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Abstract: Objective To prepare an aucubin imprinted polymer (EM@MIPs) composite with metal-organic frameworks (MOFs) as
the carrier and apply its to the extraction and separation of aucubin from Duzhong (Eucommia ulmoides). Methods A sol-gel
method was utilized to prepared EM@MIPs and the superficial chemical functional groups and morphology of polymers were
characterized by Fourier transform infrared spectrometer (FT-IR) and scanning electron microscope (SEM). The molecular
recognition behavior for this imprinted material was evaluated through chromatographic method. Results The imprint materials
(EM@MIP3) obtained under the optimized conditions possessed a high imprinting factor (6.830) and a high selectivity toward the
template, with selectivity factor (o) values of 4.931, 4.896 and 3.418 relative to bugle glucoside, plantain glucoside and geniposide,
respectively. The binding capacity for aucubin on the EM@MIP3 column was determined by frontal chromatography technique, with
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a value of 51.34 mg/g. The EM@MIP3 column can be utilized to on-line separation of aucubin from the extract of E. ulmoides,
obtaining more than 90% purity of aucubin products, with a recovery higher than 95%. In addition, the reusability for the EM@MIP3
polymer was satisfactory. Conclusion This imprint materials (EM@MIP3) are expected to be developed into an efficient

adsorption media for the separation and purification of aucubin from Chinese medicines.

Key words: Eucommia ulmoides Oliv.; sol-gel technique; molecularly imprinted polymer; metal organic frameworks; aucubin;
extraction and separation; bugle glucoside; plantain glucoside; geniposide
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Fig. 1 Preparation scheme for aucubin imprinted polymers (EM@MIPs)
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Table 1 Preparation conditions of molecularly imprinted
polymers and imprinting factors (IF) of MIPs
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EM@MIP3 #k 3£ 08 15 6.614+0.322
EM@NIP3 Ak 08 15 -
EM@MIP4 w3 #E 1.0 20 6.438+0.295
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Fig. 2 FT-IR spectra for EM@MIP3 and EM@NIP3
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Fig. 4 Backpressure of molecularly imprinted (EM@
MIP3) chromatographic column under different mobile
phase composition and flow rates
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Fig. 5 Molecular structures of aucubin, geniposide, bugle
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#z2 FERARRERSHZBEIEAREIER, EM@MIP3 1 EM@NIP3 #E3d#k B8 R H 2RI R EBITA
Table 2 Retention behavior for EM@MIP3 and EM@NIP3 column toward aucubin and its structurally related compounds
with acetonitrile containing various amount of water as mobile phase

KEHES o EM@MIP3 #* EM@NIP3 #E
% k a k o
0 Mk 3 3 10.64+0.834 - 1.558+0.032 -
W\ 5.460+0.525 1.948+0.153 2.7524+0.019 0.566+0.026
LIRSS 5.3714+0.712 1.98140.159 2.44940.030 0.636+0.033
e 5.700-0.607 1.866+0.146 2.319+0.028 0.672+0.028
1 M-S 7.470+0.811 - 1.57140.035 -
o )\ 2.672+0.117 2.799+0.304 1.931+0.029 0.814+0.037
N EERE 2.660+0.203 2.812+0.325 1.447+0.006 1.086 +0.044
e 2.900+0.107 2.576+0.288 1.38240.011 1.13740.045
2 M- B 5.959+0.527 - 2.28840.018 -
W\ £ 2.690+0.265 2.216+0.202 2.411+0.036 0.949+0.025
LGRS 2.780+0.223 2.144+0.195 2.202+0.025 1.03940.019
e 2.710+0.118 2.200+0.138 2.336+0.019 0.980+0.017
5 M- B 3.743+0.238 - 2.38140.045 -
o )\ 2.74040.227 1.366+0.096 2.379+0.015 0.993+0.027
R FEH 2.705+0.076 1.384+0.088 2.089+0.030 1.140+0.020
W e 2.8834+0.153 1.299+0.836 2.423+0.026 0.983+0.017
10 M- B 1.898+0.047 - 1.24440.033 -
o )\ 1.458+0.101 1.301+0.057 1.290+0.022 0.964+0.031
R FEH 1.470+0.205 1.291+0.062 1.204+0.017 1.033+0.016
W e 1.421+0.088 1.336+0.053 1.377+0.007 0.903+0.025

WUIREERE, (BLEEEAE AR EE IR A [FIRE,
HBFHAEED A B 5508 B AT RS2 B T 5B P
Iy TSR R e A BN A ) 22 R k. R
AT TRREH LAREES, SER T T
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TR B 555 o

R 2B IR T oy FENAE X AR B o S5
k K. BEERSIMETKEEMIEN, EM@
MIP3 i (R B PR S K5 08 o 4 2 1%
IKIT ZIEAE R BIARRT,  EZE SR A W5 B 51
B, S o AEXS T RIS . ZERT R R T e T
433 2.799.2.812 1 2.576. S ENE RS AL,
JEENIZE A EM@NIP3 X JLAR AL A4 (1 41 B 66 11 ¢
55, JLTBRAIEENE.

