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Abstract: Objective To prepare molecularly imprinted polymers (MIP) of the components of Buyang Huanwu Decoction (BHD, #h
FHit F17%) and establish an imprinted evaluation system, providing an experimental basis for the precise targeted extraction of

components from traditional Chinese medicine compound prescriptions. Methods Using the effective small molecule components of
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BHD individual and the entire formula as template molecules, MIP were prepared by suspension polymerization. The characteristics
were compared and analyzed by using scanning electron microscopy (SEM) and infrared spectroscopy observation methods. The
imprinting evaluation system of kinetics was established by using the principle of affinity chromatography, the total statistical moment
method of fingerprint spectra and the molecular connectivity index. Results MIP of formononetin, amygdalin, astragaloside A and
the whole formula were prepared. At wavelengths such as the 1 720 cm™! carbonyl vibration peak, 1 450 cm™! carbon-hydrogen bending
vibration peak, 1 389 cm™!, hydrogen-oxygen bending vibration peak, 1 254 cm™' carbon-nitrogen single bond stretching vibration
peak, and 1 154 cm™' carbon-oxygen single bond stretching vibration peak in its infrared, both the template molecule and the MIP
showed strong differential characteristic peaks. The morphology scan of the SEM showed a porous state, proving the successful
preparation of the MIP. The total imprinted kinetic moments of the first order of the components of the BHD complete formula increased
from low to high, proving that the MIP had a strong selectivity for the template molecule. The imprinting coefficient of the formononetin
is 1.022, and the imprinting amount is 63.098 7. Imprinting index of amygdalin is 0.798, and the imprinting quantity is 64.228 6. The
imprinting coefficient of astragaloside A is 0.996, and the imprinting quantity is 393.112 3. The imprinting coefficient of entire formula
is 1.121, and the imprinting quantity is 79.610 2. Conclusion The MIP of the BHD components have a strong targeted adsorption
capacity for template molecules. The degree of imprinting adsorption can be quantitatively evaluated by the established imprinting
evaluation indicators, which provides a theoretical and experimental basis for the precise targeted extraction of components in
traditional Chinese medicine compound prescriptions.

Key words: molecularly imprinted polymers; imprinting; molecular connectivity index; total statistical moment; blotting kinetics;
Buyang Huanwu Decoction; formononetin; amygdalin; astragaloside A; suspension polymerization method; imprinting coefficient;
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Fig. 1 Schematic diagram of preparation process of MIPP!
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(CEE. HEE. 2R, . 4K &%, fAEiEK
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WHRE (4D H3.167; HEEERAE 248 nm &b 4 {H
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Fig. 2 Ultraviolet absorption spectra of formononetin and
functional monomer acrylamide in different polymerization

solvents
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mL RS RS AR, BEEA 3 1324 mg
IhRE PRI IR, #E 7 10 min &R, TIRA 4h.
SR JE IMNSE A & i — W G RREE 2.5 mL Fl
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232 24U (scanning electron microscope s
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42 min, ] SEM, MRS, 4
RULE 4, 570 MIP (R HHS & THHRERY, (H& M
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Fig. 3 Infrared scanning results of five samples of MIP
R1 REWERFEECH MIP L5NEREHNITRE
Table 1 Attribution of infrared spectral absorption bands

of MIP of formononetin and amygdalin

viem™!
AT
ST e E————
O-HH 4R 3) 3570 - 3567 3560 -
C-HI 45 R 5 2988 2985 - - -

C=0f 45 Rz 1721 1717 1717 1716 1721
C-HE Hh#R3h 1451 1456 1456 15061451
O-HZ i #=3h 1389 1387 - - 1389
C-Nh iR 3 1254 1255 1254 12491254
C-Offi4ilRzh 1154 1158 1149 11431154
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4 ZAMIP (a). FITHEIEER MIP (b). HE{ZH MIP
(c) HERH MIP (d) #1 BHD MIP (¢) ) SEM FA#iLER
Fig.4 SEM scanning results of blank MIP (a),
formononetin MIP (b), amygdalin MIP (c), astragaloside A
MIP (d) and BHD MIP (e)

FERR 737 M MIP H IS, 54 AR 7 7 A7 7R 1
J5 RIS DU £ B It 94 e ) FLRR, AT 58 MITP 7R 3R
W Re R FLIRIITESL . WIUA1E B R FLER S
PR, I Em A, A E O R ERILAL
B A AT RFIE -

24 ETEREGHITIEZEN MIP- RS FHR
UPLC 354 BiEE 1 R MBI R T EL 4 87

2.4.1 AR H S PR R H T MIP.
WL R MIP. A7 MIP LUK % 1 MIP # K 4

By, B4 0.1g, /BT 250 mL #ERM,, A
BHD 7K$2&¥ 40 mL, WHETE I E THEK LIREE 12h,
WAERTE 12 h JEHETE AW, B 0N BT
28 0.22 um ALUEIEE, SRR RO —
i, FEAHE S SN 85 UPLC R4 ElE .

