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Integrated pharmaceutical innovation experiment: preparation
of molecularly imprinted polymers and the application in
sample pretreatment for in vivo drug analysis
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FAN Yutong', XU Hui"
(1. School of Pharmacy, Yantai University, Yantai 264005, China; 2. School of Food and Bioengineering,
Yantai Institute of Technology, Yantai 264003, China)

Abstract: Under new pharmaceutical science initiatives and innovation training, we address
complex biological sample analysis. A comprehensive pharmaceutical experiment was designed for
this purpose. It integrates pharmaceutical analysis, polymer chemistry, and analytical chemistry.
Advanced molecular imprinting technology (MIT) serves as the key tool. Cholic acid, a significant
endogenous metabolite, is selected as the template. Cholic acid molecularly imprinted polymers ( CA-
MIPs) are synthesized via precipitation polymerization. Their structure is characterized using scanning
electron microscopy (SEM) and Fourier transform infrared spectroscopy (FT-IR). The imprinting
site and formation mechanism is elucidated. Adsorption performance is evaluated by high perfor-
mance liquid chromatography (HPLC) and liquid chromatography-mass spectrometry (LC-MS).

Selectivity and enrichment efficiency in plasma are assessed. The experiment covers material design,
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synthesis, and characterization. It also includes application performance evaluation. This

demonstrates high-level innovation and challenge. The practice enhances students’ innovative

thinking and practical skills. It fosters social and professional responsibility. The project cultivates

high-quality applied pharmaceutical talents. This represents a beneficial practice in holistic education.

Keywords: comprehensive pharmaceutical innovation experiment; molecularly imprinted poly-

mers (MIPs) ; biological sample pretreatment; structural characterization; efficiency evaluation
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Jo W B 10 WL 2 A 0 e BT i R R R U v
@, BT, S T TEM ol 2 A SR 5 L 1 mg /2
iy MIPs A 50, AL RS & TR & L w4, &
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HPLC 43 #7 : % [ Agilent TC-C18 & 1% 4 (150
mmx4.6 mm, 5 pm) , #{& 30 T, #4510 pL, i
1.0 mL/min, % 23 7 %) 09 5 3h A8 AR D I K
L3R 1.

£1 F5HYHPLC 57K R S48 546 M K310
Table 1 Mobile phase and detection wavelength for HPLC

assay of each analyte!'*

Detecti
Mobile phase erection
Analyte K wave- Ref.
(volume ratio)
length/nm
Cholic acid (CA) ACN-UPW (60:40) 192 [13]
Chenodeoxycholic ~ACN-UPW (80:20) 210 [13]
acid (CDCA)
Glycyrrhetinic acid ACN-0.1% formic acid 254 [15]
(GA) in water (80:20)
Colchicine (COL)  MOH-0.1% formic 350 [14]
acid in water (60:40)
Dexamethasone ACN-UPW (49:51) 240 [16]
(DXMS)

UPW : ultrapure water.

LC-MS 43 #1710 {5 332 43 55 % H] Waters Ac-
quity UPLC BEH C18 £ i # (100 mmx2.1 mm,
1.7 pm) , A 40 C, #EAE & 5 pL, AR E 4 C,
TS AR 0.1% H R 7K (A) - B (B) TR A I W, ik
0.4 mL/min, £ B P& B F2 7 4R : 0~4.5 min, 30%A~
25%A;4.5~5 min, 25%A~30%A , A I 5% P e g
B R R AL, S5 R 4200 V), BiEHE S
0.028 MPa, < % < 0.21 MPa, Z 1L < 4B < 0.34
MPa, & T IR 500 C, — Z 4 3714 /24503 4 iy
% H H (Full MS/dd-MS?) # X 1 #fi , CA m/z
407.40 .CDCA m/z 391.41,

