DESCRI PTI ON CONTROLLED- RELEASE COMPQCSI TI ON FOR PRODUCI NG
SUSTAI NED- RELEASE PREPARATI ON CONTAI NI NG UDENAFI L Techni cal Field
5The present invention relates to a controll ed-rel ease conposition
for producing a sustained-rel ease preparati on contai ni ng udenafil.
Background Art Asrepresent edbyFor w?ﬁé@éf pyr azol opyri m di none
conmpound ( 3-(1-nethyl-7-oxo-3-propyl- prickd

4, 7-di hydro- 1H pyrazol o[ 4, 3-d] pyrim di n-5-y1)-N-[2-(1-

met hyl pyrrolidin-2-yflethyl]-4-propoxybenzenesul f onam de, hereinafter
referred to as ' ugerafROLLEDWREIEASE acloMEOPE TPORS BioK i BRODBTAING
type-5 inhibitor (hereinafter referred to 15as 'PDE-5 inhibitor'), is
commer ci al | y agiidTiHl NEBS REIEESEP PREFARSEION QONTAINING UDENAFIL
dysfunction. <Formula 1> N absorbed, and has high bioavailability
and a large volune of distribution in vivo, and the half life thereof
is about three tinmes |longer than that of sildenafil or vardenafil
which is a dr Tgpabnitdssl Feeldrechani sm 5PCE-5 i nhibitors cause side
effects such as facial flushing, headache, eye redness, non-redness,
etc., in=ternms of tAékFrrphaemacoloyitdan redhans ske.a Amrigolhederelease
udenafil did not generate serious abnormal reactions by drugs in
phase 1 clini CAIMPPEEELON KEPEamy OdHEI TaUGasPaHidinedoreberpe anserpbipn
mldillness, if apny, Also in the type of side effects observed in
phase 2 and 3C8PF‘F‘|3r‘?:JdTg €8P&Tihe extent and frequency of side effects
were | ower than when using conventional oral therapeutic agents for
erectile dysfunction and the drug discontinuation rate was the

151 owest duri %%c&:%ero%ln@'fraé tests. Hence, udenafil is

Bs represented by Formula 1 below, a
10 pyrazolopyrimidinone compound {3-(l-methyl-7-oxo-3-propyl-
4,7-dihydro-1H-pyrazolo[4, 3-d]pyrimidin-5-yl)-N-{2-(1-
methylpyrrolidin-2-yl)ethyl]-4-propoxybenzenesul fonamide,
hereinafter referred to as ‘udenafil’), which is a kind of
phosphodiestrase type-5 inhibitor (hereinafter referred to
15 as ‘PDE-5 inhibitor’), is commercially available as a
therapeutic agent for erectile dysfunction.

<Formula 1>

Udenafil has high selectivity for PDE-5 with

20 exhibiting strong inhibitory activity therefor, is rapidly

1



considered to be a safe drug. Korean Patent Nos. 792126 and
496372 di scl ose novel nedical uses of POE-5 inhibitor based drugs for
treating pul nonary arterial hypertension, hepatic portal vein

20hyper tensi on, and benign prostatic hyperplasi a. However,
because nost of trg% bov%iqkig_ggﬁiége chr.on eutic_agent

ic,.ther ap
appl i ed theretd SHoul’d BE' i Hevi “admoni gbé?’]e%yf%r? a~| ofig? eV?f:fﬂf“e
f oti int hel r _ph i cal i . £l
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speci al dosagenfoL M;hdy 0f g&fef Ofnid &Ha@eofs%‘11aén§f$f66?p%%i&h8nafil

agent for erectile dysfunction that is admnistered as necessary.

However, UpOﬂwﬂa%ﬂ‘ﬂﬁ%ﬁU@Q%‘@f%H@%@aﬂ@ hekndkeat.ing the above
i ndi cations which require daily adm nistration, there may be a

concern gbout causipge-§j denefdfiechs Aser ding Yermher Suddenaf ehcis
devel oped in the formof a preparation adapted for the above

i ndi cati ons, ftustsirigipohtasichdiat eydenaddhedis f abAtubateds,i nkdca, in
preparation such that it is controllably released fromthe drug
dosage form themsng eddcithgirnifdhaaimabul s¢i@ild adcltanismeont | Auaus| yhese,
rel eased for a period of 10 tinme during which it may be absorbed in
vi vo, therebyuseifdfiidi entd y nexhidsnemget heersfduectabrafrmeiie drans ionen by
when taken once a day and mi ninizing generable side effects.
Furthernore, Pas elasRvrisat bdohiriralhetetioyellgireaasesandr €atgpalyns he
el derly, and patients who take an 15 antacid or the |ike have high
pH in th8 st oPREFRREDANENTELahdlEeFer ¥ GYgasfire #hceRe Bype of

Zol l'i nger Elli soC? s%%nfroma ave Igw,BH 'hn thg st Ql ch. .In cases where
such patient sSHf% GFfGCt SPSHVRpal nBAaP§ ar £BFi dl ChyPEFienttds the
h ti t al i.n h t i beni 0 tatic h | asi

e sust Al nedtT B Eadh thr B5at B0 dn SConiaPnTAS SBHonarT 18 Teati b 15"
constant |y r%sgl &Bﬁvg%%rgaﬁggg%fsSch%EaggS%gbO'faaésks' d eerrlac):/tile

gastrointestin ract e release rug i's free

adj usted in thesmange At 3hq 34N0ULsy 2PRDYENLL90aL y’]iate wa%nl%/he

control | ed-rel’ease preparations of udenafil are not disclosed.

in the gase ofowddidenabihg Whingh ksigiedugrebrthe sage-deCchaRhary1 sone
controlled- release preparations are proposed. Kor ean Pat ent
Lai d- open PubtdrghideeadNeo 2&04-33492rdyscl oses an osnotic delivery
system and Korean Patent Laid-open Publication No. 2002-70330

di scl oses a hydrogdéloreanbazedndr igsdogage26oaml ketarhatiedbbse novel
Publ i cati on No. 2007/057762 di scl oses a control |l ed-rel ease dosage
form in whiotedimelcomasoldedPPeteasehilvigpar dtasmd | drdgy niibat edearsinmg
conplicated production processes including several tabl et

conpr essi ons,PulFsonkubl e avgesiaper yabkecrvati,ng kerktio f ipaitadlasevein
perforation. Also, Korean Patent Laid-open Publication Nos.

2001- 36527 aftYPROGPLE00D23NE bendse RivSEaaie dufediPddsl®i ng dosage
formwhich releases _alnost all of sildenafil within several m nutes.
Consequent |y, the pPIBSIRE: | RRFAS AEFE Qiudité§ tRHeove diseases are

chronic, therapeutic agents applied thereto should be
inevitably administered for a long period of time in terms
of their pharmacological mechanisms.

