Polym. Korea, Vol. 50, No. 2, pp. 348-355 (2026) ISSN 2234-8077(Online)
https://doi.org/10.7317/pk.2026.50.2.348

0t0

T JHM U MUH o WE YMS 98 HPMC 7|8t USE oS
0|
h s

HAA - O|7|*# - HIMZY* - ZEZ M xrent
R st A E AR g e, sl o st vle] @ ubeg3hystat
o] o] St At A A A
(20259 12€ 10¥ H, 202619 19 268 54, 202610 1€ 28U A=)

il
i
0.

Formulation Study of HPMC-based Hot-melt Extruded Rebamipide Solid
Dispersions for Solubility Enhancement and Sustained Release

e gk koK

Won Kyung Kim*#, Giwon Lee™*, Sunjae Park®, and Gilson Khang

*Department of PolymerNano Science & Technology, Jeonbuk National University,
567 Baekje-daero, Deokjin-gu, Jeonju-si, Jeollabuk-do 54896, Korea
**Department of Bionanotechnology and Bio-Convergence Engineering, Jeonbuk National University,
567 Baekje-daero, Deokjin-gu, Jeonju-si, Jeollabuk-do 54896, Korea
***Polymer Materials Fusion Research Center, Jeonbuk National University,
567 Baekje-daero, Deokjin-gu, Jeonju-si, Jeollabuk-do 54896, Korea

(Received December 10, 2025; Revised January 26, 2026; Accepted January 28, 2026)

879 SAY BEAQl dup e 48§ dES A8l &g /N, sl A
94T 5 e HPMC 7|9 JARAA S Aljbstarat sisick. pH 28419 vfst A4 =
3 AlzE drbvs JAZMAE 95 o ] A 199744 8 =rt Sk
Fourier transform infrared spectroscopy(FTIR), X-ray diffractometer(XRD) %2 differential scanning calorimetry(DSC)
He ) duirlse] RAPE W wEA ) bgE R SISk dutlv st SeyTRAR Axd
T2 oF 1447 Bt 9ke 82 dRs yehllon], ol Al A /0 uhe 2t A 713 4
At & A7E 88 AF VI AAZAIS st V1Es Agele] Salls B WUE AlolE s 73T
Ve A FAE] 7R AT

oft

il

Abstract: This study proposes a Hot Melt Extrusion method-based solid dispersion using HPMC to improve the sol-
ubility and achieve sustained release of rebamipide. The rebamipide solid dispersions show a 19-fold increase in water
solubility compared with the pure rebamipide by combining pH adjustment and various surfactants. Fourier transform
infrared spectroscopy (FTIR), X-ray diffractometer (XRD), and differential scanning calorimetry (DSC) analyses con-
firmed the amorphous transformation of rebamipide and its stable dispersion in the polymer matrix. Sustained-release tab-
let, prepared with rebamipide solid dispersion, showed first-order dissolution pattern over 14 hours, consistently with a
diffusion-controlled mechanism. As a result, this study demonstrates the potential of combining solid dispersion and sus-
tained-release technologies based on hot-melt extrusion method as an effective formulation platform for simultaneous sol-
ubility enhancement and controlled drug release.
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LA e FA) 84 EF WS A% RO
A B R0 el & s1om, 712 7143} 7]
29 spray drying 7123 T2 492 A5 97 3
o] vl IRsje] 2AYYE Folsfe!

48-§%=7](hot melt extruder, HME)E W4 3u]e] 2
RN oFast IEA EHAE =903} FAo £
2 TRA ) okEe Bt FAAS SuT & 97, o

TEZ} 7 S AR Ao, AE 5o EA BAS
Juko 2 24 A5y} 7¥ssit 53] Au Y] AaRe)
w2 Bk 5ol 2 wviaE ek e T
159 HAsh 7Psable] 43 *ﬂlO‘%ﬂOHE Agtep]
wFol| 782} 7}8ke] L8 Holz w]o- n)a}e} 1213

I, oFEo] WS A|o)sl= A HkE) 7]/\3 okRLo] x]4:A
31 g Bok 31 7hAo] o] Fdg AlFsh, W AjAo] &
55 FH 3 ] _Or]§_ EH_LZ-]O okxﬂsl—x% 7]€ = O}Urol‘:}ms
Qo] ALEe oekE e He o]T Y2 o 7]_ =

