 microns, and hence it was possible to produce
a powdered preparation suitable for transpulmonary
administration.
Examples 84 to 87

lo0pg of an anti-interleukin-1f antibody (anti-IL-
1B antibody) (made by Otsuka Pharmaceutical Co., Ltd.,
Japan) and 2.0mg of any of various carriers as shown in Table
13weremadelu)to0.5mlbydissolv1ngininjectiondistilled
water, this was filled into vessels (trunk diameter 18mm),
and freeze-drying was carried out using a shelf-type
freeze-dryer (Lyovac GT-4, made by Leybold). The
disintegration index of the non-powder-form cake-like
freeze-dried composition (freeze-dried cake) obtained was
calculated. Next, a vessel (trunk diameter 18mm) filled
withtherunhpowder-formfreeze-driedcompositionobtained
was installed in a jet type dry powder inhaler (having a
bellows body capable of supplying an amount of air of about
20ml) designed such that the bore of the air jet flow path
was 1.2mm and the bore of the discharge flow path was 1.8mm,
andjettingwascarriedoutdirectlyintoanAerosizer(made
by Amherst Process Instrument, Inc., USA) fitted with an

Aerobreather (made by Amherst Process Instrument, Inc.,

10b
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USA; measurement conditions: breath rate: 60 L/min, breath
volume: 1 L) (applying an air impact arising through an air
speed of about 35m/sec and an air flow rate of about 40ml/sec
to the freeze-dried cake), the particle size distribution

B of the fine particles jetted out was measured, and the mass
median aerodynamic diameter (um = SD) was calculated. The
disintegration index, and the mass median aerodynamic
diameter (um = SD) of the fine particles jetted out from
the inhaler are shown in Table 13 for each of the

10 freeze-dried compositions.

<Table 13>

Freeze-dried Disintegration Mass median
composition index aerodynamic diameter
{um 8D, MMAD)

16 84. Anti-IL-1f antibody + Ile 0.272 1.668+1.434
85. Anti-IL-1p antibody + Leu 0.195 1.681+1.404
86. Anti-IL-1f antibody + Val 0.277 1.890%+1.392
87. Anti-IL-1p antibody + Phe 0.358 1.462%+1.396

Ile: isoleucine, Leu: leucine, Val: valine, Phe: phenylalanine
20

Each of the freeze-dried compositions obtained was a
non-powder-form cake-like mass (freeze-dried cake) at the
time of freeze-drying. As can be seen from Table 13, the
non-powder-form freeze-dried cakes, which showed a

25 disintegration index of 0.195 or more, were disintegrated
by the air impact arising through an air speed of about

35m/sec and an air flow rate of about 40ml/sec, becoming
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fine particles of mass median aerodynamic dlameter less
than 5 microns, i.e. becoming a powdered preparation

suitable for transpulmonary administration.

Examples 88 to 91
5 100ug of an anti-interleukin-loa antibody (anti-IL-
lo antibody) (made by Otsuka Pharmaceutical Co., LtAd.,
Japan) and 2.0mg of any of various carriers as shown in Table
14 were made up to 0.5ml by dissolving in injection distilled
water, this was fllled into vessels (trunk diameter 18mm),
10 and freeze-drying was carried out using a shelf-type
freeze-dryer (Lyovac GT-4, made by Leybold). The
disintegration index of the non-powder-form cake-like
freeze-dried composition (freeze-dried cake) obtained was
calculated. Next, é vessel (trunk diameter 18mm) f£illed
15 with the non-powder-form freeze-dried composition obtained
was installed in a jet type dry powder inhaler (having a
bellows body capable of supplying an amount of air of about
20ml) designed such that the bore of the air jet flow path
was 1.2mm and the bore of the discharge flow path was 1.8mm,
20 and as in Examples 84 to 87, an air impact arising through
an air speed of about 35m/sec and an air flow rate of about
40ml/sec was applled to the freeze-dried cake in the vessel,
the particle size distribution of the fine particles

produced was measured, and the mass median aerodynamic

25 diameter (um + SD) was calculated. The disintegration index,
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and the mass median aerodynamic diameter (um % SD) of the
fine particles jetted out from the inhaler are shown in Table

14 for each of the freeze-dried compositions.

<Table 14>
5 Freeze-dried Disintegration Mass median
composition index aerodynamic dilameter

(um+SD, MMAD)

88. Anti-IL-la antibody + Ile 0.253 1.515%+1.433
89. Anti-IL-la antibody + Leu 0.204 1.787%t1.435
10 90. Anti-IL-la antibody + Val 0.257 1.957+1.393
91. Anti-IL-la antibody + Phe 0.258 1.707x1.426

Ile: isoleucine, Leu: leucine, Val: valine, Phe: phenylalanine

Each of the freeze-dried compositions obtained was a
non-powder-form cake-like mass (freeze-dried cake) at the
15 time of freeze-drying. As can be seen from Table 14, the
non-powder-form freeze-drled cakes, which showed a
disintegration index of 0.204 or more, were disintegrated
by the air impact arising through an air speed of about
35m/sec and an air flow rate of about 40ml/sec, becoming
20 fine particles of mass median aerodynamic diameter less
than 5 microns, i.e. becoming a powdered preparation

suitable for transpulmonary administration.

