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Abstract: Rebamipide is a widely used drug for patients with gastrointestinal mucosal lesions that require long-term treat-
ment. It has a narrow absorption zone in the upper small intestine and exhibits reduced solubility at low pH. Since the
upper small intestine has a relatively low pH environment due to the influence of the gastrointestinal tract, the current
method of administering rebamipide is not optimal. Therefore, this study aimed to develop an optimal formulation that
improves solubility at low pH by applying solubilization technology and increases the retention time in the upper small
intestine, the main absorption site, using a gastric-retentive sustained-release formulation. In previous research, a solid dis-
persion with improved solubility at low pH was prepared. In this study, the prepared solid dispersion was combined with
sodium bicarbonate and sustained-release agents. Specifically, a gastric-retentive sustained-release tablet was developed
that improves dissolution at low pH and allows for controlled sustained-release patterns through a combination of
hydroxypropyl methylcellulose and carrageenan. In conclusion, this study confirmed the potential value of a new for-
mulation that can optimize the therapeutic effect of rebamipide.

Keywords: rebamipide, sustained release, hydroxypropyl methylcellulose, carrageenan, floating system, gastric retention.
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A BAE F-HA71e dAYUELE gssl7]d kst &
FAolng FZ AREETEP meba] 2 AellM = 9] A
F AFolA de] AM-EE= SBCE ARSIt

gk AME 8 RS vehe AlIE S 918 8
AFEAR] Sto|=EA Z2 Y YA E 2 Q 2 (hydroxypropyl
methylcellulose, HPMC)®} 71217\t (carrageenan, CGN) A}
B3Itk HPMC= X159 ALtz frA|ok HE A 23
FEo] viEYAE T § oFEo] gilEo MUES U
Efj 7ol oFE-o] Afiistel Ajtet AR 7 de] 2o
= AMgEP|Alolth g, oFEFe] S3/do] Falal B
ol we} tefet =8 7RG CGNS HPMCE.LH 3
T7F S dol ik oF8/do] b FAE mEY A=
Aol o5t ikt F AE vAUSS SAl 7B
2 zero-order B&S A7 A Fsit > mEbA W=
HAUEC] T2 HPMCS CGNES 2§38l ofE MuEs
Alofetet] AUA| 235 E 5 Udvkal ddsie] HPMCS

=

I

Zan, 41494 A13, 20253

CONS AMHs7 A &2 A st

W A€l REB-SDSF HPMC 2! CGNeJ 542 &4
AA L&t S 5] flsl A HHES 288k
21349 ¢] gt ARsE flste] AFARI ARSE-slo|=
A 229 AEZ 9 (low-substituted hydroxypropyl cellulose,
L-HPC)Z AM&sIith =8k Alxd $238 3 FE 249
S5 /S 18l EElAR] Aol Frlo]E (sodium
stearyl fumarate, SSF)E AME-S}3ch >

Ao R & AFor= 7HEs7t A 8HA FAl0] A
W& YEll= REB-SD 9 A7 A3 9] 7S 918,
T 2ol A3S Xasislnt. 59| Jujsh] Hrks 9
&) FAPAAFEA W] 7 (scanning electron microscope, SEM)S_ 2
HEBIANL, IARLLHA| 0] F2HR skl e EEstelE ¥
s} ERIS f1al FTIR B XRDZE &2 7 E(wet granulateyS
H7ysiaact. =k, Az HE A4 (final blend)= €3t €
Aol 7ks3kA] B 71871918l F-3d = (bulk density, BD)/}t
=" X (tapped density, TD) AlgS 53l S54S H718F
o, By $ AE, Ffrol dele Al R T ASAIE
T4 B4 W7k zlasiin). vixete 2 € REB SD 9
A Mg kS 2E A8 150 meg)e 371
Al & ANES pH 6.8 2 pH 1.2904] F3Y3Ic).

oy o

Al =]

Alek H ME. & AFoA] ARSSE REB= gH=19] ou2
Eo|2E|ZRE Akt HPMC(Methocel, 7cp 2 4000cp,
colorcon, Koreay= S| Ze}20 2HE, CGN(Gelacarin,
7ep, IFF, USA)2} SFF(Alubra, IFF, USA)E 3H=+¢] mjulz}
¢lo g X Attt HPC-L#F SBCE Sigma-aldrichol| 4]
T AFe] AFRE RE Aok W A8 obd FE
HPLC 5+ ARE-sIiTh

