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Prepar ation and sustained release char acteristics of
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Abstract: Molecularly imprinted polymer (MIP) was prepared by molecular imprinting and precipitation
polymerization using huperzine A (Hup A) as template, a-methacrylic acid (MAA) as functional monomer,
and ethylene glycol dimethyl acrylate as crosslinking agent. The synthesized MIP were then characterized
by FTIR, SEM and TGA, followed by property evaluation by static adsorption, dynamic adsorption, in vitro
drug release and 3-(4,5-dimethyl-2-thiazolyl)-2,5-di-phenyltetrazolium bromide (MTT) assay. The results
showed that Hup A was polymerized in MIP through specific and nonspecific binding. The commercially
available Hup A tablets was rapidly released within 1 h showing cumulative release rate of more than 90%
with obvious sudden release phenomenon, while MIP showed sustained release of Hup A after the first hour
and reached equilibrium about 24 h, demonstrating slow release effect. The release kinetics conformed to
the Peppas model with a release index of 0.48, implying a non Fickian diffusion mechanism. Moreover, in
vitro cytotoxicity assay indicated that the survival rate of L929 mouse fibroblasts was higher than 93%
when treated with MIP, which suggested good biocompatibility.

Key words. huperzine A; molecular imprinting; precipitation polymerization; drug delivery; functional
materials
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BN B HFA A #UIEIT AD RER T,
SR 3k 2 T AE 5 7 1 591 ok A 8 e o R P

AEIEE (Hup A) J&—Fal 38 i 2, kIR il g
fitg 03 ( AChEL ), HAEIE IR -8k I & i A 1697
IEI BT/ =P Y NG LT Y R aF L A/ 0PN S
A, BN R iRt
L DBt . BT, Hup A TE™
i 22 A DR R T e e B ), T A A 2ok Y
Fr2aniayr K xR 2R B E kUL, &H
R RG22 or B I6I7 =t (EE i T R/R
PR BRI R CAZ I D RE R AT, AR S v 1T il
o IR, RITRCRTY, AN, SR A Y
a1 E EBAE A B . R, - % Hup A
B 28 2 ol R 4 v R e AR A =X Rl
SRR RE P = 25 W A R A b, BRRZE
BRIk e B, /2 R I A Il 24 Tk B R AR E, R
REA SR 2GS BV . I, VFEFgE &2
A K EE X Hup A EATH B A3, DA ik 51 2%
PSR o N, v B A VR R R R S R SRR e R o
#% 7 Hup A SRIBKEEHER; SOLAK 'l & T
R OIGHBE-TNIRIEN <AL E A I (PVA-g-AAm ) Hup A
JKEERC A BR; CHEN 25"l 45 T SR 45251 Hup A
IRBEIE o H SCHRARTE A4 33 28 7K B I 28 A4 A Rk I
Hup A #EATMRIBLIEIIE, 2850 A7 1 BN 2 W B Al
U B4 ] AL

S FERBEEAR (MIT) S35 i 28 % F— A 43
THRHAREREEE . PRI THTREY
(MIP) By ARUZE MIP — it B DBk 5 3¢
B FERAR 4> FAr e AL R M. BA MG, &
BRASAR 437 J A ER 36 23 s 7 JLAf RS . AR Fnfk 2%
e b SRR Ay E AN SRR RE G 2 s A
L5 MR 25 W i AR AR AT LG B X 25 0 1 2% B A
S, M H BN R A MR A R A AR e L fkF
FaETEFIALMGRIE . i, MIP 1EZ 2I#k %24
YR 58 B AT A Eae UYL Hup
A TERBNSF . BRINEF L4 E (HPMC) N
Uifg s ik . PR32 — e ( TEMED ) Shfifks], —
LRI (DVS) Mg BF], R BT R A%
il 73 B 22 B DI RERY Hup A J3 1 BRI 7K BE K 0K

REFFEIET o FEB A, RTAVIERG L,
Pl Hup A 24PN, a-FFEFGIR (MAA) AT
AR, & R W ELNIGR s (EGDMA ) A28
B, T il A5 2 R BRI RERY Hup A 25428044,
FAR K S Hup A ZEREH IR 2S5 LAt . 7E R Al
T, a-WIEENIEIR IR AL S Hup A Y FMA e
Wi A AR A, ARG U, ¥
BCEA SRS SORE REAIRE B DU L A SR B4, X

