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ARgste]l Zhagk & MTXE AlAsta FAebds FAA AlxstthScheme
2b). FAF AAEMA, AUA] Bab XA E37], Feo wE HoM BEE
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Scheme 2. Schematic illustration for (a) release of MTX from MIP film by 808 nm NIR laser irradiation and (b)

Melanin

synthesis of the MIP film containing melanin for MTX release.
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Carboxymethyl cellulose(CMC, M, 90,000 Da), potassium persulfate(KPS),
methacrylic acid(MAA), methotrexate(MTX), ethylene glycol dimethacrylate
(EGDMA), melanin, acetonitrile®} folic acid(FA)+ Sigma-Aldrich (St. Louis,
MO, USA)A G435tk Ethyl alcohol(EtOH)¥}  dimethyl sulfoxide
(DMSO)+= DUKSAN-REAGENTS(Ansan, Korea)ollA #4331 2™ phosphate
buffer saline(PBS) = LONZA(Basel, Switzerland)olA -3}t

v MIP film #| %

MTX7}F Z4Qlel MIP film ool Hag Aol wdd Afivzd S8
WHE ol&stion F dAE AX Axeuvi(24]. WHA 60CE =44
wHk7)ol A CMC(62.5 mg)E =755 mbDol £33 & degassing= 3l
WHk7]e] &5 70TCE v A KPS £99(0.25 mg/ml, 5 mD¥ MAA
(91.6 mgE #Hd= H7E F o] =FHHE uf 7HH FEI
awskgith wkgel] Fhedskx] ek KPS W MAAE AAS] 98, 99
HHSE2 3Y FoF B9 (MWCO 12,000 Da, Sigma-Aldrich, st. Louis, MO,
USA)E o] &3sle] FAA & T AW Z(freeze dryer, llshinbiobase Co., Ltd.,
Dongducheon, Korea)dlte] CMCol MAA7Z} +&H CMC-PMAAE A| %33t}
Azxd" CMC-PMAA(62.5 mg)E <G mbDel &dsta MTX(G mgE
A71el & MTX2F MAAS] pre—assemblyES 98 FH3F A7+ &<t water bath
sonicator(NXP- 1002, Hansol tech Co., Ltd., Seoul, Korea)& ©°]-&3}]
sonication &3tk TES degassing 3 & 7InE 93] EGDMA(2.1 mg)E

A7 S 147 B9 ek ol Felalxl 9 MTX % EGDMAZ

AAsE7] fiA $19 vheES 39 &<t T4t Melanin(l mg)< 5418k
e FAAZ F 40CE 24H 2LENA] casting methodE &3 71Zx3}o]
filme P8kt v o R FHEAR] MTXE AASH] el 337



(T60U, PG Instruments Limited, UK)E ©¢]&3}o] 345 nm Ige A MTX7}
A&HA S u7bA EtOH 9 acetonitrile =3  £AH(R:2, v/v)ol
film(0.5x0.5 cm?)< "7t HFHA MTX7F Z<l® MIP filmS A|lZskqdch
2o ZA MTX7F ZEQ1E %] 22 film(non-imprinted polymer film: NIP

film)& =3k WrH oz Az oy MTX H7= st}

. MIP film 54 7}

MIP film®] $4 2 MTX <12 3925 Felsly| s FALAAAN] A, oA

D FAPAA AN &ANHA 24 XA #7337

CMC film, MIP film, MTX7} A<14€ film(MIP@MTX film) 3 NIP film¢]
¥EHE FAFAAEA Y 7 (scanning electron microscope: SEM, sigma 500, Carl
ZEISS Co., Ltd., Oberkochen, Germany)< %3] #Z3dtt. CMC filme
CMC (62.5 mg)s 755 mbho &3lsle] 40C=E =AY QEo| A casting
methodES &3 dxste] Alxsiglor MIP@MTX filme DMSOl &-3fd
MTX(1 mg/mD) &l =7} 1243 &<t 4ojAdA &5 FHlstalth
ThEo = MIP film % MIP@MTX filmel EA]ahs ©4(C) 2 AHA(0)9F 22
F2 st AES duyx B2 XA EF7|(energy dispersive X-ray
spectroscopy: EDS, sigma 500, Carl ZEISS Co., Ltd., Oberkochen,
Germany) Z=#HEHS F3] #Z5A Y. MIP@MTX filme MTX-DMSO &<
(1 mg/mDell H7F 12413 &<t Aol A &5 &1 = AT

2) Felol W Aol 471

CMC film, MAA, EGDMA, MIP film, MTX, MIP@MTX film®¢] 3} =9}
Z-g 7= Fo) W3t AelA B3| (fourier transform infrared spectroscopy:
FT-IR, VERTEX70, Bruker Co., Ltd., MA, USA)E °]&3to <ojxl
4500-500 cm™  ®9lIA 2FNEF dolEE F3 ekt CMC filme
CMC(62.5 mg)E D.W(GB mbhel &3gt & 40C=2 =AHE 28X casting
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1) FAAER A & oy A] 4 XA 237