Examples 92 to 95
10pg of calcitonin (made by Sigma, USA) and 2.0mg of
25 any of various carriers as shown in Table 15 were made up
to 0.5ml by dissolving in injection distilled water, this

was filled into vessels (trunk diameter 18mm), and
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freeze-drying was carried out using a shelf-type
freeze-dryer (Lyovac GT-4, made by Leybold). The
disintegration index of the non-powder-form cake-like
freeze-dried composition (freeze-dried cake) obtained was
b calculated. Next, a vessel (trunk diameter 18mm) filled
with the non-powder-form freeze-dried composition obtained
was installed in a jet type dry powder inhaler (having a
bellows body capable of supplying an amount of air of about
20ml) designed such that the bore of the air jet flow path
10 was 1.2mm and the bore of the discharge flow path was 1.8mm,
and as in Examples 84 to 87, an air impact arising through
an air speed of about 35m/sec and an air flow rate of about
40ml/sec was applied to the freeze-dried cake in the vessel,
the particle size distribution of the fine particles
16 produced was measured, and the mass median aerodynamic
diameter (um = SD) was calculated. The disintegration index,
and the mass median aerodynamic diameter (pm = SD) of the
fine particles jetted out from the inhaler are shown in Table

15 for each of the freeze-dried compositions.

20 <Table 15>

Freeze-dried Disintegration Mass median
composition index aerodynamic diameter
(um+SD, MMAD)

92, Calcitonin + isoleucine 0.209 1.531x1.457
25 93. Calcitonin + leucine 0.273 1.699+1.434

94, Calcitonin + valine 0.248 1.421+1.466
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95, Calcitonin + phenylalanine 0.150 1.653+t1.408

Each of the freeze-dried compositions obtained was a
non-powder-form cake-like mass (freeze-dried cake) at the
time of freeze-drying. As can be seen from Table 15, the

b non-powder-form freeze-dried cakes, which showed a
disintegration index of 0.150 or more, were disintegrated
by the air impact arising through an air speed of about
35m/sec and an air flow rate of about 40ml/sec, becoming
fine particles of mass median aerodynamic diameter less

10 than 5 microns, i1.e. becoming a powdered preparation
sulitable for transpulmonary administration.
Examples 96 to 100

12ug of erythropolietin (made by Wako Pure Chemical

Industries, Ltd., Japan) and 2.0mg of any of various

15 carriers as shown in Table 16 were made up to 0.5ml by
dissolving in injection distilled water, this was filled
into vessels (trunk diameter 18mm), and freeze-drying was
carried out using a shelf-type freeze-dryer (Lyovac GT-
4, made by Leybold). The disintegration index of the

20 non-powder-form cake-like freeze-dried composition
(freeze-driedcake)obtainedwascalculated.Next,avessel
(trunk diameter 18mm) filled with the non-powder-form
freeze-dried composition obtained was installed in a Jjet

type dry powder inhaler (having a bellows body capable of
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supplying an amount of air of about 20ml) designed such that
the bore of the air jet flow path was 1.2mm and the bore
of the discharge flow path was 1.8mm, and as in Examples
84 to 87, an alr impact arising through an air speed of about
5 35m/sec and an air flow rate of about 40ml/sec was applied
to the freeze-dried cake in the vessel, the particle size
distribution of the fine particles produced was measured,
and the mass median aerodynamic diameter (pm z SD) was
calculated. The disintegration index, and the mass median
10 aerodynamic diameter (pum = SD) of the fine particles jetted
out from the inhaler are shown in Table 16 for each of the

freeze-dried compositions.

{Table 16>

Freeze-dried Disintegration Mass median
15 composition index aerodynamic diameter
{um £ SD, MMAD)

96 . Erythropoietin + isoleucine 0.287 1.214+1.396
97. Erythropoietin + leucine 0.213 1.833%£1.429
98. Erythropoietin + valine 0.254 1.670+t1.444
20 99, Erythropoietin + phenylalanine 0.309 1.923+1.447
100. Erythropoietin + D-mannitol 0.155 1.795+t1.412

Each of the freeze-dried compositions obtained was a
non-powder-form cake-like mass (freeze-dried cake) at the
time of freeze-drying. As can be seen from Table 16, the

26 non-powder-form freeze-dried cakes, which showed a
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disintegration index of 0.155 or more, were disintegrated
by the air impact arising through an air speed of about
35m/sec and an air flow rate of about 40ml/sec, becoming
fine particles of mass median aerodynamic diameter less
5 than 5 microns, 1.e. becoming a powdered preparation
suitable for transpulmonary administration.
Example 101
20ug of granulocyte colony stimulating factor (G-CSF)
(made by Evermore Bio, China) and 2.5mg of D-mannitol were
10 made up to 0.5ml by dissolving in injection distilled water,
this was filled 1into vessels (trunk diameter 18mm), and
freeze-drying was carried out using a shelf-type
freeze-dryer (Lyovac GT-4, made by Leybold). The
disintegration index of the non-powder-form cake-like
15 freeze-dried composition (freeze-dried cake) obtained was
calculated. Next, a vessel (trunk diameter 18mm) filled
with the non-powder-form freeze-dried composition obtained
was installed in a jet type dry powder inhaler (having a
bellows body capable of supplying an amount of air of about
20 20ml) designed such that the bore of the air jet flow path
was 1.2mm and the bore of the discharge flow path was 1.8mm,
and as in Examples 84 to 87, an air impact arising through
an air speed of about 35m/sec and an air flow rate of about

40ml/sec was applied to the freeze-dried cake in the vessel,

25 the particle size distribution of the fine particles
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produced was measured, and the mass median aerodynamic

diameter (um + SD) was calculated. The disintegration index,

and the mass median aerodynamic diameter (um = SD) of the

fine particles jetted out from the inhaler are shown in Table
b 17 for the freeze-dried composition.

