1 WD 2008/ 078922PCT/ KR2007/ 006738 Descri pti on REVAPRAZAN- CONTAI Nk NG
SCLI D DI SPERSI ON AND  PROCESS FOR THE PREPARATI ON THEREOF Techni cal
Field [1] The present invention relates to a solid dispersion in

whi ch revaprazan particles are surface-ntdified with a water-soluble
pol ymer, a water-soluble saccharile, a surfactant, or a m xture

t hereof and a process for preparing the sane. The present invention
also relates to a pharmaceutical conposition containing the solid

di spersion and rocess for preparing the pharnmaceuti cal

conposi ti on” é%?@’ﬂg‘?’&und Art [2] Revaprazam whose cheni Zdf<HaHE7S

5, 6-di net hyl- 2- (4- quorophenyI am no) -4-(1-nethyl -1, 2, 3, 4-tetrahydrois
oqui nol i n-2-y1) pyritnidine, represented by the foI | om ng Formul a
1. Revaprazan nmay be used in a ftﬁﬂiﬁla tleRi d addition salt,

1956/ 05177) %Y%ﬁmséwwfﬁ@%ﬁﬁmﬁt&%?&v

reversibly boundm m f
ATPase) existing in a gastric parl etlg %R T’{?N) secre |on of
l-Pinto the ga%chmchhﬂnﬂﬂl s conpetitively | nhi bi ted Revapr azan or

its salt al s |f|c HvVI ATPa e
i nhibiti r{glst rang}ﬂ) e%fl%&n?m %Fsutop%seoz%?lg ¥ Sécﬁn TR o hs'ffé"(r:a a?an fclci)e??%e
gastric | unen, sudhatemodiied withs waterispluble aslymgr, & ater-nelnkig sactharide, pH.

Unlike irr everﬂrﬁbﬁntr)ér%trﬁmtu%eéf@ﬂ& RhioRdss for Brofring B2 Blebresent
revapr azan or Jts sa 1S not ependent upon aCI aCtI vation of a

drug in a st onE¥FrtoR 2lse Felaiste k PRATRRGGLGSE CORRGHERTLEPIRS thy RAF disprrsion
based on the nmeehaiozes i fréparighthe blidmtdettic@Vemgiokitien, pr ot on punp
i nhibitors, su ol e, revaprazan or its salt is classified
into an acid pﬁ%ﬁeglﬁq%ﬁg%%t (AM). 2 \WD 2008/ 078922PCT/ KR2007/ 006738
[ 6] Meanyll | e, Revxsaprag ahodeabenriezlypainow wat er-solubility, i.e. less

an 0.2 my/ ns B0 n
" gastr of ntest] SARRIOLE A Ruiiinlan il PO MR L4 s bORMESEMELED
adni ni st ered, PirEnigns Frrparpsspted BY e iﬁ%lowaﬂiggpnww Redwrammubaﬁsfﬁ i3 so
has strong adhggh6fnded AaEsh wili, BRhlieRe. B HOEHlt(88 IntdiehidnRUSbliVAEMNo.

revaprazan is into a capsule or a tablet, it nay be stuck
to a punch or é’%{%’ ]%%ﬁ&Peby showi ng | ow formul ati on processability.

Di scl osur@ of | Hatemmialon Technical Problem [7] The present inventors
stal ed tq fnprove physi cochem cal properties of revaprazan, i.e. |ow
dlssolutlon rate and-fow formul ati on processability. As a result, it
is found that, when |prazan particles are surface-nmalified mnth a
wat er - sol ubl e pol yarerx~a wat er-sol ubl e sacchari de, and/or a
surfactant to prepare finto a formof solid dispersion, the solubility
and di ssol uti on of~evaprazan are notably inproved, thereby show ng
remar kably i nproved |bioavailability. In addition, it is found that

t he adhesi venes glutination properties of revaprazan can be

i nproved to result in|incre. ing its brnulation processability. [8]
Therefore, it is t e present invention to provide a
revapr azan- cont ai ni ng i d per sion. [9] It is another object of
he present invention to provide a pharmaceutical conposition which
ncl udes [flhe reRasppﬁZ:&fert@ saleil FevaigibBMHoufld @i aHy eI sixcliun ghdtedf aproton pump
phar maceuti cal bl.e.carrie b ct
of the pr esenté}%irﬁen iof e’tusunﬁrmaig%fe € pr%lccgislgo ﬁla?secreéon 0'}9} ?H’g g&%
revapr azan- contugien lsrvgmpctiHleydmlslpeﬂsReunpra:{am b} ity &altusalsi dehd evracsphm‘.ic site
obj ect of the piememlrsy el oRrbRshiopldn o@I—PEﬂP&?ﬁre&fng%%&@Eécfb@oﬁ he

pharmaceutical conposition. Téechnic | uti onng ccordance
with an as pecttocS]I*e gapleic Jreegewhich pydin Bateasingdheintiagasiispild Balies igpyepsiple

di spersion in whios Buthﬁi’r@ailﬁt@is@@ g P@ﬁéﬁr&bﬁsreaip@azﬁhl bf I@SCS@R REG a@dndehﬁdpo@
wat er - sol ubl e Ep%ay V\&uer sol ubLe sacchari de, surfact q.g a
c ctwatxon of a drug in a stomach or secretion status of a proton pump. ereﬁ)

based on the mechanism different from irreversible proton pump inhibitors, such as

omeprazole, revaprazan or its salt is classified into an acid pump antagonist (APA).



4 WD 2008/ 078922PCT/ KR2007/ 006738 [21] FIG 2 shows results of -
phar macoki neti c studies using a beagle dog of a fornulation prepared
according to the present invention and a conventional forrmulation [a
tabl et prepared according to Exanple 36 (0) and a capsule filled with
revaprazan powder (A)]. [22] FIG 3 is a scanning electron

m croscopi c image of a solid dispersion (Exanple 6) prepared
according to the present invention. [23] FIG 4 is a scanning

el ectron mcroscopic imge of a solid @ spersion (Exanple 11)
prepared ac the present invention. [24] FIG j

pol ari zi ng ﬁngcg%@gsg%r c image of revaprazan particles. MWQW&
Carrying Qut the Invention [25] Through the present specification,

t he termnol ogy.,:surf.ace- m:dlf refer ting of adherin

wat er_-sol@gl e pof ?lr]r‘ef;rue B WAt er - soe]G’b1 gééﬁgblg_%e{'ez Sss%j?lfggf“aghql 38?
the li ke, on oduepnisechrad oy pelalzhty, mahasvleﬂl@sn a [p@@pintdstna Eamsriom'gl;ereﬁre
"revaprazan® rgfer év&;ﬁ’azan is orally administered, its abso tlon rate is relative] low
5,6-ctinmethyl-2-(4-fluorophenyl am no)-4-§ -1, 2, 3, etrahydr0|
soqui nol i n- 2- y Y3PIpARR isp Basieong Hegsivgiapdags %mﬁm&rpﬁ%&ﬁf |aeﬁrhu9s when re-
aCf]prt abl e sal kapradis muraeedaﬂbaz;@pauiawli a6l ﬁrnhﬁ%ls?ﬁyﬁnmﬁr?&ﬂor a die,
sulfate, revaprazan nitr prazan or sul fonate (i
revaprazan canmsy %Yéljom?gg\?grﬁr %ﬁ I{WP%eéiﬁgﬁi&p revaprazan phosphat e,
revaprazan car Brisclosmyresofdnventibiike. Preferably, the term nol ogy
‘revaprazan” i I zan hydrochl oride. [27] In accordance
with the preseg'fe Hﬁ@hﬁ%ﬁﬁhﬁevaprazan particles are surface-ntdified
wi th a wdfer - solThbbesepoinyengors stadiegdd emprmlpwﬂz@cbamcdi@rqum,es aiivelyaprazan,
surfactant to pgepakSsold¥of rie Y BlmaMdnd-SeSRET Rpﬁretsra?'itqp%ﬂund that,