REB-SD HM|=. REB-SD= 418 A+5 &3l 7ldsh vho|
uje} A2 AeH, 7FdEtA elAE, WA Table 12] REB,
HPMC % AHEIAE ofehE 8N (DW:EOH=1:1)°l 83l
NZ & wtale] 2898 whE H) 90 CollA 2.5 mL/min®]
oz 2xgo] A%7](SD-1000, Evela, Japan)E S3f &
FAZSAL ERAx 5 2% U2 551 AR 27t
2] GAlACTE el BT

FAUNUEE M= A 5488 FIAA S 98
sHA sh7] flaEl BAE FAHAHsEAn. A EES
Table 1°] wet granule part®} 72o] J=FgH 9 30 mesh®] Ao
AYFa 2 3l wiHHE Ay AAFS A7z
Azt 27 S AAS] S8 2F 60 T] 2EeA
oF 30%7F AXAIZ] 5 40 meshe] Ao Ay #3543
HES F5Ith ARE FAAHES AME] A7EA bl
AA I oA B AT
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Table 1. Formulation of REB-SD Floating Tablet
Batch 1 Batch 2 Batct 3 Batch 4 Batch 5 Batch 6 Batch 7
REB (mg) 150 150 150 150 150 150 150
HPMC 7cp (mg) 450 450 450 450 450 450 450
R%sz Poloxamer P407 (mg) 75 75 75 75 75 75 75
NaOH (mg) 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Sub-total (mg) 675.1 675.1 675.1 675.1 675.1 675.1 675.1
REB-SD (mg) 675.1 675.1 675.1 675.1 675.1 675.1 675.1
HPMC 4000cp (mg) 0 25 50 100 50 40 30675.1
Wet If;ftnule Carrageenan (mg) 0 0 0 0 30 40 50
HPC-L (mg) 10 10 10 10 10 10 10
Sub-total (mg) 685.1 710.1 735.1 785.1 765.1 765.1 765.1
Wet granule (mg) 685.1 710.1 735.1 785.1 765.1 765.1 765.1
Final blend Sodium bicarbonate (mg) 20 20 20 20 20 20 20
part Sodium stearyl fumarate (mg) 5 5 5 5 5 5 5
Total (mg) 710.1 735.1 760.1 810.1 790.1 790.1 790.1
REB-SD, 2AITEIE X #Eel HEfet 24, 95, = 244< 2Asth 4 4L 03mme] FRF 2
REB-SD % 52788 FAPAFE ] 7 (S-3000N, Hitachi 71388 AHESIAL, A A RS A5 F 30mA, 40KV
Co., Tokyo, Q)& Algsle] A3 S 3 Al5E ol AT

e DEL
A EHEd -2 2
o A AFsiel
REB-SD, &Alnjglg U el=Z9o| X8 EA REB-SD,
FAAHE 2 985 FElo HE H9d 37](Fourier
transform infrared spectroscopy, FTIR, GX, Perkin Elmer,
Waltham, USA)E E45l] 7} 347F S23ls}, 722491 ¥
szt A=A ER1skaA ATRH L Z 500-4000 cm™ H )
RESET
REB-SD, &2|2EE ¥ =82 ZESH &4, REB-SD,
SAHHE 2 A5e] o] & oFoHeA] SRls]flE,
XA 34 B27)(X-ray diffractometer, XRD, MAX 2500, Japan)

FAE AEE ol2 2k 34 Ule)
8-S Agsiith. 28 & 20kve] A

Table 2. Carr’s index & Hausner ratio. Carr’s index = (Tapped
density — Bulk density) / Tapped density x 100 & Hausner ratio
= Tapped density / Bulk density

Flow character Carr’s index Hausner ratio
Excellent <10 1.00 — 1.11
Good 11-15 1.12 - 1.18
Fair 16 — 20 1.19 - 1.25
Passable 21 -125 1.26 — 1.34
Poor 26 — 31 1.35-145
Very Poor 32 -37 1.46 — 1.59
Very, very poor > 38 > 1.60

.rﬂ]" i%**é °l B 3780l 2] & 1%
atgich. 2 w2
23 Hud% (Bulk dens1ty,
12503] W=A|H7](COPLEY Tapped Density
Tester TV 200, UK)% o] -§-3to] =Y =(Tapped density,
TD)E Z43Ith $3 ¢ BDe} TDE 554 37t A5l
7} A4 (Carr’s index) 2 3}9-214 H]S-(Hausner ratio)s 7l
ZFSIAL, Table 25 Farste] zh wixE &84S H7lsIth

