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Abstract : Biodegradable molecularly imprinted polymers (MIPs) can be applied in the biomedical area
of biosensors, drug delivery, etc. Therefore, in this study, biodegradable theophylline MIPs were

synthesized via photopolymerization using a poly (e—caprolactone) (PCL) macromer as a cross—linker

and their physical properties were investigated. The yield for the synthesis of the PCLL macromer with
terminal acrylate groups was ca. 78 mol%. The products were characterized by the combination of FT—
IR and 'H-NMR spectroscopic analyses. UV/Visible spectroscopic analysis for removing and rebinding
theophylline was performed by monitoring the theophylline concentration in the solution. /nn vitro bio—
degradation tests of the theophylline MIPs performed in phosphate buffered saline (PBS) solution at

37 C showed good biodegradability of the MIPs.
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PCLZ ¥PA78A A3 A= Zejell2E 9] dF 2= poly (hy—
droxy alkanoate) (PHA), poly (L—lactic acid) (PLA) 53} &7
ARl AR EARel), PCL2 484 4 50000 1
oA oF 40~50% =2 AHsIE 7KW 60 TollA o] &
FEI YU, HRIsPHE ARRSAY el ®A|shE Hlaw
2 w2 AIRE el AZsli7 218k PCLe] A o - £]€] YA
Agdat gl dist A7t FHLAHA = 9lon, 539
98l Foht okm A AlAE Folol| 4 PCLE &8st A7 &
A 28E 3 ek

2 &9t A Rl bl gisk A sl z18js o] S
A9k AEslg 71s0] Sl A Eel TRl dish A7 B
vk gl Zeivh A8 7]l ) vEe] B2 del 1
FAE ok A AAFloY vlo] Al AR S0 ZA A W
ol 288 7ks/do] AR Yl oAl Qltk wEkA] & AellA
£ PCL Wia29WE Axsle] 7fuAz AHggo e s
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Al H xE. 7tEAlR ARE PCL WlaZz2HE d3h] ¢
3} PCL diol (mol. wt.=1250 g/mol), acryloyl chloride (mol.
wt.=90.51 g/mol), triethylamine (mol. wt.=101.19 g/mol) <=
Sigma—Aldrich Chemicals AFllA 1313y &4 Al ARE-SH
£vQ benzene< Matsunoen Chemicals AtllA], 183 4
% 3 gomRE PCL wlazwvks dedow FE3)
93t g9 n—hexanes Samchun Chemicals AkollA ZHzh
datadrt.

MIP #AzE £35ke] 53 #A}<l theophylline (mol. wt. =
180.17 g/mol) B! 7154 ©HEAIQl methacrylic acid (mol. wt.
=86.09 g/mol)+= Sigma—Aldrich Chemicals AkellA -1k
a1, 3% 7IAAIQ] 1—-hydroxy—cyclohexyl—phenyl ketone (Ir—
gacure 184, mol. wt.=204.3 g/mol)2 Ciba Specicalty Che—
micals AtellA AlE @okek MIP 34 F wiike=< AI7sk7] <l
3t A2 8412 chloroform(J. T. Baker) & AF-5193 17 theophyl—
lineS #%, #AA3] A3 42 acetonitrile J.T. Baker) 3}
acetic acid(Sinyo Pure Chemicals) 2] &3H&(95/5 v/v)S AF
g3tk

MIP2] in vitro A3ld APE lste] Ik ob% A4 &9
S A|%3E PBS £ A|%E 93k potassium phosphate
monobasic acid (mol. wt.=136.09 g/mol) 2} sodium hydroxide
(Mw=40.00)+= Sinyo Pure Chemicals A4 43kt

PCL i3ZM 4. PCL wl3=" F4 #4& Scheme 1°]
FFs] YeRQlom A AFela] ARESE SRS 2 AT
A= o] gatitE? WA hot plate®] %2 75 C2 14%
% 100 mLe] 5 EekA3 ellA 2 mmol€] PCL diols 30
mL 9] benzene®l 8] =21 ¥ 6 mmol?| triethylamine®} 6
mmol2] acryloyl chlorideE ¥l 443} EoF nf1v|g wlE A}
43to] kst HESAIFATE REgo] R & RbE FAMEQ]
triethylamine hydrochloride G5 AAsE] o] AT+ = A}
L315lom vk TS 98] AA] Aste] A HFE
W HHE =8Eigict o] AAR 3§10 = RE] PCL wia=
wE e or S 7] flste] 22 n—hexane®l o] Al
718 A 8de mola® F3lg o]gsle] "olrmgink 1 A3}
Lol Uel] 71 xS FEs gowRe Ay d o 35 C
of| A 2417k Bt 2T 2 E Uel|A AxAIA PCL wlZ2HE 4
Ak

MIP HIZ. vle]d vleA] 0.2 mmole] theophyllines &34
o]g3lo] 10 mL2| chloroformel =<1 ¥, 0.8 mmol®] meth—
acrylic acide 715t & 55 2419} 7' eA AV A8E 4
UEF 30 &3 A2ollA BAEIth 11 T vl 1.5
mmol®] PCL #j=2Zm<2} 0.5 mmol®] & 7AIAIS H7lske] &3
T =3 SAs AEE Sloll FERE F ALlAds o]gste] Aslst
owx u geje] MIPE Alx3ioick Akl 33t A= 1 kw
Al719] 38t & ARl 37} 5t Il ko] gl A (JU-
101, JEILUV Co. Ltd., Korea) & ©]-&3I3itk. #lz¥ MIP 2he
SRl FEoEA fEldels A sl & 7 Uitk
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Scheme 1. The synthesis of the PCL macromonomer
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Figure 1. The procedure preparing theophylline MIPs using the