i ncreasing penetration and solubility properties
revaprazan), wHIEhrerEsigee patigles aigyuscs met hé’l@él"@[fﬁf1si)ltl9leﬁﬂ]d¥“6'r a wter-

di ssol uti on r ak&uilé sacenaaify, Az arserfmdﬁaialpyeparehﬁb @Eymldf&ﬂﬂ\dlsﬁé}szbﬁ She

ioavailabilit esi veness tion _can be
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nedi um and thggglu ﬁ(ﬁﬂgrb eQ'E)P]Qkf %%Qm \Své{ﬁ P&u flﬁﬁ&laz%m its Br-
solvents, e.g., ety pro ems C used y residua vent can be
avoi ded. [ 28] W@“B‘i*é@éﬁﬁfﬂbibﬁx/entr on provides a soli d d| spersion in
whi ch revapr azamhgabiel €108 oBeét of Wefpasan R @6ipihilida feviiyhAh-cshivik €
pol ymer, a water,: %ubl e saccharicle, a surfactant, or a m xture

t hereof . [29] 918 SRREEPT s ol bl e pol ymer may be sel ected from the

group con®8l st i ndt inénofwek yhjeanpf thy presdnt idesndipn toydodde\aphemydceretchilytomposition
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a m xturgigher eofis mno&éﬁbﬁca&we R&eRGhHRAtd 8 Fdviie a PrRER ﬁﬁ%&?h@g&ﬁw

of pol yvi nyl pyrrol ki one, dr oxy | met hyl cell ul ose, pol hyl'ene
glycol , and a M &8 TW@P%‘@FOI%@%’P ‘eferably, the water- soI ubl e

pol ymer rmay] be gk ytiri anpihpryobicet ofdongeseht3tentidieto padvile « $edcedal @ preparing the

sacchari de may Q&g&hg&&qﬂ oﬁrﬁgﬁt he group consisting of |actose,
ite sugar, crose AN sorbitol, xylitol, trehal ose,
ltitol, dul cﬂ‘teﬁhnlcﬂhsglllfmn dextrin, cyckdextrin (for exanple,

a-cycl od rin,
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and

[14] In accordance with still another aspect of the present invention, there is provided a

process Br preparing the solid dispersion, the process comprising suspending re-



[39] As described above, the use of water as a nedi um nmake it

possi ble to avoid potential problens caused by using organic

sol vents, e.g., safety problens caused by residual solvent. [40] In
the process hr preparing the solid dispersion, the suspension can be
obt ai ned by addi ng revaprazan to an aqueous sol ution containing a
wat er - sol ubl e polyner, a water-sol uble gsaccharide, a surfactant, or a
m xture thereof, while strongly stirring the aqueous sol ution.

Al t er nat i veMp 20p8188%8-spensi on can be al so obtai ned by addixmgootyodstss
revaprazan and one of a water-soluble polyner, a water-soluble
saccharide, a surfactant, and a m xture thereof to water and then
strongly sti rrivaprazdnend esadita) watersbluble pelymeh e wsiter-solilgsacthagide, a surfactant,
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or a mcroflui %,thcgn dbddrartdaldpe process for preparing the solid
per brmed using any conventional drying

di sper si Oﬁ t he dryi'ng can
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carrier. [46] T er solutio Icohol (for
exanpl e, et hanBW)efI%ﬁSﬁfWWﬁﬂlevﬁrwi@d Cl4 al cohol (ft exanpl e,

ethanol Seut! OflG, 10hods SOhNLE AR REERAN BB AHHLIG BN ERRYERL Lo

bi nder use in the pharmaceuti ca to one ohol
(1x exanpl e, etsaidHE o thepepsent Hvetion endd ana@félpﬂﬁﬁmm@aﬁoraﬂa@mole (br

containing the solid dispersion prepared according to Example 3 (A), a tablet prepared
according to Example 3 (UJ), and a capsule filled with revaprazan powder (O)].
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[21} FIG. 2 shows results of pharmacokinetic studies using a beagle dog of a Hrmulation

[22]

[23]

[24]

[25]

[26]

(27

[23]

[29]

prepared according to the present invention and a conventional Hrmulation [a tablet
prepared according to Example 36 (@) and a capsule filled with revaprazan powder
(A)].

FIG. 3 is a scanning electron microscopic image of a solid dispersion (Example 6)
prepared according to the present invention,

FIG. 4 is a scanning electron microscopic image of a solid dispersion (Example 11}
prepared according to the present invention.

FIG. 5 is a polarizing microscopic image of revaprazan particles.

Best Mode for Carrying Out the Invention

Through the present specification, the terminology "surface-modified” refers to
coating or adhering a water-soluble polymer, a water-soluble saccharide, a surfactant,
or the like, on or onto revaprazan particles.

The terminology "revaprazan” refers to
5,6-dimethyl-2-(4-flucrophenylamino)-4-(1-methyl-1 .2,3,4-tetrahydroisoquinolin-2-yl)
pyrimidine, including its pharmaceutically acceptable salt, such as revaprazan hydro-
chloride, revaprazan sulfate, revaprazan nitrate, revaprazan camphor sulbnate (i.e., re-
vaprazan camsylate), revaprazan thiocyanate, revaprazan phosphate, revaprazan
carbonate, and the like. Preferably, the terminology "revaprazan" inchudes revaprazan
hydrochloride.

In accordance with the present invention, revaprazan particles are surface-modified
with a water-soluble polymer, a water-soluble saccharide, and/or a surfactant to
prepare into a frm of solid dispersion, thereby increasing penetration and solubility
properties of the drug (i.e, revaprazan), which results in increasing the solubility and/or
dissolution rate of revaprazan remarkably, thereby improving its bioavailability, And
also the adhesiveness and agglutination can be decreased and thus its Hrmulation pro-
cessability can be improved. Furthermore, the solid dispersion can be prepared using
water as a medum, and thus, potential problems caused by using organic solvents,
e.g., safety problems caused by residual solvent, can be avoided.

The present invention provides a solid dispersion in which revaprazan particles are
surface-modified with a water-soluble polymer, a water-soluble saccharide, a
surfactant, or a mixture thereof.

The water-soluble polymer may be selected from the group consisting of
polyvinylpyrrolidone, hydroxypropylmethyl cellulose, hydroxypropyl cellulose, poly-
ethylene glycol, a water-soluble polyacrylic acdd copolymer (br example, Ewdragit E
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or carbomer), polyvinyl aleohol, and a mixture thereof and, preferably selected from
the group consisting of polyvinylpyrrolidone, hydroxypropylmethyl cellulose, poly-
ethylene glycol, and a mixture thereof. More preferably, the water-soluble polymer
may be polyvinylpyrrolidone.

The water-soluble saccharide may be selected from the group consisting of lactose,
white sugar, sucrose, mannitol, sorbitol, xylitol, trehalose, maltitol, dulcitol, inositol,
dextrin, cyclodextrin (fr example, a-cycladextrin, B-cyclodextrin, y-cyclodextrin, or
hydroxypropyl 3-cyclodextrin, and specifically, hydroxypropyl p-cyclodextrin), and a
mixture thereof. Preferably, the water-soluble saccharide may be selected from the
group consisting of lactose, mannitol, cycladextrin, and a mixture thereof.

