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*166166* SPECI FI CATI ON Sust ai ned- Rel ease

Phar maceuti cal Conposition for pul nonar .
adni ni stration 5 TECHNI CAL FI ELD The pgmmwmmmm on
relates to a sustained-rel ease pharma

conposition that can be adm.njstered pul nortésisty, and
a production nethod and use thereof. 10 BACKGROUND OF

THE | NVENTI ON Gener al | y sepat roorarnpnabsor ption of drugs
absorption and it is

is faster_t oi nt esti nal
known t hat'% e”@ﬁ’a??{e aﬁ%g%aﬁﬁ‘ﬁg@d?ﬁahéoﬁ‘ﬁps%ao‘? he
hi gher the oil/waberp@aidrary0BdmeReSdi4ignt, the
faster the absorption. In recent years, it has 15 been
reported that conparatively fast absorption rates can
be achieved even W t hrpnainefcs0lglh e drugs and
macr onol ecul ar drugs. ~Therefore, pul nonary absorption
i s attradtPnjraseentinoenisson F\%Wt%dmonﬁssmattamd—afaﬂease
f X e
DR A 2ad T Ve B o st Lai iyt aep e gyt Ly,
angept Pé@@ucmm@thogm dﬂ@gﬂleev«eﬁ adm ni stered in
trace amounts, have a strong action. If pul monary
absorption is too rapid, the drug concentration in
pl asma rapi dly i B&CEaReSgNRaM ITm{)E ANCENTEON adver se side

ef fects. t nmore,, _althou ul nmonar
admi ni st 3 ‘lgo%f{?’a(s BHECRA0%n Sgcgté’tdfma?? %ﬂﬂf gSodaster than
gaabsoipteon naidabsometd at emeflfqﬁecm, Vm&s%tpbtt tﬁefsnaaller the
cult to. prolo t he erapeutijc effects o rugs -
mogeau%‘:ﬁer ASE t af8% {xﬂee hIrJ’TgéS"EIr ﬁ{"afOlgéﬁt@ﬁt partition
coe At boiatti ente b&@&lﬁ&k&oﬁbsfékpgﬁorﬁ quhrﬁeé%rﬁqli)%%trs, it has
adm ni stra 30 A neans _for prol onging e
beﬁﬂaf%%fo‘ieé{; tgaF PRt gLy Avalt ARSOIPS LoR oFatsqifisine be
achh@wﬁ$&n@h ﬂlhhﬂ@ﬂﬂﬂﬁfﬁﬂ@ﬁ@éaﬁf@ﬂsQ§mﬁn@kkgHb£Ecular drugs.
Iant a described in U S, Patent No. 51
TRy PP Bea 4 g Bel & 45t RATOABI Stk 160 as a new
adldirﬁf$@ﬁﬁttloh0 rphesefoe o&hgél ¥xpdttd LY EQHP@{@téyseceﬁn%
| ong period of tinme. 35 Therefore, a stab
efg% tSiTES- A8l &a3el Yhaciacdtipn &aland Tike blOlOglcally active

peptiddd L ITTTHEITTEEETTEEETEEEE~EEEETEEETTI

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
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 frequent
administration.

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.

Therefore, a stable sustained-release pharmaceutical
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*@00002* -2- conposition for pul nonary admi nistration
that allows pharnacol ogically active substances to be
absorbed in the lungs at a controlled rate and
exhi bi ts prol onged pharnmacol ogi cal effects has been
in great demand. 5 Japanese Upexam ned Patent
Publ i cati on No. 36233/1992 discloses a
couysisditied- et gaskenahaugy pﬁx&_ﬁ&{ﬁﬁklakt)i_oﬂr @H?I@I A0Lows
m crospheres. from an aqueous solution of a )
PRGSO 8968%&)&%@ tBAt A TG Cabphgrorkeg dar Ithe lungs
atad iooatsghstance AntdeBeRNSIH AR onbBE DI MR 1081Ra1
dropFobic, bi odegr adabl e and bi oabSor babl e 10
eSIGhTeasS AR atfh 9§26 A8 wat er - sol ubl e _
macr ool s e seSURSk MG R ba%eﬁebéd6¥¥da%qoﬂeﬁél°@éé33/1992
sodium al ginate, gelatin, carrageenan, etc. wever,
digedosessansusieittiesh raboase thraig adeparsd riay improdeicitbi s

nUokphace! 65 RUELN! SNR BN IRTAardRURELR, gt ymer

card afipipgowi pley sicdogt ab hby-agtelveasebphanamceaitt iepabpsulating

i 1] i ni rmacol qgi cal | active
e FRRSEL °Th RO ML B P IRRER I FF b g biraabre
PAlym2@ . c it reodamphes pof rmdr waabsoes@litae ehckbRolecular

I ol ogi cal l.y active ubst ance. and pr.oduce .
s BRSPS E bt rerdirBia, SowhaR = Limatter sraatin,
cariragtbpapul emnar Joweue. t]ibeeli)j'_@&ﬁﬂhtménl&\iglﬂt Qb_éu@ﬁqﬁé ed
put .iptensive earch to solve the problemin.the
aB0i SPEChE R ZRGT DURF YRR TRGBREF Gl UDS igf the pulmonary
rouaer ageenan to a pharmacol ogi cally active substance
that can be administered via the lungs can solve the
problem The inventors carried out further intensive
research bazedhomxtsbt@suﬁrt et NG RdvERET QPY o thus
acconpl i ghed the Tnvention. The present invention _
provrges h8P38FF & H§e 30VEREHRL. LSAteuBFaY H&R-3 elusdganed-

rembaéﬁaﬁﬁaﬁﬂdﬁﬂutﬁ@ﬂpOééﬁédﬁlti%ﬂrc@MiJ@HﬁH@éa pharmacologically
a

adm ni stration conprising carrageenan and _
ACHREF nA ot FYiCal e alhd e ceubd cahceotanai tden being able to

coadpb i sherRAmbhary t8sd i¥d9n 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
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:

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

1, wherein the carrageenan is at least one member selected from
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Item 2. A pharmaceutical conposition according to item

35 1, wherein the carrageenan is at | east one nenber

selected from-3- the group consisting of

kappa- carrageenan, i ota-carrageenan and

| anbda- carrageenan. |tem 3. A_pharnmaceuti cal

conposition according to item 1, wherein the
thehatroapotargiicaling a€t kagpsidstrageenss, atotd £a8trragBendn and
1 mber sel ected fromthe group consisting of
aﬁﬁ??cﬁ%F??&ﬁﬁﬁ%?'drugs, @ stinulants, steroids,

anti ast hmeehC3dr ugphaanbtdbd RIQ1 Com@bY98ion according to item
antiinflammtory drugs,_antlbacterlal drugs,
LaMberahyathe dhageacaredicnfiyuerEavei puestdinggs 1spapt lerst one

metHYS se B I FREMIE HESqr AN nk28E Pig Jf{é&ﬂ?@h%iiﬁérgic
phar maceutical conposition according to item I,
drper ePh taimudgasfans tergpidsseantiiasbimaniountrugs, aboutallergic

01_t0; - %.5.e [ve : har ol agi cal |
drfoBP 2 it bt Oty SRl R L RS BRI TS B8 F Ve
dragesor @nng-itnd liveern ¢ ruhehrigs, cpepagéendiugsgi Bhyitumor drugs

0 LS] i ot a-carrageenan is 15 present in an anount
an%fqgggﬁFﬂ%.01 to 105 wt.%relative to the

phar macollegincél | 2 phbinecaubisiaaneempoditivh according to item
1 phﬁrnacolo icallé active substance is one§%enber

s EPBETEY FHERIERB2Yr bUPTEHTE st ng? YOS &t APkt &, 001 to
10ankt &stdemati ce dfalgheapthash8t Ol slpicd1IegMabrife substance.

pharnace%tica% conEosition accaording to jtem 20 1, .

whi ¢h i s iFTthe foPhfBreEHdwder CRARFPHYE Hoheggording to item

1,pantt€le catiragebfin Gha BRGUIRPEis P O i -calkr8Fdnar® is
process for preparing a sustalned rel ease .
Prefghhrate®l GAPURbnpbsIRAWn Vi-Alt ke }&r Mtof Belpwider tioothe

phﬁHﬁH@E@ﬁ@&ca@dgiQ&@l&éuédybtahag Qﬁ@cﬁ§§gﬁgﬂgék§h8@ically
drying an aqueous solution 25 or aqueous dispersion
actKe af MG r&aSphar ARR drsticcaskyeated vier sudeagseup eansisting

ofCAP SeimiEntsSt shethdifdie hyags and qankageenan,
foll owed by pul verization, or conprising spray drying
the sol GEFBNe or AdPBpEREGITichle APBPORKL jathalcgparding to item

