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CHERFAHOT R HE 416000)

=

WA

Cm R A PRSI R E R ELI0E KY 410082)

VALT R N BRI 1, R R I -BE R B B A, 45 BOXT 21 %5 38 FAT R S e TR0 B 1) B 5 45 41

B R LLAMGRE A3 T AT ST LA R U3 T AR R AR X BV e 5 45 W0 ) 225 Ky o T P RE HEAT 1
AR, SR IR B R A P LR TR 266. 2 m* /g, KAy 600 nm 247 (¥ UKL B 145 3 AR R
G IEAT IR DI, 45 R %R G WX 208 R 070 B X 1 e e 3 2 2. 20. ARAL A AE O AT, 45
RUIHHEE: IR (75: 25, V/V) MESR UG I X 2185 3R B DEBUSCRBR A 45 5 WO (S BOR  IZEN B R RS 2
o> B A AL R IR R P AL R CRIAE] 104. 5% .

KR MC-BER, BAACR, LRER, TR

4y T BB 3 4% R ( molecularly imprinted
technique , MIT) J2 i1 4F o & Ji& i o 18 — 1 £
AU IR A Y AT TR R, DL
e Rtk , MIT 3B & Ji Jl— P58 P, 720 A
FE o3 BB e AR BRI TR R
%[%4}.
4y F ER i B & ¥ ( molecularly imprinted
polymer, MIP) EA MR 1) S BPE FIE R T, 7 R
[ A 27 EUR B ), o JIR T 0 [ R 2 OB e £ g
RO A S A YRR A O AT
RE 1 14 e PR 431 B30 2 OB AN AT LS B
FIARBAY B 47, i LR 24 & R 45 o LA K 24
A 2 BROTSE R, BEAE HERR 24 it Sl AR IR W i
=3 B 52 e, S TR A PR R R R A
SRR I R T R SR A R AR L
Rl EL SR R AN — I8, 2 Bk i
B, AT RO NETEAR , ANAE 24 0 e 3 NS B
DRI 245 1 v 0 A 2R R D 2 ™ R A T N A i
JE. SR AR e W R it 4 8 RS 7 2 A T Ak 3y
W Pe A SR A T I M A B
AR, A B LA AR R 8 O 2K v IR A R
2 HARAL > & EARSEA R R 2R, O be ol i 4R
A3 B ARAR KA 5 (.
R GG 7 1l 2 I B 5 G 4 i T NI
AV 22 W R i, AN TSR 0 1) ek R
VS — BT ) B A L, V8 JC - RS A R I 4 oK

Iz MBS, B AR T - AN L A
MDA, SElR 1 LA B i, RV R -BE G AR, SR
B F 5 I AR TCHL I 25 2546 v, T8 B — b Wi 1 52
AR — EBR S TN F MR P R &, R AR
Or T Y RLAE B SRR, AR SCRABT AR R
LR FR NI T, R I - BRI BN IE HOR 45
IR E1%5 3R A e S R RE T (4501 BN
AW, I A ZEBUR T AR, BT B 7385
Wi i 25 LT R R

1 KB

AN EF
JAERR LT (TEOS ) 1 3-%2 1N 5 = H1 Sk ik
BE(APTMS) Il H Sigma 23w ; £ 82 (HCL) , B B2
(J3trat) , CBECHrHTat) , F g (o) S5k
g BRI R 2 7] 5 215 R (erythromycin,
Ery) , i 2 8% B 2 ( streptomycin sulphate, Stre ) £
A8 & (clindamycin, Clin) SEFR A A o [E 25
KB L5 2 s o™ Lo O i 254 BR 33 4F:
N IR R K.

LC-10AD B R0BAH (38 ( H AR B A WD) 5
WGH-30A XUEH L1 507366 BE (KA T e AR R
HORIBRAIRA W) s 2853 M (PCR-1A JE 50
FAESTT) s BB ( HAHSLAH]).

1.2 EMBEREY (MIP) B Fl &
£ 150 mL THRHEEHUHINA 0. 224 g TEOS,

1.1

% 2009-06-22 Wk ,2009-09-22 &5 ; M FT4 FARRLEIE 4 (345 08)J4004) HIFE A BB TR HEHFILS (45 07B061) MR K2
AU 2EAG RS TR [ ACH S S0 90 I L 4 (45 2008007 ) B 75 B KA AE R (51 H 5 08JDY020) ¢ B3 H 5 -+ il IRIK R A,

E-mail ; zhaohuizhang77 @ hotmail. com

677



678 oo T

2y e 2010 4F

24 mL & R LR, EFHIR G5 SRR 1600
wL APTMS,800 L HCI, #; 14+ 5 min, 8k J5 1%
T 4 mL ZRZEEK, KRB 2 h, A5 I IE,
#& .

