-1 SPECI FI CATI ON Sust ai ned- Rel ease Pharmaceutical Conposition for

pul monary adm ni stration 5 TECHNI CAL FI ELD The present invention relates to
a sust ai ned-rel ease  pharnaceutical conposition that can be adm ni stered

pul nonarily, and a production nmethod and use thereof. 10 BACKGROUND OF THE
| NVENTI ON General | y, pul nonary absorpti ed-of drugs is faster than

gastroi ntestinal absorption and it is known that the smaller the nolecular .
wei ght and the higher the oil/wat erSE&IEFLEABION coefficient, the faster the
absorption. In recen d 1, heen & rted that. conparatively
fast absorption rat e?u%gﬁﬁzeed Rtaeé%?%se%n even%ev‘%n%gﬁa%/a B dBe drugs and
macronol ecul ar drugs. Ther dfcar gulpohaonadniatsorptien is attracting
attention as a new admnistration route for drugs expected to exhibit
systemc effects such as insulin, calcitonin and |like biologically active
20 peptd des. However, some drugs, ®E¢ceNIgdni nimtered in trace anounts, have
a strong action. |If pulmonary absorption is too rapid, the dru
concentration in pl a@ﬁ% RS FylPﬁ%rﬁ)@ég’esreéﬁEle?mEP g dgéainegvesrlsassi de

ef fects. Fphthesomrgcaal chaseiitiehmenat Yoab RIBLRL S SR asot ey,
advant ages o& allo r&g_good absorption and imrediate effectiveness,”’it is
di fficult #8°p? (ﬂ%;r,‘:‘ﬁ@‘ hEn PHdshendl esefthanesfof drugs and there is al so

the problem of patient inconvenience because sone drugs require frequent
adm nistration. 30 A neans for prolonging the pharnmacol ogi cal effects of

i nhal arts is, for exanpl e, t F| TiosofENgAeBar ation as a liquid
i nhal ant as descri begeidv419, Bai e : ver,._liposo are
general |y unstabl e and diqff?éuﬁt toaﬁg}gggrg\g/sg Sf%|o$%Pg§o%%¢%%§Eﬁa?e

for a | ong9periVdtertinae. absorption and it is known that the smaller the

molecularrweight and the higher the oil/water partition

coefficient, the faster the absorption. In recent years, it has

15  been reported that comparatively fast absorption rates can be
achieved even with water-soluble drugs and macromolecular drugs.
Therefore, pulmonary absorption is attracting attention as a new
administration route for drugs expected to exhibit systemic
effects such as insulin, calcitonin and like biclogically active

20 peptides.

However, some drugs, even administered in trace amounts,
‘have a strong action. If pulmonary absorption is too rapid, the
drug concentration in plasma rapidly increases and may produce
adverse side effects. Furthermore, although pulmonary

2> administration has the advantages of allowing good absorption and
immediate effectiveness, it is difficult to prolong the
therapeutic effects of drugs and there is also the problem of
patient inconvenience because some drugs require freguent
administration.

30 A means for prolonging the pharmacological effects of
inhalants is, for example, the use of a liposome preparation as a
liquid inhalant as described in U.S. Patent No. 5192528. However,
liposomes are generally unstable and difficult to preserve stably
at room temperature for a long period of time.

35 Therefore, a stable sustained-release pharmaceutical




35 Therefore, a stable sustained-rel ease pharmaceutical 5 -2- conposition

f or —pul-nonary—admni-strati-on—that—all-ows—pharnacologicalt-y-active—————
substances to be absorbed in the lungs at a controlled rate and exhibits

prol onged pharnmacol ogical effects has been in great demand. Japanese

Unexam ned Patent Publication No. 36233/-2992 di scl oses a sustai ned-rel ease
drug prepared by producing m crospheres from an aqueous solution of a
mater-soluﬁFEpﬁéth%ﬁ fopralnanayy adsiydisoragioalthetael ives subst ance and
encapsul at i 4 I, L \ L¢,, bi.odegr adabl e, a
bioabsorbag?%rT%EﬁgﬁgﬁﬁggyAéeggg%ﬁﬁggﬁgggg%CHDﬁﬁi5‘s?Sﬁﬁ%lﬁlﬁgﬁr&Hﬁgﬁcular
subst ance, &thé pontiehldcratrentndrextsibditanpad Prmgide phgehatd hgicgar r ageenan,
etc. Howev re. d nentjon about the admnistration of this
sustained-%%Fgggg ﬁr%gx%gblph%r%%?ﬁ%ﬂgp§' route. 15 DI SCLOSURE OF THE

| NVENTI ©N An obj ect @hpthesé nrembindfed SPA1eH Gubdeca: SUShai.Ned23% gl ease
pharnaceut%gal1coq$ositi%n.containing a pharmacol ogically active
subst ance, The pRar MR RLEFITomsdstt AERI beTerpnssl Byt Brodiciant rol t he

pul nonary aiisespphareoffidheaphagumse! agh el by actd mgtef@&hﬁﬁ%e éﬂgmgf oduce
prol onged pharnmacol ogi cal effects when admnistered via the puPnD ary

route. The SPPEELMIT v &YSEelesksaldy sativatuisiteaceesedratvapsulsbing t he
probl em i nthbepd awnd ﬁ&&r@ggggy%g?ﬁiggééﬁég%?lglggd é;iégsq% é%ggeenan to

a pharacol ogi cally active substance at ¢ € adm nistere t he
lungs t@n S6FVESY helsr shr@pAesTIvd Prvlntalrer-sainbbe matrduoithetai nt ensi ve

research baggdioned hitge Ehﬂgiégki dn%gﬁﬁgggsggjggp%bshe t he Hg¥ggfion. The

present invention thus provides the oW ng: gniatesage
sust ai ned- FEFEageePHar FECeutHa@iver onplostd iien nof mentpidmehany a8ei ni stration

conpri si Ng6A1 L AIEENARRARY Phis sustained-release drug via the pulmonary

route.

15

DISCLOSURE OF THE INVENTION

An object of the invention is to provide a sustained-
release pharmaceutical composition containing a pharmacologically
active substance, the pharmaceutical composition being able to

20  control the pulmonary absorption of the pharmacologically active
substance and produce prolonged pharmacological effects when
administered via the pulmonary route.

The present inventors carried out intensive research to
solve the problem in the background art and found that addition

25 of carrageenan to a phafmacologically active substance that can
be administered via the lungs can solve the problem. The
inventors carried out further intensive research based on this
finding and thereby accomplished the invention.

The present invention thus provides the following:

30 Item 1. A sustained-release pharmaceutical composition
for pulmonary administration comprising carrageenan and a
pharmacologically active substance that can be administered via
the lungs.

Item 2. A pharmaceutical composition according to item

35 1, wherein the carrageenan is at least one member selected from




phar macol ogi cal |y active substance that can be adm nistered via the |ungs.
Item 2. A pharnaceutical conposition according to item 35 1, wherein the
carrageenan is at | east one nmenber selected from-3 the group consisting of
kappa- carrageenan, iota-carrageenan and | anbda-carrageenan. Item3. A
pharmaceutical conposition according to-iBtem 1, wherein the

phar macol ogically active substance is at |east one 5 nenber selected from
t he group % ﬁs%%/%g:%ﬁléﬁf—%ﬁbﬁihﬁ@@gr@am@gyﬁnmzigtamm,ensneam ds,

ant i ast hmatlbghds Uessra3thah! ergic drugs, antiinflammatory drugs,
anti bacterial drugs, antifungal drugs, anti-influenza virus drugs, peptide
drugs, antitunor drugSetahd @i phawimmieutlchl eromhosAtibar aacetiingako item

conposition a i 0. , in_carrageenan is present in an
amount of - aboct D Bos o Bt B S R Ry b PR AT y et ve
subst anze. mRTkar 53¢ l&gkdr face Uthic alrocpnposs 15tAmgaeCostl Nhdlankkgm: 1,
wherein ca e in onpr,i sing iota-carrageenan i s 15 present in an
anount of g%@%?’g%gf&ﬁgu;%%%ﬁw.Q%QQﬂlgﬁiv%Pq%?QHW?atbﬁa?ﬁ%E%I@6?&311%“%%%ive
subst ance dmndg$ hearphdnfaohegs0aldriigsachhvbitast aNcerigs ONGtIBIRG 1

sel ected fromthe gr.ou onsisting of 02 stinulants, antiasthmatic drugs
and st er oi §599F¢ eﬁ’ﬂg%"lﬁfgﬂﬁ?%cvé&f-’iscQFU%thlid@ndé%@%rr iNtg tugor tdrugs20 1,
whi ch is iantiheifarimsQf a powder having a nean particle dianmeter of about
0.1 to 20 pm Item 7. A process for preparing a sustained rel ease

phar metéut i cal compost¥R ohr i A RitrrSEREofak rEsition putamtagyto item
admi ni St 1 al} Offhed16, PaOEE§SC A iAo YiN9-A0,3GHEONS FRLN OB, 35, OF
aqueous dis £r st on cont arning a phar macol ogli cally active subst ahce that can
be adni ni s%@r &t i et vaurtgs thadrearnanpdenanally aidtuwed shpspadager i zat i on,
Or Somprising Spray gkt [ RGnSaliklelcl RGN 2Ly 49 LohR! A
1, wherein carrageenan mainly comprising iota-carrageenan is
15 present in an amount of about 0.01 to 10° wt.% relative to the
pharmacologically active substance and the pharmacologically
active substance is one member selected from the group consisting
of B2 stimulants, antiasthmatic drugs and steroids.
Item 6. A pharmaceutical composition according to item
20 1, which is in the form of a powder having a mean particle
diameter of about 0.1 to 20 um.

