- 1392 - PER 2022438 B53% B5H  Chinese Traditional and Herbal Drugs 2022 March Vol. 53 No. 5

ME BRGNS FENERSYIRHIE LA S EE IVa ML RER 5T

ol mERL MR, E 2 BETRL A #L REDL RIMRL AR, A
L AF L

1. BEPEERZG RS, PeVh T4 712046

2. VEIE TR A b, Bevd piZe 710072

3. BRI S A S SR, BRI BE% 712046

4. TEEMENE S TRESASEE, 7/ MT 530006

W E: B TP IRRER AL, B8 T I E K T E M 2 21 Va 70 T B 54 (molecularly imprinted
polymers, MIPs) FH-WFALIBHIPERE, N RIERMEERPT NS EE Va B EHR SRR ik DRSNS
i < ZFERG N DR AR i) 4% T T 2 295 IVa 5 TEVE R G . (EAAsH6E. AT 2. HRmANRA. RES
WA S A kAT /AL s SEILWR N Bh J1 2 Se 8 . BRASTR T Seah . B ARSI . AR LI E R R A N R, IR
GYIR AT BRTFSRIBORMN 5. R HISAREYIEINEE, BENILEW: TR MIPs 1 DR 4 1.58,
J8Id Scatchard JFFEHT, AWM 2 MG, Hi s S s KGR 270 mg/g, SRR SR KL G &
9142.01 mg/g; FEEM 5 WG BEWHIRMEIEIRT 13%; MITEN 83.7%. 5 Cis ZZBUNMEMEL, MIPs X2k H
WYEAEHERDBEHIR. i #EHREYXT S BH Va BE RIFRIMREERE, T2 RESMEH, L2—MRAE)
WIS B IVa 7 B HA R 1Z0 AR AT AR Dy FAt B8 A5 1 3 B SR A i S B 18 el

EHA: TS RE Va;, 2 THIE, BEWNRNGRZ EES, WESREN, WG, REoN, 2R3
FESES: R283.6 XEkFRERE: A NERS: 0253 - 2670(2022)05 - 1392 - 10

DOI: 10.7501/j.issn.0253-2670.2022.05.014

Preparation of molecularly imprinted polymer with rosin skeleton structure and
its adsorption performance for chikusetsusaponin I'Va

SUN Xuan', YANG Yuan-yuan', HU Qiao', LI Jin?, TANG Yu-ping!, SUN Jing!, YUAN Pu-wei', SONG Xiao-
mei', GUO Dong-yan3, LEI Fu-hou*, ZUO Zhen-yu'-?

1. Shaanxi University of Chinese Medicine, Xi’an 712046, China

2. School of Life, Northwest University of Technology, Xi’an 710072, China

3. Shaanxi Key Laboratory of Basic and New Herbal Medicament Research, Xi’an 712046, China

4. Guangxi Key Laboratory of Chemistry and Engineering of Forest Products, Nanning 530006, China

Abstract: Objective In order to reduce non-specific binding sites, the molecularly imprinted polymer (MIPs) of chikusetsusaponin
IVa (CS-IVa) with rosin macromolecular skeleton was prepared and its adsorption performance was studied. The research provided a
theoretical basis for the development of separation material with higher selectivity. Methods The MIPs of CS-IVa was prepared using
dehydroabietic acid [2-(acryloyloxy)ethyl] ester as functional monomer. The polymer was characterized by IR, SEM, BET and TGA.
The adsorption performance of MIPs was investigated by adsorption kinetics experiment, static adsorption experiment, repeated
regeneration experiment and desorption experiment. MIPs was applied to the separation of CS-IVa from Panacis Majoris Rhizoma
(PMR) extract. Results The prepared polymer has regular morphology and mesoporous structure. According to the results of static

adsorption experiment, the imprinting factor was 1.58. The Scatchard analysis reveals that there were two binding sites in the MIPs.
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The apparent maximal combination amount was 270 mg/g in high affinity recognition sites, with 142.01 mg/g in low affinity

recognition sites. After repeated use for 5 times, the maximum adsorption capacity of the polymer was only reduced by 13%. The

resolution was 83.7%. Compared with the Cis column, the MIPs showed a significant separation effect on extracts of PMR. Conclusion

The prepared polymer has good adsorption properties for CS-IVa and can be reused for several times. It is a potential new material for

the separation of CS-IVa. This study can also provide a preliminary theoretical basis for the separation of other saponins.

