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Abstract: Rebamipide, an anti-gastric ulcer agent, can increase the mucosal concentration of prostaglandin and promote
ulcer healing. Water-channel (WC) formers including lactose monohydrate, isomalt, mannitol, sorbitol, polyethylene gly-
col (PEG) 6000, and hydroxypropylmethylcellulose (HPMC) 2910 were screened for development of a matrix type, sus-
tained-release (SR) tablet formulation of rebamipide. A wet granulation process using WC former, HPMC 2208 as a
sustained-release agent, and HPC as a binder was used for manufacture of a rebamipide SR tablet. Apparent disintegration
time was measured to assess the physical characterization of WC formers. A dissolution test using a USP dissolution
apparatus II in pH 6.8 media was used for in vitro drug release study. Rebamipide release from SR tablets containing iso-
malt and sorbitol was limited, however, the dissolution test showed a significant increase with hydrophilic polymers HPMC
2910 and PEG 6000, confirming that use of hydrophilic polymers could modify the drug release rate of SR tablets.
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(sustained release, SR) Aol A3t o] S}

SR APl A== o= WE 7|e2 ookEe a5 &
2] BORESE FUE fste] T8 AL Utk SR
A3} 7w oH=o] W= 714 wet diffusion Ao} Al
®)  dissolution A|o] A]Z=8l, erosion A]2=8l, osmotic A]2=El,
ion-exchange A|2=%] 502 FEE 4 3JoH, I =
Holl A reservoir A 228, matrix A28 02 FESITL0
Matrix A|2=§1-2 AAW e $HiE= oFE &7l wE g
o] Aom, B4 Ax AHE o]&ata, tiFAYLS 23]
Zd]go] A3 wEA sl ¢ e A TR M

= SR A|Ys} 7)ol

Matrix A|2=52 °H=3} SR W 71AIE FdsHl E3ste]
Alzsk= Al="lo R, SR WE 7|A19] £l w2} erodible,
non-erodible A|Z~8] 0 2 FEET} Erodible Al2F]S 484
EAS AREste] oFEe] WEHA B, 2] Fol YEr
U2, non-erodible A|2ElS B8A]9] A 2SS ARESIY]
AA ] FefA st Ao #FER] eF=rt>P S, matrix
A"l = Figure 13 720] matrix W= 75 = AAY
o] HET = Qe AR, & % 7 Z(water channel, WC
Psle T8 EES WUkl oF=e] HESEE 2%
o} olefdt BA o2 AMEE 8 RS W,
T, LI (polyol) To| RI-&F L kb

2 AelM = Enb g S A Al TS flal
matrix AlZ=H]9] WCE ke EEEA 144 I8AE
AREEte Bl aEA7E SR gA|e] S0l PAe FES &
dstar, o 84 227 854S HlasiiTh

#upr P =5 ks SR AAI= matrix AlZH 02 A
AlBIATE SR oFE W= 918t AR IEAR] 3=
FA 2 o g E=Z Q 2 (hydroxypropylmethylcellulose,
HPMC) 2208 A}
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Figure 1. Image showing drug release from the matrix tablets."
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& A Esled AR Azsiiict. We 3785 913k 25
3 AR E gl =ote] wighA S ERlgh A
Aol me} HPMC 29102 E2]oll€ @l 22]Z (polyethylene
glycol, PEG)E A8-3t3itt.

weel J4E el 71 Aol AREEE 84 EE
€ WMl A58 B UeillE oE BE 58S Ekls
of, T4 T SRUE FHE &
SR A 2] 7o) 7hssHAl stk AEE et

4
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Al 2 MZ. Fubr)3]=(100.0% purityy= Jiangxi Synergy
Pharmaceutical Co. Ltd(Jiangxi, China)oll X, +%3 F3}&
(Pharmatose® 200M)-> DFE Pharma(Goch, Germany)ol A1,
o] AT E (galenlQ™ 720, galenIQ™ 721)= BENEO Inc.
(Mannheim, Germany)°ll4 #|53kth PEG 6000 Sanyo
Chemical Industries, Ltd(Kyoto, Japan)®ll A, PEG 20000
DAESUNG (Busan, South Korea)oll 4] T+¢J3lSit} Ty &
(PEARLITOL® 400DC, PEARLITOL® 200SD) % <H]&
(Neosorb®™ P60W)-2 Roquette Freres(Lestrem, France)©ll 4]
AlgHttt, HPMC 2208(METOLOSE® 100SR, METOLOSE™
4000SR, METOLOSE® 15000SR, METOLOSE® 100000SR),
HPMC 2910(PHARMACOAT® 603, PHARMACOAT® 606)=
Shin-Etsu Co., Ltd(Tokyo, Japan)llA] Al-524t}. Hydroxypropyl
cellulose(HPC)< Nippon Soda Co., Ltd(Tokyo, Japan)ll 4],
colloidal silicon dioxide(Aerosil® 200 Pharma)+= Evonik Corp.
(Essen, Germany)©ll*], magnesium stearates= FACI(Genoa,
Italy)oll A Siatieh. Agolx ALgE =5 gnf 2 sistof
=2 high performance liquid chromatography(HPLC) 55 <
AL,

