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

pul monary adm ni stration 5 TECHNI CAL FI ELD The present invention relates to
a sustai 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 absorptiom-of drugs is faster than

gastroi ntestinal absorption and it is known that the smaller the nolecular
wei ght and the higher the oil/waterSpaciftdamoNcoefficient, the faster the

absorption. In recent I i as_ 15 been reported that conparatively
fast absorption rat ess%gﬁlﬁgd &%ﬂ?aesveezjh&?@ﬂcw Yadaf-errest tie drugs and

macronol ecul ar drugs. Ther efor epulpinaeRasnimaPSAREieR i s attracting
attention as a new admnistration route for drugs expected to exhibit
systemc effects such as insulin, calcitonin and |like biologically active
20 peptbdes. However, sone drugs, evemady mgigred in trace amounts, have

a strong action. |f gﬁénnnary absorption is toorapid, the drug
concentration in pla PEpIdily inventage sraidemayopa osiets iredirerdeass de

ef fects. FypHahesmeheical thapgahi PHAaRaLY 1 Distratl has the .
advantages¥?$ al | owi n ,goodggggg#%tiontaﬁéé ?%gﬁéﬂﬁﬁﬁs%é¥§§c??J%ﬁ%%%}yrt IS
difficult ©E®dproPEITEn PhEhapeutd aisef theteonf drugs and there is al so
the problem of patient inconvenience because sone drugs require frequent
adm nistration. 30 A neans for prolonging the pharmacol ogi cal effects of

inhal alits is, for exanple, tRACKGROWD HF THASONYENTERAration as a |iquid
| i posones are

i nhal ant as descri bed_]| . atent No. ,5192528. ver, .

general |y unstabl e a%%ﬁ%h##ﬁ%ﬁJEP&P8H%?%§%?¥EE’FQBI U9Sodm £eRpRY dthite
for a | onggperrothtofstingk. al3Sorfieicef and, ia & ablcemsushei Aed-del19a%ethe
pharnaceUthgﬂécularlweight 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 macromelecular 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 biologically 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 pulmenary

25 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.

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



-2- conposition for pulnonary adm nistration that allows pharnacol ogically
active substances to be absorbed in the lungs at a controlled rate and
exhibits prolonged pharnacol ogi cal effects has been in great demand. 5
Japanese Unexam ned Patent Publication No. 36233/1992 discloses a

sust ai ned-rel ease drug prepared by producphg microspheres froman aqueous
sol ution of a water-soluble polymer containing a physiologically active
subst ance a¢mhnﬂadapsulémtrgplmdmarpoh@m&ﬁldﬂraalbmdtﬁmﬁndmﬂbwsbl0degradab|e

and bioabs | es of such water-sol uble

macr onol ec %ﬁg&acoégggﬁ%%iEZQ%§lﬁﬁb??@ 3SRt PEndPsodiainial §haatengs
gelatin, car raagﬁena@ll@di CratidoweMes xhithere ;Jr%laﬁgé@%ﬂé};@na%%‘%blégf

admi ni strat his, sustained-rel ease drug via the pulnonary route. 15
DISCLCSURE€€ﬁ£¥%E FN@ BRATTONTAYEEB) €228t t he i nvention is to provide a

sustai ned- rel ease phaiIResut 1SR anGHPOBLELYN HANLRRL pﬂconpwzta%% 3i ng

pharnacologlcally active substance, the pharnmaceutica
able to 20‘Eﬁ%&Péﬁst%es$ﬁH§ﬁﬂ%§ryeé%@%ﬂ[ﬁﬁu®1P@EP@h%ddhamn&@bb@ggcalIy active

substance aid:REEAVES, PFQiPRACdoROALIRGAGLAALe &l Toals Mhgh, , 2d St er ed

via the pul nonary route e pr gsent i nventors carrle
resear ch t Condgipényg he thﬂﬂqéwgnnalhp<muuﬂmgreuhdtam¢eaﬂmm bﬁuaﬂsmiﬁﬂlng

addi tion a colo |c act bst ance t hat

can be adnlnlgtggﬁéégﬁggimg%?uﬁgs cdn 2 r? %% lo? 8°F ors

carri edOoutpcflymeher Hsntaaampﬂzes rafs eaichhwhas eds ginit ki ﬁaci‘:brﬂ@llél%ﬂ%&dht her eby

acconpl i sh nventiaon, .The, present .invention thus provides the

foll g\?vi ng: %%%P%é%e’l Llllé)tlél ﬂ'égor? ﬁ%@nﬁhﬁ?%%lﬁ%gdﬁiatéonﬁ%ﬁtﬂ%n f or

pul monary admiragsémat, GtcCONpwsidig taéfﬁgﬂﬁﬂﬁﬁ n%ﬁdllan BbaiimagR] ogi cal 'y

t he | ungs.

active SUbs%%Qggs%h 1éﬁa%fb%hggn;£g€§£gé% rgigése drug v%a 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 phatmacologically 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.

ITtem 2. A pharmaceutical composition according to item

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



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, iota-carrageenan and | anbda-carrageenan. Item3. A
pharmaceutical conposition according to item 1, wherein the

phar macol ogi cal |y active substance is at-3east one 5 nenber selected from
the group consisting of anticholinergic drugs, 32 stinulants, steroids,

ant i ast hmatie @irays, cemsiziliner gifc kagpargsrragtehah) ahowd-arar rdgegan and

anti bacteri U i fungal drugs, anti-influenza virus drugs, peptide
drugs, anti%%ﬂﬁég g%ﬁﬁggg%ﬂ#$”vitanins. 10 Item 4. A pharnmaceuti cal

conposi tion accor di ngtem Bt el pharmheset ita0aCOAGEENEN0N Sad¥BSRAL +8H Ak
anount of %Fo%%eoé901 to 107 wt.% relative to the pharmacol ogi cally active
subst ance. 1t &c5oTA BiamREBEPLApL oSFLiBR Adethaary iSoaft bpasty one

wher ei n>cameageensals@idy ¥ reTphé S§RG) QAsEat { AFESH A1 Shb2 i REESENt in an
anount of about O gl to 105 wt.%rel ative to the pharnmacologically active
subst ance &4 IhePHnalriTREarsgr caFeyoidit PRé asbianalnoe diosneanthdidergic

sel ected fr@mggheagﬁml%gﬂﬁitgﬂ,ngmcgr %%t%élg?:’éﬁfﬁf’dﬁg agﬁ?ggﬂggar%dr ugs

[
and steroids. ltem®6. _Afphar maceutical conposition acco i n 20 1,
whi ch is i AURE f 3r vimfdugpadeyihayidnnos meept pde tdwmigs, dhatretesr efrugkout
0.1 to 20 pwA. viteM 5. A process for preparing a sustained rel ease
pharmaceutical conposition in the formof a powder for pul nonary

adm ni%fration, the preteés EopbaivacmutdoailngoapoaitimiscEordihgnto 3% «ar

aqueous di spef,sLon: i.ni arnacol ogically active substance _that can
be admi ni s? er gﬁégﬁr??%éﬁ@ﬁg%gga%nﬁ?(parrersgageg%na}n Efzy?ﬂqn&\é’% BYORhI Xtz 501 on,
or conpri silAg Wprayedayivg tdehes phatinato ugidiadper steive | $@Bt8ncAN | nhal ant

conprising the phar utd ca 0 _conposition according to any one of itens
1to 6. Item9. An ggg%go : cénﬁﬁ‘?gpéh thﬁé?abwhﬁ?%%%%ﬁli%laccordmg to item