Item 7. A process for preparing a sustained release
pharmaceutical composition in the form of a powder for pulmonary
administration, the process comprising drying an aqueous solution

25 or adueous dispersion containing a pharmacologically active
substance that can be administered via the lungs and carrageenan,
followed by pulverization, or comprising spray drying the
solution or dispersion.

Item 8. An inhalant comprising the pharmaceutical

30  composition according to any one of items 1 to 6.

Item 9. An aerosol comprising the pharmaceutical
composition according to any one of items 1 to 6, a propellant
and an aerosol container.

Item 10. An aerosol according to item 9, wherein

35 relative to the pharmacologically active substance, carrageenan




30 conposition according to any one of itenms 1 to 6. Item9. An aerosol
conprising the pharnmaceutical conposition according to any one of itens 1
to 6, a propellant and an aerosol container. Item 10. An aerosol according
toitem9, wherein 35 relative to the pharmacol ogically active substance,
carrageenan -4- is present in an anount ¢f~ about 0.01 to 104 w.% and
propellant ., is present in an anmount of about 102 to 101 wt.% Item 11. An
aer osol accdr &FRGCED 11 SR MOWRE it falroteP - 0k orpriidS et &, |laeals propel Twrtber

sel ected frigmptrheet oD £0RRbehE N9 Rk $6! @7 apd (di spersants. Item 12.
An aerosol according to item 11, wherein “relative to the pharnacol ogically

active substance, thétssl ¥ent Anj geprsslemccondang amunkemod, alioith Fuhrend06

W . % d k r t._hS t in_an t of . about 0 to 103, 10
Lo 15 A EPhoa T ot pastsofit iRale: B ANE o b St g ar 194

active 8ubsfareévents avahdiepadsamtisstered via the lungs, the nethod:

conpri sing adm ni sterin effective . amount of a pharmacol ogically active
subst ance in conbi natIFSIﬁ f%?\l t%‘“cﬁ??%ﬁ&ﬁofgl?%é%&ftie@nﬂlvi"ﬁletlil@énpul nonary

route. 15 Iredetide %o rmtchptabascslistiabned! yof BfLaslBgaAce PRAHIRELOGE CAI | Y
active subitsance in the rising admnistering via the lungs an

l ungs, co
effecti ve anpBht>oft &0 &Ha?ﬁ%‘&‘é%tq &PoEbnPoke tilnwe ot @nd et Abspersant
phar macol ogscpkéyen@cid wa subsi@ange podrcar{gagepnan. 20 Item 15. Use of
carrag ﬁgan for preparing a sustained- release pharmaceutical conposition

for puftonary admi ni $FFBt1on Adrethgshfornednbel seringatti ¥ epsisitance. | tem
16. Use of peakm R*aho i I | a,.phar macol ogi cal |
p SESENARAN QY s&Si-A %En%gﬁaﬁ@ae?xgﬁ%an bl ?%1q1§&§ge§nv1g

active substance in the |lungs by admnis ng vra
ef fective &ZRBuhEN®d, fhephakhed cimivrdlsivgnpdsirtisteréogt ah neffgcthes

phar”HCO|Ogh6§$EM1E%F%%%@méé%@%éyggﬁly active substance in combination

with carrageenan to the patient via the puimonary route.

15 Item 14. A method for sustainedly releasing a
pharmacologically active substance in the lungs, comprising
administering via the lungs an effective amount of a
pharmaceutical composition containing the pharmacologically
active substance and carrageenan.

20 Item 15. Use of carrageenan for preparing a sustained-
release pharmaceutical composition for pulmonary administration
of a pharmacologically active substance.

Item 16. Use of carrageenan for sustainedly releasing
a pharmacologically active substance in the lungs by

25 administering via the lungs an effective amount of a

pharmaceutical composition containing the pharmacologically

active substance.

BRIEF DESCRIPTION OF THE DRAWINGS

30 Fig. 1 is a graph showing the change in serum
theophylline concentration after intratracheal and intravenous

administrations of solution A used in Test Example 1 (n=4, mean
S.D.}.

+

Fig. 2 is a graph showing the change in serum

35 theophylline concentration after intratracheal administration of



BRI EF DESCRI PTI ON OF THE DRAWNGS 30 Fig. 1 is a graph show ng the change
in serum theophylline concentration after intratracheal and intravenous
adm ni strations of solution A used in Test Exanple 1 (n=4, nean S.D.).
Fig. 2 is a graph showi ng the change in serum 35 theophylline concentration
after intratracheal adm nistration of -55solutions Ato D used in Test
Exanple 1 (n=4, .nean S.D.). DETAI LED DESCRI PTI ON OF THE | NVENTI ON The

sust ai ned- rFotELEROPHA TR Petifrdaln dsiboSkaipRe flor (=8, pubamniard:D. ) .

adm nistration (hereinafter also referred to sinply as "pharnmaceuti cal
conposition”) of the invention is described below in detail. The

phar maceut i cal conposi t i @AJLEPhBESERIATIONN OF cOMp riNseEsiTaophar macol ogi cal |y

active substance thatwca .10 adm nistered via the Tungs (hereinafter
also referred to si rrgfjg %é asljn(';']f)jhg%nL o1 ood}acrg\afgﬁug%‘ﬁ‘]vézog'”BBéiUé%%"f)orand

car r ageena®ulmheary avpdsiisioat ion chimrathert@ethiy cenbabdd NG earpagesnan as
a neans fa ing the absorptjon_rate of the pharnacol ogicall

active subs%gﬁ%géé%étjhcggl ahgees anaPﬁan}B? OgIVERILEGN att i dRS §Fla1ﬁ%ﬁ0msed
in the inventebails not particularly limted so |ong as the substance

exhi bits pharnmacol o%ﬁal effects when administered to, for exanple,
manmal s via the pul SrEPFRACEULACH] deempasisdgnopf Kitewinvenbseances t hat

act | ocal | yombetsexamphermeBoldgiddiaghgas i PL 031]%' r.the like, or
act on, he entire b]?o?g{ qgrr? be (%}%Led. Cj}Exa(r%)l es o0 tsaﬂ(%% %ﬁ%??r:gglofj%gi cally
acti ve~Sub&tBnceitsafd yde thentungs deeveiratisn emsdr ugtsriser itphetmblyer vous
syst em dr ugs, “plEafrl Masg bk af+ df, it digestive _organs,

anti biotics, I(D:h_errpt he_%gpeut i% ddrtggs’e g%gg?#e i)kgsdsclﬁ%%afqegng?an&mees

i ncl ude 25°&fPPEHoIIErgFbatirepyizedgby torimtirdpigurebrapdatan bkub reginsm
brom de, Ox¥bkrophtBIANAY fhe JULIBLYMLOL o %%%’pggkﬁgéé¥gg§ggfly

active substance in the lungs.

15 The pharmacologically active substance used in the
invention is not particularly limited so leng as the substance
exhibits pharmacological effects when administered te, for
exXample, mammals via the pulmonary route. A wide variety of known
substances that act locally, for example, on the trachea, bronchi,

20 lungs or the like, or act on the entire body can be used.

Examples of such pharmacologically active substances include
central nervous system drugs, peripheral nervous system drugs,
cardiovascular drugs, drugs for the digestive organs, antibiotics,
chemotherapeutic drugs and the like. Specific examples include

25 anticholinergic drugs (e.g., ipratropium bromide, flutropium
bromide, oxitropium bromide, thiotropium bromide), B2 stimulants
(e.g., procaterol, fenoterol, salbutamol, formoterol, salmeterol),
steroids (e.g., beclomethasone, fluticasone, budesonide),
antiasthmatic drugs (e.g., theophylline, aminophylline, ozagrel),

30 antiallergic drugs (e.g., ketotifen, terfenadine, azelastine,
epinastine), antiinflammatory drugs (e.g., diclofenac sodium,
ibuprofen, indomethacin}, antibacterial drugs (e.g., cefixime,
cefdinir, ofloxacin, tosufloxacin), antifungal drugs (e.g.,
fluconazole, itraconazole), anti-influenza virus drugs (e.q.,