25 Udenafil, which is safer than other PDE-5 inhibitor
based drugs, does not need special dosage forms in order

for it to be used as a therapeutic agent for erectile



15 production of sustained-rel ease preparations containing udenafi l
and have found the fact that the conposition containing udenafil
according to the present invention may exhibit controll ed-rel ease
effects and nay freely control the release of drug w thout being

affected by any R Lp; 30 Yo, i%ndaﬁ%ﬁﬁsttggF§o rorlx%cg%%és%%&gﬁze%owever,

conposi tion containing udenafil ‘may be easily fornu
sust ai ned-rel easg PrEeRgLALLPN Qé:?ilffl%%%'tho%{m' £h-1 S A& AP rgducedfie
probability of generating side effects even upon | ong-term

admi ni strati onnb@chtedts PhIBNarY @ tLr hal 1 2o yRerdiensiion, ReRabi Gay
portal vein hypertension and beni gn prostatic hyperplasia and to

prevent and tpeat ebgeéih eawtysf unsision, sther ebye&pl AEESBALIME y, when
controll ed-rel ease conposition containing udenafil. D sclosure

Techni cal5 ProbHeneAtrordi dghrelopaa dbj et @brinhefprepespaifveit i ugced
to 5 provide a controlled-rel ease conposition for producing a

sust ai ned-r el éasetheeparat iowicant.ansj njt ucke nafddrtanhi chatond«rad S 1t be
rel ease of udenafil in vivo regardless of the pH level in the

gast roi nt est i Aakmutaieed ahtba usreperegstri auch stiedf ett is oomeroltlebly
treat pulnonary arterial 10 hypertension, hepatic portal vein

hypert ensi on &R4eHEeR ghTPrRoshat iceuly sosguasiferandhve predusringandiitial
treat erectile dysfunctiaon. Technical Solution The present
i nvention per PEFRE 8% G rot | EEIBIIUSdYe KORFSSEL i T far period of

pr oduci rl% a sustained-rele sj:afs}gre aration containing udenafil.
Udenafi I'omay bBe™&f f L}dfiié*ﬁtl@“ difo $eatep ARFONREG att eVityp, thereby
hypertensi on, _hepatic portal, .yein _hypertensio and beni gn prostatic
nyper ol asi a aRHtra i etSh St iad Bherdipits AparhrcritA sven  when
However, beca h rations. for . in treating.the Qv
i ndi cati ons ngéﬁ%%ucgle&e;i%ggiagf %g{gt%lr}jlﬁné%%glgl 8%%?5%%%%%4% g? r?%??%h,

& exte

the rel ease of udengfilyd g, M4ivo - | s0..8xt epgion
t her eof shoul d be ag}lustelgnci n'25 r'to %e%/%lg%%ﬁigeﬁbgﬁ iﬁﬁ% above

preparation fgrgadapt ed fRLin1y hgahome A1Rdi Gald ng i chRsaddbt kQRe an
peopl e associated with the above di seases are nmainly the elderly, and
pati ent 35who hakgcid @it aghd ariddhenhi-ke hiage BhighipHuHR t Beomiamaehg
and patients who suffer fromgastric ulcers or Zollinger- 5 Ellison
syndrome havephoiemtd | whthesstpamclErddponabt et i ng dehe dbseasss iofer-
such patients, the sustained-rel ease preparation containing udenafi l
shoul d be abl Blisworstrambhy heveassy tdhe idr uber sganadressTofcddws phere
| evel in the gastrointestinal tract. Even when using typical 10
producti on nesholds, pebhents | edre el edsbiclypR swsthi nedim@iaase arterial
preparations should be able to be produced. Therefore, the
control | ed- r ePERRELEGAPDsi thamatior prdddei wepim Supeateraiarel easéenign
preparation containing udenafil according to the present invention.
shoul d BB abl BrOIBRYE 1hvaeiRlssey r Eneastustaingsregaret eragramafaon

pH level in the gastrointestinal tract, .and 2) to design the
producti on of & s I"Ié%-r}aéllgasl@ AR EE §i°né¥?r}5é?laélg§¥ préparat bf

using a typiCg{u£r9g8g£&fgggeggo%he pH level in the gastrointestinal
tract so that the release time of drug is freely adjusted

in the range of 3 ~ 24 hours.
25 Conventionally, controlled-release preparations of
udenafil are not disclosed. OCnly in the case of sildenafil

which is a drug of the same mechanism, some controlled-



In order to acconplish the above objects, the present 20 invention
provi des a controll ed-rel ease conposition for producing a

sust ai ned-rel ease preparation containing udenafil, which conprises
(A) udenafil and its pharmaceutically acceptable salt,(B)a solubility

nodul ator, (C)_an_adsorbent,.and (D) a hgdr%philic pol yner.
25Her ei naf t er -SR-St A11°EdTAE5LPT RiORTAPPFEPe gi ven of the present

invention. In the formatio f _a controll ed-rel ease conposi
produci ng a sust ai n}g%?eraeri eggge% e%grlgf?%%n cghl?%%%‘:?tnlgonude%afi IO%Q_8£8§2
according to nt.. i EQn,. .t nt Led-r a

B s il

conposi tion containing u _ |[ity o ator
solubility anHiéuéﬂéna%QQQQbﬁgioé £19. t o PIRSEM dﬂ@%@%&g@nanﬁ drogel-

include an organic acid, such as citric acid, nalic aci adi pi ¢
acid, makeic ggi&y aseQrbhssAfd deosMCCi NEgraGihi ARY ARt AId & 1361 Oyo.

Particularly useful is citric acid. Mdst PDE-5 inhibitors are weakly
basi ¢ drugs andohenss 7620 diisghoses ubi bbhyremder-racedbe 668844 | pHsn anth
the solubility thereof decreases in proportion to an increase in pH
Al so udenafi | wanhilch e a cseakbylbasial sdiseg baspiighicsol Wl | ifbymsugted
that alnost all of the adm nistered anmount is dissolved under acidic
condi ti ons, angimpycbeplocatiddt pdod&initan appoepssat | oncludirout sanyral
limtation upon production of an i medi ate-rel ease

prepar at i on. Howelasr , conprsgsesnaheibsehéd RDEVE dmipelineab e area pion ueedl
inthe fo of a controlled-rel ease type sustained-rel ease preparation,
a di ssoltti onfizle éASEhe DEEIfeasEi@DNt r dilSRenbferramalavently Ladd-open
depending on a difference in solubility at differentiﬁkivalues.