REB-SD ¢l #F MYA M[=. REB-SD ¢ AlF A4 <]
AZE 218 RMB-SD 2 7]} #-A= Table 39} 7Fo] 2t
Z} AEFel & ePg3ISith. REB-SD= o] A-rollA] 7ldst
# 9] REB-SDE AHE-3FTE

REB-SD 9] A7 AWA AxE 918, Table 33 72o] 5
A= SBCE A % % % 30 meshel] Zﬂﬂro}"i‘:}
A EFTELS 40 meshoﬂ A =HE SSFE A3l & =E31
3sle] gElEn). 1 3 eYse] REB-SD $] A% A4
e Az,

REB-SD ¢| A& MW& 24 #It. REB-SD 91 AlF A
el BHdAd 1% 8l Bt 7w, Ho A 2 RS
Bryeiait. =3 71 8o Brks flal A dEle

AP 2 B 0.1 N HCI(pH 1.2) & 7oA
%‘ﬂﬂ?&ﬁk

REB-SD ¢l 7 M&E && @7t REB-SD ¢ #lF A
o] MulE Hr1E 8 83 A18 (USP, Appratus 2, TE

o
%
X&

N
— M
Y
f
5
3
U
mlo
rﬁ

=
o
AlZkE

Polym. Korea, Vol. 49, No. 1, 2025



62 TR Q97 - 29T - AEA Al - e A
Table 3. BD/TD result and Mechanical properties of Batch 1~7
Batch 1 Batch 2 Batch 3 Batch 4 Batch 5 Batch 6 Batch 7
Bulk Density 0.59 0.62 0.62 0.63 0.63 0.64 0.63
Tapped Density 0.77 0.78 0.78 0.81 0.78 0.79 0.77
Final-blend Carr’s index 23 21 20 22 19 19 18
Hausner ratio 1.30 1.27 1.25 1.28 1.23 1.23 1.22
CR Passable Passable Fair Passable Fair Fair Fair
Weight (mg) 710.09 735.09 760.09 810.09 790.09 790.09 790.09
Tableting Force (kgf) 554102 525103 5.04%t03 481Ft04 551704 572F£04 6.12£0.5
REB-SD Hardness (N) 203*5 2054 2042 204*5 2017 204+6 20110
floating tablet Max Hardness (N) 290 314 325 324 295 285 260
Floating Lag Time (s) 427*2 44*1 447+2 45+2 52+4 5414 54*5
Total Floating Time (h) More than 12 10+0.5

e R8st &9 0.1N HCl €9 (pH 1.2, 900 mL)
2 o2k o1 gl(pH 6.8, 900 mL)S AM&-5IiT) 29} 3
E &5 2471 37C 2 100 rpm o2 FASAL 7P,
2, 4,7, 10 2 12A7HE A 85 AF st A3 7t 5
gk o] A% 8BNS ATk 2 &, AFE A EE 45um
Zefo] o3} 2 34 5 HPLCE 4313t} 243 455
Ak 37 9F 2t

& = {[(EB-YER)71€71] x 7} Aol slEsh=
o By (FrEAE S x 1000) x 100 x 3] AJu)<=

HPLC 24. ¥ AYe 552 Atsl7|9lall HPLC
A4 AAEAT 84" A& HPLC A9 (NS-4000
HPLC System, Futecs, Korea) 3 A 9 E(AT-4000, Futecs,
Korea)yS A&t A 3k5ith. A= PRONTOSIL 120-5-
C18 SH Z ¥ (4.6 x250 mm, 5, Bischoff Chromatography,
Germany)®] ARE-E|SITh HPLCY] AR 24L& &3 7o)
4 1.2 mL/min, AF $Y%: 20 pL, UV #HE 3¢ 327 nm
2 A 25:365 C. o] B AN B3 eSS
3.7 v &2 Egste] A&sii

RSN 2. d5e] Fele w3l 549 2 Bl 9
o] mj$ 295 1:} "8G EW, 87 FAY T= 2449
+ T B 4A ]

2}
S W]fﬂt}. 3 REB9} REB-SDZ ums}oq ku
A7 & PFAPEDEAE BRI o] 7]’~o}1ﬂ— 1
% REB, REB-SD, HPMC, CGN ¥ 527HE-S SEMS
A&t ’Jrﬂﬂoir/} Figure 19714 REB(a)~ “H‘H&TEH.J
S YRS B Axsle] A28 SD(by= FA43 e