1, CQAPER Sidd nt RRe PREEABESEUL ip%@hersﬁa&lg@%s imteiagnp rticle
~according to any one of itens 1 to 6.” Item9. An
digeeesplofcavprist n theGmarv-naceuti cal conposition

accordi nge Lo ANYA0PEoOLsd URITE plehQr frg & HRREL L8Ot release

pharmaceutical composition in the form of a powder for pulmonary
administration, the process comprising drying an aqueous solution
or aqueous 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
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

relative to the pharmacologically active substance, carrageenan
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and an aerosol container. Item 10. An aerosol

according to item9, wherein 35 relative to the

phar macol ogi cal |y active substance, carrageenan -4- is

present in an anmount of about 0.01 to 104 wt.% and

propellant is present in an-apount of about 102 to

10" wt.% Item 11. An aerosol according to item?9,
isvpirelsehtr fhean apampiti s€sabdut enstl @selobrien, seh@chesbellant
;4 rom.t hg ?r ourF consi st i ng .3 of ,sol vents and

AiPESEPRENEY. AT RS, CAnddtosdl” Bectt dRg®to item 11,

wherein Twimtilve Ao detesphasfasl gl €8l E¥eRCh) MBiich further

substance, the solvent is present i'n an anmount of

CuREIEeE £b heRs tweneynehgr t Rl efitepfe f5aRt the Yrisueseansisting

ofl BcAReABUMJ Qfi spReYhnfst 0 103. 10 Item 13. A nethod
for admnistering to a patient a pharnacologically

active sUli$fakée tMareEarobeacemidiingt &petitemall t herein

d1urgse EhHecHethad i 5 i st eri
Seffective, armagl%t m%? Hgggﬁ%m%l@ggibéaﬁ%g%cﬁ%ethe solvent
isspyesanteln mrcamounat ebnabautt I ¢tar 18Yeenan bodttiee dispersant

is?%&ggggtvi_@ ata.r%mg%goggrgbgu%u;.ﬁg?ﬁggi tem 14. A nethod

r sustainedly releasing a ol ogically active
subst ancdtiem {Be Pumgshodofiqr i Rinfigi sadmimg sterd p@tikat a
. ef fective amunt of . a har maceut.i ¢al )
ph%%ﬁﬁ%gpg ]b(%aqclalnfa glgﬁ?’%gs e PIEr fraebl %@’? & 13dmigdprgeed via
theubstasg etlenthetavtiagaeneds i) akine it d8er e 0f effective
carrageenan for epar i a. syst ai ned- rel ease ) )
amSREF gt Ut I EBABOLTE 1 oh bt VBuPHorzARFe in combination
wiatntai sagedriaon tootha pheddrmceliagtsal pyLmidnde route .

substance, It ﬂ1 16. Use of carrageenan for Sustainedly
rel easi ngteﬁ i ar tal6FBgf Py pusteipedbypet@#sd nonat he

phhRgso byg 25 1agnkBt stersusstdndet Be MO0S.RR, eEbREH ¥hhg
amount of a gh?bgageutl cal canposition containing the
I

B A F HERT v W9 @Ts GhLeshie aRUEE PESERI PTI ON

ph&FndHEu DRAW NeBp89i Fidh dortsiaiflaphe SMAWARGC1Bgically
change in serum theophylline concentration after
ACEAYE atRRHESe aAd FMETAHRSIGEs  admi nistrations of

sol uti onrfeses. i psdest é%%ygaé%nén(Pgé“pfgﬁy}ing 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
administering via the lungs an effective amount of a
pharmaceutical composition containing the pharmacologically

active substance.

BRIEF DESCRIPTION OF THE DRAWINGS

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

theophylline concentration after intratracheal administration of
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S D). Fig. 2 is a graph show ng the change in serum

35 theophylline concentration after intratrachea

adm ni stration of -5- solutions Ato D used in Test

Exanple 1 (n=4, nean S.D.). DETAILED DESCRI PTI ON OF

THE | NVENTI ON The sust ai ned-r€l ease pharnaceutica

conposition for 5 pulnonary adm nistration
sdlveriehsaktes mlsed eherssd d:anplePhY (884, mean + S.D.).

“pharmaceuti cal conposition") of the invention is

descri bed below in detail. The pharnmaceutica

conposi tion gErAfin MESBREPPIOE P THECSNFENT JON

phar macol ogi calrtTy active substance that —canm be 1
adni ni st dhedsyphaitrdinglgeseheharmadeaidrcallsoompdertrienth for
Lopl o - AC (.cal active t ance") .

P A IR P R R LI SR T8 o1y
“pbemmarenhiralaccageenbnons) @ fntdrs infent tontisokkebngibée below
inaggg%giion rate of the pharnmacologically active

substance in the lungs. 15 The pharmacol ogi cal ly

active sabstahaEmamﬁutﬂdaltbempbﬁnﬁ?ﬁﬁ @E kBeNOhvention

articularly limted.so J]ong as the substance

Bl By o AECBI g Cal orfsars THesCat fheteren bo,
adfmdhisexestpleia mAENBLAgY ehdle@npitEBNAIS0 U@ red Wb U€imply

varjety of known. substances that act locally, for
asethﬁF%?

CHPEHEUY aChed/ BHORERNCe2D MshgerardprRan. The

colpleit Din &l cBArhBee £idd SyPedntsaniMe d38dgeeRXANRY €5 means
of such pharmacol ogical |y active substances i ncl ude
fOEeﬁ??Eﬁoiiﬁnﬂb&§es9§§%ﬁﬁ§ﬂQEg§?t§ePfp¥kﬁzﬂhaﬁ@Pﬁéégglcally

acsY &t esnsltigse iﬁatﬂéQMﬁﬁﬁglar drugs, drugs for the
di gestive organs, antibiotics, chenotherapeutic drugs

and the [PRePhagRraaliogierdhpl aetivrcisubstagee used in the

in@@ﬁfﬁ$“ﬂﬂé1%bgiﬁagfiﬁﬁﬂéﬁiﬁllimﬁgéét§5¥Hdﬁ8 g%pghgesubstance
flutropi um brom de, oxitropium brom de,” thiotropium

exBLBht Heha maceL paiFahtaf facd sgwhepr atwindisserefienot efat |

ex8ap boI! aEma 1506 TRt X0l hu 18RI eFOlde | §t§{&ECGng%ﬂ%'bf known
becl onet hasone, fl uticasone, budesoni de),

subptaREYhridEtc agtudgsceblyy.  fathesphplei ney the trachea, bronchi,

luﬁai; n@LpMel il'l‘ie oé?géceé )on %Qeagﬁfﬂé el{o% chﬁugé \}seecg ’
ketotifen, terfenadi ne, azel astine, eaﬁnastlne ,
Examp i ¢hifdfammehophadragslqoe cgl Ly dact Dfee mabssedieas) include

ce%ggggﬁﬁg?bugng?ﬁ?&#%ﬁhﬂ%ﬁ %QEEQ g%ari&grvgagggyéggéLdrugs,
cardiovascular drugs, drugs for the digestive organs, antibiotics,
chemotherapeutic drugs and the like. Specific examples include
anticholinergic drugs (e.g., ipratropium bromide, flutropium
bromide, oxitropium bromide, thiotropium bromide), P2 stimulants
(e.g., procaterol, fenoterol, salbutamol, formoterol, salmeterol),
steroids (e.g., beclomethasone, fluticasone, budesonide),
antiasthmatic drugs (e.g., theophylline, aminophylline, ozagrel),
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.g.,

zanamivir, oseltamivir, amantadine), peptide drugs (e.g., insulin,
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cefdinir, ofloxacin, tosufloxacin), antifungal drugs

(e.g., fluconazole, itraconazole), anti-influenza
virus drugs (e.g., 35 zanamvir, oseltamvir
amant adi ne), peptide drugs (e.g., insulin, -6-

calcitonin), antitunor drugs_¢e.g., fluorouracil
gefitinib), vitamn tablets (e.g., alfacalcidol,
caiegdebaliay mntdndmbedbike; (e and delbyshiyes: t R8efinin),
Such pharnacologlcall¥ active substances can ‘be used
ViHeEHE bR % (R Rt ur 81 brcatcidedst me@ebabmbist)s aBd the like;
ad%ﬁb%%ﬁ@gt{6éHnﬂHE%e@EQV%hﬂﬁpBHFrﬁy@$ﬂiyﬁagfﬁgogggi5@“Aéﬁstances
e.g.,

active substances include salts (
CaHy BEOEREDr ES) oandspe oBkxigEre ifepsol caPartvageenhnars

disedcinet e dHav Lan.i ) I havi a . .