1, wherein carrageenan mainly comprising lota-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 sclution

25 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

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




conposi.tion according to any one of items 1 to 6, a propellant and an
aerosol container. Item 10. An aerosol according to item9, wherein 35
rel ative to the pharnmacol ogically active substance, carrageenan -4- is
present in an amount of about 0.01 to 104 wt.% and propellant is present
in an anount of about 102 to 101 wt.% Iiem 11. An aerosol according to
item9, which further conprises at |east one nenber selected fromthe
group consiiﬁimseﬁtoinsm \fmrfrnmtanﬂ aﬂb@tﬂeroamt o loemtl2, AdasrpsQliant
according to % wher ei rel §t| ve tq the pharnmacol ogl cally active

subst ance, Jt%é)r%g DEnt™ 15 aﬁrl'oéjélgnf’ A a_H)Dan‘P Bt 4bott 0 to 106 wt.% and
the dispersant is prESsntlin N aFBYsl HMcaRaHy Qo 9té1939 wlhhe%}%er“

met hod for admni sternggeto a patient a pharmacol ogically active substance

that can b&A¥Tifst @ %ﬁ%on{eh@eq“la%sse]{elfféeﬁielfﬁ@@ dmeriosipngonsisting

adm ni sber idyy salveht eciny @i -peR4phtof a pharmacol ogically active substance
in conbination wth carrageenan to the patient via the pulnonary route. 15

Item 14. A nethod forlt§fistar nddl yperesehsaerpralinghaonboot ddi cahkyenct i ve
subst ance 'ﬂél%@?véuﬁgsthéi rhﬁbggogéggﬂlﬁL%%% bggsubs %ﬁa% Lgﬂ%rﬁ§ﬁvent

effective amount of a rmaceuti c osi fion con
phar macol ogﬁcﬁﬂe?@nhcm \ﬁél @lml@s*tnancé ahtc &r ltagé@ﬁ&m $20ahd ethel 9li sPsesght

carr ageenan f Bg: Qéggaﬂ %m%ﬂﬁ abf'eqo el ease har maceujtl cal conposition
a phar 80I8g}

for pul nonary a m nrstra | on ally active substance. Item
16. Us&0of carr ageenemefnoﬁsuﬁt aknbddl yfoeleidhig teaiphaiorac ghegésald y

tive sub i1 the l.ungs, by 25 administering via the lungs an
Z?f ective g"ﬁ%gﬁgc‘g?o%lcalhlé’r %ﬁgéﬁ?l%‘%ﬂ %&%ogp?Fo it APRLRgSEeed via
phar macol ogheal iygs ,adihevmesubst ety i BRGEEMESCRE SN QR FHE-QRAW NGS 30
Fig. l.is a gragh Eho ha%mahe change in serum

cologically active substance in combination
with carrageenan to the patient via the pulmonary route.

15 ITtem 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.).

I+

Fig. 2 is a graph showing the change in serum

35 theophylline concentration after intratracheal administration of



t heophyl | i ne 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 -5- solutions Ato D used in Test
Example 1 (n=4, nean S.D.). DETAILED DESCRI PTI ON OF THE | NVENTI ON The

sust ai ned-rel ease pharnmaceutical conposition for 5 pul nonary

adm ni str aticdmtibesehnab tierusalds onreder rechrdpd eSi Mphy4 ameanpRag n@ceut i cal
conposition”) of the invention is described below in detail. The

phar maceuti cal conposition of the invention conprises a pharmacol ogically
active substance that capeirerrs® adntRistenedirart fgvihngy (hereinafter
also referred to sinply as "phar macologi cal Iy active substance”) and
carrageenan. The comfosPPbRtieddkaraseephaetrdprtéont abamarpiddonageenan as
a meanss f@uleenhiel ddilthiReaabeer fidn ke, of She.pharorcel ogl £al) Y.
active substance in the lungs. he pharnmacol ogi cal'l'y actrve sianc
used i n t hePhREpaGEREiCals QQ@PO%HCPI’@UI afl yhei myed isn Ilsngeatsri}:imei debstvance
exhi bits pharpregl pgi cal effects when administered to, for exanple,

mammal s via the pulnonary route. A wide variety of known substances that
act locally, for exaﬁbbeph@wmadamt&caéheamp&sxnudm pf20hé unger@riokhhe i ke, or
act on the o] used Exanpl es such ar macol ogi cal |y
active subsgﬂﬁ%%gegﬁ%%ﬂgggmggl r 6ﬁéV§y§¥ ggﬂabe?¢bﬁﬁ?al ner vous
syst emd@r ugspintsreliay adeukhe Hmugs (Hbregsatoer taledirg sk i@ @ GARS1y

anti bioticg, chenpther eut s and the |ike. Specific exanples |nclude
25 anti chofT nef gt ™ %ﬁlﬁﬁ%lfg gy V5 PORPLANET Omads CRFERIRRAAUM  BRoni de,

OXItrOpIunthpm$IkioﬂIﬁsOthba¢ﬁ@ﬁM2@H %@)coﬁgglﬁiﬂ b%ﬂééeeﬁéhﬁhs a means

procaterol fenoter Ih sal but anol , f.ornoterol nmet er ol steroi ds
(e.g., becfShe ing hhf caRHEL H&Hdé@@ﬁl@@ﬂthe Qﬁ@?@%@@#ﬁﬁ%Q§Ldﬁugs
(e.g., t hea@hydrélm;;st@mc@omyﬁﬂé n&mngazagrel),

15 The pharmacologically active substance used in the

invention is not particularly limited so long as the substance
exhibits pharmacological effects .when administered to, for
example, 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}, P2 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.q.,
fluconazole, itraconazole), anti-influenza virus drugs (e.g.,

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



30 antiallergic drugs (e.g., ketotifen, terfenadi ne, azel astine,

epi nastine), antiinflamuatory drugs (e.g., diclofenac sodium i buprofen,

i ndomet hacin), antibacterial drugs (e.g., cefixime, cefdinir, ofloxacin,
tosufl oxacin), antifungal drugs (e.g., fluconazole, itraconazole),
anti-influenza virus drugs (e.g., 35 zanggvir, oseltamvir, amantadi ne),
peptide drugs (e.g., insulin, -6- calcitonin), antitunor drugs (e.g.,

f1 uorour acidalogebninhi ntituimbantirugableaiss , (€1Goroddaqal gbdotinib),

mecobal am n\)itand t@ i ke; —and dﬁri vigici,ves t hereof . Such phar macol ogi cal |y
active substanted “Rarflire Gsfd- afbIRCHICigela HEXERA EmEn) apniletie i’

menbers 5 seleckedvitomd heeaboye GRUPphSHERRAS RS ogicald Béuﬁﬁfcia%{SeS
substances include salts (e.qg., hydrochForldes) and prodrugs thereof.