<Table 17>

Freeze-dried Disintegration Mass median
composition index aerodynamic diameter
(pm £ SD, MMAD)

10 101. G-CSF + D-mannitol 0.049 :'1.795:|:1.412

The freeze-dried composition obtained was a non-
powder-form cake-like mass (freeze-dried cake) at the time
of freeze-drying. As can be seen from Table 17, the

156 non-powder-form freeze-drled cake, which showed a
disintegration index of 0.049, was disintegrated by the air
impact arising through an air speed of about 35m/sec and
an air flow rate of about 40ml/sec, becoming fine particles
of mass median aerodynamic diameter less than 5 microns,

20 i.e. becoming a powdered preparation suitable for
transpulmonary administration.

Examples 102 to 104

100png of growth hormone (made by Wako Pure Chemical
Industries, Ltd., Japan) and any of various carriers as

256 shown in Table 18 were made up to 0.5ml by dissolving in

injection distilled water, this was filled into vessels
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(trunk diameter 18mm), and freeze-drying was carried out
using a shelf-type freeze-dryer (Lyovac GT-4, made by
Leybold). The disintegration index of the non-powder-form
cake-like freeze-dried composition (freeze-dried cake)
65 obtained was calculated. Next, a vessel (trunk diameter
18mm) filled with the non-powder-form freeze-dried
composition obtained was installed in a jet type dry powder
inhaler (having a bellows body capable of supplying an
amount of air of about 20ml) designed such that the bore
10 of the air jet flow path was 1.2mm and the bore of the
discharge flow path was 1.8mm, and as in Examples 84 to 87,
an air impact arising through an air speed of about 35m/sec
and an air flow rate of about 40ml/sec was applied to the
freeze-dried cake in the vessel, the particle size
15 distribution of the fine particles produced was measured,
and the mass median aerodynamic diameter (um * SD) was
calculated. The disintegration index, and the mass median
aerodynamic diameter (pum + SD) of the particles jetted out
from the inhaler are shown in Table 18 for each of the
20 freeze-dried compositions.

{Table 18>

Freeze-dried Disintegration Mass median
composition index aerodynamic diameter
{um £SD, MMAD)

25 102. GH + 1.5mg Ile
+ 0.1lmg mannitol + 0.02mg Gly 0.250 1.626+1.473



10-u 10-u$10% u&' ()-! " $10%u& () - Wb+wX6~] ;
10! I n' $10%b& () - %Z10%& ()-!, Mb10%b& ()- 4!, MBLOYUL () - 4!, MB10%b& () - 4! ~
, MB10%Dbé& ()-42=grstw{\= 10!! 10%& ()-10%& ()- 10b 10b
10b' $10%8& ()-!n' $10%b& ()-!' $10%b& ()- . aB{\ =
10! ! sF! 109%& () - sf! 10%8& () -
| #10%& () - 11 #10%& () - ! 10%0& ()-S10%& () - =2zX6{\=
10! 1 n($10%b& ()-!s!" $10°/di)b&'()-|~ns| %10%)b&'()-'~ $10%b& ()-!  $10%b& (
) - SL310%& () - * X0abcdaVK@ 10! ! n” 10b 1d:
10b7$10%& () 21 10%& () - 0S10%& () - ($10%&' ()-"1 ($10%b& () - dg2{ Y7VK@

101! $10 --1 QW & ()-- $10%<& ()--! P$1O0Y<& ()--!~
$20% <r <& 115 | TAgh eI EN A S bimg Ohy | SLOWIE )1 LQ0R, (15, 10< 10< 10-
$109%<& ()-1bR. cH + 1. 5mg Phe

+ 0.1lmg mannitol + 0.02mg Gly 0.362 1.286X1.375

GH: Growth hormone, Ile: isoleucine, Val: valine, Gly: glycine,
mannitol: D-mannitol, Phe: phenylalanine

Each of the freeze-dried compositions obtained was a
non-powder-form cake-like mass (freeze-dried cake) at the
time of freeze-drying. As can be seen from Table 18, the
non-powder-form freeze-dried cakes, which showed a

10 disintegration index of 0.250 or more, were disintegrated
by the air impact arising through an air speed of about
35m/sec and an air flow rate of about 40ml/sec; becoming
fine particles of mass median aerodynamic diameter less
than 5 microns, i.e. becoming a powdered preparation

15 suitable for transpulmonary administration.
Examples 105 to 107

lmg of deoxyribonuclease (Dnase) (made by Sigma, USA)
and 2mg of any of various carriers as shown in Table 19 were
made up to 0.5ml by dissolving in injection distilled water,

20 this was filled into vessels (trunkldiameter 18mm), and
freeze-drying was carried out using a shelf-type
freeze-dryer (Lyovac GT-4, made by Leybold). The
disintegration index of the non-powder-form cake-like
freeze-dried composition (freeze-dried cake) obtained was

25 calculated. Next, a vessel (trunk dliameter 18mm) filled
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with the non-powder-form freeze-dried composition obtained
was installed in a jet type dry powder inhaler (having a
bellows body capable of supplying an amount of air of about
20ml) designed such that the bore of the air jet flow path

5 was 1.2mm and the bore of the discharge flow path was 1.8mm,
and as in Examples 84 to 87, an air impact arising through
an air speed of about 35m/sec and an air flow rate of about
40ml/sec was applied to the freeze-dried cake in the vessel,
the particle size distribution of the fine particles

10 produced was measured, and the mass median aerodynamic
diameter (pm £ SD) was calculated. The disintegration index,
and the mass median aerodynamic diameter (pm = SD) of the
finepérticlesjettedoutfromtheinhalerareshowninTable
19 for each of the freeze-dried compositions.