Key words: chikusetsusaponin IVa; molecular imprinting; dehydroabietic acid [2-(acryloyloxy)ethyl] ester; rosin macromolecular

skeleton; adsorption performance; hermogravimetric analysis; Panacis Majoris Rhizoma
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Fig.3 UV spectra of mixtures of four functional monomers
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Fig. 4 Binding energy of functional monomers and CS-IVa
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Fig. 6 UV spectra of CS-IVa and DAAEE with different
ratios in EtOH
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Fig. 7 FTIR spectra of CS-IVa (a), MIPs (b) and DAAEE
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Fig. 9 Nitrogen adsorption-desorption curves of MIPs and
NIPs
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Table 3 BET data of MIPs and NIPs

Z¥ EREAY(m>g") FHfLAEMmMm  LF/(mL-g )

MIPs 5.436 3.407 0.013
NIPs 9.158 3.405 0.016
100
§
=
R 50
i}
H-[‘i
0 T T T 1
0 200 400 600 800
R/ C

10 MIPs ) TG 534
Fig. 10 TG analysis of MIPs

2.5 MIPs 1 NIPs A0 it BERF 5
2.5.1  WeBftsh JAsEss #ERFREL 20 mg MIPs Al
NIPs % 7 T 10 mL BJESLE S, A 0.25 mg/mL
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B E3EWGE 022 um [ (B 60, HEEAM L
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Fig. 11 Adsorption kinetic curve of MIPs and NIPs
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0.9374) KTHWE_HF 1%, HlE—%3 177115
BRI R (Qe wn=36.04 mg/g) 5L MEH
(Qe 9% =33.49 mg/g) HHzix, K MIPs X} CS-IVa
(PIVR B A3 B Sl 2, W B e T2 T )
g2

X T NIPs, HARE 25 7125 T PRI AR K
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Table 4 Kinetic fitting parameters

e gt/ HE— 2% B 1% W 2Bl 12
e Qe 923 1 ) 715 5B 1%
(mgg") R? Ki/min™! O is/(mg-g") R? K>/(gmg 'min™") Qe ws/(mg-g™)
MIPs 33.49 09374 0.065 6 36.04 0.9050 0.0211 28.93
NIPs 15.51 0.948 5 0.014 1 11.71 09131 0.044 0 14.35
252 AWSLIG  HERFREL20 mg MIPs FINIPs A B 4

% 94T 10mL MEOE Y, KX 0.20 0.25.
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Oc NPT CS-TVa FRIME BB, Ce J9MR BT L3
o1 CS-1Va FIR BRI, Omax AR IR, Ko R P4

mPE 12 77%0, 7E 0.2~1.0mg/mL i, MIPs Al
NIPs X} CS-1Va #RA W}, FE#E CS-TVa Jii ik E 1Y
K, MIPs 1 NIPs % CS-IVa (KW i SR E 38 . 76
JREMREN 0.5 mg/mL I, WA, H MIPs
R BB B 42 KT NIPs (Owirps max=135.57 mg/g,
Onips max=85.55 mg/g), IF N 1.58.

H Scatchard fAUKR AN BEA Y% CS-1Va 45
G, IR 13 B %0, MIPs |19 Scatchard [l 26 7] LA
A 2 KEMEIIZE: V1=5.0214X,—1357.1, R*=
0.9918; Y,=-26.187X,+3737.2, R*=0.9607, %
B MIPs X} CS-1Va f 2 M &7, R mtEdi &M
RIS A o AR Ka BT Omax 7399028 0.199 1
mg/mL 1 270 mg/g. 0.038 mg/mL 1 142.01 mg/g.
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253 EEFASE  IE—#RH SRS
20 mg, fIA 5 mL 0.5 mg/mL CS-IVa ZEEIER 1,
PR 3h, NN 10mL FHEE-Z8 (91 1), #H
30 min, 250> 10 min (4000 r/min), TEH 3K, B
M OB B O/, BEl s B )G PR AT B,
SRR 5 ok, W BIEWOE 0.22 um i, %4
S HEHEE ARSI CS-TVa 1) 4 {EIF R . F
1T 3 IRSESS, BCPIMAE.