Car r ageenarfds€§ P7eR -Gy eRt #Od iRl e pEndt ekadsds thavinegbarsiol ecul ar

wei ght of Q08084 er 0 | ne tl wi_th.water red
al gae such as G gartiﬁggggeggeggr%@' and&é?g#g}“géggﬁﬁl%%iyeraicgégge
Eucheuma. GiPehgBemaniniadugepstisacthar-i.dbydrdch\omiams)i shdgpgadmeisose and
3, 6- anhydregalggtose. As shown bel ow, carrageenan has sulfate hemniester
noieties in the unit structure and may be classified 15 into five types,

i .e., kappa(x)-carrafeenageecriaot asie)l- ¢ar tiageernant iohatdda@-reanl ageenan,
mu(ii)-cariage eaq%-c rra n cc gi to the content of
R T SRS R
car r agenarxtaacbingisddhsivagey wid idlgaeopbtmald elgathenit & LI A A pgan be
suitably S%Inglc gd ccordi.n EO to the purgose of use. O the above five
types of carragé@iam® a?ﬁpg%-%%?lr%ﬁf@t?ngﬁ,c PHt%- caPFERERSER dRda
| anbda- car paygemarhaariele p&ef By aldnpriEsRgChal dorefanabl g-is carrageenan
mai nly con‘g{li @i ngga i ot a- carrageenan._iota-carrageenan Is particularly
sui tabl e fBPOUSEOIAIACTPESr mitSa SEPwRHRRIPieHEarrageenan has sulfate
hemiester moieties in the unit structure and may be classified
15 into five types, i.e., kappa (K} -carrageenan, iota{i)-carrageenan,
lambda (A) -carrageenan, mu (1) ~carrageenan and eta(n)-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.



0350 000 O HHHp x-carrageecnan | HHHHHHOHHOd CHZOH CH20S03 O
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HHr~ carrageenan 0 HOHHHHO H3_HOHHOSO The pharnaceutica
conp05|t|on of the invention
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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



contai ns the above pharnmacol ogically active substance and carrageenan.
When the conposition is admnistered via the 5 pulnonary route, the

phar macol ogi cal |y active substance is retained in the lungs by the action
of carrageenan and gradually -8- and sustainedly rel eased. Therefore, the
pul nronary absorption rate of the pharmacplogically active substance can be
controlled and the plasma pharnacol ogically active substance concentration
is nalntalﬁﬁ@i§@@tannedﬂy.zﬁﬁéaseablwhewaeb&ﬁrthéfphﬂ&oﬁhﬁ?ﬁﬂﬁﬁﬁkﬁﬁ@h

conposi tion.Qf the ntlon st or.age stablllty -The
phgfnaceutﬂ%a c%nﬁ%5| FORS Pﬁég?ﬁ&éﬁFﬁ&N nEYPSERRERIGR PR aeRiralded o

t he phar macoldgheapl ¥smetiheemadbsbNee 1,236 a6 3G8ONATbe AALLLVES: 3%,
descri bed hel ow, guch dditives are 10 not particularly limted an&

any add|t|¢§%Hﬁ§8 aF?F HESteiBEat At 3 %h s3Rbdrugs MoSge¥REi ctexanpl es thereof
i ncl udessolghd rmaxeiPi &Nt ScheB i 8Sok Qﬁﬂ negd %Hgéﬁtlé‘)ﬁ%ﬁ%%’oogl J[sae%se and

fructose, sucrose, mannito sorbitol, arabinose

the |ike; S5&didt éx0|p|ents such as propylene egcoI and Ilke inert 15
| i qui ds; binders suc@h%s Q pyLcel L ul.ase,

pol yvi nyl pyrrol i done, £$?%é§§§CéF ck(%%e aa} MG ORe™Y | Ke:

| ubri cant s Ct&ER1As #@gﬁbbﬁunnsteakmﬂephakmgbbla@hgmﬁxynactSVE|£mm3ﬁand% tal c,
sodi um | auryly d serv tives such_as sodj.um benzoate,
sodlun1hydPOge%H£%$$§%é§%’2%B§%% Sﬁ%f 8rrt %?%p??hﬁﬁra%@ﬂl ChEeP| kee

st abi | 1@ er fosuphrhboulsEnlyi diad:teld sadimam bet say eadnid ite Lbke;iitsRer sant s
such as .Rol yvinyl pyrrolidone, |lecithin, sorbitan
trloleatenE&Fég%§£+coho drgg?yo§$%?ﬁ¥F%ﬁ?{ %t ARerspt yingliugle aetdds and
li ke SUSpGﬁXCDpLG@EﬂH&HGM’aSUféﬁﬁﬁéH“Sﬁga§Q|YQ@ﬁ§&§U%hu%55@S Pal&oseet hanol ,
1- propanol the Ijke; isotonic agents such as sodium

ropanol .
chloride andc Fﬁ%ﬁ{ﬁWﬁ§n%§ﬁ?adf?ﬁﬁ¥§9§'sGéﬁbé§os%ul¥Xﬁﬁﬁ9lacﬁﬁxtiﬂﬁﬂwﬁ@ﬁl§h¢c
acid and t heké} khqﬁ&exﬁmplgmw%@MasaﬁP%&r@ Addbhi ¥8S AR Rgesyi tably

sel ect a cor 0 to the ur pose of use.
ﬁg E Elblnders sgchrgs methylcellulose, hydroxypropylcellulose,

polyvinylpyrrolidone, polyethylene glycols, refined sugar and the
like; lubricants such as magnesium stearate, light anhydrous
silicic acid, tale, 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
tricoleate, oleyl alcohol, polyoxyethylene sorbitan fatty acid
esters and like suspension agents or surfactants; sol#ents such

25 as water, ethanol, l-propancl, 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 thelr 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



30 The, conmponents and their proportions in the pharnmaceutical conposition
of the invention may be suitably selected according to the targeted

di sease, age and gender of the patient, condition of the disease, etc. For
exanpl e, the pharmaceutical conposition of the 35 invention nmay contain
carrageenan in an anount of about 0.001 tg_-9- 107 wt.% (preferably about
0.01 to 106 wt.% nore preferably about 0.1 to 105 w.9% particularly

preferably Hbout.¢ (mrdfdaply%bout &.aui ¥6 10° the ekl eddh8b1y abou
phar macol ogd ally ggti ve substance. = Additives may be incor or at eg in tfhe
conposi ti on’ i'n tn HAndlnt® oPaEt HBHALLY Poeforaity doutefetabl’ abokit, 0.5 to
106 wt. % nesietipeetsr aid Wbt of 19 104 W j qularly.p ahl
about 10 to 103 w.%, rel_a'lta‘fiﬂveoto the mﬁﬂ%ﬁé‘ig?ﬁﬁ}i&%ﬁ%ﬁt%go%\g%%a&qe;
active subftdHddvescray dngreorppeaprefisr tde¢ enbods i dh theanawemntdifon,

10 the phardmggubi ¢l 1600R081 |l Uk 59051 Q3089r§-a§%%n26;( articularly

carrageenan nmai nly conprising iota-carrageenan) 1n-a fr 8P €about 0. 01
to 105 wt . BYepeshblabilyoutbduto0ld’ wh . 204part Hulang paddétibhBs about 10

