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Pentoxifvilineilt Caffeine-theophviline Imprinted Polymers2|
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Two molecular
caffeine-theophylline (2:1,

imprinted polymers (MIPs) were prepared by using pentoxifyline and a mixture of
mole ratio) as the templates, MAA as the monomer, and EDMA as the crosslinker.

The obtained polymer particles (particle size 25-35 um) were packed into a HPLC column (150x3.9mm). The
selectivity and chromatographic characterization of the imprinted polymers were studied using pentoxifylline,
caffeine, theophylline, theobromine as samples and acetonitrile as the mobile phase. Both imprinted polymers
showed increased affinity for structural analogues. By using a mixture of caffeine-theophylline templates MIPs,
good separations of caffeine, theobromine and theophylline were obtained, and’ pentoxifylline and caffeine were

partly separated.
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Molecular imprinting2 o}F ©&slA 7lw ZFH 18R}
o) E2] 2 (polymer matrix) o] ¥ fdﬁ}‘?iii F3(EA)
A48 7192+ de AUE AEA
FolZ 7|golthl). o] EA U4 v?%xﬂ(receptor), ik
Ty FAet 2e AESAA SAd AAHAHJA &L 3
o, & © AdFl A4 Ajx"e] gFEo A1 gk 2
Aoz A ¥4 7]F-(mechanism)E FAE = ] 2 o]
£35t0] 3 22 F99 tuEEAE AN T F3E
AAFLZ 78 EA9 §AR T2 AE §A
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o] BRI ATH2).

Uu2 © 2 molecular imprinting polymers(MIPs)E == |
Azl WA FYEEAHtemplate)?} 7]1%54 A (monomer)
S AFAA BEFAE A WEE FA] A AF
o 7hmAg F3t AAAE Hrlstd nEA SRS ALH
(3). 3¥ ts FoHE LEANA FEEAE AATLEA
FYrAg AR A Boldd 3FL A AR
2T 4 AZEG. F0E 9 sln AP AEE 7
2g AAY ol amel RYs 44T + UTS s
0. 2&-7](functional group)= Eje] EFH EAS A
g V=g ke 7S Bt Arh2). MIPS Az
M A4 2P 45AEE e 54 BRAS A
Hah= o] w- Fasith HyAos AgEHE 7] 4
A& MAA(Methacrylic acid)7} A&-5=6] o)7L MAAY
cathoxyl Z§¢] HE ethyleneglycol dlmethacrylate(EDMA)i’—}
2 7haAst olFdEs & 467 dEo|ch MIPs WY
o] olHLe nEA FAe] e &3, g8ty Aol
=31 v go] MA E1 HE 2% MM ARgo] 7St
= Aotk olf ojye nEoe=E H, IFH, spiked
human plasmaG O 2RE 53X AHERAE BesiAY F
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A F74A H31E Molecular imprinted polymers(MIPs)9] <-
ke v tdFsith & chiral JFEF FAEZY] Ee
WA ZH BA A2etEIHFE), AR A7) FF, EAB
electrochromatography ¢} solid-phase extraction(7,8)0] AR5 ]
om, Q1F A4} Hlo] A (9)¢] probeZ % AHE-H o] it
53] HIToe £ A 874 218FHolu FA g
o w2 2l o Hele) MIP/F AEEAeH, odd Be
o] &3t A g 2] Ao Wiz B Ayl APz gl
th(1,10-14).

o] A7 HEAHL pentoxifyllined} caffeine-theophyllineS-
FYEAZ AE3 MIPsE AR F o)L pentoxifylline,
caffeine, theophylline ~12]1l theobromined A]E3}e] = =n}
Eagyd] HEaHe W doAE AFALL ol &3
MIPs¢} A8 & Alole] A3 548 stk

A=

Pentoxifylline, caffeine, theophylline, theobromine, methacrylic
acidMAA)= Sigma (ST Louis, MO, USA)dlA] qa, a‘-Azobis
(isobutyronitrile)(AIBN)2 Junsei Chemical Co. Ltd(Japan)ol 4]
ethylene  glycol  dimethacrylate  ethylenglykol-dimethacrylat
(EDMA)= Fluka(Buchs, Switzerland)el| 4] acetic acid(analytical
grade)s= Oriental Chemical Industries(Incheon, Korea)olA] ¢
stk Ao AlFEL AP flo] nlE  AME3ITh
Acetonitrile, chloroform, methanol&- HPLC grade®2 YA} Pure
Chemical Co., Ltd(Ansan, Korea)ol| 4] 7£9J8tdtt. 2F4+ 7+
Qt = (Division of Millipore, Waters)®} ZEJ(HA-0.45/m,
Division of Millipore, Waters)& ©]-83}a] o3t fof] ARR-3}
o,