° nol egul ar wel ght%B%#rgl%%), OO?@EQ%%%%&%B?Q&&CW(E

subgterceactidigdsi shltat ée.g.ed aidgachsocides and prodrugs
igﬁkginaceae G gartina and Chondrus and Solieriaceae
u

cheuma. Carrageenan is a pol ysaccharide mainly
conpri si Ggrgabeetasarsanid i8, 6he aithyeitdga hach osferdlecule

shown_bel ow, .carrageenan | fate eni ester ‘
g 7 e RE GRPTTS bkt 2 0AnGoreg B E PSP atned by
extratoing fuith W4pes, réd ealgdaApRahKis C{JAY89RARBae Gigartina
| anbda( X) - carr ageenan,

i.ota(i),-carrageenan, . )
ang, €8§9%5¥$ {i’é@eﬁaﬂl%ﬁa%ﬁtaﬁ PBUEEHFE g e SRERATeaRIDIH 17y
poll@shBeh£ioiniee il i A1 y Sebst & IMRTHESLEF 0 S £l 8S6-I N the
nvention, the five types of carrageenan can be used
a“bVﬂtj‘P%J&Cﬁ%e -cdtbitharoRelatie FAsGAUFeRani basatlfate
heflles 8o} nsiRlt@ekedh ageOr HiNg s2QutPuLd e RULRYSBOL 1 4SE Fied

. O the above five types of carrageenan,
1nfgpphie diPegecha®; - | RRRAEDY regebageera iota (1) ~carrageenan,

lah@ﬂ@@ﬁ%@ﬁﬁﬁ%@@@ﬂ@@,Qﬁﬁunp&%E§5?Qé§anEﬁﬁf%&ghky—carrageenan,
preferable i s carrageenan nmai nl'y conpri sing

acrptdlraricagbenaantent pic auldgbenaemiestsar modetaesy In the
QUL a8, [ROCBRodlo ) G200 R o
combination. The mixing ratio can be suitably selected according
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.



HOHHOH CH2OH CH20SO3 03S0 O O p-carrageenan H
---- OHHp---- HHHHOHHOH CH2OH CH20sB HO 0
Op HX-carrageenan ----OHHHI HHHO- --- H
oS8 HOsB CH2 OHH2 03500 OOHHHHOH
t-carrageenan ----0 HHp--_H HHHOGG CHOH
CH20sG3 03S0 0 OO0 HH g-carrageenan HOH -H~ H }—| O
H OSG8 The pharnaceuti cal conposition o
[E%%m?%/gﬂ_lon contai ns the above pharnmacol ogically
active carrageenan. \Wen the
ikstered via the 5 pul nonary route,
@ti ve substance is retained in

p-carrageenan
0..-_-

CH,OH CH OSO
OH
A-carrageenan
-0 H H O-~--
CH,0
T0450 /O
H H L—-carrageenan
O H
H
H H
CH,OH CH OSO

-

“oaso OH
n- carrageenan
—ec0 =N >| ou H —

The pharmaceutical composition of the invention

contains the above pharmacologically active substance and
carrageenan. When the composition is administered via the
pulmonary route, the pharmacologically active substance is

retained in the lungs by the action of carrageenan and gradually
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and sustainedly rel eased. Therefore, the pul nonary
absorption rate of the pharnmacologically active
substance can be controlled and the plasm _
phar macol ogi cal ly active substance concentration is
mai nt ai ned sustainedly and stgbly. Moreover, the 5
phar maceuti cal conposition of the invention has good

arst suageinsdbpiddliepsedhe Theaemaeet titalpuaaspasit 4950 &t ion
in addition to the

th t t
o P BT T 861 1o L st Sub P Ben ANt rol Led
an@ddhé'¥$§$ﬁ§gﬂﬁﬁﬂbb5@gggfgl¥y a4GRead@hid MRS 3B cdfAtration
an

not particularly limte may be any additives used
1§ pafhbalned sirsdiiprdsy %Fil%g%tabe‘,yecu fMOéeéxaﬁpl the
pr&&b@@ﬁti@&iQﬁﬁp%ghtgonaﬁ@“ﬂkﬁ&h@eﬁyggnQ§u¥%@oﬁegtor?ge

sugar, |l actose, glucose, fructose sucr ose,” manni
SIEVERVE S arabi nose, xylitol, dextrose and the Ilke

liquid e p e gl and

101 0 XFLLE0L RGN 28 BRI A BLeDl AN LS nay
CoﬁydﬁexypmopyhdebhthSEhe ghaqmacnybgycalﬂy;?mmﬁveksubstance

0 gl refln d su and t he i ke;
arfO R P LG 60 TRHER ol B RS ABR 0T houghiisisyes are
n0$ipactccu&an1y ﬂahmte&cmhdumdyabéybnguéddﬂﬁiv@&dubhg in the

like rvatives, such.as sodi um benzoate, sodium _,
prﬁ%r%‘@%e‘ﬁ K S - 20°BRT AT F BRI t&%ﬁ9 f barLsis solid
exanpithes | suady aStabfim@@réhqﬁ&chla&to§élrQBhd@%bd £ 8QEtdN8,

citrate and .t ants such as

SuﬁE?ﬁ?fd&FFUﬁﬁge SBB?VVﬁH; ﬂBP?%on@Yl¥Q9%'tHFﬁtrose and the

llk@tbliqwudtdﬂdibeéhﬁs §ﬂdﬁ”asabQ@B?henéK&Dyﬁﬁﬂeth|fﬂﬁb inert
acid esters and |li ke suspension agents

1@?&53” ssugBl erftethyderliylage ndtisiroxypranppl gellulose,

polyﬂi@ﬁﬁﬁ}ﬂirol&d@ﬁ@pa@@idy@ﬂ@ﬂeh@ bliﬁ@@lé Sqte(frihgd 8985 Sind the
llguch @é sodi um ch] ori and the |ike; pH adjusters

fiehl@ricantpyppeh a%$cPa9ﬂﬁ§ﬂé@hP6?@E?%ﬁﬂ élgké ghlydrous
silikes £, Thecki sagi@nd a@ioubl srofe agdi thyes; gan bgo

sui tably sel ect ed according to the purpose of use.
PIERRL tdnpiteftishane $IEium properte onzodinm hgdrogen sulfite,

me@h?lr%?%%ﬂéncabrSSQPcﬁﬁﬂdU@ﬁ qhqt PR 'f%%gu's?§8g3¥zé¥% such as

sultably selected according to t e targe I seas
ClhgEC sl e s@EiuBf citieatepanideihe Ltikrli tdispeobanbe such as

r ca
oeShpeosE i Bl PR AT ADar B oo

triakeatgoevdryilnabeokmibumolybxabty lénd@brbotan fatty acid

esters and like suspension agents or surfactants; solvents such
as water, ethanol, l-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.