(particul ar Iro,et l.,.. etc.),in an ano of _about 0 to 10" wt.%
(pr ef er abl yﬂ%%\gﬁﬁﬁid)f op§g%lv‘\7te. 335’ %?%I ‘%ﬁ'}rq}% tottfm %get?lléa%%f’géf:ally
phar macol ogictdlveysabstarecesubst ance (particularly R2  stimul ants,

antiasthmatic drugs %\r(}d steroids). According to a further preferred
enbodi ment of the i AVERFFON Y hEPFhRIFEEEIRT CHIPCARBBSI F dhec davanhton ot a-

car r agk@narthenpharasesticafll abawss & ibr @oih@éi%-%L(ﬂ%%feﬁéﬁbl(%{agﬁﬁi%‘ﬁ l1to
103 wt. %, and additi vesjﬁlfl articularly water, ethanol”, etc.) in an anbunt
of about 1FE*IBBNRT BRI EPERTAS Ao dota0CRBragEmaR . 94, ap edrequnte ofo t he

wei ght of  pbatgBe o DA CaloP Vel i (pee raVBST FNASUPR LT £4! AGd Yt Beopliyl | i ne,
procaterol, etc,). Accordi nwg to (g)ngt her pfef erred gn%%dlfdrreﬁic'of’ t%%d 25
i nvent i on, 2FA&CHRRT nERETECEART B MAdsin | 6hanatl aiets .dainageemaount of

of “aboyt 0 1 ts 104w ok L he eRarAb PRttt r a0 IR rhfac AR RPN
15 the weight of pharmacologically active substance (particularly $2
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

20 about 1 to 10° wt.%), and additives (particularly water, ethanol,
etc.) in an amount of about 1 to 10° wt.3% (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 107 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.3 (preferably
about 1 to 10 wt.$%), relative to the weight of pharmacologically

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



w.%,.relative to the weight of pharnmacol ogically active substance
(particularly R2 stinmulants, antiasthmatic drugs and 30 steroids).
According to a further preferred enbodi nent of the invention, the
pharmaceutical conposition contains iota- carrageenan in an anmount of about
0.1 to 103 wt.% (preferably about 1 to_%@2 w.%, relative to the weight
of pharmacol ogically 35 active substance (particularly theophylline,
procaterol, etc.). -Iwe Pherphasueieill icoabosDINSidA @ReOf nt-&ie- idpventi on for

pul nonary nistration . val Iy used as an inhalant. The co osition
can be for ﬁ?Lmorgltagyd??“ﬂb]v%%ra%llﬂﬁﬁﬁn‘f%ualllﬁhHﬁﬁﬁtaS AP Jetsilans; iTheal ant

sol utions, emgapstliahechi nealfarhsdangtd idks %o%ﬁ@fﬂlﬁkﬁ%[l%t%f hﬂﬁﬁ[aﬂm s. Such
forns of inhalants can be prepared by filling t phar macéut’i ca
conposi ti orrg"b'“zrpec“ﬁéoflﬁvellﬂha&ﬁ“ltnﬁaluﬁ%f)%pﬁ@ﬁﬁpa‘tlbawmalrélalgucﬁ aml dike

net er ed5d081@1dwmh&b%s & Vinpewdgks 1 %%'he%onﬁ‘é%? rha‘i%% r?%%uﬁplré &4 ¢

bef ore use. t he above forns of inhalants, al an
particul ar Ikib’ dridiépgbthe Pb@lrméﬁuth@abrmﬁmsetui@mmf dwep dsivehbioofinithe

invention ig fM.0 Lhe,mean particle dianeter of
the powder |s‘#§)§§ Jéis%%%?nlfh%lg}r gu?}é %%tmétﬁrw e W@l?ésl‘g‘%é’é’w&fﬂ t he
particl es iinhEHer) uagenizes ppetéeabhe;buhz’elneetcangﬁeﬂi‘real&@@t 4 thk0agdrdm
and partic R0 Ry Al t h.the 15 particle_size

di stributi ?ndﬂ% eg%%aw]i‘ntt%phg At uth %ntéo%%sl?af U@F#He?lff’rﬁ?éﬁi@#@n is
not pat®icularly |inihed, the prsanqaroeheliabl ecdnftis iRabhi 6F eshdaviBgtr fogize Of

about 25 p L more ﬁcoun for Ii‘l t han about 5% of the particles,
and particul®ar y pret 1%%?“’ eer'éz's SoMgHR RiHdrifdCedireater Mpbsrt i on

in the formoetiea D@wﬂﬂfespéciﬁﬁlYﬂMﬁﬂkb@nbﬁ@n‘Qﬁxﬂkﬁﬂ%@e@hQYIegﬁmﬂﬁéaH?le
tiqn thod the spray drying nethod and the ik

t he drying- cro
Accor di ng 0 tﬁ@r‘gjrizflle?‘?g Buf %r]r‘i%ﬁgr'oﬁsrr@trﬁ arakhe lfbﬁé}ﬁnﬁé@‘ﬂﬁlealabout
conposi ti om.intbheo figl, el Ba POVEIETaA3N aB8LEL S HFERALRD By VigR9:RD aqueous
solutlfg1 (%grtlgfngigg %Eg£§1éﬁglon of the powder pharmaceutical
composition of the invention is not particularly limited, it is
preferable that particles having a size of about 25 M 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
pPharmaceutical composition in the form of a powder can be

25 prepared by drying an aqueous solution (or agueous 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 agqueous
medium may be water alone or a mixture of water and a lower
alcohol. Exampleés of usable lower alcohols include methanol,
ethanol, l-propanol, 2-propanol and like water-miscible alcohols.

35 Ethanol is particularly preferable. After the obtained aqueous



contai ning a pharmacol ogically active substance and carrageenan and

m croparticulating the dried product. Stated nore specifically, after

di ssolving (or dispersing) carrageenan in an aqueous nedium a

phar macol ogi cal |y active substance is added and 30 di ssol ved (or dispersed)
by stirring using a honogenizer, etc. tojqQive an aqueous solution (or
aqueous di spersion). The aqueous nedium my be water alone or a m xture of

wat er and adlowon eéﬁoitﬁieouaxaﬂpd:@ﬁsﬂi‘n uggb&xﬁéc@\w rAbgakol s include
met hanol , .eth r opanol , propanol and |iké water-fscible

al cohol s. éﬁwﬁgﬁgﬁé?t% 'p§FF|ch%ﬁI%ﬁ%ﬂﬁéﬂégaﬁ¥%ﬁUQHt%§rpphéet¢ﬁeﬁrm@d aqueous
~11- sol ut mmbph@ﬂ@@ﬁt%%ﬁ@gr§iz%1)pa!r%é€ié§%§%do 8%‘6%11 bﬁ‘;' on,

etc., the resultin roduct is pulverize m cro artlcu ate I ne
particles ®%inrgkp e‘fﬁqqss topgive m |pasrdegr thk@g deh @QQVEOIRg&iIVEpEaStpc\hdeI‘

having She dbAueerean PALLICLA. A dLATRLAL. Jd HERESRANYanITILIVES Siede

nmenti oned above may be ad any o ove™s
spray-dryi A§ ABYhof th&uabONBasnaweutlcal conp05|t|on in the formof a

powder of the inven a pared, for. exa by spray-drying an
10 aqueous sol ution %8?85§Hp %%?pﬁPE?% J“@@ﬁtﬁ%ﬁ@ﬁ& éxmbharnacologlcally
active subeanmeceuthqam'magpeﬂmuudnn1n wher opai tdcul ablv@Br Jdherrgueous