F5E B BE AR B 0 ST ARZE RN T 25 Al F R &
YR EAER, HREMEA SRR . ZERN
Bk, REMSIE R 2GRN ], e ROk ik
M AR AT AR B ZE RIS 43T ()7, MITP 174 1
FREEWE 1 R,

| 0  WEE G
Z  + >—< _— i
// NH, OH NH/
Hup A MAA / 3, iOH
EGDMA
AIBN

Bl 1 MIP Rl 5 7
Fig. 1 Schematic diagram of the preparation of MIP

1 LEES

11 KFIEN=E

Hup A (B4 98%, AT BAYIT A
ABRAF); MAA (JBiit /4t 98%, i FHFTIUEZE
BBEfRRER ). EGDMA ( C0H 404, FEH/0%K
98% ). AIBN ( it 7%k 99% ), iR T4
BRAE]; WEfR U . Skl SULE . oK CEE .
TR, R, M. KSR, KRETTTR &AL
=237 i) I VO o = 23 7. 11 B B i O L L2 1 B S 2
{EfTAbEE, DMEM K535 | 4= 103 ( FBS ), H B ({4
WAl ), 3- (4,5-HE-2-mEmE L ) -2,5- TR BL U
MEyRER (MTT, A4l ), f8E Merck AH]; ML
(HHE GHIEL 10 kU/mL, WREEEZE 10 g/L ),
RO FEE R A R A A .

Frontier B8 L M- AR 2T MY . TGAT7 #
S AT (SE[H Perkin Elmer /A 7]); MV-3600 4&4h-1]
WA ( HARRHE/AH] ); Carl Zeiss SIGMA
H# B 78 ME (fME Carl Zeiss A F );
MItiMate3000 1= %0 AH 4,335 ( 5% [E Thermo Fisher
8l ); F200 Pro ZIIfEE#AR Y ( Bt Tecan 23 Al );
3H20RI A1 fig &5 200 o8 R B DL Ol e ik 74X
PRSI E] ); WGL-30B HL G X THR4E (R
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RIS A R A ); Nuaire 4 bl 5 5248
( £ HE Nuaire A F] ); Airtech #5 TAES (TR Z

REIEARARAA ).
1.2 Fik
1.2.1 MIP #54] %

KRV RA RV & MIP I ARAEY

(NIP ), {EHIFREL Hup A 48.46 mg (0.2 mmol ) Al

MAA 68.87 mg (0.8 mmol ) & F 250 mL & iEEER
oA 30 mL F - SR VIR = (2H)=1 -
4), BREM, B, SR TFEE2h, R
RERLRTE AR, i SR R e IR A
IMAZZ B EGDMA 594.6 mg (3 mmol ) Fi5] &7
AIBN 20 mg ( 0.12 mmol ), #75 5 min, FL/ R
)5, M N, HRRLAE®EE, BREmE THER
AE NI iR h, 60 °CF R 24 h, AR
HOFLBCR R AW, K C W 58 BeUUTE 3 1K,
fE 8000 r/min FELLIEHEAREY, KT, 153
T Hup A ) MIP kA, 5.

M AL 3 . K& Hup A AY MIP & T I %/
LR (VTR : M(LR)=9 : 1) i, SR
TR 30 min, B LEW, BRI, HE
FHERAN-RT WA Y6 G BETHAE 312 nm ARG IS 21 96 A
Wb Hup A, 5 1RVEBE, P 258 FOK VR 3 1K,
#il15 MIP,

25 AR AW NIP 1l : AR 5T Hup A,
HARERVEL IR L
1.2.2  HRIF

X} Hup A. NIP, MIP, MAA Fl EGDMA #17
LIANETE BT, KBr FE R ik

R T BT (SEM ) A% 7 B 3
A DA TE S . MR E SR B, T
5 FH A 5

FHIEEH A0 Hup A MIP I NIP [ #454
FEMEIEAT VAN, M2 L R 20~600 °C, FHEL R K
10 °C/min,

1.2.3  MIP #9 7& M 48 ol 5%,

MIP F1 NIP £ FRHC 10 6y, B4 20 mg, 53k
7E 50 mL HEEBLEH, INA 5 mL Hup A Jii &k
9200 mg/L (R EEK (VB : VOK)=4: 1] %
Wb, M, =T PR 0.167. 0.5, 1.
2.3.4.6.8.10,12 h, m# &> 6 min( 8000 r/min ),
B EE WS 0.22 pm JEE, I HPLC JU_F 7% % Hup
A Tk, THE TS A A Hup A FUEIRE,
AT 3550 MIP (%) B I8 B0 s 225 1 W B 3 ) 2 i 4k
NIP than E#:E, 1Ehas x4,