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

invention may contain carrageenan in an amount of about 0.001 to
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-9- 107 wt. % (preferably about 0.01 to 106 w.% nore
preferably about 0.1 to 105 w.% particularly
preferably about 1 to 104wt.%, relative to the

wei ght of the pharmacol ogi cally active substance.
Additives may be incorporatedgin the conposition in an
anount of 5 about 0 to 107 w. % (preferably about 0.5

10'owt06 ‘ﬂbr&ﬁerﬁi‘bﬂ? apoef ey ahl Yoahelity,tl o omégé Wefbrably about
rticultarly preferably about 10 to 103wt.9

0 bt iLe o Gt'hé)aﬁéilﬁ‘ﬁ%a‘blfy EHefpRaPhucaheli daltby 10 wt . %)

rélddive sBbshangs.grAcesr ghé‘gpljiaﬂ:n%lgﬁgégﬂ dactlve Isubstance
enbodi nent of theé invention ceut

AHigasist "en le%nltrmqaf@ocatqacégnsem @Qalpt)scuicmllyl) an amount of
7 I ancarragegnan), in an
atldit’ 30egnay QR'Q %p%% k%aggbog & Q% Iy abo&}re

amount of  about pre ®rab
P@fErta@lyoabWt % toand’ va‘ddsl t pﬂESl(:@Bailt]}Clﬂr&[fle)taMﬂjl edhout 10

et unt of o 107 vvt %
(pr ef'er aﬂl’ygg%%t]tvel% tn?‘fogewhto)op%i't AP ENR P g icRd Ly
aateivghsubstaiex macol ogi cal |y acti ve substance
(particul ey st i nmul ant i ast hpati c drugs and

|
ster oi ds)*© ﬁ%&’)?‘&l hy éi’rfa%iafa PraEmead efbbhf meiention,

tief phbemataveidd10Renpbei Phed et hgaka £e. B QBartlcularly
contains iota- carrageenan jin an anount of about
CHLFAPEIOAR . BB {Pr¥e COFRBE 13D AP Sararregeamy wlnypn alﬁwnt of

abaadi DI gestd pro®t beW ardpereabely SbHd .1 8t o) th,“»'a‘ ,3nd
amount of about 1 to 106 wt. /y referably about 10
adif ifes o Partdicaliptyt vt eie \ﬁaﬁhgﬁplof S rmn@lnogmeamt yof

alReitl eroSupsange éﬁgﬁéﬂd%Qba5E¥uEhﬁpQthl5 %), ,relative to
procaterol, etc.). According to another preferréd

thentgdpienel gharmecoboginalinl GativhesphstanaseUphcaicularly B2

stQRRAstL] UhGORkAlAS: CALLAReeNaN s LPaldd cul arly
carrageenan mainly conprising iota- carrageenan) in an

amount of*c&psding.te 2o fugsher . K6¢ faafest ebbgdahentt of tbe
1n¥ggt1$ﬁ 9@he'ﬁﬁa§ﬁé¥§u@f&§ﬂq%:ﬁ@bgDEl8$ co talns l?ta

phar macol ogi cal Iy active tance par icular
CagrREARERAM LD ANt RASY e f @Wg@ anto BT stet OKLEIISE)ferably

abéﬁ%oidtggupo a. i*"tJHH'aBB§E§{ Jggyéu ag g%a&%% ethanol,

L&d
i nventi on, hWar'maceuti cal coMposition
etcot aln ca ré&fg:@lelmanfl&b@rt alnﬂr@nttofbfwtaki@L(pr@fér&lmlﬁ%out 10 to

103\'t pr ‘%E%ﬁ?!z%atroﬁgglglt galggﬁc l].%;Z phar@acoigggcélvley tact:Lve
substance (partlcularly theophylline, procaterol, etc.).

According to another preferred embodiment of the
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 pharmacélogically active
substance (particularly B2 stimulants, 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.$% (preferably

about 1 to 10% wt.%), relative to the weight of pharmacologically

active substance (particularly theophylline, procaterol, etc.).
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35 active substance (particularly theophylline,
procaterol, etc.). -10- The pharmaceutical conposition
of the invention for pulmonary administration is
usual Iy used as an inhalant. The conposition can be
formed into dry powder inhalgpts, inhalant

suspensi ons, inhalant solutions, encapsul ated

i nhalantﬂ?ﬁﬂ@hbtk@céhéﬁhaMWdﬁﬂb8§1€§od'HFﬂtﬁ@t§nvé%%4bn for
forms of inhalants can be prepared by filling t
pﬁﬁ%%“ﬁﬁ%eﬁ?m%ﬁﬂsﬁﬁﬁﬁﬁ8§|f?o#ﬁ%ﬁthhésﬁﬁv@ﬁtQQniﬂhﬂiQntan'The

cAMpRSQRLOAL €arl MAlBkmedCnaS & TBLeLEH- ddial ¢ halant
P neopu

dry powder inhaler, atom zer "bott Izer €
SUsergPécnse, 1rdya lopé é@bvéloﬁinw@@cepsuh@@¢@umnnalpomdemnd like

kridMpalraphs @f%x@%ﬁ%hﬁgla@d%hp 8 éqg%%Jl anﬁgncan e prepared
ed

phar naceutical conposition o P hvElEiER s
by ﬁlﬂhén@o¢hﬁ(ﬂhaﬁmpgaUEIqaliupmmeamtpamtmﬁl&haﬂuhﬁehetomﬁlnto

e ially lLimt in_ view, of
an: %gp gwdéagecel%ogggtrhggggr al rengteﬁeﬁh%o§%ﬁé)§1alpg dry powder
iq@aééeraaﬁqmmzertbettaegenaﬁuhﬂzeutete Ibd R0 ). @Y the above

he 15 ticl
O b L o et YR SR et Lar Ly breforable.

conp03|tMhenothéfﬁhaﬂmaa@htﬂﬁal&xﬁ@ksﬁ%&bhcﬁfaiﬂé’1nventlon is
qﬁ prefer bl e that particl es having
usglzén of ?ﬂﬁﬂﬁm 95" BrPdY ?ﬁbré a@@%ﬁrﬁa¥§ﬁchﬁoﬁlﬁ@?E¢¥iﬂﬁwthe
poabeut i 5%saf és@@cpéllﬁcifﬁite@nguﬁariﬁ(%héwwdf Eﬁgffgfgaéﬁce of

1% or | ess. 20 The armaceuti cal conposition int
the  PAT btcieshdha&he b‘r‘“‘i'?ne jisnpErfeerP Banhéhsr sdngedbyapbout

0. ﬁotoeﬂaﬂmleanbhﬁaQEY&JEer? %B@GtzﬁlﬁénB I“%htﬁdﬁ h the
ying method and the I'ike. According to

pag E%gﬁ% We\/é*ﬁﬁﬁaf?‘é%l%t%&het h@wd%a?hm@@ateucm:al

coﬁ@ﬁﬁﬂ@iéd‘@f Eﬂethﬁvéﬁgfgﬂﬂlsan99W9§ftféﬂlaQ§g2§lﬂ{ggﬁr%@ is
an aqueous sol ution (or aqueous di spersid

pr@%ﬁf%ﬁ#ﬁ ak BAAFHatDT dyivdapl § akze vaf siostadtenrarmg more

acgBiRAYRSNIR: ABLe MEIORAILCYL ALE Nthd e, d5Led, Pragyct
Stated nore specifically, after dissolving

pPagt spetasilyg pre&e Falgeedn o Laas . aqueous nedlun1 a
pharnacofﬁ@'ﬁﬁ%ﬁﬁéc@ﬁ%ﬁ%?l éQQ%go 1§d8$d fgy% 32 4 powder

di ssol ved (or disperse ing usi
B gigrierga onecen QQ)pqydweednbﬁqw@nU$xambmelonhéonqung—

SR TR i AR, TS TR L
Exanp|esA@¢omﬁmﬂg ¢ol bherdayicaheusd ventt stiommeidtandl |, the
pharmaceutical composition in the form of a powder can be
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
dissolved (or dispersed) by stirring using a homogenizer, etc. to
give an aqueous solution (or aqueous dispersion). The aqueous
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-propancl and like water-miscible alcohols.

Ethanol is particularly preferable. After the obtained aqueous
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et hanol , 1-propanol, 2-propanol and |ike

wat er - m sci bl e al cohol's. 35 Ethanol is particularly
preferable. After the obtai ned agueous -11- sol ution
(or aqueous dispersion) is dried by blower,

| yophilization, etc., the resg #Itlng product is

pul verized or n1cropart|cula ed into fine particles

sA18itA8n] ebr Mddedusbal bp8idish) Qs hikeqdgyipeseo give a
powder having the above nmean particle dianeter. |f

lYWQ@é%éé??“”hdéﬁFlve§h%sr¢ﬁ9hqh§§e§r9@®VEJWBYM@@eadde@ or
1b&o§@¥t9éuiiﬁ%dagﬂ¥8 ?%ﬁ@%ﬁnﬁé%ﬁ%glﬁg id Eﬂ?nulls ball mills

spray-dryi ng net hod rmaceuti c onposSiti
OIj ﬁlkﬁedetﬁ¢ﬁ&ﬂt0agp®%d@rpqﬁdaﬂwéavunqetna(aquanmben partlcle

dl@ﬁ@@@&ed’giﬂgc&§%%ﬁl &J@{t§9rgy g&%r%%oagﬂégggvu?£%§be added

sol ution r-aqu I'Spersron)” con
lnphaynaéotngab@Wbysaepsve substance and carrageenan for

m cropar |cuI o ueous solutio or_aqueous
di sper si %\ﬁf rko &ngﬁgé‘a” BRI H‘ﬁtﬁﬂé prtedur e
phafmaheu abmie cﬁ)mpbﬁgtldiﬂ cironiheatbon FBtN@dwdEReor the