Metst nEXfe| WR SMEM. o UES Aislsl
913 LA HPMC 22085 ARE-8le] matrix A|2~5) €] 4
AE AABIATE dufrE= SR Aol AR EAE A
Asl7] Asle] 4572 HPMC 22089] 4412 vlwsksdh.
7}7ke] HPMC 220891 2.5%(wiw)2] 57} 552 magnesium
stearates H0] ST ¥, EFES 60SAH = A|Hate] T
2] BF47](XENA-1, RAONXENA, South Korea)s AFg-5}]
A Tl 205 mge] FEF A7 8 mmo] ¢¥ AXE
EPA AT Alxg GAe &3S gRlsh] S8t USP
dissolution apparatus II(Vision Classic 6; Hanson dissolution
tester, USAYE ©| &3 §EAIFAM 05, 1, 15,2, 3, 4, 6,
8, 10, 12717kl AGAlle] FAS S4sIH. =71 Vision
Classic 6(Hanson dissolution tester, USA)YS AR8-519101, &
A FE 50 rpm, £599] L5 37+0.5 T, §Eqe AF
7+l (pH 6.8) 900 mLE A4 &1t}
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—_—



ZdgAZYE 2 |==A|Z2 G AR 9 v} Fulmu= A gAe] 85 nRE I 55

i
ok
i
1
=8
il
+
1>
ol
FIF
<
ofh

QA ZAM olFRRI FF T
&, SHE, 74 2R

HPMC 2910, PEGE AMS-3ISItE Z2+e] WC 34

AE ARg-ate] AFet £ HolA YE=RA7I(LS 13 320 XR,

BECKMAN COULTER, USA)E ©]&-3to] 742 de]ollA] 9]

224715 3785kt

28| SEE . AR/ EE Sl A" WC
FAA ] AR SIS EE vasr] flate] AR Bl
A|7Re Z243130T). ZE2Ee] WC FAAG) 2.5%((wiw)e] E5
7} E|%== magnesium stearateS 2] &% ¥, EFES
60Z A2 A3 o] ¢ Thikd] Bl 7| E ARGt Ao T
Zo] 205 mge] HE=E A7 8 mme] ¢ AXZ YA
o} Az Ao R Seirike g]lsk] f1ste] USP
dissolution apparatus 15 ©]-&-3F &A1 AlF 7HA]
A7y Belste] 3] ARl AR S sIT &
71¢] ANPZAL 50 rpm, 37+0.5 Coln &2 o157
(pH 6.8) 900 mLZ A}&-31]t}.

SR dHle| M=. e =5 SHrele HHel Axe
Table 1] 202 £} FH o7 A XU R E
AEEL G0BAE AHESIe] ABe F AHgsten). dujn)
¥]=9F HPMC 2208, WC JAIE &3 F &=l HPC
8912 o] AT o] F 163412 AHgS}e] AT,
AYHEL 50 CTollA AZZ(loss on drying)©] 2% °©]3}7}
HEE A%3 3 203 A2 HHEL o]F colloidal silicon
dioxide, magnesium stearateE 23 Y-mixer(ERWEKA YBS,
Germany)® L3It SEE-2 i gy 7]olA 27
8 mm, %= 7.5+1 kpo| AE A= eHYsich e A
BAl= 100078 9] FRZE AZsAT

SR HN|o| dhEekat Alxgh SR HA|ZHEH WEE= €

ﬂ%’ O]Z]\_U]—E t}olmg2.0] Tl

)

1 e Hob

pm, 37+0.5 ColH] §&H2 21374l (pH 6.8) 900 mLE At
39t 82418 AAe 59 AFsk] PVDF A€
0.45 um ZE|(Millipore, USA)Z o] 2}$F § HPLC(Agilent
1200 series, USA)Z #2315 Th 82418 AAoA<] du}
=] §E5E2 XTES oS AdAE B3 =3I
om, AH-EEE9] 2 =E st