N7 %8 MIPs % CS-TVa FRWR B g,
AR SEEG T MIPs HEAT T 5 IRE R SLEG, 458
%5 Fion, MIPs EIESREITE 5 IR B ), Bt &
i 122.40 mg/g FEK3] 105.40 mg/g, BT 13%,
F B MIPs HA B0 i) B 2 A PERE
2.5.4 ALK K 50 mg MIPs S 9 mL 0.5
mg/mL [ CS-IVa SEEFR T, HRGWH 3he B0
10 min (4000 r/min), B Ei&EWGE 0.22 um B, e
W RE, THER M & BRI MIPs A 3 mL
-8 (9:1) #HAE (180W, 40kHz) 1h,
B 24 h IEHFAS MW, FXEL 10 min (4000
r/min), B EIEBGE 0.22 pm fE, ME 4 14, THEM®
Weg. MR (8) THEMNE ., 717 3 i, B
FIIME

£5 MIPs WEEHE e

Table 5 Repeated regeneration performance of MIPs

MIPs 1] & Wt e/ MIPs [t & W A/
"% (mgg™) =2/€ (3 (mg-g ™)
1 122.40 4 106.44
2 119.27 5 105.40
3 106.04
R 28 =(Co— Ce)V1/V2C (%)

Vi NN CS-IVa ZESERIIRA, C MRS b itk
BE, Vo JURBRIRE R AAFR

MIPs X CS-1Va X ARAR 431 CS-TVa AR 2
9 83.7%, KM MIPs X} CS-1Va &A1& AL
VRN 8
2.6 MIPs FEEE FE RPN A
2.6.1 TS MERSIS  FRI20 g Bk T5
MR, H 70%CGEERIRHEE 3 REY, & PR+
WARIRE, RGN 70%ZFERH = T &
100 mg 125 WA -

2.6.2 MIPs [FAHAHL  FREUE & MIPs, H OEEH
KGR 12 2.5 I ARRE BN . F R
(5mL), 7K (5 mL) KM PE 2BV NE, B 0.1 g/mL
R B S mL LFE, H 6 mL 70% LEEAE A
W, B 0.5 mL WER 1 IR, KT 0.22 um JE
J&, HPLC tadl BB ot .

2.6.3 AN, M A Thermo Scientific™
Hypersil™., ODS Cis (250 mmX4.6 mm, 5 um) #;
BN -0 2%BE B K T (35 2 65); Farillk
£ 203 nm; HEFEE 10 s AAFUARE | mL/min; %
30 C.

N T 5 MIPs X Bk 252 CS-TVa 143
BIRLR, ASZIGH MIPs HE S B A A B/ INEE R
TERTFSHRIGEM B IFEL T CS-IVa brdEihZk
Y=2432.6 X+405.04, R*=0.999 7. HPLC 2533
B, 5 Cis ZEHUME (PEFH 0.44 mg/mL) FHLL,
MIPs A (Bl 0.89 mg/mL) X ¥kT S4B+
CS-1Va B B0 (14,

3 e

AHLCTAMGE IR . TGI8 D I R 55 L /N
5y, DAAEE B A FEMZ, KA U Ihae G il
1) 5K 55 0 R A T vy 5 T 1 B8 23 7 LB
DAAEE 7] 85 CS-1Va {7 1E 30 5 30 ] () yE 44 7y 45
I APER J, B s R R PE G 5 . (Rl
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Fig. 14 HPLC of the standard of CS-IVa reference
substance (a), extract of the Panacis Majoris Rhizoma (b),
CS-IVa obtained after elution from Cis, and CS-I'Va obtained
after elution from MIPs (d)

DAAEE 1E A Ihge S 4414 1) MIPs X} CS-IVa [
W B v T A AR NIRRT e . H 2L
IR o

ARSI UL DAAEE /RN K B AL DRe sk, it
TR AIERINAE R T CS-IVa # o TEIL RS
Y. W PERERE 7T B MIPs X CS-TVa HA B
W i (Omax=135.57 mg/g), IF ikF| 1.58, AJ £ X
HEEH

HPLC 5 R EWH S Cis ZHBUMEA L, MIPs X
BT SIER T CS-TVa HA B HE, TR
R AR AE R AR AT SRR . BARTTTIE I G U
REVHG & TEF R, BRI SR —E
ARG, HEMHE, TR E AR R PR,
J5 SRR TR s R e 2 . AR NS ST R
B R E LR CS-TVa W BB A B2 AL S A, [F)
B 9 A B A AP 3 B AL SR LR L
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