. -dryi rocess can be perforned 15 using a known
inFEPREEY SHHbRELY BRI Ty o PoReryLphasesayTdaying an

aqaespsssdliidnn (bhead@ssuLidighbebyiéh) RAHagheagwath the
above-_  nentiqned nean particle dlaneter The |nhalant

Pharmacaledirallynpgt ive Shskersrsand grpssggeanadfor

mitRBph At Sul £tien. CahedlkheRebEs %&Rﬁﬁ%@ l(ékng%ﬁ&ﬁls @spersxon)
har maceut i cal conp03|t|on in the form of
CaB BauRERPHE fiel pvying trﬁecPéﬁpﬁé‘ﬂ%rPﬁTéihﬁodbOtfﬁedrylnq—

mi&P6AY2z &K M chefRLHOd TRRd 5 P§ c!lﬁ)hﬁ'g B"rerV;sé"SéJ}Q be er formed
carrageenan and a pharnaco oglc y active subst

UsgRgt 2 clPie Melihedi stharabyvigavine 4 mmeracpbadnargeutacal
cokPOM: P, £RRN bk OPOHFtJPQﬁOba§a E%JL“:S_L wﬂ:gethe above-

i nhal ant conprising the -pharmaceutical  cOrpositi ono
“@Pﬁépn¢®éﬁﬁﬂbﬁargl®kéﬁéﬁa@¢yrused as an aerosol. The

aer OSO| %ﬁg ﬂﬁlﬂ Qagﬁg%)elflgf neg(aqpnl]glag) SfC;llLlltl n%gt he

phar maceut 1 cal conp03|t on of t'hé 1 nvention an
en@@@ﬁmﬂ4%ﬁﬂlih@ban@nv&EKOSGan@h$aﬂnemmepére@uessagyim

phéi Q@élﬁﬁ c%&%@ nanlg‘l Egg g’oxin oﬁeg Xxg%%{ e[ﬁ];sodduced by

aer OSO prepare
th@ @mge;-systrenszmrdmmhbagntmstm ~-gedQuhd method and the

11%%&&%%q%;%&1n§T§EE¥gé§§%anchdbe %ﬁﬁ%@cglgg¥c£f¥;néglige
substancé that can be administered via the lungs, according to
known preparation methods.

Furthermore, the inhalant comprising the pharmaceutical
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
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

propellants, compressed gases and the like. Usable liquefied gas
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suspensi on, solution or the |ike. Exanples of usable
propellants include liquefied gas 35 propellants,
conpressed gases and the |ike. Usable |iquefied gas
-12- propellants include, for exanple, fluorinated
hydrocarbons (e.g., CFC subgbitutes such as HCFC- 22,

HCFC- 123, HFC- 134a, HFC-227 and the like), liquefied
pxmielqbaum ik IRid)Y kot Bﬁeﬁm@@l tf'l%olrhk§ted l’rl%ﬁ‘ntijo%arbons (e.qg.,
npressed gases include, for exa sol u gases
CHlo S AL UBFHOHIH B HerC T r é@@cgg?ae)HFqﬂs?dlaubHEC 227 and

tHEA98%e( - 9iqudtid08en)o1and ekhgg gron]rﬁp%ﬁgafike

and sol vent may be SU|tany sel ect
Usadpdiet icoaBragsrd arfs¢Sabovbudadhef areraosobleansbkuble gases (e.g.,

10. st ep net
(R%%ﬁgfpggﬁ§é€Léﬁéﬁgﬂge?xg%?ﬁaﬁ%%g Pﬁ d%%%os?tlgn o?ltroqen)

anchéhenkekei on and the step of filling and sealing the
conpositi n ellant into the aeroso
contalneﬁ%g d§a8%$é¥§}ﬁg Sﬂ%%%P?mWﬂy FHEEFRIBstRlected
f raoc ahdi a@dimvetslwelehﬁy@md Giboviehe fol |l ow ng aerosol can
be menti qpned 15 of usable pharnacolo%?cal
I

Exa
acti ve. hﬁs?ﬁﬁ%%npﬁﬁgiEﬁepﬁ?%%%?%rﬁor £REBPHTM 1Bh& known 2-
Stﬂebem@tﬂﬁd aftdns&alsﬁﬁgt ties enfed debeéﬁéﬁid%Q%e coibbdi €n of

t é r%g bne and procaterol drochl ori des
B dPLERYL o St PcabeR ISF HiatEnares SR ldndagbenEemPos tion

anldNP$epsBl Aty in€eNMPhé SAd¥hJAt dohREEAGEENAN are
preferable. As propellants, 20 fluorinated
hydr ocar B6ng BERFPERedHETbedientHRE £h7 amBo$okeaCREding to

theubatehtiss ane prefsrab) %erg§@ﬂpé§§ 1 Mé%@?h ed: Examples

solvents include water, ethanol, 2- pr opano
of| HRablewharmasg leghambly ackivpastbstanadsy ipréhde a;tmtce:aterol

thEBpH?[ILle%&er@1&§'£ﬂ3 Jakkocpl e&agﬂgcﬁigg es,

t he range of about 0:1 to 10:1 nay
Suéé%%w Ytc thhe Thﬁpéﬁwlémn@omcéumymﬁrageéwamydroahlomdes

th@E‘QHf‘f @Ee %@Qlﬂ&cglgﬂl}; > rEQ4 461 20 (R eESE?&’ aa}tbo%%ngs? mainly

, prope | ant in an anpunt 0
COTBVlN“@/olqt@réﬁérmeﬁaab@mE POSEERHIGE Whs %ropsatill\aems

flhBr@Ra@QP a%&@%a@@gﬁgcfd%htgslgfc @6(9ﬁ%f2% %%?P UtCE‘C

to 105 I spersan an-a
Subétl.LOSt@Nt e preferabley ahomtpl@asObft 0sdbPe wxol%ents include

waEg atéé’l’%noq tEep}Agég%t Of dppf% n?fl?el oghcgé} yandC t¥nanol are

Stanc
partlcularly preferable. In particular, a weight ratio of water

to ethanol in the range of about 0:1 to 10:1 may be used.

The aerosol of the invention contains carrageenan in an
amount of about 0.0l to 10* wt.% (preferably about 0.1 to 10°
wt.%), propellant in an amount of about 10% to 107 wt.$%
(preferably about 10’ to 10° wt.%), solvent in an amount of about
0 to 10° wt.% (preferably about 10 to 10° wt.%), and dispersant in
an amount of 0 to 10° wt.% (preferably about 0.01 to 10° wt.$),
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,

cows, monkeys) and can maintain therapeutic effectiveness for a
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The pharmaceutical conpositions of the invention are

safe and effective for |ung di seases and systemc

di seases in mamuals (e.g., humans, nmice, rats, cats,

dogs, sheep, horses, 35 cows, nonkeys) and can

mai ntai n therapeutic effectiygness for a -13- |ong

time. The conpositions can be used, for exanple, as
1ot itim@st It tempgeit SsonsAkhhabé eighE, FWNbKRample, as anti-

nophi | chenmotaxis. inhibitors and preventlve and

asttl%g\a&b%u%‘?@ta?geﬁfl§lfié%%gls<"e@§@§t3as%%+rméuchinﬁmotams

1dﬂ¥81€@95'$ﬁ&:dﬂ@UehEE@é'&HH(ﬁhé}aﬁeHEiécﬁﬁéﬁ%s %o@teﬁéééses

dermatitis, allergic rhinitis ersensitivit
aSﬁ?@&ﬁﬁﬁ@tWstfaﬁ@SIlm%@hal1%rlg‘ifel@|r§éa@res ee;oz,ermatlcarla,

atQRyi PRbL Hhst i her pgﬁhé?@{% %hl&ﬁ%&%?s%%f%%Aé ‘ﬁvﬁkyn

di seases, eosi nophi | pneunoni a r One)
Pn@wm@nibl@bywtd@&ﬁvelb@hnbnaﬁwedbseaseczimaJDﬁbraadlt1#e

hé%?%g&ggégﬁ %s%%@g %g'ﬁﬁgl_q$ﬁcklou d|§§g§eég%énophlllc

use I"ous acterla & tonposi1ions
prganbncal 6818/ synslebué) asctarumcasbbﬁﬁmcttcl\ag@jﬂﬂmoaldy disease