Zan, 41494 A13, 20253

el S UeRI HPMC(c)9t CON(d)y2 25 i) Hel s
7R QUG Trgs 2715 VERlo] E& BFAS vEkd
Aoz ot 223, Az H29Ee] 74$(Batch 1-7)
Bt YAk Alol= 200 umE 2 AZEJASS FRlsilon,

FEYo WOﬂ w2} o] Fejrt geiile BRI}, Batch
1(e)2] 7% HPMCS} CGNRle] REB-SDE5} ’E*J S A
zHo], F24 34| FE7F FAEA B BEe vEkth
74 e 2] REB-SDZE S Fowitt By Atz 3
’do] =7 gb= Z1O0= H]It}. Batch 2~49] 73-5-(f~h)HPMC
= &E3taleixielA] Batch 1(e)e} Blarste] B}t 7|AE 324
A S @A 35T Batch 5~7(i~k)2] 4% thE FE <]
CGNe| F7HE oA 1A, Hojr] zdata "R == 79

[il

_9_ ?‘S:]/R—]—‘—]_O:h;],
TSN 84 BN, U5, AW @ SIS 7
254 54e BATORA Bel S5 45ae 2 W

312 glakgit). Figure 22] FTIR 232 HH, REBY &4
A= 1728 ecm(carboxyl groups®] C=0O peak), 1642 cm™
(amide group2] C=0 peak) ¥ 1388 cm™(C-H peak)°| A Y
bt A AR 9] F2 5H< HPMCY] 82 J]ﬁ—
1050 cm ol 4] UEbstTE #| 2% REB-SDOAM &= 3
HAES YepleH, Batch 1~79] 73 REB-SD9| £
| =7F WY EA] 39ttt ©]F 53l REB-SD A= % 523
HE Az Y F Bolgh x4 HEPo] gileS gl
ATH.

ZHEN B4 BN, TARMA J1ee oFge] 4942
Zo] oo LT oiAE WO M oo SowS
AN, 287) il 95 8 SDe] AFeHE 54

A& SD7F f&shA AxEJA=AE B7tsk=t] &olsitt.
Figure 337} 7+o] XRD 54 #H7} A3} REB-SDE A%l
ujz} REBO] Aol WolAe 43S Vel o™, Batch
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Figure 2. FTIR spectra of REB, HPMC, Poloxamer, NaOH, REB-
SD, CGN, HPC-L and Batch 1~7.

1~7914= REB-SD¢] &1} Hlﬂﬂi%ki o, 5ol 4
A WAsE dojuA] S ERlsk
SEM It BD/TD 2182 53l Batch 1~79] HF EAS

Table 33} 7ro] B7}alitt. 2 AHsPF A= A 282
Batch 18] 3840] 714 &2 &2 A74E Yoz,
HPMC7} Z71%l Batch 2~404] S5 3+ E—H S Ve
t}. HPMC % CGNe] 3714 Batch 5~7¢] 73-%- CGNe| %
Fo =z, FAIAF] YEeA FAAE o F fz%*é%
YERAATH

3 ¢ {c}-HPMC

A Aol A g8 el Agge) g dr 63

(d) CGNE®

200 pm

(a) :

U_JUIJ‘M — REB
e i — HPMC
Wil ) Poloxamer
2| . SR
% b l o O i .| — LGN
£ L — HPC-L

10 20 30 40 50
Diffraction Angle 28 (°)

(b)

L_-I""'UM-‘M__._

o dA M, | — ReBsSD
S e AT Batch 1
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2 L-’M — Bacth 3
o et M, | Batch 4
- R S i rmanbin
- - — Batch 6

e p A A —— Batch 7
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Diffraction Angle 28 (°)
Figure 3. XRD analysis of (a) REB, HPMC, Poloxamer, NaOH,
CGN, HPC-L; (b) REB-SD, Batch 1~7.

REB-SD ¢l &
W (Batch 1~7)& 200N2]

MUbM ®M|= Z3}. REB-SD 9 A& A
A2 st ey A3
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Table 33} 7Z2o] 200N EFFSh=t] oF 4.8~6.1 kgfo] v+ 9
Hogw ZH3I9, 5]1'41 735‘; 260~325Ne.2 £& B
A& Yepled, ole
ojup7] W&l o= Eﬂv}.
Toh, AlzE REB 9] AF A8l v 5 97t A
(Figure 4, Table 3), 7|9l 7Hbeiokont 50% 9] Al
7ko] Aol ek SBC7} olikstetAs AJAdsh A7 5