Thus in the preefi@tilinBedpronZltte’si’ubifi €90 ot Molisslagaeantny &
hydr at ed gel trix so.that the drug is continuously released in.the
gastrointestiﬁ%%ti é%P1Vé%gr85§?a?e%§f8f“@ﬁ&hpﬁ4L$9 PS thaest 211 7
sol ubi l'i zi ng L mg%gﬁﬁtegtﬁfﬁ &;E&%{ %9n§€§§|t i n high-concentration

. W oo .
udenafil. Use of an ofganrc acid as a solubilizer for a weakly basic

dr such as udenafj i S a cl] . f
inegnt?on IS giscléggﬁﬂ?%%Fﬁngng¥?o %% u Fﬁgggﬁgﬁgh€%9828B§§§%%08“5
«ming?{ %§%gkﬁ>l§&%ﬁ%0 WRen gnans 8si-at8 <L L Med By Mg udenakihing

udenafil and have found the fact that the composition
containing udenafil according to the present invention may
exhibit contreolled-release effects and may freely control
the release of drug without being affected by any pH in
20 vivo, and also the controlled-release composition
containing udenafil may be easily formulated into a
sustained-release preparation of udenafil which is able to
reduce the probability of generating side effects even upon
long-term administration to treat pulmonary arterial
25 hypertension, hepatic portal wvein hypertension and benign
prostatic hyperplasia and to prevent and treat erectile

dysfunction, thereby completing the controiled-release



5 basic with an organic acid according to the above known techni ques,
they are very sticky and thus undesirably make it inpossible to form
granul es and tablets thereof. Hence, with the goal of solving
t he above problens in the present invention, an adsorbent, in |lieu of
the binder, 1Q.5s¢pntAl gi%ihaeugéggfgy_led-release conposi tion
for producing a Sustal ned-rel ease preparation containing udenafil.

To solve the stickiness problemto sone degree using a typica

exci pient, the anount of excipient should be 15 increased. In this
case, the sizegigfcidasaage formis remarkably increased to the extent
that patients have difficulty in taking it. Thus in the
present inventieghnidalorEsblankeep the size of tablets small and to
sol ve the stickiness problens 20 of granules, the adsorbent such as
silicon dioxide, calkctumisnglgate, cbdkct andilad wrgmemcnmagnestisn is to
metasilicate is used, and the stickiness of granules thenselves
functions as @rbivader a anohitinis egoodlshape cohpgsanudres fomy plveducing a
mai nt ai ned after drying, even without the use of the 25binder.

In order to cEHEEaiNedrerglElasgs epotrakinaii | contebriding udenahél pr eddh
invention, a high-viscosity _hydrophilic polymer is contained in the
control | ed- r eFea8ECEDNHBR | ¥ RI0CHsERELRY Anstisvai hedridlasgsef the
preparation cont inifg,udenafil. The hi gh-viscosity hydrophilic .
pol yner accor@ﬁngeY% the e BREIPADRRSTUIRY ddagdesns thus may sustain
hydr oxyet hyl cel | ul os ydr oxypropyl cel | ul ose, )
hydroxypropylﬁ%?hyl%éﬁqéﬁ os&"! péﬁg%thPg%eozFﬁé? x SHAERAgYm  Yugrial
gum o t bean sodi um al.gi hat e tc, .Particularly useful .is.
hydr oxyg@zpyl @Pﬁgﬁ%@éﬂ% ’o;hee%artglﬁol%oe tl“?él enedki WS t(?lnﬁ)‘{?ﬂe aﬁ‘lléegjeeﬁlrlgn
i nvention,the_high-viscsi r.ophilyi o] o] u :
contact betwe Ebgg%%%?iﬁ§#%§?f%%ugngg§tﬁ§£ %%%%%H%néggngxgg%efg%%ﬁﬁle
thus acts as gybahhieiofor blocking the discharge of the active
conponent from the dosage form The dissolution tinme of the 15
pharmaceutical conposition according to the present invention may be
freely adjusted in the range of 3 - 24 hours depending on the kind of
pol yner, the wekhhticadt isplaiidmhe viscosity. According to the present
invention, the controlled- 20 release conposition for producing a
sust ai ned-r el ease prepar@atesEntconnhaint hgn udenafdinsi stoni orddycrolled-
di ssolved in the gastrointestinal tract regardless of the pH |evel so
that it 1lds unrtbeaty abswrdmEdioy t Herentirrduciégyonaof sthtained-release
gastrointestinal tract. Even in the case of patients having 25 pH
dependency, i REER@Fagiarheocatdeniyg ordgyatiiidnt s who take an antacid or
the Iike or suffer fromagastric ulcers or Zollinger-Ellison syndroneg,
t he conposition accH@%ﬁlEI‘gﬂt duay hee peeskmtertiveritsash tantireturiyleanayy

di ssol ved regardl ess of the $H |l evel in the gastrointestinal tract,
so that it is2GhE¥tnl PYRBEbF PRy PRRAEME | PerFayi oifier pyRertension,

i vi dual o afe pPEOGHR | HECS Tt I MBOrSt pon 78 Gds Proredfugnd treat
Therebyzbhe eéfﬁééife&ﬁ%fi”“ concentration (Chrax) in the bl ood may
o

be decreased, us ie iH&C %a%lrelated side effects. The

composi i on_ accor di g, N, AEESEnt nL NYENL. R AR {HLLNEY Jnslydg

a pore form ng agent. ore tormng use he” presen
i nvention inclydeg,sacchasidas such, 0 S ni.t ol _
erythritol, etc., water-soluble salf@ﬁé%%%kaggggd%ﬁﬁggﬁﬁog?§¢%5 tong
pot assi um chl peifesarfitif.st rat 1 8R! YARE SralueR 2% rPokxgh byl eneaxide sHeted

extend and also extension thereof should be adjusted in

25 order to develop udenafil in a preparation form adapted for



15 Particularly useful is polyethyleneoxide. The pore form ng agent
enabl es the formation of pores for water novenent when the

hi gh-vi scosity hydrophilic polynmer forns a gel, thus further
controlling the release of the drug. Al so the conposition accordi ng

h 0L d
gaef|?ngr§§§2§ %s%dgy n%kgﬂﬁggé%ngrﬁgsgn |onu|gc$e§? 3 %ggﬁgﬁéélﬁégb
sodium sodiu use %%%@Eea ELfas %}‘%h%ogwghz%ara% a%&%h%% who

my be partl cu ar en the SV\B I ng agen nes tO cont act

with water, 'Eaﬁ@péglXngécﬁps&fb§h¥a§§EeSHa@@aﬁlémepMaEﬁrtﬁ%tg@hﬁach

polymer is rapidly gelled up to the inside thereof and sinmultaneously
tablets are expanggeierdtiisydd dingrdrhercantdious andewai ber @om%&@@ﬁ
of drug fromthe dosage form According to the present

i nventios, thelTofd alyneidonel Base TOMOSiild @hemayYohsich helupoRckwdet an
diluent or a lubricant. The dilutent may include | actose, mannitol, %
m crocrystal | the céldadsese arfd muchur eattbeteof , tland ﬁﬁﬂaamtedseelL@a@e
representative commercially avail abl e product. The diluent enabl es

t he fornmati onpofpargiriepar atérdraimavigng @qgoraddét ershongd! silze artble to
inparts sufficient bondability upon tabletting. Al so, the |ubricant
may 10 i ncl udecnriginddivumedeageatbe dahgi uavsrébest eof stlemrpit devel, in
talc, aerosol, castor oil, and sodiumstearyl fumarate, and inparts
suf ficient flicli t9RUFOANEEBEERRY ng-Tasd -pr eVETRS DU nSBapwesrpL ¢l
punch angd the die. In addition, the present invention provides a

met hod 18 of PrSWEIRG t METEBRET ol F@Ht%}ﬂe@%é@é@ﬁ‘ﬁ%m £VBR féPStalHEd“

produci ng a sustai ned-rel ease pre tion aln ng naf |
The met hod ofrégﬁﬁﬁﬁbpﬁﬁp?ﬁ%tiﬁﬁ%I%QOPZS ?%I hﬁoQF? Yrf or

produci ng a sust ai ease epar at.i or ta|n| uden
according to the ppgée OFEVengé%n FRE égga g?%%%g a“%Pi&g%%” for

| ut d fil t t
o he our s s SBé‘o'rbseL%{taﬁ%dsf‘%%e%%ﬁ BEeBopAtId LY eI Al
m xing the aqﬁgrl%efqlgra%elr@% th the ﬁﬂ‘@éseéntscﬂrw%h%lgﬂl gﬂsul&%@ ble

