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Abstract: In this study, montelukast (MTL) imprinted starch-based biomaterials using mungbean starch (MS), polyvinyl
alcohol (PVA), melanin (MEL) as a light stabilizer, and plasticizers were synthesized by the casting method and heat curing
process. MTL release properties were evaluated at different temperatures and pH 5.5. Biomaterials were characterized
using FE-SEM and FTIR. In addition, physical properties such as mechanical and water resistance properties for bioma-
terials were investigated. Results of MTL release properties in the buffer solution indicated that MTL was released about
36.74% within 120 min. In addition, MTL release from MEL-added biomaterials was increased about 1.30-1.43 times by the
light stabilizer. In case of MTL release using the artificial skin, MTL was released continuously for 12 h, and the MTL release
from MEL-added biomaterials was increased by about 1.54 times. MTL release in buffer solution followed the pseudo-
Fickian diffusion mechanism, whereas the MTL release in artificial skin followed the non-Fickian diffusion mechanism.

Keywords: starch-based biomaterials, montelukast, melanin, drug release mechanism, transdermal drug delivery system.
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B Ao A AREE montelukastMTL)= 71529 vH A5
A3kl M2 A ks FEe Al2HY FAEL ) (cysteinyl
leukotrienes, CysLTs) 8ol Mgz o=z ZAots
S JAIskE AdEAolt) CysLTse 952 dd=7] f42
o] Ao 92 of oleP|EAe 2R Y s 95
3 EAR, o] 713A] WP CysLTs T8A19} 452t
&3t 713A 9] A5 WS FE=gthS mebA, CysLTse]
285 aHH o2 WAEE MTLS 2] X590 de] AR
Hojghtt. SEAIRE, MTL2 73+ Fof Al, 7F 12} tALE 53]
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B Ao A= Held (melanin, MEL)E 3P AI= ARS-
st MTLS] 3-8l & SAlskar 234 <l TDDSE Hie] L
2 E AF3HE gl MELS st f71Al0l4 ElZ221¢]
oAl 84 9k 2 A= AAESH Adoly, 3iks),
FAF, At 5o vt 7158 7S AUTEP Roy 52
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2 Aol HF 522 MTL] TDDS 482 <lsll MTLe]
Zrolgl AR 74k nlo] @ A S A3, FPYAE MELS
A7kl e, 71aA 23 £H])E(sorbitol, ST) 2 STAS
(glycerol, GL) H7Felth. Azt vlo] 9 Ao W& 5442
ThFel Lo X 8] pH 5.5 9 &3} AFI RS o] g3}
o] ZAbsl= Wl Jow, 54 rdg)e Sl MTLe] W
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Alef 2 Y Z. Polyvinyl alcohol(PVA, 99% hydrolyzed;
M, 89000-98000), melanin(MMEL), glycerol(GL), sorbitol(ST),
montelukast(MTL) Sigma-Aldrich Co.(Louis, USA)®l| A
T3 2™, potassium hydroxide(KOH)= Duksan
(Pharmaceutical Co., Ltd., South Korea)o|A T3ttt &

5 Z¥-(mungbean starch, MS)y= Chungwon Food(Incheon,
South Korea)ollA] 743159 th. B8 AgoA S-F4(distilled
water, DW)= &o]23} & A|5F/atd ARE-sI3ith.

MS 7|4t Hlo|2 AXje| M[=. MTL ZI]l MS 714t vjo] Q.
A Qe g B Az ol dAgtolA Bad WS
ZA510] o] 451THe MSe} 7HeAlZH GL TE= STE 0.1 M
KOHel| &3A17]2L, o] &3+ &A= 95 T2] 0.1 M KOH¢
PVAE &3lA1A Az PVA &0l H7stirt. o 714
KOH= MTL| &3l=7F 4717 &l S7Fsl7] wieell
o] 83T} o] F EFES 95 Tollx 1082 &<t &3st #
mechanical stirrerg ©]-§-3to] A-20|A 603 &< E3Y
At 7HeAl GL ST MS$ PVA FAIE 7522
o] 40 wt%= H7tstich EdllY 38 F MTL MELS
0.1 M KOHel| 83llA17l &3S dropwiseste] st 848
AZ3ATE & Aol Axe vlo] o A9 A2 Table
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She2 0.5 g0 2 AT Ast 89| 7|3 = aspirator
2 A A3 teflon mold(250%x250x1 mm)ol] H-& t}S,
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Table 1. The Composition of MTL Imprinted MS Based Biomaterials