15 <Table 19>

Freeze-dried Disintegration Mass median
composition index aerodynamic diameter
(um £ SD, MMAD)
105. Dnase + isoleucine 0.142 1.737%x1.452
20 106. Dnase + valine 0.209 2.014%+1.449
107. Dnase + phenylalanine 0.078 2.425x1.462

Each of the freeze-dried compositions obtained was a
non-powder-form cake-like mass (freeze-dried cake) at the
time of freeze-drying. As can be seen from Table 19, the

25 non-powder-form freeze-dried cakes, which showed a

disintegration index of 0.078 or more, were disintegrated
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by the air impact arising through an air speed of about
35m/sec and an air flow rate of about 40ml/sec, becoming
fine particles of mass median aerodynamic diameter less
than 5 microns, i.e. becoming a powdered preparation

b suitable for transpulmonary administration.

Examples 108 and 109
10pg of parathyroid hormone (PTH) (made by Sigma, USA)
and 2mg of any of various carriers as shown in Table 20 were
made up to 0.5ml by dissolving in injection distilled water,
10 this was filled into vessels (trunk diameter 18mm), and
freeze-drying was carried out using a shelf-type
freeze-dryer (Lyovac GT-4, made by Leybold). The
disintegration index of the non-powder-form cake-like
freeze-dried composition (freeze-dried cake) obtained was
15 calculated. Next, a vessel (trunk diameter 18mm) filled
with the non-powder-form freeze-dried composition obtained
was installed in a jet type dry powder inhaler (having a
bellows body capable of supplying an amount of air of about
20ml) designed such that the bore of the air jet flow path
20 was 1.2mm and the bore of the discharge flow pathwas 1.8mm),
and as in Examples 84 to 87, an air impact arising through
an air speed of about 35m/sec and an air flow rate of about
40ml/sec was applied to the freeze-dried cake in the vessel,
the particle size distribution of the fine particles

256 produced was measured, and the mass median aerodynamic
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diameter (pm = SD) was calculated. The disintegration index,

and the mass median aerodynamic diameter (pum = SD) of the
fine particles jetted out fromthe inhaler are shown in Table
20 for each of the freeze-dried compositions.

5 {Table 20>

Freeze-dried Disintegration Mass median
composition index aerodynamic diameter
(um £SD, MMAD)
108. PTH + phenylalanine 0.273 1.090+1.346
10 109. PTH + D-mannitol 0.234 1.603+1.504

Each of the freeze-dried compositions obtained was a
non-powder-form cake-1like mass (freeze-dried cake) at the
time of freeze-drying. As can be seen from Table 20, the
non-powder-form freeze-dried cakes, which showed a

15 disintegration index of 0.234 or more, were disintegrated
by the air impact arising through an air speed of about
35m/sec and an air flow rate of about 40ml/sec, becoming
fine particles of mass median aerodynamic dilameter less
than 5 microns, i.e. becoming a powdered preparation

20 suitable for transpulmonary administration.

Example 110

100ug of leuprolide (made by Sigma, USA) and 2mg of
phenylalanine were made up to 0.5ml by dissolving in
injection distilled water, this was filled into vessels

25 (trunk diameter 18mm), and freeze-drying was carried out
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using a shelf-type freeze-dryer (Lyovac GT-4, made by
Leybold). The disintegration index of the non-powder-form
cake-like freeze-dried composition (freeze-dried cake)
obtained was calculated. Next, a vessel (trunk diameter
b 18mm) filled with the non-powder-form freeze-dried
composition obtained was installed in a jet type dry powder
inhaler (having a bellows body capable of supplying an
amount of air of about 20ml) designed such that the bore
of the air jet flow path was 1l.2mm and the bore of the
10 discharge flow path was 1.8mm, and as in Examples 84 to 87,
an air impact arising through an air speed of about 35m/sec
and an air flow rate of about 40ml/sec was applied to the
freeze-dried cake in the vessel, the particle size
distribution of the fine particles produced was measured,
15 and the mass medlian aerodynamic diameter (pm x SD) was
calculated. The disintegration index, and the mass median
aerodynamic diameter (um = SD) of the fine particles jetted
out from the inhaler are shown in Table 21 for the

freeze-dried composition.

20 <Table 21>

Freeze-dried Disintegration Mass median
composition index aerodynamic diameter
(um = SD, MMAD)

110.Leuprolide + Phe 0.358 1.115%£1,350

Phe: phenylalanine
25
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The freeze-dried composition obtained was a non-
powder-form cake-like mass (freeze-dried cake) at the time
of freeze-drying. As can be seen from Table 21, the

b non-powder-form freeze-dried cake, which showed a
disintegration index of 0.358, was disintegrated by the air
impact arising through an air speed of about 35m/sec and
an air flow rate of about 40ml/sec, becoming £fine particles
of mass median aerodynamic diameter less than 5 microns,

10 i.e. becoming a powdered preparation suitable for

transpulmonary administration.

156 According to the dry powder inhalation system for
transpulmonary administration of the present invention, a
freeze-dried composition can be made into fine particles
down to a size necessary for delivery into the lungs, and
moreover administration of the fine particles into the

20 lungs through inhalation is possible. That is, according
to the dry powder inhalation system for transpulmonary
administration of the present invention, a freeze-dried
composition that has been prepared in a non-powder form can
be made into fine particles at the time of use (the time

25 of administration), and administered through inhalation at
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the same time, and hence a special operation for making the
preparation into fine particles becomes unnecessary.
Consequently, according to the dry powder inhalation system
for transpulmonary administration (preparation system) of
the present invention, there is no risk of loss during the
manufacturing process (deactivation of the drug or
collection loss through a £illing operation) or loss during
storage (for example deactivation of the drug due to being
stored in a fine particle form), or contamination with
impurities during the manufacturing process; a desired
fixed amount can thus be administered stably. This is useful
in particular with preparations having as an active
ingredient a generally expensive pharmacologically active
substance such as a protein or a peptide.

