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Study on Preparation and Application of Surface Molecularly Imprinted Polymer Based on Mesopocous
Molecular Sieve SBA-15

HE Hong-liang, GU Xiao-li, SHI Li-ying, GAO Yan-kun, CHEN Li-na (School of Pharmacy, Nanjing Medical
University, Nanjing 210029, China)

ABSTRACT OBIJECTIVE: To prepare mesopocous molecular sieve SBA-15 surface molecularly imprinted polymer (SBA-
15@MIP), and analyze the application of SBA-15@MIP in the determination of active micro-component. METHODS: Using baica-
lein as the template molecule, acrylamide (AM) as the function monomer, tetrahydrofuran/ethanol (3:2, V/V) as the polymeriza-
tion solvent, ethylene glycol dimethacrylate (EGDMA) as the cross-linker, and 2, 2-azobisisobutyronitrile (AIBN) as the initiator,
SBA-15@MIP was synthesized on the surface of mesopocous molecular sieve SBA-15. The surface morphology and structure of the
obtained polymer were characterized by TEM and FT-IR. Finally, the imprinted polymer was used as an adsorbent for solid-phase
extraction (SPE) to detect baicalein in plasma samples by HPLC. RESULTS: It revealed that the well-ordered one-dimensional
pore structure of SBA-15 was still preserved in the successful synthesized SBA-15@MIP, and baicalein molecule was imprinted suc-
cessfully. The limit of detection (LOD) and limit of quantification (LOQ) for baicalein in plasma were 3.5 ng/ml and 11.6 ng/ml,
respectively; the average recovery was 94.4% (RSD=2.9% ). CONCLUSIONS: SBA-15@MIP is prepared successfully, and can
be applied for the determination of active micro-component.

KEYWORDS Surface molecular imprinting; Mesoporous molecular sieve SBA-15; Baicalein; Solid-phase extraction; HPLC
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4y F-ENilE 3R A %) (Molecular imprinted polymers, MIPs ) +2&
FIFH 43 F BRI B A 25 19 BAT AR 43T A 25 (R 25 A s
{75 B AVCEL Y S 0 T RAW o X T HoAa R R
P, It HEAPUES AEERe 130 Fe Vs A SN,
AT BB AR S8 LGSR Mk A RS 240
AR RN DU A A2 o s e e i P A Al B

5N ST B W) B2 Scutellaria baicalensis Georgi. i)
TR, HA W IR, V5 R, 1kl 2R AR Tk, TR
WA 2R 2 — B 20 28 30 AR LR, AAITTx B A L
W 24 1 HAT T WAL A 2 B E AT T R g AR,
PRI PR B AT i A B B FE . C A HiE ™, K2R H
SR -BT3E (GC-MS) B (3% - Bt (LC-MS) | A AL B4
A HLIK-JBU RS (HPCE-MS ) &5 J5 i, {H 2 i3k 88 )y AR A Hh A4
ZmE T i A

MIPs BEREWE X 25 45 24 i 2% P 8 2 A A kA 7 5 4R
ST TRV 25 A T kA T A3 B 24k, SR B R R A
FY 1 040 2 VRS I, AT A B e 00 A R A A A i
— LS PR RO A Y . AR MIPs TEH 255 PR A3 43 5
LA R I RS, (ESSE Y MIPs 78 5 T SR A7 76 5%
T AS G RO B S5 /DN T R 915 [T, BSR4 45 i Ah T A4 B
FI N, BEAC T RA WM. Bk, A58 R AL T
i 92 1A PR 3 il 4 T BAT S B A Bk 1 2 5 AL A
F-9ii SBA-15 R EIC R 49 (SBA-15@MIP) , JH441: T HAE
SIS PR A DU N

1 ##
1.1 2§

UV-2450 £ 583 656 BE T\ LC-20AT (& 50 AH @3 {3 ( H
AT HN F] ) s TENSOR2T 8 B 21 A 63548 (782 [ Bruker 23
7)) s TG16-WS B0 AL (R S A B DAL A BR AR
JEM-2100 3% 5 H T g il (R PR 49 L BE , H AR JEOL /A F) 6
1.2 #Hm5iLH