2U"T1d 7o “r‘
3 Absio] el 5ol wEe 5, WKL A 5
S —]H]—g]_ 7]%.2_ ;(4_9_—6]- o]ob—’- [e)

N

=)

(

N,

o -
7} ZHEHA et Wb, 3
e W AMEQ 20 543 slaw o Wi &

T, 5= 4 el % 7ol wet 24 7Ps st

B oA HMES & 8]—0:], XA ZEAR] HPMC,
pHZEA|R] NaOH 2 2] AHE/ A2 REB LA LA
(REB-SD)Z #|%3Fo 24 2841 A 7|& BAol A3t

s sk T 7' ARE ML ol& 213
HPMCe} o2 7H&-3hA1 & =&et3al HME 34 215
HAslslgom, B Ao Ao 85 A 7FsAS Hrts)
g},

7‘[‘—40 =]

Table 1. Formulation of REB-SD and REB-SD SR tablet (Batch 1~6)

Use Ingredient Batch 1 Batch 2 Batch 3 Batch 4 Batch 5 Batch 6
API Rebamipide 150 150 150 150 150 150
Polymer HPMC 600 600 600 600 600 600
pH adjustment Sodium hydroxide 0.090 0.090 0.090 0.090 0.090
SLS 75
REB-SD
Cremophor RH 40 75
Surfactant
Poloxamer 188 75
Poloxamer 407 75
Sub Total 750 750.09 825.09 825.09 825.09 825.09
REB-SD Solid dispersion 750 750.09 825.09 825.09 825.09 825.09
REB-SD -
SR Tablet Lubricant SSF 7.5 7.5 7.5 7.5 7.5 7.5
Total 757.59 757.59 832.59 832.59 832.59 832.59
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Aot & 2. 2 Aol ARS-El REB= INIST ST(3H),
124 8212l HPMCE Colorcon(P]=F), pH &A1 4=
At L EF-S Showa(d ), AlHEAAQ] SLS, Cremophor

40, Ploxamer 188 ¥ 4072 Basf(5Y)2 A&l o
Aol AFgE B 87 % A%k HPLC 555 ARSIt

DAL M= =E wiX= Table 13} o] 7F 27d0|
upel A5l okEel REBO| 4878 3#AK1 HPMC, $4Fs}
UEF 3B AHUEGAE F71ste] HME 7|54 &8s
REB JLARZAH (REB-SD)E: AlZ313it}. 1 A4S 71esir
AW, BE 9852 Table 13} 7Fo] A 5 30 mesh®
A st 2 & E3HE-2 HME(Process 11-hyqienic TSE,
Thermo Fisher Scientific, U]=1)E 53 &§-Y==3oH,
HME &7 Screw $=E 30 rppmeE I3kl 2% 2712
Batch 1, 2¢] 74-%- 180 C, Batch 3, 4, 5, 62] 73-%- 160 C=
85T HME 34 o] % %53 geje] 255 4o
H, o]& A}, s g FARA IS TE dEES
A2 5 30 mesh= A|Hst vher FEIZ F5IATE 2
5 AR A7EA] EAAOlE ol Basisitt.

7288 &3, REB 100 mg3} 532 REBE &-f3l=
REB-SDZ 400 mL S/l 832171 & 0.45 um PTFE ¥
EE ARgslo] ofsllnt. ol ool Bl4{sled HPLC
S B3l M-SR E ERISISITE BE A4S 77 63
A ZAdste] Fpts FFUAE AN

FTIR 4. & Aoll4 AH8-® REB, HPMC % 7H8-3}
#| 2 A|Z%F REB-SDE F#|of W3 2 2]4 E37](Fourier
transform infrared spectroscopy, FTIR GX, Perkin Elmer,
Waltham, USA)Z #43le] HME 34 5 &23}s}, :5%%¢]
W37} w3l EA] 8elslaizl ATR-IRHSOZ 500~4000 cm’!
el gkt

XRD 24, & 7oA AL&E REB, HPMC ¥ 7H-SHA|
9 AZxE REB-SD| ¥3j0] & o]FolfeA] gRlslr]9fal,
XA 31" ¥247](X-ray diffractometer, XRD, MAX 2500,
Japan)Z 2742 H4319t) XA - 0.3 mme] T3
frel 71382 ARESIAL, Al A ES ST F 30mA,
40KVe] 7oA BE AlEE 19mind] £=2 S 3-
500014 EAst3it.