PG (1) 3158 MIP X Hup A B9t ( Q)

0 = (po—py) Vim (1)

K. 0 WERMAERAEYXT Hup A BRI
(mg/g); poh Hup A WJh Bt E (mg/L); p, H
R ¢ (min) AFE)F Hup A JREWHE (mg/L); V
F B AR (L) m AREWHIFRE (g).

$28 (1) 1155 NIP A4 W i

¥ LR k) Hup A JBCREHRBE 43900
12.5. 25, 50, 100, 150, 200, 250, 300, 350,
400 mg/L, HALBEF L, #&¥% 6 h, AKX (1)
T1 BA 22 o) S5 TR I o i %
1.2.4 #H9H &£k

FREL 50 mg TR0 MIP MoK & FHEIEH T, fin
A 5 mL 300 mg/L ) Hup A /K [ p(HER) :
VOK)=4 1) %W, %EEIEH, & THERREGS
E¥E%% 720 min, 8000 r/min &> 6 min, FiEWT
0.45 pm JEME, I HPLC %€ Fi&E W H e Hup A
e, A (1) 5 MIP &, K DisE T
PRI E] MIP 825 A, BT Hidd, 5.
1.2.5 RIMER SR

Z MR 36 E 25 ) Be BT W (A & B G -
HUmsie — 280 6.8 g, Sk 250 mL fHHIAM#, Jin
0.2 mol/L FEfLNIEN 77 mL 1 500 mL /K, Ff
0.2 mol/L Z A LM R 1T 1A R pH £ 6.8, FHlIIK
FiBEZ 1000 mL, B340l W

PR 50 mg 1.2.4 15 il 45 124 Hup A () MIP 3
AKHTE Hup A HFETELET, 03N A 5 mL ##
WA, #E 37 CRBHHRG B2, 75— R
FEALE LY 500 pL, FHIIA 500 uL Hr A 4li%
o i 0.45 pm JEME, A HPLC I ¥+ Hup A
i, AR (2) 9 Hup A B9 E2FUBCE .

. Vot ) p V'
Hup A BEFBEICE/ %= Mxmo (2)
mHupA

Kre p, M p 2B 4 Ay B 0BT B
Hup A Ji s R EE( g/L); Vo AR BUAIAARFL, 5 mL;
VORI B IS RT (mL ); my, s WREW
Jr A BT E (mg ).
1.2.6 fmfg ik i

SR MTT 32978 L929 4 2 | 3#E4T MIP 41 i
TSI . NIP /R R v B4

i Hup A A . MIP Il NIP 78 K4 K E
15 min J5 il DMEM 1% 37 3 i i Jor 5 ot i ¥R 3 6.25
12.5. 25, 50, 100, 200 mg/L ), HCW%A= Ky
/NERBREF A4, FH & A RF 40 12% FBS Rk
TS BUR 1%L H DMEM 85 35 57 B 4x10% 4~
/mL, AR 96 fLARH, FALINA 100 pL. KL
BT CO ¥4, COLRBIAECH 5%, 37 CF
Rigt 24 h BUBESFR T 24 h 19 96 FLKL, 45100 100
puL T8 Hup A A \MIP Fl NIP ¥ , 4k 2255 5% 24 h,
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BB R IE B 96 fLAR, BAERGFRM, M 25 uL MTT
WA (5g/L), 4h8eh55% 4 he BUBfLA, Bk MTT
PRI, T 100 uL DMSO ¥ i FH B A4 . R T AR Y
F 490 nm Kb EWOEEE . i A AR AT ER 3 K.
st (3) T AFIE %