sol ution (95 ggyeous di per5|o % c be gm_ﬁ%red foll owi ng the procedure
of the above OHFQ%? Sh hE8 e &Y SPrayyiaRGLsr é8ess can be
per f or hed éﬁummmgsﬂdﬁi@wn (BBt &Qeboush el 8Py r & oH)NGoRt ROMEIEY Yo Phar maceut i cal

conp05|t|on |n th fqrn1$ globular particles with the above- nentioned
mean parti € Ke ?F&ﬁﬂzﬁﬂb5§é§ﬁ%n%44nﬂ§rrﬁﬁﬁQPQMthﬁﬂ utions,

encapsulatmﬂcréﬁﬁﬂﬁﬂaui t@bh. Q@R a §éb$§3§BT%E§Bﬁd ysi
phar maceutical co S|?|on in the ?orn1o a powd ( Eﬂ%ﬁce% 8 Q??FSlon

dryi ng- mi cFahi Atk aﬁ€9h5611QWﬂ995ﬁh&ypﬁ®9¢dﬂfanﬂfhﬁbea@hbvduﬁrﬂln@e or by
using car rﬁg@wﬁ&aae&@namebﬁwﬁc?hegéﬁﬁéﬁe&%bvﬁoéé@tc%’i’lc%et halegan e
adm nistered via the lungs, according t
using a known method thereby glVlng 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 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
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



known preparation methods. 25 Furthernore, the inhalant conprising the
pharmaceutical - conposition of the invention is preferably used as an
aerosol . The aerosol can be prepared, for exanple, by filling the
pharmaceutical conposition of the invention and a propellant into an
aerosol container. |If necessary, dispersants, solvents and the 30 |ike may
be added. The aerosols may be prepared as 2-phase systens, 3-phase syst ens

di aph a;gm;saﬁsnaam dolibles foentRingar )flﬁbhﬁ@t{é}ﬁ@i d%%ﬂa?@oﬂrbgeﬁa ) any
?g?nlg?par EPéeHSISﬁ solutloneﬁr the |ik Ey anpl es of usabl’é

propel | ants |né?%ﬁ§l %%f?%ﬁlﬁésﬂcg%i%%oﬁgfpaﬁ¥§rfﬂﬁhﬁﬁééseﬂF@é§5%aamH t he

|i ke. Usabltnd ilquedi edi gast ek e@f@p@hd apfifet NGl Udg, zf Ahd?
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HFC- 134a, £7 cargresfra |qai@@)‘3 lni:hleréem e@rp@txampéan} Scaﬁutﬂllmf:aseshee and
i | sol u ase
the like. dﬁ%e&em&ssfac&rgageéxicgeq uq‘ﬁsoi%ﬁe XATRLE degd o %&gen)

(e.g., 5 carbon dioxide, nitrous oxi I NSO gase
and the |ilaad the é#%%ersant and solvent may be suitably selected from the

e repared, for exanple,
Eggkklgeslgegzggnﬁgt%%' rﬁ?ﬁﬁ%%ﬁﬁesgﬁ ﬂgﬁfgﬁa??ﬁﬁﬂﬂﬁbsééﬁﬁBﬁgt|on of
t he |nvent|ﬂﬂ¢maﬁdeth@dﬁnxﬂasomehtiém&q;abndeseal|ng t he conposition fanﬂ
propel lant into the %%rogo ntaln r eferred enbodi ment of the

P
aerosol according to  thé |?RP tq%Bn t$ﬁ?9QﬁQ45M Ry e¥IHes, banapknown 2-

nent i oh@d: sErepnpétlod 1(53n@fr1l9$ﬁ@l meprwe@saagl PEbsating a6k &&ﬁd&%&%ﬂ%%
i ncl ude pr%%atero steroi ds and salts thereof

h
(hydr ochl ori l%"&‘flrt 80 éb% ﬁteprr?éoﬁﬁ}ﬂlﬂ%@%@e@ﬁéeat*éfwccmosnlon

hydr ochl or IadelSprb}_bl@IHﬁft) iBEe DS ticsal| Yok Sfarabl e. As carageenan, those
mai nly conprising iogta-carrageenan are preferable. As propellants, 20
fl uorinated hydrocar bB8ne RIfIFEeIHpadimentHpE- phe aeibddlkecChBiing to

substit ut eshar enpsied Rrgbhae BIB9S 9br4saP! & s YV RRLS; LG :ucnl.@(amples

15 of usable pharmacologically active substances include procaterol,
theophylline, steroids and salts thereof (hydrochlorides,
sulfates, etc.). Theophylline and procaterol (or hydrochlorides
thereof) are particularly preferable. As carageenan, those mainly
comprising iota-carrageenan are preferable. As propellants,

20 fluorinated hydrocarbons such as HFC-134a, HFC-227 and like CFC
substitutes are preferable. Examples of usable solvents include
water, ethanol, 2-propanol 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 102 to 107 wt.3
(preferably about 10° to 109 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



wat er, . et hanol, 2-propanol 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 nmay be used. 25 The aerosol of the

i nvention contains carrageenan in an anount of about 0.01 to 109 wt.%
(preferably about 0.1 to 103 . wt.%, praopeLlant in an anount of about 102
to 107 wt.% (preferably about 103 to 106 wt.%, solvent in an anount of
about 0 told@b titne% (Titeeicempbs vt iaiBuicahObe ouddd, Wor¥exadpte digpepsant in

30 amount_.of 0.to 103 w. % ( ferably about 0.01 to 102 w.%,
reIgPive tcé?éh?%%%?gﬁ?e?ﬁsqoﬁ&Fﬁgig?%%ﬁQRQQQQtﬁct?Q%QQRH&ﬂ%aﬁEémOtQ*Eﬁ

phar maceut i alildespesahd Pivehtihe Ay aMdraPeal &c S @ ef heclivg for
lung di seases and systemi c diseases in mammals (e.g., hunans, mce, rats,
cats, dogs,2EINsEgeHoVSY cosigoplibkic igfldgsitann vy naiuntararider apeut i ¢
ef f ecti seneasodiel darndSredOnditbig;c HAG0IROSHYLANSCAR B¢, ysed. Tor
exanpl e, as anti- asthmatic agents, antial ef gi agent's,” "eost nophi |
chenot axi s PHSYHCHLE 67 saethd ipeesbridie aligenbes apewtdna, agentstiols di seases

associ at ed [ hild c:Lpfil ti. s0. .. urticaria, .5 atopic
dernatitis}%%#%%ggﬁgﬂgﬁiﬁ%%%%%g%%ﬁéﬁgéﬁ%%t%g%gydl%ﬁ%ﬁﬁbnFPF%HQ%H&Per
al l ergi c diveagesiaeteBnwmyndeomat i tdtsronier ppst facinive, pRSAGhAS) Sdidiski ke

ki n di seas osj. pophi | i neunmoni Pl E syndronme), ¢hronic obstructive
Ul monary- o SERLe RS ERBET T GASEPAES! yoil SEREESLound I ous
di seasé8 1Cacaesedy byanianisobacbaciLr i fhe THRu@IRAsShE SRS FA RANKkeyl arly
useful as %@%&ﬁ st hnmat.i.c agg&ts.and preventive and therapeutic agents for
S

chroni ¢ obstrutti V& BUimoRary=ts easE ecepd) PretRidreenatit Fygrapeutic
pneunoni t i ageaasi fophidrionipnebeDnict idedpull AEAMBNZE Rk ski KeopHf ecti ous
di seases. 15 Although the dosgﬁs,of the pharneceutical conposition of the
i nventi on SYATYS Hepertdi RESURP e vy fessropipheqriReshogneal 43d act i ve
substance, ihfieubrigeied ites eAFL:t iRAR: diBAdYeyei ght, condition of the
di seas adm ni stration route, nunber of admnistration tines, etc., the
conposf%i onis 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 is 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