WAL T R P25k B IRA L 25 N R
JEBHE Y % Scutellaria baicalensis Georgi. [ THEAR ; #65- &
(45 111595-200905, 41 5 : 98% ) . 18 % 1 (4t . 110715-
200212, 1% : 98 % ) M4 1 HH £ 5 24 A A AIF 9 e 5 SRR L0 -
B4R N M- B2 48 2. s (PEO-PPO-PEO) — % Bt 4 824y (P123, 1
[ Sigma 23 1)) 5 3- (5 T T 40 ) P 3 = F 3L mk e (MPS, 55 [
Aladdin Chemistry 23 /], 43874l s NI (AM, fb2240) |1
RERR DU 2155 (TEOS, 43-Hr 4l ) 4 i [ 25 42 A1 {2500 4 BR A )
Pt 2 T H LSRR (EGDMA , 25 [ Sigma-Alorich 2%
HlLPHTAE) s (A 5 TS (AIBN, FIHR R 4EAL LA BRZ
Al Ab2eal) s Haeil o o dr el i K O 2K
1.3

SPF 2% SD KR, & , IRk 372~500 g, R A ERL K
LG APy O R AL SCIG B Py i VR E S SYXK (U5
2015-0015,
2 FHik
2.1 SBA-15WHI &S5 &E#EH
2.1.1 SBA-15fil 4% % P123 2 g A% 60 g 2 mol/L Bk
BRI 15 g #afik i, 78 40 °C PRI, 600 r/min FF4EHEHE 4
hJ5 , 2818 /i1 A TEOS 4.25 g,40 °CF 900 r/min #4245 41 24 h,
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F-100 CHYA G R hifE 24 h, gl . B FIME OB KT
FEWRE SR T, T 550 CHBEE5 h, 15 @8 AR, BNy
SBA-15,

2.1.2 A FLAFii SBA-15 RELEfL  FREUSBA-15 0.5 g JillA
FH 2% 25 ml, BB A5 Ab P (150 W .40 kHz) 20 min J5 , £ B 2% 25
ml.MPS 10 ml, A MR T 55 °CF 500 r/minfi$ 24 h,
14 700%xg 5.0 10 min, FH VRS 3K, FHEEDEZ 31K, )5 40 °C
s Tl e T R, 19 SBA-15 MGELE k=4 (SBA-15-MPS) .

2.2 SBA-15@MIP Bl &

FE 2 0.08 g FIAM 0.11 g I A B PO k- LB (3: 2,
ViV, FA)25 mlH, FE485), BUE 4 b, RIS TALE . 1
SBA-15-MPS 0.1 g.EGDMA 1.13 ml FI AIBN 0.07 g #7543
T VUSRI - 2. 25 ml H SR S5 A B LR T A5 A T2 v
AR, LIS 200 t/min 7E 60 CEEA 24 he UM ZE R
S B OB 2R VW, UUTEY W - VKSR (92 1, vy, TR Y
IRATRI AR, & LEREEIMEMA B AR N IE .
DLVEY) 40 C ELZS T4 20 i it , 159 8] 9 5° K SBA-15@MIP,
T4 A 1 T ENE B4 1 (SBA-15@NIP) , il 45 7 15 5 i %
SBA-156@MIP [, FURZE R A B AR AR 53 F -

2.3 RIE

2.3.1 BEEPRESRAE (] JEM-2100 335 57 H1 45 W85 SBA-15
I SBA-15@MIP L 254544 .

2.3.2 LHNEAE  [HHLAMERESr BI%F SBA-15 . MPS SBA-
15-MPS ., 8 % %  SBA-15@NIP 1 i 1 4% 1 i) SBA-15@MIP
WEATLL AN, LM G S Dy 500~4 000 cm s

24  5FENT-EHEEEE

241 WERMIEALREROEE  BOHEL =5/
KL 24950 ¢ F 500 ml AN, A T09% £ % 400 ml, F
80 C A& T AEAWH L INFA R 3 h, i, EE 3R, &
FFHE O, k2, B B 4 2 10 ml, FH A= BRER K B F) 50
ml, VERRE A TR