35 zanamivir, oseltamivir, amantadine}, peptide drugs (e.g., insulin,



(e.g., procaterol, fenoterol, salbutanol, fornoterol, salneterol),
steroids (e.g., beclonethasone, fluticasone, budesonide), antiasthmatic
drugs (e.g., theophylline, am nophylline, ozagrel), 30 antiallergic drugs
(e.g., ketotifen, terfenadi ne, azelastine, epinastine), antiinflammtory
drugs (e.g., diclofenac sodium ibuprofer, indonmethacin), antibacteri al
drugs (e.g., .cefixinme, cefdinir, ofloxacin, tosufloxacin), antifungal
drugs (e. gc,alcf-F%HHazé‘F’élth@Jéc@ﬁml e)g.- anfiudnoiiraenza g/aﬁ:LUtandibugs (e.g.,
35 zanam Viyita I Ig nt ti I ns - 6-
cal citonin), aﬁ%ﬁt%%omre\{:dr ueaém ﬁ%a%g%lﬁégggr é‘geﬁO% Lgﬂglf“}é% ?qﬁ th r’rf?ﬁn n
tabl ets (ea@101 daﬁm‘v@lsdbh?rm.obahampﬁamdoﬂhgld:am ackhte QK MRS
t her eof . |c actlv subst anc can be used al one or as
AR det ST (e o e o R

a mxture o | €as nenber & het%4pdWERgt8up. Such

phar macol ogedabteyd aittany ¢he salbstanrnesipl. ncdudte psakhscd Bl callydioch)or i des)
and prodru% rrageenan used jin tﬁe invention is a nacronol ecul e

havi ng a mﬁiejgu?%?e%n&%d%f b 0609t 0 B T3 oxAdesbt 2nch @ oByuan
extractingtierbofiat er red al gae such as Ggartinaceae Ggartina and
Chondrus and Solieri aceae Eucheuma. Carrageenan is a polysaccharide mainly
conpri si ng gal act ose“3MPIEBANaHRGAr by dihec tvyent hen shrownmbetrawpl carleageenan
has sul f at gavhesgi £$ﬁcﬁrécﬁ@h§tdz@§gﬂtn oeheobNbdo Sty WebUpEo and, may be chassified
15 intp five types, i.e., kappa(K)-carrageenan, I of a??.) carrageenanb

| anbdaty) - SéFF%%@é}ihr‘Fltﬁqu@f}e% géeﬁansmfd agt @@ga)rtmc@@e@ﬁgartma
accordi ng fAaqgt oTote) o} e r et| es. In the invention,
the five tyﬁgsaﬁo carsfggge%%%{gcgé%kggguglégﬁéﬁ"n jly arrq%enéf}nb? rfati on. The

m xi ng r at Pelysrderddet la@ilylls@medlagogﬂlchot@s%ah@ 3 & purpose of use.

O the abo f re a pRa: car r ageenan,

i ot a- carraéggn%n@zﬁﬁg%gngda%%aﬁrﬁg‘g%%eaqﬁ wérg 5?%?’%‘?% S gahERGSl |y

pr ef er abl ehﬁlgl%%irerlag@eﬁanemmltyle cafrpr $ishrguret an@ahdRIRERARssified

| ota- opyrageenan s (pALLicularly  suitable for use. .

lambda (A) —-carrageenan, mu{p) ~carrageenan and eta(r)-carrageenan,

-carrageenan,

according to the content of sulfate hemiester moieties. In the
invention, the five types of Carrageenan can be used singly or in
combination. The mixing ratio can be suitably selected according
20 to the purpose of use. Of the above five types of carrageenan,
kappa-carrageenan, iota-carrageenan and lambda-carrageenan are
preferable. Especially preferable is carrageenan mainly

comprising iota-carrageenan. iota-carrageenan is particularly
suitable for use.




-7 [Formula 1] K-carrageenan O HOHE 6HCH2 OHCH2 GSO3 O- 00 HOHH
OHHCH?20H HO V11 --- ~-O-01H HCHOSOHH)H O HOSO3 HOGSO 3

p- carrageenan ~, -carrageenan L-carrageenan (-carrageenan The pharnaceuti cal
conposition of the invention contains the above pharnacol ogically active
substance and carrageenan. \Wen the conposition is admnistered via the 5
pul nonary route, the pharmacologically active substance is retained in the
| ungs by t N ety ion 1df carrageenan and gradually -8- and sustainedly

rel eased. Therefore, the pul nonary absorption rate of the

phar macol ogi cal |y achiLoe substamge can be controlled and the plasm
pharnacologlcaLBgsg. W subst Sigoncentratlon

0
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The pharmaceutical composition of the invention
contains the above pharmacologically active substance and
carrageenan. When the composition is administered via the

5 pulmonary route, the pharmacologically active substance is

retained in the lungs by the action of Carrageenan and gradually




i's mai ntained sustainedly and stably. Mreover, the 5 pharnmaceuti cal
conposition of the invention has good storage stability. The

phar maceuti cal conposition of the invention nay contain, in addition to

t he pharnmacol ogically active substance and carrageenan, additives as
descri bed bel ow. Such additives are 10 ndi- particularly limted and may be
any additives, use he preparation of drugs. Specific exanples thereof

in
i ncl ude solFd Sgﬁg?b? % r&heRse’- r hrrefosvgate puttowmy ghbsooseion
fructose, ratter egechagsHak |19} 5 R%abi Xyl LLol, dextro nd
the like; liquid excipientsOéﬁ%ﬁggggtfgggﬁgnéﬁéﬁ§%€ SAa 7S 8N ﬁ8i$e§5
liquids; bidder8esntists Pharnytekididadde, ahyivexypsopyte etdidedseation

pol yvi nyl pyrsr akk 49, : | ycal refjned sugar and the |Iike;
| ubricants such as§%§§ﬁ§?¥ﬁﬁyﬁ%§gfé%5¥Sﬁﬁ%ﬁY-an EDE $PPicic acid, talc,

sodi um Paubyprsareutcandonpesitie ofprasel nadinvies sHSNgasd sadiugLbenzoat e,
sodi um hydreggn §Hgfite, 20 met hyl paraben, propyl paraben and the I|ike;
stabilizers suc% as’ citric acid, sodiumcitrate and the |ike; dispersants

such as nethyl cel | ullbsephpoiayeuny bpyr E@hptareonl 8£1 4 NnveRE DLt AL
trioleate,Cghgggnalcoh%%ﬁ golyoxxg%?ylene sorbitan fatty acid esters and
li ke suspensioh-agett SGTL0r TR IR PhagBroeng caddl astire wabstanet hanol |
1- propanol and- paopafdnaandadierddeeas 8059P 1Gg S ium
chloriﬂg andtthe Ijk%érpH adjugiersaguch as su?%ﬁ?%é §§§@,§§§§$§%ﬁi8%Fc
acid and t A8%I PREVIGHATIYh 1R HRIS amddmasinbemny elddatives wessdcan beesuit abl y
sel ect ed apeepdiradrd drhg rpese . h nents .and t.heir
proportions in the pharnéggﬂtipglC%%ﬁ%%%ﬁ??@ﬁlo?h%ﬁ%ﬂfﬁ@gnP?%ﬁs be
suitably SEFLRtTYHREGRdRAGreH Nede suapyet batbtdisseageucage, antcgesder of the

Composi 1 on of 1 he et eeh ool e o FRa b IR En S
about 0.0031k® -Blauigl7 eneinigprefsecabhy aboutl de0d1{ 001 MhaMli%e IHES
‘prefefIﬂJ|Y1§§ﬁ&ﬁs; binders such as methylcellulose, hydroxypropylcellulose,
polyvinylpyrrolidone, polyethylene glycols, refined sugar and the
like; lubricants such as magnesium stearate, light anhydrous
silicic acid, talc, sodium lauryl sulfate and the like;
preservatives such as sodium benzoate, sodium hydrogen sulfite,
20  methyl paraben, propyl paraben and the like; stabilizers such as
citric acid, sodium citrate and the like; dispersants such as
methylcellulose, polyvinylpyrrolidone, lecithin, sorbitan
trioleate, oleyl alcohol, polyoxyethylene sorbitan fatty acid
esters and like suspension agents or surfactants; solvents such
25 as water, ethanol, 1-propanol, 2-propanol and the like; isotonic
agents such as sodium chloride and the like; PH adjusters such as
sulfuric acid, hydrochloric acid and the like; etc. The kinds and
amounts of additives can be suitably selected according to the
purpose of use.
30 The components and their proportions in the
' pharmaceutical composition of the invention may be suitably
selected according to the targeted disease, age and gender of the
patient, condition of the disease, etc.
For example, the pharmaceutical composition of the

35 invention may contain carrageenan in an amount of about 0.001 to



0.1 to 105 w.% particularly preferably about 1 to 109w.%, relative to
the wei ght of the pharmacol ogically active substance. Additives nay be

i ncorporated in the conposition in an anmount of 5 about 0 to 107 wt. %
(preferably about 0.5 to 106 wt.% nore preferably about 1 to 109 wt. %
particularly preferably about 10 to 1039 .%, relative to the weight of
t he phar mac@mgjhcoal actjve substance. Accordl ng to one preferred

enmbodi ment ELBRLY arPuthd . BhateraldBurt e e esefenrblgorabains

carrageenarn.(Ipact iouharky o&8¢{agesian [ a-caf, ageenan)
in an anount of . about oyolz'i to 105 % %péfue ;C/)hgbic:grt 3t01 fto 09 wt.