1.3 MIPs # &

G F RN R AW & ik AR 2 b g
9 DT V€ R G 1k BB 0% 38 Ak R 4 3 R0 AR 1 R A8 I 7 L
18] L A R AR 3 — ek, S5 B MIPs JE 45 AL
S5 PORS B T, [) Bo o AR S R T 6T B A Y

W IR0 b, AR SE 5 DL MAA kT RE R IR
EGDMA Jy 2 Bk 7, >k A UL VE R & 2l % T CA-
MIPs, DA IE MIPs [ £ [ 8505 F1 B 25 &2

WA 1 FF 7, MIPs il % i B2 fif i a0 F o Ot
M 4> F CA(0.01 mmol) % F Nl (20 mL) , ¥ — &
L 51 i A 3 fiE 24K MAA(0.04 mmol) 6 iR iR S
VST = AR WAL %€ 12 h AR Yo A SE Bk
EGDMA (2 mmol) . 5| & 7| AIBN(10 mg) , # 7/ 10
min, Z AP F 65 T N 24 h, JE 2 BRI A,
R N B (10 %12 ) 30 mL, % T 8k 3 e
30 min (300 r/min) , & .0> 10 min(8 000 r/min) , 3
X EIEW L RE 6 W ER N NG 4y B, B0 5 min
(8 000 r/min) , 7 2% FVE W, & 3 IR, T4 UL E TR
60 CF T4 24 h, BI15 MIPs. 1F % B BR A G
CA S, 4% b iR 58 4 M0 W) 28 BR il 4 25 (A BRIk R B
(NIPs).,
1.4 WHHHEEETEM

AV BRE R M BRI 25 mg CAL & T 25 mL A3
R i RV A AL 1 mg/mL 1 il £V
Ak 22 DL R Sk i ) A R L A9 B R B 0.5~100
ng/mL () CA Z 9 b5 W . 76 P8 MO o A S
mg AWM 2 mL CA bR, E 0 T # K IR %
2 h; B0 WO EUE W, AR R T BRI i 3l AR
0.1% H i /K -H 52 (30: 70, R B EL ) &2 %5, LC-MS #:
M5E CA & &5 MIPs XF CA (4548, 1 (1)
AWM ZE e, #7(2) L (3) #1454 Langmuir
Freundlich % Jy % .

e:(CO-Ce)V n
m
— QmKLCe
e Tk @
Qc = KFCCIM (3)

Hr, Q. W Bt 45 5 (mg/g) , C, iy CA WY W) i Jot
W JE (ng/mL) , C, 2 W Bt ~F- 65 iF CA 1y i & ¥ J&
(ng/mL),V 3y CA W AR (mL) ,m i MIPs
MA G (mg),Q, A EE Wi KM (mg/g) K, ~
Langmuir M B 50, HECE 8RR, ¢ BT I B 44 RE B
I s K on 2N Freundlich W B %0, K (68K, & W
Wz ofE 2% o A 5 U S PR R F, 24 0<1/m<1 B, M
{ELBS /N AN B8 5 A D) B 308 A5 2R i

W Bk 3l g 24 45 P B 5 mg MIPs ‘& T V5 Ak
oA 2 mL CA FREVE W (10 ng/mL) , % i T
FE AR, AR R IR 3, 43 S AE AN T[] 15 6] £ (2.4..6.,
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Fig.1 Schematic diagram of molecularly imprinted polymers (MIPs) synthesis
MAA : methacrylic acid; EGDMA : ethylene dimethacrylate; AIBN: 2,2’ -azobis(2-methylpropionitrile ).