25producing the control |l ed-rel ease preparation. t he nmet hod
of produsi ng thelcomii®ihad- rR1@as8 a drug regardless of the pH level
phar maceuti cal conposi ti onf orasust ai ned- re?ease preparation

cont ai ni ng udenafiHe aceerdongtdsxildze presepf i&ventd)onitowhedsife the
adsor bed granul es and the polyner are m xed to produce the

control | ed- r gtmasetppeparfat & onpnarpbrel-frerineng agert ,suestsMdekeb-nglease
agent, a diluent or a lubricant may be further added. Advant ageous
Effects prefegerdpngus ong ke Yypeéseht o¥enheritiiconmeghod.

control |l ed-rel ease conposition for producing a sustained-rel ease 10
preparation cont ai Nitn@rdgenaPi acerrablied &har agove o admst 4hel present
rel eased regardl ess of the pH level, and can be uniformy absorbed in
the entffe rediieRternt Neraiaoi At eSPRHERL kachaelanse t HonRosdRient i far
of the drug can pe freely adjusted in the range of 3 - 24 hours. In
15 partlculeuprQAangera i | it LaRBAY TR uaPECRaRR HieTT edGEBERIRINE

nitial burst_ can_.b re t ed on r.el ease f t he dr
heLrLaS|n; f é?@égstevgﬁEQ ugﬁwﬁfﬁﬁqﬁoz d reH&EP%g %ruga?%lai%RF

de ef fect |l ed-rele tion f
20 a sustai ﬁ&ﬁ%&%@gﬂ-%’i&fr?at.egﬁfjﬁ%nfi.enfﬁg‘gﬁi'en i %Ecp%ﬁﬁﬁs P
the present ipyentign cam sgl é%s%%eﬁ{' Cé%ci‘ VHP&&E% i %&E&ﬁ :
ur uctl on

caused by a main conponent and ‘an orgahic ac e pr
processyand can thyg Ledueeathe, d&é@&%ﬁor&ag@; lbe%stﬁlmnﬁe CEN AP of

easily
the present invention.

In the formation of a controlled-release composition



25produced. Description of Drawings FIG 1 shows the results of

di ssolution test of the controlled-rel ease preparations of Exanples 1
to 4, FIG 2 shows the results of dissolution test of the
preparations of Exanple 4 and Conparative Exanples 3 to 6; 5and

FIG 3 shows the ressdis@f 4i s3Qhythof-teslaf Lh&aration containing
control |l ed-rel ease preparation of Exanple 4 at various pH va(fues.

10Best Mbde yudenarber eiftafdr@lingt hecpresent i pyestdon iisvagscsh ped dng

detail via the exanples. The foll owi ng exanples are nerely
set forth to idohysbl 8é@-tdieapeeseibos MVaMt | htBuhiageuneha EoNsiddiedes
to 15limt the present invention. <Exanples 1 - 4> Production

of controll eda elc@abel toypasiiliama:f. or Tips osicitid isys ebntdt sel @aserding
preparation containing udenafil and production of preparation

t her ef rom accardithg poethet piesartidnnwenyt iilonld04&) aPr odgatioreafd, such
adsorbed granules for controlled- rel ease conposition Adsorbed

granul esfor pesducitigica adédaf iialdont aolded-adébeaseacishposrieon werie,
prepared fromthe conponents of Exanples 1 to 4 shown in Table 1
bel ow. 25 SpéerPredf|y,adidenaf Prcand i t BFédaci deivker e tarsebived daid.
an appropriate ampunt of water, after which silicon dioxide was

i ntroduced i nEETAIRREAEatSeH ket S skl Hitve 28B8ve udenafil-citric acid

solution was sl owy added igéd,r plets thereto, so gé)hat t he above
conponents were uni I'8F R §P%ic 15RF® e c&3RCsPFEomnd have

di oxi de., ;The adsgrbeq grpnul es ere plgeed n.p, highsrate dryer,and.,
therecf decreases in propertion to an increase in pH. Also
udenafil which is a weakly basic drug has high sclubility
such that almost all of the administered amount 1is
dissoived under acidic conditions, and may be formulated

15 into a preparation without any limitation upon production
of an immediate-release preparation. However, in cases
where the PDE-5 inhibitors are produced in the form of a
controlled-release type sustained-release preparation, a
dissolutien rate on the release control membrane may vary

20 depending on a difference in solubility at different pH
values.

Thus in the present invention, the solubility
modulator is added to a hydrated gel matrix so that the
drug is continuously released in the gastrointestinal tract

25 regardless of the pH level, thus solubilizing the hydrated

gel matrix to result in high-concentration udenafil.

Use of an organic acid as a solubilizer for a weakly



TABLE 1 Unit: g unit: g Ex.1 Ex.2Ex.3 Ex.4 Udenafil 75.0 Anhydrous
Citric Acid 9.4 11.322.5 75.0 Silicon D oxide 112.5 102)
Production of controll ed-rel ease conposition using adsorbed granul es
The adsor bed granules obtained in 1) were m xed with conmponents of

Exanmples 1 to,4, % 0%%&4{%&E%b%% ad9§£?er-sgl%gh act ve compopent of

hydroxypropylnet ose as yner

Cel | act 0se80 agca gh.»leggl% bm% ot méggﬁl@g‘etger \Mﬂ %t%}ql'a"l{%nal

st earyl funarate was further m xe or 5 mn,

obtaining a C@ﬂEIE&A@%&{eﬁ@ésezg@ﬂp@ﬁkki0@h&°@7pﬁ9@ﬂ&'ngﬂéwever, when
sust ai ned-rel ease preparati on containing udenafil

granules are formed by mixing udenafil which is weakly
5 basic with an organic acid according to the above known
techniques, they are very sticky and thus undesirably make
it impossible to form granules and tablets thereof.
Hence, with the goal of solving the above problems in
the present invention, an adsorbent, in lieu of the binder,
10 is contained in the controlled-release composition for
producing a sustained-release preparation containing
udenafil.
To solve the stickiness problem to some degree using
a typical excipient, the amount of excipient should be
15 increased. In this case, the size of dosage form is
remarkably increased to the extent that patients have
difficulty in taking it.
Thus in the present invention, in order to keep the
size of tablets small and to solve the stickiness problems
20 of granules, the adsorbent such as silicon dioxide, calcium
silicate, talc, and aluminum magnesium metasilicate is
used, and the stickiness of granules themselves functions
as a binder, and thus good shape of granules may be
maintained after drying, even without the wuse of the
25 binder.
In order to contrcl the release of wudenafil,