Sample name MS (g) PVA (g) ST (%wt) GL (%wt) MTL (g MEL (mg) 60 mM KOH solution (g)
MSP 5.0 5.0 - - - - 100
MSPMTL 5.0 5.0 - - 0.5 - 120
MSPMELMTL 5.0 5.0 - - 0.5 5.0 120
MSPSTMELMTL 5.0 5.0 40 - 0.5 5.0 120
MSPGLMELMTL 5.0 5.0 - 40 0.5 5.0 120
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A7|oM Wez AIZE vio] Q. o] AFS ow|git}.

MS 7|8t Hlo|2 AX{e] 7|AIH SM. AZX3 Hlo]Q A&
Ao B8 &AL Instron 6012 testing machine(Norwood,
MA, USA)E ©]&3l] Q7% (tensile strength, TS)o} 415
E-(elongation at break, EB)E =7d3| H7}sit}. 7} vlo] 2
2= ASTM D-421 7422 ARSI L, Blo] Q. 4Aj 9]
FA= 9] 5232 mechanical scanner(digital thickness
gauge “Mitutoyo” Tokyo, Japan)= 783t B3k A3}
Atk Ha FAE F 0.13 mmO|A 3L, gauge length 2 grip
distance= =5 53.0 mm©| 1t} Crosshead= 20 mm/min®]
™ load celke 250 kgelAtt. =& =& 25 C, RH 55.0%
oA z18ystet.

MS 7|4t HIO|2 AXfe| S B4 Az vlo] 29
¥ HA AL FAFE U] (field emission scanning electron
microscope, FE-SEM, ZEISS Sigma 500, Carl Zeiss Co., Ltd,
Germany)2 ©]-8-3l0] 5.0 kVe] 714 HgollA st
Hfol @ 2z o] ek 3338t A (ZEISS Primo Star 3, Carl
Zeiss Co., Ltd, Germany)S-2 25T}, gk, MTLe] 34
d 542 9o =& /%9 MIL §3%=E UV-Vis
spectrophotometer(OPTIZEN 2120UV, Neogen, Co., Ltd, South
Korea)= S35} ZAbelitt. 73t 213k MTL} MEL®]
W 2 A %3} vlo]Q Axfe] At EAL Fourier transform
infrared spectrophotometry(FTIR, vertex-70, Bruker, Germany)
£ o|&al AT

MTL &= S4. MTL Z}21 MS 7]k vlo] 2. 249 TDDS
& 7Fs73S Wrsl] Sl 2% ®istel|l e ‘in viro® °F
& e A9S TS olu, Al IR = S
WER pH 5.59] opAH|O|E k5 8-olS o] &8It Az
gk ule] @ AAf °F 0.1 g& 2% 89 90 mLell ¥ WE
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ARsh= G Agroltt. A5 n kel 0.5 Bt 2™ pseudo-
Fickian 8t HlAUSS w2 0.59F 2299 Fickian 4%
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MS 7|Ht Hjo|2 AXfe| 22X M. WA LAt 7wk
Hlo] e AAlle] EE)d B4, & A= (tensile strength, TS),
AlZE(elongation behavior, EB), Z-f 7|5 (swelling behavior,
SB), ol that -8l = (solubility, Sy= THIF3F Fofol] 283}
7] 913k F2.3k Q2o|th. Figure 1()%} (bye A2 vlol e
2] sBel S& 7k Asele). Az vlol2 sAle] S
o} = 100 ColA] A7l meh 7S Sakelel ZALIS)
o, @73t Aol S7HEE SB} Se fashs ¥
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REsithe AL 9v|dit) Figure 1(c)e 9743 308 &
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TSE #&stth ol 32 GL ST 287121 hydroxyl
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Figure 1. Physical properties of MS based biomaterials: (a) swelling behavior of prepared biomaterials with various heat curing time; (b) sol-
ubility of prepared biomaterials with various heat curing time; (c) tensile strength and elongation at break of MS based biomaterials with/
without the addition of MTL, MEL, plasticizers using heat curing for 30 min.
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Figure 2. FE-SEM and optical microscope images of the surface and cross-section of prepared biomaterials: (a) MS based biomaterials with-
out heat curing; (b) heat cured MS based biomaterials; (c) heat cured MTL imprinted MS biomaterials; (d) heat cured MTL imprinted MS
biomaterials with MEL; (e) heat cured MTL imprinted MS biomaterials with MEL and GL; (f) heat cured MTL imprinted MS biomaterials