TELA 22000, 85 12 RSB 12 he KERERIA L 9 g/ke
MY ig 2452, 30 min J5 ARIEHML , 3 675xg &5.0> 10 min, B _E 3
T, A RRR R Z IR AR 3 IR, 14 700xg B0 15 min, &
JE 3UREEWOR , KR ZE TR, PR TR Vs i, A9 B B 2R 1l
TSI
2.4.2  SrE i AR RIS ES R K% SBA-15@MIP
SBA-15@ NIP il SBA-15 500 mg 54 443 5 285 A i1 AH A€ Bt
(SPE)KE, FIFHZK 10 mlE k1, 43 HIEUCEE S 22 1 28 FE L A T
10 ml, P 1 R IORE | 28 F5 FH 2% 10 ml ik ybAE -, Bkl
PEPEZBR, 4% 10 ml F -0 SRR TR TR F AR o MBIk
T DRI, KR ZE T, BRI IR I 2 ml P A FE R 2 MR M R
IR, T E AT
243 OESMS FIkR¥EL AiEH  Shimadzu Shim-
pack Ci(250 mmx4.6 mm,5 pm) ; 10 £% &y SPD-M20A ; i 51
Ay F -2 9% W R 7K (60 : 40, /) , 33 2 1.0 ml/min; ¥R K
35 C; RN 20 pl, FEETEAME T, 8L MR ACIER |
EEBRAIGE BT .

3 4R
3.1 SBA-15M#I&F 5 £
3.1.1 SBA-15Hyf4 A MHy SBA-15FLIEHEFIHLN , FLAE K
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SBA-15@MIP

E1 ESEEE
Fig1 TEM images
3.1.2 SBA-15 (451  MPS 1y 45 #4 |5 Il [ 2, SBA-15,
SBA-15-MPS .MPS 2L/ &l ILIE 3.,
OCH;3 CHg
CH30—Si—CH,CH,CH, —O—C—C =CH;
OCH3 g
E2 MPSHIZEHIE
Fig2 The structure of MPS
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Fig 3 IR spectra of SBA-15, SBA-15-MPS and MPS

FH & 3 AT, 3 410 cm ™'l 1 627 cm ™' SBA-15 F I fE %
LR gE A # RS0, 1083 cm ' Al 810 cm ! & F Si—O—Si
BIPAEIEEN , X SR T SBA-15 BB, LBz )s,
A H 5T SBA-15, SBA-15-MPS H i 2 31 4 MPS 4 21 SN F
g, 401 706 cm ' AbAY C=014%,2 800~3 000 cm "4y C—H .
—CH. 3, —CH, 1Y 1 45 ¥ 2l , iX 15 B MPS & A%t o) & %)
SBA-15 [T .
3.2 SBA-15@MIP B 4549 34
3.2.1 SBA-15@MIP (i HT S RAE ¥ %5 % SBA-15@MIP
o, SRS 1 SBA-15 T ARARFE AP A FLES S, IR B 3%
TR A —ZENE)2 . SBA-15@MIP b 5 A B I LA 1.
3.2.2 SBA-15@MIP FILIAMEAE  #A%E SBA-15@NIP Ji
MR SBA-15@MIP LT AN 15 LK 4.,

i &1 4 7T 0, A0 L% SBA-15@NIP A 2141 & 3% |, RS AR T
i) SBA-15@MIP H1BH (2 H B0 T B 45 K LT /MR, 11 3 380
cm AN R ISR 1 618 cm A TR I E ZRYR B, IR B
FEUE (IR RS Bl L UE B T A AR e . X ULRH & Bl
% SBA-15@MIP 7311
3.3 HSFENiE-SPE
331 ik
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A 2R IN Jo Ak E )  EL A
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Fig 4 IR spectra of baicalein, SBA-15@NIP and SBA-
15@MIP before eluting templates

0.02~7.99 pg/ml, JF LI (o) X miAR (4) B [BIE 5 Rl A=
1 695.522 44+35 847.845 47¢(#=0.999 9) ; K& I FR A1 5E 1t T B
35024 3.5.11.6 ng/ml; K52 RSD 4 3.6% (n=5),