éﬁiﬂ@ﬁ(ﬁ%/%: ODtreated B ODblank %100 ( 3 )
control — ODblank

iﬁ EF‘ : ODtreated ﬂ‘j*ilill:l‘]}tx E/‘J I&%fg 5 ODblank j‘jf‘é E }L
E/‘J u&ﬁlﬁj—g 5 ODcontrol %XTJ‘)H\\E\}L E/‘J I&%E o

2 GRS

2.1 LIAMIESHT

ZLAMETE AT AVEAL 3R G W0 B Re A1 22 L AT
REYSEMRAZEA 5. B 2 J& Hup A MIP,
NIP. MAA. EGDMA HI£L4MGI%IA

)\/lq
N
EGDMA 1690.4811632.57
N 1
1639.34
1717.55
AN

1202.46

1144.49

4000 3500 3000 2500 2000 1500 1000 500
BH/em™

b

1631.82

. . .  ©V1636.33
4000 3500 3000 2500 2000 1500 1000 500
B /em™

E 2 MAA, EGDMA, Hup A, MIP FI NIP [ FTIR /&l
Fig.2 FTIR spectra of MAA, EGDMA, Hup A, MIP and NIP

WE 2a Fi7R, MAA 7E 1690.48 cm ' [t ir#550
B Sy C=0 4R %, 1632.57 cm™ &bhy
C=C MM4EHE g, 1202.46 cm ' &bk C—O BIA
SR 4 P sh e ikl . EGDMA £E 1717.55 cm ' i}
AR IR C=0 MIM4EiRsh%E, 1639.34 cm’!
Ibh C=C WIffigiiRshid, 1144.49 em ' 4bky C—O
FAN KT FR AR 46 P Sl i e . X LI AE ] 2b [ MIP
FINIP ek & B, 18 2b H, MIP 7E 1725.07 cm™'
BT 42 38 ) 06 Sl C=0 (45 PR shids , 1631.82 cm™!
Ib Ay C=C Wi 4R shi ; NIP 78 1731.84 em ' B

B IE N C=0 M M%EIRshIE, 1636.33 ecm ™' 4b R
C=C Y45 Pz sh % . X . MAA Fl EGDMA ) C=C
I %2 B, MIP A NIP f) C=C W& 525 /)N, 1 MIP
I NIP th MAA 1 EGDMA # i h5eht, HEAE
TIfe Ik A ¥ K 52 31 BH 52 )

H1 &l 2b A1, Hup A 7E 3000~3500 cm ™' itz
W AU Ay B e A 2 FE ) N—H 43R 3l . MIP
FINIP BLT AR IR B 2681, fHAE 3200~3600 cm™
A B i 25 5, NIP 7F 3584.64 cm ' BiH (VA MAA
() O—H {h4adRshig , i MIP 7F 3465.52 Fl1 3444.99 cm'!
BRI AT P AS IR0, HL /NSO 1 85 8, XA
FUEES MAA 19 O—H {4 0 W Sc s Sy B0, i
EEREWE, SEMAAGERME O—H B gEik
Sz BB, S ARSI sh, TR TE A
W BT LARTHEN 72 R & #2H Hup A 5 MAA [H]
FAEMEAAERPY, L EZERE, Hup A #7821
FRAEE R b, HLBEAT R0 B GBR A FEAR S5 4
2.2 SEM RI1E

Fie 1.2.1 Wil AR, SR R IER
REY MIP R IETES SRR A, 453K 3. 4
3 ffizn, MIP i NIP AW B AHERIER, H
FANE—, REFaAsss), sosiEEds.

K3 MIP (a, b) & NIP (¢, d) [ SEM [
Fig. 3 SEM images of MIP (a, b ) and NIP (c, d)

23 AREUESH

% 4 /& Hup A, MIP #l NIP {4 £k .