48 o

Pentoxifylline MIPsZ TH57] 98 250ml T+ &2 =&}
230 FYE2Htemplate)E 1 mmol (0.278 g) pentoxifylline,
7154 ©@EFA|(monomenE 5 mmol(0.43 g) MAA, 7}alA|
(crosslinker) 2 30 mmol(5.94 g) EDMA, 7154 SeA9 7}
WA AfLog AMEEE A A|(initiator) £ 0.12 g AIBN
< 9 ml acetonitrile®} 7 Y2tk Imprinted polymer #|%
o glojx FFo) ulsk MelAo) 523 JIFE A= Ao
2 FHA FE 71548 dFAE ol £ulE porogeno]
2} 39, o] porogend T3} F\FA dFA aelm FtuA
o] AFE LoldA 3= = Ik o] AYdMe=
porogen©. 2 acetonitrileS AE-3}t). Caffeine-theophyllineS-
e MIPsE 9H57] 98iA] 94 4.5 ml9] acetonitrile-S 50
ml 52 8 Zgazd] Yu FIFEAZ 0.5 mmol(0.097
2) caffeine, 7} = 30 mmol(5.94 gy EDMA 1)1 7JA)
AZ 0.12 g9} AIBNS ¥tk = & 50 ml 52 §8 =
ZtAFdl= 45 ml chloroformS Wi 7154 QAR 5
mmol(0.43 g) MAA 13|31 FHERZ 0.25 mmol (0.045 g)
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theophylline & g0} & th2 &AL =
e o Egtiad ¥Yu st & his
- 27 ol 42 108 B 23T E47)
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, AEVIAE ARSI AAE A AsE 33
1893ttt 1 & H2E AMEsl Zelx
2 9E1 O YFE ol AT A
60C 2 nHAZ FLRNA 2443
& A F wEod LEAE FeaAdA Au
o] ARA7|AL AE o]8d 35 mB}t 23] LA
ek o) 34 olFl FRFE ASH FA I

& 4 B FYsT 45AY WAQAE AAS 25~
3 me nEAES 98 F Uk o] NEATE 2HQ)
g2 ARA0B9  mmel  FAAAT  ol5Ao
methanol:acetic acid = 90:10 (vol.%)-& AFg-5ted 0.3ml/ming)
F&oA UV HE715 B3t FYEAE 443 AAE o)
7HA APE AYsH
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HPLC A|2~®loZ = Waters 600s Multisolvent Delivery
Systemo] H2H Waters 616 liquid chromatography (Waters
Associates, Milford, MA, U.S.A.), Z12]31 Rheodyne injector (20
@ sample loop)7t AME-EHSATE wlolE] A A|2HFlE HP
Vectra 500 PCol] Ax)% Millennium 328 A3tk UV A
Z7]= 2487 UV dual channel detector (Waters, Milford, MA,
USA)E A3l TE UV wavelengthe= 270nm=Z 143181
o] AL 2 E acetonitrile-d AMEEHTE 2 AlE2E 0.1 mmolg)
FEAAM S o] FURIZ 08 mymin®] Frdroll A FYEHY
ok Csolt d27l2 $39 244 43S A9 1
B} imprinted polymerE 3k Z+H 8 AM&-3lod HPLCY] &
Aste 24 ¢H7282 vwstd, imprinted polymere] =7
74 4uk BAL 23A9 Z7 SimBuk & 25~35 me)7)
Aol st Wi Ak DR XA dig RS
Al 243817 Y3 F=F EAE(void marker)Z2 A} acetone
& MR8 0 TIMAI t£ 2 AR EY AFAToIY. &
A9 o)5&E9 HAAEE  H B AHretention factor, k)&
(tt)fto, ¥l AEE JeEPlE AFAZMY vgzA FHod
#2] Q1 N(separation factor, @)= Kamatogue/Kpentorityhine 2. A 2F5}F S T
IF(imprinted factor)= FEAF Ul FHEA7} drl) & 249
HAe7HE B3 Be&4E Z 7 H A Z Kimprined/ Kotk
2 Aok

2 o a3

Pentoxifylline imprinted polymer

Table 1¢] P(FHERZ pentoxifyllined AFREHE 735
A} pentoxifylline®] | FAL, Kpenonityime = caffeine, theophylline,
theobrominee] 7| F91<te} Wlmatle Wt AL e g
il 3ok olAe FHPEAE AT OE ANBE 53
theophylline©ju} theobromine- 71541 @A 9} o) 733k 54
AgE ol F1L 7] WEo|th Fig. 164 479 A8E Al
o AolH-e N'z N'9)e &8¢l & 4 k. 7154 v
o] e FAHUAte AlFd e FAURAE Aol 47
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Table 1. Chromatographic parameters