The proportion of effective particles (fine particle
fraction) attained by the dry powder inhalation system for
transpulmonary administration of the invention is at least
10%, and can be increased to at least 20%, at least 25%,
at least 30% or at least 35%. U.S. Patent No. 6153224
indicates that, with many of prior art dry powder inhalers,
the proportion of the active ingredient (particles) to
adhere td the lower portions of the lungs is only about 10%
of the amount of the active ingredient inhaled. Further,
Japanese Unexamined Patent Publication No. 2001-151673

states that the amount of an inhalation powder preparation
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reaching the lungs (lung reaching proportion) is generally
about 10% of the drug discharged from the preparation.
Therefore, the dry powder inhalation system of the
invention is valuable in that it 1s capable of achieving
b a higher proportion of effective particles (fine particle
fraction) than prior art powder inhalation preparations.
According to the freeze-dried composition and jet type
dry powder inhaler of the present invention, the
freeze-dried composition can be made into fine particles
10 merely by jetting air into the vessel from the air jet £low
path using the air pressure-feeding means and thus applying
a slight air impact to the freeze-dried composition. The
making into fine particles can thus be carried out at the
time of use with an dry powder inhaler having a simple
15 structure and moreover with simple handling. Moreover,
because the dry powder inhaler has a simple structure, it
can be produced with a low manufacturing cost, and hence
mass distribution is possible.
Moreover, according to the jet type dry powder 1nhaler,
20 by adjusting the speed of compression of the air
pressure-feeding means such as a bellows body, the amount
sucked in of the aerosol (powdered preparation) can be
adjusted in accordance with the respiratory ability of the
user. Moreover, by using a single integrated needle part,

2b the operation of piercing the stopper of the vessel with
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the needle part becomes simple.

Furthermore, according to the self-inhaling type dry
powder inhaler, the freeze-dried composition can be made
into an aerosol (made into fine particles) through an air

5 impact being generated by the inhalation pressure of the
user, and hence the making into fine particles and
administration into the lungs of the freeze-dried
composition can be carried out at the same time as the user
inhaling, and thus it can be expected that the drug will

10 be administered in a stable amount with no loss. Moreover,
a separate special operation for making into an aerosol
(making into fine particles) 1s unnecessary, and hence
handling is easy. Moreover, as with the jet type, by using
a single integrated needle part, the operation of piercing

15 the elastic port étopper of the vessel with the needle part
becomes simple.

According to the dry powder inhaler of the present
invention, by piercing the stopper of the vessel with the
tip of the needle part having the suction flow path and the

20 air introduction flow path, and air in the vessel then being
sucked in from the suction port by the inhalation pressure
of the user (patient), air can be made to £low into the vessel
from the air introduction flow path of the needle part, thus

applying an air impact to the freeze-dried composition, and

25 the freeze-dried composition that has been made into a
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Moreover, in the case of the dry powder inhaler of the
present invention disclosed as Embodiment 4 in particular,
the following effects are exhibited.

5 When trying to apply an effective air impact to the
freeze-dried composition and suck the powder-form
freeze-dried composition that has been made into fine
particles from the vessel, the cross-sectional areas of the
suction flow path and the air introduction flow path must

10 be made large, and hence the diameter of the needle part
must be made large.

However, in the case of plercing a needle part having
a large diameter through the stopper, it becomes necessary
to hold the vessel securely, and in this state move the

15 vessel towards the needle tip without deviating away from
the axis of the needle part, and push the stopper against
the needle tip with a large force.

As described above, the dry powder inhaler of the
present invention thus has a holder part that holds the

20 vessel, a guide part of the holder part, and a holder
operating part having a mechanism part and an operating
member that operates the mechanism part. Therefore, by
holding the vessel with the holder part, moving the vessel
along the axis of the needle part following the guide part

25 towards the needle tip, and operating the operating member,
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it is thus possible to pierce the needle part through the
stopper of the vessel using a relatively low force.
In this way, according to the dry powder inhaler of
the present invention, the stopper of the vessel can be
b pierced by the needle part easily and reliably.
Moreover, if a constitution is adopted in which the
housing is formed in a tubular shape, the suction port is
formed at a tip part of the housing, a housing chamber for
the vessel is formed in the housing, the needle part is
10 disposed in the housing so that the needle tip points towards
the housing chamber, an introduction port for introducing
outside air that communicates with the air introduction
flow path of the needle part i1s provided in a wall of the
housing, and the holder part is advanced and retreated in
15 the axial direction of the housing in the housing chamber
using the holder operating part, then a pencil-shaped dry
powder inhaler can be formed, which is easy to use and
conveniently portable.
Moreover, if the constitution 1s made to be such that
20 the housing is formed from a housing main body having a
removal/insertion port for the vessel in a position in which
the holder part 1s retreated, and a 1lid for the
removal/insertion port that i1s connected to the housing
main body by a hinge, the holder operating part has a

25 mechanism part which moves the holder part forwards when
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the 1id is pushed down and the removal/insertion port closed,
and moves the holder part backwards when the 1id is lifted
up and the removal/insertion port opened, and the lid ié
used as the operating member of the mechanism part, then
5 the mechanism part of the holder operating part can be
simplifiedand in the manufacturing cost. Moreover, the
removal/insertion port of the vessel can be closed at the
same time as piercing the stopper of the vessel with the

needle tip, and hence use becomes easier.
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CLAIMS