FREL 0.1 ¢ BHD MIP ¥R, ET 250 mL #EJE
L, IINEE RS F O R IOK 40 mL, HHEEZIHE
FRER FIREE 120, W4E 120 FHER AW, &
O BSR4 0.22 pm BALIEREES, %M.
242 XS H S PRECE R T
e wECE G E, A PR, 'E
(Th& 250 W. Hi% 40kHz) 15min, £ 0.22 pum i
FLIEMEpEE, &H.
243 JEFM Waters Acquity UPLC HSS T3 {4
TEAE, BL 0.4%BE R /K- £ iR s AH AT 1
Bebi: 0~5.5min, 1.0%Z. M5 5.5~19.0 min, 1.0%~
7.0%ZME: 19.0~25.5 min, 7.0%~12.5% £ Ji
25.5~33.0 min, 12.5%~25.0%ZE: 33.0~50.0
min, 25.0%~80.0%Z.fi%; 50.0~55.0 min, 80.0%~
1.0% M AR E N 0.3 mL/min; FiE 40 C;
HEREE 3 ul; 190~400 nm 2% K93 . £ 260 nm
WA T HE 5 AL B3 #
244 BEEMELE IR “2.4.17 TR
FEGRTIET (S 6 iy, FREIE “2437 TiT &
TR A, BRSO R A IR EE
AL A R 48 (2012A FRD 7, WE IS ] % 0.1 min,
2% mIEfE RUEILED, 192 R T 90%, &
WZINEEE R G, S5RIE 2.
245 MEEER BUEGIER, %R “2437
T il S A I SR REERE 6 IR, B 5 N AR
FEVER AT, e T A 0.1 min, &% 545 IFE4

*2 EEMERER

Table 2 Results of repetitive investigation

HHABLEE

RS HE £H f#E #E £5 H5E HHEE
PEL M2 M3 M4 PSS e SUEE

HEML 1.000 0.834 0.830 0.818 0.946 0.811 0.937
HE M2 0.834 1.000 0.988 0.838 0.812 0.809 0.945
M3 0.830 0.988 1.000 0.841 0.807 0.812 0.944
A4 0.818 0.838 0.841 1.000 0.816 0.870 0.927
HEMS 0.946 0.812 0.807 0.816 1.000 0.803 0.927
HEME6 0.811 0.809 0.812 0.870 0.803 1.000 0.913

SHEFESUEIE 0.937 0.945 0.944 0.927 0.927 0.913 1.000
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WEDLRC, 752U RT 93%, S5 RBWIZAASHE
HERL, ZRNE 3.
24.6 FREMEEE WAL, BT HIREE