Polymer Template Parameter Pentoxifylline Caffeine Theophylline Theobromine

k 0.405 0.58 147 1.83

P Pentoxifylline a 1 1.43 3.62 452
IF, 1.667 1.442 1.205 1.206

. k 0.508 0.874 3.86 2.46

P, Caffeine * a 1 172 7.66 4.84

theophylline

IF, 2.091 2.174 3.19 2.03

P, None k 0.243 0.402 122 1517

a 1 1.65 5.02 6.24

£ 5229 FUH 4T AAUA) Bole F871e] B4 AN GRS VETh o|RE caffeines] TERALE

Azl o) FHs-"Hck g ZEr)e] 277t A FE7]
o] A7t & AT Avle FAEATEY GEHA o)F9
Aty & o] T ALYAE g3 7 AEL GUE AF Al
748 2A] 9t Theo- phyllines} theobromine©] blank(P;)2}
pentoxifylline MIPs(P\)o|A] pentoxifyllined} caffeinedt} T
T AFAA #E HE oMt FAYAY FiAdAE 4A
F2ATE P48y ok

O CH
1 e 8 N 7 1
CH,CO(CH,);—N jle H,C—N
O%Z\S'Tj 4 Nﬁ 042\

(©) (d)

Figure 1. The chemical structures of pentoxifylline, caffeine, theophylline
and theobromine.
(a= pentoxifylline b= caffeine c= theophylline d= theobromine)

w3k Pi#} Piol A theobromine®] F<12}7} theophylline ]
ARIART B £ oft FaUA N'T AT & 25
NolA olfojAe £4 ARG o 5 £28888 4
ElU7] mjFolt}k. Table 164 E vl Zro] pentoxifylline
imprinted polymero]l 213t PioflA 2zt A2 &9 AFAA ghol
pentoxifylline, caffeine, theophylline ZL2]31 theobromine2] <=4
2 Z7}SARE vl IF(Imprinted Factor)gh-2 pentoxifylline,
caffeine, theobromine 12]il theophylline®] &£X= A&
Atk Methyl groups AFstT lE N'3F CH;CO(CHY)s
groupst AT Y N'o| o8] FARASL 1R ol
FaRBel ot AR He PYeIE BT IF
FA7} o= AL blank polymerdl] Hl&) FHEAIL & <l
AEtE Ul 7M1 ok ol ARE ¥A 7£Re

pentoxifyllineF @ £ ko] B} frAlste] Wlwa & IF 37}
2o RN ¢ 5 Aok

—+—B ——F
——C —0-G

—4—-D —4—H
—¥—-E —— |
44 4

Figure 2. Effect of water content in the mobile phase on the retention
and separation factors of the compounds on P.
(B,F= pentoxifylline C,G= caffeine D,H= theophylline E,I= theobromine)

iz hydrogen bonding

Figure 3. Schematic diagram for intramolecular interaction between
monomer and sample.

Fig. 2 Pio|A] o5l B9 dao] F715td o2 AR/
Qe Hag veld Rog Eo e 0%dA 722 =
7Fgel wet AFAAE Fasa ok ol FAaFFe)
MIPso| A Alge] Afol wi¢ F83 J&L 1 AEAE
RHAZE Agolth = o|EAbe Zo] Bolx® MIPsu] FH
of a2l AAM A5 ZFA e (binding site)7} 2 o]
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ABZ Azel ARALO Folch wHlel Bl
2o o] mety e FHE HojFT Caffeined] ¥
AAe o] gaFo] Frkgel wel F7FskA% theophylline
3} theobromine®] EQlAlE W& E9 gakoie 7AE)
ekt 2%oleln] Zohech YO MPsolA AR
o} Algotel w32 oiRE A 9 o]FAAY
1 Hho] 444343 hydrophobic interaction)3} ©]-2x13HA %}
(ion exchange interaction) §o| A= o|FoZ} 754
wekd o] COOHS}H Alg Zholle 44 f o] A4 @i
AN e AFAA”el VA "EdFg 3 FX).
Theophylline¥} theobromineo) A= B9 ko] 2% o3}
ASole 23 AN 22T A8 ZgAE 7
Aol we} AFAAF FopA L e ERIAE A8t
2w B Fhgo] 2%oldo g Frlshe ASdre AF
Zk9] gho] Agox Bela REQAr) SRR 4o
3 olele AFEd] 93 IS Tos ¢ 5 Atk =27
caffeine A|BoAME B9 &Fol 7% 744 Wz 2l
e F74EER F2A%RS A9 g ieaesA 29
ojl} oj2wTAY F)o] dojds & F Utk ol ZH
2 BRe] mok wE pentoxifylline imprinted polymerol| 4]