The surfactant may be selected from the group consisting of sorbitan ester or poly-
oxyethylene sorbitan fatty acid ester (for example, polysorbate 80 ™), sucrose fatty
ackl ester (Ryoto Ester L1695 ™), polyethylene glycol- 15-hydroxystearate (fr
example, Solutol HS 15™), polyoxyethylene glycolated natural or hydrogenated castor
oil (for example, Cremophor RH 40™, Cremophor RH 60™), polyoxyethylene-poly-
oxypropylene copolymer (br example, Poloxamer407 ™, Poloxamer]18™), synthetic
vitamin E derivative (fr example, vitamin E TPGS ™), polyoxyethylene alkyl ester
(for example, Brij 52 ™), fatty acid microgol glyceride (fr example, Gelucire 44/14 ™
), polyglyceryl fatty acid ester (fr example, Plurol oleique ™), bile acid (fr exatnple,
taurocholic acid), sodium lauryl sulfate, lecithin, glyceryl fatty acid ester (fr example,
glyceryl monostearate), polyoxyethylene stearate, and a mixture thereof. Preferably,
the surfactant may be selected from the group consisting of sorbitan ester or poly-
oxyethylene sorbitan fatty acid ester, sucrose fatty acid ester, polyethylene glycol-
15-hydroxystearate, polyoxyethylene glycolated natural or hydrogenated castor oil,
polyoxyethylene-polyoxypropylene copolymer, synthetic vitamin E derivative, fatty
acid microgol glyceride, and a mixture thereof. Mbre preferably, the surfactant may be
sucrose fatty acid ester, polyoxyethylene glycolated natural or hydrogenated castor oil,
polyethylene glycol-15-hydroxystearate, polyoxyethylene-polyoxypropylene
copolymer, or a mixture thereof.

The solid dispersion according to the present invention can be prepared using one or
a combination of a water-soluble polymer, a water-soluble saccharide, and a surfactant,
For example, a solid dispersion can be prepared by surface-modifying revaprazan
particles with polyvinylpyrrolidone, sucrose fatty acid ester, and polyoxyethylene
glycolated natural or hydrogenated castor oil,

The amount of revaprazan incorporated as an active ingredient in the solid dispersion
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according to the present invention is dependent upon a unit dosage form administered
to achieve a curative objective, ©r example, to treat an ulcer. For example, the unit
dosage form may inchule revaprazan in the range from 10 to 600 mg, specifically,
from 50 to 400 mg. Although an average particle size of revaprazan is not limited, the
average particle size thereof may be about 50 um or less.

[34] The amount of the water-soluble polymer, water-soluble saccharide, or surfactant
which is contained in the solid dispersion according to the present invention may be
adjusted considering properties of a solid dispersion to be prepared. Preferably, re-
vaprazan particles may be surface-madified with one of a water-soluble polymer, a
water-soluble saccharide, a surfactant, and a mixture thereof in an amount from 5 to
900 parts by weight, preferably from 20 to 200 parts by weight, based on 100 parts by
weight of revaprazan, Mbre preferably, revaprazan particles are surface-modified with

( 5 to 30 parts by weight of polyvinylpyrrolidone, 20 to 100 parts by weight of sucrose
fatty acid ester, and 10 to 100 parts by weight of polyoxyethylene glycolated natural or
hydrogenated castor oil, based on 100 parts by weight of revaprazan

[35] The present invention includes, within its scope, a pharmaceutical composition
comprising the solid dispersion and a pharmaceutically acceptable carrier.

[36] The pharmaceutically acceptable carrier of the composition according to the present
invention inchues any conventional diluents, disintegrants, lubricants, and the like.
Examples of the diluents include lactose, xylitol, maltitol, cellulose, microcrystalline
cellulose, white sugar, silicon dioxide, dextrin, dextrate, calsium dihydrogenphosphate,
xanthan gum, polyvinylpyrrolidone, carboxymethyl cellulose, cellulose, glucose, poly-
dextrose, starch, pregelatinized starch, corn starch, Prosolv™, McroceLac ™, hy-
droxypropyl cellulose, hydroxypropylmethyl cellulose, a mixture thereof, and the like.
Examples of the disintegrants include croscarmellose sodium, crospovidone, low-

( N substituted hydroxypropylmethyl cellulose, and the like. Examples of the ubricants
inchude sodium stearyl famarate, magnesium stearate, calcium stearate, zinc stearic
acid, magnesium trisilicate, talc, and the like. The composition according to the present
invention further includes additives, such as sadium hydrogencarbonate, sodium starch
glycolate, sucrose fatty acid ester, and the like. The kind of the pharmaceutically ac-
ceptable carrier can be appropriately selected by one of those skilled in the art, in ac-
cordance with a Hrmulation to be obtained.,

1371 The pharmaceutical composition may be formulated into varions Hrms, such as a
granule, a tablet, a capsule, a dry syrup, or a powder, preferably, a granule, a tablet, or

a capsule, Those Drmulations can be prepared using conventional methads known in
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the pharmaceutical field. For example, the pharmaceutical composition can be
frmuiated into a tablet by mixing the surface-modified solid dispersion with a diluent,

a disintegrant, a lubricant, and the like; and compressing the mixture. Alternatively, the
pharmaceutical composition can be frmulated into a tablet by granulating a surface-
madified solid dispersion with a diluent and the like, mixing the obtained granule with

a diluent, a disintegrant, a lubricant and the like, and compressing the obtained
mixture. The pharmaceutical composition can be also Hrmulated into a capsule by
filling a capsule with the mixture. And also, film-coating or enteric coating can be
further performed to improve stability, drug-compliance, and appearance.

The present invention includes, within its scope, a process for preparing the solid
dispersion, The process includes: suspending revaprazan and one of a water-soluble
polymer, a water-soluble saccharide, a surfactant, and a mixture thereof in water to
obtain a suspension; and drying the suspension.

As described above, the use of water as a medium make it possible to avoid potential
problems caused by using organic solvents, e.g., safety problems caused by residual
solvent.

In the process for preparing the solid dispersion, the suspension can be obtained by
adling revaprazan to an aqueous solution containing a water-soluble polymer, a water-
soluble saccharide, a surfactant, or a mixture thereof, while strongly stirring the
aqueous solution. Alternatively, the suspension can be also obtained by adding both re-
vaprazan and one of a water-soluble polymer, a water-soluble saccharide, a surfactant,
and a mixture thereof to water and then strongly stirring the resulting mixture. The
stirring (i.e., dispersing) can be performed using any conventional methods known in
the pharmaceutical field. For example, the stirring can be performed using a stirrer
equipped with a stirring wing, an ultrasonic oscillator, a microfluidizer, a high pressure
homogenizer, a propeller-containing mixer, or a homogenizer. Homogeneous
suspension can be obtained using a stirrer equipped with a stirring wing and also more
homogenous suspension can be obtained using a homogenizer or a microfluidizer,

In the process for preparing the solid dispersion, the drying can be performed using
any conventional drying methods known in the pharmaceutical field, such as spray-
drying, freeze-drying, or vacuum drying. Preferably, the drying can be performed by
spray<drying. The spray-drying can be performed using any conventional methads
with a fluid bed granulator or a spray-dryer.

The present invention includes, within its scope, a process r preparing a pharma-

ceutical composition including the solid dispersion.



60g 20g 20g 19 10 g 50g 10 g 10y [57] [58] [59] Exanple 20:
Preparation of Solid Dispersion [60] 20 g of 13-cycicdextrin and 80 g
of lactose were dissolved in 2,000 M of purified water. Wile
stirring the resulting solution with a mechanical stirrer, 100 g of
revaprazan was ailed thereto to obtain a suspension. The obtained
suspensi on was ho- 11 WD 2008/ 078922PCT/ KR2007/ 006738 nogeni zed by
passing three tinmes through a mcrofluilizer at a pressure of 10, 000

- 15, 000 psiwo Hbge7ehak ai ned suspensi on was spray-dried Péﬁkay
dryer (Buchi 190) under the condition of: 120 to 130C o an I'n
tenperature and 80 to 90C of an outlet tenperature to obtain a solid

di sper si o3][ 61]For k&flp1& ekl S0 #dembodigientdt %ﬁ%&kﬁﬁ%eﬁﬁons%fagule ma¥ be ® o

Di spersion [63] Soli dIS ersi ons were prepared he sa
in Exarrpl e [20 FELEFGPH G DE%"OE‘ REIcR SABpHRehisPeaibe KiverTAee aahenaPl Rnvarbl e
2. The anount cbluplerpolyet awateesolitle shodaside @ siffacRet, add Omedurt bereboik al

e . .