8.10.30.60 min) BUHE , 2.0, B E I W, A AR
+, 5% N sh A 2 %, LC-MS il %E CA & &5
REWXT CA WS G &, 40 4% — 2 (X (4)) Fiifk
TG Bh J1 AR AL (S (5)) A Bl g A B A AR

In(g, — ¢q) =Ingq, — k¢ (4)
Al VAR TE Ny .
qg=q(1 —exp( — k1)) (4-1)
t 1 1
= +—t 5)
9  kyaq.” q. (

Horr, g, Sy W A A R B 3R 5 ) B I B 4 B (mg/g) L ¢
Sk W B ISR (rain ) g Ay 7 15F i) 0 3R 6 400 %) R A 25 o
(mg/g) , k, 1 — G % B 7 A5 55 K5, ke, S 1 — 0 A
P17 B

W B 1k B 1 - % MIPs Jin A %1 £5 W% B (9 COL #x
WEV W (60 pg/mL, 5 mL) 1, = 1 T 4% 5% W 2 h,
B0, RV W, HPLC B 259 T i vk B . e
(6)~(8) 77t 540 I RE(K,) EBEIE R AL (o) I
X B R E(B) -

Kd = Qc/Cc (6)
a= Kd([emplale)/Kd(interferent) (7)
B = 0y Oy (8)

A, Ky enmpraier . H BRI 50 L 225 Ky ertereny N T
LW o3 BE R E

&AL A AE O MIPs A B CA A5 i % W (5
mL, 50 pg/mL) ", % #5030 min, P05 W B
JE VW CA 0T v B T ORI R 5 o o TR
TR MIPs %% 2 HIEE (1% 20% R ), & i

B AR 30 min; fi# W5 A9 MIPs PRI CA F5 ifE
%W (5 mL, 50 pg/mL) , % & W B 30 min, LC-MS
P E CA MBI W AR, B2 Lk
1.5 MIPs A F&AmMEMNE

B 5% FE i 100 wL, BT 1.5 mL 204 4,
A =20 CHIE M H B 300 L b A B 205 & ik 1
CDCA/CA ¥y #fE ¥ % (5.50.500 ng/mL) 100 pL, il
AW (NS B1F Rgl, 100 ng/mL) 10 pL, i fiE
P 3 min, #.L> 15 min(12 000 r/min,4 C) , B B
W T MO, 35 TR F RS ET . FRi
JmA MIPs 9 9 Bl i W, & T 8% R 4% %) 30 min(300
r/min) , o B WEIRCEVE W, AR R T, i sh A
0.1% W B2 7K -H1 2 (30: 70, A FL 1L ) 100 wL & %, 1%
JEHR % 1 min, 8.0 15 min(15 000 r/min, 4 C) ,
VE W SRR

2 FHR5WiE

2.1 MIPs ##IRAE

SEM W5 25 5 o, fir il £ 19 MIPs A fi 42 24
1 wm [ ERIE UKL, K42 53 A0 3951 (K] 2a) . TEM WL
it — 4 LB, 5 NIP(& 2b) 4t , MIPs( & 2¢) Y
SR AR WY I 9 /)N [ Bk 2 T HEL A A 32 35 m

FT-IR 43 A1 45 5 (E 3) Wow , 78 MIPs (1) & %
rh, AT R i 4 R S WO A CA kA T AR TF
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Fig.2 (a) SEM image of MIPs and TEM images of (b) non-imprinted polymer (NIP) and (c) MIPs
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C=C fi &4z gh W ¥4 % , & W] MAA 5 EGDMA Ji§
4G, HAE MIPs Hf£7E CA Hil MAA 43 F [ 9 &
A H AR
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JPEAL MIPs XF CA B WE e Mk AE L 76 % i 2% 1
TN H 5 R W B R Bl g 2 B R 5 G v A R

639.7

EGDMA

962.1

29298 ~§2
17114 1.9
37.1

723.1

CA

NIP

Intensity/a.u.
—£29559

1 —=730.1

MIPs

2953.9
1159.9

L 1 1 L Il L

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber/cm’!