MIP film¢ %Y e = SEMS o] &35l #2359 th. CMC film¥3} NIP film<
71 a A we] BEFATHFigure la, b). HHHel, MIP  film<]
FWoAE vz 3719 7lFEe] #EAHJ(Figure 1o). ol FHEA
MTXe] AA Fo 224 Ry FAw ZAoz AAHTH[5,27]. Figure 1de
MTX7}  Ale12l¥l MIP@MTX film %W SEM o|u]x]e]t}, MIP film %9 <]
718EY Bluste] MIP@MTX film E¥He] 7|FE°] YA d+S & 5 ATt
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Figure 1. SEM images for surface morphology of (a) CMC film, (b) NIP film,

and MIP film (c) before and (d) after MTX recognition.
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(b)

Figure 2. EDS spectra of (a) MIP film and (b) MIP@MTX film.
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2) Felol W Aol &3]
MIP film W] 3std 7]%71& FT-IR ~29EHAS T3 AU 39
T%% IR 29 EAA 729 F M=o Bof A, 94, 23 A=Y
Hstol] o3 AAH + vt ol F
Atole] Ajts #dd 4 glvh[29]. ¥ Figure 3av= CMC film, MAA,
EGDMASH MIP film®] =#Ef& WolErh CMColA 1096 cm™, 1675 cm™
2 3488 cm! ¥3aAE 77 —C-O-stretching, -C=0 stretching, -O0-H
stretchingS ®.o]5=T}H30]. 7154 @Al MAACIA 1202 cm™?, 1632 cm™
2 1690 cm™ ¥AE 77 -C-O stretching, -C=C- stretching % -C=0
stretching& WeERATE 7FaAlQl EGDMACIA 1145 cm™, 1637 cm’, 1716
ecm ' 2 2959 cm™! ¥AE 77 -C-0 stretching, -C=C- stretching, -C-H
bendings YERHTE o]l& dlF& A= MIP filmolA: & 4 Qo E3
MTX¢t 42243S & F A MAAY Jt=3A17]9r #dd 9a7F SA4S
= 9 o ¥bE —C=C- stretching¥} #HH Ia<= 7 34 5 A
B 5 Utk o3 AaxeEs S MIP filme] AFTiZ 3ol
Aow AzxHAUoW g3 7|sd @GFA B JtuAvE A e
T UTH29,311.
MIP filme] FE &A1 MTXE F2AIZ 4= A=A &lstr] 91 MIP film}
MIP@MTX film®e] FT-IR =¥ E®S v|ustqlt}. Figure 3be] MTXAA 2
HE 1644 cm™!, 2953 cm™! ¥ 3394 cm! ¥3E= 247 —C=0 stretching,
-C-H bending, 3}o]==A]7] % olu]=7] bendingS UEFATH32]. o] 3t
YA+ MIP@MTX filmoll &= #&= At A" MIP@MTX film 3lo] =5 A
JA7E MTX Stol=FA17]9] dann e Fag JJow olFsta MIP
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(a)

Transmittance (%)

Figure 3. FT-IR spectra of (a) CMC film,

CMC film
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MAA, EGDMA, MIP film, (b) MTX, MIP film and MIP@MTX film.



U, MTXol th3k MIP filme] Aeld &=+ 37}
FAaATE MIP7F FEEAS g&doz A3y 93 28 vAUSF F

stutelth. MIP filmell= 7154 ©Al MTXl gk MAAS] ZdRr =1 ZAg

il

BoA7l =EFHo 7] wEol MTXE Aeidoew FIAZ £ Qr} o
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Figure 4. Selective adsorption of MTX or FA with different MIP film and
NIP film (n=3, ***p<0.001).
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Figure 5. (a) IR thermal images and (b) temperature change curves of MIP film with 808 nm NIR laser

irradiation at 0.5, 0.7, and 0.88 W/cm? for 10 min.
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Figure 6. Temperature change curve of MIP film with 808 nm NIR laser

irradiation at 0.7 W/cm? over five laser on/off cycles.
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Figure 7. IR thermal images of MIP film with after 808 nm NIR

laser irradiation at 0.7 W/cm? for 10 min in Franz diffusion cell.
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Figure 8. Release profiles of MTX from MIP@MTX film with 808
nm NIR laser irradiation at 0.7 W/cm?® for 10 min in pH 7.4 or pH
5.5 PBS buffer (n=3, **p<0.01, **p<0.001).
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Figure 10. (a) SEM image and (b) EDS spectra of MIP@MTX film after NIR laser irradiation at 0.7 W/cm? for 10 min.
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Cellulose-based molecularly imprinted film
containing melanin

for controlled drug release of methotrexate
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(Abstract)

The aim of this study is to induce and control release and permeation
of methotrexate (MTX) from cellulose-based molecularly imprinted
transdermal film containing melanin (MIP film) using near infrared (NIR)
laser for transdermal delivery system (TDDS). For MIP film, methacrylic
acid (MAA) as functional monomer was grafted carboxymethyl cellulose
through free radical polymerization. The MTX, template molecule, was
recognized by hydrogen bonding to MAA. After the MTX was extracted
from MIP film, approximately equal-sized pore was observed than
non-imprinted film. To confirm selective recognition of MTX, folic acid
(FA) with chemical structure similar to MTX was used. The MIP film
recognized selectively MTX more than FA. After melanin, photothermal
agent, was added into MIP film, the surface temperature of MIP film rose
above 60 degrees after 808 nm NIR laser irradiation at 0.7 W/cm?® for 10
min. The release and permeation rate of MTX from MIP film increased

rapidly after the NIR laser irradiation. These results indicate that the MIP
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film i1s expected to be useful as a transdermal film for transdermal

delivery system (TDDS).
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