and addi t iNFAStEFar £P C‘EHEaMQ}gi’Nét@f tht tpaa@macm@gz)calmyaac*aﬂmrﬁub@fcan@ebou't 0

to 107 w . %Adfnel ek relalveto 15 the wei ght of
phar macol ogi cal Iy a??%%e su st%—[% EPE(par FW% UF ar P 1§Plh‘ﬁ|a§hta§‘°unt of
ant i ast Bnatakoudr QgEOalﬁf Hte% olmsferAbtorabag tosatburther . pr efierd ed

enbodi nent n hag maceuti cal conposition contains iota-
carrageena |erjlf%g§b%1 ;i Bﬁoﬂqh 8 Y15t P4 SWLAGH ¥ presiarabily 2190‘6%(5[@( 1to

103 wt. %, tandOAddi. %D)/eSe](aﬂﬂNtal col atid Wrarrher Ofeﬂlg@ a,rma@g)g;o 1?“ anount
of about 1 tc%l‘lf06 .o g {or eferably about 10 to w. 9, at| e to the
wei ght of ﬁ’har rrﬁc?)ll1 'y active substance (partl cularly theophyl l'ine,

procat er ol , etc) A@@:@bﬁdiﬂﬂ; t® apet Bﬁéfﬁr%fde%ﬁﬁgdﬁﬁé}@'o@%eohééheu?

i nvent m har maceyti cal conposition contai ns carrageenan
(parti Iartl E’ FRfearahar Ageideni sphtping ala(raragagl@@na(@antmcuha\rmunt

of about 0 chriagdachlnin pr obf5.ab 1AM dad O ABRan Ky A oL ALL VS L0 L he

wei ght of pharmacol ogi ca active st ance arI RISPF et ant S,
ant i ast hmaPeUlr Yigst 10 OVts-t”oer @Ka@fra}:ﬂc&@ﬂa@uragmb @0 f]m“t‘kmerf yor eher r ed

car r ageenan e mres e e B e < br 28 By o Rbot 1 Lo
102 wt. %, @PePht ¢ vieo t1® 't e fwe(ipgletfeoabmaabmxmtmgt@aiosywaa)a,ctﬁe@taubswnce
(parti gyl aghy %Qﬁﬁﬂb%&lbﬂgrmﬁgéﬂiaf% ﬁhy actlge substance (particularly B2

stlmulants, antiasthmatic drugs and steroids).

According to a further preferred embodiment of the
invention, the pharmaceutical composition contains iota-
carrageenan in an amount of about 0.1 to 10% wt.g (preferably

20  about 1 to 10° wt.%), and additives (particularly water, ethanol,
etc.) in an amount of about 1 to 10° wt.$% (preferably about 10 to
10° wt.%), relative to the weight of pharmacologically active
substance (particularly theophylline, procaterol, etc.).

According to another preferred embodiment of the

25 invention, the pharmaceutical composition contains carrageenan
(particularly carrageenan mainly comprising iota-carrageenan) in
an amount of about 0.1 to 10° wt.$ (preferably about 1 to 10°
wt.%), relative to the weight of pharmacologically active
substance (particularly B2 stimulants, antiasthmatic drugs and

30 steroids).

According to a further preferred embodiment of the
invention, the pharmaceutical composition contains iota-
carrageenan in an amount of about 0.1 to 10° wt.$% (preferably
about 1 to 10% wt.%), relative to the weight of pharmacologically

35 active substance (particularly theophylliine, procaterol, etc.).



-10- The pharmaceutical conposition of the invention for pul nonary
admnistration is usually used as an inhalant. The conposition can be
formed into dry powder inhalants, inhalant suspensions, inhal ant

sol utions, encapsul ated inhalants and |ike 5 known forns of inhalants. Such
fornms of inhalants can be prepared by fi0+ing the pharnmaceuti cal

conposition of the iangnti on into an appropriate inhaler such as a
met er ed- dose i nhal er \§r PrpBiRRaUticaAharerposdttdrnzef bt tirgentébul faer et c.

bef ore use.pu@inohhey akevieii sk9kIB6RT1 4 Rhalbapts e, DAL AnLS agpe
particularly preferable. 10 V\he% tlh_e phgﬁggc%%%lpca a(rzlorlrlﬁlgl‘—’lsf1 n|tcinaug}fethe

i nvention i<€MPY§EALPH FHe bEoErTBEd d rgowdey, pove mEahapant$ climbdilamet er  of
the powdersis$eRQt o58SPEGHAhLY ! LW ut, in vi.ew aof .the residence, of the
particles in s?ﬁe I?Jng'g, qi| s %%{Efééé%‘%ﬁyrﬁ f ?lﬁ%af?sa%ﬁéceglf + E%]cﬁntso.ai‘gt g“ﬁ% pn,

and par i cdinemny fagautof]l inbabadun. Alithofiginst be 1hh@Barii£lc@nSh&Sprepared

di stributi ey har maceutical conposition of the invention is
not parti c%a?ﬁ%iltﬁ%p@é%%%?%"?%g%cgﬁeFQ‘BP%SJcW Far the| BaveidirRgintai ze of
about 25 pmroRpPRDeEriEEcAuhtlEDrsUl aB0BEmdéhaAlREE DY oer herRaptigles.,

and particul ar preferably 1% or |ess. 20 The pharnmaceutical conposition
in the for %nﬁfﬁérboﬁfél}lze& b"t’w'el‘?'n\i@?i’luiléﬁe%a?it%e befeaacese byOLfthe abavel e,

t he dryi ng-forner ofi watdlentBpt Boshert RAnaPaRYs Hpd @ﬁr‘ﬂ'ﬁ&ﬂ?&'r%%r%g%réﬁfee:

Accord:wg to the dryi{qggﬁ:lpul veri zation nethod, the pharmc

conposition in the f of%y RYGkAeEeeairdde ceBPps epiere dhyrhdr ynventdmnadeeous
sol ution (@kseaqueotife GoSREHE! & MNPowdeNt &) DI tmcologi call y.agtive

substance and carrageenan andrﬁn?wcr.opart‘igcr{l}%ar?ip%g%flﬁggdé}%fc%rro Ec € st at ed
more specPPFESFI S gt esrarsablyiligited bliwparsivigy ofirtlageesadente &t

aqueous nedhdnpa e RhrdmagolRgi t] ance_is added and_30
di ssol ved ornié?s erseSd) by st?ﬁqyﬁgagskﬁgf%%oa#oégnﬁ%r"far‘t-:g[ec.O%t %bo Fve an
aqueous solPuti bR £Q)rpﬂaqé@dusamis:p7éﬁsilgnabmﬁld aguéops. mdhomyieghde wat er

g:ggﬁOFE ?ﬁ%%ﬁ%%?%%ﬁﬂ%gﬁgﬁsfrfgﬁkf%ﬂ 8%5Ehe5%é%ﬁg¥ phgéﬁa éé%ﬁé%ﬁ usabl e | over
composition of the invention is not particularly limited, it is
preferable that particles having a size of about 25 Hm or more
account for not more than about 5% of the particles, and
particularly preferably 1% or less.

20 The pharmaceutical composition in the form of a powder
of the invention can be produced by, for example, the drying-
micronization method, the spray drying method and the like.

According to the drying-pulverization method, the
pharmaceutical composition in the form of a powder can be

25 prepared by drying an aqueous solution {or aqueous dispersion)
containing a pharmacologically active substance and carrageenan
and microparticulating the dried product. Stated more
specifically, after dissolving (or dispersing) carrageenan in an
aqueous medium, a pharmacologically active substance is added and

30 dissolved (or dispersed) by stirring using a homogenizer, etc. to
give an aqueous solution (or aqueous dispersion). The aqueocus
medium may be water alone or a mixture of water and a lower
alcohol. Examples of usable lower alcohols include methanol,
ethanol, l-propanol, 2-propanol and like water-miscible alcohols.