BB ST HRTETEN) L BOER el s TR e

calmyspar Bgn@aﬁndust y)aﬁﬂébliﬁ)nl rhs, ceasdJ1eabinki sr@n@mrauqarly
i ke infectious di seases.

fl
“S&?Pﬁo'ﬁghaf{% Elﬁasl%faqwspﬁaﬁnaﬁ%wwe é‘é‘ﬁ‘pég?ﬁ‘RﬁPth

agehttheoi nateddiniien oBBY ryét Wwed eRendhagy i 42 et Yeepsf,
yg}harnacolo |caIIy actjve substance,. the targeted

PLEgRSI LIy PRBEROME: fht coseREPRI b dmaumendasande,

inZdUbAEStEatliige ABES: ol GkaeEsadm nistration tines,
etc., the conposition is 20 adm nistered in an anmpunt

ef f ect i vELEBPUGH |0\ KigseEE opHarmmboirpgrentigalaccnpesition

ofsulagtmglgne;ﬁaybowtcﬁep%@aﬂacglkotgrxecaé Letlects. For
exanpl e, the conposition is préferably adm nistered

phagrACe kegiad vaget iee isithsdanent (iphdranessledgiiasase, age,
bo@?tbyg?ﬁbe%ﬂﬁggloﬁapfQ§mgﬁxgga58 @x&ﬁﬁﬁ%t@%ﬁhén'fb&%e,

dose about 0.001 25 to about ny, given in
nugbsr nf eusdsbrative diftasr elhaes the dmyppoFheidorim of

kR HIBSIRGRSh oo GATRISILL D OFo L 181 dyIVENL]ON Such

as a po owder, sol ution, suspensi on e
Ph§gm@@@ﬂqgkﬂﬂlé&té@tEKﬂxﬂuhSmgnte t@eexhqhatoﬁts pharmacologlcal

efggéfgacgkggé§§ﬂéﬂé, %gea8£h¥§é§HPStagcgrekeragf§(£%h§glstered

| Sease
such that the active ingredient (pharmacologically active

substance) can be given to a human adult in a dose of about 0.001
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
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

pharmacologically active substances contained therein produce
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As an adm nistration route, direct inhalation via the

mout h using an inhaler is usually preferable. Since

t he pharmaceutical conposition of the invention

allows direct local admnistration into the airways,

the 35 pharnmacol ogi cal | y actijve. substances cont ai ned

therein produce -14- imedi ate effects. Furthernore,
1mmedﬂaUé09EGEQSSCaEbﬁlE@fﬁﬂhet|m% 1@06%Kﬁﬁid§3%aQB§§E§§an, the

t he sustained rel ease of the pharnacologlcally active

CUMTACE FRARHRS Wiy SUshAdned Hidieessnot okher ol onged

piadRA0496h A aﬁftflez‘ét subdbeR&S ane chwheind e a'}\d exhibition
ghar maceuti cal conposition of the invention is

d%ﬁ%%@éﬂeeh%n@cqlw@lpahggf fettequehrerrfifing swhani ore
pﬂé%d&@%%%@§§@r&bmﬁyyitﬁgh'g?tthé %@Ebﬁnfg é&ﬁldi%%%?gd via
In addition, the adm ni stratlon of
theduingsd éaﬁqm%rrtg@ldylln_educxetxm isi sknetesshver,sansi getient
ﬁ%}ﬁ?@ﬁieﬁ@gs ? %%?d@% .'V %&H@tggse%ﬂu%%%ﬁgpéﬁtgghlon of the

arnmaceut | conposition o
mlemhranc glosherageiutddc caef ﬂec@él/;errmcef thderiiigpfaadverse side

e er.se side.effects. FOR CARRYI NG
AR B ok s vel b9 POernaceutical
cdrigasdtiaheof hiehd riveehit@oni Gan Enhapee dﬁéﬁdéeutﬂld t he

e of the entjion is not limted to the

R ERe S B %{h Arpg) and e ﬁfﬂsea%%r%lrde effects.
hydrochl ori de (nmean particle dianmeter 1.8 pnm, (2)

100 nmg of i0ta-carrageenan roduct No. C- 20 1138,
produced bﬁFéIgHQDEh SR ANGaQHTqTHEi INYENTIRN

Al drich Japap1&s Kane gﬁ3kn88éf3% @ooﬁltﬁg%r @atQQrfﬁgéﬁflon in
No. D10252125, produced and sold by Du Pont-M tsui
mapey §ebrhbmilu $heoscong @f) the (yveptioy bf nethylimited to these
exahgobgl (99.5%, and (5) 10.0 g of water were mixed

in the followi ng manner to give an i nhal ant

ion. 25 First, the carrageenan was dissolved in

wat er heati9d 150mg abOUsrSAE2B88 e R 1WL

to about a(zmc Arfn%J LBarddltleon ofythe pr oégtgex\ﬁ%a&%&qde
ARgEEhl of i 1w, - tﬁé APRt 09 eofndotat Fareapeamsimdgpgoduct No. C-
11@@”0 %BH&@éd Igl; 0 heom r

SeBay ke ool g el ML 2 S R
Ja@tanyK BI tohb3 30 - \ﬂ@sga@ﬁeﬁfqmlﬁﬁast(pmdurg: NeFCD18252 has,

pf%ﬁh&gﬁraQQQ§ﬁLW%§h atbéﬂélﬁktsu1 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.
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
was added with stirring. HFC-134a was further added with stirring
to make the total weight of the mixture about 100 g. A 9 g
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 pl each time.
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to make the total weight of the m xture about 100 g. A
9 g portion of the resulting mxture was filled into
an aerosol container and the container was furni shed
with a netering valve for releasing the aerosol in an
amount of 50 pl each tine. -15- Exanple 2 1.0 g of

i ot a- carrageenan (product No. C- 1138, produced by

mgie Chem cal Co. and sold by Sigma Al drich Japan

K. K) was dissolved in 100 g of mater heat ed t o about
80C and 5 ?)h@ 961 1R BiF RS IEEB Rd RIS MsEuNO40E: L g

pr@ﬁu&@@oﬁﬂyﬂ;idﬂlﬁdﬁ[@ﬁucﬁﬂc@ﬁ el Qb:‘\ia%y%g% %tlkir}:'ibﬂ%a an

usi n eni zer The resul ti ng sol utlion was drie
K50 ha bl buesy ey iLRg L Adchiafe vetPHHD 208 tranbPutt 8P €@ and

thkéy sgﬁgé‘ior&% EB1Rd) t@%oqf{l vigr tzeg 8?09%88[)hﬁmlne was
a spiral jet mlIl ("50AS", manufacture
adH@éoRavl/adM&mlmﬁileYCBtprl)ln%u}S@anoh dho)mqﬁmtlzafr | elteose
e t r m m xer
r%§a35§g§ §%#§§i6ﬁ 9a§ r{ga( th EXBQO ep Lptlg; Ma %ﬁ?% {SPHH-
ZODoumatlyp@stLufeopbar ﬁab@utﬁsmlc S?olrpt ) oemd pA\HJvermlze@at@dabout 2

usi. t heo [ Li ne_a maceutl ally a

comg%un %ﬂ\ﬁutl °5n™ f} s ggbg‘gnpoglf’w td¥r %é{ 8sokiua Micron
CdrpVEntIAMlO—WbEde@éughﬁ witi 0astdse WanddBedr €hereto and mixed

conparative co sitions 0 ion A. Theophylline was

usGRELD| FE THOFROEGnPLY® b apHALETDUrT e PBSL - )
TeBroHKEhpIND . 1 05913 manuf act ured by N| ssw

Phar maceu [ cal to give

t heophy! I'P'fie O%Jf)o"éld}%tfiob}ﬁ PSR Qft |p<5‘ﬁrBaceUtlcal solutions

k@t spiragesnal (RESSIUELL iINe. a& 4 138k rmddeR@ueqd: PYact
" ﬁ}ra %ﬁem cal ?:o and solld bf/l Si gha r/ilndrl ch Japgnac 1ve
COP&PRU‘)ld SO4PEERR Vo dS R §6MBPF LN datbl teveoirn gebereas

soa0dibhe A ) @SUnbi BYa8O! &l Qaﬂﬁsecé%%éggﬂﬂioﬁgom
tenperatuyre to glveal 5 wWv% (=10 nmg/ m)

i ot a- car PRYEERAR AolTherBhY BLitsy |as d4seol g 4t dsotonic
phbBpRIEE tbiNFerl 683192, H¥RELEedoangsqsol %aﬁﬁf&@f?@i@d by

Tesque, Inc.) was dissolved in solution A heated
Nigpyut Plgpmacsnd icnd Fesullttidng 56l @t 7o iaggdosl él@lecmhylllne
sofi@PMmytenperature to give a 5 wv%agelatin solution C

30 Solution D. Sodiumalginate with a viscosity of
500- 600 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
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.