FRELO0.628 ¢ (2 mmol) £[FE AT 20 mL
TRZEEEK A 16 mL F AR BT,
5 min, JRE5], % E, AR5 T 80°C T FRIL 12 h.

B ERBI A A EHBCAE 100 mLL 47 ZEHEIE
S AR Ry 9+ 1Y FEE RN & R TR 5 50
mL, BG4 2 h. iUk, v B QR IR A
WUET, HEEB PRI A B8R O k. AR
PR R ZRN O, TR 5 1SR 208 R 4> 1B
BREY.

ARERIR B 57 (non imprinted polymer, NIP)
W& 5 MIP 584 —3, FUEAE G U A fin
NBER 53+
1.3 ZHfntEaeRiE

PG E ME BB R AR, A BEOPL 22 B4 B A30x
MIP,NIP 1 4 F5 5 P E 47 R AL, I G 0 ~
800°C (JHIR U 10 K/min) . JEAH AL, /D A
M T O A AR, R T IRTE TR 3
Yo b, TR RATE) T AR b, W4 5 R A4
H1 T (83400 ) WEZE MIP B fb 27451 FRAE , #
st 0 T SR FHEL AT 58 03 T4, BERE Ot R,

Erythromycin

Strptomycin sulfate

KBr JE F, £L4MG1E I , WL 5% %5k 400 ~ 4000
em ™R N, W B e R v REUEA T A0 AT
1.4 BRI IEEER R

H 20 mg MIP, & TWR4EH, ITA 10 mL R
[ EE (1.0 ~ 4.0 mmol/L) £1.%5 K Y L B K.
BT 25°CHE ARG 2T, #R%% 30 min J5,
11 9000 r/min 3 FE B0 43 85, B8 WO = 30R
AE €8 TR0 S B 21 %85 2% VR B, AR 4l R B T A
W ARAL TR A YR AS R e B 40 55 RV Y
W B Q. L B ARG I SR A2 (8 3 A R Cog 4 (150
mm x4. 6 mm) , KIPEK \ =210 nm, FE A K H
figi: K (V/V = 65:35) ,%i# K 1. 0 mL/min.
1.5 EFMERHSEIE

J TR ED I R A YR R R S
R A BT AE R IS 25 R B A R RN U
2 (Gt 1 ) AR RS2SR, P
FHK AT ST MIP F1 NIP (e B0 R GE. 23 51
il B2 0. 1 mmol/L 1Y 21 %5 28 FIGm R £ 55 25 L
MO TR METEREZRN 2 FIRG W, B 10 mL
RAWR T 08 T, 885 A 20 mg MIP 5§
NIP, 75 30 min, 25,0055 2. S S0RH (s iA 4
N Y75 Y IV A D A AR R B T R IR
YL A R A Y 3 MUY S a5, 1
LS ARIbUE Fex7/libbut el d ik e aic

3H,S0, N

HO

HO
Clindamycin

OH

Fig. 1 Chemical structures of erythromycin, strptomycin sulfate and clindamycin

1.6 E+EZEEUR A

1.6.1 ELBREAHZERAEMEIE B0 g MIP
AT A il EAHZE O (10 mm i d. x 70 mm)
Hh, Wi R A 4. B K (80120, V/V)
HATHIAL PR 30 min, 5 ] 3 0. 5 mL/min. £ HL
T AR I R FH e RCRORE 1B A o B AR X IR
B 1.0 g NIP 4% /8 iR PRl 5 25 1 AR BURE .
1.6.2 [EAHZEEUSL B 2.0 mmol/L 418 £
1) CBERS W, B4 10 mL, #2465 # 0. 5 mL/min,
G3 IR AT R IR 25 AR S v e B R4

JiUE (B LR (70230, V/V) 9B
i, [ A P B RS AR 1, P s AT (53
A e ARG ARE ot AR B AR P 21 % AR A B (]
.

1.6.3 fRALBEAHZEHCSME SRS AE R
R R B e 3R R ST 8 K N IR W), T o vk
79 1.0 mmol/L YLLHE R B R HE R R it 5
R SR, 15 R LR B AR RIAR R L
(1 PP - £ TRARE 45 T WA DR RIS, R P s 280 A
T XA HH R I A T A e A, DAL
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S AE ot HR BRAS L ARIBORE A 7 AH [R] A 454
1.6.4 [FEMERSEABTEZMBERPNOER

RS B B 218 R s v BRI 2
A B, BRI 6 mg B R My KA 5 mg 218 3%
BREERE R T R () R, 75 .