according to the present invention, a high-viscosity



20 TABLE 2 unit: g Ex.1 Ex.2 Ex.3 Ex.4 Adsorbed G anules 196.9 198.8
210.0 262.5 HPMC 4000SR (15% 41.6 42.0 44.4 55.5 Cell actose80 28.1
28.4 30.0 112.5 Sodi um Stearyl Fumarate
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hydrophilic polymer is contained in the controlled-release
composition for producing a sustained-release preparation
containing udenafil. The high-viscosity hydrophilic polymer
according to the present inventicn includes
hydroxyethylcelliulose, hydroxypropylcellulcse,
hydroxypropylmethylcellulose, polyethyleneoxide, xanthan
gum, guar gum, Jlocust bean gum, sodium alginate, etc.
Particularly wuseful 1is hydroxypropylmethylcellulose or
polyethyleneoxide.

In the present invention, the  high-viscosity
hydrophilic polymer forms a gel wupon contact bhetween
udenafil that is an active component and water, and thus
acts as a barrier for blocking the discharge of the active
component from the dosage form. The dissclution time of the
pharmaceutical composition  according tc the present
invention may be freely adiusted in the range of 3 ~ 24
hours depending on the kind of polymer, the weight ratio
and the viscosity.

According to the present invention, the controlled-
release composition for producing & sustained-release
preparation containing udenafil is uniformly dissolved in
the gastrointestinal tract regardless of the pH level so
that it is uniformly absorbed by the entire region of the
gastrointestinal tract. Even in the case of patients having
pH dependency, including the elderly or patients who take
an antacid or the 1like or suffer from gastric ulcers or

Zollinger-Ellison syndrome, the composition according to



2.7 2.7 2.9 3.6 3) Production of sustained-rel ease preparation using
control |l ed-rel ease conposition The control |l ed-rel ease
conposition obtained in 2) for producing a sustained-rel ease
preparation was nolded into 10KP using a tablet conpressor so that

t he amount of i n_b5conpanent .was 75 per. tablet, .thu oduci
the sust ai ned Fel BRSE bt cRararion, C2n e NEldelnyetigsoiypl Tegerdless

Producti on of jgontcolled.r.el eage (OMOSt 1) AN SO o0 OdUCLY oo rhac i

sust ai ned-r el ease préparation 10cont dl nirng udena using’ var

pol yrer's and pgodyctkomaf_Paepaiali ot herel T apaccor dgeto Lhe the

present invention e granul es were for

same nmanner agakfrddntfstExanptescd, tandb fdernyhigd vdenafillity among
controll ed-release preparations were produced in the same l1l5nmanner as

in 2) and 3) ehdbxadplies dnd OpdetSh g ompanent So@ﬂ‘wﬂué!;cﬂh Tabl &k of
bel ow and defined as Exanples 5 to 12. TABLE 3 unit:g .5 Ex.6 Ex.7
Ex. 8 drug. Thereby the excessive maximum concentration (Cmax) in
the blocd may be decreased, thus reducing drug-related side
effects.

The composition according to the present invention
10 may further include a pore forming agent. The pore forming
agent used in the present invention includes saccharides
such as lactose, sucrose, mannitol, erythritol, etc.,
water-soluble salts such as sodium chloride, potassium
chloride, etc., or polymers such as polyethyleneoxide, etc.
15 Particularly useful is polyethyleneoxide. The pore forming
agent enables the formation of pores for water movement
when the high-viscosity hydrophilic polymer forms a gel,

thus further controlling the release of the drug.
Also the composition according to the present
20 invention may further includg a swelling agent. The
swelling agent wused 1in the present invention includes
croscarmellose sodium, sodium starch glycolate, etc., and
sodium starch glycolate may be particularly used. When the
swelling agent comes into contact with water, it rapidly
25 absorbs water so that the water-soluble polymer is rapidly
gelled up tco the inside thereof and simultanecusly tablets

are expanded, thus aiding the continuous and uniform

IR0



Ex. 9Ex. 10 Ex. 11 Ex. 12 Udenafil 75 100 Anhydrous Citric Acid 75 100
Silicon Dioxide 112.5 150 Pol yner 7.5% HPMC 4000SR - 27 40% PE030%
WER303 205 WSR303 154 ‘
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release of drug from the dosage form.

According to the present invention, the controlled-
release composition may further include a diluent or a
lubricant. The dilutent may include lactose, mannitocl,
microcrystalline cellulose and mixtures thereof, andg
Cellactose 1is a representative commercially available
product. The diluent enables the formation of a preparation
having a predetermined size and imparts sufficient
bondability upon tabletting. Also, the lubricant may
include magnesium stearate, calcium stearate, stearic acid,
talc, aercsol, castor oil, and sodium stearyl fumarate, and
imparts sufficient fluidity upon tabletting and prevents
bonding between the punch and the die.

In addition, the present invention provides a method
of producing the controlled-release composition  for
producing a sustained-release preparation containing
udenafil.

The method of producing the contrclled-release
compeosition for producing a sustained-release preparation
containing udenafil according to the present inventicn
includes adsorbing a mixture solution comprising udenafil
or its salt and the solubility mcdulator on the surface of
the absorbent, thus forming adsorbed granules, and mixing
the adsorbed granules with the water-soluble polymer thus
producing the controlled-release preparation.

In the method of producing the controlled-release

pharmaceutical composition for a sustained-release

11



PE015% WSR303 48 PE010% WhR303 31 PE010% WSR301 31 PE010% PEO WSR 301
41. 3 10%°EO WBR 301 44.0 PEGS000 - 41 30 9 6.2
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preparation containing udenafil according to the present
invention, when the adsorbed granules and the polymer are
mixed to produce the controlled-release preparation, a pore
forming agent, a swelling agent, a diluent or a lubricant

may be further added.

Advantageous Effects

According to the present invention, a controlled-
release composition for producing a sustained-release
preparation containing udenafil enables a drug to be
constantly released regardless of the pH level, and can be
uniformly absorbed in the entire region of the
gastrointestinal tract and the release time of the drug can
be freely adjusted in the range of 3 ~ 24 hours. In
particular, the wvariability among individuals can be
reduced, and initial burst can be prevented upon release of
the drug thus decreasing the excessive Cmax in the blood
and reducing drug-related side effects.

Also the controlled-release composition for producing
a sustalned~release preparation containing udenafil
according to the present invention can solve the stickiness
problem of granules caused by a main component and an
organic acid during the production process and can thus
reduce the dosage form of tablets, and can be easily

produced.

Description of Drawings

12



6.2 Primojel - - - - - - 44.0 Cellactose80 66 - - - - - - Sodium

St earyl
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FIG. 1 shows the results of dissclution test of the
controlled-release preparations of Examplies 1 to 4;

FIG. 2 shows the results of dissolution test of the
preparations of Example 4 and Comparative Examples 3 to 6;
and

FIG. 3 shows the results of dissolution test of the
controlied—release preparation of Example 4 at wvarious pH

values.