20 adm nistered in an anount effective for allow ng the pharmacol ogically
active substance to exhibit its pharnacol ogical effects. For exanple, the
conposition is preferably adm nistered such that the active ingredient
(pharnacol ogi cal |y active substance) can be given to a human adult in a
dose of about 0.001 25 to about 100 ng,-jand given in a single dose or

tw ce-four times a day. The form of the pharmaceutical conposition of the
i nvention sB@mﬁQ&ﬁtf gbhdets. Sﬁhnthenmnﬁuspenst(Ebﬁﬁdlnéﬂ@ﬂrQQgeéﬁ@ﬁEﬂﬂﬁé

|1 30 active substance
fﬁgefgsge?gg :%%géﬂe %gb%%Pq; &ﬁ?gﬁé??g eﬁ%%gﬁugg tRfrect inhalation via
the nouth pisimgaioghbal By dctivsualibyrmief enabhe. 18hdse dhe e%%i’@f&’ﬂ“ cal

conposi tion Pf t he |nve tion %Iloms direct local adnministration into the

ai rways, thé 3% Eﬁﬁgc igedi vefaghsst athaxefossy avhed ther ei n
produceS-14phdﬁﬂﬂ@@h@ﬁ@a§f&dM§d%1tFBBtB?riﬂgwinv@ﬁt%énCfgné%ﬂﬁﬁf%%rF3§e§nan

the compositiaon enables the sustai ned rel ease o har Neco oglca
active gﬁbs@%ﬁé‘r’igﬁ t FECHUAYs adaaaiekmbian de uomem@amge@nplhaanm ogi cal

o et s ool ek otben d n  hechcaha” T el 62l CMOSLE AR PLL DS, IvenLt on

is admnistered via the lungs, frequent a mnis and
patient i AElgHyer dree Teguiaddcedn largaldi tiedncet tiee adiniicst Bave ose ofidche

m do i I reduce, the risk of _adverse side effects
Caused by nedsias GRdsChby HE e ST RIS, C i s BRE eI of ( he
i nvent i8n caPDeshahce Qﬁéﬂ&p&uventlemhﬁﬂtemﬁaﬁeé tHeddpe@driieg and reduce
adver se si f@%& ggﬁ P’ £ e gLW THEJéPNEg%IC%LExaaneS
are given be OM/ g hé |% ﬁ i AV SoTESdELARFES but t he
scope of the |nvent|on |s not limted to t hese exanples Example 1 (1) 15

i n.particle
mg of procaterol hydroghlarde. (Tean particle o INVENTION

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 pm), (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 pl each time.



dianeter 1.8 pn), (2) 100 ng of iota-carrageenan (product No. C 20 1138,
produced by Sigma Chemical Co. and sold by Sigma Al drich Japan K K. ), (3)
87.90 g of HFC134a (product No. D10252125, produced and sold by Du
Pont - M tsui Fluorochem cals Co., Ltd.), (4) 2.0 g of ethyl al cohol

(99.5%, and (5) 10.0 g of water were nmhxed in the follow ng manner to

gi ve an inhal ant suspension. 25 First, the carrageenan was di ssolved in

wat er heat éekampleaBout 80C and the sol ution was cool ed to about 40C After
addition of the procglgeqrol Eydrochl oride, the mxture was stirred wusing a
hormogeni zer. Wile ¢ O h&O G IEENaB o (R, Nop Cglb38 HEC- 134a was
added wi t h stdduceagbansti dhetHehe c81 . alreoheh 430, Wasyad Lhhystd L ring.
HFC- 134a Wﬁrther?add%g@m th stirrin to makeyt he to'?glglr&flgﬂ%g% t he
mi xture abdtt-1082F. dBSIPFedhdnt 18R dfoft meteasheaied b xabous HASCTand ed
into ansaergeolso1aeRsRI N R hheo COMAl NYF Vas) f o BTSPﬁgﬁfﬂi%em g ng
valve for releasing the aerosol in an amount of 50 pl eac e < 18t
Exanpl e 2 Pdled andjéisseiarachyrenthr (proaedngNe. h@addgeds zerpr athiced by Si gma

Chem cal Y] S i Japan, - K. K. ),was dissolved, in 100 g
of water Eg?gtsggg% gga%%ﬂ%lt]?d%q%ﬁﬁhg{%%g l;ko Gt PoR TR e0o e §2F l’é%oLFlt C. 20
g of theoprA0,i menweact mddkdyafidoai Splecedoby. Stand ipig vesii ngdarhagmaanipzer .
The result] .50l utj ol s drie i bl ower _dryi ng. machi ne (SPHH 200,
manuf act ur teLl!cl]n%#@a%aélF? ‘%a\ggé e%o?‘ﬂ).ﬁ} \ALH%)A%U r v'é‘??‘ijé%‘:{‘ﬁfeal}?g utlosokyrg Wkaron
spiral 1Pet Quirbl.) (" BOAS™ foird nué bt o Dictiose kawna aMIeHOARd L 1OTRd) miled -
10-fold vveiu%rit of lactose V\B.% added thereto and m xed wusing a drum m xer
to give an TARY At FORHEET FRsP B Atbii@hileRk BHIGwi ng four types of

phar maceut iTeak Bgdmiplicoris were prepared using theophylline as a

pharmaceutically active _15 conpound. Solution B is a conposition of the
i nvention, whereas soPGtfohtoRNICIgHE BYReT Tombarnesaet kerpesilutonss

Sol ution Awetbegpipyddddn@isiag Ghs§HMAdnkNakSQUMH Snaceutically active

15 compound. Sclution 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
Nissul 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.19%9-09961, 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

35 about 18 hours were used as experimental animals. The



phosphate buffer (PBS(-), Product No. 05913, manufactured by Nissui

Phar maceutical Co., Ltd.) to give a 1 ng/m theophylline 20 solution A
Solution B: lota-carrageenan (product No. C- 1138, produced by Signa

Chem cal Co. and sold by Sigma Aldrich Japan K K. ) was dissolved in
solution A heated to about 80C, and the_jiesulting solution was cooled to
roomtenperature to give a 1 25 wv% (=10 ng/nm) iota-carrageenan sol ution