S ! e, SR k10 e B0 A e

Hydr oxy propyl rﬁgcqphtyle cga@iet Theswparsior panrbeBbRPESIn the same manner as in the
methaod of preparing the solid dispersion,

[44] The spray-drying can be performed according to any conventional metheds using a
fluid bed granulator, a cylindrical granulator, a high-speed granulator and the like. The
pharmaceutically acceptable carrier used in the spray-drying step can inclule a diluent,
such as a microcrystalline cellulose, lactose, corn starch, mannitol, potato starch, pre-
gelatinized starch, cellulose, MicroceLac ™, Prosolv™, dextrate, dextrin, calcium di-
hydrogenphosphate, citric acid, succinic acid, and the like; a disintegrant, such as

( crospovidone, sodium starch glycolate, croscarmellose sodium, saium hydrogen-
carbonate, or low-substituted hydroxypropyl cellulose, and the like; a lubricant, such
as magnesium stearate, silicon dioxide, and the like; and a solid surfactant, such as
sucrose fatty acid ester (Ryoto Ester™, Mitsubishi Co.), scdium lauryl sulfate, and the
like.

45] Also, according to another embodiment of the present invention, a granule may be
prepared by a methad which comprises granulating by adiing a binder solution to a
mixture of the solid dispersion and a pharmaceutically acceptable carrier.

[46] The binder solution may be water; C,, alcohol (br example, ethanol); a mixture of
water and C,.4 alcohol (r example, ethanol solution); or a solution prepared by adding
any conventional binder used in the pharmaceutical field to one of water, C ,, alcohol
(for example, ethanol), and a mixture of water and C ,_, alcohol (for example, ethanol
solution). The binder includes at least one selected from the group consisting of-

( polyvinyl alcohol, xanthan gum, arabic gum, alginic acid or its salt,
polyvinylpyrrolidone, gelatin, hydroxypropylmethy! cellulose, carbomer, hy-
droxypropyl cellulose, ethyl cellulose and a mixture thereof. The amount of the binder
is not limited, and may be about 10 wt% of the total weight of the granulated pharma-
ceutical composition. When the amount of the binder exceeds 10 wt% of the total
weight of the granulated pharmaceutical composition, the granule may be hardened
and thus disintegration thereof can be prolonged. When required, the binder solution
can further inclwde polyoxyethylene glycolated natural or hydrogenated castor oil (fr
example, Cremophor RH 40™),

471 Also, according to another embodiment of the present invention, a tablet may be



TM Pol yvin yl pyrrol idone Polyeth ylene glycol 6000 Polo xane r 407
TM 21 100 g 100 g 209 22 100 g 60g 23 100 g 100 g

24 10 g 60g
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[48]

[49]

(_ ' [50]

[51]
[52]

[53]
[54]
[55]

C [56]

prepared by a method which comprises compressing a mixture of the solid dispersion
and a pharmaceutically acceptable carrier, or compressing a mixture of a granule
obtained from the solid dispersion and a pharmaceutically acceptable carrier (for
example, a lubricant such as magnesium stearate).

Also, according to another embodiment of the present invention, a capsule may be
prepared by a methad which comprises filling a capsule with a mixture of the solid
dispersion and a pharmaceutically acceptable carrier, or filling a capsule with a
mixture of a granule obtained from the solid dispersion and a pharmacentically ac-
ceptable carrier

The present invention will be described in further detail with reference to the
bllowing examples. These examples are fr illustrative purposes only and are not

intended to limit the scope of the present invention.

Example 1: Preparation of Solid Dispersion

20 g of polyvinylpymrolidone and 80 g of sucrose fatty acid ester (Ryoto Ester L.16%
™, Mitsubishi Co., Japan) were dissolved in 2,000 ml of purified water. While stirring
the resulting solution with a mechanical stirrer, 100 g of revaprazan was added thereto
to obtain a suspension. The obtained suspension was spray-dried with Mni spray dryer
(Buchi 190) under the condition of: 120 to 130 °C of an inlet temperature and 80 to 90

°C of an outlet temperature to obtain a solid dispersion.

Examples 2 - 19: Preparation of Solid Dispersion

Solid dispersions were prepared in the same manner as in Example 1 according to the
components and amounts shown in Table 1. The amount of purified water used was 10
ml per 1 g of the total amount of the components used.

Table 1



209 209 25 100 ¢ 20g 60g 26 100 ¢ 50g 27 100 g -
100 g 28 100 ¢
10
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[Table 1}
iTable ]
Ex. |Revapraz |Polyvinylp |Sucrose |Gelucir |Solutol (Polysor |Cremopho |Poloxam
an yrrolidone |fatty  |e 44/147|HS 15 |-bate |rRH 40 ™ |er 407 ™

acid M ™ g™

ester
2 |100g 150g
3 |(100g 100 g
4 |100g 50g
5 |100g 5g
6 |100g 100¢g
7 |[100g 50g
8 |[10g 50g
9 |100g 10g 30g
10 |10g 90 g
11 {100g 10g 70g i15g
12 |100g |20¢g 60g 20¢g
13 |100g 20g 15g 40g
14 |100g 15g 120g |20g
15 |100g 15¢ 1125 ¢ 2625g
16 100 g 20g i0g 10g 50 g
17 [100g [20g 15 ¢ 60 g
18 |100g {10g 60g 20g 20g
19 |10g 50g 10g 10g

{571
[58]
[59]
[60]

Example 20: Preparation of Solid Dispersion

20 g of B-cycladextrin and 80 g of lactose were dissolved in 2,000 ml of purified

water, While stirring the resulting solution with a mechanical stirrer, 100 g of re-

vaprazan was atled thereto to obtain a suspension. The obtained suspension was ho-




509 50g 29 100 g 150 g 50 g 30 100 g 10 g 10 g 31.100g
609 50g 32 100g
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mogenized by passing three times through a microfluidizer at a pressure of 10,000 -
15,000 psi. The obtained suspension was spray-dried with Mini spray dryer (Buchi
190) under the condition of: 120 to 130 °C of an inlet temperature and 80 to 90 °C of
an outlet temperature to obtain a solid dispersion.

(61]

[62] Examples 21 - 32: Preparation of Solid Dispersion

[63] Solid dispersions were prepared in the same manner as in Example 20 according to
the components and amounts shown in Table 2. The amount of purified water used
was 10 ml per 1 g of the total amount of the components used.

[64] Table 2

[Table 2]
[Table ]
(; Ex. |Revapr|Hydroxy [Lactose [Mannit |Hydroxy |Vitamin {Polyvin |Polyeth [Polo
azan |propyl f3- ol propylme |E TPGS |ylpyrrol [ylene  |xame
cycladex thyl ™ idone |glycol |r407
trin cellulose 6000 |
21 |160g {100¢g 20g
22 1100 g 60 g
23 |100¢g 100 g
24 110g |60g 20g 20¢g
25 |100¢g 20¢g 60g
26 |100g 50g
( 27 100 g 100 g
28 |100g 50g 50g
29 |100g 150 g 50¢g
30 |100g |10g 10g
31 {100g 60g 50g
32 [100g 60g 50g 50g

[65]
[66]



60g 509 50g 12 WD 2008/ 078922PCT/ KR2007/ 006738 [67] Exanpl e..33:
Preparation of Solid D spersion [68] 10 g of polyvinyl pyrrolidone, 15
g of Crenophor RH 40 Tm (prccluced by BASF Co.), and 70 g of sucrose
fatty acid ester (Ryoto Ester TM M subishi Co.) were added to 110 m
of purified water. Wiile stirring the resulting solution with a
nmechani cal stirrer, 100 g of revaprazanpswas slowy added thereto to
obtain a su%‘penm on. The obtai ned suspensi on was honbgeni zed using a
honogeni zer 2 X% ERAL i on speed of from 10,000 to 15, 0BOTHKBEOGH06T38N
m nutes. The resulting suspension was spray.dried using a fluid bed

ranul ato roduced. b nder the condition of: 110 to 130
% of an |Fﬁ gp %g}péet%’rgr%ﬁ‘ﬂmﬁ’“&tg@“gﬁﬁpgéwﬂof an injection pressure
t o obt ai nlG8] s]lcjrflﬁcge)fmoljvmylwlmﬂbnedlijg EREBO O RH@@ J&Q&edﬁy@mgb@oq4
Pr epar at ion o
pol yvi nyl pyrrol ﬁgzdr\gogf%gggﬁw&&e%%} f]}iar {%te%@ %'?bd éﬁ%&’&%@j %ﬁ@l’—lo
Co.), and 50 gmff B@@ﬁégfétef il sa@ina thegesahing Rylotian &gt @meckivhical stirrer,