ik a W1, Hup A 7E 210 CEAFFIHKE
WA, TE 340 °CINAT 35 BVl , KER K
90.04%, FREAFRN 2.64%, MLk ¢ BT 3 A
MrEe: 45 1 BB 25~210 °C, HA MRSk,
JRE W AT WA R, R ERN 1.37%;
552 BBt 210~320 °CHYZ EJ& HH Hup A VA i i
A, BEERA K AR AT MIP R ih A S N 5E4 1 [ Hh B
T SEHERN KR AR AR, R E RN 8.94%; 5 3
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Wl 310~480 °C, ULBYBOR B WSSz 18 s ftiniJa
WM, Z5F e, RERN 84.2%. 500 °CLL
Ja o IR B, BREE RN 3.8%. XTI bl ¢
AL, NIP Al MIP (YRR UL, HAESS 2 By
Bt MIP K H % Hy 8.94%, NIP Lk HEE N 7.05%, MIP
e NIP 2k 5 22 2 RN AR 4 F Hup A IFFAE . LA
AL, Il RS IR e R A

100 |-

80

60 [

4t

FREARE /%

20 -

0_

0 100 200 300 400 500 600
&/ C
K4 HupA (a). NIP (b) F1MIP (c) Ay TGA HhZk
Fig. 4 TGA curves of Hup A (a), NIP (b) and MIP (c)

2.4 WRHMTiEBEST T

K B 25 W B2 Al MIP XS 2T Hup A 1Y
W2 o6 i Fsf 1) A A fb R o 6 MITP 9 J5 s RO B
Hup A WG i W B, ZEAS [R) B [ia] [ g T 0
i MIP X} Hup A FWE R . NIP AE 28 FIXT R, 52
WHEEL RS MIP HHE, 45FaE 5 iR,

1

—a— MIP
—e— NIP

—_
- -

o e o

% fit Bt /((mg/g)
O = N WH Lo oo D

0 2 4 6 8 10 12
At ) /h
5 MIP I NIP 1) 325 0% bt il £&
Fig. 5  Dynamic adsorption curves of MIP and NIP

m & 5 A, By F MIP FERI IR B Bef — A~
BB ES AR, 1 B I ] A RE K, T A e
FEwItE I BEA BT R R, #E 6 h JE ik B . X
SR A MIP 2 i 45 K nl LA Hup A AHPCEC A D fiE
KW, 7EWEHRI AT BE, Hup A 4371 LB #E A
BRI Zs o, 454 MIP RIE [, Y2 1 W fff ik 21 °F
FIEE, Hup A 43T MIP 2 [ 4% 1) P 350 B8 VR A B 5
AL, X— R B AL R T, O
ARG TR, RARB AR, JEENE 4

F NIP ZEW I B Be th AT BRI 45 A B0R, 7E3 ha
W B AR AR . 7EREAN BT R, NIP I
BB AT MIP, HEPURRIRARS . 4R%
Y, MIP %K 4T Hup A A 5w 0 B HEfg

T Ao A A B S g — 2R SY MIP X AR 73+
R RE . [ E MIP BB, I A R 40 4 e
f) Hup A, A T PRUEMCREF-A, WeBATEA 12 h,
W B 52 1 J5 I MIP % Hup A B B, NIP 1E K
HEXIE, SCREEL RS MIP MR, 455R WA 6
fic. HE 6 AlH, 78 12.5~300 mg/L JFiiE ik il
I, MIP X Hup A B9 BB Hup A ¥ 45 B
AR i, A e RPR AT AL, FERI IR T
JEE BT R A I B e e e (0~150 mg/L, MIP B[t
M ZRRHR A 0.036, NIP W2 &R 4 0.029 ); 7F
Wi o i TR B A R L Y ((150~300 mg/L ), W 2%
5 LI 2 W 5 7 348 o B 3 R BRI ;. Hup A JB
R E A 300 mg/L J5 W B IR P-4 . 7EAHTR] 1Y Hup
A PR T, MIP £ B b NIP 5 /&7 1) 0% B i
FEFE MIP NERFATE SRS R R/h—3
JUfATZE ¥ AR TR . I REJE A DT BC 1 25 7 R Bk 5
A5, MIP n] LIRS 45 A Hup A 43 F.