35 Ethanol is particularly preferable. After the obtained agueous



et hanol , 1-propanol, 2-propanol and |ike water-m scible alcohols. 35

Et hanol is particularly preferable. After the obtained aqueous _11-
solution (or aqueous dispersion) is dried by blower, |yophilization, etc.,
the resulting product is pulverized or mcroparticulated into fine
particles using jet mlls, ball mlls +®il+ike devices to give a powder
having the above nean particle 5 dianeter. |If necessary, additives as

ment i oned aFoVELlRBY (He asygeds dispansion)t he dbicwe byt bpsweBAccording to the

spray-dryi t nodyt 13 ar nggeyt | : osjtion_in the formof a
powder of tr]%]g%i nve?\tli on gg? be pr (%gﬁgg}&?g%)med%&%pﬁg,p'ﬁ VPG BF yi ng an
10 aqueous M§ergpabhiquiataduiots Girspeastbn)esantiaignijeg mail phapaacohpgi cal |y
active subsgtange.and C [ 3geenan for mcroparticulation. The agueous

sol ution (or agueous dispsrsion) & FXHIGE Be °f BPPB%I TRt R8T ptekRdur e

of the abovéadeyéng- Ifi necsszaty, ondaethask aEhResPiaVedHRE REPIASS SRR be
per f or med 31151 ggi n fatd,imog/n net hod, thereby giving a powdery pharmceuti cal
conposi tionin the f 20PVGI DtHSr particles with the above- mentioned

mean particle di anet atcoddlirg RidakAat sSMSPLRSH AYSnetiihial 2Rt sol utions,

encapsul at eg i nhal ants, etc. can al so be prépared using the 20
phar maceut PRAFRGHpOSGE SATPASHHEON dintbe fomowder prederced e t he

dryi ng- ni criapkaetboHEHROPr o 18 B PERY- 9L Y h d Like, or by
usi ng i@rragﬁenan and a phgﬁr%col ogi cal ]gyéﬁhaﬁclt%]’cg}y gﬁﬁ%ﬁr)a%%l%tgh%fl can be
adni ni sY er 849GPas t IR ULIRYs (cRcdIadiusgdispeksiom poepaimiigm net hods. 25
Furt her mor @nat-higcd 2Rt ,comps.si rmaceutical conposition of the
i nvention |9$apreferla 'y gge%%&e:ﬁﬁggtﬁgg%?ha% e -a8vosut? cfgﬁpbe pr epar ed,
for exanpl BLCEyPEriiquigtine. Fher saceetd callutdoposit izmeotist Besparsanhion

ol vents agd’the 0Tl REgTRE N B, BiREr ool Exne e rabaTed as
2-phase spéceaniz@-ishasetbydt eMbe ancrai-ajiyi agnd sy BB ahdBEbb & formed
15 using a known method, thereby giving a powdery pharmaceutical
composition in the form of globular particles with the above-
mentioned mean particle diameter.
The inhalant suspensions, inhalant solutions,
encapsulated inhalants, etc. can also be prepared using the
20 pharmaceutical composition in the form of a powder produced by
the drying-micronization method, the spray—-drying method and the
like, or by using carrageenan and a pharmacologically active
substance that can be administered via the lungs, according to
known preparation methods.
25 Furthermore, the inhalant comprising the pharmaceutidal
composition of the invention is preferably used as an aerosol.
The aerosol can be prepared, for example, by filling the
pharmaceutical composition of the invention and a propellant into
an aerosol container. If necessary, dispersants, solvents and the
30  like may be added. The aerosols may be prepared as 2-phase
systems, 3-phase systems and diaphragm systems (double
containers). The aerosol can be used in any form of a powder,
suspension, solution or the like.
Examples of usable propellants include liquefied gas

35 propellants, compressed gases and the like. Usable liquefied gas



containers) . The aerosol can be used in any formof a powder, suspension,
solution or the like. Exanples of usable propellants include |iquefied gas
35 propel l ants, conpressed gases and the like. Usable liquefied gas -12
propel ' ants include, for exanple, fluorinated hydrocarbons (e.g., CFC
substitutes such as HCFC-22, HCFC- 123, HEG 134a, HFC-227 and the like),

| i quefied petroleum dinethyl ether and the |i Ke. Usabl e conpressed gases
i ncl ude, f&FCERARIE g6ludte frzexatple, , L Biwdnbond dipdicterbbhbr sy . ,

ide), i , i gen) 1 -the | ke ., The dis sant and

oyl Vet s ba uss OARRs Suth o HARASD) MR HEC T kB ZE bvand The

aer osol caﬁhBelibk@parlé@peftbedQomrnﬂleumbydanémmmne%eﬁﬁ]ﬁ menﬁ%kgﬂ nd the
e inventi

conprisin t reparing the compasition of _

stgg of f?lu%'?%éa‘%%”pg'jeeésfg‘ie gg‘?ﬁ%g cOHPsPri OR* S¥IMRIEopePtahte | e He- -
aer 0sol 5 costaboerdiddde, pnet esuedxaaepdi M1t hesaer %’3(%1 ﬁﬁ@@f%&g to
the inventign,, the follow ng aerosol can be nentioned: anples 15 of
usabl e phaFHg BLP Slijﬂ(aﬁl y active substances include procaterol,

C .
theophyl Ii ne, steroi tse abrralshit t Hied 0N Ry dRos é)réqu?éblfuééfetc%%d et ¢ ).
Theophyl I'i ne and procaterol (or hydrochl orides = thereo are particularly
pref er abl e T8 E‘ﬁf&@éﬁéﬁ?stmﬁ%%ﬁn@?@v%onprl sing iota-carrageenan are

referable. As propetha@isnosed LLyasd hydr pearhons, sugh as HEC: 134a,
PFC 227 and |1 ke OFC subst i tutes ar eq%iegggrébl e. I%(an_%ﬁesc}%‘f' ULIOrE

sol vent®d | ﬁEﬁad@etfwailt @pzpém}%m|tbelzspeppahqute;@?drg?eu;e k:@imgﬁ?i?gcgl?gﬁof

et hanol ar p i r par Q..
water to g?ﬁaﬁg‘féﬁoﬁhe%{?%ge%%ga_gu% 1'% g_n Of“s‘iajrﬂﬁﬁg\l\%@ uSEEP OV Re
aerosol of apfePFopaddentniconttdiensecasohgeerariner. an  anmount of about 0. 01

about 102 10 101 wt 05 % PELeF Aty  BEBoRbaof S o595  SSHiaRe PR an
amount of &beuinvehtion]0Bhavfdhlppt alesatdsplakaut bd Gudre iLRRIM EBmpanRd
diSpenﬁﬁntoknusable pharmacologically active substances include procaterol,
theophylline, stercids and salts thereof (hydrochlorides,
sulfates, etc.). Theophylline and procaterol (or hydrochlorides
thereof) are particularly preferable. As carageenarn, those mainly
comprising iota-carrageenan are preferable. As propellants,

20 fluorinated hydrocarbons such as BFC-134a, HFC-227 and like CFC
substitutes are preferable. Examples of usable solvents include
water, ethanol, 2-propancl and the like. Water and ethanol are
particularly preferable. In particular, a weight ratio of water
to ethanol in the range of about 0:1 to 10:1 may be used.

25 The aerosol of the invention contains carrageenan in an
amount of about 0.01 to 10* wt.$ (preferably about 0.1 to 10°
wt.%}, propellant in an amount of about 10% to 107 wt.$%
(preferably about 10° to 10° wt.%), solvent in an amount of about
0 to 10° wt.% (preferably about 10 to 10° wt.%), and dispersant in

30 an amount of 0 to 10° wt.$% (preferably about 0.01 to 10% wt.3%),
relative to the weight of pharmacologically active substance.

The pharmaceutical compositions of the invention are
safe and effective for lung diseases and systemic diseases in
mammals (e.g., humans, mice, rats, cats, dogs, sheep, horses,

35 cows, monkeys) and can maintain therapeutic effectiveness for a




30 an .amobunt of O to 103 wt. % (preferably about 0.01 to 102 w.%,
relative to the weight of pharnacologically active substance. The
pharmaceuti cal conpositions of the invention are safe and effective for

| ung di seases and system c diseases in manmals (e.g., humans, mce, rats,
cats, dogs, sheep, horses, 35 cows, nonkgys) and can nmaintain therapeutic
effectivenegss for a -13 long tine. The conpositions can be used, for
exanpl e, asoREt Fimgst ARGt FempeEitionsanen did eisgide Agentsynpdesi aspiniti-
chenot axi s 53drRhi Pl d f an her apeuti c, agents for .di seases
associ at ed ﬁt{fiﬁbg%%%egﬁﬁ,i gﬁ}?% i ét%’/gg'tci 8%6'%%5.”9%?351}%1 f P}cl%\‘? i ?},e@t&f‘bﬁi c
dermati ti s irdlibékgre al preventiwmenrsenberapditic poenapnidt iardskske

al lergic di ) dernmatitis, herpetiform s, psoriasis and |ike
ski n diseaé%%?éggg?%géﬁﬁﬁﬁgsl?éﬁhﬁﬁﬁﬁ éngﬁiég%§ﬁﬁ¥dﬁb?;'c?ﬁ?ﬂﬁQ¥18bstructive
pul nonaby ditepasede(e@RD) sandllékeid esphl et of hyiieseangstiwngd, i nfectious

di seases 1 n%%Hsed ﬁ% ¥§{iogs bacteria. The conpositions are particularly
useful as &ATINgethhade Agéntal 15 ShERTSR SFFRAerdpBAtitisagents for

chroni ¢ obsierpet i Fermpid, TRRBEYadi S ease 16 P in dajé%%égnfs'ééi‘ﬂo@ﬁilic
pneunoni tis, eosinophilic pneunonia and influenza or [ike infectious
di seases. CAMPRLY g HEh S YBBEHHR ofchirelghehstaeetiiveabuborpoyi tiiesasof t he

SubSt ance. LR § o gerod dreoaa i, BEaGle) B TREGL e chteRtine”

, geted di sease, age, body weight, condition o e

di sease! adfiAPStPRITBHOEUPRCte HunbeFhofccaprbht sonatdn peiresylatly , t he

har macol 0g-Cal Ty Set | Ve SuBt BrEa o oy DRt L ChH & ARG EGPERN A5 T ect s

For exanpl égethe Evhpdgionionobst mrefigrabhimadmynidisensd (urrh,that the

e o PSPPI D g, 2L LY ULty o, B i en 1o 2

si ngl e doséngtuenix e duket imbs-td oudaylisdde=d.orm of the pharnaceuti cal

conposigion of the Although the dosage of the pharmaceutical composition
of the invention may vary depending on the type of
pharmacologically active substance, the targeted disease, age,
body weight, condition of the disease, administration route,
number of administration times, etc., the composition is

20 . administered in an amount effective for allowing the
pharmacologically active substance to exhibit its pharmacological
effects. For example, the composition ié preferably administered
such that the active ingredient {(pharmacologically active
substance) can be given to a human adult in a dose of about 0.001

25 to about 100 mg, and given in a single dose or twice-four times a
day.