Wi tSllbiShi Cag) F\S@fe@aﬁ&i@@@ﬁ @0@1}%& m%tonb' Bbtﬁﬁl%qu YR TW]%}J&amed
stlrrlng the resu tlnqﬁﬁggutlon with a nechani cal

revaprazan was SEOWM Y OFHIBFL PN A OBIE ST At asrasaa@lhme@hof ffphel() 000
resul ting suspen$i.eNg rpasbr nmmigesd. Z‘Bdremltuﬁgtduﬁﬂd‘nﬂ&l #hs Prdytiad bs‘B{g asfﬁﬁied

of 300 rpm or honogeni

[72] 67.5 g of ool ?‘E}g"gm‘z(f’@#ﬁ%’;&a et “%d‘” “f(?c’b‘g%‘rﬂ %rﬂé’ SUHbR aﬂ 10 g
of sodi um hydr %Wmmeﬁlﬂ le0 1012 pr of arsipftiom psessure b cgaltaylcolsaztfa&g- 20 g
of sucrose fat it dliC@RkionRyot o Ester TM M subi shi Co.) were

si eved WI%?] a 20 nesh-sieve and then nm xed together to prepare a
carrier f pro-hieing a granule. [73] Wile the earner thr prcducing

a granul d70las b&Exmgplel3di Biepachtion oﬂSdlidLBn@beli)ﬁ& %ﬁﬂﬂi@@anﬁl@& cduced by

Che. conditon of P2h P BARMBERIERE, 15 43R Eace Ror o0 RL BYoi el B TR OO,
outl et tenper atthd apfguaos f%iﬁfraCdfestaﬂ{RUmp@emTUnNﬁmubsmcﬁ) \t/@e atddabnim
sol i d di spersi gihof ﬁrﬁe{gﬁ/ﬁ&uh@iﬂe erﬂh é AI'E]SHIHL% n%f& a%% cﬁ%lcfal ﬁ.lrrer,

Preparat|on of er sl on- COﬂ alnin

di spersions in @%‘? efﬁYfP Ay Was ANy @%%@P@doht%ﬂﬁﬁ‘ép%m Fenesatings i n
Exanpl e 34 accosphnsign tvas hd’iﬁ)g@ﬂi%ﬂlﬂﬂ%ﬂirﬁlgaﬂﬂroﬁdﬁ@ﬂgﬁéd th Br hiBRgs 23-

The anount of gurifi 1.5mM per 1 g of the total
anount of the co%%r?g% L?g{é) emfe% Spell}qune 3 13 W

2008/ 078922pPCT/ & @Oﬁmmm&ll[ﬂfaﬂllléosa]m[gmbfoepo]wdEne, 1®gbf siadldmsmfdgmpn
Carrier br prepgoniid, @F Astbdin stBeY Riyffdey, Z@rg%f Bl Qe §"€§r acif b {Rylot%r

Lact os

Ester™, Mitsubishi Co.) were sieved with a 20 mesh-sieve and then mixed together to
prepare a carrier fr producing a granule.

[73] While the carrier fr producing a granule was being fluidized in a fluid bed
granulator (praduced by Glatt Co.), the above homogenized suspension was spray-
dried under the condition of: 50-60 °C of an inlet temperature, 35-45 °C of an outlet

( _ temperature and 1.5 bar of an injection pressure to obtain a solid dispersion in a
granular Hrng.

[741

[75] Examples 35 - 40: Preparation of Solid Dispersion-containing Granules

[76] Solid dispersions in a granular form were prepared in the same manner as in
Example 34 according to the components and amounts shown in Table 3. The amount

of purified water used was 1.5 ml per 1 g of the total amount of the compornents used,
[771 Table 3
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[Table 3]
[Table ]
Ex. [Solid dispersion Carrier for preparing granules
Reva |Poly |Cre |Polo {Sucr |Vita |Mcr |Lactos|Cor [Cro |Sodi |Sodi |Suc
praza jvinyl |mop |xame |[ose |min jocrys|e n |spo jum (um |rose
n pyrr thor (r407 |fatty [E tallin star |vido thydr |starc |fatt
olilo [RH [m« lacid |TPG |e ch |ne |ogen |h y
ne (40 ester |S cellu carbo |glyco [acid
™ lose nate [late |este
r
B {100 |10g (15 70g 30g 375¢ 20 (10g (10g
C g g g
36 |100 |10g |20 30g 70g 20 |10g (10g |40
g g g g
37 |480 |48¢g |72 336 324 48 |48 g
g 4 8 g g
38 (100 20g |10g 70g (20 |5¢g
g g
39 1460 57.5 104 1225 |188 g 25 (25¢
g g g g g
40 1100 |10g (15 70g 150
4 g g
[78]
<-A [79] Example 41: Preparation of Solid Dispersion-containing Granules
[80] A mixture of 481.5 g of microcrystalline cellulose, 360 g of sucrose fatty acil ester

(Ryoto Ester™, Mitsubishj Co.), 90 g of crospovidone, and 90 g of sodium hydrogen-
carbonate was sieved with a 20 mesh-sieve, and then 1,260 g of the solid dispersion
prepared according to Example 9 was added thereto. The resultant mixture was mixed
in a high-speed granulator for 1 minute. A binder solution was prepared by dissolving
135 g of Cremophor RH 40™ in 90 ml of 50 %(v/v) ethanol solution. While rotating
the mixture in the high-speed granulator at a speed of 300 rpm for 3 minutes, the

binder solution was adled thereto to obtain the solid dispersion-containing granules.



TPG e ch ne ogen hy ne 40 tm ester S cellu | ose car bo nat.e
glyco late acid ester 100 g 10 g 15 g 70g 30g 37.5g 20 g 10 g 10
g 36 100 ¢
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[81]
[82] Examples 42 - 44: Preparation of Solid Dispersion-containing Granules
(831 Solid dispersion-containing granules were prepared in the same manner as in

Example 41 according to the components and amounts shown in Table 4.
[84] Table 4

[Table 4]
[Table ]
Example 42  |Example 43 |Example 44
Solid dispersion of Example 1 1,200 g
Solid dispersion of Example 5 1,260 g
Solid dispersion of Example 11 1,170 g
C _7 Mcrocrystalline cellulose 700 g 700¢g
Lactose 200 g
Crospovidone 100 g 100 g
Sadium hydrogencarbonate 100 g 100 g
Sucrose fatty acid ester 300 g
Cremophor RH 40 ™ 300 g 300 g 100 g
[85]
[86] Examples 45 - 48: Surface-Modified Solid Dispersion-containing Granule
[87] According to the components and amounts shown in Table 5, solid dispersion -

containing granules were prepared in the same manner as in Example 41, except that
Cremophor RH 40™ was nat used and 90 ml of 50 %(v/v) ethanol solution was used
as a binder solution.