PCL macromonomer
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(95/5(v/v)) & UlellA AojFm 48A17F Bt AlRke] mE &
N ] theophylline?] 53712 &4s19rt A o7 A%y
theophylline MIP ®}el theophylline©] A3lE= 31752 A=
212 913197 theophylline©] 0.1 wt% 5o} 9l CHCl3 £
MIP ®he& Bt & AoFHA Agtel] mE 84 1 theophylline
9] TS SsI8lth
o BM :nlE A|FE MIP “FO 25E theophylline®] A%
= A4S AR 7] 9ste] TGA (thermogravimetric analyzer,
SDT 2960, TA Instrument) & ©]83Ft $&&%+ 20 €/
min® 2 A3 shA Aa 37 shella] A4 800 T
7] &3kl

714X SY : WeAIEAIE7I(UTM, LR-30K, LLOYD In—
strument) & ARESI] MIP 92} NIP Bof| tfgh 1% B8 =
el A= s 1 A dlolgE 4] $Iste] 8719 &
S AlES FlEke] S & Hu W FHA g E A
6712 HolHE Hrtsto] 1 54 ez Hskelck

MEA 58 MIPEH] Asld2 37 T2 PBS £ yollA]
AlZbef| e Ak 7 bl B B5S dEsho 24 Au R it
PBS €92 0.1 M2 KHoPOs € 500 mL= 0.1 M2] NaOH
£ 450 mL& E38 & HCIS 3718k pH 7.47F H=% A
23Tk

an w2

PCL Df3 2 . Scheme 149} 20| PCL diol#} acryloyl
chloride?] &34Ege) 28 acrylate B57|S 2= PCL w22
HE 34181tk PCL diol®] -OH 717} acryloyl chloride$} HF
L3ko] A7 WS FAREQl HT 9 CIT o]o] triethylamine @
AgF3lo] triethylamine hydrochloride o] W FAMEZ A4
%31, acryloyl chloride?] o}=% 717} PCL diol®] % itol] A
H PCL Wjagwr} FAAEE A9t B2 1250 g/molQ)
PCL diol?} acryloyl chloride2] WH-&-& 3l & ol A 4%
PCL wj=2#2] FT-IR 9 'H-NMR2] 3|52 415 2 A3} &
2} 2000 g/mole] PCL diol¥} acryloyl chloride®] ¥+-$-2 %
& AdadelA? 498k PCL Wia=m o] FT-IR % 'H-NMR
2] 93 (Figure 2) 9t FL3I%leH o|& &) PCL wia=m7} 4]
FA0% AENSS G F Atk 244 vk 5
78.2 mol%°] 31t

MIP &gt 2 Mg, Figure 32 PCL WA2HE A=
A&l theophylline MIP &3t AlAEe] tigh zkeld F3 vke-<]
78 ge]] mE FT-IR ~FERL] HiglE F 2Ae)d Ak 5
Ztel whet e a gk AFe)A st 9hE-2] xIsfef wE IR &
4 939 37] 327F 1635 em ' FI Golell] HojA|u,
ol& s E MAIBIGITE ¥ X3fe] mE 5 R &5 ¥4
9] ylo] Mtz F A9 2AFES] STt wE Wk g
= 7 F 3=l ol acrylate oI5 A7) Al w2 7
A27F IR &7 9718 Ho] s} AFAew nldlsta AxA e
2 Wk AEeas AgH o v#sly] mito|t

Theophylline MIP 5% A]2Elo) 7twA|ZA] ¥3kel PCL wj

—

Zo/H, A3148 A2z, 20074
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Figure 2. '"H-NMR spectra of the PCL diol (a) and PCL
macromonomer (b).
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Figure 3. Partial IR spectra of the MIP system showing a

reaction—induced peak change at 1635 cm™".
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Figure 4. UV —polymerization behavior of the MIP system.
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231, 400 C FZold MIP7F & 28llgs & 5= Qltk ol= v
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Figure 5. Removal of theophylline from the unwashed MIP.
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Figure 6. TGA thermograms of the MIP obtained before and

after the removal of theophylline.
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Figure 7. Binding characteristics of the MIP and NIP.

Foll= MIP WESTS] & 2allvto] 400 TolxXFEl Al2E&
oL 2= o]r,].

Figure 7< theophylline MIP 2] theophylline 1A% 23 2
Z5-5-E theophyllines 7}3H+] &a1 =gkslo] #|%3t NIP of
9] theophylline A3} A3l tist UV = -4 AYE RojFy
2t} Theophylline MIP 2+e] theophylline ZAg=ko] NIP 2ho]
theophylline AR} oF 8ul] A& =2 7102 Ho} theophyl—
lineel] ojgk MIP 2He] ZAgteo] &l o] Holurh= A& &+ 3
t}. Theophyllines 58 A% 31l triethylolpropane trimeth—
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Figure 8. Stress—strain curves of the MIP and NIP.
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Figure 9. Photographs showing biodegradation of the MIP.
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