R

Mesty| g HXe WS, durI= -F matrix
AZ=le] Ml QJel Table 291 7o) tjkeh =2 HPMC
2208% Ag-sIiT) Az FAQ] WaEAS Hrlse o,
Figure 29} 70| 4%-7F2] HPMC 22089] A =% 44 &
o} HEate] 1 A77F STk AS G & AU
12417F0] 823714 %<S METOLOSE® 100SRS: AR&-3H A
= AZE AR 7 FA] {3 o] & A7)t 2HAs
A7l E 2% BaE0.2m, METOLOSE® 4000SR,
15000SR, 100000SRS AR HAI= 1241771A] Z719] 5
717} =Tk, Table 2014 Ax1E HPMC 22082 A&
o|& AREEto] Azt FAe] W EA4S vwE o, SR 4

Table 2. Typical Viscosity Values for 2% (w/v) Aqueous Solutions
of HPMC"

HPMC Grade Viscosity
2208 METOLOSE® 100SR 80-120 cP
METOLOSE® 4000SR 3000-5600 cP

METOLOSE® 15000SR
METOLOSE® 100000SR

11250-21000 cP
75000-140000 cP

Hiu|z =9] BESd2 USP dissolution apparatus IS ©]-&- 10 PHARMACOATQ? 603 3 mPas
#8202 WoleIT. 82718 AREAL 50, 100 PHARMACOAT. 506 o mPas
Table 1. Composition of Sustained Release Rebamipide Tablets
Composition (mg) RBI RB2 RB3 RB4 RB5 RB6 RB7
Rebamipide 150.0 150.0 150.0 150.0 150.0 150.0 150.0
Pharmatose™ 200M - 10.0 - - - - -
GalenlQ™ 721 - - 10.0 - - - -
PEARLITOL® 200SD - - - 10.0 - - -
Neosorb® P60W - - - - 10.0 - -
PEG 6000 - - - - - 10.0 -
PHARMACOAT® 606 - - - - - - 10.0
METOLOSE" 90SH-100SR 10.0 10.0 10.0 10.0 10.0 10.0 10.0
HPC 6.5 6.5 6.5 6.5 6.5 6.5 6.5
Aerosil® 200 Pharma 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Magnesium stearate 4.5 4.5 4.5 4.5 4.5 4.5 4.5
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METOLOSE®™ METOLOSE®™ METOLOSE™

150005R

METOLOSE®™
40005R

Exoz By ot wehd, oFE HlEgi = METOLOSE®
100SRE AM&-gH “8AJolM 7P WE52, METOLOSE® 100000SR
£ AR AANA 7P =8 Z0 R oS
WC &MNo| AXIT7[EZE. WC 4712 dA=71&
Table 33 o] £ =] 7P A2 JAET1E YER
o, "h]Eel PEARLITOL® 400DC7} 7Fd & Ao=s 3
Lﬂ ok A4 A F 259 PEGE YARETI7E AR
Akl o™, 259 HPMC 29105 YA=717F M= AR
7oz golgc).
57| SHEE. f‘& WC JAE A3t A=
AAe] AR B S5 A3 Table 491 2t o]
521 GalenlQ™ 7215 AL%J DS30] 713 wE ARy B
S-S HERRSlen, 3144 SEAS] PHARMACOAT®
606 AMS-SH PLA7} 78 =9l A7 BalA7He YERARL
o} TR ES ARSSle] A3 PO13 PO29] HR7] B3A
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Table 4. Apparent Disintegration Time of Tablets containing
Various WC Agents

Apparent disintegration

10.21 mm y Tablets WC Agents fime (min, mear:SD)
e . . - DSI Pharmatose® 200M 25719
s 1031 mm & DS2 GalenIQ™ 720 10.0+1.6
’ - - DS3 GalenIQ™ 721 6.3£0.5
— b KL POl PEARLITOL® 200SD 8.3+0.5
Figure 2. Photographs of HPMC 2208 tablets during dissolution PO2 PEARLITOL® 400DC 427445
test. T
PO3 Neosorb® P6OW 29.0+6.6
Jol A1ses) o W 2 ] S PLI PEG 6000 68.043.6
A 2l HPMC 22088 A=7| <7ter=E Ax
o .Coj 0,86 010 |- g o PL2 PEG 20000 235.7+4.0
Zhuldstel S7ISIn B E LS APy TEAE S5 PL3 PHARMACOAT® 603 203.3+5.6
°] hydrogel2- ¥/d3st= 2 ollA A=, HPMC matrix 5
PL4 PHARMACOAT® 606 266.0+4.6

gAe] e oFw BE %S Ve Fa7 =l

Table 3. Particle Size Distribution of Various WC Agents

Particle size (um)