B. Sol uti onir@raGebaheal (sunoidiict rNeiod 6681122 soRhedusedyAN e rsghaedy Nacal ai
Tesque, Incaa) s dissolved in solution A heated to about 80C, and the

resul ting SHIOPSRIWER T¥omsdhed fosm thsshper scheBked divé-act akvooigel atin

sol ution CJ.3®h%elipliomd Sedym gl ginat e thsa eﬁesgg§}st‘y af 500-600 cP
(product No.199-09961, nanufactured by Wako Pure Chemni ca ?ndustri es,
Ltd.) was @PSSGNGEAZPH Sihumeakonathligly elakportwBR oy Seoali emdabgimatad on

sol uti op D.tnWist ag ( el f.ast for 5 about
18 hours vverelqsed(‘:gg&gx%gtrni%r]feﬁteg dgav"?]i ma gﬁ%ﬂ%agi‘%&% rﬁx&% rggc%%%cfug% &
adni ni st r atiopgishdinel soldisions Wasaegibor ofdpoheadivdieng tabd he et hod
descri bed ifn Schanker et al.,; Am.. J. Physiol. 22 972), p.4009.
That is,  fb oA I‘I‘I‘Qngs:tshé?‘i %%dl%‘%? Y&kt 6%3‘?’6?‘%%|t%’(‘88§56tt my/ kg)
and secur edrephBal heneidiark for andihstarheads (. Ehemtbacheas tner rexPesed
through a . i i.nal, incision. A section of polyethylene tube (i.d. 1.5
mm o. d. Z.ﬂégﬁﬁj Egg‘glj;léé‘an% i PENGE AR LEr Fgﬁrgh‘iidi?g‘ﬁlthﬁ'@e'tﬁé&ﬁeaﬁ one

i nci si b0 f bundredshance iofer8. 6fcarbptsmenibhe Aoptdantavhi ks t4 2pheal
rings caudal. to the thyroid garti I agJe. Each of one 10 hundred microliters
of drug solUfFfSRET M WALEEGR Tt 335 grastaingd s rgeleantl Ghen Fhe

was mai nt aikfapdoat s @i g vesofin 8t d&hrbuBhOEn8 Vi NE& YA KL NEGEL 89, through
t he polyethylene tube tao 1-2 m above thé bifurcation of the trachea.
Then, the T8I 8PP%n bifyreatden Rferthe serrbee of Thep, sthe sottionswasc

after the ihjagrédistdati gBriblicof al-MagRosidAned ab-agranglgeof 10 and
the 15 administration, 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 pl of solution A through the
femoral wvein.

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 + S5.D.}.

Table 1 shows the mean pharmacokinetic parameters for
the intratracheal administration of solutions A to D at a dose of
100 pg/bedy (n=4). The parameters in Table 1 indicate the

35 following:



incision in the skin was then closed with suture. After this operation,

i ntravenous adm nistration was perfornmed by adm nistering 100 pl of
solution A through the fenoral vein. 20 0.2 nl of blood was collected from
t he subclavian vein at 15 sec., 30 sec., 1 min., 2 mn., 5 mn., 10 mn.,
15 mn, 30 mn., 1 hr., 1.5 hr., 2 hr..42.5 hr., 3 hr., 4 hr., 5 hr. and 6
hr. after the intratracheal and intravenous adm ni strations and

centrif uge@Uakn: 1886y Under1Ohai sethes thEbehy hepphddncagt: 25 LaNGERM alLi-gas in

t he obt ai ned serﬁ;é) 5 sured by HPLC. Fig. 1 shows the serum
concentration-ti @e F?I Lt 2AHBSsRYRT G (zhlﬂtéif/mh)tratracheal and

|ntravenou&Uag@1rnﬁﬁdﬁﬂhU@BSth@fséﬁﬂﬂ“ﬂﬁé@pﬁgﬁf&ﬁ% dohe Ptéﬁ@i t—é@d& car§Q0m5

the serum concentratign-tine profiles of 0 theophylline a
intratracheal adiPni-8tidttortige aékati @dt@lmsmatmopnmg hresd) S.D.). Table

L Shoues e e HALTSSOl LG RN SEA L (gt echeal

adm nistration of solutions At ose
par aret er s Tien® ThHl%e requatedate tdreBhakdmmwvsaym thZepylBhrte Area under

t he ser umtheophgbh&%‘,)c%ntnb?sl on-time curve to 6 hrs after

adm ni stration (pghr Area under the serumtheophylline
concent r at MBAixki féeagumresidence nfind t @aflicibagéd ethr@dghni st {@tdOn ieghr /M) 5

Cmax: Maxi mum segggé];h Cﬁ‘ﬁé‘éﬁlﬁl nE COPC@Bﬂr ation (pg/nm) Trax: Ti %ageqw red

to reach maxi muniserum centration (hr) MRTinf:

resi déifice MATR:y ¢elaaubbsetbt {groughel MEhDbt BatddT® hrah§ier i fdH RS ERALT ON)
(hr) 10 MATI nf: I\/?gn ab orptl on tl ne aI cul ated through infinite tine
after adninistraf 1gtgatioqhovid )t hat pul nonary absorption of

t heophyl line was aSFinm QKs&@dseﬁﬁéﬁtéd@hdﬁ%r@cﬁbﬁﬁ%ﬁkﬂﬁh bRt EANGRANS) i ne
N 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 (contrecl), 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

20 reach the maximum serum theophylline concentration (Tpw), 2.2-
fold increase in mean residence time {MRTins) , 4.9-fold increase
in mean absorption time (MAT;n:) and 40.2% suppression of the
maximum concentration without reducing the area under the serum
concentration-time curves {AUCghy, AUCine) . 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 AUCg, and AUCine, reduced adverse
side effects as demonstrated by suppression of Crax, and increased
effective serum theophylline concentration residence time as

30 demonstrated by increase of MRTi.s and MAT; ne.

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 Cu, but no increase was seen in Thnax, MRTine and MAT;.¢,

35 and thus no sustained release effects were observed.



adm nistration. 15 As is clear fromFig. 2 and Table 1, as conpared with
carrageenan-free solution A (control), the serumtheophylline

concentration change after the intratracheal adm nistration of 1 wWv%

i ot a- carrageenan solution B shows sustained rel ease pharmacokinetic
properties, i.e., a 5. 5-fold increase injlg.re to 20 reach the nmaxi num serum
t heophyl | i ne concentration (T.), 2.2- fold increase in nean residence tine

(MRTinf), 4.9- foI d | Ireasenord, NBayy A $eHRh iR o( ¥ATiP{dn aNd AQR%
suppressi o maxj mum C(incent ration without reducing the area under

of
the serum a&n@eﬁﬁ?ﬁ??%w 13- Letr bast (MOs R taALRT FRgeSTIRes ol Bt ikn SB,
| ndi cat e_28iddiatssaddatt grdf Aoy, vahd O 3LEAGSS AT AN By al uabl
sustai ned rel ease properties, i.e., prolonged t erapéﬁtlc e é@fs
denonst r at ddUy CREF YA HEE tofthAUDBHNeRRr yASGShA ined dieded sedeé Fset csﬁ de
ef f ect ssas @ema S S§l 0 ncreased effective
serum t heophyl | ?%gﬁ%gﬁgseﬁ%bgcagﬁgrﬁgrggl g%%ceg??rér%tgrbq%o l(ﬂsenﬁlﬁgf‘?%?ré@"by
i.ncrease ofSPRRFEAE-and MATi nf. As conpared with solution A, 5 w v%gel atin
solution C, whose sustained rel ease effect had been confirmed for 5(6)-
car boxyfluorescein (CF) (nolecular weight: 376), slightly suppressed Cnf
but no incrggggem@z seen in T,,, , MITinf and MATIinf, 35 and thus no
sust ai ned release effects were observed. -18 Furthernore, 2 w v% sodi um
alginate splution D, _whic¢ch has a viscosity simlar to 1 wv%
iota-carra eenaébgu'%gl%l uti dn Bpse dech¥é@sed AIGh an€.AUC Nni,.andMRT50 mexr)ced