12 —=— MIP
—e— NIP

% Bt Bt/ (mg/g)
& o o o

(3]
T

0 . . . . . . . .
0 50 100 150 200 250 300 350 400 450
Hup AJRE K E/(mg/L)

K6 MIP I NIP f 26 I 0k fff b 2%
Fig. 6 Adsorption isotherms of MIP and NIP

L Scatchard JrFEXTE 6 MR MR AT
Scatchard ZE1E43HT, %% MIP 45 & Hk .
Scatchard 7 2RI AN T

O/p=(Omax—0)/Ky (4)
Ky Omax NRAWIEL A7 5 L) Fe R B
(mg/g); p NIMAK Hup A ¥ AYH] bR i o vk
(mg/L); Ky 25 A 50T i 25 #48 (mg/L ),

VI B £/ 57 Wk BE (. Q/p ) Xt ( O ) AE A,
SEERNE 7 PR X TS EOS R T R A 1 2
WAL RSN ES, WE 7 TRES, Bk
Wz 865 et/ o o R R 6 WG i R AR bl B MIP
LS AL AR B, AWML G T
W HARNFERAE G0 8. WE 7 aLUE
AW LRI E 0, U E AR B
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SEGNLAT, B RS R SE  E B M/M-=kt" (5)

EWE TSN 0/p=0.15195-0.022810 ( R*=
0.9985, a £k ); RMKEE THIG HFEN 0/p=0.06754—
0.00348Q (R=0.9984, b £k ), MIP X%f Hup A HYZ54
R 3 T B R AR A A2 B RE T TR B ) 5 B
FIRY FARNRFREE AT A, vk R YA A
K=43.8596 mg/L, KW 0n0=6.6644 mg/g;
IR BE T VA i 5 4R K= 287.3563 mg/L, H KK
B Omax=19.4080 mg/g.

0.16
0.14 1
0.12 1
0.10
0.08 -
0.06 -
0.04 L
0.02 |

0

e B L/ R B /(L g)

8 10

0 l2 4 6
% B &/(mg/g)
E 7 wE (a) FMREE (b) T MIP ¥ Scatchard 43

HriE

Fig. 7 Scatchard plot analysis of MIP at high concentration (a)
and low concentration (b)

25 {EIMEEZAMERE

K MIT FILTE 3R A 1 45 1 MIP X 25 M54
oy BA moE AU AR SO RS . SE5
e . R IR AI L, MIP HAA W9 A A0 B3
R I 2 B . ik, MIP RRERZY)
B R AR B RE . AR SZE K MIP B T A5 T
o, A3 AT MIP FEBLHUA T B B TR A S AR
NIP FTi8 Hup A R 1E A 5%F R4 R A R 7 i 054 7
iff5%. MIP, NIP FITHE Hup A A i RFURC M £k
e 8 fiR .

A 8 ATLIA 1, T8 Hup A H 7 1 h Py
i, BRUBCRIE 90%L I, AW AR BRI,
NIP 767 1 h Al MIP B th AR, 461 h )5
MIP BEiild 2%, 78 24 h M is 2, k2R
WO, MIP 1) Z2RBEHCRAE 60%~70%Z 1]
MIP H11#) Hup A /NAESE 4 BT BE S f 35543 B3l
PR ONIP 7E 1 h 5 AR R b HL PR ik 21
YA, EREARERGE RS, NIP 1) BEUBHURLG
LT MIP, X2 T NIP X 25 % i Bk 2 32 9k
FERSZ, MIP B2 2 fh 4 #CrE I AED 320 78 FH D3 [
il SrEZE RN, MIP FeihiE Hup A F A NIP
RN, A B RERCR.

Korsmeyer-Peppas #RALZ 256550, H 8k
T REREZI Y RHLEE . Peppas FRAI 40T .

Kb MR ¢ BTZIET 259 2R E (mg/g); M-
A 25 BREUBICE (me/g); koMY EURELG
n ABEEE R, X T ERIE R, MBEIEE n<0.45
B, 2RI A Fickian $78L; 4 0.45<n<0.89
I, 25 R LEE R AE Fickian §7 8, & o3 sl
B SRIE K EVER; 24 n=0.89 B, 258 BHL
P Case M, EEHELEMERGIE.
Peppas AT MIP 7ERBIUA T ( pH=6.8 ) 24 H
BRI T, THEAS RS £ n=0.48, ME
Fickian §" HIHLI . 25 FKW], MIP 7EAHU W ot
25950 F Hup A IR BUE RS2, 4632
FN 2595 FF1 MIP 2 [8] Dy BE 5L A B VR FH i 4 il
TG IR B R RERLR -