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 A to give a 2 w/v$%
sodium alginate solution D.

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

about 18 hours were used as experimental animals. The
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cP (product No.199-09961, manufactured by Wako Pure
Chem cal Industries, Ltd.) was dissolved in solution
Ato give a 2 wWv% sodium al ginate solution D. Wstar
mal e rats (body wei ght about 220 g) fasted for 35
about 18 hours were used as-gxperinental animals. The
-16- intratracheal adm nistration of the solutions was

irptmaftmanﬂ@lal aa&in(lrrdjsm@‘atooﬂi hes rmieh@dlde_smé ke ig2rformed
nker Physi ol ., 222 (1972)

S
acE N 00 Tt methed deehihag ianOLneksbed wiSihor A1,

J.peniebarbj tad2 (@bogt , 38. aa8 Kgrhandi $ecHed 08 netdeir
back on ani nal boards the tracheas were exposed

angFthghhzed W%ﬁﬂprGGPH%Fb}?ﬂ%sﬂQQ@UtA3§e@$4Kﬁ? @nd secured on
thRakyBhAY| &heuditRe bbafds 1l the PRacBeds %%e%O%eg EMtough a

in length was inserted through the tra nci st on
longi tydgnat aicd sépno. @ @adsérneefl phkydtdyilenantubé i fit.ld. 1.5
mod, ' 8CHEAD i Rgs oC l;to0 t 0 I agh

of one 1d§ﬁﬁ%d€e %@cr%l%%iﬁih WS d?ﬁagg%(tﬁﬁghsg Ep
tnagbedt alwnc i gitom ioglasd1stanneo&¢rOngecmethdeanthatfa%ﬁh and

AP PUBREL 1 AR 1P T8 LR L LA 2B, o o

huaboed mrmxdﬁﬁhﬁnsabfodrmj ddiaittivashrabn ﬁ&ﬁﬂurahhelnto a glass
solutlon was ected over aéggrlod of 1-2 sei About,

MipEOSYEI NG erantdh i@ b % ghned it 24y aggle of 80°. The
tlposuftspm@ﬁhaarlasgkee@};trﬂx%@@d t:h@fpdﬁyt‘étziyqanbntmb@ to 1-2
t he osed w suture, After this
oﬁéngagh 4%Hr gh%ﬁ diienitseraefon TheR, e feplitdon was
1nb¢cad@1dvéﬁ(ﬂWp@g1&800P|l{ﬁ s2Ql. Ut AU tA 45h58HORE e the
moral _vein. 20 0.2 nl of blood was collected from

ac BT S E it rR. SRS Ppsdédonedmt e anglei Af, 19°and the

infiBion SidNthe skdnMv8s , tHdh M1BsedOwi M Nsutuker -, 1 S
hr., 2 hr 2.5 hr 3 hr 4 hr 5 hr. and 6 hr.

aft er théftﬁfr%ﬁ¥§mﬂﬂ§§ﬁtéﬁﬂ'|¥ﬂ§%ﬁﬁﬁﬂ§ﬁ§ administration was
pe@@ﬁkﬂé@ﬁﬁﬁ%ﬁ&ﬂﬁl§Bgr1ﬁ§nﬁﬂﬁgqggg §$l&§§91§‘gﬂgo&ﬁh the

m nut es. The theophyll1ne 25 concentrations int
fepgtal nétiiser um were measured by HPLC. Fig. 1 shows the

serum copcenty alf Qﬁoto'dn@agr&giiﬁe%f fégmeelpgyédﬂd’l%v1an vein

after intratracheal and i ntravenous adm ni strations
atolSseputi 3 AeCn=4l migan 2Smbn), Fimin.2 dRowsnt hel5 min, 30

mife UMigoncansr gti ony thye prefhles ofy. 4 hr, 5 hr. and 6
hr. after the intratracheal and intravenous administrations and
centrifuged at 1800 g for 10 minutes. The theophylline
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
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
following:
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30 theophylline after intratracheal adm nistration of
solutions Ato D (n=4, nean S.D.). Table 1 shows the
nmean pharnmacoki netic paraneters for the intratracheal
adm ni stration of solutions Ato D at a dose of 100
pg/ body (n=4). The paranetersyin Table 1 indicate the
35 followi ng: -17- AUCG6hr: Area under the serum
AUChgophydd imﬂe@onﬁenﬁéﬁmh Qhedophi® 1 Ty ecdrizebthtsisht €ime curve
adm ni str ti oné] AUC nf: Area 9nder the serum
t heopi®y I A& ¢b %‘g l&ﬁrf‘Fh%n CHNET/BS) infinite

AUtL e Z&féaﬁrur@@ﬁﬂ ﬁhé%é‘ﬁlhj@&k(@%ﬁ)hﬁ/iﬂlie %&oentr%%bﬂ“ﬂme curve
serum t heophyl I i ne concentrati on Trmaxdx: Tine
r equitPednE N} A ch B d e %WMS{%%B@W (gehr/ml)

CO”@S&EM&H'§%Qu&hE%e$6ﬂ¥ﬂilne wgﬁeeﬁ€¥%é¥ﬂ%PQH59H§)

calculated through infinite tine
TngdnT s treguiigay toryeddh MARimEn $twun diteoppyldiné i ne

(caI%Inggﬁgrg g Ljnflnltetlma after

adm nistrati on Fl g. 1 shows that pul nonary
MRé.‘Ii}&orm&nrorre@fldEheephyrhdal fmlomdsted guialghaddfenf eett e

as agl%kgveg b]ynlls%ra%\é%%}lgg?% adm ni stration. 15 As is

cl ear rom 1, as conpared with
MAT a1 agﬁenalbsbn:pemmltutme)n(oél(:omatéwlt)hrdglgﬁ SREUMite time

t heophyl lin cent ra change after the

i nt rgl}rytggh% Lqtdep t|€ﬁ> of 1 wv%

i ot a- car Fageenasrhcsm lthLaanBlrﬁdi’t@/!’:y susbaphesh ret @dsephylline
harmaco I net,i ng erties; i.e., a 5 5-fold increase

n¥ i A TR0 296 FESRRC1 YR arFa%CHﬁﬁY%%r%lt‘ﬁééﬁﬁyPWne

adeoncentdtatonen (T,,,d, {), 2.2- fold increase in nean
residence time (MRTinf), 4.9-fold increase in nean

absor pti 8@ % rfvéle(cmﬁrﬁfﬂ) Fadd 4Grebsrsbppr bsstorrasparhe with

caHﬁé¢é@ﬂﬁdﬂﬁﬁéﬁn56§&tiﬁh\Mtd@%HErBfﬂUQHQQs%QﬁmaEﬁ@b Q1ne
the serum concentration-time curves (AUCGhr f).

conrigRleraes chapae et e hat rabericod @fﬂmlnww@tlon of 1

w/ U9t BoteRIdA4Q8BaRah RANTS orabURLEs silstahrad Ll ease
propertles i.e., prolonged therapeutic effects as

PheBRiFRIEINEtdE ByORRT hiasance - of 2 AUCH cdald iADCkAge in time to
reﬁ@ﬁugﬁgn%Q&%ﬁﬁese§wQQjﬁ§;@%&il@é gﬁﬂgﬁﬁﬁﬁﬁﬁgg Py , 2.2-

SUpprSSIOﬂ of ,,,,,,, I NCr
fold 1increase in mean residence time (MRTi,¢), 4.9-fold increase

in mean absorption time (MAT;.) and 40.2% suppression of the
maximum concentration without reducing the area under the serum
concentration-time curves (AUCg,, AUCin¢) . These results indicate
that addition of 1 w/v% iota-carrageenan imparts valuable
sustained release properties, i.e., prolonged therapeutic effects
as demonstrated by maintenance of AUCg, and AUCin¢, reduced adverse
side effects as demonstrated by suppression of Cmyx, and increased
effective serum theophylline concentration residence time as
demonstrated by increase of MRTi.s and MATne.