10 mL 2L 8 R Wi W, LAE. H 20%
() F B E S , 15 mL AR E S 75: 25 ) R e
SRV TR, XoF 378 VBRI 00 MO Y A0 4 T YR A i
SIHT.

2 #R5WR
2.1 MIP #I&
ARICLLLT R FAE RS T, LA

HRE—OH F1—C = 0, fif LA # APTMS #£
R T g B AR B 43 -l i —N—H,—O0—H

Ve NN

PR U S D) BE SR [ P 25, B U 2 A 1]
2 PR R YA S-SR B R R B A ) SSHR 2R
B ARSCGIASIRE C(% ) MBERHTE T(% ), H
EX N C(%) = [ Mypos/ (Mugos + Myprys ) ] X
100% ;T(% ) = [ (Mypos + Myprys)/V] x100%.
it¢,MTEosﬁiﬁf%U TEOS H@)ﬁ%(g) ;MAPTMSjg
RERA APTMS BT HE (g) 5 V o R WA S
R (mL) . ZHREE C S BRBERE S5 H h R 5 W)
I, TR E R B ALY A, FLARRESE
YR B2 (R BT s/ N AT SR B BERS e E T — A
3% ~30% 5 N AEAY , SRR B I I A
AR ol U i iy EL PRS2/ MRS LU A A, 3 Ak
T LR KMA ' . LU /N TR,
LR 5T, AR SO E TSR B Oy 12, 9%, B
WEH 5% .

HiCO OCH;

1 /
H,C0” \(CHZ)ZN\ H;CO_ LOCH;
ne 1 0 HN(H,C0)f OCH,
3 H;CO\ _/OCH3 H;C CH, H;CO\ /OCH;
! Si ’
fets HO HiC, O H,C0” “CH,),NH, H,N(H,C
L Ver, W TEOS 3 HO, on_ on VO Ny,
O CHLCHNH, e HO - H,C CH,[ N(CHy),
O 3
OCH; ; H:CO,_OCH,
3 H,CH,C o~ OCHYC SCOOCH: 4y ey c A oen,
H,CO™ “(CH,),NH, O/’ﬁc
’ H,
ol 3
CHy, ¢ il %0 OH
) HCO_ CH),N-H M HC HNHON OCH;
i i
H,c0” NOCH; H,c0™ SocH,
—Temperature

Fig. 2 Procedure for preparing MIP

R LB MIP #EATIE S0 A, 45 R A
3 Js. MIP Dy R HDEH , Ride 2], RH40
600 nm FYREER. PE—2 R N, T3, X451
AR E I I WS A4 R E AT 1 SR TR RE 23 B , A 1l 75
(¥ ENSZERT R LR RN 266.2 m?/g.
2.2 ASNRBESH

SR FHEL AP G T AR 44 e I3t iy ) 4 MIP
I NIP BEATZ5RG 734, nPEl 4 Jzs , MIP il NIP £
253700 em ™ BT EIA —N—H DI, 302 P

600 nm

Fig. 3 SEM image of MIP
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A R T D RE LR APTMS [ R R 721K 4
L (a) 1, 29 3300 em ™' H—OH I, £ 3100
em ™ AR FI—C—H B4R S, 29 1750 em ™'
H—C = O g, 32 i TYEBEAT ) MIP & A 1
B FLLm R TR, 5B 4 354 (a) XTI, K
454 (b) i —C = O IEEEATE K, 1 fl—C—
H 8 ) i 4 4R sl A AH O s/ ), R I MIP rhASAR 43
TUEME T 4 52 (b) FaE 2 (e) A
—OHM e, {H 58 B B I 9ok 55 , 3 02 oK o6 4 1 g
(7K FIBEZE TS50 v () —OH 5 Y.

Transmittance (%)
) lon

1 1 1
4000 3000 2000 1000 0
Wavenumber (cm ™)

Fig. 4 IR spectra of MIP before eluting the template (a) ,
after eluting the template (b) and NIP (¢)

MIP 1 NIP () £ o B 45 R AN 1&L S Bies. e
25 ~100°CHE Bl A — & i R R, X 322
ARAWRGE AR LR SN 58 42 1 D RE SR E
FTRRIE I 1 Y. B IR SE 0 T, SRS W i
R i, B0 53 5 UL BE A 3 I T I, B
ZENIP e H R K 60% , MIP 2 F RN 55% , X &
Hi T MIP 7 i £ i B Hh AR 7 1~ 5 D RE SRR L
S MUERAE M Eh 4, 1T NIP b 2y e B A HE 31 T
P, A A BERE.