100 - JI‘.‘I-.———I‘. o —n
80| . . .
°\° ./ A A
T A ——A A
Jﬁeo-././ A
= A
£ 40 I <
2901
Bk . —s— Hup A
20+ [ —e— NIP
4 a— MIP

0 S5 10 15 20 25 30 35 40 45 50 55
B} ]/
'8 Hup A A . NIP Fl MIP [{K & B2 £k
Fig. 8 In vitro Hup A release profiles of Hup A tablets, NIP
and MIP

26 RS ESHT
& 9 M AR () MIP, NIP FITHi 5 Hup A
Fr B SR 24 h J5 1£929 /N ERUSCET 4 A A ) A 0

7
é
é N\
i %\
£ .
5 .
s .
%
é \
é
N Vi Uk N 7 e
25 12.5 2
JREYRE/(mg/L)
B 9 REFiEMkE MIP, NIP 1 Hup A FisBER)E
L929 A 4 JfLA7-1ih %

Fig. 9 Cell viability of L929 cells after being treated by MIP,
NIP and Hup A tablets with different mass concentrations

i E 9 B] %0, MIP, NIP FITit Hup A HF1E
T L1929 4l i 4 A7 KT 93%. RifidE W B



* 1618 ¢

A% 4m 4 T FINE CHEMICALS

%39 %

FIEIN, AREAENG R A T R, MIP. NIP FITig
Hup A F#&#—2, ifiH MIP, NIP AU40MA7i6 %
W& = T8 Hup A 4, FHH MIP Al NIP HA R 47
A, G ATE N E R Y EIR.

3 #Hit

FET o FED B FPITE R A, DL Hup A Wt
WisrF ,MAA R UJHE K EGDMA R 32 B, AIBN
HEI KA, EIG] R RE R T MIP K,
ER RS A 15, B BrE AT o 38 2k 45 i e o
SCHGFN Scatchard J7FRXT MIP b (45407 #4743
Br, Z5RF, MIP X} Hup A FLA7HE 51 W 14 g,
o TR BE T ST AE 2 L K=43.8596 mg/L, SR KW
I Ona=0.6644 mg/g; R T 1A fift 25 % 48 K=
287.3563 mg/L, fix KW & Onax=19.4080 mg/g. MIP
76 1 h GO SE, 78 24 h MHEABE4, 7Lk
PN B BRI , B T AL G A I 2 BT
25 R Tt U 1) [ R R 8N 1 22 4% Peppas 1%,
BEHE 8L n=0.48 , “»3E Fickian ¥ BHLIE . MIP 44
FHZEME R AF, 1929 /N BUSET 48 40 o X+ MIP B 41 i 75
PEECHE WoR, AT R m T 93%. VAR
U, ZedE. Wik, ARPFFEH &R MIP &S 1EN
WG BRI B

SE k-

[1]  MALVE H O. Management of Alzheimer's disease: Role of existing
therapies, traditional medicines and new treatment targets[J]. Indian
Journal of Pharmaceutical Sciences, 2017, 79(1): 2-15.

[2] AMELIA S M, CHAND K, CHAVES S. Recent progress in
repositioning Alzheimer's disease drugs based on a multitarget
strategy [J]. Future Medicinal Chemistry, 2016, 8(17): 2113-2142.

[3] DOS S, THAIANE C, GOMES T M, et al. Naturally occurring
acetylcholinesterase inhibitors and their potential use for Alzheimer's
disease therapy[J]. Frontiers in Pharmacology, 2018, 9: 1-14.

[4] JAVIER F, BETARI N, VIAYNA A, et al. Design synthesis and
multitarget  biological profiling of second-generation anti-
Alzheimer rhein-huprine hybrids[J]. Future Medicinal Chemistry,
2017, 9(10): 965-981.

[S] SUN L X (#M¥ ). Pharmacokinetic study of sustained-release
microspheres huperzine A in vivo[D]. Changchun: Jilin University
(FRR2E), 2017

[6] CMI X, GMO Y E, FANG J H, et al. Donepezil, a drug for Alzheimer's
disease, promotes oligodendrocyte generation and remyelination[J].
Acta pharmacologica Sinica, 2019, 40(11): 1386-1393.

[7] PENG T T, YANG P P, ZHM C N, et al. Mechanistic investigation on
the performance of huperzine A loaded microparticles based on ultra-
fine particle processing system[J]. Powder Technology, 2018, 326:
370-378.