DSC 4. ¥ <17-9] REB, HPMC % 71834 2 Az
¥l REB-SD9] 3 g g<1str] 918 Al FAF )
(differential scanning calorimetry, DSC, Perkin Elmer, USA)Z
o]g-3j0] EA431th. DSC= standard alum pan(Perkinelmer,
USA)ll A& 5mgs ¥ AHE Qo] 453t 0813
T} BE BAo Ax AL 7k~ djolA] 25350 Co] 251
fJell4] 10 T/min®] 718 HE2 F3I3ict.
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SD % 7]e} 737 = Table 132} 72o] ZH2} A wkalo] EFFaith
ZhAsiAl waiAbd, WA Table 134 72o] REB-SD 2 #-3A &
A 2 &3 T 30 meshell AlFsIATE 2 F- 30 meshell A
H E9=2 40 meshell A2 Sodium Stearyl Fumarate(SSF)
o} 127t Sste] dErZozH] HE EAE Axst
ATH.

AzE #HF A= EFY71(KT10SS, Keumsung, Korea)Z
e ste] REB-SD A1 S Alzxstdct. 8 5 e+t
REB-SD A%789] W+t 7%, )73 = REB-SD A7
A ER1S fI8l sl gkt

REB ZZ=24He| 584 ¥ EFEY It HF 49 =
4 2 P9 AgS g<lstazzt BD/TD Al 18
I FFEAIE v~AE e Y3 Fud = (Bulk density,
BD)E =793 ¥, 12508] U=A|87](COPLEY Tapped Density
Tester JV 200, UK)E ©]-&38to] 458 = (Tapped density,
TD)E 43ttt 543 BD} TD= 357 H7F A2 7+
A)%*(Carr’s index) ¥ M-~ Y& (Hausner ratioys A4kt
o HF Ao 3E848E Hrkekit

REB-SD M@ &&E @Il REB-SD AW Y] &&&
H71E 98l 82 A8 (USP Apparatus 2, IEH)S 18519
o} g=e oAl ok &M (pH 6.8, 900 mL)yS AR5},
29t e £ 247 37 C 2 100 pmeE F-AI3HI T
741, 2,4, 7, 10 2 14870 A EE 2 mlA JjF kL, A
Fg NES 3 FLE o] EEAE ATt AHE
A= 045 um FEol| o3 31 814 & HPLCE 489
on, §EF AN s7lek

EEE (%) = {(GHH-YER)Y71E71] x 2k A1l sligehs
& FI/(FREE T« 1000) x 100 < SAlE (1)

HPLC 241, 7}&sls 2 Ay 8= %71 9J8] HPLC
A8 AASIAT 7FasAl WA, Al HPLC #4
7](NS-4000 HPLC System, Futecs, Korea)S AR5}, &
A1 AL C18 ZH (ProntoSIL C18 SH ZH, 250 x 4.6 mm,
5 um, Bischoff Chromatography, Germany)< AF-&-3}%1
HPLC 278 <5 1.2 mL/min, A EFY % 20 uL, ZH=
36.5 CeollA] ZA3INAL, UV AF 32 327nm, 34 A7k
10202 A43I8t). o) de vehke s S/TE 73 HE=
3t 8He AESI oM, oM EARS ARS-EEe] pH2.62
2 pHE A3 253 A& T3l ztod 7k=E A A
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Table 2. Solubility Test of REB and REB-SD (Batch 1~Batch 6)

in Water (unit: pg/mL)
Formulation Solubility of RBM

REB 13.11 £ 0.40
Batch 1 36.10 + 0.67
Batch 2 121.08 + 2.41
Batch 3 131.81 + 7.94
Batch 4 21142 + 6.24
Batch 5 223.01 + 5.11
Batch 6 25131 £ 591