with MEL and ST.
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7K npol @ AAje] o= GL} ST 727 EAje=w
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Figure 4. Experimental and mathematical model fits of MTL release from MTL imprinted MS based biomaterials with various temperature
at pH 5.5 buffer. The symbols indicate experimental data and the dash line (Fickian model) and solid line (empirical model) depict prediction.
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o MTL %= A3S 73310t Figure 4=
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Table 2. Fickian Diffusion and Empirical Model Parameters of MTL Release from MTL Imprinted MS Based Biomaterials with

Various Temperature and pH 5.5 Buffer

Fickian diffusion model

MSPMTL MSPMELMTL MSPSTMELMTL MSPGLMELMTL
T (C) 32.0 36.5 40.0 32.0 36.5 40.0 32.0 36.5 40.0 32.0 36.5 40.0
0. 34225  36.246 38259 49310 50.302 50340  50.321 51.328 51349  51.333 51.337  51.362
D 7.477 8.502 8.643 5.236 5.638 7.443 5.599 6.443 8.664 9.527 6.960 5.907
¢ E-11 E-11 E-11 E-11 E-11 E-11 E-11 E-11 E-11 E-11 E-11 E-11
R 0.994 0.993 0.993 0.993 0.988 0.989 0.996 0.990 0.992 0.998 0.991 0.992
Empirical model
MSPMTL MSPMELMTL MSPSTMELMTL MSPGLMELMTL
T(C) 32.0 36.5 40.0 32.0 36.5 40.0 32.0 36.5 40.0 32.0 36.5 40.0
0., 54253 60359 63461  68.152 72783 78902  71.034  77.944 84258  73.875 79.948  85.654
k 0.238 0.245 0.244 0.180 0.191 0.225 0.188 0.207 0.252 0.194 0.219 0.262
n 0.212 0.201 0.203 0.302 0.278 0.234 0.291 0.251 0.199 0.280 0.238 0.190
R 0.879 0.889 0.886 0.877 0.884 0.868 0.883 0.886 0.873 0.879 0.881 0.870
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Figure S. Diffusion distribution function for MTL released from MTL imprinted biomaterials with various temperature at pH 5.5 buffer.

Table 3. Fickian Diffusion and Empirical Model Parameters of MTL Release from MTL Imprinted MS Based Biomaterials Using
Artificial Skin

Fickian diffusion model

MSPMTL MSPMELMTL MSPSTMELMTL MSPGLMELMTL
0. 26.460 39.071 42.368 43.508
D, 2.653E-10 1.826E-10 2.449E-10 2.920E-10
R 0.879 0.861 0.885 0.890
Empirical model
MSPMTL MSPMELMTL MSPSTMELMTL MSPGLMELMTL
0. 31.754 48.499 48.764 48.810
k 0.329 0.282 0312 0.324
n 0.516 0.575 0.561 0.547
R 0.982 0.994 0.980 0.978
fJste] 8t4 RS 483 A¥= Figure 63} Table 391 do] Fickian &4t RdlWth o AgalA o535 Ao=w g
Ae)sidnt. QdgaFolr 2] MTL W& 542 empirical & A=Ak T3, 1Al 2 MEL 37} f-F-9F BAgle] Al
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Figure 6. Experimental and mathematical model fits of MTL release
from MTL imprinted MS based biomaterials using artificial skin
test at 36.5 C and RH60%. The symbols indicate experimental data
and the dash line (Fickian diffusion model) and solid line (empirical
model) depict prediction.
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