1. A dry powder inhalation system for
transpulmonary administration, using a combination of:
5 (1) a vessel housing a freeze-dried composition that
contains a single dose of an active ingredient, and has:
(1) a non-powder cake-like form,
(ii) a disintegration index of 0.015 or more,
and
10 (1ii) a property of becoming fine particles
having a mean particle diameter of 10 microns or less or
a fine particle fraction of 10% or more upon receiving an
air impact having an air speed of at least 1lm/sec and an
air flow rate of at least 17ml/sec; and |
156 (2) a device comprising means capable of applying said
air impact to the freeze-dried composition in said vessel,
and means for discharging the powder-form freeze-dried
composition that has been made into fine particles.
2. The dry powder inhalation system for
20 transpulmonary administration according to claim 1,
wherein the vessel and the device are used in combination
at the time of inhalation.
3. The dry powder inhalation system for
transpulmonary administration according to claim 1,

256 wherein the disintegration index of the freeze-dried
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transpulmonary administration according to claim 1,
wherein the air impact of (iil) is generated by air having

b an air speed of at least 2m/sec and an air flow rate of at
least 17ml/sec.

5. The dry powder inhalation system for
transpulmonary administration according to claim 1,
wherein the air impact of (iil) is generated by air having

10 an alr speed of at least lm/sec and an ailr flow rate of at
least 20ml/sec.

6. The powder inhalation system for transpulmonary
administration according to claim 1, wherein the
freeze-dried compositlion has a property of becoming fine

15 particles having a mean particle diameter of 5 microns or
less or a fine particle fraction of 20% or more upon receipt
of an air impact.

1. The dry powder inhalation system for
transpulmonary administration according to claim 1,

20 whereln the freeze-dried composition contains a synthetic
low-molecular-weight drug as the active ingredient.

8. The dry powder inhalation system for
transpulmonary administration according to claim 1,
wherein the freeze-dried composition contains a hight-

256 molecular-weight drug as the active ingredient.

10T
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transpulmonary administration according to claim 1,

wherein the device is:
i) a dry powder inhaler for transpulmonary

b administration, being a device used for making a
freeze-dried composition that has been housed in non-
powder form in a vessel into fine particles, and
administering the resulting fine particles to a user by
inhalation,

10 comprising a needle part having an air jet flow path,
a needle part having a discharge flow path, ailr
pressure-feeding means for feeding air into the air jet
flow path of sald needle part, and an inhalation port that
communicates with the discharge flow path of said needle

16 part,

and characterized by being constituted such that a
stopper that seals up sald vessel is plerced by said needle
parts, thus communicating the air jet flow path and the
discharge flow path with the inside of sald vessel, and

20 air is jetted into sald vessel through sald air jet flow
path using said air pressure-feeding means, thus
pulverizing said freeze-dried composition into fine
particles by the impact of the jetted air, and discharging
the fine particles obtained from the inhalation port via

25 said discharge flow path, or
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15 said inhalation port, and at the same time outside air
flows into said vessel, at a negative pressure, through
sald air introduction flow path, and as a result said
freeze-dried composition 1is pulverized into fine
particles by the impact of the air flowing in, and the

20 fine particles obtained are discharged from the
inhalation port through said suction flow path.

10, The dry powder inhalation system for
transpulmonary administration according to claim 1, using
a combination of:

2b (1) a vessel housing a freeze-dried composition that
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speed of at least lm/sec and an air flow rate of at least
17ml/sec.

25 12. The freeze-dried composition according to claim
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10 11, becoming fine particles having a mean particle diameter
of 10 microns or less or a fine particle fraction of 10%
or more upon receilpt of an air impact having an air speed
of at least Im/sec and an air flow rate of at least 20ml/sec.

16, The freeze-dried composition according to claim

15 11, becoming fine particles having a mean particle diameter
of 5 microns or less or a fine particle fraction of 20% or
more upon receipt of the air impact.

1l7. The freeze-dried composition according to claim
11, confaining a synthetic low-molecular-weight drug as an

20 active ingredient.

18, The freeze-dried composition according to claim
11, containing a hight-molecular-weight drug as an active
ingredient.

19, The freeze-dried composition according to claim

256 18, containing a hight-molecular-weight drug as the active
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ingredient, and at least one selected from the group
consisting of amino acids, dipeptides, tripeptides, and
saccharides as a carrier.

20. The freeze-dried composition according to claim

b 11, being a freeze-dried composition for transpulmonary
administration having the following properties (i) to
(1i11):

(1) has a non-powder cake-like form,
(ii) has a disintegration index in a range of 0.015 to
10 1.5, and
(iii) becomes fine particles having a mean particle
diameter of 10 microns or less or a fine particle fraction
of 10% or more upon receipt of an air impact having an air
speed in a range of 1 to 300m/sec and an air flow rate in
15 a range of 17ml/sec to 15L/sec.

21. A dry powder inhaler for transpulmonary
administration used for making a freeze-dried composition
that has been housed in non-powder form in a vessel into
fine particles by an air impact, and administering the

20 resulting fine particles to a user by inhalation.