{88] Table 5

N



10 g 20 g 30g 70g 20 g 1Oy IOy 40 g 37 480 g 489 72 g 336 g- 324
g 48 a a 48¢g 38 100 g 20g 10 g 70g 20 g 5¢g
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[Table 5]
[Table ]
Example |[Example |Example |Example
45 46 47 48
Solid dispersion of Example 3 1,200g
Solid dispersion of Example 6 1,200g
Solid dispersion of Example 14 1,530¢g
Solid dispersion of Example 17 1,170g
Mcrocrystalline cellulose 500g 500¢g 700g 700g
Lactose 300g
C ' Corn starch 300g 200g

Crospovidone 90g 100g 100g 100g
Sodium hydrogencarbonate 90g 100g
Sodium starch glycolate 100g 100g
Sucrose fatty acid ester 200g

[89]

[90] Example 49: Preparation of Solid Dispersion-Containing Granule

[91] A mixture of 500 g of microcrystalline cellulose, 360 g of sucrose-fatty acid ester
(Ryoto Ester™, Mitsubishi Co.), 90 g of crospovidone, and 90 g of sodium hydrogen-
carbonate was sieved with a 20 mesh-sieve, and then 1,300 g of the solid dispersion
prepared according to Example 9 was adled thereto. The resultant mixture was rixed
in a high-speed granulator for 1 minute. A binder solution was prepared by dissolving

(\ 20 g of hydroxypropylmethyl cellulose in 100 ml of 80 %(v/v) ethanol solution. While

rotating the mixture in the high-speed granulator at a speed of 300 rpm ©r 3 minutes,
the binder solution was adled thereto to obtain the solid dispersion-containing
granules.

[92]

[93] Example 50: Preparation of Tablet

[94] 200 g of the solid dispersion prepared according to Example 1, 150 g of micro-
crystalline cellulose, 20 g of sodium starch glycolate, 20 g of crospovidone, and 10 g
of magnecium stearate were mixed and then compressed using a single tablet press to

obtain tablets (Weight per tablet: 800 mg and Amount of revaprazan per tablet: 200



39 460 g 57.5 g 10.4 g 225 g 188g 25 g 25g 40 100 g 10 g 15 ¢
70g 150 g [78] [79] Exanple 41: Preparation of Solid

Di spersion-containing Ganules [80] A mxture of 481.5 g of

m crocrystalline cellul ose, 360 g of sucrose fatty acid ester (Ryoto
Esterlm M tsubishi Co.), 90 g of crospovidone, and 90 g of scdium
hydr ogen- car bonate was sieved with a 20 nesh-sieve, and then 1,260 g
of the solid dispersion prepared accoﬂ&ing to Exanple 9 was added

t hereto. TRep feeserkdzant m xture was m xed in a hi gh- spege/ahenddsadsor
br 1 minute. A binder solution was prepared by dissolving 135 g of
Cremophor RH 40 TMin 90 ml of 50 %v/v) ethanol solution. Wile
rotating the maxture in the high-speed granulator at a speed of 300
rpm for §5 Il nutes, the binder solution was ailed thereto to obtain
t he soli | spersion-containing granules. 14 WO

2008/ 0789#12 PCT/ BR2odenho)d Exa@pled1 Dissolution Test

[97] Solubility of a revaprazan-containing solil dispersion was measured in purified
water. A solid dispersion containing 1 g of revaprazan was added to a beaker
containing 50 mi of purified water, which was then strongly stirred using a magnetic
stirrer at 25 °C in a water bath r 6 hours. After 1, 2, and 6 hours, each sample was
collected and filtered using a 0.45um filter. The filtrate was diluted with methanol
having such an amount that absorbance of the filtrate is in the range from 0.2 to 1.0.
Then, absorbance of the diluted filtrate was measured at 270 nm using a UV spectro-
photometer (Agilent 8453, Agilent technologies, USA). From the obtained absorbance
value, concentrations of revaprazan were obtained using a standard curve.

[98] About 20 mg of revaprazan standard was dissolved in methanol until the total

( volume of the solution reached 10 ml. 1 ml of the resultant solution was adled to a 100

ml flask and then purified water was added thereto to obtain a standard stock solution.
The standard stock solution was diluted with purified water to obtain 2xg/ml, 5zg/mi,

8 pg/mi, and 10ug/ml of standard solution, Each absorbance of the standard solutions
was measured at an absorption maximum wavelength of 270 nm to obtain a standard
curve. The standard curve was moderately linear passing through almost (0.0)
(coefficient of correlation r 2> 0.98), The results are shown in Table 6.

[99] Table 6

[Table 6]
[Table ]
Solubility (ug/ml)
Revaprazan powder 173
(-n Example 2 905
Example 3 505
Example 4 237
Example 6 303
Example 7 240
Example 18 803

{100]



[ 82] Exanples 42 - 44: Preparation of Solid D spersion-containing
Granul es [83] Solid dispersion-containing granules were prepared in
the same manner as in Exanple 41 according to the conponents and
anounts shown in Table 4. [84] Table 4 [Table 4] [Table] ] Exanple
42 Exanpl e 43 Exanple 44 Solid dispersion of Exanple 1 1,200 g
Solid dispersion of Exanple 5 1,260 g Solid dispersion of Exanple
11 1,170 g Mcrocrystalline celluloset700 g 700 g Lactose 200 g

Cr ospovi don 00 g Salium hydrogencarbonate 100 00
Sucrose fat t%%f’l %@"u"%"%ét er 300 g L T

[101] Referring to Table 6, it can be seen that solubility of the surface-medified solid
dispersion according to the present invention is remarkably improved.

[102]

[103] Experimental Example 2: Adhesiveness and Agglutination Test

[104] The bulk density and tapped density of revaprazan powder and the surface-modified
solil dispersions prepared according to Examples 3 and 6 were measured and their
Carr's indexes were obtained in order to measure flowability thereof. About 3 g of a
solid dispersion was carefully added to a plastic measuring cylinder and the volume
thereof was measured to obtain the bulk density. And then, this was subjected to
tapping 3,000 times using a tapped density meter to measure the volume and the
tapped density was obtained. From the obtained bulk density and tapped density, Carr's
index was calculated in order to evaluate flowability. The results are shown in Table 7.

[105] Table 7

( [Table 7]
[Table ]
Carr's index

Revaprazan powder 41.2
Example 3 219
Example 6 17.6

[106]

[107] po : Bulk density

[108] pt : Tapped density

[109] Carr's index = (po - pt) / pt * 100

{110]

(_ [111] Referring to Table 7, revaprazan powder having very high adhesion and agglu-
tination properties shows 40% or more of Carr's index and its flowability was very
low. On the other hand, the surface-madified solid dispersion had high flowability and
its compression properties were improved.

[112]

[113] Experimental Example 3: Observation of Particle Surface using.Scanning
Electron Microscope -

[114] The surface of particles of a revaprazan-containing solid dispersion was measured

using a scanning electron microscope (SEM). The samples prepared according to




Crenophor RH 40 TM 300 g 300 g 100 g [85] [86] Exanples 45 - 48:
Surface-Mdified Solid D spersion-containing Ganule [87] According
to the conponents and anounts shown in Table 5, solid dispersion -
contai ning granul es were prepared in the sane manner as in Exanple
41, except that Crenophor RH 407m was not used and 90 ml of 50 %v/v)
et hanol solution was used as a binder solution. [88] Table 5 15 WO
2008/ 078922PCT/ KR2007/ 006738 [ Tabl e 5] 1fTabI e] ] Exanple 45 Exanple
46 Exanpl e #bH Zosanpke 48 Sol id di spersion of Exanpl e 3pdérzZ86@7/006738
Solid dispersion of Exanple 6 1,200g Sol i d dispersion of Exanple
14 1,530g Solid dispersion of Exanple 17

Examples 6 and 11 were mounted on a metal stub to which a double-sided tape had

been attached, and then coated with platinum using an ion sputtering device
(JFC-1100E, Jeol Co., Japan) in argon gas atmosphere. Each of the coated samples
was loaded to SEM (JSM 5410LV, JEOL Co., Japan). The magnification was adjusted
at a voltage of 15kV to observe the surface of particles. As a reference, the shape of re-
vaprazan particles was also observed using a polarizing microscope to compare with
those of the surface-madified solid dispersions described above. Revaprazan was
placed on a slide glass and then a few drops of mineral oil were dropped thereto fr
dispersing. The sample was covered with a cover glass and then loaded on a mobile
plate of a polarizing microscope (Nikon eklipse EG00 POL, Nikon Co., Japan) to
observe the shape of the erystal while a polarization angle was being adjusted.
[115] Referring to FIGS. 3 and 4, revaprazan does not show any crystalline image.