0. 2. 4. 8. 12, 24h #%M “2.4.3” Wi N a4k
HEREDHT, KBRS N PN BE, e ]
& 0.1 min, £% SHFIEJF4VEILADS, 75 2IAHMLLEE >

R3 RBEEZRER 90%, FHHALXMERE 24h NRREHERL, 4
Table 3 Results of precision investigation W 4,
HAALRE 2.4.7 MIP-HEAR 4T UPLC F8 &0 [ (1) B 41 T4
WIS R MW MW R R ORE WS OET AR AX IR BT RITERIE R
i3 i3 EEa EEa EEa EEa Y >sifz. e ST
B2 M3 R4 RS R6 BUMIE ggma e R MIP VRIS AR I
s | 1.000 0.827 0.938 0.814 0.939 0.817 0.942 A, . e
jfiz”*g%z 0.827 1.000 0.801 0.988 0.811 0.969 0.953 SHLE MP RIVE. RRFEENRE. AREE
R . . . . . . . N N
MIP " Bt )5 i) UPLC #8401 LA 5. T %) HE S 1R
W3 0.938 0.801 1.000 0.796 0.938 0.799 0.931 . &BEEE/] : RALH E'Jilg]/ ﬁéj FI:ES
K g4 0.814 0.988 0.796 1.000 0.808 0.977 0.951 RO Ry T A MIP Hr R s AL -
; K (=BT A +
K S 0.939 0.811 0.938 0.808 1.000 0.812 0.938 G ERBREEENR 5. Has R,
K6 0.817 0.969 0.799 0.977 0.812 1.000 0.949 R 73 FE 203 35 76 FE A MIP WO i Al oAl e &=
SHEFESCE BE 0.942 0.953 0.931 0.951 0.938 0.949 1.000 MIP W J5 B, M EmE M AE S =40,
F4 REMERLER
Table 4 Results of stability investigation
R ARALE
A VAS) N N
. FeoEtkoh  FawEM2h FaEt4n FRoEtkeh FEMSh  FREtki2h FREM24h XFHRARQUEE
FasE o h 1.000 0.952 0.781 0.803 0.777 0.969 0.761 0.934
FasEM2 h 0.952 1.000 0.753 0.776 0.756 0.981 0.728 0.919
FaEtka h 0.781 0.753 1.000 0.902 0.845 0.766 0.982 0.929
Fa k6 h 0.803 0.776 0.902 1.000 0.902 0.798 0.897 0.937
FaE TS h 0.777 0.756 0.845 0.902 1.000 0.773 0.857 0911
fasEtE12h 0.969 0.981 0.766 0.798 0.773 1.000 0.749 0.933
FasE 24 h 0.761 0.728 0.982 0.897 0.857 0.749 1.000 0.92
X HEFR SR 0.934 0.919 0.929 0.937 0.911 0.933 0.92 1.000
0 P TR ) e B IEE MIP
| HEE R
TNy A L
J'.' Jk ot L WA MIP
AT
| I ' 1
Uu || RIF=TE % MIP
L JLM\ : AL
4‘1 FJ‘\f.b b JLJ‘LIL uMb\ A _)bw"\/\....i-vm-‘pw’ \ﬂ'LDM\NLI\Jw‘ ‘”““\-»._..JL...-\_,\L.._L TR 5 F
2
0 6 12 18 24 30 36 42 48 54

t/min

5 IR FRE MIP R fE4#mAY UPLC 54 &l
Fig. 5 UPLC fingerprint spectra of template molecules and samples after MIP adsorption
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x5 REGITESY. FRBRERESER

Table 5 Total statistical moment parameters, information entropy and information quantity results

FE U3 MR EHH ME—A MR T sy 5EE
BAR 5 F 155 13 699 703 15.52 205.36 5.92 81108 348
PSR AL Z0] JE 29 17 554 278 39.70 41.84 0.74 13 035 834
=R TE R MIPIR 5 152 12 649 814 16.58 196.02 6.31 79 839 080
TR IR 18 844 356 31.00 120.25 1.83 1543190
A MIPHE Ff} J5 163 13 920 835 16.31 190.80 6.18 86 011 708
BT F X R 19 377 672 38.70 162.53 3.32 1254 630
A MIPR B 5 153 4 494 804 17.13 190.80 6.17 27727 393
= 20 383 980 38.85 217.24 3.44 1320815

AIRER MIP R T eor S8 a8 MIP IRE fegrBhl, 555w 6 Fon. Bk 6 45 Rnl s, #
JE GRS BRI ARG R R, TR MIP R TFEL L BHD MIP WLt 5 S EEMAE. 5
MR ST THEER. = FHasm—MESA BRAYE EREEEDN, YT REE MIP IR T B
B iR, 150 B R PRt VB PR A B 23 S5 R FE. RN, SE—EEROC, BRI R
B RS " RRIE R AR T84k, BRI T MIP [f] WRIEER A S5 B, B« EERRmR ™ ik R A
RN . ZH B AR N, SR Tk BT MIP BRI . B E R
(1) “EIRRERR 7 RRAEAR o BE RO B AT AR 2> 58 ARk, SRR B R EAR S
/N, CENTRAEMR” RRIEEE T AR E . 1A B T (AR 2 BB /0N, EEEARAR ” R A T
TR 40T BHD MIP R B J5 #F f:1) UPLC - 2.

J R 71
L A~

BHD-MIP

[ EE R — . : _ ) ) n N —

WEHH

.