3.3.2 MM BRI, 2540 SBA-15@MIP-SPE(MISPE)
REBRJE KA TR0 5Bk, H AR #4 R (0 i 06 i AU 5
AR, IF HAR ) T REOR , R & B ZS SRR IO A 1Y
SBA-15@MIP X HAnb A5 9 HA U] W iy de etk e i AT . o
K2 MAEAE i 253 SBA-15@NIP-SPE(NISPE ) Fl SBA-15-SPE
SRR, T AR S VO R R R R AR R, R kN
FNEEME R AR TR ST E i R, &
1 MISPE 4bFRJS , #5214 0% 5 ik 94.4% (RSD=2.9%
n="6), Mi%iJ NISPE . SBA-15-SPE 4b H 5 4 [0 i A48, 43 31)
M 22.7% (RSD=2.6% ,n=6) 1 10.7% (RSD=3.6% ,n="6) .
X F L T SBA-15@NIP H, Dy BEFE A 9 A S BEHLAY
RGBT B 85 2 A9 T R AN D 9 FL
7, MM SBA-15 A4 I 32 22 2 # 0 [}, 5 I SBA-15@NIP Al
SBA-15 XA AR 43 5~ W BB B AL, FLARC s AR e 1) e
P A SPE AL BRI I AR it B S R A E LS R LR 1,

F1 AFESPEHLEFNRFEMPESZNNELSESR (n=3)
Tab 1 Determination result of baicalein in plasma samples

after treated with different SPE column(n=3)

SPE PR, pg Wk, wg DR, wg CPHIRIBCE,% RSD,%
MISPE 3.74 0.06 3.53 94.4 2.9
NISPE 3.74 2.60 0.85 227 2.6
SBA-15-SPE 3.74 291 0.40 10.7 3.6
4 g

SR T R MIPs BRI TT  Earer R s e LA
PR I 2218 T BN SR A4, o, SBA-15 1A TEHL L
FEMRIS IR TH RMEHE . 1, SBA-15 HAA ¥ —1fLif H
oA R HE R TR R A FLAR AN FLAR LA B A JE ) LD 171
%A T HFR 2 T8 B0E SBA-15@MIP 1, M & A= 45 5
PER B o LUK, SBA-15 [ N B £ FL45 M S AR 43 T 55
SBA-15@MIP [ HE S M4 Gt T RIFM 5% . FIKk,
SBA-15 F1fii AT LU ZFh i kR Ak i8] , AT AT LAE TCHLY)
HIZER TP AR B Z WU B BB . B, A fL AR RER R
HAT RAF RS M A AR S M AU B2, O B T DL
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X EAT e BWAE, R, SBA-15 R I ENI R S W A
AR A B
0T AE SBA-15 K5 | AA WL, Hei o> T BN R 5,

TS AE LR AR A AR S XUEE 1 MPS REE AR, O AL

MG B A SRR, AR AR AT - S RE LA

HEWMKERSE K TENERGYHEAE SBA-15 K. W

P 2 JiT 7R , 76 MPS IR 3 /7 (£ O=C—C=C [ L4k R . th

FHRIEM TR BRI - O ML T = % S & TH iy, A 3ty

C=C b 12 B 2 BRAR, R 75K 3 C=C R B %

LTI TR A TR Y Al R RV R — AR

N, KA A SR G SN B 25 5 7E SBA-15 3R M HEAT , A

A T4 05 BN 3R 5 W A B R T

B RIS G WO S 2%, HHACHIY) & R A, k5

T2, R BB TP A BUR o 1 3 8w AR T

— P REORE R I o RIS T BN S REALH AR 3%

BN FEIABINALoF i SBA-15 1R FH , il 45 ToHL-A B2k

i) SBA-15@MIP , RICHE =y 1 HYHUBI S B AR P , ) 54 3

I CL 3% 3 R 2388 5 5 ELA L2350 LR TR OR , RR

P TR BN o [, B8 MIPs UL e ST A

REYokRmE > T ENEAL S T RIS, B O

REARPRAE T LR, FLE5 5 s R M AR . L, 5

JIG Y MIPs H X8 855 28 HAT o B2 S AN AL B, A R0

T ARG B A A AR AR

AIRIG A SBA-15 M RE T 855 2 AR 75~ AM D I E

FLUR .EGDMA g 5ZH ] | U U - LB 555, 76 AIBN 95

KT IATERA A T OIS S TR R S W O R T Y

BB SBA-15@MIP., FFiZEEA W T SPE, 45 Ry RO

T HESL TE IR R B R A E R E R AR,

A7 ¥R BB AT RO I R L v B B T, BAT AR Az

B i1 v B 1T AT 38, oAy 5 2R it P A 6 s 10 0 7 i 2
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