MRTi nf and| MATi n | § (ui/budg) Ganalwoed:diain)t fg/mlyl Mmary syt ai negh
rel ease ef g(‘(&mgf 5 carrla g&pan I S. not. based on LS Viscosity out—is
e 1]

ol uti on*Bose ABBhr PE2Zof €M Trmai2

NRTL T NATHL, fSpeCI)f o [(a m) (ughr/ i /). (h
, B g r ag r
(Control ) Ca“%(é X 02 g%d 0.0042°%4. 43 %3% mr%carréagénan§5100 8446

8.33 1.59 DCQQa?auQ} 55 6. 44 100 3.00 4.01 292 00042 429 118
D (sodium alginate) 100 211 244 0.96 0.033 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.



C (gelatin) 100 3.00 4.01 2.92 0.0042 4.29 1.18 D (sodium al ginate) 100
2.11 2.44 0.96 0.033 3.00 -0.11 10 By ﬁSIng carrageenan together with a
phar macol ogi cally active substance, e pharmaceutical conposition of the
invention can advantageously control the pul nonary absorption rate of the
phar macol ogi cal |y active substance and all ow the substance to exhibit

prol onged pharmacol ogi cal -effects. 15 The publications nentioned in this
specification are incorporated her&ﬁﬁlﬁﬁ reference. -19- Cains 1. A
sust ai ned-rel ease pharmaceutical conposition for pul nonary adm nistration
conprising carrageenan which is at least 5 one nmenber selected fromthe

group consi sting of kggga- carr%geenan i ot a- carrageenan and
| anbda- car r agéenan® af * M OgPEAFTHCatts s (B8P ahde Whafotan be

adnlnlstﬁﬁfmbnaﬁy aHﬁEni$EKBiloh0c8mpfiéﬂﬁ%r6&9?&&ééﬁﬂn ¢aATBRSi 4 4N 1@g¢erding
to Ch?l rein the carrageenan is at | east one nmenber selected from

t he nB%? §Ef ed Fr6ftfle §FSUp WnsiPHRg 6PRaRE kol iofer dRePadr ugs,

02 sti nubarntas;eeslhﬁr Oi i5ta-ariragbARt i Cakh ugLSa,mb@Iat—bal:f&‘g{e@ngnﬁ dhd9sa
a rugs,

antllnflagnator drug ant i bacteri al rug antifun

anti -i nf PUeHYTVPPLS ﬁ’rﬁhg%ctlp‘féfpﬁ”a’étafla thitht FRinB? éﬁ’IEFg“slSt&ﬁ&dvi"%ém ns.

3. A phathaceutgiscal conposition accordlng to claim1, 20 wherein
carrageenan is present in an anount of about 0.001 to 100 w.%relative to
t he pharnmacol ogically active substance. 4. A pharmaceutical conposition
accotding to claim1, wherein the pharnacologically active substance is

one menber 25 selg d fromthe._group caonsistin 32 stlnulants
2 % d" @l &Pcaﬁ ﬁg% &

antiasthmatic” drugs SREF o ae F4GRe Pt hy

i ot a- carwhgﬁaamaﬁhﬁSC¢w£§uﬁﬂndnn1anaanbeﬁﬁt(ﬁheah@ubeﬁ Qéledﬁédl@EomﬂtH@
relati V%én%etrhes&r@t%@ico%?&jl C%hley gq:ohlpvecosn%qss %Q&e of anticholinergic
drugs, B2 stimulants, steroids, antiasthmatic drugs, antiallergic

15 drugs, antiinflamrnatory drugs, antibacterial drugs, antifungal
drugs, anti—influenza virus drugs, peptide drugs, antitumor drugs

and vitamins.

3. A pharmaceutical composition according to claim 1,
20 wherein carrageenan is present in an amount of about 0.001 to 107

wt.% relative to the pharmacologically active substance.

4. A pharmaceutical composition according to claim 1,

wherein the pharmacologically active substance is one member

25 selected from the group' consisting of 32 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.

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

of about 0.1 to 20 um.

6. A process for preparing a sustained = release

35 pharmaceutical composition in the form of a powder for pulmonary



30 5. A pharnmaceutical conposition according to claiml, which is in the
formof a powder having a nean particle dianeter of about 0.1 to 20 pm 6.
A process for preparing a sustained réPease 35 phar maceuti cal conposition
in the formof a powder for pul nonary -20- adm nistration, the process
conprising drying an agueous solution or aqueous dispersion containing a
phar nmacol icaluy active substance that .can be adm nistered via the |ungs
and car r AYEENEI T HRERT ot RAPCHEF vETTRZASLEA, ABY IRD RPr RYRALHS pedyitdPYi ng t he
5 sol utien afqulicser 8i Ofersh.onANchbRb@ by CampphSineoibBg: pharageut cal
conposition accorgjng to any one ,of clains 1 to 5. 10 8 An aerosol

conpri si NPT HPShAPREcEMR iIRGPRIAPBTHIDN 12aLRDr IS £BLaffET9&eBR ¢l ai ns 1
to 5, a psbpsldantyanguaner penasal cent a&&@gﬁris&ngAnsF@&@SQirya%oréh@g to
claiq;8, erein relative to 15 the pharnmacol ogically active substance,
carr ageeRdN IS hPEsSATPTIT %N ampunt of about 0.01 to 10' wt.% and
propellant is present in an anmount of about 102 to 10° w.% 10. An

aer osol accorQing %ﬁ1c|€i , which further 20 conprises at |east one
nenber sel ect éd fr 6t th a{%&%ﬂf°@8ﬁé?§??n ¢ AN UBATEHEECHN FEPSFeF &SRt s, 11.
An aer osatcactionditngahp @ledioh &0aimvhdr eionsrel ative to the

phar macol ogi cally active substance, the solvent is present in 25 an anpunt
of about 0 to 106 wt.% and the dispersant is present in an anmount of
aboutt 0 to 108, 30242aellseolof cogrriagagnamewitahimiseatidaasdon@iae i aEsber

sel ected .t he group consisti ng, _af kappa-carrageenan,. . iota-_carrageenan
and Ianbaé%%g%%ggégaa%8¥o§n%rggaﬁgﬁﬁﬂg 253?3i2%d-§rgfgﬁéﬁgﬁﬁﬁar c@eﬂ?ical
conposi téaeresfodr cpukabmar.y admini stration of a pharmacol ogically active

substance. 35

9. An aerosol according to claim 8, wherein relative to
15 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.%.

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

of solvents and dispersants.

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

in an amount of about 0 to 10°.

30 12. Use of carrageenan which 1s at least one member
selected from the group consisting of kappa-carrageenan, iota-
carrageenan and lambda—carrageenan for pieparing a sustained-~
release pharmaceutical composition for pulmonary administration
of a pharmacologically active substance.

-35