400 mL 2704 &) =71 13.13+0.62 pg/mL 5= 23}
siaict. WhH, HME 342 53l #1x3F REB-SD(Batch 1~6)&
RE AFA A5 ok M) fo3 0% =& S8 e
Wtk 21594 A1 HPMC £4Fe Batch 12 36.10£0.67 pg/
mLE REBUH] ¢F 3l 3718k 2|1& Yo, o= 4
A9 oF=o] 93 A jER| 2| FAkE|o] F AP0 R
FolE Fe &3l s 3PS ofn| gttt pH 224 A1 NaOH7}
%718 Batch 2] 7% 121.08+2.41 ug/mLoZ REBtHH| oF
o SV A& YERANSH, o] °FMdS ul= REB
7F @717 27elA o] stE o] §elETF STk AR AL
SHE 7] tdet AMEGAE Hrkste] IA RS
A Z(Batch 3~63t=H|, ©] 59 &al== 7H7} 131.81+
7.94 pg/ml, 211.42+6.24 pg/ml, 223.01+5.11 pg/mL 2 25131+
591 pgmLS e AdE4447F H7kE ™ REB-SDL]
B3=7F A= oF 1000l BAIE oF 1971 S7ksE
22 VERIIET], o]& NaOHS| pH &7 AW EdA) 2]
AR AstaAz sl oFE St s A0 AL
=R

REB-SD2| FTIR £44. REB, HPMC, 71-3}A] 2 7} uj
X A2 (Batch 1~6)2] 223k A Ak 2 Hil=
gelat7] 918 FTIR 4] A& Figure 16 YERH AT
REBE 3269 cn'(N-H stretching), 1642 cm'(C=0 band), 1728 cm’
(carboxylandamide groups) 2 1338 cm(C-H stretching)©l|
Al B4 925 YERITE. HPMCE 1050 em™(C-0-C
stretching) 2! 3425 cm'(-OH stretching)ol| 4] 57291 337}
Ao, o] EAAQ] A5 A A (Batch 1~6)
oME ol wat, YA Az S oFEd A
2] WAde] dojubA] eFgkrhar Atsieict, gk A A A
Al FTIR ¥4 A3}, C-O-C stretching®] 5713t HPMCS}
frAkgE 27 §4Jo] veht=t], o= REB7} HPMC9] ©ll
HE A gYol FAkem, ofgh A e e R 2
s zrgo] PAERNS e

REB-SD2| XRD £4. REB, HPMC, 7}-&-3}4] 2 7} uj}
A A EAH (Batch 1~6)2] XRD #4] Z31= Figure 20
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Figure 1. FTIR spectra of (a) raw materials: REB, HPMC, SLS,
Cremophor RH 40, Poloxamer 188, 407; (b) REB-SD: Batch 1~
Batch 6.

UERN AT REBE= TS 2o x B 5421 314 7
3ZE ®BT} Batch 1~29] ZAEAH 2] o= 718314
7t ZA7FEA] kgl 31 T3t DAY FA] A
sl om, Uz 7183kA 71 H71E A 54 (Batch 3~6)
o|X %= REBS] E4AQI 3|4 9a7t 2A=HAY A 724
3 5 vgd geloz AEIL o] HME 342 5
&l REB7} HPMC A& U] a5 oz Falwlo] A olA
H42 ez oo s BAbE S-S ou|dit}
REB-SD2| DSC £4. REB, HPMC, 7}-&3H4] 2 7z} uj)
A A E4H (Batch 1~6)2] DSC #4143} Figure 337}
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Figure 2. XRD result of (a) raw materials: REB, HPMC, SLS, Poloxamer 188, 407; (b) REB-SD: Batch 1~Batch 6.
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Figure 3. DSC result of (a) raw materials: REB, HPMC, SLS, Cremophor RH 40, Poloxamer 188, 407; (b) REB-SD: Batch 1~Batch 6.

7+o] JER)RATE. REBE <F 310 C HZoa] E4#¢] 59
93E Bglon, o]= £ REB7I E7¢ 24 deS 7}
A3 S BRI IA A (Batch 1~6)014+= 3l
937} A EAY FA] 3489, o= REB7F €889
= TS Tl FHolrE A S gl 53,
Batch 1~30l14] ¢F 50 C Yol L9 =7} e, o)+
I E T 27 stolA] AR £ fEdse 9§
F-UEE oJojA = T 93] ¥E01x] REB-SD WH-¢]
REB-HPMC &3 7AE o] 9% Aso= siMd &+ 3
t}. ol st A3 AFE AHEAA Q] Eelslsty A o]
o wa} tE2A ettt AAMSHA Ak, Sol2d AA
ZAgAel SLSE *3H3) Batch 32] 73-$- 50 C ¢ €4
73so] FA1E Hhd, vlo] 2] AHEIAIQ] Cremophor RH40
2 Poloxamer(188/407)5 3E&Fst Batch 4~62] ZAJolA & 3l