100

901} Weight loss: Weight loss:
60%(NIP) 55% (MIP)

S 80F
5 70t
E
- 60F MIP
3
‘3 S0F
Q
2

401

NIP
30 1 1 1 1
0 200 400 600 800 1000

Temperature (°C )

Fig. 5 Thermogravimetric curves for the MIP and NIP

2.3 ENE S YIXTLI B R MRS IR B DL R L I
PR

SRR AR B 325 000 5 MIP Sz NIP X 21 % &%
M4 A IRk, LR g LW 6 FrR. 45 £ W
MIP %21 % 2 HL A 555 1Y W B 6E 7, 107 NIP Y41
B2 BB/ X R IATEZ SR AT, B
B W RHASAR ELAT 4 S I R 3 Ao A A — e
SRV RN RIS 43 11 1) 2 [ EAME .

30
25+ o8
1 MIP
20t b
2
g 15f
=
S
10}
sk NIP
O
0 |O 1 1 1 1 1 1
10 15 20 25 3.0 35 40

c(mmol/L)

Fig. 6 Adsorption isotherms of MIP and NIP

N T HE— 2P WESE MIP B e B0 B 1 E L A SC
VeI 712185 R 5 HESH i 22K
YRR B R IR RN S B R R, t PSS
JrEIE MIP A1 NIP X I 256 B, I8 1 i
SRR S3TiC REL K, FIARBSIHF o RBAE.

TSI P i 2R K B97E R

K, = c¢/c,
X, o, RRIRWER G Y LR E (wmol/g) ,
¢, RN EPTER W B PE (mol/mL)

ST a

a = Ky /Ky,
o, Ky B 73119 70 e 2R 8, Ko, R i)
(7 HE R SERERI T 1.

HIZR 1 a] D& B, B 70 14185 38 19 70 e &
RO KT 5 4 IR W Y 23 S 2R 80, MIP X 5 4 i
Pidy o BE R BRI RT NIP. 3= R, B+
S DIREEAAR FTIE B U T, LA R BB R A )
B G R B ELAN L ORI AR 737 2447
TEREPERE A . 10 AR P FR BT A 3R 20 15 B
FLICR REIE B A, M0 B B o 32 S0 . )
B, 7E NIP sh I REEAR 1 0 A R AT RS R, 755 it
R BT SRR o 1T B AN A EDIE FL X, PRt
ANREXISAR 3 7 R S R
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Table 1 Distribution coefficient Ky, and separation factor a of ery, stre and clin on MIP and NIP

Mixture MIP NIP

solution Substrate e,(pmol/g) ¢, (pmol/mL)  Kp(mL/g) « e, (pmol/g) ¢ (pmol/mL)  Kp,(mL/g) «
Byssm T % om  ss 2P sm on  an 0
I - R R
2.4 ERER#HR —
240 (RACEMZEERCALE T ARk wop e

FROVAC I 26 e, B 15 £ 5 2 65 R 26 (0L 1 B o 4 7 8o

LR EME N SR B 10 ml 1.0 s |

mimol/ LEGR £ 70 1 % , W B3 57 6 05 , 1T A 3

VDTS 1 22 T A5 S P B, 9805 4501 10 g o

mL AFH [ K780: 20 ,75: 25 ,70: 30 Y FH il Z, TR 1% 2l

VR XU FIRUR (R T 40T L3 Al oo

R 7 BT R, AR S 75 25 072 4 ¢ & 10 12 14 16 18 20 22

¥ FP B LR IR & T R M BE IR I, 2D R
AT SR R, TR B, BT 36 96. 5%

100

Wz Ery
Stre
Clin

80

60

40

Recovery (%)

20

0

80:20
Eluent (methanol:acetic acid, V/V)

70:30

Fig. 7 The recoveries of erythromycin, streptomycin sulphate

and clindamycin in the eluents eluted using different eluents

R T 2B ST PR MR X B AR 2 AR
A, R JH 20 mL ARFR Ry 75025 (19 HI B LRV R
PRI, THE BRI R, 25 A& 8 B s, i
5 mL PEMEHI Y DR EET 90% , #5715 mL 1K 5|
103. 1%.