B However, the revaprazan-containing solid dispersions show crystalline frms covered

( with surface-moadifying materials.

[116]

[117] Experimental Example 4: Comparative Dissolution Test

[118] Comparative dissolution test was perormed to evaluate dissolution profile of a
surface-modified solid dispersion according to the present invention. A revaprazan-
containing capsule was prepared as a comparative sample. Specifically, 50 mg of re-
vaprazan powder was mixed with 10 %(w/w) of sodium starch glycolate as a dis-
integrant, The mixture was filled into a hard gelatin capsule, The solid dispersion
prepared according to Example 3 was mixed with 10 %(w/w) of sodium starch
glycolate and then the resulting mixture was filled into a hard gelatin capsule, A dis-
solution test was performed on the tablet prepared according to Example 36 and the
above samples in 900 ml of 0. 1N HCI solution at 37 + 0.5 °C of temperature and 50
rpm of an agitation speed. 3 ml of the sample was collected in every 15 minutes, 30
minutes, 45 minutes, 60 minutes, and 90 minutes and the same amount of the medinm
was compensated immediately. From the collected dissolution sample, the dissolution
rate was measured by quantifying the concentration of revaprazan at 270 nm using UV
spectrometer. The results are shown in FIG. 1.

[119] Referring to FIG. 1, the revaprazan powder firmulation has 30% or less of dis-
solution rate, but the formulations according to the present invention have as high dis-
solution rate as $% or more within 30 minutes.

[120]

[121] Experimental Example 5: Pharmacokinetic Study



1,170g McrocrystAll ne cellul ose 500g 500g 700g 700g Lactose 300g
Corn starch 300g 200g Crospovidone 90g 100g 100g 100g Sodi um

hydr ogencar bonat e 90g 100g Sodi um starch gl ycol ate 100g 100g
Sucrose fatty acid ester 200g [89] [90] Exanple 49: Preparation
of Solid D spersion-Containing Ganule

~
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[122]

[123]

[124]

About 10 kg of male beagle dogs were chosen, their weight was measured, and they
were confirmed with naked eyes whether or not they had any wound. Before admin-
istration of the test materials, any $Hod was not proviled to the beagle dogs except for
water for 15 hours. Then, a revaprazan tablet (comparative brmulation) prepared from
a mixture of revaprazan, lactose, sodium starch glycolate, and magnecium stearate, and
the table prepared according to Example 36 were orally administered with 20 to 40 ml
of water. The administrated dosage was 200 mg of revaprazan per subject. Befre the
administration, and 0.25, 0.5, 1, 1.5, 2, 3, 4, 6, and 8 hours after the administration,
about 1.0 ml of blood was collected using a heparin-treated injector. The collected
blood was centrifiged at a rotation speed of 3,000 rpm ©r 5 minutes, and the separated
serum was loaded to an effendorf tube and left to sit at -20 °C. Then, the frozen
collected blood was defrosted and then the amount of revaprazan in serum was
measured using HPLC.

The maximum seruvm concentration (Cmax) and the time required to reach the
maximum serum concentration (Tmax) were measured using values obtained from the
serum concentration-time curve, and the area under the serum concentration-time
curve from 0 hour to 8 hours (AUC,.s,) was measured using a trapezoidal rule, AUC ...
, the area under the serum concentration-time curve from 0 hours to co, was measured
using a trapezoidal rule extrapolation. The area under the serum concentration-time
curve from the final data to co was obtained by dividing the final serum concentration
by the elimination constant. The blood concentration of the drug and pharmacokinetic
parameters were represented by mean + S.E.M. values, and a statistical significance of
in vivo experiment results was calibrated using Duncun's multiple range test according
to analysis of variance. _

AUC.g(ng.hr/ml) of the tablet prepared according to Example 36 was 1401 + 332,
five-pld higher than AUC ¢4, (nghr/md), i.e, 261 + 52, of a conventional revaprazan
tablet (p<0.05). As for Cmax obtained from blood concentration-time curve, Example
36 hal 652 ng/m{, and a conventional revaprazan tablet had 165 ng/mé.



[91] A m xture of 500 g of mcrocrystalline cellulose, 360 g of
sucrose-fatty acid ester (Ryoto Esteem M tsubishi Co.), 90 g of
crospovi done, and 90 g of sodi um hydrogen-carbonate was sieved with a
20 nesh-sieve, and then 1,300 g of the solid dispersion prepared
according to Exanple 9 was added theret®d. The resultant nixture was
m xed in a high-speed granulator for 1 mnute. A binder solution was
prepared by dissolving 20 g of hyd\r/\(f)#(y‘g[rogyl nmet hyl cel lul ose in 100
m of 80 % v/v) ethanol solution. L tating the mxture in the
hi gh- speed granul ator at a speed of 300 rpmfor 3 mnutes, the binder
sol ut i onl. vesliddiikpdrsidnan ethocht revapisdzan pattikes sielsucfackapdifisd oith @ovitatsalubly
gr anul espolyrit] a whRskolt¥lapdcRarhdy, a RirgRamg tor @Iﬁuﬁ)ﬁlre-ﬁﬁalegﬁ, w[h%ln tB@QJa&r-Of
the sol igdnMisSRAYMEQD NEAPBREEIRELF S M drufeed olldon
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2008/ o7wmmm@ow@n@smtwigyrehaﬂqse,[rgﬁ]ztoﬁmuuohmm e logeldextrins,
Di ssol utandn nfiesaire {H8#pf.Sol ubi ity of a revaprazan-containing solid

di spersion was measured in purified water. A solid dispersion
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filtrat dvdepgeerted castpryil ﬂ?omsmhndﬁnq-mﬂmgpmmnmo ¢Tt Syrgtic vitamin E
absor bantevaivet payéiyethyédne alkyl iester, ety ntymidogoinglc2ridep paly@lycdigefajty acid
absor banger,0bild h&ddiddide dadryl builah€ leeithinegsesrddfattly aitOedidl) BolyBPYycthyibhe

spect rog@ga;dggr%@a n(l,eghg ®oB8453, Agilent technol ogies, USA). Fromthe
obt ai ned absorbance val ue, concentrations of revaprazan were obtai ned
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t hen purhﬂt@dﬁmwtwlaé ailed thereto to obtain a standard stock
solution. The standard stock solution was diluted with purified water

t 0 obt aig) The 8@l dWispcpdlB bBlainB1,PldRtin tRNEvAdeRigh PFhriiefes %ieadﬂﬁﬁééjmodlﬁed with

Zﬁ' gtnlsg&éf%cny nvg%?l %R@Wé @‘Iﬂe} h vv%tté}rkg%% §£Eﬁ%‘{)d9n§ HeR ok miture

3 5
curve e st andard’ Oglﬁtrv was nno?e?%rf %} "Tm 5%3& ?Pé]stan gbﬁﬁmght of

al nost  (*&V@J*PRoefficient of correlation r 2 > 0.98). The results are
shown in Table 6. [99] Table 6 [Table 6] [Table] ] Solubility

(ug/ M) Réhapelazdspepoonlef cldinB4,Exlzamh ¢che2re 9 baAar papicks 3resfaéecmniiified dvith
237 Exargpkeofba Ithlerbsaibid olfmed0a Bxaadotibled s&0Baridt,” a\Whkfactant, and a mixture
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seen thaf a?) ?ﬁl lity of the surface-nodified solid di spersion
0

accordlng e present invention is renmarkably inproved. [102]

[ 103] Ex&oerl ment al Exanpl e .2: Adhesi veness and_ Aggl uti pation, Test
The solid dispersion of claim 1, wherein revaprazan particles are surface-modified with 5 to

30 parts by weight of polyvinylpyrrolidone, 20 to 100 parts by weight of sucrose fatty acid
ester, and 10 to 100 parts by weight of polyoxyethylene glycolated natural or hydrogenated
castor oil, based on 100 parts by weight of revaprazan.