The form of the pharmaceutical composition of the
invention such as a powder, solution, suspension etc. may be
suitably selected according to the type of pharmacologically

30 active substance, the targeted disease etc.

As an administration route, direct inhalation via the
mouth using an inhaler is usually preferable.

Since the pharmaceutical composition of the invention

allows direct local administration into the airways, the

35 pharmacologically active substances contained therein produce




i nventi on such as a powder, solution, suspension etc. may be suitably

sel ected according to the type of pharnmacologically 30 active substance,
the targeted disease etc. As an adm nistration route, direct inhalation via
the nmouth using an inhaler is usually preferable. Since the pharnaceuti cal
conposition of the invention allows diréét |ocal admnistration into the
ai rways, the 35 .phar Eologically active substances contained therein
produce - 14l-mrrier‘flr}€5?a$§ Hect Surhipaweenpee, iasdntatent ed nsgeenrageEnan,
the conposidricerienah! &spike %Hétéﬁé%giﬁ§%|§g§gg§% dihe, phar macol ogi cal Iy
active substance in the lungs, and exhibition o0 proPonged phar macol ogi cal
ef fects. THEAFETGFeloghen. lvhacsiphasuhatencecah Compasigti oandfesttigiiayant i on
is adm ni st i ] adm nistration i s unnecessary, and
pati ent iﬁ%%%%?%?gﬁggq??“#%%é%%%iggﬁ%ﬁgéF?FOnF%FHS%%H%ﬁﬂf Eg?on of the
i ni munPdogdaregaenetcaarcdngoget yon edlittet havehsiorofi sadueisesiside vehf ects

caused by Si r ses. _Thus. the pharmaceutical 10 conposition of the
i nvention E%% %ﬁﬁggtggﬁégggg%ea%?%nl%ﬁqqgéppvéﬁe%%99995§ﬁéydr Fidieaduce
adver se si decehtreniencBEST rivEDEdFORTEARRY] NGHOUT hEHEh IMENTLON EXaFmlies are

gi ven belo%h%gmjll strate the invention_in 15 nore detail, but the scope
of the invention i LHOTTIHTESCID 1aresdy ExdMR ddie Eiakpbe adverpelsidg of
procat er ol efffdroshtois<te HyMRaBs P Gl dodbaMehgls 1t ’ of
iota-c fra eenan,éfroduct No, C 20 11?2, producedsbf§%&g%g“%%%ﬁﬁgg:ﬁgb. and
sol d by”Si %REPRFH Ch oh &hgnirveation gpnggnisanee dhelpgedtia (product No.
D10252125, efgeeducssbandrsehd by,Dw o E-% S 0 emcal,s Co., Ltd.),
(4) 2.0 g of ethyl al cohol (99.§% , ang ? é£%#6§%%0%9§£t%%§%£%% m xed in
the follow ng manner to give an inhal ant suspension. 25 First, the
carrageenan was di ssol gedyi oM@t t the sol ution
was cool ed to about 40C—After s Eﬁﬁﬁ?ﬂmﬁme?QQH 1§$§ﬁf¥8§

Examples are given below to illustrate the invention in

15 more detail, but the scope of the invention is not limited to these

examples.

Example 1

(1} 15 mg of procaterol hydrochloride {mean particle
diameter 1.8 um), (2} 100 mg of iota-carrageenan (product No. C-

20 1138, produced by Sigma Chemical Co. and sold by Sigma Aldrich
Japan K.K.), (3) 87.90 g of HFC-134a (product No. D10252125,
produced and sold by Du Pont~Mitsui Fluorochemicals Co., Ltd.),
(4) 2.0 g of ethyl alcohol (99.5%), and (5) 10.0 g of water were
mixed in the following manner to give an inhalant suspension.

25 First, the carrageenan was dissolved in water heated to
about 80°C and the solution was cooled to about 40°C. After
addition of the procaterol hydrochloride, the mixture was stirred
using a homogenizer. While cooling the mixture at about -30°C, 20
g of HFC-134a was added with stirring and then the ethyl alcohol

30 was added with stirring. HFC-134a was further added with stirring
to make the total weight of the mixture about 100 g. ASg
portion of the resulting mixture was filled into an aerosol
container and the container was furnished with a metering valve

for releasing the aerosol in an amount of 50 ul each time.



addi ti-on of the procaterol hydrochloride, the mxture was stirred using a
honogeni zer. Wile cooling the mxture at about -30C, 20 g of HFC 134a was
added with stirring and then the ethyl al cohol 30 was added with stirring.
HFC- 134a was further added with stirring to make the total weight of the
m xture about 100 g. A9 g portion of the-resulting m xture was filled
into an aerosol . container and the container was furnished with a netering
val ve forggﬁﬂgégpgg the aerosol in an anount of 50 pl each tine. -15

Exanple 2 1.0 g of iqta- ajgﬁpang.: 1 uced by Sigma

Chem cal Co. and sold 52§5na Al ?f%ﬁggapan §%O§£§t%é) é:gggﬁVed in 100 g

of wat er  h&&PEHCES %oﬂhgngo@amcﬂme sotiuséooh byasigns| EIbtiehabapan 40C. 20

g of theophylkl iyn ssolved by .stirri honogeni zer.
K o U ae B P R R B St FY it 0 £

The resulting solution was drie 200,
nanufac@uré@ebyorabam1E@pecodbe@-&aamﬂmpuhaarjzed @Qx@bﬂﬁbpﬁylﬂwﬁé“dé% a
spiral jet 4 0AS" acture .by Hosokawa M cron 10 Corp.).

10-fol d wei'ght o%‘? %S %Vﬁgub%dﬂE&XPﬁ rE?bP%ﬁHIHWQéﬁnlﬂ%ﬁngThedrun1nlxer
to give anreshatamg aumm&ebn ﬁ§§tdﬁi§aﬂwh€hla1ﬁﬁbd@%|HQ%&H@I&&HHin%y9§§H@f

phar maceut i,¢al sol repared using theophylline as a
pharnaceut?@grl %ﬁ%ﬁ? efmg &Srsp| teFon Brdspalvemigssi ticoabafit the

i nvention, pmheienSa Wall ORSt An ar 6 LAe Vi i
Solutlgg F8Theoph Fthelmgstdlgg%ﬁcggﬁ?n ﬁgoton?%agéh ﬁ %ggéf@fékon
P

( PBS( G8ct 185859 wedglitaef utaetase wmsse@niecprt@uemceuamatamz@@.
Ltd.) to giseng d drmﬁmuke@op@xglw%n #n2Bl! Ce'(}j)%@de Sol ution B:

| ot a- carrageenan (product No ,  pro i gma Chem cal Co. and

sol d by Sl&&éEdEﬁﬂﬂﬁﬁLiapan K K ) was dissolved in solution A heated to

Give a 1 25 wiva (=10 ag O a0at2af S, B LT it Rt L B 10
were prepared using theophylllne as a pharmaceutically active

15 compound. Solution B is a composition of the invention, whereas
solutions A, C and D are comparative compositions.

Solution A: Theophylline was dissolved in isotonic
phosphate buffer (PBS(-), Product No. 05913, manufactured by
Nissui Pharmaceutical Co., Ltd.) to give a 1 mg/ml theophylline

20  solution A.

Solution B: Iota-carrageenan ({product No. C-1138,
produced by Sigma Chemical Co. and sold by Sigma Aldrich Japan
K.K.) was dissolved in solution A heated to about 80°C, and the
resulting solution was cooled to room temperature to give a 1

25 w/v% (=10 mg/ml) iota-carrageenan solution B.

Solution C: Gelatin (product No. 16631-92, produced and
sold by Nacalai Tesque, Inc.) was dissolved in solution A heated
to about 80°C, and the resulting solution was cooled to room
temperature to give a 5 w/v% gelatin solution C.

30 Solution D: Sodium alginate with a viscosity of 500-600
cP (product No.199-09961, manufactured by Wako Pure Chemical
Industries, Ltd.) was dissolved in solution & to give a 2 w/v%
sodium alginate solution D.