Best Mode

Hereinafter, the present invention is described in
detail via the examples.

The following examples are merely set forth to
illustrate the present invention but are not construed to
limit the present invention.

<Examples 1 ~ 4> Production of controlled-release

composition for producing sustained-release preparation

containing udenafil and production of preparation therefrom

according to the present invention

1) Production of adsorbed granules for controlled-
release composition

Adsorbed éranules for producing a udenafil
controlled-release composition were prepared from the
compeonents of Examples 1 to 4 shown in Table 1 below.

Specifically, udernafil and citric acid were dissoclved
in an appropriate amount of water, after which silicon

dioxide was introduced into a high-rate mixer and the above

i3



Fumarate 3.6 5 4.5 3 3 3 - - Magnesium Stearate - - - - - 4.0 4.2
<Conparative Exanples 1 - 2> Production of udenafil granul es using

typi cal granul ati ng agent

In order to conpare the

granul es according to the 5Spresent invention and the fluidity

t her eof ,

Exanples 1

10

15

20

granul.es re
usi ng conponeH?%n%

anghereto, so that the

he, same manner. as jn Exanp

Hed 258'€o FrBardﬁPPQf%tS

components were

produced in
Htﬁ 1¢aBFed4SBer o™ atif
above uniformly

adsorbed onto the surface of silicon dioxide. The adsorbed
granules were placed in a high-rate dryer and dried at 60T

for 30 min and then milled.

TABRLE 1
Unit: g
unit: g Ex.1 | Ex.2 | Ex.3 | Ex.4
Udenafil 75.0
Anhydrous Citric Acid 9.4 [ 11.3 | 22.5 | 75.0
Silicon Dioxide 112.5

2) Production of controlled-release composition using
adsorbed granules

The adsorbed granules obtained in 1) were mixed with
components of Examples 1 to 4 shown in Table 2 below
including hydroxypropyimethylcelliulose as a water-soluble
polymer and CellactoseB0 as a diluent by means cf a mixer,
after which sodium stearyl fumarate was further added and
mixed for 5 min, thus obtaining a controlled-release
composition for producing a sustained-release preparation

containing udenafil.

TABLE 2
unit: g Ex.1 Ex.2 Ex.3 Ex.4
Adsorbed Granules 196.5 198.8 210.0 262.5
HPMC 4000SR {15%) 41.6 42.0 44 4 55.5
CellactoseB8( 28.1 28.4 30.0 112.5
Sodium Stearyl Fumarate 2.7 2.7 2.9 3.6

3) Production of sustained-release preparation using

14




10TABLE 4 unit: g C Ex.1 C Ex.2 Udenafil 75 75 Anhydrous Citric Acid

9.4 9.4 Lactose 225 - Mcrocrystalline Cellul ose 225

<Conpar ative Exanples 3 - 6> Production of udenafil

control |l ed-rel ease preparation not adsorbed with organic 15acid

Conponents shown.in ig?le 5 bel ow, incl.udi ng udenafil, |actose, and
u

i
nicrocrystallfﬁ@tég% ?ﬁﬁ%eaﬁgrgoﬁ?a%&Fﬁﬁﬂ ng a high-rate m xer, after
whi ch a sol ution of C | t | s_.added .i.n_dr ets. t.Q e
above 20 m xture po%ﬁgr?5FH5§J%¥%%%§Fﬁ§@g?%nﬁ?ggﬂ&ﬂigﬁgékﬁ%gtﬂhkﬂ for
dried using ahigh- e_dr, Si . h r I -
obt ai ned, hyd OEEE?%‘S‘% ﬁet%%ftgg{l?cgﬁ%%%& ri‘%ﬁogls%%g aRbEs LS

wat er - sol ubl e zrogbeﬁgengoat Qb1 8Bt Ehhte Ry agdded,jUGhd halouhRe MlAhL
thereof was 7.5, 10, 15, 20% per 25tablet, and then Cel |l actose80 was

added t hey et 0 capgdontxed wiDgethemyg afdeer WabeBt]l. 9thas t spyauainght +ak
sodi um stearyl fumarate was further added and m xed. The resulting

m xture was nehdedihad-acl@SBeupkagagadiabl.et conpressor so that the
anount of main conponent was 75 ng per tablet, thus formng

<Examples 5 ~ 12> Production of controlled-release

composition for producing sustained-release preparation

10 containing udenafil using various polymers and production

of preparation therefrom according to the present invention

The adsorbed granules were formed in the same manner
as in 1} of Examples 1 to 4, after which udenafil
controlled-release preparations were produced in the same

15 manner as in 2) and 3) of Examples 1 to 4 using components

shown in Table 3 below and defined as Examples 5 to 12.

TABLE 3

unit:g Ex.5 | Ex.6 | Ex.7 | Ex.8 | Ex.9 [ Ex.10 [ Ex.11 | Ex.12
Udenafil 75 100
Anhydrous
Citric Acid 73 100
Silicon
Dioxide

112.5 150

;éii 40% PEO[30% PEOI15% PEO|10% PEO|10% PEO|10% PEO 1%i§§0
Polymer WSR303 | WSR303 | WSR303 | WSR303 | WSR30L [WSR 301| 5o

4000SR
27 205 154 48 31 31 41.3 440

PEGE00D - 41 30 9 6.2 6.2
Primojel - - - - - - - 44,0
CellactoseB80 66 - - - - - - -
Sodium
Stearyl 3.6 5 4.5 3 3 3 - -
Fumarate )
Magnesium
Stearate

15



5t abl et s,

and defined as Conparative Exanples 3 - 6. TABLE 5 unit: g

C.Ex.3 CEx.4 CEx.5 C Ex.6 Udenafil 75 Lactose 37.5 Mcrocrystalline
Cel lul ose 28.1 HPC-LF 2.8 HPMC 4000SR 13.8 18.8 28.1 37.5
Cel |l act ose80 26.3 18.8

10

15

20

25

<Comparative Examples 1 ~ 2> Production of udenafil

granules using typical granulating agent

In order to compare the granules according to the
present inventicn and the fluidity thereof, granules were
produced in the same manner as in Examples 1 ~ 4 using
components shown in Table 4 below, and defined as

Comparative Examples 1 and 2.