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 Cpax but no increase was seen in Tmy, MRTi.s and MAT;n¢,

and thus no sustained release effects were observed.
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effective serumtheophylline concentration residence

time as 30 denonstrated by increase of MRTIinf and

MATi nf. As conpared with solution A, 5 wv%gelatin
solution C, whose sustained rel ease effect had been
confirmed for 5(6)- carboxyfdugrescein (CF)(nol ecul ar

wei ght: 376), slightly suppressed C,,,d" but no

increase masheeanren T,w/ ey soRumnbl@iththABonliri3h Bndvhich
h hus _no sus ai ned relga effects wer e observed. -18-

T HaPRarbLY A oS ol i &Y i 1P Ce6F B8P IRED, SUMEEAN B.
ddtasagevi 800&i dnd RUTL|aknd Oa sVeYu-BHAMRA [ BGREMAR; ... It is
solution B, decreased AUC6h and AUC ,,f and al so

thusg 0BG L NAGH rthatafdenritmenary sustainad eokRatried ferat of
cdii@gRehARNAE \ntHadletedn et £a58 &ffi@Gt bOE Bs carrageenan-

carrageenan i s not based on its viscOsity but is
SRegrifd§eenan- specific. [Table 1] Sol uti on Dose AUCShr

AUC, ,,f Crmax Tmax MRT;,,f MAT; ¥ (fig/body) (ughr/nmlL)

(ughr/ L) (ug/nmL) (hr) (hr) (hr) A (Control) 100 2.89
(7432 3796 0.0042 4.43 1.32 B (carrageenan) 100 3.96

8.33 159 0.023 9.55 6.44 C (gelatin) 100 3.00 4.01

2.92 0.0042 4 29 1 18 D (sodiumalginate) 100 2, 11

2. 44,196 0. DP3Pog 00 AHCad 10A¥Gurusi fgwcar rhgeendWRTa  MAT,
t oget her mﬁtn@amﬂhaﬂnamdeQMQahﬂmL)amymup sabstanqea (hr)

4 gﬁﬁrnaceutl I np@iltloquﬁf th% nvegbhgn 2 132
i .

vantageous y control e pul monary 4 sorptlon ra
rlaf®nanphar fraceh ogi cad 4y actigng subst@nce @pg al Igggv 6.44
the substance to exhibit prolonged pharnacol ogi cal
Gkélanys. 15 [Thewopubl i casd ons nemti oneh2i n booL 4.29 1.18
specificatioph are incorporated herein by reference.
D (s@liunGlginatg | 1.10A sustZlined- r @l4dase [Rér madellsi cal.oo -0.11

COMPOST T O fOr —pulmomary adm i stTat Tom conprisitny
carrageenan which is at |least 5 one nmenber sel ected

fromthe QuUR, SO0 st - _carragee
i ota-carr geeng andﬁjﬁ el’li@lélga ca??gtg%%r%nth % H%maCOlOglcally

aqﬁhaenaub$tgpa§altyeaphanmaeﬂnrmnanceompa$immﬂnkmf the invention
AdTL0L 3 ST &SL A2

ca d ageously control the pulmonary absorption rate of the

pharmacologically active substance and allow the substance to

exhibit prolonged pharmacological effects.

The publications mentioned in this specification are

incorporated herein by reference.
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the lungs. 10 2. A pharnaceutical conposi tion
according to claiml1, Eeln the carrageenan i s at

| east one menber selected fromthe menber sel ected
fromthe group consisting of anticholinergic drugs,
R2 stimulants, steroids, antiasthmatic drugs,
antiallergic 15 drugs, %qtllnflanrnatory drugs,
antibacterial drugs, antifdfgal drugs, anti-influenza
vi rus drugs, peptide drugs, antitunor drugs and

vi tam ns. 3. pharnaceutical conposi tion according to
cﬁa|n1& ) wher ei n. carrageenan i s gresent in an
afrbunt ofs%ﬂgédﬁeﬁ 681°1E 107 RECHH T AL | vemPRStien  for

pulmqﬂuﬂywadmimmﬁuhﬂthpnacbmyfiéﬂﬂ@Sb&ﬂ@@geéhanAwhlch is at least
arnaceutlca ositign according to.claiml1,
one %r?béﬁrn £i&e }E]%(grm 5?%gi@51 | IR v&CREh3t Hite 9% drigpa-
carrapseben, 2505&9&aﬁna@eénan1tmmdgrrnmbdaeesrs&qéghdﬁ Pdnd a
I ant.i asth tic dru nd_ster oi and )
pharﬁ%59g§ ee%é? rﬁﬁﬁw g%ﬁﬁ?P%.ngﬁ? tga%aP?aﬁéhﬁﬂﬁfﬁﬁfed via
the Jyngsent in an anount of about 0.01 to 105 wt.%
relative to the pharnacol ogically active substance. 30
5. A pharmaceutical conposition according to claiml,
which is in the formof a powder having a nean

particie gdiamet&lc; af) a@% th]ioBO %(%: phargra ¢S PLPSESS

for greparlng a sustai ne ease ceutlca
wheredgnsssi croradasnahe iform bfast puwdererber pel et froR0the

memb&d%@iecétfe@t | Bfbm t Qﬁepfd}%%%S E@tmrétﬁ'ngg djtr ybggl%llnerglc

agueous sol uti on or aqgqueous dlsperS|on contalnlng a
drugsph A nBEHMYIGFnESl | ytaseidee adghas et icharugan drtiallergic

drugs3dnddtishel Sfr vd & dyheaduyags ANd paaks ANeEN@ igs foérltﬁ%ﬁgal
by pul verization, or conprising spray drying the
drugssolaBHoh“@r“ecﬂ‘lzépéf‘é‘ﬂ%rfiruﬂs ARCPRha¢ a%tugé@r'rﬁﬁst‘m‘gﬂt Heugs
and vpilammaseuti cal conposition according to any one of
claims 1 to 5. 10 8. An aerosol conprising the
phar maceuti cal conposition according to any one of
c} ai nsA 1 phardaceautproapel tantosandoan aoaemasﬂcb &@nt@iﬁe{r 1,
where?h @Qréﬁﬁéﬁ%@n %gcordlr%ktf% %&aggb§ht o) gﬂtrslg% to 10’

Wwt.3% relative to the pharmacologically active substance.

4. A pharmaceutical composition according to claim 1,
wherein the pharmacologically active substance is one member
selected from the group consisting of B2 stimulants,
antiasthmatic drugs and steroids, and carrageenan mainly
comprising iota—carrageenan is present in an amount of about 0.01

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

5. A pharmaceutical composition according to claim 1,
which is in the form of a powder having a mean particle diameter

of about 0.1 to 20 pum.

6. A process for preparing a sustained release

pharmaceutical composition in the form of a powder for pulmonary
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15 the pharnmacol ogi cally active substance, carrageenan

is present in an anount of about 0.01 to 104 wt.%

and propellant is presenszh an amount of about 102

to 10' w.% 10. An aerosol according to claim8,

whi ch further 20 conprises at |east one nenber

sel ected fromthe group consisting . of solvents and
Oﬁgsﬁe

adminfisdgardant sthe pr YR SABGoR HY Y 139 eARpPNS olution

or aMielaisn ﬁﬁép@iﬂsﬁ%n}ocoﬁf@irﬁh@f nacomg&n(agﬂsolmga@&ime acftive
subst apce, t solvent is present. in an anount o
SUbSEARGE CHAE 6oAD P WA N AR TR YARS pRF SHHIT3 &Ny cRmIeePAn,

folla@rdanbynt paf vebioddt idnt, 0 303. c@bdidinysesptagarddgegnanhe
1 whi ch ig.at | east one nenber selected fromthe group
solutdeRs P&t FhigPUt° Wappa- car r ageenan, iota- carrageenan and
| anbda- carrageenan for preparing a sustained- rel ease
phar maceutical conposition far pul nonary. . L

Dl % AR oreResh a iin B G AR et £3ds composition

accorklilpgt anceny Ime of claims 1 to 5.

8. An aerosol comprising the pharmaceutical composition
according to any one of claims 1 to 5, a propellant and an

aerosol container.

9. An aerosol according to claim 8, 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 10" wt.%.

10. An aerosol according to claim 8, which further
comprises at least one member selected from the group consisting

of solvents and dispersants.

11. An aerosol according to claim 10, 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 103.

12. Use of carrageenan which 1is at 1least one member
selected from the group consisting of kappa-carrageenan, iota-
carrageenan and lambda—carrageenan for preparing a sustained-
release pharmaceutical composition for pulmonary administration

of a pharmacologically active substance.