B3 MIPs RiAXREBBILIM SR

Fig. 3 Fourier-transform infrared spectra of MIPs and the

related raw materials

Rk 552 56 504 % F Langmuir A1 Freundlich 45 i3 W ff
BEAYFEAT UG 538, Bl T 27 W B S5 6 50 40 ok ) o —
R MW B S F ARG . i E 4a i
/R, MIPs 7E Ml [6] 2 244 F %} CA 9 W B & 7€ 0~100
ng/mL 78 Bl N Bl CA e B 38 R 44 K, fe KW Bt 25
BN 0.16 pg/mg; ifii NIPs fz K W Fff 245 & & 0.001 5
pg/mg, it ik F MIPs, 7 Langmuir % A (Y =
18.59X/(1 + 0.072X ), R>=0.988 9) H#1 , MIPs #f i f%
KW [ 25 50 0.26 pg/mg; WA 4b FIF7R , WG ff o 72
¥4 Freundlich # % (Y = 29.71X*°, R*=0.998 8) ,
KRS A 2E W B . AN de FER, E RN MIPs
XF CA My W Bff 25 i #F 47 fE — 94 (Y=18.17x (1-
exp (-2.28X) ), R*=0.626 5) Ml i — %% 5 J1 2# (Y=
0.001 6+0.055X, R’=0.999 9) & , 1k —- g sl J1 24 40
GEHR RO T 1, Ud B L B o A O A G v
TR )y AR
2.3 MIPs W Bt 3 1451F 4

S50 B AE AH ) 5% 1 T AT XA R Ak 2 25 4 1Y
H 455 3047 W 5256 5 IF .o F1 B, PFA MIPs
(W B e B . aniEl 5 TR, HAR - Br A& CA.L
CDCA K H45H) 2519 DXMS, U K HA i 3 454
ZFMH W25 GA F1 COL, 4% 2 fif/x , MIPs
% CA Fil CDCA i IF 435I & 4.99 Fil 4.88, i & i

a 1809 g \ips b 1809 1 angmuir isotherm © 47 ¥=0.0016+0.055X
—&— MIPs - Freundlich isotherm R?=0.9999
3_
1204 1204 E)
@ ] @
£ £ g 24
& & £
S 60+ Sl 60 =
SR
0 —= —a 0 07
T i T T T T T T T 1 T T T T T
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C,y/(ng/mL) C,/(ng/mL) t/min

B4 (a)FERMEBLE MIPsH (b)EBRMER R (c) KM 3% H %

Fig.4 (a) Equilibrium adsorption isotherms, (b) isothermal adsorption model and (c) adsorption kinetic curve of MIPs
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Fig.5 Structural formulas of related compounds for MIPs selectivity experiments
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Table 2 Selective adsorption parameters

MIPs NIPs
Analyte IF B
Q./(mg/g) K,/(mg/mL) a Q/(mg/g) K,/(mg/mL) a
CA 14.32 1.00 2.87 0.067 - 4.99
CDCA 10.51 0.44 2.27 2.15 0.048 1.39 4.88 1.02
DXMS 4.50 0.11 8.68 1.65 0.036 1.86 2.73 1.82
GA 1.93 0.043 23.44 1.53 0.033 2.02 1.26 3.96
COL 1.51 0.033 30.54 1.59 0.034 1.94 0.95 5.25

IF:QP( MIPS)/QP(NIPS)'

FHAb T4, 3% MIPs b FF JE B i BB 8 43 45 5
R R 22 50 43 7 45 4 v P UGB, BRI OGS IR 9 1R 2R 47
&Y B R0 e O B R F7 o AR B
K CA Sy Xof BETHE 0 W BHE #EPE R AL o BEAL G )
S 2= 5 R A 30, )e Bk MIPs I (1% B i
N 15 B S B8 A5 R 5 PR U0 O 0 BRE S AR 43 T . FE A
[ 244 T ,NIPs %t T CA FHAth £k & 9y ) W B G 55
F2% S g KB MIPs A48 S PR R B IR T
FCAAEAE 8 53 BN A5 o
2.4 MIPs K7 %L g EM