TABLE 4
unit: g C.Ex.1 C.Ex.2
Udenafil 75 75
Anhydrous Citric Acid 9.4 9.4
Lactose 225 -
Microcrystalline Cellulose - 225

<Comparative Examples 3 ~ 6> Production of udenafil

controlled-release preparation not adsorbed with organic

acid

Components shown in Table 5 below, including
udenafil, lacteose, and microcrystalline cellulose, were
mixed using a high-rate mixer, after which a solution of
HPC-LF in ethanol was added in droplets to the above
mixture powder, thus producing granules which were than
dried using a high-rate dryer at 60C and sieved. To the
granules thus obtained, hydroxypropylmethylceliulose 4000SR
which is a water-soluble release control material was added
such that the amount thereof was 7.5, 10, 15, 20% per

tablet, and then CellactoseB80 was added thereto and mixed

16




9.4 Sodium Stearyl Furmarate 1.9 1.9 1.9 1.9 10<Experinental Exanple
1> QObservation of fluidity of granules In order to evaluate
whet her the granul es adapted for producing a controlled-rel ease
preparation were forned, the degree of granul ation of the granul es
obtained in 1) of Exanpl es,l 40,4 r s_abtained i.n
Conparative E&gﬁ%Fégri anéhb%gégke&a?3§%g%bﬁffHggﬁé%nggeﬁo%ﬁ%ﬁ %ﬁ%ﬁryl
the fluidity of, grapul i Lepdryi Wﬂ@ m @ﬁqii
period of tine req%?re pouggsggl%%&%§ 0 ?ﬁ%ggfaﬁﬁgéggﬁﬁ¥oug I@Qﬁ%@%
having a predeter fingeq Si A& Usixd Z0RIG-S3 ayat! abhe - d4Qum %fa)artrﬂ%tﬁe%e

As is apparent from Table 6 below, in"Exanples 1 to 4 in which the

granul es wer e 20btiat NS i rAdsRiBhBaL 2Nk Or AN ¥drNgablBt, thus forming
udenafil-citric acid solution according to the present invention

usi ng silg contdboxtse,arddeleshape 8¢ cdigraransl ESamFesgcod gnd the
fluidity was good after drying. However, in Conparative Exanples 1
and 2 in which the granules were fornmed using a typical excipient for
granulation, was difficult to achieve granulation attributed to
stickiness, af@PHRe®fluidity was al so poor after drying. TABLE 6 unit
Ex.1 Ex.2 Ex.3 Ex.4 C Ex.1

unit: g C.Ex.3 | C.Ex.4 | C.Ex.5 | C.Ex.6
Udenafil 75
Lactose 37.5
Microcrystalline Cellulose 28.1
HPC-LF 2.8
HPMC 4000SR 13.8 18.8 28.1 37.5
Cellactose80 26.3 18.8 9.4 -
Scdium Stearyl Fumarate 1.9 1.9 1.9 1.9
10 <Experimental Example 1> Observation of fluidity of

gganules

In order to evaluate whether the granules adapted for
producing a controlled-release preparation were formed, the
degree of granulation of the granules obtained in 1) of

15 Examples 1 to 4 and the granules obtained in Comparative
Examples 1 and 2 was evaluated with the naked eye, and the
fluidity of granules after drying was determined by
measuring the pericd of time required to pass 100 ml of the
granules through a hole having & predetermined size using

20 PTG-53 available from Pharmatest.

As is apparent from Table 6 below, in Examples 1 to 4
in which the granules were obtained by adsorbing and
granulating the udenafil-citric acid solution according to

the present invention using silicon dioxide, the shape of

17



C Ex.2 Fluidity 24.3 sec 23.5 sec 23.2 sec 23.1 sec 2 mn or |onger 2
| onger Granul ati on good good good good i npossi bl e inpossible

mn or
10

10

15

20
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the granules was good and the fluidity was good after
drying. However, in Comparative Examples 1 and 2 in which
the granules were formed using a typical excipient for
granulation, it was difficult to achieve granulation
attributed to stickiness, and the fluidity was also poor

after drying.

TABLE 6
unit Ex.1 Ex.2 Ex.3 Ex.4 C.Ex.1l C.Ex.2
- 24.3 23.5 23.2 23.1 2 min or 2 min or
Fluidity
sec sec sec sec longer longer
Granulation | good good good good impossible impossible

<Experimental Example 2> Evaluation of dissolution

Using the method A of delayed-release dosage form by
means of the second device of USP2Z007 Dissclution test, the
dissoiution of the tablets produced in Examples 1 to 4 and
Comparative Examples 3 to 6 was evaluated at pH 1.2 for 2
hours and at pH 6.8 for 22 hours. The results are shown in
FIGS. 1 and 2.

As shown in FIG. 1, in Examples 1 to 4 using the
organic acid-adsorbed granules according to the present
invention, there was no delay of dissolution depending in
changes 1in pH regardless of the amount of solubility
modulator, and initial burst could be controlled.

However, as shown in FIG. 2, when comparing the
dissclution pattern in Comparative Examples 3 to 6
containing no organic acid with that of Example 4, in

Comparative Examples 5 and 6 in which the amount of water-

18




<Experinmental Exanple 2> Evaluation of dissolution Using t he
met hod A of del ayed-rel ease dosage form by neans of the second device
of USP2007 Dissolution test, the dissolution of the tablets produced
in Exanples 1 to 4 and 15 Conparative Exanples 3 to 6 was eval uat ed

t H1.2 f 2.h d at H6.8 f h ) he t
Thonn Tn2F 501 B Sp B! R, 3nGelOle 2 MR o TNEn e 18 S, g
i th i | d- i t .2
s the organl .l oo b 9L SoERLg o 1o 4D Gaatt 20
H dl f . f il t l.at . d.ii ni
D e S R S RDL BB 3 (ahd DAV Uni ANAALD! BhBlne or

conparing the,diasobyf o Pabl ehd- | RaGONParatd e EXaMlase3 19 6 above
25contai ning no organic acid with that of Exanple 4, in Conparative

Exanpl es 55 angr6pi &mdNi 68§ hea a0patc e WRt@Ired S0 Wi ROhYRBr MWage
increased to control initial burst, the dissolution was del ayed upon
change in pH b@ 6t8efromsbihitibn, Conpar athwe Exarpl eprépansk Aorish were
whi ch t he anount of water-sol uble polynmer was decreased to solve the
above 5 problensrde@ryaf astinseltedde odour r edeat akhe chni:toal edtrageaet
the dissolution, and thus these preparations were regarded as
unsui t abl e fopraperasiagentrol | ed-rel ease preparations.

10<Experi nental Exanpl e 3> Eval uation of dissolution at various pH
val ues The control |l ed-rel ease preparati on of Exanple 4 was
subjected to dissolution evaluation at pH 1.2, 4.0, 6.8 and in
distilléd water usirFRepRftt@InExreale o> fupluatiapdpfgdissolutioneat
met hod of the Korean Pharnmacopoeia. The results are showmn in FIG 3.
As shown in FFBELRUS L VALNES )| | ed-rel ease preparation of Exanple 4

could rel ease udenafj!| at determ ned rate regardl ess of the pH
Covel i the wide pEPFangeEropfe RITaBg o B2t O ol Bl S Pllas
Measur enment o %.di ss0l ut.i i poi nt of dru I rder, tQ
eval uate the %Fggégﬁ%féﬁ}gﬁsggéﬁégﬁ%o%%%gﬁﬁ%lggc3ng%glt%’t éﬂpgggeﬁpd