22. The dry powder inhaler for transpulmonary
administration according to claim 21, being a device used
for making a freeze-dried composition that has been housed
in non-powder form in a vessel into fine particles, and

25 administering the resulting fine particles to a user by'
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inhalation,

comprising a needle part having an air jet flow path,
a needle part having a discharge flow path, air
pressure-feeding means for feeding air into the air jet flow
path of said needle part, and an inhalation port that
communicates with the discharge flow path of said needle
part,

and being constituted such that a stopper that seals
up sald vessel is pilerced by said needle parts, thus
communicating the air jet flow path and the discharge flow
path with the inside of said vessel, and air is jetted into
sald vessel through said air jet flow path using said air
pressure-feeding means, thus making said freeze-dried
composition into fine particles by the impact of the jetted
air, and discharging the fine particles from the inhalation
port via said discharge flow path.

23, The dry powder inhaler for transpulmonary
administration according to claim 21, being a device used
for pulverizing a freeze-dried composition that has been
housed in non-powder form in a vessel into fine particles,
and administering the resulting fine particles to a user
by inhalation, |

comprising a needle part having a suction flow path,
a needle part having an air introduction flow path, and

an inhalation port that communicates with said suction
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freeze-dried composition is pulverized into fine
10 particles by the impact of the air flowing in, and the
fine particles obtained are discharged from the
inhalation port through said suction flow path.
24. The dry powder inhaler for transpulmonary
administration according to claim 23, whereln said air jet
15 flow path and said discharge flow path are formed in a single
needle part.
25 . The dry powder inhaler for transpulmonary
administration according to claim 24 comprising:
a holder part for holding a vessel that is sealed
20 up with a stopper and houses a freeze-dried composition
in a non-powder cake-like form that will be made into £ine
particles upon receiving an air impact,
means for applying an ailr impact to sald freeze-

dried composition in said vessel, and sucking said

25 freeze-dried composition in a powder-form that has been
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26. A method of manufacturing a dry powdered
preparation for transpulmonary administration,
comprising:
introducing air into a vessel to apply to a
15 freeze-dried composition an air impact having an air speed
of at least Ilm/sec and an air flow rate of at least 17ml/sec
using a device capable of applying said alr impact to the
freeze-dried composition in the vessel,
thereby making said freeze-dried composition into
20 fine particles having a mean particle diameter of 10 microns
or less or a fine particle fraction of 10% or more;
the freeze-dried composition containing a single dose
of an active ingredient and having the following

properties:

25 (i) has a non-powder cake-like form,
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claim 26, wherein the disintegration index of the
freeze-dried composition is 0.02 or more.

15 29, The method of manufacturing a dry powdered
preparation for transpulmonary administration according to
claim 26, wherein the freeze-dried composition contains a
synthetic low-molecular-weight drug as the active
ingredient.

20 30, The method of manufacturing a dry powdered
preparation for transpulmonary administration according to
claim 26, wherein the freeze-dried composition contains a
hight-molecular-weight drug as the active ingredient.

31. The method of manufacturing a dry powdered

25 preparation for transpulmonary administration according to
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freeze-dried composition.

32. The method of manufacturing a dry powdered
preparation for transpulmonary administration according to
claim 26, carried out by using a device having means capable

10 of applying an air impact having an air speed of at least
lm/sec and an air flow rate of at least 20ml/sec to the
freeze-dried composition in the vessel, and introducing air
having the air impact into the vessel housing the
freeze-dried composition.

15 33, The method of manufacturing a dry powdered
preparation for transpulmonary administration according to
claim 26, characterized by making the freeze-dried
composition into fine particles using the dry powder
inhaler of claim 22 or 23 as the device.

20 34, The method of manufacturing a dry powdered
preparation for transpulmonary administration according to
claim 26, comprising:

introducing air into a vessel to apply to a
freeze-dried composition an air impact having an air speed

25 in a range of 1 to 300m/sec and an air flow rate in a range

p
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or less or a fine particle fraction of 10% or more;
the freeze-driled composition containing a single dose
of an active ingredient and having the following
properties:
10 (i) has a non-powder cake-1like form,
(ii) has a disintegration index in a range of 0.015
to 1.5, and
(1ii) becomes fine particles having a mean particle
diameter of 10 microns or less or a fine particle fraction
16 of 10% or more upon receipt of the air impact.
35, A transpulmonary administration method
comprilsing:
making a freeze-dried composition into fine
particles having a mean particle diameter of 10 microns or
20 less or a fine particle fraction of 10% or more by applying
an air impact having an air speed of at least 1lm/sec and
an air flow rate of at least 17ml/sec to the freeze-dried
composition at the time of use, and
administering the resulting fine particle powder to

256 a user by inhalation;
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Y. $10%#& ()-Z the freeze-dried composition containing a single dose
of an active ingredient and having the following
properties:
(i) has a non-powder cake-like form,
5 (ii) has a disintegration index of 0.015 or more, and
(iii) becomes fine particles having a mean particle
diameter of 10 microns or less or a fine particle fraction
of 10% or more upon recelpt of the air impact.
36, The transpulmonary administration method
10 according to claim 35, wherein the freeze-dried composition
is housed in a vessel, and the fine particle powder are made
using a device comprising means capable of applying the air
impact to the freeze-dried composition in the vessel and
means for discharging the resulting fine particle
15 powder-form freeze-dried composition out of the vessel.
37. The transpulmonary administration method
according to claim 36, wherein the disintegration index of
the freeze-dried composition is 0.02 or more.
38. The transpulmonary administration method
20 according to claim 36, wherein the air impact of (ili) is
generated by air having an air speed of at least 2m/sec and
an air flow rate of at least 17ml/sec.
39, The transpulmonary administration method

according to claim 36, wherein the air impact of (iii) is

25 generated by air having an air speed of at least 1m/sec and
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(i) has a non-powder cake-like form,