Excipient class Material Grade
D10 D50 D90
Disaccharide Lactose monohydrate Pharmatose® 200M 10.89 56.58 139.63
[somalt GalenlQ™ 720 37.52 188.60 378.90
GalenIQ™ 721 50.33 274.17 432.80
Polyols Mannitol PEARLITOL® 200SD 94.47 149.83 228.17
PEARLITOL® 400DC 266.63 418.07 518.33
Sorbitol Neosorb® P60W 175.97 315.33 483.80
Polymer PEG PEG 6000 189.37 345.23 484.30
PEG 20000 186.11 330.46 478.04
HPMC 2910 PHARMACOAT® 603 34.58 88.23 150.27
PHARMACOAT® 606 41.60 86.84 157.07
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Table 5. Molecular Weight and Viscosity of Polyethylene Glycol
Polymers'

Grade Average molecular weight Viscosity (cP)
PEG 6000 5600-6600 200-270
PEG 20000 16000-25000 2700-3500

7R ¥lwe dipole] o whE A7 VERRITE PO1S] B
2 ARr7| a7+ PEARLITOL® 2008 Xt} ¢J==7]7}
2k PEARLITOL® 400DCe] o H-2 EW S ZHal o|2
3l guel HE Al o wWEA fsllste] Yepd A2 1
?_] q_.lx

O|AUES AME-slo] A|Z3 DS29} DS32] AH7] 53)A|
7he vlwe o, IA=7]7F 2 GalenlQ™ 7215 ARE-SH DS39]
AR7] BajA7ke] GalenlQ™ 7202 ARE-3 DS2KH.Th -2
202 eRsitt. o]AES] AR 1-0-0-D-Glucopyranosyl-
D-mannitol dehydrate(GPM)3}  6-0-a-D-Glucopyranosyl-
D-sorbitol(GPS)°]™, GalenlQ™ 7212 GPM3} GPS2] H]-&-©]
1:30]2Z, GalenlQ™ 720 1:10|t}. GalenlQ™ 7215} GalenlQ™
7209] 4881 (20 CTr= ZH2t 042 g/mL, 025 g/mLE GPS2]
H|-go] =& GalenlQ™ 7219 S~&al %7} GalenIQ™ 7201
o} =} o] e B FEalxel 9 DS39] HE7] 53
AlZke] DS2E T WEA YERt Ao ® wdE 4 gtk

FEAR] PEGE AME3le] Al %3 PL13 PL29] HAB7] &
SIAIZHS v wf, Table 59} 72o] W& A=e] PEG 6000
ARS8l A2 PLIO] =2 HE2] PEG 200002 A-8-31]
Az PL2 Bt w2 AR7| geiAZRE ERITE. HPMC
2910 ARE-3te] Az Aol AR7] BajA e W A
] PHARMACOAT" 603< ARg-3te] A= PL3°] PL4
Hop whE e R & ATk EAFe] H=rh A9
AR7] Balrlglel] & 93 AL S-S RIS = ATt

SR HXN|e| W&k, Yulu|z= SR A= erodible A
2502 HAsl7] fste] W& EAAEANA A& olF A
2zk8-0 7 AA|e] a7} 12417F o[jol] £+83F METOLOSE®
100SRE AWs} aEA=2 Akt 525k, METOLOSE”
100SRE 7%= HPMC 2208 the] $~gufe} = A] w=
Al FslElo] A3l A5HQ gel layers Pk o=
LERETAZ VA = e

SR AAe] £EAEL I =9 o] B2
P WA A ARG A1F FHS ARE-3e] F1e) s}
A z3t g g= SR FAE 8EAEENS W, WC
A7t 3k A 8 RBIS Figure 3(a) 2] 50 rpme
WA 48052t 80% o)de] dulm =g AE
ATk WC FAA7F =39 SR A4 5 PEG 60002 -
RB6S 83 3 3008-5<t 80% ©]4¢] Hupv=2 W=
o 7P WE §EE5EE YEHA ST, RB6S #193 SR

)
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ogt X8
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1 s|lesAl e dAER @ ) gupn| s A AAle] 8E riRle 9% 57
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=
~RB]1 =RB2 -RB3 «+RB4
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(b) A
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=2 P x
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7.2
20 | g
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Time(min)
Figure 3. Dissolution profiles of rebamipide from different SR tab-
let formulations (RB1-RB7) at (a) 50 rpm; (b) 100 rpm. The exper-
iment was conducted in USP Apparatus 2 in dissolution media
maintained at 37.0 ‘C. Each value reprsents the mean + standard
deviation (n=6).