7. A pharmaceutical composition comprising the solid dispersion according to any one of
claims 1-6 and a pharmaceutically acceptable carrier.

8. The pharmaceutical composition of claim 7, wherein the pharmaceutical composition is in
the form of a granule, a tablet, a capsule, a dry syrup, or power.



[ 104] The bul k density and tapped density of revaprazan powder and
the surface-nodified solid dispersions prepared according to Exanples
3 and 6 were neasured and their Can's indexes were obtained in order
to nmeasure flowabi Lity thereof. About 3 g of a solid dispersion was
careful ly added to a plastic neasuringleylinder and the vol une

t hereof was nmeasured to obtain the bulk density. And then, this was
subj ected to tapping 3,000 tines using a tapped density meter to
nmeasure the volune and the tapped density was obtained. Fromthe

obt ai ned- BupRCess fiprSpating theaspgédlsa@rﬁ@ntaycm@aatOsariyma@pf wkagnc kP cilie atasess
i n or dercomprising| snapendirgowabprazany andTlloee rof savtager apbhpulpmen al sdatee-s@luble
[ 105] Tadhatehaddd, habifectalt, dnbabinmedurk théceoT is wiated woﬁammgaﬂo@caﬁd@mﬂém%

Exanpl e s:ﬁfsi%}mgn th@7su§pen[;113961vhe1{e&10%13 Wier- I’Ys bl 84t one
I[Dtl 1 1i|'ap ? r?ﬁﬁfﬂ% ¥he[ E Esrﬁn o'f agkf'myl a%hao AroQ chk lose
adhes omﬁw& qgvhf? R ondlﬁ?tﬁ%a% Bes sﬁovgt%w Pﬁ%@ GVl ¢ Gopglymer,
i ndex arR®lviyl faleokabiand a migdre, tesgof, sd thy, Watrs-splubler sapehsgide gat least one
sur f ace-saisdied ifweh holgrabpdiossisting dfladiesd, Wh@s@mmm mynigEted, sothdtol, xylitol,
conpr es siehalope, apdtiibl, eslcitely obingly dexeth, cjclddektring ldhd]a iixpee therot.al

Exanpl e 3: (Qbservation of Particle Surface using. Scanning El ectron
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pl aced ofylatosinaiolgHedsn anedodérénnsa afenmditaisshaséofm neral oil were
dropped thereto for dispersing. The sanple was covered with a cover
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the crysfal whilena pol arj.zatlon angle was er ng adj usted

Ref erri rPg TGS 3558 %~ revapr azan does not show any crystalline
i mge. However, the revaprazan-containing solid dispersions show
cryst al I3ndhe presessifetasm W thersin tha binder Solayomig Wakere £i-ahlsohql;a gjixture of
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pr esent aeneasgg 1 cé}gﬁ@s\é% EAAANSAE LAY AR Calid pgrgagﬁ{,&&e%% vhter
conpar at | ﬁeq pecitically, hy of revaptaz was

m xed wi¥ 6 W) of sodium starch gl ycoI ate as a d| sintegrant.
The m xture was filled into a hard gelatin capsule. The solid

di sper sildnThe epmesscpiadainyr B nderein theanpdes salutiprs furthee domprises polyog vethyjene
of scdi whywlawdadntghlye dlydtogemand] daktenofi.he resulting m xture was filled
into a hard gelatin capsule. A dissolution test was perforrred on the
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same ansuslimy 1-Orad rebrmmacadisaty psepighlesamichmedi at el y.  From t he
col l ected dissolution sanple, the dissolution rate was neasured by



[ 121] Experinental Exanple 5: Pharmacokinetic Study 19 WO

2008/ 078922PCT/ KR2007/ 006738 [ 122] About 10 kg of nal e beagl e dogs
were chosen, their weight was neasured, and they were confirned with
naked eyes whether or not they had any wound. Before adm nistration
of the test materials, any food was nd2 provided to the beagl e dogs
except for water for 15 hours. Then, a revaprazan tablet (conparative
fornulatlogd?g red fronla.mwf %ge of revap raza | act ose, sodi um
starch df ﬁﬂeﬁﬁﬁﬁﬁééf‘ s e gyrogees C%"RJISE P%Péa&%]@ﬁ’éﬁ}éﬂmmfe
accor di %smﬁﬂeﬁlwweﬁd@gotpwwnaaﬁmm bbetid i phargentisalip agrepable
wat er . Tagieadon Hilweraatapduld ostdyge miasir? 00 a myannde olewiapd &panthpewlid uliypersion
Bef or e tdaeoraihigitebsf st dfRbimand dhd2phafndeuticallt alep@blearrér. 6, and 8
hours after the adm nistration, about 1.0 m of bFood was col | ected
using a heparin-treated injector. The collected bl ood was centrifuged
at a rotation speed of 3,000 rpmfor 5 mnutes, and the separated
serumwas | oaded to an effendorf tube and left to sit at -20 C. Then,
the frozen coll ected blood was defrosted and then the anount of
revaprazan in serumwas neasured using HPLC. [123] The maxi nmum serum
concentration (Crax) and the time required to reach the nmaxi num serum
concentration (Tnax) were neasured using val ues obtained fromthe
serum concentration-tinme curve, and the area under the serum
concentration-tinme curve fromO hour to 8 hours (AUCO.81,r) was
measured using a trapezoidal rule. AUCo.. , the area under the serum
concentration-time curve fromO hours to co, was neasured using a
trapezoi dal rule extrapolation. The area under the serum
concentration-tinme curve fromthe final data to co was obtai ned by
dividing the final serum concentration by the elimnation constant.
The bl ood concentration of the drug and pharnacol tinetic paraneters
were represented by nean S.E. M values, and a statisti cal
significance of in vivo experinent results was calibrated using
Duncun's nultiple range test according to analysis of variance. [124]
AUCo. shr(ng. hrhg) of the tablet prepared according to Exanple 36 was
1401 332, five-fold higher than AUC 0 811, (ng.hr/ng), i.e, 261 52,
of a conventional revaprazan tablet (p<0.05). As for Cnax obtai ned
from bl ood concentration-tinme curve, Exanple 36 had 652 ng/ng, and a
conventional revaprazan tablet had 165 ngha. 20 CLAIMS 1. A solid
di spersion in which revaprazan particles are surface-nodified with a
wat er - sol ubl e pol yner, a water-sol uble saccharide, a surfactant, or a
m xture thereof, wherein the water-soluble polynmer is at |east one
sel ected fromthe group consisting of polyvinylpyrrolidone,

hydr oxypr opyl net hyl cel | ul ose, hydroxypropyl cellul ose, polyethyl ene
gl ycol, a water-soluble polyacrylic acid copol ynmer, polyvinyl

al cohol, and a m xture thereof, and the water-soluble saccharide is
at | east one selected fromthe group consisting of |actose, white
sugar, sucrose, nmannitol, sorbitol, xylitol, trehalose, naltitol
dulcitol, inositol, dextrin, cyclodextrins, and a m xture thereof.

2. The solid dispersion of claim1, wherein the surfactant is at

| east one selected fromthe group consisting of sorbitan ester or

pol yoxyet hyl ene sorbitan fatty acid ester, sucrose fatty acid ester,
pol yet hyl ene gl ycol - 15- hydr oxyst earat e, pol yoxyet hyl ene gl ycol at ed
natural or hydrogenated castor oil, polyoxyethyl ene-pol yoxypropyl ene
copol yner, synthetic vitamn E derivative, polyoxyethylene al kyl
ester, fatty acid mcrogol glyceride, polyglyceryl fatty acid ester,
bile acid, sodiumlauryl sulfate, lecithin, glyceryl fatty acid
ester, polyoxyethylene stearate, and a m xture thereof 3. The solid
di spersion of claim1l1l, wherein the revaprazan particles are