48 o

8 B4 HPMCY] g=Ado] &

vo}"i"/} F-+3 REB-SD 9] A7 A8 o] thi-2 124]
Zrold - S RISk Batch 79] A9 et 104

e FRFEE RIS 2 ol Sol Al FElE el
t}. o]= Batch 79 F=7F W& CGNe| H]E©0] Eo} FHkE
oA MEZAE AR Xl A7|e o= /\}EQEP

REB ¢l M7 MYUHE & @It & dyoxe &=
HS MR el Jgeiiitt. FA1H o= delAld, (1)
EHZ"E 2 Alg ek v]3(pH 6.8, pH 1.2), (2) HPMC screening
(pH1.2) 2 (3) CGN screening(pH 1.2)¢] €3 A1HS 13
ElSA=

pH 6.8, pH 1.2 & AIB(CH=SF vs. &S} H|1, Figure
5): REB ¢ A& A4 oS st Bkt 91k
Batch 12 thZF(Mucosta SR Tab)Z} pH 6.8 ¥ pH 1.2 %
AolA &2 FS st Figure 5& HWH, 32k
|EE2 pH 6.80X= 841 €55 YERIAIY, pH 1.2
Me e EEES YERAL Sith o= REBY| &alx7}
pH 1204 E & o 2RE 7]lsit}. SEX|Tt, Batch 19
A= pH 1204 % 8&50°] fiAEe E5S e,
ol JIHE GBEE 7 IATAAITE SEES IR
Zog Helt) B3 REB-SDe= AT HPMCE matrix®
ARSIS7] Wil 71 A 08 MES e Sles v
ERATE

pH1.2 8 Al&l(HPMC A32|Y, Figure 6): REB ¢
AF A o] HPMCY J3Fe Folsta Aeksl Bake A
Ha7] 91ell REB A1W8¢] 8= Al@S pH 1.2 270l 3
g3t HPMCE Batch 1914 712 % S35 tiv] 3%,
6% 2 12%(Batch 2, 3, 4% H7F5It}. Figure 62 B3, Xyt
SEEET MEY SRR s =HAe AR 12

Figure 4. Floating test of Batch 1 (pH 1.2): (a) tablet; (b) initial; (c)
Imin later.

Zan, A)4948 A15, 20253

CupA - e A

100%

g s
2
E
o S -8-pH 6.8, Mucosta SR tab
=
= =d#—pH 1.2, Mucosta SR tab
3 4%
i =4=pH 1.2, Batch 1
Z
0% = .4 +
0%
0 1 2 4 [ ] 10 12
Time (hour)

Figure 5. Dissolution test for Batch 1 and Mucosta SR tablet (Batch 1
& Mucosta comparison., pH 6.8 & pH 1.2).

2225 JERIZ HPMCS %ko} BSTE &5° =HAle
BE5S eI 85 AIF &Rl A4 HPMC7} 23
F57] Aol A= wE %%% 0|3, Ty =
HPMC7} 3-28] B&Em =9 §EE82 He 202 As
Ht}. Batch 4(HPMC 12%)°] 73-% HF §EE°] R BERE
235l vkl Il A, Batch 2(HPMC 3%)= &3¢
AEo| %L?ﬂHXl 2kth. Batch 3(HPMC 6%)°] 74 2%t
3 Mg UeRile =2 | Batch 37 CGNE x3sle] th
&k SIS Ela)91e U ARS Kt
pH 1.2 & AI8(CGN 232|Y, Figure 7). CGN(F
20~30cp)S HPMC(SF 4000cp)e} Hlasle] Athaog 2
AEE YepiH o= °16H A v Eg 2ol A3 S
o] CGNe| AtfAoZ ko xupgs L].E].Hh:]. U:}a]-}q Batch
39] CGNE A4 F7}3lo] Batch 33} Batch 4 Alo]2] &5
He WollA tefst 8= deS 7Idish 85 AES 1=
ZlgYsiaict. As) 7149 Fa> 324 skal HPMC:CGN H]
&5 53, 44 2 3:52 Lol x]ﬁgﬁ}ﬂE}(Figure 7). Batch
5(5:3)2] 7% HPMCOll CGNS 71814} A7) A 2] %ol
O oA 29A], &&0°] o =AY HF §E7HA 2ol
Yol = B5S UeRAT Batch 6(4:4)2] ¢ Zaktel 5
W 85 £57) Hlw A Hlel 8§58 A9l o= CGN
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Figure 6. Dissolution test for Batch 2, 3 and 4 (HPMC screening,
pH 1.2).
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