BAES BT AR WEddS YR

A8 AAL] EEAIHNA 50 rpm A Ee] E8E=
100 rpme] 2O = 24053k SR GAE AT 2=
Figure 3(B)2} 2T} 100 rpme] wHkz71oA] El€ SR 74
Ao] &5 E 50 ipme] WMERART SU1sRs ZoE U
EFRATE? 50 rppme] WRERZAA 7P e §E&5EE
ERd RB6©] 100 pmoll A= 7P whe Aoz gelwglon,
WC ZAAZ GalenlQ™ 721, Neosorb® POWE Al-8-3F
RB33Z} RB5S= WC JAAE AME-31A] 282 RB1ET} v}
n 3] =9 W& EH2404)0] A2 o= YERTh B3
Pharmatose® 200M, Neosorb® P60W, PHARMACOAT® 6062
ARE-SF RB2, RB4, RB79] "E7 (2400 )y WC F3A17F X
SelA] 2 RBIETH 2 Z10= Yepdth 5, SR AAlle] W
457 Sl wet WC 441 9 g8k, T E,
HPMC 2910¢] 932 57kl 2102 Yeptou, o]agES}
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EHES BE IRERANA SR A9 WEEEel 92
H3= e ZoE FRIFUTH

WC BRAIE AMg-ate] Alxgh FA)e] Fr7] Balrbe =
31948 o, GalenlQ™ 721, PEARLITOL® 200SD, Pharmatose®
200M, Neosorb® P60W, PEG 6000, PHARMACOAT®
6062 A2 AR7] Bafa7ro] Z71etTh PEG 6000,
PHARMACOAT® 6062 7132.7] SajA7te] A JeRdA
9H PEG 6000 28 wHk oM WEHES T7 S7M%H e
PHARMACOAT" 606> 100 rpm<] 287194 PEG 6000 TF
=02 eSS I S7ZITE PEGeF HPMCE W84 oFs
o] 71&8lel WIg== 214 aEAto|th 2 2 AoA PEG
o} HPMCE WC FAA2A matrix A28 9] U)ol EA)s=
oFEo] WS gol3H dh= BAlel 7HESHAIE ARgEe] R
o] a5 SXIAA SR AA 2] = WES TA S
71 Ao 2 AlgEn). o]2fgt A3 SR AA9] oF=9] WEsE
£ S7M7122F WC B8A1E AESK= 749, Esh= £49]
o=} 3 1 4o Vel 7R3t s Fask i
aljof 3h2- AALSHT

#upr) g = SR FA ] WEATS ERlsH] st &&
ZEANR(80% ©137HA1¢] SR A L] A7kl wE oFE
Z2E(%)S o]&5te] FA 2ol thdt A A9 (coefficient of
determination, R*)E 4F&3}Sth PEG7} AHS-¥ RB6= 50
pmelA] 0.99820]32 100 rpmollA] 0997122 SR A F 7}
=2 kS JeERfglon, SR WEASC] 03 £EE w2
= Aoz FRIFIUTH v, F9 F3lEc] AMHE-H RB2=
AAATF7T 0.9666(50 rpm), 0.9668(100 rpm)S-Z 71 &
s UERHSI

4 =

B

B Aol A= Bshe SR Al BEEE
A

e 3154 TRAES T3 tFst WC A4 <)
AEsST) #ulo) T = SR Y#

o~
T
AHe-

o rulg 2

ThFek A =e] HPMC 22085 ARE-8le] A% 3a75S
A23190S v, METOLOSE® 100SRE- erodible A|2~&]ol] 2
et W& F2jo] AAEATE thgst WC FdA9] &
E59¢e Frlslr] fIsl ZHte] faar1E S5k, WC
FAI7E AR Aol AR BBlAIRE S8sTh 2
17| S3AZEE WC A1) YAkA7]of HldEleton, &
ol vHlEshs IAIYS RIS F AT ko] W
&5 gigk WC F4A19] 932 SR BAS] 8EAIES
3l Wrtsloith. £EAIENA IRk =T e w) WC ¥
A 7F SR AA Q] oFE WES&Eo| vX= dge] A Y
Elgtom, 314 82 PEG 60003+ PHARMACOAT®

I

oft X
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6069 AH&-Oo.2 SR A|¢] of= WEHETt Sk A
gelslgith. 53], PEG 60003 A3 GAlE RE wil
ToA] OFE WEETE ZINT)T 03} SRS e
AE5E YR

webs, 297 A AR 8l matrix AJSF 9] oF
B WUEEEE P25, AR 03 SE EE

vl gl = SR GAIE AL S 93-S Sl
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