7 A6 E e 7l E dvhke 43E 4S5 AU

Caffeine-theophylline imprinted polymers

Caffeine-theophylline7} FEEAE AREE|o]7 MIPs(Py)oll
A PET AlZ9 ARAAte IFFA7E o 2A S7HE 2
FHTable NE AU E3 FHEAZ ALB-H caffeine}
theophylline®] IF k-2 A T2& 717 Alg9 FRG &

< A o] FXERH, FREAE T FHH
Z Nggd d&lx shte] FZEAE AMLS FeHOG =
& AREEL HUte AHE & F AUk Caffeine-
theophylline imprinted polymer$} F91¥ caffeine?l Alo]ol=
F2A30] old 2 AN s ol2nEAT )
of o8 Agte] o]FAA L olejg AFEL FAAFRE
Agteo] okslE 2 caffeine?] A)F A= theophyllined] A
Azl B} AL g 7 "o} welA caffeine] imprinted
factor (IF;)& theophylline®} Zo] FZFEAE2 AMSEH AR
IF7te] 27 "ok

Fig. 45 Po|A] o]&ol &9 ol mE AFAAS} ¥
2]¢lzte] Hake BoF 3 )t Theophyliiney} theobromine
9] ¥ Axle B9 o] FrE we} zhAsta AT
caffeine?] BZAAe F7Ft ok o|AL Po] H9-AHH
theophyllines} theobromine-2- 7|54 ©gA|e} ¢42E o]
21 caffeine® FAATUT G2 AHEFHTTOIG o)
AFAF )0l U FFE Bo] BEE & 4 U F A
o FIRAE AL AFINE SUE A8E B9 of
A EAp FRe BA AAd 23 L 50

AzoieE e

P, P, Pyl A= o] A0 acetonitriles AME-3FH ) Table
19] A2 RE PolAY AFAA B} P} PojAe] AF
A= Z7ksle 23S 99t Fig 5914 blank polymer(Ps)ell
A1) pentoxifylline, caffeine, theophylline, theobromine2 &3%Hgh
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ANge] EoEe 49E HoFe Y| He 62 o5 AR
Sof] U3t caffeine- theophylline MIPsoll 4} BIHy AES
HojE} Pyol| A9 theophylline?} theobromined] §-&w417} P2
dAe &2 T2 olfe PolM FHEAIR caffeinest
theophylline - AR&-319]7] Wiio] FURA A5 5 theophylline
o] theobromine 2t} A &%) =Ytk Pt Po] AZwtED
@S vjwajE A}, Pol|A] Caffeine, theobromine™} theophylline
& duo} 2z 259 o) pentoxifyllined} caffeine2 FEZ o0
L 2P

8 —-B——F |8
——C —0—G
—4—D —A—H
—v—E —<—1]|7

IR i
AN |
N T |
e |
B —t= |,

—
6 7 8

¥ T T T
1 2 3

Contert of water(%)

Figure 4. Effect of water content in the mobile phase on the retention
and separation factors of the compounds on Py
(B,F= pentoxifylline C,G= caffeine D,H= theophylline E,I= theobromine)

1= pentaxifylline
Q044 2 2 =caffeine
3=thecphnyiline
4=thechromine
elech 4
2 o]
-E I
0014
000+
T T T T
0 5 10 15 20

Tirre (min)

Figure 5. Chromatogram of the separation of four samples on blank
polymer.
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oo 2 = caffeine
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Figure 6. Chromatogram of the separation of four samples on
caffeine-theophyltine mixed template imprinted polymer.

2 o

Pentoxifylline MIPso| A A8} 7]54 @A Abolels
A2ZA%0] FAHUAY. FA2ATY vELe EATERY 2ad
Aol Y]e] old] AAR=o}AH T Pentoxifylline¥}  caffeine-
theophylline MIPs R5E F34 FAIEE A5 affinity7}
Z7}abe AAZ dojyr) E3] caffiene-theophylline MIPsol

Fx)¢ AFAA FE QRAck oA A7z AT
3 By FIPENE AT W £} geke BHAswS

] 2 By 8 4 g}y 12)BE solid phase extractiond]

AgH710 Agsige AnE oWtk

Z Al
B g7e Asgsn peEradTAds FRe
o, Astpsast 24URe AsdHe Adel AA=PY
o
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