B 720 A3 6 Bk i B 8 0 i B VE T EM@
MIP3 A5 5T Hh 5 40 FE R/ TR R ]
ST UCEC I 25 AL . IX e gE v WK 6 R
) e B e B i 2845 BNESE (B4 F: EM@MIP3

kR, & 1%KI NI, FEiR 249 C;
JEYDFR B 0.2 mg/mL; #EFEE 10 pL). K,
& 1%KE) CHEERTRBIFEE, EM@MIP3 5%}
e e S B B A e BT O A

& 1%K M CIETE TSI, W T EM@
MIP3 F:7E AEIEE (24.9, 34.9, 449 C) T
BAT . 3R 3 BoR TN LA &1 kA
(il 4F: EM@MIP3 tifk:; LAE 1%IK 1 20
NIREIA, ABURESA 0.2 mL/min, JRYIR BIKE
0.2 mg/mL; #BEREE 10 pL) . ATRLR B, #EiR 249 C
I, EZEAE B B I kA, ORI k 2 7.470,
RS, kK AE TR AR~ EM@MIP F 1) a
B 3 frs. SiREY], BHEHN o ERERESE
ThEfERRA%, 4k 34.9 CHMk#HR IR, EM@
MIP X Bk P BB (1) o (AR T IR+ . 2500
AR BN 4.931. 4.896. 3.418. 1itfk
(I 2t KR 34.9 °C. BN 1%k Z,
. AFRIRE 0.2 mL/min.
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Fig. 6 Elution curves for aucubin (template) and its
analogues geniposide, bugle glucoside and plantain glucoside
on EM@MIP3 (a) and EM@NIP3 (b) columns

2.4 EM@MIP3 ¥4 S #krtHis#AEr

FT EM@MIP3 A X AR 73+ [ e 5 1K il e
735 WA T ER TR XA LN IR & 0 A Bk i SR
WU . R E e E o Sae . ARy
JREMWRE N 0.1 mg/mL, FEiEN 349 CH, K 7-a
b ohlER T EEAREEYE EM@MIP3 Fl
EM@NIP3 A& e Lt thg. B4R, 7
F-EIZEAE EM@NIP3 1] DLRE Ak i 3 5 B FUVR A
Y sE Ao E k. (EX)T EM@NIPS fififE, 18
i FAUM SRR g, BB SRR .

A SEBS IR T 43 EZEAR R [E AH AL EUR A
PERE. HAEAT, FROEHWIHAR. ik, FIH
ATy B AR AT . P Al (s, SRS
B RENP R RO BAE, i shAE B 45 1 2 A
I, AREIALE [ e AH AT R B LB, IR B FIA
B BT, R AR B AN A, AR
K E 2O AR s i 2, BEpeEiEihs; 4 H
WITE B EA R R, LR — R
PFa. —MImE, FENERK, TRERE,
MRPEGH M TEAR . 1 & 2 5 AR i DR BR B S AH B
WS A R . B 7-c 4T Bk Il
TR FENEAE EM@NIP3 2 AEENZEA: EM@MIP3 |
MEEE L, FTLURIL, fEINEYI, mTRED
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Table 3 Capacity factor (k) and selectivity factor (a) for EM@MIP3 column to imprinted template aubucin at different

column temperatures
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7 HEAEE . RETE. MYEENENETREIE Y7 EM@MIPS (a) F1 EM@NIP3 (b) HERYSEALHIZAN 0.01

mg mL Bk REAEAE 2 ARAE_ERVEIERZ (C)

Fig. 7 Elution curves of model mixture containing aucubin, geniposide, bugle glucoside and plantain glucoside on EM@MIP3

(a) and EM@NIP3 (b) columns and experimental breakthrough curves (c) of 0.01 mg mL™! aucubin on two columns
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Table 4 On-line application of EM@MIP3 column for
separation of aucubin in E. ulmoides
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20 92.32+3.17 96.73+5.82

40 91.61+3.06 95.58+4.64

60 85.41+1.58 95.16+2.87

80 80.30+1.62 92.84+2.26

100 72.65+1.37 90.62+2.05
itk 58.38+1.63 -
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Fig. 8 HPLC for standard aucubin (a), crude extract of E.
ulmoides (b) and aucubin products obtained by using
EM@MIP3 column extraction (c)
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