W e

L S W |

0 6 12 18 24 30 36 42 48 54
t/min

E 6 UPLC (58 EiL
Fig. 6 UPLC fingerprint spectra

*6 REGITESH. FRBRERESER

Table 6 Total statistical moment parameters, information entropy and information quantity results
FE i e %5 SHEFNHE SRR SRR & B FRE
BERR 7> T 10 143 591 41.69 161.41 1.69 241 985.26

BHD MIPW fff j5 11 134 894 43.54 59.33 1.50 201 816.88
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php LK MCI R A58 4 1 MCL HTHE,
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()PS50 (R B I} TR U A (I T S i oy B 28 AH S b
SiRNE T R, HERWH, HTEREREER
BHD [HFAER S, {3 FH 38 & E VP4 BHD I ER I
PERCR T AT, AHE AT 1) B AR O A P
{BBEE(E A BHD HIED RN R EAD .

TS FE S MIP A2 [ MIP [{R BE (8], 34T
BN TEAR ROy, SR WNE 7 AR, BAFE MIP
(1) B PE VRN A S B A A, B MR BT

Wi TN 0 FIAUE, MR
EN AR BCE InBE T 0, FrAXTRA L 4 R MIP
FELHG, TS MIP A SKiF4 BHD & J7 ENib
PERE A = L

2.5.6 ENIEN 1R K MIP ELEVEFREGHE @
x4 B ) BHD MIP 76 “2.4.37 Tl e 4414
T#ET UPLC 4 #r. %} MIP (BHD 1.2 g/mL) #47
AT, AR S ESE T MRT AR 5 0[]
AN A AT BT M AT FRIE 7 W10, 25

%7 ENirkE . e v
Table 7 Imprint ratio MIP. 35 B HH MIP. RITEARIER MIP Jm A1
YA =3y A S NP A 1 A ,
v VRomn fnr s MIP BB R RE Y L7
ﬁu%*ﬁﬂa% 39.70 1.021 8 0.021 4 ‘%\%%%%Yﬁﬂﬁﬁ\ﬁEQﬁ{T , MIP EP E‘]*%Tﬁ%%@
s [ 31.00 0.797 9 02532 TR . TP AR R A i JE — IR
A 38.70 0.996 1 ~0.003 9 JBLESE, PR EE I TR B R B, 25 e o i i Rt i
BHD 43.54 1.120 7 0.107 7 FEOKEBMR RGN, R EUEE . R
2 38.85 1.000 0 0.000 0 B A] R [ o
TS
T 4
T3
n AT 2
- R ses s e cl MAL....I__JL..A . EAE ]
i FITEARIER 5
\ X FITERRIER 4
| I HITHIER 3
| il FIFERE R 2
_L ) | N FIERTEE 1
; X . BHD5
N K BHD4
I BHD3
i BHD2
n | BHDI
| N TS
. P 4
HEFH3
i TR 2
R ST — L. Ml o R
L HH S
i FH 4
| ) 23
e o ) l =H 2
. | FHA 1
0 6 12 18 24 30 36 4 48 54
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7 546 MIP-UPLC IR FF R LR
Fig. 7 Fingerprint spectra of five groups after adsorption by MIP-UPLC
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&8 MIP SRS FHEE—MNESKRENE R

Table 8 First-order moment parameters and imprinting indexes of MIP and template molecules

MIP — i 2 %/min EN eV $E$/min
BHDI BHD2 BHD3 BHD4 BHD5 BHDI BHD2 BHD3 BHD4 BHD5 TF#1{E
Eal=! 29203  30.746 32979 36.031 28.617  0.000 0.000  0.000  0.000 0.000  0.000
FEWIfE R 31.636 35328  37.635 38.001 27.037  0.077 0.130  0.124  0.052 -0.058  0.074
AT 30.181 34592 36433 37.012 37.167  0.032 0.111  0.095  0.027 0230  0.101
BT 32,534 34041 35664 36.153 36295  0.102 0.107  0.081  0.003 0212  0.076
BHD 28381 32378 35585 37386 37.784 —0.029 0.050  0.073  0.036 0.243  0.082