T 5 0 o 22 R AT - e R BT S 7 S R Y
EAEHTERE . 45 R, 4 6 KIE Il S , MIPs
THRE DR 47 84.6% W) Ih W B 25 1, Wb /R 1) B4 19 45
R Sk N I = A R R =/ o 7L S NG RN R T e
R BEPE S B B AR

S VAl MIPs 7E 7 2 1fi 3% v # 328 5 P 0 B g
77, K R —HE vk MIPs X &5 i IR ] T 6 ok B (5~
500 ng/mL) () CA/CDCA 5 24 IfiL 3% 7 47 W Bk 52 56
gE L L 3, MIPs X} CA fil CDCA AW B RE 71 76
et BI04 [l S R A 25 (RAE AR i R 50~

500 ng/mL B [9 48 X5 [\ UK S 90%~100%, RSD<
1.0 %, & B MIPs fE % % £5 M U5 IF Fa 2 & 4R H bp
Gy o DA R RN, Pl 5 i MIPs X T JIHfR (G
FAANAER PR 0 S R PEE E AR RE T, Il 3K A
S A% R WA b e R R S A A e T —
ol (68 B v 2000 AL 3T i

%3 MIPs N AREETFEMN (n=3)
Table 3 Application efficiency of MIPs (n=3)

Analyte Content/  Added/ Found/ Recovery/% RSD/%
(ng/mL) (ng/mL) (ng/mL)

CA 598.2 5 601.4 64.0 0.4
598.2 50 645.5 94.6 0.3
598.2 500 1098.3 100.0 0.1
CDCA 90.3 5 94.0 74.0 2.6
90.3 50 136.0 91.4 1.0
90.3 500 589.9 99.9 0.6

3 HFETLEKERRE

3.1 HFHLALE
M 2 22 25 A QF SC 00 TR AR AY B IR 222 B FR
ARSI HE 16 F0F SR Lk IR G #H
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R, M5 24 7 HEUF IR (3 240 (R
(10 220 ARG 2% ) (3 240 ), R SR 4 .

(DPRRT . 2F A 2 LIRRE V- & 3200 T 52
6 A EL A N 25 AR, 2] MIT Je He i FH A4 4 96 SC
Bk, WA MIPs B4 RHf & 09 R UL, 2% 2] 43 BT A s
BRAE  HE LR U7 52, B AR AR AR 1 B g
J1FnBIHT L

(D)W . RS E Tk, WA
NE I 4 DS /N EERITAE S T 4 T Hb
1, LR oy SR gE A R B, I, O BERAE
F]H SEM.TEM #I FT-IR %} MIPs #1754z , 3 #r
MIPs [ JE AL s @ Bt BB A 5%, F1H LC-MS %
)5 P Ak F W A 5 T 48 A0 W B 8 g 2, AT A b
JLAI W B Aok AR A A ADL G 43 A MIPs 1 0% B AL 5
()M B 358 B M PF A, SR HPLC 5k I 58 44 ) X 4% Fif
AN 6] 25 16 A 5 1 09 328 5 M 3R B80RD B R R 4 O
W B3 B S8, 8 BT MIPs 1) W B 25 2 24 A
@ FZLRE TR L I E MIPs 4 RHE 285 2 52 916 26
T FH e 0% 2 T 6 St A Ak, I R TR AL 24 1 K
B b 1) TR AL B 58 S RN AR TR 56 A A
LI T 52 BREE dh i CA 43 25 & 4 I ALRE

(3G o HOM4L 214 2 8 0 RS 45 1
TR 4 A0 5B A& BB 5 T A 2 A 4 oK
56 J S R A
32 HEREG

SESE A 38 1) 4 A 7 3 TR A A
S A 2 B A FIUSCER R L A AR T A R T AR A
X 2 2% 25 A A B S5 5 04 A R 2% R AN R AR R
S TN R R LR RS T 4 B SR A A R
(9 G 1 B AR 52 7% LR W) RE o rh R 2 43 J3 BT AUE 5T
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