(8]

]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

DAMAR M, GERSNER R, JOHNSTONE J T, et al. Huperzine A: A
promising anticonvulsant, disease modifying, and memory enhancing
treatment option in Alzheimer's disease[J]. Medical Hypotheses,
2017, 99: 57-62.

GAO X (#), CHEN Y Y (IREE), LIU Y Y (XEELR), et al.
Preparation and vitro release evaluation of huperzine A hydrogel
microspheres [J]. Chemical Reagents (fk2#i87), 2019, 41(1): 13-17.
SOLAK E K, ASMAN G, MMHAMMET S M, et al. Controlled
release of huperzine A from biocompatible copolymer microspheres
[J]. Bulletin of Materials Science, 2019, 42(2): 1-7.

CHEN Y F, CHENG G, HM R F, et al. A Nasal temperature and pH
dual-responsive in situ gel delivery system based on microemulsion
of huperzine A: Formulation, evaluation, and in vivo pharmacokinetic
study[J]. AAPS Pharm Sci Tech, 2019, 20(7): 1-12.

ZHANG M X, GM L L, KONG G H, et al. Comparative analysis of
atrazine molecularly imprinted polymers using acetonitrile and
toluene as solvents[J]. Journal of Applied Polymer Science, 2019,
136(11): 1-8.

WEI P J, SONG R M, CHEN C, et al. A pH-responsive molecularly
imprinted hydrogel for dexamethasone release[J]. Journal of Inorganic
and Organometallic Polymers and Materials, 2019, 29(3): 659-666.
ZHANG S Z, ZHAO Y. Tuning surface-cross-linking of molecularly
imprinted cross-linked micelles for molecular recognition in water[J].
Journal of Molecular Recognition, 2019, 32(4): 1-19.

CHEN H Q, ZHANG W, YANG N, et al. Chitosan-based surface
molecularly imprinted polymer microspheres for sustained release of
sinomenine hydrochloride in aqueous media[J]. Applied Biochemistry
and Biotechnology, 2019, 185(2): 370-384.

LU P P (&filfil), WANG B (£ I%), ZHANG Y Y (5KIEHL).
Synthesis of aspirin imprinted polymer on silica gel surface and
appreciation on drug sustained release[J]. Polymer Materials Science
& Engineering (5 53-F A EHEFE 5 T #2), 2017, 33(1): 130-136.
ZHANG W, SHE X H, WANG L P, ef al. Preparation, characterization
and application of a molecularly imprinted polymer for selective
recognition of sulpiride[J]. Materials, 2017, 10(5): 1-16.

YU Y Y (RFHE), GAO X (#53if), ZHANG H Y (KLLHE), et al.
Preparation of huperzine A molecularly imprinted hydrogel microspheres:
CN109662954B[P]. 2021-07-06.

YAO W (Bkfh), GAO Z X (FiE%%), FANG Y I (JBE%), et al.
Preparation of caffeine molecularly imprinted polymer microspheres
by precipitation polymerization[J]. Chemical Industry and Engineering
Progress (ft T #E#), 2007, 26(6): 869-872.

PLUMB J A. Cell sensitivity assays: The MTT assay[J]. Methods in
Molecular Medicine, 2004, 88: 165-169.

XU J H (@A), SUN X D (#htik), LU W Q (5%, er al.
Quantitative study on hydrogen bond association of alcohols in
n-alkanes by infrared spectroscopy[J]. Acta Physico-Chimica Sinica
(P RRAL4241), 1992, 8(3): 358-362.

WANG D D (E#F}+)1). Synthesis of metal ion imprinted polymer and
its application in analysis[D]. Xi'an: Northwest University (P41t K
2%), 2007.

LI C L (Z=41). Preparation and characterization of imprinted
polymers for small and medium molecular pollutants in food[D].
Wuhan: Huazhong Agricultural University (f&F4R )l K2%), 2016.
ZHAO M P (%), LI Y Z (FI05%), ZHANG X X (FKHitH),
et al. Preparation and recognition of bisphenol A molecularly
imprinted polymer[J]. Chemical Journal of Chinese Universities (%
AR, 2003, 24(7): 1204-1206.