i nventi on dep@ﬂg'ﬁggtl Sse?ﬂs walcRe kindyof polyner. . g ;egbgg%m); g&%&ﬁ@ﬂg

the viscosity, olution test“was carried out

manner as in FestnExaemlel 2 ad Kheehh MBh PR oRl 1 WD %@%&{mfshﬁre

total drug was dissolved was neasured. As is apparent from Table 7

bel ow, the 80%beheaserid.ms.cold drdnf faekys cont rekl ednt Aot heianNgase
of 3 - 24 hours in various doses depending on the viscosity of

pol ymer and t beepeighion abifo. EdARE 7 4EXcould release udenafil at a

predetermined rate regardless of the pH level in the wide

pH range.
20
<Experimental Example 4>  Measurement of 80%
dissolution time point of drug
In order to evaluate the dissclution of the
composition according to the present invention depending on
25 the kind of polymer, the weight ratio and the viscosity,

the dissclution test was carried out in the same manner as

in Test Example 2, and the time point at which 80% of the

19



No. Weight of Drug Water-sol uble polyner, Wight ratio 80%

Di ssol ution Tinme Point(hour) 4 75 HPMZ4000, 15% 8-12 5 75

HPMC4000, 7.5% 4 6 75 PEO WSR 303, 40% 20-24 7 75 PEO WSR 303, 30%
14-16

total drug was dissolved was measured. As is apparent from
Table 7 below, the 80% release time could be freely
controlled in the range of 3 ~ 24 hours in various doses

depending on the viscosity of polymer and the weight ratio.

5
TABIE 7
Ex. Weight of Water-scluble polymer, Weight | 80% Dissclution Time
No. Drug ratio Point (hour)
4 75 HPMC4000, 15% g~12
5 75 HPMC4000, 7.5% 4
6 75 PEO WSR 303, 40% 20~24
7 75 PEO WSR 303, 30% 14~16
8 75 PEO WSR 303, 15% 12
9 75 PEC WSR 303, 10% 6
10 75 PEC WSR 301, 10% 3
11 100 PEC WSR 301, 10% 6
PEC WSR 301, 10%,
12 100 Sodium Starch Glycolate 10% 3

20



8 75 PEO WER 303, 15% 12 9 75 PEO WBR 303, 10% 6 10 75 PEO WSR 301,
10% 3 11 100 PEO WER 301, 10% 6 12 100 PEO WSR 301, 10% Sodi um St arch
A ycolate 10% 3 CLAI MS '
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CLAIMS

1. A controlled-release composition for producing a
sustained-release preparation containing udenafil,
comprising:

udenafil and its pharmaceutically acceptable salt;

a solubility meodulator selected from among organic
acids including citric acid, malic acid, adipic acid,
maleic acid, ascorbic acid, succinic acid, and tartaric
acid;

an adsorbent selected from among silicon dioxide,
calcium silicate, talc, and aluminum magnesium
metasilicate; and

a hydrophilic polymer selected from among
hydroxyethylcellulose, hydroxypropylceliulose,
hydroxypropylmethylcellulose, polyethylensoxide, xanthan

gum, guar gum, locust bean gum, and scdium alginate.

2. The controlled-release composition according to

claim 1, wherein the solubility modulator is citric acid.

3. The controlled-release composition according to

claim 1, wherein the adsorbent is silicon dioxide.

4. The controlled-release composition according to
claim 1, wherein the hydrophilic polymer is selected from

among hydroxypropylmethylcellulose and polyethyleneoxide.

21



1. A controlled-rel ease conposition for producing a

sust ai ned-r el easepr epar ati oncont ai ni ngudenafil, conprising: udenafi l
and its pharmaceutically acceptable salt; a solubility
nodul at or sel ected from anong organic acids including citric acid,
malic acid, adipic acid, maleic acid, ascorbic acid, succinic acid,
and tartaric acid; 10an adsorbent selected from anong silicon

di oxi de, cal ciunsiljcate, tal c,,andal ninfnna nesiun1netasi|ica%§; and
ahydr ophi | i cpol yner 3él ebd??%ﬁﬁ? ﬁéere ease composliticn according to

hydr oxyet hyl c e, y | cel | ul .
15hydroxyprop§#%§%ﬁ§l€£¥ﬁ&%gs§%%%%f§eghél %g%k?Danﬁaﬁgﬁ
gum | ocust bean gum and sodi um al gi nate. 2. The
control |l ed-rel ease conposition according to claim1, wherein the
sol ubi I'i gy nodul at o, i el tEdif RAhEd-201ease compodit®on according to
controll ed-rel ease conposition according to claim1, wherein the
adsorbent is sihigon di@xhde. comprising a §weﬂi@gﬁ%§‘eh@“ ed-rel ease
conposition according to 25claim 1, wherein the hydrophilic polyner
is selected from anong hydroxypropyl net hyl cel | ul ose and

pol yet hyl eneoxi de. 5. The controll ed-rel ease conposition
according to claim1, fihet ntcoipedsrabeasgporembpesining agemdrdibl. to
The control |l ed-rel ease conposition according to claim1, further
conprising a swelmilng fagéher comprising Fhdibwntr.ol | ed-rel ease
conposition according to claim1, further conprising a diluent. 10

8. The é8ntrolled-rel ease conposition according to claim1, further

conprising a lubricant. o .
8. The controlled-~release composition according to

nt.
an’ gum guar

claim 1, further comprising a lubricant.

9. A method of preparing a controlled-release

15 composition for producing a sustained-release preparation
containing udenafil, comprising:

adsorbing a mixture socolution comprising udenafil and

its pharmaceutically acceptable salt, and a solubility

modulator selected from among organic acids including

20 citric acid, malic acid, adipic acid, maleic acid, ascorbic

acid, succinic acid, and tartaric acid onto a surface of an

adsorbent selected from among silicon dioxide, calcium

silicate, talc, and aluminum magnesium metasilicate, thus
preparing adsorbed granules; and

25 mixing the adsorbed granules with a hydrophilic

polymer selected from among hydroxyethylcelluleose,

hydroxypropylicelluliose, hydroxypropyimethylcellulese,
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9. A nethod of preparing a controll ed-rel ease 15conposition for
produ0|ng a sustained-rel ease preparation containing udenafil,

conpri si ng: adsorbing a m xture solution conprising udenafil
and its pharnaceutically acceptable salt, and a sol ubi l'ity nodul at or

sel ected from anopn ani c.aci ds_incl udi n citric_.acid lic
acid, adipic agﬁgg ‘%‘Fﬁ'f%n@oﬁ&gﬁ ﬁ%%ﬂ?acﬁ cg‘%i’g. Fuady @i ¢OFERE, gg‘ﬁ’a gum,
tartaric acid ong o, ﬁﬁgf ce of an adsorbent selected fronlannng
silicon dioxidé, “calciumsriicate, talc, and al um num nmagnesi um

nmet asi licate, thus preparing adsorbed granules; and 25m xi ng the
adsorbed granules with a hydrophilic

pol ynmer sel ect edf r omanonghydr oxyet hyl cél | ul ose,

hydr oxypr opyl cel | ul ose, hydr oxypr opyl nmet hyl cel | ul ose,

pol yet hyl eneoxi de, xanthan gum guar gum | ocust bean gum and sodi um
al gi nate.
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