2.4.2 EMERS>BAEZMETHAER
WBETE T EFREERIE RS Y M R 4L
R B RO X 2055 R Wi i 0y S W AT
EAHAEH. B 15 mL 218 R iE W, LA, 2
BEIA) L. 56 20% 9 W Bk vk, P 10 mL AR
LA 75025 I LRI WEI. LL8 R R
VS WRTE A A 8 R OB B 3SR L 7E 210 nm 4b
R EB 22 R A, AN 9 (a) BT 7S, >R H e 80 AH
%X MIP 1 NIP 2% BUH: (04 3 HH v A6 ot v itk

V(mL)

Fig. 8 The recoveries of molecularly imprinted solid phase
extraction ( MISPE) erythromycin changing with the volume

of eluent

AR, 4nE 9 (b) ~9(e) Fizn. TG 9(b) Al
VATt FF St VS WG o [ AR 2 R =, Ut v
21 A5 Z W T AR /b U B R i R R A 4T
BBk MIP I 5 iy O B4 A8 A< BOHE . 28 PR 7 1k
JUE A 2 AT v 1 B 2 AR G ke, [l i Sk )
104. 5% . PiEH MIP % HUAE BB 4% & 4 Ao 55
WhHRZLER. E 9(d) fros, #f ahii ok NIP
PR AR RME R R, AR
WIERE . T LA Y, NTP 2 BOH: IS BE 85 48 F1 4y
BRI EE.

3 it

AR -8 B He AR 5 4L 55 % 40 F B
MREW, 535 R L ANEE T i
B8 M LU TR 22 X SR A W AT VRN R AR, 45
W], TR E IR LR A N 266. 2 m’/g, 3 H.
Wk 5], FEE G A 600 nm A2 Ay RN
WA S B 5 2 B 22 B A W R 41 5 2 R 43 S TR - B
ik B 2. 20. F Sy [ AH A B B 7, O Ak e 2%
Pz W P BAR AL HL N 750 25 B9 H i 2 RTA
WORBEMGR, AR 15 mL B, X632 Bk 2 HOHE B
PSR B A 5 F BN A U I TR
iR A B RS FoE S E %, BIR A ]
104. 5% .
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200F a 300 b
150k Erythromycin 250

51 8 200
g g
—g 100 ";g 150 F
2 2
< 501 < 100 Erythromycin
50 J
O ILN 1 L 1 1 1
25 5.0 75 10.0 ! 2 3 4 3
Time (min) Time (min)
c
300f d
2001
§ 150k Erythromycin 3 2251 Erythromycin
E £
=} = L
Z 100} g 150
< <
50+ 75+
L 1 1 1 L i L g, W e Loae?™
1 2 3 4 5 1 2 3 4 5
Time(min) Time(min)
750 ¢
3
g 5.0+
=)
S
O
< 250
0.0 mmmn A Y18 . . ‘
1 2 3 4 5
Time(min)

Fig. 9 Chromatograms of erythromycin enteric-coated tablets solution (a) , washings on MIP-coloum (b) and NIP-coloum (d), elutions on

MIP-coloum (¢) and NIP-coloum (e)

0 N N W R W N
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PREPARATION OF ERYTHROMYCIN-IMPRINTED SOLID-PHASE
EXTRACTION MATERIAL BY SOL-GEL METHOD AND
THE SELECTIVE ADSORPTION

ZHANG Zhaohui'*, LIU Li', NIE Lihua’

(" College of Chemistry and Chemical Engineering, Jishou University 416000)
(* State Key Laboratory of Chemo/Biosensing and Chemometrics, Hunan University, Changsha 410082

Abstract A highly selective molecularly imprinted polymer ( MIP) was prepared by a simple molecular
imprinting  technique with a  sol-gel process.  Erythromycin was used as template, 3-
aminopropyltrimethoxysilane ( APTMS ) as functional monomer and tetraethylorthosilicate ( TEOS) as
reticulating agent. Infrared spectroscopy, scanning electron microscopy, thermogravimetric and surface area
analyses were used to characterize the composite structure and morphology in detail. The results showed that
the specific surface area of MIP was 266.2 m’/g. These imprinted polymer particles had perfect spherical
shape with average size of 600 nm and exhibited especially selective recognition for erythromycin. Equilibrium
binding experiment showed that the separation factor was 2. 20 when erythromycin was separated by using
MIP. The elution condition was optimized, and the optimal condition was methane ;: acetic acid (75:25, V/V)
as eluent, and the optimal elution volume was 15 mL. The recovery of erythromycin was 103. 1% by using 15
mL mixture of methane; acetic acid (75:25, V/V) as eluent. Packed in solid phase extraction column, the
polymer was used to extract erythromycin from erythromycin enteric-coated tablets. The results indicated that
the polymer can separation and enrich erythromycin from erythromycin enteric-coated tablets successfully with
the recovery of 104.5%.

Keywords Sol-gel, Solid phase extraction, Erythromycin, Molecularly imprinted