MIP [ EIIZE e i 31 ) 27 i VG T, W& A
TRORTEH I 2552 77 B R 2548 F, i mT 2 ik
A SR 0 e i B DK =3 R S R £
B, RIS PP MIP B5E Mt RE /7, 8 2RI —
H5E3% MIP [ ERIEYETEAN T i
2.5.7 ERIEPESHIED, MIROCEE AL MCI ("X)
LR Bt (R LU A -EN O R 2, R E 57 MCL 5
- R, M-EROC RS M-8k R A
ShEr s BRI ARG -20-EN 06 R, SICEIL BN R4 FHAH 2
b TR (O T E Dy X=FY(E), L5 (5) ~
(7), EEFIH MCI, ¥ MCIL. {REEEIEE (B
D) M =E R KB 7 B BN

PR 25807 B S T . 45 Rk 10 o, %
T WA RPIEER A BHD 4
TIH &R MCL, 4-El 5 R -2800 RIS ER I 1
SER SO . ARTE MCI r] RB- B¢ R E -
RN ik, HFE 9 wH, w#ESL BHD S5
XFHE SR MCT, R MCT 55 4R B ) 18] @2 37 A4 - B
KHRI, W] g7 2528505 FR B B TR) 8 ST - 00K &R
3, BPOREAI (] 25 %000 MCI w] B AR S, 3L 3 F
X HE SR RSD fHN 155.97%. 157.25%- 130.14%,
Al WEAE N BHD HFIETE R (BRI
()25 SEAFNT T~ FHofth 2 Ao 5 — 28 . T REfE A4
TER-EI-ROC &, S BRI AE IR A

#9 MM MCI RHE-ENS5H- X FHK

Table 9 Molecular connectivity index of reference substances and structure-imprint and structure-effect relationship formulas

Xvp Xvp Xvp Xvp Xvp Xvp

Xvp Xvp Xvp Xve Xve Xve Xve Xve

& . \ - .
/= | N | S i1 IAN /| M 1. MAN M= e .| AN e /1)
HEHTFMIP 33,5819 20.867 7 21.0574 16.9916 143536 11.6823 9.100 8 7.1576 11.318 9 5.8124 0.7276 2.2883 0.6444 0.0417
EELEMIP 168625 9.9988 7.6012 54315 3.5069 23053 1.24200.6792 0.7856 0.97510.0000 0.1869 0.0000 0.000 0

FITERAEZREMIP 16,5428 9.5980 7.1801 52478 34506 2.3085 1.2960 0.7518 0.8653 0.8837 0.0000 0.1542 0.0000 0.000 0

BHD4 /AMIP  12.8266 7.6748 62828 4.6496 3.3996 2.5420 1.7139 1.1284 1.6994 1.1597 0.2432 0.4215 02074 0.0325
. Xve Xvpc Xvpc Xvpce Xvpe Xvpce Xvech Xvech  Xveh Xvch Xvch  Xvch
FAN L T A N 1 AN L = - N 1 1 O i 1 AN M o AN 1
T TE I EMIP 0.1438 12.8113 21.796 3 37.6155 57.252 6 84.0574 0.176 8 0.4541 0.963 8 2.033 0 3.8822 16.2993 130.143 6
A EHFMIP 0.0000 2.0049 23691 2.8505 2.6105 4.2907 0.0000 0.0000 0.0000 0.0845 0.1472 0.2962 157.2500

FITERRAEZREMIP 0.0000 1.8718 2.2937 2.8045 2.6783 4.6367 0.0000 0.0000 0.0000 0.0928 0.1516 0.2905 155.971 4

BHD4: /5 MIP

0.0669 2.4555 3.6749 5.6689 7.7167 12.6480 0.1774 0.2773 0.2492 02913 0.5325 1.8702

4.6509

2.5.8 ELEEAIG AR (D HRIE R HIED
A, FHKIEC (4) PR HAIR-ET-RHOR R, K
a0 (5D RS BIMBONEE R, 4R WE 10
PR a5 SR AT %N, 3 HIH R BHD HORFERC)
F10 ENikE
Table 10 Imprint quantity

TR F R A 2 B S T At 2 Ry . [RINFER
TE B I T DA 4 AR 431 IR EZEAE ), U3 S
H IR ELZEAE FH B8 0 B
3 it

AR A BB H R 25 i 7 A — AN BN L 2R TR AR A
R, HFEIF AR —ANE KK TR —— 258 5

B4y 3 By Epid FEIE AR R 1. T BRI 7 SR AR A (Al 2
FIEHE R 63.0987 | MEEEFE 393.112 3 RN GE ST S L RE e AU HC RO AR Y, X AR 24 143
WA 642286 | BHD 79.610 2 Kot BE AR o TR S [RVE PR S5 40, 2 s M R 1
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