Wistar male rats (body weight about 220 g) fasted for

35 about 18 hours were used as experimental animals. The



lution C. CGelatin roduct No. 16631-92, produced and sold by Nacal ai
'?gsque, Inc.) was di ggol ved in solution A heated to about 80C, and the
resul ting solution was cooled to room tenperature to give a 5 wv%gelatin
solution C. 30 Solution D: Sodiumalginate with a viscosity of 500-600 cP
(product No.199-09961, manufactured by Yake Pure Chem cal |ndustries,
Ltd.) was dissolved in solution Ato give a 2 wv% sodium al gi nate

sol uti on DAPWEHERChRAe ardgtléllFF)W%lOéhthabmﬂtUMSg)Jaﬁamlei;brired 35 about
18 hours W%E:@ok'éﬁ@ga:% Q‘?f‘}éefnbgﬁgaatﬁeﬁyl hsindé]ceflan%'( ! %ga% et By

adm ni stratl on of the solutions was orrre gCCordi
descri bed i'n Bbkahker, 322 $19é2) alp. 40,@m Thht Elsystl@da rat23221e6:é972) p. 409.

t e ent ahar (about 32 ng/kg)
T soour eresBhEC VAL l§@k§%ﬁ€%5n%f??aﬂ1ta%02?§%”c?%e By kGh st iy s o o
t hrough®a tlfl@mglbardtrmi aniob$i losards,seabi @ﬁa@{ea@w@bhgk}ﬁ@@c{ lrglgfﬁgal?da 1.5

o.d. 24 cmin lLength was |nserted_throu t
ImI’PCI sion for g%léj[nfnlcé‘n&lsbo% cm BEEhESH thhé’ofléi?pﬁy%ﬂf bt i t¢achdal
rings caudain, to.dhe thywi d. sas i lrdgengERChaOfirRe 18 M deplcroliters
of drug sol utlgns A-D. was drawn into a glass mcrosyringe, an t hen rat

was nai nt aithed at: aﬁ?%ﬁdpé‘ 69T gv.diptancei of di- sy hgbwems tihesdored amd ough
t he pol yet mytenetﬁa&%auo rinds &mphovs EH@ 19{(%}8(; T&aifég&figé heEééf:l"f‘ &%e ope

Then, t| on was _.injected over a peri Sec
af ter i(ﬂ E E‘?ﬁﬁ‘i“ﬁrroétlltéﬁs ehelrus sedst posd tA-Gnedsatrawn dmgleao§ldfand

the incish@BrbsytihResKbRaWased helt Q“Iagsﬁglﬂg QFO%E?T%& A];éﬁeﬁr ﬁ}lfgbgrl ndg"£00

operation, intravenous administration was
pl of sol uEiBreRA PFiGgghvehelnfarhedathveigh 12@3 @oZyethpIertd Gmdewa(s 1 -2

col l ected fwmomdhe t%‘ébﬁhﬂkéé‘t V& %f fhel r%c?hera 3@1%, the gg}ﬁltlo man.. S

m n. 10 m n. 15 m n, 4
“hr. 5 hr . lla]h%lcieed mverafat Eerid:ré qﬁwﬂﬁat sacheaboaﬂd45 HdAREABYSthe

ad”inifﬁ"aéﬁﬁfﬁﬁéyy%tion, the rat was positioned at an angle of 10°and the
incision in the skin was then closed with suture.

After this operation, intravenous administration was
performed by administering 100 pul of solution A through the
femoral vein,

20 0.2 ml of blood was collected from the subclavian vein
at 15 sec., 30 sec., 1 min., 2 min., 5 min., 10 min., 15 min, 30
min., 1 hr., 1.5 hr., 2 hr., 2.5 hr., 3 hr., 4 hr., 5 hr. and 6
hr. after the intratracheal and intravenous administrations and
centrifuged at 1800 g for 10 minutes. The theophylline

25 concentrations in the obtained serum were measured by HPLC,

Fig. 1 shows the serum concentration-time profiles of
theophylline after intratracheal and intravenous administrations
of solution A (n=4, mean + S.D.).

Fig. 2 shows the serum concentration-time profiles of

30  theophylline after intratracheal administration of solutions A to
D {n=4, mean + S.D.).

Table 1 shows the mean pharmacokinetic parameters for
the intratracheal administration of solutions A to D at a dose of

100 pg/body (n=4). The parameters in Table 1 indicate the
35  following: |




centrifuged at 1800 g for 10 m nutes. The theophylline 25 concentrations in
t he obtai ned serum were neasured by HPLC. Fig. 1 shows the serum
concentration-tinme profiles of theophylline after intratracheal and

i ntravenous adm nistrations of solution A (n=4, nean S.D.). Fig. 2 shows
the serum concentration-tine profiles 0f£1730 theophylline after
intratracheal adm nistration of solutions Ato D (n=4, nean S.D.). Table
-1 shows théUreah PEF naceki hbei sempar aimebphglinre doheehbtataicraehgsl curve

adm ni stration of | ut Lo to D at, a dose of 100 pg/body (n=4). The

- parameters in Tal;ﬁoz%lﬂ%%\d%% T AREN3BLF TR0 (HY: PEAHLIAUCBh~: Area under the
ser um t heopRkdsi nresonoeletT ahé oxetinEheph el e GoRtsnefielor2@mingi StEat i on
(pg-hr/m) AUC ~Eb %r a_under, t he serum t heophyl | i ne concentration-time
curve to infinitd tTAe"art er'SdATHESt PGS tEBEIPR / 9 B3 /BL)  Maxi num ser um
t heophy$ | i @ga«C oneehiumatse@Om( P8édINy11Ene gbﬁgﬂﬁggggbgd(ﬁﬁﬁﬁgach maxi mim
serum t heophyl line congentration (hr) MTinf: Mean residence tine
(cal cul at ed™hr otifh GSHHAPHET? | FRAChafe&iman iexust theppmylime) 10 MATI nf:
Mean absorption tdomeeh€fbEdpt@gt hrough infinite tine after

adm nistration) (hr) Fig. 1 shows that pul nonary absorption of theophylline
was as qui CkTamd MeFredigdidense achieviedlbylated avenoyh iaffimitestimti on. 15
As is clear fromgki 2 conpared with carrageenan-free
solution A controF%f thqu§%%%#§ﬂ%%pﬂévline concentration change after
the int? at MaZhealMemimiahissrpatdmrtiole Icaltwletieat aheangiagaetian tsok hé on B

shows sustai ned rglgas oki net.ic properties, i.e., a 5. 5-fold
i ncrease in tineato gdgﬁgac%&gﬁglﬁﬁﬂihﬂ§1serun1theophylIine concentration

(T.), 2.2- fold incrBage 1 mstueanthesipenegatiMBoéMPRH of fhediAldne

i ncrease : .
was as quick and effective as achieved by intravenous
administration.
15 As is clear from Fig. 2 and Table 1, as compared with

carrageenan—-free solution A (control), the serum theophylline
concentration change after the intratracheal administration of 1
w/v% iota-carrageenan solution B shows sustained release
pharmacokinetic properties, i.e., a 5.5-fold increase in time to
; 2.2-

fold increase in mean residence time (MRTine) , 4.9-fold increase

20 reach the maximum serum theophylline concentration (Tp)

in mean absorption time (MATy.,:) and 40.2% suppression of the
maximum concentration without reducing the area under the serum
concentration-time curves (AUCghr, AUC;sn¢e) . These results indicate
25 that addition of 1 w/v% iota-carrageenan imparts valuable
sustained release properties, i.e., prolonged therapeutic effects
as demonstrated by maintenance of AUCe, and AUC;ins, reduced adverse
side effects as demonstrated by suppression of Crax, and increased
effective serum theophylline concentration residence time as
30 demonstrated by increase of MRTins and MATipe,
As compared with solution A, 5 w/v% gelatin solution c,
whose sustained release effect had been confirmed for 5(6)-
carboxyfluorescein (CF) (molecular weight: 376), slightly
suppressed Cpx but no increase was seen in Tpax, MRTine and MAT;pe,

35 and thus no sustained release effects were observed.




in mean absorption time (MAT] ~f) and 40. 2% suppression of the maxi num
concentration w thout reducing the area under the serum concentration-tine
curves (AUC6h,, AUC ,f) . These results indicate 25 that addition of 1 wv%
i ot a- carrageenan inparts val uabl e sustained rel ease properties, i.e.,

prol onged therapeutic effects as denonstgated by nai ntenance of AUC6h and
AUC nf, reduced adverse side effects as denonstrated by suppression of

C.., and increased @flffébﬂmcer%er-?uWVhe@cpﬂlw ialiglnattmeznilnﬁtlioﬁni)r egiidence

time as 30 n j eof MRT]. and MATI ared with
sol uti on Ah%rr\?v/ ?/i/f(gée t}p)rélfgggfl Sh T %)giéa'sci?sttrﬁgﬁgaa? G?A%é@éngf Bect had
been confi Kesteased HAB)en acdrhmlyf Iamir egsei PedudRd( mRirge Wl mg,%ht 1t348) ,

slightly r rease was seen in T~, and MATI nf,
35 and thu?{ﬁg §§§$gfaﬁeé'fc(it§2‘3%e§l§ VLY ERetaesh valease ;i fegtt Rér nore, 2
W v% solli ureakgoeatan el uthiﬂa&dV@m qi&sh@§sé‘oé’it§ﬂ3%ltt ¥Ys Séﬂllﬁeeh 1 wivo%

i ot a- carra%ﬁenaf soI ution B, decreased AUC6h and AUC "f and "al so reduced
MRTj f and is thus concluded that the pul m)nary sust ai ned

rel ease effect of 5 carrageenan i s not based on its viscosity but is
carrageenan- specific. [Table 1] Sol utionDose AUCGhr AUC,of Cm T, MRT;,,f
MAT; , , f (ugrbhedy){ughr/ L) (ughr/ L) (ug/ L) (hr)(hr)(hr) A