Zan, 4504 A25, 2026\

g o|HNET}F FEE A gdodt). o]= H]o| 24 AHEAIA 7}
REB-SDE Ht} 832 02 74slsto] 2} o] 5dE& 57t
AZAIL, o] =281l BF o]¢k Asg ¢hsksh v, SLS+= A
H o ® 74ast a3t AlgHE o] AL o] 24 T ARl 9
3 A 27 FAEIT] Wi E ALsETHY

TFAH S =Z, FTIR, XRD ¥ DSC Z 3= REB-SDO|A]
REB7} v 4 e 2 EAlsh 1Ak} s zhg-ste] g
g IAEAHA7E FAEJASE BFA QU

BD/TD ¥ /84 W} HF 4| (Batch 1~6)5 BD/TD
Ald 242 53 Carr’s index ¥ Hausner ratios 2FH&3l]
Table 33} 7o) H718lHt 2E #|38-2 Possible ~ Good 5~
T =58 58S UERIITE o] HME 3% 5 23
&gsh 2 A AHS T8l S YA BT GEREA
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Table 3. BD/TD of the Final Blend and Compression Result of the REB-SD SR Tablet (Batch 1~6)

Ingredient Batch 1 Batch 2 Batch 3 Batch 4 Batch 5 Batch 6
Final Blend
Bulk density (g/cm®) 0.58 0.59 0.64 0.66 0.68 0.69
Tapped density (g/cm®) 0.79 0.80 0.79 0.81 0.80 0.81
Carr’s index 27 26 19 19 16 15
CR Passable Passable Fair Fair Fair Good
Tablet
Weight (mg) 750 750.09 825.09 825.09 825.09 825.09
Compress force (kg/cm?) 6.61+£04 6.59+04 6.21+£04 6.17+04 6.14+04 6.11+04
Hardness (N) 17045 171+4 17048 170+7 17146 170+7
Max. hardness (N) 182 181 197 198 207 209

REB-SD M#&o| EFY S4. REB-SD A1 (Batch 1~6)&
et 170N¢] =2 ePsiaict. BFg 234 Table 3. BD/TD
2 b A 7o}l 2ol 170N et stEt 6.11 kg/em?oll A
6.61 kg/em’®] FHE 718IAAL, Hoh A== 182NelA] 209N
el Ath. HPMC®| =70 973t REB-SD9| B}
o] $F5F Zlo 7 oSN O spray dryings F3 A %3
REB-SD9] EMYA(H o %X 200N, EFY 9} 4.81 kg/em™~
6.12 kg/em® & ) A% 260N~325N)3} Bl W&l ew] v
EFgAS YERATH? o= REB-SDE A|=3171¢J3 HME &
Ho=m de IdFS sk o}dﬂ w7l spray dryingS
E3) Ao j_x]]vr-/\]-xﬂ_ﬂ— H|walo] =8 A (Brittleness)yS 7}
217] el Aog A}EQE}Z‘ s

REB-SD AMt&o| 8% mJ}. REB-SD A% (Batch 1~6)
9 &= HArEE= Figure 49} 7+t}. REB-SD AHFEA 9] &
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AR A& o WES YeRliv, HPMCO| 9o 2 &
F9] FHRE 2 WE S50} vkl fAHE 13
UE Rl st Bt SEls AT o)
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*FI

N M
2 p
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o} s Ae] §280] 2713 SRIGIT I
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715 Adtsto] REBY W 7843 &2 248 AS4S
A WAsks AR 7Fe3e dE Tt pH 28-S Sk of
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=i\ {ucosta SR
w={Ju= Batch 4

e B atch 1
e B atch 5

==gy==Batch 2 Batch 3
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Figure 4. Dissolution test of Mucosta SR and REB-SD SR tablet (Batch 1~6).
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o] 7k ¥iX| Batch 204+ pHEHEl| W& o] 23} E 9]
57k 8el=7} REBUM] oF ovfj <53 3ict. o1 7]l A
JAIE F7H(Batch 3~6)3HAF ARG Aslas= Qs o
& 837} REBH] °F 10~19817F4] 7R =] Act. o] gk
L= Fle ANHAME AA e S5 SR oloR
o E3] Poloxamer 407¢] *]H}E Batch 62] 73-% REB9]
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