(ii) has a disintegration index in a range of 0.015

to 1.5, and
(iii) becomes fine particles having a mean particle
20 diameter of 10 microns or less or a fine particle fraction
of 10% or more upon receipt of an air impact having an air
speed in a range of 1 to 300m/sec and an air flow rate in
a range of 17ml/sec to 15L/sec, and the fine particle powder
are made using a device comprising means capable of applying

25 the air impact to the freeze-dried composition in the vessel
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an air speed of at least lm/sec and an air flow rate of at
15 least 17ml/sec,
and being used by forming into fine particles having
said mean particle diameter or said fine particle fraction.
45, The use of a freeze-dried composition for
transpulmonary administration according to claim 44,

20 wherein the freeze-dried composition is housed in a vessel,
and the fine particles are made using a device comprising
means capable of applying the air impact to the freeze-
dried composition in the vessel and means for discharging
the resulting fine particle powder-form freeze-dried

25 composition out of the vessel.
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15 particles having a mean particle diameter of 10 microns or
less or a fine particle fraction of 10% or more upon receipt
of an air impact having an air speed of at least 1m/sec and
an air flow rate of at least 20ml/sec.

49. The use of a freeze-dried composition for

20 transpulmonary administration according to claim 45,
wherein the freeze-dried composition becomes fine
particles having a mean particle diameter of 5 microns or
less or a fine particle fraction of 20% or more upon receipt
of an air impact.

25 50, The use of a freeze-dried composition for
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52, The use of a freeze-dried composition for
transpulmonary administration according to claim 45, using
10 the dry powder inhaler of claim 22 or 23 as the device.
53, The use of a freeze-drled composition for
transpulmonary administration according to claim 45,
wherein the freeze-dried composition has the following
properties:
15 (1) has a non-powder cake-like form,
(ii) has a disintegration index in a range of 0.015
to 1.5, and
(1ii) becomes fine particles having a mean particle
diameter of 10 microns or less or a fine particle fraction
20 of 10% or more upon receipt of an air impact.having an air
speed in a range of 1 to 300m/sec and an air flow rate in
a range of 17ml/sec to 1l5L/sec,
and the fine particles are made using a device

comprising means capable of applying the air impact to the

25 freeze-dried composition in the vessel and means for
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b transpulmonary administration by inhalation,
the freeze-dried composition having the following
properties:
(i) has a non-powder cake-like form,
(1i) has a disintegration index of 0.015 or more,
10 and
(iii) becomes fine particles having a mean particle
diameter of 10 microns or less or a £ine particle fraction
of 10% or more upon receipt of an air impact having an air
speed of at least lm/sec and an air flow rate of at least
15 17ml/sec,
and being used by forming into fine particles having
said mean particle diameter or said fine particle fraction
at the time of use.
25. The use of a freeze-dried composition for
20 manufacture of a dry powdered preparation for
transpulmonary administration according to claim 54,
wherein the disintegration index of the freeze-dried
composition is 0.02 or more.
56. The use of a freeze-dried composition for

26 manufacture of a dry powdered preparation for



10

15

20

25

182

transpulmonary administration according to claim 54,
wherein the freeze-dried composition becomes fine
particles having a mean particle diameter of 10 microns or
less or a fiﬁe particle fraction of 10% or more upon receipt
of an air impact having an air speed of at least 2m/sec and
an air flow rate of at least 17ml/sec.

57. The use of a freeze-dried composition for
manufacture of a dry powdered preparation for
transpulmonary administration according to claim 54,
wherein the freeze-dried composition becomes fine
particles having a mean particle diameter of 10 microns or
less or a fine particle fraction of 10% or more upon receipt
of an air impact having an air speed of at least lm/sec and
an ailr flow rate of at least 20ml/sec.

58. The use of a freeze-driled composition for
manufacture of a dry powdered preparation for
transpulmonary administration according to claim 54,
wherein the freeze-dried composition becomes fine
particles having a mean particle diameter of 5 microns or
less or a fine particle fraction of 20% or more upon receipt
of an air impact.

59. The use of a freeze-dried composition for
manufacture of a dry powdered preparation for
transpulmonary administration according to claim 54,

wherein the freeze-dried composition contains a synthetic
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low-molecular-weight drug as an active ingredient.

60. The use of a freezé—dried composition for
manufacture of a dry powdered preparation for
transpulmonary administration according to claim 54,
wherein the freeze-dried composition contains a hight-
molecular-weight drug as an active ingredient.

61. The use of a freeze-dried composition for
manufacture of a dry powdered preparation for
transpulmonary administration according to claim 54,
wherein the freeze-dried composition is housed in a
vessel, and the fine particles are prepared by using a
device comprising means for applying a prescribed air
impact to the freeze-dried composition housed in the
vessel and means for discharging the resulting fine
particle powder form freeze-dried composition out of the
vessel.

62, The use of a freeze-dried composition for
manufacture of a dry powdered preparation for
transpulmonary administration according to claim 61, using
the dry powder inhaler of claim 22 or 23 as the device.

63, The use of a freeze-dried composition for
manufacture of a dry powdered preparation for
transpulmonary administration according to claim 54, using
the freeze-dried composition having the following

properties:
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(i) has a non-powder cakeFlike form,

(ii) has a disintegration index in a range of
0.015 to 1.5, and

(iii) becomes fine particles having a mean
particle diameter of 10 microns or less or a fine particle
fraction of 10% or more upon receilving an air impact having
an air speed in a range of 1 to 300m/sec and an air flow

rate in a range of 17ml/sec to 15L/sec.