(Control)1002. 894. 023. 960 00424.431.32 B

(gel ati n) 1p03. GRAkGHL2. 930 B0a24. 79ets DAUSodi Unbme  Twen  MRD; MATy
al gi nat e) 1p02_112. 440, 94@:g#RER. 0@ /ML) (ueg-hyml) (ug/ml)  (hr) (hr) (hr)
A (Control) 100 2.89 4,02 396 00042 443 1.32
B (carrageenan) 100 3.96 8.33 1.59 0.023 9.55 6.44
C (gelatin) 100 3.00 4.01 292 00042 429 118
D (sodium alginate) 100 2.11 2.44 096 0033 3.00 -0.11

10 By using carrageenan together with a pharmacologically

active substance, the pharmaceutical composition of the invention
can advantageously control the pulmonary absorption rate of the
pharmacologically active substance and allow the substance to
exhibit prolonged pharmacological effects.

15 The publications mentioned in this specification are

incorporated herein by reference.




10 By -using carrageenan together with a pharmacologically active
subst ance, the pharnmaceutical conposition of the invention can
advant ageously control the pul nonary absorption rate of the
phar macol ogi cal |y active substance and al |l ow the substance to exhibit
prol onged pharmacol ogi cal effects. 15 Theopublications nentioned in this
specification are incorporated herein by reference. -19 Cains 1. A
sust ai ned-rel ease pharmaceutical conpoSi&im for pul nonary adm nistration
conprising carrageenan and a 5 pharmacol ogically active substance that can
be adm nistered via the lungs. 2. A pharmaceutical conposition according
to claim1, whereinlthe C%allstagﬁ@di}aﬂ‘bl@sét ph&adicane cHRNBETp o?ﬁlt%%hegof*r om
the 10 group,consi st g of a- carrageenan, iota-carrageenan and

Aghd g 5rse

| anmbda- carngQ%%%ﬁV Wb TP S LR BagsANER cHidiang to claim 1,
wher ei n5 t hehphascmreliegilcal hyt et i@ ssHASE aNGa: ISnabe! a8t 1Q08 %g FRber

sel ected frg Lhe group consisting of anticholinergic rugs, f

stlnulants Steditts, antiasthmatic drugs, antiallergic drugs,
antllnflannatory drugs anti bacterial drugs, antifungal drugs,
anti-influenza virus drugs, peptide drugs, antitunor drugs and vitam ns.
20 4. A pharnaceuti cat @o@b@siﬂw@#tmadommpgsimcm aicnpitdingher ellaim 1
carrageena asen f 001 to oreI tive to
t he pharnagg%gzgiallyEgggﬁgg su aﬁgelgggy ?ﬁd%%ﬁFi@gl tion
accor dtthg gé©@@eﬁ@ﬂ3ﬂstlmgeoé|kapﬁaaqahaaqam&hqgu@&hkyafmageéha&ubﬁaance is

one nenber %gq&&%. rgg%ghe group consisting of (32 stinulants,
antlasthnatlc rugs a d eroi ds, and carrageenan mainly conprising

i ot a-carrageenan is present in an amount of about 0.01 30 to 105 wt.%

relative to the phargacaql ogi call cti.ve substance.
P gacq Harmac uéical composition according to claim 1,

wherein the pharmacologically active substance is at least one

15 member selected from the group consisting of anticholinergic
drugs, B2 stimulants, steroids, antiasthmatic drugs, antiallergic
drugs, antiinflammatory drugs, antibacterial drugs, antifungal

drugs, anti-influenza virus drugs, peptide drugs, antitumor drugs

and vitamins.

20
4. A pharmaceutical composition according to claim 1,
wherein carrageenan is present in an amount of about 0.001 to 10’
wt.% relative to the pharmacologically active substance.
25 5. A pharmaceutical composition according to claim 1,

wherein the pharmacologically active substance is one member
selected from the grdup consisting of B2 stimulants,
antiasthmatic drugs and steroids, and carrageenan mainly
comprising iota-carrageenan is present in an amount of about 0.01

30 to 10° wt.% relative to the pharmacologically active substance.

6. A pharmaceutical éomposition according to claim 1,
which is in the form of a powder having a mean particle diameter
of about 0.1 to 20 um. |

35




6. A pharmaceutical conposition according to claiml, whichis in the form
of a powder having a nean particle dianeter of about 0.1 to 20 pm 35 -20-
7. A process for preparing a sustained rel ease pharnaceutical conposition
inthe formof a powder for pulnonary admnistration, the process
conprising drying an aqueous solution ogaqueous di spersion containing a
phar macol ogi cally active 5 substance that can be adm nistered via the lungs
and carrageenan, foUIo%E@mbwepulﬂ@mipﬁﬁﬁaﬁmngoﬁ Sinshnge Bdi Ry drying the
solution or gl ersi.on i hhal ant ﬁgPrlsin t he pharnmaceutical 10

conpositio @o?%lu% Catlo Cﬁwoﬁh@% 9 ANRstart @52 pywder 2B r3pudmongry

aer osol COrmplmllﬁlLﬂ’gréﬁthph@h@ﬁﬂb&éé‘@'com@?ﬂ@ﬂ% 1490 ngCeRr YN0 sB8DYt POE OF
clains 1 to 6, ﬁ#o pell ant . and an aerosol containér. 10. An aeroso

accordi ng 5 eFEPtdD dIFREralan retiaindnat @ @Hﬂ?@ﬂﬂ@ﬂ@ﬁ@@$k@y(ﬂﬂtuyeact|ve
subst ange, sGBEtageenafht Safr E@%ldl%t@?e?@}bg;tth%f 6.%9? &irgd c%r&%);g‘% an,A

and propellant is present in an anpunt O
aerosol acderdpvied thy aludivardzatwiroh drucohprisicunppiragsdayideaste one nenber

sel ected figgm,t e, 94,0 Fggﬁ%gﬁlng of solvents and dispersants. 12. An
aerosol according to cla wherein relative to the pharmacol ogically

actlve substance, the solvent is present in an anpunt of about O to 106
. % and the dispergant n.an a nt of about, 0 to 103. 13. A

i §_ present u
nethod f or adnlnlsterlng ngagﬁ??éﬁ?¥glsbﬂ§?ﬁﬁiéﬁﬁﬁﬁ@SPF itk ive substance
t hat cadh beomdositisirermedovddng to any cne of claims 1 to 6.

9. An aerosol comprising the pharmaceutical
composition according to any one of claims 1 to 6, a propellant
and an aerosol container.

15

10. An aerosol according to claim 9, wherein relative
to the pharmacologically active substance, carrageenan is present
in an amount of about 0.01 to 10! wt.%, and propellant is present
in an amount of about 10? to 107 wt.%

20

11. An aerosol according to claim 9, which further

comprises at least one member selected from the group consisting

of solvents and dispersants.

25 12. An aerosol according to claim 11, wherein relative
to the pharmacologically active substance, the solvent is present
in an amount of about 0 to 10° wt.%, and the dispersant is present

in an amount of about 0 to 10°.

30 13. A method for administering to a patient a
pharmacologically active substance that can be administered via
the lungs, the method comprising administering an effective
amount of a pharmacologically active substance in combination

with carrageenan to the patient via the pulmonary route.
35



the lungs, the nethod conprising adm nistering an effective anount of a
phar macol ogi cally active substance in conbination wth carrageenan to the
patient via the pulnmonary route. 35 -21- 14. A nethod for sustainedly

rel easing a pharnmacol ogically active substance in the |lungs, conprising
adm nistering via the lungs an effectiveamunt of a pharmaceuti cal
conposition containing the pharmacologically 5 active substance and
carrageenan. 15. Useléf @ameagesnzur foustpifpaly nglaastisyained- rel ease
pharnaceutiﬁgl QQQRPSithH forwpul nary admnistration of a |

phar macol ofi carty  acri-ve £ubstafc §1086218 V16t LUBPP a e SEBP

sust ai ned| ydmneheasdmiggavi ghaidraaplaedihaab Ve ACie @msRst@nce in the lungs by
adninisterigg via the_lungs an effective anount of a pharnaceuti cal

conposi t i R EBHHHIRG FHRPOH Ec 6PBERERINY thet Phersadsiasicallys

5 active substance and carrageenan.

15. Use of carrageenan for preparing a sustained-
release pharmaceutical composition for pulmonary administration
of a pharmacologically active substance.

10

16. Use of carrageenan for sustainedly releasing a
pharmacclogically active substance in the lungs by administering
via the lungs an effective amount of a pharmaceutical composition

containing the pharmacologically active substance.

15




